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COVALENTLY BINDING INHIBITORS OF G128, G12D AND/OR G12E
MUTANTS OF K-RAS GTPASE

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 63/322,528,
filed March 22, 2022, U.S. Provisional Application No. 63/313,040, filed February 23, 2022,
5 and U.S. Provisional Application No. 63/292,910, filed December 22, 2021, which are

incorporated herein by reference in their entirety and [or all purposes.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING
[0002] The contents of the electronic sequence listing (048536-
724001WO_Sequence_Listing_ST26.xml; Size: 75,428 bytes; and Date of Creation:

10 December 14, 2022) is hereby incorporated by reference in its entirety.

BACKGROUND
[0003] Drugs that directly impede the function of driver oncogenes offer exceptional
cfficacy and therapcutic window for the trecatment of cancer. The recently approved mutant-
selective small molecule cysteine reactive covalent inhibitor of the G12C mutant of K-Ras,
15  sotorasib, provides a case in point. KRAS is the most frequently mutated protooncogene in
human cancer, yet despite the success targeting the G12C allele, targeted therapy for other
hotspot mutants of KRAS have not been described. Oncogenic mutations of Ras are one of
the most common genetic alterations in human cancer, with an estimated disease burden of
>3 million patients per year worldwide. In the KRAS gene, a GGT to GAT nucleotide
20 transition at codon 12 (c.35 G>A) gives rise to KRAS G12D, the most frequent Ras mutation
accounting for about 23% of Ras-driven cancers. Selective targeting of KRAS G12D while
sparing wild type KRAS is a highly desirable therapeutic goal pursued by many research
groups, as it would cnablc a large therapeutic window for cancer trcatment. Discloscd hercin,

inter alia, arc solutions to thcsc and other problems in the art.

25 BRIEF SUMMARY
[0004] In an aspect is provided a compound, or a pharmaceutically acceptable salt thereof,

having the formula:

1t
R1/L ; D, (ID), or ().

[0005] R'isa Switch II Binding Pocket binding moiety.
1
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[0006] L!is abond or divalent linker.

[0007] E!is an electrophilic moiety capable of forming a covalent bond with a Switch 11

GTPase protein serine residue or a Switch II GTPase protein threonine residue.

[0008] In an aspect is provided a compound, or a pharmaceutically acceptable salt thereof,

having the formula:

L1_E2
R1/ av), (W), or (VD).

[0009] R'isa Switch IT Binding Pocket binding moiety.
[0010] L'is abond or divalent linker.

[0011] E’is an electrophilic moiety capable of forming a covalent bond with a Switch IT

GTPase protein aspartate residue or a Switch II GTPase protein glutamate residue.

[0012] In an aspect is provided a pharmaceutical composition including a compound
described herein, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable excipient.

[0013] In an aspectis provided a method of treating cancer in a subject in need thereof, the
method including administering to the subject in need thereof a therapeutically effective

amount of a compound described herein, or a pharmaceutically acceptable salt thereof.

[0014] In an aspcctis provided a mcthod of trcating a K-Ras(G12S5)-associated discasc in a
subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically

acceptable salt thereof.

[0015] In an aspect is provided a method of treating an H-Ras{((G12S5)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically

acceptable salt thereof.

[0016] In an aspect is provided a method of treating an N-Ras(G12S)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically

acceptable salt thereof.
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[0017] In an aspect is provided a method of treating a K-Ras(G12D)-associated disease in a
subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically

acceptable salt thereof.

[0018] In an aspect is provided a method of treating an H-Ras(G12D)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapcutically cffective amount of a compound described herein, or a pharmaccutically

acceptable salt thereof.

[0019] In an aspect is provided a method of treating an N-Ras((G12D)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically

acceptable salt thereof.

[0020] In an aspect is provided a method of modulating the level of activity of a K-Ras
protein in a cell, the method including contacting the cell with an effective amount of a

compound described herein, or a pharmaceutically acceptable salt thereof.

[0021] In an aspect is provided a method of modulating the level of activity of an H-Ras
protein in a cell, the method including contacting the cell with an effective amount of a

compound described herein, or a pharmaceutically acceptable salt thereof.

[0022] In an aspect is provided a method of modulating the level of activity of an N-Ras
protein in a cell, the method including contacting the cell with an effective amount of a

compound described herein, or a pharmaceutically acceptable salt thereof.

[0023] In an aspect is provided a K-Ras protein covalently bound to a compound described
herein, or a pharmaceutically acceptable salt thereof, wherein the compound is covalent

bound (o a serine residue ol the K-Ras protein.

[0024] In an aspect is provided an H-Ras protein covalently bound to a compound
described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is

covalent bound to a serine residue of the H-Ras protein.

[0025] In an aspectis provided an N-Ras protein covalently bound to a compound
described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is

covalent bound to a serine residue of the N-Ras protein.

3
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[0026] In an aspect is provided a K-Ras protein covalently bound to a compound described
herein, or a pharmaceutically acceptable salt thereof, wherein the compound is covalent

bound to an aspartate residue of the K-Ras protein.

[0027] In an aspect is provided an H-Ras protein covalently bound to a compound
described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is

covalent bound to an aspartate residue of the H-Ras protein.

[0028] In an aspect is provided an N-Ras protein covalently bound to a compound
described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is

covalent bound to an aspartate residue of the N-Ras protein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIGS. 1A-1C. FIG. 1A: Immunoblot of Ba/F3 cells expressing wild-type K-Ras, K-
Ras(G12S) or K-Ras(G12C). IL-3 was removed [rom the culture media 10 minutes belore
cells were lysed and analyzed. Data is representative of two experiments using independently
generated Ba/F3 transductants. FIG. 1B: Growth of Ba/F3 transductants in the absence of 1L-
3. Data is representative of two experiments using independently generated Ba/F3
transductants. Error bars represent standard deviations. FIG. 1C: Intrinsic and NF1-mediated
single-turnover GTPasc activity of wild-type K-Ras (circles), K-Ras(G12S) (squarcs), and K-

Ras(G12C) (triangles) (n = 3). Error bars represent standard deviations.

[0030] FIGS. 2A-2G. FIG. 2A: Structurcs of B-lactones 17 and 2°. FIG. 2B: Covalent
modification of 4 uM recombinant K-Ras(G12S)*GDP or wild-type K-Ras*GDP proteins
treated with 10 pM 1’ (first bar in each set of two) or 2° (second bar in each set of two)
assessed by whole protein mass spectrometry (n = 3). FIG. 2C: Differential scanning
fluorimetry of unmodified K-Ras(G12S)GDP (black) and the K-Ras(G12S)sGDP-1’
complex (grey) (n =3). FIG. 2D: Illustration of a biochemical assay that monitors nucleotide
exchange using a fluorescent-GDP analog. FIG. 2E: Nucleotide exchange of wildtype K-Ras
(circles), K-Ras(G125) (squares), or K-Ras((G12S)e1’ adduct (triangles) in the presence of
magncesium (intrinsic), Sos, or EDTA (n = 3). FIG. 2F: X-ray co-crystal structurc of the K-
Ras(G12S5)*GDP+1’ complex. 2F, — F. map for the ligand 1° and serine 12 is depicted in
grey mesh (1.0 o). FIG. 2G: Scheme illustration of the nucleophilic ring opening of the -

lactone in 1’ by serine 12.
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[0031] FIGS. 3A-3F. FIG. 3A: Structures of K-Ras(G12S) ligands 3’-5°. FIG. 3B: Time-
dependent covalent modification of recombinant K-Ras(G125)*GDP protein by 10 uM
compound (ADA: circles; compound 3’: squares; compound 4’; triangles tip up; compound
5: triangles tip down) at 23 °C assessed by whole protein mass spectrometry (n = 3,
replicates are plotted as individual data points). FIG. 3C: Immunoblot of A549 cells treated
with 10 uM adagrasib, 3°, 4°, or 5’ for 2 h. Data is representative of two independent
experiments. FIG. 3D: Immunoblot of A549 cells treated with various concentrations of 5’
for 2 h. Data is representative of two independent experiments. FIG. 3E: Immunoblot of
AS549, A375, SW1990, and H358 cells treated with DMSO or 10 pM 5’ for 2 h. Data is
representative of two independent experiments. FIG. 3F: Relative growth of Ba/F3 parental
cells (+10 ng/mL IL-3) (circles) and Ba/F3:K-Ras(G12S) cclls (no 1L-3) (squarcs) aller
treatment with adagrasib or 5° for 72 h. Data is representative of three independent

experiments.

[0032] FIG. 4. Measurement of the K; and k;,uc: for the reaction between K-
Ras(G12S)»GDP and compound 1°.

[0033] FIG. 5. Compound 1’ does not react with GppNHp-loaded K-Ras(G12S).

[0034] FIGS. 6A-6C. Comparison of the structure of the K-Ras(G12S)*GDPescompound 1’
adduct with reported crystal structures of K-Ras(G12C)*GDP bound by electrophilic ligands.
FIG. 6A: Crystal structure of the K-Ras(G125)*GDPescompound 1’ adduct. FIG. 6B: Crystal
structure of the K-Ras(G12C)*GDPeadagrasib adduct (PDB: 6USZ). FIG. 6C:

Superimposition of the conformations of covalent ligands of the Switch IT pocket: compound

1’, adagrasib (PDB: 6USZ), sotorasib (PDB: 60IM), ARS1620 (PDB: 5V9U).

[0035] FIG. 7. Phospho-ERK levels of BaF3 parental cells (+10 ng/mL IL-3) (circles) and
BaF3/K-Ras(G12S) cells (no IL-3) (squares) alter treatment with adagrasib or 5° for 1 h.

[0036] FIG. 8. Sanger sequencing of the KRAS Exon 2 of G12S-mutant cell lines.
Genomic DNA sequence is presented as the antisense strand. Arrow indicates the c. 34G>A
mutation. A549 and KMS20 were determined to carry homozygous KRAS p. G12S
mutation, and HKA-1 and L.S123 were determined to carry heterozygous KRAS p. G12S
mutation. Sequences: K-Ras GASGVGKS (residues 10-17 of SEQ ID NO:4) or
GAGGVGKS (residues 10-17 of SEQ ID NO:1); gDNA(anti-sense):
ACTCTTGCCTACGCCACTAGCTCCA (SEQ ID NO:5).

5
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[0037] FIG. 9. Validation of the mutant-specific Ras(G125) antibody. A pan-Ras antibody
(abcam 108602) and a mutant-specific Ras(G12S) antibody (NewEastBio 26186) were used
to detect recombinant K-Ras(wildtype), K-Ras((G12S) and K-Ras((G12S)+1’ adduct.

[0038] FIG. 10. Uncropped immunoblot images for FIG. 1A.
[0039] FIG. 11. Uncropped immunoblot images for FIG. 3C.

[0040] FIG. 12. Uncropped immunoblot images for FIG. 3D. Note: Due to limitations of
gcl size (12-wcell), the samples (1-10 and 11-14) were run on two scparate gels and

transferred onto a single membrane in a single transfer sandwich. Some bands have vertical
offsets between the two gels due to technical difficulties of perfectly aligning gels during the

transfer.

[0041] FIG. 13. Examples of GTPases containing serine at position 12 or equivalent (i.e.,
corresponding to position 12): human KRas (UniProt PO1116):
MTEYKLVVVGASGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDT
AGQEEYSA (residues 1-66 of SEQ ID NO:4), human ERas (UniProt Q77444):
MELPTKPGTFDLGLATWSPSFQGETHRAQARRRDVGRQLPEYKAVVVGASGVGKS
ALTIQLNHQCFVEDHDPTIQDSYWKELTLDSGDCILNVLDTAGQAIHRA (SEQ ID
NO:6), human RASD1 (UniProt Q9Y272):
MKLAAMIKKMCPSDSELSIPAKNCYRMVILGSSKVGKTAIVSRFLTGRFEDAYTPTIE
DFHRKFYSIRGEVYQLDILDTSGNHPFPA (SEQ ID NO:7), human Rhes (UniProt
Q96eD21):
MMKTLSSGNCTLSVPAKNSYRMVVLGASRVGKSSIVSRFLNGRFEDQYTPTIEDFHR
KVYNIRGDMYQLDILDTSGNHPFPA (SEQ ID NO:8), human RASL11B (UniProt
Q9BPWS):
MRLIQNMCTIAEYPAPGNAAASDCCVGAAGRRLVKIAVVGASGVGKTALVVRFLTK
RFIGDYERNAGNLYTRQVQIEGETLALQVQDTPGIQVHENSL (SEQ ID NO:9), human
REM2 (UniProt Q8IYKS):
GAPRRRGSMPVPYKHQLRRAQAVDELDWPPQASSSGSSDSLGSGEAAPAQKDGIFK
VMLVGESGVGKSTLAGTFGGLQGDSAHEPENPEDTYERRIMVDKEEVTLVVYDIWE
QGD (SEQ ID NO:10). Only partial sequence alignment is shown. K-Ras sequence
(RASK_HUMAN) is shown as thc G12S mutant.
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[0042] FIG. 14. Examples of GTPases containing serine at position 12 or equivalent (i.e.,
corresponding to position 12): human KRas (UniProt PO1116):
MTEYKLVVVGASGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDT
AGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHHYREQ (residues 1-99 of SEQ
ID NO:4), human RHOH (UniProt Q15669):
MLSSIKCVLVGDSAVGKTSLLVRFISETFPEAYKPTVYENTGVDVEMDGIQISLGLW
DTAGNDAFRSIRPLSYQQADVVLMCYSVANHNSFLNLKNKWIGE (SEQ ID NO:11),
human RND3 (UniProt P61587):
MKERRASQKLSSKSIMDPNOQNVKCKIVVVGDSQCGKTALLHVFAKDCFPENYVPTV
FENYTASFEIDTQRIELSLWDTSGSPYYDNVRPLSYPDSDAVLICEDISRPETLDSVLK
KWKGE (SEQ ID NO:12). Only partial scquence alignment is shown. K-Ras scquence
(RASK_HUMAN) is shown as the G12S mutant.

[0043] FIG. 15. Examples of GTPases containing serine at position 12 or equivalent (i.e.,
corresponding to position 12): human KRas (UniProt PO1116):
MTEYKLVVVGASGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDT
AGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHHYREQIKRVKDSEDVPM
(residues 1-111 of SEQ ID NO:4), human RAB1A (UniProt P62820):
MSSMNPEYDYLFKLLLIGDSGVGKSCLLLRFADDTYTESYISTIGVDFKIRTIELDGKT
IKLQIWDTAGQERFRTITSSYYRGAHGIIVVYDVTDQESFNNVKQWLQEIDRYASEN
VNK (SEQ ID NO:13), human RAB1B (UniProt QOHOU4):
MNPEYDYLFKLLLIGDSGVGKSCLLLRFADDTYTESYISTIGVDFKIRTIELDGKTIKL
QIWDTAGQERFRTITSSYYRGAHGIIVVYDVTDQESYANVKQWLQEIDRYASENVNK
(SEQ ID NO:14), human RAB2A (UniProt P61019):
MAYAYLFKYUIGDTGVGKSCLLLQFTDKRFQPVHDLTIGVEFGARMITIDGKQIKLQI
WDTAGQESFRSITRSYYRGAAGALLVYDITRRDTFNHLTTWLEDARQHSNSNMVI
(SEQ ID NQO:15), human RAB2B (UniProt Q8WUD1):
MTYAYLFKYIIGDTGVGKSCLLLOQFTDKRFQPVHDLTIGVEFGARMVNIDGKOQIKLQ
IWDTAGQESFRSITRSYYRGAAGALLVYDITRRETEFNHLTSWLEDARQHSSSNMVI
(SEQ 1D NO:16). Only partial sequence alignment is shown. K-Ras sequence
(RASK_HUMAN) is shown as the G12S mutant.

[0044] FIG. 16. Examples of GTPases containing serine at position 12 or equivalent (i.c.,
corresponding to position 12): human KRas (UniProt PO1116):
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MTEYKLVVVGASGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDT
AGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHHYREQIKRVKDSEDVP
(residues 1-110 of SEQ ID NO:4), human GNAZ (UniProt P19086):
MGCRQSSEEKEAARRSRRIDRHLRSESQRQRREIKLLLLGTSNSGKSTIVKOMKIIHSG
GFNLEACKEYKPLIIYNAIDSLTRIIRALAALRIDFHNPDRAYDAVQLFALTGPAESKG
EITPELLGVMRRLWADPGAQACFSRSSEYHLEDNAAY YLNDLERIAAADYIP (SEQ
1D NO:17). Only partial sequence alignment is shown. K-Ras sequence (RASK_HUMAN)

is shown as the G128 mutant.

[0045] FIG. 17. Examples of GTPases containing serine at position 12 or equivalent (i.e.,
corresponding to position 12): human KRas (UniProt PO1116):
MTEYKLVVVGASGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDT
AGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHHYREQIKRVKDSEDVPMVLV
GNKCDLPSRTVDTKQAQDLARSYGIPFIETSAKTRQR (SEQ 1D NO:4), human LRRK?2
(UniProt Q5S007):
FLQORLKKAVPYNRMKLMIVGNTGSGKTTLLQQLMKTKKSDLGMQSATVGIDVKD
WPIQIRDKRKRDLVLNWDFAGREEFYSTHPHFMTQRALYLAVYDLSKGQAEVDAM
KPWLFNIKARASSSPVILVGTHLDVSDEKQRKACMSKITKELLNKRGFPAIRDYHFVN
AT (SEQ ID NO:18). Only partial scquence alignment is shown. K-Ras scquence
(RASK_HUMAN) is shown as the G12S mutant.

[0046] FIGS. 18A-18C. B-propiolactone covalently modifies the mutant aspartate in K-
Ras(G12D). FIG. 18A: Schematic showing the reaction between an aspartate residue and [3-
propiolactone. FIG. 18B: MS/MS spectrum of B-propiolactone-modified K-Ras(G12D)
peptide. Sequence: LVVVGADGVGK (SEQ ID NO:19). FIG. 18C: Intensity ol the

modified peptide shown in FIG. 18B under different treatament conditions.

[0047] FIGS. 19A-19H. Compound 1 is a selective covalent ligand of K-Ras(G12D). FIG.
19A: chemical structure of B-lactone compound 1. FIG. 19B: Covalent modification of
recombinant K-Ras proteins by 10 uM compound 1 at 23 °C. FIG. 19C: Time-dependent
covalent modification of K-Ras(G12D)*GDP and K-Ras(G12D)*GppNHp by 10 uM
compound 1 at 23 °C. FIG. 19D: Differential scanning fluorimetry for K-Ras(G12D)*GDP,
K-Ras(G12D)*GppNHp and their covalent adducts with compound 1. FIG. 19E: Binding of
GST-Rafl-RBD to immobilized K-Ras(G12D)*GppNHp and K-Ras(G12D)»GppNHp-1
measured by biolayer interferometry. FIG. 19F: Intact protein mass spectra of K-Ras(G12D)

8
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with or without (RS)-1 treatment. FIG. 19G: Kinetics of covalent modification of K-
Ras(G12D) by (RS)-1. FIG. 19H: Compound (RS)-1 disrupted Ras-RafRBD binding.

[0048] FIGS. 20A-20F. The reaction between compound 1 and K-Ras(G12D) is
stereoselective. FIG. 20A: Crystal structure of the covalent adduct between K-
Ras(G12D)*GDP and compound 1. FIG. 20B: Fo-Fc omit map of the ligand and Aspl2,
contoured at 2.0 ¢. FIG. 20C: Chemical structure of the adduct formed between the ligand
and Aspl2 after the opening of the B-lactone ring. FIG. 20D: Two possiblc rcaction
pathways leading to the observed stereochemistry of the adduct. FIG. 20E: Chemical
structures of enantiomerically pure (S)-2 and (R)-2. FIG. 20F: Time-dependent covalent
modification of K-Ras(G12D)*GDP by 10 uM (S)-2 or 10 uM (R)-2.

[0049] FIGS.21A-21C. Compound 1, also referred to as 14-049, inhibits p-ERK signaling
in KRAS G12D mutant cells. FIG. 21A: Growth inhibition of BaFF3/K-Ras(G12D) cells by
compound 1 in the presence or absence of IL-3. FIG. 21B: Compound 1 inhibited growth of
KRAS®'P cancer cell lines. FIG. 21C: Growth inhibition of K-Ras(G12D) cell lines by

compound 1.

[0050] FIGS. 22A-22B. Covalent adduct formation stabilizes K-Ras{G12D) in both GDP-
and GTP-states. Differential scanning fluorimetry for K-Ras(G12D)*GDP, K-
Ras(G12D)*GppNHp and their covalent adducts with compound 14-005. FIG. 22A: B-
Lactone 14-005 stabilized K-Ras(G12D)*GDP. FIG. 22B: B-Lactone 14-005 stabilized K-
Ras(G12D)*GppNHp.

[0051] FIG. 23. B-lactones covalently modify K-Ras((G12D). Time-dependent covalent
modification of K-Ras(G12D)*GDP and K-Ras(G12D)*GppNHp by 10 uM 14-005, 14-036,
and 14-049 at 23 °C.

[0052] FIG. 24. Compound 1, also referred to as 14-049, inhibits the proliferation of K-
Ras(G12D) mutant cells. Growth inhibition of AsPc-1 and SW1990 cells by 14-005, 14-036,
and 14-049.

[0053] FIG. 25. Inhibition of the interaction between K-Ras and Raf1-RBD by compound
1.

[0054] FIGS. 26A-26H. FIG. 26A: Chemical structure of substituted p-lactones. FIG.
26B: Time-dependent covalent modification of K-Ras(G12D)GDP. FIG. 26C: Stability of

substituted B-lactoncs in PBS 7.4 at 23 °C. FIG. 26D: Growth inhibition of BakF3/K-
9
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Ras(G12D) cells by substituted -lactones. FIG. 26E: Chemical structures of the two
enantiomers of compound 4. FIG. 26F: Time-dependent covalent modification of K-
Ras(G12D)*GDP. FIG. 26G: Growth inhibition of BaF3/K-Ras(G12D) cells by each
enantiomer of compound 4. FIG. 26H: Inhibition of K-Ras(G12D) signaling in SW1990

cells.

[0055] FIG. 27. Examples of GTPases containing aspartate at position 12 or equivalent
(i.c., corresponding to position 12): ARF1 (c.g., UniProt P84077):
MGNIFANLFKGLFGKKEMRILMVGLDAAGKTTILYKLKLG (SEQ ID NO:20), ARF3
(e.g., UniProt P61204): MGNIFGNLLKSLIGKKEMRILMVGLDAAGKTTILYKLKLG
(SEQ ID NO:21), ARF4 (e.g., UniProt P18085):
MGLTISSLFSRLFGKKQMRILMVGLDAAGKTTILYKLKLG (SEQ ID NO:22), ARF5
(e.g., UniProt P84085): MGLTVSALFSRIFGKKQMRILMVGLDAAGKTTILYKLKLG
(SEQ ID NO:23), ARF6 (e.g., UniProt P62330):
MGKVLSKIFGNKEMRILMLGLDAAGKTTILYKLKLG (SEQ ID NO:24), TRIM23 (e.g.,
UniProt P36406): MAFTKDNRVHIGPKMEIRVVTLGLDGAGKTTILFKLKOQD (SEQ 1D
NO:25), ARLI (e.g., UniProt P40616):
MGGFFSSIFSSLFGTREMRILILGLDGAGKTTILYRLQVG (SEQ ID NO:26), ARL2 (e.g.,
UniProt P36404): MGLLTILKKMKQKERELRLLMLGLDNAGKTTILKK (SEQ ID
NO:27), ARL3 (e.g., UniProt P36405):
MGLLSTLRKLKSAPDQEVRILLLGLDNAGKTTLLKQ (SEQ ID NO:28), ARLA4A (e.g.,
UniProt P40617): MGDQTSILSNLPSFQSFHIVILGLDCAGKTTVLYRLQFN (SEQ 1D
NO: 29), ARL4AB: MGDQTSILSSLPSFQSFHIVMLGLDCAGKTTVLYRLQFN (SEQ ID
NO:30), ARLS5: MGILFTRIWRLFNHQEHKVIIVGLDNAGKTTILYQFSMN (SEQ 1D
NO:31), ARLG6 (e.g., UniProt QOHOF7):
MGLLDRLSVLLGLKKKEVHVLCLGLDNSGKTTIINKLKPSN (SEQ ID NO:32), ARL7:
MGNISSNISAFQSLHIVMLGLDSAGKTTVLYRLKFEN (SEQ ID NO:33), ARLS:
MGLIFAKLWSLFCNQEHKVIIVGLDNAGKTTILYQFLMN (SEQ ID NO:34), ARL9
(e.g., UniProt Q6T311): MRWKALSHPAWPEEKNKQILVLGLDGAGKTSVLHSLASN
(SEQ 1D NO:35), ARL12: MGOQLIAKLMSIFGNQEHTVUVGLDNEGKTTILYRFLTN
(SEQ ID NO:36), ARF4L: MGMAPTASSFLPHFQALHVVVIGLDSAGKTSLLYRLKFK
(SEQ ID NO:37), ARL11 (e.g., UniProt Q969Q4):
MGSVNSRGHKAEAQVVMMGLDSAGKTTLLYKLKGH (SEQ ID NO:38), ARF7:
MGSLGSKNPQTKQAQVLLLGLDSAGKSTLLYKLKLA (SEQ ID NO:39), 339231 (e.g.,
10
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UniProt QPN6): MCLLLGATGVGKTLLVKRLQEYV (SEQ ID NO:40), DKFZp761:
MFCCGWFKRWREPVRKVTLLMVGLDNAGKTATAKGIQGE (SEQ ID NO:41),
ARFRP1 (e.g., UniProt Q13795):
MYTLLSGLYKYMFQKDEYCILILGLDNAGKTTFLEQSKTRF (SEQ ID NO:42),
ARFRP2 (e.g., UniProt QONXUS5):
MSRALCCKGPPPARPEYDLVCIGLTGSGKTSLLSKLCSE (SEQ ID NO:43), ARLIOA
(e.g., UniProt Q8N8L6): MADEEDEEPALEELEQREVLVLGLDGAGKSTFLRVLSGKP
(SEQ ID NO:44), ARLI10B (e.g., UniProt Q96BM9):
MIKLLDWFKALFWKEEMELTLVGLQYSGKTTFVNVIASGQ (SEQ ID NO:45),
ARL10C: MLRLLDWFRSLFWKEEMELTLVGLQYSGKTTFVNVIASGQ (SEQ ID
NO:46), 344988: MSFSSVPQFLGLNKKSGKLLFVGLNNTDKTILLHMIKDD (SEQ 1D
NO:47), SARA1 (e.g., UniProt Q6FID4):
MSFSSVLQFLGLYKKSGKLVFLGLDNAGKTTLLHMLKDD (SEQ ID NO:48), SARA2:
MSFSSVLQFLGLYKKTGKLVFLGLDNAGKTTLLHMLKDD (SEQ ID NO:49). Only

partial sequence alignment is shown.

[0056] FIGS. 28A-28C. FIG. 28A: Chemical structures of (2R, 35)-4, (2R, 35)-5, and (2R,
395)-6. FIG. 28B: GTP-state reactive -lactone K-Ras(G12D) inhibitors. FIG. 28B: Pseudo-
first-order kinctics of K-Ras(G12D) labcling by isopropyl-substituted -lactoncs. FIG. 28C:
Western blot time-course are consistent with observed recombinant K-Ras(G12D) labeling

kinetics.

[0057] FIGS. 29A-29H. FIG. 29A: Chemical structure of compound (R)-7. FIG. 29B:
Labeling kinetics of recombinant K-Ras(G12D) with (R)-7. FIG. 29C: Second-order kinetics
ol recombinant K-Ras(G12D) with (R)-7. FIG. 29D: Compound (R)-7 selectively modilied
recombinant K-Ras(G12D) in both nucleotide states. FIG. 29E: Compound (R)-7 selectively
modified cellular K-Ras(G12D) and inhibited signaling pathways. FIG. 29F: Compound (R)-
7 potently inhibited Ba/F3 KRAS G12D cell line growth via on-target inhibition of K-
Ras(G12D). FIG. 29G: Compound (R)-7 selectively inhibited growth of cancer cells lines
harboring K-Ras(G12D) mutation. FIG. 29H: The difference between Compound (R)-7
induccd apoptosis was significant between K-Ras(G12D) ccll lincs and non-K-Ras(G12D)

cell lines.

[0058] FIG. 30. Compound 6 fully labels K-Ras(G12D) in cell at submicrimolar

concentrations.

11
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[0059] FIG. 31. Selective covalent engagement of K-Ras(G12D) in cells for compound 6.

[0060] FIGS. 32A-32B. Full in-cell covalent labeling can be achieved by repeatedly
dosing with as low as 40 nM of compound 6. FIG. 32A: Time course of (2R,3.5)-6-induced
in-cell K-Ras(G12D) labeling and downstream signaling pathway inhibition. FIG. 32B:
Medium replacement enabled complete labeling of endogenous K-Ras(G12D) by (2R,35)-6
at 40 nM.

[0061] FIGS. 33A-33C. On-target growth inhibition assessed in BaF3/K-Ras(G12D) cells.
FIG. 33A: Growth inhibition of Ba/F3 KRAS G12D cells by (2R,35)-5. FIG. 33B: Growth
inhibition of Ba/F3 KRAS G12D cells by (2R,35)-6. FIG. 33C: Growth inhibition of Ba/F3
KRAS G12D cells by (RS)-7.

[0062] FIG. 34. Stereospecific synthesis of B-lactone K-Ras(G12D) warheads.

[06063] FIG. 35. One example of a synthetic method of compound 7.

DETAILED DESCRIPTION
1. Definitions
[0064] The abbreviations used herein have their conventional meaning within the chemical
and biological arts. The chemical structures and formulae set forth herein are constructed

according to the standard rules of chemical valency known in the chemical arts.

[0065] Where substituent groups are specified by their conventional chemical formulae,
written from left to right, they equally encompass the chemically identical substituents that
would rcsult from writing the structurc from right to left, c.g., -CH>O- is cquivalcnt to

-OCHs-.

[0066] The term “alkyl,” by itself or as part of another substituent, means, unless otherwise
stated, a straight (i.e., unbranched) or branched carbon chain (or carbon), or combination
thereof, which may be fully saturated, mono- or polyunsaturated and can include mono-, di-,
and multivalent radicals. The alkyl may include a designated number of carbons (e.g., C1-Cio
means one to ten carbons). In embodiments, the alkyl is fully saturated. In embodiments, the
alkyl (e.g., C1-Cio, C1-Cs, or C1-Caalkyl) is fully saturated. In embodiments, the alkyl is
monounsaturated. In embodiments, the alkyl is polyunsaturated. Alkyl is an uncyclized
chain. Examples of saturated hydrocarbon radicals include, but are not limited to, groups

such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, methyl,

12
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homologs and isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An
unsaturated alkyl group is one having one or more double bonds or triple bonds. Examples of
unsaturated alkyl groups include, but are not limited to, vinyl, 2-propenyl, crotyl, 2-
isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and 3-propynyl,
3-butynyl, and the higher homologs and isomers. An alkoxy is an alkyl attached to the
remainder of the molecule via an oxygen linker (-O-). An alkyl moiety may be an alkenyl
moiety. In embodiments, an alkyl moiety may be an alkenyl moiety (e.g., C2-Cio alkenyl, C»-
Cs alkenyl, or C2-C4 alkenyl). An alkyl moiety may be an alkynyl moiety. In embodiments,
an alkyl moiety may be an alkynyl moiety (e.g., C2-Cio alkynyl, C2-Cs alkynyl, or C2-Cy4
alkynyl). An alkenyl includes one or more double bonds. An alkynyl includes one or more

triple bonds.

[0067] The term “alkylene,” by itself or as part of another substituent, means, unless
otherwise stated, a divalent radical derived from an alkyl, as exemplified, but not limited by,
-CH2CH2CH2CHz»-. Typically, an alkyl (or alkylene) group will have from 1 to 24 carbon
atoms, with those groups having 10 or fewer carbon atoms being preferred herein. A “lower
alkyl” or “lower alkylene” is a shorter chain alkyl or alkylene group, generally having eight
or fewer carbon atoms. The term “alkenylene,” by itself or as part of another substituent,
mecans, unlcss otherwisc stated, a divalent radical derived from an alkene. The term
“alkynylene” by itself or as part of another substituent, means, unless otherwise stated, a
divalent radical derived from an alkyne. In embodiments, the alkylene is fully saturated. In
embodiments, the alkylene is monounsaturated. In embodiments, the alkylene is
polyunsaturated. An alkenylene includes one or more double bonds. An alkynylene includes

one or more triple bonds.

[0068] The term “heteroalkyl,” by itself or in combination with another term, means, unless
otherwise stated, a stable straight or branched chain, or combinations thereof, including at
least one carbon atom and at least one heteroatom (e.g., O, N, P, Si, and S), and wherein the
nitrogen and sulfur atoms may optionally be oxidized, and the nitrogen heteroatom may
optionally be quaternized. The heteroatom(s) (e.g., N, S, Si, or P) may be placed at any
intcrior position of the heteroalkyl group or at the position at which the alkyl group is
attached to the remainder of the molecule. Heteroalkyl is an uncyclized chain. Examples
include, but are not limited to: -CH»-CH>-O-CH3, -CH>-CH>-NH-CHs,
-CH2-CH2-N(CH3)-CH3s, -CH2-S-CH2-CHs, -S-CH2-CHz, -S(0)-CH3, -CH2-CH2-S(0)2-CH3,

13
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-CH=CH-O-CHj3, -Si(CH3)3, -CH2-CH=N-OCH3, -CH=CH-N(CH3)-CH3, -O-CHs,
-O-CH2-CH3, and -CN. Up to two or three heteroatoms may be consecutive, such as, for
example, -CH2-NH-OCH3 and -CH2-O-Si(CH3)3. A heteroalkyl moiety may include one
heteroatom (e.g., O, N, S, Si, or P). A heteroalkyl moiety may include two optionally
different heteroatoms (e.g.. O, N, S, Si, or P). A heteroalkyl moiety may include three
optionally different heteroatoms (e.g., O, N, S, Si, or P). A heteroalkyl moiety may include
four optionally different heteroatoms (e.g., O, N, S, Si, or P). A heteroalkyl moiety may
include five optionally different heteroatoms (e.g., O, N, S, Si, or P). A heteroalkyl moiety
may include up to 8 optionally different heteroatoms (e.g., O, N, S, Si, or P). The term
“heteroalkenyl,” by itself or in combination with another term, means, unless otherwise
stated, a heteroalkyl including at least onc double bond. A heteroalkenyl may optionally
include more than one double bond and/or one or more triple bonds in additional to the one or
more double bonds. The term “heteroalkynyl,” by itself or in combination with another term,
means, unless otherwise stated, a heteroalkyl including at least one triple bond. A
heteroalkynyl may optionally include more than one triple bond and/or one or more double
bonds in additional to the one or more triple bonds. In embodiments, the heteroalkyl is fully
saturated. In embodiments, the heteroalkyl is monounsaturated. In embodiments, the

heteroalkyl is polyunsaturated.

[0069] Similarly, the term “heteroalkylene,” by itself or as part of another substituent,
means, unless otherwise stated, a divalent radical derived from heteroalkyl, as exemplified,
but not limited by, -CHz-CHz-S-CH2-CHz- and -CH3-S-CH2-CH>-NH-CH:z-. For
heteroalkylene groups, heteroatoms can also occupy either or both of the chain termini (e.g.,
alkyleneoxy, alkylenedioxy, alkyleneamino, alkylenediamino, and the like). Still further, for
alkylene and heteroalkylene linking groups, no orientation of the linking group is implied by
the direction in which the formula of the linking group is written. For example, the formula
-C(O)2R'- represents both -C(O)2R'- and -R'C(O)2-. As described above, heteroalkyl groups,
as used herein, include those groups that are attached to the remainder of the molecule
through a heteroatom, such as -C{O)R', -C(O)NR', -NR'R", -OR’, -SR’, and/or -SO2R". Where
“heteroalkyl” is recited, followed by recitations of specific heteroalkyl groups, such as
-NR'R" or the like, it will be understood that the terms heteroalkyl and -NR'R" are not
redundant or mutually exclusive. Rather, the specific heteroalkyl groups are recited to add
clarity. Thus, the term “heteroalkyl” should not be interpreted herein as excluding specific
heteroalkyl groups, such as -NR'R" or the like. The term “heteroalkenylene,” by itself or as
14
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part of another substituent, means, unless otherwise stated, a divalent radical derived from a
heteroalkene. The term “heteroalkynylene” by itself or as part of another substituent, means,
unless otherwise stated, a divalent radical derived from a heteroalkyne. In embodiments, the
heteroalkylene is fully saturated. In embodiments, the heteroalkylene is monounsaturated. In
embodiments, the heteroalkylene is polyunsaturated. A heteroalkenylene includes one or

more double bonds. A heteroalkynylene includes one or more triple bonds.

[0070] The terms “cycloalkyl” and “hcterocycloalkyl,” by themselves or in combination
with other terms, mean, unless otherwise stated, cyclic versions of “alkyl” and “heteroalkyl,”
respectively. Cycloalkyl and heterocycloalkyl are not aromatic. Additionally, for
heterocycloalkyl, a heteroatom can occupy the position at which the heterocycle is attached to
the remainder of the molecule. Examples of cycloalkyl include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl,
cycloheptyl, and the like. Examples of heterocycloalkyl include, but are not limited to, 1-
(1,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-morpholinyl, 3-
morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl,
tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl, and the like. In embodiments, the
heterocycloalkyl is hexahydro-1H-pyrrolizin-7a-yl. In embodiments, the heterocycloalkyl is
2-pyrrolidinyl. A *“cycloalkylenc” and a “heterocycloalkylenc,” alonc or as part of another
substituent, means a divalent radical derived from a cycloalkyl and heterocycloalkyl,
respectively. In embodiments, the cycloalkyl is fully saturated. In embodiments, the
cycloalkyl is monounsaturated. In embodiments, the cycloalkyl is polyunsaturated. In
embodiments, the heterocycloalkyl is fully saturated. In embodiments, the heterocycloalkyl

is monounsaturated. In embodiments, the heterocycloalkyl is polyunsaturated.

[0071] In embodiments, the term “cycloalkyl” means a monocyclic, bicyclic, or a
multicyclic cycloalkyl ring system. In embodiments, monocyclic ring systems are cyclic
hydrocarbon groups containing from 3 to 8 carbon atoms, where such groups can be saturated
or unsaturated, but not aromatic. In embodiments, cycloalkyl groups are fully saturated. A
bicyclic or multicyclic cycloalkyl ring system refers to multiple rings fused together wherein
at Icast onc of the fusced rings is a cycloalkyl ring and wherein the multiple rings arc attachced
to the parent molecular moiety through any carbon atom contained within a cycloalkyl ring of

the multiple rings.
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[0072] In embodiments, a cycloalkyl is a cycloalkenyl. The term “cycloalkenyl” is used in
accordance with its plain ordinary meaning. In embodiments, a cycloalkenyl is a monocyclic,
bicyclic, or a multicyclic cycloalkenyl ring system. A bicyclic or multicyclic cycloalkenyl
ring system refers to multiple rings fused together wherein at least one of the fused rings is a
cycloalkenyl ring and wherein the multiple rings are attached to the parent molecular moiety

through any carbon atom contained within a cycloalkenyl ring of the multiple rings.

[0073] In cmbodiments, the term “heterocycloalkyl” means a monacyclic, bicyelic, or a
multicyclic heterocycloalkyl ring system. In embodiments, heterocycloalkyl groups are fully
saturated. In embodiments, heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6
membered, 4 to 5 membered, 5 to 6 membered, or 5 to 8 membered) groups are fully
saturated. A bicyclic or multicyclic heterocycloalkyl ring system refers to multiple rings
fused together wherein at least one of the fused rings is a heterocycloalkyl ring and wherein
the multiple rings are attached to the parent molecular moiety through any atom contained

within a heterocycloalkyl ring of the multiple rings.

[0074] The terms “halo” or “halogen,” by themscelves or as part of another substituent,
mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally,
terms such as “haloalkyl” are meant to include monohaloalkyl and polyhaloalkyl. For
example, the term “halo(C1-Ca)alkyl” includes, but is not limited to, fluoromethyl,
difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the
like.

[0075] The term “acyl” means, unless otherwise stated, -C(O)R where R is a substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

substituted or unsubstituted heteroaryl.

[0076] The term “aryl” means, unless otherwise stated, a polyunsaturated, aromatic,
hydrocarbon substituent, which can be a single ring or multiple rings (preferably from 1 to 3
rings) that are fused together (i.e., a fused ring aryl) or linked covalently. A fused ring aryl
refers to multiple rings fused together wherein at least one of the fused rings is an aryl ring
and wherein the multiple rings are attached to the parent molecular moiety through any
carbon atom containcd within an aryl ring of the multiple rings. The tcrm “heteroaryl” refers
to aryl groups (or rings) that contain at least one heteroatom such as N, O, or S, wherein the

nitrogen and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are optionally
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quaternized. Thus, the term “heteroaryl” includes fused ring heteroaryl groups (i.e., multiple
rings fused together wherein at least one of the fused rings is a heteroaromatic ring and
wherein the multiple rings are attached to the parent molecular moiety through any atom
contained within a heteroaromatic ring of the multiple rings). A 5,6-fused ring heteroarylene
refers to two rings fused together, wherein one ring has 5 members and the other ring has 6
members, and wherein at least one ring is a heteroaryl ring. Likewise, a 6,6-fused ring
heteroarylene refers to two rings fused together, wherein one ring has 6 members and the
other ring has 6 members, and wherein at least one ring is a heteroaryl ring. And a 6,5-fused
ring heteroarylene refers to two rings fused together, wherein one ring has 6 members and the
other ring has 5 members, and wherein at least one ring is a heteroaryl ring. A heteroaryl
group can be attached to the remainder of the molcecule through a carbon or heteroatom.
Non-limiting examples of aryl and heteroaryl groups include phenyl, naphthyl, pyrrolyl,
pyrazolyl, pyridazinyl, triazinyl, pyrimidinyl, imidazolyl, pyrazinyl, purinyl, oxazolyl,
isoxazolyl, thiazolyl, furyl, thienyl, pyridyl, pyrimidyl, benzothiazolyl, benzoxazoyl
benzimidazolyl, benzofuran, isobenzofuranyl, indolyl, isoindolyl, benzothiophenyl,
isoquinolyl, quinoxalinyl, quinolyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-
pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-
oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-
thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-tfuryl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl,
1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl.
Substituents for each of the above noted aryl and heteroaryl ring systems are selected from
the group of acceptable substituents described below. An “arylene” and a “heteroarylene,”
alone or as part of another substituent, mean a divalent radical derived from an aryl and
heteroaryl, respectively. A heteroaryl group substituent may be -O- bonded to a ring

heteroatom nitrogen.

[0077] Spirocyclic rings are two or more rings wherein adjacent rings are attached through
a single atom. The individual rings within spirocyclic rings may be identical or different.
Individual rings in spirocyclic rings may be substituted or unsubstituted and may have
different substituents from other individual rings within a set of spirocyclic rings. Possible
substituents for individual rings within spirocyclic rings are the possible substituents for the
same ring when not part of spirocyclic rings (e.g., substituents for cycloalkyl or
heterocycloalkyl rings). Spirocylic rings may be substituted or unsubstituted cycloalkyl,
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substituted or unsubstituted cycloalkylene, substituted or unsubstituted heterocycloalkyl or
substituted or unsubstituted heterocycloalkylene and individual rings within a spirocyclic ring
group may be any of the immediately previous list, including having all rings of one type
(e.g., all rings being substituted heterocycloalkylene wherein each ring may be the same or

5  different substituted heterocycloalkylene). When referring to a spirocyclic ring system,
heterocyclic spirocyclic rings means a spirocyclic rings wherein at least one ring 1s a
heterocyclic ring and wherein each ring may be a different ring. When referring to a
spirocyclic ring system, substituted spirocyclic rings means that at least one ring is

substituted and each substituent may optionally be different.

10  [0078] The symbol “~~~" denotes the point of attachment of a chemical moiety to the

remainder of a molecule or chemical formula.

[0079] The term “oxo0,” as used herein, means an oxygen that is double bonded to a carbon

atom.

[0080] The term “alkylarylene” as an arylene moiety covalently bonded to an alkylene
15  moiety (also referred to herein as an alkylene linker). In embodiments, the alkylarylene
group has the formula:
6 6
3 or 3
[0081] An alkylarylene moiety may be substituted (e.g., with a substituent group) on the
alkylene moiety or the arylene linker (e.g., at carbons 2, 3, 4, or 6) with halogen, oxo, -N3,
20  -CFs, -CCls, -CBrs, -Cls, -CN, -CHO, -OH, -NHz, -COOH, -CONH23, -NO2, -SH, -SO2CHs,
-SO3H, -OS0sH, -SO2NH2, -=NHNH2, —ONH2, -NHC(O)NHNH3, substituted or

unsubstituted C1-Cs alkyl or substituted or unsubstituted 2 to 5 membered heteroalkyl). In

embodiments, the alkylarylene is unsubstituted.

[0082] Each of the above terms (e.g., “alkyl,” “heteroalkyl,” “cycloalkyl,”
25  “heterocycloalkyl,” “aryl,” and “heteroaryl’) includes both substituted and unsubstituted
forms of the indicated radical. Preferred substituents for each type of radical are provided

below.

[0083] Substituents for the alkyl and heteroalkyl radicals (including those groups often

referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl,
18
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heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety of
groups selected from, but not limited to, -OR’, =0, =NR', =N-OR', -NR'R", -SR’, halogen,
-SiR'R"R™, -OC(O)R', -C(O)R', -CO2R', -CONR'R", -OC(O)NR'R", -NR"C(O)R’,
-NR'C(O)NR"R", -NR"C(O)2R’, -NRC(NR'R"R")=NR"", -NRC(NR'R")=NR", -S(O)R’,
-S(O)2R’, -S(O)2NR'R", -NRSO2R', -NR'NR"R"™, -ONR'R", -NR'C{O)NR"NR"R"", -CN,
-NO2, -NR'SO2R", -NR'C(O)R", -NR'C(O)OR", -NR'OR", in a number ranging from zero to
(2m'+1), where m' is the total number of carbon atoms in such radical. R, R, R", R, and R""
each preferably independently refer to hydrogen, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl (e.g., aryl substituted with 1-3 halogens), substituted or
unsubstituted heteroaryl, substituted or unsubstituted alkyl, alkoxy, or thioalkoxy groups, or
arylalkyl groups. When a compound described herein includes more than one R group, for
example, each of the R groups is independently selected as are each R', R", R", and R"" group
when more than one of these groups is present. When R' and R" are attached to the same
nitrogen atom, they can be combined with the nitrogen atom to form a 4-, 5-, 6-, or 7-
membered ring. For example, -NR'R" includes, but is not limited to, 1-pyrrolidinyl and 4-
morpholinyl. From the above discussion of substituents, one of skill in the art will
understand that the term “*alkyl’ is meant to include groups including carbon atoms bound to
groups other than hydrogen groups, such as haloalkyl (e.g., -CFs and -CH2CF3) and acyl
(e.g., -C(O)CHs, -C(O)CF3, -C(O)CH20CH3, and the like).

[0084] Similar to the substituents described for the alkyl radical, substituents for the aryl
and heteroaryl groups are varied and are selected from, for example: -OR’, -NR'R", -SR’,
halogen, -SiRR"R", -OC(O)R’, -C(O)R’, -CO2R", -CONR'R", -OC(O)NRR", -NR"C(O)R’,
-NR'C(O)NR"R", -NR"C(O)2R’, -NR-C(NR'R"R")=NR"", -NR-C(NR'R")=NR", -S(O)R’,
-S(O)2R’, -S(O)2NR'R", -NRSO2R’, -NR'NR"R™, -ONR'R", -NR'C(O)NR"NR"R"", -CN,
-NO:a>, -R', -N3, -CH(Ph)2, fluoro(C-Cas)alkoxy, and fluoro(Ci-Cas)alkyl, -NR'SO:R",
-NR'C(O)R", -NR'C(O)OR", -NR'OR", in a number ranging from zero to the total number of
open valences on the aromatic ring system; and where R', R", R™, and R"" are preferably
independently selected from hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted

heteroaryl. When a compound described herein includes more than one R group, for
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example, each of the R groups is independently selected as are each R', R", R", and R

groups when more than one of these groups is present.

[0085] Substituents for rings (e.g., cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylene, heterocycloalkylene, arylene, or heteroarylene) may be depicted as
substituents on the ring rather than on a specific atom of a ring (commonly referred to as a
floating substituent). In such a case, the substituent may be attached to any of the ring atoms
(obcying the rules of chemical valency) and in the casc of fuscd rings or spirocyclic rings, a
substituent depicted as associated with one member of the fused rings or spirocyclic rings (a
floating substituent on a single ring), may be a substituent on any of the fused rings or
spirocyclic rings (a floating substituent on multiple rings). When a substituent is attached to
a ring, but not a specific atom (a floating substituent), and a subscript for the substituent is an
integer greater than one, the multiple substituents may be on the same atom, same ring,
different atoms, different fused rings, different spirocyclic rings, and each substituent may
optionally be different. Where a point of attachment of a ring to the remainder of a molecule
is not limited to a single atom (a floating substituent), the attachment point may be any atom
of the ring and in the case of a fused ring or spirocyclic ring, any atom of any of the fused
rings or spirocyclic rings while obeying the rules of chemical valency. Where a ring, fused
rings, or spirocyclic rings contain onc or morc ring hcteroatoms and the ring, fused rings, or
spirocyclic rings are shown with one more floating substituents (including, but not limited to,
points of attachment to the remainder of the molecule), the floating substituents may be
bonded to the heteroatoms. Where the ring heteroatoms are shown bound to one or more
hydrogens (e.g., a ring nitrogen with two bonds to ring atoms and a third bond to a hydrogen)
in the structure or formula with the floating substituent, when the heteroatom is bonded to the
floating substituent, the substituent will be understood to replace the hydrogen, while obeying

the rules of chemical valency.

[0086] Two or more substituents may optionally be joined to form aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl groups. Such so-called ring-forming substituents are
typically. though not necessarily, found attached to a cyclic base structure. In one
cmbodiment, the ring-forming substitucnts arc attached to adjacent members of the basc
structure. For example, two ring-forming substituents attached to adjacent members of a
cyclic base structure create a fused ring structure. In another embodiment, the ring-forming

substituents are attached to a single member of the base structure. For example, two ring-
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forming substituents attached to a single member of a cyclic base structure create a
spirocyclic structure. In yet another embodiment, the ring-forming substituents are attached

to non-adjacent members of the base structure.

[0087] Two of the substituents on adjacent atoms of the aryl or heteroaryl ring may
5  optionally form a ring of the formula -T-C(O)-(CRR")q-U-, wherein T and U are

independently -NR-, -O-, -CRR'-, or a single bond, and q is an integer of {from 0 to 3.
Alternatively, two of the substituents on adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the formula -A-(CH2):-B-, wherein A and B are
independently -CRR'-, -O-, -NR-, -S-, -S(O)-, -5(0)2-, -S(O)2NR'-, or a single bond, and r is

10  an integer of from 1 to 4. One of the single bonds of the new ring so formed may optionally
be replaced with a double bond. Alternatively, two of the substituents on adjacent atoms of
the aryl or heteroaryl ring may optionally be replaced with a substituent of the formula
-(CRR")s-X'- (C"R"R")q-, where s and d are independently integers of from O to 3, and X' is
-O-, -NR'-, -S-, -S(O)-, -S(O)2-, or -S(O)2NR'-. The substituents R, R, R", and R"" are

15  preferably independently selected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, and substituted or

unsubstituted heteroaryl.

[0088] As used herein, the terms “‘heteroatom” or *‘ring heteroatom™ are meant to include
20 oxygen (O), nitrogen (N), sulfur (S), phosphorus (P), selenium (Se), and silicon (Si). In
embodiments, the terms “heteroatom’ or “ring heteroatom” are meant to include oxygen (O),

nitrogen (N), sulfur (S), phosphorus (P), and silicon (Si).

[0089] A “substituent group,” as used herein, means a group selected (rom the [ollowing

moieties:

25 (A) oxo, halogen, -CCl3, -CBr3, -CF3, -Cl3, -CHCl2, -CHBr2, -CHF», -CHI», -CH2Cl,
-CH2Br, -CH2F, -CHzl, -OCCls, -OCF3, -OCBr3, -OCls, -OCHCl2, -OCHBT12, -OCHI2,
-OCHFa, -OCH:Cl, -OCH:2Br, -OCH:2I, -OCH:F, -CN, -OH, -NH>, -COOH, -CONHa,
-NO2, -SH, -SOsH, —-OSOsH, -SO:>NH>, -NHNH>, ~ONH>, -NHC(O)NHNHa,
—NHC(O)NHz, -NHC(NH)NH>?, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -N3,

30 -SFs, unsubstituted alkyl (e.g., C1-Cgalkyl, C1-Cg alkyl, or C1-Cy4 alkyl), unsubstituted
heteroalkyl (e.g., 2 to 8 membered heteroalkyl, 2 to 6 membered heteroalkyl, or 2 to 4

membered heteroalkyl), unsubstituted cycloalkyl (e.g., C3-Cs cycloalkyl, C3-Cg
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cycloalkyl, or Cs-Cg cycloalkyl), unsubstituted heterocycloalkyl (e.g., 3 to 8
membered heterocycloalkyl, 3 to 6 membered heterocycloalkyl, or 5 to 6 membered
heterocycloalkyl), unsubstituted aryl (e.g., Cs-Cio aryl, Cio aryl, or phenyl), or
unsubstituted heteroaryl (e.g., 5 to 10 membered heteroaryl, 5 to 9 membered

heteroaryl, or 5 to 6 membered heteroaryl), and

(B) alkyl (e.g., C1-Cx alkyl, C1-Cs alkyl, or C1-C4 alkyl), heteroalkyl (e.g., 2 to 8
membered heteroalkyl, 2 to 6 membered heteroalkyl, or 2 to 4 membcered
heteroalkyl), cycloalkyl (e.g., C5-Cs cycloalkyl, C5-Cs cycloalkyl, or Cs-Ce
cycloalkyl), heterocycloalkyl (e.g., 3 to 8 membered heterocycloalkyl, 3 to 6
membered heterocycloalkyl, or 5 to 6 membered heterocycloalkyl), aryl (e.g., Cs-C1o
aryl, Cio aryl, or phenyl), heteroaryl (e.g., 5 to 10 membered heteroaryl, 5 to 9
membered heteroaryl, or 5 to 6 membered heteroaryl), substituted with at least one

substituent selected from:

(i) oxo, halogen, -CCls, -CBr3, -CF3, -Clz, -CHCl2, -CHBr», -CHF», -CHI», -CH>Cl,
-CH:Br, -CH:F, -CH:I, -OCCl3, -OCFj3, -OCBrs, -OClIs, -OCHCL, -OCHBr»,
-OCHI, -OCHFa2, -OCH2Cl, -OCH:2Br, -OCH-2I, -OCH2F, -CN, -OH, -NHa,
-COOH, -CONH_:, -NO2, -SH, -SOs3H, —-OSOsH, -SO2NH2, -NHNH2, —ONH>,
—NHC(O)NHNH:, -NHC(O)NH:, -NHC(NH)NH>, -NHSO:H, -NHC(O)H,
-NHC(O)OH. -NHOH, -N3, -SFs, unsubstituted alkyl (e.g., C1-Cs alkyl, C1-Cs alkyl,
or C1-C4 alkyl), unsubstituted heteroalkyl (e.g., 2 to 8 membered heteroalkyl, 2 to 6
membered heteroalkyl, or 2 to 4 membered heteroalkyl), unsubstituted cycloalkyl
(c.g.. C3-Cs cycloalkyl, C3-Cs cycloalkyl, or Cs-Cs cycloalkyl), unsubstituted
heterocycloalkyl (e.g., 3 to 8 membered heterocycloalkyl, 3 to 6 membered
heterocycloalkyl, or 5 to 6 membered heterocycloalkyl), unsubstituted aryl {(e.g., Co-
Cio aryl, Cio aryl, or phenyl), or unsubstituted heteroaryl (e.g., 5 to 10 membered

heteroaryl, 5 to 9 membered heteroaryl, or 5 to 6 membered heteroaryl), and

(i1) alkyl (e.g., C1-Cs alkyl, C1-Cg alkyl, or C1-C4 alkyl), heteroalkyl (e.g., 2 to 8
membered heteroalkyl, 2 to 6 membered heteroalkyl, or 2 to 4 membered
heteroalkyl), cycloalkyl (e.g., C3-Cs cycloalkyl, C3-Ce cycloalkyl, or Cs-Ce
cycloalkyl), heterocycloalkyl (e.g., 3 to 8 membered heterocycloalkyl, 3 to 6
membered heterocycloalkyl, or 5 to 6 membered heterocycloalkyl), aryl (e.g., Ce-

Cio aryl, Cio aryl, or phenyl), heteroaryl (e.g.. 5 to 10 membered heteroaryl, S to 9
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membered heteroaryl, or 5 to 6 membered heteroaryl), substituted with at least one

substituent selected from:

(a) oxo, halogen, -CCl3, -CBr3, -CFj3, -CI3, -CHCl», -CHBr2, -CHF2, -CHI>,
-CH:Cl, -CH»Br, -CH:2F, -CHzl, -OCCl3, -OCFj3, -OCBrs, -OCIs, -OCHCl.,
-OCHBr2, -OCHL, -OCHF-, -OCH:CI, -OCH:Br, -OCH:L -OCH:F, -CN, -OH,
-NHz, -COOH, -CONHz, -NOz2, -SH, -SO3H, —-OSO3H, -SOzNHz, -NHNH3,
—ONH2, -NHC(O)NHNH:, -NHC(O)NH:, -NHC(NH)NH:, -NHSO-H,
-NHC(O)H, -NHC(O)OH, -NHOH, -N3, -SFs, unsubstituted alkyl (e.g., C1-Cs
alkyl, C1-Ce alkyl, or C1-C4 alkyl), unsubstituted heteroalkyl (e.g., 2 to 8
membered heteroalkyl, 2 to 6 membered heteroalkyl, or 2 to 4 membered
heteroalkyl), unsubstituted cycloalkyl (c.g., C3-Cs cycloalkyl, C3-Cs cycloalkyl, or
(Cs-Cs cycloalkyl), unsubstituted heterocycloalkyl (e.g.. 3 to 8 membered
heterocycloalkyl, 3 to 6 membered heterocycloalkyl, or 5 to 6 membered
heterocycloalkyl), unsubstituted aryl (e.g., Coe-Cio aryl, Cio aryl, or phenyl), or
unsubstituted heteroaryl (e.g., 5 to 10 membered heteroaryl, 5 to 9 membered

heteroaryl, or 5 to 6 membered heteroaryl), and

(b) alkyl (e.g., C1-Cs alkyl, C1-Cs alkyl, or C1-C4 alkyl), heteroalkyl (e.g., 2 to 8
membered heteroalkyl, 2 to 6 membered heteroalkyl, or 2 to 4 membered
heteroalkyl), cycloalkyl (e.g., C3-Cs cycloalkyl, C3-Cs cycloalkyl, or Cs-Ce
cycloalkyl), heterocycloalkyl (e.g., 3 to 8 membered heterocycloalkyl, 3 to 6
membered heterocycloalkyl, or 5 to 6 membered heterocycloalkyl), aryl (e.g., Ce-
Cio aryl. Cio aryl, or phenyl), heteroaryl (c.g.. 5 to 10 membered heteroaryl, 5 to 9
membered heteroaryl, or 5 to 6 membered heteroaryl), substituted with at least one
substituent selected from: oxo, halogen, -CCls, -CBr3, -CF3, -Cls, -CHCla,
-CHBr3, -CHFa, -CHIz, -CH2Cl, -CH2Br, -CHzF, -CHzl, -OCCls, -OCF3, -OCBrs3,
-OClIs, -OCHClz, -OCHBr2, -OCHL, -OCHF,, -OCH2CI, -OCH:2Br, -OCH:I,
-OCILF, -CN, -OMH, -NIIz, -COOMH, -CONHz, -NOz, -SH, -SOsH, -OSOsH,
-SO2NH2, -NHNH2, —ONH2, -NHC(O)NHNH2, -NHC(O)NH>, -NHC(NH)NHo>,
-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -N3, -SFs, unsubstituted alkyl
(e.g.. C1-Cs alkyl, C1-Cs alkyl, or C1-C4 alkyl), unsubstituted heteroalkyl (e.g., 2 to
8 membered heteroalkyl, 2 to 6 membered heteroalkyl, or 2 to 4 membered

heteroalkyl), unsubstituted cycloalkyl (e.g., C3-Cg cycloalkyl, C3-Cs cycloalkyl, or
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C5-Cs cycloalkyl), unsubstituted heterocycloalkyl (e.g., 3 to 8 membered
heterocycloalkyl, 3 to 6 membered heterocycloalkyl, or 5 to 6 membered
heterocycloalkyl), unsubstituted aryl (e.g., Cs-Cio aryl, Cio aryl, or phenyl), or
unsubstituted heteroaryl (e.g., 5 to 10 membered heteroaryl, 5 to 9 membered

heteroaryl, or 5 to 6 membered heteroaryl).

[0090] A “size-limited substituent” or * size-limited substituent group,” as used herein,
mecans a group sclected from all of the substituents described above for a “substituent group,”
wherein each substituted or unsubstituted alkyl is a substituted or unsubstituted C1-C2p alkyl,
each substituted or unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 20
membered heteroalkyl, each substituted or unsubstituted cycloalkyl is a substituted or
unsubstituted C3-Cs cycloalkyl, each substituted or unsubstituted heterocycloalkyl is a
substituted or unsubstituted 3 to 8 membered heterocycloalkyl, each substituted or
unsubstituted aryl is a substituted or unsubstituted Cs-Cio aryl, and each substituted or

unsubstituted heteroaryl is a substituted or unsubstituted 5 to 10 membered heteroaryl.

[0091] A “lower substituent” or ““ lower substitucnt group,” as uscd herein, means a group
selected from all of the substituents described above for a “substituent group,” wherein each
substituted or unsubstituted alkyl is a substituted or unsubstituted C1-Cs alkyl, each
substituted or unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 8 membered
heteroalkyl, each substituted or unsubstituted cycloalkyl is a substituted or unsubstituted Cs-
C7 cycloalkyl, each substituted or unsubstituted heterocycloalkyl is a substituted or
unsubstituted 3 to 7 membered heterocycloalkyl, each substituted or unsubstituted aryl is a
substituted or unsubstituted phenyl, and each substituted or unsubstituted heteroaryl is a

substituted or unsubstituted 5 to 6 membered heteroaryl.

[0092] In some embodiments, each substituted group described in the compounds herein is
substituted with at least one substituent group. More specifically, in some embodiments,
each substituted alkyl, substituted heteroalkyl, substituted cycloalkyl, substituted
heterocycloalkyl, substituted aryl, substituted heteroaryl, substituted alkylene, substituted
heteroalkylene, substituted cycloalkylene, substituted heterocycloalkylene, substituted
arylene, and/or substituted heteroarylene described in the compounds herein are substituted
with at Icast onc substitucnt group. In othcr cmbodiments, at Icast onc or all of thesc groups
are substituted with at least one size-limited substituent group. In other embodiments, at least

one or all of these groups are substituted with at least one lower substituent group.
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[0093] In other embodiments of the compounds herein, each substituted or unsubstituted
alkyl may be a substituted or unsubstituted C1-C» alkyl, each substituted or unsubstituted
heteroalkyl is a substituted or unsubstituted 2 to 20 membered heteroalkyl, each substituted or
unsubstituted cycloalkyl is a substituted or unsubstituted C3-Cs cycloalkyl, each substituted or
unsubstituted heterocycloalkyl is a substituted or unsubstituted 3 to 8 membered
heterocycloalkyl, each substituted or unsubstituted aryl is a substituted or unsubstituted Ce-
Cio aryl, and/or each substituted or unsubstituted heteroaryl is a substituted or unsubstituted 5
to 10 membered heteroaryl. In some embodiments of the compounds herein, each substituted
or unsubstituted alkylene is a substituted or unsubstituted C1-Cao alkylene, each substituted or
unsubstituted heteroalkylene is a substituted or unsubstituted 2 to 20 membered
hetcroalkylene, cach substituted or unsubstituted cycloalkylene is a substituted or
unsubstituted C3-Cs cycloalkylene, each substituted or unsubstituted heterocycloalkylene is a
substituted or unsubstituted 3 to 8 membered heterocycloalkylene, each substituted or
unsubstituted arylene is a substituted or unsubstituted Cs-C1o arylene, and/or each substituted
or unsubstituted heteroarylene is a substituted or unsubstituted 5 to 10 membered

heteroarylene.

[0094] In some embodiments, each substituted or unsubstituted alkyl is a substituted or
unsubstituted C1-Cs alkyl, cach substitutcd or unsubstitutcd hetcroalkyl is a substituted or
unsubstituted 2 to 8§ membered heteroalkyl, each substituted or unsubstituted cycloalkyl is a
substituted or unsubstituted Cs-C7 cycloalkyl, each substituted or unsubstituted
heterocycloalkyl is a substituted or unsubstituted 3 to 7 membered heterocycloalkyl, each
substituted or unsubstituted aryl is a substituted or unsubstituted Cg-C10 aryl, and/or each
substituted or unsubstituted heteroaryl is a substituted or unsubstituted 5 to 9 membered
heteroaryl. In some embodiments, each substituted or unsubstituted alkylene is a substituted
or unsubstituted C1-Cg alkylene, each substituted or unsubstituted heteroalkylene is a
substituted or unsubstituted 2 to 8 membered heteroalkylene, each substituted or
unsubstituted cycloalkylene is a substituted or unsubstituted C3-C7 cycloalkylene, each
substituted or unsubstituted heterocycloalkylene is a substituted or unsubstituted 3 to 7
membered heterocycloalkylene, each substituted or unsubstituted arylene is a substituted or
unsubstituted Ce-C1o arylene, and/or each substituted or unsubstituted heteroarylene is a
substituted or unsubstituted 5 to 9 membered heteroarylene. In some embodiments, the

compound is a chemical species set forth in the Examples section, figures, or tables below.
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[0095] In embodiments, a substituted or unsubstituted moiety (e.g., substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted alkylene, substituted or
unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, and/or substituted or
unsubstituted heteroarylene) is unsubstituted (e.g., is an unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl,
unsubstituted heteroaryl, unsubstituted alkylene, unsubstituted heteroalkylene, unsubstituted
cycloalkylene, unsubstituted heterocycloalkylene, unsubstituted arylene, and/or unsubstituted
heleroarylene, respectively). In embodiments, a substituted or unsubstituted moicety (c.g.,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
alkylene, substituted or unsubstituted heteroalkylene, substituted or unsubstituted
cycloalkylene, substituted or unsubstituted heterocycloalkylene, substituted or unsubstituted
arylene, and/or substituted or unsubstituted heteroarylene) is substituted (e.g., is a substituted
alkyl, substituted heteroalkyl, substituted cycloalkyl, substitutcd heterocycloalkyl, substituted
aryl, substituted heteroaryl, substituted alkylene, substituted heteroalkylene, substituted
cycloalkylene, substituted heterocycloalkylene, substituted arylene, and/or substituted

heteroarylene, respectively).

[0096] In embodiments, a substituted moiety (e.g., substituted alkyl, substituted
heteroalkyl, substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, substituted
heteroaryl, substituted alkylene, substituted heteroalkylene, substituted cycloalkylene,
substituted heterocycloalkylene, substituted arylene, and/or substituted heteroarylene) is
substituted with at least one substituent group, wherein if the substituted moiety is substituted
with a plurality of substituent groups, each substituent group may optionally be different. In
embodiments, if the substituted moiety is substituted with a plurality of substituent groups,

each substituent group is different.

[0097] In embodiments, a substituted moiety (e.g., substituted alkyl, substituted
heteroalkyl, substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, substituted

heteroaryl, substituted alkylene, substituted heteroalkylene, substituted cycloalkylene,
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substituted heterocycloalkylene, substituted arylene, and/or substituted heteroarylene) is
substituted with at least one size-limited substituent group, wherein if the substituted moiety
is substituted with a plurality of size-limited substituent groups, each size-limited substituent
group may optionally be different. In embodiments, if the substituted moiety is substituted
with a plurality of size-limited substituent groups, each size-limited substituent group is

different.

[0098] In cmbodiments, a substituted moicty (c.g., substituted alkyl, substituted
heteroalkyl, substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, substituted
heteroaryl, substituted alkylene, substituted heteroalkylene, substituted cycloalkylene,
substituted heterocycloalkylene, substituted arylene, and/or substituted heteroarylene) is
substituted with at least one lower substituent group, wherein if the substituted moiety is
substituted with a plurality of lower substituent groups, each lower substituent group may
optionally be different. In embodiments, if the substituted moiety is substituted with a

plurality of lower substituent groups, each lower substituent group is different.

[0099] In cmbodiments, a substituted moicty (c.g., substituted alkyl, substituted
heteroalkyl, substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, substituted
heteroaryl, substituted alkylene, substituted heteroalkylene, substituted cycloalkylene,
substituted heterocycloalkylene, substituted arylene, and/or substituted heteroarylene) is
substituted with at least one substituent group, size-limited substituent group, or lower
substituent group; wherein if the substituted moiety is substituted with a plurality of groups
selected from substituent groups, size-limited substituent groups, and lower substituent
groups; each substituent group, size-limited substituent group, and/or lower substituent group
may optionally be dillerent. In embodiments, il the substituted moiety is substituted with a
plurality of groups selected from substituent groups, size-limited substituent groups, and
lower substituent groups; each substituent group, size-limited substituent group, and/or lower

substituent group is different.

[0100] In a recited claim or chemical formula description herein, each R substituent or L
linker that is described as being “substituted” without reference as to the identity of any
chemical moiety that composes the “substituted™ group (also referred to herein as an “open
substitution” on an R substitucnt or L linker or an “openly substituted™™ R substituent or L
linker), the recited R substituent or L linker may, in embodiments, be substituted with one or

more first substituent groups as defined below.
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[0101] The first substituent group is denoted with a corresponding first decimal point
numbering system such that, for example, R! may be substituted with one or more first
substituent groups denoted by R"!, R? may be substituted with one or more first substituent
groups denoted by R%!, R? may be substituted with one or more first substituent groups
denoted by R*!, R* may be substituted with one or more first substituent groups denoted by
R*!, R® may be substituted with one or more first substituent groups denoted by R*!, and the
like up to or exceeding an R!% that may be substituted with one or more first substituent

R!0%1 " Ag a further example, R'A may be substituted with one or more

groups denoted by
first substituent groups denoted by R'*!, R?A may be substituted with one or more first
substituent groups denoted by R**', R** may be substituted with one or more first substituent
groups denoted by R3*! R* may be substituted with onc or more [(irst substituent groups
denoted by R**!, R3* may be substituted with one or more first substituent groups denoted by
R>A! and the like up to or exceeding an R!°’* may be substituted with one or more first

R!09A1 " Ag a further example, L! may be substituted with one

substituent groups denoted by
or more first substituent groups denoted by R*"!, > may be substituted with one or more first
substituent groups denoted by R™!, L* may be substituted with one or more first substituent
groups denoted by R, L* may be substituted with one or more first substituent groups
denoted by R, L3 may be substitutcd with onc or more first substitucnt groups denoted by

RY! and the like up to or exceeding an L!% which may be substituted with one or more first

substituent groups denoted by R%1901

. Thus, each numbered R group or L. group
(alternatively referred to herein as RYY or LWW wherein “WW?” represents the stated
superscript number of the subject R group or L group) described herein may be substituted
with one or more first substituent groups referred to herein generally as RYW-! or RWWW-L,
respectively. In turn, each first substituent group (e.g., R!, R2 R R, R L RIOT,
RIAL R2AL R3AL RAAT RSAL | RIOAL RLLL RI2I RL31 RLAL RLSL  RLIOI) may he

further substituted with one or more second substituent groups (e.g., R!2 R?2 R332 R*2,
RS.Z R100.2. RIA.Z RZA.Z R3A2 R4A.2 RSA.Z RIOOA.Z. RL1.2 RL2.2 RL3.2 RL4.2 RL5.2

RM092 respectively). Thus, each first substituent group, which may alternatively be

represented herein as RWW-! as described above, may be further substituted with onc or morc

second substituent groups, which may alternatively be represented herein as RWVW2,

[0102] Finally, each second substituent group (e.g., R!2 R%? R32 R*% R>Z ... RI02 RIAZ
R2A2 R3A2 R#A2 RSA2  RI0A2 RLI2 RI22 RI32 RL42 RLS2  RLIO2Y may be further
substituted with one or more third substituent groups (e.g., R!3 R?% R33 R*3 R .. R!003,
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2 2
RlA'3, R"A'3, R3A'3, R4A'3, RSA.3 L RlOOAB; RL1'3, RL"'3, RL3'3, RIAB, RLS.3 . RL100.3;

respectively). Thus, each second substituent group, which may alternatively be represented
herein as RWW-2 as described above, may be further substituted with one or more third
substituent groups, which may alternatively be represented herein as RWW-3, Each of the first
substituent groups may be optionally different. Each of the second substituent groups may be

optionally different. Each of the third substituent groups may be optionally different.

[0103] 'Thus, as used hercin, RYW represents a substitucent recited in a claim or chemical
formula description herein which is openly substituted. “WW? represents the stated
superscript number of the subject R group (1, 2, 3, 1A, 2A, 3A, 1B, 2B, 3B, etc.). Likewise,
LWW is a linker recited in a claim or chemical formula description herein which is openly
substituted. Again, “WW” represents the stated superscript number of the subject L group (1,
2,3, 1A, 2A, 3A, 1B, 2B, 3B, etc.). As stated above, in embodiments, each RYW may be
unsubstituted or independently substituted with one or more first substituent groups, referred
to herein as RWW!; each first substituent group, RYW! may be unsubstituted or independently
substituted with one or more second substituent groups, referred to herein as R¥W-2; and each
second substituent group may be unsubstituted or independently substituted with one or more
third substituent groups, referred to herein as RYW-3, Similarly, each LW" linker may be
unsubstituted or independently substituted with onc or morc first substitucnt groups, referred
to herein as REWW-L; each first substituent group, R“WW-! may be unsubstituted or
independently substituted with one or more second substituent groups, referred to herein as
RIWW2: and each second substituent group may be unsubstituted or independently substituted
with one or more third substituent groups, referred to herein as R=VW-. Each first substituent
group is optionally different. Each second substituent group is optionally different. Each

RWW

third substituent group is optionally different. For example, if is phenyl, the said phenyl

RWW.I

group is optionally substituted by one or more groups as defined herein below, e.g.,

when RWW-! is RMW-2_substituted or unsubstituted alkyl, examples of groups so formed

include but are not limited to itself optionally substituted by 1 or more R"W-2, which RWW-2 ig

RWW.3 RWVV

optionally substituted by one or more . By way of example when the group is

RWW. 1

phenyl substituted by , which is methyl, the methyl group may be further substituted to

form groups including but not limited to:
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[0104] RWYW!isindependently oxo, halogen, -CXVW15 -CHXYW-1, -.CHoXWW-,
-OCXWYW-15, - OCHXYW-1, -OCHXWW-!;, -CN, -OH, -NHz, -COOH, -CONH:, -NOz, -SH,
-SO3H, -OSOsH, -SO2NH2, -=NHNH?2, —ONH2, -NHC(O)NHNH2, -NHC(O)NH2,

5 —NHC(NH)NH>, -NHSO>H, -NHC(O)H, -NHC(O)OH, -NHOH, -N3, R"W-2_substituted or
unsubstituted alkyl (e.g., C1-Cs, C1-Cs, C1-C4, or C1-C2), RMW-2_substituted or unsubstituted
heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4
to 5 membered), RWW-2_substituted or unsubstituted cycloalkyl (e.g., Ca-Cg, C3-Cg, C4-Cs, or
C5-Cs), RYW-2_substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6

10 membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered), RVW-2-substituted or
unsubstituted aryl (e.g., C6-C12, Cs-Cio, or phenyl), or RYW-2_substituted or unsubstituted
heteroaryl (e.g., 5 to 12 membered, 5 to 10 membered, 5 to 9 membered, or 5 to 6
membered). In embodiments, R¥W-! is independently oxo, halogen, -CXVW-15, .CHXWW-1,,
-CHoXWW1L _OCXWYW-13 . OCH,XWW-1, -.OCHXWW-1,, -CN, -OH, -NHa, -COOH, -CONHa,

15  -NOg2, -SH, -SO3zH, -OSO3H, -SO2NH2, -NHNH2, —ONH2, -NHC(O)NHNH>,
—NHC(O)NH2, -NHC(NH)NH2, -NHSO2H, -NHC(O)H, -NHC(O)OH, -NHOH, -N3,
unsubstituted alkyl (e.g., C1-Cg, C1-Ce¢, C1-C4, or C1-C2), unsubstituted heteroalkyl (e.g., 2 to
8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
unsubstituted cycloalkyl (e.g., C3-Cs, C3-Ce, C1-Ce, or Cs5-Ce), unsubstituted heterocycloalkyl

20 (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6

membered), unsubstituted aryl (e.g., Cs-C12, Cs-Cio, or phenyl), or unsubstituted heteroaryl
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(e.g., 5 to 12 membered, 5 to 10 membered, 5 to 9 membered, or 5 to 6 membered). XWWL g

independently —F, -Cl, -Br, or —1.

[0105] RWYW-2is independently oxo, halogen, -CXVV2;, -CHXVW2,, -CHoXWW2,
-OCXWW23, -OCH2XWW 2, -OCHXYW%,, -CN, -OH, -NHa, -COOH, -CONHa, -NOz, -SH,
-SO3H, -OSOsH, -SO2NH2, -NHNH2, —ONH», -NHC(O)NHNH2, -NHC(O)NH2,
—~NHC(NH)NH,, -NHSO.H, -NHC(O)H, -NHC(O)OH, -NHOH, -N3, RVWV-3_substituted or
unsubstituted alkyl (e.g., C1-Csg, C1-Cs¢, C1-C4, or C1-C2), RWYW3_substituted or unsubstituted
heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4
to 5 membered), RYY-3-substituted or unsubstituted cycloalkyl (e.g., Ca-Cs, C3-Cs, C1-Cs, OF
Cs-Cs), RWW-_substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6
membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered), RVW-3-substituted or
unsubstituted aryl (e.g., C¢-C12, C6-Cio, or phenyl), or RYW-=3_substituted or unsubstituted
heteroaryl (e.g., 5 to 12 membered, 5 to 10 membered, 5 to 9 membered, or 5 to 6
membered). In embodiments, RYW-2 is independently oxo, halogen, -CXWW2; . CHXWW2,,
-CH2XYW2, -0CXWW23, -OCH2 XYW, -OCHXWW-2,, -CN, -OH, -NHz, -COOH, -CONHa,
-NO2, -SH, -SOsH, -OSOsH, -SO2NH2, -NHNH», —ONH», -NHC(O)NHNH2,
—NHC(O)NH2, -NHC(NH)NH2, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -N3,
unsubstituted alkyl (c.g.. C1-Csg, C1-Ce, C1-C4, or C1-C2), unsubstituted heteroalkyl {(c.g., 2 to
8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cs, C4-Cs, or Cs-Co), unsubstituted heterocycloalkyl
(e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6
membered), unsubstituted aryl (e.g., Cs-C12, Ce-Cro, or phenyl), or unsubstituted heteroaryl
(e.g., 5 to 12 membered, 5 to 10 membered, 5 to 9 membered, or 5 to 6 membered). XWW-2 g

independently —F, -CI, -Br, or —1.

[0106] RWYW3isindependently oxo, halogen, -CXVWV-3; . CHXWW-3,, -CH,XWW3,
-OCXWYW-3;, -OCH,XWW3, -OCHXWW3,, -CN, -OH, -NHz, -COOH, -CONH>, -NOz, -SH,
-S0OsH, -OS0sH, -SO2NH2, -NHNH2, —~ONH2, -NHC(O)NHNH>, -NHC(O)NH-z,
—NHC(NH)NH3, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -N3, unsubstituted alkyl
(e.g., C1-Cs, C1-Cs, C1-C4, or C1-C2), unsubstituted heteroalkyl (e.g., 2 to 8 membered, 2 to 6
membered, 4 to 6 membered, 2 (0o 3 membered, or 4 to 5 membered), unsubstituted
cycloalkyl (e.g., C3-Cs, C3-Cs, C4-Ce, or Cs-Ce), unsubstituted heterocycloalkyl (e.g., 3 to 8

membered, 3 to 6 membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered),

31

CA 03240772 2024-6-11



10

15

20

25

30

WO 2023/122662 PCT/US2022/082136

unsubstituted aryl (e.g., Cs-C12, C6-Cio, or phenyl), or unsubstituted heteroaryl (e.g., 5 to 12
membered, 5 to 10 membered, 5 to 9 membered, or 5 to 6 membered). XWW3 is

independently —F, -CI, -Br, or —1.

[0107] Where two different RYW substituents are joined together to form an openly
substituted ring (e.g., substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl or

substituted heteroaryl), in embodiments the openly substituted ring may be independently

WW.1,
R >

substituted with onc or more first substituent groups, referred to herein as cach first

RWV\’ .1

substituent group, , may be unsubstituted or independently substituted with one or more

WW.2.
R™™

second substituent groups, referred to herein as and each second substituent group,

R“W-2 may be unsubstituted or independently substituted with one or more third substituent

WW.3, WW.3
R ; R

groups, referred to herein as and each third substituent group, , s unsubstituted.
Each first substituent group is optionally different. Each second substituent group is
optionally different. Each third substituent group is optionally different. In the context of
two different RW"Y substituents joined together to form an openly substituted ring, the “WW”
symbol in the RMW", RWW-2 and RYW3 refers to the designated number of one of the two
different RYW substituents. For example, in embodiments where R4 and R1°°® are

is RIOOA.I’ RWW.Z is

optionally joined together to form an openly substituted ring, RWW-!
RI100A2 and RWW3 g R100A3, Altcrnatively, in embodiments where R109A and R199B ar¢

WW.1 s, pl00B.l pWW.2 :
R isR , R

optionally joined together to form an openly substituted ring, is

100B.2 WW.3 s Rl00B3 RWW.1I RpWw.2 WW.3
R R is R - R ,R R

, and and in this paragraph are as defined in the

preceding paragraphs.

[0108] R"WW!lis independently oxo, halogen, -CXEWWL _CHXMWW L, . CHoXEWWHL
-OCX™WWols _OCH X"V _OCHX"WW-1, -CN, -OH, -NH3, -COOH, -CONH>, -NO», -SH,
-SOsH, -OSOsH, -SO:NHz, -NHNH?, —-ONHz, -NHC(O)NHNH>, -NHC(O)NH:,
~NHC(NH)NHa, -NHSO:2H, -NHC(O)H, -NHC(O)OH., -NHOH, -N3, R“VW-2_substituted or
unsubstituted alkyl (e.g., C1-Cs, C1-Cs, C1-Ca, or C1-C2), R¥WW-2_substituted or unsubstituted
heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4
to 5 membered), R"WW-2_substituted or unsubstituted cycloalkyl (e.g., C3-Cg, C3-Ce, C4-Ce, or
Cs5-Ce), R"WW-2_substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6
membered, 4 (o 6 membered, 4 to 5 membered, or 5 to 6 membered), R*WW-2_substituted or
unsubstituted aryl (e.g., C6-Ci2, C6-Cio, or phenyl), or R"™"W-2_gubstituted or unsubstituted

heteroaryl (e.g., 5 to 12 membered, 5 to 10 membered, 5 to 9 membered, or 5 to 6
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RIWW-lis independently oxo, halogen, -CX WW-15,

membered). In embodiments,
-CHX"WW1,, -CH:X"WW, -OCX"WW 15, -OCHX"WW!, -OCHX""WW'15, -CN, -OH, -NHa,
-COOH, -CONHz3, -NQO2, -SH, -SOsH, -OSO3H, -SO2NH2, -NHNH>, —ONH2>,
—NHC(O)NHNHz, -NHC(O)NH>, -NHC(NH)NH>, -NHSO:H, -NHC(O)H, -NHC(O)OH,
-NHOH, -N3, unsubstituted alkyl (e.g., C1-Cs, C1-Ce, C1-C4, or C1-C2), unsubstituted
heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4
to 5 membered), unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cg, C4-Csg, or Cs5-Cg), unsubstituted
heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5
membered, or 5 to 6 membered), unsubstituted aryl (e.g., Cs-Ci2, Cs-Cio, or phenyl), or
unsubstituted heteroaryl (e.g., 5 to 12 membered, 5 to 10 membered, 5 to 9 membered, or S to

XLWW. 1

6 membered). is independently —F, -CIL, -Br, or —L.

[0109] RWW-2igindependently oxo, halogen, -CX\WW-25 _CHXYWW-2, _CH,X'WW-2,
-OCX"WW2; . OCH:X"WW2, -OCHX"WW-2,, -CN, -OH, -NHz, -COOH, -CONHz, -NO, -SH,
-SOsH, -OSO3H, -SO:NHz, -NHNH>, -ONHz, -NHC(O)NHNH:, -NHC(O)NHz,
~NHC(NH)NH>, -NHSO>H, -NHC(O)H, -NHC(O)OH, -NHOH, -N3, R"WWV-3_substituted or
unsubstituted alkyl (e.g., C1-Cs, C1-Cs, C1-Cy4, or C1-C2), REWW3_gubstituted or unsubstituted
heteroalkyl (e.g., 2 to 8 membered, 2 (o 6 membered, 4 (o 6 membered, 2 to 3 membered, or 4
to 5 membered). RWW--substituted or unsubstituted cycloalkyl (c.g., C3-Cx, C3-Cs, Ca-Cs, or
Cs-Cs), RMWW3_substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6

R"WW3_gubstituted or

membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered),
unsubstituted aryl (e.g., Co-Cia, Co-Cio, or phenyl), or REWW-3_substituted or unsubstituted
heteroaryl (e.g., 5 to 12 membered, 5 to 10 membered, 5 to @ membered, or 5 1o 6

RWW2 ig independently oxo, halogen, -CX-WW-25,

membered). In embodiments,
-CHX"WW2,, -CH2X"WW2, -OCX"WW 33, -OCH2X"WW 2, -OCHX""YW %, -CN, -OH, -NHa,
-COOH, -CONHz, -NO2, -SH, -SOsH, -OSOsH, -SO2NH>, -NHNH>, —ONH2>,
—NHC(O)NHNH», -NHC(O)NH2, -NHC(NH)NH», -NHSO2H, -NHC(O)H, -NHC(O)OH,
-NHOH, -N3, unsubstituted alkyl (e.g., C1-Cs, C1-Cs, C1-Ca, or C1-C2), unsubstituted
heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4
to 5 membered), unsubstituted cycloalkyl (e.g., C3-Csg, C3-Cg, C4-Cg, or C5-Cg), unsubstituted
heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5
membered, or 5 to 6 membered), unsubstituted aryl (e.g., Cs-Ci2, Cs-Cio, or phenyl), or
unsubstituted heteroaryl (e.g., 5 to 12 membered, 5 to 10 membered, 5 to 9 membered, or 5 to

XLWW.Z

6 membered). is independently —F, -Cl, -Br, or —L.
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[0110] R"WW3is independently oxo, halogen, -CX\WW-3; _.CHXMWW3, _CH,XMWW3,
-OCX"WW33, -OCH2X"WW3, -OCHX"WW3,, -CN, -OH, -NHz, -COOH, -CONH2, -NO2, -SH,
-SO3H, -OSOsH, -SO:2NH»2, -NHNH2, —-ONH2, -NHC(O)NHNH>, -NHC(O)NH>,
—NHC(NH)NHz, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -N3s, unsubstituted alkyl
(e.g., C1-Cs, C1-Ce, C1-C4, or C1-C2), unsubstituted heteroalkyl (e.g., 2 to 8 membered, 2 to 6
membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), unsubstituted
cycloalkyl (e.g., C3-Cs, C3-Cs, Ca-Cs, or Cs5-Cs), unsubstituted heterocycloalkyl (e.g., 3 to 8
membered, 3 (0 6 membered, 4 (0 6 membered, 4 (0 5 membered, or 5 (0 6 membered),
unsubstituted aryl (e.g., Cs-Ci2, C6-Cin, or phenyl), or unsubstituted heteroaryl (e.g., 5 to 12
membered, 5 to 10 membered, 5 to 9 membered, or 5 to 6 membered). X"WW3 ig

independently —F, -Cl, -Br, or —1.

[0111] In the event that any R group recited in a claim or chemical formula description set
forth herein (RYY substituent) is not specifically defined in this disclosure, then that R group
(RWYW group) is hereby defined as independently oxo, halogen, -CXWW3, -CHX"W,,
-CH2X™W, -OCXYW3, -OCH2X VY, -OCHX"Y,, -CN, -OH, -NHa, -COOH, -CONHz, -NOz,
-SH, -SO3H, -OSO3H, -SO2NH2, -NHNH», —ONHz, -NHC(O)NHNH», -NHC(O)NHa,
—NHC(NH)NHz, -NHSO-H, -NHC(O)H, -NHC(O)OH, -NHOH, -N3, RWW-1_substituted or
unsubstituted alkyl (e.g., C1-Csg, C1-Cg, C1-C4, or C1-C2), RWW-l_gubstituted or unsubstituted
heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4
to 5 membered), RWW-1_substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Ce, C4-Cs, or
Cs5-Cs), RYW-1_substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6

RWW.I

membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered), -substituted or

unsubstituted aryl (e.g., Cs-Ci2, Cs-Cio, or phenyl), or RWW-l_substituted or unsubstituted

heteroaryl (e.g., 5 to 12 membered, 5 to 10 membered, 5 to 9 membered, or 5 to 6
membered). XVW is independently —F, -Cl, -Br, or —1. Again, “WW?" represents the stated
superscript number of the subject R group (e.g., 1, 2, 3, 1A, 2A, 3A, 1B, 2B, 3B, elc.).

RW\'V. | RWW.Z RWW.3
»

, and are as defined above.

[0112] In the event that any L linker group recited in a claim or chemical formula
description set forth herein (i.e., an LYWW
group WV group) is herein defined as independently a bond, —O-, -NH-, -C(O)-, -C(O)NH-,
-NHC(O)-, -NHC(O)NH-, -NHC(NH)NH-, -C(0)O-, -OC(O)-, -S-, -SO2-, -SO>NH-, REFWW-1.

substituted or unsubstituted alkylene (e.g., C1-Cs, C1-Cs, C1-Ca, or C1-C2), REWW-Lgubstituted

substituent) is not explicitly defined, then that L
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or unsubstituted heteroalkylene (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2

to 3 membered, or 4 to 5 membered), R*WW-!

-substituted or unsubstituted cycloalkylene (e.g.,
C3-Cs, C3-Cq, C4-C, or C5-Co), REWW-1_substituted or unsubstituted heterocycloalkylene (e.g.,

3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered),

5 RLW’W. 1 RL\VW. 1_

-substituted or unsubstituted arylene (e.g., Ce-Ci2, Co-Cio, or phenyl), or
substituted or unsubstituted heteroarylene (e.g., 5 to 12 membered, 5 to 10 membered, 5 to 9
membered, or 5 to 6 membered). Again, “W W’ represents the stated superscript number of
the subject L group (1, 2, 3, 1A, 2A, 3A, 1B, 2B, 3B, etc.). RIWW1 ag well as REWW-2 and

R"WW3 are as defined above.

10 [0113] Certain compounds of the present disclosure possess asymimetric carbon atoms
(optical or chiral centers) or double bonds; the enantiomers, racemates, diastereomers,
tautomers, geometric isomers, stereoisometric forms that may be defined, in terms of absolute
stereochemistry, as (R)-or (S)- or, as (D)- or (L)- for amino acids, and individual isomers are
encompassed within the scope of the present disclosure. The compounds of the present

15  disclosure do not include those that are known in art to be too unstable to synthesize and/or
isolate. The present disclosure is meant to include compounds in racemic and optically pure
forms. Optically active (R)- and (S)-, or (D)- and (L)-isomers may be prepared using chiral
synthons or chiral rcagents, or resolved using conventional techniques. When the compounds
described herein contain olefinic bonds or other centers of geometric asymmetry, and unless

20  specified otherwise, it is intended that the compounds include both E and Z geometric

isomers.

[0114] As used herein, the term “isomers” refers to compounds having the same number
and kind of atoms, and hence the same molecular weight, but dillering in respect Lo the

structural arrangement or configuration of the atoms.

25 [0115] The term “tautomer,” as used herein, refers to one of two or more structural isomers
which exist in equilibrium and which are readily converted from one isomeric form to

another.

[0116] It will be apparent to one skilled in the art that certain compounds of this disclosure
may exist in tautomeric forms, all such tautomeric forms of the compounds being within the

30  scopc of the disclosurc.
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[0117] Unless otherwise stated, structures depicted herein are also meant to include all
stereochemical forms of the structure; i.e., the R and S configurations for each asymmetric
center. Therefore, single stereochemical isomers as well as enantiomeric and diastereomeric

mixtures of the present compounds are within the scope of the disclosure.

5 [0118] Unless otherwise stated, structures depicted herein are also meant to include
compounds which differ only in the presence of one or more isotopically enriched atoms. For
cxample, compounds having the present structurcs cxeept for the replacement of a hydrogen
by a deuterium or tritium, or the replacement of a carbon by '>C- or '“C-enriched carbon are

within the scope of this disclosure.

10 [0119] The compounds of the present disclosure may also contain unnatural proportions of
atomic isotopes at one or more of the atoms that constitute such compounds. For example,
the compounds may be radiolabeled with radioactive isotopes, such as for example tritium
(®H), iodine-125 (**°I), or carbon-14 (}*C). All isotopic variations of the compounds of the
present disclosure, whether radioactive or not, are encompassed within the scope of the

15  present disclosure.

[0120] It should be noted that throughout the application that alternatives are written in
Markush groups, for example, each amino acid position that contains more than one possible
amino acid. It is specifically contemplated that each member of the Markush group should be
considered separately, thereby comprising another embodiment, and the Markush group is

20  not to be read as a single unit.

[0121] As used herein, the terms “bioconjugate” and “bioconjugate linker” refer to the
resulting association between atoms or molecules of bioconjugate reactive groups or
bioconjugate reactive moieties. The association can be direct or indirect. For example, a
conjugate between a [irst bioconjugate reactive group (e.g., -NH2, -COOH, —N-

25  hydroxysuccinimide, or —maleimide) and a second bioconjugate reactive group (e.g.,
sulthydryl, sulfur-containing amino acid, amine, amine sidechain containing amino acid, or
carboxylate) provided herein can be direct, e.g., by covalent bond or linker (e.g., a first linker
of second linker), or indirect, e.g., by non-covalent bond (e.g., electrostatic interactions (e.g.,
ionic bond, hydrogen bond, halogen bond), van der Waals interactions (e.g., dipole-dipole,

30  dipolc-induced dipole, London dispersion), ring stacking (pi ctfects), hydrophobic
interactions and the like). In embodiments, bioconjugates or bioconjugate linkers are formed

using bioconjugate chemistry (i.e., the association of two bioconjugate reactive groups)
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including, but are not limited to nucleophilic substitutions (e.g., reactions of amines and
alcohols with acyl halides, active esters), electrophilic substitutions (e.g., enamine reactions)
and additions to carbon-carbon and carbon-heteroatom multiple bonds (e.g., Michael
reaction, Diels-Alder addition). These and other useful reactions are discussed in, for
example, March, ADVANCED ORGANIC CHEMISTRY, 3rd Ed., John Wiley & Sons, New
York, 1985; Hermanson, BIOCONJUGATE TECHNIQUES, Academic Press, San Diego,
1996; and Feeney et al., MODIFICATION OF PROTEINS; Advances in Chemistry Series,
Vol. 198, American Chemical Society, Washington, D.C., 1982. In embodiments, the first
bioconjugate reactive group (e.g., maleimide moiety) is covalently attached to the second
bioconjugate reactive group (e.g., a sulfhydryl). In embodiments, the first bioconjugate
rcactive group (c.g., haloacetyl moicly) is covalently attached to the sccond bioconjugate
reactive group (e.g., a sulthydryl). In embodiments, the first bioconjugate reactive group
(e.g., pyridyl moiety) is covalently attached to the second bioconjugate reactive group (e.g., a
sulfhydryl). In embodiments, the first bioconjugate reactive group (e.g., —N-
hydroxysuccinimide moiety) is covalently attached to the second bioconjugate reactive group
(e.g., an amine). In embodiments, the first bioconjugate reactive group (e.g., maleimide
moiety) is covalently attached to the second bioconjugate reactive group (e.g., a sulfhydryl).
In embodiments, the first bioconjugate rcactive group (c.g., —sulfo—N-hydroxysuccinimide

moiety) is covalently attached to the second bioconjugate reactive group (e.g., an amine).

[0122] Useful bioconjugate reactive moieties used for bioconjugate chemistries herein
include, for example: (a) carboxyl groups and various derivatives thereof including, but not
limited to, N-hydroxysuccinimide esters, N-hydroxybenztriazole esters, acid halides, acyl
imidazoles, thioesters, p-nitrophenyl esters, alkyl, alkenyl, alkynyl and aromatic esters; (b)
hydroxyl groups which can be converted to esters, ethers, aldehydes, etc.; (c) haloalkyl
groups wherein the halide can be later displaced with a nucleophilic group such as, for
example, an amine, a carboxylate anion, thiol anion, carbanion, or an alkoxide ion, thereby
resulting in the covalent attachment of a new group at the site of the halogen atom; (d)
dienophile groups which are capable of participating in Diels-Alder reactions such as, for
example, maleimido or maleimide groups; (e) aldehyde or ketone groups such that
subsequent derivatization is possible via formation of carbonyl derivatives such as, for
example, imines, hydrazones, semicarbazones or oximes, or via such mechanisms as
Grignard addition or alkyllithium addition; (f) sulfonyl halide groups for subsequent reaction
with amines, for example, to form sulfonamides; (g) thiol groups, which can be converted to
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disulfides, reacted with acyl halides, or bonded to metals such as gold, or react with
maleimides; (h) amine or sulfhydryl groups (e.g., present in cysteine), which can be, for
example, acylated, alkylated or oxidized; (i) alkenes, which can undergo, for example,
cycloadditions, acylation, Michael addition, etc.; (j) epoxides, which can react with, for

5 example, amines and hydroxyl compounds; (k) phosphoramidites and other standard
functional groups useful in nucleic acid synthesis; (1) metal silicon oxide bonding; (m) metal
bonding to reactive phosphorus groups (e.g., phosphines) to form, for example, phosphate
diester bonds; (n) azides coupled to alkynes using copper catalyzed cycloaddition click
chemistry; and (o) biotin conjugate can react with avidin or streptavidin to form an avidin-

10 biotin complex or streptavidin-biotin complex.

[0123] The bioconjugate reactive groups can be chosen such that they do not participate in,

or interfere with, the chemical stability of the conjugate described herein. Alternatively, a

reactive functional group can be protected from participating in the crosslinking reaction by

the presence of a protecting group. In embodiments, the bioconjugate comprises a molecular
15 entity derived from the reaction of an unsaturated bond, such as a maleimide, and a

sulfhydryl group.

[0124] *“Analog,” “analogue,” or “derivative” is used in accordance with its plain ordinary
meaning within Chemistry and Biology and refers to a chemical compound that is structurally
similar to another compound (i.e., a so-called *‘reference” compound) but differs in

20  composition, e.g., in the replacement of one atom by an atom of a different element, or in the
presence of a particular functional group, or the replacement of one functional group by
another functional group, or the absolute stereochemistry of one or more chiral centers of the
relerence compound. Accordingly, an analog is a compound that is similar or comparable in

function and appearance but not in structure or origin to a reference compound.

25 [0125] The terms “a” or “an”, as used in herein means one or more. In addition, the phrase
“substituted with a[n]”, as used herein, means the specified group may be substituted with
one or more of any or all of the named substituents. For example, where a group, such as an
alkyl or heteroaryl group, is “substituted with an unsubstituted C;-Czo alkyl, or unsubstituted
2 to 20 membered heteroalkyl™, the group may contain one or more unsubstituted Ci-Cao

30  alkyls, and/or onc or morc unsubstituted 2 to 20 membered hetcroalkyls.

[0126] Moreover, where a moiety is substituted with an R substituent, the group may be

referred to as “R-substituted.” Where a moiety is R-substituted, the moiety is substituted
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with at least one R substituent and each R substituent is optionally different. Where a
particular R group is present in the description of a chemical genus (such as Formula (1)), a
Roman alphabetic symbol may be used to distinguish each appearance of that particular R
group. For example, where multiple R!3 substituents are present, each R'® substituent may be
distinguished as R1I3BA RIBB RIBC RBD otc.. wherein each of R1>A, R13B, RI3C R1BP etc. is

defined within the scope of the definition of R!* and optionally differently.

[0127] Descriptions of compounds of the present disclosure arc limited by principles of
chemical bonding known to those skilled in the art. Accordingly, where a group may be
substituted by one or more of a number of substituents, such substitutions are selected so as
to comply with principles of chemical bonding and to give compounds which are not
inherently unstable and/or would be known to one of ordinary skill in the art as likely to be
unstable under ambient conditions, such as aqueous, neutral, and several known physiological
conditions. For example, a heterocycloalkyl or heteroaryl is attached to the remainder of the
molecule via a ring heteroatom in compliance with principles of chemical bonding known to

those skilled in the art thereby avoiding inherently unstable compounds.

[0128] The term “pharmaceutically acceptable salts” is meant to include salts of the active
compounds that are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When compounds of the
present disclosure contain relatively acidic functionalities, base addition salts can be obtained
by contacting the neutral form of such compounds with a sufficient amount of the desired
base, either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable base
addition salts include sodium, potassium, calcium, ammonium, organic amino, or magnesium
salt, or a similar salt. When compounds of the present disclosure contain relatively basic
functionalities, acid addition salts can be obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired acid, either neat or in a suitable inert
solvent. Examples of pharmaceutically acceptable acid addition salts include those derived
from inorganic acids like hydrochloric, hydrobromic, nitric, carbonic,
monohydrogencarbonic, phosphoric, monohydrogenphosphoric, dihydrogenphosphoric,
sulfuric, monohydrogcnsulfuric, hydriodic, or phosphorous acids and the like, as well as the
salts derived from relatively nontoxic organic acids like acetic, propionic, isobutyric, maleic,
malonic, benzoic, succinic, suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p-

tolylsulfonic, citric, tartaric, oxalic, methanesulfonic, and the like. Also included are salts of
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amino acids such as arginate and the like, and salts of organic acids like glucuronic or
galactunoric acids and the like (see, for example, Berge et al., “Pharmaceutical Salts™,
Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific compounds of the
present disclosure contain both basic and acidic functionalities that allow the compounds to

5 be converted into either base or acid addition salts.

[0129] Thus, the compounds of the present disclosure may exist as salts, such as with
pharmaccutically acceptable acids. The present disclosure includes such salts. Non-limiting
examples of such salts include hydrochlorides, hydrobromides, phosphates, sulfates,
methanesulfonates, nitrates, maleates, acetates, citrates, fumarates, proprionates, tartrates

10 (e.g., (+)-tartrates, (-)-tartrates, or mixtures thereof including racemic mixtures), succinates,
benzoates, and salts with amino acids such as glutamic acid, and quaternary ammonium salts
(e.g., methyl iodide, ethyl iodide, and the like). These salts may be prepared by methods
known to those skilled in the art.

[0130] The neutral forms of the compounds are preferably regenerated by contacting the
15  salt with a basc or acid and isolating the parcnt compound in the conventional manner. The
parent form of the compound may differ from the various salt forms in certain physical

properties, such as solubility in polar solvents.

[0131] In addition to salt forms, the present disclosure provides compounds, which are in a
prodrug form. Prodrugs of the compounds described herein are those compounds that readily
20  undergo chemical changes under physiological conditions to provide the compounds of the
present disclosure. Prodrugs of the compounds described herein may be converted in vivo
after administration. Additionally, prodrugs can be converted to the compounds of the
present disclosure by chemical or biochemical methods in an ex vivo environment, such as,

for example, when contacted with a suitable enzyme or chemical reagent.

25 [0132] Certain compounds of the present disclosure can exist in unsolvated forms as well
as solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are encompassed within the scope of the present disclosure. Certain
compounds of the present disclosure may exist in multiple crystalline or amorphous forms.
In general, all physical forms are equivalent for the uses contemplated by the present

30  disclosurc and arc intcnded to be within the scope of the present disclosure.
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[0133] A polypeptide, or a cell is “recombinant™ when it is artificial or engineered, or
derived from or contains an artificial or engineered protein or nucleic acid (e.g., non-natural
or not wild type). For example, a polynucleotide that is inserted into a vector or any other
heterologous location, e.g., in a genome of a recombinant organism, such that it is not
associated with nucleotide sequences that normally flank the polynucleotide as it is found in
nature 1s a recombinant polynucleotide. A protein expressed in vitro or in vivo from a
recombinant polynucleotide is an example of a recombinant polypeptide. Likewise, a
polynucleotide sequence that does not appear in nature, for example a variant of a naturally

occurring gene, is recombinant.

[0134] “Co-administer” is meant that a composition described herein is administered at the
same time, just prior to, or just after the administration of one or more additional therapies.
The compounds of the invention can be administered alone or can be co-administered to the
patient. Co-administration is meant to include simultaneous or sequential administration of
the compounds individually or in combination (more than one compound). Thus, the
preparations can also be combined, when desired, with other active substances (e.g., to reduce

metabolic degradation).

[0135] A “cell” as used herein, refers to a cell carrying out metabolic or other function
sufficient to preserve or replicate its genomic DNA. A cell can be identified by well-known
methods in the art including, for example, presence of an intact membrane, staining by a
particular dye, ability to produce progeny or, in the case of a gamete, ability to combine with
a second gamete to produce a viable offspring. Cells may include prokaryotic and eukaroytic
cells. Prokaryotic cells include but are not limited to bacteria. Eukaryotic cells include but
are nol limited to yeast cells and cells derived [rom plants and animals, [or example
mammalian, insect (e.g., spodoptera) and human cells. Cells may be useful when they are
naturally nonadherent or have been treated not to adhere to surfaces, for example by

trypsinization.

[0136] The terms “treating” or “treatment” refers to any indicia of success in the treatment
or amelioration of an injury, disease, pathology or condition, including any objective or
subjective parameter such as abatement; remission; diminishing of symptoms or making the
injury, pathology or condition more tolcrable to the paticnt; slowing in the rate of
degeneration or decline; making the final point of degeneration less debilitating; improving a

patient’s physical or mental well-being. The treatment or amelioration of symptoms can be
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based on objective or subjective parameters; including the results of a physical examination,
neuropsychiatric exams, and/or a psychiatric evaluation. For example, the certain methods
presented herein successfully treat cancer by decreasing the incidence of cancer and or
causing remission of cancer. In some embodiments of the compositions or methods
described herein, treating cancer includes slowing the rate of growth or spread of cancer cells,
reducing metastasis, or reducing the growth of metastatic tumors. The term ““treating” and
conjugations thereof, include prevention of an injury, pathology, condition, or disease. In
embodiments, treating is preventing. In embodiments, treating does not include preventing.

In embodiments, the treating or treatment is no prophylactic treatment.

[0137] An “effective amount” is an amount sufficient for a compound to accomplish a
stated purpose relative to the absence of the compound (e.g., achieve the effect for which it is
administered, treat a disease, reduce enzyme activity, increase enzyme activity, reduce
signaling pathway, reduce one or more symptoms of a disease or condition. An example of
an “effective amount” is an amount sufficient to contribute to the treatment, prevention, or
reduction of a symptom or symptoms of a disease, which could also be referred to as a
“therapeutically effective amount” when referred to in this context. A “reduction” of a
symptom or symptoms (and grammatical equivalents of this phrase) means decreasing of the
scverity or frequency of the symptom(s), or climination of the symptom(s). A
“prophylactically effective amount” of a drug is an amount of a drug that, when administered
to a subject, will have the intended prophylactic effect, e.g., preventing or delaying the onset
(or reoccurrence) of an injury, disease, pathology or condition, or reducing the likelihood of
the onset (or reoccurrence) of an injury, disease, pathology, or condition, or their symptoms.
The full prophylactic effect does not necessarily occur by administration of one dose, and
may occur only after administration of a series of doses. Thus, a prophylactically effective
amount may be administered in one or more administrations. An “activity decreasing
amount,” as used herein, refers to an amount of antagonist required to decrease the activity of
an enzyme relative to the absence of the antagonist. A “function disrupting amount,” as used
herein, refers to the amount of antagonist required to disrupt the function of an enzyme or
protein relative to the absence of the antagonist. An *‘activity increasing amount,” as used
herein, refers to an amount of agonist required to increase the activity of an enzyme relative
to the absence of the agonist. A “function increasing amount,” as used herein, refers to the
amount of agonist required to increase the function of an enzyme or protein relative to the
absence of the agonist. The exact amounts will depend on the purpose of the treatment, and
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will be ascertainable by one skilled in the art using known techniques (see, e.g., Lieberman,
Pharmaceutical Dosage Forms (vols. 1-3, 1992); Lloyd, The Art, Science and Technology of
Pharmaceutical Compounding (1999); Pickar, Dosage Calculations (1999); and Remington:
The Science and Practice of Pharmacy, 20th Edition, 2003, Gennaro, Ed., Lippincott,

5 Williams & Wilkins).

[0138] “Control” or “control experiment” is used in accordance with its plain ordinary
meaning and refers to an cxperiment in which the subjects or recagents of the experiment arc
treated as in a parallel experiment except for omission of a procedure, reagent, or variable of
the experiment. In some instances, the control is used as a standard of comparison in

10 evaluating experimental effects. In some embodiments, a control is the measurement of the
activity (e.g., signaling pathway) of a protein in the absence of a compound as described

herein (including embodiments, examples, figures, or Tables).

[0139] “Contacting” is used in accordance with its plain ordinary meaning and refers to the
process of allowing at least two distinct species (e.g., chemical compounds including

15  biomolccules, or cells) to become sufficiently proximal to react, intcract or physically touch.
It should be appreciated; however, the resulting reaction product can be produced directly
from a reaction between the added reagents or from an intermediate from one or more of the

added reagents which can be produced in the reaction mixture.

[0140] The term “contacting” may include allowing two species to react, interact, or

20  physically touch, wherein the two species may be a compound as described herein and a
cellular component (e.g., protein, ion, lipid, nucleic acid, nucleotide, amino acid, protein,
particle, organelle, cellular compartment, microorganism, virus, lipid droplet, vesicle, small
molecule, protein complex, prolein aggregate, or macromolecule). In some embodiments
contacting includes allowing a compound described herein to interact with a cellular

25 component (e.g., protein, ion, lipid, nucleic acid, nucleotide, amino acid, protein, particle,
virus, lipid droplet, organelle, cellular compartment, microorganism, vesicle, small molecule,
protein complex, protein aggregate, or macromolecule) that is involved in a signaling
pathway.

ERINT3

[0141] As defined herein, the term “activation,” “activate,” “activating” and the like in

30  rcference to a protein refers to conversion of a protein into a biologically active derivative

from an initial inactive or deactivated state. The terms reference activation, or activating,
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sensitizing, or up-regulating signal transduction or enzymatic activity or the amount of a

protein decreased in a disease.

5 e

[0142] The terms “‘agonist,” “activator,” “upregulator,” etc. refer to a substance capable of
detectably increasing the expression or activity of a given gene or protein. The agonist can

5 increase expression or activity by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, 96%, 97%, 98%, or 99% in comparison to a control in the absence of the agonist. In
certain instances, cxpression or activity is 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold or

higher than the expression or activity in the absence of the agonist.

[0143] As defined herein, the term “inhibition,” “inhibit,” “inhibiting” and the like in

10 reference to a cellular component-inhibitor interaction means negatively affecting (e.g.,
decreasing) the activity or function of the cellular component (e.g., decreasing the signaling
pathway stimulated by a cellular component (e.g., protein, ion, lipid, virus, lipid droplet,
nucleic acid, nucleotide, amino acid, protein, particle, organelle, cellular compartment,
microorganism, vesicle, small molecule, protein complex, protein aggregate, or

15 macromolccule)), relative to the activity or function of the ccllular component in the abscnece
of the inhibitor. In embodiments, inhibition means negatively affecting (e.g., decreasing) the
concentration or levels of the cellular component relative to the concentration or level of the
cellular component in the absence of the inhibitor. In some embodiments, inhibition refers to
reduction of a disease or symptoms of disease. In some embodiments, inhibition refers to a

20  reduction in the activity of a signal transduction pathway or signaling pathway (e.g.,
reduction of a pathway involving the cellular component). Thus, inhibition includes, at least
in part, partially or totally blocking stimulation, decreasing, preventing, or delaying
aclivation, or inaclivaling, desensitizing, or down-regulating the signaling pathway or

enzymatic activity or the amount of a cellular component.

25 [0144] The terms “inhibitor,” “repressor,” “antagonist,” or “downregulator”
interchangeably refer to a substance capable of detectably decreasing the expression or
activity of a given gene or protein. The antagonist can decrease expression or activity by at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%., 80%, 90%, 95%, 96%, 97%, 98%, or 99% in
comparison to a control in the absence of the antagonist. In certain instances, expression or

30  activity is 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold. 10-fold or lowcr than the expression or

activity in the absence of the antagonist.
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[0145] The term “modulator” refers to a composition that increases or decreases the level
of a target molecule or the function of a target molecule or the physical state of the target of
the molecule (e.g., a target may be a cellular component (e.g., protein, ion, lipid, virus, lipid
droplet, nucleic acid, nucleotide, amino acid, protein, particle, organelle, cellular

5  compartment, microorganism, vesicle, small molecule, protein complex, protein aggregate, or

macromolecule)) relative to the absence of the composition.

[0146] The term “cxpression’” includes any step involved in the production of the

polypeptide including, but not limited to, transcription, post-transcriptional modification,

translation, post-translational modification, and secretion. Expression can be detected using
10  conventional techniques for detecting protein (e.g., ELISA, Western blotting, flow cytometry,

immunofluorescence, immunohistochemistry, etc.).

[0147] The term “modulate” is used in accordance with its plain ordinary meaning and

refers to the act of changing or varying one or more properties. “Modulation” refers to the

process of changing or varying one or more properties. For example, as applied to the effects
15  of a modulator on a target protein, to modulatc means to change by increasing or decrcasing a

property or function of the target molecule or the amount of the target molecule.

[0148] “Patient” , “patient in need thereof”, “subject™, or “subject in need thereof™ refers to
a living organism suffering from or prone to a disease or condition that can be treated by
administration of a pharmaceutical composition as provided herein. Non-limiting examples
20  include humans, other mammals, bovines. rats, mice, dogs, monkeys, goat, sheep, cows, deer.
and other non-mammalian animals. In some embodiments, a patient is human. In
embodiments, a patient in need thereof is human. In embodiments, a subject is human. In

embodiments, a subject in need thereol is human.

[0149] “Disease” or “condition” refler o a state of being or health status of a patient or

25  subject capable of being treated with the compounds or methods provided herein. In some
embodiments, the disease is a disease related to (e.g., caused by) a cellular component (e.g.,
protein, ion, lipid, nucleic acid, nucleotide, amino acid, protein, particle, organelle, cellular
compartment, microorganism, vesicle, small molecule, protein complex, protein aggregate, or
macromolecule). In embodiments, the disease is cancer (e.g., rectal carcinoma, colorectal

30  adcnocarcinoma, colorcctal carcinoma, non-small ccll lung carcinoma, squamous ccll lung
carcinoma, myelodysplastic syndrome, or acute myeloid leukemia). In embodiments, the

disease is Costello syndrome.
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[0150] As used herein, the term “cancer” refers to all types of cancer, neoplasm or
malignant tumors found in mammals (e.g., humans), including leukemia, lymphoma,
carcinomas and sarcomas. Exemplary cancers that may be treated with a compound or
method provided herein include cancer of the thyroid, endocrine system, brain, breast, cervix,
colon, head and neck, liver, kidney, lung, non-small cell lung, melanoma, mesothelioma,
ovary, sarcoma, stomach, uterus, medulloblastoma, colorectal cancer, or pancreatic cancer.
Additional examples include, Hodgkin’s Disease, Non-Hodgkin’s Lymphoma, multiple
myeloma, neuroblastoma, glioma, glioblastoma multiforme, ovarian cancer,
rhabdomyosarcoma, primary thrombocytosis, primary macroglobulinemia, primary brain
tumors, cancer, malignant pancreatic insulanoma, malignant carcinoid, urinary bladder
cancer, premalignant skin lesions, testicular cancer, lymphomas, thyroid cancer, csophageal
cancer, genitourinary tract cancer, malignant hypercalcemia, endometrial cancer, adrenal
cortical cancer, neoplasms of the endocrine or exocrine pancreas, medullary thyroid cancer,
medullary thyroid carcinoma, melanoma, colorectal cancer, papillary thyroid cancer,

hepatocellular carcinoma, or prostate cancer.

[0151] The term “leukemia” refers broadly to progressive, malignant diseases of the blood-
forming organs and is generally characterized by a distorted proliferation and development of
Icukocytes and their precursors in the blood and bone marrow. Leukemia is gencerally
clinically classified on the basis of (1) the duration and character of the disease-acute or
chronic; (2) the type of cell involved; myeloid (myelogenous), lymphoid (lymphogenous), or
monocytic; and (3) the increase or non-increase in the number abnormal cells in the blood-
leukemic or aleukemic (subleukemic). Exemplary leukemias that may be treated with a
compound or method provided herein include, for example, acute nonlymphocytic leukemia,
chronic lymphocytic leukemia, acute granulocytic leukemia, chronic granulocytic leukemia,
acute promyelocytic leukemia, adult T-cell leukemia, aleukemic leukemia, a leukocythemic
leukemia, basophylic leukemia, blast cell leukemia, bovine leukemia, chronic myelocytic
leukemia, leukemia cutis, embryonal leukemia, eosinophilic leukemia, Gross’ leukemia,
hairy-cell leukemia, hemoblastic leukemia, hemocytoblastic leukemia, histiocytic leukemia,
stem cell leukemia, acute monocytic leukemia, leukopenic leukemia, Ilymphatic leukemia,
lymphoblastic leukemia, lymphocytic leukemia, lymphogenous leukemia, lymphoid
leukemia, lymphosarcoma cell leukemia, mast cell leukemia, megakaryocytic leukemia,
micromyeloblastic leukemia, monocytic leukemia, myeloblastic leukemia, myelocytic
leukemia, myeloid granulocytic leukemia, myelomonocytic leukemia, Naegeli leukemia,
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plasma cell leukemia, multiple myeloma, plasmacytic leukemia, promyelocytic leukemia,
Rieder cell leukemia, Schilling’s leukemia, stem cell leukemia, subleukemic leukemia, or

undifferentiated cell leukemia.

[0152] As used herein, the term “lymphoma’ refers to a group of cancers affecting
hematopoietic and lymphoid tissues. It begins in lymphocytes, the blood cells that are found
primarily in lymph nodes, spleen, thymus, and bone marrow. Two main types of lymphoma
arc non-Hodgkin lymphoma and Hodgkin’s discasc. Hodgkin’s discasc represcents
approximately 15% of all diagnosed lymphomas. This is a cancer associated with Reed-
Sternberg malignant B lymphocytes. Non-Hodgkin’s lymphomas (NHL) can be classified
based on the rate at which cancer grows and the type of cells involved. There are aggressive
(high grade) and indolent (low grade) types of NHL. Based on the type of cells involved,
there are B-cell and T-cell NHLs. Exemplary B-cell lymphomas that may be treated with a
compound or method provided herein include, but are not limited to, small lymphocytic
lymphoma, Mantle cell lymphoma, follicular lymphoma, marginal zone lymphoma,
extranodal (MALT) lymphoma, nodal (monocytoid B-cell) lymphoma, splenic lymphoma,
diffuse large cell B-lymphoma, Burkitt’s lymphoma, lymphoblastic lymphoma,
immunoblastic large cell lymphoma, or precursor B-lymphoblastic lymphoma. Exemplary T-
ccll lymphomas that may be trecated with a compound or method provided herein include, but
are not limited to, cutaneous T-cell lymphoma, peripheral T-cell lymphoma, anaplastic large

cell lymphoma, mycosis fungoides, and precursor T-lymphoblastic lymphoma.

[0153] The term “sarcoma’ generally refers to a tumor which is made up of a substance
like the embryonic connective tissue and is generally composed of closely packed cells
embedded in a [ibrillar or homogeneous substance. Sarcomas that may be treated with a
compound or method provided herein include a chondrosarcoma, fibrosarcoma,
lymphosarcoma, melanosarcoma, myxosarcoma, osteosarcoma, Abemethy's sarcoma, adipose
sarcoma, liposarcoma, alveolar soft part sarcoma, ameloblastic sarcoma, botryoid sarcoma,
chloroma sarcoma, chorio carcinoma, embryonal sarcoma, Wilms’ tumor sarcoma,
endometrial sarcoma, stromal sarcoma, Ewing’s sarcoma, fascial sarcoma, fibroblastic
sarcoma, giant ccll sarcoma, granulocytic sarcoma, Hodgkin's sarcoma, idiopathic multiplc
pigmented hemorrhagic sarcoma, immunoblastic sarcoma of B cells, lymphoma,
immunoblastic sarcoma of T-cells, Jensen’s sarcoma, Kaposi’s sarcoma, Kupffer cell

sarcoma, angiosarcoma, leukosarcoma, malignant mesenchymoma sarcoma, parosteal
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sarcoma, reticulocytic sarcoma, Rous sarcoma, serocystic sarcoma, synovial sarcoma, or

telangiectaltic sarcoma.

[0154] The term “melanoma’ is taken to mean a tumor arising from the melanocytic system
of the skin and other organs. Melanomas that may be treated with a compound or method

5 provided herein include, for example, acral-lentiginous melanoma, amelanotic melanoma,
benign juvenile melanoma, Cloudman’s melanoma, S91 melanoma, Harding-Passey
meclanoma, juvenile melanoma, lentigo maligna melanoma, malignant melanoma, nodular

melanoma, subungal melanoma, or superficial spreading melanoma.

[0155] The term “carcinoma’ refers to a malignant new growth made up of epithelial cells

10 tending to infiltrate the surrounding tissues and give rise to metastases. Exemplary
carcinomas that may be treated with a compound or method provided herein include, for
example, medullary thyroid carcinoma, familial medullary thyroid carcinoma, acinar
carcinoma, acinous carcinoma, adenocystic carcinoma, adenoid cystic carcinoma, carcinoma
adenomatosum, carcinoma of adrenal cortex, alveolar carcinoma, alveolar cell carcinoma,

15 basal ccll carcinoma, carcinoma basoccllularc, basaloid carcinoma, basosquamous ccll
carcinoma, bronchioalveolar carcinoma, bronchiolar carcinoma, bronchogenic carcinoma,
cerebriform carcinoma, cholangiocellular carcinoma, chorionic carcinoma, colloid carcinoma,
comedo carcinoma, corpus carcinoma, cribriform carcinoma, carcinoma en cuirasse,
carcinoma cutaneum, cylindrical carcinoma, cylindrical cell carcinoma, duct carcinoma,

20 carcinoma durum, embryonal carcinoma, encephaloid carcinoma, epiermoid carcinoma,
carcinoma epitheliale adenoides, exophytic carcinoma, carcinoma ex ulcere, carcinoma
fibrosum, gelatiniforni carcinoma, gelatinous carcinoma, giant cell carcinoma, carcinoma
gigantocellulare, glandular carcinoma, granulosa cell carcinoma, hair-matrix carcinoma,
hematoid carcinoma, hepatocellular carcinoma, Hurthle cell carcinoma, hyaline carcinoma,

25  hypernephroid carcinoma, infantile embryonal carcinoma, carcinoma in situ, intraepidermal
carcinoma, intraepithelial carcinoma, Krompecher’s carcinoma, Kulchitzky-cell carcinoma,
large-cell carcinoma, lenticular carcinoma, carcinoma lenticulare, lipomatous carcinoma,
lymphoepithelial carcinoma, carcinoma medullare, medullary carcinoma, melanotic
carcinoma, carcinoma mollc, mucinous carcinoma, carcinoma muciparum, carcinoma

30 mucocellulare, mucoepidermoid carcinoma, carcinoma mucosum, mucous carcinoma,
carcinoma myxomatodes, nasopharyngeal carcinoma, oat cell carcinoma, carcinoma

ossificans, osteoid carcinoma, papillary carcinoma, periportal carcinoma, preinvasive
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carcinoma, prickle cell carcinoma, pultaceous carcinoma, renal cell carcinoma of kidney,
reserve cell carcinoma, carcinoma sarcomatodes, schneiderian carcinoma, scirrhous
carcinoma, carcinoma scroti, signet-ring cell carcinoma, carcinoma simplex, small-cell
carcinoma, solanoid carcinoma, spheroidal cell carcinoma, spindle cell carcinoma, carcinoma
spongiosum, squamous carcinoma, squamous cell carcinoma, string carcinoma, carcinoma
telangiectaticum, carcinoma telangiectodes, transitional cell carcinoma, carcinoma

tuberosum, tuberous carcinoma, verrucous carcinoma, or carcinoma villosum.

[0156] As used herein, the terms "metastasis,” "metastatic,” and "metastatic cancer” can be
used interchangeably and refer to the spread of a proliferative disease or disorder, e.g.,
cancer, from one organ or another non-adjacent organ or body part. “Metastatic cancer” is
also called “Stage IV cancer.” Cancer occurs at an originating site, e.g., breast, which site is
referred to as a primary tumor, e.g., primary breast cancer. Some cancer cells in the primary
tumor or originating site acquire the ability to penetrate and infiltrate surrounding normal
tissue in the local area and/or the ability to penetrate the walls of the lymphatic system or
vascular system circulating through the system to other sites and tissues in the body. A
second clinically detectable tumor formed from cancer cells of a primary tumor is referred to
as a metastatic or secondary tumor. When cancer cells metastasize, the metastatic tumor and
its cclls arc precsumed to be similar to thosc of the original tumor. Thus, if lung cancer
metastasizes to the breast, the secondary tumor at the site of the breast consists of abnormal
lung cells and not abnormal breast cells. The secondary tumor in the breast is referred to a
metastatic lung cancer. Thus, the phrase metastatic cancer refers to a disease in which a
subject has or had a primary tumor and has one or more secondary tumors. The phrases non-
metastatic cancer or subjects with cancer that is not metastatic refers to diseases in which
subjects have a primary tumor but not one or more secondary tumors. For example,
metastatic lung cancer refers to a disease in a subject with or with a history of a primary lung
tumor and with one or more secondary tumors at a second location or multiple locations, e.g

o0

in the breast.

[0157] The terms “cutancous metastasis™ and “‘skin metastasis™ refer to secondary
malignant ccll growths in the skin, whercin the malignant cells originate from a primary
cancer site (e.g., breast). In cutanecous metastasis, cancerous cells from a primary cancer site
may migrate to the skin where they divide and cause lesions. Cutancous metastasis may

result from the migration of cancer cells from breast cancer tumors to the skin.
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[0158] The term “visceral metastasis” refers to secondary malignant cell growths in the
interal organs (e.g., heart, lungs, liver, pancreas, intestines) or body cavities (e.g., pleura,
peritoneum), wherein the malignant cells originate from a primary cancer site (¢.g., head and
neck, liver, breast). In visceral metastasis, cancerous cells from a primary cancer site may
migrate to the internal organs where they divide and cause lesions. Visceral metastasis may
result from the migration of cancer cells from liver cancer tumors or head and neck tumors to

internal organs.

[0159] As used herein, the term “RASopathy” refers to a disease caused by germline
mutations of genes encoding components of the RAS/MAPK signaling pathway. In
embodiments, the RASopathy is a mosaic RASopathy. In embodiments, the RASopathy is a
germline RASopathy. In embodiments, the RASopathy is a developmental syndrome. In
cmbodiments, thc RASopathy is Noonan syndrome. In cmbodiments, the RASopathy is
epidermal nevus. In embodiments, the RASopathy is Schimmelpenning syndrome. In
embodiments, the RASopathy is sebaceous nevus. In embodiments, the RASopathy is talipes
equinovarus (e.g., congenital talipes equinovarus). In embodiments, the RASopathy is
PIK3CA-related overgrowth syndrome (PROS). In embodiments, the RASopathy is PTEN-
Hamartoma of the soft tissue (PHOST). In embodiments, the RASopathy is [ibroadipose
overgrowth, hemihyperplasia-multiple lipomatosis, congenital lipomatous overgrowth,
vascular malformations, epidermal nevus, spinal and skeletal syndrome, macrodactyly
syndrome, megalocephaly syndrome, or congenital diffuse infiltrative lipomatosis. In
embodiments, the RASopathy is Klippel-Trenaunay syndrome (KTS), venous malformation,
or lymphatic malformation. In embodiments, the RASopathy is capillary malformation-AV
malformation syndrome. In cmbodiments, the RASopathy is autoimmunc
lymphoproliferative syndrome. In embodiments, the RASopathy is cardiofaciocutaneous
syndrome. In cmbodiments, the RASopathy is hereditary gingival fibromatosis typc 1. In
embodiments, the RASopathy is neurofibromatosis type 1. In embodiments, the RASopathy

is Costello syndrome. In embodiments, the RASopathy is Legius syndrome.

[0160] As used herein, the term “Switch II GTPase protein-associated disease” refers to
any disease or condition caused by aberrant activity or signaling of a Switch II GTPase
protein. In embodiments, the Switch II GTPase protein-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung

carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
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leukemia). In embodiments, the Switch II GTPase protein-associated disease is a

RASopathy.

[0161] As used herein, the term “K-Ras(G12S)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of K-Ras(G12S). In embodiments, the K-
Ras(G125)-associated disease is cancer (e.g., rectal carcinoma, colorectal adenocarcinoma,
colorectal carcinoma, non-small cell lung carcinoma, squamous cell lung carcinoma,
myclodysplastic syndrome, or acutc mycloid lcukemia). In embodiments, the K-Ras(G12S)-

associated discase is a RASopathy.

[0162] As used herein, the term “H-Ras(G12S)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of H-Ras(G12S). In embodiments, the H-
Ras(G12S)-associated disease is cancer (e.g., rectal carcinoma, colorectal adenocarcinoma,
colorectal carcinoma, non-small cell lung carcinoma, squamous cell lung carcinoma,
myelodysplastic syndrome, or acute myeloid leukemia). In embodiments, the H-Ras(G12S)-
associated disease is Costello syndrome. In embodiments, the H-Ras((G12S)-associated

discasc is a RASopathy.

[0163] As used herein, the term “N-Ras(G12S)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of N-Ras(G12S). In embodiments, the N-
Ras(G125)-associated disease is cancer (e.g., rectal carcinoma, colorectal adenocarcinoma,
colorectal carcinoma, non-small cell lung carcinoma, squamous cell lung carcinoma,
myelodysplastic syndrome, or acute myeloid leukemia). In embodiments, the N-Ras(G12S5)-

associated disease is a RASopathy.

[0164] As used herein, the term “K-Ras((G13S)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of K-Ras(G13S). In embodiments, the K-
Ras(G13S)-associated disease is cancer (e.g., rectal carcinoma, colorectlal adenocarcinoma,
colorectal carcinoma, non-small cell lung carcinoma, squamous cell lung carcinoma,
myelodysplastic syndrome, or acute myeloid leukemia). In embodiments, the K-Ras(G13S)-

associated disease is a RASopathy.

[0165] As used herein, the term “H-Ras(G13S)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of H-Ras(G13S). In embodiments, the H-
Ras(G13S)-associated disease is cancer (e.g., rectal carcinoma, colorectal adenocarcinoma,

colorectal carcinoma, non-small cell lung carcinoma, squamous ccll lung carcinoma,
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myelodysplastic syndrome, or acute myeloid leukemia). In embodiments, the H-Ras(G13S)-

associated disease is a RASopathy.

[0166] As used herein, the term “N-Ras(G13S)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of N-Ras(G13S). In embodiments, the N-
Ras(G135)-associated disease is cancer (e.g., rectal carcinoma, colorectal adenocarcinoma,
colorectal carcinoma, non-small cell lung carcinoma, squamous cell lung carcinoma,
myclodysplastic syndrome, or acutc mycloid lcukemia). In embodiments, the N-Ras(G13S)-

associated discase is a RASopathy.

[0167] As used herein, the term “K-Ras(G12T)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of K-Ras(G12T). In embodiments, the K-
Ras(G12T)-associated disease is cancer (e.g., rectal carcinoma, colorectal adenocarcinoma,
colorectal carcinoma, non-small cell lung carcinoma, squamous cell lung carcinoma,
myelodysplastic syndrome, or acute myeloid leukemia). In embodiments, the K-Ras(G12T)-

associated disease is a RASopathy.

[0168] As used herein, the term “H-Ras(G12T)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of H-Ras(G12T). In embodiments, the H-
Ras(G12T)-associated disease is cancer (e.g., rectal carcinoma, colorectal adenocarcinoma,
colorectal carcinoma, non-small cell lung carcinoma, squamous cell lung carcinoma,
myelodysplastic syndrome, or acute myeloid leukemia). In embodiments, the H-Ras(G127T)-

associated disease is a RASopathy.

[0169] As used herein, the term “N-Ras(G12T)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of N-Ras(G12T). In embodiments, the N-
Ras(G12T)-associated disease is cancer (e.g., rectal carcinoma, colorectal adenocarcinoma,
colorectal carcinoma, non-small cell lung carcinoma, squamous cell lung carcinoma,
myelodysplastic syndrome, or acute myeloid leukemia). In embodiments, the N-Ras(G12T)-

associated disease is a RASopathy.

[0170] As used herein, the term “K-Ras(G12D)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of K-Ras(G12D). In embodiments, the K-
Ras(G12D)-associated disease is cancer. In embodiments, the K-Ras(G12D)-associated

disease is a RASopathy.
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[0171] As used herein, the term “H-Ras(G12D)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of H-Ras(G12D). In embodiments, the H-
Ras(G12D)-associated disease is cancer. In embodiments, the H-Ras(G12D)-associated

disease is a RASopathy.

[0172] As used herein, the term “N-Ras(G12D)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of N-Ras(G12D). In embodiments, the N-
Ras(G12D)-associated discasc 1s cancer. In embodiments, the N-Ras(G12D)-associated

disease is a RASopathy.

[0173] As used herein, the term “K-Ras(G13D)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of K-Ras(G13D). In embodiments, the K-
Ras(G13D)-associated disease is cancer. In embodiments, the K-Ras(G13D)-associated

disease is a RASopathy.

[0174] As used herein, the term “H-Ras(G13D)-associated disease”™ refers to any disease or
condition caused by aberrant activity or signaling of H-Ras(G13D). In embodiments, the H-
Ras(G13D)-associated disease is cancer. In embodiments, the H-Ras(G13D)-associated

disease is a RASopathy.

[0175] As used herein, the term “N-Ras(G13D)-associated disease’ refers to any disease or
condition caused by aberrant activity or signaling of N-Ras(G13D). In embodiments, the N-
Ras(G13D)-associated discasc 1s cancer. In embodiments, the N-Ras(G13D)-associated

disease is a RASopathy.

[0176] As used herein, the term “K-Ras(G12E)-associated disease” refers to any disease or
condition caused by aberrant activity or signaling of K-Ras(G12E). In embodiments, the K-
Ras(G12E)-associated disease is cancer. In embodiments, the K-Ras(G12E)-associated
disease is a RASopathy.

[0177] As used herein, the term “H-Ras(G12E)-associated disease” refers to any disease or
condition causcd by aberrant activity or signaling of H-Ras(G12E). In embodiments, the H-

Ras(G12E)-associated disease is cancer. In embodiments, the H-Ras(G12E)-associated

disease is a RASopathy.

[0178] As used herein, the term “N-Ras(G12E)-associated disease” refers to any disease or

condition caused by aberrant activity or signaling of N-Ras(G12E). In embodiments, the N-
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Ras(G12E)-associated disease is cancer. In embodiments, the N-Ras(G12E)-associated

disease is a RASopathy.

[0179] The term “drug’” is used in accordance with its common meaning and refers to a
substance which has a physiological effect {e.g., beneficial effect, 15 useful for treating a
subject) when introduced into or to a subject {e.g., in or ou the body of a subject or patient).

A drug moiety is a radical of a drug.

[0180] A “detectable agent,” “detectable compound,” “detectable label,” or “detectable
moiety” is a substance (e.g., element), molecule, or composition detectable by spectroscopic,
photochemical, biochemical, immunochemical, chemical, magnetic resonance imaging, or
other physical means. For example, detectable agents include '3F, 3P, 3P, *3Ti, #'Sc, *?Fe,
IFe, ©2Cu, “Cu, Cu, Ga, Ga, 77 As, 36Y, Y, 9981, 97r. “Te, HTe, 9T, PMo, 1°5Pd,
10SR, 1A g, iy, 123], 1247 1257 BI[ 142p; 143py 149ppy 153Gy 154-158Gq, 161, 166Dy, 166} o,
1695y 1751y, 177Lu, 1%6Re, '¥Re, %Re, %I, 1%5Au, “Au, 2''At, 2''Pb, 212Bi, 212Pb, 21*Bi,
233Ra, ?*Ac, Cr, V, Mn, Fe, Co, Ni, Cu, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, Yb, Lu, 3P, fluorophorce (c.g., fluorcscent dycs), modificd oligonuclcotides (c.g.,
moieties described in PCT/US2015/022063, which is incorporated herein by reference),
electron-dense reagents, enzymes (e.g., as commonly used in an ELISA), biotin, digoxigenin,
paramagnetic molecules, paramagnetic nanoparticles, ultrasmall superparamagnetic iron
oxide ("USPIO™) nanoparticles, USPIO nanoparticle aggregates, superparamagnetic iron
oxide ("SPIO") nanoparticles, SPIO nanoparticle aggregates, monochrystalline iron oxide
nanoparticles, monochrystalline iron oxide, nanoparticle contrast agents, liposomes or other
delivery vehicles containing Gadolinium chelate ("Gd-chelate") molecules, Gadolinium,
radioisolopes, radionuclides (e.g., carbon-11, nitrogen-13, oxygen-15, [luorine-18, rubidium-
82), fluorodeoxyglucose (e.g., fluorine-18 labeled), any gamma ray emitting radionuclides,
positron-emitting radionuclide, radiolabeled glucose, radiolabeled water, radiolabeled
ammonia, biocolloids, microbubbles (e.g., including microbubble shells including albumin,
galactose, lipid, and/or polymers; microbubble gas core including air, heavy gas(es),
perfluorcarbon, nitrogen, octafluoropropane, perflexane lipid microsphere, perflutren, etc.),
iodinatcd contrast agents (c.g., iohcxol, iodixanol, ioversol, iopamidol, ioxilan, iopromide,
diatrizoate, metrizoate, ioxaglate), barium sulfate, thorium dioxide, gold, gold nanoparticles,

gold nanoparticle aggregates, fluorophores, two-photon fluorophores, or haptens and proteins
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or other entities which can be made detectable, e.g., by incorporating a radiolabel into a

peptide or antibody specifically reactive with a target peptide.

[0181] Radioactive substances (e.g., radioisotopes) that may be used as imaging and/or
labeling agents in accordance with the embodiments of the disclosure include, but are not
5 limited to, '*F, #P, ¥*P, *Ti, *'Sc, ¥Fe, ¥Fe, “*Cu, *'Cu, *’Cu, ¥Ga. ®Ga, 77As, ¥y, Y, ¥sr,

897, ¥ Tc, %Te, ™ Tc, Mo, 195Pd, 15Rh, 11Ag, Wn, 1231, 1241, 125], B, 142py 43py 149pp
13§ m, 154158Gq, 161, 166Dy, 166Hq, 169Fy 175y 177y, 180Re, 188Re, B9Re, 1%y, 193 A0,
199 Ay, 211 A, 211Ph, 212Bj, 212Pp, 213Bi, 223Ra and **°Ac. Paramagnetic ions that may be used
as additional imaging agents in accordance with the embodiments of the disclosure include,

10 but are not limited to, ions of transition and lanthanide metals (e.g., metals having atomic
numbers of 21-29, 42, 43, 44, or 57-71). These metals include ions of Cr, V, Mn, Fe, Co, Ni,
Cu, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

[0182] “Pharmaceutically acceptable excipient” and “pharmaceutically acceptable carrier”
refer to a substance that aids the administration of an active agent to and absorption by a

15  subject and can be included in the compositions of the present invention without causing a
significant adverse toxicological effect on the patient. Non-limiting examples of
pharmaceutically acceptable excipients include water, NaCl, normal saline solutions, lactated
Ringer’s, normal sucrose, normal glucose, binders, fillers, disintegrants, lubricants, coatings,
sweeteners, flavors, salt solutions (such as Ringer’s solution), alcohols, oils, gelatins,

20  carbohydrates such as lactose, amylose or starch, fatty acid esters, hydroxymethycellulose,
polyvinyl pyrrolidine, and colors, and the like. Such preparations can be sterilized and, if
desired, mixed with auxiliary agents such as lubricants, preservatives, stabilizers, wetting
agenls, emulsiliers, salts [or in{luencing osmolic pressure, bullers, coloring, and/or aromatic
substances and the like that do not deleteriously react with the compounds of the invention.

25  One of skill in the art will recognize that other pharmaceutical excipients are useful in the

present invention.

[0183] The term “preparation” is intended to include the formulation of the active
compound with encapsulating material as a carrier providing a capsule in which the active
component with or without other carriers, is surrounded by a carrier, which is thus in

30  association with it. Similarly. cachcts and lozenges arc included. Tablets, powders, capsules,

pills, cachets, and lozenges can be used as solid dosage forms suitable for oral administration.
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[0184] As used herein, the term “about” means a range of values including the specified
value, which a person of ordinary skill in the art would consider reasonably similar to the
specified value. In embodiments, about means within a standard deviation using
measurements generally acceptable in the art. In embodiments, about means a range
extending to +/- 10% of the specified value. In embodiments, about includes the specified

value.

[0185] As used herein, the term “administering™ is used in accordance with its plain and
ordinary meaning and includes oral administration, administration as a suppository, topical
contact, intravenous, intraperitoneal, intramuscular, intralesional, intrathecal, intranasal or
subcutaneous administration, or the implantation of a slow-release device, e.g., a mini-
osmotic pump, to a subject. Administration is by any route, including parenteral and
transmucosal (e.g., buccal, sublingual, palatal, gingival, nasal, vaginal, rectal, or
transdermal). Parenteral administration includes, e.g., intravenous, intramuscular, intra-
arteriole, intradermal, subcutaneous, intraperitoneal, intraventricular, and intracranial. Other
modes of delivery include, but are not limited to, the use of liposomal formulations,
intravenous infusion, transdermal patches, etc. By “co-administer” it is meant that a
composition described herein is administered at the same time, just prior to, or just after the
administration of onc or morc additional thecrapics, for cxample canccr therapics such as
chemotherapy, hormonal therapy, radiotherapy, or immunotherapy. The compounds of the
invention can be administered alone or can be co-administered to the patient. Co-
administration is meant to include simultaneous or sequential administration of the
compounds individually or in combination (more than one compound). Thus, the
preparations can also be combined. when desired, with other active substances (e.g., to reduce
metabolic degradation). The compositions of the present invention can be delivered by
transdermally, by a topical route, formulated as applicator sticks, solutions, suspensions,

emulsions, gels, creams, ointments, pastes, jellies, paints, powders, and aerosols.

[0186] The compounds described herein can be used in combination with one another, with
other active agents known to be useful in treating a disease associated with cells expressing a
discasc associated ccllular component, or with adjunctive agents that may not be cffective

alone, but may contribute to the efficacy of the active agent.

[0187] In some embodiments, co-administration includes administering one active agent

within 0.5, 1, 2, 4, 6, 8, 10, 12, 16, 20, or 24 hours of a second active agent. Co-
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administration includes administering two active agents simultaneously, approximately
simultaneously (e.g., within about 1, 5, 10, 15, 20, or 30 minutes of each other), or
sequentially in any order. In some embodiments, co-administration can be accomplished by
co-formulation, i.e., preparing a single pharmaceutical composition including both active

5 agents. In other embodiments, the active agents can be formulated separately. In another

embodiment, the active and/or adjunctive agents may be linked or conjugated to one another.

[0188] In therapeutic usc for the trcatment of a discasc, compound utilized in the
pharmaceutical compositions of the present invention may be administered at the initial
dosage of about 0.001 mg/kg to about 1000 mg/kg daily. A daily dose range of about 0.01

10 mg/kg to about 500 mg/kg, or about 0.1 mg/kg to about 200 mg/kg, or about 1 mg/kg to
about 100 mg/kg, or about 10 mg/kg to about 50 mg/kg, can be used. The dosages, however,
may be varied depending upon the requirements of the patient, the severity of the condition
being treated, and the compound or drug being employed. For example, dosages can be
empirically determined considering the type and stage of disease (e.g., cancer, RASopathy, or

15  Costello syndrome) diagnosed in a particular patient. The dose administered to a patient, in
the context of the present invention, should be sufficient to affect a beneficial therapeutic
response in the patient over time. The size of the dose will also be determined by the
cxistenee, nature, and cxtent of any adversc side cffects that accompany the administration of
a compound in a particular patient. Determination of the proper dosage for a particular

20  situation is within the skill of the practitioner. Generally, treatment is initiated with smaller
dosages which are less than the optimum dose of the compound. Thereafter, the dosage is
increased by small increments until the optimum effect under circumstances is reached. For
convenience, the total daily dosage may be divided and administered in portions during the

day, if desired.

25 [0189] The term “associated” or “associated with” in the context of a substance or
substance activity or function associated with a disease (e.g., a protein associated disease,
disease associated with a cellular component) means that the disease (e.g., cancer,
RASopathy, or Costello syndrome) is caused by (in whole or in part), or a symptom of the
discasc is causcd by (in wholc or in part) the substance or substance activity or function or

30  the disease or a symptom of the disease may be treated by modulating (e.g., inhibiting or

activating) the substance (e.g., cellular component). As used herein, what is described as
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being associated with a disease, if a causative agent, could be a target for treatment of the

disease.

[0190] The term “aberrant” as used herein refers to different from normal. When used to
describe enzymatic activity, aberrant refers to activity that is greater or less than a normal

5  control or the average of normal non-diseased control samples. Aberrant activity may refer
to an amount of activity that results in a disease, wherein returning the aberrant activity to a
normal or non-discasc-associated amount (c.g., by administering a compound or using a
method as described herein), results in reduction of the disease or one or more disease

symptoms.

10 [0191] The term “electrophilic” as used herein refers to a chemical group that is capable of

b INTS

accepting electron density. An “electrophilic substituent,” “electrophilic chemical moiety,”
or “electrophilic moiety’ refers to an electron-poor chemical group, substituent, or moiety
(monovalent chemical group), which may react with an electron-donating group, such as a

nucleophile, by accepting an electron pair or electron density to form a bond.

15 [0192] “Nucleophilic” as used herein refers to a chemical group that is capable of donating

electron density.

[0193] The term “isolated,” when applied to a nucleic acid or protein, denotes that the
nucleic acid or protein is essentially free of other cellular components with which it is
associatcd in the natural statc. It can be, for cxample, in a homogencous statc and may be in
20  either a dry or aqueous solution. Purity and homogeneity are typically determined using
analytical chemistry techniques such as polyacrylamide gel electrophoresis or high
performance liquid chromatography. A protein that is the predominant species present in a

preparation is substantially purified.

[0194] The term “amino acid” refers to naturally occurring and synthetic amino acids, as
25  well as amino acid analogs and amino acid mimetics that function in a manner similar to the
naturally occurring amino acids. Naturally occurring amino acids are those encoded by the
genetic code, as well as those amino acids that are later modified, e.g., hydroxyproline, y-
carboxyglutamate, and O-phosphoserine. Amino acid analogs refers to compounds that have
the same basic chemical structure as a naturally occurring amino acid, i.e., an a carbon that is
30  bound to a hydrogen, a carboxyl group, an amino group, and an R group, e.g., homoserine,

norlcucine, methionine sulfoxide, mcthionine methyl sulfonium. Such analogs have modificd

58

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

R groups (e.g., norleucine) or modified peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. Amino acid mimetics refers to chemical
compounds that have a structure that is different from the general chemical structure of an
amino acid, but that functions in a manner similar to a naturally occurring amino acid. The

5  terms “non-naturally occurring amino acid” and *“‘unnatural amino acid” refer to amino acid

analogs, synthetic amino acids, and amino acid mimetics which are not found in nature.

[0195] Amino acids may be referred to herein by cither their commonly known three letter
symbols or by the one-letter symbols recommended by the IUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commeonly

10 accepted single-letter codes.

[0196] The terms “polypeptide,” “peptide,” and “protein” are used interchangeably herein
to refer to a polymer of amino acid residues, wherein the polymer may in embodiments be
conjugated to a moiety that does not consist of amino acids. The terms apply to amino acid
polymers in which one or more amino acid residue is an artificial chemical mimetic of a

15  corresponding naturally occurring amino acid, as well as to naturally occurring amino acid

polymers and non-naturally occurring amino acid polymers.

[0197] An amino acid or nucleotide base “position” is denoted by a number that
sequentially identifies each amino acid (or nucleotide base) in the reference sequence based
on its position relative to the N-terminus (or 5'-end). Due to deletions, insertions, truncations,

20  fusions, and the like that must be taken into account when determining an optimal alignment,
in general the amino acid residue number in a test sequence determined by simply counting
from the N-terminus will not necessarily be the same as the number of its corresponding
position in the reference sequence. For example, in a case where a variant has a deletion
relative to an aligned reference sequence, there will be no amino acid in the variant that

25  corresponds to a position in the reference sequence at the site of deletion. Where there is an
insertion in an aligned reference sequence, that insertion will not correspond to a numbered
amino acid position in the reference sequence. In the case of truncations or fusions there can
be stretches of amino acids in either the reference or aligned sequence that do not correspond

to any amino acid in the corresponding sequence.

30  [0198] 'T'he terms “numbcered with reference to” or “corresponding to,” when uscd in the

context of the numbering of a given amino acid or polynucleotide sequence, refers to the
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numbering of the residues of a specified reference sequence when the given amino acid or

polynucleotide sequence is compared to the reference sequence.

[0199] An amino acid residue in a protein “corresponds” to a given residue when it
occupies the same essential structural position within the protein as the given residue. For
5 example, a selected residue in a selected protein corresponds to G12 of K-Ras when the

selected residue occupies the same essential spatial or other structural relationship as G12 of
K-Ras. In some cmbodiments, where a sclected protein is aligned for maximum homology
with K-Ras, the position in the aligned selected protein aligning with G12 is said to
correspond to G12. Instead of a primary sequence alignment, a three dimensional structural

10 alignment can also be used, e.g., where the structure of the selected protein is aligned for
maximum correspondence with K-Ras and the overall structures compared. In this case, an
amino acid that occupies the same essential position as G12 in the structural model is said to

correspond to the G12 residue.

[0200] The term “protein complex™ is used in accordance with its plain ordinary meaning

15  and refers to a protein which is associated with an additional substance (c.g., another protein,
protein subunit, or a compound). Protein complexes typically have defined quaternary
structure. The association between the protein and the additional substance may be a
covalent bond. In embodiments, the association between the protein and the additional
substance (e.g., compound) is via non-covalent interactions. In embodiments, a protein

20  complex refers to a group of two or more polypeptide chains. Proteins in a protein complex
are linked by non-covalent protein—protein interactions. A non-limiting example of a protein

complex is the proteasome.

[0201] The term “prolein aggregate” is used in accordance with its plain ordinary meaning
and refers to an aberrant collection or accumulation of proteins (e.g., misfolded proteins).

25  Protein aggregates are often associated with diseases (e.g., amyloidosis). Typically, when a
protein misfolds as a result of a change in the amino acid sequence or a change in the native
environment which disrupts normal non-covalent interactions, and the misfolded protein is
not corrected or degraded, the unfolded/misfolded protein may aggregate. There are three
main types of protein aggregates that may form: amorphous aggregates, oligomers, and

30  amyloid fibrils. In cmbodiments, protcin aggregates arc termed aggresomes.

[0202] The term “Switch 1I"” as used herein refers to a protein domain of a GTPase protein

(e.g., Ras, K-Ras, H-Ras, or N-Ras) formed by residues corresponding to residues 60-76 of
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K-Ras, H-Ras, or N-Ras (e.g., K-Ras Switch II refers to residues 60-76 of K-Ras, H-Ras
Switch II refers to residues 60-76 of H-Ras, N-Ras Switch II refers to residues 60-76 of N-
Ras). A “Switch II Binding Pocket” is a cavity bound (the limits or boundaries of which are
made), at least in part, by the amino acid residues that form Switch II. In some embodiments,
a “Switch II Binding Pocket” is a cavity, in the GDP bound form of a GTPase protein (e.g.,
Ras, K-Ras, H-Ras, or N-Ras), bound (the limits or boundaries of which are made), at least in
part, by the amino acid residues that form Switch 11. A “Switch 1l Binding Pocket binding
moiety” is a moiety of a compound (e.g., as described herein) that binds to the Switch T1

Binding Pocket.

[0203] The term “Switch 11 GTPase protein” as used herein refers to a GTPase protein
including a Switch II. In embodiments, the Switch 1I GTPase protein includes a Switch II
Binding Pocket. In embodiments, the Switch II GTPase protein is a Ras protein. In
embodiments, the Switch 11 GTPase protein is K-Ras. In embodiments, the Switch 11 GTPase
protein is H-Ras. In embodiments, the Switch II GTPase protein is N-Ras. In embodiments,
the Switch II GTPase protein is E-Ras. In embodiments, the Switch II GTPase protein is
RASDI1. In embodiments, the Switch Il GTPase protein is Rhes. In embodiments, the
Switch II GTPase protein is RASL11B. In embodiments, the Switch II GTPase protein is
REM2. In cmbodiments, the Switch I1 GTPasc protcin is RHOH. In cmbodiments, the
Switch II GTPase protein is RND3. In embodiments, the Switch II GTPase protein is
RABTA. In embodiments, the Switch IT GTPase protein is RABTB. In embodiments, the
Switch II GTPase protein is RAB2A. In embodiments, the Switch II GTPase protein is
RAB2B. In embodiments, the Switch I GTPase protein is GNAZ. In embodiments, the
Switch I GTPase protein is LRRK2. In embodiments, the Switch II GTPase protein is a
GTPase protein listed in Colicelli, J. Sci STKE, 2004(250), RE13, which is incorporated
herein by reference in its entirety and for all purposes. In embodiments, the Switch II
GTPase protein is ARF1 (e.g., UniProt P84077). In embodiments, the Switch II GTPase
protein is ARF3 (e.g., UniProt P61204). In embodiments, the Switch II GTPase protein is
ARF4 (e.g., UniProt P18085). In embodiments, the Switch II GTPase protein is ARF5 (e.g.,
UniProt P84085). In embodiments, the Switch 11 GTPase protein is ARF6 (e.g., UniProt
P62330). In embodiments, the Switch Il GTPase protein is TRIM23 (e.g., UniProt P36406).
In embodiments, the Switch I GTPase protein is ARL1 (e.g., UniProt P40616). In
embodiments, the Switch II GTPase protein is ARL?2 (e.g., UniProt P36404). In
embodiments, the Switch I GTPase protein is ARL3 (e.g., UniProt P36405). In
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embodiments, the Switch II GTPase protein is ARL4A (e.g., UniProt P40617). In
embodiments, the Switch II GTPase protein is ARL4B. In embodiments, the Switch II
GTPase protein is ARLS. In embodiments, the Switch IT GTPase protein is ARL6 (e.g.,
UniProt Q9HOF7). In embodiments, the Switch II GTPase protein is ARL7. In
embodiments, the Switch II GTPase protein is ARLS. In embodiments, the Switch II GTPase
protein is ARLY (e.g., UniProt Q6T311). In embodiments, the Switch II GTPase protein is
ARLI12. In embodiments, the Switch 11 GTPase protein is ARL11 (e.g., UniProt Q969Q4).
In embodiments, the Switch IT GTPase protein is ARF7. In embodiments, the Switch 11
GTPase protein is 339231 (e.g.. UniProt QOP5SN6). In embodiments, the Switch IT GTPase
protein is DKFZp761. In embodiments, the Switch I GTPase protein is ARFRP1 (e.g.,
UniProt Q13795). In cmbodiments, the Switch II GTPasc protcin is ARFRP2 (c.g., UniProt
QINXUS). In embodiments, the Switch II GTPase protein is ARL10A (e.g., UniProt
Q8NS8L6). In embodiments, the Switch II GTPase protein is ARL10B (e.g., UniProt
Q96BMD9). In embodiments, the Switch II GTPase protein is ARL10C. In embodiments, the
Switch II GTPase protein is 344988. In embodiments, the Switch II GTPase protein is
SARALI (e.g., UniProt Q6FID4). In embodiments, the Switch II GTPase protein is SARA?2.

[0204] The term “Switch II GTPase protein serine residue’” as used herein refers to a serine
residuc of a Switch II GTPasc protcin. In embodiments, the Switch 1 GTPasc protein scrine
residue is a serine residue corresponding to the 12 position of a Ras protein (e.g., K-Ras, H-
Ras, or N-Ras). In embodiments, the Switch TT GTPase protein serine residue is a natural
Switch II GTPase protein serine residue. In embodiments, the Switch II GTPase protein
serine residue is a mutant Switch II GTPase protein serine residue. In embodiments, the
mutant Switch Il GTPase protein serine residue is K-Ras(G12S), H-Ras(G12S), or N-
Ras(G12S5).

[0205] The term “Switch II GTPase protein threonine residue” as used herein refers to a
threonine residue of a Switch II GTPase protein. In embodiments, the Switch II GTPase
protein threonine residue is a threonine residue corresponding to the 12 position of a Ras
protein (e.g., K-Ras, H-Ras, or N-Ras). In embodiments, the Switch 11 GTPase protein
thrconine residuc is a natural Switch II GTPasc protcin thrconine residuc. In embodiments,
the Switch 11 GTPase protein threonine residue is a mutant Switch 11 GTPase protein
threonine residue. In embodiments, the mutant Switch II GTPase protein threonine residue is

K-Ras(G12T), H-Ras(G12T), or N-Ras(G12T).
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[0206] The term “Switch II GTPase protein aspartate residue™ as used herein refers to an
aspartate residue of a Switch II GTPase protein. In embodiments, the Switch II GTPase
protein aspartate residue is an aspartate residue corresponding to the 12 position of a Ras
protein (e.g., K-Ras, H-Ras, or N-Ras). In embodiments, the Switch 11 GTPase protein
aspartate residue is an aspartate residue corresponding to the 13 position of a Ras protein
(e.g., K-Ras, H-Ras, or N-Ras). In embodiments, the Switch II GTPase protein aspartate
residue 1s a natural Switch 11 GTPase protein aspartate residue. In embodiments, the Switch
IT GTPase protein aspartate residue is a mutant Switch IT GTPase protein aspartate residue.
In embodiments, the mutant Switch 11 GTPase protein aspartate residue is aspartate residue
12 of K-Ras(G12D), H-Ras(G12D), or N-Ras(G12D). In embodiments, the mutant Switch I1
GTPasc prolcin aspartate residuc is aspartate residuc 13 of K-Ras(G13D), H-Ras(G13D), or
N-Ras(G13D).

[0207] The term “Switch 11 GTPase protein glutamate residue’ as used herein refers to a
glutamate residue of a Switch II GTPase protein. In embodiments, the Switch II GTPase
protein glutamate residue is a glutamate residue corresponding to the 12 position of a Ras
protein (e.g., K-Ras, H-Ras, or N-Ras). In embodiments, the Switch II GTPase protein
glutamate residue is a natural Switch II GTPase protein glutamate residue. In embodiments,
the Switch II GTPasc protein glutamatc residuc is a mutant Switch II GTPasc protein
glutamate residue. In embodiments, the mutant Switch II GTPase protein glutamate residue

is glutamate residue 12 of K-Ras(G12D), H-Ras(G12D), or N-Ras(G12D).

[0208] The term “Ras” refers to one or more of the family of human Ras GTPase proteins

(e.g. K-Ras, H-Ras, N-Ras), including homologs, isoforms, and functional fragments thereof.

[0209] The term “K-Ras” refers to the protein that in humans is encoded by the KRAS gene.
The K-Ras protein is a GTPase, which converts guanosine triphosphate to guanosine
diphosphate. A mutation in the K-Ras protein (e.g., an amino acid substitution) can result in
various malignancies (e.g., lung adenocarcinoma, pancreatic cancer, or colorectal cancer).
The term “K-Ras” may refer to the nucleotide sequence or protein sequence of human KRAS
(e.g., Entrez 3845, UniProt PO1116, RefSeq NM_004985.4, RefSeq NM_033360.3, RefSeq
NP_004976.2, or RefSeq NP_203524.1). In embodiments, K-Ras has the following amino

acid scquence:

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILD

TAGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHHYREQIKRVKDSEDVPMVL
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VGNKCDLPSRTVDTKQAQDLARSYGIPFIETSAKTRQRVEDAFYTLVREIRQYRLKKI
SKEEKTPGCVKIKKCIIM (SEQ ID NO:1).

In embodiments, K-Ras has the following amino acid sequence:

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILD
TAGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHHYREQIKRVKDSEDVPMVL
VGNKCDLPSRTVDTKQAQDLARSYGIPFIETSAKTRQGYVDDAFYTLVREIRKHKEKM
SKDGKKKKKKSKTKCVIM (SEQ ID NO:56).

[0210] The term “H-Ras” refers to the enzyme that in humans is encoded by the HRAS
gene. The H-Ras protein is a GTPase, which converts guanosine triphosphate to guanosine
diphosphate. Mutations in the H-Ras protein (e.g., an amino acid substitution) can result in
various malignancies (e.g., bladder cancer, thyroid cancer, salivary duct carcinoma, epithelial
carcinoma, or kidney cancer). The term “H-Ras” may refler to the nucleotide sequence or
protein sequence of human HRAS (e.g., Entrez 3265, UniProt PO1112, RefSeq
NM_001130442.2, RefSeq NM_001318054.1, RefSeq NM_005343.3, RefSeq
NM_00176795.4, RefSeq NP_001123914.1, RefSeq NP_001304983.1, RefSeq
NP_005334.1, or RefSeq NP_789765.1). In embodiments, H-Ras has the following amino

acid sequence:

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILD

TAGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVL
VGNKCDLAARTVESRQAQDLARSYGIPYIETSAKTRQGVEDAFYTLVREIRQHKLRK
LNPPDESGPGCMSCKCVLS (SEQ ID NO:2).

[0211] The term “N-Ras” refers to the enzyme that in humans is encoded by the NRAS
gene. The N-Ras protein is a GTPase, which converts guanosine triphosphalte to guanosine
diphosphate. The term “N-Ras” may refer to the nucleotide sequence or protein sequence of
human NRAS (e.g., Entrez 4893, UniProt PO1111, RefSeq NM_002524.4, or RefSeq

NP_002515.1). In embodiments, N-Ras has the following amino acid sequence:

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILD

TAGQEEYSAMRDQYMRTGEGFLCVFAINNSKSFADINLYREQIKRVKDSDDVPMVL
VGNKCDLPTRTVDTKQAHELAKSYGIPFIETSAKTRQGVEDAFYTLVREIRQYRMKK
LNSSDDGTQGCMGLPCVVM (SEQ ID NO:3).
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[0212] In embodiments, the Switch II Binding Pocket is bound at least in part by one or
more of V7, V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and/or
1100 of K-Ras or equivalent residues in homologous, related (e.g., H-Ras or N-Ras), or
mutant Ras proteins. A compound as described herein (including embodiments, examples,
and figures), which binds to amino acids that form or contacts amino acids that form the
Switch II Binding Pocket is a “*Switch II Binding Pocket binding compound™ and a moiety of
a compound that binds to amino acids that form or contacts amino acids that form the Switch

IT Binding Pocket is a “Switch IT Binding Pocket binding moiety”.

[0213] In embodiments, a Switch II Binding Pocket binding compound or Switch II
Binding Pocket binding moiety binds or contacts one amino acid that forms the Switch II
Binding Pocket. In embodiments, a Switch II Binding Pocket binding compound or Switch 11
Binding Pocket binding moiety binds or contacts multiple amino acids that form the Switch II
Binding Pocket. In embodiments, a Switch 11 Binding Pocket binding compound or Switch
1I- Binding Pocket binding moiety binds or contacts one amino acid selected from amino
acids in a mutant K-Ras (e.g., K-Ras(G12S5), K-Ras(G13S), or K-Ras(G12T)), related Ras
(e.g., H-Ras, H-Ras(G12S), H-Ras(G13S), H-Ras(G12T), N-Ras, N-Ras(G12S), N-
Ras(G13S), or N-Ras(G12T)), or homolog of K-Ras corresponding to K-Ras residues V7,
V9, G10, P34, TS8, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100. In
embodiments, a Switch II Binding Pocket binding compound or Switch II Binding Pocket
binding moiety binds or contacts multiple K-Ras amino acids selected from amino acids in a
mutant K-Ras (e.g., K-Ras(G125), K-Ras(G13S5), or K-Ras(G127T)), related Ras (e.g., H-Ras,
H-Ras(G12S), H-Ras(G13S), H-Ras(G12T), N-Ras, N-Ras(G12S), N-Ras(G13S), or N-
Ras(G12T)), or homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58,
G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch 11
Binding Pocket binding compound or Switch II Binding Pocket binding moiety binds or
contacts two K-Ras amino acids selected from amino acids in a mutant K-Ras (e.g., K-
Ras(G12S5), K-Ras(G13S), or K-Ras(G12T)), related Ras (e.g., H-Ras, H-Ras(G12S), H-
Ras(G13S), H-Ras(G12T), N-Ras, N-Ras(G12S), N-Ras(G13S), or N-Ras(G12T)), or
homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58. G60, Q61, E62,
E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket
binding compound or Switch II Binding Pocket binding moiety binds or contacts three K-Ras
amino acids selected from amino acids in a mutant K-Ras (e.g., K-Ras(G128S), K-Ras(G13S),
or K-Ras(G12T)), related Ras (e.g., H-Ras, H-Ras(G12S5), H-Ras(G13S), H-Ras(G12T), N-
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Ras, N-Ras(G128S), N-Ras(G13S), or N-Ras(G12T)), or homolog of K-Ras corresponding to
K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and
1100. In embodiments, a Switch II Binding Pocket binding compound or Switch II Binding
Pocket binding moiety binds or contacts four K-Ras amino acids selected from amino acids in
a mutant K-Ras (e.g., K-Ras(G12S), K-Ras(G13S5), or K-Ras(G12T)), related Ras (e.g., H-
Ras, H-Ras(G12S), H-Ras(G13S), H-Ras(G12T), N-Ras, N-Ras(G12S), N-Ras(G13S), or N-
Ras(G127T)), or homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58,
G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and T100. In embodiments, a Switch IT
Binding Pocket binding compound or Switch II Binding Pocket binding moiety binds or
contacts five K-Ras amino acids selected from amino acids in a mutant K-Ras (e.g., K-
Ras(G12S), K-Ras(G13S), or K-Ras(G12T)), rclated Ras (c.g., H-Ras, H-Ras(G12S), H-
Ras(G13S), H-Ras(G12T), N-Ras, N-Ras(G12S), N-Ras(G13S), or N-Ras{(G12T)), or
homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62,
E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket
binding compound or Switch II Binding Pocket binding moiety binds or contacts six K-Ras
amino acids selected from amino acids in a mutant K-Ras (e.g., K-Ras(G12S). K-Ras(G13S),
or K-Ras(G12T)), related Ras (e.g., H-Ras, H-Ras(G12S), H-Ras(G13S), H-Ras(G12T), N-
Ras, N-Ras(G12S), N-Ras(G13S), or N-Ras((G12T)), or homolog of K-Ras corrcsponding to
K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and
I100. In embodiments, a Switch II Binding Pocket binding compound or Switch II Binding
Pocket binding moiety binds or contacts seven K-Ras amino acids selected from amino acids
in a mutant K-Ras (e.g., K-Ras(G1285), K-Ras(G138S), or K-Ras(G12T)), related Ras (e.g., H-
Ras, H-Ras(G12S), H-Ras(G13S), H-Ras(G12T), N-Ras, N-Ras(G12S), N-Ras(G13S), or N-
Ras(G12T)), or homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58,
G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch I1
Binding Pocket binding compound or Switch II Binding Pocket binding moiety binds or
contacts eight K-Ras amino acids selected from amino acids in a mutant K-Ras (e.g., K-
Ras(G125), K-Ras(G13S), or K-Ras(G12T)), related Ras (e.g., H-Ras, H-Ras(G12S), H-
Ras(G13S), H-Ras(G12T), N-Ras, N-Ras(G12S), N-Ras(G13S), or N-Ras(G12T)), or
homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62,
E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket
binding compound or Switch II Binding Pocket binding moiety binds or contacts nine K-Ras

amino acids selected from amino acids in a mutant K-Ras (e.g., K-Ras(G12S), K-Ras(G13S),
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or K-Ras(G12T)), related Ras (e.g., H-Ras, H-Ras(G12S), H-Ras(G13S), H-Ras(G12T), N-
Ras, N-Ras(G12S), N-Ras(G13S5), or N-Ras(G12T)), or homolog of K-Ras corresponding to
K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and
1100. In embodiments, a Switch II Binding Pocket binding compound or Switch II Binding
Pocket binding moiety binds or contacts ten K-Ras amino acids selected from amino acids in
a mutant K-Ras (e.g., K-Ras(G12S), K-Ras{G13S5), or K-Ras(G12T)), related Ras (e.g., H-
Ras, H-Ras(G12S), H-Ras(G13S), H-Ras(G12T), N-Ras, N-Ras((G12S), N-Ras(G13S), or N-
Ras(G12T)), or homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58,
G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch 11
Binding Pocket binding compound or Switch II Binding Pocket binding moiety binds or
contacts cleven K-Ras amino acids sclected from amino acids in a mutant K-Ras (c.g., K-
Ras(G125), K-Ras(G13S), or K-Ras(G12T)), related Ras (e.g., H-Ras, H-Ras(G12S), H-
Ras(G13S), H-Ras(G12T), N-Ras, N-Ras(G12S), N-Ras(G13S), or N-Ras(G12T)), or
homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62,
E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket
binding compound or Switch II Binding Pocket binding moiety binds or contacts twelve K-
Ras amino acids selected from amino acids in a mutant K-Ras (e.g., K-Ras(G12S), K-
Ras(G13S5), or K-Ras((G127T)), rclated Ras (c.g., H-Ras, H-Ras(G12S), H-Ras(G13S), H-
Ras(G12T), N-Ras, N-Ras(G12S), N-Ras((G13S), or N-Ras(G12T)), or homolog of K-Ras
corresponding to K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71,
M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket binding compound
or Switch II Binding Pocket binding moiety binds or contacts thirteen K-Ras amino acids
selected from amino acids in a mutant K-Ras (e.g., K-Ras(G12S), K-Ras(G13S), or K-
Ras(G12T)), related Ras (e.g., H-Ras, H-Ras(G12S), H-Ras(G13S), H-Ras(G12T), N-Ras, N-
Ras(G12S), N-Ras(G13S), or N-Ras(G12T)), or homolog of K-Ras corresponding to K-Ras
residues V7, V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100.
In embodiments, a Switch II Binding Pocket binding compound or Switch II Binding Pocket
binding moiety binds or contacts fourteen K-Ras amino acids selected from amino acids in a
mutant K-Ras (c.g.., K-Ras(G12S), K-Ras((G13S), or K-Ras(G12T)), rclated Ras (c.g.. H-Ras,
H-Ras(G12S), H-Ras(G13S), H-Ras(G12T), N-Ras, N-Ras(G12S), N-Ras((G13S), or N-
Ras(G12T)), or homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58,
G60, Q61, E62, E63, R6S8, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch IT
Binding Pocket binding compound or Switch II Binding Pocket binding moiety binds or
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contacts fifteen K-Ras amino acids selected from amino acids in a mutant K-Ras (e.g., K-
Ras(G1285), K-Ras(G13S), or K-Ras(G12T)), related Ras (e.g., H-Ras, H-Ras(G12S), H-
Ras(G13S), H-Ras(G12T), N-Ras, N-Ras(G128S), N-Ras(G13S), or N-Ras(G12T)), or
homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62,
E63. R68, Y71, M72, Y96, Q99, and 1100.

[0214] In embodiments, a Switch II Binding Pocket binding compound or Switch II-
Binding Pocket binding moicty binds or contacts onc amino acid sclected from amino acids
in a mutant K-Ras (e.g., K-Ras(G12D), K-Ras(G13D), or K-Ras(G12E)), related Ras (e.g.,
H-Ras, H-Ras(G12D), H-Ras(G13D), H-Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D),
or N-Ras(G12E)), or homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34,
T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch
IT Binding Pocket binding compound or Switch II Binding Pocket binding moiety binds or
contacts multiple K-Ras amino acids selected {from amino acids in a mutant K-Ras (e.g., K-
Ras(G12D), K-Ras(G13D), or K-Ras(G12E)), related Ras (e.g., H-Ras, H-Ras(G12D), H-
Ras(G13D), H-Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D), or N-Ras(G12E)), or
homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58. G60, Q61, E62,
E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket
binding compound or Switch Il Binding Pockct binding moicty binds or contacts two K-Ras
amino acids selected from amino acids in a mutant K-Ras (e.g., K-Ras(G12D), K-
Ras(G13D), or K-Ras(G12E)), related Ras (e.g., H-Ras, H-Ras(G12D), H-Ras(G13D), H-
Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D), or N-Ras(G12E)), or homolog of K-Ras
corresponding to K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71,
M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket binding compound
or Switch 1I Binding Pocket binding moiety binds or contacts three K-Ras amino acids
selected from amino acids in a mutant K-Ras (e.g., K-Ras(G12D), K-Ras(G13D), or K-
Ras(G12E)), related Ras (e.g., H-Ras, H-Ras(G12D), H-Ras(G13D), H-Ras(G12E), N-Ras,
N-Ras(G12D), N-Ras(G13D), or N-Ras(G12E)), or homolog of K-Ras corresponding to K-
Ras residues V7, V9, G10, P34, T58, G060, Q61, E62, E63, R68, Y71, M72, Y96, Q99. and
1100. In embodiments, a Switch 1l Binding Pocket binding compound or Switch 1l Binding
Pocket binding moiety binds or contacts four K-Ras amino acids selected from amino acids in
a mutant K-Ras(G12D), K-Ras(G13D), or K-Ras(G12E)), related Ras (e.g., H-Ras, H-
Ras(G12D), H-Ras(G13D), H-Ras((G12E), N-Ras, N-Ras(G12D), N-Ras(G13D), or N-
Ras(G12E)), or homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58,
68
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G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch 11
Binding Pocket binding compound or Switch II Binding Pocket binding moiety binds or
contacts five K-Ras amino acids selected from amino acids in a mutant K-Ras (e.g., K-
Ras(G12D), K-Ras(G13D), or K-Ras(G12E)), related Ras (e.g., H-Ras, H-Ras(G12D), H-
Ras(G13D), H-Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D), or N-Ras(G12E)), or
homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62,
E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch 11 Binding Pocket
binding compound or Switch IT Binding Pocket binding moiety binds or contacts six K-Ras
amino acids selected from amino acids in a mutant K-Ras (e.g., K-Ras(G12D), K-
Ras(G13D), or K-Ras(G12E)), related Ras (e.g., H-Ras, H-Ras(G12D), H-Ras(G13D), H-
Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D), or N-Ras(G12E)), or homolog of K-Ras
corresponding to K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71,
M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket binding compound
or Switch II Binding Pocket binding moiety binds or contacts seven K-Ras amino acids
selected from amino acids in a mutant K-Ras (e.g., K-Ras(G12D), K-Ras(G13D), or K-
Ras(G12E)), related Ras (e.g., H-Ras, H-Ras(G12D), H-Ras(G13D), H-Ras(G12E), N-Ras,
N-Ras(G12D), N-Ras(G13D), or N-Ras(G12E)), or homolog of K-Ras corresponding to K-
Ras residucs V7, V9, G10, P34, TS8, G060, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and
1100. In embodiments, a Switch Il Binding Pocket binding compound or Switch 1l Binding
Pocket binding moiety binds or contacts eight K-Ras amino acids selected from amino acids
in a mutant K-Ras (e.g., K-Ras(G12D), K-Ras(G13D), or K-Ras(G12E)), related Ras (e.g.,
H-Ras, H-Ras(G12D), H-Ras(G13D), H-Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D),
or N-Ras(G12E)), or homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34,
T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch
11 Binding Pocket binding compound or Switch II Binding Pocket binding moiety binds or
contacts nine K-Ras amino acids selected from amino acids in a mutant K-Ras(G12D), K-
Ras(G13D), or K-Ras(G12E)), related Ras (e.g., H-Ras, H-Ras(G12D), H-Ras(G13D), H-
Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D), or N-Ras(G12E)), or homolog of K-Ras
corrcsponding to K-Ras residucs V7. V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71,
M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket binding compound
or Switch II Binding Pocket binding moiety binds or contacts ten K-Ras amino acids selected
from amino acids in a mutant K-Ras (e.g., K-Ras(G12D), K-Ras(G13D), or K-Ras(G12E)),
related Ras (e.g., H-Ras, H-Ras(G12D), H-Ras(G13D), H-Ras(G12E), N-Ras, N-Ras(G12D),
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N-Ras(G13D), or N-Ras(G12E)), or homolog of K-Ras corresponding to K-Ras residues V7,
V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100. In
embodiments, a Switch II Binding Pocket binding compound or Switch II Binding Pocket
binding moiety binds or contacts eleven K-Ras amino acids selected from amino acids in a
mutant K-Ras (e.g., K-Ras(G12D), K-Ras(G13D), or K-Ras(G12E)), related Ras (e.g., H-
Ras, H-Ras(G12D), H-Ras(G13D), H-Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D), or
N-Ras(G12E)), or homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34,
T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100. Tn embodiments, a Switch
1T Binding Pocket binding compound or Switch 1I Binding Pocket binding moiety binds or
contacts twelve K-Ras amino acids selected from amino acids in a mutant K-Ras (e.g., K-
Ras(G12D), K-Ras(G13D), or K-Ras(G12E)), rclated Ras (c.g., H-Ras, H-Ras(G12D), H-
Ras(G13D), H-Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D), or N-Ras(G12E)), or
homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62,
E63, R68, Y71, M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket
binding compound or Switch II Binding Pocket binding moiety binds or contacts thirteen K-
Ras amino acids selected from amino acids in a mutant K-Ras (e.g., K-Ras(G12D), K-
Ras(G13D), or K-Ras(G12E)), related Ras (e.g., H-Ras, H-Ras(G12D), H-Ras(G13D), H-
Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D), or N-Ras(G12E)), or homolog of K-Ras
corresponding to K-Ras residues V7, V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71,
M72, Y96, Q99, and 1100. In embodiments, a Switch II Binding Pocket binding compound
or Switch II Binding Pocket binding moiety binds or contacts fourteen K-Ras amino acids
selected from amino acids in a mutant K-Ras (e.g., K-Ras(G12D), K-Ras(G13D), or K-
Ras(G12E)), related Ras (e.g., H-Ras, H-Ras(G12D), H-Ras(G13D), H-Ras(G12E), N-Ras,
N-Ras(G12D), N-Ras(G13D), or N-Ras(G12E)), or homolog of K-Ras corresponding to K-
Ras residues V7, V9, G10, P34, T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and
1100. In embodiments, a Switch II Binding Pocket binding compound or Switch II Binding
Pocket binding moiety binds or contacts fifteen K-Ras amino acids selected from amino acids
in a mutant K-Ras (e.g., K-Ras(G12D), K-Ras(G13D), or K-Ras(G12E)), related Ras (e.g.,
H-Ras, H-Ras(G12D), H-Ras(G13D), H-Ras(G12E), N-Ras, N-Ras(G12D), N-Ras(G13D),
or N-Ras(G12E)), or homolog of K-Ras corresponding to K-Ras residues V7, V9, G10, P34,
T58, G60, Q61, E62, E63, R68, Y71, M72, Y96, Q99, and 1100.

[0215] The term “selective” or *“selectivity” or the like in reference to a compound or agent
refers to the compound’s or agent’s ability to cause an increase or decrease in activity of a

70

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

particular molecular target (e.g., protein, enzyme, etc.) preferentially over one or more
different molecular targets (¢.g., a compound having selectivity toward mutant K-Ras(G12S)
would preferentially inhibit K-Ras(G12S) over other K-Ras proteins (e.g., wild type K-Ras)
or a compound having selectivity toward mutant K-Ras(G12D) would preferentially inhibit

5 K-Ras(G12D) over other K-Ras proteins (e.g., wild type K-Ras)). In embodiments, a
“Ras((G125)-selective compound’ refers to a compound (e.g., compound described herein)
having selectivity towards Ras((G12S). In embodiments, a “Ras(G12D)-selective compound”
refers to a compound (e.g., compound described herein) having selectivity towards

Ras(G12D).

10  [0216] The term “B-lactone” is used in accordance with its plain ordinary meaning in
organic chemistry and refers to a 4-membered heterocycloalkyl ring containing a

O

vt
—C(O)O- moiety. In embodiments, the 3-lactone has the formula:

[0217] The term “B-lactam™ is used in accordance with its plain ordinary meaning in
organic chemistry and refers to a 4-membered heterocycloalkyl ring containing a

O

"
15 —C(O)NR- moiety. In embodiments, the -lactam has the formula: .

1I. Compounds
[0218] In an aspect is provided a compound, or a pharmaceutically acceptable salt thereol,

having the formula:

L'—Ee?
R1/ (D, (ID), or (I1D).

20 [0219] R!isa Switch II Binding Pocket binding moiety.
[0220] L'is abond or divalent linker.

[0221] E!is an electrophilic moiety capable of forming a covalent bond with a Switch 11

GTPase protein serine residue or a Switch II GTPase protein threonine residue.

[0222] In embodiments, E! is an electrophilic moiety capable of forming a covalent bond
25  with a Switch II GTPase protein serine residue. In embodiments, E' is an electrophilic
moiety capable of forming a covalent bond with a Switch II GTPase protein threonine

residue. In embodiments, the Switch II GTPase protein serine residue is a serine residue
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corresponding to the 12 position of a Ras protein (e.g., K-Ras, H-Ras, or N-Ras). In
embodiments, the Switch II GTPase protein serine residue is a natural Switch II GTPase
protein serine residue. In embodiments, the Switch I GTPase protein serine residue is a
mutant Switch II GTPase protein serine residue. In embodiments, the the mutant Switch II
GTPase protein serine residue is serine residue 12 of K-Ras(G12S), H-Ras(G12S), or N-
Ras(G125). In embodiments, the the mutant Switch II GTPase protein serine residue is
serine residue 13 of K-Ras((G13S), H-Ras((G13S), or N-Ras(G13S). In embodiments, the
Switch IT GTPase protein threonine residue is a natural Switch IT GTPase protein threonine
residue. In embodiments, the Switch II GTPase protein threonine residue is a mutant Switch
II GTPase protein threonine residue. In embodiments, the the mutant Switch II GTPase
protein threonine residuc is threonine residuc 12 of K-Ras(G12T), H-Ras(G12T), or N-
Ras(G12T).

[0223] In embodiments, the Switch 11 GTPase protein serine residue is a Ras protein serine
residue. In embodiments, the Switch II GTPase protein serine residue is a K-Ras serine
residue. In embodiments, the Switch II GTPase protein serine residue is an H-Ras serine
residue. In embodiments, the Switch I1 GTPase protein serine residue is an N-Ras serine
residue. In embodiments, the Switch II GTPase serine residue protein is an E-Ras serine
residuc. In cmbodiments, the Switch II GTPasc protcin scrine residuc is a RASD1 scrine
residue. In embodiments, the Switch II GTPase protein serine residue is a Rhes serine
residue. In embodiments, the Switch II GTPase protein serine residue is a RASL11B serine
residue. In embodiments, the Switch II GTPase protein serine residue is a REM?2 serine
residue. In embodiments, the Switch II GTPase protein serine residue is a RHOH serine
residue. In embodiments, the Switch Il GTPase protein serine residue is a RND3 serine
residue. In embodiments, the Switch II GTPase protein serine residue is a RAB1A serine
residue. In embodiments, the Switch II GTPase protein serine residue is a RAB1B serine
residue. In embodiments, the Switch Il GTPase protein serine residue is a RAB2A serine
residue. In embodiments, the Switch I1 GTPase protein serine residue is a RAB2B serine
residue. In embodiments, the Switch II GTPase protein serine residue is a GNAZ serine
residue. In embodiments, the Switch 11 GTPase protein serine residue 1s a LRRK2 serine
residue. In embodiments, the Switch II GTPase protein threonine residue is a LRRK2
threonine residue. In embodiments, the Switch I GTPase protein serine residue is a serine
residue of a GTPase protein listed in Colicelli, J. Sci STKE, 2004(250), RE13, which is
incorporated herein by reference in its entirety and for all purposes.
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[0224] In embodiments, the Switch II GTPase protein threonine residue is a Ras protein
threonine residue. In embodiments, the Switch II GTPase protein threonine residue is a K-
Ras threonine residue. In embodiments, the Switch II GTPase protein threonine residue is an
H-Ras threonine residue. In embodiments, the Switch 11 GTPase protein threonine residue is

5 an N-Ras threonine residue.

[0225] In embodiments, E! is an electrophilic moiety capable of forming a covalent bond
with a K-Ras scrinc residuc. In embodiments, E! is an clectrophilic moicty capablc of
forming a covalent bond with an H-Ras serine residue. In embodiments, E! is an
electrophilic moiety capable of forming a covalent bond with an N-Ras serine residue. In

10 embodiments, E' is an electrophilic moicty capable of forming a covalent bond with a K-Ras
threonine residue. In embodiments, E! is an electrophilic moiety capable of forming a
covalent bond with an H-Ras threonine residue. In embodiments, E' is an electrophilic
moiety capable of forming a covalent bond with an N-Ras threonine residue. In

embodiments, E' includes a B-lactone. In embodiments, E! includes a B-lactam.

15 [0226] In cmbodiments, thec compound has the formula:

L'—E"
/

R (D. R, L', and E! are as described herein, including in embodiments.

[0227] In embodiments, the compound has the formula:

X
X X R
% R® X TSR Y, R
RS> RS>
N
(R3),3 (R¥)—F A (R%),3 (R%)3
R (I-D), R (1-2), R (1-3), R (-4,
X
N
o)
RS Rt A
X
(R%),3 / Y
1 1
|_1\ II_ R5 R* II_ RS R*
R (I-5), R’ (1-6), or R’ (I-7). R'and L' are as

20  described herein, including in embodiments.
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[0228] Ring A is a cycloalkyl (e.g., C3-Cs, C3-Cg, C4-Cg, or Cs5-Cg) or heterocycloalkyl
(e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6

membered).
[0229] XisOorS.
[0230] Y is O, S, or NR?.

[0231] RZis hydrogen, halogen, -CCls, -CBr3, -CFs. -Cls, -CH2Cl, -CH2Br, -CH2F,

-CHzl, -CHCl, -CHB12, -CHF», -CHI», -CN, -OH, -NH», -COOH, -CONH>, -NO», -SH,
-SOsH, -OSOsH, -SO2NH2, -NHNH>, —-ONH2, -NHC(O)NHNH>, -NHC(O)NH:, -NHSO:zH,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFs, -OClIs, -OCH:Cl, -OCH:2Br,
-OCH:>F, -OCHa:lI, -OCHCl», -OCHBr13, -OCHF», -OCHI>, substituted or unsubstituted alkyl
(e.g., C1-Cs, C1-Cs, C1-C4, or C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cs, C4-Cg, or Cs-Cg), substituted or
unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4
to S membered, or 5 to 6 membered), substituted or unsubstituted aryl (c.g., Cs-Cio or
phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,

or 5 to 6 membered).

[0232] R3is independently oxo, halogen, -CCls, -CBr3, -CFs, -Cls, -CH2Cl, -CH2Br,
-CH2F, -CHb>l, -CHCl,, -CHBr», -CHF>, -CHL, -CN, -OH, -NH>, -COOH, -CONH?>, -NO>,
-SH, -SOsH, -OSO3H, -SO2NH2, -NHNH2, —ONH2, -NHC(O)NHNH2, -NHC(O)NHa,
-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs3, -OCF;, -OClIs, -OCH2CI,
-OCH2Br, -OCH2F, -OCH:I, -OCHCL, -OCHBr?2, -OCHF?, -OCHIL, substituted or
unsubstituted alkyl (c.g., C1-Cs, C1-Ces, C1-Ca, or C1-C2), substituted or unsubstituted
heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4
to 5 membered), substituted or unsubstituted cycloalkyl (e.g., C3-Cg, C3-Ce, C4-Cs, or C5-Ce),
substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6
membered, 4 to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Ce-
Cio or phenyl), or substituted or unsubstituted heteroaryl {(e.g., 5 to 10 membered, 5 to 9
membered, or 5 to 6 membered); two R’ substituents may optionally be joined to form a
substituted or unsubstituted cycloalkyl (e.g., C3-Cg, C3-Ce, C4-Cs, or Cs-Cg), substituted or
unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4

to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Cs-Cio or
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phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,

or 5 to 6 membered).
[0233] The symbol z3 is an integer from O to 10.

[0234] R*is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br, -CH:F,

-CHzI, -CHCl», -CHBr2, -CHF», -CHI>, -CN, -OH, -NHz, -COOH, -CONH2, -NO», -SH,
-SOsH, -OSOsH, -SO:NH2, —-NHNH3, —ONH2, -NHC(O)NHNH:2, -NHC(O)NHz, -NHSOH,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCIs, -OCHCI, -OCH»Br,
-OCH2F, -OCH:I, -OCHClz, -OCHBr2, -OCHF>, -OCHI2, substituted or unsubstituted alkyl
(e.g., C1-Cg, C1-Cg, C1-C4, or C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cs, C4-Cg, or Cs-Cg), substituted or
unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4
to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Cs-Cio or
phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,

or 5 to 6 membered).

[0235] R’is hydrogen, halogen, -CCls, -CBrs3, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH:F,

-CHzI, -CHCl», -CHBr2, -CHF2, -CHI3, -CN, -OH, -NHz, -COOH, -CONHz, -NO», -SH,
-SO3H, -OSOsH, -SO2NHz, -NHNHz2, —ONHz, -NHC(O)NHNH2, -NHC(O)NH>, -NHSO:2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFs, -OClIs, -OCH:CI, -OCH:2Br,
-OCH2F, -OCH_:I, -OCHCl,, -OCHBr12, -OCHF2, -OCHI_, substituted or unsubstituted alkyl
(e.g., C1-Cs, C1-Cq, C1-C4, or C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8
mcmbcered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cs, C4-Cs, or Cs-Cs), substituted or
unsubstituted heterocycloalkyl (c.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4
to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Ce-Cio or
phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,

or 5 to 6 membered).

[0236] In embodiments, Ring A is a C3-Cs cycloalkyl. In embodiments, Ring A is a
cycloalkyl. In embodiments, Ring A is a cyclobutyl. In embodiments, Ring A is a
cyclopentyl. In embodiments, Ring A is a cyclohexyl. In embodiments, Ring A is a
cycloheptyl. In embodiments, Ring A is a cyclooctyl. In embodiments, Ring Aisa 3 to 8

membered heterocycloalkyl. In embodiments, Ring A is a 5 to 6 membered heterocycloalkyl.
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In embodiments, Ring A is a piperidinyl, pyrrolidinyl, or piperazinyl. In embodiments, Ring
A is a piperidinyl. In embodiments, Ring A is a pyrrolidinyl. In embodiments, Ring A is a

piperazinyl.
[0237] In embodiments, the compound has the formula:

X

Y Y X Y

(R3)23 (R3)23
QL <, N
| | |
1\ LL 1

Laoq 1 L<ni 1 11 R3
5 R (I-1a), R (I-1b), or R" (I-1¢). X, Y,R',L",R’,
and z3 are as described herein, including in embodiments. In embodiments, the compound

X

(R%)z3——
KN

|
1

L.
has the formula: R! (I-1a), wherein X, Y, R!, L!, R3, and z3 are as described

herein, including in embodiments. In embodiments, the compound has the [ormula:

Y =X
R
I\N
|
LY
R (I-1b), wherein X, Y, R!, L', R?, and z3 are as described herein, including
X
Y
(R)z3~L
k
N
|
10 in embodiments. In embodiments, the compound has the formula: R (I-1¢),

wherein X, Y, R', L', R3, and z3 are as described herein, including in embodiments.

[0238] In embodiments, the compound has the formula:
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o)
0 P~=0 o)

R3 1 R3 L
( )23 |\N ( )23 |\N k
' l Lt
R' (1-1d), R! (I-1e), or R' (1-10. RY LY, R3, and

z3 are as described herein, including in embodiments. In embodiments, the compound has

6]

(R¥3—
KN

|
1
~

the formula: R’ (I-1d), wherein R!, L', R3, and z3 are as described herein,

including in embodiments. In embodiments, the compound has the formula:

O~g=0
(R
'\N
|1
5 “R? (I-1e), wherein R!, L', R? and £3 are as described herein, including in
@)
O
(R3)23\
K
N
|
1\
embodiments. In embodiments, the compound has the formula: R (I-11),

wherein R!, L!, R3, and z3 are as described herein, including in embodiments.

[0239] In embodiments, the compound has the formula:

“R' (I-2a). X, R', L% R? and z3 are as described herein, including in

10 embodiments.

[0240] In embodiments, the compound has the formula:
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TR (I-2b). R!, L', R3, and 3 are as described herein, including in embodiments.

[0241] In embodiments, the compound has the formula:

Y.
X
(R¥)zz—
'\N
I1
SR (I-3a). X, Y, R L R3, and 73 are as described herein, including in
embodiments.

5 [0242] In embodiments, the compound has the formula:

R2
|
(@] N

O O

R (R%)zs—
KN KN
I I
L L',
R' (I-3b) or R' (I-3¢). R, L', R2, R?, and 73 arc as described
herein, including in embodiments. In embodiments, the compound has the formula:

O
O

(R®yz—
KN

I
’

Lo ﬂ
R! (I-3b), wherein R', L', R3, and z3 are as described herein, including in
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embodiments. In embodiments, the compound has the formula: R’ (I-3¢),

wherein R!, L!, R%, R3, and z3 are as described herein, including in embodiments.

[0243] In cmbodiments, the compound has the formula:

X
Y;%
(R3),3——
~

]
“R! (I-4a). X.Y.R' L' R3, and z3 are as described herein, including in

5 embodiments.

[0244] In embodiments, the compound has the formula:

0]
O%
(R3)23_
KN
I1

“R! (I-4b). R!, L', R3 and z3 are as described herein, including in embodiments.
[0245] In embodiments, the compound has the formula:

X

/‘|'\ 2
\_/&
.<

(R 3)23

——Z

~

R (I-5a). X,Y,R. L', R3 and z3 are as described herein, including in
10 embodiments.
[0246] In embodiments, the compound has the formula:
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ch

|/
R3Z_
(R”)za |\

I
L™,
R’ (I-5b). RY, L!, R3, and z3 are as described herein, including in
embodiments.

[0247] In embodiments, the compound has the formula:

R’ (I-6a). R!and L! are as described herein, including in embodiments.

5 [0248] In embodiments, the compound has the formula:

R (I-7a). R!and L! are as described herein, including in embodiments.

[0249] In an aspect is provided a compound, or a pharmaceutically acceptable salt thereof,

having the formula:

L1—E2
R1/ (Iv), (V), or (VD).

10  [0250] R!isa Switch II Binding Pocket binding moiety.
[0251] L'is a bond or divalent linker.

[0252] EZ?is an clectrophilic moicty capablc of forming a covalent bond with a Switch 11

GTPase protein aspartate residue or a Switch 11 GTPase protein glutamate residue.

[0253] In embodiments, E? is an electrophilic moiety capable of forming a covalent bond
15  with a Switch I GTPase protein aspartate residue. In embodiments, E? is an electrophilic

moiety capable of forming a covalent bond with a Switch 1II GTPase protein glutamate

residuc. In embodiments, the Switch II GTPasc protecin aspartate residuc is a natural Switch

II GTPase protein aspartate residue. In embodiments, the Switch II GTPase protein aspartate
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residue is a mutant Switch II GTPase protein aspartate residue. In embodiments, the Switch
II GTPase protein aspartate residue is an aspartate residue corresponding to the 12 position of
a Ras protein (e.g., K-Ras, H-Ras, or N-Ras). In embodiments, the the mutant Switch II
GTPase protein aspartate residue is aspartate residue 12 of K-Ras(G12D), H-Ras(G12D), or
N-Ras(G12D). In embodiments, the Switch II GTPase protein aspartate residue is an
aspartate residue corresponding to the 13 position of a Ras protein (e.g., K-Ras, H-Ras, or N-
Ras). In embodiments, the the mutant Switch 11 GTPase protein aspartate residue is aspartate
residue 13 of K-Ras(G13D), H-Ras(G13D), or N-Ras(G13D). In embodiments, the Switch 1T
GTPase protein glutamate residue is a glutamate residue corresponding to the 12 position of a
Ras protein (e.g., K-Ras, H-Ras, or N-Ras). In embodiments, the the mutant Switch II
GTPasc protcin glutamate residuc is glutamate residue 12 of K-Ras(G12E), H-Ras(G12E), or
N-Ras(G12E).

[0254] In embodiments, the Switch 11 GTPase protein aspartate residue is a Ras protein
aspartate residue. In embodiments, the Switch II GTPase protein aspartate residue is a K-Ras
aspartate residue. In embodiments, the Switch II GTPase protein aspartate residue is an H-
Ras aspartate residue. In embodiments, the Switch II GTPase protein aspartate residue is an
N-Ras aspartate residue. In embodiments, the Switch II GTPase protein aspartate residue is
an ARF1 (c.g., UniProt P84077) aspartatc rcsiduc. In cmbodiments, the Switch 11 GTPasc
protein aspartate residue is an ARF3 (e.g., UniProt P61204) aspartate residue. In
embodiments, the Switch IT GTPase protein aspartate residue is an ARF4 (e.g., UniProt
P18085) aspartate residue. In embodiments, the Switch I GTPase protein aspartate residue is
an ARFS (e.g., UniProt P84085) aspartate residue. In embodiments, the Switch II GTPase
protein aspartate residue is an ARF6 (e.g.. UniProt P62330) aspartate residue. In
embodiments, the Switch II GTPase protein aspartate residue is a TRIM23 (e.g., UniProt
P36406) aspartate residue. In embodiments, the Switch II GTPase protein aspartate residue is
an ARL1 (e.g., UniProt P40616) aspartate residue. In embodiments, the Switch I GTPase
protein aspartate residue is an ARL2 (e.g., UniProt P36404) aspartate residue. In
embodiments, the Switch II GTPase protein aspartate residue is an ARL3 (e.g.. UniProt
P36405) aspartate residue. In embodiments, the Switch 11 GTPase protein aspartate residue 1s
an ARL4A (e.g., UniProt P40617) aspartate residue. In embodiments, the Switch II GTPase
protein aspartate residue is an ARL4B aspartate residue. In embodiments, the Switch I1
GTPase protein aspartate residue is an ARLS aspartate residue. In embodiments, the Switch
II GTPase protein aspartate residue is an ARL6 (e.g., UniProt Q9HOF7) aspartate residue. In
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embodiments, the Switch II GTPase protein aspartate residue is an ARL7 aspartate residue.
In embodiments, the Switch II GTPase protein aspartate residue is an ARLS aspartate
residue. In embodiments, the Switch II GTPase protein aspartate residue is an ARL9 (e.g.,
UniProt Q6T311) aspartate residue. In embodiments, the Switch II GTPase protein aspartate
residue is an ARL12 aspartate residue. In embodiments, the Switch I GTPase protein
aspartate residue is an ARL11 (e.g., UniProt Q969Q4) aspartate residue. In embodiments,
the Switch 11 GTPase protein aspartate residue is an ARF7 aspartate residue. In
embodiments, the Switch IT GTPase protein aspartate residue is a 339231 (e.g., UniProt
QOP5NG6) aspartate residue. In embodiments, the Switch II GTPase protein aspartate residue
is a DKFZp761 aspartate residue. In embodiments, the Switch II GTPase protein aspartate
residuc is an ARFRP1 (c.g., UniProt Q13795) aspartale residue. In embodiments, the Switch
IT1 GTPase protein aspartate residue is an ARFRP2 (e.g., UniProt QINXUS5) aspartate residue.
In embodiments, the Switch II GTPase protein aspartate residue is an ARL10A (e.g., UniProt
Q8NB8L6) aspartate residue. In embodiments, the Switch II GTPase protein aspartate residue
is an ARL10B (e.g., UniProt Q96BMB9) aspartate residue. In embodiments, the Switch 11
GTPase protein aspartate residue is an ARL10C aspartate residue. In embodiments, the
Switch II GTPase protein aspartate residue is a 344988 aspartate residue. In embodiments,
the Switch II GTPasc protein aspartate residuc is a SARATL (c.g., UniProt Q6FID4) aspartate
residue. In embodiments, the Switch II GTPase protein aspartate residue 1s a SARA?2

aspartate residue.

[0255] In embodiments, the Switch II GTPase protein glutamate residue is a Ras protein
glutamate residue. In embodiments, the Switch II GTPase protein glutamate residue is a K-
Ras glutamate residue. In embodiments, the Switch 11 GTPase protein glutamate residue is
an H-Ras glutamate residue. In embodiments, the Switch II GTPase protein glutamate

residue is an N-Ras glutamate residue.

[0256] In embodiments, E? is an electrophilic moiety capable of forming a covalent bond
with a K-Ras aspartate residue. In embodiments, E? is an electrophilic moiety capable of
forming a covalent bond with an H-Ras aspartate residue. In embodiments, E? is an
clectrophilic moicty capablce of forming a covalcnt bond with an N-Ras aspartate residuc. In
embodiments, E? is an electrophilic moiety capable of forming a covalent bond with a K-Ras
glutamate residue. In embodiments, E? is an electrophilic moiety capable of forming a

covalent bond with an H-Ras glutamate residue. In embodiments, E? is an electrophilic
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moiety capable of forming a covalent bond with an N-Ras glutamate residue. In

embodiments, E? includes a B-lactone. In embodiments, E* includes a B-lactam.

In embodiments, the compound has the formula:

[0257]
L1_E2
/
R (IVv). R!, L', and E? are as described herein, including in embodiments.
5 [0258] In embodiments, the compound has the formula:
X
R4
X X RS Y. R* R*
Y X Y.
N RS R®
(R%),3 (R¥5s—E A (R%)z3 (R%)z3
’I\ L1\ L1\ L1
R (Iv-1), R'  (Iv-2), R'  (1v-3), R
R10 Y X R10 Y- X
O L2
R5 R4 R5 R4
(R%),3 (R3),3
L L
(TV-4), R (TV-5), R’
Y. 4
X x=<?<R
R5
R1O/~Y
Oa. _No
LZiﬁ R4 Rg
RS y X
(R3)zr€/:\> (R Rq
L1
LY L ! rs K
(IV-7), R (1V-8), R’ (1v-9), R (1V-10), or

| 5
(IV-11). R!and L' are as described herein, including in embodiments.

10 [0259] Ring A is a cycloalkyl (e.g., C3-Cs, C3-Ce¢, C4-Cs, or C5-Cg) or heterocycloalkyl

(e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6

membered).

[0260] L2 is unsubstituted C;-Ca4 alkylene.
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[0261] X isOorS.
[0262] Y is O, S, or NR2,

[0263] RZis hydrogen, halogen, -CCls, -CBr3, -CFs, -Cl3, -CH2Cl, -CH2Br, -CH2F, -CH21,
-CHCl2, -CHBr2, -CHF>, -CHI2, -CN, -OH, -NH>, -COOH, -CONHa>, -NO-, -SH, -SOsH,
-OSOsH, -SO2NH»2, -NHNH>, —ONH>, -NHC(O)NHNH:>, -NHC(O)NH>, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFs, -OCIs, -OCH:CI, -OCH:Br,
-OCH2F, -OCH:I, -OCHCl2, -OCHBr2, -OCHF2, -OCHI», substituted or unsubstituted alkyl
(e.g., C1-Cs, C1-Cs, C1-C4, or C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted or unsubstituted cycloalkyl (e.g., C3-Cg, C3-Ce, C4-Cs, or Cs-Cs), substituted or
unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4
to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Cs-Cio or
phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,

or 5 to 6 membered).

[0264] R3is indcpendently oxo, halogen, -CCls, -CBrs, -CFs, -Clz, -CH2Cl, -CH2Br, -CH2F,
-CHzI, -CHClz, -CHB12, -CHF2, -CHIs, -CN, -OH, -NHz, -COOH, -CONHa», -NO2, -SH,
-SO3H, -OSOsH, -SO2NH», -NHNHz, ~ONHz, -NHC(O)NHNH2, -NHC(O)NH>, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFs, -OClIs, -OCH:CI, -OCH:2Br,
-OCH:2F, -OCH_:I, -OCHCl,, -OCHBr12, -OCHF2, -OCHI_, substituted or unsubstituted alkyl
(e.g., C1-Cs, C1-Cq, C1-C4, or C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted or unsubstituted cycloalkyl (c.g., C3-Cs, C3-Cs, C4-Ce, or Cs-Ce), substituted or
unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4
to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (c.g., Cs-Cio or
phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,
or 5 to 6 membered); two R? substituents may optionally be joined to form a substituted or
unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cs, C4-Cs, or C5-Cg), substituted or unsubstituted
heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5
membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Cs-Ci1o or phenyl), or
substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered, or 5 to 6

membered).

[0265] The symbol z3 is an integer from O to 10.
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[0266] R*is hydrogen, halogen, -CCls, -CBr3, -CFs, -Cl3, -CH2Cl, -CH>Br, -CH2F, -CH2l,
-CHClz, -CHBr», -CHF2, -CHI, -CN, -OH, -NH2, -COOH, -CONH2>, -NO2, -SH, -SO3H,
-OSOsH, -SO2NH>. -NHNH2, -ONH2, -NHC(O)NHNH2, -NHC(O)NH2, -NHSO2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs3, -OCFs3, -OCIs, -OCH2CI, -OCH:Br,
-OCH2F, -OCH:I, -OCHCl2, -OCHBr3, -OCHF2, -OCHI3, substituted or unsubstituted alkyl
(e.g., C1-Cs, C1-Ce, C1-Cy4, or C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cg, C4-Ce, or Cs-Cg), substituted or
unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4
to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Cs-Cio or
phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,

or 5 to 6 membered).

[0267] R’is hydrogen, halogen, -CCls, -CBr3, -CFs, -Cls, -CH2Cl, -CH2Br, -CH»F, -CHal,
-CHCl», -CHBr2, -CHF>, -CHI, -CN, -OH, -NH-, -COOH, -CONHa, -NO-, -SH, -SOsH,
-OSOsH, -SO2NH»>, -NHNH2, —ONH», -NHC(O)NHNH», -NHC(O)NH2, -NHSO2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3s, -OCF3, -OCI;, -OCH2CI, -OCH:2Br,
-OCHzF, -OCH_:I, -OCHCl>, -OCHB12, -OCHF2, -OCHI_, substituted or unsubstituted alkyl
(e.g., C1-Cs, C1-Ce, C1-Cy4, or C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cs, C4-Cs, or Cs-Cg), substituted or
unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4
to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Cs-Cio or
phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,

or 5 to 6 membered).

[0268] R°is hydrogen, halogen, -CCls, -CBr3, -CFs, -Cls, -CH2Cl, -CH2Br, -CHF, -CHal,
-CHCl,, -CHBr2, -CHF,, -CHL, -CN, -OH, -NH>, -COOH, -CONHa», -NO2, -SH, -SOzH,
-OSOsH, -SO2NHz, -NHNH»z, —ONH», -NHC(O)NHNH, -NHC(O)NHz, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3s, -OCF;, -OCIs, -OCH:CL, -OCH:2Br,
-OCH2F, -OCH:1, -OCHCls, -OCHBr2, -OCHEF», -OCHI», substituted or unsubstituted alkyl
(e.g., C1-Cs, C1-Cs, C1-C4, or C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),

substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cs, C4-Cs, or Cs-Cs), substituted or
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unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4
to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Cs-Cio or
phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,

or 5 to 6 membered).

[0269] R!'is hydrogen, halogen, -CCls, -CBr3, -CFs, -Cls, -CH2Cl, -CH:Br, -CH>F, -CH_I,
-CHCl», -CHBr», -CHF>», -CHL, -CN, -OH, -NH>, -COOH, -CONH», -NO2, -SH, -SO3H,
-OSOsH, -SO2NHz, -NHNH32, —-ONH2, -NHC(O)NHNH2, -NHC(O)NHz, -NHSO:2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFs, -OClIs, -OCH:CI, -OCH:Br,
-OCH2F, -OCH_:I, -OCHCI>, -OCHBr12, -OCHF>, -OCHI>, substituted or unsubstituted alkyl
(e.g., C1-Cs, C1-Cs, C1-C4, or C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Csg, C4-Cg, or Cs-Cg), substituted or
unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4
to S membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Cs-Cio or
phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,

or 5 to 6 membered).

[0270] In embodiments, Ring A is a C3-Cg cycloalkyl. In embodiments, Ring A is a
cycloalkyl. In embodiments, Ring A is a cyclobutyl. In embodiments, Ring A is a
cyclopentyl. In embodiments, Ring A is a cyclohexyl. In embodiments, Ring A is a
cycloheptyl. In embodiments, Ring A is a cyclooctyl. In embodiments, Ring A is a 3 to 8
membered heterocycloalkyl. In embodiments, Ring A is a 5 to 6 membered heterocycloalkyl.
In embodiments, Ring A is a piperidinyl, pyrrolidinyl, or piperazinyl. In embodiments, Ring
A is a piperidinyl. In embodiments, Ring A is a pyrrolidinyl. In embodiments, Ring A is a

piperazinyl.

[0271] In embodiments, the compound has the [ormula:

X
Y
(R%,3
L',
R' (IV-1). Ring A, X, Y.R', L', R?, and z3 are as described herein, including in
embodiments.

[0272] In cmbodiments, thc compound has the formula:
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X
Y Y X Y

(R¥) 3 (R¥)z3——
'\N '\N
| | |
L' L L
R' (IV-1a), R (IV-1b), or R' @v-1¢). X, Y,R!,
L', R3, and z3 are as described herein, including in embodiments. In embodiments, the

X

(R
'\N

I
]

compound has the formula: “R! (IV-1a), wherein X, Y, R!, L', R3, and 23 are as

described herein, including in embodiments. In embodiments, the compound has the

Y = X

(R®s—
'\ N

I
1

~

L
formula: R (IV-1b), wherein X, Y, R!, L', R? and £3 are as described

herein, including in embodiments. In embodiments, the compound has the formula:

“R! (TV-1¢), wherein X, Y, R!, L!, R3, and 73 are as described herein, including in

embodiments.

[0273] In embodiments, the compound has the formula:

@)
0]
o) P~=0 o
3
(R3)23—,\N (Rs)ﬂ_kN (R )Zg\kN
I1 I1 I1
~o1 AN LNgi 171 p3
R (IV-1d), R (IV-1e), or R' (Iv-1f). R, L', R,

and 73 are as described herein, including in embodiments. In embodiments, the compound

87

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

)]
(@]
(R%)—
kN
|
L
has the formula: R (IV-1d), wherein R!, L', R3, and £3 are as described herein,

including in embodiments. In embodiments, the compound has the formula:

O~=0
(R~
'\N
|
LY
R (IV-1c), wherein RY, L!, R3, and z3 arc as described hercin, including in
@)
O
(R¥)3~L
g
N
1\
embodiments. In embodiments, the compound has the formula: R’ (av-10),

5 wherein R', L', R?, and z3 are as described herein, including in embodiments.

[0274] In embodiments, the compound has the formula:

“R'  (IV-2). Ring A, X, R', L', R3, 23, R* and R’ are as described herein,

including in embodiments.

[0275] In embodiments, the compound has the formula:

10 “R! (IV-2a). X.R!, L', R? and z3 are as described herein, including in

embodiments.
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[0276] In embodiments, the compound has the formula:

SR (IV-2b). R!, L', R3, and z3 are as described herein, including in

embodiments.
[0277] In embodiments, the compound has the formula:

Y. R4
R5
(R

L%

5 R! (IV-3). Ring A, X, Y, RL, LY, R3, z3, R*, and R’ arc as described herein,

including in embodiments.
[0278] In embodiments, the compound has the formula:

Y.
X

(R¥)—
KN
|
L',
R' (IV-3a). X, Y,R', L', R? and z3 are as described herein, including in

embodiments.

10 [0279] In embodiments, the compound has the formula:

$2
O, N
O O
(Rs)zs—KN (R3)13—KN
L [t
R' (IV-3b) or R' (IV-3¢). RL. L!, R2, R3, and z3 are as described

herein, including in embodiments. In embodiments, the compound has the formula:
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(@)
O
R
KN
|
L
R' (IV-3b), wherein R!, L', R®, and z3 are as described herein, including in
RZ
|
N
@)
(R3)z3_
'\N
|
LY
embodiments. In embodiments, the compound has the formula: R (Iv-3c),

wherein R!, L', R?, R?, and z3 are as described herein, including in embodiments.

[0280] In embodiments, the compound has the formula:

5 “R'  (IV-4). Ring A, X, Y. RL LY, R3, 3, R%, and R’ are as described herein,
including in embodiments.

[0281] In embodiments, the compound has the formula:

SR (TV-4a). X,Y,R!L L! R3, and 73 are as described herein, including in

embodiments.

10 [0282] In embodiments, the compound has the formula:
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(RB)Z3_

1
“R! (IV-4b). R, L' R?, and 3 are as described herein, including in

embodiments.

[0283] In embodiments, the compound has the formula:
R'] 0 Y

R5
(R3),5

(IV-5). Ring A, X, Y, R!, L!, R3, £3, R% R?, and R' are as described
5  herein, including in embodiments.

[0284] In embodiments, the compound has the formula:

YLT

(
RSZ_
( )3 |\

I

L'
R’ (IV-5a). X, Y., R! L, R?, 23, and R* are as described herein, including

in embodiments.

[0285] In embodiments, the compound has the formula:

10 "R (IV-5b). R, Ll R?, z3, and R* are as described herein, including in

embodiments.
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[0286] In embodiments, the compound has the formula:

R5
(R

(IV-5¢c). Ring A, X, Y, R!, L' R3 z3, R* and R’ are as described

herein, including in embodiments.

[0287] In embodiments, the compound has the formula:

Xt

RSZ_
( )3 |\
I

L1

5 R’ (IV-5d). RL, LY R3, z3, R* and R’ are as described herein. including

in embodiments.

[0288] In embodiments, the compound has the formula:

0 O
ngf
4

N R

5%

~

R (TV-5e). R!, L!, and R* are as described herein, including in embodiments.
[0289] In embodiments, the compound has the formula:
o @)
Oﬁ/q
R4
N R

N
|
10 “R! (IV-50). R!, L', R* and R are as described herein, including in
embodiments.
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[0290] In embodiments, the compound has the formula:

X

R10 Y

O
R4
R5
(R%3
L
R (IV-6). Ring A, X, Y,R!, L', R3, z3, R*, R?, and R' are as described

herein, including in embodiments.

[0291] In embodiments, the compound has the formula:

5 R! (IV-6a). XY, R!, L', R3, 23, and R* are as described herein, including

in embodiments.

[0292] In embodiments, the compound has the formula:
Q
0]
(o)
R4
N
i j
KN
I 1

~

(R%z3

R’ (IV-6b). RY, L, R?, z3, and R* are as described herein, including in

embodiments.

10 [0293] In embodiments, the compound has the formula:
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L2 4
RS R
(R3)23

L
R’ (IV-7). Ring A, X, Y, R!, L, L2 R?, 23, R* R, and R'° are as

described herein, including in embodiments.

[0294] In embodiments, the compound has the f[ormula:

Y. X
L/j
i 4
N R
(R3)23_ ]

\N
|
L

R’ (IV-7a). X,Y,R! L', L2 R? 23, and R* are as described herein,

5  including in embodiments.

[0295] In embodiments, the compound has the formula:
pag
R4
N
o O
(R )23_|\
N

LY
R (IV-7b). R!, L, R?, 23, and R* are as described herein, including in

embodiments.

[0296] In embodiments, the compound has the formula:

X
RIOy=~Yy
L2
R® Rt
(R3)z3
L'
10 R’ (IV-8). Ring A, X, Y,R',L!, L% R3, 23, R* R>, and R’ are as

described herein, including in embodiments.
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[0297] In embodiments, the compound has the formula:

X

Y
L2
| R
. _f”]
{(R%)3 L\~
N
I1

L<
R! (IV-8a). X,Y,R!L L' L2 R3, 23, and R* are as described herein,

4

including in embodiments.

[0298] In embodiments, the compound has the formula:

(@)
(@)
N R
(R3)s— j
'\N
|
L'
5 R’ (IV-8b). R, L!, R3, z3, and R* arc as described hercin, including in
embodiments.

[0299] In embodiments, the compound has the formula:

(R%)3

L
R’ (IV-9). Ring A, X, Y, R!, L', R?, z3, R* R5, and R? are as described
herein, including in cmbodiments.

10 [0300] In embodiments, the compound has the formula:
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“R"  (IV-9a) or SR (IV-9b). X, Y,R! L', R3, 23, and R® are as

described herein, including in embodiments. In embodiments, the compound has the

-

formula: R’ (IV-9a), wherein X, Y, R'", L', R?, z3, and R® are as described

herein, including in embodiments. In embodiments, the compound has the formula:

Y.

=y

Oxg-Nero

(R
l\N
|
L™ , ,
5 R'  (IV-9b), wherein X, Y, R', L, R?, z3, and R® are as described herein,

including in embodiments.

[0301] In embodiments, the compound has the formula:

O

O. O:Q

O
@) NH
(@) NH
(R%)z3 "
&N ( )23 |\N
L .
R! (IV-9¢) or R (IV-9d). R, L', R?, and z3 are as described

herein, including in embodiments. In embodiments, the compound has the formula:
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(@)
O
(@) NH
(R%)3
X
A\
N
|
L
R! (IV-9¢), wherein R', L', R3, and 23 are as described herein, including in
O
o:?
@) NH
(RS)Z3_
KN

I
1

L.
embodiments. In embodiments, the compound has the formula: R? (IV-94d),
wherein R', L', R3, and z3 are as described herein, including in embodiments.

[0302] In embodiments, the compound has the formula:

L1
| R5 R4
5 R IV-10). X, Y,RL LY R* R, and R are as described herein, including in
embodiments.

[0303] In embodiments, the compound has the formula:

27
L1

[
R’ (IV-10a). R! and L' are as described herein, including in embodiments.

In embodiments, the compound has the formula:

[0304]

| 5
10 R (IV-11). X, Y, RYL LY R R®, and R'© are as described herein, including in
cmbodiments.
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[0305] In embodiments, the compound has the formula:

R’ (IV-11a). R!and L! arc as described hercin, including in embodiments.

[0306] In cmbodiments, a substituted R? (c.g., substituted alkyl, substitutcd heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted R? is substituted with a plurality of groups
selected from substituent groups, size-limited substituent groups, and lower substituent
groups; each substituent group, size-limited substituent group, and/or lower substituent group
may optionally be different. In embodiments, when R? is substituted, it is substituted with at
lcast onc substitucnt group. In cmbodiments, when R? is substituted, it is substituted with at
least one size-limited substituent group. In embodiments, when R? is substituted, it is

substituted with at least one lower substituent group.

[0307] In embodiments, R? is hydrogen, -CF3, -CH2F, -CHF>, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted

or unsubstituted heteroaryl.

[0308] In embodiments, R?is hydrogen or unsubstituted C1-Cs4 alkyl. In embodiments, R2
is hydrogen. In embodiments, R* is unsubstituted C;-C4 alkyl. In embodiments, R? is
unsubstituted methyl. In embodiments, R? is unsubstituted ethyl. In embodiments, R? is
unsubstituted propyl. In embodiments, R? is unsubstituted n-propyl. In embodiments, R? is
unsubstituted isopropyl. In embodiments, R? is unsubstituted butyl. In embodiments, R? is
unsubstituted n-butyl. In embodiments, R? is unsubstituted isobutyl. In embodiments, RZis

unsubstituted tert-butyl.

[0309] In embodiments, a substituted R> (e.g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at Ieast onc substitucnt group, size-limited substituent group, or
lower substituent group; wherein if the substituted R? is substituted with a plurality of groups

selected from substituent groups, size-limited substituent groups, and lower substituent

98

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

groups; each substituent group, size-limited substituent group, and/or lower substituent group
may optionally be different. In embodiments, when R? is substituted, it is substituted with at
least one substituent group. In embodiments, when R? is substituted, it is substituted with at
least one size-limited substituent group. In embodiments, when R? is substituted, it is

5  substituted with at least one lower substituent group.

[0310] In embodiments, a substituted ring formed when two R? substituents are joined
(c.g.. substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted ring formed when two R? substituents are
10 joined is substituted with a plurality of groups selected from substituent groups, size-limited
substituent groups, and lower substituent groups; each substituent group, size-limited
substituent group, and/or lower substituent group may optionally be different. In
embodiments, when the substituted ring formed when two R? substituents are joined is
substituted, it is substituted with at least one substituent group. In embodiments, when the
15  substituted ring formed when two R? substituents are joined is substituted, it is substituted
with at least one size-limited substituent group. In embodiments, when the substituted ring
formed when two R? substituents are joined is substituted, it is substituted with at least one

lowecr substitucnt group.

[0311] In embodiments, R? is independently halogen, -CCls, -CBrs, -CF3, -Cls, -CH2(Cl,

20  -CH2Br, -CH2F, -CH2l, -CHClz, -CHBr2, -CHF2, -CHI2, -CN, -OH, -NH3, -COOH, -CONH2,
-NO2, -SH, -SO3H, -OSOsH, -SO2NH2, -NHNH», —-ONH>, -NHC(O)NHNHa,
—NHC(O)NH2, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFs,
-OCI;, -OCH:CI, -OCH2Br, -OCH:F, -OCH:I, -OCHCl:, -OCHBr12, -OCHF2, -OCHI:,
substituted or unsubstituted alkyl (e.g., C1-Cs, C1-Cs, C1-Ca4, or C1-C2), substituted or

25 unsubstituted heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3
membered, or 4 to 5 membered), substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-C,
C4-Cs, or Cs-Cs), substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6
membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered), substituted or
unsubstituted aryl (e.g., Cs-C1o or phenyl), or substituted or unsubstituted heteroaryl (e.g., 5

30 to 10 membered, 5 to 9 membered, or 5 to 6 membered); two R> substituents may optionally
be joined to form a substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cg, C4-Cs, or Cs-

Cs). substituted or unsubstituted heterocycloalkyl (e.g.. 3 to 8 membered, 3 to 6 membered, 4
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to 6 membered, 4 to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g.,
Ce-Cio or phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9

membered, or 5 to 6 membered).

[0312] In embodiments, R? is independently oxo. In embodiments, R? is independently
halogen. In embodiments, R? is independently —F. In embodiments, R is independently —CL.
In embodiments, R? is independently —Br. In embodiments, R> is independently —I. In
cmbodiments, R? is independently -CCls. In cmbodiments, R? is independently -CBrs. In
embodiments, R? is independently -CFs. In embodiments, R? is independently -Cls. In
embodiments, R? is independently -CH2Cl. In embodiments, R? is independently -CH2Br. In
embodiments, R? is independently -CH»F. In embodiments, R? is independently -CH>1. In
embodiments, R? is independently -CHCl,. In embodiments, R? is independently -CHBr». In
embodiments, R? is independently -CHF». In embodiments, R? is independently -CHIL>. In
embodiments, R? is independently —CN. In embodiments, R? is independently —OH. In
embodiments, R? is independently -NH,. In embodiments, R is independently -COOH. In
embodiments, R? is independently -CONH>. In embodiments, R? is independently -NO>. In
embodiments, R? is independently —-SH. In embodiments, R? is independently -SO3H. In
embodiments, R? is independently -OSOsH. In embodiments, R? is independently -SO>NHa.
In embodiments, R? is independently -NHNH,. In embodiments, R? is independently
—ONHa,. In embodiments, R is independently —-NHC(O)NHNH>. In embodiments, R3is
independently —-NHC(O)NH.. In embodiments, R? is independently -NHSO-H. In
embodiments, R is independently -NHC(O)H. In embodiments, R is

independently -NHC(O)OH. In embodiments, R? is independently -NHOH. In
embodiments, R? is independently -OCCls. In embodiments, R? is independently -OCBr3. In
embodiments, R? is independently -OCF3. In embodiments, R? is independently -OCIs. In
embodiments, R? is independently -OCH2Cl. In embodiments, R? is independently -OCHBr.
In embodiments, R? is independently -OCHF. In embodiments, R? is independently -OCH,1.
In embodiments, R? is independently -OCHCl,. In embodiments, R? is

independently -OCHBT2. In embodiments, R? is independently -OCHF.. In embodiments, R?
is independently -OCHL. In embodiments, R? is independently unsubstituted Ci-Cs alkyl. In
embodiments, R? is independently unsubstituted methyl. In embodiments, R? is
independently unsubstituted ethyl. Tn embadiments, R? is independently unsubstituted
propyl. In embodiments, R? is independently unsubstituted n-propyl. In embodiments, R is

independently unsubstituted isopropyl. In embodiments, R? is independently unsubstituted
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butyl. In embodiments, R? is independently unsubstituted n-butyl. In embodiments, R is
independently unsubstituted isobutyl. In embodiments, R* is independently unsubstituted
tert-butyl. In embodiments, R? is independently unsubstituted 2 to 4 membered heteroalkyl.
In embodiments, R? is independently unsubstituted methoxy. In embodiments, R? is

5  independently unsubstituted ethoxy. In embodiments, R3 is independently unsubstituted
propoxy. In embodiments, R? is independently unsubstituted n-propoxy. In embodiments, R>
is independently unsubstituted isopropoxy. In embodiments, R? is independently
unsubstituted butoxy. In embodiments, R? is independently unsubstituted n-butoxy. In
embodiments, R? is independently unsubstituted isobutoxy. In embodiments, R? is

10  independently unsubstituted tert-butoxy.

[0313] Inembodiments, two R? substituents are joined to form a substituted or
unsubstituted cycloalkyl or substituted or unsubstituted heterocycloalkyl. In embodiments,
two R? substituents are joined to form a substituted or unsubstituted C3-Cs cycloalkyl. In
embodiments, two R? substituents are joined to form a substituted or unsubstituted 3 to 8

15  membered heterocycloalkyl.

[0314] In embodiments, z3 is 0. In embodiments, z3 is 1. In embodiments, z3 is 2. In
embodiments, z3 is 3. In embodiments, z3 is 4. In embodiments, z3 is 5. In embodiments,
z3 15 6. In embodiments, z3 is 7. In embodiments, z3 is 8. In embodiments, z31s 9. In

embodiments, z3 is 10.

20 [0315] In embodiments, a substituted R* (e.g.. substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower subslituent group; wherein il the substituted R* is substituted with a plurality of groups
selected from substituent groups, size-limited substituent groups, and lower substituent

25  groups; each substituent group, size-limited substituent group, and/or lower substituent group
may optionally be different. In embodiments, when R" is substituted, it is substituted with at
least one substituent group. In embodiments, when R* is substituted, it is substituted with at
least one size-limited substituent group. In embodiments, when R* is substituted, it is

substituted with at least one lower substituent group.

30  [0316] Incmbodiments, R* is hydrogen. In embodiments, R* is halogen. In cmbodiments,
R*is —F. In embodiments, R*is —Cl. In embodiments, R*is —Br. In embodiments, R* is —I.

In embodiments, R* is -CCls. In embodiments, R*is -CBrs. In embodiments, R* is -CF3. In
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embodiments, R* is -CIz. In embodiments, R* is -CH2Cl. In embodiments, R* is -CH,Br. In
embodiments, R* is -CH,F. In embodiments, R* is -CHzI. In embodiments, R* is -CHCl,. In
embodiments, R* is -CHBr2. In embodiments, R* is -CHF>. In embodiments, R* is -CHL. In
embodiments, R* is ~CN. In embodiments, R* is ~OH. In embodiments, R*is -NH>. In
embodiments, R* is —-COOH. In embodiments, R* is -CONH,. In embodiments, R* is -NO;.
In embodiments, R* is —SH. In embodiments, R* is -SOs3H. In embodiments, R* is -OSO3H.
In embodiments, R* is -SO>NH». In embodiments, R* is -NHNH». In embodiments, R* is
—ONH;. In embodiments, R" is -NHC(O)NHNH,. In embodiments, R" is -NHC(O)NHa. In
embodiments, R* is -NHSO>H. In embodiments, R*is -NHC(O)H. In embodiments, R*

is -NHC(O)OH. In embodiments, R* is—-NHOH. In cmbodiments, R* is -OCCls. In
embodiments, R* is -OCBr3. In embodiments, R* is -OCF3. In embodiments, R* is -OCls. In
embodiments, R* is -OCH>Cl. In embodiments, R* is -OCH2Br. In embodiments, R*

is -OCHF. In embodiments, R* is -OCHzI. In embodiments, R* is -OCHCL. In
embodiments, R* is -OCHBr2. In embodiments, R* is -OCHF,. In embodiments, R*

is -OCHIL. In embodiments, R* is unsubstituted Ci-C4 alkyl. In embodiments, R* is
unsubstituted methyl. In embodiments, R* is unsubstituted ethyl. In embodiments, R* is
unsubstituted propyl. In embodiments, R* is unsubstituted n-propyl. In embodiments, R* is
unsubstituted isopropyl. In embodiments, R* is unsubstituted butyl. In embodiments, R* is
unsubstituted n-butyl. In embodiments, R* is unsubstituted isobutyl. In embodiments, R*is
unsubstituted tert-butyl. In embodiments, R* is unsubstituted 2 to 4 membered heteroalkyl.
In embodiments, R* is unsubstituted methoxy. In embodiments, R* is unsubstituted ethoxy.
In embodiments, R* is unsubstituted propoxy. In embodiments, R* is unsubstituted n-
propoxy. In embodiments, R* is unsubstituted isopropoxy. In cmbodiments, R* is
unsubstituted butoxy. In embodiments, R* is unsubstituted n-butoxy. In embodiments, R* is

unsubstituted isobutoxy. In embodiments, R* is unsubstituted tert-butoxy.

[0317] In embodiments, a substituted R* (e. £., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted R is substituted with a plurality of groups
selected from substituent groups, size-limited substituent groups, and lower substituent
groups; each substituent group, size-limited substituent group, and/or lower substituent group
may optionally be different. In embodiments, when R? is substituted, it is substituted with at

least one substituent group. In embodiments, when R? is substituted, it is substituted with at
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least one size-limited substituent group. In embodiments, when R? is substituted, it is

substituted with at least one lower substituent group.

[0318] Inembodiments, R’ is hydrogen. In embodiments, R’ is halogen. In embodiments,
R’ is —F. In embodiments, R’ is —~Cl. In embodiments, R® is —Br. In embodiments, R” is 1.
In embodiments, R® is -CCls. In embodiments, R® is -CBr3. In embodiments, R’ is -CFs. In
embodiments, R® is -CIz. In embodiments, R® is -CH2Cl. In embodiments, R® is -CH2Br. In
embodiments, R is -CH>F. In embodiments, R” is -CH>I. In embodiments, R is -CHCl>. In
embodiments, R> is -CHBrz. In embodiments, R’ is -CHF>. In embodiments, R’ is -CHL. In
embodiments, R® is —.CN. In embodiments, R’ is —OH. In embodiments, R’ is -NH>. In
embodiments, R? is -COOH. In embodiments, R’ is -CONH». In embodiments, R” is -NOs.
In embodiments, R is —SH. In embodiments, R’ is -SO3H. In embodiments, R is -OSO3;H.
In embodiments, R® is -SO2NH>. In embodiments, R® is -NHNH. In embodiments, R” is
—ONHa. In embodiments, R’ is -NHC(O)NHNH.. In embodiments, R® is -NHC(O)NH:. In
embodiments, R’ is -NHSO2H. In embodiments, R’ is -NHC(O)H. In embodiments, R’

is -NHC(O)OH. In embodiments, R> is -NHOH. In embodiments, R’ is -OCCls. In
embodiments, R® is -OCBr3. In embodiments, R’ is -OCF;. In embodiments, R’ is -OCIz. In
embodiments, R® is -OCH>Cl. In embodiments, R is -OCH;Br. In embodiments, R?

is -OCHoF. In embodiments, R® is -OCH2I. In embodiments, R’ is -OCHCL. In
embodiments, R> is -OCHBr2. In embodiments, R® is -OCHF,. In embodiments, R>

is -OCHIL. In embodiments, R’ is unsubstituted C;-Cs alkyl. In embodiments, R’ is
unsubstituted methyl. In embodiments, R’ is unsubstituted ethyl. In embodiments, R’ is
unsubstituted propyl. In embodiments, R’ is unsubstituted n-propyl. In embodiments, R is
unsubstituted isopropyl. In embodiments, R’ is unsubstituted butyl. In embodiments, R is
unsubstituted n-butyl. In embodiments, R® is unsubstituted isobutyl. In embodiments, R is
unsubstituted tert-butyl. In embodiments, R’ is unsubstituted 2 to 4 membered heteroalkyl.
In embodiments, R is unsubstituted methoxy. In embodiments, R is unsubstituted ethoxy.
In embodiments, R? is unsubstituted propoxy. In embodiments, R? is unsubstituted n-
propoxy. In embodiments, R® is unsubstituted isopropoxy. In embodiments, R” is
unsubstituted butoxy. In embodiments, R is unsubstituted n-butoxy. In embodiments, R? is

unsubstituted isobutoxy. In embodiments, R> is unsubstituted tert-butoxy.

[0319] In embodiments, R* is hydrogen and R® is not hydrogen. In embodiments, R® is

hydrogen, and R* is not hydrogen.
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[0320] In embodiments, R’ is hydrogen and R* is substituted or unsubstituted C;-C alkyl.
In embodiments, R is hydrogen and R* is unsubstituted Ci-C4 alkyl. In embodiments, R” is
hydrogen and R” is substituted or unsubstituted methyl or substituted or unsubstituted
isopropyl. In embodiments, R* is hydrogen and R? is unsubstituted methyl. In embodiments,
R’ is hydrogen, and R* is unsubstituted methyl. In embodiments, R* is hydrogen and R? is
unsubstituted isopropyl. In embodiments, R® is hydrogen, and R* is unsubstituted isopropyl.
In embodiments, R* and R are independently substituted or unsubstituted C;-C3 alkyl. In
embodiments, R* and R are independently unsubstituted C;-C3 alkyl. Tn embodiments, R*

and R3 are unsubstituted methyl.

[0321] In embodiments, a substituted R® (e. g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted R’ is substituted with a plurality of groups
selected from substituent groups, size-limited substituent groups, and lower substituent
groups; each substituent group, size-limited substituent group, and/or lower substituent group
may optionally be different. In embodiments, when R’ is substituted, it is substituted with at
least one substituent group. In embodiments, when R is substituted, it is substituted with at
Icast onc sizc-limited substitucnt group. In embodiments, when R? is substituted, it is

substituted with at least one lower substituent group.

[0322] In embodiments, R® is hydrogen, -CFs, -CHF, -CHF-, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted

or unsubstituted heteroaryl.

[0323] In embodiments, R? is hydrogen or unsubstituted C-Cy4 alkyl. In embodiments, RY
is hydrogen. In embodiments, R is unsubstituted C1-Cs alkyl. In embodiments, R? is
unsubstituted methyl. In embodiments, R? is unsubstituted ethyl. In embodiments, R® is
unsubstituted propyl. In embodiments, R? is unsubstituted n-propyl. In embodiments, R? is
unsubstituted isopropyl. In embodiments, R? is unsubstituted butyl. In embodiments, R? is
unsubstituted n-butyl. In embodiments, R? is unsubstituted isobutyl. In embodiments, R is

unsubstituted tert-butyl.

[0324] In embodiments, a substituted R!° (e.g.. substituted alkyl, substituted heteroalkyl,

substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
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heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted R'? is substituted with a plurality of groups
selected from substituent groups, size-limited substituent groups, and lower substituent
groups; each substituent group, size-limited substituent group, and/or lower substituent group
may optionally be different. In embodiments, when R!? is substituted, it is substituted with at
least one substituent group. In embodiments, when R!9 is substituted, it is substituted with at
least one size-limited substituent group. In embodiments, when R!? is substituted, it is

substituted with at least one lower substituent group.

[0325] In embodiments, R0 is hydrogen. In embodiments, R0 s halogen. In
embodiments, R'? is —F. In embodiments, R'* is —C1l. In embodiments, R'® is —Br. In
embodiments, R'” is —-I. In embodiments, R!? is -CCl;. In embodiments, R!° is -CBr3. In
embodiments, R'? is -CF3. In embodiments, R!° is -CI;. In embodiments, R'? is -CH>CIL. In
embodiments, R'"Y is -CH>Br. In embodiments, R'° is -CHzF. In embodiments, R'° is -CHal.
In embodiments, R'° is -CHCl,. In embodiments, R!° is -CHBr2. In embodiments, R!°

is -CHF. In embodiments, R'” is -CHL. In embodiments, R’ is -CN. In embodiments, R'°
is —OH. In embodiments, R'%is -NH>. In embodiments, R'® is -COOH. In embodiments,
R!%is -CONH>. In embodiments, R is -NO3. In embodiments, R'?is —SH. In
cmbodiments, R19 is -SOsH. In embodiments, R19 is -OSO3H. In embodiments, R1°

is -SO>NH>. In embodiments, R!? is -NHNHa». In embodiments, R'® is —-ONHa». In
embodiments, R is -NHC(O)NHNH:. In embodiments, R!° is -NHC(O)NH,. In
embodiments, R!° is -NHSO>H. In embodiments, R'® is -NHC(O)H. In embodiments, R’

is -NHC(O)OH. In embodiments, R'® is -NHOH. In embodiments, R'? is -OCCls. In
embodiments, R1Y is -OCBrs. In embodiments, R!? is -OCF3. In embodiments, R is -OCIs.
In embodiments, R'% is -OCH>Cl1. In embodiments, R'® is -OCH,Br. Tn embodiments, R!°

is -OCH2F. In embodiments, R'® is -OCH-I. In embodiments, R'” is -OCHCl. In
embodiments, R'? is -OCHBr2. In embodiments, R!° is -OCHF». In embodiments, R

is -OCHI,. In embodiments, R'? is unsubstituted C1-C4 alkyl. In embodiments, R'"0is
unsubstituted methyl. In embodiments, R'° is unsubstituted ethyl. In embodiments, R is
unsubstituted propyl. In embodiments, R'° is unsubstituted n-propyl. In embodiments, R is
unsubstituted isopropyl. In embodiments, R!? is unsubstituted butyl. In embodiments, R!? is
unsubstituted n-butyl. In embodiments, R'° is unsubstituted isobutyl. In embodiments, R is
unsubstituted tert-butyl. In embodiments, R!° is unsubstituted 2 to 4 membered heteroalkyl.

In embodiments, R'? is unsubstituted methoxy. In embodiments, R!° is unsubstituted ethoxy.
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In embodiments, R'? is unsubstituted propoxy. In embodiments, R'? is unsubstituted n-
propoxy. In embodiments, R'® is unsubstituted isopropoxy. In embodiments, RV is
unsubstituted butoxy. In embodiments, R!° is unsubstituted n-butoxy. In embodiments, R!°

is unsubstituted isobutoxy. In embodiments, R'? is unsubstituted tert-butoxy.

[0326] In embodiments, L2 is unsubstituted methylene. In embodiments, L%is
unsubstituted ethylene. In embodiments, L? is unsubstituted propylene. In embodiments, L*
is unsubstituted n-propylenc. In cmbodiments, L is unsubstituted isopropylenc. In
embodiments, L? is unsubstituted butylene. In embodiments, L? is unsubstituted n-butylene.
In embodiments, 1.7 is unsubstituted isobutylene. In embodiments, L% is unsubstituted tert-

butylene.
[0327] Inembodiments, L' is —L101. 102 103_
[0328] L!°!is connected directly to E' or E2.

[0329] L!'°'is a bond, -C(O)-, -C(0)O-, -OC(0)-, -O-, -S-, -NR'”L-. .C(O)NR!°!-,
-NR!''C(O)-, -NR"!'C(0)O-, -OC(O)NR 'L, -NR''C(O)NR'"'-, -NR''C(NH)NR ',
-S(0)2-, -NR'1S(0)2-, -S(0):NR!°'-, substituted or unsubstituted alkylene (e.g., C1-Cs, C1-
Ce, C1-Cy4, or C1-C2), substituted or unsubstituted heteroalkylene (e.g., 2 to 8 membered, 2 to
6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), substituted or
unsubstituted cycloalkylene (e.g., C3-Cs, C3-Cs, C4-Cs, or Cs5-Ce), substituted or unsubstituted
hetcrocycloalkylenc (c.g.. 3 to 8 membered, 3 to 6 membcered, 4 to 6 membered, 4 to 5
membered, or 5 to 6 membered), substituted or unsubstituted arylene (e.g., Cs-Cio or
phenylene), or substituted or unsubstituted heteroarylene (e.g., 5 to 10 membered, 5 to 9

membered, or 5 to 6 membered).

[0330] L'?is a bond, -C(O)-, -C(0)O-, -OC(0)-, -O-, -S-, -NR'?- .C(O)NR'?-,
-NR'C(0)-, -NR'C(0)O-, -OC(O)NR'?*-, -NR'*C(O)NR'?®-, -NR'C(NH)NR'*-,
-S(0)2-, -NR!2§(0)2-, -S(0)NR !, substituted or unsubstituted alkylene (e.g., C;-Cs, Ci-
Ce, C1-Cy4, or C1-C2), substituted or unsubstituted heteroalkylene (e.g., 2 to 8 membered, 2 to
6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), substituted or
unsubstituted cycloalkylene (e.g., C3-Cs, C3-C¢, C4-Cs, or Cs5-Cg), substituted or unsubstituted
heterocycloalkylene (e.g.. 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5

membered, or 5 to 6 membered), substituted or unsubstituted arylene (e.g., Cs-Cio or
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phenylene), or substituted or unsubstituted heteroarylene (e.g., 5 to 10 membered, 5 to 9

membered, or 5 to 6 membered).

[0331] L'®is abond, -C(O)-, -C(0)O-, -OC(O)-, -O-, -S-, -NR'®-, .C(O)NR'®-,
-NR'C(0)-, -NR'®C(0)O-, -OC(O)NR!'®-, -NR'PC(O)NR'™-, -NR'SC(NH)NR'*-,
-S(0)2-, -NR!%8(0),-, -S(0)>NR!%-, substituted or unsubstituted alkylene (e.g., C1-Cs, Ci-
Ce, C1-Cy4, or C1-C»), substituted or unsubstituted heteroalkylene (e.g., 2 to 8 membered, 2 to
6 mcmbered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), substituted or
unsubstituted cycloalkylene (e.g., C3-Cs, C3-Cs, C4-Cs, or Cs-Ce), substituted or unsubstituted
heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5
membered, or 5 to 6 membered), substituted or unsubstituted arylene (e.g., Cs-Cio or
phenylene), or substituted or unsubstituted heteroarylene (e.g., 5 to 10 membered, 5 to 9

membered, or 5 to 6 membered).

[0332] Each R'“!, R'%2 and R'®® is independently hydrogen, halogen, -CCls, -CBr3, -CF3,
-CI;, -CH2Cl, -CH2Br, -CH»F, -CH:I, -CHClz, -CHBr3, -CHF», -CHI», -CN, -OH, -NH>,
-COOH, -CONHz, -NO2, -SH, -SOsH, -OSOsH, -SO2NH>, -NHNH2, —ONH>,
—NHC(O)NHNH2, -NHC(O)NH», -NHSO-H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls,
-OCBrs3, -OCFs, -OClI3, -OCH2Cl, -OCH:2Br, -OCH:zF, -OCH:I, -OCHCl:, -OCHBr12, -OCHF>,
-OCHI,, substituted or unsubstituted alkyl (e.g., C1-Cg, C1-Ce, C1-C4, or C1-C2), substituted or
unsubstituted heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3
membered, or 4 to 5 membered), substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Ceo,
C4-Ce, or C5-Cg), substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 L0 6
mcmbcered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membcered), substituted or
unsubstituted aryl (e.g., Cs-Cio or phenyl), or substituted or unsubstituted heteroaryl (e.g., 5

to 10 membered, 5 to 9 membered, or 5 to 6 membered).

[0333] In embodiments, a substituted L'°! (e.g., substituted alkylene, substituted
heteroalkylene, substituted cycloalkylene, substituted heterocycloalkylene, substituted
arylene, and/or substituted heterarylene) is substituted with at least one substituent group,
size-limited substituent group, or lower substituent group; wherein if the substituted L'°! is
substituted with a plurality of groups selected from substituent groups, size-limited
substituent groups, and lower substituent groups; each substituent group, size-limited
substituent group, and/or lower substituent group may optionally be different. In

embodiments, when L!°! is substituted, it is substituted with at least one substituent group. In
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embodiments, when L'0! is substituted, it is substituted with at least one size-limited
substituent group. In embodiments, when L'"! is substituted, it is substituted with at least one

lower substituent group.

[0334] In embodiments, L'°! is a bond, -C(O)-, -C(0)O-, -OC(0)-, -O-, -S-, -NH-,
-C(O)NH-, -NHC(O)-, -NHC(O)O-, -OC(O)NH-, -NHC(O)NH-, -NHC(NH)NH-, -S(O):-,
-NHS(O)2-, -S(0)2INH-, substituted or unsubstituted alkylene (e.g., C1-Cs, C1-Cs, C1-C4, or
C1-C2), substituted or unsubstituted heteroalkylene (c.g., 2 to 8 membered, 2 to 6 membered,
4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), substituted or unsubstituted
cycloalkylene (e.g., C3-Cs, C3-Cs, C4-Ce, or C5-Cs), substituted or unsubstituted
heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5
membered, or 5 to 6 membered), substituted or unsubstituted arylene (e.g., Cs-Cio or
phenylene), or substituted or unsubstituted heteroarylene (e.g., 5 to 10 membered, 5 to 9

membered, or 5 to 6 membered).

[0335] In embodiments, L!%! is a bond. In embodiments, L!°! is -C(O)-. In embodiments,
L1 s -C(0)O-. In embodiments, L'°! is -OC(O)-. In cmbodiments, L'°! is -O-. In
embodiments, L'°! is -S-. In embodiments, L' is -NR!°!-, In embodiments, L!°! is -NH-.
In embodiments, L!°! is -C(O)NR'°!-. In embodiments, L!"! is -C(O)NH-. In embodiments,
L% js -NR''C(0O)-. In embodiments, L!°! is -NHC(O)-. In embodiments, L'°!

is -NR!''C(0O)O-. In embodiments, L!°! is -NHC(O)O-. In embodiments, L'°!

is -OC(O)NR'L-. Tn embodiments, L!°! is -OC(O)NH-. Tn embodiments, L'°!

is -NR'Y'C(O)NR'_. In embodiments, L1°! is -NHC(O)NH-. In embodiments, L!°!

is -NR'Y'C(NH)NR'°!-. In embodiments, L'°! is -NHC(NH)NH-. In embodiments, L!°!

is -S(O)2-. In embodiments, L'°! is -NR!°!S(0),-. In embodiments, L!°! is -NHS(O)2-. In
embodiments, L'%! is -S(0)>NR'°!-. In embodiments, L'°! is -S(O)2NH-. In embodiments,
L' is substituted (e.g., oxo-substituted) or unsubstituted C;i-C¢ alkylene. In embodiments,
L!°! ig substituted (e.g., oxo-substituted) or unsubstituted methylene. In embodiments, L'°! is
substituted (e.g., oxo-substituted) or unsubstituted ethylene. In embodiments, L'%! is
substituted (e.g., oxo-substituted) or unsubstituted propylene. In embodiments, L!°! is
substituted (c.g., oxo-substituted) or unsubstituted n-propylene. In cmbodiments, L' is
substituted (e.g., oxo-substituted) or unsubstituted isopropylene. In embodiments, L!%! is
substituted (e.g., oxo-substituted) or unsubstituted butylene. In embodiments, L!°! is

substituted (e.g., oxo-substituted) or unsubstituted n-butylene. In embodiments, L!°! is
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substituted (e.g., oxo-substituted) or unsubstituted isobutylene. In embodiments, L'%! is
substituted (e.g., oxo-substituted) or unsubstituted tert-butylene. In embodiments, L'°! is
substituted (e.g., oxo-substituted) or unsubstituted pentylene. In embodiments, L!°! is
substituted (e.g., oxo-substituted) or unsubstituted hexylene. In embodiments, L'°! is

5  substituted (e.g., oxo-substituted) or unsubstituted 2 to 6 membered heteroalkylene. In

O
WHA
embodiments, L'°! is ?'s .

[0336] In embodiments, a substituted R!! (e.g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
10 lower substituent group; wherein if the substituted R'%! is substituted with a plurality of
groups selected from substituent groups, size-limited substituent groups, and lower
substituent groups; each substituent group, size-limited substituent group, and/or lower
substituent group may optionally be different. In embodiments, when R!°! is substituted, it is
substituted with at least one substituent group. In emboadiments, when R'°! is substituted, it is
15  substituted with at least one size-limited substituent group. In embodiments, when R'"' is

substituted, it is substituted with at least one lower substituent group.

[0337] In embodiments, R'% is independently hydrogen or unsubstituted C-C4 alkyl. In
embodiments, R!°! is independently hydrogen. In embodiments, R!°! is independently
unsubstituted C1-C4 alkyl. In embodiments, R'“! is independently unsubstituted methyl. In
20  embodiments, R!°! is independently unsubstituted ethyl. In embodiments, R!%! is
independently unsubstituted propyl. In embodiments, R'®! is independently unsubstituted n-
propyl. In embodiments, R'%! is independently unsubstituted isopropyl. In embodiments,
R'%! is independently unsubstituted butyl. In embodiments, R'?! is independently
unsubstituted n-butyl. In embodiments, R!°! is independently unsubstituted isobutyl. In

25  embodiments, R'°! is independently unsubstituted tert-butyl.

[0338] In embodiments, a substituted L'9? (e.g., substituted alkylene, substituted

heteroalkylene, substituted cycloalkylene, substituted heterocycloalkylene, substituted

arylene, and/or subslituted heterarylene) is substituted with at least one substituent group,

size-limited substituent group, or lower substituent group; wherein if the substituted L'"? is
30  substituted with a plurality of groups selected from substituent groups, size-limited

substituent groups, and lower substituent groups; each substituent group, size-limited
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substituent group, and/or lower substituent group may optionally be different. In
embodiments, when L'? is substituted, it is substituted with at least one substituent group. In
embodiments, when L' is substituted, it is substituted with at least one size-limited
substituent group. In embodiments, when L!°? is substituted, it is substituted with at least one

lower substituent group.

[0339] Inembodiments, L'* is a bond, -C(O)-, -C(O)O-, -OC(O)-, -O-, -S-, -NH-,
-C(O)NH-, -NHC(O)-, -NHC(O)O-, -OC(O)NH-, -NHC(O)NH-, -NHC(NH)NH-, -S(O)>-,
-NHS(O)2-, -S(O)2NH-, substituted or unsubstituted alkylene (e.g., C1-Cs, C1-Cs, C1-C4, or
C1-C2), substituted or unsubstituted heteroalkylene (e.g., 2 to 8 membered, 2 to 6 membered,
4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), substituted or unsubstituted
cycloalkylene (e.g., C3-Cs, C3-Cs, C4-Cg, or Cs5-Cg), substituted or unsubstituted
heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5
membered, or 5 to 6 membered), substituted or unsubstituted arylene (e.g., Cs-Cio Or
phenylene), or substituted or unsubstituted heteroarylene (e.g., 5 to 10 membered, 5 to 9

membered, or 5 to 6 membered).

[0340] Inembodiments, L'® is a bond. In embodiments, L'°?is -C(O)-. In embodiments,
L!92is -C(0)O-. In embodiments, L'°? is -OC(Q)-. In embodiments, L.'°? is -O-. In
embodiments, L'% is -S-. In embodiments, L!°% is -NR!%2-. In embodiments, L'%? is -NH-.
In embodiments, L!°% is -C(O)NR!?%-. In embodiments, L'°? is -C(O)NH-. In embodiments,
L1925 -NR'2C(0)-. In embodiments, L!°? is -NHC(O)-. In embodiments, L.1°*

is -NR!'2C(0)O-. In embodiments, L!9? is -NHC(O)O-. In embodiments, L'

is -OC(O)NR'?- In embodiments, L' is -OC(O)NH-. In embodiments, L'

is -NR!©2C(O)NR!®-. In embodiments, L!°? is -NHC(O)NH-. In embodiments, L'

is -NR!'2C(NH)NR'®-, In embodiments, L'%? is -NHC(NH)NH-. In embodiments, L'**

is -S(0)2-. In embodiments, L'"? is -NR'"?S(0),-. In embodiments, L'"? is -NHS(O)2-. In
embodiments, L'% is -S(0)>NR!?>-. In embodiments, L'® is -S(O)>NH-. In embodiments,
L9 is substituted (e.g., oxo-substituted) or unsubstituted C;-Cs alkylene. In embodiments,
L192 is substituted (e.g., oxo-substituted) or unsubstituted methylene. In embodiments, L1092 §g
substituted (c.g., oxo-substituted) or unsubstituted cthylene. In cmbodiments, L' is
substituted (e.g., oxo-substituted) or unsubstituted propylene. In embodiments, L'%% is
substituted (e.g., oxo-substituted) or unsubstituted n-propylene. In embodiments, L' is

substituted (e.g., oxo-substituted) or unsubstituted isopropylene. In embodiments, 1.1°% is
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substituted (e.g., oxo-substituted) or unsubstituted butylene. In embodiments, L'%? is
substituted (e.g., oxo-substituted) or unsubstituted n-butylene. In embodiments, L'°? is
substituted (e.g., oxo-substituted) or unsubstituted isobutylene. In embodiments, L' is
substituted (e.g., oxo-substituted) or unsubstituted tert-butylene. In embodiments, L' is
5  substituted (e.g., oxo-substituted) or unsubstituted pentylene. In embodiments, L' is
substituted (e.g., oxo-substituted) or unsubstituted hexylene. In embodiments, L!%? is

substituted (e.g., oxo-substituted) or unsubstituted 2 to 6 membered heteroalkylene. In

O
J
embodiments, L!°% is ?; )

[0341] In embodiments, a substituted R'? (e.g., substituted alkyl, substituted heteroalkyl,

10 substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted R is substituted with a plurality of
groups selected from substituent groups, size-limited substituent groups, and lower
substituent groups; each substituent group, size-limited substituent group, and/or lower

15  substituent group may optionally be different. In embodiments, when R'" is substituted, it is
substituted with at least one substituent group. In embodiments, when R' is substituted, it is
substituted with at least one size-limited substituent group. In embodiments, when R'%? is

substituted, it is substituted with at least one lower substituent group.

[0342] In embodiments, R is independently hydrogen or unsubstituted C1-C4 alkyl. In
20  embodiments, R!*? is independently hydrogen. In embodiments, R'°? is independently
unsubstituted Ci-C4 alkyl. In embodiments, R!% is independently unsubstituted methyl. In
embodiments, R is independently unsubstituted ethyl. In embodiments, R1%? is
independently unsubstituted propyl. In embodiments, R'%? is independently unsubstituted n-
propyl. In embodiments, R!%? is independently unsubstituted isopropyl. In embodiments,
25  R!°%isindependently unsubstituted butyl. Tn embodiments, R1%? is independently
unsubstituted n-butyl. In embodiments, R!9? is independently unsubstituted isobutyl. In

embodiments, R'*? is independently unsubstituted tert-butyl.

[0343] In embodiments, a substituted L' (e.g., subslituted alkylene, substituted
heteroalkylene, substituted cycloalkylene, substituted heterocycloalkylene, substituted
30 arylene, and/or substituted heterarylene) is substituted with at least one substituent group,

size-limited substituent group, or lower substituent group; wherein if the substituted L'%* is
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substituted with a plurality of groups selected from substituent groups, size-limited
substituent groups, and lower substituent groups; each substituent group, size-limited
substituent group, and/or lower substituent group may optionally be different. In
embodiments, when L!%3 is substituted, it is substituted with at least one substituent group. In
embodiments, when L% is substituted, it is substituted with at least one size-limited
substituent group. In embodiments, when L' is substituted. it is substituted with at least one

lower substituent group.

[0344] In embodiments, L!% is a bond. In embodiments, L'® is -C{O)-. In embodiments,
L9 is -C(0)O-. In embodiments, L% is -OC(O)-. In embodiments, L1 is -O-. In
embodiments, L' is -S-. In embodiments, L'? is -NR'?-. In embodiments, L'” is -NH-.
In embodiments, L% is -C(O)NR!?*-. In embodiments, L'® is -C(O)NH-. In embodiments,
L'% is -NR'®C(0)-. In embodiments, L'°* is -NHC(O)-. In embodiments, L'*3

is -NR!®C(0)O-. In embodiments, L!%% is -NHC(O)O-. In embodiments, L'

is -OC(O)NR'®-. In embodiments, L!*? is -OC(O)NH-. In embodiments, L'®

is —NR”BC(O)NR”B—. In embodiments, L'® is -NHC(O)NH-. In embodiments, L'

is -NR'®C(NH)NR'®-. In embodiments, L'* is -NHC(NH)NH-. In embodiments, L'

is -S(0)2-. In embodiments, L' is -NR!**S(0),-. In embodiments, L!"3 is -NHS(0)2-. In
cmbodiments, L'® is -S(0)>NR!%-. In cmbodiments, L'® is -S(O)>NH-. In cmbodiments,
L% is substituted (e.g., oxo-substituted) or unsubstituted C;-Cs alkylene. In embodiments,
.19 is substituted (e.g., oxo-substituted) or unsubstituted methylene. In embodiments, 1193 is
substituted (e.g., oxo-substituted) or unsubstituted ethylene. In embodiments, L' is
substituted (e.g., oxo-substituted) or unsubstituted propylene. In embodiments, L' is
substituted (e.g., oxo-substituted) or unsubstituted n-propylene. In embodiments, L'% is
substituted (e.g., oxo-substituted) or unsubstituted isopropylene. In embodiments, L!** is
substituted (e.g., oxo-substituted) or unsubstituted butylene. In embodiments, L'%? is
substituted (e.g., oxo-substituted) or unsubstituted n-butylene. In embodiments, L% is
substituted (e.g., oxo-substituted) or unsubstituted isobutylene. In embodiments, L1035
substituted (e.g., oxo-substituted) or unsubstituted tert-butylene. In embodiments, L' is
substituted (e.g., oxo-substituted) or unsubstituted pentylene. In embodiments, L!% is

substituted (e.g., oxo-substituted) or unsubstituted hexylene. In embodiments, L'® is
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substituted (e.g., oxo-substituted) or unsubstituted 2 to 6 membered heteroalkylene. In

O
N
embodiments, 1193 is ?‘s .

[0345] In embodiments, a substituted R!03 (e.g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
5  heleroaryl) is substituted with at least one substituent group, size-limited substituent group, or

lower substituent group; wherein if the substituted R'% is substituted with a plurality of
groups selected from substituent groups, size-limited substituent groups, and lower
substituent groups; cach substituent group, size-limited substituent group, and/or lower
substituent group may optionally be different. In embodiments, when R!%? is substituted, it is

10  substituted with at Icast onc substituent group. In embodiments, when R!% is substituted, it is
substituted with at least one size-limited substituent group. In embodiments, when R!® is

substituted, it is substituted with at least one lower substituent group.

[0346] In embodiments, R!% is independently hydrogen or unsubstituted C;-Ca alkyl. In
embodiments, R'" is independently hydrogen. In embodiments, R'% is independently

15  unsubstituted C1-C4 alkyl. In embodiments, R'” is independently unsubstituted methyl. In
embodiments, R'%% is independently unsubstituted ethyl. In embodiments, R1%* is
independently unsubstituted propyl. In embodiments, R'® is independently unsubstituted n-
propyl. In embodiments, R!'** is independently unsubstituted isopropyl. In embodiments,
R!'% is independently unsubstituted butyl. In embodiments, R!** is independently

20  unsubstituted n-butyl. In embodiments, R'%3 is independently unsubstituted isobutyl. In

embodiments, R'%® is independently unsubstituted tert-butyl.

[0347] In embodiments, L' is a bond. In embodiments, L' is —C(O)-. In embodiments., L'

0
H
778]\/ N ?\s
is a substituted 2 to 6 membered heteroalkylene. In embodiments, L'is .

[0348] In embodiments, the compound contacts a residue of K-Ras Switch 11. In

25 embodiments, the compound contacts a residue of H-Ras Switch II. In embodiments, the
compound contacts a residue of N-Ras Switch II. In embodiments, wherein the compound
contacts K-Ras (e.g., K-Ras{G12S), human K-Ras(G125)), R! contacts V7, V9, G10, P34,
T58, G60, Q61, E62, E63, R68. Y71, M72, Y96, Q99, or I100. In embodiments, R! contacts

at least one of G60, E62, or E63 of K-Ras (e.g., K-Ras((G12S), human K-Ras(G12S)). In
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embodiments, the compound does not contact the residues of K-Ras (e.g., K-Ras(G12S5),
human K-Ras(G12S)) that contact GTP. In embodiments, the compound does not contact the
residues of K-Ras (e.g., K-Ras(G12S), human K-Ras(G128S)) that contact the guanine of GTP
or GDP. In embodiments, the compound does not contact the residues of K-Ras (e.g., K-
Ras(G12S), human K-Ras(G12S)) that contact GDP. In embodiments, R! contacts residues
that contact Switch II in the GTP bound form of K-Ras (e.g., K-Ras(G12S), human K-
Ras(G12S)). In embodiments, R! contacts residues that contact Switch 1l in the GDP bound
form of K-Ras (e.g., K-Ras(G12S), human K-Ras(G125)).

[0349] In embodiments, the compound contacts a residue of K-Ras Switch II. In
embodiments, the compound contacts a residue of H-Ras Switch II. In embodiments, the
compound contacts a residue of N-Ras Switch II. In embodiments, wherein the compound
contacts K-Ras (e.g., K-Ras(G12D), human K-Ras(G12D), K-Ras(G13D), human K-
Ras(G13D), K-Ras(G12E), human K-Ras(G12E)). R! contacts V7, V9, G10, P34, T58, G60,
Q61, E62, E63, R68, Y71, M72, Y96, Q99, or I100. In embodiments, R' contacts at least one
of G60, E62, or E63 of K-Ras (e.g., K-Ras(G12D), human K-Ras(G12D), K-Ras(G13D),
human K-Ras(G13D), K-Ras(G12E), human K-Ras(G12E)). In embodiments, the compound
does not contact the residues of K-Ras (e.g., K-Ras(G12D), human K-Ras(G12D), K-
Ras(G13D), human K-Ras(G13D), K-Ras(G12E), human K-Ras(G12E)) that contact GTP.

In embodiments, the compound does not contact the residues of K-Ras (e.g., K-Ras(G12D),
human K-Ras(G12D), K-Ras(G13D), human K-Ras(G13D), K-Ras(G12E), human K-
Ras{G12E)) that contact the guanine of GTP or GDP. In embodiments, the compound does
not contact the residues of K-Ras (e.g., K-Ras(G12D), human K-Ras(G12D), K-Ras(G13D),
human K-Ras(G13D), K-Ras(G12E), human K-Ras(G12E)) that contact GDP. In
embodiments, R! contacts residues that contact Switch II in the GTP bound form of K-Ras
(e.g., K-Ras(G12D), human K-Ras(G12D), K-Ras(G13D), human K-Ras(G13D), K-
Ras(G12E), human K-Ras(G12E)). In embodiments, R' contacts residues that contact Switch
II in the GDP bound form of K-Ras (e.g., K-Ras(G12D), human K-Ras(G12D), K-
Ras(G13D), human K-Ras(G13D), K-Ras(G12E), human K-Ras(G12E)).

[0350] In cmbodiments, R! is —-[.2°-R?°,

[0351] L*°is a bond, -C(O)-, -C(0)O-, -OC(O)-, -O-, -S-, -NR?%-, -C(O)NR?®-,
-NR?C(0)-, -NRZ°C(0)O-, -OC(O)NR?- -NR*PC(O)NR?™-, -NR?*C(NH)NR??-,
-S(0)2-, -NR?PS(0)2-, -S(0)2NR>?- substituted or unsubstituted alkylene (e.g., C1-Csg, C1-
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Ce, C1-Cy4, or C1-C3), substituted or unsubstituted heteroalkylene (e.g., 2 to 8 membered, 2 to
6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), substituted or
unsubstituted cycloalkylene (e.g., C3-Cs, C3-Cg, C4-Cq, or C5-Cg), substituted or unsubstituted
heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5
membered, or 5 to 6 membered), substituted or unsubstituted arylene (e.g., Co-Cio or
phenylene), or substituted or unsubstituted heteroarylene (e.g., 5 to 10 membered, 5 to 9

membered, or 5 to 6 membered).

[0352] R?"™ is independently hydrogen, halogen, -CCls, -CBrs, -CF3, -Cls, -CH.Cl,
-CH2Br, -CH2F, -CHzl, -CHCl3, -CHBr2, -CHF2, -CHIz, -CN, -OH, -NH3, -COOH, -CONH2,
-NOa, -SH, -SOsH, -OSOsH, -SO2NH2, -NHNH», —ONH», -NHC(O)NHNH2,
—NHC(O)NH2, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3s, -OCF3,
-OCls, -OCH2CI, -OCH2Br, -OCH2F, -OCHz1, -OCHClIz2, -OCHB12, -OCHF2, -OCH3,
substituted or unsubstituted alkyl (e.g., C1-Cs, C1-Cs, C1-Cs4, or C1-C2), substituted or
unsubstituted heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3
membered, or 4 (0 5 membered), substituted or unsubstituted cycloalkyl {e.g., C3-Cg, C3-Ce,
C4-Ce, or Cs-Ce), substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6
membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered), substituted or
unsubstituted aryl (e.g., Cs-Cio or phenyl), or substituted or unsubstituted heteroaryl {e.g., 5

to 10 membered, 5 to 9 membered, or 5 to 6 membered).

[0353] R is hydrogen, halogen, -CX%’3, -CHX*,, -CH»X*, -OCX?%, -OCH2X%,
-OCHX?%, -CN, -SOn20R*’P, -SOv20NR***R*’", -NR***NR***R**®, ~ONR***R*’",
—NHC(O)NR?“NR*R*®, -NHC(O)NR*"*R**®, -N(O)m20, -NR***R**B, -C(O)R*C,
_C(O)ORC, _C(O)NR2AR2B, _OR2P, _SR2°P, _NR20ASO,R2P, -NR2AC(O)R2C,
-NR**AC(O)OR™, -NR**OR*, -SFs, -N3, substituted or unsubstituted alkyl (e.g., C1-Cs,
C1-Cs, C1-Ca4, or C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8 membered, 2 to
6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), substituted or
unsubstituted cycloalkyl (e.g., C3-Cg, C3-Cs, C4-Cs, or Cs-Cs), substituted or unsubstituted
heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5
membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Cs-Cio or phenyl), or
substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 1o 9 membered, or 5 o 6

membered).
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[0354] R4 R?B,R?C, and R*P are independently hydrogen, -CCls, -CBr3, -CF3, -Cls,
-CHClz, -CHBr», -CHF>2, -CHI, -CH2Cl, -CH2Br, -CH2F, -CHazl, -CN, -OH, -NH2, -COOH,
-CONHz, -OCCl3, -OCFj3, -OCBr3, -OCI3, -OCHCl», -OCHBr2, -OCHI, -OCHPF>», -OCHCI,
-OCH:2Br, -OCH2l, -OCH-F, substituted or unsubstituted alkyl (e.g., Ci-Cs, C1-Cs, C1-C4, or
5 C1-C2), substituted or unsubstituted heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to

6 membered, 2 to 3 membered, or 4 to 5 membered), substituted or unsubstituted cycloalkyl
(e.g., C3-Cs, C3-Cs, C4-Cs, or Cs5-Cs), substituted or unsubstituted heterocycloalkyl (e.g., 3 to
8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered),
substituted or unsubstituted aryl (e.g., Ce-Cio or phenyl), or substituted or unsubstituted

10 heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered, or 5 to 6 membered); R?"A and R?"B
substitucnts bonded to the same nitrogen atom may optionally be joined to form a substituted
or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered,
4 to 5 membered, or 5 to 6 membered) or substituted or unsubstituted heteroaryl (e.g., 5 to 10

membered, 5 to 9 membered, or 5 to 6 membered).
15 [0355] X isindependently —F, -Cl, -Br, or 1.
[0356] The symbol n20 is an integer from O to 4.
[0357] The symbols m20 and v20 are independently 1 or 2.

[0358] In embodiments, a substituted L’ (e.g., substituted alkylene, substituted
heteroalkylenc, substituted cycloalkylence, substituted heterocycloalkylenc, substituted

20  arylene, and/or substituted heterarylene) is substituted with at least one substituent group,
size-limited substituent group, or lower substituent group; wherein if the substituted 1% is
substituted with a plurality of groups selected from substituent groups, size-limited
substituent groups, and lower substituent groups; each substituent group, size-limited
substituent group, and/or lower substituent group may optionally be dillerent. In

25  embodiments, when L% is substituted, it is substituted with at least one substituent group. In
embodiments, when L?° is substituted, it is substituted with at least one size-limited
substituent group. In embodiments, when L% is substituted, it is substituted with at least one

lower substituent group.

[0359] In embodiments, L?° is a bond, -C(O)-, -C(0)O-, -OC(0O)-, -O-, -S-, -NH-,
30 -C(O)NH-, -NHC(O)-, -NHC(0)O-, -OC(O)NH-, -NHC(O)NH-, -NHC(NH)NH-, -S(O)>-,
-NHS(O)2-, -S(0)2NH-, substituted or unsubstituted alkylenc (c.g., Ci-Cs, C1-Cs, C1-Cy4, or

116

CA 03240772 2024-6-11



10

15

20

25

30

WO 2023/122662 PCT/US2022/082136

C1-C>), substituted or unsubstituted heteroalkylene (e.g., 2 to 8§ membered, 2 to 6 membered,
4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), substituted or unsubstituted
cycloalkylene (e.g., C3-Cg, C3-Cgq, C4-Cg, or C5-Cg), substituted or unsubstituted
heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4 to 5
membered, or 5 to 6 membered), substituted or unsubstituted arylene (e.g., Co-Cio or
phenylene), or substituted or unsubstituted heteroarylene (e.g., 5 to 10 membered, 5 to 9

membered, or 5 to 6 membered).

[0360] Inembodiments, L?°is a bond. In embodiments, L?° is -C(O)-. In embodiments,
L% is -C(0)O-. In embodiments, 1.?° is -OC(0O)-. In embodiments, L%’ is -O-. In
embodiments, L? is -S-. In embodiments, L? is -NR?-. In embodiments, L?° is -NH-. In
embodiments, L is -C(O)NR?®-. In embodiments, L?° is -C(O)NH-. In embodiments, L
is -NR?C(0)-. In embodiments, L? is -NHC(O)-. In embodiments, L*° is -NR*°C(O)O-.
In embodiments, L?° is -NHC(O)O-. In embodiments, L% is -OC(O)NR?®-, In
embodiments, L?° is -OC(O)NH-. In embodiments, L% is -NR?°C(O)NR>"-, In
embodiments, L?" is -NHC(O)NH-. In embodiments, L% is -NR*C(NH)NR*™-. In
embodiments, L?° is -NHC(NH)NH-. In embodiments, L?° is -S(O):-. In embodiments, L>°
is -NR?"S(0);:-. In embodiments, L?° is -NHS(O)>-. In embodiments, L% is -S(0)>,NR>"-,
In cmbodiments, L2 is -S(0)2NH-. In cmbodimcnts, L2 is substituted (c.g., oxo-substitutcd)
or unsubstituted C,-Ce alkylene. In embodiments, L?° is substituted (e. g., oxo-substituted) or
unsubstituted methylene. Tn embodiments, 1% is substituted (e.g., oxo-substituted) or
unsubstituted ethylene. In embodiments, L% is substituted (e.g., oxo-substituted) or
unsubstituted propylene. In embodiments, L*° is substituted (e.g., oxo-substituted) or
unsubstituted n-propylene. In embodiments, L*° is substituted (e.g., oxo-substituted) or
unsubstituted isopropylene. In embodiments, L? is substituted (e.g., oxo-substituted) or
unsubstituted butylene. In embodiments, L is substituted (e.g., oxo-substituted) or
unsubstituted n-butylene. In embodiments, L* is substituted (e.g., oxo-substituted) or
unsubstituted isobutylene. In embodiments, L% is substituted (e.g., oxo-substituted) or
unsubstituted tert-butylene. In embodiments, L is substituted (e.g., oxo-substituted) or
unsubstituted pentylene. In embodiments, L?° is substituted (e.g., oxo-substituted) or
unsubstituted hexylene. In embodiments, L?° is substituted (e.g., oxo-substituted) or

unsubstituted 2 to 6 membered heteroalkylene.
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[0361] In embodiments, a substituted R* (e.g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted R?% is substituted with a plurality of
groups selected from substituent groups, size-limited substituent groups, and lower
substituent groups; ecach substituent group, size-limited substituent group, and/or lower
substituent group may optionally be different. In embodiments, when R? is substituted, it is

R2% j5 substituted, it is

substituted with at least one substituent group. In embodiments, when
substituted with at least one size-limited substituent group. In embodiments, when R is

substituted, it is substituted with at least one lower substituent group.

[0362] In embodiments, R*® is independently hydrogen or unsubstituted C1-C4 alkyl. In
embodiments, R*™ is independently hydrogen. In embodiments, R*™ is independently
unsubstituted C1-Cs alkyl. In embodiments, R** is independently unsubstituted methyl. In
embodiments, R?™ is independently unsubstituted ethyl. In embodiments, R*® is
independently unsubstituted propyl. In embodiments, R*™ is independently unsubstituted n-
propyl. In embodiments, R**° is independently unsubstituted isopropyl. In embodiments,
R?% is independently unsubstituted butyl. In embodiments, R?*" is independently

RZOO

unsubstituted n-butyl. In cmbodiments, is indcpendently unsubstituted isobutyl. In

embodiments, R?® is independently unsubstituted tert-butyl.

[0363] In embodiments, a substituted R% (e.g.. substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower subslituent group; wherein il the substituted R* is substituted with a plurality of groups
selected from substituent groups, size-limited substituent groups, and lower substituent
groups; each substituent group, size-limited substituent group, and/or lower substituent group
may optionally be different. In embodiments, when R? is substituted, it is substituted with at
least one substituent group. In embodiments, when R?" is substituted, it is substituted with at
least one size-limited substituent group. In embodiments, when R is substituted, it is

substituted with at Icast onc lower substitucnt group.

[0364] In cmbodiments, a substituted R?° (c.g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted

heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
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lower substituent group; wherein if the substituted R?°* is substituted with a plurality of
groups selected from substituent groups, size-limited substituent groups, and lower
substituent groups; cach substituent group, size-limited substituent group, and/or lower
substituent group may optionally be different. In embodiments, when R?4 is substituted, it is

substituted with at least one substituent group. In embodiments, when R?%4

is substituted, it
is substituted with at least one size-limited substituent group. In embodiments, when R?%* is

substituted, it is substituted with at least one lower substituent group.

[0365] In embodiments, a substituted R20B {(e.g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or

lower substituent group; wherein if the substituted R?*®

is substituted with a plurality of
groups selected from substituent groups, size-limited substituent groups, and lower
substituent groups; each substituent group, size-limited substituent group, and/or lower
substituent group may optionally be different. In embodiments, when R?°® is substituted, it is

substituted with at least one substituent group. In embodiments, when R>"®

is substituted, it
is substituted with at least one size-limited substituent group. In embodiments, when R?°P is

substituted, it is substituted with at least one lower substituent group.

RZOA RZOB

[0366] In embodiments, a substituted ring formed when and substituents bonded
to the same nitrogen atom are joined (e.g., substituted heterocycloalkyl and/or substituted

heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or

RZOA RZOB

lower substituent group; wherein if the substituted ring formed when and
substituents bonded to the same nitrogen atom are joined is substituted with a plurality of
groups selected [rom substituent groups, size-limited substituent groups, and lower
substituent groups; each substituent group, size-limited substituent group, and/or lower
substituent group may optionally be different. In embodiments, when the substituted ring
formed when R*°* and R?°® substituents bonded to the same nitrogen atom are joined is

substituted, it is substituted with at least one substituent group. In embodiments, when the

RZOA RZOB

substituted ring formed when and substituents bonded to the same nitrogen atom
arc joincd is substituted, it is substituted with at lcast onc size-limited substituent group. In
embodiments, when the substituted ring formed when R?°* and R?°® substituents bonded to
the same nitrogen atom are joined is substituted, it is substituted with at least one lower

substituent group.
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[0367] In embodiments, a substituted R?°¢ (e. g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted R?°C is substituted with a plurality of

5  groups selected from substituent groups, size-limited substituent groups, and lower
substituent groups; ecach substituent group, size-limited substituent group, and/or lower
substituent group may optionally be different. In embodiments, when R?°C is substituted, it is
substituted with at least one substituent group. In embodiments, when R2C is substituted, it
is substituted with at least one size-limited substituent group. In embodiments, when R?%C is

10 substituted, it is substituted with at least one lower substituent group.

[0368] Inembodiments, a substituted R?P (e.g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted R?P is substituted with a plurality of

15  groups selected from substituent groups, size-limited substituent groups, and lower
substituent groups; cach substituent group, size-limited substituent group, and/or lower
substituent group may optionally be different. In embodiments, when R?P is substituted, it is

R2% i5 substituted, it

substituted with at lcast onc substitucnt group. In cmbodiments, when
is substituted with at least one size-limited substituent group. In embodiments, when R*P is

20  substituted, it is substituted with at least one lower substituent group.

[0369] In embodiments, R? is substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl. In embodiments, R* is substituted or unsubstituted C3-Cs
cycloalkyl, substituted or unsubstituted 3 to 8 membered heterocycloalkyl, substituted or

25  unsubstituted Ce-Cio aryl, or substituted or unsubstituted 5 to 10 membered heteroaryl. In
embodiments, R? is substituted C3-Cs cycloalkyl. In embodiments, R% is substituted 3 to 8
membered heterocycloalkyl. In embodiments, R?" is substituted Cs-Cio aryl. In
embodiments, R% is substituted phenyl. In embodiments, R is substituted 5 to 10
membered heteroaryl. In embodiments, R? is substituted pyrimidyl. In cmbodiments, R? is

30  substituted tetrahydropyridopyrimidyl. In embodiments, R?° is substituted pyridopyrimidyl.
In embodiments, R? is substituted quinazolinyl. In embodiments, R?’ is substituted

pyrazolyl. In embodiments, R% is substituted piperazinyl.
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[0370] In embodiments, R!is

(R7)z7 I
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[0371] In embodiments, R'is
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. In embodiments, R is (R%)z7 (R%)zs In

RN
cmbodiments, R! is
[0372] RCis independently oxo, halogen, -CCls, -CBrs3, -CF3, -Cls, -CH2Cl, -CH2Br,

-CH>F, -CHzI, -CHCl2. -CHBr», -CHF», -CHL, -CN, -OH, -NHz, -COOH, -CONH2, -NO»,

5 -SH, -SOsH, -OSO3H, -SO>NH2, -NHNH>, -ONH2, -NHC(O)NHNH>, -NHC(O)NH>,
-NHSO:2H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OClI3, -OCH2(l,
-OCH:2Br, -OCH2F, -OCH2:I, -OCHClz, -OCHB12, -OCHF2, -OCHI2, substituted or
unsubstituted alkyl (e.g., C1-Cs, C1-Cg, C1-Cs4, or C1-Cz), substituted or unsubstituted
heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4

10  to 5 membered), substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cs, C4-Cs, or Cs-Ce),
substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6
membered, 4 to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Ce-
Cio or phenyl), or substituted or unsubstituted heteroaryl {(e.g., 5 to 10 membered, 5 to 9

membered, or 5 to 6 membered).

15 [0373] R’is independently oxo, halogen, -CCls, -CBrs3, -CF3, -Cls, -CH2Cl, -CH2Br,
-CH2F, -CHzI, -CHCl,, -CHBr», -CHF>, -CHI, -CN, -OH, -NH>, -COOH, -CONH?>, -NO>,
-SH, -SOsH, -OSO3H, -SO:NH2, -NHNH2, —ONH>, -NHC(O)NHNH>, -NHC(O)NHa,
-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OCls, -OCH:C1,
-OCH2Br, -OCH2F, -OCHzI, -OCHCls, -OCHBr2, -OCHFE>, -OCHIL, substituted or

20  unsubstituted alkyl (e.g., C1-Cs, C1-Cs, C1-Ca, or C1-C2), substituted or unsubstituted
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heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4
to 5 membered), substituted or unsubstituted cycloalkyl (e.g., C3-Cg, C3-Cs, C4-Cs, or C5-Cs),

substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6

membered, 4 to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Ce-

Cio or phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9

membered, or 5 to 6 membered).

[0374] R?%is indcpendently halogen, -CCls, -CBr3s, -CF3, -Cls, -CH2CI, -CH2Br, -CH2F,
-CH:I, -CHClz, -CHBr2, -CHF:, -CHI:, -CN, -OH, -NHz, -COOH, -CONHa, -NO3, -SH,
-SO3H, -OSOsH, -SO2NH2, -NHNH2, —ONH2, -NHC(O)NHNH>, -NHC(O)NH32, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OCI;, -OCH2CI, -OCH:2Br,
-OCHzF, -OCH:I, -OCHCl>, -OCHBr13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl
(e.g., C1-Cs, C1-Cq, C1-C4, or C1-C2), substituted or unsubstituted heteroalkyl {e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted or unsubstituted cycloalkyl (e.g., C3-Cs, C3-Cs, C4-Cs, or Cs-Cg), substituted or
unsubstituted heterocycloalkyl (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6 membered, 4
to 5 membered, or 5 to 6 membered), substituted or unsubstituted aryl (e.g., Cs-Cio or
phenyl), or substituted or unsubstituted heteroaryl (e.g., 5 to 10 membered, 5 to 9 membered,

or 5 to 6 membered).

[0375] The symbol 26 is an integer {rom O to 7.
[0376] The symbol z7 is an integer from O to 7.
[0377] The symbol z8 is an integer from O to 5.

[0378] In embodiments, a substituted R (e. g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted R is substituted with a plurality of groups
selected from substituent groups, size-limited substituent groups, and lower substituent
groups; cach substitucnt group, sizc-limited substitucnt group, and/or lowcr substitucnt group
may optionally be different. In embodiments, when R is substituted, it is substituted with at
least one substituent group. In embodiments, when R is substituted, it is substituted with at
least one size-limited substituent group. In embodiments, when R is substituted, it is

substituted with at least one lower substituent group.
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[0379] In embodiments, R®is independently halogen, -CCl3, -CBr3s, -CFj3, -Cls, -CH2Cl,
-CH2Br, -CH2F, -CH2l, -CHCl2, -CHBr2, -CHF2, -CHI2, -CN, -OH, -NHz, -COOH, -CONH2,
-NOa, -SH, -SO3H, -OSOsH, -SO2NH2, -NHNH-2, ~-ONH2, -NHC(O)NHNH-,
—NHC(O)NH2, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3,
-OClI3, -OCH2Cl, -OCH2Br, -OCH2F, -OCH2I, -OCHCl>, -OCHB12, -OCHF2, -OCHI,
substituted or unsubstituted alkyl (e.g., C1-Cs, C1-Cg, C1-C4, or C1-C>2), substituted or
unsubstituted heteroalkyl (e.g., 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3
membered, or 4 to 5 membered), substituted or unsubstituted cycloalkyl {e.g., C3-Cs, C3-Ce,
C4-Cs, or Cs-Cs), substituted or unsubstituted heterocycloalkyl (e.g.. 3 to 8 membered, 3 to 6
membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered), substituted or
unsubstituted aryl (e.g., Cs-Cio or phenyl), or substituted or unsubstituted heteroaryl (e.g., 5

to 10 membered, 5 to 9 membered, or 5 to 6 membered).

[0380] In embodiments, R® is independently oxo. In embodiments, R® is independently
halogen. In embodiments, R® is independently —F. In embodiments, RS is independently —CL.
In embodiments, R® is independently —Br. In embodiments, R® is independently —1. In
embodiments, R® is independently -CCls. In embodiments, R is independently -CBr3. In
embodiments, R® is independently -CFs. In embodiments, RS is independently -Cls. In
embodiments, R® is independently -CH>Cl. In embodiments, R® is independently -CH2Br. In
embodiments, R® is independently -CH,F. In embodiments, R® is independently -CH>I. In
embodiments, R® is independently -CHCl,. In embodiments, R® is independently -CHBr». In
embodiments, R® is independently -CHF>. In embodiments, R® is independently -CHIL:. In
embodiments, R® is independently -CN. In embodiments, RS is independently —OH. In
embodiments, R® is independently -NH.. In embodiments, R is independently -COOH. In
embodiments, R® is independently -CONH,. In embodiments, R® is independently -NO2. In
embodiments, R® is independently —SH. In embodiments, R is independently -SOsH. In
embodiments, R® is independently -OSO3H. In embodiments, R is independently -SO>NHo.
In embodiments, R® is independently -NHNH,. In embodiments, R® is independently
—ONH,. In embodiments, R® is independently —-NHC(O)NHNHo:. In embodiments, R® is
independently —-NHC(O)NH,. In embodiments, R® is independently -NHSO,H. In
embodiments, R® is independently -NHC(O)H. In embodiments, RS is

independently -NHC(O)OH. In embodiments, R® is independently -NHOH. In
embodiments, R® is independently -OCCls. In embodiments, R® is independently -OCBr3. In

embodiments, R° is independently -OCFs. In embodiments, R° is independently -OCls. In
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embodiments, R® is independently -OCH>Cl. In embodiments, R®is independently -OCH>Br.
In embodiments, R® is independently -OCH,F. In embodiments, R® is independently -OCHbL.
In embodiments, R® is independently -OCHCl. In embodiments, R is
independently -OCHBr2. In embodiments, R® is independently -OCHF,. In embodiments, R®
5  isindependently -OCHI,. In embodiments, R is independently unsubstituted C1-C4 alkyl. In

embodiments, R is independently unsubstituted methyl. In embodiments, R is
independently unsubstituted ethyl. In embodiments, R® is independently unsubstituted
propyl. In embodiments, R is independently unsubstituted n-propyl. In embodiments, RS is
independently unsubstituted isopropyl. In embodiments, R® is independently unsubstituted

10 butyl. In embodiments, R® is independently unsubstituted n-butyl. In embodiments, R® is
independently unsubstituted isobutyl. In embodiments, RS is independently unsubstituted
tert-butyl. In embodiments, R® is independently substituted or unsubstituted 2 to 6 membered
heteroalkyl. In embodiments, R is independently substituted 2 to 6 membered heteroalkyl.
In embodiments, R® is independently unsubstituted methoxy. In embodiments, R® is

15  independently unsubstituted ethoxy. In embodiments, R® is independently unsubstituted
propoxy. In embodiments, R® is independently unsubstituted n-propoxy. In embodiments, R®
is independently unsubstituted isopropoxy. In embodiments, R® is independently
unsubstituted butoxy. In cmbodiments, R is independently unsubstituted n-butoxy. In
embodiments, R® is independently unsubstituted isobutoxy. In embodiments, R® is

20  independently unsubstituted tert-butoxy. In embodiments, R® is independently substituted or
unsubstituted phenyl. In embodiments, R® is independently substituted or unsubstituted 5 to
6 membered heteroaryl. In embodiments, R® is independently —O-alkyl-(substituted or

unsubstituted heteterocycloalkyl). In embodiments, R® is independently —O-CH»-(substituted

Ao~
O
or unsubstituted heteterocycloalkyl). In embodiments, R® is independently .

,s{ O//"'

/
N
25  In embodiments, R® is independently D In embodiments, R® is independently

/ X
SN e
. In embodiments, R® is independently . In embodiments,
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A, i ,f’\o@

R¢ is independently F . In embodiments, R® is independently F

ADOQ
In embodiments, R® is independently K/O. In embodiments, R is

~

2P ,
independently 0% ~ . In embodiments, R® is independently Nx . In

=

embodiments, R is independently Nx

5 [0381] Tn embodiments, R®is independently a halogen, -OH, unsubstituted C1-Cs alkyl,
substituted 2 to 6 membered heteroalkyl, or substituted 5 to 6 membered heteroaryl. In
embodiments, R® is independently —F, -Cl, -OH, or unsubstituted methyl. In embodiments,
R® is independently a 2 to 6 membered heteroalkyl, substituted with substituted
heterocycloalkyl or unsubstituted fused heterocycloalkyl. In embodiments, R® is

10  independently a substituted pyridyl.

[0382] In embodiments, z6 is 0. In embodiments, z6 is 1. In embodiments, z6 is 2. In
embodiments, z6 is 3. In embodiments, z6 is 4. In embodiments, z6 is 5. In embodiments,

z6 is 6. In embodiments, z6 is 7.

[0383] In embodiments, a substituted R’ (e. g., substituted alkyl, substituted heteroalkyl,

15  substitutcd cycloalkyl, substitutcd hctcrocycloalkyl, substitutcd aryl, and/or substitutced
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substituent group; wherein if the substituted R’ is substituted with a plurality of groups
selected from substituent groups, size-limited substituent groups, and lower substituent
groups; each substituent group, size-limited substituent group, and/or lower substituent group

20  may optionally be dilferent. In embodiments, when R’ is substituted, it is substituted with at

least one substituent group. In embodiments, when R’ is substituted, it is substituted with at
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least one size-limited substituent group. In embodiments, when R’ is substituted, it is

substituted with at least one lower substituent group.

[0384] In embodiments, R is independently halogen, -CCls, -CBrs, -CF3, -CIs, -CH2Cl,
-CH2Br, -CH2F, -CH:l, -CHCl,, -CHBr», -CHF>, -CHI», -CN, -OH, -NH», -COOH, -CONHpa,
-NO2, -SH, -SO3H, -OSOsH, -SO2NH2, -NHNHz, —ONH»z, -NHC(O)NHNHo>,
—NHC(O)NHz, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFs3,
-OClI3, -OCH2Cl, -OCH2Br, -OCH:F, -OCH:I, -OCHCl;, -OCHB12, -OCHF2, -OCHI>,
substituted or unsubstituted alkyl (e.g., C1-Cs, C1-Cs, C1-Ca4, or C1-C2), substituted or
unsubstituted heteroalkyl (e.g.. 2 to 8 membered, 2 to 6 membered, 4 to 6 membered, 2 to 3
membered, or 4 to 5 membered), substituted or unsubstituted cycloalkyl (e.g., C3-Cz, C3-Cs,
C4-Ce, or Cs-Ce), substituted or unsubstituted heterocycloalkyl (e.g., 3 to 8 mcembered, 3 Lo 6
membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered), substituted or
unsubstituted aryl (e.g., Ce-Cio or phenyl), or substituted or unsubstituted heteroaryl (e.g., 5

to 10 membered, 5 to 9 membered, or 5 to 6 membered).

[0385] In embodiments, R’ is independently oxo. In embodiments, R’ is independently
halogen. In embodiments, R’ is independently —F. Tn embodiments, R’ is independently —Cl.
In embodiments, R’ is independently —Br. In embodiments, R’ is independently —I. In
embodiments, R’ is independently -CCls. In embodiments, R’ is independently -CBr3. In
embodiments, R’ is independently -CFs. In embodiments, R is independently -CIs. In
embodiments, R’ is independently -CH>Cl. In embodiments, R’ is independently -CH.Br. In
embodiments, R’ is independently -CH>F. In embodiments, R’ is independently -CHaI. In
cmbodiments, R’ is independently -CHCl. In embodiments, R” is independently -CHB12. In
embodiments, R’ is independently -CHF,. In embodiments, R’ is independently -CHIL. In
embodiments, R is independently -CN. Tn embodiments, R’ is independently —~OH. Tn
embodiments, R’ is independently -NH>. In embodiments, R’ is independently -COOH. In
embodiments, R is independently -CONHaz. In embodiments, R’ is independently -NOa. In
embodiments, R’ is independently —SH. In embodiments, R is independently -SO3H. In
embodiments, R’ is independently -OSO3sH. In embodiments, R’ is independently -SO>NHo.
In embodiments, R’ is independently -NHNH>. In embodiments, R’ is independently
—ONHa:. In embodiments, R’ is independently -NHC(O)NHNHa. In embodiments, R’ is
independently —-NHC(O)NHa». In embodiments, R’ is independently -NHSO,H. In
embodiments, R’ is independently -NHC(O)H. In embodiments, R is
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independently -NHC(O)OH. In embodiments, R’ is independently -NHOH. In
embodiments, R’ is independently -OCCls. In embodiments, R is independently -OCBr3. In
embodiments, R’ is independently -OCF3. In embodiments, R’ is independently -OCIs. In
embodiments, R’ is independently -OCH>CI. In embodiments, R’ is independently -OCH>Br.
In embodiments, R’ is independently -OCH,F. In embodiments, R’ is independently -OCHbL.
In embodiments, R’ is independently -OCHCl>. In embodiments, R’ is

independently -OCHBT>. In embodiments, R’ is independently -OCHF-. In embodiments, R’
is independently -OCHT,. In embodiments, R is independently unsubstituted C-C4 alkyl. In
embodiments, R’ is independently unsubstituted methyl. In embodiments, R’ is
independently unsubstituted ethyl. In embodiments, R’ is independently unsubstituted
propyl. In embodiments, R’ is independently unsubstituted n-propyl. In embodiments, R is
independently unsubstituted isopropyl. In embodiments, R’ is independently unsubstituted
butyl. In embodiments, R’ is independently unsubstituted n-butyl. In embodiments, R is
independently unsubstituted isobutyl. In embodiments, R’ is independently unsubstituted
tert-butyl. In embodiments, R’ is independently unsubstituted C>-Cs4 alkynyl. In
embodiments, R’ is independently unsubstituted ethynyl. In embodiments, R’ is
independently unsubstituted propynyl. In embodiments, R’ is independently unsubstituted
butynyl. In cmbodiments, R’ is independently substituted or unsubstituted 2 to 6 membered
heteroalkyl. In embodiments, R” is independently unsubstituted methoxy. In embodiments,
R’ is independently unsubstituted ethoxy. In embodiments, R7 is independently unsubstituted
propoxy. In embodiments, R’ is independently unsubstituted n-propoxy. In embodiments, R’
is independently unsubstituted isopropoxy. In embodiments, R’ is independently
unsubstituted butoxy. In embodiments, R’ is independently unsubstituted n-butoxy. In
embodiments, R’ is independently unsubstituted isobutoxy. In embodiments, R’ is

independently unsubstituted tert-butoxy.

[0386] In embodiments, R’ is independently a halogen, -CFs, -CN, -OH, -NHb, or
unsubstituted C;-C4 alkyl. In embodiments, R’ is independently —F, -Cl, -CF3, -CN, -OH,
-NH>, or unsubstituted methyl.

[0387] In cmbodiments, R’ is indecpendently a halogen, -CFs, -CN, -OH, -NHo,
unsubstituted C;-Cs alkyl, or unsubstituted C2-C4 alkynyl. In embodiments, R’ is
independently —F, -Cl, -CF3, -CN, -OH, -NH:z, unsubstituted methyl, or unsubstituted ethynyl.
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[0388] In embodiments, z7 is 0. In embodiments, z7 is 1. In embodiments, z7 is 2. In
embodiments, z7 is 3. In embodiments, z7 is 4. In embodiments, z7 is 5. In embodiments,

z7 is 6. In embodiments, z7 is 7.

[0389] In embodiments, a substituted R® (e. g., substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and/or substituted
heteroaryl) is substituted with at least one substituent group, size-limited substituent group, or
lower substitucnt group; wherein if the substituted R? is substituted with a plurality of groups
selected from substituent groups, size-limited substituent groups, and lower substituent
groups; each substituent group, size-limited substituent group, and/or lower substituent group
may optionally be different. In embodiments, when R¥ is substituted, it is substituted with at
least one substituent group. In embodiments, when R® is substituted, it is substituted with at
least one size-limited substituent group. In embodiments, when R* is substituted, it is

substituted with at least one lower substituent group.

[0390] In embodiments, R® is independently halogen. In embodiments, R® is independently
—F. In cmbodiments, R® is independently —Cl. In embodiments, R® is independently —Br. In
embodiments, R® is independently —I. In embodiments, R® is independently -CCls. In
embodiments, R® is independently -CBrs. In embodiments, R® is independently -CF3. In
embodiments, R® is independently -CIs. In embodiments, R® is independently -CH>CI. In
embodiments, R® is independently -CH>Br. In embodiments, R® is independently -CHF. In
embodiments, R is independently -CHzI. Tn embodiments, R® is independently -CHCl». In
embodiments, R® is independently -CHBr;. In embodiments, R® is independently -CHF>. In
embodiments, R* is independently -CHI>. In embodiments, R® is independently —CN. In
embodiments, R? is independently —OH. In embodiments, R® is independently -NHo. In
embodiments, R® is independently -COOH. In embodiments, R® is independently -CONH,.
In embodiments, R® is independently -NO». In embodiments, R* is independently —SH. In
embodiments, R® is independently -SO3H. In embodiments, R® is independently -OSOsH. In
cmbodiments, R® is independently -SO>NH». In embodiments, R® is independently -NHNHo.
In embodiments, R® is independently —ONH>. In embodiments, R® is independently
—NHC(O)NHNH>. In embodiments, R3is independently -NHC(O)NH>. In embodiments,
R? is independently -NHSO>H. In embodiments, R? is independently -NHC(O)H. In
embodiments, R® is independently -NHC(O)OH. In embodiments, R® is independently
—NHOH. In embodiments, R® is independently -OCCl3. Tn embodiments, R? is
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independently -OCBrs. In embodiments, R® is independently -OCF3. In embodiments, R® is
independently -OCI3. In embodiments, R* is independently -OCH>Cl. In embodiments, R® is
independently -OCH,Br. In embodiments, R is independently -OCH-F. In embodiments, R®
is independently -OCH,I. In embodiments, R® is independently -OCHCI>. In embodiments,
5 R¥isindependently -OCHBr2. In embodiments, R® is independently -OCHF,. In

embodiments, R® is independently -OCHI. In embodiments, R® is independently
unsubstituted Ci-C4 alkyl. In embodiments, R is independently unsubstituted methyl. In
embodiments, R? is independently unsubstituted ethyl. Tn embodiments, R?® is independently
unsubstituted propyl. In embodiments, R® is independently unsubstituted n-propyl. In

10 embodiments, R® is independently unsubstituted isopropyl. In embodiments, R® is
independently unsubstituted butyl. In embodiments, R® is independently unsubstituted n-
butyl. In embodiments, R® is independently unsubstituted isobutyl. In embodiments, R¥ is
independently unsubstituted tert-butyl. In embodiments, R® is independently substituted or
unsubstituted 2 to 6 membered heteroalkyl. In embodiments, R? is independently

15  unsubstituted methoxy. In embodiments, R® is independently unsubstituted ethoxy. In
embodiments, R® is independently unsubstituted propoxy. In embodiments, R® is
independently unsubstituted n-propoxy. In embodiments, R® is independently unsubstituted
isopropoxy. In cmbodiments, R® is independently unsubstitutcd butoxy. In cmbodiments, R®
is independently unsubstituted n-butoxy. In embodiments, R® is independently unsubstituted

20  isobutoxy. In embodiments, R? is independently unsubstituted tert-butoxy.

[0391] In embodiments, R? is independently a halogen or unsubstituted C;-Cy4 alkyl. In

embodiments, R® is independently —Cl or unsubstituted methyl.

[0392] In embodiments, 8 is 0. In embodiments, 28 is 1. In embodiments, 28 is 2. In

embodiments, z8 is 3. In embodiments, z8 is 4. In embodiments, z8 is 5.

25 [0393] In embodiments, R' is
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. In embodiments, R' is

Cl

/

P
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5 In embodiments, R' is . In embodiments, R is

. In embodiments, R! is
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. In embodiments, R! is

. In embodiments, R' is

. In embodiments, R' is

. In embodiments, R! is . In

OH

5  embodiments, R' is Cl . In

F\©/<
embodiments, R! is . In embodiments, R' is
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. In embodiments, R' is . In

N
\ 7
o Ragi

\
=N
embodiments, R is . In embodiments, R is

N——>
N
O

O

Fen

Cl
Qess
S
F

. In embodiments, R' is . In

139

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

. In embodiments, R' is

[0394] In embodiments, R!is

N
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\

s , » O

pe

Fen

Cl
\ SUSH /
NH, N Z
F . In embodiments, R! is . In

. In embodiments, R' is

. In embodiments, R! is

. In

OH

. In embodiments, R! is Cl . In
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. In embodiments, R' is

o

N\N
\

pe
Cl
g sy
S
F i

[0395] Inembodiments, R' is a monovalent form of ARS-1620. In embodiments, R' is a

>

Fen

embodiments, R' is

. In cmbodiments, R' is

. In ecmbodiments, R! is a monovalent form of a portion of ARS-1620,

wherein R! does not include the substituted piperazinyl moiety.
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[0396] In embodiments, R'is a monovalent form of AMG-510. In embodiments, R is a
monovalent form of a compound as described in Canon, J. et al. Nature 575, 217-223 (2019),

which is herein incorporated by reference in its entirety for all purposes. In embodiments, R!

. In embodiments, R’ is

5 N> . In embodiments, R! is a monovalent form of a portion of AMG-
510, wherein R' does not include the substituted piperazinyl moiety or equivalent for

compounds described in Canon, et al.

[0397] In embodiments, R! is a monovalent form of MRTX-849. In embodiments, R! is a
monovalent form of a compound as described in Fell, J. B. et al. J. Med. Chem. 63, 6679—

10 6693 (2020), which is herein incorporated by reference in its entirety for all purposes. In

embodiments, R! is . In embodiments, R! is
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. In embodiments, R' is

portion of MRTX-849, whercin R! docs not include the substituted piperazinyl moicty or

. In embodiments, R! is a monovalent form of a

equivalent for compounds described in Fell, et al.

5 [0398] In embodiments, R! is a monovalent form of GDC-6036. In embodiments, R! is a
monovalent form of a compound as described in W0O2020097537, which is herein

incorporated by reference in its entirety for all purposes. In embodiments, R' is a monovalent

form of NH; . In embodiments, R is

NH; . In embodiments, R! is
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. In embodiments, R! is

. In embodiments, R' is a monovalent form of a
portion of GDC-6036, wherein R! does not include the substituted piperazinyl moiety or
equivalent for compounds described in W0O2020097537.

5 [0399]1 Inembodiments, R!is a monovalent form of MRTX1133. In embodiments, R!is a
monovalent form of a compound as described in Wang, X. ct al. J. Med. Chem. 65, 3123—

3133 (2022), which is herein incorporated by reference in its entirety for all purposes. In

My,

embodiments, R is F . In embodiments, R is
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N
F . In embodiments, R' is a monovalent form of a

portion of MRTX 1133, wherein R! does not include the diazabicyclooctanyl moiety or

equivalent for compounds described in Wang, et al.

[0400] Inembodiments, R'is a monovalent form of JDQ-443. In embodiments, R' is a
5 monovalent form of a compound as described in WO2021120890, which is herein

incorporated by reference in its entirety for all purposes. In embodiments, R! is a monovalent

form of . Tn embodiments, R! is

|
HN N
Cl \
~N
. In embodiments, R! is a monovalent form of a portion of

JDQ-443, wherein R! does not include the azaspiroheptanyl moiety or equivalent for

10 compounds described in W0O2021120890.

[0401] In embodiments, R' is a monovalent form of a compound as described in

WO2021118877, which is herein incorporaied by reference in its entirety for all purposes. In
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pe

Cl Fen
Qezs
S
F

portion of a compound described in W02021118877, whercin R! docs not include the

embodiments, R’ is . In embodiments, R' is a monovalent form of a

acryloyl moiety or equivalent for compounds described in W0O2021118877.

[0402] Tn embodiments, R' is a monovalent form of a compound as described in

5 WO02021120045, which is herein incorporated by reference in its entirety for all purposes. In

Na

embodiments, R' is . In embodiments, R' is a monovalent form

of a portion of a compound described in W0O2021120045, wherein R! does not include the
substituted piperazinyl moiety or equivalent for compounds described in W0O2021120045.

[0403] In embodiments, R! is a monovalent form of sotorasib. In embodiments, R!is a
10 monovalent form ol a compound as described in US 10,519,146, US 11,236,091, and US

11,426,404, which are herein incorporated by reference in their entirety for all purposes. In
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embodiments, R! is a monovalent form of . In embodiments, R!

is . In embodiments, R! is a monovalent form of a portion of
sotorasib, wherein R! does not include the substituted piperazinyl moiety or equivalent for

compounds described in US 10,519,146, US 11,236,091, and US 11,426,404.

5 [0404] In embodiments, R! is a monovalent form of adagrasib. In embodiments, Rlisa
monovalent form of a compound as dcscribed in WO 2021/037018, which is herein

incorporated by reference in its entirety for all purposes. In embodiments, R! is a monovalent

oL,

////,,, N
=)

Cl XN
G Ay
form of AN
O Cl | N /
A
. In embodiments, R' is
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Cl
O N 2 /,
O N O/ ”'Elj>
. In embodiments, R] is

Cl
LI
® D
. In embodiments, R' is a monovalent form of a

portion of adagrasib, wherein R' does not include the substituted piperazinyl moiety or

equivalent for compounds described in WO 2021/037018.

5 [0405] In embodiments, R'is a monovalent form of MRTX1257. In embodiments, R is a
monovalent form of a compound as described in US 2018/0072723, which is herein

incorporated by reference in its entirety for all purposes. In embodiments, R! is a monovalent
oﬁJ
/1,, N
NZ [ j
N

() @
N p/
(YD
. N . .
form of 7 . In embodiments, R! is
() [ [
N Z
® ”J\‘”AQ
. In embodiments, R' is
() D
N y
ChaRs v
10 . In embodiments, R' is
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N =
SRR E®
. In embodiments, R' is a monovalent form of a

portion of MRTX1257, wherein R! does not include the substituted piperazinyl moiety or
equivalent for compounds described in US 2018/0072723.

[0406] In embodiments, the compound has the formula:

o) O

@)
4
5R

. R* R’ R’ and z7 are as described herein, including in
embodiments R%! and R%? are independently hydrogen or any value of R® as described

herein, including in embodiments.

[0407] In embodiments, the compound has the formula:

. wherein R* and R are independently hydrogen or

10 unsubstituted C1-Cs alkyl; R®! is halogen; R%? is —O-(C1-C4 alkyl), wherein the C1-C4 alkyl is
substituted with a 5 to 8 membered hetcrocycloalkyl optionally substituted with halogen or
unsubstituted C1-Cs alkyl: R is independently halogen, -OH., or unsubstituted C>-Cs alkynyl
(e.g., C2 alkynyl); and z7 is 1, 2, or 3. In embodiments, R* and R? are independently

hydrogen or unsubstituted C1-Cs4 alkyl; R®! is halogen; R%? is —O-CHa-(5 to 8 membered
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heterocycloalkyl), wherein the 5 to 8 membered heterocycloalkyl is optionally substituted
with halogen; R’ is independently halogen, -OH, or unsubstituted C» alkynyl; and z7 is 1, 2,

or 3.

[0408] In embodiments, the compound has the formula:

19,1

(D). R! and E' are as described herein, including in embodiments.

[0409] In embodiments, the compound has the formula:

X

A

Y  (II-1). X, Y, and R! are as described herein, including in embodiments.

[0410] In embodiments, the compound has the formula:

5

o (I-1a). R'is as described herein, including in embodiments.

10 [0411] In embodiments, the compound has the formula:

(V). R' and E? are as described herein, including in embodiments.
[0412] In embodiments, the compound has the formula:

X

2

Y  (V-1). X,Y,and R! are as described herein, including in embodiments.

[0413] In embodiments, the compound has the formula:

R

15 O (V-la). Rlis as described herein, including in embodiments.

[0414] In embodiments, R!is
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. RS, 76, R7, and 77 are as described herein, including in embodiments.

[0415]

In embodiments, R! is a divalent form of a compound as described in

WO02021118877, which is herein incorporated by reference in its entirety for all purposes. In

N
O

Be
o] Fen
N—NH,
S
F

cmbodiments, R’ is

5 [0416] In embodiments, the compound has the formula:

[0417] In embodiments, the compound has the formula:

(IIT). R' and E' are as described herein, including in embodiments.

X
Y.
> x
R® R* (111-1) or R® R*  (II1-2). X, Y. R R* and R? are as described herein,

X

(R Oy

RS R* (III-
1), wherein X, Y, R!, R*, and R® are as described herein, including in embodiments. In
152
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Y.
x
embodiments, the compound has the formula: RS R*  (III-2), wherein X, Y, R, R%,

and R are as described herein, including in embodiments.

[0418] In embodiments, the compound has the formula:

O

O
o ®RIX D=0
(I1I-1a) or (III-2a). R'is as described herein, including in

O

‘D 0]
5 embodiments. In embodiments, the compound has the formula: ’é (III-1a), wherein

R! is as described herein, including in embodiments. In embodiments, the compound has the

O
.(‘b >0
formula: (TT1-2a), wherein R is as described herein, including in

embodiments.

[0419] In embodiments, the compound has the formula:

10 (VD). R! and E? are as described herein, including in embodiments.

[0420] In embodiments, the compound has the formula:

X
@ Y x
RS R* (VI-D) or RS R* (VI-2). X,Y,R! R* and R’ are as described herein,
X
(R ¥
including in embodiments. In embodiments, the compound has the formula: R® R*

(VI-1), wherein X, Y, R!, R*, and R? are as described herein, including in embodiments. In
Y.
x
15  embodiments, the compound has the formula: R® R*  (VI-2), wherein X, Y, R!, R%,

and R® are as described herein, including in embodiments.

153

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

[0421] In embodiments, the compound has the formula:
O

O,
o R =0
(VI-1a) or (VI-2a). R!is as described herein, including in

o]

‘b O
embodiments. In embodiments, the compound has the formula: .é (VI-1a), wherein

R! is as described herein, including in embodiments. In embodiments, the compound has the

O
’(‘» =0
5 formula: (VI-2a), wherein R! is as described herein, including in

embodiments.

[0422] In embodiments, R' is

. R, 76, R7, and 27 are as described herein, including in embodiments.

[0423] Tn embodiments, R' is a divalent form of a compound as described in

10 WO02021118877, which is herein incorporated by reference in its entirety for all purposes. In

O

I
S
F .
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[0424] In embodiments, when R? is substituted, R? is substituted with one or more first
substituent groups denoted by R?>! as explained in the definitions section above in the
description of “first substituent group(s)”. In embodiments, when an R*! substituent group is
substituted, the R*! substituent group is substituted with one or more second substituent
5  groups denoted by R>? as explained in the definitions section above in the description of

“first substituent group(s)”’. In embodiments, when an R>? substituent group is substituted,
the R%? substituent group is substituted with one or more third substituent groups denoted by
R?3 as explained in the definitions section above in the description of “first substituent
group(s)”. In the above embodiments, R?, R*!, R?>2, and R?? have values corresponding to

10 the values of RWW, RWW-! RWW-2 and RWW-3, respectively, as explained in the definitions
scction above in the description of “first substitucnt group(s)”, wherein RWW RWW.I RWW2

and RYY3 correspond to R?, R*!, R??, and R*?, respectively.

[0425] In embodiments, when R? is substituted, R? is substituted with one or more first
substituent groups denoted by R*! as explained in the definitions section above in the

15  description of “first substituent group(s)”. In embodiments, when an R*' substituent group is
substituted, the R*! substituent group is substituted with one or more second substituent
groups denoted by R as explained in the definitions section above in the description of
“first substitucnt group(s)”. In cmbodiments, when an R32 substitucnt group is substituted,
the R3? substituent group is substituted with one or more third substituent groups denoted by

20  R33 as explained in the definitions section above in the description of “first substituent
group(s)”. In the above embodiments, R3, R*!, R32 and R33 have values corresponding to
the values of RYW, RYW! RWW-2 and RWW3, respectively, as explained in the definitions
section above in the description of “first substituent group(s)”, wherein R¥W, RWW-l_ RWW2,

and RYYW3 correspond to R3, R*!, R32, and R33, respectively.

25 [0426] In embodiments, when two R* substituents are optionally joined to form a moiety
that is substituted (e.g., a substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl,
or substituted heteroaryl), the moiety is substituted with one or more first substituent groups
denoted by R*! as explained in the definitions section above in the description of “first
substitucnt group(s)”. In cmbodiments, when an R*! substituent group is substituted, the R>-!

30  substituent group is substituted with one or more second substituent groups denoted by R*? as
explained in the definitions section above in the description of “first substituent group(s)”. In

embodiments, when an R3? substituent group is substituted, the R*? substituent group is
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substituted with one or more third substituent groups denoted by R*? as explained in the
definitions section above in the description of “first substituent group(s)”. In the above
embodiments, R3, R*!, R*2, and R have values corresponding to the values of RWW, RWW-1,

RYW2 and RWW3, respectively, as explained in the definitions section above in the

RWVV RWW 1 RWW.Z RWW.3

description of “first substituent group(s)”, wherein ,and

to R3, R*!, R*2, and R>?, respectively.

correspond

[0427] In cmbodiments, when R* is substituted, R* is substituted with onc or more first
substituent groups denoted by R*! as explained in the definitions section above in the
description of “first substituent group(s)”. In embodiments, when an R*! substituent group is
substituted, the R*' substituent group is substituted with one or more second substituent
groups denoted by R*? as explained in the definitions section above in the description of
“first substituent group(s)”. In embodiments, when an R*? substituent group is substituted,
the R*? substituent group is substituted with one or more third substituent groups denoted by
R*3 as explained in the definitions section above in the description of “first substituent
group(s)”. In the above embodiments, R*, R*', R*?, and R*? have values corresponding to
the values of RWW, RYW!1 RWYW2 and RWW-3, respectively, as explained in the definitions
section above in the description of “first substituent group(s)”’, wherein RWW RWW.I RWW2

and RWW:3 corrcspond to R* R*!, R*2, and R*3, respectively.

[0428] In embodiments, when R’ is substituted, R is substituted with one or more first
substituent groups denoted by R3! as explained in the definitions section above in the
description of “first substituent group(s)”. In embodiments, when an R%! substituent group is
substituted, the R™! substituent group is substituted with one or more second substituent
groups denoted by R as explained in the definitions section above in the description of
“first substituent group(s)”. In embodiments, when an R>? substituent group is substituted,
the R’ substituent group is substituted with one or more third substituent groups denoted by
R as explained in the definitions section above in the description of “first substituent

group(s)”. In the above embodiments, R®, R>!, R%>2, and R>* have values corresponding to

RWW RWW 1 RW’W.Z RWW.3

the values of .and , respectively, as explained in the definitions
scction above in the description of “first substituent group(s)”, whercin RWY, RWW-1, RWW2,

and RYW3 correspond to R, R>!, R%Z, and R, respectively.

[0429] In embodiments, when R is substituted, R® is substituted with one or more first

substituent groups denoted by R®! as explained in the definitions section above in the
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description of “first substituent group(s)”. In embodiments, when an R%! substituent group is
substituted, the R®! substituent group is substituted with one or more second substituent
groups denoted by R? as explained in the definitions section above in the description of
“first substituent group(s)”. In embodiments, when an R®2 substituent group is substituted,

5  the R®? substituent group is substituted with one or more third substituent groups denoted by
R%? as explained in the definitions section above in the description of “first substituent

group(s)”. In the above embodiments, R®, R®!, R%2, and R®3 have values corresponding to

RWW RWW.I RW’W.Z RWW.3
> >

the values of ,and , respectively, as explained in the definitions

section above in the description of “first substituent group(s)”, wherein RWW, RWW-l RWW2,

10 and RYW3 carrespond to R®, R®!', R%? and R®?, respectively.

[0430] In embodiments, when R’ is substituted, R is substituted with one or more first
substituent groups denoted by R”! as explained in the definitions section above in the
description of “first substituent group(s)”. In embodiments, when an R’-! substituent group is
substituted, the R”! substituent group is substituted with one or more second substituent

15  groups denoted by R7? as explained in the definitions section above in the description of
“first substituent group(s)”. In embodiments, when an R”-? substituent group is substituted,
the R’ substituent group is substituted with one or more third substituent groups denoted by
R as cxplained in the dcfinitions scction above in the description of “first substitucnt
group(s)”. In the above embodiments, R”, R”!, R72, and R” have values corresponding to

20  the values of RWW, RWW-L RWW:2 and RWW-3, respectively, as explained in the definitions
section above in the description of “first substituent group(s)”, wherein RWW, RWW.I RWW2

and R"Y3 correspond to R7, R”!, R72, and R", respectively.

[0431] In embodiments, when R® is substituted, R® is substituted with one or more [irst
substituent groups denoted by R¥! as explained in the definitions section above in the

25  description of “first substituent group(s)”. In embodiments, when an R*' substituent group is
substituted, the R®! substituent group is substituted with one or more second substituent
groups denoted by R®? as explained in the definitions section above in the description of
“first substituent group(s)”. In embodiments, when an R%2 substituent group is substituted,
the R®2 substituent group is substituted with onc or more third substitucnt groups denoted by

30  R33as explained in the definitions section above in the description of “first substituent
group(s)”. In the above embodiments, R®, R®!, R%2, and R®? have values corresponding to

the values of RWW, RWW1 RWW:2 and RWW3, respectively, as explained in the definitions
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section above in the description of “first substituent group(s)”, wherein RWW, RWW-l RWW2,

and RWW3 correspond to R® R®!, R¥2, and R%®3, respectively.

[0432] Inembodiments, when R’ is substituted, R’ is substituted with one or more first
substituent groups denoted by R”! as explained in the definitions section above in the
description of “first substituent group(s)”. In embodiments, when an R%! substituent group is
substituted, the R%! substituent group is substituted with one or more second substituent
groups dcnoted by R%Z as explaincd in the dcfinitions scction above in the description of
“first substituent group(s)”. In embodiments, when an R%? substituent group is substituted,
the R%? substituent group is substituted with one or more third substituent groups denoted by
R%* as explained in the definitions section above in the description of “first substituent

group(s)”. In the above embodiments, R?, R*!, R%?, and R have values corresponding to

RWW RWW.l RW’W.Z RWW.3
» »

the values of , and , respectively, as explained in the definitions
section above in the description of “first substituent group(s)”, wherein RV"Y, RWW-1, RWW2,

and RWW:3 correspond to R’ R%!, R%2, and R%3, respectively.

[0433] In cmbodiments, when R is substituted, R is substituted with onc or more first
substituent groups denoted by R'%! as explained in the definitions section above in the
description of “first substituent group(s)”. In embodiments, when an R!%! substituent group
is substituted, the R!®! substituent group is substituted with one or more second substituent
groups denoted by R!%? as explained in the definitions section above in the description of
“first substituent group(s)”. In embodiments, when an R!%Z substituent group is substituted,
the R0 substituent group is substituted with one or more third substituent groups denoted by
R'%3 as explained in the definitions section above in the description of “first substituent

group(s)”. In the above embodiments, R'’, R'*!, R'%? and R'%* have values corresponding

RWW RWW.l RW\V.Z RWVV.3
* E

to the values of , and , respectively, as explained in the definitions
section above in the description of “first substituent group(s)”, wherein RWW, RWWI RWW2,

and RYW3 correspond to R'?, R!1%!, R192 and R!%3, respectively.

[0434] In embodiments, when R?° is substituted, R?° is substituted with one or more first
substituent groups denoted by R?*! as explained in the definitions section above in the
description of “first substituent group(s)”. In embodiments, when an R?**! substituent group
is substituted, the R?*! substituent group is substituted with onc or more sccond substituent
groups denoted by R?%? as explained in the definitions section above in the description of

“first substituent group(s)”. In embodiments, when an R?%? substituent group is substituted,
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the R?%2 substituent group is substituted with one or more third substituent groups denoted by
R?"? as explained in the definitions section above in the description of “first substituent
group(s)”. In the above embodiments, R?’, R?!, R?2, and R**> have values corresponding
to the values of RWW, RWW1 RWW2 and RWW3, respectively, as explained in the definitions

5 section above in the description of “first substituent group(s)”’, wherein RWW RWW.I RWW2

and RYW3 correspond to R%, R?*!, R®2, and R**?, respectively.

[0435] In cmbodiments, when R?%4 is substituted, R?°4 is substituted with one or more first

RZOA. 1

substituent groups denoted by as explained in the definitions section above in the

20A.1

description of “first substituent group(s)”. In embodiments, when an R substituent group

10  is substituted, the R**-" substituent group is substituted with one or more second substituent

RZOA.Z

groups denoted by as explained in the definitions section above in the description of

“first substituent group(s)”. In embodiments, when an R?**? substituent group is substituted,
the R?°42 substituent group is substituted with one or more third substituent groups denoted
by R?°A3 a5 explained in the definitions section above in the description of “first substituent

15 group(s)”. In the above embodiments, R20A, R2OAT R2042 and R?A3 have values

RWW RWW 1 RWVV. RWW43

corresponding to the values of 2, and , respectively, as explained in

the definitions section above in the description of “first substituent group(s)”’, wherein RW",

RWW.I, RWW.Z, and R\VW.3 ZOA, RZOA.I, RZOAZ, and RZOA.S

corrcspond to R , respectively.

[0436] In embodiments, when R?° is substituted, R?°8 is substituted with one or more first

RZOB.I

20  substituent groups denoted by as explained in the definitions section above in the

description of “first substituent group(s)”. In embodiments, when an R?°5! substituent group

is substituted, the R*®®! substituent group is substituted with one or more second substituent

5
RAOB.Z

groups denoted by as explained in the delinitions section above in the description of

RZOB.Z

“first substituent group(s)”. In embodiments, when an substituent group is substituted,

25  the R*"® substituent group is substituted with one or more third substituent groups denoted

by R?°B-3 as explained in the definitions section above in the description of “first substituent

20B [R20B.1 [20B.2
R, R , R

group(s)”. In the above embodiments, , and R?%8- have values

RWW.I RWVV.Z

corresponding to the values of RWY , and RYW3, respectively, as explained in

the dcfinitions scction above in the description of “first substitucnt group(s)”, whercin RVY,

30 RYW!A RWW-2 and RYW-2 correspond to R?VB, R?UB1 R2%B-2 and R?B-3 respectively.

[0437] In embodiments, when R2%4 and R2%8 substituents bonded to the same nitrogen atom

are optionally joined to form a moiety that is substituted (e.g., a substituted heterocycloalkyl
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or substituted heteroaryl), the moiety is substituted with one or more first substituent groups
denoted by R?! as explained in the definitions section above in the description of “first

substituent group(s)”. In embodiments, when an R***! substituent group is substituted, the

R2A-1 substituent group is substituted with one or more second substituent groups denoted by

5  R?°A2as explained in the definitions section above in the description of “first substituent

R20A.2 R20A.2

group(s)”’. In embodiments, when an substituent group is substituted, the

substituent group is substituted with one or more third substituent groups denoted by R?%A3 ag

explained in the definitions section above in the description of “first substituent group(s)”. In

20A.1 R20A2
R , R

. o) e .
the above embodiments, , and R?%43 have values corresponding to the values of

10 RWW' RWW-2 and RYW- respectively, as explained in the definitions section above in the

RWVV. 1 R\VW.2 RVV W.3
2

description of “[irst substitucnt group(s)”, wherein , and

R241 R?942 and R?"A*, respectively.

correspond Lo

[0438] In embodiments, when R*** and R?°® substituents bonded to the same nitrogen atom
are optionally joined to form a moiety that is substituted (e.g., a substituted heterocycloalkyl

15  or substituted heteroaryl), the moiety is substituted with one or more first substituent groups

R20B. 1

denoted by as explained in the definitions section above in the description of “first

RZOB 1

substituent group(s)”. In embodiments, when an substituent group is substituted, the

R?%B-l substitucnt group is substituted with onc or morc sccond substitucnt groups denoted by

R?%82 a5 explained in the definitions section above in the description of “first substituent

20  group(s)”. In embodiments, when an R?°B-2 substituent group is substituted, the R?°B-2
substituent group is substituted with one or more third substituent groups denoted by R?*5- as
explained in the definitions section above in the description of “first substituent group(s)”. In
the above embodiments, R?°B', R?°B2 and R*°B- have values corresponding to the values of
RWW1 RWW-2 and RWW-, respectively, as explained in the definitions section above in the

25  description of “first substituent group(s)”, wherein RY%-!, RYW-2 and RWW-3 correspond to

20B.1 20B.2 20B.3
R . R R

,and , respectively.

[0439] In embodiments, when R?YC is substituted, R**C is substituted with one or more first

RZOC. 1

substituent groups denoted by as explained in the definitions section above in the

R20C. 1

description of “first substitucnt group(s)”. In cmbodimcnts, when an substitucnt group

30  is substituted, the R?°“! substituent group is substituted with one or more second substituent

RZOC.Z

groups denoted by as explained in the definitions section above in the description of

20C.2

“first substituent group(s)”. In embodiments, when an R substituent group is substituted,
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the R?°“% substituent group is substituted with one or more third substituent groups denoted
by R*°“ as explained in the definitions section above in the description of “first substituent

group(s)”. In the above embodiments, R?°C, R*°“!, R?°“2 and R2°*-® have values

RWW.I RWVV.Z
s >

corresponding to the values of RWY , and RYW3, respectively, as explained in

5  the definitions section above in the description of “first substituent group(s)”’, wherein RWVY,

WW.1 pWw.2 WW.3 0C [20C.1 [20C.2 20C.3
R . R R . R , R R

, and correspond to R? , and , respectively.

[0440] In cmbodiments, when R?°P is substituted, R?P is substituted with onc or more first

RZOD. 1

substituent groups denoted by as explained in the definitions section above in the

20D.1

description of “first substituent group(s)”. In embodiments, when an R substituent group

10 is substituted, the R?**P-' substituent group is substituted with one or more second substituent

RZOD.Z

groups denoted by as explained in the definitions section above in the description of

“first substituent group(s)”. In embodiments, when an R*°PZ substituent group is substituted,
the R?°P2 substituent group is substituted with one or more third substituent groups denoted
by R?°P3 a5 explained in the definitions section above in the description of “first substituent

15 group(s)”. In the above embodiments, R2°P, R?D1 R20D2 and R?"P3 have values

RWW RWW 1 RWVV. RWW43

corresponding to the values of 2, and , respectively, as explained in

the definitions section above in the description of “first substituent group(s)”’, wherein RW",

RWW.I, RWW.Z, and R\VW.3 ZOD, RZOD.I, RZOD.Z, and RZOD.3

corrcspond to R , respectively.

[0441] In embodiments, when R is substituted, R'°! is substituted with one or more first
20  substituent groups denoted by R1°!! as explained in the definitions section above in the

description of “first substituent group(s)”. In embodiments, when an R!°!"! substituent group

is substituted, the R'*"! substituent group is substituted with one or more second substituent

groups denoted by R!'°'? as explained in the definitions section above in the description of

RlOl.Z

“first substituent group(s)”. In embodiments, when an substituent group is substituted,

25  the R'""? substituent group is substituted with one or more third substituent groups denoted

R1%13 a5 explained in the definitions section above in the description of “first substituent

by
group(s)”. In the above embodiments, R0 RIOLL RIOL2 "and R1013 have values

RWW.I RWVV.Z

corresponding to the values of RWY , and RYW3, respectively, as explained in

the dcfinitions scction above in the description of “first substitucnt group(s)”, whercin RVY,

30 RWYW!L RWW-2 and RYW2 correspond to R, RO R1912 and R, respectively.

[0442] In embodiments, when R!%? is substituted, R!%? is substituted with one or more first

R102.1

substituent groups denoted by as explained in the definitions section above in the
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description of “first substituent group(s)”. In embodiments, when an R!%*! substituent group
is substituted, the R'“*! substituent group is substituted with one or more second substituent
groups denoted by R!%?2 as explained in the definitions section above in the description of
“first substituent group(s)”. In embodiments, when an R!922 substituent group is substituted,
5  the R!%2 substituent group is substituted with one or more third substituent groups denoted
by R!923 as explained in the definitions section above in the description of “first substituent

group(s)”. In the above embodiments, R102 R1021 R1022 514 R1023 have values

R\VW RWW.I RWVV.Z RWWS
> >

corresponding to the values of ,and , respectively, as explained in

the definitions section above in the description of “first substituent group(s)”, wherein RVW,

10 RWW!I RWW-2 and RYW- correspond to R'72 R'0%! R'922 and R'"*3 respectively.

[0443] In embodiments, when R!'® is substituted, R'® is substituted with one or more first

03.1

substituent groups denoted by R'%*! as explained in the definitions section above in the

description of “first substituent group(s)”. In embodiments, when an R'*! substituent group
is substituted, the R!%! substituent group is substituted with one or more second substituent

15  groups denoted by R'™? as explained in the definitions section above in the description of

R103.2

“first substituent group(s)”. In embodiments, when an substituent group is substituted,

the R!% substituent group is substituted with one or more third substituent groups denoted

R!93-3 a5 cxplained in the dcfinitions section above in the description of “first substitucnt

by
group(s)”. In the above embodiments, R'%3, R, R1%2 and R'%*3 have values

WW.1 WW.
k4 R > R

20  corresponding to the values of RWW 2, and RYW3 respectively, as explained in

the definitions section above in the description of “first substituent group(s)”, wherein RW"W,

2 2 .
RWWA RWW2 and RWW correspond to R, R19%! R!932 and R!9%3, respectively.

[0444] In embodiments, when R*® is substituted, R*>® is substituted with one or more [irst

RZOO. 1

substituent groups denoted by as explained in the definitions section above in the

25  description of “first substituent group(s)”. In embodiments, when an R**-! substituent group
is substituted, the R?%%! substituent group is substituted with one or more second substituent
groups denoted by R?"%2 as explained in the definitions section above in the description of
“first substituent group(s)”. In embodiments, when an R?°°2 substituent group is substituted,
the R?%2 substitucnt group is substituted with onc or more third substitucnt groups denoted

30 by R?3 as explained in the definitions section above in the description of “first substituent

R200. 1 RZOO.Z

group(s)”. In the above embodiments, R?% , and R?%3 have values

WW pWW.1 pWw.2 WW.3
RY™, R , R R

corresponding to the values of , and , respectively, as explained in
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the definitions section above in the description of “first substituent group(s)”, wherein R"VY,

2 2 2 2 2 2 .
RWYW1I RWW2 and RWW3 correspond to R200, R2001 R2002 apd R203, respectively.

[0445] In embodiments, when L% is substituted, L?° is substituted with one or more first

RLZO.I

substituent groups denoted by as explained in the definitions section above in the

5  description of “first substituent group(s)”. In embodiments, when an R™%! substituent group

is substituted, the R™%! substituent group is substituted with one or more second substituent

RLZO.Z

groups dcnoted by as cxplained in the definitions section above in the description of

RLZO.Z

“first substituent group(s)”. In embodiments, when an substituent group is substituted,

RL20.2

the substituent group is substituted with one or more third substituent groups denoted

10 by R'? as explained in the definitions section above in the description of “first substituent
group(s)”. In the above embodiments, L2, R0 RE202 apnd R™93 have values
corresponding to the values of LYW, REWW-A RIWW2 ynd REWW3 respectively, as explained

in the definitions section above in the description of “first substituent group(s)”, wherein

LWW RLWW.I RLWW.Z RLWW.3 20 RLZO.I RLZO.Z RL20.3
E E E *

, and are L , and , respectively.

15 [0446] In cmbodiments, when L9 is substituted, L!°! is substituted with one or more first

RLlOl.l

substituent groups denoted by as explained in the definitions section above in the

RLIOI.I

description of “first substituent group(s)”. In embodiments, when an substituent group

is substituted, the R“'%!'! substituent group is substituted with one or more second substituent

RL101.2

groups denoted by as explained in the definitions section above in the description of

20 “first substituent group(s)”. Tn embodiments, when an RM9!2 substituent group is substituted,
the RM912 substituent group is substituted with one or more third substituent groups denoted

by R™?!3 a5 explained in the definitions section above in the description of “first substituent

RLIOl.l RLIOI.Z
Ed »

group(s)”. In the above embodiments, L' , and R™°' have values

LWW RL\VW. 1 RLWW. 2 RLWW. 3
k4 k4

corresponding to the values of , and , respectively, as explained

25  in the definitions section above in the description of “first substituent group(s)”’, wherein

LWW, RLWW.I, RLWW.Z, and RLWW.3 are LIOI, RLIOI.I, RLIOI.E, and RL101.3, I‘espectively.

[0447]1 TIn embodiments, when 1'% is substituted, 1.!°% is substituted with one or more first

RL102.1

substituent groups denoted by as explained in the definitions section above in the

description of “first substituent group(s)”. In embodiments, when an R“'%>! substituent group

30  is substituted, the R¥9%! substituent group is substituted with onc or more sccond substitucnt

RL102.2

groups denoted by as explained in the definitions section above in the description of

RL102.2

“first substituent group(s)”. In embodiments, when an substituent group is substituted,
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the RM922 substituent group is substituted with one or more third substituent groups denoted

by R"% as explained in the definitions section above in the description of “first substituent

RL102.1 RL102.2
El E

group(s)”. In the above embodiments, L'* , and R™23 have values

, RL\VW.I’ RLWW.Z’ and RLWW.3

corresponding to the values of LWW , respectively, as explained

5  in the definitions section above in the description of “first substituent group(s)”’, wherein

LWW RLWW.I RLWW.2 RLWW.3 are L102 RL102.1 RL102.2 RL102.3
E E E Ed

, and , and , respectively.

[0448] In cmbodiments, when L9 is substituted, 1.19% is substituted with onc or more first

RL103.1

substituent groups denoted by as explained in the definitions section above in the

RL103.1

description of “first substituent group(s)”. In embodiments, when an substituent group

10 is substituted, the R"'®! substituent group is substituted with one or more second substituent

RL103.2

groups denoted by as explained in the definitions section above in the description of

03.2

“first substituent group(s)”. In embodiments, when an R™%*2 substituent group is substituted,

the R™%2 substituent group is substituted with one or more third substituent groups denoted

by RM033 a5 explained in the definitions section above in the description of “first substituent

L103.1 L1032
., R , R

15  group(s)”. In the above embodiments, L'"3 , and R"'%3 have values

WW HLWW.1 pLWWw.2 LWW.3
L™ R .R R

corresponding to the values of , and , respectively, as explained

in the definitions section above in the description of “first substituent group(s)”’, wherein

LWW, RLWW.I, RLWW.Z, and RLWW.3 arc L103, RL103'1, RL103'2, and RL103'3, I'CSpCCtiVCly.

[0449] In cmbodiments, the compound has the formula: h

20  embodiments, the compound has the formula: o . In
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embodiments, the compound has the formula:

embodiments, the compound has the [ormula:

embodiments, the compound has the formula:

O
(9
M
LA
- :
embodiments, the compound has the formula: . In
oD
B
% i
Bt B /
LN N / 5
5  embodiments, the compound has the formula: . In
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embodiments, the compound has the formula: . In
embodiments, the compound has the formula: . In
embodiments, the compound has the formula: . In

o

O
_ /
0

embodiments, the compound has the formula: . In
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embodiments, the compound has the formula: In
o
C
N
Cl
DU
0
embodiments, the compound has the formula: . In
O
O
® N
embodiments, the compound has the formula: . In
O,
o
N
Cl
(LT
N =~
N o
® ;
embodiments, the compound has the formula: . In
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embodiments, the compound has the formula:

embodiments, the compound has the formula:

embodiments, the compound has the formula:

embodiments, the compound has the formula:
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ZT

Cl XN
e

Oz
d

embodiments, the compound has the formula: In
)
EE\J
M
L /
M P i
embodiments, the compound has the formula: . In
SO;H
N
%O
N
Cl
N
SUS Sy
ChRA
embodiments, the compound has the formula: . In
o 0]

O

re

embodiments, the compound has the formula: . In embodiments,
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thc compound has the formula:

@]

. In cmbodiments, the compound has the

F
formula: . In embodiments, the compound has the formula:
O
O
O (@]
N
o3

CN

F ST NH,
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0
o=<2
OxNH

In embodiments, thec compound has the formula: . In

embodiments, the compound has the formula:

embodiments, the compound has the formula:

embodiments, the compound has the formula:
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embodiments, the compound has the formula:

embodiments, the compound has the formula:

embodiments, the compound has the formula:
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@]
N
embodiments, the compound has the formula: . In
)
N
embodiments, the compound has the formula: F . In
o
N
F

embodiments, the compound has the formula:
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[0450] In embodiments, the compound has the formula: 04-

005). In embodiments, the compound has the formula:

092). In embodiments, the compound has the formula:

(06-093). In embodiments, the compound has the formula:

5  (08-043). In embodiments, the compound has the formula:

@)
C}
Y
Py /
S -,
N O/ A Y

formula: (12-026). In embodiments, the compound
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57;@
e
O
- m*‘i\gﬂmib

has the formula: (12-027). In embodiments, the

compound has the formula:

embodiments, the compound has the formula:
044). In embodiments, the compound has the formula:

(12-058). In embodiments, the compound has the
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H
N

N

‘CL A /

PP

g

formula: (12-064). In embodiments, the compound

has the formula: (12-074). In embodiments, the

compound has the formula:

cmbodiments, the compound has the formula:

5 078). In embodiments, the compound has the formula:
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SO;H
N
A 0
N
Cl | N |
(& Lonch
(12-087). In embodiments, the compound has the
0]
A e
N
Cl
L
Oy
formula: (13-005). In embodiments, the compound
O
O,"
N
Cl
L

(C O

has the formula: (13-006). In embodiments, the

® :
(13-018). In

compound has the formula:
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N

Cl
‘O LA
N ~Z
SAGS
N
embodiments, the compound has the formula: (13-

019). In embodiments, the compound has the formula:

o

formula:

5  has the formula: (14-005). In cmbodiments, the
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compound has the formula: (14-036). In

(03-099). Tn

embodiments, the compound has the formula:

embodiments, the compound has the formula: (03-100). In
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(04-022). In

embodiments, the compound has the formula:

embodiments, the compound has the formula: (04-023). In

0O

embodiments, the compound has the formula: &7 .

G
PPN
“OH (06-094). In
O
A
H

embodiments, the compound has the formula: ™ - (06-095). In
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embodiments, the compound has the formula:

embodiments, the compound has the formula:

049, also referred to herein as Compound 1 or (RS)-1). In cmbodiments, thec compound has

N

the formula:

5 formula:
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formula: (14-075, also referred to herein as (S)-2). In

embodiments, the compound has the formula: (14-
076, also referred to herein as Compound 2 or (R)-2). In embodiments, the compound has the

HaC,

d O
OYCOf

formula: (14-082, also referred to herein as

5 Compound 3 or (2R, 35)-3). In embodiments, the compound has the formula:
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N

. In embodiments, the compound has the formula:
N

. In embodiments, the compound has the formula:
N

. In embodiments, the compound has the formula:
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(15-011, also referred to herein as Compound 4 or

(2R, 35)-4). In embodiments, the compound has the formula:

(15-014, also referred to herein as (2S5, 3R)-4). In

embodiments, the compound has the formula: . In
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embodiments, the compound has the formula: . In

embodiments, the compound has the formula:

(Compound 5 or (2R, 35)-5). In embodiments, the compound has the formula:

_/

~,
e
(g

0]
Oﬁ
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N

. In embodiments, the compound has the formula:
N

. In embodiments, the compound has the formula:
N

(Compound 6 or (2R, 35)-6). In cmbodiments, the

186

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

N

compound has the formula: . In embodiments, the
N

compound has the formula: . In embodiments, the
N

compound has the formula: . In embodiments, the
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@]
G o
N
<
compound has the formula: OH F (Compound 7). In
O
N
<
embodiments, the compound has the formula: F ((R)-7).
O
) ile)
N
N
N
F

In embodiments, the compound has the formula: OH

[0451] In embodiments, the compound binds Ras(G12S) (e.g., K-Ras(G12S), H-
5 Ras(G12S5), or N-Ras((G12S)) behind Switch 1l. In embodiments, the compound modulates

the conformation of Switch II. In embodiments, the compound inhibits (e.g., by about 0.1,

0.2,03,04,0.5,06,0.7,0.8,0.9,1.0,2.0,3.0,4.0,5.0,6.0,7.0,8.0,9.0, 10, 11, 12, 13, 14,
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15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000
fold or more) Ras(G12S) (e.g., K-Ras(G128S), H-Ras(G12S), or N-Ras(G12S)) nucleotide
exchange (e.g., GDP for GTP or GTP for GDP) relative to the absence of the compound. In
embodiments, the compound inhibits release of GDP from Ras(G12S) (e.g., K-Ras(G12S),
H-Ras(G12S), or N-Ras(G12S)) relative to the absence of the compound. In embodiments,
the compound inhibits binding of GDP to Ras(G12S) (e.g., K-Ras((G12S), H-Ras(G12S), or
N-Ras(G12S5)) relative to the absence of the compound. In embodiments, the compound
inhibits binding of GTP to Ras(G12S) (e.g., K-Ras(G12S), H-Ras(G125), or N-Ras(G12S))
relative to the absence of the compound. In embodiments, the compound increases (e.g., by
about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000 fold or more) Ras(G12S) (e.g., K-Ras(G12S), H-Ras(G12S), or N-
Ras(G1285)) nucleotide exchange (e.g., GDP for GTP or GTP for GDP) relative to the
absence of the compound. In embodiments, the compound increases release of GDP from
Ras(G12S5) (e.g., K-Ras(G12S), H-Ras((G12S), or N-Ras(G125)) relative to the absence of the
compound. In embodiments, the compound increases relcase of GTP from Ras(G12S5) (c.g.,
K-Ras((G12S), H-Ras((G12S), or N-Ras((G125)) relative to the absence of the compound. In
embodiments, the compound increases binding of GDP to Ras(G12S) (e.g., K-Ras(G12S5), H-
Ras(G12S), or N-Ras(G125)) relative to the absence of the compound. In embodiments, the
compound inhibits binding of GTP to Ras(G12S) (e.g., K-Ras(G12S), H-Ras(G12S), or N-
Ras(G12S)) relative to the absence of the compound. In embodiments, the compound
inhibits binding of a GTP analog (e.g., mant-dGTP) to Ras(G125) (e.g., K-Ras(G12S), H-
Ras(G12S), or N-Ras(G12S)) relative to the absence of the compound. In embodiments, the
compound modulates the conformation of a Ras(G12S) (e.g., K-Ras(G12S), H-Ras(G128S), or
N-Ras(G12S)) amino acid that contacts GTP in the absence of the compound. In
embodiments, the compound modulates the conformation of a Ras(G12S5) (e.g., K-
Ras(G12S), H-Ras(G12S). or N-Ras((G12S)) amino acid that contacts GDP 1in thc abscnce of
the compound. In embodiments, the compound modulates the conformation of a plurality of
Ras(G125) (e.g., K-Ras(G12S), H-Ras((G12S), or N-Ras((G12S)) amino acids that contact
GTP in the absence of the compound. In embodiments, the compound modulates the

conformation of a plurality of Ras(G12S) (e.g., K-Ras(G128S), H-Ras(G128S), or N-
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Ras(G12S5)) amino acids that contact GDP in the absence of the compound. In embodiments,
the compound modulates the binding of GTP and/or GDP to Ras(G12S) (e.g., K-Ras(G12S),
H-Ras(G128S), or N-Ras(G12S)) compared to binding in the absence of the compound. In
embodiments, the compound modulates the release of GTP and/or GDP from Ras(G12S)
(e.g., K-Ras((G12S), H-Ras(G12S), or N-Ras((G12S)) compared to release in the absence of
the compound. In embodiments, the compound modulates the ratio of the binding of GTP
and GDP to Ras(G12S) (e.g., K-Ras(G12S), H-Ras(G12S), or N-Ras((G12S)) compared to the
ratio in the absence of the compound. In embodiments, the compound modulates the ratio of
the rate of release of GTP and GDP from Ras(G12S) (e.g., K-Ras(G12S), H-Ras(G128S), or
N-Ras(G12S)) compared to the ratio in the absence of the compound. In embodiments, the
compound binds Ras(G12S) (c.g., K-Ras(G12S), H-Ras(G12S), or N-Ras(G12S)) protcin
bound to GDP and, after release of the GDP, modulates the subsequent binding of GDP or
GTP to the Ras bound to the compound. In embodiments, the compound binds Ras(G12S)
(e.g., K-Ras(G128), H-Ras(G12S), or N-Ras((G12S)) protein bound to GDP and, after release
of the GDP, modulates the subsequent binding of GDP to the Ras bound to the compound. In
embodiments, the compound binds Ras(G12S) (e.g.. K-Ras(G12S), H-Ras(G128S), or N-
Ras(G12S)) protein bound to GDP and after release of the GDP, modulates the subsequent
binding of GTP to the Ras bound to thc compound.

[0452] In embodiments, the compound binds Ras(G13S) (e.g., K-Ras(G13S), H-
Ras(G13S), or N-Ras(G13S)) behind Switch II. In embodiments, the compound modulates
the conformation of Switch II. In embodiments, the compound inhibits (e.g., by about 0.1,
0.2,0.3,04,05,06,0.7,08,0.9,1.0,2.0,3.0,4.0,5.0,6.0,7.0, 8.0,9.0, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000
fold or more) Ras(G13S) (e.g., K-Ras(G13S), H-Ras(G13S), or N-Ras(G13S)) nucleotide
exchange (e.g., GDP for GTP or GTP for GDP) relative to the absence of the compound. In
embodiments, the compound inhibits release of GDP from Ras(G13S) (e.g., K-Ras(G13S),
H-Ras(G13S), or N-Ras((G13S)) relative to the absence of the compound. In embodiments,
the compound inhibits binding of GDP to Ras(G13S) (e.g.. K-Ras(G13S), H-Ras(G13S), or
N-Ras(G13S)) relative to the absence of the compound. In embodiments, the compound
inhibits binding of GTP to Ras(G13S5) (e.g.. K-Ras(G135), H-Ras(G135), or N-Ras(G135))
relative to the absence of the compound. In embodiments, the compound increases (e.g., by
about 0.1,0.2,0.3,04,0.5,0.6,0.7,0.8,0.9,1.0,2.0,3.0,4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10, 11,
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12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000 fold or more) Ras(G13S) (e.g., K-Ras(G13S), H-Ras(G13S), or N-
Ras(G135)) nucleotide exchange (e.g., GDP for GTP or GTP for GDP) relative to the
absence of the compound. In embodiments, the compound increases release of GDP from
Ras(G135) (e.g., K-Ras(G13S), H-Ras((G13S), or N-Ras(G13S)) relative to the absence of the
compound. In embodiments, the compound increases release of GTP from Ras(G13S) (e.g.,
K-Ras(G13S), H-Ras(G13S), or N-Ras(G13S5)) relative to the absence of the compound. In
embodiments, the compound increases binding of GDP to Ras(G135) (e.g., K-Ras(G1385). H-
Ras(G13S), or N-Ras(G139)) relative to the absence of the compound. In embodiments, the
compound inhibits binding of GTP to Ras(G138S) (c.g., K-Ras(G13S), H-Ras(G13S), or N-
Ras(G13S5)) relative to the absence of the compound. In embodiments, the compound
inhibits binding of a GTP analog (e.g., mant-dGTP) to Ras(G13S) (e.g., K-Ras(G13S), H-
Ras(G13S), or N-Ras((G13S)) relative to the absence of the compound. In embodiments, the
compound modulates the conformation of a Ras(G13S) (e.g.. K-Ras(G13S), H-Ras(G13S), or
N-Ras(G13S)) amino acid that contacts GTP in the absence of the compound. In
embodiments, the compound modulates the conformation of a Ras(G13S) (e.g., K-
Ras(G13S), H-Ras((G13S), or N-Ras((G13S)) amino acid that contacts GDP in thc abscnce of
the compound. In embodiments, the compound modulates the conformation of a plurality of
Ras(G13S5) (e.g., K-Ras(G13S), H-Ras((G13S), or N-Ras((G13S)) amino acids that contact
GTP in the absence of the compound. In embodiments, the compound modulates the
conformation of a plurality of Ras(G13S) (e.g., K-Ras(G13S), H-Ras(G13S), or N-
Ras(G13S)) amino acids that contact GDP in the absence of the compound. In embodiments,
the compound modulates the binding of GTP and/or GDP to Ras(G13S) (e.g., K-Ras(G13S),
H-Ras(G13S), or N-Ras(G13S)) compared to binding in the absence of the compound. In
embodiments, the compound modulates the release of GTP and/or GDP from Ras(G13S)
(e.g., K-Ras((G13S), H-Ras(G13S), or N-Ras((G13S)) compared to release in the absence of
the compound. In embodiments, the compound modulates the ratio of the binding of GTP
and GDP to Ras(G13S) (c.g., K-Ras(G13S), H-Ras((G13S), or N-Ras(G13S)) comparcd to thc
ratio in the absence of the compound. In embodiments, the compound modulates the ratio of
the rate of release of GTP and GDP from Ras(G13S) (e.g., K-Ras(G13S), H-Ras(G13S), or
N-Ras(G13S)) compared to the ratio in the absence of the compound. In embodiments, the

compound binds Ras(G13S) (e.g., K-Ras(G13S), H-Ras(G138S), or N-Ras((G138S)) protein
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bound to GDP and, after release of the GDP, modulates the subsequent binding of GDP or
GTP to the Ras bound to the compound. In embodiments, the compound binds Ras(G13S)
(e.g., K-Ras(G13S), H-Ras(G13S), or N-Ras((G13S)) protein bound to GDP and, after release
of the GDP, modulates the subsequent binding of GDP to the Ras bound to the compound. In
embodiments, the compound binds Ras(G13S) (e.g.. K-Ras(G13S), H-Ras(G13S), or N-
Ras(G13S)) protein bound to GDP and after release of the GDP, modulates the subsequent
binding of GTP to the Ras bound to the compound.

[0453] In embodiments, the compound binds Ras(G12T) (e.g., K-Ras(G12T), H-
Ras(G12T), or N-Ras(G12T)) behind Switch II. In embodiments, the compound modulates
the conformation of Switch II. In embodiments, the compound inhibits (e.g., by about 0.1,
0.2,0.3,04,0.5,06,0.7,08,0.9,1.0,2.0,3.0,4.0,5.0,6.0,7.0, 8.0,9.0, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000
fold or more) Ras(G12T) (e.g., K-Ras(G12T), H-Ras(G12T), or N-Ras(G12T)) nucleotide
exchange (e.g., GDP for GTP or GTP for GDP) relative to the absence of the compound. In
embodiments, the compound inhibits release of GDP from Ras(G12T) (e.g., K-Ras(G12T),
H-Ras(G12T), or N-Ras(G12T)) relative to the absence of the compound. In embodiments,
thc compound inhibits binding of GDP to Ras(G12T) (c.g., K-Ras(G12T), H-Ras(G12T), or
N-Ras(G12T)) relative to the absence of the compound. In embodiments, the compound
inhibits binding of GTP to Ras(G12T) (e.g., K-Ras(G12T), H-Ras(G12T), or N-Ras(G12T))
relative to the absence of the compound. In embodiments, the compound increases (e.g., by
about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000 fold or more) Ras(G12T) (e.g., K-Ras(G12T), H-Ras(G12T), or N-
Ras(G12T)) nucleotide exchange (e.g., GDP for GTP or GTP for GDP) relative to the
absence of the compound. In embodiments, the compound increases release of GDP from
Ras(G12T) (e.g., K-Ras(G12T), H-Ras(G12T), or N-Ras(G12T)) relative to the absence of
the compound. In embodiments, the compound increases release of GTP from Ras(G12T)
(e.g., K-Ras(G12T), H-Ras(G12T), or N-Ras(G12T)) relative to the absence of the
compound. In embodiments, the compound increases binding of GDP to Ras(G12T) (e.g., K-
Ras(G12T), H-Ras(G12T), or N-Ras((G12T)) relative to the absence of the compound. In
embodiments, the compound inhibits binding of GTP to Ras(G12T) (e.g., K-Ras(G12T), H-
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Ras(G12T), or N-Ras(G12T)) relative to the absence of the compound. In embodiments, the
compound inhibits binding of a GTP analog (e.g., mant-dGTP) to Ras(G12T) (e.g., K-
Ras(G12T), H-Ras(G12T), or N-Ras(G12T)) relative to the absence of the compound. In
embodiments, the compound modulates the conformation of a Ras(G12T) (e.g., K-
Ras(G12T), H-Ras(G12T), or N-Ras(G12T)) amino acid that contacts GTP in the absence of
the compound. In embodiments, the compound modulates the conformation of a Ras(G12T)
(e.g., K-Ras((G12T), H-Ras(G12T), or N-Ras((G12T)) amino acid that contacts GDP in the
absence of the compound. In embodiments, the compound modulates the conformation of a
plurality of Ras(G12T) (e.g., K-Ras(G12T), H-Ras(G12T), or N-Ras(G12T)) amino acids
that contact GTP in the absence of the compound. In embodiments, the compound modulates
the conformation of a plurality of Ras(G12T) (c.g., K-Ras(G12T), H-Ras(G12T), or N-
Ras(G12T)) amino acids that contact GDP in the absence of the compound. In embodiments,
the compound modulates the binding of GTP and/or GDP to Ras(G12T) (e.g., K-Ras(G12T),
H-Ras(G12T), or N-Ras(G12T)) compared to binding in the absence of the compound. In
embodiments, the compound modulates the release of GTP and/or GDP from Ras(G12T)
(e.g.. K-Ras(G12T), H-Ras(G12T), or N-Ras(G12T)) compared to release in the absence of
the compound. In embodiments, the compound modulates the ratio of the binding of GTP
and GDP to Ras(G12T) (c.g., K-Ras(G12T), H-Ras(G12T), or N-Ras(G12T)) comparcd to
the ratio in the absence of the compound. In embodiments, the compound modulates the ratio
of the rate of release of GTP and GDP from Ras(G12T) (e.g., K-Ras(G12T), H-Ras(G12T),
or N-Ras(G12T)) compared to the ratio in the absence of the compound. In embodiments,
the compound binds Ras(G12T) (e.g., K-Ras(G12T), H-Ras(G12T), or N-Ras(G12T)) protein
bound to GDP and, after release of the GDP, modulates the subsequent binding of GDP or
GTP to the Ras bound to the compound. In embodiments, the compound binds Ras(G12T)
(e.g., K-Ras(G12T), H-Ras(G12T), or N-Ras(G12T)) protein bound to GDP and, after release
of the GDP, modulates the subsequent binding of GDP to the Ras bound to the compound. In
embodiments, the compound binds Ras(G12T) (e.g., K-Ras(G12T), H-Ras(G12T), or N-
Ras(G12T)) protein bound to GDP and after release of the GDP, modulates the subsequent
binding of GTP to thc Ras bound to thc compound.

[0454] In embodiments, the compound binds Ras(G12D) (e.g., K-Ras(G12D), H-

Ras(G12D), or N-Ras(G12D)) behind Switch II. In embodiments, the compound modulates

the conformation of Switch II. In embodiments, the compound inhibits (e.g., by about 0.1,

02,03,04,05,06,07,08,09,1.0,2.0,3.0,4.0,50,6.0,7.0,8.0,9.0, 10, 11, 12, 13, 14,
193

CA 03240772 2024-6-11



10

15

20

25

30

WO 2023/122662 PCT/US2022/082136

15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000
fold or more) Ras(G12D) (e.g., K-Ras(G12D), H-Ras(G12D), or N-Ras(G12D)) nucleotide
exchange (e.g., GDP for GTP or GTP for GDP) relative to the absence of the compound. In
embodiments, the compound inhibits release of GDP from Ras(G12D) (e.g., K-Ras(G12D),
H-Ras((G12D), or N-Ras(G12D)) relative to the absence of the compound. In embodiments,
the compound inhibits binding of GDP to Ras(G12D) (e.g.. K-Ras(G12D), H-Ras(G12D), or
N-Ras(G12D)) relative to the absence of the compound. In embodiments, the compound
inhibits binding of GTP to Ras(G12D) (e.g., K-Ras(G12D), H-Ras(G12D), or N-Ras(G12D))
relative to the absence of the compound. In embodiments, the compound increases (e.g., by
about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000 fold or more) Ras(G12D) (e.g., K-Ras(G12D), H-Ras(G12D), or N-
Ras(G12D)) nucleotide exchange (e.g., GDP for GTP or GTP for GDP) relative to the
absence of the compound. In embodiments, the compound increases release of GDP from
Ras(G12D) (e.g., K-Ras(G12D), H-Ras(G12D), or N-Ras(G12D)) relative to the absence of
the compound. In embodiments, the compound increcascs relcase of GTP from Ras(G12D)
(e.g., K-Ras(G12D), H-Ras(G12D), or N-Ras((G12D)) relative to the absence of the
compound. In embodiments, the compound increases binding of GDP to Ras(G12D) (e.g.,
K-Ras(G12D), H-Ras(G12D), or N-Ras(G12D)) relative to the absence of the compound. In
embodiments, the compound inhibits binding of GTP to Ras(G12D) (e.g., K-Ras(G12D), H-
Ras(G12D), or N-Ras((G12D)) relative to the absence of the compound. In embodiments, the
compound inhibits binding of a GTP analog (e.g., mant-dGTP) to Ras(G12D) (e.g., K-
Ras(G12D), H-Ras(G12D), or N-Ras(G12D)) relative to the absence of the compound. In
embodiments, the compound modulates the conformation of a Ras(G12D) (e.g., K-
Ras(G12D), H-Ras(G12D), or N-Ras(G12D)) amino acid that contacts GTP in the absence of
the compound. In embodiments, the compound modulates the conformation of a Ras(G12D)
(c.g.. K-Ras((G12D), H-Ras(G12D), or N-Ras((G12D)) amino acid that contacts GDP in thc
absence of the compound. In embodiments, the compound modulates the conformation of a
plurality of Ras(G12D) (e.g., K-Ras(G12D), H-Ras(G12D), or N-Ras((G12D)) amino acids
that contact GTP in the absence of the compound. In embodiments, the compound modulates

the conformation of a plurality of Ras(G12D) (e.g., K-Ras(G12D), H-Ras(G12D), or N-
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Ras(G12D)) amino acids that contact GDP in the absence of the compound. In embodiments,
the compound modulates the binding of GTP and/or GDP to Ras(G12D) (e.g., K-Ras(G12D),
H-Ras(G12D), or N-Ras(G12D)) compared to binding in the absence of the compound. In
embodiments, the compound modulates the release of GTP and/or GDP from Ras(G12D)
(e.g., K-Ras((G12D), H-Ras(G12D), or N-Ras(G12D)) compared to release in the absence of
the compound. In embodiments, the compound modulates the ratio of the binding of GTP
and GDP to Ras(G12D) (e.g., K-Ras(G12D), H-Ras(G12D), or N-Ras(G12D)) compared to
the ratio in the absence of the compound. In embodiments, the compound modulates the ratio
of the rate of release of GTP and GDP from Ras(G12D) (e.g., K-Ras(G12D), H-Ras(G12D),
or N-Ras(G12D)) compared to the ratio in the absence of the compound. In embodiments,
the compound binds Ras(G12D) (c.g., K-Ras(G12D), H-Ras(G12D), or N-Ras(G12D))
protein bound to GDP and, after release of the GDP, modulates the subsequent binding of
GDP or GTP to the Ras bound to the compound. In embodiments, the compound binds
Ras(G12D) (e.g., K-Ras(G12D), H-Ras(G12D), or N-Ras(G12D)) protein bound to GDP and,
after release of the GDP, modulates the subsequent binding of GDP to the Ras bound to the
compound. In embodiments, the compound binds Ras(G12D) (e.g.. K-Ras(G12D), H-
Ras(G12D), or N-Ras((G12D)) protein bound to GDP and after release of the GDP, modulates
the subscquent binding of GTP to the Ras bound to the compound.

[0455] In embodiments, the compound binds Ras(G13D) (e.g., K-Ras(G13D), H-
Ras(G13D), or N-Ras(G13D)) behind Switch II. In embodiments, the compound modulates
the conformation of Switch II. In embodiments, the compound inhibits (e.g., by about 0.1,
0.2,0.3,04,05,06,0.7,08,0.9,1.0,2.0,3.0,4.0,5.0,6.0,7.0, 8.0,9.0, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000
fold or more) Ras(G13D) (e.g., K-Ras(G13D), H-Ras(G13D), or N-Ras(G13D)) nucleotide
exchange (e.g., GDP for GTP or GTP for GDP) relative to the absence of the compound. In
embodiments, the compound inhibits release of GDP from Ras(G13D) (e.g., K-Ras(G13D),
H-Ras(G13D), or N-Ras(G13D)) relative to the absence of the compound. In embodiments,
the compound inhibits binding of GDP to Ras(G13D) (e.g., K-Ras(G13D). H-Ras(G13D), or
N-Ras(G13D)) relative to the absence of the compound. In embodiments, the compound
inhibits binding of GTP to Ras(G13D) (e.g., K-Ras(G13D), H-Ras(G13D), or N-Ras(G13D))
relative to the absence of the compound. In embodiments, the compound increases (e.g., by
about 0.1,0.2,0.3,04,0.5,0.6,0.7,0.8,0.9,1.0,2.0,3.0,4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10, 11,
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12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000 fold or more) Ras(G13D) (e.g., K-Ras(G13D), H-Ras(G13D), or N-
Ras(G13D)) nucleotide exchange (e.g., GDP for GTP or GTP for GDP) relative to the
absence of the compound. In embodiments, the compound increases release of GDP from
Ras(G13D) (e.g., K-Ras(G13D), H-Ras(G13D), or N-Ras(G13D)) relative to the absence of
the compound. In embodiments, the compound increases release of GTP from Ras(G13D)
(e.g., K-Ras(G13D), H-Ras(G13D), or N-Ras(G13D)) relative to the absence of the
compound. In embodiments, the compound increases binding of GDP to Ras(G13D) (e.g.,
K-Ras(G13D), H-Ras((G13D), or N-Ras(G13D)) relative to the absence of the compound. In
cmbodiments, the compound inhibits binding of GTP to Ras(G13D) (c.g., K-Ras(G13D), H-
Ras(G13D), or N-Ras(G13D)) relative to the absence of the compound. In embodiments, the
compound inhibits binding of a GTP analog (e.g., mant-dGTP) to Ras(G13D) (e.g., K-
Ras(G13D), H-Ras(G13D), or N-Ras(G13D)) relative to the absence of the compound. In
embodiments, the compound modulates the conformation of a Ras(G13D) (e.g., K-
Ras(G13D), H-Ras(G13D), or N-Ras(G13D)) amino acid that contacts GTP in the absence of
the compound. In embodiments, the compound modulates the conformation of a Ras(G13D)
(c.g.. K-Ras((G13D), H-Ras(G13D), or N-Ras(G13D)) amino acid that contacts GDP in the
absence of the compound. In embodiments, the compound modulates the conformation of a
plurality of Ras(G13D) (e.g., K-Ras(G13D), H-Ras(G13D), or N-Ras(G13D)) amino acids
that contact GTP in the absence of the compound. In embodiments, the compound modulates
the conformation of a plurality of Ras(G13D) (e.g., K-Ras(G13D), H-Ras(G13D), or N-
Ras(G13D)) amino acids that contact GDP in the absence of the compound. In embodiments,
the compound modulates the binding of GTP and/or GDP to Ras(G13D) (e.g., K-Ras(G13D),
H-Ras(G13D), or N-Ras(G13D)) compared to binding in the absence of the compound. In
embodiments, the compound modulates the release of GTP and/or GDP from Ras(G13D)
(e.g., K-Ras(G13D), H-Ras(G13D), or N-Ras(G13D)) compared to release in the absence of
the compound. In embodiments, the compound modulates the ratio of the binding of GTP
and GDP to Ras(G13D) (c.g., K-Ras(G13D), H-Ras(G13D), or N-Ras(G13D)) compared to
the ratio in the absence of the compound. In embodiments, the compound modulates the ratio
of the rate of release of GTP and GDP from Ras(G13D) (e.g., K-Ras(G13D), H-Ras(G13D),
or N-Ras(G13D)) compared to the ratio in the absence of the compound. In embodiments,

the compound binds Ras(G13D) (e.g., K-Ras(G13D), H-Ras(G13D), or N-Ras(G13D))
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protein bound to GDP and, after release of the GDP, modulates the subsequent binding of
GDP or GTP to the Ras bound to the compound. In embodiments, the compound binds
Ras(G13D) (e.g., K-Ras(G13D), H-Ras(G13D), or N-Ras((G13D)) protein bound to GDP and,
after release of the GDP, modulates the subsequent binding of GDP to the Ras bound to the
compound. In embodiments, the compound binds Ras(G13D) (e.g.. K-Ras(G13D), H-
Ras(G13D), or N-Ras(G 13D)) protein bound to GDP and after release of the GDP, modulates
the subsequent binding of GTP to the Ras bound to the compound.

[0456] In embodiments, the compound binds Ras(G12E) (e.g., K-Ras(G12E), H-
Ras(G12E), or N-Ras(G12E)) behind Switch II. In embodiments, the compound modulates
the conformation of Switch II. In embodiments, the compound inhibits (e.g., by about 0.1,
0.2,0.3,04,0.5,06,0.7,08,0.9,1.0,2.0,3.0,4.0,5.0,6.0,7.0, 8.0,9.0, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000
fold or more) Ras(G12E) (e.g., K-Ras(G12E), H-Ras(G12E), or N-Ras(G12E)) nucleotide
exchange (e.g., GDP for GTP or GTP for GDP) relative to the absence of the compound. In
embodiments, the compound inhibits release of GDP from Ras(G12E) {e.g., K-Ras(G12E),
H-Ras(G12E), or N-Ras(G12E)) relative to the absence of the compound. In embodiments,
thc compound inhibits binding of GDP to Ras(G12E) (c.g., K-Ras(G12E), H-Ras{(G12E), or
N-Ras(G12E)) relative to the absence of the compound. In embodiments, the compound
inhibits binding of GTP to Ras(G12E) (e.g., K-Ras(G12E), H-Ras(G12E), or N-Ras(G12E))
relative to the absence of the compound. In embodiments, the compound increases (e.g., by
about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000 fold or more) Ras(G12E) (e.g., K-Ras(G12E), H-Ras(G12E), or N-
Ras(G12E)) nucleotide exchange (e.g., GDP for GTP or GTP for GDP) relative to the
absence of the compound. In embodiments, the compound increases release of GDP from
Ras(G12E) (e.g., K-Ras(G12E), H-Ras(G12E), or N-Ras(G12E)) relative to the absence of
the compound. In embodiments, the compound increases release of GTP from Ras(GI12E)
(e.g., K-Ras(G12E), H-Ras(G12E), or N-Ras(G12E)) relative to the absence of the
compound. In embodiments, the compound increases binding of GDP to Ras(G12E) (e.g., K-
Ras(G12E), H-Ras(G12E), or N-Ras(G12FE)) relative to the absence of the compound. In
embodiments, the compound inhibits binding of GTP to Ras(G12E) (e.g., K-Ras(G12E), H-
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Ras(G12E), or N-Ras(G12E)) relative to the absence of the compound. In embodiments, the
compound inhibits binding of a GTP analog (e.g., mant-dGTP) to Ras(G12E) (e.g., K-
Ras(G12E), H-Ras(G12E), or N-Ras(G12E)) relative to the absence of the compound. In
embodiments, the compound modulates the conformation of a Ras(G12E) (e.g., K-
Ras(G12E), H-Ras(G12E), or N-Ras(G12E)) amino acid that contacts GTP in the absence of
the compound. In embodiments, the compound modulates the conformation of a Ras(G12E)
(e.g., K-Ras(G12E), H-Ras(G12E), or N-Ras((G12E)) amino acid that contacts GDP in the
absence of the compound. In embodiments, the compound modulates the conformation of a
plurality of Ras(G12E) (e.g., K-Ras(G12E), H-Ras(G12E), or N-Ras(G12E)) amino acids
that contact GTP in the absence of the compound. In embodiments, the compound modulates
the conformation of a plurality of Ras(G12E) (c.g., K-Ras(G12E), H-Ras(G12E), or N-
Ras(G12E)) amino acids that contact GDP in the absence of the compound. In embodiments,
the compound modulates the binding of GTP and/or GDP to Ras(G12E) (e.g., K-Ras(G12E),
H-Ras(G12E), or N-Ras(G12E)) compared to binding in the absence of the compound. In
embodiments, the compound modulates the release of GTP and/or GDP from Ras(G12E)
(e.g.. K-Ras(G12E), H-Ras(G12E), or N-Ras(G12E)) compared to release in the absence of
the compound. In embodiments, the compound modulates the ratio of the binding of GTP
and GDP to Ras(G12E) (c.g., K-Ras(G12E), H-Ras(G12E), or N-Ras(G12E)) comparcd to
the ratio in the absence of the compound. In embodiments, the compound modulates the ratio
of the rate of release of GTP and GDP from Ras(G12E) (e.g., K-Ras(G12E), H-Ras(G12E),
or N-Ras(G12E)) compared to the ratio in the absence of the compound. In embodiments,
the compound binds Ras(G12E) (e.g., K-Ras(G12E), H-Ras(G12E), or N-Ras(G12E)) protein
bound to GDP and, after release of the GDP, modulates the subsequent binding of GDP or
GTP to the Ras bound to the compound. In embodiments, the compound binds Ras(G12E)
(e.g., K-Ras(G12E), H-Ras(G12E), or N-Ras(G12E)) protein bound to GDP and, after release
of the GDP, modulates the subsequent binding of GDP to the Ras bound to the compound. In
embodiments, the compound binds Ras(G12E) (e.g., K-Ras(G12E), H-Ras(G12E), or N-
Ras(G12E)) protein bound to GDP and after release of the GDP, modulates the subsequent
binding of GTP to thc Ras bound to thc compound.

[0457] In embodiments, the compound contacts the Switch II Binding Pocket of human K-
Ras protein. In embodiments, the compound contacts a Switch II Binding Pocket amino acid
corresponding to G60, Q61, D69, D92, H95, Y96, or Q99 of human K-Ras protein. In
embodiments, the compound contacts a Switch II Binding Pocket amino acid corresponding
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to G60 of human K-Ras protein. In embodiments, the compound contacts a Switch 11
Binding Pocket amino acid corresponding to Q61 of human K-Ras protein. In embodiments,
the compound contacts a Switch II Binding Pocket amino acid corresponding to D69 of
human K-Ras protein. In embodiments, the compound contacts a Switch 11 Binding Pocket
amino acid corresponding to D92 of human K-Ras protein. In embodiments, the compound
contacts a Switch II Binding Pocket amino acid corresponding to H95 of human K-Ras
protein. In embodiments, the compound contacts a Switch 11 Binding Pocket amino acid
corresponding to Y96 of human K-Ras protein. In embodiments, the compound contacts a

Switch II Binding Pocket amino acid corresponding to Q99 of human K-Ras protein.

[0458] In embodiments, the compound contacts the Switch II Binding Pocket of human H-
Ras protein. In embodiments, the compound contacts a Switch II Binding Pocket amino acid
corresponding to G60, Q61, D69, D92, Q95, Y96, or Q99 of human H-Ras protein. In
embodiments, the compound contacts a Switch 1l Binding Pocket amino acid corresponding
to G60 of human H-Ras protein. In embodiments, the compound contacts a Switch 11
Binding Pocket amino acid corresponding to Q61 of human H-Ras protein. In embodiments,
the compound contacts a Switch II Binding Pocket amino acid corresponding to D69 of
human H-Ras protein. In embodiments, the compound contacts a Switch 11 Binding Pocket
amino acid corrcsponding to D92 of human H-Ras protcin. In cmbodiments, the compound
contacts a Switch II Binding Pocket amino acid corresponding to Q95 of human H-Ras
protein. In embodiments, the compound contacts a Switch Il Binding Pocket amino acid
corresponding to Y96 of human H-Ras protein. In embodiments, the compound contacts a

Switch II Binding Pocket amino acid corresponding to Q99 of human H-Ras protein.

[0459] In embodiments, the compound contacts the Switch 11 Binding Pocket ol human N-
Ras protein. In embodiments, the compound contacts a Switch II Binding Pocket amino acid
corresponding to G60, Q61, D69, D92, 1.95, Y96, or Q99 of human N-Ras protein. In
embodiments, the compound contacts a Switch Il Binding Pocket amino acid corresponding
to G60 of human N-Ras protein. In embodiments, the compound contacts a Switch 11
Binding Pocket amino acid corresponding to Q61 of human N-Ras protein. In embodiments,
thc compound contacts a Switch II Binding Pockct amino acid corrcsponding to D69 of
human N-Ras protein. In embodiments, the compound contacts a Switch 11 Binding Pocket
amino acid corresponding to D92 of human N-Ras protein. In embodiments, the compound

contacts a Switch IT Binding Pocket amino acid corresponding to L95 of human N-Ras
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protein. In embodiments, the compound contacts a Switch II Binding Pocket amino acid
corresponding to Y96 of human N-Ras protein. In embodiments, the compound contacts a

Switch II Binding Pocket amino acid corresponding to Q99 of human N-Ras protein.

[0460] In embodiments, the compound binds a human Ras(G12S) (e.g., human K-Ras(G128S),
human H-Ras(G12S), or human N-Ras(G125)) protein-GDP complex more strongly than the
compound binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or
human N-Ras((G128S)) protcin-GTP complcx under identical conditions. In ecmbodiments, the
compound binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or
human N-Ras(G12S)) protein-GDP complex at least 2-fold stronger than the compound binds
a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or human N-
Ras(G12S)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G128S), or
human N-Ras(G12S)) protein-GDP complex at least 5-fold stronger than the compound binds
a human Ras(G12S) (e.g., human K-Ras(G128S), human H-Ras(G12S), or human N-
Ras(G12S5)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or
human N-Ras(G128)) protein-GDP complex at least 10-fold stronger than the compound
binds a human Ras(G12S) (c.g., human K-Ras((G12S), human H-Ras(G12S), or human N-
Ras(G125)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or
human N-Ras(G128S)) protein-GDP complex at least 20-fold stronger than the compound
binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or human N-
Ras(G12S)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G128S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or
human N-Ras(G128S)) protein-GDP complex at least 40-fold stronger than said compound
binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or human N-
Ras(G12S)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G128S) (e.g., human K-Ras(G12S), human H-Ras((G12S), or
human N-Ras(G12S)) protein-GDP complex at least 60-fold stronger than the compound
binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or human N-
Ras{G125)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G125) (e.g., human K-Ras(G12S), human H-Ras(G12S), or
human N-Ras(G128S)) protein-GDP complex at least 80-fold stronger than the compound
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binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or human N-
Ras(G125)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or
human N-Ras(G128)) protein-GDP complex at least 100-fold stronger than said compound
binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or human N-
Ras(G125)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12S) (e.g., human K-Ras((G12S), human H-Ras((G12S), or
human N-Ras(G12S)) protein-GDP complex at least 500-fold stronger than the compound
binds a human Ras(G12S) (e.g., human K-Ras(G12S), human H-Ras(G12S), or human N-
Ras(G12S)) protein-GTP complex under identical conditions.

[0461] In embodiments, the compound binds a human Ras(G13S) (e.g., human K-
Ras(G13S), human H-Ras(G13S), or human N-Ras(G138S)) protein-GDP complex more
strongly than the compound binds a human Ras(G13S) (e.g., human K-Ras((G13S), human H-
Ras(G13S5), or human N-Ras(G13S)) protein-GTP complex under identical conditions. In
embodiments, the compound binds a human Ras(G13S) (e.g., human K-Ras(G13S), human
H-Ras(G13S), or human N-Ras(G13S)) protein-GDP complex at least 2-fold stronger than
the compound binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G138S),
or human N-Ras(G135)) protcin-GTP complex under identical conditions. In embodiments,
the compound binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G13S),
or human N-Ras(G1385)) protein-GDP complex at least 5-fold stronger than the compound
binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G13S), or human N-
Ras(G135)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G138S), or
human N-Ras(G138S)) protein-GDP complex at least 10-fold stronger than the compound
binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G13S), or human N-
Ras(G13S)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G138) (e.g., human K-Ras(G13S), human H-Ras(G13S), or
human N-Ras(G13S)) protein-GDP complex at least 20-fold stronger than the compound
binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G13S), or human N-
Ras(G135)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G13S), or
human N-Ras((G13S)) protein-GDP complex at least 40-fold stronger than said compound
binds a human Ras(G138S) (e.g., human K-Ras(G13S), human H-Ras(G13S), or human N-
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Ras(G13S)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G138S) (e.g., human K-Ras(G13S), human H-Ras((G13S), or
human N-Ras(G13S)) protein-GDP complex at least 60-fold stronger than the compound
binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G13S), or human N-
5 Ras(G13S)) protein-GTP complex under identical conditions. In embodiments, the

compound binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras((G13S), or
human N-Ras((G13S)) protein-GDP complex at least 80-fold stronger than the compound
binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G13S), or human N-
Ras(G135)) protein-GTP complex under identical conditions. In embodiments, the

10 compound binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G138S), or
human N-Ras(G138S)) protcin-GDP complex at least 100-fold stronger than said compound
binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G13S), or human N-
Ras(G13S5)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G13S), or

15 human N-Ras(G13S)) protein-GDP complex at least 500-fold stronger than the compound
binds a human Ras(G13S) (e.g., human K-Ras(G13S), human H-Ras(G13S), or human N-
Ras(G13S5)) protein-GTP complex under identical conditions.

[0462] In cmbodiments, the compound binds a human Ras(G127T) (c.g., human K-
Ras(G12T), human H-Ras(G12T), or human N-Ras(G12T)) protein-GDP complex more

20  strongly than the compound binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-
Ras(G12T), or human N-Ras(G12T)) protein-GTP complex under identical conditions. In
embodiments, the compound binds a human Ras{G12T) (e.g., human K-Ras(G12T), human
H-Ras(G12T), or human N-Ras(G12T)) protein-GDP complex at least 2-fold stronger than
the compound binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T),

25  or human N-Ras(G12T)) protein-GTP complex under identical conditions. In embodiments,
the compound binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T).
or human N-Ras(G12T)) protein-GDP complex at least 5-fold stronger than the compound
binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or human N-
Ras(G12T)) protein-GTP complex under identical conditions. In embodiments, the

30  compound binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or
human N-Ras(G12T)) protein-GDP complex at least 10-fold stronger than the compound
binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or human N-
Ras(G12T)) protein-GTP complex under identical conditions. In embodiments, the
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compound binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or
human N-Ras(G12T)) protein-GDP complex at least 20-fold stronger than the compound
binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or human N-
Ras(G12T)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or
human N-Ras(G12T)) protein-GDP complex at least 40-fold stronger than said compound
binds a human Ras(G127T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or human N-
Ras(G12T)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or
human N-Ras(G12T)) protein-GDP complex at least 60-fold stronger than the compound
binds a human Ras(G12T) (c.g., human K-Ras(G12T), human H-Ras(G12T), or human N-
Ras(G12T)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G127T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or
human N-Ras(G12T)) protein-GDP complex at least 80-fold stronger than the compound
binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or human N-
Ras(G12T)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G127T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or
human N-Ras(G12T)) protcin-GDP complex at lcast 100-fold stronger than said compound
binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or human N-
Ras{G12T)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or
human N-Ras(G12T)) protein-GDP complex at least 500-fold stronger than the compound
binds a human Ras(G12T) (e.g., human K-Ras(G12T), human H-Ras(G12T), or human N-

Ras(G12T)) protein-GTP complex under identical conditions.

[0463] In embodiments, the compound binds a human Ras(G12D) (e.g., human K-
Ras(G12D), human H-Ras(G12D), or human N-Ras(G12D)) protein-GDP complex more
strongly than the compound binds a human Ras(G12D) (e.g., human K-Ras(G12D), human
H-Ras(G12D), or human N-Ras(G12D)) protein-GTP complex under identical conditions. In
embodiments, the compound binds a human Ras{G12D) (e.g., human K-Ras(G12D), human
H-Ras(G12D), or human N-Ras(G12D)) protein-GDP complex at least 2-fold stronger than
the compound binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D),
or human N-Ras(G12D)) protein-GTP complex under identical conditions. In embodiments,
the compound binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D),
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or human N-Ras(G12D)) protein-GDP complex at least 5-fold stronger than the compound
binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or human N-
Ras(G12D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or
human N-Ras(G12D)) protein-GDP complex at least 10-fold stronger than the compound
binds a human Ras(G12D) (e.g., human K-Ras{G12D), human H-Ras(G12D), or human N-
Ras(G12D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or
human N-Ras(G12D)) protein-GDP complex at least 20-fold stronger than the compound
binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or human N-
Ras{G12D)) protcin-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or
human N-Ras(G12D)) protein-GDP complex at least 40-fold stronger than said compound
binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or human N-
Ras(G12D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or
human N-Ras(G12D)) protein-GDP complex at least 60-fold stronger than the compound
binds a human Ras(G12D) (c.g., human K-Ras(G12D), human H-Ras(G12D), or human N-
Ras(G12D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or
human N-Ras(G12D)) protein-GDP complex at least 80-fold stronger than the compound
binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or human N-
Ras(G12D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or
human N-Ras(G12D)) protein-GDP complex at least 100-fold stronger than said compound
binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or human N-
Ras(G12D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or
human N-Ras(G12D)) protcin-GDP complcx at Icast 500-fold stronger than the compound
binds a human Ras(G12D) (e.g., human K-Ras(G12D), human H-Ras(G12D), or human N-
Ras(G12D)) protein-GTP complex under identical conditions.

[0464] In embodiments, the compound binds a human Ras(G13D) (e.g., human K-
Ras(G13D), human H-Ras(G13D), or human N-Ras(G13D)) protein-GDP complex more
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strongly than the compound binds a human Ras(G13D) (e.g., human K-Ras(G13D), human
H-Ras(G13D), or human N-Ras(G13D)) protein-GTP complex under identical conditions. In
embodiments, the compound binds a human Ras{G13D) (e.g., human K-Ras(G13D), human
H-Ras(G13D), or human N-Ras(G13D)) protein-GDP complex at least 2-fold stronger than
the compound binds a human Ras(G13D) (e.g.. human K-Ras(G13D), human H-Ras(G13D),
or human N-Ras(G13D)) protein-GTP complex under identical conditions. In embodiments,
the compound binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D),
or human N-Ras(G13D)) protein-GDP complex at least 5-fold stronger than the compound
binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or human N-
Ras(G13D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G13D) (c.g., human K-Ras(G13D), human H-Ras(G13D), or
human N-Ras(G13D)) protein-GDP complex at least 10-fold stronger than the compound
binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or human N-
Ras(G13D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or
human N-Ras(G13D)) protein-GDP complex at least 20-fold stronger than the compound
binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or human N-
Ras(G13D)) protcin-GTP complex under identical conditions. In cmbodiments, the
compound binds a human Ras((G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or
human N-Ras(G13D)) protein-GDP complex at least 40-fold stronger than said compound
binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or human N-
Ras(G13D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or
human N-Ras(G13D)) protein-GDP complex at least 60-fold stronger than the compound
binds a human Ras(G13D) (e.g., human K-Ras{G13D), human H-Ras(G13D), or human N-
Ras(G13D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or
human N-Ras(G13D)) protein-GDP complex at least 80-fold stronger than the compound
binds a human Ras(G13D) (c.g., human K-Ras(G13D), human H-Ras(G13D), or human N-
Ras(G13D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or
human N-Ras(G13D)) protein-GDP complex at least 100-fold stronger than said compound
binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or human N-
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Ras(G13D)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or
human N-Ras(G13D)) protein-GDP complex at least 500-fold stronger than the compound
binds a human Ras(G13D) (e.g., human K-Ras(G13D), human H-Ras(G13D), or human N-
Ras(G13D)) protein-GTP complex under identical conditions.

[0465] In embodiments, the compound binds a human Ras{G12E) (e.g., human K-
Ras(G12E), human H-Ras(G12E), or human N-Ras(G12E)) protcin-GDP complcx more
strongly than the compound binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-
Ras(G12E), or human N-Ras(G12E)) protein-GTP complex under identical conditions. In
embodiments, the compound binds a human Ras(G12E) (e.g., human K-Ras(G12E), human
H-Ras(G12E), or human N-Ras(G12E)) protein-GDP complex at least 2-fold stronger than
the compound binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E),
or human N-Ras(G12E)) protein-GTP complex under identical conditions. In embodiments,
the compound binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E),
or human N-Ras(G12E)) protein-GDP complex at least 5-fold stronger than the compound
binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or human N-
Ras(G12E)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12E) (c.g., human K-Ras(G12E), human H-Ras(G12E), or
human N-Ras(G12E)) protein-GDP complex at least 10-fold stronger than the compound
binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or human N-
Ras{G12E)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or
human N-Ras(G12E)) protein-GDP complex at least 20-fold stronger than the compound
binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or human N-
Ras(G12E)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or
human N-Ras(G12E)) protein-GDP complex at least 40-fold stronger than said compound
binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or human N-
Ras(G12E)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or
human N-Ras(G12E)) protein-GDP complex at least 60-fold stronger than the compound
binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or human N-
Ras(G12E)) protein-GTP complex under identical conditions. In embodiments, the
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compound binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or
human N-Ras(G12E)) protein-GDP complex at least 80-fold stronger than the compound
binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or human N-
Ras(G12E)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or
human N-Ras(G12E)) protein-GDP complex at least 100-fold stronger than said compound
binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or human N-
Ras(G12E)) protein-GTP complex under identical conditions. In embodiments, the
compound binds a human Ras(G12E) (e.g., human K-Ras(G12E), human H-Ras(G12E), or
human N-Ras(G12E)) protein-GDP complex at least 500-fold stronger than the compound
binds a human Ras(G12E) (c.g., human K-Ras(G12E), human H-Ras(G12E), or human N-

Ras(G12E)) protein-GTP complex under identical conditions.

[0466] In embodiments, the compound is useful as a comparator compound. In
embodiments, the comparator compound can be used to assess the activity of a test
compound as set forth in an assay described herein (e.g., in the examples section, figures, or

tables).

[0467] In embodiments, the compound is a compound as described herein, including in
embodiments. In embodiments the compound is a compound described herein (e.g., in the

examples section, figures, tables, or claims).

II1. Pharmaceutical compositions
[0468] In an aspect is provided a pharmaceutical composition including a compound
described herein, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceplable excipient.

[0469] In embodiments, the pharmaceutical composition includes an eflective amount of
the compound. In embodiments, the pharmaceutical composition includes a therapeutically
effective amount of the compound. In embodiments, the compound is a compound of
formula (I), (I-1), (I-1a), (I-1b). (I-1c), (I-1d), (I-1e), (I-1f), (I-2), (I-2a), (I-2b), (I-3), (1-3a),
(I-3b), (I-3¢), (I-4), (I-4a), (I-4b), (I-5), (I-5a), (I-5b), {I-6), (I-6a), (1-7), (I-7a), (A1), (1I-1), (1I-
la), (I1II), (III-1), (III-1a), (111-2), or (1I1-2a). In embodiments, the compound is a compound
of formula (1V), (1V-1), (1V-1a), (1V-1b), (1V-1c), (1V-1d), (1V-1¢), (1V-11), (1V-2). (1V-2a),
(1V-2b), (1V-3), (1V-3a), (1V-3b), (1V-3¢), (1V-4), (1V-4a), (1V-4b), (1V-5), (1V-5a), (1V-5b),
(IV-6), (IV-6a), (IV-6b), (IV-7), (IV-7a), (IV-7b), (IV-8), (IV-8a), (IV-8b), (IV-9), (IV-9a),
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(IV-9b), (IV-9¢), (IV-9d), (IV-10), (IV-10a), (IV-11), (IV-11a), (V), (V-1), (V-1a), (V). (VI-
D, (VI-1a), (VI-2), or (VI-2a).

IV.  Methods of use
[0470] In an aspect is provided a method of treating cancer in a subject in need thereof, the
method including administering to the subject in need thercof a therapeutically cffective

amount of a compound described herein, or a pharmaceutically acceptable salt thereof.

[0471] In embodiments, the cancer is rectal carcinoma, colorectal adenocarcinoma,
colorectal carcinoma, non-small cell lung carcinoma, squamous cell lung carcinoma,

myelodysplastic syndrome, or acute myeloid leukemia.

[0472] In an aspect is provided a method of treating a Switch 1T GTPase protein-associated
disease in a subject in need thereof, the method including administering to the subject in need
thereol a therapeutically effective amount of a compound described herein, or a
pharmaceutically acceptable salt thereof. In embodiments, the Switch II GTPase protein-
associated disease is cancer (e.g., rectal carcinoma, colorectal adenocarcinoma, colorectal
carcinoma, non-small cell lung carcinoma, squamous cell lung carcinoma, myelodysplastic
syndrome, or acute myeloid leukemia). In embodiments, the Switch II GTPase protein-
associated disease is a RASopathy (e.g., capillary malformation-AV malformation syndrome,
autoimmune lymphoproliferative syndrome, cardiofaciocutaneous syndrome, hereditary
gingival fibromatosis type 1, neurofibromatosis type 1, Noonan syndrome, Costello

syndrome, or Legius syndrome).

[0473] TIn an aspect is provided a method of treating a K-Ras((G12S)-associated disease in a
subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceplable salt thereol. In embodiments, the K-Ras(G12S)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the K-Ras((G12S)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

ncurofibromatosis typc 1, Noonan syndrome, Costello syndrome, or Legius syndromce).

208

CA 03240772 2024-6-11



10

15

20

25

30

WO 2023/122662 PCT/US2022/082136

[0474] In an aspect is provided a method of treating an H-Ras((G12S)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the H-Ras((G12S)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the H-Ras((G12S)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).
[0475] In embodiments, the H-Ras(G12S)-associated disease is Costello syndrome.

[0476] In an aspect is provided a method of treating an N-Ras(G125)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acccptablce salt thercof. In cmbodiments, the N-Ras((G12S)-associated discasc is cancer (c.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the N-Ras(G12S)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0477] In an aspect is provided a method of treating a K-Ras(G13S)-associated disease in a
subject in need thereol, the method including administering (o the subject in need thereol a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the K-Ras((G13S)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the K-Ras(G13S)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutancous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).
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[0478] In an aspect is provided a method of treating an H-Ras(G13S)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the H-Ras(G13S)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the H-Ras((G13S)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0479] In an aspect is provided a method of treating an N-Ras(G135)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the N-Ras((G13S)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the N-Ras(G13S)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmunc lymphoprolifcrative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0480] In an aspect is provided a method of treating a K-Ras(G12T)-associated disease in a
subject in need thereof, the method including administering to the subject in need thereof a
therapeutically elfective amount ol a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the K-Ras(G12T)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the K-Ras(G12T)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutancous syndromgc, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0481] In an aspect is provided a method of treating an H-Ras(G12T)-associated disease in

a subject in need thereof, the method including administering to the subject in need thereof a
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therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the H-Ras((G12T)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the H-Ras(G12T)-associated disease is a RASopathy (e.g..
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0482] In an aspect is provided a method of treating an N-Ras(G12T)-assaciated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the N-Ras(G12T)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the N-Ras(G12T)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

ncurofibromatosis typc 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0483] In an aspect is provided a method of treating a K-Ras(G12D)-associated disease in a
subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the K-Ras(G12D)-associated disease is cancer (e.g.,
reclal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the K-Ras(G12D)-associated disecase is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0484] In an aspect is provided a method of treating an H-Ras(G12D)-associated disease in
a subjcct in nced thercof, the method including administering to the subjcect in necd thercof a
therapeutically effective amount of a compound described herein, or a pharmaceutically

acceptable salt thereof. In embodiments, the HH-Ras(G12D)-associated disease is cancer (e.g.,
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rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the H-Ras(G12D)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0485] In an aspcct is provided a method of trecating an N-Ras((G12D)-associated discasc in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the N-Ras(G12D)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the N-Ras(G12D)-associated disecase is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0486] In an aspect is provided a method of treating a K-Ras((G13D)-associated disease in a
subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the K-Ras(G13D)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the K-Ras(G13D)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0487] In an aspect is provided a method of treating an H-Ras(G13D)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acccptable salt thercof. In embodiments, the H-Ras(G13D)-associated discasc is cancer (c.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung

carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
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leukemia). In embodiments, the H-Ras(G13D)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0488] In an aspect is provided a method of treating an N-Ras(G13D)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapcutically cffective amount of a compound described herein, or a pharmaccutically
acceptable salt thereof. In embodiments, the N-Ras(G13D)-associated disecase is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the N-Ras(G13D)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0489] In an aspcct is provided a mcthod of trecating a K-Ras(G12E)-associated discasc in a
subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the K-Ras(G12E)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the K-Ras(G12E)-associated disecase is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiolaciocutaneous syndrome, heredilary gingival [ibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0490] In an aspect is provided a method of treating an H-Ras(G12E)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the H-Ras(G12E)-associated disease is cancer (e.g.,
rectal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous ccll lung carcinoma, myclodysplastic syndrome, or acutc mycloid
leukemia). In embodiments, the H-Ras(G12E)-associated disease is a RASopathy (e.g.,

capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
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syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0491] In an aspect is provided a method of treating an N-Ras(G12E)-associated disease in
a subject in need thereof, the method including administering to the subject in need thereof a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable salt thereof. In embodiments, the N-Ras(G12E)-associated disease is cancer (e.g.,
rcctal carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung
carcinoma, squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid
leukemia). In embodiments, the N-Ras(G12E)-associated disease is a RASopathy (e.g.,
capillary malformation-AV malformation syndrome, autoimmune lymphoproliferative
syndrome, cardiofaciocutaneous syndrome, hereditary gingival fibromatosis type 1,

neurofibromatosis type 1, Noonan syndrome, Costello syndrome, or Legius syndrome).

[0492] In an aspect is provided a method of modulating the level of activity of a GTPase
protein in a cell, the method including contacting the cell with an effective amount of a

compound described herein, or a pharmaccutically acceptable salt thercof.

[0493] In an aspect is provided a method of modulating the level of activity of a K-Ras
protein in a cell. the method including contacting the cell with an effective amount of a

compound described herein, or a pharmaceutically acceptable salt thereof.

[0494] In cmbodiments, the modulating of the activity includes modulating GTPasc
activity, nucleotide exchange, differential GDP or GTP binding, effector protein binding,
effector protein activation, guanine exchange factor (GEF) binding, GEF-facilitated
nucleotide exchange, phosphate release, nucleotide release, nucleotide binding, K-Ras
subcellular localization, K-Ras post-translational processing, or K-Ras post-translational

modifications.

[0495] In embodiments, the modulating is increasing the activity of the K-Ras protein. In
embodiments, the level of activity of the K-Ras protein is increased by about 1.5-, 2-, 3-, 4-,
5-, 6-,7-, 8-, 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-, 60-, 70-, 80-, 90-, 100-, 150-, 200-,
250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-, 900-, or 1000-fold relative to a control
(e.g., absence of the compound). In embodiments, the level of activity of the K-Ras protein

is increased by at least 1.5-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-,
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50-, 60-, 70-, 80-, 90-, 100-, 150-, 200-, 250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-,

900-, or 1000-fold relative to a control (e.g., absence of the compound).

[0496] In embodiments, the level of activity of the K-Ras protein is increased by about 1.5-
fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the K-Ras protein is increased by about 2-fold relative to a control (e.g., absence
of the compound). In embodiments, the level of activity of the K-Ras protein is increased by
about 5-fold rclative to a control (c.g., abscnce of the compound). In embodiments, the level
of activity of the K-Ras protein is increased by about 10-fold relative to a control (e.g.,
absence of the compound). In embodiments, the level of activity of the K-Ras protein is
increased by about 25-fold relative to a control (e.g., absence of the compound). In
embodiments, the level of activity of the K-Ras protein is increased by about 50-fold relative
to a control (e.g., absence of the compound). In embodiments, the level of activity of the K-
Ras protein is increased by about 100-fold relative to a control (e.g., absence of the
compound). In embodiments, the level of activity of the K-Ras protein is increased by about
500-fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the K-Ras protein is increased by about 1000-fold relative to a control (e.g.,

absence of the compound).

[0497] In embodiments, the level of activity of the K-Ras protein is increased by at least
1.5-fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the K-Ras protein is increased by at least 2-fold relative to a control (e.g., absence
of the compound). In embodiments, the level of activity of the K-Ras protein is increased by
at least 5-fold relative to a control (e.g., absence of the compound). In embodiments, the
level ol activity of the K-Ras protein is increased by at least 10-[old relative (o a control (e.g..
absence of the compound). In embodiments, the level of activity of the K-Ras protein is
increased by at least 25-fold relative to a control (e.g., absence of the compound). In
embodiments, the level of activity of the K-Ras protein is increased by at least 50-fold
relative to a control (e.g., absence of the compound). In embodiments, the level of activity of
the K-Ras protein is increased by at least 100-fold relative to a control (e.g., absence of the
compound). In cmbodiments, the Icvel of activity of the K-Ras protcin is incrcascd by at
least 500-fold relative to a control {(e.g., absence of the compound). In embodiments, the
level of activity of the K-Ras protein is increased by at least 1000-fold relative to a control

(e.g., absence of the compound).
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[0498] In embodiments, the modulating is reducing the activity of the K-Ras protein. In
embodiments, the level of activity of the K-Ras protein is reduced by about 1.5-, 2-, 3-, 4-, 5-,
6-, 7-, 8-. 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-, 60-, 70-, 80-, 90-, 100-, 150-, 200-,
250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-, 900-, or 1000-fold relative to a control
(e.g., absence of the compound). In embodiments, the level of activity of the K-Ras protein
is reduced by at least 1.5-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-
, 60-, 70-, 80-, 90-, 100-, 150-, 200-, 250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-,

900-, or 1000-fold relative to a control (e.g., absence of the compound).

[0499] In embodiments, the level of activity of the K-Ras protein is reduced by about 1.5-
fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the K-Ras protein is reduced by about 2-fold relative to a control (e.g., absence of
the compound). In embodiments, the level of activity of the K-Ras protein is reduced by
about 5-fold relative to a control (e.g., absence of the compound). In embodiments, the level
of activity of the K-Ras protein is reduced by about 10-fold relative to a control (e.g., absence
of the compound). In embodiments, the level of activity of the K-Ras protein is reduced by
about 25-fold relative to a control (e.g., absence of the compound). In embodiments, the
level of activity of the K-Ras protein is reduced by about 50-fold relative to a control (e.g.,
abscnce of the compound). In ecmbodiments, the level of activity of the K-Ras protein is
reduced by about 100-fold relative to a control (e.g., absence of the compound). In
embodiments, the level of activity of the K-Ras protein is reduced by about 500-fold relative
to a control (e.g., absence of the compound). In embodiments, the level of activity of the K-
Ras protein is reduced by about 1000-fold relative to a control (e.g., absence of the

compound).

[0500] In embodiments, the level of activity of the K-Ras protein is reduced by at least 1.5-
fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the K-Ras protein is reduced by at least 2-fold relative to a control (e.g., absence of
the compound). In embodiments, the level of activity of the K-Ras protein is reduced by at
least 5-fold relative to a control (e.g., absence of the compound). In embodiments, the level
of activity of thec K-Ras protcin is recduccd by at lcast 10-fold rclative to a control (c.g.,
absence of the compound). In embodiments, the level of activity of the K-Ras protein is
reduced by at least 25-fold relative to a control (e.g., absence of the compound). In

embodiments, the level of activity of the K-Ras protein is reduced by at least 50-fold relative
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to a control (e.g., absence of the compound). In embodiments, the level of activity of the K-
Ras protein is reduced by at least 100-fold relative to a control (e.g., absence of the
compound). In embodiments, the level of activity of the K-Ras protein is reduced by at least
500-fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the K-Ras protein is reduced by at least 1000-fold relative to a control (e.g.,

absence of the compound).

[0501] In cmbodiments, the K-Ras protcin is a human K-Ras protein. In embodiments, the
human K-Ras protein contains a G12S mutation. In embodiments, the human K-Ras protein
contains a G13S mutation. In embodiments, the human K-Ras protein contains a G12T

mutation.

[0502] In embodiments, the K-Ras protein is a human K-Ras protein. In embodiments, the
human K-Ras protein contains a G12D mutation. In embodiments, the human K-Ras protein
contains a G13D mutation. In embodiments, the human K-Ras protein contains a G12E

mutation.

[0503] In an aspect is provided a method of modulating the level of activity of an H-Ras
protein in a cell, the method including contacting the cell with an effective amount of a

compound described herein, or a pharmaceutically acceptable salt thereof.

[0504] In embodiments, the modulating of the activity includes modulating GTPase
activity, nuclcotide cxchange, differcntial GDP or GTP binding, cffcctor protcin binding,
effector protein activation, guanine exchange factor (GEF) binding, GEF-facilitated
nucleotide exchange, phosphate release, nucleotide release, nucleotide binding, H-Ras
subcellular localization, H-Ras post-translational processing, or H-Ras post-translational

modifications.

[0505] In embodiments, the modulating is increasing the activity of the H-Ras protein. In
embodiments, the level of activity of the H-Ras protein is increased by about 1.5-, 2-, 3-, 4-,
5-, 6-,7-, 8-, 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-, 60-, 70-, 80-, 90-, 100-, 150-, 200-,
250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-, 900-, or 1000-fold relative to a control
(e.g., absence of the compound). In embodiments, the level of activity of the H-Ras protein
is increased by at least 1.5-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-,
50-, 60-, 70-, 80-, 90-, 100-, 150-, 200-, 250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-,

900-, or 1000-fold rclative to a control (c.g., abscnce of the compound).
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[0506] In embodiments, the level of activity of the H-Ras protein is increased by about 1.5-
fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the H-Ras protein is increased by about 2-fold relative to a control {e.g., absence
of the compound). In embodiments, the level of activity of the H-Ras protein is increased by
about 5-fold relative to a control (e.g., absence of the compound). In embodiments, the level
of activity of the H-Ras protein is increased by about 10-fold relative to a control (e.g.,
absence of the compound). In embodiments, the level of activity of the H-Ras protein is
increased by about 25-fold relative to a control (e.g., absence of the compound). In
embodiments, the level of activity of the H-Ras protein is increased by about 50-fold relative
to a control (e.g., absence of the compound). In embodiments, the level of activity of the H-
Ras prolein is increased by about 100-fold relative (o a control (c.g., abscence of the
compound). In embodiments, the level of activity of the H-Ras protein is increased by about
500-fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the H-Ras protein is increased by about 1000-fold relative to a control (e.g.,

absence of the compound).

[0507] In embodiments, the level of activity of the H-Ras protein is increased by at least
1.5-fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of thc H-Ras protcin is incrcascd by at lcast 2-fold relative to a control (c.g., absence
of the compound). In embodiments, the level of activity of the H-Ras protein is increased by
at least 5-fold relative to a control (e.g., absence of the compound). In embodiments, the
level of activity of the H-Ras protein is increased by at least 10-fold relative to a control (e.g.,
absence of the compound). In embodiments, the level of activity of the H-Ras protein is
increased by at least 25-fold relative to a control (e.g., absence of the compound). In
embodiments, the level of activity of the H-Ras protein is increased by at least 50-fold
relative to a control (e.g., absence of the compound). In embodiments, the level of activity of
the H-Ras protein is increased by at least 100-fold relative to a control (e.g., absence of the
compound). In embodiments, the level of activity of the H-Ras protein is increased by at
least 500-fold relative to a control (e.g., absence of the compound). In embodiments, the
level of activity of the H-Ras protein is increased by at least 1000-fold relative to a control

(e.g., absence of the compound).

[0508] In embodiments, the modulating is reducing the activity of the H-Ras protein. In

embodiments, the level of activity of the H-Ras protein is reduced by about 1.5-, 2-, 3-, 4-, 5-,
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6-, 7-, 8-, 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-, 60-, 70-, 80-, 90-, 100-, 150-, 200-,
250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-, 900-, or 1000-fold relative to a control
(e.g., absence of the compound). In embodiments, the level of activity of the H-Ras protein
is reduced by at least 1.5-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-
. 60-, 70-, 80-, 90-, 100-, 150-, 200-, 250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-,

900-, or 1000-fold relative to a control (e.g., absence of the compound).

[0509] In cmbodiments, the level of activity of the H-Ras protein is reduced by about 1.5-
fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the H-Ras protein is reduced by about 2-fold relative to a control (e.g., absence of
the compound). In embodiments, the level of activity of the H-Ras protein is reduced by
about 5-fold relative to a control {e.g., absence of the compound). In embodiments, the level
of activity of the H-Ras protein is reduced by about 10-fold relative to a control (e.g., absence
of the compound). In embodiments, the level of activity of the H-Ras protein is reduced by
about 25-fold relative to a control (e.g., absence of the compound). In embodiments, the
level of activity of the H-Ras protein is reduced by about 50-fold relative to a control (e.g.,
absence of the compound). In embodiments, the level of activity of the H-Ras protein is
reduced by about 100-fold relative to a control (e.g., absence of the compound). In
cmbodiments, the level of activity of the H-Ras protein is reduced by about 500-fold rclative
to a control (e.g., absence of the compound). In embodiments, the level of activity of the H-
Ras protein is reduced by about 1000-fold relative to a control (e.g., absence of the

compound).

[0510] In embodiments, the level of activity of the H-Ras protein is reduced by at least 1.5-
lold relative (o a control (e.g., absence ol the compound). In embodiments, the level of
activity of the H-Ras protein is reduced by at least 2-fold relative to a control (e.g., absence of
the compound). In embodiments, the level of activity of the H-Ras protein is reduced by at
least 5-fold relative to a control (e.g., absence of the compound). In embodiments, the level
of activity of the H-Ras protein is reduced by at least 10-fold relative to a control (e.g.,
absence of the compound). In embodiments, the level of activity of the H-Ras protein is
rcduced by at Icast 25-fold relative to a control (c.g., abscnec of the compound). In
embodiments, the level of activity of the H-Ras protein is reduced by at least 50-fold relative
to a control (e.g., absence of the compound). In embodiments, the level of activity of the H-

Ras protein is reduced by at least 100-fold relative to a control (e.g., absence of the
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compound). In embodiments, the level of activity of the H-Ras protein is reduced by at least
500-fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the H-Ras protein is reduced by at least 1000-fold relative to a control (e.g.,

absence of the compound).

[0511] In embodiments, the H-Ras protein is a human H-Ras protein. In embodiments, the
human H-Ras protein contains a G12S mutation. In embodiments, the human H-Ras protein
contains a G138 mutation. In embodiments, the human H-Ras protcin contains a G12T

mutation.

[0512] In embodiments, the H-Ras protein is a human H-Ras protein. In embodiments, the
human H-Ras protein contains a G12D mutation. In embodiments, the human H-Ras protein
contains a G13D mutation. In embodiments, the human H-Ras protein contains a G12E

mutation.

[0513] In an aspect is provided a method of modulating the level of activity of an N-Ras
protein in a cell, the method including contacting the cell with an effective amount of a

compound described herein, or a pharmaceutically acceptable salt thereof.

[0514] In embodiments, the modulating of the activity includes modulating GTPase
activity, nucleotide exchange, differential GDP or GTP binding, effector protein binding,
effector protein activation, guanine exchange factor (GEF) binding, GEF-facilitated
nuclcotide cxchange, phosphatc rclcasc, nuclcotide relcasc, nucleotide binding, N-Ras
subcellular localization, N-Ras post-translational processing, or N-Ras post-translational

modifications.

[0515] In embodiments, the modulating is increasing the activity of the N-Ras protein. In
embodiments, the level of activity of the N-Ras protein is increased by about 1.5-, 2-, 3-, 4-,
5-,6-,7-,8-,9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-, 60-, 70-, 80-, 90-, 100-, 150-, 200-,
250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-, 900-, or 1000-fold relative to a control
(e.g., absence of the compound). In embodiments, the level of activity of the N-Ras protein
is increased by at least 1.5-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-,
50-, 60-, 70-, 80-, 90-, 100-, 150-, 200-, 250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-,

900-, or 1000-fold relative to a control (e.g., absence of the compound).

[0516] In embodiments, the level of activity of the N-Ras protein is increased by about 1.5-

fold relative to a control (e.g., absence of the compound). In embodiments, the level of
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activity of the N-Ras protein is increased by about 2-fold relative to a control (e.g., absence
of the compound). In embodiments, the level of activity of the N-Ras protein is increased by
about 5-fold relative to a control (e.g., absence of the compound). In embodiments, the level
of activity of the N-Ras protein is increased by about 10-fold relative to a control (e.g.,
absence of the compound). In embodiments, the level of activity of the N-Ras protein is
increased by about 25-fold relative to a control (e.g., absence of the compound). In
embodiments, the level of activity of the N-Ras protein is increased by about 50-fold relative
to a control (e.g., absence of the compound). In embodiments, the level of activity of the N-
Ras protein is increased by about 100-fold relative to a control (e.g., absence of the
compound). In embodiments, the level of activity of the N-Ras protein is increased by about
500-fold relative o a control (c.g., absence of the compound). In embodiments, the level of
activity of the N-Ras protein is increased by about 1000-fold relative to a control (e.g.,

absence of the compound).

[0517] In embodiments, the level of activity of the N-Ras protein is increased by at least
1.5-fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the N-Ras protein is increased by at least 2-fold relative to a control (e.g., absence
of the compound). In embodiments, the level of activity of the N-Ras protein is increased by
at Icast 5-fold rclative to a control (c.g., abscnce of the compound). In cmbodiments, the
level of activity of the N-Ras protein is increased by at least 10-fold relative to a control (e.g.,
absence of the compound). In embodiments, the level of activity of the N-Ras protein is
increased by at least 25-fold relative to a control (e.g., absence of the compound). In
embodiments, the level of activity of the N-Ras protein is increased by at least 50-fold
relative to a control (e.g., absence of the compound). In embodiments, the level of activity of
the N-Ras protein is increased by at least 100-fold relative to a control (e.g., absence of the
compound). In embodiments, the level of activity of the N-Ras protein is increased by at
least 500-fold relative to a control (e.g., absence of the compound). In embodiments, the
level of activity of the N-Ras protein is increased by at least 1000-fold relative to a control

(e.g., absence of the compound).

[0518] In cmbodiments, the modulating is reducing the activity of the N-Ras protcin. In
embodiments, the level of activity of the N-Ras protein is reduced by about 1.5-, 2-, 3-, 4-, 5-,
6-, 7-, 8-, 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-, 60-, 70-, 80-, 90-, 100-, 150-, 200-,
250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-, 900-, or 1000-fold relative to a control
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(e.g., absence of the compound). In embodiments, the level of activity of the N-Ras protein
is reduced by at least 1.5-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-
, 60-, 70-, 80-, 90-, 100-, 150-, 200-, 250-, 300-, 350-, 400-, 450-, 500-, 600-, 700-, 800-,

900-, or 1000-fold relative to a control (e.g., absence of the compound).

[0519] In embodiments, the level of activity of the N-Ras protein is reduced by about 1.5-
fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of thc N-Ras protein is reduccd by about 2-fold rclative to a control (c.g., absence of
the compound). In embodiments, the level of activity of the N-Ras protein is reduced by
about 5-fold relative to a control {(e.g., absence of the compound). In embodiments, the level
of activity of the N-Ras protein is reduced by about 10-fold relative to a control (e.g., absence
of the compound). In embodiments, the level of activity of the N-Ras protein is reduced by
about 25-fold relative to a control (e.g., absence of the compound). In embodiments, the
level of activity of the N-Ras protein is reduced by about 50-fold relative to a control (e.g.,
absence of the compound). In embodiments, the level of activity of the N-Ras protein is
reduced by about 100-fold relative to a control (e.g., absence of the compound). In
embodiments, the level of activity of the N-Ras protein is reduced by about 500-fold relative
to a control (e.g., absence of the compound). In embodiments, the level of activity of the N-
Ras protein is reduced by about 1000-fold relative to a control (c.g., abscnec of the

compound).

[0520] In embodiments, the level of activity of the N-Ras protein is reduced by at least 1.5-
fold relative to a control (e.g., absence of the compound). In embodiments, the level of
activity of the N-Ras protein is reduced by at least 2-fold relative to a control (e.g., absence of
the compound). In embodiments, the level of aclivity ol the N-Ras protein is reduced by at
least 5-fold relative to a control (e.g., absence of the compound). In embodiments, the level
of activity of the N-Ras protein is reduced by at least 10-fold relative to a control (e.g.,
absence of the compound). In embodiments, the level of activity of the N-Ras protein is
reduced by at least 25-fold relative to a control (e.g., absence of the compound). In
embodiments, the level of activity of the N-Ras protein is reduced by at least 50-fold relative
to a control (c.g., abscnce of the compound). In cmbodiments, the Icvel of activity of the N-
Ras protein is reduced by at least 100-fold relative to a control (e.g., absence of the
compound). In embodiments, the level of activity of the N-Ras protein is reduced by at least

500-fold relative to a control (e.g., absence of the compound). In embodiments, the level of
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activity of the N-Ras protein is reduced by at least 1000-fold relative to a control (e.g.,

absence of the compound).

[0521] In embodiments, the N-Ras protein is a human N-Ras protein. In embodiments, the
human N-Ras protein contains a G12S mutation. In embodiments, the human N-Ras protein
contains a G135 mutation. In embodiments, the human N-Ras protein contains a G12T

mutation.

[0522] In embodiments, the N-Ras protein is a human N-Ras protein. In embodiments, the
human N-Ras protein contains a G12D mutation. In embodiments, the human N-Ras protein
contains a G13D mutation. In embodiments, the human N-Ras protein contains a G12E

mutation.

V. Protein compositions
[0523] In an aspect is provided a Switch II GTPase protein covalently bound to a
compound described herein, or a pharmaceutically acceptable salt thereof, wherein the

compound is covalently bound to a serine residue of the Switch 1I GTPase protein.

[0524] In an aspect is provided a Switch II GTPase protein covalently bound to a
compound described herein, or a pharmaceutically acceptable salt thereof, wherein the

compound is covalently bound to a threonine residue of the Switch II GTPase protein.

[0525] TIn an aspect is provided a Switch IT GTPase protein covalently bound to a
compound described herein, or a pharmaceutically acceptable salt thereof, wherein the

compound is covalently bound to an aspartatc residuc of the Switch II GTPasc protcin.

[0526] In an aspect is provided a Switch II GTPase protein covalently bound to a
compound described herein, or a pharmaceutically acceptable salt thereof, wherein the

compound is covalently bound to a glutamate residue of the Switch II GTPase protein.

[0527] In an aspect is provided a Switch II GTPase protein covalently bonded to a fragment

(e.g., moiely, moiety of a [ragment) of a compound described herein.

[0528] In an aspect is provided a K-Ras protein covalently bound to a compound described
herein, or a pharmaceutically acceptable salt thereof, wherein the compound is covalently
bound to a serine residue of the K-Ras protein. In embodiments, the K-Ras protein is a
human K-Ras protein. In embodiments, the human K-Ras protein contains a G12S mutation.

In embodiments, the human K-Ras protein contains a G13S mutation.
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[0529] In an aspect is provided a K-Ras protein covalently bound to a compound described
herein, or a pharmaceutically acceptable salt thereof, wherein the compound is covalently
bound to a threonine residue of the K-Ras protein. In embodiments, the K-Ras protein is a

human K-Ras protein. In embodiments, the human K-Ras protein contains a G12T mutation.

[0530] In embodiments, the compound is reversibly covalently bound to a serine residue of
the K-Ras protein. In embodiments, the compound is irreversibly covalently bound to a
scrine residuc of the K-Ras protein. In embodiments, the K-Ras protein contains a G125
mutation. In embodiments, the compound is covalently bonded to serine residue 12. In
embodiments, the K-Ras protein contains a G13S mutation. In embodiments, the compound
is covalently bonded to serine residue 13. In embodiments, the compound is reversibly
covalently bound to a threonine residue of the K-Ras protein. In embodiments, the
compound is irreversibly covalently bound to a threonine residue of the K-Ras protein. In
embodiments, the K-Ras protein contains a G12T mutation. In embodiments, the compound

is covalently bonded to threonine residue 12.

[0531] In an aspcct is provided a K-Ras protcin covalently bound to a compound described
herein, or a pharmaceutically acceptable salt thereof, wherein the compound is covalently
bound to an aspartate residue of the K-Ras protein. In embodiments, the K-Ras protein is a
human K-Ras protein. In embodiments, the human K-Ras protein contains a G12D mutation.

In embodiments, the human K-Ras protein contains a G13D mutation.

[0532] In an aspectis provided a K-Ras protein covalently bound to a compound described
herein, or a pharmaceutically acceptable salt thereof, wherein the compound is covalently
bound to a glutamate residue of the K-Ras protein. In embodiments, the K-Ras protein is a

human K-Ras protein. In embodiments, the human K-Ras protein contains a G12E mutation.

[0533] In embodiments, the compound is reversibly covalently bound o an aspartate
residue of the K-Ras protein. In embodiments, the compound is irreversibly covalently
bound to an aspartate residue of the K-Ras protein. In embodiments, the K-Ras protein
contains a G12D mutation. In embodiments, the compound is covalently bonded to aspartate
residue 12. In embodiments, the K-Ras protein contains a G13D mutation. In embodiments,
the compound is covalently bonded to aspartate residue 13. In embodiments, the compound
1s reversibly covalently bound to a glutamate residuc of the K-Ras protein. In cmbodiments,

the compound is irreversibly covalently bound to a glutamate residue of the K-Ras protein.
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In embodiments, the K-Ras protein contains a G12E mutation. In embodiments, the

compound is covalently bonded to glutamate residue 12.

[0534] In embodiments, the human K-Ras protein is covalently bonded (e.g., reversibly or

irreversibly) to a portion of a compound described herein.

[0535] In an aspect is provided a K-Ras protein covalently bonded to a fragment (e.g.,

moiety, moiety of a fragment) of a compound described herein.

[0536] In cmbodiments, a K-Ras(G12S) protein (c.g., human K-Ras(G125)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, a K-Ras(G12S) protein (e.g., human K-Ras(G12S5)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the K-Ras(G128S) protein (e.g., human K-
Ras(G128S)) is reversibly covalently bonded (o a compound (e.g., compound described herein
or a portion of a compound described herein). In embodiments, the K-Ras(G12S) protein
(e.g., human K-Ras(G12S)) is covalently bonded to a portion of a compound (e.g., compound
described herein). In embodiments, the K-Ras(G12S) protein (e.g., human K-Ras(G12S)) is
irreversibly covalently bonded to a portion of a compound described herein. In
embodiments, the K-Ras((G12S) protein (e.g.. human K-Ras((G1285)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a serine residue (e.g., G125 of human K-Ras(G12S) or serine
corresponding to G12S of human K-Ras((GG12S)) of the K-Ras((G12S) protein (e.g., human K-
Ras(G128)).

[0537] In embodiments, the K-Ras(G12S) protein covalently bonded to a compound
described herein is the product of a reaction between the K-Ras(G125) protein and a
compound described herein. It will be understood that the covalently bonded K-Ras(G12S)
protein and compound described herein are the remnants of the reactant K-Ras(G12S) protein
and compound, wherein each reactant now participates in the covalent bond between the K-
Ras(G12S) protein and compound. In embodiments of the covalently bonded K-Ras(G12S)
protein and compound described herein, the remnant of the E substituent is a linker including
a covalent bond between the K-Ras(G12S) protein and the remainder of the compound
described herein. 1t will be understood by a person of ordinary skill in the art that when a K-
Ras(G12S) protein is covalently bonded to a compound described herein, the compound

described herein forms a remnant of the pre-reacted compound wherein a bond connects the
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remnant of the compound to the remnant of the K-Ras(G12S) protein (e.g., serine oxygen,
oxygen of amino acid corresponding to G12S of human K-Ras(G125)). In embodiments, the
remnant of the E' substituent is a linker selected from a bond, -S(O)»-, -NH-, -O-, -S-, -C(O)-,
-C(O)NH-, -NHC(O)-, -NHC(O)NH-, -NHC(O)NH-, -C(O)O-, -OC(O)-, -CH2NH-,

5  substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted alkylene (e.g., C1-Cg, C1-Cs, C1-Ca, or C1-Ca),
substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted heteroalkylene (e.g., 2 to 8 membered, 2 to 6
membered, 4 to 6 membered, 2 to 3 membered, or 4 to S membered), substituted (e.g.,

10 substituted with a substituent group, a size-limited substituent group, or lower substituent
group) or unsubstituted cycloalkylenc (c.g., C3-Cs, C3-Cs, C4-Cs, or Cs-Cs), substituted (c.g.,
substituted with a substituent group, a size-limited substituent group, or lower substituent
group) or unsubstituted heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6
membered, 4 to 5 membered, or 5 to 6 membered), substituted (e.g., substituted with a

15  substituent group, a size-limited substituent group, or lower substituent group) or
unsubstituted arylene (e.g., Cs-C10 or phenyl), or substituted (e.g., substituted with a
substituent group, a size-limited substituent group, or lower substituent group) or
unsubstituted heteroarylene (c.g., 5 to 10 membered, 5 to 9 membered, or 5 to 6 mcmbered).
As a non-limiting example, the K-Ras((G12S) protein covalently bonded to a compound may

20  have the formula:

o

@) @)

OH
RsZ_
(R%)z L

N
[

LY
R’ . wherein O is the oxygen of a K-Ras(G12S) protcin scrinc (c.g.,
corresponding to serine residue 12 of human K-Ras((G128S)), which is bonded to the
remainder of the K-Ras((G12S) protein and wherein R!, L!, R3, and 73 are as described herein,

including in embodiments.

25 [0538] In embodiments, a K-Ras(G13S) protein (e.g., human K-Ras(G13S)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, a K-Ras(G13S) protein (e.g., human K-Ras(G13S)) is

irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
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of a compound described herein). In embodiments, the K-Ras(G13S) protein (e.g., human K-
Ras(G135)) is reversibly covalently bonded to a compound (e.g., compound described herein
or a portion of a compound described herein). In embodiments, the K-Ras(G13S) protein
(e.g., human K-Ras(G13S)) is covalently bonded to a portion of a compound (e.g., compound
described herein). In embodiments, the K-Ras(G13S) protein (e.g., human K-Ras(G13S)) is
urreversibly covalently bonded to a portion of a compound described herein. In
embodiments, the K-Ras((G13S) protein (e.g., human K-Ras((G13S)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a serine residue (e.g., G13S of human K-Ras(G138S) or serine
corresponding to G13S of human K-Ras(G135)) of the K-Ras(G13S) protein (e.g., human K-
Ras(G135)).

[0539] Inembodiments, a K-Ras(G12T) protein (e.g., human K-Ras(G12T)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, a K-Ras(G12T) protein (e.g., human K-Ras(G12T)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the K-Ras(G12T) protein (e.g., human K-
Ras(G12T)) is reversibly covalently bonded to a compound (e.g., compound described herein
or a portion of a compound dcscribed herein). In ecmbodiments, the K-Ras(G12T) protein
(e.g., human K-Ras(G12T)) is covalently bonded to a portion of a compound (e.g., compound
described herein). In embodiments, the K-Ras(G12T) protein (e.g., human K-Ras(G12T)) is
irreversibly covalently bonded to a portion of a compound described herein. In
embodiments, the K-Ras(G12T) protein (e.g., human K-Ras(G12T)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a threonine residue (e.g., G12T of human K-Ras(G12T) or
threonine corresponding to G12T of human K-Ras(G12T)) of the K-Ras(G12T) protein (e.g.,
human K-Ras(G12T)).

[0540] In embodiments, a K-Ras(G12D) protein (e.g., human K-Ras(G12D)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described hercin). In embodiments, a K-Ras(G12D) protcin (c.g., human K-Ras(G12D)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the K-Ras(G12D) protein (e.g.. human

K-Ras(G12D)) is reversibly covalently bonded to a compound (e.g., compound described
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herein or a portion of a compound described herein). In embodiments, the K-Ras(G12D)
protein (e.g., human K-Ras(G12D)) is covalently bonded to a portion of a compound (e.g.,
compound described herein). In embodiments, the K-Ras(G12D) protein (e.g., human K-
Ras(G12D)) is irreversibly covalently bonded to a portion of a compound described herein.
In embodiments, the K-Ras(G12D) protein (e.g., human K-Ras(G12D)) is reversibly
covalently bonded to a portion of a compound described herein. In embodiments, the
compound described herein is bonded to an aspartate residue (e.g., G12D of human K-
Ras(G12D) or aspartate corresponding to G12D of human K-Ras(G12D)) of the K-
Ras(G12D) protein (e.g., human K-Ras(G12D)).

[0541] In embodiments, the K-Ras(G12D) protein covalently bonded to a compound
described herein is the product of a reaction between the K-Ras(G12D) protein and a
compound described herein. It will be understooed that the covalently bonded K-Ras(G12D)
protein and compound described herein are the remnants of the reactant K-Ras(G12D)
protein and compound, wherein each reactant now participates in the covalent bond between
the K-Ras(G12D) protein and compound. In embodiments of the covalently bonded K-
Ras(G12D) protein and compound described herein, the remnant of the E substituent is a
linker including a covalent bond between the K-Ras(G12D) protein and the remainder of the
compound described herein. It will be undcerstood by a person of ordinary skill in the art that
when a K-Ras((G12D) protein is covalently bonded to a compound described herein, the
compound described herein forms a remnant of the pre-reacted compound wherein a bond
connects the remnant of the compound to the remnant of the K-Ras(G12D) protein (e.g.,
aspartate oxygen, oxygen of amino acid corresponding to G12D of human K-Ras(G12D)). In
embodiments, the remnant of the E? substituent is a linker selected from a bond, -S(O)2-,
-NH-, -O-, -S-, -C(O)-, -C(O)NH-, -NHC(O)-, -NHC(O)NH-, -NHC(O)NH-, -C(O)O-,
-OC(0O)-, -CH2NH-, substituted (e.g., substituted with a substituent group, a size-limited
substituent group, or lower substituent group) or unsubstituted alkylene (e.g., C1-Cs, C1-Ce,
C1-C4, or C1-C2), substituted (e.g., substituted with a substituent group, a size-limited
substituent group, or lower substituent group) or unsubstituted heteroalkylene (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted cycloalkylene (e.g., C3-Cs, C3-Co, C4-Co, or Cs-Co),
substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6
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membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered), substituted (e.g.,
substituted with a substituent group, a size-limited substituent group, or lower substituent
group) or unsubstituted arylene (e.g., Cs-Cio or phenyl), or substituted {e.g., substituted with a
substituent group, a size-limited substituent group, or lower substituent group) or

5 unsubstituted heteroarylene (e.g., 5 to 10 membered, 5 to 9 membered, or 5 to 6 membered).
As a non-limiting example, the K-Ras(G12D) protein covalently bonded to a compound of

formula (1V-5b) may have the formula:

O

R4
OH

0 P

(@]
N
-
R¥Y—
i

L\
R? , wherein the monovalent O is the oxygen ol a K-Ras(G12D) protein

aspartate (e.g., corresponding to aspartate residue 12 of human K-Ras(G12D)), which is
10 bonded to the remainder of the K-Ras(G12D) protein and wherein R!, L', R?, and z3 are as

described herein, including in embodiments. As a further non-limiting example, the K-

Ras(G12D) protein covalently bonded to a compound of formula (IV-5d) may have the

formula:

R5O

R4 OH

o
N
o O
(R)zs—
€

L1

O

R’ , wherein the monovalent O is the oxygen ol 1« K-Ras(G12D) protein
15  aspartate (e.g., corresponding (o aspartate residue 12 ol human K-Ras(G12D)), which is
bonded to the remainder of the K-Ras(G12D) protein and wherein R, L, R3 23, R* and R®

are as described herein, including in embodiments.

[0542] In embodiments, a K-Ras(G13D) protein (e.g., human K-Ras(G13D)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
20 described herein). In embodiments, a K-Ras(G13D) protein (e.g., human K-Ras(G13D)) is
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irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the K-Ras(G13D) protein (e.g., human
K-Ras((G13D)) is reversibly covalently bonded to a compound (e.g., compound described
herein or a portion of a compound described herein). In embodiments, the K-Ras(G13D)
protein (e.g., human K-Ras(G13D)) is covalently bonded to a portion of a compound (e.g.,
compound described herein). In embodiments, the K-Ras(G13D) protein (e.g., human K-
Ras(G13D)) is irreversibly covalently bonded to a portion of a compound described herein.
In embodiments, the K-Ras(G13D) protein (e.g., human K-Ras(G13D)) is reversibly
covalently bonded to a portion of a compound described herein. In embodiments, the
compound described herein is bonded to an aspartate residue (e.g., G13D of human K-
Ras({G13D) or aspartate corresponding to G13D of human K-Ras(G13D)) of the K-
Ras(G13D) protein (e.g., human K-Ras(G13D)).

[0543] In embodiments, a K-Ras(G12E) protein (e.g., human K-Ras(G12E)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, a K-Ras(G12E) protein (e.g., human K-Ras(G12E)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the K-Ras(G12E) protein (e.g., human K-
Ras(G12E)) is reversibly covalently bonded to a compound (c.g., compound dcscribed herein
or a portion of a compound described herein). In embodiments, the K-Ras(G12E) protein
(e.g., human K-Ras(G12E)) is covalently bonded to a portion of a compound (e.g., compound
described herein). In embodiments, the K-Ras(G12E) protein (e.g., human K-Ras(G12E)) is
irreversibly covalently bonded to a portion of a compound described herein. In
embodiments, the K-Ras(G12E) protein (e.g., human K-Ras(G12E)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a glutamate residue (e.g., G12E of human K-Ras(G12E) or
glutamate corresponding to G12E of human K-Ras(G12E)) of the K-Ras(G12E) protein (e.g.,
human K-Ras(G12E)).

[0544] In embodiments, the covalently modified K-Ras protein has a modulated activity
rclative to a control, wherein the activity is sclected from GTPasc activity, nuclcotide
exchange, differential GDP or GTP binding, effector protein binding, effector protein

activation, guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange,
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phosphate release, nucleotide release, nucleotide binding, K-Ras subcellular localization, K-

Ras post-translational processing, and K-Ras post-translational modifications.

[0545] In an aspect is provided an H-Ras protein covalently bound to a compound

described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is
5  covalently bound to a serine residue of the H-Ras protein. In embodiments, the H-Ras

protein is a human H-Ras protein. In embodiments, the human H-Ras protein contains a

G12S mutation. In cmbodiments, thec human H-Ras protcin contains a G13S mutation.

[0546] In an aspect is provided an H-Ras protein covalently bound to a compound

described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is
10 covalently bound to a threonine residue of the H-Ras protein. In embodiments, the H-Ras

protein is a human H-Ras protein. In embodiments, the human H-Ras protein contains a

G 12T mutation.

[0547] In embodiments, the compound is reversibly covalently bound to a serine residue of
the H-Ras protein. In embodiments, the compound is irreversibly covalently bound to a

15  serine residue of the H-Ras protein. In embodiments, the H-Ras protein contains a G12S
mutation. In embodiments, the compound is covalently bonded to serine residue 12. In
embodiments, the H-Ras protein contains a G13S mutation. In embodiments, the compound
is covalently bonded to serine residue 13. In embodiments, the compound is reversibly
covalently bound to a threonine residue of the H-Ras protein. In embodiments, the

20  compound is irreversibly covalently bound to a threonine residue of the H-Ras protein. In
embodiments, the H-Ras protein contains a GI12T mutation. In embodiments, the compound

is covalently bonded to threonine residue 12.

[0548] In an aspect is provided an H-Ras protein covalently bound to a compound

described herein, or a pharmaceulically acceptable salt thereol, wherein the compound is
25  covalently bound to an aspartate residue of the H-Ras protein. In embodiments, the H-Ras

protein is a human H-Ras protein. In embodiments, the human H-Ras protein contains a

G12D mutation. In embodiments, the human H-Ras protein contains a G13D mutation.

[0549] In an aspect is provided an H-Ras protein covalently bound to a compound
described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is

30  covalently bound to a glutamate residue of the H-Ras protein. In embodiments, the H-Ras
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protein is a human H-Ras protein. In embodiments, the human H-Ras protein contains a

G12E mutation.

[0550] In embodiments, the compound is reversibly covalently bound to an aspartate
residue of the H-Ras protein. In embodiments, the compound is irreversibly covalently
bound to an aspartate residue of the H-Ras protein. In embodiments, the H-Ras protein
contains a G12D mutation. In embodiments, the compound is covalently bonded to aspartate
residue 12. In embodiments, the H-Ras protcin contains a G13D mutation. In ecmbodiments,
the compound is covalently bonded to aspartate residue 13. In embodiments, the compound
is reversibly covalently bound to a glutate residue of the H-Ras protein. In embodiments, the
compound is irreversibly covalently bound to a glutamate residue of the H-Ras protein. In
embodiments, the H-Ras protein contains a G12E mutation. In embodiments, the compound

is covalently bonded to glutamate residue 12.

[0551] In embodiments, the human H-Ras protein is covalently bonded (e.g., reversibly or

irreversibly) to a portion of a compound described herein.

[0552] In an aspect is provided an H-Ras protein covalently bonded to a fragment (e.g.,

moiety, moiety of a fragment) of a compound described herein.

[0553] In embodiments, an H-Ras(G12S) protein (e.g., human H-Ras(G12S)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described hercin). In embodiments, an H-Ras((G12S) protecin (c.g., human H-Ras(G12S5)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). Tn embodiments, the H-Ras(G12S) protein (e.g., human H-
Ras((G12S)) is reversibly covalently bonded to a compound (e.g., compound described herein
or a portion of a compound described herein). In embodiments, the H-Ras(G12S) protein
(e.g., human H-Ras(G128S)) is covalently bonded to a portion of a compound (e.g., compound
described herein). In embodiments, the H-Ras(G12S) protein (e.g., human H-Ras(G12S)) is
irreversibly covalently bonded to a portion of a compound described herein. In
embodiments, the H-Ras(G12S) protein (e.g., human H-Ras(G12S)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a serine residue (e.g., G12S of human H-Ras(G12S) or serine
corrcsponding to G128 of human H-Ras(G12S)) of the H-Ras(G12S) protein (c.g., human H-
Ras(G12S5)).
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[0554] In embodiments, the H-Ras(G12S) protein covalently bonded to a compound
described herein is the product of a reaction between the H-Ras(G12S) protein and a
compound described herein. It will be understood that the covalently bonded H-Ras(G12S)
protein and compound described herein are the remnants of the reactant H-Ras(G12S) protein
and compound, wherein each reactant now participates in the covalent bond between the H-
Ras(G125) protein and compound. In embodiments of the covalently bonded H-Ras{G12S)
protein and compound described herein, the remnant of the E substituent is a linker including
a covalent bond between the H-Ras(G12S) protein and the remainder of the compound
described herein. It will be understood by a person of ordinary skill in the art that when an
H-Ras(G12S) protein is covalently bonded to a compound described herein, the compound
described herein forms a remnant of the pre-reacted compound wherein a bond connccets the
remnant of the compound to the remnant of the H-Ras(G128S) protein (e.g., serine oxygen,
oxygen of amino acid corresponding to G128 of human H-Ras(G12S)). In embodiments, the
remnant of the E' substituent is a linker selected from a bond, -S(O)2-, -NH-, -O-, -S-, -C(O)-,
-C(O)NH-, -NHC(O)-, -NHC(O)NH-, -NHC(O)NH-, -C(O)O-, -OC(O)-, -CH>NH-,
substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted alkylene (e.g., C1-Cg, C1-Cs, Ci-Ca, or Ci-C2),
substituted (c.g., substitutcd with a substitucnt group, a size-limited substitucnt group, or
lower substituent group) or unsubstituted heteroalkylene (e.g., 2 to 8 membered, 2 to 6
membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), substituted (e.g.,
substituted with a substituent group, a size-limited substituent group, or lower substituent
group) or unsubstituted cycloalkylene (e.g., C3-Cg, C3-Cs, C4-Cs, or Cs-Cg), substituted (e.g.,
substituted with a substituent group, a size-limited substituent group, or lower substituent
group) or unsubstituted heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6
membered, 4 to 5 membered, or 5 to 6 membered), substituted (e.g., substituted with a
substituent group, a size-limited substituent group, or lower substituent group) or
unsubstituted arylene (e.g., Cs-C10 or phenyl), or substituted (e.g., substituted with a
substituent group, a size-limited substituent group, or lower substituent group) or
unsubstituted heteroarylenc (c.g.. 5 to 10 membered, 5 to 9 membered, or 5 to 6 membered).
As a non-limiting example, the H-Ras(G12S) protein covalently bonded to a compound may

have the formula:
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.MIw-
O

O

OH
RSZ_
(R%)z K

N
|

LY
R’ , wherein O is the oxygen of an H-Ras(G12S) protein serine (e.g.,
corresponding to serine residue 12 of human H-Ras(G12S)), which is bonded to the
remainder of the H-Ras((G12S) protein and wherein R!, L' R3 and 3 are as described herein,

including in embodiments.

[0555] In embodiments, an H-Ras(G13S) protein (e.g., human H-Ras(G13S)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, an H-Ras(G13S) protein (e.g., human H-Ras(G138)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the H-Ras((G13S) protein (e.g., human H-
Ras(G135)) is reversibly covalently bonded to a compound (e.g., compound described herein
or a portion of a compound described herein). In embodiments, the H-Ras(G13S) protein
(e.g., human H-Ras(G13S)) is covalently bonded to a portion of a compound (e.g., compound
described herein). In embodiments, the H-Ras(G138S) protein (e.g., human H-Ras(G135)) is
irreversibly covalently bonded (o a portion of a compound described herein. In
embodiments, the H-Ras(G13S) protein (e.g., human H-Ras(G13S)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a serine residue (e.g., G13S of human H-Ras(G13S) or serine
corresponding to G13S of human H-Ras(G13S)) of the H-Ras(G13S) protein (e.g., human H-
Ras(G13S)).

[0556] In embodiments, an H-Ras(G12T) protein (e.g., human H-Ras(G12T)) is covalently
bonded to a compound (c.g., compound described hercin or a portion of a compound
described herein). In embodiments, an H-Ras(G12T) protein (e.g., human H-Ras(G12T)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the H-Ras(G12T) protein (e.g., human H-
Ras(G12T)) is reversibly covalently bonded to a compound (e.g., compound described herein
or a portion of a compound described herein). In embodiments, the H-Ras(G12T) protein
(e.g., human H-Ras(G12T)) is covalently bonded to a portion of a compound (e.g., compound

described herein). In embodiments, the H-Ras{G12T) protein (e.g., human H-Ras(G12T)) is
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irreversibly covalently bonded to a portion of a compound described herein. In
embodiments, the H-Ras(G12T) protein (e.g., human H-Ras(G12T)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a threonine residue (e.g., G12T of human H-Ras(G12T) or
threonine corresponding to G12T of human H-Ras(G12T)) of the H-Ras(G12T) protein (e.g.,
human H-Ras(G12T)).

[0557] In cmbodiments, an H-Ras(G12D) protcin (c.g., human H-Ras((G12D)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, an H-Ras(G12D) protein (e.g., human H-Ras(G12D)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the H-Ras(G12D) protein (e.g., human
H-Ras(G12D)) is reversibly covalently bonded to a compound (e.g., compound described
herein or a portion of a compound described herein). In embodiments, the H-Ras(G12D)
protein (e.g., human H-Ras(G12D)) is covalently bonded to a portion of a compound (e.g.,
compound described herein). In embodiments, the H-Ras(G12D) protein (e.g., human H-
Ras(G12D)) is irreversibly covalently bonded to a portion of a compound described herein.
In embodiments, the H-Ras(G12D) protein (e.g., human H-Ras(G12D)) is reversibly
covalently bondcd to a portion of a compound described hercin. In embodiments, the
compound described herein is bonded to an aspartate residue (e.g., G12D of human H-
Ras(G12D) or aspartate corresponding to G12D of human H-Ras(G12D)) of the H-
Ras(G12D) protein (e.g., human H-Ras(G12D)).

[0558] In embodiments, the H-Ras(G12D) protein covalently bonded to a compound
described herein is the product of a reaction between the H-Ras(G12D) protein and a
compound described herein. It will be understood that the covalently bonded H-Ras(G12D)
protein and compound described herein are the remnants of the reactant H-Ras(G12D)
protein and compound, wherein each reactant now participates in the covalent bond between
the H-Ras(G12D) protein and compound. In embodiments of the covalently bonded H-
Ras(G12D) protein and compound described herein, the remnant of the E substituent is a
linker including a covalent bond between the H-Ras{G12D) protcin and the remaindcr of the
compound described herein. It will be understood by a person of ordinary skill in the art that
when an H-Ras(G12D) protein is covalently bonded to a compound described herein, the

compound described herein forms a remnant of the pre-reacted compound wherein a bond
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connects the remnant of the compound to the remnant of the H-Ras(G12D) protein (e.g.,
aspartate oxygen, oxygen of amino acid corresponding to G12D of human H-Ras(G12D)). In
embodiments, the remnant of the E? substituent is a linker selected from a bond, -S(O)»-,
-NH-, -O-, -S-, -C(O)-, -C(O)NH-, -NHC(O)-, -NHC(O)NH-, -NHC(O)NH-, -C(O)O-,

5 -OC(0O)-, -CH2NH-, substituted (e.g., substituted with a substituent group, a size-limited
substituent group, or lower substituent group) or unsubstituted alkylene (e.g., C1-Cs, C1-Cs,
C1-C4, or C1-C2), substituted (e.g., substituted with a substituent group, a size-limited
substituent group, or lower substituent group) or unsubstituted heteroalkylene (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),

10 substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted cycloalkylene (c.g., C3-Cs, C3-Cg, C4-Cs, or Cs-Co),
substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6
membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered), substituted (e.g.,

15  substituted with a substituent group, a size-limited substituent group, or lower substituent
group) or unsubstituted arylene (e.g.. Cs-C1o or phenyl). or substituted (e.g.. substituted with a
substituent group, a size-limited substituent group, or lower substituent group) or
unsubstituted heteroarylene (c.g., 5 to 10 membered, 5 to 9 membered, or 5 to 6 mcmbered).
As a non-limiting example, the H-Ras((G12D) protein covalently bonded to a compound of

20  formula (IV-5b) may have the formula:

O

R4
OH

oA

(@]
N
-
(R¥—
i

LY
R’ , wherein the monovalent O is the oxygen of an H-Ras(G12D) protein

aspartate (e.g., corresponding to aspartate residue 12 of human H-Ras(G12D)), which is
bonded to the remainder of the H-Ras(G12D) protein and wherein R!, L', R3, and 23 are as
described herein, including in embodiments. As a further non-limiting example, the H-

25  Ras((G12D) protcin covalently bonded to a compound of formula (1V-5d) may havce the

formula:
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R® q
R4 OH

oA

O
N
c )
(R¥,3—
'\N

|
L'
R? . wherein the monovalent O is the oxygen of an H-Ras(G12D) protein
aspartatc (c.g., corrcsponding to aspartatc residuc 12 of human H-Ras(G12D)), which is
bonded to the remainder of the H-Ras((G12D) protein and wherein R!, L', R? 23, R* and R®

are as described herein, including in embodiments.

[0559] In embodiments, an H-Ras(G13D) protein (e.g., human H-Ras(G13D)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, an H-Ras(G13D) protein (e.g., human H-Ras(G13D)) is
irreversibly covalently bonded o a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the H-Ras(G13D) protein (e.g.. human
H-Ras(G13D)) is reversibly covalently bonded to a compound (e.g., compound described
herein or a portion of a compound described herein). In embodiments, the H-Ras(G13D)
protein (e.g., human H-Ras(G13D)) is covalently bonded to a portion of a compound (e.g.,
compound described herein). In embodiments, the H-Ras(G13D) protein (e.g., human H-
Ras(G13D)) is irrcversibly covalently bonded to a portion of a compound described hercin.
In embodiments, the H-Ras(G13D) protein (e.g., human H-Ras(G13D)) is reversibly
covalently bonded to a portion of a compound described herein. In embodiments, the
compound described herein is bonded to an aspartate residue (e.g., G13D of human H-
Ras(G13D) or aspartate corresponding to G13D of human H-Ras(G13D)) of the H-
Ras(G13D) protein (e.g., human H-Ras(G13D)).

[0560] In embodiments, an H-Ras(G12E) protein {(e.g., human H-Ras(G12E)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, an H-Ras(G12E) protein (e.g., human H-Ras(G12E)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the H-Ras(G12E) protein (e.g., human H-
Ras(G12E)) is reversibly covalently bonded to a compound (e.g., compound described herein

or a portion of a compound described herein). In embodiments, the H-Ras((G12E) protein
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(e.g., human H-Ras(G12E)) is covalently bonded to a portion of a compound (e.g., compound
described herein). In embodiments, the H-Ras(G12E) protein (e.g., human H-Ras(G12E)) is
irreversibly covalently bonded to a portion of a compound described herein. In
embodiments, the H-Ras(G12E) protein (e.g., human H-Ras(G12E)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a glutamate residue (e.g., GI12E of human H-Ras(G12E) or
glutamate corresponding to G12E of human H-Ras(G12E)) of the H-Ras(G12E) protein (e.g.,
human H-Ras(G12E)).

[0561] In embodiments, the covalently modified H-Ras protein has a modulated activity
relative to a control, wherein the activity is selected from GTPase activity, nucleotide
exchange, differential GDP or GTP binding, effector protein binding, effector protein
activation, guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange,
phosphate release, nucleotide release, nucleotide binding, H-Ras subcellular localization, H-

Ras post-translational processing, and H-Ras post-translational modifications.

[0562] In an aspcct is provided an N-Ras protcin covalently bound to a compound
described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is
covalently bound to a serine residue of the N-Ras protein. In embodiments, the N-Ras
protein is a human N-Ras protein. In embodiments, the human N-Ras protein contains a

G12S mutation. In embodiments, the human N-Ras protein contains a G13S mutation.

[0563] In an aspect is provided an N-Ras protein covalently bound to a compound
described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is
covalently bound to a threonine residue of the N-Ras protein. In embodiments, the N-Ras
protein is a human N-Ras protein. In embodiments, the human N-Ras protein contains a

G12T mutation.

[0564] In embodiments, the compound is reversibly covalently bound to a serine residue of
the N-Ras protein. In embodiments, the compound is irreversibly covalently bound to a
serine residue of the N-Ras protein. In embodiments, the N-Ras protein contains a G125
mutation. In embodiments, the compound is covalently bonded to serine residue 12. In
embodiments, the N-Ras protein contains a G13S mutation. In embodiments, the compound
1s covalently bondced to scrince residuc 13. In embodiments, the compound is reversibly
covalently bound to a threonine residue of the N-Ras protein. In embodiments, the

compound is irreversibly covalently bound to a threonine residue of the N-Ras protein. In
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embodiments, the N-Ras protein contains a G12T mutation. In embodiments, the compound

is covalently bonded to threonine residue 12.

[0565] In an aspectis provided an N-Ras protein covalently bound to a compound
described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is
covalently bound to an aspartate residue of the N-Ras protein. In embodiments, the N-Ras
protein is a human N-Ras protein. In embodiments, the human N-Ras protein contains a

G12D mutation. In ecmbodiments, thc human N-Ras protcin contains a G13D mutation.

[0566] In an aspect is provided an N-Ras protein covalently bound to a compound
described herein, or a pharmaceutically acceptable salt thereof, wherein the compound is
covalently bound to a glutamate residue of the N-Ras protein. In embodiments, the N-Ras
protein is a human N-Ras protein. In embodiments, the human N-Ras protein contains a

G12E mutation.

[0567] In embodiments, the compound is reversibly covalently bound to an aspartate
residue of the N-Ras protein. In embodiments, the compound is irreversibly covalently
bound to an aspartate residue of the N-Ras protein. In embodiments, the N-Ras protein
contains a G12D mutation. In embodiments, the compound is covalently bonded to aspartate
residue 12. In embodiments, the N-Ras protein contains a G13D mutation. In embodiments,
the compound is covalently bonded to aspartate residue 13. In embodiments, the compound
is reversibly covalently bound to a glutamate residue of the N-Ras protein. ln embodiments,
the compound is irreversibly covalently bound to a glutamate residue of the N-Ras protein.
In embodiments, the N-Ras protein contains a G12E mutation. In embodiments, the

compound is covalently bonded to glutamate residue 12.

[0568] In embodiments, the human N-Ras protein is covalently bonded (e.g., reversibly or

irreversibly) to a portion of a compound described herein.

[0569] In an aspect is provided an N-Ras protein covalently bonded to a fragment (e.g.,

moiety, moiety of a fragment) of a compound described herein.

[0570] In embodiments, an N-Ras(G12S) protein (e.g., human N-Ras(G12S)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, an N-Ras(G12S) protein (e.g., human N-Ras(G128)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion

of a compound described herein). In embodiments, the N-Ras((G12S) protein (e.g., human N-
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Ras(G12S)) is reversibly covalently bonded to a compound (e.g., compound described herein
or a portion of a compound described herein). In embodiments, the N-Ras(G128S) protein
(e.g., human N-Ras(G128S)) is covalently bonded to a portion of a compound (e.g., compound
described herein). In embodiments, the N-Ras(G12S) protein (e.g., human N-Ras(G12S)) is
irreversibly covalently bonded to a portion of a compound described herein. In
embodiments, the N-Ras(G12S) protein (e.g., human N-Ras((G1285)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a serine residue (e.g., G125 of human N-Ras(G12S) or serine
corresponding to G125 of human N-Ras(G12S5)) of the N-Ras(G12S) protein (e.g., human N-
Ras(G125)).

[0571] In embodiments, the N-Ras(G12S) protein covalently bonded to a compound
described herein is the product of a reaction between the N-Ras(G12S) protein and a
compound described herein. It will be understood that the covalently bonded N-Ras(G12S)
protein and compound described herein are the remnants of the reactant N-Ras(G12S) protein
and compound, wherein each reactant now participates in the covalent bond between the N-
Ras(G12S) protein and compound. In embodiments of the covalently bonded N-Ras{G12S)
protein and compound described herein, the remnant of the E substituent is a linker including
a covalent bond between the N-Ras(G12S) protein and the remainder of the compound
described herein. It will be understood by a person of ordinary skill in the art that when an
N-Ras(G12S) protein is covalently bonded to a compound described herein, the compound
described herein forms a remnant of the pre-reacted compound wherein a bond connects the
remnant of the compound to the remnant of the N-Ras(G12S) protein (e.g., serine oxygen,
oxygen of amino acid corresponding to G12S of human N-Ras(G12S)). In embodiments, the
remnant of the E' substituent is a linker selected from a bond, -S(O)2-, -NH-, -O-, -S-, -C(O)-,
-C(O)NH-, -NHC(O)-, -NHC(O)NH-, -NHC(O)NH-, -C(O)O-, -OC(O)-, -CH>NH-,
substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted alkylene (e.g.. C1-Csg, C1-Cs, C1-Ca, or C1-C2),
substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted heteroalkylene (e.g., 2 to 8 membered, 2 to 6
membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered), substituted (e.g.,
substituted with a substituent group, a size-limited substituent group, or lower substituent
group) or unsubstituted cycloalkylene (e.g., C3-Cg, C3-Ce, C4-Ce, or Cs-Cs), substituted (e.g.,
substituted with a substituent group, a size-limited substituent group, or lower substituent
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group) or unsubstituted heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6 membered, 4 to 6
membered, 4 to 5 membered, or 5 to 6 membered), substituted (e.g., substituted with a
substituent group, a size-limited substituent group, or lower substituent group) or
unsubstituted arylene (e.g., Cs-C10 or phenyl), or substituted (e.g., substituted with a
substituent group, a size-limited substituent group, or lower substituent group) or
unsubstituted heteroarylene (e.g., 5 to 10 membered, 5 to 9 membered, or 5 to 6 membered).
As a non-limiting example, the N-Ras(G12S) protein covalently bonded to a compound may
have the formula:

e

O, o

OH
RsZ_
(R%)z T

N
|

L
R’ . wherein O is the oxygen of an N-Ras(G12S) protein serine (e.g.,
corresponding to serine residue 12 of human N-Ras(G12S)), which is bonded to the
remainder of the N-Ras(G125) protein and wherein R!, L!, R3, and 73 are as described herein,

including in embodiments.

[0572] Tn embodiments, an N-Ras(G13S) protein (e.g., human N-Ras(G13S)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, an N-Ras(G13S) protein (e.g., human N-Ras(G138S)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the N-Ras(G13S) protein (e.g., human N-
Ras(G135)) is reversibly covalently bonded to a compound (e.g., compound described herein
or a portion of a compound described herein). In embodiments, the N-Ras(G13S) protein
(e.g., human N-Ras(G13S)) is covalently bonded to a portion of a compound (e.g., compound
described hercin). In embodiments, the N-Ras(G13S) protein (c.g., human N-Ras(G13S)) is
urreversibly covalently bonded to a portion of a compound described herein. In
embodiments, the N-Ras(G13S) protein (e.g., human N-Ras((G13S)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a serine residue (e.g., G13S of human N-Ras(G138S) or serine
corresponding (o G13S of human N-Ras(G13S)) of the N-Ras(G13S) protein (e.g., human N-
Ras(G135)).
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[0573] In embodiments, an N-Ras(G12T) protein {e.g., human N-Ras(G12T)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, an N-Ras(G12T) protein (e.g., human N-Ras(G12T)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the N-Ras(G12T) protein (e.g., human N-
Ras(G12T)) is reversibly covalently bonded to a compound (e.g., compound described herein
or a portion of a compound described herein). In embodiments, the N-Ras((G12T) protein
(e.g., human N-Ras(G12T)) is covalently bonded to a portion of a compound (e.g., compound
described herein). In embodiments, the N-Ras(G12T) protein (e.g., human N-Ras(G12T)) is
irreversibly covalently bonded to a portion of a compound described herein. In
cmbodiments, the N-Ras(G12T) protein (c.g., human N-Ras(G12T)) is reversibly covalently
bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a threonine residue (e.g., G12T of human N-Ras(G12T) or
threonine corresponding to G12T of human N-Ras(G12T)) of the N-Ras(G12T) protein (e.g.,
human N-Ras(G12T)).

[0574] In embodiments, an N-Ras(G12D) protein (e.g., human N-Ras(G12D)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described hercin). In embodiments, an N-Ras((G12D) protcin (c.g., human N-Ras(G12D)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the N-Ras(G12D) protein (e.g., human
N-Ras(G12D)) is reversibly covalently bonded to a compound (e.g., compound described
herein or a portion of a compound described herein). In embodiments, the N-Ras(G12D)
protein (e.g., human N-Ras(G12D)) is covalently bonded to a portion of a compound (e.g.,
compound described herein). In embodiments, the N-Ras(G12D) protein (e.g., human N-
Ras(G12D)) is irreversibly covalently bonded to a portion of a compound described herein.
In embodiments, the N-Ras(G12D) protein (e.g., human N-Ras(G12D)) is reversibly
covalently bonded to a portion of a compound described herein. In embodiments, the
compound described herein is bonded to an aspartate residue (e.g.., G12D of human N-
Ras(G12D) or aspartate corresponding to G12D of human N-Ras(G12D)) of the N-
Ras(G12D) protein (e.g., human N-Ras(G12D)).

[0575] In embodiments, the N-Ras(G12D) protein covalently bonded to a compound

described herein is the product of a reaction between the N-Ras(G12D) protein and a
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compound described herein. It will be understood that the covalently bonded N-Ras(G12D)
protein and compound described herein are the remnants of the reactant N-Ras(G12D)
protein and compound, wherein each reactant now participates in the covalent bond between
the N-Ras(G12D) protein and compound. In embodiments of the covalently bonded N-
Ras(G12D) protein and compound described herein, the remnant of the E substituent is a
linker including a covalent bond between the N-Ras((G12D) protein and the remainder of the
compound described herein. It will be understood by a person of ordinary skill in the art that
when an N-Ras(G12D) protein is covalently bonded to a compound described herein, the
compound described herein forms a remnant of the pre-reacted compound wherein a bond
connects the remnant of the compound to the remnant of the N-Ras(G12D) protein (e.g.,
aspartalc oxygen, oxygen of amino acid corresponding (o G12D of human N-Ras(G12D)). In
embodiments, the remnant of the E? substituent is a linker selected from a bond, -S(O)2-,
-NH-, -O-, -S-, -C(O)-, -C(O)NH-, -NHC(O)-, -NHC(O)NH-, -NHC(O)NH-, -C(O)O-,
-OC(0O)-, -CH2NH-, substituted (e.g., substituted with a substituent group, a size-limited
substituent group, or lower substituent group) or unsubstituted alkylene (e.g., C1-Cs, C1-Cs,
C1-Cs, or C1-C»), substituted (e.g., substituted with a substituent group, a size-limited
substituent group, or lower substituent group) or unsubstituted heteroalkylene (e.g., 2 to 8
membered, 2 to 6 membered, 4 to 6 membered, 2 to 3 membered, or 4 to 5 membered),
substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted cycloalkylene (e.g., C3-Cs, C3-Ce, C4-Ce, or Cs5-Co),
substituted (e.g., substituted with a substituent group, a size-limited substituent group, or
lower substituent group) or unsubstituted heterocycloalkylene (e.g., 3 to 8 membered, 3 to 6
membered, 4 to 6 membered, 4 to 5 membered, or 5 to 6 membered), substituted (e.g.,
substituted with a substituent group, a size-limited substituent group, or lower substituent
group) or unsubstituted arylene (e.g., Cs-Cio or phenyl), or substituted (e.g., substituted with a
substituent group, a size-limited substituent group, or lower substituent group) or
unsubstituted heteroarylene (e.g., 5 to 10 membered, 5 to 9 membered, or 5 to 6 membered).
As a non-limiting example, the N-Ras(G12D) protein covalently bonded to a compound of

formula (IV-5d) may havc thc formula:
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|
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R? . wherein the monovalent O is the oxygen of an N-Ras(G12D) protein
aspartatc (c.g., corrcsponding to aspartatc residuc 12 of human N-Ras(G12D)), which is
bonded to the remainder of the N-Ras(G12D) protein and wherein R!, L', R? 23, R* and R®

are as described herein, including in embodiments.

[0576] In embodiments, an N-Ras(G13D) protein (e.g., human N-Ras(G13D)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, an N-Ras(G13D) protein (e.g., human N-Ras(G13D)) is
irreversibly covalently bonded o a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the N-Ras(G13D) protein (e.g.. human
N-Ras(G13D)) is reversibly covalently bonded to a compound (e.g., compound described
herein or a portion of a compound described herein). In embodiments, the N-Ras(G13D)
protein (e.g., human N-Ras(G13D)) is covalently bonded to a portion of a compound (e.g.,
compound described herein). In embodiments, the N-Ras(G13D) protein (e.g.., human N-
Ras(G13D)) is irrcversibly covalently bonded to a portion of a compound described hercin.
In embodiments, the N-Ras(G13D) protein (e.g., human N-Ras(G13D)) is reversibly
covalently bonded to a portion of a compound described herein. In embodiments, the
compound described herein is bonded to an aspartate residue (e.g., G13D of human N-
Ras(G13D) or aspartate corresponding to G13D of human N-Ras(G13D)) of the N-
Ras(G13D) protein (e.g., human N-Ras(G13D)).

[0577] In embodiments, an N-Ras(G12E) protein {(e.g., human N-Ras(G12E)) is covalently
bonded to a compound (e.g., compound described herein or a portion of a compound
described herein). In embodiments, an N-Ras(G12E) protein (e.g., human N-Ras(G12E)) is
irreversibly covalently bonded to a compound (e.g., compound described herein or a portion
of a compound described herein). In embodiments, the N-Ras(G12E) protein (e.g., human N-
Ras(G12E)) is reversibly covalently bonded to a compound (e.g., compound described herein

or a portion of a compound described herein). In embodiments, the N-Ras((G12E) protein
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(e.g., human N-Ras(G12E)) is covalently bonded to a portion of a compound (e.g., compound
described herein). In embodiments, the N-Ras(G12E) protein (e.g., human N-Ras(G12E)) is
irreversibly covalently bonded to a portion of a compound described herein. In
embodiments, the N-Ras(G12E) protein (e.g., human N-Ras(G12E)) is reversibly covalently

5  bonded to a portion of a compound described herein. In embodiments, the compound
described herein is bonded to a glutamate residue (e.g., GI12E of human N-Ras(G12E) or
glutamate corresponding to G12E of human N-Ras(G12E)) of the N-Ras(G12E) protein (e.g.,
human N-Ras(G12E)).

[0578] In embodiments, the covalently modified N-Ras protein has a modulated activity
10 relative to a control, wherein the activity is selected from GTPase activity, nucleotide
exchange, differential GDP or GTP binding, effector protein binding, effector protein
activation, guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange,
phosphate release, nucleotide release, nucleotide binding, N-Ras subcellular localization, N-

Ras post-translational processing, and N-Ras post-translational modifications.

15 VI. Embodiments
[0579] Embodiment Q1. A compound, or a pharmaceutically acceptable salt thereof,

having the formula:

L'—E’
R1/ D, (II), or (III); wherein

R' is a Switch 11 Binding Pocket binding moiety;
20 L! is a bond or divalent linker; and

E! is an electrophilic moiety capable of forming a covalent bond with a Switch I GTPase

protein serine residue or a Switch II GTPase protein threonine residue.

[0580] Embodiment Q2. The compound of embodiment Q1, wherein E!is an
electrophilic moiety capable of forming a covalent bond with a Switch II GTPase protein

25 serine residue.

[0581] Embodiment Q3. The compound of embodiment Q2, wherein the Switch 11

GTPase protein serine residue is a natural Switch II GTPase protein serine residue.

[0582] Embodiment Q4. The compound of embodiment Q2, wherein the Switch 11

GTPase protein serine residue is a mutant Switch I GTPase protein serine residue.
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[0583] Embodiment Q5. The compound of embodiment Q4, wherein the mutant Switch
II GTPase protein serine residue is serine residue 12 of K-Ras(G12S5), H-Ras(G12S), or N-
Ras(G125).

[0584] Embodiment Q6. The compound of embodiment Q4, wherein the mutant Switch
5 II GTPase protein serine residue is serine residue 13 of K-Ras(G13S), H-Ras(G13S), or N-
Ras(G13S).

[0585] Embodiment Q7. The compound of embodiment Q1, wherein E' is an
clectrophilic moiety capable of forming a covalent bond with a Switch II GTPase protein

threonine residue.

10 [0586] Embodiment Q8. The compound of embodiment Q7, wherein the Switch I1

GTPase protein threonine residue is a natural Switch II GTPase protein threonine residue.

[0587] Embodiment Q9. The compound of embodiment Q7, wherein the Switch 11

GTPase protein threonine residue is a mutant Switch II GTPase proiein serine threonine.

[0588] Embodiment Q10. The compound of embodiment Q9, wherein the mutant Switch
15  II GTPase protein threonine residue is threonine residue 12 of K-Ras(G12T), H-Ras(G12T),
or N-Ras(G12T).

[0589] Embodiment Q11. The compound of one of embodiments Q1 to Q10, wherein E!

comprises a B-lactone.

[0590] Embodiment Q12. The compound of one of embodiments Q1 to Q10, wherein E!

20  compriscs a B-lactam.

[0591] Embodiment Q13. The compound of one of embodiments Q1 to Q12, having the
L'—E!
/
formula: R’ .

[0592] Embodiment Q14. The compound of embodiment Q13, having the formula:
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X
4
X y X R R5 Y. R4 y R4
X
RS RS
N
(R3),5 (R)s— A (R%).3 (R%
1 1 1 1
"R (I-1), “RY (1), “RY O (1-3), TR (14),
X
Y-
O
R® Rt A
X
5o i i
1 1
|_1\ Il_ R5 R4 Il_ R5 R4
R (1-5), R (1-6), or R’ (1-7); wherein

Ring A is a cycloalkyl or heterocycloalkyl;
XisOorS;
Y is O, S, or NR%:

R’ is hydrogen, halogen, -CCls, -CBrs, -CFs, -Cl3, -CH2Cl, -CH2Br, -CH:F, -CHzl, -CHCl>,
-CHBr2, -CHI%, -CHI, -CN, -OH, -NH:, -COOH, -CONH>, -NOz, -SH, -SO3H,

-OSOsH, -SO2NHo, -NHNH:, —ONH,, -NHC(O)NHNH>, -NHC(O)NH2, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCFs, -OCls, -OCH2CI, -OCH»Br,
-OCH:F, -OCH:I, -OCHClz, -OCHBr13, -OCHF2, -OCHI, subslituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R3is independently oxo, halogen, -CCls, -CBr3, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH2F,

-CHzl, -CHCl2, -CHBT2, -CHF2, -CHIz, -CN, -OH, -NHaz, -COOH, -CONH2, -NO2, -SH,
-SOsH, -OSOsH, -SO:NH2, -NHNHz, —ONH2, -NHC(O)NHNH2, -NHC(O)NH3:, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFj3, -OCIi, -OCH2CI, -OCH:2Br,
-OCH2F, -OCH:1, -OCHClz, -OCHBrs, -OCHEF>, -OCHI», substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl; two R? substituents may optionally be joined to form a substituted
or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

unsubstituted aryl, or substituted or unsubstituted heteroaryl;
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z3 is an integer from O to 10;

R*is hydrogen, halogen, -CCl3, -CBr3, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH:F, -CH2l,
-CHCly, -CHBr2, -CHF2, -CHI>, -CN, -OH, -NH>, -COOH, -CONH3, -NOz, -SH, -SO3H,
-OSO:H, -SO:>NH>, -NHNH>, ~-ONH2, -NHC(O)NHNH-, -NHC(O)NH>, -NHSO-H,

5 -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCIs, -OCH2CI, -OCH2Br,
-OCH2F, -OCHz2l, -OCHCl,, -OCHBr13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl; and

10 R? is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br, -CH:F, -CH>l,
-CHCl,, -CHBr2, -CHF>, -CHL, -CN, -OH, -NH>, -COOH, -CONH2, -NO2, -SH, -SOsH,
-OSO:3H, -SO2NHo, -NHNH»2, ~—ONHa, -NHC(O)NHNH>, —-NHC(O)NH>, -NHSO:2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCls, -OCH2CI, -OCH2Br,
-OCH:F, -OCHz:I, -OCHClz, -OCHBr2, -OCHF2, -OCHIz, substituted or unsubstituted alkyl,
15 substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl.

[0593] Embodiment Q15. The compound of embodiment Q14, wherein Ring Aisa 5to 6

membered heterocycloalkyl.

20 [0594] Embodiment Q16. The compound of embodiment Q14, wherein Ring A is a
pipcridinyl, pyrrolidinyl, or pipcrazinyl.

[0595] Embodiment Q17. The compound of embodiment Q14, having the formula:

X
X
Y Ne=X Y
3
(R3)23_\N (R3)23—\N R )23\KN
I1 I1 |1
~o1 I—\ 1 I—\ 1
R' (I-1a), R (I-1b), or R" (I-1¢).

[0596] Embodiment Q18. The compound of embodiment Q17, having the formula:
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@]
O
o) P~=0 o
3

(R%—kN (R3)23_\N (R >23\KN

| | |

LY, LN L\,

R (I-1d), R (I-1e), or R" (I-1D).

[0597] Embodiment Q19. The compound of embodiment Q14, having the formula:

TR (1-2a).
[0598] Embodiment Q20. The compound of embodiment Q19, having the formula:

o

N
(RS)zs—E

N
|

L
5 R (I-2b).

[0599] Embodiment Q21. The compound of embodiment Q14, having the formula:

Y.
X
(RB)ZS_
KN
L
R" (1-3a).

[0600] Embodiment Q22. The compound of embodiment Q21, having the formula:
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R2
o N
(@) O
(R¥z— (R3,3—
k,?l kN
L lL
R' (I-3b) or R (I-3¢).

[0601] Embodiment Q23. The compound of embodiment Q14, having the formula:

(R3¥)—

XK=
——Z X

;
"R (1-4a).

[0602] Embodiment Q24. The compound of embodiment Q23, having the formula:

(R3,3——

X
r—Z O

5 "R (1-4b).
[0603] Embodiment Q25. The compound of embodiment Q14, having the formula:

X

&

R

R
\_/

r—z

~

R (I-52).

[0604] Embodiment Q26. The compound of embodiment Q25, having the formula:
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ch

|/
R3Z_
(R”)za |\

11
R’ (I-5b).

[0605] Embodiment Q27. The compound of ecmbodiment Q14, having the formula:

R’ (1-62).

[0606] Embodiment Q28. The compound of embodiment Q14, having the formula:

|1LO

5 R (1-7a).

[0607] Embodiment Q29. The compound of one of embodiments Q14 to Q26, wherein R?

is independently unsubstituted C;-C4 alkyl.

[0608] Embodiment Q30. The compound of one of embodiments Q14 to Q26, wherein R?

is independently unsubstituted methyl.

10 [0609] Embodiment Q31. The compound of one of embodiments Q14 to Q26, wherein

two R? substituents are joined to form a substituted or unsubstituted cycloalkyl or substituted

or unsubstituted heterocycloalkyl.
[0610] Embodiment Q32. The compound of one of embodiments Q1 to Q31, wherein
Ll is 7L101_L102_L103_.

15 L1 is connected directly to El:

L' is a bond, -C(O)-, -C(0)O-, -OC(O)-, -O-, -S-, -NR'"'-, -C(O)NR'"'-,
-NR'C(O)-, -NRIC(O)O-, -OC(O)NR L -NRIC(OINR L, -NR'C(NH)NR L,
-S(0)>-, -NR'1§(0)s-, -S(0)NR - substituted or unsubstituted alkylene, substituted or

unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
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unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

unsubstituted heteroarylene;

L'%%is a bond, -C(0)-, -C(0)O-, -OC(0)-, -O-, -S-, -NR'?*-, -C(O)NR'"-,

-NR'2C(0)-, -NR'C(0)O-, -OC(O)NR'?*-, -NR'*C(O)NR'™-, -NR'®C(NH)NR -,
-S(0)2-, -NR!%2S(0),-, -S(0)>NR %%, substituted or unsubstituted alkylene, substituted or
unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylence, or substituted or

unsubstituted heteroarylene;

L!9% is a bond, -C(O)-, -C(0)O-, -OC(0)-, -O-, -S-, -NR!%3- _.C(O)NR!?-,

-NR'®C(0)-, -NR'PC(0)0O-, -OC(O)NR'?®-, -NR'PC(O)NR'?®-, -NR'*C(NH)NR'*-,
-S(0)2-, -NR%S(0)»-, -S(0)>NR!%-, substituted or unsubstituted alkylene, substituted or
unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

unsubstituted heteroarylene; and

each R!191, R192 and R193 is independently hydrogen, halogen, -CCls, -CBrs3, -CF3, -Cls,
-CH2Cl, -CH2Br, -CH2F, -CHz2l, -CHCl2, -CHBr2, -CHF», -CHI;, -CN, -OH, -NH2, -COOH, -
CONHz, -NO», -SH, -SOs3H, -OSOsH, -SO2NH>, -NHNH>, —ONH>, -NHC(O)NHNH>,
—NHC(O)NH2, -NHSO:zH, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3,
-OClIs, -OCHCL, -OCH2Br, -OCH2F, -OCHzL, -OCHCL, -OCHBr2, -OCHF:, -OCHI,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

unsubstituted aryl, or substitutcd or unsubstitutcd hctcroaryl.

[0611] Embodiment Q33. The compound of onc of embodiments Q1 to Q31, wherein Lt

is a bond.

[0612] Embodiment Q34. The compound of one of embodiments Q1 to Q31, wherein L!
is —C(O)-.

[0613] Embodiment Q35. The compound of one of embodiments Q1 to Q31, wherein L'

is a substituted 2 to 6 membered heleroalkylene.
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[0614] Embodiment Q36. The compound of one of embodiments Q1 to Q31, wherein L'

[0615] Embodiment Q37. The compound of one of embodiments Q1 to Q36, wherein R'

is -L>°-R?;

L*° is a bond, -C(O)-, -C(0)0-, -OC(0)-, -O-, -S-, -NR>**-, -C(O)NR>"-,

-NR?*®C(0)-, -NR*°C(0)0O-, -OC(O)NRZ- _NR*PC(O)NR??-, -NR?*P°C(NH)NR??-,
-S(0)2-, -NR2YS(0),-, -S(0)NR?Y-, substituted or unsubstituted alkylene, substituted or
unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

unsubstituted heteroarylene;

R200 ig independently hydrogen, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br,
-CHLF, -CHzl, -CHCl,, -CHBr2, -CHF», -CHI», -CN, -OH, -NH>, -COOH, -CONH>,
-NOa, -SH, -SOsH, -OSO3H, -SO2NH2, -NHNH», —ONH», -NHC(O)NHNH2,
—NHC(O)NH2, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3,
-OClI3, -OCH2C, -OCH2Br, -OCH:F, -OCH2:I, -OCHClz, -OCHB12, -OCHF2, -OCHI>,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

unsubstituted aryl, or substituted or unsubstituted heteroaryl;

R0 is hydrogen, halogen, -CX?5, -CHX?,, -CH>X?Y, -OCX?%;, -OCH2X%,

-OCHX?, -CN, -SOu20R™", -SO20NR***R**", -NR**NR?**R**®, ~-ONR**R™",
~NHC(O)NRZCNR?AR2E _NHC(O)NR?AR?B, _N(O)mpo, -NRPAR?B _C(O)R¥C,
_C(O)ORXC, _C(O)NR2AR20B, _OR2P, _§R2P, _NR20ASO,R2P, -NR2AC(O)R2C,
-NR>AC(0)OR*¢, -NR*™OR?"“, -SFs, -N3, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;

R?%4, R?%8 R?°Cand R?P are independently hydrogen, -CCl3, -CBr3, -CF3, -Cl3,

-CHCl,, -CHBr2, -CHF:, -CHL, -CH2Cl, -CH2Br, -CH2F, -CHz1, -CN, -OH, -NH>, -COOH,
-CONHz, -OCCl3, -OCFj3, -OCBr3, -OCl3, -OCHCl2, -OCHBr2, -OCHI2, -OCHF2, -OCH2(Cl,
-OCH:2Br, -OCH2I, -OCH:F, substituted or unsubstituted alkyl, substituted or unsubstituted

heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
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heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;
R?%4 and R*"® substituents bonded to the same nitrogen atom may optionally be joined to
form a substituted or unsubstituted heterocycloalkyl or substituted or unsubstituted

heteroaryl;
5 X0 is independently —F, -Cl, -Br, or —I;
n20 is an integer from O to 4; and
m20 and v20 arc indcpendently | or 2.
[0616] Embodiment Q38. The compound of onc of embodiments Q1 to Q36, wherein R!
is

(R)7

10

, Or
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R is independently oxo, halogen, -CCl3s, -CBr3, -CF3, -Clz, -CH2Cl, -CH>Br, -CH:F, -CH:1,
-CHCl,, -CHBr32, -CHF:, -CHL, -CN, -OH, -NH», -COOH, -CONH2», -NO3, -SH,

-SOsH, -OSOsH, -SO2NH2, -NHNH2, —ONH»2, -NHC(O)NHNH>, -NHC(O)NH>, -NHSO-:H,
-NHC(O)H, -NHC(O)OH, -NHOIMH, -OCCls, -OCBrs, -OCLs, -OCIs, -OCH:CI, -OCH:Br,
-OCH2F, -OCH:I, -OCHCl2, -OCHBr3, -OCHF2, -OCHIz, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R’ is independently oxo, halogen, -CCls, -CBr3, -CFs, -Cls, -CH2Cl, -CH2Br, -CH2F,

-CH:I, -CHClz, -CHB12, -CHF>, -CHI;, -CN, -OH, -NH», -COOH, -CONHa, -NO2, -SH,
-SO3H, -OSOsH, -SO2NH»>, -NHNH2, ~-ONH2, -NHC(O)NHNH2, -NHC(O)NH>, -NHSO-H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCl3, -OCH2CI, -OCH2Br,
-OCH2F, -OCHz:I, -OCHClz, -OCHBr3, -OCHF2, -OCHI:, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R3is independently halogen, -CCls, -CBr3, -CF3, -Clz, -CH2Cl, -CH2Br, -CH2F, -CHoI,
-CHCly, -CHBr2, -CHF,, -CHI, -CN, -OH, -NHz, -COOH, -CONH3, -NOz, -SH, -SO3H,
-OSOsH, -SOaNH2, -NHNH>, —ONH», -NHC(O)NHNH-», -NHC(O)NH>, -NHSO-H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OClI3, -OCH2CI, -OCH2Br,
-OCHZ2F, -OCHz:l, -OCHCl,, -OCHB12, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

26 is an integer from O to 7;

z7 is an integer from O to 7; and
z8 is an integer from O to 5.

[0617] Embodiment Q39. The compound of embodiment Q38, wherein RCis
independently a halogen, -OH, unsubstituted C1-C4 alkyl, substituted 2 to 6 membered

heteroalkyl, or substituted 5 to 6 membered heteroaryl.
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[0618] Embodiment Q40. The compound of embodiment Q38, wherein R is
independently —F, -Cl, -OH, or unsubstituted methyl.

[0619] Embodiment Q41. The compound of embodiment Q38, wherein RO is
independently a 2 to 6 membered heteroalkyl, substituted with substituted heterocycloalkyl or

5  unsubstituted fused heterocycloalkyl.

[0620] Embodiment Q42. The compound of embodiment Q38, wherein R®is
independently a substituted pyridyl.

[0621] Embodiment Q43. The compound of one of embodiments Q38 to Q42, wherein z6
is 1,2, or 3.

10 [0622] Embodiment Q44. The compound of one of embodiments Q38 to Q43, wherein R’
is independently a halogen, -CF3, -CN, -OH, -NH>, or unsubstituted C-C4 alkyl.

[0623] Embodiment Q45. The compound of one of embodiments Q38 to Q43, wherein R’
is independently —F, -Cl, -CFs, -CN, -OH, -NH2, or unsubstituted methyl.

[0624] Embodiment Q46. The compound of one of embodiments Q38 to Q45, wherein z7
15 is 1,2, or3.

[0625] Embodiment Q47. The compound of one of embodiments Q38 to Q46, wherein R®
is independently a halogen or unsubstituted C1-Cy4 alkyl.

[0626] Embodiment Q48. The compound of one of embodiments Q38 to Q46, wherein R®

is independently —Cl or unsubstituted methyl.

20 [0627] Embodiment Q49. The compound of one of embodiments Q38 to Q48, wherein z8

is 1.

[0628] Embodiment Q50. The compound of one of embodiments Q1 to Q36, wherein R!

1S

256

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

, , » Or

N
0
P
cl FeN
N—nH,
S
5 F

[0629] Embodiment Q51. The compound of one of embodiments Q1 to Q12, having the

formula: (In).
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[0630] Embodiment Q52. The compound of embodiment Q51, having the formula:

X
(II-1); wherein

XisOorS;
Y is O, S, or NR?; and

5 R2%is hydrogen, halogen, -CCls, -CBrs, -CFs, -Cls, -CH2Cl, -CH2Br, -CHF, -CHzI, -CHCl>,
-CHBr2, -CHF>, -CHlI», -CN, -OH, -NHz, -COOH, -CONH>, -NO2, -SH, -SOzH,
-OSOs3H, -SO2NH»z, -NHNH:, —-ONH;, -NHC(O)NHNH>, -NHC(O)NH:, -NHSO:2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs3, -OCF3, -OCls, -OCH2Cl, -OCH2Br,
-OCH2F, -OCH_:I, -OCHCl,, -OCHBr132, -OCHF,, -OCHI,, substituted or unsubstituted alkyl,
10 substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl.
[0631] Embodiment Q53. The compound of embodiment Q52, having the formula:
@)

(II-1a).

15 [0632] Embodiment Q54. The compound of one of embodiments Q51 to Q53, wherein R’

18

; wherein

RCis independently oxo, halogen, -CCls, -CBrs, -CFs, -Cls, -CH2Cl, -CH2Br, -CH:F,
-CHzI, -CHCl3, -CHBr2, -CHF2, -CHI3, -CN, -OH, -NH>, -COOH, -CONH;, -NO2, -SH,
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-SOsH, -OSOsH, -SO:NH2, -NHNHz, ~ONH>, -NHC(O)NHNH>, -NHC(O)NH:, -NHSO:zH,

-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBrs3, -OCF3, -OClI3, -OCH2Cl, -OCH2Br,

-OCH2F, -OCH:l, -OCHCl», -OCHBr, -OCHEF», -OCHI», substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
5  unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R’ is independently halogen, -CCls, -CBr3, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH2F, -CHbI,
-CHClz, -CHBr2, -CHI:, -CHL, -CN, -OH, -NHz, -COOH, -CONIHz, -NO3, -SH, -SOsH,
-OSOsH, -SO2NHo, -NHNH:, ~ONHo, -NHC(O)NHNH>, -NHC(O)NHz, -NHSO2H,

10 -NHC(O)H. -NHC(O)OH, -NHOH, -OCCls, -OCBr3s, -OCF3, -OCIs, -OCH:2Cl, -OCH2Br,
-OCH2F, -OCH2l, -OCHClz, -OCHBr2, -OCHF>, -OCHI2, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;
15 z61s an integer [rom O to 3; and
£7 is an integer [rom O (o 5.

[0633] Embodiment Q55. The compound of embodiment Q54, wherein R! is

N
@]

pe
Cl F CN
IS
S
F .
[0634] Embodiment Q56. The compound of one of embodiments Q1 to Q12, having the

20  formula: (110).

[0635] Embodiment Q57. The compound of embodiment Q56, having the formula:
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X
(R™ v x
R® R* (III-1) or R® R*  (III-2); whercin
XisOorsS;

Y is O, S, or NR?:

R? is hydrogen, halogen, -CCls, -CBrs, -CFs, -Cls, -CH2Cl, -CH2Br, -CH.F, -CHoI, -CHClo,
-CHBr2, -CHF,, -CHIL, -CN, -OH, -NH:, -COOH, -CONHa>, -NO2, -SH, -SO3H,

-OSO3H, -SO2NHz, -NHNH;, —ONHz, -NHC(O)NHNH2, -NHC(O)NH:>, -NHSO:2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFj3, -OCls, -OCH2Cl, -OCH2Br,
-OCH.F, -OCH:I, -OCHCl,, -OCHBr13, -OCHF2, -OCHI., substitutcd or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R* is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br, -CH2F, -CHaI,

-CHClz, -CHBr2, -CHF:, -CHL, -CN, -OH, -NHz, -COOH, -CONHa, -NOz, -SH, -SOsH,
-OSOsH, -SO2NHz, -NHNH?, —-ONH;, -NHC({O)NHNH, -NHC(O)NHz, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OClI3, -OCH2Cl, -OCH:2Br,
-OCH2F, -OCH:I, -OCHCl», -OCHBr2, -OCHF>, -OCHIL, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl; and

R’ is hydrogen, halogen, -CCls, -CBrs, -CFs, -Cl3, -CH2Cl, -CH2Br, -CH2F, -CHalI,

-CHClz, -CHBr2, -CHF,, -CHIz, -CN, -OH, -NHz, -COOH, -CONHaz, -NO-, -SH, -SOsH,
-OSOsH, -SO2NHz, -NHNH»2, —ONH», -NHC(O)NHNH2, -NHC(O)NHz, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCF;, -OCI3, -OCH:CI, -OCH:2Br,
-OCHzF, -OCH:I, -OCHCl,, -OCHBr1z, -OCHF?, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl..

[0636] Embodiment Q58. The compound of embodiment Q57, having the formula:
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o)
O (IlI-1a) or o (III-2a).

[0637] Embodiment Q59. The compound of one of embodiments Q56 to Q58, wherein R!

1S

: wherein

RCis independently oxo, halogen, -CCls, -CBrs3, -CFz, -Cls, -CH2Cl, -CH2Br, -CH2F,

-CHzl, -CHCl», -CHB12, -CHE:, -CHI, -CN, -OH, -NH>, -COOH, -CONH_3, -NO3, -SH,
-SOs3H, -OSOsH, -SO2NH»2, -NHNH2, —ONHz, -NHC(O)NHNH2, -NHC(O)NH2, -NHSO-2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCls, -OCH2CI, -OCH:2Br,
-OCH2F, -OCH2l, -OCHCl», -OCHBr2, -OCHF>, -OCHI», substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R’ is independently halogen, -CCl3, -CBr3, -CF3, -Clz, -CH2Cl, -CH2Br, -CH2F, -CHoI,
-CHCls, -CHBr2, -CHF;, -CHL, -CN, -OH, -NHa, -COOH, -CONHa, -NO2, -SH, -SOsH,
-OSOsH, -SO2NHz, -NHNH»z, —ONHz, -NHC(O)NHNH, -NHC(O)NH>, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH., -OCCls, -OCBr3, -OCF3, -OCIs, -OCH»CL, -OCH»Br,
-OCH2F, -OCHz:l, -OCHCls, -OCHBr2, -OCHEF>, -OCHI», substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;
z6 is an integer from O to 3; and

£7 is an integer (rom O to 5.
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[0638] Embodiment Q60. The compound of embodiment Q59, wherein R! is

O

Cl FeN
I
S
F .

[0639] Embodiment Q61. A pharmaceutical composition comprising a pharmaceutically
acceptable excipient and a compound of one of embodiments Q1 to Q60, or a

5  pharmaceutically acceptable salt thereof.

[0640] Embodiment Q62. A method of treating cancer in a subject in need thereof, said
method comprising administering to the subject in need thereof a therapeutically effective
amount of a compound of one of embodiments Q1 to Q60, or a pharmaceutically acceptable

salt thereof.

10 [0641] Embodiment Q63. The method of embodiment Q62, wherein the cancer is rectal
carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung carcinoma,

squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid leukemia.

[0642] Embodiment Q64. A method of treating a K-Ras(G12S)-associated disease in a
subject in need thereof, said method comprising administering to the subject in need thereof a
15 therapeutically effective amount of a compound of one of embodiments Q1 to Q60, or a

pharmaceutically acceptable salt thereof.

[0643] Embodiment Q65. A method of treating an H-Ras(G12S)-associated disease in a
subject in need thereof, said method comprising administering to the subject in need thereof a
therapceutically effective amount of a compound of one of embodiments Q1 to Q60, or a

20  pharmaceutically acceptable salt thereof.

[0644] Embodiment Q66. The method of embodiment Q65, wherein said H-Ras(G12S)-

associated disease is Costello syndrome.
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[0645] Embodiment Q67. A method of treating an N-Ras(G12S)-associated disease in a
subject in need thereof, said method comprising administering to the subject in need thereof a
therapeutically effective amount of a compound of one of embodiments Q1 to Q60, or a

pharmaceutically acceptable salt thereof.

5 [0646] Embodiment Q68. A method of modulating the level of activity of a K-Ras protein
in a cell, said method comprising contacting the cell with an effective amount of a compound

of onc of embodiments Q1 to Q60, or a pharmaccutically acceptablce salt thercof.

[0647] Embodiment Q69. The method of embodiment Q68, wherein said modulating of
said activity comprises modulating GTPase activity, nucleotide exchange, differential GDP or
10 GTP binding, effector protein binding, effector protein activation, guanine exchange factor
(GEF) binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,
nucleotide binding, K-Ras subcellular localization, K-Ras post-translational processing, or K-

Ras post-translational modifications.

[0648] Embodiment Q70. The method of one of embodiments Q68 to Q69, wherein said

15  modulating is increasing the activity of said K-Ras protein.

[0649] Embodiment Q71. The method of one of embodiments Q68 to Q69, wherein said

modulating is reducing the activity of said K-Ras protein.

[0650] Embodiment Q72. The method of one of embodiments Q68 to Q71, wherein said

K-Ras protein is a human K-Ras protein.

20 [0651] Embodiment Q73. The mcthod of cmbodiment Q72, whercin said human K-Ras

protein contains a G12S mutation.

[0652] Embodiment Q74. A method of modulating the level of activity of an H-Ras
protein in a cell, said method comprising contacting the cell with an effective amount of a

compound of one of embodiments Q1 to Q60, or a pharmaceutically acceptable salt thereof.

25 [0653] Embodiment Q75. The method of embodiment Q74, wherein said modulating of
said activity comprises modulating GTPase activity, nucleotide exchange, differential GDP or
GTP binding, effector protein binding, effector protein activation, guanine exchange factor
(GEF) binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,
nucleotide binding, H-Ras subcellular localization, H-Ras post-translational processing, or H-

30  Ras post-translational modifications.
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[0654] Embodiment Q76. The method of one of embodiments Q74 to Q75, wherein said

modulating is increasing the activity of said H-Ras protein.

[0655] Embodiment Q77. The method of one of embodiments Q74 to Q75, wherein said

modulating is reducing the activity of said H-Ras protein.

5 [0656] Embodiment Q78. The method of one of embodiments Q74 to Q77, wherein said

H-Ras protein is a human H-Ras protein.

[0657] Embodiment Q79. The mcthod of cmbodiment Q78, whercin said human H-Ras

protein contains a G12S mutation.

[0658] Embodiment Q80. A method of modulating the level of activity of an N-Ras
10  protein in a cell, said method comprising contacting the cell with an effective amount of a

compound of one of embodiments Q1 to Q60, or a pharmaceutically acceptable salt thereof.

[0659] Embodiment Q81. The method of embodiment Q80, wherein said modulating of
said activity comprises modulating GTPase aclivily, nucleotide exchange, dilferential GDP or
GTP binding, effector protein binding, effector protein activation, guanine exchange factor

15  (GEF) binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,
nucleotide binding, N-Ras subcellular localization, N-Ras post-translational processing, or N-

Ras post-translational modifications.

[0660] Embodiment Q82. The method of one of embodiments Q80 to Q81, wherein said

modulating is increasing the activity of said N-Ras protein.

20 [0661] Embodiment Q83. The mcthod of onc of embodiments Q80 to Q81, whercin said

modulating is reducing the activity of said N-Ras protein.

[0662] Embodiment Q84. The method of one of embodiments Q80 to Q83, wherein said

N-Ras protein is a human K-Ras protein.

[0663] Embodiment Q85. The method of embodiment Q84, wherein said human N-Ras

25  protein contains a G125 mutation.

[0664] Embodiment Q86. A K-Ras protein covalently bound to a compound of one of
embodiments Q1 to Q60, or a pharmaceutically acceptable salt thereof, wherein said

compound is covalently bound 1o a serine residue of said K-Ras protein.
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[0665] Embodiment Q87. The covalently modified K-Ras protein of embodiment Q86,
wherein said compound is reversibly covalently bound to a serine residue of said K-Ras

protein.

[0666] Embodiment Q88. The covalently modified K-Ras protein of embodiment Q86,
wherein said compound is irreversibly covalently bound to a serine residue of said K-Ras

protein.

[0667] Embodiment Q89. The covalently modified K-Ras protein of one of embodiments
Q86 to Q88, wherein said covalently modified K-Ras protein has a modulated activity
relative to a control, wherein said activity is selected from GTPase activity, nucleotide
exchange, differential GDP or GTP binding, effector protein binding, effector protein
activation, guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange,
phosphate release, nucleotide release, nucleotide binding, K-Ras subcellular localization, K-

Ras post-translational processing, and K-Ras post-translational modifications.

[0668] Embodiment Q90. The covalently modified K-Ras protein of one of embodiments

Q86 to Q89, wherein said K-Ras protein contains a G12S mutation.

[0669] Embodiment Q91. The covalently modified K-Ras protein of embodiment Q90,

wherein said compound is covalently bonded to serine residue 12.

[0670] Embodiment Q92. An H-Ras protein covalently bound to a compound of one of
embodiments Q1 to Q60, or a pharmaceutically acceptable salt thereof, wherein said

compound is covalently bound to a serine residue of said H-Ras protein.

[0671] Embodiment Q93. The covalently modified H-Ras protein of embodiment Q92,
wherein said compound is reversibly covalently bound to a serine residue of said H-Ras

protein.

[0672] Embodiment Q94. The covalently modified H-Ras protein of embodiment Q92,
wherein said compound is irreversibly covalently bound (o a serine residue ol said H-Ras

protein.

[0673] Embodiment Q95. The covalently modified H-Ras protein of one of embodiments
Q92 to Q94, wherein said covalently modified H-Ras protein has a modulated activity
relative to a control, wherein said activity is selected from GTPase activity, nucleotide

exchange, differential GDP or GTP binding, effector protein binding, effector protein
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activation, guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange,
phosphate release, nucleotide release, nucleotide binding, H-Ras subcellular localization, H-

Ras post-translational processing, and H-Ras post-translational modifications.

[0674] Embodiment Q96. The covalently modified H-Ras protein of one of embodiments

Q92 to Q9YS, wherein said H-Ras protein contains a G12S mutation.

[0675] Embodiment Q97. The covalently modified H-Ras protein of embodiment Q96,

wherein said compound is covalently bonded to serine residue 12.

[0676] Embodiment Q98. An N-Ras protein covalently bound to a compound of one of
embodiments Q1 to Q60, or a pharmaceutically acceptable salt thereof, wherein said

compound is covalently bound to a serine residue of said N-Ras protein.

[0677] Embodiment Q99. The cavalently modified N-Ras protein of embadiment Q98,
wherein said compound is reversibly covalently bound to a serine residue of said N-Ras

protein.

[0678] Embodiment Q100. The covalently modified N-Ras protein of embodiment Q98,
wherein said compound is irreversibly covalently bound to a serine residue of said N-Ras

protein.

[0679] Embodiment Q101. The covalently modified N-Ras protein of one of embodiments
Q98 to Q100, wherein said covalently modified H-Ras protein has a modulated activity
relative to a control, wherein said activity is selected from GTPase activity, nucleotide
cxchange, differential GDP or GTP binding, cffector protein binding, cffector protein
activation, guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange,
phosphate release, nucleotide release, nucleotide binding, N-Ras subcellular localization, N-

Ras post-translational processing, and N-Ras post-translational modifications.

[0680] Embodiment Q102. The covalently modified N-Ras protein of one of embodiments
Q98 o Q101, wherein said H-Ras protein contains a G12S mutation.

[0681] Embodiment Q103. The covalently modified N-Ras protein of embodiment Q102,

wherein said compound is covalently bonded to serine residue 12.

[0682] Embodiment D1. A compound, or a pharmaceutically acceptable salt thereof,

having the formula:
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L'—E?
R1/ (Iv), (V), or (VI); wherein

R! is a Switch II Binding Pocket binding moiety:;
L! is a bond or divalent linker; and

E? is an electrophilic moiety capable of forming a covalent bond with a Switch 11 GTPase

protein aspartate residue or a Switch II GTPase protein glutamate residue.

[0683] Embodiment D2. The compound of embodiment D1, wherein E2is an
electrophilic moiety capable of forming a covalent bond with a Switch II GTPase protein

aspartate residue.

[0684] Embodiment D3. The compound of embodiment D2, wherein the Switch 11

GTPase protein aspartate residue is a natural Switch II GTPase protein aspartate residue.

[0685] Embodiment D4. The compound of embodiment D2, wherein the Switch 11

GTPase protein aspartate residue is a mutant Switch II GTPase protein aspartate residue.

[0686] Embodiment D5. The compound of embodiment D4, wherein the mutant Switch
IT GTPase protein aspartate residue is aspartate residue 12 of K-Ras(G12D), H-Ras(G12D),
or N-Ras(G12D).

[0687] Embodiment D6. The compound of embodiment D4, wherein the mutant Switch
11 GTPase protein aspartate residue 1s aspartate residue 13 of K-Ras(G13D), H-Ras(G13D),
or N-Ras(G13D).

[0688] Embodiment D7. The compound of embodiment D1, wherein EZis an
electrophilic moiety capable of forming a covalent bond with a Switch II GTPase protein

glutamate residue.

[0689] Embodiment D8. The compound of embodiment D7, wherein the Switch 11

GTPase protein glutamate residue is a natural Switch II GTPase protein glutamate residue.

[0690] Embodiment D9. The compound of embodiment D7, wherein the Switch 11

GTPase protein glutamate residue is a mutant Switch 1I GTPase protein glutamate residue.

[0691] Embodiment D10. The compound of one of embodiments D1 to D9, wherein E?

comprises a [3-lactone.
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[0692] Embodiment D11. The compound of one of embodiments D1 to D9, wherein E?

comprises a -lactam.

Embodiment D12. The compound of one of embodiments D1 to D11, having the

[0693]
L'—E?
/
formula: R (Iv).
5 [0694] Embodiment D13. The compound of embodiment D12, having the formula:
X
X X R
Y
3 N
(R%,3 (R A
L\, L,
R* (IV-1), R
R1 0 Y: X
@)
4
RS R
(R%)3
L
(IvV-4), R (IV-5),
Y 4
X x=-?<R
RS
RIOI=Y
O N
inﬁ R% R®
R® X
Y
<R3>23{A;\> (R3zs Rq
|
LY < ] RS
(IV-7), R (IV-8), R’ (IV-9), R’ (IV-10), or
X
L1
| R5 R4
R’ (IV-11); wherein

10  Ring A is a cycloalkyl or heterocycloalkyl;

L? is unsubstituted C;-C4 alkylene;
XisOorS;
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Y is O, S, or NR?;

R?is hydrogen, halogen, -CCl3, -CBr3, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH>F, -CH>I, -CHCl>,
-CHBr2, -CHF, -CHI2, -CN, -OH, -NHz, -COOH, -CONH>, -NO2, -SH, -SOsH,

-OSO:H, -SO:>NH>, -NHNH>, ~-ONH2, -NHC(O)NHNH-, -NHC(O)NH>, -NHSO-H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OCIs, -OCH2CI, -OCH2Br,
-OCH2F, -OCHz2l, -OCHCl,, -OCHBr13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R? is independently oxo, halogen, -CCls, -CBr3, -CFs, -Cl3, -CH2Cl, -CH2Br, -CH2F,

-CH:1, -CHClz, -CHBr1?, -CHF:, -CHIL, -CN, -OH, -NH>, -COOH, -CONH2, -NO», -SH,
-SO3H, -OSOsH, -SO2NH»2, -NHNH2, —-ONH2, -NHC(O)NHNH2, -NHC(O)NH>, -NHSO-H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCls, -OCH2CI, -OCH2Br,
-OCH:F, -OCHz:I, -OCHClz, -OCHBr2, -OCHF2, -OCHIz, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl; two R? substituents may optionally be joined to form a substituted
or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

unsubstituted aryl, or substituted or unsubstituted heteroaryl;
z3 is an integer from O to 10;

R*is hydrogen, halogen, -CCls, -CBrs, -CFs, -Cl3, -CH2Cl, -CH2Br, -CH>F, -CH:I, -CHCl,
-CHBr2, -CHF>, -CHI, -CN, -OH, -NH>, -COOH, -CONH2, -NO2, -SH, -SO3H,

-OSOzH, -SO2NHz, -NHNH», —ONH;, -NHC(O)NHNH>, -NHC(O)NH:, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs3, -OCF3, -OCls, -OCH2Cl, -OCH2Br,
-OCH2F, -OCHz:I, -OCHCl», -OCHB132, -OCHF,, -OCHI>, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R’ is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH»Br, -CH>F, -CHbl,
-CHCl,, -CHBr2, -CHF>, -CHL, -CN, -OH, -NH», -COOH, -CONHa», -NO-, -SH, -SO3H,
-OSO0OsH, -SO2NH3z, -NHNHz, —ONH2, -NHC(O)NHNH:2, -NHC(O)NH3, -NHSO:H,
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-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OCI3, -OCH:CI, -OCH2Br,
-OCHzF, -OCH_2I, -OCHCl», -OCHBr13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R’ is hydrogen, halogen, -CCls, -CBr3, -CF3, -CIs, -CH>Cl, -CH»Br, -CH>F, -CH>I,

-CHCl3, -CHBr2, -CHF>, -CHI», -CN, -OH, -NH», -COOH, -CONHa;, -NO-, -SH, -SOsH,
-OSOsH, -SO:NH»2, -=NHNH>, —ONH>, -NHC(O)NHNH:, -NHC(O)NHz, -NHSO:2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFs, -OClIs, -OCH:CI, -OCH:2Br,
-OCH2F, -OCH_:l, -OCHCl,, -OCHBr13, -OCHF2, -OCHI,, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl; and

R!%is hydrogen, halogen, -CCls, -CBr3, -CFs, -Cls, -CH:Cl, -CH:Br, -CH:F, -CHoI,

-CHCla, -CHBr2, -CHF,, -CHI, -CN, -OH, -NHa2, -COOH, -CONHa, -NOz, -SH, -SOsH,
-OSO3H, -SO2NH2, -NHNH2, —ONH2, -NHC(O)NHNH», -NHC(O)NH2, -NHSO2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCFs, -OCI3, -OCH:CI, -OCH:2Br,
-OCH2F, -OCH:I, -OCHCl», -OCHBr12, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl.

[0695] Embodiment D14. The compound of ecmbodiment D13, whercin Ring Aisa Sto 6

membered heterocycloalkyl.

[0696] Embodiment D15. The compound of embodiment D13, wherein Ring A is a
piperidinyl, pyrrolidinyl, or piperazinyl.

[0697] Embodiment D16. The compound of embodiment D13, having the formula:
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X
X
/§ ' /YT g 1
R3),.—— R3)..—— (R¥)a~L
(R%)z3 |\N (R°)z3 |\N KN
| | |
L\ g _ L\, LY, )
(IV-1a), R (IV-1b), or R' (IV-1¢).

[0698] Embodiment D17. The compound of embodiment D16, having the formula:

o)
O
/%O /OT ° ?
R3),3—— R3) ,—— (R3),3~L
( )3 |\N ( )23 KN KN
) | I
L1‘R1 (IV-1d) L1‘F<1 (IV-1c), or L1‘R* (IV-10)

[0699] Embodiment D18. The compound of embodiment D13, having the formula:

5 "R (IV-2a).
[0700] Embodiment D19. The compound of embodiment D18, having the formula:

o

N

|/
(R3)23_
'\N

I
;

L',
R' (IV-2b).

[0701] Embodiment D20. The compound of embodiment D13, having the formula:
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Y.

(R3)23

/

N
|

L
R' (IV-3a).

[0702] Embodiment D21. The compound of embodiment D20, having the formula:

FIQZ
O N
O O
(R?’)zs—kN (R3)za—kN
L %
R' (IV-3b) or R' (IV-3c).

[0703] Embodiment D22. The compound of embodiment D13, having the formula:

(R¥)3—

e
4 X

5 SR (IV-4a).

[0704] Embodiment D23. The compound of embodiment D22, having the formula:

(R3)y3—

X
——Z o

SR (IV-4b).

[0705] Embodiment D24. The compound of embodiment D13, having the formula:
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Y X
g
R4
N
(R%{ j
N
I1
R
(IV-5a).

[0706] Embodiment D25. The compound of embodiment D24, having the formula:

R’ (IV-5b).

[0707] Embodiment D26. The compound of embodiment D13, having the formula:

5 R’ (1V-62).

[0708] Embodiment D27. The compound of embodiment D26, having the formula:
0]
O
)
R4
N
C ]
)
’

-~

(R%3

R (IV-6b).

[0709] Embodiment D28. The compound of embodiment D13, having the formula:
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Y. X

L/;f

| R4

N

(R%{ j

N

I 1

R

(IV-7a).

[0710] Embodiment D29. The compound of embodiment D28, having the formula:
pag
R4
N
o O
(R )23—|\
N

LY
R (IV-7b).

[0711] Embodiment D30. The compound of embodiment D13, having the formula:

X
Y
L2
| R4
N
s O
{(R?)z3 L
N
o
5 R’ (1V-8a).

[0712] Embodiment D31. The compound of embodiment D30, having the formula:

(@)
(@)
N R
(RB)ZS_ j
)
L
R (IV-8b).

[0713] Embodiment D32. The compound of embodiment D13, having the formula:
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Y. X
X
o) NQ o
@) NQ g R
R
(R3),3
X (R¥s—
&N '\N
| |
L Lt
R'"  (IV-9a)or R'  (IV-9b).
[0714] Embodiment D33. The compound of embodiment D32, having the formula:
O
O, 0]
O
@] NH
(®) NH
(R®);3
X (R
\ z
N KN
| |
1 1
R' (IV-9¢) or R" (IV-94d).
[0715] Embodiment D34. The compound of embodiment D13, having the formula:
7
L1
I 1
5 R (IV-10a).
[0716] Embodiment D35. The compound of embodiment D13, having the formula:
(@)
I
L1
]
R (IV-11a).
[07171 Embodiment D36. The compound of one of embodiments D13 to D35, wherein R?

is independently unsubstituted C;-C4 alkyl.

10 [0718] Embodiment D37. The compound of one of embodiments D13 to D35, wherein R?

is independently unsubstituted methyl.
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[0719] Embodiment D38. The compound of one of embodiments D13 to D35, wherein
two R* substituents are joined to form a substituted or unsubstituted cycloalkyl or substituted

or unsubstituted heterocycloalkyl.

[0720] Embodiment D39. The compound of one of embodiments D1 to D38, wherein
5 Ll is LIOI*LIOZ*LI(B*'

L9 is connected directly to EZ;

L'°! is a bond, -C(O)-, -C(0)O-, -OC(0)-, -O-, -S-, -NR'*!-, -C(O)NR'"'-,

-NR''C(0)-, -NR''C(0)O-, -OC(O)NR'L-, -NR'!'C(O)NR''- -NR''C(NH)NR'?!-,

-S(0)2-, -NR'1S(0)2-, -S(0)>NR!°1-, substituted or unsubstituted alkylene, substituted or
10 unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or

unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

unsubstituted heteroarylene;

L!9% is a bond, -C(O)-, -C(0)O-, -OC(0)-, -O-, -S-, -NR!°2- -C(O)NR!?%-,

-NR'*C(0)-, -NR'*C(0)O-, -OC(O)NR'?*-, -NR'*C(O)NR'*"-, -NR'*C(NH)NR'*-,
15  -S(O)2-, -NR!Y2S(0),-, -S(0)2NR!2-, substituted or unsubstituted alkylene, substituted or

unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or

unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

unsubstituted heteroarylene;

L' is a bond, -C(O)-, -C(0)O-, -OC(O)-, -O-, -S-, -NR'®-, -C(O)NR'®-,

20 -NR!BC(0)-, -NR!'BC(0)0O-, -OC(O)NR!?- -NR!BC(O)NR!®-, -NR!C(NH)NR -,
-S(0)2-, -NR%S(0)2-, -S(0):NR!%-, substituted or unsubstituted alkylene, substituted or
unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

unsubstituted heteroarylene; and

25  each R R!%’ and R!'* is independently hydrogen, halogen, -CCls, -CBr3, -CFs, -Cla,
-CH2Cl, -CH2Br, -CH2F, -CHzl, -CHCl», -CHBr2, -CHF:, -CHI», -CN, -OH, -NH2, -COOH,
-CONHz, -NOz2, -SH, -SO3H, -OSO3H, -SO2NH2, -NHNH2, -ONH2, —-NHC(O)NHNH2,
—NHC(O)NH>, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3,
-OClIs, -OCH2Cl, -OCH2Br, -OCH2F, -OCH2I, -OCHCl2, -OCHB12, -OCHF2, -OCHI2,

30  substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

276

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

unsubstituted aryl, or substituted or unsubstituted heteroaryl.

[0721] Embodiment D40. The compound of one of embodiments D1 to D38, wherein L!

is a bond.

5 [0722] Embodiment D41. The compound of one of embodiments D1 to D38, wherein L!
is —C(O)-.

[0723] Embodimcnt D42. The compound of onc of embodiments D1 to D38, whercin L'

is a substituted 2 to 6 membered heteroalkylene.

[0724] Embodiment D43. The compound of one of embodiments D1 to D38, wherein L!

O
oA
10 s }5‘

[0725] Embodiment D44. The compound of one of embodiments D1 to D38, wherein L!
T

) f{NJj\/ N}"

is H .

[0726] Embodiment D45. The compound of one of embodiments D1 to D44, wherein R!

is —L?°-R?°;

15 L% is a bond, -C(O)-, -C(0)O-, -OC(0)-, -O-, -S-, -NR*- -C(O)NR**-,
-NR*®C(0)-, -NR**C(0)0-, -OC(O)NR*®-, -NR**C(O)NR**-, -NR**C(NH)NR>*?-,
-S(0)2-, -NR?%S(0)2-, -S(0)2NR?¥-, substituted or unsubstituted alkylene, substituted or
unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

20 unsubstituted heteroarylene;

R?% is independently hydrogen, halogen, -CCls, -CBr3, -CFs, -Cl3, -CH2Cl, -CH»Br,
-CH>F, -CH:I, -CHCl», -CHBr>, -CHF>, -CHL, -CN, -OH, -NH», -COQOH, -CONH>,
-NO2, -SH, -SOs3H, -OSO3H, -SO2NH2, -NHNH», —ONH2, -NHC(O)NHNH2>,
—NHC(O)NH2, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCFj3,
25 -0OCI3, -OCHCI, -OCH2Br, -OCH:F, -OCH:I, -OCHCl», -OCHBr>2, -OCHF>, -OCHIL,

substituted or unsubstituted alkyl, substitutcd or unsubstituted heteroalkyl, substitutcd or
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unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

unsubstituted aryl, or substituted or unsubstituted heteroaryl;

R? is hydrogen, halogen, -CX*’3, -CHX?",, -CH2X?, -OCX?%;, -OCH2X%,
-OCHX?%, -CN, -80,20R*P, -SO,20NR?’AR?’B, _NR?*NR?"AR?'B, .ONR?"4R>'B,

5 —NHC(O)NRZNR?°AR?E _NHC(O)NRZ>AR?E _N(O)m20, -NRZ*AR?°E _C(O)R?C,
_C(O)ORZOC’ —C(O)NRZOARZOB, _ORZOD, _SRZOD’ —NRZOASOQRZOD, —NRZOAC(O)RZOC,
-NRZ?AC(O)OR>C, -NR?OR?’C, -SFs, -N3, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;

10 R20A R20B R20C and R¥P are independently hydrogen, -CCl3, -CBr3, -CF3, -ClI3,
-CHCla, -CHBr2, -CHI>, -CHL, -CH2Cl, -CH2Br, -CHoF, -CHazl, -CN, -OH, -NHz, -COOMH,
-CONHa, -OCCls, -OCFs, -OCBrs, -OClIs, -OCHClL, -OCHBr?2, -OCHI», -OCHF,, -OCH2Cl,
-OCH2Br, -OCH-2I, -OCH:F, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

15 heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;
R?%4 and R?“B substituents bonded to the same nitrogen atom may optionally be joined to
form a substituted or unsubstituted heterocycloalkyl or substituted or unsubstituted

heteroaryl;

X?Y is independently —F, -Cl, -Br, or —I;
20 n20is an integer from O to 4; and

m20 and v20 are independently 1 or 2.

[0727] Embodiment D46. The compound of one of embodiments D1 to D44, wherein R!

1S
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I\N (R®)
//_ 26
N
(R®)z
~ - N
(R | Lre. Rz ~ 1T "\
(R®),6
L SR, oy o
P P

, or

5 R®isindependently oxo, halogen, -CCls, -CBr3, -CF3, -CIs, -CH2Cl, -CH,Br, -CH>F,
-CHzI, -CHCl2, -CHBr2, -CHF2, -CHI3, -CN, -OH, -NH2, -COOH, -CONH2, -NO», -SH,
-SOsH, -OSOsH, -SO2NH2, -NHNH2, —ONHz, -NHC(O)NHNH2, -NHC(O)NH2, -NHSO:zH,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCFs, -OClIs, -OCH:CI, -OCH:2Br,
-OCH2F, -OCH:I, -OCHCl2, -OCHBr3, -OCHF>, -OCHI», substituted or unsubstituted alkyl,
10 substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R is independently oxo, halogen, -CCls, -CBrs, -CF3, -Cls, -CH2Cl, -CH2Br, -CH-F,
-CHz1, -CHCl,, -CHBr2, -CHF», -CHI>, -CN, -OH, -NH3, -COOH, -CONHa>, -NO>, -SH,

15  -SOsH, -OSOszH, -SO2NH2, -NHNHz, —ONHz, -NHC(O)NHNH2, -NHC(O)NH2, -NHSO:H,
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-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OCI3, -OCH:CI, -OCH2Br,
-OCHzF, -OCH_2I, -OCHCl», -OCHBr13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

5  unsubstituted heteroaryl;

R®is independently halogen, -CCls, -CBrs3, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH>F, -CHolI,
-CHCl3, -CHBr2, -CHF>, -CHIs, -CN, -OH, -NH», -COOH, -CONHa;, -NO-, -SH, -SOsH,
-OSOsH, -SO:NH»2, -=NHNH>, —ONH>, -NHC(O)NHNH:, -NHC(O)NHz, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCFs, -OClIs, -OCH:CI, -OCH:2Br,

10 -OCH>F, -OCHI, -OCHCl,, -OCHBr2, -OCHF», -OCHI, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;
z6 is an integer from O to 7;

15  Zz7 is an intcger from O to 7; and
z8 1s an integer from O to 5.

[0728] Embodiment D47. The compound of embodiment D46, wherein R is
independently a halogen, -OH, unsubstituted C;-C4 alkyl, substituted 2 to 6 membered

heteroalkyl, or substituted 5 to 6 membered heteroaryl.

20 [0729] Embodiment D48. The compound of embodiment D46, wherein R is
independently —F, -Cl, -OH, or unsubstituted methyl.

[0730] Embodiment D49. The compound of embodiment D46, wherein RO is
independently a 2 to 6 membered heteroalkyl, substituted with substituted heterocycloalkyl or

unsubstituted fused heterocycloalkyl.

25 [0731] Embodiment D50. The compound of embodiment D46, wherein R%is
independently a substituted pyridyl.

[0732] Embodiment D51. The compound of one of embodiments D46 to D50, wherein z6
is 1, 2, or 3.
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[0733] Embodiment D52. The compound of one of embodiments D46 to D51, wherein R’
is independently a halogen, -CF3, -CN, -OH, -NH2, unsubstituted C1-C4 alkyl, or
unsubstituted C»-Ca alkynyl.

[0734] Embodiment D53. The compound of one of embodiments D46 to D51, wherein R’
5 is independently —F, -CI, -CF3, -CN, -OH, -NHz, unsubstituted methyl, or unsubstituted
ethynyl.

[0735] Embodiment D54. The compound of one of embodiments D46 to D53, wherein z7
is 1,2, or 3.

[0736] Embodiment D55. The compound of one of embodiments D46 to D54, wherein RS
10 is independently a halogen or unsubstituted C1-Cy alkyl.

[0737] Embodiment D56. The compound of one of embodiments D46 to D54, wherein R?

is independently —Cl or unsubstituted methyl.

[0738] Embodiment D57. The compound of one of embodiments D46 1o D56, wherein 28

is 1.

15 [0739] Embodiment D58. The compound of one of embodiments D1 to D44, wherein R!
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[0740] Embodiment D59. The compound of one of embodiments D1 to D11, having the

5 formula: (V).

[0741] Embodiment D60. The compound of embodiment D59, having the formula:
X

(V-1); whercin

XisOorsS;

Y is O, S, or NR%; and

10 R?is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2(l, -CH2Br, -CH2F, -CHz2lI,
-CHClz, -CHBr2, -CHF,, -CHI>, -CN, -OH, -NH2, -COOH, -CONHa2, -NO2, -SH, -SOzH,
-OSO3H, -SO>2NH>, -NHNH., —ONH,, —-NHC(O)NHNH>, —-NHC(O)NH>, -NHSO:H,
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-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OCI3, -OCH:CI, -OCH2Br,
-OCHzF, -OCH_2I, -OCHCl», -OCHBr13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

5  unsubstituted heteroaryl.
[0742] Embodiment D61. The compound of embodiment D60, having the formula:
O

(V-1a).

[0743] Embodiment D62. The compound of onc of embodiments D59 to D61, whercin R!

is

10 ; wherein

RS is independently oxo, halogen, -CCls, -CBrs, -CFs, -Clsz, -CH2Cl, -CH2Br, -CH>F,
-CHzl, -CHCl», -CHBr2, -CHF2, -CHI3, -CN, -OH, -NHz, -COOH, -CONH2, -NO», -SH,
-SO3H., -OSOsH, -SO2NH»2, —-NHNH»2, —ONH», -NHC(O)NHNH>, -NHC(O)NH2, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCFs, -OCIs, -OCH:CI, -OCH:?Br,

15 -OCH:2F, -OCH:I, -OCHCl», -OCHBr13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;
R’ is independently halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH:Br, -CH.F, -CH2,
20  -CHCla, -CHBr2, -CHF2, -CHIz, -CN, -OH, -NH2, -COOH, -CONH>, -NQO2, -SH, -SOsH,

-OSOsH, -SO2NHz, —-NHNIHz, —ONHz, -NHC(O)NHNH;, —-NHC(O)NHz, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OClI3, -OCH2Cl, -OCH:2Br,
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-OCH:.F, -OCH:l, -OCHCl,, -OCHBr13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;
5  z6is an integer from O to 3; and
Z7 is an integer from O to 5.

[0744] Embodimcnt D63. The compound of cmbodiment D62, whercin R!is

@)

Cl FeN
Qess
S
F .

[0745] Embodiment D64. The compound of one of embodiments D1 to D11, having the
10  formula: (VD).

[0746] Embodiment D65. The compound of embodiment D64, having the formula:

X
@ Y x
R® R* (VI-1) or R® R*  (VI-2); wherein
XisOorS;

Y is O, S, or NR?;

15 R?is hydrogen, halogen, -CCls, -CBrs, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH>F, -CH2l,
-CHClz, -CHBr2, -CHF,, -CHI>, -CN, -OH, -NH2, -COOH, -CONH,, -NO-, -SH, -SO3H,
-OSOzH, -SO>NH>, -NHNH->, -ONH>, -NHC(O)NHNH->, -NHC(O)NH>, -NHSO-H,

-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCF3, -OClIs, -OCH:CI, -OCH2Br,
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-OCH:.F, -OCH:l, -OCHCl,, -OCHBr13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

5 R*is hydrogen, halogen, -CCls, -CBrs, -CF3, -Cls, -CH2Cl, -CH2Br, -CH>F, -CH2zl,
-CHCl», -CHBr», -CHF>», -CHL, -CN, -OH, -NH>, -COOH, -CONH», -NO2, -SH, -SO3H,
-OSOsH, -SO2NH>, -NHNH;, —-ONH;, -NHC(O)NHNH2, -NHC(O)NH:>, -NHSO:2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCls, -OCH2Cl, -OCH2Br,
-OCH2F, -OCH_:I, -OCHCl», -OCHBr12, -OCHF,, -OCHI>, substituted or unsubstituted alkyl,
10 substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl; and

R5 is hydrogen. halogen, -CCls, -CBrs. -CFa, -Cls, -CH2Cl, -CH»Br, -CH,F, -CHbl,
-CHCl», -CHBr2, -CHF>, -CHI, -CN, -OH, -NH2, -COOH, -CONH>, -NO:, -SH, -SO3H,

15  -OSOsH, -SO:NH», -NHNH», —ONH3, -NHC(O)NHNH>, -NHC(O)NH>2, -NHSO2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCl3, -OCH2Cl, -OCH:2Br,
-OCH-F, -OCH:I, -OCHCl,, -OCHB12, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl. or substituted or

20  unsubstituted heteroaryl..
[0747] Embodiment D66. The compound of embodiment D65, having the formula:

O

O

[0748] Embodiment D67. The compound of one of embodiments D64 to D66, wherein R!

18
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: wherein

R®is indcpendently oxo, halogen, -CCls, -CBrs, -CFs, -Cls, -CH2Cl, -CH2Br, -CH>F,

-CHzl, -CHCl», -CHBr12, -CHF2, -CHL, -CN, -OH, -NH>», -COOH, -CONHa», -NO», -SH,

-SOs3H, -OSOsH, -SO2NHa2, -NHNH2, —ONHz, -NHC(O)NHNH2, -NHC(O)NHa2, -NHSO:H,
5 -NHC(O)H, -NHC(O)OMH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OCls, -OCH2Cl, -OCH:Br,

-OCH2F, -OCH_:I, -OCHCl», -OCHBr12, -OCHF,, -OCHI>, substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or

unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

10 R’ is independently halogen. -CCls, -CBr3, -CFs, -Cls. -CH2Cl, -CH»Br. -CH-F, -CHal.
-CHCl», -CHBr2, -CHF>, -CHL, -CN, -OH, -NH», -COOH, -CONHa, -NO:, -SH, -SOsH,
-OSOsH, -SO2NHz, -NHNH2, —ONHz, -NHC({O)NHNH2, -NHC(O)NH>, -NHSO:2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCl3, -OCH2Cl, -OCH:2Br,
-OCH-F, -OCH_:I, -OCHCl,, -OCHBr12, -OCHF2, -OCHI., substituted or unsubstituted alkyl,

15  substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;
z6 is an integer from O to 3; and
Z7 is an integer from O to 5.

20  [0749] Embodiment D68. The compound of embodiment D67, wherein R! is
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O

cl FoN
I
S
F .

[0750] Embodiment D69. A pharmaceutical composilion comprising a pharmaceutically
acceptable excipient and a compound of one of embodiments D1 to D68, or a

pharmaceutically acceptable salt thereof.

5 [0751] Embodiment D70. A method of treating cancer in a subject in need thereof, said
method comprising administering to the subject in need thereof a therapeutically effective
amount of a compound of one of embodiments D1 to D68, or a pharmaceutically acceptable

salt thereof.

[0752] Embodiment D71. The method of embodiment D70, wherein the cancer is rectal
10 carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung carcinoma,

squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid leukemia.

[0753] Embodiment D72. A method of treating a K-Ras(G12D)-associated disease in a
subject in need thereof, said method comprising administering to the subject in need thereof a
therapeutically effective amount of a compound of one of embodiments D1 to D68, or a

15  pharmaceutically acceptable salt thereof.

[0754] Embodiment D73. A method of treating an H-Ras(G12D)-associated disease in a
subject in need thereof, said method comprising administering to the subject in need thereof a
therapeutically effective amount of a compound of one of embodiments D1 to D68, or a

pharmaccutically acceptablc salt thercof.

20 [0755] Embodiment D74. A method of treating an N-Ras(G12D)-associated disease in a
subject in need thereof, said method comprising administering to the subject in need thereof a
therapeutically effective amount of a compound of one of embodiments D1 to D68, or a

pharmaceutically acceptable salt thereof.
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[0756] Embodiment D75. A method of modulating the level of activity of a K-Ras protein
in a cell, said method comprising contacting the cell with an effective amount of a compound

of one of embodiments D1 to D68, or a pharmaceutically acceptable salt thereof.

[07571 Embodiment D76. The method of embodiment D75, wherein said modulating of
said activity comprises modulating GTPase activity, nucleotide exchange, differential GDP or
GTP binding, effector protein binding, effector protein activation, guanine exchange factor
(GEF) binding, GEF-facilitated nucleotide cxchangc, phosphate rcleasc, nuclcotide relcasc,
nucleotide binding, K-Ras subcellular localization, K-Ras post-translational processing, or K-

Ras post-translational modifications.

[0758] Embodiment D77. The method of one of embodiments D75 to D76, wherein said

modulating is increasing the activity of said K-Ras protein.

[0759] Embodiment D78. The method of one of embodiments D75 to D76, wherein said

modulating is reducing the activity of said K-Ras protein.

[0760] Embodiment D79. The method of one of embodiments D75 to D78, wherein said

K-Ras protein is a human K-Ras protein.

[0761] Embodiment D80. The method of embodiment 79, wherein said human K-Ras

protein contains a G12D mutation.

[0762] Embodiment D81. A method of modulating the level of activity of an H-Ras
protein in a cell, said method comprising contacting the cell with an effective amount of a

compound of onc of cmbodiments D1 to D68, or a pharmaccutically acceptable salt thereof.

[0763] Embodiment D82. The method of embodiment D81, wherein said modulating of
said activity comprises modulating GTPase activity, nucleotide exchange, differential GDP or
GTP binding, effector protein binding, effector protein activation, guanine exchange factor
(GEF) binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,
nucleotide binding, H-Ras subcellular localization, H-Ras post-translational processing, or H-

Ras post-translational modifications.

[0764] Embodiment D83. The method of one of embodiments D81 to D82, wherein said

modulating is increasing the activity of said H-Ras protein.

[0765] Embodiment D84. The method of one of embodiments D81 to D82, wherein said

modulating is reducing the activity of said H-Ras protein.
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[0766] Embodiment D85. The method of one of embodiments D81 to D84, wherein said

H-Ras protein is a human H-Ras protein.

[0767] Embodiment D86. The method of embodiment D85, wherein said human H-Ras

protein contains a G12D mutation.

5 [0768] Embodiment D87. A method of modulating the level of activity of an N-Ras
protein in a cell. said method comprising contacting the cell with an effective amount of a

compound of one of embodiments D1 to D68, or a pharmaceutically acceptable salt thereof.

[0769] Embodiment D88. The method of embodiment D87, wherein said modulating of

said activity comprises modulating GTPase activity, nucleotide exchange, differential GDP or
10 GTP binding, effector protein binding, effector protein activation, guanine exchange factor

(GEF) binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,

nucleotide binding, N-Ras subcellular localization, N-Ras post-translational processing, or N-

Ras post-translational modifications.

[0770] Embodiment D89. The method of one of embodiments D87 to D88, wherein said

15 modulating is increasing the activity of said N-Ras protein.

[0771] Embodiment D90. The method of one of embodiments D87 to D88, wherein said

modulating is reducing the activity of said N-Ras protein.

[0772] Embodiment D91. The method of one of embodiments D87 to D90, wherein said

N-Ras protein is a human K-Ras protein.

20 [0773] Embodiment D92. The mcthod of embodiment D91, whercein said human N-Ras

protein contains a G12D mutation.

[0774] Embodiment D93. A K-Ras protein covalently bound to a compound of one of
embodiments D1 to D68, or a pharmaceutically acceptable salt thereof, wherein said

compound is covalently bound to an aspartate residue of said K-Ras protein.

25 [0775] Embodiment D94. The covalently modified K-Ras protein of embodiment D93,
wherein said compound is reversibly covalently bound to an aspartate residue of said K-Ras

protcin.
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[0776] Embodiment D95. The covalently modified K-Ras protein of embodiment D93,
wherein said compound is irreversibly covalently bound to an aspartate residue of said K-Ras

protein.

[0777] Embodiment D96. The covalently modified K-Ras protein of one of embodiments
D93 to D95, wherein said covalently modified K-Ras protein has a modulated activity
relative to a control, wherein said activity is selected from GTPase activity, nucleotide
cxchange, differential GDP or GTP binding, cffector protcin binding, cffector protcin
activation, guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange,
phosphate release, nucleotide release, nucleotide binding, K-Ras subcellular localization, K-

Ras post-translational processing, and K-Ras post-translational modifications.

[0778] Embodiment D97. The covalently modified K-Ras protein of one of embodiments

D93 to D96, wherein said K-Ras protein contains a G12D mutation.

[0779] Embodiment D98. The covalently modified K-Ras protein of embodiment D97,

wherein said compound is covalently bonded to aspartate residue 12.

[0780] Embodiment D99. An H-Ras protein covalently bound to a compound of one of
embodiments D1 to D68, or a pharmaceutically acceptable salt thereof, wherein said

compound is covalently bound to an aspartate residue of said H-Ras protein.

[0781] Embodiment D100. The covalently modified H-Ras protein of embodiment D99,
wherein said compound is reversibly covalently bound to an aspartate residue of said H-Ras

protein.

[0782] Embodiment D101. The covalently modified H-Ras protein of embodiment D99,
wherein said compound is irreversibly covalently bound to an aspartate residue of said H-Ras

protein.

[0783] Embodiment D102. The covalently modified H-Ras protein of one of embodiments
D99 to D101, wherein said covalently modified H-Ras protein has a modulated activity
relative to a control, wherein said activity is selected from GTPase activity, nucleotide
exchange, differential GDP or GTP binding, effector protein binding, effector protein
activation, guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange,
phosphate release, nucleotide release, nucleotide binding, H-Ras subcellular localization, H-

Ras post-translational processing, and H-Ras post-translational modifications.
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[0784] Embodiment D103. The covalently modified H-Ras protein of one of embodiments

D99 to D102, wherein said H-Ras protein contains a G12D mutation.

[0785] Embodiment D104. The covalently modified H-Ras protein of embodiment D103,

wherein said compound is covalently bonded to aspartate residue 12.

5 [0786] Embodiment D105. An N-Ras protein covalently bound to a compound of one of
embodiments D1 to D68, or a pharmaceutically acceptable salt thereof, wherein said

compound is covalently bound to an aspartate residue of said N-Ras protein.

[0787] Embodiment D106. The covalently modified N-Ras protein of embodiment D105,
wherein said compound is reversibly covalently bound to an aspartate residue of said N-Ras

10 protein.

[0788] Embodiment D107. The covalently modified N-Ras protein of embodiment D105,
wherein said compound is irreversibly covalently bound to an aspartate residue of said N-Ras
protein.
[0789] Embodiment D108. The covalently modified N-Ras protein of one of embodiments
15 D105 to D107, wherein said covalently modified H-Ras protein has a modulated activity
relative to a control, wherein said activity is selected from GTPase activity, nucleotide
exchange, differential GDP or GTP binding, effector protein binding, effector protein
activation, guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange,
phosphate release, nucleotide release, nucleotide binding, N-Ras subcellular localization, N-

20 Ras post-translational processing, and N-Ras post-translational modifications.

[0790] Embodiment D109. The covalently modified N-Ras protein of one of embodiments
D105 to D108, wherein said H-Ras protein contains a G12D mutation.

[0791] Embodiment D110. The covalently modified N-Ras protein of embodiment D109,

wherein said compound is covalently bonded to aspartate residue 12.

25 VII. Additional embodiments
[0792] Embodiment 1. A compound, or a pharmaceutically acceptable salt thereof,

having the formula:

- >
/
R (IV), (V), or (VD); wherein
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R! is a Switch II Binding Pocket binding moiety;
L! is a bond or divalent linker; and

E? is an electrophilic moiety capable of forming a covalent bond with a Switch 11 GTPase

protein aspartate residue or a Switch II GTPase protein glutamate residue.

[0793] Embodiment 2. The compound of embodiment 1, wherein E?is an electrophilic

moiety capable of forming a covalent bond with a Switch II GTPase protein aspartate residue.

[0794] Embodiment 3. The compound of embodiment 2, wherein the Switch 11

GTPasc protcin aspartate residuc is a natural Switch 1T GTPasc protein aspartate residuc.

[0795] Embodiment 4. The compound of embodiment 2, wherein the Switch 11

GTPase protein aspartate residue is a mutant Switch IT GTPase protein aspartate residue.

[0796] Embodiment 5. The compound of embodiment 4, wherein the mutant Switch 11
GTPase protein aspartate residue is aspartate residue 12 of K-Ras(G12D), H-Ras(G12D), or
N-Ras(G12D).

[0797] Embodiment 6. The compound of embodiment 4, wherein the mutant Switch 11
GTPase protein aspartate residue is aspartate residue 13 of K-Ras(G13D), H-Ras(G13D), or
N-Ras(G13D).

[0798] Embodiment 7. The compound of embodiment 1, wherein E?is an clectrophilic
moiety capable of forming a covalent bond with a Switch II GTPase protein glutamate

residue.

[0799] Embodiment 8. The compound of embodiment 7, wherein the Switch 11

GTPasc protcin glutamatc residuc is a natural Switch II GTPasc protcin glutamatc residuc.

[0800] Embodiment 9. The compound of embodiment 7, wherein the Switch 11

GTPase protein glutamate residue is a mutant Switch TT GTPase protein glutamate residue.

[0801] Embodiment 10. The compound of one of embodiments 1 to 9, wherein E2

comprises a B-laclone.

[0802] Embodiment 11. The compound of one of embodiments 1 to 9, wherein E?

comprises a B-lactam.

292

CA 03240772 2024-6-11



WO 2023/122662

[0803] Embodiment 12.

1—p2
/L E

formula: R (Iv).

PCT/US2022/082136

The compound of one of embodiments 1 to 11, having the

[0804] Embodiment 13. The compound of embodiment 12, having the formula:
X
4
X X R R5 Y, R4 R4
Y X Y.
N R® R®
(R3)5 (R%)zs— A (R%):3 (R%):z3
RT (IV-1), R"  (1v-2), R"  (1v-3), R
X
r10Y X RIOT~Y R10Y X
O O L2
4 4 4
R® R RS R RS R
(R%)z3 (R%)z3 (R%)z3
LY L L
5 (IV-4), R (IV-53), R (IV-6), R
Y. 4
X x=<2<R
R5
R10 Y
O No
LZiﬁ R* RO
R® Yoz X
(R3)23~</:%> (R) Rq
L1
L1\ LL | R5 R4
(IV-7), R (IV-8), R (IV-9), R (IV-10), or
X
L1
| R5 R4
R’ (IV-11); wherein
Ring A is a cycloalkyl or heterocycloalkyl;
L? is unsubstituted Ci-C4 alkylene;
10 XisOorS;

Y is O, S, or NR?;

CA 03240772 2024-6-11
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R?is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH>F,

-CH:zI, -CHCl», -CHB12, -CHE,, -CHL, -CN, -OH, -NH>», -COOH, -CONHa», -NO3, -SH,
-SOsH, -OSOsH, -SO2NH2, -NHNH2, —ONH»2, -NHC(O)NHNH>, -NHC(O)NH>, -NHSO-:H,
-NHC(O)H, -NHC(O)OH, -NHOIMH, -OCCls, -OCBrs, -OCLs, -OCIs, -OCH:CI, -OCH:Br,
-OCH2F, -OCH:I, -OCHCl2, -OCHBr3, -OCHF2, -OCHIz, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R? is independently oxo, halogen, -CCls, -CBr3, -CF3, -Cl3, -CH2Cl, -CH2Br,

-CH2F, -CHzl, -CHCl», -CHBr2, -CHF>, -CHL, -CN, -OH, -NH>, -COOH, -CONHz2, -NO2,
-SH, -SO3H, -OSO3H, -SO>NH>, -NHNH>, —ONH2, -NHC(O)NHNH>, -NHC(O)NH2,
-NHSO:zH, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCls, -OCH2CI,
-OCH:2Br, -OCH2F, -OCH:I, -OCHCl3, -OCHBr2, -OCHF2, -OCHI>, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl; two R? substituents may optionally be joined to form
a substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;
z3 is an integer from O to 10;

R*is hydrogen, halogen, -CCls, -CBrs, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH>F,

-CHzl, -CHClz, -CHB132, -CHF2, -CHI3, -CN, -OH, -NHz, -COOH, -CONHz, -NO-, -SH,
-SOsH, -OSOs3H, -SOz2NHz, -NHNH;, —ONHz, -NHC(O)NHNH:, -NHC(O)NHz, -NHSO:zH,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCF;, -OCI3, -OCH:CI, -OCH:2Br,
-OCH2F, -OCH:I, -OCHCl2, -OCHBr2, -OCHF2, -OCHI2, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R’ is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH>F,

-CH:L -CHClz, -CHB12, -CHF:, -CHI2, -CN, -OH, -NHaz, -COOH, -CONHa. -NO2, -SH,
-SOszH, -OSOszH, -SO2NHz, -NHNHz, —ONHz, -NHC(O)NHNH>, -NHC(O)NH:, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OClIs, -OCH2Cl, -OCH2Br,
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-OCH:.F, -OCH:l, -OCHCl,, -OCHBr13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

5 R? is hydrogen, halogen, -CCls, -CBrs, -CF3, -Cls, -CH2Cl, -CH2Br, -CH>F,
-CHzl, -CHCl», -CHBr12, -CHF2, -CHL, -CN, -OH, -NH>», -COOH, -CONHa», -NO», -SH,
-SOs3H, -OSOsH, -SO2NH2, -NHNH2, —ONHz, -NHC(O)NHNH2, -NHC(O)NHz, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCls, -OCH2Cl, -OCH2Br,
-OCH2F, -OCH_:I, -OCHCl», -OCHBr12, -OCHF,, -OCHI>, substituted or unsubstituted alkyl,
10 substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl; and

R!% is hydrogen. halogen. -CCls, -CBr3, -CFs. -Cls, -CH>CL. -CH»Br, -CH,F,
-CHzl, -CHCl», -CHBr2, -CHF», -CHI>, -CN, -OH, -NHz, -COOH, -CONH>, -NO», -SH,

15 -SOs3H, -OSOsH, -SO2NH»2, -=NHNH»2, —ONH2, -NHC(O)NHNH2, -NHC(O)NH>, -NHSO2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCl3, -OCH2Cl, -OCH:2Br,
-OCH-F, -OCH:I, -OCHCl,, -OCHB12, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl. or substituted or

20  unsubstituted heteroaryl.

[0805] Embodiment 14. The compound of embodiment 13, wherein Ring Aisa5to 6

mcmbered heterocycloalkyl.

[0806] Embodiment 15. The compound of cmbodiment 13, wherein Ring A is a
piperidinyl, pyrrolidinyl, or piperazinyl.

25 [0807] Embodiment 16.  The compound of embodiment 13, having the formula:

X
X
Y N M
3
(R3) — (RS) — (R )23\
23 \N z3 \N KN
|1 |1 I1
~51 L\ 1 L\ 1
R' (IV-1a), R (IV-1b), or R' (IV-1c).
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[0808] Embodiment 17. The compound of embodiment 16, having the formula:

@]
o)
/%( : /Q/T © ?

R3)5—— R3),5—— (R¥)~L
(R%)z3 |\N (R%)z3 KN kN

I1 I1 I1

-~ ~ L\

R' (1v-1d), R (IV-1e), or R" (IV-1f).

[0809] Embodiment 18. The compound of embodiment 13, having the formula:

X

N
(R

/M

N
|

L
R' (1v-2a).
5 [0810] Embodiment 19. The compound of embodiment 18, having the formula:

O

N
<R3)zs—(

N
I

L
R' (IV-2b).
[0811] Embodiment 20. The compound of embodiment 13, having the formula:

Y.
X

(R
KN
ik
R' (IV-3a).

[0812] Embodiment 21. The compound of embodiment 20, having the formula:
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R2
o N
o) o)
(R¥z— (R3,3—
k,?l KN
L lL
R' (IV-3b) or R (TV-30).

[0813] Embodiment 22. The compound of embodiment 13, having the formula:

(R3¥)—

XK=
——Z X

;
SR (1V-4a).

[0814] Embodiment 23. The compound of embodiment 22, having the formula:

5 SR (IV-4b).

[0815] Embodiment 24. The compound of embodiment 13, having the formula:

R (IV-5a).

[0816] Embodiment 25. The compound of embodiment 24, having the formula:
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AT

|/
R3Z_
(R”)za |\

|
L'

R’ (IV-5b).

[0817] Embodiment 26. The compound of one of cmbodiments 24 to 25, having the

formula:
o O
Oﬁq
4

N R

N

|

1
R (IV-5¢).

5 [0818] Embodiment 27. The compound of embodiment 13, having the formula:

(R3)23

(IV-5¢).

[0819] Embodiment 28. The compound of embodiment 27, having the formula:

Xt

(R3)23_|\

I
1

-~

R? (IV-5d).

[0820] Embodiment 29.  The compound of one of embodiments 27 to 28, having the

10 formula:
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R? (IV-50).

[0821] Embodiment 30. The compound of embodiment 13, having the formula:
X
Y
0]
R4
N
N j
)
1

-~

(R3,3

R (IV-62).

[0822] Embodiment 31. The compound of embodiment 30, having the formula:
0
o)
@)
R4
N
C j
KN
|1

S

L 1
5 R (IV-6b).

(R%z3

[0823] Embodiment 32. The compound of embodiment 13, having the formula:

R (IV-7a).

[0824] Embodiment 33.  The compound of embodiment 32, having the formula:
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R! (IV-7b).
[0825] Embodiment 34. The compound of embodiment 13, having the formula:

X

Y
L2
| R
\ _r”]
(R?)23 ,\
N
I1

-~

4

R (IV-8a).

[0826] Embodiment 35. The compound of embodiment 34, having the formula:

(@)
O
R4
N
3 _(
(R3),3 C
N
|
L'
5 R! (IV-8b).

[0827] Embodiment 36. The compound of embodiment 13, having the formula:

O Na_g
O N R
(R3).3
X (R¥)z—
&N kN
| |
L L
R'  (IV-9a) or R (IV-9b).
[0828] Embodiment 37. The compound of embodiment 36, having the formula:
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o}
(®) ow
(@]
Os. _NH
O, NH
(R%),3
R3Z —
%N (R%)za kN
. e
R" (IV-9¢) or R" (1v-94d).

[0829] Embodiment 38. The compound of embodiment 13, having the formula:

R’ (IV-10a).

[0830] Embodiment 39. The compound of embodiment 13, having the formula:

5 R (IV-11a).

[0831] Embodiment 40. The compound of one of embodiments 13 to 25, 27, 28, and 30

to 37, wherein R? is independently unsubstituted Ci-C4 alkyl.

[0832] Embodiment41. The compound of one of embodiments 13 to 25, 27, 28, and 30

to 37, wherein R? is independently unsubstituted methyl.

10 [0833] Embodiment 42. The compound of onc of embodiments 13 to 25, 27, 28, and 30
to 37, wherein two R? substituents are joined to form a substituted or unsubstituted cycloalkyl

or substituted or unsubstituted heterocycloalkyl.
[0834] Embodiment 43. The compound of one of embodiments 1 to 42, wherein
Ll is 7L101—L102—L103—'

15  L!!is connected directly to E%;

L101 ls a bond’ _C(O)_’ _C(O)O_’ _OC(O)_! _O_a _S_a _NRIOI_,» _C(O)NRIOI_,»

-NR'"'C(O)-, -NR'”'C(0)O-, -OC(O)NR''-, -NR''C(O)NR'?!-, -NR'"'C(NH)NR'°'-,

-S(0)2-, -NR'1S(0)2-, -S(0):NR!°'-, substituted or unsubstituted alkylene, substituted or
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unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

unsubstituted heteroarylene;

L' is a bond, -C(0)-, -C(0)O-, -OC(O)-, -O-, -S-, -NR'*"*-, -C(O)NR'*"-,

-NR!'®C(0)-, -NR!?)C(0)O-, -OC(O)NR!?-, -NR'®“C(O)NR'®-, -NR'2C(NH)NR %%,
-S(0)2-, -NR'2S(0),-, -S(0)-NR -, substituted or unsubstituted alkylene, substituted or
unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylenc, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

unsubstituted heteroarylene;

L9 is a bond, -C(O)-, -C(0)O-, -OC(O)-, -O-, -S-, -NR!%_ _C(O)NR!%_,

-NR'%C(0)-, -NR'"C(0)0O-, -OC(O)NR'”-, -NR'PC(O)NR'®-, -NR'*C(NH)NR'**-,
-S(0)2-, -NR!%S(0)2-, -S(0)2NR!%-, substituted or unsubstituted alkylene, substituted or
unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

unsubstituted heteroarylenc; and

each R, R!1%? and R'% is independently hydrogen, halogen, -CCls, -CBrs3,

-CFs, -ClIs, -CH2Cl, -CH»Br, -CH:2F, -CH>l1, -CHCl», -CHB12, -CHF>, -CHI2, -CN, -OH, -NHo,
-COOH, -CONHz, -NQO2, -SH, -SOsH, -OSOsH, -SO2NH2, -NHNH2, —-ONH3>,
—NHC(O)NHNH2, -NHC(O)NH>, -NHSO:2H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3,
-OCBrs3, -OCFs, -OClIs, -OCH2Cl, -OCH2Br, -OCH:zF, -OCH:I, -OCHClz, -OCHBr12, -OCHF>,
-OCHI;, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

[0835] Embodiment 44. The compound of one of embodiments 1 to 42, wherein Llisa
bond.

[0836] Embodiment 45. The compound of one of embodiments 1 to 42, wherein L'is
—C(O)-.

[0837] Embodiment 46. The compound of one of embodiments 1 to 42, wherein L'isa

substituted 2 to 6 membered heteroalkylene.

[0838] Embodiment 47. The compound of one of embodiments 1 to 42, wherein L! is
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Oy

[0839] Embodiment 48. The compound of one of embodiments 1 to 42, wherein L! is
j)k/H
’,{ N
N
H ¥ _

[0840] Embodiment 49. The compound of one of embodiments 1 to 48, wherein R'is
_LZO_RZO.

L* is a bond, -C(O)-, -C(0)O-, -OC(0O)-, -O-, -S-, -NR**-, -C(O)NR*®-,

-NR?%C(0)-, -NR?**C(0)O-, -OC(O)NR?"-, -NR?**C(O)NR?¥-, -NR** C(NH)NR?"-,
-S(0)2-, -NR?PS(0)2-, -S(0)2NR?Y-, substituted or unsubstituted alkylene, substituted or
unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylenc, substituted or
unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

unsubstituted heteroarylene;

R200 jg independently hydrogen, halogen, -CCls, -CBrs, -CF3, -Cls, -CH2Cl,

-CHsBr, -CH2F, -CHzl, -CHCI2, -CHBr2, -CHF>, -CHL, -CN, -OH, -NH:, -COOH, -CONHa,
-NO», -SH, -SOsH, -OSOsH, -SO>NH>, -NHNH, ~-ONH>, -NHC(O)NHNH2>,
—NHC(O)NHz, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCFs,
-OClIs, -OCH2Cl, -OCH2Br, -OCH2F, -OCHzl, -OCHCla, -OCHB12, -OCHF2, -OCHI>,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

unsubstituted aryl, or substituted or unsubstituted heteroaryl;

R is hydrogen, halogen, -CX?3;, -CHX?,, -CH2X?", -OCX?3, -OCH>X?",

-OCHX?%, -CN, -SOn20R*P, -SOw20NR**AR*, -NR*“NR**4R*’8, ~-ONR**R>%",
—NHC(O)NR¥NR?R*®, -NHC(O)NR*R*®, -N(O)mo0, -NR*R?**®, -C(O)R*,
_C(O)ORXC, _C(O)NRPAR2B, _ORP, _SR2P, -NR2AS0,R2P, -NR2AC(O)R2C,
-NR?°AC(0)OR? ¢, -NR**OR?"“, -SFs, -N3, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;
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R4, R?B R2%C and R?°P are independently hydrogen, -CCls, -CBr3, -CF3,
-ClI3, -CHCl2, -CHBr2, -CHF>, -CHI2, -CH2Cl, -CH2Br, -CH2F, -CHz2I, -CN, -OH, -NHa,
-COOH, -CONHoa, -OCCls, -OCFj3, -OCBrs, -OCIs, -OCHCL, -OCHBr2, -OCHL, -OCHF2,
-OCH:2Cl, -OCH3Br, -OCHZ2I, -OCH_:F, substituted or unsubstituted alkyl, substituted or

5  unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;

RZOA RZOB

and substituents bonded to the same nitrogen atom may optionally be joined to

form a substituted or unsubstituted heterocycloalkyl or substituted or unsubstituted

heteroaryl;

10 X0 is independently —F, -Cl, -Br, or —I;
n20 is an integer from O to 4; and
m20 and v20 are independently 1 or 2.

[0841] Embodiment 50. The compound of one of embodiments 1 to 48, wherein R'is

15 ; ’
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R \—(RS)
o / 76

R®is independently oxo, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br,
-CHuF, -CHzl, -CHCl,, -CHBr12, -CHF», -CHIs, -CN, -OH, -NH>, -COOH, -CONHa, -NOa-,

5 -SH, -SOszH, -OSOsH, -SO2NH2, -NHNH:, -ONH>, -NHC(O)NHNH:, -NHC{O)NH>,
-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCls, -OCH2Cl,
-OCH:2Br, -OCH2F, -OCHb»I, -OCHCl», -OCHBr2, -OCHF», -OCHI, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

10 substituted or unsubstituted heteroaryl;

R’ is independently oxo, halogen, -CCls, -CBr3, -CF3z, -Cls, -CH2Cl, -CH2Br,

-CH2F, -CHzl, -CHCl2, -CHBr2, -CHF», -CHIL, -CN, -OH, -NHz, -COOH, -CONHz, -NO2,

-SH, -SO3H, -OSO3H, -SO:NH2, -NHNH2, —ONH2, -NHC(O)NHNH2, -NHC(O)NHz,

-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF;, -OClI3, -OCH2CI,
15  -OCH:2Br, -OCHaF, -OCHzL -OCHCl, -OCHBr2, -OCHF», -OCHL, substitutcd or

unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted

cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

substituted or unsubstituted heteroaryl;

R® is independently halogen, -CCls, -CBrs, -CF3, -Cls, -CH2Cl, -CH»2Br,
20  -CHq2F, -CHz2l, -CHCl», -CHBr», -CHF>, -CHI, -CN, -OH, -NH>, -COOH, -CONH2>, -NO»,
-SH, -SOsH, -OSOsH, -SO>:NH>, -NHNH>, -ONH>, -NHC(O)NHNH>, -NHC(O)NH2>,
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-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCls, -OCH2Cl,
-OCH2Br, -OCH2F, -OCH2I, -OCHClz, -OCHBr2, -OCHF», -OCHI>, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

5  substituted or unsubstituted heteroaryl;
z6 is an integer from O to 7;
z7 is an integer from 0 to 7; and
z8 is an integer from O to 5.

[0842] Embodiment 51. The compound of embodiment 50, wherein R€ is independently
10 a halogen, -OH, unsubstituted C-C4 alkyl, substituted 2 to 6 membered heteroalkyl, or

substituted 5 to 6 membered heteroaryl.

[0843] Embodiment 52.  The compound of embodiment 50, wherein R is independently
—F, -Cl, -OH, or unsubstituted methyl.

[0844] Embodiment 53.  The compound of embodiment 50, wherein R is independently
15 a2 to 6 membered heteroalkyl, substituted with substituted heterocycloalkyl or substituted or

unsubstituted fused heterocycloalkyl.

[0845] Embodiment 54. The compound of embodiment 50, wherein R® is independently

s‘\o@ ”{"8

[0846] Embodiment 55. The compound of embodiment 50, wherein R¢is independently
20 asubstituted pyridyl.

[0847] Embodiment 56. The compound of onc of cmbodiments 50 to 55, wherein z6 is

1,2, or 3.

[0848] Embodiment 57. The compound of one of embodiments 50 to 56, wherein R7is
independently a halogen, -CF3, -CN, -OH, -NHz, unsubstituted C1-Cs alkyl, or unsubstituted
25  (C2-Cyqalkynyl
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[0849] Embodiment 58. The compound of one of embodiments 50 to 56, wherein R’ is
independently —F, -Cl, -CFj3, -CN, -OH, -NH2, unsubstituted methyl, or unsubstituted ethynyl.

[0850] Embodiment 59. The compound of one of embodiments 50 to 58, wherein 27 is

1,2, or 3.

5 [0851] Embodiment 60. The compound of one of embodiments 50 to 59, wherein R8s

independently a halogen or unsubstituted C-Cy4 alkyl.

[0852] Embodiment 61. The compound of onc of cmbodiments 50 to 59, wherein R%is
independently —C1 or unsubstituted methyl.

[0853] Embodiment 62. The compound of one of embodiments 50 to 61, wherein z8 is
10 1.

[0854] Embodiment 63. The compound of one of embodiments 1 to 48, wherein R'is

15
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OH
Cl k4 k4
N\
N
-
N~
|
HN N4 N—nH,
Cl \ S
ZN

, Or F

[0855] Embodiment 64. The compound of embodiment 50, having the formula:

; wherein
5 R*and R’ are independently hydrogen or unsubstituted C1-Ca alkyl;
R%! is halogen;

R%? is —~O-(C1-Cs4 alkyl), wherein the C1-Cs alkyl is substituted with a 5 to 8 membered
heterocycloalkyl optionally substituted with halogen or unsubstituted Ci-C3 alkyl;

R is indcpendently halogen, -OH., or unsubstituted C» alkynyl; and
10 z71s 1,2, or 3.
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[0856] Embodiment 65. The compound of one of embodiments 1 to 11, having the

formula: (V).

[0857] Embodiment 66. The compound of embodiment 65, having the formula:

X
(V-1); wherein

5 XisOQorS;
Y is O, S, or NR?; and

R? is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br, -CHF,

-CH:1, -CHClz, -CHBr12, -CHF>, -CHI, -CN, -OH, -NH>, -COOH, -CONH_, -NO2, -SH,

-SO3H, -OSOs3H, -SO2NH»>, -NHNH2, -ONH2, -NHC(O)NHNH>, -NHC(O)NH>, -NHSO-H,
10 -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCFs, -OCls, -OCH2CL, -OCH»Br,

-OCH2zF, -OCH_:I, -OCHClz, -OCHBr3, -OCHF2, -OCHIz, substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or

unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl.

15 [0858] Embodiment 67. The compound of embodiment 66, having the formula:

O
(V-1a).

[0859] Embodiment 68. The compound of one of embodiments 65 to 67, wherein R!is

; wherein
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R®is independently oxo, halogen, -CCls, -CBr3, -CF3, -Clz, -CH>Cl, -CH2Br,
-CH:F, -CHz:l, -CHCl,, -CHBr2, -CHF>, -CHI>, -CN, -OH, -NH>, -COOH, -CONH2, -NO>,
-SH, -SO3H, -OSO3H, -SO2NH», -NHNH>, ~ONH2, -NHC(O)NHNH>, -NHC(O)NH2,
-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCIs, -OCH:(],

5  -OCH2Br, -OCH:F, -OCHzI, -OCHClz, -OCHBr3, -OCHF:, -OCHI, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

substituted or unsubstituted heteroaryl;

R’ is independently halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br,

10 -CH2F, -CHzl, -CHCl,, -CHBr», -CHF>, -CHL, -CN, -OH, -NH>, -COOH, -CONHz2, -NO2,
-SH, -SO3H, -OSO3H, -SO>NH>, -NHNH>, —ONH2, -NHC(O)NHNH>, -NHC(O)NH2,
-NHSO:zH, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCls, -OCH:CI,
-OCH:zBr, -OCH:F, -OCH:I, -OCHCl:, -OCHBr2, -OCHEF,, -OCHI, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted

15 cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

substituted or unsubstituted heteroaryl;
z6 is an integer from O to 3; and
z7 is an integer from O to 5.

[0860] Embodiment 69. The compound of embodiment 68, wherein R'is

N
o

T
Cl Fen
@S
S
F .

[0861] Embodiment 70.  The compound of one of embodiments 1 to 11, having the

formula: (VD).

20
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[0862] Embodiment 71. The compound of embodiment 70, having the formula:

X
@ Y x
R® R* (VI-1) or R® R*  (VI-2); wherein
XisOorsS;

Y is O, S, or NR2;

R2is hydrogen, halogen, -CCls, -CBr3s, -CFs, -Cls, -CHz2Cl, -CH:2Br, -CH:F,

-CHzl, -CHCl», -CHBr12, -CHF2, -CHI3, -CN, -OH, -NHz, -COOH, -CONH2>, -NO», -SH,
-SO3H., -OSOsH, -SO2NH»2, —-NHNH»2, —ONH», -NHC(O)NHNH>, -NHC(O)NH2, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCF;, -OCIs, -OCH:CI, -OCH:2Br,
-OCHzF, -OCH:2I, -OCHCl,, -OCHBr13, -OCHF?, -OCHI, subslituted or unsubstituted alkyl,
substitutcd or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl;

R*is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH>F,

-CHzl, -CHCl», -CHBr2, -CHF2, -CHI3, -CN, -OH, -NHz, -COOH, -CONHa>, -NO», -SH,
-SOsH, -OSOsH, -SO2NH»z, -NHNHz2, —ONHz, -NHC(O)NHNH2, -NHC(O)NH>, -NHSO-2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF;, -OClIs, -OCH:CI, -OCH:2Br,
-OCH2F, -OCH:I, -OCHCl,, -OCHBr12, -OCHF2, -OCHI,, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl; and

R’ is hydrogen, halogen, -CCls, -CBrs, -CF3, -Cls3, -CH2Cl, -CH2Br, -CH:F,

-CHzl, -CHCly, -CHBr2, -CHF2, -CHI3, -CN, -OH, -NH2, -COOH, -CONHa», -NO», -SH,
-SOsH, -OSOsH, -SO2NH», -NHNH», ~ONH», -NHC(O)NHNH», -NHC(O)NH>, -NHSO:H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCF;, -OCIs, -OCH:CI, -OCH:?Br,
-OCH2F, -OCH:I, -OCHCl», -OCHBr3, -OCHF>, -OCHI», substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl.
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[0863] Embodiment 72. The compound of embodiment 71, having the formula:

0]

O,
O (VI-1a) or O (VI-2a).

[0864] Embodiment 73. The compound of one of embodiments 70 to 72, wherein R! is

: wherein

5 R is independently oxo, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br,
-CH2F, -CHzl, -CHCl2, -CHBr2, -CHF;, -CHI2, -CN, -OH, -NHz, -COOH, -CONHz2, -NO2,
-SH. -SOsH, -OSOsH, -SO2NH2, -NHNH>, —ONH>, -NHC(O)NHNH», -NHC(O)NHa,
-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF;, -OClIs, -OCH2Cl,
-OCH2Br, -OCH?F, -OCH:L, -OCHCL, -OCHB1?2, -OCHF>, -OCHIL, substituted or
10 unsubstituted alkyl, substituted or unsubstitutcd heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

substituted or unsubstituted heteroaryl;

R’ is independently halogen, -CCl3, -CBr3, -CF3, -Cls, -CH2Cl, -CH»Br,

-CHF, -CHzl, -CHCl,, -CHB1, -CHF3, -CHI,, -CN, -OH, -NH;, -COOH, -CONH2z, -NO-,
15 -SH, -SOsH, -OSOsH, -SO:NH3, -NHNH;, ~ONH;, -NHC(O)NHNH:, -NHC(O)NH:,

-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr13, -OCF3, -OCls, -OCH:CI,

-OCH2Br, -OCH>F, -OCH:I, -OCHClL, -OCHBr2, -OCHEF>, -OCHL, substituted or

unsubstituted alkyl, substitutcd or unsubstituted hetcroalkyl, substituted or unsubstituted

cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

20 substituted or unsubstituted heteroaryl;

z6 is an integer from O to 3; and
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z7 is an integer from O to 5.

[0865] Embodiment 74. The compound of embodiment 73, wherein R'is

O

Cl FeN
I
S
F .

[0866] Embodiment 75. The compound of one of embodiments 1 to 10 and 12 to 15,

5  having the formula:
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@] O
O O
O O
N N
F F
[0867] Embodiment 76. A pharmaceultical composition comprising a pharmaceutically

acceptable excipient and a compound of one of embodiments 1 to 75, or a pharmaceutically

acceptable salt thereof.

5 [0868] Embodiment 77. A method of treating cancer in a subject in need thereof, said
method comprising administering to the subject in need thereof a therapeutically effective
amount of a compound of one of embodiments 1 to 75, or a pharmaceutically acceptable salt

thereof.

[0869] Embodiment 78. The mcethod of embodiment 77, wherein the cancer is rectal
10 carcinoma, colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung carcinoma,

squamous cell lung carcinoma, myelodysplastic syndrome, or acute myeloid leukemia.

[0870] Embodiment 79. A method of treating a K-Ras(G12D)-associated disease in a
subject in need thereof, said method comprising administering to the subject in need thereof a
therapeutically effective amount of a compound of one of embodiments 1 to 75, or a

15  pharmaceutically acceptable salt thereof.

[0871] Embodiment 80. A method of treating an H-Ras(G12D)-associated disease in a
subject in need thereof, said method comprising administering to the subject in need thereof a
therapeutically effective amount of a compound of one of embodiments 1 to 75, or a

pharmaceutically acceptable salt thereof.

20 [0872] Embodiment 81. A method of treating an N-Ras(G12D)-associated disease in a

subject in need thereof, said method comprising administering to the subject in need thereof a
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therapeutically effective amount of a compound of one of embodiments 1 to 75, or a

pharmaceutically acceptable salt thereof.

[0873] Embodiment 82. A method of modulating the level of activity of a K-Ras protein
in a cell, said method comprising contacting the cell with an effective amount of a compound

5  of one of embodiments 1 to 75, or a pharmaceutically acceptable salt thereof.

[0874] Embodiment 83. The method of embodiment 82, wherein said modulating of
said activity comprises modulating GTPase activity, nucleotide exchange, differential GDP or
GTP binding, effector protein binding, effector protein activation, guanine exchange factor
(GEF) binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,
10 nucleotide binding, K-Ras subcellular localization, K-Ras post-translational processing, or K-

Ras post-translational modifications.

[0875] Embodiment 84. The method of one of embodiments 82 to 83, wherein said

modulating is increasing the activity of said K-Ras protein.

[0876] Embodiment 85. The method of one of embodiments 82 to 83, wherein said

15 modulating is reducing the activity of said K-Ras protein.

[0877] Embodiment 86. The method of one of embodiments 82 to 85, wherein said K-

Ras protein is a human K-Ras protein.

[0878] Embodiment 87. The method of embodiment 86, wherein said human K-Ras

protein contains a G12D mutation.

20  [0879] Embodiment 88. A mcthod of modulating the Ievcl of activity of an H-Ras
protein in a cell, said method comprising contacting the cell with an effective amount of a

compound of one of embodiments 1 to 75, or a pharmaceutically acceptable salt thereof.

[0880] Embodiment 89. The method of embodiment 88, wherein said modulating of
said activity comprises modulating GTPase activity, nucleotide exchange, differential GDP or
25  GTP binding, eflector protein binding, eflector protlein aclivation, guanine exchange [aclor
(GEF) binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,
nucleotide binding, H-Ras subcellular localization, H-Ras post-translational processing, or H-

Ras post-translational modifications.

[0881] Embodiment 90. The method of one of embodiments 88 to 89, wherein said
30  modulating is increasing the activity of said H-Ras protein.
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[0882] Embodiment 91. The method of one of embodiments 88 to 89, wherein said

modulating is reducing the activity of said H-Ras protein.

[0883] Embodiment 92. The method of one of embodiments 88 to 89, wherein said H-

Ras protein is a human H-Ras protein.

5 [0884] Embodiment 93. The method of embodiment 92, wherein said human H-Ras

protein contains a G12D mutation.

[0885] Embodiment 94. A mcthod of modulating the Icvel of activity of an N-Ras
protein in a cell, said method comprising contacting the cell with an effective amount of a

compound of one of embodiments 1 to 75, or a pharmaceutically acceptable salt thereof.

10 [0886] Embodiment 95. The method of embodiment 94, wherein said modulating of
said activity comprises modulating GTPase activity, nucleotide exchange, differential GDP or
GTP binding, effector protein binding, effector protein activation, guanine exchange factor
(GEF) binding, GEF-lacilitated nucleotide exchange, phosphalte release, nucleotide release,
nucleotide binding, N-Ras subcellular localization, N-Ras post-translational processing, or N-

15 Ras post-translational modifications.

[0887] Embodiment 96. The method of one of embodiments 94 to 95, wherein said

modulating is increasing the activity of said N-Ras protein.

[0888] Embodiment 97. The method of one of embodiments 94 to 95, wherein said

modulating is reducing the activity of said N-Ras protein.

20 [0889] Embodiment 98. The mcethod of onc of cmbodiments 94 to 97, whercin said N-

Ras protein is a human K-Ras protein.

[0890] Embodiment 99. The method of embodiment 98, wherein said human N-Ras

protein contains a G12D mutation.

[0891] Embodiment 100. A K-Ras protein covalently bound to a compound of one of
25 embodiments 1 to 75, or a pharmaceutically acceptable salt thereof, wherein said compound

is covalently bound to an aspartate residue of said K-Ras protein.

[0892] Embodiment 101. The covalently modified K-Ras protein of embodiment 100,
wherein said compound is reversibly covalently bound to an aspartate residue of said K-Ras

protein.
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[0893] Embodiment 102. The covalently modified K-Ras protein of embodiment 100,
wherein said compound is irreversibly covalently bound to an aspartate residue of said K-Ras

protein.

[0894] Embodiment 103. The covalently modified K-Ras protein of one of embodiments
100 to 102, wherein said covalently modified K-Ras protein has a modulated activity relative
to a control, wherein said activity is selected from GTPase activity, nucleotide exchange,
differential GDP or GTP binding, cffector protein binding, cffector protein activation,
guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange, phosphate
release, nucleotide release, nucleotide binding, K-Ras subcellular localization, K-Ras post-

translational processing, and K-Ras post-translational modifications.

[0895] Embodiment 104. The covalently modified K-Ras protein of one of embodiments

100 to 103, wherein said K-Ras protein contains a G12D mutation.

[0896] Embodiment 105. The covalently modified K-Ras protein of embodiment 104,

wherein said compound is covalently bonded to aspartate residue 12.

[0897] Embodiment 106. An H-Ras protein covalently bound to a compound of one of
embodiments 1 to 75, or a pharmaceutically acceptable salt thereof, wherein said compound

is covalently bound to an aspartate residue of said H-Ras protein.

[0898] Embodiment 107. The covalently modified H-Ras protein of embodiment 106,
wherein said compound is reversibly covalently bound to an aspartate residue of said H-Ras

protein.

[0899] Embodiment 108. The covalently modified H-Ras protein of embodiment 106,
wherein said compound is irreversibly covalently bound to an aspartate residue of said H-Ras

protein.

[0900] Embodiment 109. The covalently modified H-Ras protein of one of embodiments
106 o 108, wherein said covalently modilied H-Ras protein has a modulated activity relative
to a control, wherein said activity is selected from GTPase activity, nucleotide exchange,
differential GDP or GTP binding, effector protein binding, effector protein activation,
guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange, phosphate
release, nucleotide release, nucleotide binding, H-Ras subcellular localization, H-Ras post-

translational processing, and H-Ras post-translational modifications.
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[0901] Embodiment 110. The covalently modified H-Ras protein of one of embodiments

106 to 109, wherein said H-Ras protein contains a G12D mutation.

[0902] Embodiment 111. The covalently modified H-Ras protein of embodiment 110,

wherein said compound is covalently bonded to aspartate residue 12.

5 [0903] Embodiment 112. An N-Ras protein covalently bound to a compound of one of
embodiments 1 to 75, or a pharmaceutically acceptable salt thereof, wherein said compound

is covalently bound to an aspartate residue of said N-Ras protein.

[0904] Embodiment 113. The covalently modified N-Ras protein of embodiment 112,
wherein said compound is reversibly covalently bound to an aspartate residue of said N-Ras

10 protein.

[0905] Embodiment 114. The covalently modified N-Ras protein of embodiment 112,
wherein said compound is irreversibly covalently bound to an aspartate residue of said N-Ras

protein.

[0906] Embodiment 115. The covalently modified N-Ras protein of one of embodiments
15 112 to 114, wherein said covalently modified H-Ras protein has a modulated activity relative
to a control, wherein said activity is selected from GTPase activity, nucleotide exchange,
differential GDP or GTP binding, effector protein binding, effector protein activation,
guanine exchange factor (GEF) binding, GEF-facilitated nucleotide exchange, phosphate
release, nucleotide release, nucleotide binding, N-Ras subcellular localization, N-Ras post-

20  translational processing, and N-Ras post-translational modifications.

[0907] Embodiment 116. The covalently modified N-Ras protein of one of embodiments

112 to 115, wherein said H-Ras protein contains a G12D mutation.

[0908] Embodiment 117. The covalently modified N-Ras protein of embodiment 116,

wherein said compound is covalently bonded to aspartate residue 12.

25 [0909] Itis understood that the examples and embodiments described herein are [or
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by reference in their entirety for all

30  purposes.
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EXAMPLES

Example 1: Chemical acylation of an acquired serine suppresses oncogenic

signaling of Ras(G12S)
[0910] Mutations in the KRAS protooncogene are the most frequently observed genetic
lesion in human cancer and are estimated to account for one million deaths every year
worldwide (7, 2). The KRAS gene encodes a small GTPase that controls pro-growth
signaling in cells by cycling between the GTP-bound and the GDP-bound states. Hotspot
mutations on KRAS compromise GTP hydrolysis (3-5), leading to prolonged and enhanced
signaling transduction. Direct, mutant-selective inhibition of oncogenic K-Ras mutants
present ideal therapeutic opportunities, which have been pursued with various modalities
including small molecules (6, 7, 8-18), cyclic peplides (19-21), therapeutic macromolecules
(22-27) and targeted protein degraders (28, 29), etc. (30). The discovery of the allosteric
Switch-II pocket (S-1IP) and identification of covalent ligands of K-Ras((G12C) demonstrated
that K-Ras is a druggable target, whose inhibition confers marked clinical benefit. To date,
one such inhibitor (sotorasib) has received approval by the US FDA, and at least five
additional drug candidates (adagrasib (37), INJ-74699157 (32), LY3499446 (33), GDC6036
(34), and JDQ443 (35)) are under clinical investigation. Despite this success, covalent drugs
that targct other non-cysteince hotspot mutants of K-Ras remain to be developed duc to the
low nucleophilicity of residues other than cysteine. The Gly-12 codon in KRAS (GGT) is a
site of multiple base changes observed in cancer. The smoking induced transversion
mutation (c. 34G>T) to produce the TGT codon gives rise to the druggable G12C oncogene.
The non-smoking related transition mutation (c. 35G>A) at the second position produces the
GAT codon which is most common G12D allele. The c. 34G> A transition at the first
position of produces the serine codon (AGT). Disclosed herein, inter alia, are small
molecules that irreversibly bind to K-Ras(G12S), a hot spot mutant accounting for 4.4% of all
KRAS mutations (36). In order to covalently target a serine residue we were guided by a
family of natural products which possess a strained B-lactone (e.g., salinosporamide A,
omuralide, etc.) and inhibit the 20S proteasome by forming a covalent bond with the catalytic
thrconine (Thrl) (37, 38). Itis shown that K-Ras ligands which posscss a B-lactonc arc
potent electrophiles that bind to K-Ras(G12S) in the Switch-II Pocket (S-1IP) and rapidly
acylate the mutant serine residue, in much the same way that acrylamides are used Lo target

the much more nucleophilic cysteine side chain. Molecules have been identified that fully
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engage K-Ras(G12S) in cells and suppress its oncogenic signaling without affecting its

wildtype counterpart.

[0911] The KRAS p. G125 mutation has been observed in thousands of patient tumors (39),
occurring in 2.8% of colorectal adenocarcinoma and 2.5% of non-small cell lung cancer (40).
The same mutation on the HRAS gene is reported to be an activating mutation (4/) and a
prevalent mutation in Costello syndrome (42). We asked whether the glycine-to-serine
changce at codon 12 alonc is sufficient to creatc a mutant K-Ras protcin capable of oncogenic
signaling. To assess oncogenic transformation by K-Ras(G12S), we took advantage of the
Ba/F3 system, an immortalized murine cell line whose growth depends on exogenous IL.-3
but exhibits IL-3-independent growth upon transformation. We generated Ba/F3 variants that
stably express wildtype K-Ras or K-Ras(G128S) by infecting the cells with ecotropic
retroviruses and verified the ectopic expression of K-Ras by immunoblot using pan-Ras and
Ras(G125)-specific antibodies (F1G. 1B). We also generated a variant expressing K-
Ras(G12C), a common hotspot mutant of K-Ras in human cancer, as a comparator. Relative
to the parental line, the Ba/F3 cells expressing K-Ras(G12S) and K-Ras(G12C) had elevated
phospho-ERK and phospho-AKT levels, whereas those expressing wild-type K-Ras did not
(FIG. 1B). Consistent with this observation, the K-Ras(G12S) and K-Ras(G12C) expressing
cclls continucd to proliferate at comparablc ratcs after IL-3 had been removed from the
culture medium (FIG. 1C). Together, these results suggest that KRAS G12S is an oncogenic

driver mutation with similar transformation potential to KRAS G12C.

[0912] We next asked whether the G12S mutation hampers the rate of GTP hydrolysis, a
common biochemical mechanism that confers functional activation and extended pro-growth
signaling to K-Ras hotspol mutants (5). We measured single turnover GTP hydrolysis by K-
Ras{(G12S) using a purine nucleoside phosphorylase-coupled assay that monitors free
phosphate formation (FIG. 1A). Compared to wild-type K-Ras, K-Ras(G125) showed a
diminished intrinsic GTP hydrolysis rate, and importantly, was insensitive to the GTPase-

activating protein NF1-mediated acceleration.

[0913] The residual intrinsic hydrolytic activity of GTP suggests that the GDP-bound state
may constitute a significant population of cellular K-Ras(G12S) and may be targetable by
small molecule ligands, cspecially thosc that irreversibly engage the protein through covalent
bond formation. To design K-Ras((G12S) targeting compounds, we drew lessons from the

successful drug discovery efforts directed against K-Ras(G12C) (11, 16, 18, 43), as well as a
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family of B-lactone-containing natural products (e.g., salinosporamide A, omuralide, etc.) that
inhibit the 20S proteasome by forming a covalent bond with the catalytic threonine (Thr1)
(37, 38). We chose to target the S-TIP because it proves to be a privileged drug binding
pocket for K-Ras and offers direct access to the mutant residues at codon 12. Compounds 1’
5 and 2’ (FIG. 2A) were synthesized by attaching a pair of B-lactone electrophiles to the

tetrahydropyridopyrimidine moiety found in the clinical candidate MRTX849 and evaluated
their ability to covalently engage recombinant K-Ras((G12S) at the mutant serine residue
using whole-protein mass spectrometry. Covalent adduct formation was observed between
compound 1’ (10 uM) and K-Ras(G12S)*GDP (4 pM), with the extent of modification

10 reaching 64% after 1 hour at 23 °C and 100% after 12 h (FIG. 2B). By contrast, compound
2’, a regioisomer of compound 17, did not yicld any covalent adduct under identical
conditions, and neither of these compounds formed covalent adducts with wild-type K-Ras
protein. The adduct formation was accompanied with demonstrable thermal stabilization
(FIG. 2C), increasing the melting temperature (Tm) of K-Ras(G12S)«GDP from 53.7 °C to

15 70.9 °C (+17.2 °C). The reaction between 1’ and K-Ras(G12S) is selective for the GDP-
bound state; no reaction was observed with GppNHp-loaded K-Ras((G128S) protein under
identical conditions (FIG. 5).

[0914] To asscss whether compound 17 affects nucleotide cycling of K-Ras, nuclcotide
exchange experiments were performed by monitoring the exchange of a fluorescent GDP

20  analog (BODIPY-GDP) for unlabeled GDP in the presence of the gnanine nucleotide
exchange factor Sos or the metal chelator EDTA (FIGS. 2D-2E). As was seen with S-1IP
ligands of K-Ras(G12C), compound 1’ blocked Sos-catalyzed exchange and decreased the
rate of EDTA promoted exchange.

[0915] PB-Lactones are highly strained electrophiles with an estimated strain energy of 22.7
25  kcal/mol (44). We hypothesized that the adduct formation between K-Ras(G12S5)*GDP and
compound 1’ involved a nucleophilic attack from the mutant serine residue to the carbonyl
group of the B-lactone in 1’ and subsequent ring opening (FIG. 2G). To test this hypothesis,
we solved a 2.0-A crystal structure of the K-Ras(G12S)*GDP+1’ complex (FIG. 2F).
Comparison of this structurc with previously reported co-crystal structures of S-1IP ligands
30  with K-Ras(G12C) shows that compound 1” binds in the S-11P and adopts an orientation
similar to the G12C ligands (RMSD 0.273 A, FIGS. 6A-6C). Well-defined electron density

confirmed that Ser12 was acylated by compound 1’ (FIG. 2F inset), giving rise to a protein-
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drug complex mediated by an ester linkage in which the strained -lactone ester is replaced
by an unstrained ester. We also observed that the carbonyl oxygen of this ester group is
engaged in a hydrogen bond with Lys16, and that the secondary alcohol resulting from the [3-
lactone opening formed a hydrogen bond with the backbone carbonyl of glycine 10 (FIG. 2F
inset). A water molecule was also observed bridging the same secondary alcohol and the
backbone N-H of glycine 10. Hydrogen bonding between Lys16 and the carbonyl group on
acrylamide electrophiles has been proposed to great enhance the reactivity for K-Ras(G12C)
inhibitors (45). These anchoring interactions explain the drastic difference in activity
between the closely related compounds 17 and 2°, as the latter not only has a misaligned

electrophile but also lacks the correct geometry to form either of these hydrogen bonds.

[0916] This structural analysis also reaffirmed the B-lactone, being part of a [4.2.0] bicyclic
system, as the core pharmacophore in 1°. Although compound 1* was prepared as a mixture
of diastereomers, it is evident that (1R, 6R)-1’ (depicted in FIG. 2G) was the dominantly
active diastereomer. As we sought to improve the potency of 1°, we first synthesized the (1R,
O6R)-1” with high diastereomeric purity (hereafter referred to as 3”) using the intramolecular
nucleophile-catalyzed aldol lactonization (NCAL) method (see Example 2) (46, 47). Because
the reversible inhibitory constant K; (97 uM) and the first order rate constant kinae: (0.4 1
min™) we measurcd for 1’ (FIG. 4) suggested potential bencfits of improving the reversible
binding, we also varied the N-methylprolinol substituent and the tetrahydropyridopyrimidine
moiety based on recent patent literature (48), yielding compounds 4’ and 5’ (FIG. 3A).
Compounds 3’, 4’ and 5’ all underwent enhanced reaction with recombinant K-
Ras(G12S)*GDP protein, with 5° being the most potent, reaching 100% modification in <10
min at 10 pM (FIG. 3B). By comparison, the K-Ras(G12C)-targeting clinical candidate
adagrasib, bearing a 2-fluoroacrylamide electrophile, did not react with K-Ras(G12S)sGDP

even after extended incubation.

[0917] We asked whether these optimized B-lactones allows targeted inhibition of K-
Ras(G12S) in genetically characterized cancer cell lines. We treated AS549 cells
(homozygous KRAS p.G12S mutation) with 10 uM adagrasib, 3°, 4°, or 5’ for 2 h and
monitorcd phospho-Akt and phospho-Erk Icvels. Wc also took advantage of a mutant
selective antibody which recognizes Ras((G12S) that does not react with covalently modified
K-Ras((G12S) protein (see Example 2 for its validation) and used it in concert with Raf-RBD
pulldown to assess the intracellular level of GTP-bound K-Ras(G12S). While neither
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adagrasib nor 3” had any observable effects on these markers, treatment by 4’ decreased the
level of Ras*GTP, and treatment by 5° led to a nearly complete loss of RaseGTP and
concomitant inhibition of phospho-Erk (FIG. 3C). These changes were accompanied by
direct adduct formation with cellular K-Ras(G12S), as seen in the upward shift of the K-Ras
band in the anti-Ras blot and the disappearance of the signal in the anti-Ras(G12S) blot. The
inhibition of Ras signaling by 5’ in A549 cells was dose-dependent, with an apparent 1Cso of
about 3 uM under these treatment conditions (F1G. 3E). We next examined four cell lines
with confirmed KRAS p.G12S mutations (see Example 2 for sequencing data). In each of
these cell lines, treatment with compound 5’ led to a reduction of phospho-ERK level and gel
mobility shift of the K-Ras protein (FIG. 3D). Meanwhile, compound 5’ did not perturb the
signaling in A375 cclls (wild-typec KRAS) or SW1990 cells (homozygous KRAS p.G12D),
and only had a weak inhibition of phospho-Erk in H358 cells (heterozygous KRAS p.G12C),
an effect we ascribed to the possible ring opening of the [-lactone by the nucleophilic

cysteine.

[0918] While these data confirmed the specificity of 5 against the KRAS G128 allele, we
reasoned that the chemoselectivity encoded by the B-lactone group could afford a therapeutic
window between cells expressing the mutant K-Ras(G12S) and those expressing wild-type
K-Ras. To test this, we comparcd the cffects of 5° on the proliferation of Ba/F3:K-
Ras(G125) cells (without IL-3) and the parental Ba/F3 cells (with IL-3). Compound 5§’
preferentially inhibited the growth of the K-Ras((G12S)-transduced cells with an ICsp of 2.4
uM and, to a lesser extent, that of the parental cells with an ICso of 12.5 uM. Notably, the
non-G128S targeting compound adagrasib did not display such selectivity and caused
complete cell death at 10 uM for both cell lines. Consistent with this result, treatment of
Ba/F3:K-Ras((G128S) cells with compound 5’ led to a dose-dependent reduction of phospho-
ERK levels (FIG. 7). Although the five-fold selectivity observed with compound 5* merits
extensive optimization, the data herein provides the first example of selective targeting of the

K-Ras(G12S) mutant using small molecule agents.

[0919] The breakthrough discovery that the mutant cysteine in K-Ras(G12C) can be
cxploited by small molccule clectrophiles has fucled rencwed cfforts to develop K-Ras
targeting agents, culminating in the recent FDA approval of sotorasib with five additional
drug candidates under clinical investigation. Nevertheless, therapeutic strategies for other

hotspot mutants of K-Ras have not been reported. Compared to cysteine, the acquired serine
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residue in K-Ras(G12S) has much weaker nucleophilicity and does not react with
electrophiles tailored for K-Ras(G12C). Inspired by a family of threonine targeting natural
products containing the four membered strained B-lactone we sought to target the G12S allele
of K-Ras. Using structure-guided chemical design, we identified B-lactone as a privileged
electrophile for the acquired serine in K-Ras((G12S) and synthesized S-1IP ligands that
rapidly undergo covalent engagement with this mutant residue. Similar to the case of K-
Ras(G12C) inhibitors, even though the compounds in Example 1 do not bind to the GTP-
bound form of K-Ras((G12S5), its intrinsic GTPase activity is sufficient to support the
complete irreversible trapping of this mutant allele and allele-specific suppression of

oncogenic cellular signaling.

[0920] Natural (49) and synthetic B-lactones are known to undergo ring opening following
nucleophilic attack from catalytically active serine or threonine residues in enzymes (e.g.,
omuralide/20S proteasome, lipstatin/pancreatic lipase, palmostatin B/acyl protein
thioesterase, etc.). Yet, to the best of our knowledge, such reactivity has not been observed
with non-catalytic serines, including the acquired serines in mutant proteins. Our work
demonstrates that chemical acylation of a non-catalytic serine can be achieved using -

lactone electrophiles (50, 57).
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Example 2: Experimental methods

[0922] Cell culture

[0923] Ba/F3 cells were a gift from Dr. Trevor Bivona (UCSF) and were maintained in
RPMI 1640 (Gibco 11875093) supplemented with 10% heat-inactivated fetal bovine serum
(Axcnia Biologix) and 10 ng/mL recombinant mousc interleukin-3 (Gibco PMC0031). A549
cells were obtained from UCSF Cell Culture Facility and maintained in high-glucose (4.5
g/L.) DMEM (Gibco 11995073) supplemented with 4 mM L-glutamine, 1 mM sodium
pyruvate, and 10% heat-inactivated fetal bovine serum (Axenia Biologix). LS123 cells were
obtained from ATCC (CCL-255) and maintained in high-glucose (4.5 g/L.) DMEM (Gibco
11995073) supplemented with 4 mM L-glutamine, 1 mM sodium pyruvate, and 10% heat-
inactivated fetal bovine serum (Axenia Biologix). HKA-1 cells were obtained from JRCB
Cell Bank (JRCB1017) and maintained in high-glucose (4.5 g/L) DMEM (Gibco 11995073)
supplemented with 4 mM L-glutamine, 1 mM sodium pyruvate, and 10% heat-inactivated
fetal bovine serum (Axenia Biologix). KMS-20 cells were obtained from JRCB Cell Bank
(JRCB1196) and maintained in RPMI 1640 (Gibco 11875093) supplemented with 10% heat-
inactivated fetal bovine serum (Axenia Biologix). NCI-H358 cells were obtained from
ATCC (CRL-5807) and maintained in high-glucose (4.5 g/L) DMEM (Gibco 11995073)
supplemented with 4 mM L-glutamine, 1 mM sodium pyruvate, and 10% hcat-inactivated
fetal bovine serum (Axenia Biologix). A375 cells were obtained from ATCC (CRL-1619)
and maintained in high-glucose (4.5 g/L) DMEM (Gibco 11995073) supplemented with 4
mM L-glutamine, 1 mM sodium pyruvate, and 10% heat-inactivated fetal bovine serum
(Axenia Biologix). SW1990 cells were obtained from ATCC (CRL-2172) and maintained in
high-glucose (4.5 g/L.) DMEM (Gibco 11995073) supplemented with 4 mM L-glutamine, 1

mM sodium pyruvate, and 10% heat-inactivated fetal bovine serum (Axenia Biologix).

[0924] Cells were passed for at least two generations after cryorecovery before they were
used for assays. All cell lines were tested mycoplasma negative using MycoAlert™
Mycoplasma Detection Kit (Lonza). When indicated, cells were treated with drugs at 40-
60% confluency at a final DMSO concentration of 1%. At the end of treatment period, cells
were placed on ice. Unless otherwisc indicated, adherent cells were washed once with ice-
cold PBS (1 mL), scraped with a spatula, and pelleted by centrifugation (500 x g, 5 min).
Suspension cells were pelleted by centrifugation (500 x g, 5 min), washed with 1 mL ice-cold

PBS, and pelleted again. Cells were lysed in RIPA buffer supplemented with protease and
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phosphatase inhibitors (cOmplete and phosSTOP, Roche) on ice for 10 min. For RBD
pulldown experiments, cells were lysed in Co-1P Lysis Buffer in lieu of RIPA buffer. Lysates
were clarified by high-speed centrifugation (19,000 x g, 10 min). Concentrations of lysates
were determined with protein BCA assay (Thermo Fisher) and adjusted to 2 mg/mL with
additional RIPA buffer (or Co-IP Lysis Buffer). Samples were mixed with 5x SDS Loading
Dye and heated at 95 °C for 5 min.

[0925] Analysis of GTP-bound Ras by Raf-RBD pulldown

[0926] Ras*GTP pulldown was performed with GST-RBD agarose beads (Cytoskeleton, 10
pL, 30 pg loaded GST-RBD). 50 pL lysate (2 mg/mL) was mixed with 10 pL beads, and the
suspension was incubated at 4 °C for 1 h with constant end-to-end rotation. The beads were
settled by centrifugation (500 x g, 5 min) and the supernatant was carefully removed. The
beads were washed with 2 x 500 pL ice-cold Co-IP wash buffer. Bound protein was eluted
with 10 uL 2x SDS Loading Buffer.

[0927] Gel electrophoresis and immunoblot

[0928] Unless otherwise noted, SDS-PAGE was run with Novex 16% Bis-Tris gel
(Invitrogen) in MES running buffer (Invitrogen) at 200 V for 60 min following the
manufacturer’s instructions. Protein bands were transferred onto 0.2-um nitrocellulose
membranes (Bio-Rad) using a wet-tank transfer apparatus (Bio-Rad Criterion Blotter) in 1x
TOWBIN buffer with 10% mcthanol at 75V for 45 min. Mcmbrancs werc blocked in 5%
BSA-TBST for 1 hat 23 °C. Primary antibody binding was performed with the indicated
antibodies diluted in 5% BSA—TBST at 4 °C for at least 16 h. After washing the membrane
three times with TBST (5 min each wash), secondary antibodies (goat anti-rabbit IgG-IRDye
800 and goat anti-mouse IgG-IRDye 680, Li-COR) were added as solutions in 5% skim
milk—TBST at the dilutions recommended by the manulacturer. Secondary antibody binding
was allowed to proceed for 1 h at 23 °C. The membrane was washed three times with TBST

(5 min each wash) and imaged on a Li-COR Odyssey fluorescence imager.
[0929] Preparation of Mouse Stem Cell Virus (MSCYV)

[0930] pMSCV-Puro plasmids containing full length human KRAS genes (wildtype, G128,
G12C) were constructed using standard molecule biology techniques by inserting the KRAS
gene fragment between the BamHI and Xhol sites. Transfection-grade plasmids were

prepared using ZymoPure 11 Plasmid Midiprep kit. EcoPack 293 cells (Takara Bio) were
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plated in 6-well plates (3 x 10°/mL, 2 mL). The next day, cells were transfected with 2.5 pug
pMSCYV plasmid using lipofectamine 3000 following the manufacturer's instructions. The
cells were incubated for 66 h, and then the virus-containing supernatants were collected and
passed through a 0.22-um syringe filter. The harvested virus was used immediately for

spinfection of Ba/F3 cells or stored at —80 °C.
[0931] Generation of stable Ba/F3 transductants

[0932] 1 mL of MSCV-containing supernatant (vide supra) was added to one well of a 6-
well plate containing 1 x 10° Ba/F3 cells in 1 mL of media comprised of 60% RMPI 1640,
40% heat-inactivated FBS, 10 ng mouse IL-3 and 4 pg polybrene. Cells were spinfected by
centrifugation at 2,000 g for 90 minutes at room temperature and then placed in the incubator
for 24 hours. After 1 day, the cells were diluted into 10 mL culture medium (RPMI 1640 +
10% heat-inactivated FBS, 10 ng/mL mouse IL-3) and recovered for a second day after
spinfection. On the third day after spinfection, cells were pelleted at 500 x g for 5 min and
resuspended in 10 mL selection medium (RPMI 1640 + 10% heat-inactivated FBS, 10 ng/mL
mousc IL-3, 1.25 pg/mL puromycin). Cells were maintained under puromycin sclection for
4-7 days, splitting as required to maintain density <2 x 10° cells/mL. After 7 days, cells were
pelleted, washed once with 1L.-3 free culture medium (RPMI 1640 + 10% heat-inactivated
FBS) and pelleted again before resuspending at 2-4 x 10° cells/mL in IL-3 free culture
medium. Cells were maintained under these conditions for 7 days, passaging as needed to
maintain density < 2 x 10° cells/mL. Growth was monitored (Countess 1T Cell Counter) over

these 7 days to confirm that an IL.-3 independent population has been achieved.
[0933] Phospho-ERK assay

[0934] Ba/F3 parental cells were pelleted and resuspend in IL-3 supplemented growth
medium (RPMI 1640, 10% heat-inactivated FBS, 10 ng/mL mouse IL-3 medium) to 1 x
10’/mL. Ba/F3 K-Ras(G128) transductant cells were pelleted and resuspended in IL-3 free
growth medium (RPMI 1640, 10% heat-inactivated FBS) to 1 x 10’/mL. 25 uL cells were
added to each well of a 96-well plate (2.5 x 10° cells/well), followed by 5 uL 6x compound
solutions (6% DMSO). The mixture was incubated at 37 °C for 1 h. Cell lysis and subsequent
high-throughput phospho-ERK assay was performed using Cisbio Advanced phospho-ERK
(Thr202/1yr204) ccllular kit (PerkinElmcr 64AERPEG) following the manufacturer’s

instructions.
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[0935] GTPase assay

[0936] GTPase assay was performed using EnzCheck Phosphate Assay Kit (Invitrogen
E6646) using a previously reported procedure (/) with modifications. K-Ras proteins were
loaded with GTP as follows. K-Ras proteins were diluted in EDTA Buffer (25 mM HEPES
7.5, 150 mM NaCl, 5 mM EDTA, 1| mM DTT) supplemented with 1 mM GTP at 0 °C to 100
uM. After incubation for 1 h on ice, the protein solutions were exchanged into Reaction
Buffer (20 mM HEPES 7.5, 150 mM NaCl, 1 mM DTT) using a PD-10 column following the
manufacturer's instructions. The eluted protein (3.5 mL) was concentrated using a 10K-
MWCO Amicon-4 concentrator and protein concentrations were adjusted to 100 uM with
Reaction Buffer. GTPase assay was performed in a clear 96-well half-volume UV-star plate
(Greiner Bio-one 675801) as follows. To each well was added the following components: 50
uL of protein at 100 uM, 20 uL of 2-amino-6-mercapto-7-methylpurine riboside (MESG) at
1.0 mM, 5 uL of purine nucleotide phosphorylase at 0.1 U/uL. Control conditions where the
protein solution was substituted for Reaction Buffer (“blank control’”) or 100 uM free
phosphate standard (“Pi control”) were also included. GTPase reaction was initiated by the
addition of 25 pL 4x Mg Buffer (40 mM MgCl») or 4x NF1 buffer (200 uM NF1-GRD, 40
mM MgCl>). This should be completed within 15 seconds. The absorbance at 360 nm was
immecdiately rcad cvery 30 scconds for 3,600 scconds at 23 °C using a TECAN Spark 20M
plate reader. For each data point, absorbance was subtracted with the reading in the blank
control, then normalized to the difference between Pi control and blank control and reported

as percentage of theoretical maximum hydrolysis.
[0937] Sos- or EDTA-mediated nucleotide exchange assay

[0938] This assay was performed as previously reported (2-5) with slight modilications.
BODIPY-GDP-loaded K-Ras proteins were prepared freshly as follows. To a 10 uM solution
of K-Ras(wildtype)*GDP, K-Ras(G12S)*GDP, or K-Ras(G12S)*GDP+1’ in SEC Buffer (1
mL) was added sequentially BODIPY-GDP (5 mM, 40 uL, Thermo Fisher, final
concentration 200 uM) and Na-EDTA pH 8.0 (0.5 M, 5 pL, final concentration 2.5 mM).
The mixture was incubated at 23 °C for 1 h, and a solution of MgClz (1.0 M, 20 pL, final
concentration 10 mM) was added to the reaction mixture. The protein solution was run
through a PD-10 column to remove the cxccss nucleotide following the manufacturer’s
protocol. Briefly, sample (~1.0 mL) and excess buffer (1.5 mL) were loaded onto the column

(equilibrated with NucEx Buffer), and desalted protein was eluted with NucEx Buffer (3.5
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mL). Protein concentration was measured with Bradford assay and adjusted to 1.25 uM with
NucEx Buffer. 12 uL of this solution (triplicate for each condition) was added to wells of a
black 384-well low-volume assay plate (Corning 4514). 3 puL of either 1 mM GDP, 1| mM
GDP + 5 uM Sos, or 1 mM GDP + 40 mM EDTA (all prepared in NucEx Buffer) was added
via a multichannel pipet rapidly to the wells. This should take less than 15 s to finish. The
plate was immediately placed in a TECAN Spark 20M plate reader, and fluorescence for
BODIPY (excitation 488 nm, emission 520 nm) was read every 30 s over 1 h. Fluorescence
intensity was normalized to values at time 0 and plotted again time. Observed rate constant

{kops) was derived by fitting the curve to first-order kinetic equation

F=(FoFa)expl[-kovst] + F o
and plotted against time.

[0939] Differential scanning fluorimetry

[0940] The protein of interest was diluted with SEC Bufter [20 mM HEPES 7.5, 150 mM
NaCl, 1 mM MgCl:] to 8 pM. This solution was dispensed into wells of a white 96-well
PCR plate in triplicate (25 pL/well). Fluorescence was measured at 0.5-°C temperature
intervals every 30 s from 25 °C to 95 °C on a Bio-Rad CFX96 qPCR system using the FRET
selting. Each data set was normalized (o the highest (luorescence and the normalized
fluorescence reading was plotted against temperature in GraphPad Prism 8.0. Tm values
were determined as the temperature(s) corresponding to the maximum(ma) of the first

derivative of the curve.
[0941] Detection of covalent modification of K-Ras proteins by mass spectrometry

[0942] Test compounds were prepared as 100x stock solutions in DMSO. K-Ras proteins
were diluted with SEC Buffer (20 mM HEPES 7.5, 150 mM NaCl, 1 mM MgCl») to 400 nM
or 1 uM. In a typical rcaction, 0.5 pL 100x compound stock was mixcd with 50 uL diluted
K-Ras protein, and the resulting mixture was incubated for the desired amount of time. The
extent of modification was assessed by electrospray mass spectrometry using a Waters Xevo
G2-XS system equipped with an Acquity UPLC BEH C4 1.7 pym column. The mobile phase
was a linear gradient of 5-95% acetonitrile / water + 0.05% formic acid. For kinetic
measurements, a 2x compound solution was first prepared in SEC Buffer, which was then
mixed with 400 nM K-Ras(G12S) protein at 1:1 (v/v) ratio. Injection time stamps were used

to calculate elapsed time.
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[0943] Cell viability assay

[0944] Cells were seeded into 96-well white flat bottom plates (1,000 cells/well) (Corning)
and incubated overnight. Cells were treated with the indicated compounds in a nine-point
threefold dilution series (100 pL final volume) and incubated for 72 h. Cell viability was
assessed using a commercial CellTiter-Glo (CTG) luminescence-based assay (Promega).
Briefly, the 96-well plates were equilibrated to room temperature before the addition of
diluted CTG recagent (100 pl) (1:4 CTG rcagent:PBS). Platcs were placed on an orbital

shaker for 30 min before recording luminescence using a Spark 20M (Tecan) plate reader.

[0945] Recombinant protein expression and purification
[0946] K-Ras (wildtype), K-Ras (G12S) and K-Ras (G12S) Cyslight

[0947] DNA sequences encoding human K-Ras (wildtype, aa 1-169), human K-Ras (G128,
aa 1-169), human K-Ras G128 Cyslight (G12S/C51S/C80L/C118S, aa 1-169), human NF1-
GRD (aa 1203-1530) were codon oplimized, synthesized by Twist Biosciences and cloned
into pJExpress411 vector using the Gibson Assembly method (6). The resulting construct
contains N-terminal 6xHis tag and a TEV cleavage site (ENLYFQG). The proteins were
expressed and purified following previously reported protocols (2, 7). Briefly, chemically
competent BL21(DE3) cells were transformed with the corresponding plasmid and grown on
LB agar plates containing 50 pg/mL kanamycin. A single colony was used to inoculate a
culturc at 37 °C, 220 rpm in tcrrific broth containing 50 pg/mL kanamycin. When the optical
density reached 0.6, the culture temperature was reduced to 20 °C, and protein expression was
induced by the addition of IPTG to 1 mM. After 16 h at 20 °C, the cells were pelleted by
centrifugation (6,500 x g, 10 min) and lysed in lysis buffer [20 mM Tris 8.0, 500 mM NaCl, 5
mM imidazole] with a high-pressure homogenizer (Microfluidics, Westwood, MA). The
lysate was clarified by high-speed centrifugation (19,000 x g, 15 min) and the supernatant
was used in subsequent purification by immobilized metal affinity chromatography (IMAC).
His-TEV tagged protein was captured with Co-TALON resin (Clonetech, Takara Bio USA, 2
mL slurry/liter culture) at 4 °C for 1 h with constant end-to-end mixing. The loaded beads
were then washed with lysis buffer (50 mL/liter culture) and the protein was eluted with
elution buffer [20 mM Tris 8.0, 300 mM NaCl, 300 mM imidazole]. To this protein solution
was addcd His-tagged TEV protcasc (0.05 mg TEV/mg Ras protcin) and GDP (1 mg/mg Ras
protein), and the mixture was dialyzed against TEV Cleavage Buffer |20 mM Tris 8.0, 300

mM NaCl, 1 mM EDTA, 1 mM DTT] at 4 °C using a 10K MWCO dialysis cassette until LC-
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MS analysis showed full cleavage (typically 16-24 h). MgCl> was added to a final
concentration of 5 mM, and the mixture was incubated with 1 mL Ni-NTA (Qiagen) beads at
4 °C for 1 h to remove TEV protease, any residual His-tagged proteins and peptides. The
protein solution was diluted 1:10 v/v with 20 mM Tris 8.0 and further purified with anion
exchange chromatography (HiTrapQ column, GE Healthcare Life Sciences) using a NaCl
gradient of 50 mM to 500 mM in 20 mM Tris 8.0. Nucleotide loading was performed by
mixing the ion exchange-purified protein with an excess of GDP (5 mg/liter culture) or
GppNHp (5 mg/liter culture) and 5 mM EDTA at 23 °C for 30 min. The reaction was
stopped by the addition of MgClz to 10 mM. For GppNHDp, an additional calf intestine
phosphatase treatment was performed as follows to ensure high homogeneity of the loaded
nucleotide. The protein buffer was cxchanged into Phosphatasc Buffer [32 mM Tris 8.0, 200
mM ammonium sulfate, 0.1 mM ZnClz] with a HiTrap Desalting Column (GE Healthcare
Life Sciences). To the buffer-exchanged protein solutions, GppNHp was added to 5 mg/mL,
and Calf Intestine Phosphatase (NEB) was added to 10 U/mL. The reaction mixture was
incubated on ice for 1 h, and MgCl» was added to a final concentration of 20 mM. After
nucleotide loading, the protein was concentrated using an 10K MWCO centrifugal
concentrator (Amicon-15, Millipore) to 20 mg/mL and purified by size exclusion
chromatography on a Supcrdex 75 10/300 GL column (GE Hcalthcarc Lifc Scicneces).
Fractions containing pure biotinylated Ras protein were pooled and concentrated to 20
mg/mL and stored at —78 °C. In our hands, this protocol gives a typical yield of 5-15 mg/liter

culture.
[0948] NF1-GRD

[0949] DNA sequence encoding human NF1-GRD (aa 1203-1530) was codon optimized,
synthesized by Twist Biosciences and cloned into pJExpress411 vector using the Gibson
Assembly method. The resulting construct contains N-terminal 6xHis tag and a TEV
cleavage site (ENLYFQG (SEQ ID NO:50)). Protein was expressed and purified using the
identical protocol as for the Ras proteins, except that the ion exchange and nucleotide loading

steps were omitted. In our hands, this protocol gives a typical yield of 5-15 mg/liter culture.
[0950] Sos™
[0951] The catalytic domain of Sos (residucs 466-1049, Sos') was cxpressed and purified

following a published protocol (§).
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[0952] Crystallization

[0953] K-Ras(G12S) Cyslight (G12S/C51S/C80L/C118S) bound by GDP purified by size
exclusion chromatography was diluted to 100 uM in Reaction Buffer (20 mM HEPES 7.5,
150 mM NaCl, 1 mM MgCl,). Compound 1’ was added as a 10 mM solution in DMSO to a
5  final concentration of 200 puM. The mixture was allowed to stand at 23 °C until LC-MS

analysis of the reaction mixture showed full conversion to a single covalent adduct. The
rcaction mixturc was purificd by size exclusion chromatography (Supcrdex75, 20 mM
HEPES 7.5, 150 mM NaCl, 1 mM MgClz) and concentrated to 20 mg/mL. For
crystallization, 0.1 uL of the protein was mixed with 0.1 pL well buffer containing 0.1 M

10  sodium acetate 4.6, 30% w/v PEG MME 2K, 0.2 M ammonium sulfate. Crystals were grown
at 20 °C in a 96-well plate using the hanging-drop vapor diffusion method. Maximal crystal
growth was achieved after 7 days. The crystals were transferred to a cryoprotectant solution
(0.1 M sodium acetate 4.6, 30% w/v PEG MME 2K, 0.2 M ammonium sulfate, 20% glycerol)

and flash-frozen in liquid nitrogen.
15 [0954] X-Ray Data Collcction and Structurc Determination

[0955] Dataset was collected at the Advanced Light Source beamline 8.2.2 with X-ray at a
wavelength of 0.999907 A. The dataset was indexed and integrated using iMosflm (Battye et
al., 2011), scaled with Scala (Evans, 2006) and solved by molecular replacement using
Phaser (McCoy et al., 2007) in CCP4 software suite (Winn et al., 2011). The crystal structure

20 of GDP-bound K-Ras(G12C)-MRTX849 adduct (PDB code: 6USZ) was used as the initial
model. The structure was manually refined with Coot (Emsley et al., 2010) and PHENIX
(Adams et al., 2010).

[0956] Table 1. List of antibodies.

Target Supplier Identifier Dilution
P-AKT [S473] Cell Signaling Technology | 4060 1:1000
P-AKT [T308] Cell Signaling Technology | 4056 1:1000
AKT Cell Signaling Technology | 2920 1:1000
P-ERK [T202/Y204] | Cell Signaling Technology | 9101 1:1000
Total ERK Cell Signaling Technology | 4695 1:1000
Pan-Ras Abcam 108602 1:5000
Ras(G12S) NewEast Bio 26186 1:1000
GAPDH Proteintech 60004-1-Ig | 1:50000
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[0957] Table 2. List of buffer compositions.
Name Composition
25 mM Tris 7.4
150 mM NaCl
RIPA Buffer 0.1% SDS
1% NP-40

CA 03240772 2024-6-11

0.5% sodium deoxycholate

Co-1IP Lysis Buffer
(for NBD Pulldown)

50 mM HEPES 7.4
120 mM Na(l

1% NP-40

1 mM MgCl»

50 mM HEPES 7.4

5x SDS Loading Buffer

Co-IP Wash Buffer 120 mM NacCl
(for NBD Pulldown) 0.01% NP-40
1 mM MgCl»
250 mM Tris 6.8
500 mM DTT

10% w/v SDS
0.1% w/v Bromophenol Blue
50% Glycerol

25 mM Tris
TOWBIN Buffer 192 mM Glycine

pH 8.3

20 mM Tris 8.0
Lysis Buffer 500 mM Na(Cl

5 mM imidazole

Elution Buffer

20 mM Tris 8.0
300 mM NaCl
300 mM imidazole

TEV Cleavage Buffer

20 mM Tris 8.0
300 mM NaCl
1 mM EDTA

1 mM DTT

Phosphatase Buffer

32 mM Tris 8.0
200 mM ammonium sulfate
0.1 mM ZnCl,

SEC Buffer

20 mM HEPES 7.5
150 mM NaCl
1 mM MgCl>

Nucleotide Exchange
Buffer

20 mM HEPES 7.5
150 mM Nac(l
1 mM MgCl»
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1 mM DTT

20 mM HEPS 7.5
GTPase Reaction Buffer 150 mM NaCl

1 mM DTT

[0958] List of recombinant protein sequences used in this study
[0959] K-Ras wildtype

MHHHHHHSSGRENLYFQGMTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIED
SYRKQVVIDGETCLLDILDTAGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHH
YREQIKRVKDSEDVPMVLVGNKCDLPSRTVDTKQAQDLARSYGIPFIETSAKTRQGV
DDAFYTLVREIRKHKEK (SEQ ID NO:51)

[0960] K-Ras wildtype CysLight

MHHHHHHSSGRENLYFQGMTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIED
SYRKQVVIDGETSLLDILDTAGQEEYSAMRDQYMRTGEGFLLVFAINNTKSFEDIHH
YREQIKRVKDSEDVPMVLVGNKSDLPSRTVDTKQAQDLARSYGIPFIETSAKTRQGV
DDAFYTLVREIRKHKEK (SEQ ID NO:52)

[0961] K-Ras G12S

MHHHHHHSSGRENLYFQGMTEYKLVVVGASGVGKSALTIQLIQNHFVDEYDPTIED

SYRKQVVIDGETCLLDILDTAGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHH

YREQIKRVKDSEDVPMVLVGNKCDLPSRTVDTKQAQDLARSYGIPFIETSAKTRQGV
DDAFYTLVREIRKHKEK (SEQ ID NO:53)

[0962] K-Ras G12S CysLight

MHHHHHHSSGRENLYFQGMTEYKLVVVGASGVGKSALTIQLIQNHFVDEYDPTIED
SYRKQVVIDGETSLLDILDTAGQEEYSAMRDQYMRTGEGFLLVFAINNTKSFEDIHH
YREQIKRVKDSEDVPMVLVGNKSDLPSRTVDTKQAQDLARSYGIPFIETSAKTRQGV
DDAFYTLVREIRKHKEK (SEQ ID NO:54)

[0963] NF1-GRD

MHHHHHHSSGRENLYFQGDRFERLVELVTMMGDQGELPITAMALANVVPCSQWDEL

ARVLVTLFDSRHLLYQLLWNMFSKEVELADSMQTLFRGNSLASKIMTFCFKVYGAT

YLQKLLDPLLRIVITSSDWQHVSFEVDPTRLEPSESLEENQRNLLQMTEKFFHAIISSSS
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EFPPQLRSVCHCLYQVVSQRFPONSIGAVGSAMFLRFINPAIVSPYEAGILDKKPPPRIE
RGLKLMSKILQSIANHVLFTKEEHMRPFNDFVKSNFDAARRFFLDIASDCPTSDAVNH
SLSFISDGNVLALHRLLWNNQEKIGQYLSSNRDHKAVGRRPFDKMATLLAYLGPPEH
(SEQ ID NO:55)

[0964] Chemical Synthesis
[0965] General Experiment Procedure

[0966] All rcactions were performed in oven-dricd glasswarc fitted with rubber scpta under
a positive pressure of argon, unless otherwise noted. Air- and moisture-sensitive liquids were
transferred via syringe. Solutions were concentrated by rotary evaporation at or below 40 °C.
Analytical thin-layer chromatography (TLC) was performed using glass plates pre-coated
with silica gel (0.25-mm, 60-A pore size, 230—400 mesh, Merck KGA) impregnated with a
MMuorescent indicator (254 nm). TLC plates were visualized by exposure (o ultraviolet light
(UV), then were stained by submersion in a 10% solution of phosphomolybdic acid (PMA) in
ethanol or an acidic ethanolic solution of p-anisaldehyde (this solution was prepared by
sequential additions of concentrated sulfuric acid (5.0 mL), glacial acetic acid (1.5 mL) and
p-anisaldehyde (3.7 mL) to absolute ethanol (135 mL) at 23 °C with efficient stirring),
followed by brief heating on a hot plate. Flash column chromatography was performed with
Teledyne ISCO CombiFlash EZ Prep chromatography system, employing pre-packed silica
gel cartridges (Teledyne ISCO RediSep).

[0967] Solvents and Reagents

[0968] Anhydrous solvents were purchased from Acros Organics. Unless specified below,
all chemical reagents were purchased from Sigma-Aldrich, AK Scientific or Chemscene.

Comimnercial solvents and reagents were used as received.
[0969] Instrumentation

[0970] Proton nuclear magneltic resonance ('"H NMR) spectra, carbon nuclear magnetic
resonance ('*C NMR) spectra, and fluorine nuclear magnetic resonance (*°F NMR) spectra
were recorded on Bruker Avancelll HD instrument (400 MHz/100 MHz/376 MHz) at 23 °C.
Proton chemical shifts are expressed in parts per million (ppm, d scale) and are referenced to
residual protium in the NMR solvent (CHCl3: & 7.26, Do HCOD: 6 3.31). Carbon chemical
shifts are expressed in parts per million (ppm, 6 scale) and are referenced to the carbon

rcsonance of thc NMR solvent (CDCls: o 77.0, CD3OD: 0 49.0). Fluorinc chemical shifts arc
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expressed in parts per million (ppm, & scale) and are referenced to an external standard of
trifluoroacetic acid (—76.55 ppm). Data are represented as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, dt =
doublet of triplets, m = multiplet, br = broad, app = apparent), integration, and coupling

5  constant (/) in Hertz (Hz). High-resolution mass spectra were obtained using a Waters Xevo

G2-XS time-of-flight mass spectrometer.
[0971] Mini-workup

[0972] When a mini-workup (A/B) is indicated in the procedure, it was performed as

follows: an aliquot (5 pL) of the reaction mixture was retrieved with a glass pipet and added
10 to a plastic vial containing 0.2 mL organic solvent A and 0.2 mL aqueous solution B. The

vial was shaken vigorously and allowed to stand until the two layers partitioned. The organic

layer was then used for TLC or LC-MS analysis as specified in the procedure.
[0973] Moenitoring Reaction Progress by LC-MS

[0974] When LC-MS analysis of the reaction mixture is indicated in the procedure, it was
15  performed as follows. An aliquot (1 pL) of the reaction mixture (or the organic phase of a
mini-workup mixture) was diluted with 100 uL 1:1 acetonitrile:water. 1 pL of the diluted
solution was injected onto a Waters Acquity UPLC BEH C18 1.7 pm column and cluted with
a linear gradient of 5—95% acetonitrile/water (+0.1% formic acid) over 3.0 min.
Chromatograms were recorded with a UV dctector sct at 254 nm and a time-of-flight mass

20  spectrometer (Waters Xevo G2-XS).

[0975]
NaH
/\/Br
HO HO
\n/\/\NHBOC _— \[.I/\/\,Tl/\/
O O Boc

S1
[0976] 4-(allyl(zert-butoxycarbonyl)amino)butanoic acid (S1)

[0977] A solution of 4-[(tert-butoxycarbonyl)amino]butanoic acid (5.00 g, 24.6 mmol, 1
25  equiv.) in THF (10.0 mL) was added dropwise to a suspension of sodium hydride (60% in
mineral oil, 2.46 g, 2.50 equiv.) in THF (15.0 mL) at 23 °C. After gas evolution had
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subsided, allyl bromide (3.19 mL, 36.9 mmol, 1.50 equiv.) was added dropwise via syringe.
The resulting mixture was stirred at 23 °C for 24 h. 10% Citric acid was added dropwise until
the pH of the solution reached 5. Care must be taken at the beginning of the addition as the
excess sodium hydride may react violently with water if the solution is added too fast. The

5  reaction mixture was extracted with ether (3 x 20 mL). The combined ether layers were
washed with water (2 x 30 mL) and saturated aqueous sodium chloride solution (30 mL).
The washed solution was dried over magnesium sulfate, and the dried solution was
concentrated. The residue was purified by column chromatography (20-50% cthyl acetate—

hexanes) to afford the product as a colorless oil (4.70 g, 78.5%).

10 [0978] 'HNMR (400 MHz, CDCl3) § 5.79 (ddt, J=16.3, 11.0, 5.7 Hz, 1H), 5.19 — 5.10
(m, 2H), 3.82 (br s, 2H), 3.30 (br s, 2H), 2.39 (t, / =7.1 Hz, 2H), 1.87 (p, J = 7.0 Hz, 2H),
1.48 (s, 9H). '*C NMR (100 MHz, CDCl3) § 178.53, 155.70 (br), 133.93, 116.55 (br), 79.93,
49.52 (br), 45.63, 31.22 (br), 28.34, 23.31. HRMS (C12H21NO4 + Na)* Calc’d: 266.1368,
Found: 266.1383.

15 [0979]
| &
P 4
N* B
Og; (CHg),S e r //g\ °
HO e HO 0 S
\n/\/\N/\/ \n/\/\NM i
| | i-ProNEt e
(@) Boc (@) Boc )
43% (2 steps) Boc
S1 S2 s3

[0980] 4-((tert-butoxycarbonyl)(2-oxoethyl)amino)butanoic acid (82)

[0981] A solution of S1 (4.70 g, 19.3 mmol, 1 equiv.) in dichloromethane (96.5 mL) was
cooled to —78 °C (dry ice/acetone bath). A stream of ozone was bubbled through the solution
20 until a persistent pale blue color was observed. Dimethyl sulfide (7.09 mL, 96.5 mmol, 5.00
equiv.) was added (o the reaction mixture, and the solution was allowed to warm to 23 °C.
The resulting mixture was stirred for 24 h at 23 °C. The reaction mixture was directly
washed with water (100 mL), and the washed organic layer was dried over sodium sulfate.
The dried solution was filtered and concentrated under reduced pressure to afford the product

25  as acolorless oil. The product was used without further purification.

[0982]

340

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

I}l Br
CHj
HO o -
\n/\/\ N/V
I i-ProNEt
O Boc
43% (2 steps)
S2 s3

[0983] tert-butyl (1R,6R)-7-0x0-8-0xa-3-azabicyclo[4.2.0]octane-3-carboxylate (S3)

[0984] A solution of S2 (800 mg, 3.26 mmol, 1 equiv.) in acetonitrile (32.62 mL) was
added dropwise over 1 h (o a stirred solution of 2-bromo-1-methylpyridinium

5  trifluoromethanesulfonate (3.15 g, 9.78 mmol, 3.00 equiv.), quinine acetate (239 mg, 0.652
mmol, 0.200 equiv.), and triethylamine (1.82 mL, 13.05 mmol, 4.00 equiv.) in acetonitrile
(32.6 mL) at 23 °C. The resulting mixture was further stirred at 23 °C for 22 h. The reaction
mixture was directly concentrated, and the residue was purified by column chromatography
(30—100% ethyl acetate—hexanes) to afford the product as a colorless oil, which solidified

10 upon standing (322 mg, 43.4%).

[0985] 'H NMR (1:1 mixture of rotamers, some peaks are resolved for the two rotamers,
400 MHz, CDCl3) 6 4.82 (br s, 0.5 H), 4.77 (br s, 0.5H), 4.41 (br d, J=15.6 Hz, 0.5H). 4.28
(brd, J=15.6 Hz, 0.5H), 3.90 — 3.82 (m, 1H), 3.61 (s, 1H), 3.52 — 3.28 (mm, 2H), 2.25 - 2.06
(m, 1H), 2.06 — 1.86 (m, 1H), 1.48 (s, 9H). *C NMR (1:1 mixture of rotamers, some peaks

15 are resolved [or the two rotamers, 100 MHz, CDCI3) 6 169.66 (br), 155.27 (br), 80.41, 69.32
(br), 68.97 (br), 47.54 (br), 42.32 (br), 40.87 (br), 40.06 (br), 39.15(br), 28.38, 19.83. HRMS
(C11H17NO4 + H — /Bu)* Calc’d: 172.0610, Found: 172.0621.

[0986] The racemate of this compound was prepared in a similar manner except that

quinine acetate was omitted from the reaction mixture.
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[0987]
]
3
C
CF3CO3H
——-

EI\; 99%
Boc
S3 sS4

[0988] (1R.6R)-8-oxa-3-azabicyclo[4.2.0]octan-7-onc trifluoroacctate (S4)

[0989] S3 (200 mg, 0.880 mmol, 1 cquiv.) was dissolved in 1:1 trifluoroacctic

5 acid:dichloromethane (1.0 mL). The resulting yellow solution was allowed to stand at 0 °C
for 1 h, then was concentrated in vacuo. The resulting yellow oil was triturated with
anhydrous ether (10 mL) and the resulting solids were collected by centrifugation. Drying

under vacuum alforded the product as a yellow powder (210 mg, 99.0%).

[0990] 'H NMR (400 MHz, MeOD) § 4.99 (ddd, J = 5.9, 3.4, 2.0 Hz, 1H). 4.11 (td, J = 6.8,

10 3.8 Hz, 1H), 3.73 (dd, /= 15.1, 2.1 Hz, 1H), 3.58 (dd, /= 15.1, 3.4 Hz, 1H), 3.38 — 3.20 (m,
2H), 2.35 — 2.13 (m, 2H). '3C NMR (100 MHz, MeOD) § 169.33, 65.77, 45.81, 41.15, 38.29,
16.72. Signals from the trifluoroacetate anion were too weak to be observed. '"F NMR (376
MHz, MeOD) 5 -76.92. HRMS (CsHoNO:> + H)* Calc’d: 128.0712, Found: 128.0707.

[0991] The racemate of this compound was prepared in a similar manner.
15 [0992]

EtO
\"/\ ?OC

o EtO N ==
/\/\ \/\/
2N \ \n/\/

Boc,O @]
S5

[0993] Ethyl 3-(but-3-en-1-yl(fert-butoxycarbonyl)amino)propanoate (S5)

[0994] 1-amino-3-butene hydrochloride (538 mg, 5 mmol, 1 equiv.) was added dropwise to
a solution of ethyl acrylate (500 mg, 5.00 mmol, 1.00 equiv.) and triethylamine (697 pL, 5.00
20  mmol, 1.00 equiv) in THF (5.0 mL) at 23 °C. The resulting mixture was stirred at 23 °C. In 16

h, TLC analysis (100% cthyl acctatc) showed full consumption of the aminc starting matcrial.
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The reaction mixture was concentrated in vacuo. THF (10 mL) was added to the residue,
followed by triethylamine (697 pL, 5.00 mmol, 1.00 equiv.) and Di-tert-butyl dicarbonate
(1.09 g, 5.00 mmol, 1.00 equiv.). Gas evolution immediately ensued and subsided over ~20
min. The reaction mixture was concentrated, and the residue was purified by column

5  chromatography (20-50% ethyl acetate—hexanes) to afford the intermediate Michael addition

product as a colorless oil (650 mg, 47.9%).

[0995] 'H NMR (400 MHz, CDCl3) § 5.78 (td, J = 17.0, 6.9 Hz, 1H), 5.17 — 5.00 (m, 2H),
4.16 (q, /=7.1 Hz, 2H), 3.48 (s, 2H), 3.28 (s, 2H), 2.58 (s, 2H), 2.35 — 2.25 (m. 2H), 1.48 (s,
9H), 1.28 (t, /= 7.1 Hz, 3H).

10 [0996]
_—
o) 96% o
S5 S6

[0997] 3-(but-3-en-1-yl(tert-butoxycarbonyl)amino)propanoic acid (S6)

[0998] Lithium hydroxide hydrate (64.8 mg, 1.54 mmol) was added to a solution of S5
(209 mg, 0.772 mmol, 1 equiv.) in 1:1 THF (1.5 mL):Water (1.5 mL) at 23 °C. The resulting
15  biphasic mixture was stirred at that temperature for 4 h. TLC analysis (50% ethyl acelate—
hexanes) at this point showed full consumption of the ester starting material. 10% Citric acid
(10 mL) was added to the reaction mixture. The reaction mixture was extracted with ether (3
x 10 mL). The combined organic layers were dried over magnesium sulfate. The dried
solution was filtered, and the filtrate was concentrated to afford the product as a colorless oil

20 (180 mg, 95.8%).

[0999] 'HNMR (400 MHz, CDCl3) § 5.78 (ddt, J=17.1, 10.2, 6.9 Hz, 1H). 5.13 — 5.02
(m, 2H), 3.50 (t, / = 6.9 Hz, 2H), 3.31 (t, / = 7.3 Hz, 2H), 2.67 (s, 2H), 2.29 (p, J = 7.3 Hz,
2H), 1.49 (s, 9H). HRMS (C12H21NO4 + Na)* Calc’d: 266.1368, Found: 266.1383.
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[1000]

oC

Xy TfO™
| _ 3 ~, (o)
NE . /g Jf
!
'-.\A ;\'j
|

Boc B
| O3, (CH3)-S |
HO\[]/\/NN 3 (CHa) HO\[]/\/NWo CHs
0 o -ProNEt Boc
62% (2 steps)
S6 s7 (+)-S8

[1001] 3-({teri-butoxycarbonyl)(3-oxopropyl)amino)propanoic acid (S7)

[1002] Ozone was bubbled through a solution of S6 (246 mg, 1.01 mmol, 1 equiv.) in
dichloromethane (4.52 mL) at —78 °C until a purple color persisted. The gas source was
switched to argon, and bubbling was continued for 10 min to remove excess ozone.

Dimethyl sulfide (0.74 mL, 10.1 mmol, 10.0 equiv.) was added, and the reaction mixture was
allowed to warm to 23 °C and kept stirred at that temperature for 15 h. The reaction mixture
was partitioned between water (5 mL) and dichloromethane (5 mL). The layers were
scparated, and the aqucous layer was cxtracted with dichloromethane (2 x S mL). The
combined organic layers were dried over sodium sulfate. The dried solution was filtered, and
the filtrate was concentrated to afford the product as a yellow oil. The product was used in

the next reaction without further purification.
[1003] Rac-terr-butyl (15,6R)-8-0x0-7-oxa-3-azabicyclo[4.2.0]octanc-3-carboxylatc (=-S8)

[1004] A flame-dried 100-ml flask was charged with 2-bromo-1-methylpyridinium
trifluoromethanesulfonate (969 mg, 3.01 mmol, 3.00 equiv), acetonitrile (17.1 mL),
triethylamine (0.56 mL, 4.012 mmol, 4.00 equiv.) and a magnetic stir bar. A solution of §7
(246 mg, 1.00 mmol, 1 cquiv.) in acctonitrilc (6 mL) was addcd with a sryingc pump at ratc
of 2 mL/min. After addition, the reaction solution was kept stirred at 23 °C for 16 h. The
reaction mixture was concentrated in vacuo. The residue was partitioned between 0.5 M pH 7
phosphate buffer (10 mL) and dichloromethane (10 mL). The layers were separated, and the
aqueous layer was extracted with dichloromethane (2 x 10 mL). The combined organic layers
were dried over sodium sulflate, and the dried solution was concentrated. The residue was
purified by column chromatography (10-100% ethyl acetate—hexanes) to afford the product

as a colorless oil, which solidified upon standing (141 mg, 61.9%).

[1005] 'H NMR (1:1 mixture of rotamers, some peaks are resolved for the two rotamers,
400 MHz, CDCl5) 6 4.89 (dt, J =6.0, 2.8 Hz, 1H), 4.24 4.08 (m, 1H), 3.90 (s, 0.5H), 3.84
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(s, 0.5H), 3.63 — 3.44 (m, 2H), 3.63 — 3.44 (m, 2H), 3.38 — 3.25 (m, 1H), 2.42 — 2.25 (m, 1H),
2.18 —2.01 (m, 1H), 1.45 (s, 9H). 3C NMR (100 MHz, CDCls) § 169.80, 154.66 (br), 80.38
(br), 68.40, 68.27, 50.16, 49.84, 37.99, 36.95, 36.46, 35.68, 28.34, 25.31. HRMS
(C11H17NO4 + Na)* Calc’d: 250.1055, Found: 250.1060.

5 [1006]
O o 5 o
CF3CO,H ﬁr
“,‘3 Y N7
Boc 94% 1+ CF3CO,H
(+)-S8 (1)-89

[1007] Rac-(15,6R)-7-oxa-3-azabicyclo[4.2.0]octan-8-one (£-S9)

[1008] Rac-tert-butyl (15,6R)-8-0x0-7-0xa-3-azabicyclo[4.2.0]octane-3-carboxylate (£-S8)
(200 mg, 0.880 mmol, 1 equiv. ) was dissolved in 1:1 trifluoroacetic acid:dichloromethane
10 (1.0 mL). The resulting ycllow solution was allowed to stand at O °C for 1 h, then was
concentrated in vacuo. The resulting yellow oil was triturated with anhydrous ether (10 mL)
and the resulting solids were collected by centrifugation. Drying under vacuum afforded the

product as a yellow powder (200 mg, 94.2%).

[1009] 'H NMR (400 MHz, MeOD) § 5.02 (ddd, J=7.1, 4.3, 3.0 Hz, 1H), 4.20 (ddd, J =

15 7.5,6.7,2.8 He, 1H), 3.59 (dd, J=14.2, 2.8 Hz, 1H), 3.47 (dd. /= 14.2, 7.5 Hz, 1H), 3.35 -
3.23 (m, 2H), 2.48 — 2.32 (m, 2H). '*C NMR (100 MHz, MeOD) § 168.92, 66.53, 44.69,
36.39,35.77, 23.48. Signals [rom the trifluoroacetate anion were oo weak (o be observed.
YF NMR (376 MHz, MeOD) § -76.92. HRMS (CsHoNO2 + H)* Calc’d: 128.0712, Found:
128.0707.

20 [1010]

$10
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[1011] 7-(8-chloro-1-naphthyl)-2-[[(2S)-1-methylpyrrolidin-2-yl]Jmethoxy]-6,8-dihydro-
5H-pyrido[3,4-d]pyrimidin-4-ol (S10) was prepared according to the protocol described in
US Patent App. 2020/0331911.

[1012] 'H NMR (400 MHz, MeOD) § 8.37 (s, 2H), 7.79 (d, /= 8.1 Hz, 1H), 7.64 (d, J =

5 8.1Hz, IH),7.50(d.J=7.4 Hz, 1H), 7.44 (t, J=7.8 Hz, 1H), 7.40 —7.31 (m, 1H), 7.27 (dd,
J=75,2.3Hz, 1H),4.73 (td, /= 13.1, 3.1 Hz, 1H), 4.61 — 4.50 (m, 1H), 4.04 (dd, J = 17.5,
2.8 Hz, 1H), 3.86 —3.67 (m, 2H). 3.62 (dd, J =17.4,2.5 Hz, 1H), 3.48 (dd, /= 12.6, 5.6 Hz,
1H), 3.19 (dt, /= 11.2, 8.0 Hz, 1H), 3.09 (dd, /= 10.6, 4.0 Hz, 1H), 3.04 (s, 3H), 2.89 —2.76
(m, 1H), 2.54 (d, /= 16.4 Hz, 1H), 2.40 — 2.26 (m, 1H), 2.22 — 2.03 (m, 2H), 2.03 — 1.89 (m,

10 1H). '3C NMR (100 MHz, MeOD) § 166.56, 165.02, 158.63, 154.85, 154.82, 148.37,

148.33, 137.51, 129.53, 129.30, 128.17, 126.32, 125.71, 125.70, 125.34, 124.88, 124.85,
118.67, 118.63, 113.05, 113.03, 66.84, 65.02, 57.03, 56.91, 56.85, 49.61, 49.51, 40.01, 26.18,
26.16,21.98, 21.95, 21.84, 21.78. HRMS (Ca3HasCIN4O2 + H)* Calc’d: 425.1744, Found:
425.1732.

15 [1013]

OH oTf

L

}/""\ g T NEt;, Tf,0 \: Ci i‘/"'\'\. f’J‘§N i
L o —— L
L.

S10 S11

3
d o p
™~ o
f
* CFgCOzH ;

'.'N’ /
Ho@ ¥
R [y e
. T r’ e CH
42% (2 steps) 7
g e J{/’"\Q‘/‘%\\/ M .
/
S

mixture of 1,6-cis diastereomers
[1014] B-lactonc 1’7 (mixturc of diastcrcomcers), also referred to herein as 12-026.

[1015] Triethylamine (29.5 pL, 0.212 mmol, 3.00 equiv.) and triflic anhydride (14.2 pL,
0.0850 mmol, 1.20 cquiv.) were added scquentially to a stirred solution of S10 (30.0 mg,
20 0.0710 mmol, 1 equiv.) in dichloromethane (0.18 mL) at 0 °C. In 15 min, TLC analysis (10%
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methanol-dichloromethane) showed full conversion of the starting material to a slightly less
polar spot. The reaction mixture was partitioned between saturated aqueous sodium
bicarbonate solution (5 mL) and dichloromethane {5 mL). The layers were separated, and the
aqueous layer was extracted with dichloromethane (2 x 5 mL). The combined organic layers
5 were dried over sodium sulfate. The dried solution was filtered, and the filtrate was

concentrated to afford the triflate as a crude product. DMF (0.350 mL) was added to the
residue. Rac-(1R,6R)-7-oxa-4-azabicyclo|4.2.0]octan-8-one trifluoroacetic acid salt (34.0 mg,
0.141 mmol, 2.00 equiv.) was added to the resulting solution as a solid. Triethylamine (29.5
pl, 0.212 mmol, 3.00 equiv.) was added via syringe. The resulting brown mixture was

10 stirred at 23 °C for 1 h. The residue was diluted with 50% acetonitrile—water to a volume of
2.0 mL, and the solution was filtered through a 0.45 uM PTEFE syringe [filter. The filtratc was
loaded onto a Redi-Sep C18 30g Gold column equilibrated with 10% acetonitrile—water +
0.1% formic acid, and the product was purified by column chromatography (10-100%
acetonitrile—water + 0.1% formic acid). The product-containing fractions were lyophilized to

15  afford the product as a white solid (15.7 mg, 41.6%).

[1016] 'H NMR (400 MHz, CDCl3) § 7.80 — 7.72 (m, 1H), 7.67 — 7.56 (m, 1H), 7.56 — 7.40

(m, 2H), 7.39 - 7.32 (m, 1H), 7.27 — 7.16 (m. 1H), 5.04 — 4.81 (m, 1H), 4.49 — 4.30 (m, 3H),

422 —4.12 (m, 1H), 4.06 — 3.68 (m, 3H), 3.66 — 3.43 (m, 2H), 3.39 — 2.90 (m, 3H), 2.87 —

2.58 (m, 2H), 2.54 —2.46 (m, 3H), 2.41 — 2.23 (m, 2H), 2.16 — 2.00 (m, 1H), 1.90 — 1.73 (m,
20  3H). Note: Product was a mixture of diastereomers. NMR peaks were reported as seen.

HRMS (C29H32CIN5O3 + H)* Calc’d: 534.2272, Found: 534.2305.
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[1017]
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48% (2 steps)

OH oTf
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mixture of 1,6-c¢is diastereomers

[1018] B-lactone 2’ (mixture of diastereomers), also referred to herein as 12-027.

[1019] Triethylamine (29.5 pL, 0.212 mmol, 3.00 equiv.) and triflic anhydride (14.2 uL.,

5  0.0850 mmol, 1.20 cquiv.) were added scquentially to a stirred solution of S10 (30.0 mg,
0.0710 mmol, 1 equiv.) in DCM (0.18 mL) at 0 °C. In 15 min, TLC analysis (10% methanol—
dichloromethane) showed full conversion of the starting material to a slightly less polar spot.
The reaction mixture was partitioned between saturated aqueous sodium bicarbonate solution
(5 mL) and dichloromethane (5 mL). The layers were separated, and the aqueous layer was

10  extracted with dichloromethane (2 x 5 mL). The combined organic layers were dried over
sodium sulfate. The dried solution was filtered, and the filtrate was concentrated to afford the
triflate as a crude product. DMF (0.350 mL) was added to the residue. Rac-(1S5.6R)-7-oxa-3-
azabicyclo[4.2.0]octan-8-one trifluoroacetate salt (34.0 mg, 0.141 mmol, 2.00 equiv.) was
added to the resulting solution as a solid. Triethylamine (29.5 pL, 0.212 mmol, 3.00 equiv.)

15  was added via syringe. The resulting brown mixture was stirred at 23 °C for 1 h. The residue
was diluted with 50% acctonitrilc—watcr to a volume of 2.0 mL, and thc solution was filtcred
through a 0.45 uM PTEFE syringe filter. The filtrate was loaded onto a Redi-Sep C18 30g
Gold column equilibrated with 10% acetonitrile—water + 0.1 formic acid, and the product was
purified by column chromatography (10-100% acetonitrile—water + 0.1% formic acid). The

20  product-containing fractions were lyophilized to afford the product as a white solid (18.0 mg,
47.7%).
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[1020] 'H NMR (400 MHz, CDCl3) § 7.79 — 7.72 (m, 1H), 7.66 — 7.58 (m, 1H), 7.58 — 7.40
(m, 2H), 7.37 —7.31 {m, 1H), 7.27 —7.12 (m, 1H), 5.03 —4.92 (m, 1H), 4.52 — 4.34 (m, 3H),
428 —4.14 (m, 1H), 4.13 — 3.95 (m, 2H), 3.94 — 3.69 (m, 1H), 3.69 — 3.45 (m, 2H), 3.43 —
2.88 (m, 4H), 2.85 — 2.59 (m, 2H), 2.59 — 2.50 (m, 3H), 2.50 — 2.16 (m, 2H), 2.16 — 2.01 (m,
5 2H), 2.01 — 1.72 (m, 3H). Note: Product was a mixture of diastereoisomers. NMR peaks
were reported as seen. HRMS (C29H32CIN5O3 + H)™ Calc’d: 534.2272, Found: 534.2305.

[1021]
OH OTf

Ry et l\\ . NEts, Tf,0 A e .
: - i h Ty % r B CHy
OO e =™ CrO, e

Ii/("\\ - ‘h...v,fof \U/ ,,!5\‘? l Sy ,N\/f \N'ya‘\k)f%\(fﬁ>

P ~/ L
$10 S11
Q 3

N’ - CFaCOoH N
_— S~ f,l\\\
42% (2 steps) i q N 335-53,
Sy N N"/ O/%‘r” N>
! - \ L

[1022] B-lactone 3°.

10 [1023] Tricthylamine (29.5 pL, 0.212 mmol, 3.00 cquiv.) and triflic anhydride (14.2 uL,
0.0850 mmol, 1.20 equiv.) were added sequentially to a stirred solution of S10 (30.0 mg,
0.0710 mmol, | equiv.) in DCM (0.18 mL) at 0 °C. In 15 min, TLC analysis (10% methanol—
dichloromethane) showed full conversion of the starting material to a slightly less polar spot.
The reaction mixture was partitioned between saturated aqueous sodium bicarbonate solution

15 (5 mL) and dichloromethane (5 mL). The layers were separated, and the aqueous layer was
extracted with dichloromethane (2 x 5 mL). The combined organic layers were dried over
sodium sulfate. The dried solution was [iltered, and the [iltrate was concentrated (o allford the
triflate as a crude product. DMF (0.350 mL) was added to the residue. (1R,6R)-7-oxa-4-
azabicyclo[4.2.0]octan-8-one trifluoroacetic acid salt (34.0 mg, 0.141 mmol, 2.00 equiv.) was

20  added to the resulting solution as a solid. Triethylamine (29.5 pL, 0.212 mmol, 3.00 equiv.)

was added via syringe. The resulting brown mixture was stirred at 23 °C for 1 h. The residue
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was diluted with 50% acetonitrile—water to a volume of 2.0 mL, and the solution was filtered
through a 0.45 uM PTFE syringe filter. The filtrate was loaded onto a Redi-Sep C18 30g
Gold column equilibrated with 10% acetonitrile—water + 0.1% formic acid, and the product
was purified by column chromatography (10-100% acetonitrile—water + 0.1% formic acid).
5  The product-containing fractions were lyophilized to afford the product as a white solid (16.0

mg, 42.4%).

[1024] 'H NMR (400 MHz, CDCls) § 7.80 — 7.70 (m, 1H), 7.67 — 7.58 (m, 1H), 7.57 — 7.41
(m, 2H), 7.35 (app t. / =7.8 Hz, 1H), 7.27 —7.14 (m, 1H), 4.97 — 4.81 (m, 1H), 4.49 — 4.34
(m, 3H), 4.22 —4.09 (m, 1H), 4.01 — 3.89 (m, 2H), 3.89 — 3.67 (m, 2H), 3.64 — 3.39 (m, 2H),

10 3.38-3.18 (m, 1H), 3.18 — 2.87 (m, 2H), 2.81 — 2.58 (m, 2H). 2.50 (app d. 3H), 2.41 —2.22
(m, 2H), 2.16 — 2.01 {m, 2H), 1.92 — 1.70 (m, 3H). Note: Product appears as a mixture of
conformational isomers. NMR peaks were reported as seen. HRMS (C20H32CINsOs + H)*
Calc’d: 534.2272, Found: 534.2257.

[1025]

15 S12

[1026] 7-(8-chloronaphthalen-1-yl)-2-((tetrahydro-1H-pyrrolizin-7a(SH)-yl)methoxy)-
5,6,7,8-tetrahydropyrido[ 3,4-d]pyrimidin-4-ol (§12) was prepared according to the protocol
described for compound S10, except where (25)-1-methylpyrrolidine was substituted for
1,2,3,5,6,7-hexahydropyrrolizin-8-ylmethanol.

20 [1027] !'H NMR (formate salt, 400 MHz, MeOD) § 8.30 (s, 2H), 7.83 (dd, /= 8.2, 1.3 Hz,
1H), 7.68 (dd, /= 8.2, 1.2 Hz, 1H), 7.56 — 7.44 (m, 2H), 7.42 —7.31 (m, 2H), 4.63 — 4.43 (m,
2H), 4.07 (d, J/ =17.4 Hz, 1H), 3.75 - 3.62 (m, 3H), 3.55 (ddt, /=119, 5.9, 2.1 Hz, 1H),
3.28 (dt, J=12.1, 6.5 Hz, 2H), 3.17 (ddd, J =11.9, 10.3, 4.1 Hz, 1H), 2.93 —2.79 (m, 1H).
2.60 (ddt, J = 16.6, 4.1, 2.0 Hz, 1H), 2.32 — 2.02 (m, 8H). '3C NMR (formate salt,100 MHz,

25  MeOD) 6 165.00, 158.74, 155.07, 148.38, 137.55, 129.53, 129.28, 128.106, 126.31, 125.72,
125.33, 124.86, 118.63, 113.18, 79.65, 68.77, 57.12, 55.30, 49.48, 33.98, 33.96. 23.74, 21.85.
HRMS (C2sH27CIN4O2 + H)* Calc’d: 451.1901, Found: 451.1911.
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[1029] P-lactone 4°, also referred to herein as 13-019.

[1030] Triethylamine (29.5 pL, 0.212 mmol, 3.00 equiv.) and triflic anhydride (14.2 pL,
0.0850 mmol, 1.20 equiv.) were added sequentially to a stirred solution of S12 (30.0 mg,
0.0710 mmol, 1 equiv.) in dichloromethane (0.18 mL) at 0 °C. In 15 min, TLC analysis (10%
methanol-dichloromethane) showed full conversion of the starting material (o a slightly less
polar spot. The reaction mixture was partitioned between saturated aqueous sodium
bicarbonate solution (5 mL) and dichloromethane (5 mL). The layers were separated, and the
aqueous layer was extracted with dichloromethane (2 x 5 mL). The combined organic layers
were dried over sodium sulfate. The dried solution was filtered, and the filtrate was
concentrated to afford the triflate as a crude product. DMF (0.350 mL) was added to the
residue. (1R.6R)-7-oxa-4-azabicyclo|4.2.0]octan-8-one trifluoroacetic acid salt (34.0 mg,
0.141 mmol, 2.00 equiv.) was added to the resulting solution as a solid. Triethylamine (29.5
uL, 0.212 mmol, 3.00 equiv.) was added via syringe. The resulting brown mixture was
stirred at 23 °C for 1 h. The residue was diluted with 50% acetonitrile—water to a volume of
2.0 mL, and the solution was filtered through a 0.45 uM PTEFE syringe filter. The filtrate was
loaded onto a Redi-Sep C18 30g Gold column equilibrated with 10% acetonitrile—water +
0.1% formic acid, and the product was purified by column chromatography (10—-100%
acetonitrile—water + 0.1% formic acid). The product-containing fractions were lyophilized to

afford the product as a white solid {14.7 mg, 39.0%).

351

CA 03240772 2024-6-11



WO 2023/122662 PCT/US2022/082136

[1031] 'H NMR (formate salt, 400 MHz, MeOD) & 7.83 (ddd, J = 8.2, 3.2, 1.2 Hz, 1H),
7.68 (td, J=8.3, 1.2 Hz, 1H), 7.57 — 7.42 (m, 2H), 7.42 — 7.24 (m, 2H), 4.98 — 4.91 (m, 1H),
4.50 — 4.24 (m, 4H), 4.06 — 3.96 (m, 1H), 3.93 — 3.75 (m, 1H), 3.75 — 3.46 (m, 3H), 3.47 —
3.37 (m, 2H), 3.26 — 2.90 (m, 4H), 2.86 — 2.56 (m, 2H), 2.41 — 1.84 (m, 10H). *C NMR

5  (formate salt, 100 MHz, MeOD) & 171.40, 168.86, 166.52, 164.39, 161.57, 148.47, 137.49,
129.51, 129.37, 128.17, 126.42, 125.71, 125.37, 124.96, 118.57, 107.77,76.95, 70.06, 69.83,
59.34,55.17, 49.83, 46.17, 44.00, 43.81, 34.76, 26.87, 25.74, 24.08, 19.51, 18.99. Note:
Product appears as a mixture of conformational isomers. NMR peaks were reported as seen.

HRMS (C31H34CINsO3 + H)* Calc’d: 560.2428, Found: 560.2427.

10 [1032]
OBn
BnOH, NaH N E haY:
Ci 90% C|/i\*"r VS
F
s14

[1033] 4-(benzyloxy)-2,7-dichloro-8-fluoropyrido[4,3-d]pyrimidine (S14)

[1034] An oven-dricd vial was charged with sodium hydride (60% dispersion in mincral
oil, 1.0 g, 25.0 mmol), THF (12.5 mL), and a magnetic stir bar. A solution of benzyl alcohol
15 (2.5mLin 12.5 mL THF) was added dropwise at 23 °C. In 10 min, gas evolution had
subsided. The resulting cloudy mixture was allowed to settle for ~30 min, and the
supernatant was used as a 1.0 M BnONa solution in THF. In a separate 100-mL flask, 2.4,7-
trichloro-8-(luoro-pyrido[4,3-d]pyrimidine (2.50 g, 9.90 mmol, 1 equiv) was dissolved in
THF (7.6 mL), and the resulting solution was cooled to O °C. BnONa (1.0 M in THF, 17.0
20  mlL, 1.70 equiv) was added via syringe, and the resulting mixture was stirred for 30 min at 0
°C. The reaction mixture was partitioned between saturated aqueous sodium bicarbonate
solution (50 mL) and ethyl acetate (50 mL). The layers were separated, and the aqueous layer
was cxtracted with cthyl acctate (2 x 50 mL). The combined organic laycrs were dried over
sodium sulfatc. The dricd solution was filtered, and the filtratc was concentrated. The residuc
25  was purified by column chromatography (0—30% cthyl acetate—hexanes, 80-g RediSep(R) Rf
column, Teledyne ISCO, Lincoln, NE) to afford the product as a white solid (2.90 g, 90%).
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[1035] 'H NMR (400 MHz, CDCl3) § 9.10 (s, 1H), 7.57 — 7.49 (m, 2H), 7.49 — 7.39 (m,
3H), 5.72 (s, 2H). 3C NMR (100 MHz, CDCl3) 6 167.93 (d, /= 2 Hz), 161.85, 148.20 (d, J
=270 Hz), 146.38 (d, J = 12 Hz), 143.64 (d, J = 8 Hz), 141.06 (d, J = 16 Hz), 133.89,
129.26, 129.03, 128.91, 111.70, 71.25. 'F NMR (376 MHz, CDCl3) § -131.58. HRMS
(C14HsCIFN30 + H)* Calc’d: 324.0107, Found: 324.0267.

[1036]

HO

OBn N
N N N
o - -
Cl D, N/J\\CE CSZCO3 Cl N
F 81% F
S14 S15

[1037] 4-(benzyloxy)-7-chloro-8-fluoro-2-((tetrahydro-1H-pyrrolizin-7a(5 H)-
yDmethoxy)pyrido[4,3-d]pyrimidine (S15)

[1038] An oven-dried 20-mL vial was charged with 4-benzyloxy-2.7-dichloro-8-fluoro-
pyrido[4,3-d]pyrimidine (2.50 g, 7.71 mmol, 1 equiv), cesium carbonate (6.28 g, 19.3 mmol,
2.50 equiv), and a magnetic stir bar. 1,4-Dioxane (15.4 mL) and 1,2,3,5,6,7-
hexahydropyrrolizin-8-ylmethanol (1.63 g, 11.6 mmol, 1.50 equiv) were added sequentially
via syringe. The resulting mixture was heated to 60 °C for 3 h. The reaction mixture was
filtered through a 10-micron polyethylene funnel, and the filtrate and concentrated under
reduced pressure. The residue was purified by column chromatography (0—20% methanol—
dichloromethane + 0.2% ammonium hydroxide, 80-g RediSep(R) RI column, Teledyne
1SCO. Lincoln, NE) to afford the product as a white solid (2.69g, 81.3%).

[1039] 'H NMR (400 MHz, CDCls) § 8.93 (s, 1H), 7.53 — 7.47 (m, 2H), 7.47 — 7.36 (m,
3H), 5.65 (s, 2H), 4.33 (s, 2H), 3.25 — 3.07 (m, 2H), 2.67 (dt, J = 10.2, 6.8 Hz, 2H), 2.06 (dt,
J=12.4,6.1 Hz, 2H), 1.90 (p, J = 6.5 Hz, 4H), 1.69 (dt, J = 12.5, 7.5 Hz, 2H). '*C NMR
(100 MHz, CDClI3) 8 169.03, 165.23, 149.63, 147.78, 147.67, 146.96, 143.12, 143.04, 140.07,
134.74, 128.85, 128.79, 128.56, 111.15, 74.30, 72.29, 70.05, 55.69, 36.04, 25.58. '°F NMR
(376 MHz, CDCl3) & -134.41. HRMS (C22H2CIFN4O, + H)* Calc’d: 429.1494, Found:
429.1590.
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[1041] 4-benzyloxy-7-(8-chloro-1-naphthyl)-8-fluoro-2-(1,2,3,5,6,7-hexahydropyrrolizin-
8-ylmethoxy)pyrido[4,3-d]pyrimidine (S16)

[1042] A 100-mL [lask was charged with 4-benzyloxy-7-chloro-8-[luoro-2-(1,2,3,5,6,7-
hexahydropyrrolizin-8-ylmethoxy)pyrido[4,3-d]pyrimidine (1.50 g, 3.50 mmol, 1 equiv.), 2-
(8-chloro-1-naphthyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.51 g, 5.25 mmol, 1.50
equiv.) and a magnetic stir bar. Toluene (5.8 mL) and an aqueous solution of potassium
phosphate (1.50 M, 7.0 mL, 10.5 mmol, 3.00 equiv.) was added sequentially, giving rise to a
biphasic mixturc. A strcam of argon was bubbled through the mixturc for 5 min via a 20G
needle. RuPhos Pd G3 (585 mg, 0.700 mmol, 0.200 equiv.) was added in one portion, the
flask was fittcd with a rubbcr scptum, and the rcaction mixturc was heated to 60 °C for 18 h.
The reaction mixture was cooled to 23 °C and then partitioned between water (20 mL) and
ethyl acetate (20 mL). The layers were separated, and the aqueous layer was extracted with
ethyl acetate (2 x 20 mL). The combined organic layers were washed with saturated sodium
chloride solution, and the washed solution was dried over sodium sulfate. The dried solution
was filtered, and the filtrate was concentrated. The residue was purified by column
chromatography (0-30% methanol—dichloromethane, 40-g RediSep(R) Rf column, Teledyne
ISCO, Lincoln, NE) to afford the product as a yellow powder (1.67 g, 86%).

[1043] 'HNMR (400 MHz, CDCl3) & 9.23 (s, 1H), 8.02 (dd, J = 8.0, 1.6 Hz, 1H), 7.89 (dd,
J=8.2,1.3 Hz, 1H), 7.67 — 7.52 (m, 6H), 7.51 — 7.37 (m, SH), 5.74 (s, 2H), 4.41 (s, 2H), 3.23
(dt, J=11.0, 5.7 Hz, 2H). 2.71 (dt, J = 10.3, 6.8 Hz, 2H), 2.29 — 2.05 (m. 2H), 2.05 — 1.86
(m, 4H), 1.80 — 1.68 (m, 2H). '3C NMR (100 MHz, CDCls) & 169.20, 164.87, 151.39,
149.83, 149.69, 147.83, 146.79, 142.60, 142.53, 135.93, 135.14, 131.76, 130.98, 130.62,

130.58, 129.38. 128.80, 128.76. 128.69, 128.56, 128.52, 128.35, 126.00, 125.56, 111.03,
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73.95,72.48, 69.75, 55.69, 55.67, 36.06, 36.04, 25.56, 25.54. 'F NMR (376 MHz, CDCl3) &
-138.14. HRMS (C3HasCIFN4O2 + H)* Calc’d: 555.1963, Found: 555.1953.

[1044]

OBn
Cl fo‘IJ%N H,. Pd/C
T 43%
F

5 [1045] 7-(8-chloro-1-naphthyl)-8-fluoro-2-(1,2,3,5,6,7-hexahydropyrrolizin-8-
ylmethoxy)pyrido[4,3-d]pyrimidin-4-ol (S17)

S16 S17

[1046] Argon was bubbled through a solution of 4-benzyloxy-7-(8-chloro-1-naphthyl)-8-
fluoro-2-(1,2,3,5,6,7-hexahydropyrrolizin-8-ylmethoxy)pyrido[4,3-d]pyrimidine (2.50 g, 4.50
mmol, 1 equiv) in methanol (45 mL) for 5 min via a 20G needle. Palladium on carbon (10%
10 wt, 479 mg, 0.450 mmol, 0.10 equiv.) was added carefully under a blanket of argon. The vial
was fittecd with a rubbcr scptum, and a strcam of hydrogen (balloon) was bubbled through the
reaction mixture through a 22G x 4" needle. In 1 h, LC-MS analysis indicated full
consumption of the starting material. The gas source was switched to argon and bubbling
was continued for 5 min. The reaction mixture was filtered through a tightly packed pad of
15  Celite under the protection of argon, and the filter cake was rinsed with methanol (2 x 10
mL). Care was taken not to allow the [ilter cake to become dry, and the [ilter cake was
immediately moisturized with water upon completion of the filtration. The combined filtrate
was concentrated under reduced pressure. The residue was purified by column
chromatography (0-30% methanol-dichloromethane, 4-g RediSep(R) Rf column, Teledyne
20  ISCO, Lincoln, NE) to afford the product as a yellow powder (890 mg, 42.5%).

[1047] 'HNMR (400 MHz, CDCl3) 8 9.21 (s, 1H), 7.99 (dd, J = 6.7, 2.8 Hz, 1H), 7.87 (dd,
J=82, 1.3 Hz, 1H), 7.64 —7.52 (m, 3H), 7.41 (t, J = 7.8 Hz, 1H), 4.47 (app q. J = 12.7 Hz,
2H), 3.64 — 3.49 (m, 2H), 3.04 — 2.89 (m, 2H), 2.29 — 2.03 (m, 6H), 1.98 — 1.84 (m, 2H). °F
NMR (376 MHz, CDCl3) § -139.61. '*C NMR (100 MHz, CDCls) § 168.68, 162.34, 151.65,
25  149.89, 149.74, 149.08, 145.20, 145.09, 144.21, 144.15, 135.83, 132.22, 132.19, 131.00,
130.72, 130.17, 129.21, 128.69, 128.23, 125.77, 125.64, 116.97, 71.29, 55.51, 54.93, 35.19,

34.69, 24.90, 24.62. HRMS (C25H2CIFN4O2 + H)* Calc’d: 465.1494, Found: 465.1518.
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[1048]

®
OH NEt, O

.Ch o ~ e o .
E"\\I N‘{’\l\i\l NEts, Th,0 @L N | Sy
i . . -,
e Ry ’\\\‘K N o \1, \T’E\\ﬁ TS
N N

'\\vx;ff F

S$17 S18

N L CFyCOH .N,

34—, Ex{: N

48% (2 steps) !
e R 2 fo \Q/"
N
e F

[1049] B-lactone 5°, also referred to herein as 13-036.

[1050] A solution of $17 (50.0 mg, 0.107 mmol, 1 equiv.) in dichloromethane (0.27 mL)
5 was cooled to O °C, and tricthylamine (45.0 pL, 0.323 mmol, 3.00 cquiv.) and triflic

anhydride (36.1 uL, 0.215 mmol, 2.00 equiv.) were added sequentially via syringe. In 1 h at
0 °C, LC-MS analysis indicated that the starting material had been fully converted to the
trimethylamine adduct. The reaction mixture was directly concentrated under reduced
pressure. DMF (0.27 mL) and triethylamine (45.0 uL, 0.323 mmol, 3.00 equiv.) were added

10 to the residue, giving rise to a brown solution. (1R,6R)-8-oxa-3-azabicyclo[4.2.0]octan-7-one
trifluoroacetate salt (25.9 mg, 0.107 mmol, 2.00 equiv.) was added as a solid. After stirring
at 23 °C for 1 h, the reaction mixture was diluted with 2.0 mL 1:1 acetonitrile:water + 5%
formic acid. The resulting solution was loaded onto reverse-phase C18 column (Teledyne
ISCO RediSep C18 30g Gold). Elution was performed with a linear gradient of 10-95%

15  acetonitrile—water + 0.1% formic acid, and the product-containing fractions were lyophilized

to afford the product as a yellow powder (31.0 mg, 48.3%).

[1051] 'H NMR (formate salt, 400 MHz, MeOD) & 8.17 (dd, J = 8.2, 1.4 Hz, 1H), 8.04 (dd,

J=8.2,13Hz, 1H),7.75-7.61 {m, 3H), 7.57 — 7.48 (m, 1H), 5.18 — 5.08 (m, 1H), 4.93 (dtd,

J=157,6.3,23 Hz, TH), 4.69 (s, 2H), 4.36 (q. /= 7.1 Hz, 1H), 428 — 4.08 (m, 3H), 3.76 —
20  3.67 (m, 2H), 3.33 — 3.25 (m, 2H), 2.42 — 2.30 (m, 4H), 2.30 —2.03 (m, 5H), 1.43 — 1.29 (m,
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2H). '"F NMR (formate salt, 376 MHz, MeOD) § -139.57, -139.90. '*C NMR (formate salt,
100 MHz, MeOD) 6 170.17, 164.48, 163.18, 144.08, 144.01, 136.00, 135.95, 130.90, 130.76,
129.88, 129.26, 128.47, 128.24, 126.08, 125.48, 125.43, 121.77, 118.83, 111.03, 80.32,
69.59, 68.97, 55.26, 46.42, 45.91, 45.69, 34.00, 23.86, 19.63, 19.54, 7.59. Note: Product

5  appears as a mixture of conformational isomers. NMR peaks were reported as seen. HRMS

(C31H29CIFN503 + H)* Calc’d: 574.2021, Found: 574.2015.

REFERENCES FOR EXAMPLE 2

[1052] 1. Hunter, J. C.; Manandhar, A.; Carrasco, M. A.; Gurbani, D.; Gondi, S.; Westover,
K. D. Mol. Cancer Res. 2015, 1325-1336. 2. Ostrem, J. M_; Peters, U.; Sos, M. L.; Wells, J.

10 A.; Shokat, K. M. Nature 2013, 503 (7477), 548-551. 3. Ahmadian, M. R.; Zor, T.; Vogt,
D.; Kabsch, W.; Selinger, Z.; Wittinghofer, A; Scheffzek, K. Proc. Natl. Acad. Sci. U. S. A.
1999, 96 (12), 7065-7070. 4. Huehls, A. M.; Coupet, T. A.; Sentman, C. L. Immunol. Cell
Biol. 2014, 93 (10), 290-296. 5. Maurer, T.; Garrenton, L. S.; Oh, A.; Pitts, K.; Anderson, D.
J.; Skelton, N. J.; Fauber, B. P.; Pan, B.; Malek, S.; Stokoe, D.; Ludlam, M. J. C.; Bowman,

15 K. K.; Wu, J.; Giannetti, A. M.; Starovasnik, M. A.; Mellman, L.; Jackson, P. K.; Rudolph, J.;
Wang, W.; Fang, G. Proc. Natl. Acad. Sci. U. S. A. 2012, 109 (14), 5299-5304. 6. Gibson,
D. G.; Young, L.; Chuang, R. Y.; Venler, J. C.; Hutchison, C. A.; Smith, H. O. Nar. Methods
2009, 6 (5), 343-345. 7. Gentile, D. R.; Rathinaswamy, M. K.; Jenkins, M. L.; Moss, S. M.;
Siempelkamp, B. D.; Renslo, A. R.; Burke, J. E.; Shokat, K. M. Cell Chem. Biol. 2017, 24

20 (12), 1455-1466.e14. 8. Sondermann, H.; Soisson, S. M.; Boykevisch, S.; Yang, S. S.; Bar-
Sagi, D.; Kuriyan, J. Cell 2004, 119 (3), 393-405.

Example 3: Biological data
[1053] Table 3. Data represents the percentage ol covalent modification of test proteins

after 24-h incubation with 100 uM compound at 23 °C at pH 7.5.

Compound % covalent modification of | % covalent modification of
wild type K-Ras K-Ras G128
04-005 0% 0%
06-092 8.0% 0%
06-093 4.8% 0%
08-043 0% n/a
08-044 0% n/a
12-026 7.0% 100%
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12-027 0% 23.0%
12-028 0% 19.0%
12-044 0% 0%
12-058 6.0% 94.0%
12-064 0% 0%
12-074 0% 0%
12-077 7.5% 100%
12-078 n/a n/a
12-087 0% 0%
13-005 73.7% 721%
13-006 0% 0%
13-018 85.8% 92.8%
13-019 0% 100%
13-036 0% 100%
13-037 0% 42 5%
14-005 0% 100%
14-036 22.0% 42 0%

Example 4: Chemical alkylation of Asp12 enables mutant selective targeting of
Ras(G12D)
[1054] Disclosed herein, inter alia, is a set of ligands that alkylate the mutant aspartate in
5 K-Ras(G12D) in both GDP- and GTP-bound states and block effector interactions. In
embodiments, these ligands are highly specific for the G12D mutant and do not react with

wildtypc K-Ras in the assays tested.

[1055] Rccombinant K-Ras(G12D)*GDP protcin was trcated with 1 mM or 10 mM B-

propiolactone at 23 °C for 1 h, digested the protein with trypsin, and analyzed the samples by
10 liquid chromatography-tandem mass spectrometry. A range of peptides was detected carrying

a B-propiolactone adduct (FIG. 18A). Among these was the peptide LVVVGAD*GVGK

(SEQ ID NO:19) (aa. 7-16), where the mutant aspartate was covalently alkylated by a 2-

carboxylethyl group (FIG. 18B). The intensity of this peptide increased with the

concentration of B-propiolactone (FIG. 18C), suggesting that the site was not saturated under
15  these conditions. These data show that Aspl2 is susceptible to alkylation by a -lactone

electrophile.
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[1056] To design chemical compounds that selectively engage K-Ras(G12D), 3-
propiolactone was grafted as an electrophilic fragment onto a K-Ras Switch-1I pocket (S-1IP)
ligand scaffold. The S-IIP ligands occupy an allosteric pocket directly adjacent to the P-loop
of K-Ras and provide chemical vectors that allow direct access to the codon 12 mutant
residue. Compound 1 was prepared as a racemate by coupling (*)-B-carboxyl-3-
propiolactone to the piperazine group of a S-IIP ligand scaffold for pan-K-Ras (FIG. 19A).
Using whole protein mass spectrometry, the reactions between recombinant K-Ras proteins
and 10 uM Compound 1 were assessed at 23 °C (FIG. 19B, FIG. 19F). Compound 1 reacted
rapidly with K-Ras(G12D)*GDP with a half-life of 99 s (95% CI: 83—118 s) and fully
modified K-Ras(G12D)*GDP in less than 15 minutes (FIG. 19G). By contrast, it only
achieved 6.510.3% modification of K-Ras(G13D)*GDP and no detectable modification of K-
Ras(wildtype)*GDP after 1 h. Interestingly, Compound 1 showed markedly reduced reactivity
with modified K-Ras(G12E)*GDP, a non-natural mutant that positions its carboxylate
nucleophile (Glu) further from the backbone than that in G12D (Asp). Compound 1 also did
not react with K-Ras(G12S)*GDP, a mutant that was recently targeted with a different 3-
lactone electrophile (22). Although less potent, compound 1 was also active against the
GppNHp-bound K-Ras(G12D). This is distinct from S-1IP K-Ras(G12C) inhibitors, which
are reported to specifically recognize the GDP-bound state. The covalent modification of
Aspl12 by compound 1 stabilized both K-Ras(G12D)*GDP and K-Ras(G12D)*GppNHp
toward thermal denaturation (ATm = +10.3 °C and +2.5 °C, respectively, FIG. 19D). The
adduct between K-Ras{((G12D) and compound 1 was stable over a range of pH (5.0-8.5) and
did not degrade in the presence of 1 mM DTT at 23 °C.

[1057] It was further tested whether such a covalent modification could disrupt the
interaction with effector proteins such as Raf. Using a time-resolved fluorescence energy
transfer assay, it was found that compound 1 inhibited the interaction between Raf-RBD and
K-Ras(G12D), but not wildtype K-Ras, in the dose-dependent fashion (FIG. 19H). The
interaction between immobilized Raf-RBD with fully labeled K-
Ras(G12D)*GppNHpecompound 1 was measured using biolayer interferometry. Compared to
unmodified K-Ras(G12D)GppNHp, the K-Ras(G12D)«GppNHpscompound 1 complex
showed substantially decreased binding to Raf-RBD (FIG. 19E), indicating that compound 1

directly impeded Ras-effector interaction in the GTP-state.
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[1058] Since B-lactones can act either as an acylating reagent (via nucleophilic attack on
the carbonyl group) or as an alkylating reagent (via nucleophilic attack on the p-carbon), the
reaction between compound 1 and K-Ras(G12D) could give an anhydride product or an ester
product. A 1.7-A crystal structure of the K-Ras(G12D)*GDPe1 adduct (FIG. 20A) was used
to solve the reaction pathway. Compound 1 in the S-IIP pocket was observed of adopting a
conformation similar to that seen for K-Ras(G12C) inhibitors, with clear electron density for
the covalent bond between Aspl2 and the compound as well as the free carboxyl group
resulting from the ring opening (FIG. 20B). This high-resolution structure also allowed
assigning the stereochemistry of the adduct as S at the § carbon (FIG. 20C). Because the co-
crystal was obtained using racemic compound 1, this S stereochemistry could in theory result
from (1) a SN2 attack on the B-carbon of R cnantiomer of 1, or (2) an attack on the carbonyl of
the .S enantiomer of 1 followed by an acyl transfer (FIG. 20D). Pure R and .S enantiomers of a
structural analog 2 were prepared. Monitoring the reaction rate with K-Ras(G12D)*GDP
showed that the R enantiomer was more reactive toward K-Ras(G12D)*GDP (FIG. 20F).

[1059] Compounds 2-4 were synthesized with increasing steric hinderance at the pro-S
position of the a-carbon (FIG. 26A). Compounds 2-4 maintained the ability to react with K-
Ras(G12D), although the bulkier compounds exhibited decreased reaction rates (FIG. 26B).
Mcanwhilc, compound 4, becaring an isopropyl group, resisted hydrolysis, with >90% of the
material remaining intact after 24 h at 23 °C and pH 7.4. By contrast, compounds 2 and 3 had
half-lives of 1.7 h and 2.5 h, respectively (FIG. 26C). Compound 4 inhibited the growth of
BaF3/K-Ras(G12D) cells (an engineered cell line whose proliferation is dependent on KRAS
G12D) with an ICs0 of 71 nM (95% CI: 48—105 nM) (FIG. 26D). Interestingly, the
enantiomer of (2R, 35)-4 did not show any detectable reactivity with K-Ras(G12D) even after
extended incubation, confirming that the 2R, 38 stereochemistry of the B-lactone in
compound 4 is essential for the ligand-protein recognition. This enantiomeric compound ((2S,
3R)-4) was also found much less potent at inhibiting BaF3/K-Ras(G12D) proliferation (ICso =
4.4 uM, 95% CI: 3.1-6.3 uM). Together, the data suggests that (2R, 35)-4 is a potent
covalent ligand of K-Ras(G12D) with cellular activity.

[1060] With the fast kinctics of GDP-statc labeling persisted, Compounds 5 and 6 labeled
the GTP-state up to 200-fold faster than compound 4. When tested at 10 uM, Compound 6
labeled K-Ras(G12D)*GppNHp to completeness within 5 min. The in-cell K-Ras(G12D)

covalent labeling kinetics by Western blot time course mirrored the recombinant protein
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results (FIG. 28C), where Compound 6 labeled endogenous K-Ras(G12D) completely in
homozygous KRASE?PS12D cancer cell line SW1990 within 2 h as indicated by the gel
mobility shift in the anti-Ras immunoblot, and concomitant reduction of the phospho-ERK
levels. This is consistent with its higher potency observed with K-Ras(G12D)*GppNHp, as

5  cellular K-Ras(G12D) is enriched in the GTP-bound state as a result of its poor GTPase
activity (23). The lack of effect of both compounds on phospho-AKT levels agrees with
previous reports that K-Ras((G12D) does not induce Akt phosphorylation (24).

[1061] A second substitution was introduced to the pro-R position leading to a 3,3-gem-
dimethyl substituted Compound (R)-7. Compound (R)-7 showed comparable labeling

10 kinetics to compound 5; it completely labeled K-Ras(G12D)*GDP and K-
Ras(G12D)=GppNHp within 30 min and 300 min, respectively (FIG. 29B). The potency of
this molecule against K-Ras(G12D)*GDP was assessed by kinac/Ki, 11 mM~"' s, This
molecule showed high mutant selectivity, labeling only GDP and GppNHp state of G12D but
not that of WT, G12E, G128, or G13D (FIG. 29D).

15 [1062] The mutant-sclective, in-ccll covalent labeling was further demonstrated by Western
blot, where (R)-7 labeled endogenous K-Ras(G12D) completely in homozygous
KRASCIZV/GIID ce] lines SW1990 and AsPC-1, only half of the two alleles in heterozygous
KRASCIPP'WT AGS cell line, and none in non-G12D mutation cell lines (FIG. 29E).
Compound (R)-7 inhibited growth of Ba/F3 with an 1Cso 73 £ 17 nM. The same cells co-

20  treated with interleukin-3 (IL-3, 10 ng/mL) lost sensitivity to (R)-7 up to 10 pM suggesting
the observed cell killing was due to an on-target inhibition. This compound furthered showed
significantly differentiated inhibition profile (10 uM, P = 0.0025) between KRAS G12D
mutation (SW1990, AsPC-1 and AGS) and non-G12D mutation cancer cell lines (H1299,
HCT116, A549, A375). Compound (R)-7 showed minimal toxicity to the latter cell lines up

25  to 10 uM concentration.

REFERENCES FOR EXAMPLE 4
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Mayer, A. Gollner, ID. Covini, S. Fischer, T. Gerstherger, T. Gmaschitz, C. Goodwin, P.

361

CA 03240772 2024-6-11



10

15

20

25

30

WO 2023/122662 PCT/US2022/082136

Greb, D. Hiring, W. Hela, J. Hoffmann, J. Karolyi-Oezguer, P. Knesl, S. Kornigg, M. Koegl,
R. Kousek, L. Lamarre, F. Moser, S. Munico-Martinez, C. Peinsipp, J. Phan, J. Rinnenthal, J.
Sai, C. Salamon, Y. Scherbantin, K. Schipany, R. Schnitzer, A. Schrenk, B. Sharps, G.
Siszler, Q. Sun, A. Waterson, B. Wolkerstorfer, M. Zeeb, M. Pearson, S. W. Fesik, D. B.
McConnell, Proc. Natl. Acad. Sci. U. S. A. 2019; 116: 15823. 4. H. Feng, Y. Zhang, P. H.
Bos, J. M. Chambers, M. M. Dupont, B. R. Stockwell, Biochemistry 2019; 58: 2542. 5. Z.
Zhang, R. Gao, Q. Hu, H. Peacock, D. M. Peacock, S. Dai, K. M. Shokat, H. Suga, 2020;
DOI 10.1021/acscentsci.0c00514. 6. X. Wang, S. Allen, J. F. Blake, V. Bowcut, D. M.
Briere, A. Calinisan, J. R. Dahlke, J. B. Fell, J. P. Fischer, R. J. Gunn, J. Hallin, J. Laguer, J.
D. Lawson, J. Medwid, B. Newhouse, P. Nguyen, I. M. O’Leary, P. Olson, S. Pajk, L.
Rahback, M. Rodrigucz, C. R. Smith, T. P. Tang, N. C. Thomas, D. Vandcrpool, G. P.
Vigers, J. G. Christensen, M. A. Marx, J. Med. Chem. 2021; DOI
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Example 5: Additional experimental methods

[1064] Cell culture

[1065] Ba/F3 cells were a gift from Dr. Trevor Bivona (UCSF) and were maintained in
RPMI 1640 (Gibco 11875093) supplemented with 10% heat-inactivated [etal bovine serum
(Axenia Biologix) and 10 ng/mL recombinant mouse interleukin-3 (Gibco PMCO0031). AsPc-
1 cells were obtained from ATCC (CRL-1682) and maintained in RPMI 1640 (Gibco
11875093) supplemented with 10% heat-inactivated fetal bovine serum (Axenia Biologix).
SW1990 cells were obtained from ATCC (CRL-2172) and maintained in high-glucose (4.5
g/L.) DMEM (Gibco 11995073) supplemented with 4 mM L-glutamine, 1 mM sodium

pyruvatc, and 10% hcat-inactivated fctal bovine scrum (Axcnia Biologix).

[1066] Cclls were passcd for at Icast two gencrations after cryorccovery before they were
used for assays. All cell lines were tested mycoplasma negative using MycoAlert'™

Mycoplasma Detection Kit (Lonza). When indicated, cells were treated with drugs at 40-

363

CA 03240772 2024-6-11



10

15

20

25

30

WO 2023/122662 PCT/US2022/082136

60% confluency at a final DMSO concentration of 1%. At the end of treatment period, cells
were placed on ice. Unless otherwise indicated, adherent cells were washed once with ice-
cold PBS (1 mL), scraped with a spatula, and pelleted by centrifugation (500 x g, 5 min).
Suspension cells were pelleted by centrifugation (500 x g, 5 min), washed with 1 mL ice-cold
PBS, and pelleted again. Cells were lysed in RIPA buffer supplemented with protease and
phosphatase inhibitors (cOmplete and phosSTOP, Roche) on ice for 10 min. For RBD
pulldown experiments, cells were lysed in Co-1P Lysis Buffer in lieu of RIPA buffer. Lysates
were clarified by high-speed centrifugation (19,000 x g, 10 min). Concentrations of lysates
were determined with protein BCA assay (Thermo Fisher) and adjusted to 2 mg/mL with
additional RIPA buffer (or Co-IP Lysis Buffer). Samples were mixed with 5x SDS Loading
Dyc and heated at 95 °C for 5 min.

[1067] Gel electrophoresis and immunoblot

[1068] Unless otherwise noted, SDS-PAGE was run with Novex 12% Bis-Tris gel
(Invitrogen) in MES running buffer (Invitrogen) at 200 V for 60 min following the
manufacturcr’s instructions. Protcin bands were transferred onto 0.2-um nitrocellulosc
membranes (Bio-Rad) using a wet-tank transfer apparatus (Bio-Rad Criterion Blotter) in 1x
TOWBIN buffer with 10% methanol at 75V for 45 min. Membranes were blocked in 5%
BSA-TBST for 1 h at 23 °C. Primary antibody binding was performed with the indicated
antibodies diluted in 5% BSA—TBST at 4 °C for at least 16 h. After washing the membrane
three times with TBST (5 min each wash), secondary antibodies (goat anti-rabbit IgG-IRDye
800 and goat anti-mouse IgG-IRDye 680, Li-COR) were added as solutions in 5% skim
milk—TBST at the dilutions recommended by the manufacturer. Secondary antibody binding
was allowed to proceed for 1 h at 23 “°C. The membrane was washed three times with TBST

(5 min each wash) and imaged on a Li-COR Odyssey fluorescence imager.
[1069] Preparation of Mouse Stem Cell Virus (MSCV)

[1070] pMSCV-Puro plasmids containing full length human KRAS genes (wildtype, G12D)
were constructed using standard molecule biology techniques by inserting the KRAS gene
fragment between the BamHI and Xhol sites. Transfection-grade plasmids were prepared
using ZymoPure II Plasmid Midiprep kit. EcoPack 293 cells (Takara Bio) were plated in 6-
well plates (3 x 10°/mL. 2 mL). The next day. cells were transfected with 2.5 ug pMSCV
plasmid using lipofectamine 3000 following the manufacturer’s instructions. The cells were

incubated for 66 h, and then the virus-containing supernatants were collected and passed
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through a 0.22-um syringe filter. The harvested virus was used immediately for spinfection

of Ba/F3 cells or stored at —80 °C.
[1071] Generation of stable Ba/F3 transductants

[1072] 1 mL of MSCV-containing supernatant (vide supra) was added to one well of a 6-
well plate containing 1 x 10° Ba/F3 cells in 1 mL of media comprised of 60% RMPI 1640,
40% heat-inactivated FBS, 10 ng mouse IL-3 and 4 pug polybrene. Cells were spinfected by
centrifugation at 2,000 g for 90 minutes at room temperature and then placed in the incubator
for 24 hours. After 1 day, the cells were diluted into 10 mL culture medium (RPMI 1640 +
10% heat-inactivated FBS, 10 ng/mL mouse IL-3) and recovered for a second day after
spinfection. On the third day after spinfection, cells were pelleted at 500 x g for 5 min and
resuspended in 10 mL selection medium (RPMI 1640 + 10% heat-inactivated FBS, 10 ng/mL
mouse IL-3, 1.25 pg/mL puromycin). Cells were maintained under puromycin selection for
4-7 days, splitting as required to maintain density <2 x 10° cells/mL. After 7 days, cells were
pelleted, washed once with IL-3 free culture medium (RPMI 1640 + 10% heat-inactivated
FBS) and pellcted again before resuspending at 2-4 x 105 cells/mL in IL-3 free culturc
medium. Cells were maintained under these conditions for 7 days, passaging as needed to
maintain density < 2 x 10° cells/mL. Growth was monitored (Countess II Cell Counter) over

these 7 days to confirm that an IL-3 independent population has been achieved.
[1073] Differential scanning fluorimetry

[1074] The protein of interest was diluted with SEC Buffer [20 mM HEPES 7.5, 150 mM
NaCl, 1 mM MgCl:] to 8 uM. This solution was dispensed into wells of a white 96-well
PCR plate in triplicate (25 pL/well). Fluorescence was measured at 0.5-°C temperature
intervals every 30 s from 25 °C to 95 °C on a Bio-Rad CFX96 qPCR system using the FRET
setting. Each data set was normalized to the highest [luorescence and the normalized
fluorescence reading was plotted against temperature in GraphPad Prism 8.0. Tm values were
determined as the temperature(s) corresponding to the maximum(ma) of the first derivative of

the curve.
[1075] Detection of covalent modification of K-Ras by whole-protein mass spectrometry

[1076] Test compounds were prepared as 100x stock solutions in DMSO. K-Ras proteins
were diluted with SEC Buffer (20 mM HEPES 7.5, 150 mM NaCl, 1 mM MgCl») to 400 nM
or 1 uM. In a typical reaction, 0.5 uL 100x compound stock was mixed with 50 uL diluted
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K-Ras protein, and the resulting mixture was incubated for the desired amount of time. The
extent of modification was assessed by electrospray mass spectrometry using a Waters Xevo
G2-XS system equipped with an Acquity UPLC BEH C4 1.7 pm column. The mobile phase
was a linear gradient of 5-95% acetonitrile / water + 0.05% formic acid. For kinetic
measurements, a 2x compound solution was first prepared in SEC Buffer, which was then
mixed with 400 nM K-Ras(G12D) protein at 1:1 (v/v) ratio. Injection time stamps were used

to calculate elapsed time.
[1077] Detection of covalent modification of K-Ras by tandem mass spectrometry

[1078] K-Ras(G12D) protein (1 uM, 100 pL) in PBS 7.4 was treated with B-propiolactone
{1 mM or 10 mM) at 23 °C for 1 h. The reaction buffer was exchanged into Digestion Buffer
(20 mM Tris 8.0, 2 mM CaClb) using a Zeba 0.5-mL desalting column (7K MWCO, Thermo
Scientific). 80 uL of the resulting protein solution was mixed with 2 uL 200 mM DTT. The
mixture was heated at 56 °C for 30 min. After cooling to 23 °C, 4 uL 200 mM iodoacetamide
was added. After 15 min at 23 °C, 2.1 pL 200 mM DTT was added. After an additional 5
min, 500 ng trypsin was added to the mixturc, and the samples were incubated at 37 °C
overnight. 5 uL 10% formic acid was added to stop the digestion (final formic acid
concentration: 0.5% v/v). The tryptic peptides were enriched and desalted using OMIX C18
tips (Agilent) following the manufacturer’s instructions. Peptides (0.5% of total) were
resolved on an Easy-Spray nano-HPLC column (Thermo Fisher ES800A, 150 mm length, 3
uL particle size, 100-A particle size) over a 54-min gradient of 2-37% acetonitrile—water +
0.1% formic acid and analyzed by a Q-Exactive hybrid quadrupole-orbitrap mass
spectrometer (MS1 resolution 70,000, AGC target: 3e6, range: 350-1500 m/z; MS2 resolution
17,500, AGC targel: Sed, max injection time: 120 ms, Top 10, NCE: 25%, dynamic
exclusion: 15 s). Peptides were searched against the K-Ras(G12D) sequence using
MaxQuant (v.2.0.3.0, https://www.maxquant.org/), with B-propiolactone (C3H40O2) as a
variable modification on serine, threonine, lysine, aspartate, tyrosine, glutamate and histidine
residues. Peptides were identified with a false discovery rate cutoff of 0.01. Only the peptides
with sufficient MS2 fragment information to assign the modification site with >0.9

probability wcre uscd for analysis.
[1079] Cecll viability assay

[1080] Cells were seeded into 96-well white flat bottom plates (1,000 cells/well) (Corning)

and incubated overnight. Cells were treated with the indicated compounds in a nine-point
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threefold dilution series (100 pL final volume) and incubated for 72 h. Cell viability was
assessed using a commercial CellTiter-Glo (CTG) luminescence-based assay (Promega).
Briefly, the 96-well plates were equilibrated to room temperature before the addition of
diluted CTG reagent (100 uL) (1:4 CTG reagent:PBS). Plates were placed on an orbital

shaker for 30 min before recording luminescence using a Spark 20M (Tecan) plate reader.
[1081] Recombinant protein expression and purification

[1082] K-Ras(wildtype), K-Ras(G12D), K-Ras(G12E), K-Ras(G13D), K-Ras (G12D)
Cyslight

[1083] DNA sequences encoding human K-Ras (wildtype, aa 1-169). human K-Ras (G12D,
aa 1-169), human K-Ras (G12E, aa 1-169), human K-Ras (G13D, aa 1-169), and human K-
Ras G12D Cyslight (G12D/C51S/C80L/C118S, aa 1-169) were codon optimized, synthesized
by Twist Biosciences and cloned into pJExpress411 vector using the Gibson Assembly
method (7). The resulting construct contains N-terminal 6xHis tag and a TEV cleavage site
(ENLYFQG). The proteins were expressed and purified following previously reported
protocols (8,9). Briefly, chemically competent BL21(DE3) cells were transformed with the
corresponding plasmid and grown on LB agar plates containing 50 pg/mL kanamycin. A
single colony was used to inoculate a culture at 37 °C, 220 rpm in terrific broth containing 50
ng/mL kanamycin. When the optical density reached 0.6, the culture temperature was
reduced to 20 °C, and protein expression was induced by the addition of IPTG to 1 mM. After
16 h at 20 °C, the cells were pelleted by centrifugation (6,500 x g, 10 min) and lysed in lysis
buffer [20 mM Tris 8.0, 500 mM NaCl, 5 mM imidazole] with a high-pressure homogenizer
(Microfluidics, Westwood, MA). The lysate was clarified by high-speed centrifugation
(19,000 x g, 15 min) and the supernatant was used in subsequent purification by immobilized
metal affinity chromatography (IMAC). His-TEV tagged protein was captured with Co-
TALON resin (Clonetech, Takara Bio USA, 2 mL slurry/liter culture) at 4 °C for 1 h with
constant end-to-end mixing. The loaded beads were then washed with lysis buffer (50
ml/liter culture) and the protein was eluted with elution buffer [20 mM Tris 8.0, 300 mM
NaCl, 300 mM imidazole]. To this protein solution was added His-tagged TEV protease (0.05
mg TEV/mg Ras protein) and GDP (1 mg/mg Ras protein). and the mixture was dialyzed
against TEV Clcavage Buffer [20 mM Tris 8.0, 300 mM NaCl, 1 mM EDTA, 1 mM DTT] at
4 °C using a 10K MWCO dialysis cassette until LC-MS analysis showed full cleavage
(typically 16-24 h). MgCl: was added to a final concentration of 5 mM, and the mixture was
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incubated with 1 mL Ni-NTA (Qiagen) beads at 4 °C for 1 h to remove TEV protease, any
residual His-tagged proteins and peptides. The protein solution was diluted 1:10 v/v with 20
mM Tris 8.0 and further purified with anion exchange chromatography (HiTrapQ column,
GE Healthcare Life Sciences) using a NaCl gradient of 50 mM to 500 mM in 20 mM Tris
8.0. Nucleotide loading was performed by mixing the ion exchange-purified protein with an
excess of GDP (5 mg/liter culture) or GppNHp (5 mg/liter culture) and S mM EDTA at 23 °C
for 30 min. The reaction was stopped by the addition of MgCl> to 10 mM. For GppNHp, an
additional calf intestine phosphatase treatment was performed as follows to ensure high
homogeneity of the loaded nucleotide. The protein buffer was exchanged into Phosphatase
Buffer [32 mM Tris 8.0, 200 mM ammonium sulfate, 0.1 mM ZnClz] with a HiTrap
Desalting Column (GE Hcalthcare Life Scicnees). To the buller-cxchanged protein
solutions, GppNHp was added to 5 mg/mL, and Calf Intestine Phosphatase (NEB) was added
to 10 U/mL. The reaction mixture was incubated on ice for 1 h, and MgCl> was added to a
final concentration of 20 mM. After nucleotide loading, the protein was concentrated using
an 10K MWCO centrifugal concentrator (Amicon-15, Millipore) to 20 mg/mL and purified
by size exclusion chromatography on a Superdex 75 10/300 GL column (GE Healthcare Life
Sciences). Fractions containing pure Ras protein were pooled and concentrated to 20 mg/mL

and storcd at —78 “C. In our hands, this protocol gives a typical yicld of 5-15 mg/litcr culture.
[1084] Crystallization

[1085] K-Ras(G12D) Cyslight (G12D/C515/C80L/C118S) bound by GDP purified by size
exclusion chromatography was diluted to 100 uM in Reaction Buffer (20 mM HEPES 7.5,
150 mM NaCl, 1 mM MgClz). For co-crystal structures, compound 1 was added as a 10 mM
solution in DMSO (o a [inal concentration ol 200 uM. The mixture was allowed (o stand at
23 °C until LC-MS analysis of the reaction mixture showed full conversion to a single
covalent adduct. The reaction mixture was purified by size exclusion chromatography
(Superdex75, 20 mM HEPES 7.5, 150 mM NaCl, 1 mM MgCl2) and concentrated to 20
mg/mL. For crystallization, 0.1 puL of the protein was mixed with 0.1 uL well buffer.
Crystals were grown at 20 °C in a 96-well plate using the hanging-drop vapor diffusion
mcthod. Maximal crystal growth was achicved after 7 days. The crystals were transferred to
a cryoprotectant solution (same composition as the well solution with 20% glycerol) and

flash-frozen in liquid nitrogen.

[1086] X-Ray Data Collection and Structure Determination
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[1087] Dataset was collected at the Advanced Light Source beamline 8.2.2 with X-ray at a
wavelength of 0.999907 A. The dataset was indexed and integrated using iMosflm (Battye et
al., 2011), scaled with Scala (Evans, 2006) and solved by molecular replacement using
Phaser (McCoy et al., 2007) in CCP4 software suite (Winn et al., 2011). The crystal structure

5 of GDP-bound K-Ras(G12C)-MRTX849 adduct (PDB code: 6USZ) was used as the initial
model. The structure was manually refined with Coot (Emsley et al., 2010) and PHENIX
(Adams et al., 2010).

O @) O
OYEOf Oﬁ OYEOf

OH OH OH

[1088]

(£)-81 (S)-81 (R)-S1

10 [1089] (*)-S1, (5)-S1, and (R)-S1 were prepared following reported protocols (/) from DL-

malic acid, L.-malic acid, and D-malic acid, respectively.

[1090] (2R,35)-S4, (2R,35)-S7, and (25.3R)-S7 were prepared using an protocol adapted
from Tello-Aburto et al. (2).

[1091]
HsC o HsC
Q  CHs LIHMDS, CCly4 7 CF3CO,H p 0o
A OH ——————» O —_—
t—BuOJl\/(S)\rr 5o O 0% o
O OtBu OH
15 (S)-S2 (2R,35)-S3 (2R,35)-S4

[1092] tert-Butyl (2R,35)-3-methyl-4-oxo-oxetane-2-carboxylate [(2R,35)-S3]

[1093] A solution of (S)-4-tert-butoxy-2-mcthyl-4-oxo-butanoic acid (200 mg, 1.06 mmol)
in THF (1.06 mL) was added dropwise to a solution of Lithium bis(trimethylsilyl)amide (2.66
mL., 2.656 mmol) in THF at =78 °C. The resulting mixture was stirred at —78 °C for | h.

20  Freshly distilled carbon tetrachloride (123 pL, 1.27 mmol) was added dropwise to the
solution, and the resulting mixture was allowed to warm to 23 °C over 30 min. The mixture
was further stirred for 1 h at 23 °C. At this point, TLC analysis (50% ethyl acetate—hexanes,
after miniworkup in ether/ammeonium chloride) showed full consumption of the starting acid.

The solvent was removed by rotary evaporation, and the residue was resuspended in ether (10
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mL). Saturated aqueous sodium bicarbonate solution (10 mL) was added to the mixture, and
the resulting biphasic mixture was stirred vigorously at 23 °C for 12 h. The layers were
separated, and the aqueous layer was extracted with ether (2 x 10 mL). The combined ether
layers were washed with saturated aqueous sodium chloride scolution. The washed organic

5  phase was dried over magnesium sulfate. The dried solution was filtered, and the filtrate was
concentrated under reduced pressure. The residue was purified by column chromatography
(0—20% ethyl acetate—hexanes) to afford the product (2R,35)-S6 as a crystalline solid (35 mg,
18%). 'H NMR (400 MHz, CDCl3) & 4.44 (d, /= 4.3 Hz, 1H), 3.74 (qd, J = 7.6, 4.3 Hz. 1H),
1.53 (s, 9H), 1.51 (d, J = 7.6 Hz, 3H). '3C NMR (100 MHz, CDCl3) § 169.91, 167.12, 83.71,

10 73.26,51.79,27.93, 27.69, 12.61.

[1094] (2R.,395)-3-Methyl-4-oxo-oxetane-2-carboxylic acid [(2R,3.5)-S4]

[1095] (2R,35)-S6 (35 mg, 0.188 mmol) was dissolved in 1:1
dichloromethane:trifluoroacetic acid (1.0 mL) at 23 °C and the resulting solution was allowed
to stand at 23 °C for 1 h. The reaction mixture was concentrated under reduced pressure to

15 afford the product as a yecllow oil (24 mg, 98%). 'H NMR (400 MHz, CDCl3) 8 4.64 (d, J =
4.3 Hz, 1H), 3.91 (qd, /=7.6,4.3 Hz, 1H), 1.59 (d, J=7.6 Hz, 3H).

[1096]
CHg CHg
. _ HaC—4 HaC—%
Q  LPr LIHMDS, CCly £ 0 CF3CO;H - 0
A_OH ——» —_—
_ o,
t BUOJI\/(RT 37% OYE()f 99% YEO?
Ot-Bu OH
(R)-S5 (2R,35)-S6 (2R,35)-87

[1097] tert-Butyl (2R,35)-3-isopropyl-4-oxo-oxetane-2-carboxylate [(2R,3S5)-S6].

20  [1098] A solution of (2R)-4-tert-butoxy-2-isopropyl-4-oxo-butanoic acid (250 mg, 1.16
mmol) in THF (1.06 mL) was added dropwise to a solution of Lithium
bis(trimethylsilyl)amide (2.89 mL, 2.89 mmol) in THF at —78 °C. The resulling mixture was
stirred at —78 °C for 1 h. Freshly distilled carbon tetrachloride (134 uL, 1.39 mmol) was
added dropwise to the solution, and the resulting mixture was allowed to warm to 23 °C over

25 30 min. The mixture was further stirred for 1 h at 23 °C. At this point, TLC analysis (50%
ethyl acetate—hexanes, afller mini-workup in ether/ammonium chloride) showed (ull

consumption of the starting acid. The solvent was removed by rotary evaporation, and the
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residue was resuspended in ether (10 mL). Saturated aqueous sodium bicarbonate solution
(10 mL) was added to the mixture, and the resulting biphasic mixture was stirred vigorously
at 23 °C for 12 h. The layers were separated, and the aqueous layer was extracted with ether
(2 x 10 mL). The combined ether layers were washed with saturated aqueous sodium
5  chloride solution. The washed organic phase was dried over magnesium sulfate. The dried

solution was filtered, and the filtrate was concentrated under reduced pressure. The residue
was purified by column chromatography (0—100% ethyl acetate—hexanes) to afford the
product (2R,35)-S6 as a pale-yellow oil (86 mg, 37%). 'H NMR (400 MHz, CDCl3) § 4.54
(d, J=4.4 Hz, 1H), 3.47 (dd, J =8.5, 4.4 Hz, 1H), 2.20 (dhept, J = 8.5, 6.7 Hz, 1H), 1.53 (s,

10 9H), 1.14 (d, J=6.7 Hz, 3H), 1.09 (d, J = 6.7 Hz, 3H). '*C NMR (100 MHz, CDCl3) &
168.74, 167.42, 83.52, 70.16, 64.00, 27.92, 27.70, 19.98, 19.63.

[1099] (2R,35)-3-isopropyl-4-oxo-oxetane-2-carboxylic acid [(2R,3.5)-S7]

[1100] (2R.35)-S6 {99 mg, 0.46 mmol) was dissolved in 1:1 trifluoroacetic
acid:dichloromethane (1.0 mL) at 23 °C and the mixture was allowed to stand at 23 °C for 1
15 h. The reaction mixture was concentrated under reduced pressure to afford the product as a
pale-yellow oil (73 mg, 99%). 'H NMR (400 MHz, CDCls3) 6 4.73 (d, J = 4.4 Hz, 1H), 3.66
(dd, J=8.4,4.4 Hz, 1H), 2.27 (dp. J=8.3,6.6 Hz, 1H), 1.17 (d, /=6.8 Hz, 3H), 1.13 (d, J =

6.7 Hz, 3H).
[1101]
O i-Pr CF3COQH
" —
e 96%
O Ot-Bu
20 (S)-S5 (2S,3R)-S6 (2S,3R)-S7

[1102] tert-butyl (25,3R)-3-isopropyl-4-oxo-oxetane-2-carboxylate [(25,3R)-S6].

[1103] A solution of (S)-4-tert-butoxy-2-isopropyl-4-oxo-butanoic acid (500 mg, 2.31
mmol) in THF (2.31 mL) was added dropwise to a solution of Lithium
bis(trimethylsilyl)amide (1.0 M in THF, 5.78 mL, 5.78 mmol) in THF at -78 °C. The

25  resulting mixture was stirred at —78 °C for 1 h. Freshly distilled carbon tetrachloride (268 uL,
2.78 mmol) was added dropwise to the solution, and the resulting mixture was allowed to

warm to 23 °C over 30 min. The mixture was further stirred for 1 h at 23 °C. At this point,
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TLC analysis (50% ethyl acetate—hexanes, after mini-workup in ether/ammonium chloride)
showed full consumption of the starting acid. The solvent was removed by rotary
evaporation, and the residue was resuspended in ether (10 mL). Saturated aqueous sodium
bicarbonate solution (10 mL) was added to the mixture, and the resulting biphasic mixture

5  was stirred vigorously at 23 °C for 12 h. The layers were separated, and the aqueous layer
was extracted with ether (2 x 10 mL). The combined ether layers were washed with saturated
aqueous sodium chloride solution. The washed organic phase was dried over magnesium
sulfate. The dried solution was filtered, and the filtrate was concentrated under reduced
pressure. The residue was purified by column chromatography (0—100% ethyl acetate—

10 hexanes) to afford the product (2.5,3R)-S6 as a pale-yellow oil (350 mg, 71%). Spectral data

was identical to that of (2R,3.5)-S6.

[1104] (25.3R)-3-isopropyl-4-oxo-oxetane-2-carboxylic acid [(25,3R)-S7]
[1105] (2S5,3R)-S6 (350 mg, 1.64 mmol) was dissolved in 1:1 trifluoroacetic
acid:dichloromethane (1.0 mL) at 23 °C and the mixture was allowed to stand at 23 °C for 1

15 h. The reaction mixture was concentrated under reduced pressure to afford the product as a

pale-yellow oil (250 mg, 96%). Spectral data was identical to that of (2R,35)-S7.

[1106]

O COMU
2.6-lutidine
+ OYEOf —_—

OH 50%

S8 (£)-81
[1107] (*)-1, also referred to herein as 14-049.

20 [1108] An oven-dried one-dram vial was charged with (+)-S1 (5.2 mg, 0.045 mmol),
COMU (19.4 mg, 0.045 mmol) and a magnetic stir bar. DMF (0.29 mL) and 2,6-lutidine (10
puL, 0.090 mmol) were added sequentially via syringe. The reaction mixture was stirred for
15 min at 23 °C, during which the color of the solution turned dark brown. S8* (10 mg, 0.015
mmol) was added as a solid. In 15 min, LC-MS analysis showed that the starting material

25  had been fully consumed, giving rise to a single product with the expected m/z. The retention
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time was slightly different from the last time. The reaction mixture was partitioned between
saturated aqueous sodium bicarbonate solution (5 mL) and dichloromethane (5 mL). The
layers were separated, and the aqueous layer was extracted with dichloromethane (2 x 5 mL).
The combined organic layers were dried over sodium sulfate. The dried solution was filtered,

5  and the filtrate was concentrated. The residue was purified by column chromatography (0-
30% methanol—dichloromethane, 4-g RediSep(R) Rf column, Teledyne ISCO, Lincoln, NE)
to afford the product as a white power (4.9 mg, 50%). HRMS (C37H3sFNsO4 + H)* Calc’d:
647.2782, Found: 647.2858.

[1109]

o COMU
2,6-lutidine
+ O 3
LW 70%
10 s9 (R)-81 (R)-2

[1110] (R)-2, also referred to herein as 14-076.

[1111] An oven-dried one-dram vial was charged with (R)-S1 (10 mg, 0.089 mmol),
COMU (38 mg, 0.089 mmol) and a magnetic stir bar. DMF (0.292 mL) and 2,6-lutidine (21
pnL, 0.18 mmol) were added sequentially via pipette. The reaction mixture was stirred for 15
15 min at 23 °C, during which the color of the solution turned dark brown. 7-(8-chloro-1-
naphthyl)-4-(3,8-diazabicyclo[3.2.1]octan-3-yl)-8-fluoro-2-(1,2,3,5,6,7-hexahydropyrrolizin-
8-ylmethoxy)pyrido[4,3-d]pyrimidine trifluoroacetate salt® (20 mg, 0.030 mmol) was added
as a solid. In 15 min, LC-MS analysis showed that the starting material had been fully
consumed, giving rise to a single product with the expected m/z. The reaction mixture was
20  partitioned between saturated aqueous sodium bicarbonate solution (5 mL) and
dichloromethane (5 mL). The layers were separated, and the aqueous layer was extracted
with dichloromethane (2 x 5 mL). The combined organic layers were dried over sodium
sullate. The dried solution was [iltered, and the filtrate was concentraled. The residue was

purified by column chromatography (0—30% methanol-dichloromethane, 4-g RediSep(R) Rf
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column, Teledyne ISCO, Lincoln, NE) to afford the product as a white power (13.7 mg,
70%). HRMS (C35H34CIFNO4 + H)* Calc’d: 657.2392, Found: 657.2354.

[1112]

CCMU
2,6-lutidine
_>

59%

s9 (S)-81 (5)-2
5 [1113] (S)-2, also referred to herein as 14-075.

[1114] An oven-dried one-dram vial was charged with (S)-S1 (10 mg, 0.089 mmol),
COMU (39 mg, 0.089 mmol) and a magnetic stir bar. DMF (0.292 mL) and 2,6-lutidine (21
pnL, 0.181 mmol) were added sequentially via pipette. The reaction mixture was stirred for 15
min at 23 °C, during which the color of the solution turned dark brown. 89 (20 mg, 0.030

10  mmol) was added as a solid. In 15 min, LC-MS analysis showed that the starting material
had been fully consumed, giving rise to a single product with the expected m/z. The reaction
mixture was partitioned between saturated aqueous sodium bicarbonate solution (5 mL) and
dichloromethane (5 mL). The layers were separated, and the aqueous layer was extracted
with dichloromethane (2 x 5 mL). The combined organic layers were dried over sodium

15 sulfate. The dried solution was filtered, and the filtrate was concentrated. The residue was
purified by column chromatography (0—30% methanol—dichloromethane, 4-g RediSep(R) Rf
column, Teledyne ISCO, Lincoln, NE) to afford the product as a white power (11.5 mg,
59%). HRMS (C35H34CIFNsO4 + H)* Calc’d: 657.2392, Found: 657.2354.
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[1115]

COMU
2,6-lutidine
—_—

25%

89 (2R,3S)-S4 (2R,35)-3

[1116] (2R.,35)-3, also referred to herein as 14-082.

[1117] An oven-dried one-dram vial was charged with (2R,35)-54 (5.8 mg, 0.045 mmol),
5 COMU (19 mg, 0.045 mmol) and a magnetic stir bar. DMF (0.292 mL) and 2,6-lutidine (10

pnL, 0.089 mmol) were added sequentially via pipette. The reaction mixture was stirred for 15
min at 23 °C, during which the color of the solution turned dark brown. S9 (10 mg, 0.015
mmol) was added as a solid. In 15 min, LC-MS analysis showed that the starting material
had been fully consumed, giving rise to a single product with the expected m/z. The reaction

10  mixturc was partitioned between saturated aqueous sodium bicarbonate solution (5 mL) and
dichloromethane (5 mL). The layers were separated, and the aqueous layer was extracted
with dichloromethane (2 x 5 mL). The combined organic layers were dried over sodium
sulfate. The dried solution was filtered, and the filtrate was concentrated. The residue was
purificd by column chromatography (0—-30% mcthanol-dichloromcthanc, 12-g RediScp(R)

15  Gold Rf column, Teledyne ISCO, Lincoln, NE) to afford the product as a white power (2.5
mg, 25%). HRMS (C3sH36CIFN6O4 + H)* Calc’d: 671.2549, Found: 671.2542.
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[1118]
CH;
H;C
* o
O, (T
N
CHa
H4C COMU
. O 2,6-lutidine
o) l ——-
82%
OH
S9 (25.3R)-S7 (2S,3R)-4

[1119] (2S5,3R)-4, also referred to herein as 15-014.

[1120] An oven-dried one-dram vial was charged with (2.5,3R)-3-isopropyl-4-oxo-oxetane-
5  2-carboxylic acid (14.1 mg, 0.089 mmol), COMU (38.2 mg, 0.089 mmol) and a magnetic stir

bar. DMF (0.292 mL) and 2,6-lutidine (21 uL, 0.178 mmol) were added sequentially via
syringe. The reaction mixture was stirred for 15 min at 23 °C, during which the color of the
solution turncd dark brown. 7-(8-chloro-1-naphthyl)-4-(3,8-diazabicyclo[3.2.1]octan-3-yl)-8-
fluoro-2-(1,2,3,5,6,7-hexahydropyrrolizin-8-ylmethoxy)pyrido[4,3-d]pyrimidine

10 trifluoroacetic acid salt (20 mg, 0.030 mmol) was added as a solid. In 15 min, LC-MS
analysis showed full conversion to the desired product. The reaction mixture was partitioned
between saturated aqueous sodium bicarbonate solution (5 mL) and dichloromethane (5 mL).
The layers were separated, and the aqueous layer was extracted with dichloromethane (2 x 5
mL). The combined organic layers were dried over sodium sulfate. The dried solution was

15  filtered, and the filtrate was concentrated. The residue was purified by column
chromatography (0-30% mcthanol-dichloromecthane, 12-g RediSep(R) Rf Gold column,
Teledyne ISCO, Lincoln, NE) to afford the product as an off-white powder (17.1 mg, 82%).
HRMS (C3sHu0CIFN6Os + H)™ Cale’d: 699.2862, Found: 699.3078.
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[1121]

comMu
2,6-lutidine
—_—

68%

S9 (2R395-57

[1122] (2R.35)-4, also referred to herein as 15-011.

[1123] An oven-dried one-dram vial was charged with (2R,35)-S7 (7.1 mg, 0.045 mmol),
5 COMU (19 mg, 0.045 mmol) and a magnetic stir bar. DMF (0.292 mL) and 2,6-lutidine (10

L, 0.089 mmol) were added sequentially via syringe. The reaction mixture was stirred for
15 min at 23 °C, during which the color of the solution turned dark brown. 89 (10 mg, 0.015
mmol) was added as a solid. In 15 min, LC-MS analysis showcd full conversion to the
desired product. The reaction mixture was partitioned between saturated aqueous sodium

10 bicarbonate solution (5 mL) and dichloromethane (5 mL). The layers were separated, and the
aqueous layer was extracted with dichloromethane (2 x 5 mL). The combined organic layers
were dried over sodium sulfate. The dried solution was filtered, and the filtrate was
concentrated. The residue was purified by column chromatography (0-30% methanol—
dichloromethane, 12-g RediSep(R) Rf Gold column, Teledyne ISCO, Lincoln, NE) to afford

15 the product as an off-white powder (7.1 mg, 68%). HRMS (CssH40CIFNcO4 + H)* Calc’d:
699.2862, Found: 699.2970.

[1124] Synthesis of (2R, 35)-3

Me, @ Me, ..
gz TFA F"“' O
Oa e N NP
OBy n OH
(2R, 35)-820 (2R, 38)~821

[1125] (2R.,35)-3-methyl-4-oxooxetane-2-carboxylic acid [(2R, 35)-S21]. Precursor (2K,
20  35)-S20 was synthesized using known procedure in the literature (4) using cnantiopurc

commercial material. A 20-mL scintillation vial equipped with a stir bar was charged with
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(2R, 35)-S20 (20.0 mg, 0.107 mmol). DCM (164 pL) and TFA (164 uL) were added. The
resulting solution was stirred at room temperature for 30 min, at which point the consumption
of the starting material was judged complete by TLC. The reaction mixture was concentrated
<30 °C under reduced pressure. The residue, (2R,35)-S21, was used in the next step without

further purification.

[1126]
Me,
LS o
&
G e}
Me s o COMU N
5 2.6-lutidine @ PFy
+ O o st N

DMF

OH 23 °C, 15 min
-
v NHI
64%
S16 {2R, 35)-821 {2R, 38)-3

[1127] (2R,35)-3 » hexafluorophosphate. A 4-mL dram vial equipped with a stir bar was
charged with (2R,35)-S21 (11.7 mg, 0.090 mmol, 3 equiv), COMU (38.5 mg, 0.090 mmol, 3
cquiv). DMF (149 uL) and 2,6-lutidine (20.9 puL, 0.189 mmol, 6 cquiv) wcre added. The
mixture was stirred at room temperature for 15 min before S16 (27.0 mg, 0.030 mmol, 1
equiv) was added as solid. The resulting solution was further stirred at room temperature for
15 min, at which point the consumption of limiting agent S16 was complete. The reaction
mixture was directly loaded onto a silica gel cartridge, and purified by flash column
chromatography (0—20% MeOH-DCM, 12-g Gold RediSep(R) Rl column, Teledyne ISCO,
Lincoln, NE) to give the title compound as a white solid (15.3 mg, 0.019 mmol, 62% yield).
"H NMR (600 MHz, Acetone)  9.27 —9.16 (m, 1H), 8.21 (dd. J = 8.2, 1.3 Hz, 1H), 8.10 (dd,
J=83,1.3Hz, 1H), 7.74 (dd, J=8.2, 7.1 Hz, 1H), 7.65 (dd, J=7.0, 1.3 Hz, 2H), 7.58 (dd, J
=8.2,7.4 Hz, 1H), 5.30 — 5.15 (m, 1H), 4.91 — 4.62 (m, 6H), 4.10 (td, J = 7.8, 4.2 Hz, 1H),
4.00 —3.76 (m, 5SH), 3.53 — 3.42 (m, 2H). 2.46 — 2.37 (m. 2H). 2.35 - 2.27 (m. 2H). 2.27 —
2.16 (m, 4H), 2.09 (s, 3H), 1.53 — 1.49 (m, 2H), 1.47 (dd, J = 7.6, 1.3 Hz, 2H), 1.30 (d. J =
6.3 Hz, 2H). >C NMR (151 MHz, Acetone) & 171.55, 171.50, 166.74, 164.67, 163.79,
163.57, 151.55, 149.85, 148.80, 148.72, 148.27, 148.19, 145.26, 145.22, 145.17, 145.13,
136.88, 132.52, 132.06, 131.64, 130.92, 130.33, 129.67, 129.23, 127.28, 126.74, 112.00,
82.27,73.71, 73.49, 70.99, 56.38, 56.31, 56.28, 56.22, 55.57, 55.21, 53.09, 53.00, 50.97,
50.53, 50.51, 34.92, 34.89, 34.82, 28.21, 28.16, 28.10, 28.05, 26.12, 26.06, 25.95, 25.90,
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25.19, 25.15, 25.13, 12.43, 12.34. '9F NMR (564 MHz, Acetone) & -73.25 (d, PEg, 6F), -
141.27 — -141.37 (m, 1F). Accurate MS calculated for C3sH37CIFNsO4 [M + H]* 671.2549,
found 671.2585.

[1128] Synthesis of (2R, 35)-5

Pr,
5.0
I3
0 o
s o coMU N
= 2 6-lutidine E_a 9. TFA
+ O A PO . N
DME
OH 23 °C, 15 min
65%
$12 (2R, 38)-823 (2R, 3S)-5

[1129] [(2R, 3S5)-5] « 2TFA. An oven-dried one-dram vial was charged with (2R, 35)-S23
(6.4 mg, 0.040 mmol, 3 equiv), COMU (17.3 mg, 0.040 mmol, 3 equiv) and a magnetic stir
bar. DMF (135 pL) and 2,6-lutidinc (9.4 uL, 0.081 mmol, 6 cquiv) were added scquentially.
The reaction mixture was stirred for 15 min at room temperature. S12 (12.0 mg, 0.013 mmol)
was added as a solid, and the resulting dark solution was stirred at room temperature for 15
min, at which point full consumption of S12 was judged by LLC-MS. The reaction mixture
was directly loaded onto purified by column chromatography (0—30% methanol—
dichloromethane, 12-g RediSep(R) Rf Gold column, Teledyne ISCO, Lincoln, NE). The title
compound was isolated as a red solid (29.7 mg, 0.032 mmol, 65% yield). 'H NMR (600
MHz, Acetone) 6 12.16 — 11.71 (m, 2H), 9.28 — 9.13 (m, 1H), 8.15 (ddd, /=17.9,8.3, 1.3
Hz, 2H), 7.78 (dd, /J=7.1, 1.3 Hz, 1H), 7.72 (dd, /=8.2, 7.1 Hz, 1H), 7.65 (dd, /=7.1, 1.4
Hz, 1H), 7.58 (dd, J = 8.3, 7.1 Hz, 1H), 5.39 — 5.26 (m, 2H, overlapping with residual
MeOH). 4.91 — 4.72 (m, 2H, overlapping with residual MeOH), 4.01 — 3.90 (m, 2H), 3.91 —
3.74 (m, 4H), 3.38 (s, 2H), 3.26 (d, / =3.8 Hz, 1H), 2.39 (t, /= 6.2 Hz, 3H), 2.34 — 2.15 (m,
8H), 2.00 (s, 3H), 1.33 — 1.22 (m, 1H), 1.22 — 0.98 (m, 7H). '*C NMR (151 MHz, Acetone) &
170.59, 166.95, 164.71, 164.15, 163.89, 163.85, 160.25, 160.00, 159.76, 151.32, 147.76,
145.06, 144.93, 136.10, 135.37, 133.73, 131.99, 131.67, 131.64, 131.45, 131.11, 129.13,
128.62, 126.80, 126.70, 125.15, 119.90, 118.24, 116.32, 112.41, 84.62, 83.50, 81.37, 71.02,
70.91, 70.75, 64.72, 56.70, 56.48, 56.27, 55.98, 55.91, 55.73, 55.47, 55.30, 55.03, 53.49,
53.38,53.32, 53.17, 35.45, 35.34, 28.45, 28.32, 28.16, 26.39, 26.29, 25.26, 25.23, 25.14,
20.84, 20.67, 19.93, 19.86, 19.79. ’F NMR (564 MHz, Acetone) & -76.35 (6F, 2TFA), -
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140.26 —-140.53 (m, 1F). Accurate MS calculated for C40H4FNsO4 [M + H]+ 689.3252,
found 689.3256.

[1130] Synthesis of (2R, 35)-6

COMU
2,6-iutidine

DMF
23 °C, 15 min

82%

S$24 (2R, 35)-523 (2R, 35)-6

[1131] (2R, 35)-6 » hexafluorophosphate. S24 was synthesized using a known procedure
(5). A 4-mL dram vial equipped with a stir bar was charged with (2R, 35)-S23 (15.8 mg,
0.100 mmol), COMU (42.8 mg, 0.100 mmol, 3 equiv) and a magnetic stir bar. DMF (166 nL)
and 2,6-lutidine (23 pL, 0.200 mmol, 6 equiv) were added sequentially via pipette. The
reaction mixture was stirred for 15 min at 23 °C, during which the color of the solution turned
dark brown. S24 (20.0 mg, 0.033 mmol) was added as a solid, and the resulting dark solution
was stirred at room temperature for 15 min, at which point full consumption of S12 was
judged by LC-MS. The reaction mixture was directly loaded onto purified by column
chromatography (0-30% mcthanol-dichloromecthane, 12-g RediSep(R) Rf Gold column,
Teledyne ISCO, Lincoln, NE). The title compound was isolated as an off-white solid (24.4
mg, 0.028 mmol, 83% yield). 'H NMR (600 MHz, Acetone) 6 9.22 —9.11 (m. 1H), 7.97 (dd.
J=9.1,58Hz, 1H),7.48 (dd, /=2.7, 1.2 Hz, 1H), 7.41 (t, J=9.0 Hz, 1H), 7.31 (t, J=2.4
Hz, 1H), 5.62 (s, 2H), 5.37 — 5.26 (m, 1H), 4.94 — 4.65 (m, 6H), 4.05 — 3.75 (m, 6H), 3.54 —
3.41 (m, 2H), 2.75 — 2.54 (m, 2H), 2.46 (d, J = 11.0 Hz, 1H), 2.30 (s, 2H), 2.21 (dd, J = 13.9,
7.1 Hz, 1H), 2.17 — 2.07 (m, 2H), 2.03 — 1.82 (m, 3H), 1.16 — 1.02 (m, 6H). '3C NMR (151
MHz, Acetone) 6 170.36, 170.32, 166.65, 164.69, 164.43, 164.41, 163.94, 163.68, 163.65,
162.78, 162.76, 155.07, 155.06, 152.49, 150.79, 147.94, 147.02, 146.93, 145.07, 135.03,
135.00, 133.72, 131.53, 131.46, 126.75, 123.90, 123.85, 116.92, 116.75, 112.80, 112.29,
105.15, 105.13, 105.04, 105.02, 96.65, 96.58, 95.48, 95.41, 90.48, 90.44, 90.40, 90.35, 75.93,
75.90, 71.46, 70.74, 70.64, 62.39, 62.36, 62.33, 60.57, 60.48, 60.44, 60.35, 58.31, 58.28,
56.49, 56.06, 55.69, 55.60, 55.42, 55.35, 54.93, 53.18, 53.09, 53.03, 41.42, 41.27, 41.08,

35.81, 35.65, 26.18, 28.06, 28.00, 27.88, 26.13, 26.00, 25.79, 25.78, 25.71, 25.70, 20.59,
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20.42, 19.67, 19.53, 1.07. '”F NMR (376 MHz, Acetone) § -71.64 (d, 6F, PFe), -111.14 — -
111.19 (m, 1F), -141.15 — -141.16 (m, 1F), -174.12 — -174.46 (m, 1F). Accurate MS
calculated for C40H40F3N¢Os [M + H]* 741.3012, found 741.3011.

[1132] Synthesis of (R)-7

Me Me
Me (o} Pd/C, Hy Me o)
—_
o o EtOAc o o
OBn . 12h OH
quant.
5 (R)-S25 (R)-S26

[1133] (R)-3,3-dimethyl-4-oxooxetane-2-carboxylic acid [(R)-S26]. Precursor (R)-S25
was synthesized using a known method form optically pure diethyl (S)-malate (6). The
enantiomeric excess (e.e.) of precursor (R)-S25 was measured by chiral HPLC 97.5%, tr(R)
1.840 min [#r(S) 1.704 min, CHIRALPAK IC-3 column, Gradicnt (B%, McOH containing 20
10 mM NH3) 5 to 20% in 4 min, hold at 20% for 2 min. temperature 25 °C, Flow Rate 2
mL/min]. The absolute configuration was determined by comparing optical rotation, [a]® = -

7.8 (¢ =0.1 g/100 mLL MeOH), with reported value in the literature {6).

[1134] A 4-mL dram vial equipped with a stir bar was charged with Pd/C (2.7 mg, 10
mol%) and (R)-S25 (11.7 mg, 0.050 mmol). Ethyl acetate (1 mL) was added. The solution
15 was bubbled with a strecam of hydrogen gas for 10 min, and stirred under hydrogen
atmosphere for 16 h. The reaction mixture was filtered through a plug of Celite® before
concentrated to give crude (R)-S26 as a colorless oil. The crude was directly used in the next

amide coupling.

[1135]
M
Me © O
O A4
Me COMU -
Me 0 2 8-lutidine PFgs
+ R R
0 o DMF
OH 23 °C, 15 min
69% N
&
20 24 (R)-S26 (R)-7
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[1136] (R)-7 « hexafluorophosphate. A 4-mL dram-vial was charged with crude (R)-S26,
COMU (21.2 mg, 0.0500 mmol, 3 equiv). Anhydrous DMF (165 uL), and 2,6-lutidine (11.5
uL, 0.100 mmol, 6.0 equiv) were added via pipette. The reaction mixture was stirred for 15
min at 23 °C, during which the color of the solution turned dark brown. Amine $24

5 (MRTX1133) (19.8 mg, 0.0333 mmol) was added as a solid. The mixture was further stirred
at room temperature for 15 min before purified by flash column chromatography (0-30%
methanol—-dichloromethane, 12-g RediSep(R) Rf Gold column, Teledyne 1SCO, Lincoln, NE)
to give the title compound as an off-white solid (19.8 mg, 0.023 mmol, 69% yield). 'H NMR
(600 MHz, Acetone) 6 9.17 — 9.08 (m, 1H), 7.93 (ddd, J=9.1,5.8, 1.9 Hz, 1H), 7.44 (t, J =

10 2.9 Hz, 1H), 7.37 (t, J = 8.9 Hz, 1H), 7.29 — 7.24 (m, 1H), 5.62 — 5.43 (m, 1H), 5.40 - 5.23
(m, 1H), 4.99 —4.43 (m, 7H), 4.11 — 3.60 (m, 7H), 3.49 — 3.34 (m, 3H), 2.66 — 2.46 (m, 3H),
240 (1, J=8.7 Hz, 1H), 2.24 (dh, /= 13.2, 6.0 Hz, 2H), 2.13 — 2.05 (m, 2H), 2.01 (p, J=2.2
Hz, 2H), 1.95 — 1.81 (m, 3H), 1.58 (d, / =9.7 Hz, 3H), 1.38 (d, /=2.4 Hz, 1H), 1.29 - 1.14
(m, 4H), 0.90 — 0.75 (m, 1H). 3C NMR (151 MHz, Acetone) & 174.42, 174.25, 170.86,

15 166.61, 166.56, 164.64, 164.62, 164.35, 164.33, 163.08, 162.82, 162.71, 162.69, 155.02,
155.01, 152.49, 150.78. 150.73, 148.11, 148.05, 147.98. 146.92, 146.87, 146.84, 146.78,
145.12, 145.08, 144.95, 144 .91, 135.01, 134.96, 133.66, 131.45, 131.39, 126.74, 126.69,
123.84, 123.80, 123.78, 116.84, 116.67, 112.71, 112.23, 112.16, 105.09, 104.98, 96.78,
96.71, 95.61, 95.54, 90.39, 90.35, 90.32, 90.28, 80.31, 78.03, 78.00, 77.15,77.13, 75.88,

20 75.86,75.83,71.58, 60.57, 60.53, 60.50, 60.47, 60.45, 60.43, 60.40, 60.36, 60.33, 58.21,
58.18, 57.51, 57.39, 57.37, 57.00, 56.50, 56.18, 55.59, 55.34, 55.23, 55.07, 54.98, 54.89,
54.81,52.97, 52.89, 52.86, 52.80, 41.52, 41.38, 41.33, 41.21, 35.81, 35.66, 28.54, 28.41,
28.37, 28.25,26.42,26.27, 25.74, 25.73, 25.66, 25.53, 25.41, 21.82, 21.76, 21.75, 20.73,
18.13, 17.62, 14.38. YF NMR (564 MHz, Acetone) & -72.65 (d, 6F, PFe), -111.16 —-111.24

25 (m, 1F), -141.02 — -141.20 (m, 1F), -174.15 — -174.35 (m, 1F). Accurate MS (ESI-TOF)
calculated for C3oH33F3N6Os [M + H]* 727.2856, found 727.2836.
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Example 6: Additional biological data
[1138] Table 4. Data represents the percentage of covalent modification of test proteins

after 24-h incubation with 100 uM compound at 23 °C at pH 7.5.

Compound % covalent % covalent % covalent
modification of wild modification of K-Ras | modification of K-Ras
type K-Ras G12D G12E
03-099 18.6% 23.4% 16.8%
03-100 22.6% 17.7% 18.5%
04-005 0% 0% 0%
04-022 4.6% 4.1% 2.1%
04-023 1.5% 2.7% 2.1%
06-092 8.0% 2.4% 7.4%
06-093 4.8% 2.4% 5.3%
06-094 0% 0% n/a
06-095 0% 0% n/a
08-043 0% 0% 0%
08-044 0% 0% 0%
12-026 7.0% 7.0% 12.0%
12-027 0% 6.0% 7.0%
12-028 0% 0% 0%
12-044 0% 0% 0%
12-058 6.0% 5.0% 7.0%
12-064 0% 0% 0%
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12-074 0% 0% 0%
12-077 7.5% 6.9% 8.6%
12-078 n/a n/a n/a
12-087 0% 0% 0%
13-005 73.7% 75.7% 72.6%
13-006 0% 0% 0%
13-018 85.8% 87.8% 75.1%
13-019 0% 0% 0%
13-036 0% 0% 0%
13-037 0% 0% 0%
14-005 0% 100% 38.0%
14-036 22.0% 100% 42.0%
(RS)-1 0% 100% 6.3%
(R)-2 0% 100% n/a
(2R, 395)-3 0% 100% n/a
(2R, 35)-4 0% 100% n/a
(2R.35)-5 0% 100% 0%
(2R,35)-6 0% 100% 0%
-7 0% 100% 0%
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WHAT IS CLAIMED IS:

1 1. A compound, or a pharmaceutically acceptable salt thereof, having the

[\

formula:

L1_E2
/

3 R 1v), (V), or (VD); wherein

R! is a Switch 11 Binding Pocket binding moiety:
L! is a bond or divalent linker; and

E? is an electrophilic moiety capable of forming a covalent bond with a Switch

~N N n A~

II GTPase protein aspartate residue or a Switch I GTPase protein glutamate residue.

—

2. The compound of claim 1, wherein E? is an electrophilic moiety

capable of forming a covalent bond with a Switch 11 GTPase protein aspartate residue.

1 3. The compound of any one of the preceding claims, wherein the Switch

2 II GTPase protein aspartate residue is a natural Switch II GTPase protein aspartate residue.

4. The compound of any one of the preceding claims, wherein the Switch

2 II GTPase protein aspartate residue is a mutant Switch II GTPase protein aspartate residue.

5. The compound of any one of the preceding claims, wherein the mutant
2 Switch II GTPase protein aspartate residue is aspartate residue 12 of K-Ras(G12D), H-
Ras(G12D), or N-Ras(G12D).

1 6. The compound of any onc of the preeeding claims, wherein the mutant
2 Switch 11 GTPase protein aspartate residue is aspartate residue 13 of K-Ras(G13D), H-
3  Ras(G13D), or N-Ras(G13D).

7. The compound of any one of the preceding claims, wherein E? is an
2 electrophilic moiety capable of forming a covalent bond with a Switch II GTPase protein

glutamate residue.

8. The compound of any one of the preceding claims, wherein the Switch

2 11 GTPase protein glutamate residue is a natural Switch II GTPase protein glutamate residue.
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9. The compound of any one of the preceding claims, wherein the Switch
2 II GTPase protein glutamate residue is a mutant Switch II GTPase protein glutamate residue.

10. The compound of any one of the preceding claims, wherein E?

2 comprises a B-lactone.

1 11. The compound of any one of the preceding claims, wherein E?

2 comprises a B-lactam.

1 12. The compound of any one of the preceding claims, having the formula:
L’I_EZ
/
2 R (IV).
1 13. The compound of any one of the preceding claims, having the formula:
R4
X X \'s 4
Y R® X R
N R®
(R%)3 R)z—C A (R%)z3
2 R (IV-1), R" (av-2), R"  (1v-3),
X
X R'I 0 Y X R1 0 Y
v R* O O
R® R? R* R> R*
(R%)3 (R%):3 (R%):3
1 1 L
3 R'  (av-4), R’ av-5), R’ (IV-6).
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Y. 4
X X R

5
Ox N«
L2 R? 12 R4 R®
R® R®
(R%):z3 (R%):23 (R%)z3

L Ly L
R’ av-7), R’ (IV-8), R Iv-9),
X
1 1
Il_ R5 R4 Il_ R5 R4
R’ (IV-10), or R’ (IV-11); wherein

Ring A is a cycloalkyl or heterocycloalkyl;

L? is unsubstituted Ci-C4 alkylene;

XisOorS;

Y is O, S, or NR%

RZis hydrogen, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br, -CH2F,
-CHzl, -CHClz, -CHB12, -CHF:, -CHI;, -CN, -OH, -NH», -COOH, -CONH;, -NO», -SH,
-SO3H, -OSOsH, -SO2NH»2, -NHNH2, —ONH2, -NHC(O)NHNH2, -NHC(O)NH32, -NHSO:2H,
-NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBrs3, -OCFs, -OCl3, -OCH2Cl, -OCH2Br,
-OCH.F, -OCH_-I, -OCHCl», -OCHBr», -OCHF>, -OCHI>, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl;

R3is independently oxo, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br,
-CH2F, -CHa2l, -CHCl2, -CHBr2, -CHF:, -CHI, -CN, -OH, -NHz, -COOH, -CONHz, -NO2,
-SH, -SOsH, -OSO3H, -SO:2NH2, -NHNH2, —ONH2, -NHC(O)NHNH>, -NHC(O)NH>,
-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OClIs, -OCH:CI,
-OCH2Br, -OCH2F, -OCH:L, -OCHCL, -OCHBr?2, -OCHF>?, -OCHL, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl; two R? substituents may optionally be joined to form
a substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;

z3 is an integer from 0 to 10;
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29 R*is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cla, -CH2Cl, -CH2Br, -CH-F,

30 -CH:l -CHCI:, -CHBr2, -CHF,, -CHI2, -CN, -OH, -NH:, -COOH, -CONH_, -NO», -SH,

31 -SOsH, -OSOsH, -SO2NH2, -NHNH2, —ONH»2, -NHC(O)NHNH>, -NHC(O)NH>, -NHSO-:H,
32 -NHC(O)H, -NHC(O)OMH, -NHOII, -OCCls, -OCBrs, -OCF3, -OClIs, -OCH:Cl, -OCH:Br,

33 -OCH2F, -OCH:I, -OCHCl2, -OCHBr3, -OCHF2, -OCHIz, substituted or unsubstituted alkyl,
34  substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
35  unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

36  unsubslituted heteroaryl;

37 R’ is hydrogen, halogen, -CCls, -CBr3, -CFs, -Cls, -CH2Cl, -CH»Br, -CH>F,

38 -CH:L -CHCI;, -CHBr3, -CHF2, -CHIz, -CN, -OH, -NH:, -COOH, -CONH_, -NO-, -SH,

39  -SOsH, -OSOsH, -SO2NH», -NHNH»2, ~ONH», -NHC(O)NHNH>, -NHC(O)NH>, -NHSO-H,
40  -NHC(O)H. -NHC(O)OH, -NHOH, -OCCls, -OCBrs, -OCF3, -OCls, -OCH2CI, -OCH2Br,

41 -OCH:zF, -OCHz:I, -OCHCl2, -OCHBr2, -OCHF2, -OCHIz, substituted or unsubstituted alkyl,
42 substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
43 unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

44 unsubstituted heteroaryl;

45 R’ is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cl3, -CH2Cl, -CH2Br, -CH>F,

46  -CH:l, -CHCl, -CHBr2, -CHFE>, -CHls, -CN, -OH, -NH;, -COOH, -CONHz, -NO», -SH,

47  -SOsH, -OSOsH, -SO2NHz, -NHNHz, ~ONHz, -NHC(O)NHNH>, -NHC(O)NH:z, -NHSO:H,
48 -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCFj3, -OCls, -OCH2Cl, -OCH:zBr,

49 -OCH»F, -OCHoaI, -OCHCl», -OCHB12, -OCHF, -OCHI, substituted or unsubstituted alkyl,
50  substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
51  unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

52 unsubstituted heteroaryl; and

53 R!? is hydrogen, halogen, -CCls, -CBr3, -CF3, -CI3, -CH2Cl, -CH»Br, -CH,F,
54  -CH:l, -CHCL, -CHBr3, -CHF2, -CHI2, -CN, -OH, -NH:, -COOH, -CONH:, -NO-, -SH,

55  -SOsH, -OSOsH, -SO2NH»2, -NHNH», “ONH», -NHC(O)NHNH», -NHC(O)NH2, -NHSO2H,
56 -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCFj3, -OCls, -OCH2Cl, -OCH:Br,

57 -OCH2F, -OCH:I, -OCHClz, -OCHBI2, -OCHF», -OCHI2, substituted or unsubstituted alkyl,
58  substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
59  unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

60  unsubstituted heteroaryl.
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14. The compound of any one of the preceding claims, wherein Ring A is a
2 5 to 6 membered heterocycloalkyl.

15. The compound of any one of the preceding claims, wherein Ring A is a

2 piperidinyl, pyrrolidinyl, or piperazinyl.

1 16. The compound of any one of the preceding claims, having the formula:
X
X
/§Y 3 X Y
3
(R®)s—— (R3),5—— (R%)zs~L
<, Ny <,
I1 I1 I1
L. LL LS
2 R" (IV-1a), R (IV-1b), or R' (1v-
3 1¢)
1 17. The compound of any one of the preceding claims, having the formula:
o
O,
/§O P o o
3
(R (R Rz~
'\N \N KN
[ I I
2 R' (1v-1d), R (IV-1e), or R (Iv-
11).
1 18. The compound of any one of the preceding claims, having the formula:
X
N
3 L
(R%)z3 Wy
N
I
L
2 R (IV-2a).
1 19. The compound of any one of the preceding claims, having the formula:
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1
“R' (1V-2b).

20. The compound of any one of the preceding claims, having the formula:

Y.

(Rs)z3

/]

N
|

L
R (IV-3a).

21. The compound of any one of the preceding claims, having the formula:
R2
|
O N
O )
ROz Rz
kl}l iy
L Il-l
R" (IV-3b) or R' (IV-3c).
22. The compound of any onc of the preceding claims, having the formula:

(R¥)—

0%
——Z X

SR (1V-4a).

23. The compound of any onc of the preceding claims, having the formula:
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R3)23 %

R1 (IV-4b).
24. The compound of any one of the preceding claims, having the formula:
Y. X
Oﬁ/q
R4
N
|/
R )zs_|\
N
I
L\
R (IV-5a).

The compound of any one of the preceding claims, having the formula:
_(
'\
I
1

~

(R%)3

R (IV-5b).

The compound of any one of the preceding claims, having the formula:

%
>

“R! (IV-5e).

27. The compound of any one of the preceding claims, having the formula:
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L1

~

R’ (IV-5c¢).

The compound of any one of the preceding claims, having the formula:

R’ (TV-54).

The compound of any one of the preceding claims, having the formula:

Nv{
&/

“R! (1V-50).

30. The compound of any one of the preceding claims, having the formula:

o]

(R )23_( j

|
L'

R’ (IV-62).

31. The compound of any one of the preceding claims, having the formula:
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(R3)23{

I
1

~

R (IV-6b).

32. The compound of any one of the preceding claims, having the formula:

Y. X
AL
|

4

N R
3 _|/

(R )23 |\
N
I

“R! (IV-Ta).
33. The compound of any one of the preceding claims, having the formula:

g
R4
N
»
(R 5=
'\ N
| 1

-

R’ (IV-7b).

34. The compound of any one of the preceding claims, having the formula:

X

Y
L2
I R
N
R ]
'\N
I 1

~

4

R (IV-8a).

35. The compound of any one of the preceding claims, having the formula:
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@)
O
4
N R
(R)zs— ]
'\N
I
L
2 R (IV-8b).
1 36. The compound of any one of the preceding claims, having the formula:

Y.

> =5

OxNe g
N % R
(R%)z3
RS —_—
b ( )23 kN
|
1

-

2 R'  (IV-9a) or R'  (Iv-9b).

1 37. The compound of any one of the preceding claims, having the formula:

O,
O=Q
:Q O NH
(@) NH
(R3)z3 %
3y I
b (R%)3 .
I
]

N
I
L\, L, _,
2 RY (IV-9c¢) or RY (IV-94).
1 38. The compound of any one of the preceding claims, having the formula:
Jog
L1
|
2 R’ (IV-10a).
1 39. The compound of any one of the preceding claims, having the formula:
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I
L1
I
2 R (IV-11a).
1 40. The compound of any one of the preceding claims, wherein R is

2 independently unsubstituted Ci1-C4 alkyl.

1 41. The compound of any onc of the preccding claims, wherein R? is

2 independently unsubstituted methyl.

1 42. The compound of any one of the preceding claims, wherein two R?
2 substituents are joined to form a substituted or unsubstituted cycloalkyl or substituted or

unsubstituted heterocycloalkyl.

1 43. The compound of any one of the preceding claims, wherein

o) L!js —[101_1 1021 105_,

3 L% is connected directly to E?;

4 L'°! is a bond, -C(O)-, -C(0)O-, -OC(0)-, -O-, -S-, -NR'’!-, -C(O)NR'?'-,

5 -NR'"Y(C(0)-, -NR¥C(0)O-, -OC(O)NR'!-, -NR'C(O)NR!-, NR'C(NH)NR'"'-,

6  -S(0)2-, -NR'S(0)2-, -S(0)2NR!°L-, substituted or unsubstituted alkylene, substituted or

7  unsubstituted hetcroalkylenc, substituted or unsubstituted cycloalkylene, substituted or

8  unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

9  unsubstituted heteroarylene;
10 L192 is a bond, -C(O)-, -C(0)O-, -OC(0)-, -O-, -S-, -NR!?2 _C(O)NR!?2_,
11 -NR'®*C(0)-, -NR'”*C(0)0O-, -OC(O)NR'?*-, -NR'C(O)NR'*”-, -NR'>C(NH)NR'**-,
12 -S(0)2-, -NR!'?S(0)s-, -S(0)>NR 2. substituted or unsubstituted alkylene, substituted or
13 unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylenc, substituted or
14 unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or
15 unsubstituted heteroarylene;
16 L!% is a bond, -C(O)-, -C(0)O-, -OC(0)-, -O-, -S-, NR!% C(O)NR!®B-,
17  -NR!'©BC(0)-, -NR'BC(0)O-, -OC(O)NR!%- -NR!PC(O)NR!®%-, -NR!®C(NH)NR!%-,
18  -S(O)o-, -NR!%S(0)>-, -S(0)-NR!®-, substituted or unsubstituted alkylene, substituted or
19  unsubstituted heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or
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20  unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

21  unsubstituted heteroarylene; and

22 each R'%!, R!%2, and R'® is independently hydrogen, halogen, -CCl3, -CBr3,

23  -CFs, -CIs, -CH2Cl, -CH2Br, -CHzF, -CH:l, -CHCl», -CHBr2, -CHEF>, -CHI2, -CN, -OH, -NH>,
24 -COOH, -CONHo>, -NO2, -SH, -SO3H, -OSOsH, -SO.NH2, -NHNH_>, —ONH>,

25 —NHC(O)NHNH>, -NHC(O)NH:, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls,
26  -OCBrs, -OCF3, -OClIs, -OCH:C1, -OCH2Br, -OCH:F, -OCHzl, -OCHCl;, -OCHBr:, -OCHF,,
27  -OCHI., substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,

28  substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,

29  substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

1 44. The compound of any one of the preceding claims, wherein L! is a
2  bond.

45, The compound of any one of the preceding claims, wherein L! is
2 —C0)-.

46. The compound of any one of the preceding claims, wherein L' is a

2 substituted 2 to 6 membered heteroalkylene.

1 47. The compound of any one of the preceding claims, wherein L' is
O
,H)l\/ﬂ
2 ¥
1 48. The compound of any one of the preceding claims, wherein L' is

A I,

2

1 49. The compound of any one of the preceding claims, wherein R! is
2 _LZO_RZO.

3 L2 is a bond, -C(O)-, -C(O)O-, -OC(O)-, -O-, -S-, -NR2°_ _C(O)NR2®-,
4 -NR?*™C(0)-, -NR**C(0)O-, -OC(O)NR*-, .NR**C(O)NR*®-, -NR**C(NH)NR>¥-,

5 -S(0)a-, -NR?S(0)s-, -S(0)NR>?- substituted or unsubstituted alkylene, substituted or
6  unsubstitutcd hcteroalkylene, substituted or unsubstituted cycloalkylenc, substitutcd or
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7  unsubstituted heterocycloalkylene, substituted or unsubstituted arylene, or substituted or

8  unsubstituted heteroarylene;

9 R?% is independently hydrogen, halogen, -CCls, -CBr3, -CF3, -Cl3, -CHCl,
10 -CH2Br, -CH2F, -CHzI, -CHCl;, -CHBr2, -CHF2, -CHI>, -CN, -OH, -NHz, -COOH, -CONH2,
11 -NOgz, -SH, -SOsH, -OSOs3H, -SO2NHz2, -NHNH2, —ONHz, -NHC(O)NHNT>,

12 —-NHC(O)NH_, -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3,

13 -OClI3, -OCH:Cl, -OCH2Br, -OCH:F, -OCH:I, -OCHCI2, -OCHB12, -OCHF2, -OCHI>,

14 substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

15  unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or

16 unsubstituted aryl, or substituted or unsubstituted heteroaryl;

17 R? is hydrogen, halogen, -CX?%, -CHX?, -CH>X%’, -OCX?%3, -OCH>X?°,

18  -OCHX2:, -CN. -SOmoR2Y, -SO,20NRZAR?E _NR2CNR2AR20B _QNRZOAR20E,

19  —NHC(O)NR*“NR**R*"®, -NHC(O)NR*R*®, -N(O)mno, -NR***R**®, -C(O)R**",

20  -C(O)OR2C, -C(O)NR2ARB, _OR2D, _SR2P, \NR2AS0,R2P, -NR2AC(O)R2C,

21  -NR?AC(O)OR?C, .NR?MAQR?"C, -SFs, -N3, substituted or unsubstituted alkyl, substituted or
22 unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
23 heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;
24 R204 R20B R20C and R?P are independently hydrogen, -CCls, -CBrs, -CF3,

25  -Cls, -CHCl2, -CHBr2, -CHF>, -CHI2, -CH2Cl1, -CH2Br, -CH2F, -CHzl, -CN, -OH, -NH2,

26 -COOH, -CONHz, -OCCl3, -OCFs, -OCBr3, -OCIs, -OCHCla, -OCHBr2, -OCHI2, -OCHF,
27 -OCH2Cl, -OCH2Br, -OCH2l, -OCH23F, substituted or unsubstituted alkyl, substituted or

28  unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
29  heterocycloalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl;
30  R**and R?B substituents bonded to the same nitrogen atom may optionally be joined to

31  form a substituted or unsubstituted heterocycloalkyl or substituted or unsubstituted

32 heteroaryl;

33 X% is independently —F, -Cl, -Br, or —I;
34 n20 is an integer from O to 4; and
35 mZ20 and v20 are independently 1 or 2.
1 50. The compound of any one of the preceding claims, wherein R! is
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I\N (R®)
//_ 26
N
(R®)z
~ - N
(R | Lre. Rz ~ 1T "\
(R®),6
L SR, oy o
P P

» Or 5

RCis independently oxo, halogen, -CCls, -CBrs, -CF3, -Cl3, -CH2Cl, -CH2Br,
-CH2F, -CHzl, -CHCl», -CHBr2, -CHF», -CHL, -CN, -OH, -NH>, -COOH, -CONH23, -NO»,
-SH, -SO3H, -OSO3H, -SO2NH2, -NHNH?, —ONH2, -NHC(O)NHNH», -NHC(O)NHa2,
-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCI3, -OCH2Cl,
-OCH:2Br, -OCH:F, -OCH-I, -OCHClz, -OCHBr2, -OCHF:, -OCHI>, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl;

R’ is independently oxo, halogen, -CCls, -CBrs, -CFs, -Cls, -CH2Cl, -CH2Br,
-CH»F, -CH2l, -CHCl», -CHBr2, -CHF», -CHL, -CN, -OH, -NH», -COOH, -CONHz, -NO»,
-SH, -SO3H, -OSO3H, -SO:2NH2, -NHNH2, —ONHz, -NHC(O)NHNH>, -NHC(O)NHa,
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-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OCls, -OCH2Cl,
-OCH2Br, -OCH2F, -OCH2I, -OCHClz, -OCHBr2, -OCHF», -OCHI>, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl;

R® is independently halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CHBr,
-CH2F, -CHzl, -CHClz, -CHBr2, -CHF>, -CHIl, -CN, -OH, -NHz, -COOH, -CONHz, -NO2,
-SH, -SO3H, -OSO3H, -SO2NH2, -NHNH», —ONH», -NHC(O)NHNH>2, -NHC(O)NHa,
-NHSO-H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCFs;, -OCI3, -OCH2CI,
-OCH:2Br, -OCH2F, -OCH2I, -OCHClz, -OCHBr2, -OCHF>, -OCHI>, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl;

z6 is an intcger from 0O to 7;

z7 is an integer from O to 7; and

z8 is an integer from O to 5.

51. The compound of any one of the preceding claims, wherein RS is
independently a halogen, -OH, unsubstituted C1-C4 alkyl, substituted 2 to 6 membered

heteroalkyl, or substituted 5 to 6 membered heleroaryl.

52. The compound of any one of the preceding claims, wherein R is

independently —F, -Cl, -OH, or unsubstituted methyl.

53. The compound of any one of the preceding claims, wherein R® is
independently a 2 to 6 membered heteroalkyl, substituted with substituted heterocycloalkyl or

substituted or unsubstituted [used heterocycloalkyl.

54. The compound of any one of the preceding claims, wherein R® is

independently

Ao
Ao )

or F
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55. The compound of any one of the preceding claims, wherein R® is

2  independently a substituted pyridyl.

56. The compound of any one of the preceding claims, wherein 26 is 1, 2,

2 or 3.

1 57. The compound of any one of the preceding claims, wherein R” is
2 independently a halogen, -CF3, -CN, -OH, -NHa, unsubstituted C;-Cs alkyl, or unsubstituted
3 Co-Csalkynyl.

58. The compound of any one of the preceding claims, wherein R’ is

2 indcpendently —F, -Cl, -CFs, -CN, -OH, -NH>, unsubstituted mcthyl, or unsubstituted cthynyl.

1 59. The compound of any one of the preceding claims, wherein z7 is 1, 2,
2 or3.
1 60. The compound of any one of the preceding claims, wherein R? is

2 independently a halogen or unsubstituted C1-Cy4 alkyl.

61. The compound of any one of the preceding claims, wherein R* is

2 independently —CI or unsubstituted methyl.
1 62. The compound of any one of the preceding claims, wherein z8 is 1.

1 63. The compound of any one of the preceding claims, wherein R! is

| R e
P ,\{ cl Y
N o/b N Y

3 C ;
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4
5 ,
6
N—->
N 0
T °
@
\ / Cl FCN
N =
|
HN N O D—nH,
Cl \ S
~N
7 , or F }
1 64. The compound of any one of the preceding claims, having the formula:
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2 ; wherein

3 R* and R? are independently hydrogen or unsubstituted C;-Cs4 alkyl;

4 R%! is halogen;

5 R%? is —O-(C1-Cs4 alkyl), wherein the C1-Cs alkyl is substituted with a 5 to 8

6  membered heterocycloalkyl optionally substituted with halogen or unsubstituted C;-Cs alkyl;

7 R’ is independently halogen, -OH, or unsubstituted C> alkynyl; and

8 z71s 1,2, or 3.

1 65. The compound of any onc of the preceding claims, having the formula:

2 (V).

1 66. The compound of any one of the preceding claims, having the formula:
X

2 (V-1); wherein

3 XisOorS;

4 Y is O, S, or NR?; and

5 RZ%is hydrogen, halogen, -CCls, -CBrs, -CFs, -Clz, -CH2Cl, -CH2Br, -CH-F,

6  -CH:I, -CHClz, -CHBr2, -CHF2, -CHIz, -CN, -OH, -NH:, -COOH, -CONHz, -NO-, -SH,

7  -SOs3H, -OSOsH, -SO:NH»z, -NHNH:, ~ONH», -NHC(O)NHNH:, -NHC(O)NH:, -NHSO:H,

8 -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OCIs, -OCH2C1, -OCH2Br,

9 -OCH:2F, -OCH:I, -OCHCl>, -OCHBr13, -OCHF2, -OCHI., substituted or unsubstituted alkyl,

10 substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
11 unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

12 unsubstituted heteroaryl.

1 67. The compound of any one of the preceding claims, having the formula:
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O

2 (V-1a).
1 68. The compound of any one of the preceding claims, wherein R! is

2 ; wherein
3 R® is independently oxo, halogen, -CCl3, -CBr3, -CF3, -Cls, -CH»Cl, -CH:Br,
4 -CH2F, -CH2l, -CHCl>, -CHBr12, -CHF>, -CHI:, -CN, -OH, -NH>, -COOH, -CONH2, -NO,
5 -SH. -SOsH, -OSOsH, -SO2NH»z, -NHNH», ~ONH», -NHC(O)NHNH», -NHC(O)NHa,
6  -NHSO:2H. -NHC(O)H. -NHC(O)OH, -NHOH. -OCCls, -OCBr3, -OCFs, -OClIs, -OCH2(l,
7  -OCH2Br, -OCH2F, -OCH2l, -OCHCl>, -OCHBr2, -OCHF2, -OCHI:, substituted or
8  unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
9  cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
10 substituted or unsubstituted heteroaryl;
11 R’ is independently halogen, -CCl3, -CBr3s, -CF3, -Clz, -CH2Cl, -CH2Br,
12 -CHoF, -CHal, -CHCl, -CHB12, -CHF», -CHL, -CN, -OH, -NH>», -COOH, -CONH2, -NO3,
13 -SH, -SOsH, -OSOsH, -SO2NH2, -NHNHz, ~ONH»2, -NHC(O)NHNHz, -NHC(O)NHo,
14  -NHSO:zH, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3, -OCF3, -OClI3, -OCH2Cl,
15  -OCH:2Br, -OCH2F, -OCHzl, -OCHCls, -OCHB12, -OCHF2, -OCHIb, substituted or
16  unsubsltituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
17 cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
18 substituted or unsubstituted heteroaryl;
19 z6 is an integer from O to 3; and
20 Z7 is an integer from O to 5.
1 69. The compound of any one of the preceding claims, wherein R! is
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51

B
Fen
g%
S

2 F

1 70. The compound of any one of the preceding claims, having the formula:

2 @@ (VD).

1 71. The compound of any one of the preceding claims, having the formula:

X
Y.
G =

2 RS R* (VI-1) or RS R*  (VI-2); wherein

3 Xis OorsS;

4 Y is O, S, or NR?%;

5 R?is hydrogen, halogen, -CCls, -CBr3s, -CF3, -Cla, -CH2Cl, -CH2Br, -CH2F,

6 -CH:l, -CHCl», -CHBr2, -CHF2, -CHI», -CN, -OH, -NHa», -COOH, -CONH2, -NO2, -SH,

7  -SOs3H, -OSOsH, -SO2NH», -NHNH;, ~ONHz, -NHC(O)NHNH:, -NHC(O)NH:, -NHSO:H,

8 -NHC(O)H, -NHC(O)OH, -NHOH., -OCCl3, -OCBr3, -OCFs, -OCIs, -OCH2C1, -OCH2Br,

9 -OCH:F, -OCH_:I, -OCHC1>, -OCHBTr3, -OCHF>, -OCHI:, substituted or unsubstituted alkyl,
10  substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
11 unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or
12 unsubstituted heteroaryl;

13 R*is hydrogen, halogen, -CCls, -CBr3s, -CF3, -Clz, -CH2Cl, -CH2Br, -CH2F,

14 -CHzL -CHCl2, -CHBr2, -CHF2, -CHI2, -CN, -OH, -NH>, -COOH, -CONHa, -NO», -SH,

15  -SOsH, -OSOsH, -SO2NH>, -NHNH>, ~-ONH,, -NHC(O)NHNH:, -NHC(O)NH:, -NHSO-H,
16 -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3, -OCF3, -OClI3, -OCH2Cl, -OCH:2Br,

17 -OCH2F, -OCH:l, -OCHClz, -OCHBr2, -OCHEF», -OCHI», substituted or unsubstituted alkyl,
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18  substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
19  unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

20 unsubstituted heteroaryl; and

21 R is hydrogen, halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br, -CH-F,

22 -CH:l, -CHClz, -CHBr3, -CHF,, -CHIz, -CN, -OH, -NHz, -COOH, -CONHz, -NO2, -SH,

23 -SOsH, -OS0OsH, -SO:NH»2, -=NHNH?2, —ONH>, -NHC(O)NHNH>, -NHC(O)NH>, -NHSO:H,
24 -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBr3s, -OCFj3, -OCIs, -OCH2Cl, -OCH2Br,

25 -OCHzF, -OCH_2I, -OCHCl», -OCHB13, -OCHF2, -OCHI_, substituted or unsubstituted alkyl,
26  substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
27  unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or substituted or

28  unsubstituted heteroaryl.

1 72. The compound of any one of the preceding claims, having the formula:
O
O
(R™> o .<>=® o
2 .é (VI-1a) or (VI-2a).
1 73. The compound of any one of the preceding claims, wherein R! is

; wherein

R®is independently oxo, halogen, -CCls, -CBr3, -CF3, -Cl3, -CH2Cl, -CH2Br,
-CH>F, -CHzl, -CHCl,, -CHBr», -CHF>, -CHI, -CN, -OH, -NH>, -COOH, -CONHz>, -NO3,
-SH, -SOsH, -OSO3H, -SO2NH>, -NHNH2, —~ONH>, -NHC(O)NHNH2, —-NHC(O)NHa,
-NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCl3, -OCBr3s, -OCF3, -OClI3, -OCH2(CI,
-OCH2Br, -OCH-F, -OCHo>I, -OCHCl3, -OCHBr2, -OCHF», -OCHI», substituted or

unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted

el A Y B I

cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

—
<o

substituted or unsubstituted heteroaryl;
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R’ is independently halogen, -CCls, -CBr3, -CF3, -Cls, -CH2Cl, -CH2Br,

12 -CH2F, -CH2l, -CHCl2, -CHBr», -CHF:, -CHI, -CN, -OH, -NH>, -COOH, -CONH2, -NO2,
13 -SH, -SOszH, -OS0sH, -SO2NH2, -NHNH2, ~-ONH»2, -NHC(O)NHNH2, -NHC(O)NHa,
14  -NHSO:H, -NHC(O)H, -NHC(O)OH, -NHOH, -OCCls, -OCBrs3, -OCF3, -OCIs, -OCH2CI,
15  -OCH2Br, -OCH2F, -OCHzI, -OCHCl3, -OCHBr32, -OCHF2, -OCHI:, substituted or

16  unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted

17 cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or

18  substituted or unsubstituted heteroaryl;

CA 03240772 2024-6-11

76 is an integer from O to 3; and

Z7 is an integer from O to 5.

74. The compound of any one of the preceding claims, wherein R! is
N O
O
Cl F CN
g
S
F .
75. The compound of any one of the preceding claims, having the formula:
406



WO 2023/122662 PCT/US2022/082136

2
O
O
o)
N
3 F , or
4
76. A pharmaceutical composition comprising a pharmaceutically

2 acceptable excipient and a compound of one of claims 1 to 75, or a pharmaceutically
3 acceptable salt thereof.
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77. A method of treating cancer in a subject in need thereof, said method
2 comprising administering to the subject in need thereof a therapeutically effective amount of

a compound of one of claims 1 to 75, or a pharmaceutically acceptable salt thereof.

78. The method of claim 77, wherein the cancer is rectal carcinoma,
2 colorectal adenocarcinoma, colorectal carcinoma, non-small cell lung carcinoma, squamous

cell lung carcinoma, myelodysplastic syndrome, or acute myeloid leukemia.

1 79. A method of treating a K-Ras(G12D)-associated disease in a subject in
2 ncced thercof, said mcthod comprising administering to the subjcct in nceed thercof a

3 therapeutically effective amount of a compound of one of claims 1 to 75, or a

4  pharmaceutically acceptable salt thereof.

1 80. A method of treating an H-Ras((G12D)-associated disease in a subject
2 in need thereof, said method comprising administering to the subject in need thereof a

3 therapeutically elfective amount of a compound of one of claims 1 to 75, or a

4  pharmaceutically acceptable salt thereof.

1 81. A method of treating an N-Ras(G12D)-associated disease in a subject
2 in need thereof, said method comprising administering to the subject in need thereof a

3 therapeutically effective amount of a compound of one of claims 1 to 75, or a

4 pharmaceutically acceptable salt thereof.

1 32. A method of modulating the level of activity of a K-Ras protein in a

2 cell, said method comprising contacting the cell with an effective amount of a compound of

onc of claims 1 to 75, or a pharmaccutically acccptable salt thercof.

83. The method of claim 82, wherein said modulating of said activity

comprises modulating GTPase activity, nucleotide exchange, differential GDP or GTP

O I O R

binding, effector protein binding, effector protein activation, guanine exchange factor (GEF)
binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,

nucleotide binding, K-Ras subcellular localization, K-Ras post-translational processing, or K-

N W

Ras post-translational modifications.

—

84. The mcthod of onc of claims 82 to 83, whercin said modulating is

increasing the activity of said K-Ras protein.
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85. The method of one of claims 82 (o 83, wherein said modulating is

2 reducing the activity of said K-Ras protein.

36. The method of one of claims 82 o 85, wherein said K-Ras protein is a

2 human K-Ras protein.

1 87. The method of claim 86, wherein said human K-Ras protein contains a

2 G12D mutation.

1 88. A method of modulating the level of activity of an H-Ras protein in a
2 cell, said method comprising contacting the cell with an effective amount of a compound of

onc of claims 1 to 75, or a pharmaccutically acceptable salt thercof.

89. The method of claim 88, wherein said modulating of said activity

comprises modulating GTPase activity, nucleotide exchange, differential GDP or GTP

W N =

binding, cffector protein binding, cffector protein activation, guanine cxchange factor (GEF)
binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,

nucleotide binding, H-Ras subcellular localization, H-Ras post-translational processing, or H-

(o) NNV, BN

Ras post-translational modifications.

[u—y

90. The method of one of claims 88 to 89, wherein said modulating is

increasing the activity of said H-Ras protein.

91. The method of one of claims 88 to 89, wherein said modulating is

2 reducing the activity of said H-Ras protein.

92. The method of one of claims 88 to 91, wherein said H-Ras protein is a

2 human H-Ras protein.

93. The method of claim 92, wherein said human H-Ras protein contains a

G12D mutation.

94, A method of modulating the level of activity of an N-Ras protein in a

cell, said method comprising contacting the cell with an effective amount of a compound of

W N

one of claims 1 to 75, or a pharmaceutically acceptable salt thereof.
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95. The method of claim 94, wherein said modulating of said activity
comprises modulating GTPase activity, nucleotide exchange, differential GDP or GTP
binding, effector protein binding, effector protein activation, guanine exchange factor (GEF)
binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,

nucleotide binding, N-Ras subcellular localization, N-Ras post-translational processing, or N-

(o) S B S O R N

Ras post-translational modifications.

—

96. The method of onc of claims 94 to 95, whercin said modulating is

2  increasing the activity of said N-Ras protein.

97. The method of one of claims 94 to 95, wherein said modulating is

2 reducing the activity of said N-Ras protein.

98. The method of one of claims 94 to 97, wherein said N-Ras protein is a

2 human K-Ras protein.

99. The method of claim 98, wherein said human N-Ras protein contains a

2 G12D mutation.

100. A K-Ras protein covalently bound to a compound of one of claims 1 to
2 75, or a pharmaceutically acceptable salt thereof, wherein said compound is covalently bound

to an aspartate residue of said K-Ras protein.

101.  The covalently modified K-Ras protein of claim 100, wherein said

2 compound is reversibly covalently bound to an aspartate residue of said K-Ras protein.

102.  The covalently modified K-Ras protein of claim 100, wherein said

2 compound is irreversibly covalently bound to an aspartate residue of said K-Ras protein.

1 103.  The covalently modified K-Ras protein of one of claims 100 to 102,

2 wherein said covalently modified K-Ras protein has a modulated activity relative to a control,
3  wherein said activity is selected from GTPase activity, nucleotide exchange, differential GDP
4  or GTP binding, effector protein binding, effector protein activation, guanine exchange factor
5  (GEF) binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,

6  nucleolide binding, K-Ras subcellular localization, K-Ras post-translational processing, and
7  K-Ras post-translational modifications.
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104.  The covalently modified K-Ras protein of one of claims 100 to 102,
2 wherein said K-Ras protein contains a G12D mutation.

105. The covalently modilied K-Ras protein of claim 104, wherein said

2 compound is covalently bonded to aspartate residue 12.

1 106. An H-Ras protein covalently bound to a compound of one of claims 1
2 to 75, or a pharmaceutically acceptable salt thereof, wherein said compound is covalently

3 bound to an aspartate residue of said H-Ras protein.

107.  The covalently modified H-Ras protein of claim 106, wherein said

2 compound is reversibly covalently bound to an aspartate residuc of said H-Ras protein.

1 108. The covalently modified H-Ras protein of claim 106, wherein said

N

compound is irreversibly covalently bound to an aspartate residue of said H-Ras protein.

109.  The covalently modified H-Ras protein of one of claims 106 to 108,
wherein said covalently modified H-Ras protein has a modulated activity relative to a control,
wherein said activity is selected from GTPase activity, nucleotide exchange, differential GDP
or GTP binding, effector protein binding, effector protein activation, guanine exchange factor
(GEF) binding, GEF-facilitated nucleotide exchange, phosphate release, nucleotide release,

nucleotide binding, H-Ras subcellular localization, H-Ras post-translational processing, and

~N N R~ LN

H-Ras post-translational modifications.

[u—

110.  The covalently modified H-Ras protein of one of claims 106 to 109,

wherein said H-Ras protein contains a G12D mutation.

111.  The covalently modified H-Ras protein of claim 110, wherein said

[\

compound is covalently bondced to aspartatc residuc 12.

112.  An N-Ras protein covalently bound to a compound of one of claims 1

to 75, or a pharmaceutically acceptable salt thereof, wherein said compound is covalently

w N =

bound to an aspartate residue of said N-Ras protein.

—

113.  The covalently modified N-Ras protein of claim 112, wherein said

2 compound is reversibly covalently bound to an aspartate residue of said N-Ras protein.
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114.  The covalently modified N-Ras protein of claim 112, wherein said

[\

compound is irreversibly covalently bound to an aspartate residue of said N-Ras protein.

115. The covalently modified N-Ras protein of one of claims 112 to 114,
wherein said covalently modified H-Ras protein has a modulated activity relative to a control,
wherein said activity is selected from GTPase activity, nucleotide exchange, differential GDP
or GTP binding, effector protein binding, effector protein activation, guanine exchange factor
(GEF) binding, GEF-facilitated nuclcotidc cxchangc, phosphatc rclcasc, nuclcotide relcasc,

nucleotide binding, N-Ras subcellular localization, N-Ras post-translational processing, and

~N oY R W N =

N-Ras post-translational modifications.

1 116.  The covalently modified N-Ras protein of one of claims 112 to 115,

2 wherein said H-Ras protein contains a G12D mutation.

1 117.  The covalently modified N-Ras protein of claim 116, wherein said

2 compound is covalently bonded (o aspartate residue 12.
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FIG. 2A
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