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INHIBITORS OF THE RAS ONCOPROTEIN, METHODS OF MAKING
AND METHODS OF USE THEREOF

GOVERNMENT RIGHTS

This invention was made with the following U.S. Government support: grant
number RRO18733 funded by the National institutes of Health (NIH). The U.S.
Government has certain rights in this invention.

BACKGROUND

RAS is the most cormmon oncogens in human cancer. Activating mutations in
one of the 3 human RAS gens isofonms (KRAS, HRAS, or NRAS) are present in
about one-fourth of all cancers {1]. KRAS is also found in two alternatively spliced
forms, referred {o as KRAS4A and KRAS4B. For example, mutant KRAS is found in
88% of pancreatic ductal adenocarcinomas, 52% of colon cancers, and 32% of lung
adenocarcinomas (FIG. 1 and [1]). Just for these thres cancer types alone, that
means that cancers with muiant KRAS are diagnosed in more than 170,000 people
gach year in the U8 and cause more than 120,000 deaths [2]. There are no FRA-
approved direct RAS protein inhibitors currently available. Drugs that target signaling
downstream of RAS are available but have shown disappointing clinical activity,
most likely because RAS is a "hub” that activates multiple effectors (FIG. 24) and
blocking any single pathway {or even two) would be ineffective.

RAS is a G-protein that works as a switch, foggling betwesn “on” and “off”
when bound to guanosine nucleotides, GTF or GDP. The RAS mutations found in
cancer cause the protein to be turned on (that is, bound to GTP) most of the time [1].
Most drug targets are proteins that have a well-defined "pocket” that can be largsted
by small molecules, as with enzymes (substrate binding site) or kinases (ATP
binding site). RAS lacks such pockets and thus is more difficult to target directly.

RAS inhibitors are known, but none have resulted in an approved freatment,
An inhibitor of a single specific KRAS mutation, KRAS{G12C), is known, which was
1
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capable of inhibiting one tumor cell line with the G12C mutation and resulted in 30%
apoptosis at a concentration of 1-10 uM [3]. Furthermore, two small-molecule RAS
inhibitors, referred to Kobe0085 and Kobe2602, effectively inhibited anchorage-
dependent and -independent growth of HRAS transformed NIH 373 cells, showing
an {C50 at a concentration of 2-10 uM [4]. Maré recently, a small molecule pan-
RAS, showing sffectiveness in an in vivo xenograft mouse cancer models was
identified [5].

SUMMARY

A compound for use In treating a disease associated with activating mutations
in RAS, or for use in treating a disease treatable by a reduction in RAS activity, is
selected from a compound of Formula (1),

3
A i
REK W/\x’/\gr \RQ
| !
Q Q {

3, and
salts and esters thereof. The compounds are particularly useful in treating cancer,
Definitions

As used herein {unless otherwise specified), the term "alkyl” means a
monaovalent, straight or branched hydrocarbon chain. For example, the terms “C4-Cy
atkyl” or "C1-Ca alkyt” refer to straight- or branched-chain saturated hydrocarbon
groups havingfrom 167 (2g.,1,2, 3,4, 5,86, or 7),orttod (e.g.. 1. 2, 3, or 4},
carbon atoms, respectively. Examples of C+-Cr alkyl groups include, but are not
timited to, methyl, athyl, n-propyl, propyl, n-bubd, s-butyl, t-butyl, n-pentyl, s-pentyl,
n-hexyl, and n-septyl. Examples of C+-Cq alkyl groups include, but are not limited to,
methyl, ethyl, n-propyl, tpropyl, n-butyl, s-bulyl, and {-butyl.
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As used herein (unless otherwise specified), the term “alkenyl” means a
monovalent, straight or branched hydrocarbon chain that includes one or more {e.q.,
1, 2, 3, or 4) double bonds. Examples of alkeny! groups include, but are not limited
to, vinyl, allyl, 1-propanyl, 2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-pentenyi, 2-
pentenyl, 3-pentenyl, 4-pentenyl, 1-hexenvl, 2-hexenyl, S—hexenﬁ, 4-hexenyl, and 5-
hexenyl,

As usad herein {unless otherwise spscified), the term “alkoxy” means any of
the above alkyl groups which is attached 1o the remainder of the molecule by an
oxygen atom (alkyl-0-). Examples of alkoxy groups include, but are not limited to,
methoxy (someatimes shown as MeQ-), sthoxy, isopropoxy, propoxy, and butyloxy.

As used herein (unless otharwise specified), the term “alkynyl” means a
maonovalent, straight or branched hydrocarbon chain that includes one or more {e.g.,
1, 2, 3, or 4} triple bonds and that also may optionally include one or more (e.g. 1, 2,
3, or 4) double bonds in the chain. Examples of alkynyl groups include, but are not
limited to, ethynyl, 1-propynyl, 2-propynyl, T-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl,
2-pentynyl, 3-pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl, and
S-hexynyl.

Ag used herein {unless otherwise specified), the term "aryl” means a
manavalent, monogcyclic or bicyelic, 5, 6, 7, 8, 8, 10, 11, or 12 member aromatic
hydrocarbon group which, when unsubstituted. Examples of aryl groups include, but
are not limited to, phenyl, naphthyl, tolyl, and xylyl, For an aryl that is bicyclic, one or
hoth rings can be substituted.

As usad hersin (unless otherwise specifisd), the term “cycloalkyl” means a
monovalent, monocyclic or bicyelic, 3,4, 5, 8,7, 8, 8, 10, 11, or 12 membered
hydrocarbon group. The rings can be saturated or partially unsaturated. Examples
of cycloalkyl groups include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, ocyclohexyi, cycloheptyl, cycloociyl, and bicycloalkyls {e.g.,

bicyclooctanes such as [2.2 2}bicyclonctane or {3.3.0bicyclooctane, bicyclononanas

3
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siich as [4.3.0bicyclononane, and bicycledecanes such as [4.4.0lbicyclodecans
{decalin}, or spire compounds). For a monocyolic cycloalkyl, the ring is not aromatic.
For a bicyclic cycloalkyl, If one ring is aromatic, then the other is not aromatic. Fora
bicyelic cycloalkyl, one or both rings can be substituted.

As used herein {unless otherwise specified), the term "halogen” means
maonovalent ClLF, Br, or L.

As used herein (Unless otherwise speacified), the term "hetercanyl” means a
maonavalent, monogeyclic or bicyclic, 5, 8, 7, 8, 8, 10, 11, or 12 membered,
hydrocarbon group, where 1, 2, 3, 4, 5, or 8 carbon atoms are replaced by a hetero
atom independently selected from nitrogen, oxygen, or sulfur atom, and the
monocyclic or bicyclic ring system is aromatic. Examples of heteroaryt groups
include, but are not limited to, thisny! (or thiophenyl}, furyl, indolyl, pyrrolyl, pyridiny,
pyrazinyl, oxazolyl, thiaxolyl, quinolinyl, pyrimidinyl, imidazolyl, 1-methyl-imidazolyi,
triazolyl, tetrazolyl, 1H-pyrazol-d-yl, 1-Me-pyrazol-4-yl, pyridin-3-yl, pyridin-4-yl, 3,5-
dimethylisoxazolyl, 1H-pyrrol-3-yl, 3 5-di-Me-pyrazolyl, and 1H-pyrazol-4-yl. Fora
bicyclic heteroaryl, if one ring is aryl, then the other is heteroaryl. For a bicyclic
heteroaryl, one or both rings can have one or more hetero atoms. For a bicyclic
heteroaryl, one or both rings can be substituted. An N-hetercaryl means a heteroaryl
that comprises one or more N atoms {e.g., 1, 2, 3, 4, 5, or 8); an N-heteroaryl may
also comprise other hetero atoms. An O-hetercaryl means a hetercaryl that
comprises one or more O atoms (e.g., 1, 2, 3, 4, 5, or 8); an O-hetercaryl may also
comprise other hetero atoms. An S-hetercaryl means a heteroaryl that comprises
one or mare S atoms {e.g., 1, 2, 3, 4, §, or 8); an S-heteroanyl may alsc comprise
other hetero atoms,

As used herein (unless otherwise specified), tha term “heterocychi” means a
monovalent, monocyclic or bicyclic, 5, 8, 7, 8§, 8, 10, 11, or 12 membered,
hydrocarbon, where 1, 2, 3, 4, 5, or § carbon atoms are replaced by a hetero atom
independently selected from nitrogen atom, oxygen atom, or sulfur atom, and the
monoeyclic or bicyclic ring system is not aromatic. Examples of heterocyciyl groups

4
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include, but are not limited to, benzodioxolyl, tetrahydropyranyl, pyrrolidiny (e.q..
pyrrolidin-1-yl, pyrrolidin-2-yl, pyrrolidin-3-yi, or pyrrolidin-4-yl}, piperazinyl (e.q.,
piparazin-1-yi, piperazin-2-yi, piperazin-3-yi, or piperazin-4-yi}, piperidinyl (e.g.,
piperadin-1-yl, piperadin-2-yl, piperadin-3-yi, or piperadin-4-yl}, azepanyl {a.g.,
azepan-1-yl, azepan-2-yl, azepan-3-yi, azepan-4-yl, or azepan-5-y1), azocanyl {e.q.,
azocan-1-yl, azocan-2-yl, azacan-3-yi, azocan-4-yl, azocan-S-yl, azocan-6-yi, or
azocan-7-yl), azonanyl {s.q., 1-azonanvyl)y , and morpholiny! {(e.g., morpholin-1-y,
morpholin-2-yl, morpholin-3-y{, or morpholin-d-yl,}. For & bicyclic heterocyclyl, if one
ring is gromatic {(8.g., monocyclic aryl or heteroaryl), then the other ring is not
aromatic. Fora bicyclic heterocyehy, one or both rings can have one of more helero
atoms. For a bicyclic heterocyclyl, one or both rings can be substituted. An N-
heterocyclyl means a heterocyclyl that comprises one or more N atoms {g.g.. 1. 2, 3,
4, 5, or 8); an N-heterocyclyl may also comprise other hetero atoms. An O-
heterocyclyl means g heterocyciyl that comprises one or more O gtoms {e.g., 1. 2, 3,
4.5, ar 8); an O-heterocyclyl may also comprise other hetero atoms. An &
heterocyclyl means a heterocyclyl that comprises one or more S atoms {e.g., 1. 2, 3,

4, 5, or 6); an S-heterocyclyl may also comprise other hetero atoms.

As used herein {unless otherwise specified}, the term “hetero stom” means an
atom selected from nitrogen atom, oxygen atom, or sulfur alom.

As used herein {unless otherwise specified), the terms "hydroxy” or "hydroxyl”
indicates the presence of a monovalent -OH group.

As used herein (unless otherwise specified), the term “substituted” {e.g., as in
substituted alkyl) means that one or more hydrogen atoms of a chemical group {with
one or more hydrogen atoms) can be replaced by ong or more non-hydrogsn
substituents selected from the specified options. The replacement can occur at one
or more positions. The term “optionally substituted” means that one or more
hydrogen atoms of a chemical group {with one or more hydrogen atoms) can be, but
is not required to be substituted,
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Some compounds of the invention can have one or more chiral centers and
can exist in and be isolated in optically active and racemic forms, for any of the one
or more chiral centers. Some compounds can exhibit polymorphism. The
compounds of the present invention encompass any optically active, racemate, or
mixtures thereof, If a chiral center does not provide an indication of its configuration
{i.e, R or 8) in a chemical structure, it should be considered to represent R, Sora
racemate. When structural formulas are presented without specifying chirality of

chiral centers, it should be considered o represent R, S or a racemats.

Unless otherwise specified, all carbon containing groups may contain 1 t0 20
carhon atoms.

Tumors and cancers include solid, dysproliferative tissue changes and diffuse
tumors. Examples of tumors and cancers include melanoma, lymphoma,
plasmocytoma, sarcoma, glioma, thymoma, leukemia, breast cancer, prostate
cancer, colon cancer, liver cancer, esophageal cancer, brain cancer, lung cancer,
ovary cancer, endometrial cancer, bladder cancer, kidney cancer, cervical cancer,
hepatoma, and other neoplasms. For more examples of tumors and cancers, see,
for example Stedman [13]

"Treating a twmor” or "treating a cancer” means fo significantly inhibit growth
andfor metastasis of the tumor or cancer. Growth inhibition can be indicated by
reducad twmor volume or reduced occtrences of metastasis. Tumar growth can be
determined, for example, by examining the tumor volume via routine procedures
{such as obtaining two-dimensional measurements with a dial caliper). Melastasis
can ba determined by inspecting for tumor cells in secondary sites or examining the
metastatic potential of biopsied tumor cells in vitro.

A “chemotherapeutic agent” is a chemical compound that can be used

effectively to treat cancer in humans.

A "pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and
6
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absorption delaying agents which are compatible with pharmaceutical administration.
Praferred examples of such carriers or diluents include water, saline, Ringer's
solutions and dextrose solution, as well as solid excipients. Supplementary active
compounds can also be incorporated into the compositions.

"Medicament," "therapeutic composition” and “pharmaceutical composition”
are used interchangsably to indicate a compound, matier, mbdure or preparation that
exerts a therapeutic effect in a subject.

As used herein, RAS rafers to all forms of the gene, including KRAS, HRAS,
NRAS, while KRAS refers to both KRAS4A and KRAS4RB.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a chart of the prevalence of mutant KRAS in different fypes of
Cancers.

FIG. 24 is an illustration of RAS as a “hub” that activates multiple effectors.
FiG. 2B illustrates the pathway by which RAS binds RalGDS proteins.

FIG. 3 is a graph showing the specific inhibition of the tumorigenic phenotype
Mia PaCa-2 by the small molecule RAS inhibitor F3.

FiG. 4 is a graph showing the specific inhibition of the tumarigenic phenotype
A549 by the small molecule RAS inhibitor F3.

FIG. & is a graph showing the effects of 10 uM of F3 on normal
growth/survival in 2-D culture on plastic of Mia PaCa-2 cells.

FIG. 8 is a graph showing the effects of 10 uM of F3 on normal
growth/survival in 2-D culture on plastic of AS4¢ cells.

FIG. 7 is a graph showing that F3 is also effective against wild-type RAS
driven tumor celis.
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FIG. 8 is a graph showing normal growth/survival in 2-D culture on plastic of
wild-type RAS driven tumor cells.

FIG. 9 is a graph illustrating that F3 induced high levels of anoikis

FIG. 10 illustrate the results of testing 12 compounds {JAB-6 compounds)
together with F3 in the 3-D soft agar drug screening, at a concentration of 6.6 uM.

FIG. 11 lllustrates the results of testing JAB-6-158 and JAB-6-180 at 0.5 uM in
3-D soft agar drug screening.

FIG. 12 is photographs showing colonies in soft agar of malignant petipheral
nerve sheath tumor cells (MPNST tumor cells) and Mia-Paca-2 cells, treated with
DMSO (control), F3 and JAB-8-5.

FIG. 13 is a graph showing the results of testing F3 in vive, using cell line
NCI-H441 xenograft tumors in NRG mice.

FIG. 14 is a graph showing the results of testing F3 in vivo, using cell line Mia-

Paca-2 xenograft tumors in NRG mice.

FIG. 15 is a graph showing the results of testing F3 in vivo, using cell line Mia-
Paca-2 xenograft tumors in NRG mice.

FIG. 16 is a graph showing direct binding of F3/F3a derivative {o recombinant
K-RAS protein.

FIG. 17 1s a graph showing the plasma concentration of a RAS inhibitor in vivo
in CO1 mice.

FIG. 18. is a graph showing the concentration in brain of a RAS inhibitor in
vivo in CGD1 mice.

FIG. 19 is a graph showing the plasma concentration of a RAS inhibitar in vivo

in CD1 mice, after oral administration.
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FIG. 20 is a graph showing the effect of F3 on liver function,
FIG. 21 is a graph showing the effect of F3 on kidney function.
DeTAiLED DESCRIPTION

The present application is based on the development of small molecules that
are protein-protain interaction (PP} inhibitors that block the binding of RAS to s
affector proteins. An in sifico examination of a library of over one million compounds
identified many potential inhibitors. The {op ranked potential inhibitors were obtainad
and fesied, to identify lead compounds. Variations of the lead compounds were
prepared and tasted, both in vitro and in vivo, and this has resulted in the
identification of large family of RAS inhibitors.

Because the HRAS structure in complex with RALGDS was known, this form
of RAS was used for the in sifico examination. However, testing of the compounds
for activity was against the much more important K-RAS isoform. Inany event,
much of the sequence between different forms is highly conserved and the
differences betwaen the different forms of RAS is located in a region which is not
beliave 1o have much effect on binding, therefore the effect of the compounds on
inhibition of RAS is not expscted to vary significantly betwesn the different forms.

The compounds entified bind directly to RAS and blocks its effector
interactions and signaling activity. They block the fransforming activity of RAS
without suppressing normal cellular growth and survival. Furthermore, they may act

via anoikis {atl least in part) and suppressas tumor formation in vivo,

H-RAS reference sequence:
MTEVKLVWVGAGGVGKEBALTIQLIGNHFVDKYDPTIEDSYRKQVWWIDGETCLLDILDT
AGQEEYSAMRDQYMRTGEGFLOVFAINNTHKSFEDIHQYREQIKRVEDSDDVPMYVL
VGNKCDLAARTVESRQAQDLARSYGIFYIETSAKTRQGVEDAFYTLVYREIRGHK.
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K-RAS4B referance sequence: MTEYKLWVG AGGVGKSALT IQLIQNHFVD
EYDPTIEDSY RKOQVWIDGET CLLDILDTAG QEEYSAMRDQ YMRTGEGFLC
VEAINNTRSF EDIHHYREGQI KRVKDSEDVP MVLVGNKCDL PSRTVDTKQA
QDLARSYGIP FIETSAKTRQ GVDDAFYTLY REIRKHKEKM SKDGKKKKKK
SKTKCVIM.

The target region of RAS reference sequence in contact with RalGEF | its
binding pariner: ILE 21, ILE 24, GLN 25, HIS 27, VAL 28, LYS 31, ASP 33, PRO 34,
THR 35, ILE 36, GLU 37, AGP 38, SER 38, TYR 40, ARG 41, LYS 42 LEU 58, TYR
64, MET 67.

The pocket and residues of the RAS reference sequence for other target
region: GLY 13, GLY 15, LYS 16, SER 17, ALA 18, LEU 18, ILE 21, GLN 22, HIS 27,
PHE 28, VAL 29, ASP 30, LYS 31, TYR 32, ASP 33, PRO 34, THR 35, ASP 38, TYR
40, ASP 57, ALA 1486,

FIG. 2B illustrates the pathway by which RAS binds RalGDS proteins and
activates them. In the llustration, F3 represents a RAS inhibitor blocking the binding
of RAS to is effector proteins.

RAS inhibitors are any compound selected from a compound of Formula (1),

Ri/i W/\Xi/ﬁr \R‘?’
O O

wadl as salts and esters thereof. R, R® and X' have the following meanings:

{1}, including optical isomers, as

R'is a monovalent H, carboxy (~COzH), nitro (-NQz), sulfo (-80sH), halogen
(e.g.. F, CL Br, orf}, aryl {e.g., phanyl), cycloalkyl, heterocyciyl, heteroanyt {e.g.,
pyridinyl), ~{C-Ca)alkyl-aryl {e.g., -methylphenyl), ~(C+-Cslalkyl-cycloalkyl, «(Cy~
Cajalkyl-hetercoyely, ACy-Calalkyl-heteroaryl, C+-Cs alkyl (a.g., C1, Ca, C3, C4, Cs,

10
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Ca, Gz, or Ca alkyl), C2-Cs alkenyl (e.g., Cz, Ca, Cs, Cs, Cs, Cr, or Cs alkenyl), C2-Cs
alkynyl (e.g., Cz, Cs, Ca, Cs, Cs, Cr, or Ca atkynyl), or C1-Cr alkoxy (C+, C2, Cs, Cq,
Cs, Cs, or Cr alkoxy), which aryl {e.g., phenyl}, cycloalky!, heterocycivl, heteroaryl
{8.g., pyridinyl), (C+-Cajatkyl-aryl {(o.9., -methyi-phenyl, -{Ci-Calalkyl-cycloalky, -
{Ci-Cajalkylbhaterocyalyl, {Cr-Csalkyl-heteroaryl, C+-Cr alkyl, C2-Cr alkenyl, C2-Cr
alkynyl, or C+-Cs alkoxy may optionally be substituted with one or more (8.9, 0, 1, 2,
3.4, 5, or §) of halogen (e.g., F, Cl, Br, or I}, hydroxy {(-OH), C+-Cs alkyl {e.g., C1, Ca,
Cs, Cs, or Cs alkyl), Ci-Cs alkoxy (Cy, Cz, Cs, or Cs alkoxy), methanoly (-COH},
carboxy (-COzH), nitro (-NOg), cyano (:CN}, amino {-NHy), carbamoy! (-CONHs),
gthynyl (-<CCH), -CF3, -CF2CF3s, ~OCF3, -OCF:CF3, or sulfo {-SQsH).

X' is bivalent «(NH}-, -{CHz}-, -(NHCHz)-, {CHeNH)-, ~{CaHa)-, ~(CaHa)-, <{C2)-,
-0, -0-{CHz)~, <(CH2)-0-, 8-, -S-(CHa)-, or -{CHz}-8-, which -(NH)-, -(CHz)-, -
{(NHCHz2)-, «(CHzNH)-, {CaHa)-, ~{CaH2)-, ~O-{CH2)-~, -{CH2}-Q-, ~8-{CHz)-~, ar -(CHa)-
S- may optionally be substituted with one ormore (e.g., 0, 1, 2, 3, or 4} of halogen
{e.g., F, CL, Br, or I}, hydroxy (-OH), -Ry, methanoly (-COH), carboxy (-CO2H), nitro
{(-NQz2), cyano (-CN), amino (-NHz), carbamoyl (-CONH2), ethynyl (-CCH), -CFs, -
CF20Fs, -QCF3, -QCFCFs3, or sulfo (-803H).

Ry is Cs-Ca-alkyl (8.g., C1, C2, Cs, C4, Cs, Cs, C7, or Cs alkyl), C2-Ce alkenyl
(e.g., Cz, Cs, Cq, Cs, Cs, Cr, ar Cs alkenyl), C2-Cs alkynyl {e.g., Cz, Cs, Cs, Cs, Cs, Cr,
ar Cs alkynyl), or C1-Cr alkoxy (C1, Ca, Cs, Ca, Cs, Cs, or Cr alkoxy), which Ci-Cs
alkyl (8.g., C1, Cz, Cs, Cq, Cs, Cs, Cr, or Cs alkyl), C2-Ca alkenyl (8.9., Cz, Ca, Ca, Cs,
Cs, 7, or Cg alkenyl}, C2-Ca atkynyl (8.9, C2, Cs, Cq, Cs, Cs, Cr, or Cs alkynyl), or Ci~
Cr alkoxy (C1, G, Cy, Gy, Cs, Cs, or Cr alkoxy) may optionally be substituted with ona
ormore (e.g.,. 0,1, 2, 3, or 4) of halegen {e.g., F, Cl, Br, or 1), hydroxy (-OH), C1+-Ca
alkyl (e.g., Gy, Cz, Cs, or Cq alkyl), C2-Cs alkeny! (g.q., Ca, Cs, or Ca alkenyl), C2-Cy
alkynyl (8.g., Cz, C3, or Cq alkynyl), C+-Ca alkoxy (C1, Co, Cs, or Ca alkoxy), aryl,
cycloalkyl, heterocyclyl, heteroaryl, methanoly (-COH), carboxy (-CO2H), nitro
{-NQz}, cyano (-CN), amino (-NHz), carbamoyt {~-CONHz}, ethynyl {(-CCH), -CF3, -
CF20Fs, -OCFs, -QCF2CF3, or sulfo (-S03H).
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R?is aryl {e.g., phenyl), cycloalkyl, heterocyelyl (e.g., benzodioxolyl),
hetercaryl (&.g., pyridingl), {C+-Caalkyl-aryl (e.q., ~methyl-phenyl}, {C1-Ca)alkyl
cycloalkyl, {C+Cajalkyl-heterooyclyl (e.9., -methyl-benzodioxolyl), or {C+-Calalkyl-
heteroaryl, which aryl, cycloalkyl, heterocyalyl, heteroaryl {e.g., pyridinyl), <{(C-
Calaltkyl-aryl {8.g., -methyl-phenyl), -(C1-Calalkyl-cycloalkyl, ~{C+-Cajalkyl-heterocyciyl
{e.g., -methyl-benzodioxolyl), or <{Ci-Cslatkkyl-heteroaryl, may opticnally be
substituted with ane or more {e.g., 0, 1. 2, 3, 4, 5, or 8) of halogen {e.g., F, Cl, Br, or
I}, hydroxy (-OH), C+-Cs alkyl (e.g., C1, Ca, Cs, Ca, Cs, Cs, T, Cg, Ca, Cio, Cr1, Csy,
Cua, C1a, Cus, or Cis atkyl), Co-Cis alkenyi (e.q., Tz, Ca, G4, Ts, Cg, Cr, Cs, Cs, C1o,
C11, Cuz, Cas, Cug, Cis, or Cue alkenyl), C2-Cas alkynyl {(e.g., Cs, Cs, Ca, Cs, Cs, 7, Cs,
Ca, C1p, C11, Ciz, Cus, Cua, Cas, or Cs alkynyl), C+-Cis alkoxy (Ca, C2, Cs, G4, Cs, Cs,
Cr. Cg, Cs, Cio, Cav, Crz, Cig, Cia, or C1rs alkaxy), methanoly (-COH), carboxy (-
CQ:2H), nitro (-NOz}), cyano (-CN), amino (-NHz), carbamoy! (-CONHz), ethynyl (-
CCH), -CFs, -CFaCF3, -OCF3, ~-OCF2CFs, sulfo (-80:H), ~8Q2-R? -{C=0}-Rs, or -O-
Re,

R is -NRRs , aryl, cycloalkyl (e.g., cycloheptyl), heterocyeivi (e.q., 1-
azepanyh), heteroaryl (e.g., pyridinyl), C+-Cr alkyl {8.g., C4, Gz, Cz, C4, Cs, Cs, or Gy
alkyl}, C2-Cr alkenyl {e.g., Ca, Cs, G4, Cs, Cs, or Cr alkenyl), C2-Cr alkynyl {e.g., Ca,
Cs, Ca, Cs, Cs, or Cr atkynyl}, or C+-Cs alkaxy {C1, Ca, Ca, T4, Cs, or Cs alkoxy), which
aryl, cycloatkyl {e.q., cycloheptyl), heterocyciyl {e.g., 1-azepanyl), heteroaryl {e.g.,
pyridinyl), C+Cr alkyl, C2-Cr alkenyl, Ca-Cr alkyryl, or C1-Cs alkoxy may optionally
be substitutad with one or more (e.g., 0, 1, 2, 3. 4, 5, or 8) of halogen {e.g., F, Ci, Br,
or 1} hydroxy (-OH}, C+-Cs alkyl {e.9., C1, Cz, Ca, Cq, or Cs alkyl), Ci-Cq atkoxy (C,
Ca, Cs, or Cs alkoxy), methanoly (-COH), carboxy (~COzH), nitro (-NOz), cyano (-CNj,
amino (~-NHz), carbamoyl (-CONHMz), sthynyl (-CCH}), -CFs, -CF2CF3, ~-OCF3, ~
OCF2CF3, or sulfo (-8C3H).

Re is monovalent H, aryl {(e.g., phenvl), cycloalky! (e.g., cyclohexyl},
heterocyclyl, heteroaryl (e.g., pyridinyl}, C+-Cr alkyl (e.g., C1, Cz, Cs, Ca, Cs, Cs, or Cy
alkyl), Co-Cr alkenyl (e.g., Cz, Cs, Ty, Cs, Cs, or Cr alkenyl), Co-Cr alkynyl (a.9., Cs,
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Cs, C4, Cs, Cs, or C7 alkynyl}, or C+-Ce alkoxy (G4, C2, Ca, Cx, Ts, or Cs alkoxy), which
H, aryl, cycloalkyl, heterocyclyl, heteroaryl (e.q., pyridinyl and 1-methy! imidazolyl),
C1-Cr alkyl, C2-Cr alkenyl, C2-Cr alkynyl, or C1-Cs alkoxy may optionally be
substituted with one or more {e.g., 0, 1, 2, 3, 4, 5, or 6) of halogen {e.g., F, Cl, Br, or
1), hydroxy {(-OH}, C+-Cs alkyl {e.g., C1, Cz, Cs, Cy, or Cs alkyl), C1-Ca alkoxy (C1, C2,
Cs, or Ca alkoxy), methanaly (-COH), carboxy (-CO2H), nitro (-NOz), cyano (-CN),
amino (-NHz), carbamoyl! (-CONH2), ethynyl (-CCH), ~-CF3, -CF2CF3, -OCF3, -
OCF2CF3, or sulfo (-8Q3H).

Re s monovalent H, aryl (e.g., phenyl), cycloalkyl {e.q., cyclohexyl),
heterocyclyl, heteroaryl (e.g., pyridinyl}, C+-Cr alkyl {e.g., C1, Cz, C3, Cs, Cs, Cs, or Cr
alkyl), C2-Cr alkenyl {e.g., Cz, Cs, Cs, Cs, Cs, or C7 alkenyl), C2-Cr atkynyl {e.q., Cz,
Ca, Cs, Cs, Cs, or Cr alkynyl), or C1-Cs alkoxy (C1, Cz, Ca, Cy, Cs, or Cs alkoxy), which
H, aryl, cycloalkyl, heterocyclyl, hetercaryt (e.g., pyridiny! and 1-methyl imidazolyl),
C+-Cr akkyl, C2-Cr alkenyl, C2-Cr alkynyl, or C1-Cs alkoxy may optionally be
substituted with one or more (e.g., 0, 1, 2, 3, 4, 5, or 8) of halogen {e.g., F, Cl, Br, or
1), hydroxy (-OH), C1-Cs alkyl {e.g., Ct, Cz, Cs, Cq, or Cs alkyl), C+-Cq alkoxy (C1, Cz,
Ca, or C4 alkoxy), methanoly (-COHj), carboxy {(-CO:zH), nitro (-NQOz), cyano (-CN},
amino (-NHz), carbamoyl (-CONHy), ethynyl (-CCH), -CF3, -CF2CFs, ~-OCF3, -
OCF20Fs, or sulfo (-803H).

If R? comprises substitution with one or more of methanoly (-COH), carboxy (-
CO2H), amino (-NHz), C+-Cus alkyl (e.g., C1, Cz, Ca, C4, Cs, Cs, Cr, Cs, T, C1o, C11,
Ciz, C1s, Cus, Cis, or C1s alkyl), Cz-Cre alkenyl (e.g., Cz, Ca, Ca, Cs, Cs, C7, Cs, Cs,
C1o, Ci1, Cuz, Cua, C1a, Cis, or Cis alkenyl), C2-C1s alkynyl (e.g., Cz, Ca, G4, Cs, Cs,
Gy, Cs, Cs, Cap, Cix, Caz, Cis, Cra, Cus, or Cisalkynyl), C-Cis alkoxy (C+, G2, Cs, Ca,
Cs, Cg, Gy, Cs, Cq, C1o, Cit, Caz, Ci3, C1a, or Cis alkoxy), then each of methanoly (-
COHj), carboxy (-CO2H), amino (-NHz), C1-Cre alkyl (g.g., C1, Cz, Cs, Cq, Cs, Cs, C7,
Cs, Cg, Cig, C11, Ciz, Cia, Cug, Cis, or Cis alkyl), Ca-Cus alkenyl {e.g., Cz, Cs, C4, Cs,
Cs. C7, Cs, Cs, Cro, C11, Cuz, Cia, Cug, C1s, or Crs alkenyl), C2-Cis alkynyi (e.g., C2,
Cs, C4, Cs, Cs, Cy, Ca, Cs, Cro, C11, Crz, C13; Cus, Cis, or Crs atkynyl), C1-C1s alkoxy
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(C+, Ca, Cs, Ca, Cs, Cs, Cr, Cg, Co, Cap, C11, Crz, Cia, C1a, or C1s alkoxy), may be
independently and optionally substituted with one or more (8.g., 0, 1,2, 3, 4, 5, or 8)
of halogen {e.g., F, Cl, Br, or 1}, hydroxy {(-OH), C+Ca alkyl {(e.g., C+, Ca, C3, or C4
alkyl), C2-Cs alkenyl {e.q., Gz, Cs, or Cs alkenyl), Ca-Cs alkynyl {e.g., T2, Ca, or Ty
alkynyl}, Ci-Ca alkoxy {C1, Ca, Cs, or Ca alkoxy), methanoly (-COH), carboxy (-
COzH), nitro {-NQz}, cyano (-GN}, amino (-NHp), -NH{C+-Ca alkyl) (2.9., -NHCH2CHs},
-N{C1-Cs alkyll{C+-Ca atkyl) {e.g.. -N{CHas}2), carbamoyt (-CONHz), ethynyl {(-CCH}, -
CFa, -CFaGFs, -OCF;, -OCF2CF3, sulfo (-5QsH), or -Re.

Re may be the same or different for each choice, and may be -CO-
OCHz{methyl carboxy), ~-CO-NRiRg, ~-S02-NRiRg, -NRR,, -NH-CO-CHa, -NH-CO-
NRRg, -NH-CO-OCHs, aryl, cycloalkyl, heterocyclyl, heteroaryl, 5-7 membered
monocyelic heterocyclyl, 5-7 memberad monocyclic heteroaryl, tetrazolyl (e.g., 5-
tetrazolyl, 2-tetrazoiyl, or 1-tetrazolyl), triazolyl (e.g., 1-iriazolyl, 2-riazolyl, or 4-
triazolyl). imidazolyl {8.9., 1-imidazoiyl), pyrrolyl {e.9., 1-pyrrolyl), pyerofidinyl {e.g., 1-
pyrrolidinyl), piperidyl {(e.q., 1-piperidyl}, piperazinyl (&8.g., 1-piperazinyl), morpholinyl
{e.g., 4-morpholinyl}, pyridyl (e.g., 2-pyridyl), pyraziny (e.g., 2-pyrazinyl), pyrimidinyl
(e.g., 4-pyrimidinyl}, thienyl, furyl, pyranvl, pyrazolyl, isothiazolyl, isoxazolyl,
pyridazinyl, furazanyl, pyrrolinyl, imidazolidinyt, imidazolinyl, pyrazolidinyl, or
pyrazolinyl, which -CO-OCHs(methyl carboxy), ~-CO-NRRy, -S02-NRRg, -NR{Rg, -
NH-CO-CHs, -NH-CO-NRRg, -NH-CO-OCHs, aryl, cycloalkyl, heterocyclyl,
heteroaryl, 5-7 membered monocyclic heterocyclyl, 5-7 membered monocyclic
heteroaryl, tetrazolyl (e.g., b-letrazolyl, 2-tetrazolyl, or 1-tetrazolyl), triazolyl (e.g., 1~
triazolyl, 2-triazolyl, or 4-triazolyl), imidazolyi (e.g., 1-imidazolyl), pyrrolyl (e.g., 1-
pyrrolyl), pyrrolidinyl {e.g., 1-pyrrolidinyl), piperidyl {e.g., 1-piperidyl), piperazinyl
(2.g., 1-piperazinyl}, morpholinyl (e.g.. 4-morpholinyl), pyridyl (e.g.. 2-pyridyl),
pyrazinyl (e.g., 2-pyrazinyl), pynmidinvt (.g., 4-pyrimidinyl}, thienyl, furyl, pyranyi,
pyrazolyl, isothiazolyl, isoxazolyl, pyndazinl, furazanyl, pyrrolinyl, imidazolidinyt,
imidazolinyt, pyrazolidinyl, or pyrazoliny! may be optlionally substituted with one or
more {e.g.. 0, 1,2, 3,4, 5.8 or7)of halogen {e.g., F, Cl, Br, or I}, hydroxy (-OH}, Ci-
Caalkyl (a.g., C1, Gy, Cs, or Cy alkyl), C2-Ca atkenyl {e.g., Cs, Cs, or Cq alkenyl), Co-
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Ca alkynyl (e.g., Cz, Cs, or Ca alkynyl), C1-Cas alkoxy (C, Ce, Cs, or C4 alkoxy), aryl,
cycloalkyl, heterocyclyl, heteroaryl, methanoly (-COH), carboxy (-CO2zH), nitro
{(-NO2), cyano (-CN), amino {-NHz), carbamoyl (-CONHz), ethynyl {(-CCH), -CF3, ~
CFzCFs, -OCF3, -OCF2CFs, or sulfo (-80:H).

Rr may be the same or different for each choice and may be H or Ci-Ca alkyl
{.g., C1, C2, Cs, or Ca alkvl). Rg may be the same or different for each choice and
may be H or C1-Cs alkyl (e.g., G4, Cz, Cs, or Cqalkyl).

In one aspect, the compound of Formula () may exclude F3:

o
N

AN

O

CH;,

2

Preferably X' is -NH- substituted with Rx or -(CHz)-. Preferably R'is aryl
meta substituted with one halogen, aryl, aryl meta substituted with C1 atkyl, aryl ortho
substituted with one halogen, aryl meta substituted with -CFs, aryl para substituted
with Cr alkyl, aryl meta substituted with Cs alkoxy, aryl para substituted with Cy
alkoxy, aryl ortho substituted with C+ alkyl, alkyl-aryl meta substituted with one
halogen, Cs alkyl or Cs alkyl, where the preferred halogen is F. Preferably R? is aryl
meta substituted with S02-R* and para substituted with C1 alkyl, aryl meta
substituted with S0=-R?, aryl meta substituted with -(C=0)-R?* and para substituted
with C1 atkyl, aryl, alkyl-heterocyclyl (such as methyl-benzodioxolyl), heterocyclyt
{such as benzodioxoly), aryl meta substituted with 802-R? and ortho substituted with
Cs atkyl, aryl meta substituted with SO2-R® and para substituted with Ca alkyl, ary!
meta substifuted with SC2-R® and para substituted with Cz alkoxy, aryl meta
substituted with SC2-R? and para substituted -O{{CHz2)2)-N(CHa)z, aryl meta
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substituted with S02-R® and para substituted with Cs alkyl, aryl meta substituted with
S02-R¥ and para substituted -O((CHz)s)-N{CHa)z, aryl meta substituted with SOz-R?
and para substituted ~-O{(CHa2)s)-N{CHs)z, aryl meta substituted with 802-R® and para
substituted ~O({CH2)s)-N{CHa)z, aryl meta substituted with 80:-R?* and para
substituted ~-O{{CH2)4}-N{CHa)z, or aryl meta substituted with SO2-R® and para
substituted Ca alkoxy. Preferably R is methyl. Preferably R* is Car heterocyelyl, -~
NRaRs with Re Cz alkyl and Re Cz alkyl, -NRaR» with Ra Cs atkyl and Rs H, -NRaRp
with Rs cycloalkyl and Re H, or -NRaRs with Ra cycloary! and Ry H. Also included are
all the permulations and combinations of these preferred selections of RY, R?, X', R«
and R3.

Preferably, the compound is capable of interacting with the RAS sequences,
or one or more amino acids of the RAS sequencs, in particular the compound is
suitable for or capable of interacting (8.9., via covalent bond, ionic bond, van der
waals force, hydrophobic interaction, steric interaction, hydrophylic interaction,
hydrogen bond, or a combination thereof) with one or more of the following amino
acids in the RAS reference sequence; ILE 21, ILE 24, GLN 25, HIS 27, VAL 28, LYS
31, ASP 33, PRO 34, THR 35, iLE 38, GLU 37, ASP 38, BER 38, TYR 40, ARG 41,
LYS 42, LEU 56, TYR 64, MET 67, GLY 13, GLY 15, LYS 18, SER 17, ALA 18, LEU
18, ILE 21, GLN 22, HIS 27, PHE 28, VAL 29, ASP 30, LYS 31, TYR 32, ASP 33,
PRQ 34, THR 35, ASP 38, TYR 40, ASP 57, or ALA 148.

A disease associated with activating mutations in RAS, or treatable by a
reduction in RAS activity, include cancers and tumors, especially those which have
been identifiad as having an activating RAS mutation. it may be desirable to test a
biopsy sample from a patient before treatment with a8 RAS inhibitor, such as by
detecting a mutated RAS gens or genes within the sample. FIG. 1 lists a varisty of
cancers and tumors which have be found o have a mutant KRAS gene. Othsr
disgase which may be trealed with a RAS iphibitor include capillary malformation-AV
malformation syndrome, autoimmune lymphoproliferative syndrome,

cardiofaciocutanesous syndrome, hereditary gingival fibromatosis type 1,
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neurofibromatosis type 1, noonan syndrome, costello syndrome, legius syndrome,

and noonan syndrome with multiple lentigines.

The RAS inhibitor may be administerad as a pharmaceutical composition. A
pharmaceutical composition is formulated to be compatible with its intended route of
administration, including infravenous, intradermal, subcutansous, oral, inhalation,
transdermal, fransmucosal, and rectal administration. Administration may be
followed by testing for efficacy, followed by one or more administration and testing
staps.

A "pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, solid excipients and the liks, compatible with
pharmaceutical administration. Preferrad examples of such carriers or diluents
include waler, saline, Ringer's solutions and dextrose solution. Supplementary
active compounds can also be incorporated into the compositions. Solutions and
suspensions usead for parenieral administration can include a sterile diluent, such as
water for injaction, saline solution, polyethylene glycols, glycerin, propylens glyool or
other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodium bisulfite; buffers such as
acelates, citrates or phosphates, and agents for the adjustment of tonicity such as
sodium chioride or dextrose. The pH can be adjusted with acids or bases, such as
hydrochloric acid or sodium hydroxide. The parenteral preparation can be enclosed
in ampoules, disposable syringes or multiple dose vials made of glass or plastic.

A pharmaceutical composition is formulated to be compatible with its intended
route of administration, including intravenous, infradermal, subcutaneaus, oral,
inhalation, transdermal, transmucosal, and rectal administration. Solutions and
suspensions used for parenteral, infradermal or subcutaneous application can
include a sterile diluent, such as water for injection, saline solution, polyethylene
glycols, glycerin, propylene glycol or other synthetic solvents; antibacterial agents
such as benzy! alcohol or methyl parabens; antioxidants such as ascorbic acid or
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sodium bisulfite; buffers such as acedates, citrates or phosphates, and agents for the
adjustment of tonicity such as sodium chloride or dextrose. The pH can be adjusted
with acids or bases, such as hydrochloric acid or sodium hydroxide.

Preferred administration is oral administration, including as a powder, table or
capsule, an oral solution or suspension, or sublingual or buccal tablets. Alternative
forms of administration include rectal suppasitories, inhaled, epidural, subcutaneous,
nasal spray, transmucosal, and intradermal formulations. Preferably administration
is by unit dosage form. Examples of unit dosage forms include oral compositions,
such as tablets (for example, sublingual or buccal tablets), capsules {for example,
hard gelatin and soft gelatin capsules), transmucosal and sublingual patches and
films, pre-measured powder packets and sachsts, flavored andfor sweetened
agqueous solutions or suspensions. Preferably, the oral unit dosage form is present
as a once-per-day dosage. Excipients and adjuvanis maybe also be included in any

of the unit dosage forms, both oral and non-oral,

Multi-dosage forms, such as kits, containing 2 to 30, 3 to 25, or 5 to 14 unit
dosage forms, forexample 6, 7, 8, 8, 10, 11, 12, 13, 15, 20, 40, 50 or 80 unit dosage
forms, may be provided. Preferably, the multi-dosage forms contain sufficient unit
dosage forms Tor administration over a period of 2 1o 30, 310 25, or 7 fo 14 days, for
sxample 4, 5,6, 7, 8 8, 10, 11, 12, 13, 20 or 30 days.

Pharmaceutical compositions suitable for injection include sterile aqueous
solutions or dispersions for the extemporansous preparation of sterile injectable
solutions or dispersion. Various excipients may be included in pharmaceutical
compositions suitable for injection. For infravenous administration, suilable carders
include physiological saline, bacteriostatic water, CREMOPHQOR EL® {BASF;
Parsippany, NJ) or phosphate buffered saline (PBS). In all ¢cases, the composition
must be sterile and should be fluid so as o be administered using a syringe. Such
compositions should be stable during manufacture and storage and must be
presarved against contamination from microorganisms such as bacteria and fungl.

Various antibacterial and anti-fungal agents, for example, parabens, chiorobutanol,
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phenol, ascorbic acid, and thimerosal, can contain microorganism contamination.
Isotonic agents such as sugars, polyalcohols, such as manitol, sorbitol, and sodium
chioride can be included in the composition. Compositions that can delay shsorption
include agents such as aluminum monostgarate and gelatin. Sterile injactable
solutions can be prepared by incorporating the compound, and optionally other
therapsutic components, in the reguired amount in an appropriate solvent with one
or a combination of ingredients as required, followed by sterilization. Methods of
preparation of sterile solids for the preparation of sterile injectable solutions include
vacuum drying and freeze-drying to yield a solid.

Tapical application may be effective for cancers and potentially-malignant
necpiasms present in the skin, for example melanomas, seborrheic keratosis and
actinic keratosis. Compositions for topical administration may be in the form of
creams or lotions.

An appropriate dosage level of each type RAS inhibitor compound will
generally be about 0.01 to 500 mg per kg patient body weight. Preferably, the
dosage level will be about 0.1 to about 250 mg/kg; more preferably about 0.5 %o
about 100 mg/kg. A suitable dosage level may be about 0.01 to 250 mg/kg, about
0.05 to 100 mg/kg, or about 0.1 fo 50 mg/kg. Within this range the dosage may be
0.0510 0.5, 0.5t 5 or 5 to 50 mg/kg. Although each type of pharmaceutical
composition may be administered on a regimen of 1 {o 4 times per day, such as
once or twice per day, the specific frequency of dosing will depend on the half-life in
vivo of the RAS inhibitor. Accordingly, each RAS inhibitor may be administered once
a day, once a week, once svery two or three weeks, once a month, or ance every 60
o 80 days.

Howsver, the specific dose level and frequency of dosags for any particular
patient may be varied and will depend upon a variety of factors including the activity
of the specific compound employed, the metabolic stability and length of action of
that compound, the age, body weight, general health, sex, diet, mode and time of
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administration, rate of excretion, drug combination, the severity of the particular
condition, and the patient undergoing therapy.

Data in the application showing effective dosages in an animal mode! may
also be used o determine an effective dosage in humans. Guidance is available
from the U.8. Department of Health and Human Services [14].

A subject that receives administration of a RAS inhibitor may be tested to
determine if it has been sffective {o treat the cancer, by examining the patient for the
spread of the cancer to different parts of the body, particutarly in lymph nodes. Any
suitable diagnostic test may be used, such as a biopsy, endoscopy, bload test or
diagnostic imaging test such as an Xray or CT scan. Administration of the RAS
inhibitor and subsequent testing may be repeated until the desired therapeutic result
is achisved. Similarly, a subject may be tested to determing if a potentially-
malignant tumor, cancer or neoplasm has been effectively treated by a reduction in
size, of disappearance, of the Wwmor, cancer or neoplasm.

The pharmaceutical composition described hergin may further comprise other
therapeutically active compounds, and/or may be used In conjunction with physical
fechniglies as noted herein which are suitable for the treatment of cancers and
tumors. Examples of commonly used therapeutically active compounds include
vinorelbine (Navelbine®), mytomycin, camptothecin, cyclyphosphamide (Cytoxin®),
methotrexate, tamoxifen citrate, S-fluarouracil, irinotecan, doxorubicin, flutamide,
paclitaxel (Taxol®}, docetaxel, vinblastine, imatinib mesylate (Glesvec®),
anthracycling, letrozole, arsenic trioxide {Trisenox®), anastrozole, triptorelin
pamoeate, orogamicin, irinotecan hydrochloride (Camptosar®), BCG live (Pacis®),
leuprolide acetate implant (Viadur), bexarotenea (Targretin®), exemestane
{(Aromasin®), fopotecan hydrochioride {Hycamtin®), gemcitabine HCL{Gemzar®),
daunorubicin hydrochloride (Daunorubicin HCL®), gemcitabine HCL {Gemzar®y,
toremifene citrate (Fareston), carboplatin (Paraplatin®), cisplatin (Platinol® and
Platinol-AQ®) oxaliplatin and any other platinum-containing oncology drug,
trastuzumab (Herceptin®), lapatinib (Tykerb®), gefitinb (ressa®), cetuximab
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(Erbitux®), panitumumab (Vectibix®), temsirolimus (Torisel®), everolimus
{Afinitor®), vandetanib (Zactima™), vemurafenib (Felbora™, crizotinib (Xalkori®),
vorinostat{Zolinza®), bevacizumab (Avastin®), immunotherapy, anti-cancer
antibodias, anti-nucleclin agents, radiation therapy, hyperthermia, gene therapy and
photodynamic therapy. Such agents or treatments may be administered before,
after, or simultansously, with one or more RAS inhibitor described herain.
Particularly preferred are administration with an immunotherapy {(such as
pembrolizumab or nivelumab, which are immune checkpeint inhibitors that block PD-
1) or an anti-nucleoctin agent {(such as AS1411 or AS1411 conjugated to gold
nanoparticies). |

Any mammal that could develop tumors, cancer or metastatic cancer may be
treated by the methods herein described. Humans are a preferred mammal for
treatment. Other mammals that may be treated include mice, rats, goats, sheep,
camels, cows, horses and companion animals, such as dogs or cats. A subjact in
need of treatment may be identified by the diagnosis of a tumor or cancer. Any form
of tumor or cancer may be treated, including breast cancer, ovary cancer, cervix
cancert, skin cancer, lung cancer, colon cancer, pancreatic cancer, colorectal cancer,
thyroid cancer, seminoma, melanoma, sarcoma, bladder cancer, fiver cancer, kidney
cancer, glioma, myeloid cancers (g.g., MDS, IMF, AML, or CML) or lymphoid
disorders (e.g., ALL, NHL, Hodgkin’s, or hairy cell). Metastatic cancers may also be
treated; cancers which are particularly subject to metastasis include fung cancer,
melanama, colon cancer, renal cell carcinoma, prostate cancer, cancer of the cervix,
bladder cancer, rectal cancer, sesophageal cancer, liver cancer, mouth and throat
cancer, multiple myeloma, ovarian cancer, and stomach cancer. Treatment may be
of patients experiencing metastatic cancer. Treatment may also be administered fo
patiants who have cancer, but prior {o any identified metastasis, in order to prevent
metastasis. Similarly, any mammal that could develop potentially-malignant
neoplasms may be treated by the methods herein described,

EXAMPLES
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Example 1, Synthesis of compounds

The compounds of Formula | may be prepared by first preparing the
corresponding amines R*-NH; and R2-NH;, followed by sequential reaction with the
diacid X/{CH2000H)2, which may optionally be in the form of a cyclic anhydride. In
the examples which follow, where R and R? comprise substituted phenyl groups. In
the first example the substituted phenyl groups have been labslled “A” and "B”,
respectively.

Synthesis of compound F3:

ae Ty N N
Q o ;2 G, S} / 8, f:i /
O2N NP S\é‘) N C}:N N 3\\ Nt Fafc; H? » H:{N ‘\-”"‘:{}- /S\b N
U e - T . e Eo
Y A THF, 36% Lt 11 EDAC-MeOH, N
100%
3 4

Scheme 1. Synthesis F3 sulfonamide fragment.

The synthesis of F3 began by constructing sulfonamide 4 {ring B of F3). The
sulfonamide was prepared by treating commercially available sulfonyl chioride 1 with
two equivalents of amine 2. The synthesis was completed in excellent overall yield
by reduction of nitro 3 under catalytic hydrogenation conditions. A variety of
sulfonamide derivatives were prepared by replacing 2 with a suitable secondary or
tertiary amine.

For some analogs, sulfony! chlorides were not commercially available and

were prepared it ong step. Please see the sxuperimental for compound 9 below as
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an example. Compound 4 is known and prepared from a modified fiterature

preparation [6].
[84] Experimental;
[95] 1-((2-Methyl-S-nitrophenyl)sulfonyl}azepane 3. To a solution of 2.50 g

{10.68 mmol} of sulfonyl chloride 1 in 75 ml of THF at 0°C was added dropwise 2.4
mbl (2.1 g, 21.2 mmol) of hexamesthyleneimine 2. The resulting solution was stirred
for 1.6 hrs at 0°C and 2 hrs at room temperature at which point the reaction was
completed as indicated by TLC, The reaction was guenched by slowly adding 80 mL
of water and stirring for 5 mins. The layers were separated and the aqueous phase
was extracted twice with 100 mb-portions of ethy! acetate. The combined organic
tayers were washed with brine, dried (sodium sulfate) and filterad through a plug of
silica gel {rinsed with ethy! acetate). The solvent was removed in vacuo to afford

3.04 g (96%) of 3 as a dark yellow oil.

[96] 3-{Azepan-1-yisulfonyi)-4-methylaniline 4. To a solution of 3.04 g (10.3
mmol} of aryl nitre 3 in 125 mbL of a 1.1 solution of sthyl acetate-methanc! was
carefully added 400 mg of 10% Palladium on carbon. The suspension was stirred
under an almosphere of hydrogen gas (balloon) for 16 tws. The suspension was
then filtered through a plug of Celite {rinsed with ethyl acetate) and concentrated in
vacuo o gfford 2.89 g (100%) of aniline 4 as a colorless oil.

fe7] Other anilines can be prepared from sither synthesized or commercially

avallable sulfonyl chiorides by using a suitable secondary or tertiary amine in place

of amine 2.
o8] Synthesis of F3 and related derivatives:
1.) A0, 180°C, o N/ Fuong NH
HOL oo OH 0 IRIW L HD NN \, Ny S i
O 5 2. sulforamide 4 D P l\ HATU, TEA,
s THF, 100°C, “’ DME, 18 b, 47%

40, mw, 28%
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Scheme 2. Synthesis of F3 and related derivatives

With sulfonamide 4 in hand, the synthesis of F3 began by heating
commercially available iminodiacetic acid § via microwave irradiation with acetic
anhydride to generate a reactive cyclic anhydride [7]. Ring opening with aniling 4
provided the desired acid (8} in good yield [8,8]. The synthesis of F3 was completed
by coupling acid 8 with aniline 7 using HATU/TEA protocol. We found that EDCI
gave poor yields. Also, anilines 4 and 7 in the amide forming sieps can be swapped
(i.e. the aniline 4 or 7 may be used in the first step).

Experimental:

2-{{2-{{3-{Azepan-1-yisulfonyl}-4-meathyiphenyljamino}-2-
oxoethyli{methyljaminojacetic acid 8. A solution of 300 mg (3.40 mmol) of
iminodiacetic acid § in 3 mb of acetic anhydride was stirred at 150°C for 1 hvig
microwave irradiation. After cooling to room temperaturg, the solvent was removad
in vacuo and the crude intermediate was dried under high vacuum for 8 tws. The
intermadiate was dissolved in 20 mbL of THF and 1o the resulting solution was added
813 myg (3.40 mmol) of aniline 4. The reaction was stirred for 4 hrs at 100°C via
microwave irradiation. After cooling to room temperature, the mixture was filtered
through a plug of silica gel that was rinsed with ethyl acetate and then with a solution
of 1:1 ethyl acelate-methanol. The fraction containing the solution of 1:1 ethyl
acatate-methanol was concentrated in vacuo te afford 350 mg of 6 {26%) as a light
brown solid. ‘

N-{3-{Azepan-1-yisulfonyl)-4-methyiphenyl}-2-{{2-{{3-
fluorophenyllaming)-2-oxoethyi}{imethyllamino)-acetamide F3. To a solution of
188 myg (0.400 mmol} of acid & and 0.08 mbL {88 mg, 0.800 mmol) of aniline Tind mL
of DMF was added 228 myg (0.600 mmol) of HATU and then .17 mL {121 mg, 1.20
mmol) of triethylamine. The reaction solution stirred for 18 hrs and then was diluted
with 40 mb of water. After stirring for § mins, the solution was extracted three times
with 30-mbL portions of ethyl acetate. The combined organic layers were washed
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with water and brine. After drying over sodium sulfate, the solvent was removed in
vacuo and the crude was chromatographed over silica gel (4g Combiflash, 0 —

100% hexanes-sthyl acetate over 11 mins) to afford 83 mg (47%) of F3 as a white
foam.

Additional chemistry developed to prepare derivatives:
Synthesis of JAB-7-160

Several compounds ware prepared by a different protocol, which includes
JAB-7-180, homologs of JAB-7-180, JAB-7-158 and JAB-7-181. Thase involved
preparing densely functionalized anilings.

CaNu oy, SO 130%0
i‘\ R
> (¥
3
~
el Q\ N ,“?
L - i ~ AR
PG My R g™ g N N N R a2
s n pei R J s i S N H
ey o N N o LTS e 4 : H R 3 <
11 EGseelr; SR Ny N HATL, 'E‘r_n:\ . G &) 5 \\‘:"’"\-O‘A\"'N\‘
0% OME 18 5. 27%
12 JE8B-7-180

Scheme 3. Synthesis of JAB7-160

The synthesis bagan by heating aryl chioride § overnight in chilorosulfonic acid
to produce sulfonyl chloride 8 {10,11] Treatment with hexamsthylensimine 2
afforded sulfonamide 10 in good vield. Careful monitoring of the reaction was
required to avold substitution of the aryl chioride. In the key step, aryl substitution
with commercially available 2-(dimsthylamino)ethano! in the presence of sodium fert-
butoxide produced aryl ether 11 in good yield. The synthesis was complets by
hydrogenation of the aryl nitro followed by coupling the resulting aniling (12) with
acid 13 utilizing HATU/TEA protocol. Optionally, aryt bromides (but not aryl
fluorides) may be used in place of aryl chioride 8.
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Derivative JAB-7-158, JAB-8-54, JAB-8-55, JAB-8-60, JAB-8-83, and JAB-
8-88 were prepared by a similar method,

Experimental:

2-Chioro-8-nitrobenzene-1-sulfonyl chloride 8. A solution of 1 g (8.35
rmumol) of aryl chloride 8 in 3 mi of chlorosulfonic acid {(caution!) was stirred at 120°C
tor 18 hrs. After conling 1o room temperature, the reaction was carefully added
dropwise to 150 mbL of ice {exotharmicl). The agueous suspension was exiracted
three times with 75-mL portions of ethyl acetate. The combined organic fractions
were washed with bring, dried (sodium sulfate) and concentrated in vacue. The
residus was chromatographed over silica gel (12 g Combiflash, 0 — 50% hexanes-
ethyl acetate, over 11 mins) to afford 620 myg (38%) of 8 as a low-melting, brown
solid.

1-{{2-Chloro-8-nitrophenyljsulfonyljazepane 10. To a solution of 820 mg
{2.42 mmol} of sulfonyt chioride 9 in 30 mb of THF at 0°C was added 0.30 mL (264
myg, 2.66 mmol} of hexamethylensimine 2 and then 0.33 mL (244 my, 2.42 mmol) of
frimethylamine. The resulting solution stirred for 5 hrs while slowly warming to room
temperature. The reaction was complete as indicated by TLC. The reaction was
quanched by slowly adding 30 mL of water and stirring for 5 mins. The layers were
separated and the agueous phase was exiracted twice with 40-mLb portions of ethyl
acetate. The combined organic layers were washed with brine, dried (sodium
suifate) and concentrated in vacuo. The residus was chromatographed over silica
gel (12 g Combiflash, 0 — 20% hexanes-ethyl acetate, over 11 ming) to afford 838
mg {53%) of 10 as a ysllow solid.

2-{2-{Azepan-1-yisulfonyl}-4-nitrophenoxy)-N, N-dimethylethanamine 11.
To a solution of 80 mg (0.94 mmol) of sodium tert-butoxide in 7 mb of DMF was
added dropwise 0.09 mL {786 mg, 0.88 mmol} of 2-{dimethylaminojethanol. After
stirring for 30 mins, a sojution of 300 mg (0.94 mmol) of anyl chioride 10 in 4 mb of
DMF was added 1o the reaction mixture. The mixture was stirred at room
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temperature for 18 hrs and then was quenched by adding 15 mbL of water. After
stirring for 5 mins, the agueous solution was extracted three times with 10~mL
portions of ethyl acetate. The combined organics were dried {sodjum sulfate) and
concantrated in vacuo. The residue was chromatographed over silica gel (4 g
Combiflash, 0 — 50% ethyl acetate-methanol, over 11 mins) to afford 275 mg (79%)
of 11 as a brown oil.

[114] 3<{Azepan-t-yisulfonyi}-4-{2-{dimethylamino)ethoxy)aniline 12. Derivative
was prepared as described for the preparation of 4. From 250 mg {0.672 mmol) of
aryl nitro 11 was isolated 236 myg (100%) of 12 as a thick syrup.

{115] 2-{{2-{{3-fluorophenyljamino}-2-oxcethyl}{methyllaminolacstic acid 13.
Derivative was prepared as described for the preparation of 8 except aniling 7 was
used instead of the sulfonamide derivative and the crude was purified by
chromatography (silica gel, 4 g Combiflash, 0 — 20% dichloromethane-methanol,
over 11 mins). From 566 mg (5.10 mmol) of aniline 7 was isolated 541 mg (44%) of
13 as a brown foam.

[116] N-{3-{azepan-1-yisulfonyl}-4-{2-(dimsethylamino)ethoxyjphenvi}-2-({2-{{ 3~
fluorophenyljamino)-2-oxoethyl}-{methyijaminolacstamide {(JAB-7-160).
Derivative was prepared as described for the preparation of F3. Isolated 87 mg
{27%) of JAB-7-180 as a brown solid.

[117] Synthesis of JAB-7-181
,.f"\\ .
2 o N Q : \ ’3.» ,N, )
2NN CISOH, 120°C, O S RN )2 DQN\{JM,‘S%’N\M) Posmen 0 GBNG i,«xi_ft:b bt
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Scheme 4. Synthesis of JAB-7-181

The synthesis began by heating aryl bromide 14 overnight in chlorosulfonic
acid o produce sulfony! chloride 18 [10,11]. Treatment with hexamethylensimine 2
afforded sulfonamide 18 in acceptable yield, Careful monitoring of the reaction was
required o avold substitution of the aryl bromide. In the key step, palladium-
catalyzed cross coupling {Sonogashira coupling) between aryl bromide 18 and 1-
pentyne procaeded in guantitative vield. After simultaneous hydrogenation of the
aryl nitro and alkyne, the synthesis was completed by coupling the resulting aniline
{18} with acid 13 utilizing HATU/TEA protocol.

Experimental;

2-Bromo-§-nitrobenzene-1-sulfonyl chloride 15. Derivative was prepared
as described for the preparation of 8. From 1.00 g (4.95 mmol} of aryl nitro 14 was
isolated 850 mg (43%) of 158 as a low-melting, brown solid.

1-{{2-Bromo-S-nitrophenyl}sulfonyljazepane 16. Derivative was prepared
as described for the preparation of 10. From 850 mg (2.18 mmol} of sulfonyl chloride
18 was isolated 640 mg (81%) of 15 as a yellow solid.

1-{{5-Nitro-2-{pent-1-yn-1-yliphenylisulfonyllazepane 17. To a solution of
100 mg {0.302 mmol} of aryl bromide 18 in 3 mb of a 2:1 solution of THF- |
tristhytamine was added 0.04 md (25 mg, 0.36 mmol) of 1-pentyne, 3.0 mg (0.15
mmotl} of copper(l) iodide and 11 mg (0.15 mmol) of
bis(triphenyiphosphine)palladium({il) dichloride. The solution was degassed and then
stirred at 80°C for 2 h under microwave irradiation. The resulting solution continued
to stir at room temperatire overnight and then was filtered through a plug of silica gel
{rinsed with sthyl acetate). The solvent was removed in vacuo and the residus was
chromatographed over silica gel {4 g Combiflash, 0 — 18% hexanes, athyl acetate
over 11 mins) fo afford 111 mg {100%) of 17 as a brownish oil.
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[124] 3-{Azepan-1-yisulfonyi}-4-pentyianiline 18. Derivative was prepared as
described for the preparation of 4. From 111 mg {0.317 mmol) of aryl nitro 17 was
isolated 100 mg (97%) of 18 as a yeliow semisolid.

[125] N{3-{Azspan-1-yisulfonyl)-4-pentylphenyl}-2-{{2-{{3-fluprophenyllamino)-
Z-oxoethyii{methyllaminolacetamide (JAB-7-181). Derivative was prepared as
described for the preparation of F3. From 105 mg (0.324 mmal) of aniline 18 was
isolated 48 mg {28%) of JAB-7-181 as a white foam.

[126] In addition fo F3, the structures of the compounds synthesized are shown
below:
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[127] Example 2: Testing of compounds
[128] Binding assays
{129} Direct binding of F3/F3a derivative to recombinant K-RAS protein.

Thermofiuor assays were performed to assay whether direct interactions could be
detected betwesn recombinant K-RAS protein and compound F3, or recombinant K-
RAS protein and compound JAB-8-5. Recombinant K-RAS12v protein was loadsd
with gamma GTPS and used in binding assays with a ratio of: 200uM
compound/SuM protein. Control compound C4 is targeted at a different protein and
was not expected fo bind RAB. The results are the derivative of three assays
performed in triplicate. A significant curve shift is observed for both F3 and JAB-8-5
bui not C4. A predicted kD can be extrapolated from the curve: ~ 25uM at 55.5 °C.
The resuits are shown in FIG. 18.

{130} 3-D Soft Agar Drug Screening (in vitro assay)
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The vast majority of solid tumors arise from epithelial cells. Normal epithelial
cells in the bady live/grow on a basement membrane structure. To grow such cells
in vitro, they are cultured in 2-D on coated plastic tissue culture ware, The
adherence to the plastic resembiles the natural growth on the basement membrane
and provides essential survival signals fo the cells from integrin interactions with the
solid 2-0 surface. If these non-cancer cells are suspendad in culture medium away
from the solid surface, they lose the integrin survival signaling and die by a process

called anoikis, which is a type of programmed cell death.

Tumor cells have acguired mutations in oncogenes such as RAS. Mutations
in RAS cause constitutive activation of the protein and one of the consequences of
this is that some of the tumor cells become independent of integrin survival signals
because the RAS signaling compensates for them. Thus, they no longer need to
grow on a basement membrane in 2-D. This feature allows them to grow into
tumors. It also allows such cells to grow in 3-D culture systems in vifro, which
normal cell cannol. Indeed, the ability to grow in 3-D cullure closely correlates with
the ability to form tumors in animals [12].

Thus, standard growth of tumor cells in 2-D doss not necessarily absolutely
require RAS dysfunction but growth in 3-D, as in a real tumor, does. This means
that assays for RAS inhibitory molecules are most sensitive when performed against
cells growing under 3-D (RAS dependent) growth conditions rather than standard 2-
D {not completely RAS dependent).

The technical process of 3-D culture involves preparing molten agar at 1.6%
in culture medium and adding serum {o 10%. 1 mi of this agar medium is plated per
well in a 12 well plate and allowed to set. This is the botlom agar and prevents any
cells added to the well from touching the plastic botiom of the plate, ensuring
everything remains suspended. Meanwhile the remaining stock of agar medium is
kept at 42°C {o prevent selting. Target cells are then trypsinized into a single cell
suspension and mixed with normal meditmddrug combination. 2/3 volume molten
agar medium is then added and the mixdurs plated onto the botlom agar. The
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agar/medium sets as it cools, suspending the cells in a 3D environment. Typically,

within 2 weaks, tumor spheres {colonies) will form suspended in the agar. The

number of colonies, or even the size, may be counted under an inverted microscope

and guantified to assay fumor sphere inhibition.

The compounds synthesized were tested in the 3-D soft agar drug screening,

including 3, JAB-6-178 and JAB-8-80. All the compounds tested suppressed 3-D
soft agar growth, but had little effect on normal 2-D growth, This suggests the

compounds will have low toxicity to normal, non-tumor cells. In Table 2, below, are

listed different cell lines, with the results of testing F3 in the "REMARKS” column. Al

the cell lines are common and publicly available from the ATCC repository

are cells with defects in the NF1 gene {a negative regulator of RAS) causing hyper-

activation of the wild type form of RAS. The sams is true for DAB2IP deficient celis,

EGFR+++ cells overaxpress the EGFR receplor, which algo resulls in the hyper-

activation of wild type RAS.

Table 2
CELL LINE GENETICS | TISSUE REMARKS
Mia-Paca-2 K12C Pancreatic Soft agar growth inhibited
AB48 K128 Lung Soft agar growth inhibited
Panc-1 Ki12D pancreatic Soft agar growth inhibited
1289 Hrasé1 Lung Soft agar growth inhibited
CaoV3d NFimuis ovarian Soft agar growth inhibited
S482.TY NF t-mute MPNST Soft agar growth inhibited
A3T5 B-RAF melanoma Very modest effect at
mute” 10uM, no effect at 2uM
HTE-185 DABZIP Medulloblastoma | Soft agar growth inhibited
deficient
MDA-MB.231 | Kras13D and | Breast Don't grow well in soft
deficient for - agar but appear fo be
. NF1 inhibited.
SK-RC-45 | EGFR++++ | kidney Soft agar growth inhibited
HL-80 NRASQB1L | AML Suspension culture,

growth in suspension is
inhibited
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*Mutant B-RAF should be RAS indepeandent and thersfore resistant.

FIG. 3 and FIG. 4 are graphs showing the specific inhibition of the tumotigenic
phenotypes by the small molecule RAS inhibitor F3. Effects of the small molecule on
growth in soft agar of AS48 K-RAS driven lung tumor cell fine and K-RAS driven
pancreatic cancer cell line MiaPaCa-2 is shown. O = carrier (DMSQ). P values are
tess than 0.05. FIG. 5 and FIG. 6 show the effects of 10 ulM of F3 on normal
growthfsurvival in 2-D culture on plastic of the same cells. Analysis of the effects of
the drugs on the normal growth on plastic showed that the drug had no effect on cell
growth in 2-D, even at 10ulM. FIG. 7 is a graph showing that F3 is also effective
against wild-type driven tumaor cells, while FIG. 8 is a graph showing normal
growthfsurvival in 2-0 culture on plastic of the same cells.

RAS activation leads {o resistance o anoikis and inhibiting RAS function re-
sensitizes RAS transformed cells to anoikis. The RAS/RalGDS pathway has been
implicated as a significant component of RAS mediated anocikis suppression. To
demonsirate this effect, Mia-Paca-2 cells were plated in tissue culiure welis that had
baen treated with polyHEMA in order to prevent cell attachment. After 48 hours the

culiures were assaved for cell death by frypan blue exclusion. It was found that F3

induced high levels of anoikis. FIG. 9 is a graph illustrating these results.

FIG. 10 Hlustrate the results of testing 12 additional compounds (JAB-6

compounds) together with F3 in the 3-D soft agar drug screening, at a concentration

of 8.6 uM. FIG. 11 Hlustrates the results of testing JAB-8-158 and JAB-8-160 at 0.5
uM in the same assay. FIG. 12 are photographs showing the colonies in soft agar of
malignant peripheral nerve sheath tumor cells (MPNST tumor cells) and Mia-Paca-2
cells, treated with DMSO (control), F3 and JAB-8-5. This data demonstrates that all
compounds with Formula | would be expected {o inhibit RAS function.

Tumaor Inhibition of Xenografts Mice {(in vivo assay)

Compound F3 was tested in vivo, using cell line xenograft tumors in NRG
mice. Cell lines used included Mia-Paca-2 (Pancraatic cancer), and NCI-H441 (Lung
34
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cancer). The ests showed a reduction in tumor volume as compared to controls.
The results for NCI-H441 are shown in FIG. 13, The results for Mia-Paca-2 are
shown in FIG, 14 and FIG. 15 (NRG mice treated with DMSO/PBS (carrier) or F3
drug at 12 mg/kg svery three days). With Mia-Paca-2, tumors that arose in the F3
treated animals were approximately half the volume (P value for the experiment was
0.014).

Pharmacokinetics {(in Vivo)

In.order {o determine the clearance rate of a RAS inhibitor in vive, CD1 mice
were injected 5 mafkg IP with F3. The plasma concentration aver time was
meaasured. The resulls are shown in FIG. 17, Similarly, the concentration in brain
was also measured, with the resulis shown in FIG. 18, Plasma concentration after
administration orally at 30 mg/kg was measured, with the results shown in FIG. 18.

Toxicity {In Vivo)

A preliminary in vivo toxicity assay was performed on F3. NRG mice were 1.p.
injected with 10ma/kg of drug every other day for 2 weeks. No obvious signs of pain
or distress were observed, no weight loss was observed. Therefore, the compounds
do not appear to be particutarly toxic in vivo at this level.

To test for liver toxicity and kidney function, mice were injected with F3 or
DMSO as a control, and blood levels of aspartate aminotransferase (AST) and blood
urea nitrogen (BUN) were measured. The results are shown in FIG. 20 and FIG. 21.
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WHAT 1S CLAIMED 1S

1 A compound for use in treating a disease associated with activating
mutations in RAS, or for use in treating a disease freatable by a reduction in RAS
activity, the compound selected from a compound of Formuia (1),

QO Q {1, and

salts and esters thereof, whersin

Rlis a monovalent H, carboxy, nitro, sulfo, halogen, aryl, cycloalkyl,
heterocychyl, heteroaryl, (C1-Ca)alkyl-aryl, -{C1-Cs)atkyl-cycloalkyt, «(C1-Ca)alkyl-
haterocyciyt, «(C1-Ca)alkyl-heteroaryl, C1-Ca alkyl, C2-Cs alkenyl, C2-Ca alkynyl, or Ci-
Cr atkoxy, optionally be substituted with halogen, hydroxy, C1-Cs alkyl, C+-Ca alkoxy,
methanoly, carboxy, nitro, cyano, amino, carbamoyl, ethynyl, -CFa, -CF2CF3, ~-OCF3,
~QCFCF3, or sulfo;

X'is bivalent «(NH)-, «(CHz)-, {(NHCHz)-, <(CHaNHM)-, ~(CaH4)-, -{CaMa)-, -(Cz)-,
-Q-~, -0-(CHz}-, «{CH2)-0-, -S~, ~-8-{CHz)-, or ~(CH2)-8-, optionally substituted with
halogen, hydroxy, ~Rx, methanoly, carboxy. nitro, cyano, amino, carbamoyl, ethynyl, -
CFs, -CF20F3, -OGFs, -OCFCFs, or sulfo;

R« is C1-Cs alkyl, Ca-Ca alkenyl, C2-Cs altkynyl, or C1-Cr alkoxy, optionally
substituted with halogen, hydroxy, Ci-Cs atkyl, Cs-Cx alkenyl, Ca-Cs alkynyl, C+-Ca
alkoxy, aryl, cycloaliyl, heteracycivl, heteroaryl, methancly, carboxy, nitro, cvano,
amino, carbamoyl, ethynyl, -CFs, -CF2CF3, ~-OCF3, ~-OCFLCFs, or sulfo;

R? is aryl, cycloalkyl, heterocyclyl, heteroaryl, (Cs-Ca)alkyl-aryl, -{C1-Ca)atkyl-
cycloatkyl, -(C-Calalkyl-heteracyclyl, ar {Ci-Calalkyl-heteroaryl, optionaily
substituted with halogen, hydroxy, C+Cus alkyl, C2-Cis alkenyl, C2-C1s alkynyl, C+-Cis
alkoxy, methanoly, carboxy, nitro, cyano, amino, carbamoyl, ethynyl, -CFa, -CF:CFs5,
~QCFs, -QCFCFs, sulfo, ~802-R?, «{C=0)-R3, or -Q-R¥

R is -NRaRs , aryl, cycloalkyl, heterocyclyl, hetercaryl, C+-Cr alkyl, Ca-Cr
alkenyl, Ca-Cr alkynyl, or C1-Cs alkoxy, optionally substituted with halogen, hydroxy,
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C+-Cs alkyl, C+-Ca alkoxy, methanoly, carboxy, nitro, cyano, amino, carbamoyl,
athynyl, <CFa, ~CF:2CF3, -OCF3, -OCF20F3, or sulfo;

Re is monovalent H, aryl, cycloalkyl, heterocyclyl, heteroaryl, C1-Cr alkyl, Co-
Cr alkenyl, C2-Cr alkynyl, or C+-Cs alkoxy, optionally substituted with halogen,
hydroxy, C1-Cs atkyl, C1-Ca alkoxy, methanoly, carboxy, nitro, cyano, amino,
carbamoyl, ethynyl, -CFs, -CFzCF3, -OCF;, -OCF2CF3, or sulfo; and

Ry is monovalent H, aryl, cycloalkyl, heterocyclyl, hetercaryl, C1-Cr alkyl, Cz-
Cr alkenyl, C>-Cr alkynyl, or C+-Ces alkoxy, which H, aryl, cycloalkyl, heterocyeit,
hetaroaryl, C1-Cr alkyl, C2-Cr alkenyl, Ca-Cr alkynyl, or C+-Cs alkoxy optionally
substituted with halogen, hydroxy, C1-Cs alkyl, C+-Cs alkoxy, methanoly, carboxy,
nitro, cyano, amino, carbamoyl, ethyayl, -CFs, ~CF2CF3, -OCFs:, -OCFCFs, or sulfo;

whergin

if R? comprises substitutions chosen from methanoly, carboxy, amino, C+Cis
alkyl, C2-Cyn alkenyl, C2-Cis alkynyl, C1-Cis alkoxy, then sach substituent may be
independently and optionally substituted with halogen, hydroxy, C+-Ca alkyl, C2-Ca
alkenyl, Ca-Ca atkynyl, C1-Ca aikaxy, methanoly, carboxy, nitro, eyano, amino, ~
NH(C+-Cq alkyl), ~N{C1-Ca alky}{C+1-Ca alkyl), carbamoyl, ethynyl, <CFs, -CF20F3, -
QCF3, -OCF:CFs;, sulfo, or -Re; and

Rs may be the same or different for each choice, and may be -CO-OCHsz, ~
CO-NRRg, -S02-NRiRy, -NRRy, -NH-CO-CHy, -NH-CO-NRiRq, -NH-CO-QCHs, aryl,
cycloalkyl, heterocyclyl, hetercaryl, 5-7 memberad monocyclic heterocyolyl, 5-7
membersd monocyclic heteroaryl, tetrazolyl, triazobyl, imidazolyl, pyrrolyl, pyrrolidingd,
piperidyl, piperazinyl, morpholinyl, pyridyl, pyrazinyl, pyrimidinyt, thienyl, furyl,
pyranyl, pyrazolyl, isothiazoly!, isoxazolyl, pyridazinyl, furazanyl, pyrrolinyl,
imidazolidiny, imidazolinyl, pyrazolidinyl, or pyrazoliny, optionally substituted with
halogen, hydroxy, C:-Ca alkyl, Co-Cy alkenyl, Co-Cs alkynyl, C1-Cq alkoxy, aryl,
oycloalkyl, heterocyclyl, heteroaryl, methanoly, carboxy, nitro, cyang, amino,
carbamoyl, ethynyl, -CFs, -CFzCFs3, -OCFs, ~OCF2CF3, or sulfo;

Rs may be the same or different for each choice and may be H or C+-Cs alkyl;
and

Rg may be the same or different for each choice and may be H or C1-Cs alkyl.
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2. The compound of ¢claim 1, where the compound is not

| 0\ \1
; | | 9
P O CHy O
= CH,

3. The compound of claim 1, wherein R is aryi, eycloalkyl, heterocyciyd,

or heteroaryl, optionally substituted with halogen, hydroxy, C1-Cs alkyl, C+-Cs alkoxy,
methanoly, carboxy, nitro, cyano, amino, carbamoyl, ethynyl, -CF3, -CF2CF3, -QCFs,
QGFCF3, or suifo.

4, The compound of claim 1, wherein R' s

E {attached to N}

AN
/ B

AN lattached to N} ~ {aitached to N}
Br *‘*;—Q/ NQ @
N
AN /,/{atmclmd to N} {attached to N}
Hﬂ@ F.CO |
L o |

5. The compound of claim 1, wherein X' is bivalent <«(NH)-, «{CHz)-, -0~ or
-S~, optionally substitited with halogen, hydroxy, ~-Rx, methanoly, carboxy, nitro,
cyano, amino, carbamoyl, sthynyl, -CFa, -CF2CF3, -QCF3, -QCF2LF3, or sulfo.
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8. The compound of claim 1, wherein X' is -N{CHa)«, -8, -0+, ~C{CH3)z~,
or -C(HCHs}-.

7. The compound of claim 1, wherein R? is aryl, cycloalkyl, heterocyolvi,
heteroaryl, substituted with -802-R3, «{C=0)-Rz and optionally further substituted with
halogen, hydroxy, C1-Cis alkyl, C2-C1s alkenyl, C2-Cis alkynyl, C1-Cis alkoxy,
methanoly, carboxy, nitro, cyano, amino, carbamoyl, ethynyl, -CFs, -CF:CF;, -QOCFs,
-QCF2CFs, sulfo, ~-80:-R?, {(C=0}-R3, or -O-R%,

8. The compound of claim 1, whersin wherein R? is

ached to N} \MJN
\/\v/ \

H

afr

{attached to N}

rY

8
R . and

R®, R® and R7 are each independently selected from H, halogen, hydroxy, Cs-
Cis alkyl, C2-Cee alkenyl, C2-Cis alkynyl, C1-Cs alkoxy, methanoly, carboxy, nit
cyano, amino, carbamoyl, ethynyl, -CFa, -CF2CF3, -OCF3, ~-OCF2CFs3, sulfo, aSOzaR%
{(C=0)-Ra, or -O-R*,
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9. The compound of claim 1, wherein wherein R? ig

lattached to N} e 5""‘ )

Y

{attached to N}

. and

R’ is selected from H, halogen, hydroxy, Ci-Crs alkyl, Cz-Cis alkeny, Co-Cis
atkynyl, C+-Cis alkoxy, methanoly, carboxy, nitro, cyano, amino, carbamoyi, ethynyl,
-CFs, -CF20Fs, -OCFs, -QCF2CF3, sulfo, -S02-R?, (C=0)-Rs, or -O-R*,

10, The compound of claim 1, wherein the compound is selected from the
following compounds:
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11. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

12, Use of any of the compound of any of the preceding claims for the

preparation of a medicament for treating cancer.
13. A compound of any of the proceeding claims.

14, A method of treating a dissase associated with activating mutations in
RAS, or treating a disease treatable by a reduction in RAS activity, comprising
administering to a patient in need thereof a compound of any one of claims 1-10.

15, The method of claim 14, wherein the patient is human,
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18. The method of claim 14, wherein in the disease is a tumor or cancer.
17.  The method of any one of claims 14-18, further comprising

administering st least ons member selected from the group consisting of
pambrolizumab, nivolumab, AS1411 or AS1411 conjugated to gold nanoparticles.
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