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COMPOUNDS THAT DEGRADE KINASES AND USES THEREQF

BACKGROUND
(0001} N-Myc is a mamber of the Myc family of transcription factors encoded by
5  the MYCN proto-oncogens. Enhanced and dersguiated exprassion of N-Myc drives the
development of a number of human cancsrs, including neuroblastoma, madulioblastoma,
neurcendocring prostate cancer, and smail-cell lung cancer, sic. For instance, in
nsuroblastoma MYCN amplification is the strongsst indicator of poor prognosis. S-year
survival rates for low- or moderate-risk patients are 80-95%; for high-risk patients that
10 typically have increased N-Myc levels, 5-year survival is only 50% although with more
aggressive treatments. Daspite recognition of its critical roles in neurcblastoma, N-Mye,
fike its homolog C-Mye, remains a challenge for drug discovery scientists. To dale, there
are no N-Myc targeted therapies available for clinical use. A critical need remains unmet
for the development of N-Myc modulators that could potentially yisld a more efisctive
15 therapeutic regimen for N-Myc driven cancers.
[0602] Ovarian cancer is the second most common and the most lethal
gynecologic malignancy in the western world. In the United States alone, 22,240 new
cases of ovarian cancer and 14,070 ovarian cancer deaths were estimated for 2018. Due
to the lack of effective early detection methods, about 70% of ovarian cancer patients are
20 diagnosed at an advanced stage, which is incurable in the majority of cases. The standard
treatment for ovarian cancer is debulking surgery fcllowed by platinum-basad
chemotherapy. However, many patients do not receive chemotherapy due to the high risk
of side effects. Moreover, recurrence following initial therapy is very common in ovarian
cancer and those tumors are frequenily resistant to platinum-based chemotherapy.
25 Accordingly, new and innovative therapeutic strategies for regulating the proliferation of
ovarian cancer cells are needed.
BRIEF DESCRIPTION OF THE DRAWINGS

[0603] FIG. 1 is a cartoon showing G1-0-3 phase transition and the roles of
cyclin D-CDK4/6 complexes.
30 [0004] FIG. 2 are chemical strutures of thres COK4/6 inhibitors.
[0005] FIG. 3A is the chemical structurs of compound 22.
[0008] FIG. 3B are Western blot experiments showing dose-dependent and

time-dependent degradation of cyclin D-CDK4 complexes in MCF-7 celis.

[0007] FIG. 3C is a gel showing degradation of cyclin B-CDK4/6 complexes in
35  MCF-7 cells is dependent on the ublquitin proteascme system (LIPS).

[6608] FIG. 3D is a plot showing anti-proliferative activites in ovarian cancer csll

fing SK-OV-3. Compound concenirations: 10 ygM, 1 uhd, 100 nM and 10 nM. “Poma” and

“Ribe” represent pomalidomide and ribociclib, respectively.

[0009] FIG. 4 shows plots of percent cell viability as a function of compound

40 conceniration in ovarian and breast cancer cell lines.
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[0010] FIG. 5A&B are two different chemical sirategies for N-Myc depletion. FIG
54 is N-Myc depletion through the induced Aurcra-A conformational change by Type #l
Aurora-A inhibitors; FIG. 5B is N-Myc depletion through the targsted protein degradation
of Aurora-A. AURKA, Aurora-A kinass.

18011} FIG. 6A&B are in vitro kinase binding data. FIG 8A& shows chemical
structures of representative compounds and their binding affinity with Aurora-A and

(631

CDK4-CyalinDi. Values shown are in nM; FIG 8A shows Kinome screening resull against
a panst of 468 kinases with 1 uM 13 and its binding affinitiss to selectsd kinases.
[0012] FIG. 7A-F are the avaluations of 13 in MCF-7 breast cancer cells. FiG.

10 7ais the time-dependent degradation of Aurora-A and GDK4 with 0.1 uM 13. FIG. 7b is
the dose-dependent degradation of Aurora-A and CDK4 after 4 hours treatment. FIG. 7¢
is the quantifications and curve {itling of the time- and dose-dependent degradation of
Aurora-A and CDK4. FIG. 7d is the degradation of Aurcra-A by 13 requires target
engagement of both Aurora-A and ES ligase CRBN, and is UPS-depsndent. In indicated

15 ianes, celis ware pra-treaied with 11, Thalidomide, MG-132 and MLN4924 for ong hour
before adding 13. Thalidomide: CRBN ligand; MG-132: proteasome inhibitor; MLN4924:
Cullin-RING ES3 ligase inhibitor. Incubation time was 4 hours. FiG. 7e is the cell cycle
analysis with compound treatment for 48 hours. FIG. 71 is the abundance of downstream
signaling proteins treated with 13 for 4 hours and 24 hours, respectively

20 [0013] FIG. 8R&B are the degradation of Aurora-A and N-Myc in MYCN
ampilified neurcblastormna celis. FIG, 8a is the time-dependent degradation of Aurora-A
and N-Myc with 0.5 pM 13 in SK-N-BE(Z2) and IMR-32 cells; FIG. 8b. is the dose-
dependent degradation of Aurora-A and N-Myc after 24 hours in SK-N-BE(2) cslis.

[0014] FIG. 8 is the cytotoxicity of Aurora-A degraders in various cancer cell
25 lings. MCF-7 and HCC38: breast cancer cells; Huh7: liver cancer cells; IMR-32 and SK-

N-B(2): neuroblastoma cells.

[0615] FIG. 104 is the chemical structures of Palbociclib- and Abemaciclib-
based PROTACs® and their binding affinities to Aurora-A and CDK4-CyclinD1.
[0G186] FiG. 108 is the degradation efficacy in MCF-7 cells after 21 hours.

36 [0017) FiG. 10C is the cytotoxicity in MCF-7 celis.
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DESCRIPTION
[0018] N-Myc (encoded by MYCN, a member of the Myc family of transcription

{actors, is a central regulator of a range of cellular processes. Ampiification of MYCNis a
driver mutation in a number of tumors ftypes, including neurcblastoma (20%),
5  medullcblastoma (5%), small-cell lung cancer (15%-20%), and neuroendocrine prostate
cancer (NEPC, 40%) etc. MYCN amplification has been associated with poor prognosis
in a variety of cancers. For instance, in neurcblastoma MYCN amplification is the
sirongest indicator of poor prognosis, and patients with high N-Myc protein levels often
requires more aggressive treatments. Current standard of care for neuroblastoma
10 includss surgery, chemetherapy and radiation therapy. Although the 5-year survival rates
for low- or moderate-risk patient are 80-95%, for high-risk patients that typically have
increased N-Myc levels, 5-year survival is only 50%. To date, there are no N-Myc targeted
therapies available for clinical use. A critical need remains unmet for the development of
N-Myc modulators that could potentially vield a more effective therapsutic regimen for N-

15 MNyc driven cancers.
18019} N-Myc, like its homclog C-Myc, is a difficuli target for drug discovery
scientists due to a lack of surfaces suilable for small molecule binding. Therelore,
therapeutic strategies for controlling N-Myc function must operate outside of direct
binding. The concentration of N-Myc in cells is tightly regulated through proteasomal
20 degradation. Previous work has shown that MYCN amplified cancers often overexpress
Aurora kinase A (Aurora-A) to prevent the degradation of N-Myc by forming an Aurora-
/N-Myc protein complex. More spacifically, N-Myc binds to Aurora-A in the DFG-in
conformational stale, and this protein-protein interaction blocks the recognition motif on
N-Myc from its native E3 ubiquitin ligase, Fbxw7. Therefore, overexpressed Aurora-A
25  stabilizes N-Myc protein and prevent its proteasomal degradation mediated by Foxw?7.
Based on this obsarvation, a class of Type H kinase inhibitors have been developed to
induce a significant conformational change of Aurora-A from DFG-in tc DFG-out that
could displace N-Myg, resulting in Fboxw7 recognition and subsequent degradation (Fig.
8a). However, these compounds function through a competitive mechanism against N-
30 Mycandtheir sfficacy in cells depends on the level of N-Myc overexpression, which differs
widsly in neuroblastoma patients and correlates with disease progression. Consistent
with this, early clinical trial results suggest limited therapeutic benefits for lale-stage
neuroblastoma and NEPC patients with overexpressed N-Myc. Therafore, a critical need
ramains for the development of N-Mvc modulators that function through unigue

(O8]
N

machanisms of action.

[0020] Cyclin D-CDK4/6 complexes mediate Gi-40-5 phase cell oyole
progression and deregulated cyclin D-CDK4/6 activity contributes o the aberrant
proliferation of human cancers, including ovarian cancer. Recent studies have showed
that inhibition of CDK4/6 kinase function alone is not sufficient to induce cell cycle arrest,
40  wheraas cyclin D1 deficiency sansitizes ovarian cancer cells o CDK4/6 inhibition.



CA 03142713 2021-12-03

WO 2020/247537 PCT/US2020/035977

Targeting cyclin D1 in concert with CDK4/6 inhibition represants a promising stratagy for
harnessing the growth of ovarian cancer cells. This disclosure constitutes an experimental
atternpt to exploit the synthetic lethality between cyclin D1 and CDK4/6 in ovarian cancer.
This disclosure also represents a significant advance due 1o the sirategy to degrade
5  CDK4/6 and downregulate Cyclin D1 levels simutanously using a single compound,
therehy achieveing the synergistic therapsutic efiects for ovarian cancer.
[0621] Aparrant cell proliferation is a halimark of ovarian cancer and human
cancers in general. Targeting key drivers of cell-cycle progression represents a promising
strategy for contrclling unregulated cell growth, which, if successful, may confer
10 therapeutic benefits. D-type cyclins mediate G1-10-S phase cell cycle progression through
activation of cyclin-dependent kinases 4 and € (CDK4/8). In resting celis, the low level of
D-type cyclins limit CDK4/6 Kinase activity. In this state, relinoblastoma protein, BB1, is
hypophosphorylated and RB1 inhibits the transcriptional activity of E2F. However,
mitogenic stimulation upreguiates the transcription of cyclin D (in early G1 stage), which
15 partially activates E2F that enables the transcription of E-type cyclins. As cyclin E laveis
risg in late G1 stage, CDK2 is activatad, which then hyperphosphorylates RB1 rasuiting
in its relsase from E2F and full activation of E2F-mediated gene expression, including the
production of genes requires for entry into S phase of the cell cycle (FIG. 1A). Given their
central roles in mediating the G1-to-S transition, cyclin D-CDK4/6 complexes represent
20  validated molecular targets for stopping cancer cell division. Previous research has
mainly focused on modulating CDK4/6 kinases and three inhibitors palbociclib, ribociclib,
and abemaciclb have received FDA approval for trealing breast cancers with
dysragulated CDK4/8 activation (FIG. 18). Efforis to repurpose those drugs for treating
gvarian cancer have mainly focused on identifing those patient subgroups that could
25  benefit from CDK4/6 inhibition. However, several in vitro studies have shown that most
ovarian cancer cell lines are not sensitive to CDK4/6 inhibitors alone, which suggests they
have limited utilities in ovarian cancer therapy.
0022} The cyclin Ds have recsived substantially less attention from drug
discovery scientists than CDK4/6 kinases, which is surprising given their critical roles in
30  regulating cell cycle progression. Three cyclin D isoforms (D1/02/D3) have been shown
io have differential expression profilas in tissue with cyelin D1 being frequently
overexpressed in a variely of human cancers and associated with tumorigenesis and
metastasis. An estimated 26% of sporadic epithalial ovarian cancers (ECC) overexpress
cyclin D1, which has besn atiributed to poor prognosis and decreased survival in ECGC

(O8]
N

patients. Cyclin D1-proficient cvarian cancer cells were shown 10 be resistant to CDK4/6
inhibition, whereas cyclin D1i-deficiency substantially increased the sensitivity of ovarian
cancer calls to small molecule CDK4/6 inhibitors (Xue, Y.; Meehan, B.; Macdonald, E.;
et. al. Nat. Commun. 2019, 78, 558). This cbservation is not limited to ovarian cancer
cells, as cyclin D1i-deficient non-small cell lung cancer (NSCLC) cells were similarly
40 shown to be sensitive to CDK4/6 inhibitors. Furthermors, overaxpression of cyclin E has



WO 2020/247537

16

15

20

25

30

CA 03142713 2021-12-03

been clinically validated as ong of the main mechanisms for CDK4/6 inhibitor resistance
in breast cancer patients, while induced cyclin D1 degradation is sufficient to elicit G1 cell
cycle arrest despite overexpression of cyclin £2 in ovarian cancer celis. These findings
validate that cyclin D1 deficiency is synthetic lethal with CDKA4/8 inhibition in cancer celis
and targeting cyclin D1 in concert with CDK4/6 inhibition may confer antiproliferative
effects in ovarian cancer cells that, f successiul, may constifute a nsw therapeutic

ragimen.

Compounds of the disclosure
[0023] The present disclosure provides a compound of the Formuia (i)

A—L—8B

Formula (i)
[0624] or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or
clathrate thereof, wherein A is an Aurora A ligand; B is an E3 ligase figand; and L' is a
finkar. A can, in turn be, a group of the formula X-Y-Z, wherein L' is covalently attached
to X, wherein X is an aryl or heterccyclyl group; Y is a heterocyelyl group; and Z is &
heterocyclyl or a cycloalkyl group.
[0025] The present disclosure also provides a compound of the Formula (1)

A—L—8

Formula (1B
or a pharmaceutically acceptable sall, polymorph, prodrug, soivate or clathrate thereof,
whersin A’ is a CDK4/8 ligand; B is an E3 ligase ligand; and L' is a linker. A’ can, in tumn
be, a group of the formula X-Y-Z, wherein L is covalently aftached to X, whersin X is an
aryl or heterocyclyl group; Y is a heterocycly! group; and Z is a heterocyclyl or a cycloalky!
group. Thus, for example, the compound of Formula {1} or (1) is a compound of Formula
(H):

Z—Y—X—L'—B

Formula (I
or a pharmaceutically acceptable salt, polymorph, prodrug, scivate or clathrate thereof.
Thus, for exampile, X is a five- or six-memebered ary! or heterocyelyl group; Yis asix- 1o
ten-membered heterocyclyl group; and £ is a cycloalky! group or a six- to ten-mamberad
heterocyclyl group.

[0026] For example, X is a group of the formula:

and Y is a group of tha formula:

PCT/US2020/035977
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X R?
/”'{“\X[ g3
wharein X', X%, and X* are sach indapendently CH or N; X3 is -alkyl-, -O-, -5- or NR*,
whergin R* is H or alkyl; and R' is H, halo, amino, alkyl, aryl or heterocyelyl; R% is Z, H,
halo, atkyl, aryl or heteroaryl; and R%is 2, H, halo, alkyl, aryi or hetercaryl; or B® and R®,
5  together with the carbon atoms 1o which they are attached, form a heterocycly! group
substituted with £ and up to three substituents.

10027} For example, Y is a group of the formula:

RB
]
X J\~ xR
ISP G B G O
o) TR TXE X Xz "z
wherein the dashed line in {a) or {b) form a double bond; X' and X2 are as defined herein;

10 X8is N-Z'or CH-Z'; R® and R® are each, independently H or alkyl or R® and R, together
with the carbon to which they are attached, form a carbonyl group (=Q) or cycloatkyl; R7

or o) 7

and R® are each, independently H, alkyi, aryl, amino, acyl or amido; and R® is H, haio or
alkyl. Examples of the groups (a) and {b) include groups of the formulae (a), (b, (&),
{o}’, and {a)":

- 1
{a) z

[0628] Z' is a cycloakyl group, such as a Cs-Gs-cycloaky! group, including
20 cyclopropvl, cyclobutyl, cyclopentyl, and cyclohexyl. Thus, for example, the groups {(a)”,

{0}, and {a)" is:



CA 03142713 2021-12-03

WO 2020/247537 PCT/US2020/035977

10029} Z2 is a heterocycly! group of the formula:
11 .
L
il :// R10

5 R™ , such as
wherein R'° and RY together with the carbon atoms to which they are aftached form a
five- or six-membered heterocycly! group; and R™ is M, halo or alkyl. For example, Z% is

a heterocyclvl group of the formula:

including

10
wherain R is as defined hersin; wherein the dashed line forms a double bond; X® and

X7 are each, independently, O, N, 8, CR'®, G(R")2 or NR™, wherein R™ is H or alkyl; and

R'2i5 H, akyi or aryl. For example, 22 is a heterocyclyl group of the formula
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, such as , including F and
[0034] In addition, the group B is a group of the formula G-T, wherein G is a
hetercevelyl group and T is a heterocyclyl group different from G; or B is a group of the
formula -C(O)-AA-AA-NRARP, wharein AA' and AA® is a naturally cocurring or a non-

5  naturally occurring amine acid, R? is H or alkyl, and R® is alkylaryl. Thus, for example, the
compound of Formula (1) and (i) is compounds of Formulae (1Y} and {V}, respectivaly:
Al G-T
Formula (iV)
e e A e )

10 Formula (V)

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate thereof.

[0031] G is a hetergeyelyl group of the formula:

i
R‘M
O R’ES
wharein R'* and R together with the carbon atoms to which they are attached form a

15 five- or sixk-membered heteroeyelyl group to which T is attached. For example, G is a

heterocyclyl group of the formula:

wherein Y' is CHz or C(O).
[0032] T is, for exampile, a five- or six-membered heterocyclyl group, such as a
20 group of the formula:

wherein X% and X° are sach independently CR'RY, wherein R'® and R are each
independertly H, alky! or, R and R" together with the atom to which they are attachad
form a G{O) group; X' is N or CR', wherain R'® is H or alkyl; and Y2 NR™, wherein R'®

25  is Hor akyl. Thus, for example, T is a group of the formula:

Ris R19
{ i
Oy Y2 _0 Oy N._0 \
X i
™ ™ or X _
[0033] The group -C{O)-AAT-AA-NRRP is a group of the formula;
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Ré R23
o, o o, B %
o N g N Jf
¥ N\HLN ¥ N\:)\N R
o r® L & RO L}
Rt B2t
Ra R23
H = A
o Ox-N. O N /:\/7

wherein R* is the side-chain of a naturally or a non-naturally ccourring aming acid, such
as H {i.e., glycine)}, alkyl {e.g., alanine, valine, iscleucine, and leucine, as well as t-butyl),
-alkyl-S-alkyl (e.g., methionine), arylakyi (e.q., phenylalanine, tyrosine, and tryplophan),
and the like; R?' is H, alkyl or OR?®, wherein R* is H or alkyl; R?® is H, halo or alkyl; and
R23 is a heterocyclyl group, such as a five- or six-membered heterocyclyl group, such as
a thiazolyl group. The atom to which R%, B and R*: are attached can each be chiral
and can each have any suitable relative configuration, such as a - or L-configuration,
independent of each other.

[0034]
combinations thereof, optionally interrupted by one or more heteroatoms, such as -0O-, -

In compounds of Formulae (1)-(V), L' is acyl, alkyl, alkenyl or atkynyl, and

NR™-, and -S(O) (wherein nis 0, 1 or 2). Examples of linkers include -aikyl-X-alkyl-
and -alkyl-X"'-alkynyl- linkers, and combinations thereoi, wherein X' is a bond, alkyl, -O-
, -NR¥-, and -S(0)s-, that can comprise one or more spacer groups, such as alkyl, acyl,
amino, and amido groups within the linker or at one or both termii. Thus, for example, L'
is

-(atkyi-X"Mg-alkyl-, (alkyl- X" -alkyryl-, -C{OINRMX M {alkyl- K Yg-alkyl-,
~C{OINRE-XM(alkyl-X")g-alkyi-C(O)-, -C{OINRE-X-{alkyl- X g-alkynyl-,
SCIOWNRTX- (alkyl X galkynyd-CIOY-,  -CIOINRIE-X - {akyb X -alkyl-NR3-, -
C{OINR™ (alkyt-X ' )g-alkyl-C{O)-NRW-, -C{OINR-X - (alkyl- X g-alkynyl-NR™-, -
G{OINRB-X" (alkyl- )X g-alkynyl-C(O)-NR™S-,  -NRS - (alkyl-XT)g-alkyl-,  -NR©SX-
{alkyl-X)g-atkyl-C(O)-, -NRPECT-(alkyl-X g-alkynyi-,
SNRE- XV (alkyl- X g-alkynyl-CIO)-, -NR™.XC-(alkyl-X'Mg-alkyl-NR™-, -NR™X - (alkyl-
YXMg-alkyl-C-,  -NRB-XV-(alkyl- X g-alkyt-C{O)-NR™-,  -NR®S-X""-{alkyl-X'"g-alkynyl-

NR™-, -NR1-X1 - (allyl- X1 )g-alkyryl-CO)-NR -, -C(0)-X1-(alkyl-X Tg-alkyl-, -C{O)-X1-
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(alkyl-X"g-alkyl-C{O)-,  -CO)-X"alkyl- X g-atkynyl-,  ~C{O)-X1-(alkyl-X)g-alkynyl-
CLO}-, -C{O)-X-(alkyl-X g-alkyt-NR -, -C(O)-XH-(alkyl-Xg-alkyl-C(O)-NR-, -C{O)-
XY-(alkyt-Xg-alkynyl-NR3-, -CO)-X-{alkyl-X") g-alkyny-G{O)-NR-, -NH-X"-C(0)-
XV-alkylyl- and combinations thereof, wharein g is an integer from 0 to 26 (e.g., 0 to 10,
5 0Otob 1103, 110541010, 210 10, 210 5 or 3t0 9) and sach group (alkyl-X'") being the

same or differant. Examples of L' include:

H H
%NWGV’%‘;QMN?@; ;ﬁﬁ ,\40\/%0‘5{ }éjﬁ/\ﬁo\/}éﬁ%{

G
H H H }é‘ H H
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10 [0035] Examplas of compounds of the Formulas (1)-(V) include compounds of

the formulae:
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or a pharmaceutically acceptable sali,
polymorph, prodrug, solvate or clathrate thereof.
[00386] Examples of compounds of the Formula (1)-(V) also include compounds

of the {formulae:
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and
G or a
5 pharmaceutically acceptable salt, poivmorph, prodrug, solvate or clathrate thereof.
Methods of Treatment
16637} The disclosure relates to methods of treating disorders or diseases

associated with N-Myec, comprising the siep of adminisiering o a subjsct suffering

therefrom, a therapeutically effective amount of any one of the aforementionad
10 compounds.

[0038] The disclosure relates to methods of ireating disorders or diseases

associaled with Aurora kinase A, comprising the step of administering ¢ a subjsct

suffering therefrom, a therapeutically effective amount of any one of the aforementioned

compounds.
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[0039] The disclosure relates to methods of treating discrders or diseases
associated with CDK4/6, comprising the step of administering to a subject suffering
therefrom, a therapeutically effective amount of any one of the aforementioned
compounds.

[0040] The disclosure relates o methods of treating disorders or diseases

(631

associated with Cyclin Ds, comprising the step of administering 1o a subject suffering

therefrom, a therapeutically effective amount of any one of the afcreamenticnad

compounds.

[0041] Accordingly, the disclosure relates to method of treating cancer. The
10 cancer can be neuroblastoma, medulioblastoma, small-cell lung cancer, and

naurgendocrine prostate cancer. The cancer can be leukemia, lympoma, ovarian cancer,

breast cancer, brain cancer, non-small cell lung cancer or soft-tissue sarcoma.

Pharmaceutical Compositions, Routes of Adminisiration, and Dosing

15 [0042] The disclosure also provides a pharmaceutical composition comprising a
compound of any of the preceding formulas and a pharmaceutically acceplable carrier.
The disclosure also provides a pharmaceutical compuosition comprising a therapeutically
effective amount of a compound of one of Formulas (1)-(V), and a pharmaceutically
acceptable carrisr.

20 [0043] The disclosure alsc contemplales pharmaceutical compositions
comprising one or more compounds of the varicus embodiments of the disclosure and
one or more pharmaceutically acceptable excipients. A “pharmaceutical composition”
refers to a chemical or biclogical compaosition suitable for administration to a subject {e.g.,
mammal). Such compositions can be specifically formulated for administration via one or

25 more of a number of routes, including but not limited to buceal, citaneous, epicutansous,
epidural, infusion, inhalation, intraarterial, intracardial, intracerebroventricular,
intradermal, intramuscular, intranasal, intraocular, intraperitoneal, intraspinal, intrathecal,
intravenous, oral, parenteral, pulmonary, rectally via an ensma or suppository,
subcutaneous, subdermal, sublingual, transdermal, and transmucosal. In addition,

30 administration can by msans of capsule, drops, foams, gel, gum, injection, liguid, paich,
pill, porous pouch, powder, tablet, or other suitable means of administration.

[00644] A “pharmaceutical exciplent” or a “pharmaceutically acceptable
excipient” is a carrier, sometimes a liquid, in which an active therapeutic agent is
formulated. The excipient generally does not provide any pharmacological activity to the

35 formulation, though |t can provids chemical and/or biological stability, and rslease
characteristics. Examples of suitable formulations can be found, for example, in
Remington, The Science And Practice of Pharmacy, 20th Edition, (Gennarg, A. R., Chief
Editor), Philadelphia College of Pharmacy and Science, 2000, which is incorporated by

raference in its entirety.
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[0045] As used hersin “pharmaceutically accepiable carrier” or “excipient”
includes, but is not limited to, any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents that are
physiclogically compatible. In one embodiment, the carrier is suitable for parenteral
5 adminisiration. Alternatively, the carrier can be suitable for intravenocus, intraperitonsal,
intframuscular, sublingual, or oral administration. Pharmaceutically acceptable carriers
include sterile agusous solutions or dispersions and sterile powdsrs for the
extemporansous preparation of sterile injeciable solutions or dispersion. The use of such
madia and agents for pharmaceutically active substances is well known in the arl. Except
10 insofar as any conventional media or agent is incompatible with the active compound, use
thereof in the pharmaceutical compaositions of the disclosure is contemplated.
Supplemeantary active compounds can alse be incorporated into the compaositions.
[0646] Pharmagceutical compositions can be sterile and stable under the
conditions of manufacture and storage. The composition can be formulated as a solution,
15 microemuision, liposoms, or other ordered siructurs suitable to high drug concentration.
The carrier can ba a solvent or dispersion medium containing, for example, water,
ethanol, pciyol (e.g., glycerol, prapyiene giveol, and liquid polyethyiene giveol), and
suitable mixtures thereof. The proper fluidity can be maintained, for example, by the use
of a coating such as lecithin, by the maintenance of the required particle size in the case
20 of dispersion and by the use of surfactants.
[6647] In many cases, i will be preierabls to include isolonic agents, for
example, sugars, polyalcohols such as mannitod, sorbitol, or sodium chioride in the
composition. Prolongad absorption of injectable compaositions can be brought about by
including in the composition an agent which delays absorption, for exampie,
25  monostearate salts and gelatin. Moreover, the compounds described herein can be
formulated in a time release formulation, for example in a compoesition that includes a
slow release polvmer. The active compounds can be prepared with carriers that will
protect the compound against rapid release, such as a controlled release formulation,
including implants and microencapsulated  delivery  systems.  Blodegradable,
303 biccompativle polymsrs can be used, such as sthylene vinyl acetate, polyanhydrides,
polyglyeolic acid, collagen, polyerthoasters, poiviactic acid and polyvlactic, polyglyeoiic
copolymars (PLG). Many methods for the preparation of such formulations are known io
those skilied in the art.

[0048] Oral forms of administration are also contemplated herein. The

(O8]
N

pharmaceutical compositions of the disclosure can be orally administered as a capsule
{hard or soft), tablet (film coated, enteric coated or uncoated), powder or granules (coated
or unceated) or liquid (solution or suspension). The formulations can be conveniently
prepared by any of the methods weil-known in the art. The pharmaceutical compositions
of the disclosurs can include one or more suitable production aids or excipients including
40  illlers, binders, disintegranis, lubricants, diluents, flow agents, buffering agents,
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maistening agents, preservatives, colorants, sweeleners, flavors, and pharmaceutically
compatible carriers.
[0648] For each of the recited embodiments, the compounds can be
administerad by a variety of dosage forms as known in the arl. Any biclogically-acceptable
5 dosags form known to persons of ordinary skill in the art, and combinations thereof, are
contemplated. Examples of such dosage forms include, without limitation, chewable
tablets, guick dissolve tableis, effervescent tablats, reconstiiuiable powders, slixis,
liguids, solutions, suspensions, emulsions, tablets, multi-layer tablets, bi-laysr tablets,
capsiiles, soft gelatin capsulas, hard gelatin capsules, caplets, lozenges, chewabls

10 lozenges, beads, powders, gum, granules, particles, microparticles, dispersible granules,
cachels, douches, suppositories, creams, lopicals, inhalants, asrosol inhalants, patches,
particle inhalants, implants, depot implants, ingsstibles, injectables (inciuding
subcutaneous, intramuscular, intravenous, and intradearmal), infusions, and combinations
thereof.

15 [9850] Gther compounds which can be included by admixture are, for example,
medically inert ingredients ({(e.g., solid and liguid diluent), such as laciose,
dextrosesacchaross, cellulose, starch or calcium phosphate for tablels or capsulss, olive
oil or ethyl oleate for soft capsules and water or vegetable oil for suspensions or
emuilsions; lubricating agents such as silica, tale, stearic acid, magnesium or calcium

20 stearate and/or polyethylene glycols; gelling agents such as collcidal clays; thickening
agents such as gum tragacanth or sodium alginate, binding agents such as starchas,
arabic gums, gelatin, methyicellulose, carboxymethyicelluiose or polyvinylpyrrolidone;
disintegrating agents such as starch, alginic acid, alginales or sedium starch glycolate;
effervescing mixiures; dyestuif; swaetenars; welting agents such as lecithin, polysorizates

25  or lawvylsuiphates; and other therapeutically acceptable accessory ingredients, such as
humectants, preservatives, buffers and antioxidants, which are known additives for such
formulations.

(0651} Liquid dispersions for oral administration can be syrups, emulsions,
solutions, or suspensions. The syrups can contain as a carrier, for example, saccharose

30 or saccharose with glycerol and/or mannitol and/or sorbitol. The suspensions and the
emulsions can contain a carrier, for example a natural gum, agar, sodium alginate, pectin,
mathylcellulose, carboxymethylcsiiulose, or polyvinyi alcohol.

[0052] The amount of active compound in a therapeutic composition according
to various embodiments of the disclosure can vary according to factors such as the

(O8]
N

discase state, age, gender, weight, patient history, risk faciors, predisposition to diseass,
administration route, pre-existing treatment regime (e.q., possible interactions with other
medications), and weight of the subject. Dosage regimens can be adjusted to provide the
optimum therapeutic response. For example, a single bolus can be administered, several
divided doses can be administered over time, or the dose can be proportionally reduced

40 orincreased as indicated by the exigencies of therapsutic situation.
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[0053] A “dosage unit form,” as used herein, refers to physically discrete units
suited as unitary dosages for the mammalian subjects to be treated; each unit containing
a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in asscciation with the required pharmaceutical carrier. The
5  spscification for the dosage unit forms of the disclosure are dictatsd by and diractly
dependent on ths unique characteristics of the active compound and the particular
therapeutic effect to be achievad, and the limitations inherent in the art of compotnding
such an active compound for the trealment of sensitivity in subjacts. In therapeutic use
for treatment of conditions in mammals {e.g., humans) for which the compounds of the
10 disclosure or an appropriate pharmaceutical composition thereof are effective, the
compounds of the disclosure can be administered in an effective amount. The dosages
as suitable for this disclosure can be a composition, a pharmaceutical composition or any
other compositions described herein.
[0054] For sach of the recited embodiments, the dosage is typically
15 administered once, twice, or thrice a day, although more frequent dosing intervals ars
possible. The dosage can be administered svery day, svery 2 days, every 3 days, every
4 days, every 5 days, every 8§ days, and/or every 7 days {once a week). In ons
embodiment, the dosage can be administered daily for up 1o and including 30 days,
preferably between 7-10 days. In ancther embodiment, the dosage can be administere
20 twice a day for 10 days. Hf the patient requires treatment for a chronic disease or condition,
the dosage can be administered for as long as signs and/or symploms persist. The patient
can require "maintenance treatment” where the patient is receiving dosages svery day
for months, years, or the remainder of their lives. In addition, the composition of this
disclosurs can be (o effect prophviaxis of recurring symptoms. For example, the dosage
25 can be administered once or twice a day to prevent the onset of symptoms in patients at
risk, especially for asymptomatic patients.
[0055] The compositions described herein can be administered in any of the
following roules: buccal, epicutanecus, epidural, infusion, inhalation, intraarterial,
intracardial, intracersbroventricular, intradermal, intramuscular, intranasal, intraccular,
30 intraperifoneal, intraspinal, intrathecal, intravenous, oral, parenteral, pulmonary, rectally
via an enema or suppository, subcutaneous, subdermal, sublingual, transdermal, and
fransmucosal. The preferred rouies of administration are buccal and oral. The
administration can be local, whers the compasition is administered directly, close to, in
the locality, near, at, about, or in the vicinity of, the site(s) of disease, 2.g., inflammation,
35  orsystemic, wherein the compaosition is given to the patient and passes through the body
widely, thereby reaching the site(s) of disease. Local administration can be administration
to, for example, tissue, organ, and/or organ system, which encompasses and/or is
affected by the disease, and/or where the disease signs and/or symptoms are active or
are likely to occur. Administration can be topical with a local effect, composition is applied
40  directly where its action is desired. Administration can be enteral wherein the desired
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effect is systemic (non-local), compaosition is given via the digestive tract. Administration
can be parenieral, where the desired effact is systemic, composition is given by cther
routes than the digestive tract.
[0056] As stated in the disclosure, an “sffective amourt” refers to any amount
5 that is sufficient to achieve a desired biological sffect. Combined with the teachings
provided herein, by choosing among the various active compounds and weighing factors
such as potency, relative bipavailability, patient body weight, severity of adverse side-
effects and mode of administration, an effective prophylactic or therapeutic treatment
regimen can be plannad which does not cause substantial unwanted toxicity and vet is
10 effective to treat the particular subject. The effective amount for any particular application
can vary depending on such factors as the disease or condition being ireated, the
particular compound of the disclosure baing administared, the size of the subject, or the
severity of the disease or condition. One of ordinary skill in the art can empirically
determine the sffective amount of a particular compound of the disclosure and/or other
15 therapsutic agent without necessitaling undue experimentation. A maximum dose may
be used, that is, the highest safe dose according to some medical judgment. Multipls
doses per day may be contemplated 1o achieve appropriate systemic levels of
compounds.  Appropriate systemic levels can be determined by, for sxample,
measurement of the patient’s peak or sustained plasma level of the drug. “Dose” and
20  “dosage” are used interchangsably herein.
{0057} Generally, daily oral doses of a compound are, for human subjscts, from
about 0.01 milligrams/kg per day to 1000 milligrams/kg per day. Oral doses in the range
of 0.5 to 50 milligrams/kg, in one or mors administrations per day, can yield therapeutic
resuits. Dosage may be adjusted appropriately 1o achieve desired drug levels, local or
25  systemic, depending upon the mode of administration. For example, intravenous
administration may vary from ong order to several orders of magnitude lower dose per
day. inthe evant thal the response in a subject is insufficient at such doses, aven higher
doses (or effective higher doses by a different, more localized delivery route) may be
employed fo the extent that patient olerance permits. Multiple doses per day ars
30  contemplated to achieve appropriate systemic levels of the compound.
[0058] For any compound dascriced hersin the therapeutically effsctive amount
can be initially determined from animal models. A therapeutically effective dose can also
be determined from human data for compounds which have been tesied in humans and
for compounds which arg known 1o exhibit similar pharmacological activities, such as
35  other related active agents. Higher doses may be required for parenteral administration.
The applied dose can be adjusted based on the reigtive bioavailability and potency of the
administered compound. Adjusting the dose to achieve maximal efficacy based on the
meathods described above and other methods as are well-known in the art is well within

the capabilities of the ordinarily skilled artisan.
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[0059] For clinical use, any compound of the disclosure can be administered in
an amount equal or aquivalent to 0.2-2000 milligram (mg) of compound per kilogram (kg
of body weight of the subject per day. The compounds of the disclosure can be
administerad in a dose equal or equivalent to 2-2000 mg of compound per kg body weight
5 of the subject per day. The compounds of the disclosure can be administered in a dose
equal or squivalent tc 20-2000 mg of compound per kg body weight of the subject per
day. The compounds of the disclosure can be administerad in a dose equal or equivalant
to 50-2000 mg of compound per kg body weight of the subject per day. The compounds
of the disclosure can be administered in a dose equal or equivalent to 100-2000 mg of
10 compound per kg body weight of the subject per day. The compounds of the disclosure
can be administerad in a dose equal or equivalent to 260-2000 mg of compound par kg
body weight of the subject per day. Where a precursor or predrug of the compounds of
the disclosure is 1o be administered rather than the compound itself, it is administered in
an amount that is equivalent o, i.e., sufficient to deliver, the above-stated amounts of the
15 compounds of the invantion,
[0060] The formulations of the compounds of the disclosure can be administered
o human subjects in therapeutically effactive amounts. Typical dose ranges are from
about 0.01 microgram/kg to aboul 2 mg/kg of body weight per day. The dosage of drug
o be adminisiered is ikely to depend on such variables as the fype and extent of the
20 disorder, the overall health status of the particular subject, the specific compound being
administerad, the excipients used io formulate the compound, and its route of
adminisiration. Routine experimants may be used {o oplimize the dose and dosing
frequency for any particular compound.
[0061] The compounds of the disclosure can be administered at a concentration
25 in the range from about 0.001 microgramvkg to greater than about 500 mg/kg. For
example, the concentration may be 0.001 microgramvkg, 0.01 microgram/kg, 0.05
microgram/kg, 0.1 microgram/kg, 0.5 microgram/kg, 1.0 microgramvkg, 10.0
microgram/kg, 50.G microgram/kg, 100.0 microgram/g, 500 microgramskg, 1.0 mg/kg,
5.0 mg/kg, 10.0 mg/kg, 15.0 mg/kg, 20.0 mgrkg, 25.0 mg'kg, 30.0 mg/kg, 35.0 ma/ky,
30 40.0 mo/kg, 45.0 mo/kyg, 50.0 mg/kg, 80.0 mo/kyg, 70.0 mgkg, 80.0 mgkg, 90.0 mgike,
100.0 mg/kg, 150.0 mgrkg, 200.0 mo/kg, 250.0 mg/kg, 300.0 mg/kg, 350.0 mg/kg, 400.0
ma/kg, 450.0 mg/ky, to greater than about 500.0 mg/kg or any incremental valus thereof.
it is tc be understood that all values and ranges between these values and ranges are

maant 1o be encompassed by the present invention.

(O8]
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[0062] The compounds of the disclosure can be administered at a dosage in the
range from about 0.2 milligram/kg/day to greater than about 100 mg/kg/day. For example,
the dosage may be 0.2 mg/kg/day to 100 mg/kg/day, 0.2 mg/kg/day to 50 mg/kg/day, 0.2
mgskg/day to 25 mgkg/day, 0.2 mg/kg/day to 10 mg/kg/day, 0.2 mgkg/day o 7.5
mg/kg/day, 0.2 mg/kg/day w0 5 mog/kg/day, 0.25 mgkgiday o 100 mg/kg/day, 0.25
40  mo/kg/day to 50 mg/kg/day, 0.25 mg/kg/day 1o 25 mg/kg/day, 0.25 mg/kg/day 1o 10
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mg/kg/day, 0.25 mg/kg/day to 7.5 mg/kg/day, 0.25 mg/kg/day 1o 5 mgkg/day, 0.5
mgkg/day to 50 mg/kg/day, 0.5 mg/kgiday to 25 mg/kg/day, 0.5 mg/kg/day tc 20
mg/kg/day, 0.5 mg/kg/day to 15 mgkg/day, 0.5 mg/kg/day to 10 mg'kgiday, 0.5
mo/kg/day to 7.5 mg/kgrday, 0.5 mg/kg/iday to 5 mg/kg/day, 0.75 mo/kg/day 1o 50
5  mgkg/day, 0.75 mokg/day o 25 mo/kg/day, 0.75 mgkg/day to 20 mokg/day, 0.75
mo/kg/day to 15 mo/kg/day, 0.75 mg/kg/day to 10 mg/kg/day, 0.75 mg/kg/day 1o 7.5
mg/kg/day, 0.75 mgkg/day o 5 mg/kgiday, 1.0 mg/kg/day o 50 mgkg/day, 1.0
mg/kg/day to 25 mgkg/day, 1.0 mg/kg/day 1o 20 mg/kg/day, 1.0 mg/kg/day to 15
mg/kg/day, 1.0 mgkg/day to 10 mgkgday, 1.0 mokg/day o 7.5 mgkgday, 1.0
10 mg/kg/day to 5 mg/kg/day, 2 mokg/day to 50 mg/kg/day, 2 mg/kg/day to 25 mg/kg/day,
2 mg/kg/day to 20 mg/kg/day, 2 mg/kg/day to 15 mg/kg/day, 2 mg/kg/day to 10 mg/kg/day,
2 mg/kg/day to 7.5 mg/kg/day, or 2 mg/kg/day to 5 mg/kg/day.
[0063] The compounds of the disclosure can be administered at a dosage in the
range from about 0.25 milligram/kg/day o about 25 mg/kg/day. For exampie, the dosage
15 may be 0.25 mg/kg/day, 0.5 myg/kg/day, 0.75 mg/kg/day, 1.0 mg/kg/day, 1.25 mg/kg/day,
1.5 mg/kgiday, 1.75 mg/kg/day, 2.0 mg/kg/day, 2.25 mg/kg/day, 2.5 mg'kg/iday, 2.75
mg/kg/day, 3.0 mgkgiday, 3.25 mg/kg/day, 3.5 mglkg/day, 3.75 mg/kg/day, 4.0
mg/kg/day, 4.25 mg/kg/day, 4.5 mg/kg/day, 4.75 mg/kg/day, 5 mg/kg/day, 5.5 mg/kg/day,
6.0 mg/kg/day, 6.5 mg/kg/day, 7.0 mg/kg/day, 7.5 mg/kg/day, 8.0 mgikg/day, 8.5
20  mg/kg/day, 9.0 mgkg/day, 9.5 mg/kg/day, 10 mg/kg/day, 11 mg/hkg/day, 12 mg/kg/day,
13 mo/kg/day, 14 mgfkg/day, 15 morkg/day, 16 mo/kg/day, 17 mogrkg/day, 18 mg/kg/day,
19 mg/kg/day, 20 mg/kg/day, 21 mg/kg/day, 22 mg/kgiday, 23 mg/kg/day, 24 mg/kg/day,
25 mg/kg/day, 26 morkg/day, 27 mg/kg/day, 28 mg/kg/day, 29 mg/kg/day, 30 mg/kg/day,
31 mg/kg/day, 32 mg/kgrday, 33 mg/kg/day, 34 mg/kg/day, 35 mg/kg/day, 36 mg/kg/day,
25 37 mgikg/day, 38 mg/kg/day, 32 mo/kg/day, 40 ma/kg/day, 41 mo/kg/day, 42 mg/kg/day,
43 mg/kg/day, 44 mg/kg/day, 45 mg/kg/day, 46 mg/ikgiday, 47 mg/kg/day, 48 mg/kg/day,
49 mg/kg/day, or 50 mg/kg/day.
[0064] In various embodiments, the compound or precursor thersof is
administered in concentrations that range from 0.01 micromolar fo greater than or equal
30  to 500 micromolar. For example, the dose may be 0.01 micromolar, 0.02 micromolar, 0.05
micromolar, 0.1 micromolar, 0.15 micromolar, 0.2 micromolar, 0.5 micromolar, 0.7
micromolar, 1.0 micromolar, 3.0 micromolar, 5.0 micromolar, 7.0 micromolar, 106.0
micromolar, 15.0 micromolar, 20.0 micromoiar, 25.0 micromoclar, 30.0 micromolar, 35.0

micromolar, 40.0 micromaiar, 45.0 micromoiar, 50.0 micromaiar, 60.0 micromolar, 70.0

(O8]
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micromolar, 80.0 micromolar, 90.0 micromolar, 100.0 micromoeiar, 150.0 micromolar,
230.0 micromolar, 250.0 micromolar, 300.0 micromolar, 350.0 micromolar, 400.0
micromolar, 450.0 micromolar, to greater than about 500.0 micromolar or any incremental
value thereof. 1t is o be understood that all values and ranges between these values and

ranges are meant to be encompassed by the present invention.
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[0085] in varicus embodimenis, the compound or precursor thereof is
administered al concentrations that range from 0.13 microgram/mb tc 500.0
microgram/mbL. For example, the concentralion may be 0.10 microgram/mb, 0.50
microgram/mb, 1 microgram/mb, 2.0 microgram/mL, 50 microgram/ml, 10.0
5  microgram/mb, 20 microgram/mbL, 28 microgram/mbL. 30 microgram/ml, 35
microgram/imb, 40 microgranm/mb, 45 microgramymbl, 50 microgranvmbl, 60.0
microgram/mb, 70.0 microgranmvyml, 80.0 microgram/mb, 90.0 microgram/iml, 100.0
microgram/mb, 150.0 microgram/ml., 200.0 microgram/mi, 250.0 g/mi, 250.0 micro
gram/mtb, 300.0 microgram/ml., 350.0 microgram/mi, 400.0 microgram/mi, 450.0
10 microgram/ml, to greater than about 500.0 microcgram/mb or any incremental value
thereof. It is 1o be understood that all values and ranges between these values and ranges
are meant to be encompassed by the present invaention.
[0666] The disclosure also provides a method for modulating N-Myc comprising
administering a therapeutically sifective amount of any of the precading compounds, e.g.,
15 acompound of any of Formuia (1)-(V), or a pharmaceutical composition comprising said
compound, {o a subject in nead thersof.
{00867} The disclosure also provides a method for treating cancer and other
proliferative disorders, including, but not limited to breast cancer, cervical cancer, colon
and reclal cancer, lsukemia, lung cancer {e.g., non-small cell lung cancer}, melanoma,
20 mutipie myeloma, non- Hodgkin's lymphoma, ovarlan cancer, pancreatic cancsr, prostate
cancer, gastric cancer, leukemias [(e.g., myeloid, lvmphooylic, myslocytic and
iymphoblastic  lsukemias), malignant melanomas, and T -cell lymphoma) or
neuroblastorna comprising administering a therapeutically effective amount of any of the
precading compounds, e.g., a compound of any of Formula (1)-(V), or a pharmaceutical
25 composition comprising said compound, to a subject in need thereaf,
[0068] The term “therapeutically effective amount” as used herein, refers to that
amount of one or more compounds of the various examples of the disciosure that elicits
a biological or medicinal response in a tissue systern, animal or human, that is being
sought by a researcher, veterinarian, madical doctor or other clinician, which includes
30 allsviation of the symptoms of the disease or disorder being traated. In some sxamples,
the therapeutically eifeclive amount is that which can treat or allevials the disease or
symptoms of the disease at a reasonable benefit/risk ratic applicable to any medical
freatment. However, it is 10 be understocd that the total daily usage of the compounds

and compositions described herein can be decided by the attending physician within the
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scope of scund medical judgment. The specific therapeutically-stiective dose level for any
particular patient will depend upon a varisty of factors, including the condition being
treated and the severity of the condition; activity of the specific compound emploved; the
specific compaosition employed; the age, body weight, general health, gender and diet of
the patient: the time of administration, route of administration, and rate of excretion of the

40  spacific compound emploved; the duration of the treaiment; drugs used in combination or
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coincidantally with the specific compound employed; and like factors well known to the
rasearcher, velerinarian, medical doctor or other clinician. It is alsc appreciated that the
therapeutically effective amount can be selected with reference to any toxicity, or other
undesirable side effect, that might occur during administration of one or more of the
5  compounds described herein.
[0069] The term “alky!” as used harein refers to substituled or unsubstituted
straight chain, branched and cyclic, saturated monc- or bi-valent groups having from o
20 carbon atoms, 10 to 20 carbon atoms, 12 {0 18 carbon aloms, 6 1o about 10 carbon
atoms, 1 to 10 carbons atoms, 1 to 8 carbon atoms, 2 to 8 carbon atoms, 3 to 8 carbon
10 atoms, 4 to 8 carbon atoms, 5 to 8 carbon atoms, 1 1o 6 carbon atoms, 2 0 6 carbon
atoms, 3 to 8 carbon atoms, or 116 3 carbon atoms. Examples of straight chain mong-
valent (G1-Ceo)-alkyl groups include those with from 1 to 8 carbon atoms such as methyl
{i.e., CHa3), ethyi, n-propyl, n-butyl, n-pentyl, n-haxyl, n-heptyl, n-octyl groups. Examples
of branched mono-valent (G:-Cao)-alkyl groups include isepropyl, iso-butyl, sec-butyi, t-
15 butyl, neopentyl, and iscpantyl. Exampies of straight chain bi-valent {G+-Caoyalkyi groups
include those with from 1 io 6 carbon atoms such as -CHz, -CHCHe-,
-CH2CH20Hz-, -CH2OH0H2CHz-, and -CH2CH2CHOHOHe-. Examples of branched bi-
valsnt alkyl groups inciude ~CH{CHa)CHz- and
~CHCH{CH)CHo-. Examples of cyclic alkyl groups include cyclopropyl, cyclobutyl,
20  cyclopently, cyclohexyl, cyclooctyl, bicyclof[t.1.1]pentyl, bicyclo[2.1.1lhexyl, and
bicyclo2.2. 1iheptyl. Cycloalkyl groups further include poiveydlic cycloalkyl groups such
as, but not limited to, norbornyl, adamantyl, bornyl, camphenyl, isocamphenyl, and
carenyl groups, and fused rings such as, but notlimited to, decalinyl, and the like. In some
embodiments, alkyl includes a combination of substituted and unsubstituted alkyl. As an
25 example, alkyl, and also (Ch)alkyl, includes methy! and substituted methyl. As a particular
example, (Cralkyl includes benzyl. As a further example, alkyl can include methyl and
substituted (C2-Celalkyl. Alkyl can also include substituted methy! and unsubstituted (Ce-
Celalkyl. In some embodiments, alkyl can be methyl and C2-Ca linear alkyl. In some
embodiments, alkyl can be methyl and Gz-Gs branched alkyl. The term methyl is
30  understood to be -CHs, which is not substituted. The term methylene is understood to be
-CHe-, which is not substituted. For comparisen, the term (Cq)alkyl is understood to be a
substitited or an unsubstituted -CHs or a substituied or an unsubstituted -CHa-.
Repressntative substituted alkyl groups can be substituted ons or more times with any of
the groups listed hersin, for example, cycloalkyl, hetercoyclyl, aryl, aming, haloalkyl,
35  hydroxy, cyano, carboxy, nitro, thio, alkoxy, and halogen groups. As further example,
representative substituted alky! groups can be substituted one ar more fluoro, chiorg,
brome, iodo, aming, amide, alkyl, alkoxy, akylamide, alkenyl, alkynyi, alkoxycarbonyl,
acyl, formyl, arylcarbonyl, aryloxycarbonyl, arvioxy, carboxy, haloalkyl, hydroxy, cyang,
nitroso, nitro, azido, triflucromethyl, triflucromethoxy, thio, alkylthio, arvithiol, alkyisulfony!,
40 akylsulfinyl, dialkylaminosulfony!, sulfonic acld, carboxylic acid, dialkylamine and

diakylamido. In some smbodiments, reprasentative substituied alky! groups can be
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substituted from a set of groups including aminge, hydroxy, cyano, carboxy, nitro, thio and
alkoxy, but not including halogen groups. Thus, in some embodiments alkyl can be
substituted with a non-halogen group. For example, representative substituted alkyi
groups can be substituted with a fluore group, substituted with a bromo group, substituted
5  with a halogen other than bromo, or substituted with a halogsn other than flucre. in some
embodiments, representative substituied alkyl groups can be substituted with one, two,
thrae or more flucro groups or they can be substituied with one, two, three or more non-
fluoro groups. For example, akyl can be triflucromethyl, diftuoromethyl, or flucromethyl,
or alky! can be substituted alky! other than triflucromathytl, diftuoromethy! or flucromethyl.

10 Alkyl can be haloalkyl or alkyl can be substituted alkyl other than haloalkyl.
[0074] The term “alkenyl” as used harein refers to substituted or unsubstituted
straight chain, branched and cyclic, saturated mono- or bi-valant groups having at least
one carbon-carbon double bond and from 2 to 20 carbon atoms, 10 to 20 carbon atoms,
12 to 18 carbon atoms, € to about 10 carbon atoms, 2 10 10 carbons atoms, 2 to 8 carbon
15 atoms, 3 to 8 carbon atoms, 4 @ 8 carbon atoms, 5 io 8 carbon atoms, 2 {0 6 carbon
atoms, 3 1o 8 carbon atoms, 4 1o 6 carbon atoms, 2 1o 4 carbon atoms, or 2 to 3 carbon
atoms. The double bonds can be be trans or ¢is orientation. The double bonds can be
terminal or internal. The alkenyl group can be attachad via the portion of the alkenyl group
containing the double bond, e.g., vinyl, propen-1-yl and buten-1-yl, or the alkenyl group
20  can be attached via a portion of the alkenyl group that does not contain the double bond,
e.g., penten-4-yl. Examples of mono-valent (C2-Coo)-alkenyl groups inciude those with
from 1 to 8 carbon atoms such as vinyl, propenyl, propean-1-vi, propen-2-yi, butenyl, buten-
1-vi, buten-2-yl, sec-buten-1-yl, sec-buten-3-vi, pentenyl, hexenyl, heptenyl and octenyi
groups. Examples of branched mono-valent {C2-Cao)-alkenyl groups include isopropsnyl,
25 iso-butenyl, sec-butenvi, t-butenyl, nsopentenyl, and isopentenyl. Examples of straight
chain bi-valent {Co-Cao)alkany! groups include those with from 210 6 carbon atoms such
as -CHCH-, -CHCHCHo-, -CHCHOH2CHz-, and -CHOHOHOHCHe-. Examples of
branched bi-valent alioyl qroups inciude ~C{CH3)CH- and
—~CHC(CH3)CH2-. Examples of cyclic alkenyl groups include cyclopentenyd, cyciohexenyl
30  and cyclooctenyl. It is envisaged that alkeny! can also include masked alkenyl groups,
precursors of alkenyl groups or other related groups. As such, whers alkenyl groups are
described it, compounds are also envisaged where a carbon-carbon double bond of an
alkeny! is replaced by an epoxide or aziridine ring. Substituted alkeny! alsc includes
alkenyl groups which are substantially tautomeric with a non-alkanyi group. For sxample,
35  substituted alkenyl can be 2-aminoalkenyl, 2-alkylaminoatkenyl, 2-hydroxyatkenyl, 2-
hydroxyvinyl, 2-hydroxypropenyl, but substituted alkenyl is alsc understood to include the
group of substituted alkenyl groups other than alkenyl which are tautomesric with non-
alkeny! containing groups. In some embodiments, alkeny! can be understood to include a
combination of substituted and unsubstituted alkenyl. For example, alkenyi can be vinyl
40  and substituted vinyl. For example, alkenyl can be viny!l and substituted (Cs-Cs)alkenyl.
Alkenyl can also include substitiied vinyl and unsubstituted (Cs-Cslalkenyl
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Representative substituted akenyl groups can be substituted cne or mors times with any
of the groups listed herein, for example, moncalkylamine, dialkylaminoe, cyano, acetyl,
amido, carboxy, nitro, alkyithio, alkoxy, and halogen groups. As further example,
representative substituted alkeny! groups can be substituted one or more fluoro, chioro,
5  bromo, lodo, aming, amidoe, alkyl, alkoxy, alkylamide, alkenyl, alkynyl, alkoxycarbonyl,
acyl, formyl, arylcarbonyl, arvioxycarbonyl, arvioxy, carboxy, haloalkyl, hydroxy, cyano,
nitroso, nitro, azide, trifluoromaethyl, triflucromethoxy, thio, alkylthic, arylthiol, alkyisulfony|,
alkylsuifinyl, dialkylaminosulfonyl, sulfonic acid, carboxylic acid, dialkylaming and
diakkylamido. In some embodiments, representative supstituted alkenyl groups can be
10 substituted from a set of groups including monealkylamine, dialkylamino, cyano, acetyl,
amido, carboxy, nitro, alkylthico and alkoxy, but not including halogen groups. Thus, in
some embodiments alkenyl can be substituled with a non-halogen group. In some
embodiments, represantative substituted alkenyl groups can be substituted with a fluore
group, substituted with a bromo group, substituted with a halogen other than bromo, or
15 substituied with a halogen other than fluorg. For example, alkeny! can be t-lucrovinyi, 2-
flucrovinyl, 1,2-diflucroviny!, 1,2,2-triflusrovinyl, 2.2-diftucrovinyt, triflucropropen-2-vi,
3.3,3-trifluoropropenyt, 1-flucropropenyl, 1-chiorovinyl, 2-chlorovinyl, 1,2-dichlorovinyl,
1,2, 2-trichlorovinyt or 2,2-dichlorovinyl. In some embaodiments, representative substituted
alkenyl groups can be substituted with one, two, three or more fluoro groups or they can
20 be substituted with ons, two, three or more non-fluoro groups.
0671} The term “alkynyl” as used herein, refers to substituted or unsubstituted
siraight and branched chain alky!l groups, except that at ieast one triple bond exisis
betwesan two carbon atoms. Thus, alkynyl groups have from 2 {0 50 carbon atoms, 2 o
20 carbon atoms, 10 to 20 carbon atoms, 12 to 18 carbon atoms, 6 1o about 10 carbon
25  atoms, 2 to 10 carbons atoms, 2 to 8 carbon atoms, 3 to 8 carbon atoms, 4 {o 8 carbon
atoms, 5 to 8 carbon atoms, 2 to 8 carbon atoms, 3 10 6 carbon atoms, 4 to 6 carbon
atoms, 2 to 4 carbon atoms, or 2 to 3 carbon atoms. Examples include, but are not limited
to ethynyl, propynvl, propyn-1-yl, propyn-2-yl, butynyl, butyn-1-vi, butyn-2-yl, bulyn-3-y|,
butyn-4-yi, pentynyl, pentyn-1-yl, hexynyl, Examples include, but are not limited to ~
30 GC=CH, -C=0{CHa), -C=C{CH2CHa}, -CH2C=CH, -CH20=C{CHa}, and -CHa0=C{CH2CHa}
among oihers.
[6672] The term “aryl” as used hersin refers 1o substituted or unsubstituted
univalent groups that ars derived by removing a hydrogen atom from an arene, which is
a cyclic aromatic hydrocarbon, having from € to 20 carbon atoms, 10 o 20 carbon atoms,
35 1210 20 carbon atoms, 6 o about 10 carbon aioms or § to 8 carbon atoms. Examples of
{Ce-Cooyary! groups include phenyl, napthalenyl, azulenyl, biphenvlyl, indaceny!, fluorenyl,
phenanthrenyl, triphenylenyl, pyrenyl, naphthacenyl, chrysenyl, anthracenyl groups.
Examples include substifuted phenyl, substituted napthalenvl, substituted azulenyl,
substituted  biphenylyl, substituted indacenyl, substituted fluorenyl, substituted
40  phenanthreny!, substituted triphenyleny!, substituted pyrenyl, substituted naphthacenyl,
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substituted chrysenyl, and substiuted anthracenyt groups. Examples alsc include
unsubstituted phenyl, unsubstiiuted napthalenyl, unsubstituied azulenyl, unsubstitutad
biphenylyl, unsubstituted indacenyl, unsubstituted fiucrenyl, unsubstituted phenanthrenyl,
unsubstituted  triphenylenyl, unsubstituted  pyrenyl, unsubstituted naphthacenyl,
5  unsubstituted chrysenyl, and unsubstitutsd anthraceny! groups. Aryl includes pher
groups and also non-phenyl aryl groups. From these examplas, it is clear that the term
{Cs-Croyaryl sncompassas mono- and polycyclic (Ce-Ceojary! groups, including fused and
non-fused polyoyctic {Ce-Caojary! groups.
[0073] The term “heterocyclyl” as used herein refers 10 substitted aromatic,
10 unsubstituted aromatic, substituied non-aromatic, and unsubstituted non-aromatic rings
containing 3 or mare atoms in the ring, of which, one or more is a heteroatom such as,
but not limited to, N, O, and 8. Thus, a heterocyelyl can be a cyclohetercalkyl, or a
heteroaryl, or if polycyclic, any combination thereoi. In some embodiments, heterocycly!
groups include 3 to about 20 ring members, wheraas other such groups have 3 to about
15 15 ring members. In some embodiments, heterocyclyl groups include heterocyclyl groups
that include 3 to 8 carbon atoms {Cs-Cs), 3 to 6 carbon atoms {Ca-Ce) or § 10 8 carbon
atoms {Ce-Gs). A hsierocyclyl group designated as a Ce-heterocyclyl can be a 5-
mambered ring with twa carbon atoms and thres hetercaloms, a 6-membaered ring with
two carbon atoms and four hetercatoms and so forth. Likewise a Ca-heterocyclyl can be
20  a S-membered ring with one hetercatom, a 8-membered ring with two heteroatoms, and
so forth. The number of carbon atoms plus the number of heleroatoms squals the total
number of ring atems. A helerocyclyl ring can also include one or more double bonds. A
heteroaryl ring is an embodiment of a heterocyclyi group. The phrase “heterocyclyl group”
includes fused ring species including these that include fused aromatic and non-aromatic
25 groups. Repressmtative heterocyclyl groups include, but are not limited 10 piperidynyl,
piperazinyl, morpholinyl, furanyl, pyrrolidinyl, pyridinyl, pyrazinyl, pyrimidinyl, triazinyi,
thiophenyl, tetrahydrofuranyl, pyrrolyl, oxazolyl, imidazolyl, triazyolyl, tetrazolyl,
benzoxazolinyl, and benzimidazoliny! groups. For example, heterocyely! groups include,

without limitation:
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or an amine proteclting group {(e.g., a t-butyloxycarbony! group) and wherein the

heterccyelyl group can be substituted or unsubstituted. A nitrogen-containing heterocyciyl

group is a hatsrocyclyl group containing a nitrogen atorn as an atom in the ring. In some
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embodimants, the haterocyely! is other than thiophene or substituted thiophens. In some
embodiments, the heterocycly! is other than furan or substituted furan.
0674} The term "alkoxy” as used herein refers 10 an oxygen atom connected to
an alkyl group, including a cycloalkyl group, as are deiined herein. Examples of linear
5 alkexy groups include but are not limited to methoxy, ethoxy, propoxy, butoxy, pentyloxy,
haxyloxy, and the lke. Examples of branchad alkoxy include bui are nct limited fo
isopropoxy, sec-butoxy, teit-buloxy, isopentyioxy, isohexyloxy, and ths like. Exampiles of
cyclic alkoxy include but are not limited to cyclopropyloxy, cyclobutyloxy, cyclopantyioxy,
cyclohexyioxy, and the like. An alkoxy group can include one 1o about 12-20 or about 12-
10 40 carbon atoms bonded to the oxygen atom, and can further include double or triple
bonds, and can also include heteroatoms. Thus, alkyoxy alse includes an oxygen atom
connectad fo an alkyeny! group and oxygen atom connectad to an alkynyl group. For
example, an allvloxy group is an alkoxy group within the meaning herein. A
mathoxyethoxy group is also an alkoxy group within the meaning herein, as is a
15 methylenedioxy group in a context where two adjacent atoms of a structure are
substituied therewith.
180751 The term “aryloxy” as used herein refars to an oxygen atom connected
to an ary! group as are defined herein.
{0078} The term “aralkyl” and “arylalkyl” as used herein refers to alkyl groups as
20  dsfined hersin in which a hydrogen or carbon bond of an alkyl group is replaced with a
bond to an aryl group as defined herein. Representative aralkyl groups include benzyl,
bihenyimethyl and phenylethyl groups and fused {cyeivalkyiarylalkyl groups such as 4-
ethyl-indanyl. Aralkenyl groups are alkenyl groups as defined herein in which a hydrogen
or carbon bond of an alkkyl group is replaced with a bond to an arvl group as defined
25 herein,
{0077} The terms “halo,” “halogen,” or “halide” group, as used herein, by
themselves or as part of ancther substituent, mean, unless otherwise stated, a fluoring,
chiorine, bromineg, or iodine atom.
(6078} The term “amino” as used herein refers to a substituent of the form -NHz,
30 -NHR, -NR:, -NRs", wherein each R is independently selected, and protonated forms of
each, except for -NRs*, which cannot be protonated. Accordingly, any compound
substituted with an amino group can be viewed as an amina. An “amino group” within the
meaning herein can be a primary, secondary, tertiary, or guaternary amino group. An
“alkylamino” group includes a monoalkylamino, dialkylamino, and trialkylamino group.
35 [0079] The term “acyl” as used herein refers to a group containing a carbonyl
moiely whereain the group is bonded via the carbonyl carbon atom. The carbony! carbon
atom is also bonded to ancther carbon atom, which can be part of a substituted or
unsubstituted alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, group or the like.
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[0080] The term “formy!” as used hersin refers to a group containing a carbonyl
moiety whearein the group is bonded via the carbony! carbon atom. The carbonyl carbon
atom is also bonded to a hydrogen atom.

{6681} The term “alkoxycarbonyl” as used hersin refers to a group containing a

(631

carbonyl moiety wharein the group is bonded via tha caroonyl carbon atom. The carbonyi
carbon atom is also bonded 1o an oxygen atom which is further bonded 1o an alkyl group.
Alkoxycarbonyl also includes the group whare a carbony! carbon atom is alse bonded to
an oxygen atom which is further bonded to an alkyenyl group. Alkoxycarbonyi also
includes the groun whare a carbonyl carbon atom is also bondad 1o an oxygen atom which
10 is further bonded to an alkynyl group. In a further case, which is included in the definition
of alkoxycarbony!l as the ferm is defined herein, and is also included in the term
“aryloxycarbonyl,” the carbonyl carbon alom is bonded to an oxygen atom which is
bonded to an aryl group instead of an alkyl group.
[0682] The term “arvicarbonyl” as used herein refers to a group containing a
15 carbonyl moisty wherein the group is bonded via the carbonyl carbon atom. The carbonyi
carbon atom is also bonded to an aryl group.
[0083] The term “alkylamido” as used herein refers to a group containing a
carbonyl moiety wherein the group is bonded via the carbonyl carbon atom. The carbonyi
carbon atom is alsc bonded to a nitrogen group which is bonded o one or more atkyl
20 groups. In a further case, which is also an alkylamido as the term is defined herein, the
carbonyl carbon atom is bonded o an nitrogen atom which is bonded o one or more aryl
group instead of, or in addition to, the one or more alkyl group. In a further case, which is
alsc an alkylamido as the term is defined herain, the carbonyl carbon alom is bonded to
an nitrogen atom which is bonded to one or more akenyl group instead of, or in addition
25  to, the one or more alky! and ot/ary! group. In a further case, which is also an alkylamido
as the term is defined herein, the carbony! carbon atom is bonded to an nitrogen atom
which is bonded 10 one or more alkynyl group instead of, or in addition to, the one or more
alkyl, alkenyl and/or aryl group.
[0084] The term “carboxy” as used herein refers to a group containing a carbonyl
30 molety wharein the group is bonded via the carbonyl carbon atom. The carbony! carbon
atom is also bonded o a hydroxy group or oxygen anion so as to result inn a carboxylic
acid or carboxylate. Carboxy also includes both the protonated form of the carboxylic acid
and tha salt form. For example, carboxy can be undersiood as COOH or COH.
[0085] The term “alkylthic” as used herein refers to a sulfur atom connected to
35 an akyl, akenylor alkynyl group as defined harein.
[0086] The term “arylthio” as used herein refers to a sulfur atom connected to
an aryl group as definad herein.
[0687] The term “akyisulfonyl” as used hersin refers 1o a sulfonyl group
connacted to an alkyl, alkenyl,or alkynyi group as defined herein.
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[oossg] The term “alkyisuliinyl” as used herein refers to a sulfinyl group
connectad to an alkyl, akenyl, or alkynyl group as defined harein.

[0088] The term “dialkylaminosulfony!l” as used herein refers to a sulfonyl group
connectad o a nitrogen further connectad to two alkyl groups, as defined herein, and
which can optionally be linked together to form a ring with the nitrogen. This term also

(631

includes the group where the nitrogen is further connected 1o ons or two alkenyl groups
in place of the alkyl groups.
[0080] The term “dialkylaming” as used herein refers to an amino group
connected to two alkyl groups, as defined herein, and which can optionaily be linked
10 together 1o form a ring with the nitrogen. This term also includes the group where the
nitrogen is further connected 1o one or two alkenyl groups in place of the alkyl groups.
(0091} The term “dialkylamido” as used hersin refers to an amido group
connectad to two alkyl groups, as defined hersin, and which can optionally be linked
togethar to form a ring with the nitregen. This term also includes the group whers the
15 nitrogenis further connectad 1o one or two alkenyl groups in place of the alkyi groups.
0082} The term “substituted” as used herein refers to a group that is substituted
with one or more groups including, bul not limited to, the following groups: halogen (s.g.,
F, Cl, Br, and 1), R, OR, OG(OIN{R)2, CN, NO, NQ2, ONOg, azido, CFa, QCFs,
mathylenedioxy, ethylenedioxy, (Ca-Ceeihsteroaryl, N(R)2, Si(R)s, 8R, S0R, SO:R,
20 SON{R)2, BO:R, P(CHOR)2, OPOYOR):, CIOIR, CLOIC(OIR, C{OICHCOIR, GEIR,
C{O)OR, OCO)R, C(OIN(R)z, COINRIOH, OCON(R)2, CEINR)2, (CHae
NRYCOIR, (CHz)o-=N{R)N(R)2, N(RIN(R)C{OIR, N(RIN{R)C(O)OR, N(R)N(RYCON(R)=,
NFRISO=R, NRISO:=N(R}, NRICOIOR, NRICIOIR, NRICEIR, NRICOINR):,
N{RIC(S)N{R)2, N{COR)COR, N(ORR, C{=NHN({R)2,, C{OIN{OR)R, or C(=NORR
25  wherein R can be hydrogen, (Ci-Caxlalkyl or (Ce-Caojaryl. Substituted also includes a
group that is substituted with one or more groups including, but not limited 1o, the following
groups: fluoro, chioro, bromo, iodo, amino, amido, alkyl, alkoxy, alkylamido, alkenyl,
alkynyl, alkoxycarbonyl, acyl, formyl, aryicarbonyl, aryloxycarbonyl, aryloxy, carboxy,
haloalkyl, hydroxy, cyano, nitroso, nitre, azido, tiflugromethyl, triflucromsthoxy, thio,
30 alkylthio, aryithiol, alkylsulfonyl, alkylsuifinyl, diakylaminosulionyl, sulfonic  acid,
carboxylic acid, dialkkylamino and dialkylamido. Whare there are two or more adjacent
substituents, the substituents can be linked to form a carbocyclic or heterocyclic ring.
Such adjacent groups can have a vicinal or germinal relationship, or they can be adjacent
on a ring in, e.g.. an ortho-arrangement. Each instance of substituted is understood to be
35  independent. For example, a substituted aryl can be substituted with bromo and a
substituted heterocycle on the same compound can be substituted with alkkyl |t is
envisaged that a substituted group can be substituted with one or more non-fluoro groups.
As another example, a substitutad group can be substitutad with one or more non-cyano
groups. As angther example, a substituted group can be substituted with one or more
40  groups other than haloalkyl. As yet anothar example, a substituted group can be
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substituted with one or more groups other than tert-butyl. As yet a further example, a
substituted group can be substituted with one or more groups other than triflucromethyl.
As yet even further examples, a substituted group can be substifuted with one or more
groups other than nitro, other than methyl, other than mesthoxymethyl, other than
5  diakylaminosulfonyl, other than bromo, other than chioro, other than amide, other than
halo, other than benzodioxeninyl, other than polycycelic heterocyelyl, other than polycyclic
substituted aryl, other than methoxycarbonyl, other than alkoxycarbonyl, other than
thiophenyl, or other than nitrophenyl, or groups meeting a combination of such
descriptions. Further, substituted is alsc undersiood to include fluore, cyano, haloalkyl,

10 tert-butyl, triflucromethyl, nitro, methyl, methoxymethyl, diatkylaminosuifonyl, bromo,
chloro, amide, halo, benzodioxepiny!, polycyclic heterocyclyl, polycydlic substituted aryl,
meathoxycarbonyi, alkoxycarbony!, thiophenyi, and nitrophenyl groups.

[0083] In soms instances, the compounds dascribed herein (s8.g., the
compounds of the Formulae (B-(V) can contain chiral centers. All diastareomers of the

15 compounds described herein are contemplated herein, as well as racemates.

[0084] As used herein, the term “salts” and “charmaceutically acceptable salts”
refer ¢ derivatives of the disclosed compeunds wherein the parent compound is modified
by making acid or base salts thereof. Examples of pharmacsutically acceptable salis
include, but are not limited to, mineral or organic acid salts of basic groups such as

20  amines; and alkali or organic salts of acidic groups such as carboxylic acids.
Pharmaceutically acceplable salts include the conventional non-toxic salls or the
quaternary ammonium salts of the parent compound formed, for example, from non-toxic
inorganic or organic acids. For example, such conventional non-toxic salts include those
derived from inorganic acids such as hydrochioric, hydrobromic, sulfuric, sulfamic,

25  phosphoric, and nitric; and the salis prepared from organic acids such as acetic,
propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, pamoic, maleic,
hydroxymaleic, phenvlacetic, glitamic, benzoic, salicylic, sulfanilic, 2-acetoxybenzoic,
fumaric, toluenesulfonic, methanesulionic, ethane disulfonic, oxalic, and isethionic, and
the like.

30 [0085] Pharmagceutically acceptable salts can ve synthesized from the parant
compound which contains a basic or acidic moisty by conventional chemical mathods. In
soms instances, such salls can be prepared by reacting the free acid or base forms of
these compounds with a stoichiometric (or larger) amount of the appropriate base or acid
in water or in an crganic solvent, or in a mixture of the two; generally, nonagueocus media

35  like ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are preferred. Lisis of
suitable salis are found in Remington’'s Pharmaceutical Sciences, 17th ed., Mack
Publishing Company, Easton, Pa., 1985, the disclosure of which is hereby incorporated
by reference.
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[009s] The term “solvate” means a compound, or a salt thereof, that further
includes a stoichiomaetric or non-stoichiometric amount of solvent bound by non-covalert
intermolecular forces. Where the solvent is water, the solvaie is a hvdrate.

(00971 The term “prodrug” means a derivative of a compound that can

(631

hydrolyze, oxidize, or ctharwise react under biological conditions (in vitro or in vivo} fo
provide an active compound, particularly a compound of the disclosure. Examples of
prodrugs include, but are not limited 1o, derivatives and metabolites of a compound of the
disclosurg that include biohydrolyzable moieties such as biohydrolyzable amides,
biohydrolyzable esters, bichydrolyzable carbamates, bichydrolyzable carbonates,
10 bichydrolyzable ureides, and bichydrolyzable phosphate analogues. Specific prodrugs of
compounds with carboxyl functional groups are the lower alkyl esters of the carboxylic
acid. The carboxylale esters are conveniently formed by esterifying any of the carboxylic
acid moieties present on the molecule. Prodrugs can typically be prepared using well-
known methods, such as thoss described by Burger's Medicinal Chemisiry and Drug
15 Discovery 8ih ed. (Donald J. Abraham ed., 2001, Wiley) and Dasign and Application of
Prodrugs (H. Bundgaard ed., 1985, Harwood Acadsmic Publishers GmiH).
{0608} As used herein, the term “subject” or “patient” refers to any crganism to
which a composition described herein can be administered, e.g., for experimental,
diagnostic, prophylactic and/or therapsutic purposes. Subject refers to a mammal
20  receiving the compositions disclosed herein or subject to disclosed methods. 1t is
undearsiood and herein contemplated that "mammal” includes but is not limited to humans,
non-human primates, cows, horses, dogs, cals, mice, rats, rabbits, and guinea pigs.
[0099] Values expressed in a range format shouid be interpreted in a flexible
manner to include not only the numerical values explicitly recited as the limits of the range,
25  but also 1o include all the individual numerical values or sub-ranges encompassed within
that range as if each numearical value and sub-range were explicitly recited. For example,
a range of “about 0.1% to about £%” or “about 0.1% to 5% should be interpreted to
include not just about 0.1% to about 5%, but also the individual values (e.g., 1%, 2%, 3%,
and 4% and the sub-rangss (2.0., 0.1% 10 0.5%, 1.1% 10 2.2%, 3.3% 10 4.4%) within the
30  indicated range. The statement “about X to ¥Y” has the same meaning as “about X fo about
Y,” unleas indicated otherwise. Likewise, the stalemant “about X, Y, or about Z” has the
same meaning as "about X, about Y, or about Z,” unless indicated otherwise.
[06100] in this document, the terms “a,” “an,” or “the” are used to include one or
mare than one uniess the context clearly dictates otherwise. The term “or” is used to refer
35 o a nonexclusive “or” unless otherwise indicated. In addition, it is to be understood that
the phraseoclogy or terminology empioyed herein, and not otherwise defined, is for the
purpose of description only and not of limitation. Any use of section headings is intended
to aid raading of the document and is not to be interpreted as limiting. Further, information
that is ralevant to 8 saction heading can occur within or cuiside of thal particular section.
40 Furthermore, alf publications, patents, and patent documeants referred 1o in this document
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are incorporated by reference herein in their entirsly, as though individually incorporated
by referance. In the event of inconsistent usages between this document and those
documents so incorporated by reference, the usage in the incorporated reference should
be considered supplementary to that of this document; for irreconcilable inconsistencies,
5 the usage in this document controls.
[06101] I tha metheds described herein, the steps can oe carried out in any
ordar without departing from the principles of the disclosure, except when a temporal or
operational sequence is sxplicitly recited. Furthermore, specifisd steps can be carriad out
concurrently unless explicit claim languags recites that they be carried cut separately. For
10 example, a claimed step of doing X and a claimed step of doing Y can be conducted
simultaneously within a single operation, and the resulting process will fall within the literal
scope of the claimed process.
[06102] The term “about” as used herein can aflow for a degree of variability in a
value or range, for example, within 10%, within 5%, or within 1% of a stated value or of a
15 stated limit of a range.
[06103] Each embodiment described above is anvisaged 1o be applicable in sach
combination with other embodiments described herein. For example, embodiments
corresponding to Formula (B) are equally envisaged as being applicable to Formulae (i),
(IV), and (V). As ancther example, embodiments corresponding to Formula () are
20  equally envisaged as being applicable to Formulae (1), (IV), and (V). As ancther example,
embodiments corresponding to Formula (IV) are egually envisaged as being applicable
to Formulae (1), (1), and (V). And as another example, embodiments corresponding to
Formula (V) are equally envisaged as being applicable to Formulae (1), (1), and (V).
[006104] The terms and expressions that have been emploved are used as terms
25  of description and not of limitation, and thers is no intention in the use of such terms and
expressions of excluding any equivalents of the features shown and described or portions
theraof, but it is recognized that various modifications are possible within the scope of the
embodiments of the present disclosure. Thus, it should be understood that although the
present disclosure has been specifically disclosed by specific embodiments and optional
30  featurss, modification and variation of the concepts hersin disclosad can be resorted to
by those of ordinary skill in the art, and that such modifications and variations are
considered to be within the scope of embodimants of the present disclosurs
Examples
[00105] The disclosure can be beiter understood by reference to the following
35  examples which are offered by way of illustration. The disclosure is not limited to the
examples given herein.
[06G106] CDK4/6 PROTACs, such as the compounds described herein, were
developad by connecting existing CDK4/6 ligands with an E3 ligase ligand via variable
linkers. We chose a ribociclib analogue (FIG. 3A) as the CDK4/6 binder and
40 pomalidomide (FIG. 3A) as the culiin-ring E3 ligase cersblon (CRBN) recruiting tigand. 22
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(FIG. 3A) was synthesized and evaluations of the compound in MCF-7 breast cancer ¢elis

were carried out (note that these cells have very low levels of CDKBS, cyclin D2; theraiore,

only CDK4, cyclin D1 and cyclin D3 were studied). Western blot experiments showed that

22 degrades Cyclin D and CDK4 complexes in a dose-dependent and time-dependeant
5 manner. Co-freating celis with 22 and sither MLN49, a cullin-ring E3 ligase inhibitor, or

proteasome inhibitor MG132 significantly recovered CDK4, cyclin D1 and D3 levels,

indicating that the induced degradation is indsed UPS-dependent (FIG. 3C).

[06107] Additional compounds were tasted in SK-OV-3 ovarian cancer, MDA-

MB-488 breast cancer cells, and MCF-7 breast cancer cells. See FIG. 4, where

10 compounds 20, 21, 22, and 23 have the following structures, respectively:
O

5
HNT "NT N N

&

22

, and
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[06108] in this example, relates to a novel chemical siratagy o tackle the

challenge of N-Myc inhibition through the induced degradation of Aurora-A. The current
working hypothesis is that once Aurora-A is degraded, the “unbound” N-Myc, even at high
5  exprassion levels, will be rapidly eliminated through its native degradation pathway.
Aurora-A degraders of the disclosure may provide effective therapeutic options for the
treatment of aggressive neurcendocrine tumaors, as well as other human cancers driven
by selevated N-Myc protein levels.
[6G108] it should also be noted that independent of its effects on N-Myc, Aurora-
10 Ais an altractive cancer drug target itself. Aurora-A is a critical kinase in cell cycle
progression by reguiating centrosome malturation, bipolar spindle assembly and
chromosome separation. Sgveral Aurcra-A inhibitors have antered into clinical trials for
the treatment of a variety of human cancers, including leukemia, ovarlan cancer, and
breast cancer, elc. However, there are no Aurora-A inhibitors approved by the FDA 1o
15 date. Therefore, Aurora-A degraders could be potentially used for both N-Myc dependent
and independent cancers.
[6G116] A technology 1o facilitate targeted protein  degradation  using
heterchifunctional molscules has emerged as a new medality in drug discovery. Thase
hatercbifunctional molecules (or protaolysis targeting chimaras, PROTACs®) comprise
20  of a recognition moiety for a protein of interest (PO and a ubiquitin ligase (E3) recruiting
ligand connacted via a chamical linker. Based on co-opting the celiular quality-contred
machinery, the ubiquitin proteasome system (UPS), these molecuies function through
proximity-induced polyubiquitination of the POl and subsequent proteasome-mediated
degradation (Fig. 8b). Inspired by the fact that Aurora-A knockdown significantly
25 decreases N-Myc levels, a novel chemical strategy was explored in this invention to
address N-Mvc overexpression through the targeted degradation of Aurora-A {versus
inhibition). Until now, no Aurcra-A degrading compounds were known. In preliminarity
siudies, first-in-class Aurcora-A degraders have been successfully deveioped by
conjugating a novel and salective Aurcra-A binder 1o a recruiting ligand that binds (o the
30 £3 ligase(s) through cptimized chamical linkers. After Aurora-A is degraded by these
hetercbifuncitional compounds, the “sxposaed” N-Myc might be rapidly recognized by
Fboxw? for degradation (Fig. 5b). One of the biggest advantages of this strategy is that
the developed degraders could induce the degradation of Aurcra-A independent of N-
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Myc protein levels, which may yield active compounds in cancers characterized by N-Myc
overexpression.

06111} Compound 11 tightly binds to both Aurora-A and CDK4 with Kq values of

0.85 nM and 3.0 nM, respectively. A helerchifunctional Aurora-A degrader, 13, was then

5  designed and synthasized by connecting Aurora-A binder 11 with the E3-ligase Cerablon

{CRBN} recruiting ligand Thalidomide via a hexano! linker (FIG. 8a}. Interestingly,

degradar 13 maintains #is binding affinity 1o Aurora-A while exhibiting reasonable

selectivity against its homolog Aurora-B {25-fold) and CDK4 {8-fold). In addition, 13

showed excellent selectivity for Aurora-A when screened against a panel of 488 kinases

10 at 1 uM concentration (FIG. 8b). The N atom on the benzene ring in ribociclib is known o

be critical for its high selectivity for CDK4/€ inhibition over other kinases. Consistent with

this, restoration of this N atom vieldsd 12 and its PROTAC form 14, which showed a

significant decrease of binding affinity with Aurora-A (Kg = 380 nM). A control compound,

15, bearing an N-mathy! group on the glutarimide moiety of the CRBN ligand Thalidomide,

15 maintains similar binding profile as the active form 13. This N-methyi substitution has

been reported to disrupt binding to CRBN. Both 14 and 15 were designed and synthesized

as control compounds for validating the degradation mechanism in following experiments.

06112} We firstly evaluated the protein degradation efficacy of these compounds

in MCF-7 breast cancer cells. 13 could rapidly and potently induce the degradation of

20 Aurora-A, while no obvicus degradation of CDK4 was observed (FIG. 7A-B). The half-

life of Aurora-A is 1.9 hours with 100 nM 13, and the calculated DCsevalue (half-maximal

degradation concentration) for Aurgra-A is 20 nM, and the Dwax (maximum degradation

efficacy) is ~84% after 4 hours. 13 also showad a lower degradation potency for Aurcra-

A at a high concentration {e.9. 2 uM), indicating the characteristic “hook effect” feature of

25  a heterobifunctional degrader (FIG. 7C). Further mechanistic studies have validated that

the induced degradation of Aurora-A reguires the target engagement and induced

proximity of Aurora-A and CRBN, and the degradation is dependent on the UPS (FIG.

70). Aurcra-A is an important kinase regulating mitosis in cell cycle progression. In the

cell cycle analysis using propidium icdide DNA staining, 13 exhibited potent G2/M phase

30 amest, contrary to the sffects of ribociclib that induces GOU/G1 arrest by selectively

inhibiting CDK4/6 kinases (FIG. 7E). This result indicates the on-target response of 13 in

cell cycle reguiation. Furthermore, Aurora-A directly phosphorylates tumor suppressor

P53 to control its stability and transcriptional activity. Consistent with this, 13 significantly

siabilized p53 and increased the abundance of the potent cyclin-dependent Kinase

(O8]
N

inhibitor p21, whose expression is regulated by p53.

[08113] After the characterization of 13 for Aurora-A degradation, we next
explored its capability to deplete N-Myc protein levels in MYCN amplified neuroblastoma
cell lines IMR-32 and SK-N-BE(2). Type I Aurora-A inhibitors MLN8237 (Alisertib) and
GD532 were included in these experiments for controls. Compound 13 could rapidly
40  downregulate Aurora-A and N-Myc protein levels in both cell lings and achieved almost
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complate depletion of N-Myc after 24 hours (FIG. 84). Additionally, in SK-N-BE{2) cells,
13 induced the degradation of Aurora-A and N-Myc in a dese-dependent mannar, while
the control compound, 15, did not affect the protein abundance even at the highest test
concentration. Compared to MLN8237 and CD532, 13 was more potent for depleting N-
5  Mye protein (FIG. 88).
[06114] The degraders of the disclosure were evaluated for thelr cytotoxicity in a
variety of cancer call lings using Alamar biue cellular viability assay. 13 displayed potert
cytotoxic effects against all tested cell lines with 1Cs values ranging from 18 nM to 135
nM. Interestingly, in MCF-7 cells which are highly sensitive to CDK4/6 inhibition, the
10 inactive form 15 is only slightly less potent than 13 (4.4-fold). However, in ribociclib-
resistant cell lines HCG38 and Huh?, 18 exhibited a more significant potency shift from
13, with 8.2-fold difference in HCC38 and 20.8-fold in Huh7, respectively. Furthermore,
in MYCN amplified IMR-32 and SK-N-BE(2) cells, 13 is more potent than CD5B32, which
is consistent with its efficacy to deplete N-Myc (Fi€. 9).
15 [98115] in addition 1o ribociclio, there are two other CDK4/6 drugs that have
racaeived FDA approval for the freatment of braast cancer — palbociclio and abamaciclib
(FiG. 104). Four degraders were designed and synthesized, with two analogues for each
chemical scaffold. Compound 16, a palbeciclib analogue-based degrader, is weakly
active in degrading Aurgra-A and CDRK4, presumably due to its weak binding 1o the target
20 kinases. Interestingly, abemaciclib analogue-based 17 showed weak binding affinity with
Aurora-A, yel maintained tight binding to CDK4-CyclinDi (Ka = 23 nM), but exhibited
strong potency to induce the degradation of both kinases and cyclin D1 in MCF-7 celis
(FIG. 10A-B). Therefore, 17 may represent an example of a class of dual Aurora-A and
CDK4 degraders. Consistent with their degradation potency, the two abemaciclib
25  analogue-based degraders are more cyicioxic than the palbociclib analogue-based ones
in MCF-7 calls, with 18 being the most potent compound.

Malerials and Methods:
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General protocol
[00116] Sitica gel chromatograghy was performed on a Teledyne-lsco
Combiflash Ri-200 instrument using Redisep RBi High Performance silica gel columns.
Reverse-phase HPLC purification was performed on a Zorbax SB-C18 column (Zorbax
5  SB-C18, 21.2 x 250 mm, 7 pM, Agilent Technologies). A two solvent system was used as
the eluents: solvent A = distilled and deionized HoO (containing 0.1% TFA) and solvent
B: MeON (containing 0.1% TFA). The gradient {30 mbL / min flow rate} consisted of: A'B
80:10 from 0-2 minutes, followsd by a linear gradient to A:B 40:60 from 2-25 minutes, a
second gradient to A:B 5:85 from 25-30 minutes, and an isocratic AB 5:95 from 30-32
10 minutes.

Synthesis of intermediate 3.
[00117] To a solution of 2-(2,6-dioxopiperidin-3-yi}-4-hydroxyiscindoling-1,3-
dione (1) (100 mg, 0.364 mmol) was added ferf-buty! (6-bromchexyl)carbamate (2} (120
15 mg, 0.428 mmol), NaHCOs (80 mg, 0.72 mimol), Nal (4.4 mg, 29 umol) in MeGN (10 mL).
The mixture was heated o 80°C and was stirred for 18h. After completion, the solvent
was evaporaled and the cruds was purified using SiC. chromatography with a gradient
of 0 - 100% EtOAc in DOM (compound eiuies approx. at 50% EtOA/DCM) o vield tert-
butyl {6-((2-(2,6-dioxopiperidin-3-yi)-1,3-dioxoisgindolin-4-yiioxyihexyvijcarbamate (3,
20 yellow solid, 0.10 ¢, 57%). 'H NMR (500 MMz, CDCl): 8 7.83 - 7.55 {m, 1H), 7.40 - 7.34
{m, 1H}, 7.13(dd, J = 8.5, 2.4 Hz, 1H), 4.89 (dd, J= 12.0, 54 Hz, 1H), 453 (d, J= 11.2
Hz, 1H), 4.13 ~ 4.05 (m, 2H), 3.09 ~ 3.01 (m, 2H), 2.85 — 2.61 (m, 3H), 2.09 - 2.01 {m,
1H), 1.80 {g, J= 4.2, 2.8 Hz, 2H), 1.49 — 1.41 (m, 4H), 1.36 (s, 9H), 1.35 - 1.30 (m, 1H).
BC NMR (126 MHz, CDCls): 8 171.3, 168.4, 167.1, 165.7, 156.6, 156.0, 136.4, 133.7,
25 118.9, 117.1, 115.7, 79.0, 69.3, 49.0, 40.4, 31.3, 29.9, 28.7, 28.4 (3C, -C(Me)s), 26.3,
25.5, 22.8.

Synthesis of intermediaie 4:
[06118] To a solution of fertbutyl (6-((2-(2,6-dioxopiperidin-3-yi)-1,3-
30  dioxoisoindolin-4-yiloxy)hexyljcarbamate (3} (3¢ myg, §.083 mmol) was added KCOs (12
mg, 0.086 mmol), Me!l (8 ul, 0.1 mmol) in DMF (3 mL). The mixture was heated 1o 60°C
and was stirrad for 18h. After completion, the reaction mixiure was diluted in EtOAC and
was washad with brine (30 mL X 3). The arganic layer was concentrated in vacuum and
was purified using S0z chromatography with a gradient of § —~ 100% EtDAc in DCM
35  (compound elutes approx. at 50% EtOAc/DCM) to vield tert-butyl (8-((2-(1-methyl-2,6-
dioxopiperidin-3-yii-1,3-dioxoisoindgiin-4-yhoxy)hexylicarbamate (4, ysliow solid, 30.5
mig, 95%). H NMR (500 MHz, CDCh): 8 7.80 (1, J= 7.9 Hz, 1H), 7.37 (d, J= 7.3 Hz, 1H),
743 {d, J=8.4Hz, 1H), 4.88 (dd, J= 12.4, 54 Hz, 1H), 4.48 (5, 1H), 4.10 (1, J= 8.5 Hz,
2H), 3.14 (s, 3H), 3.05 (g, J= 6.9 Hz, 2H), 2.90 (dd, /= 16.1, 3.5 Hz, 1H), 2.79 - 2.62 (m,
40  2H), 2.08 - 1.88 (m, 1H), 1.82 (p, J=6.8 Hz, 2H}, 1.51 — 1.41 {m, 4H}, 1.36 (s, 10H)}, 1.35
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—1.30 (m, 1H). 1%C NMR (126 MHz, CDCl): 5 171.2, 168.8, 167.2, 165.8, 156.6, 156.0,
136.4, 133.8, 118.8, 117.1, 115.6, 78.9, 69.3, 49.8, 40.4, 31.9, 29.9, 28.7, 28.4 (3C, -
C(Me)s), 27.2, 26.4, 25.5, 21.9.

5  Synthesis of intermediate 7:

[06119] To a flame-dried flask under Ar was added 2-chloro-7-cyclopentyl- N, N-
dimethyl-7 H-pyrrolo[2,3-dlpyrimidine-6-carboxamids (5} (300 myg, 1.02 mmol}, fer-butyl
4-aminobenzoaie (8) (270 mg, 1.42 mmol), PA(OAC): (45 mg, 0.20 mmol), BINAP (139
mg, 0.223 mmol) and CsCOs (0.83 ¢, 2.55 mmol) was suspanded in anhydrous dioxans

10 (50 mi). The suspansion was flushed with argon and was heated to 95 °C under argon for
18 h. The reaction mixture was cocled and filtered through celite and was washed with
EtOAc (50 mbL X 3). The iiltrate was concentrated under vacuum and purifiad using SiOz
chromatography with a gradient of 0 — 100% E1OAc in hexane (compound elutes approx.
at 50% EtQAc/Hexane) 1o vield fert-butyl 4-((7-cyclopentyi-6-(dimethylcarbamovl)-7H-

15 pyrrolo[2,3-dpyrimidin-2-ylamino)benzoate (7, whita solid, 0.30 g, 65%). 'H NMR (500
MHz, COCls): & 8.60 (s, 1H), 7.89 (d, J = 8.5 Hz, 2H}, 7.69 (d, J= 8.5 Hz, 2H), 7.48 (s,
1H), 6.38 (s, 1H), 4.72 {p, J= 9.0 Hz, 1H), 3.08 (s, 6H), 2.59 — 2.46 (m, 2H), 2.06 - 1.95
{m, 4H), 1.72 ~ 1.62 (m, 2H), 1.53 (5, 9H). °C NMR (126 MHz, CDCh): 8 165.7, 164.0,
154.8, 151.7, 151.7, 1441, 132.4, 130.5 (20), 1246, 117.0(2C), 112.9, 100.8, 80.4, 58.0,

20  53.4,39.4,35.1, 301, 28.3 (3C, -C{Me}a), 24.8 (2C, -N{Me)z).

Synthaesis of 13 and 15:
[66120] To a solution of intermediate tertbutyt  4-({7-cyclopentyi-6-
{dimethylcarbamoyli-7 Hpyrrolof2,3-dlpyrimidin-2-yhaminocibenzoate {7} (30 mg, .066
25 mmol and tert-butyl {6-((2-{2,6-dioxopiperidin-3-yi)-1,3-dioxoisoindoiin-4-
yvhoxythexylicarbamate (3) (37 mg, 0.079 mmol} in DCM (1 ml) was added TFA (0.50
mb} and the resulting solution was stirred at room temperature for 30 min. The mbdure
was concentrated, and the residue was then dissolved in DMF (1 mL) followed by addition
of HATU (50 mg, 0.13 mmel) and DIPEA (59 pl, 0.33 mmol). The resulting mixiure was
30  stirred for 18 h at room temperature. After completion, the reaction mixture was diluted in
EtOAc and was washed with brine (30 mL X 3}. The organic laver was concentrated in
vacuum and was purified using SIiO; chromatography with a gradient of 0 - 30% MeOH
in DCM (compound elutes approx. at 20% MeOH/DCM) 1o visld 7-cyclopeniyl-2-({4-((6-
{(2-(2,6-dioxopiperidin-3-yh-1,3-dioxoiscindolin-4-

(O8]
N

yhoxythaxyhcarbamoylphenyllamino)-N N-dimethyl-7 H-pyrrolof2,3-dlpyrimidine-6-

carboxamide (13). The product was further purified reverse phase HPLC (10-90% MeCN
{0.1% TFA) in HxO (0.1% TFA) as a yellow solid (15.1 mg, 30%). 'H NMR (500 MHz,
DMSO)Y 0 11.09 (s, 1H), 9.83 {5, TH), 8.80 (d, J = 2.1 Hz, 1H), 8.27 (s, 1H), 7.90 (dd, J =
8.8, 2.4 Hz, 2H), 7.87 (s, 1H), 7.80 (dq, J = 8.2, 3.2 Hz, 3H), 7.52 (dd, J = 8.8, 2.3 Hz,
40 1H), 744 {dd, J= 7.3, 22 Hz, 1H), 6683 (d, J= 2.1 Hz, 1H), 5.08 {dd, J= 12.9, 8.3 Hz,

el
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1H), 4.76 (g, J = 8.6 Hz, 1H), 4.21 {t, J = 6.1 Hz, 2H), 3.26 (q, J = 6.7 Hz, 2H), 3.07 (s,
6H), 2.92 — 2.83 (m, 1H), 2.60 (5, 1H), 2.58 — 2.52 (m, 3H), 2.03 — 1.99 {m, 7H), 1.81 ~
1.74 (m, 2H), 1.71 = 1.67 {m, 3H), 1.59 — 1.46 (m, 5H), 1.43 — 1.38 (m, 3H). °C NMR
{126 MHz, DMSO): §173.2,170.4, 167.3, 166.1, 165.7, 163.2, 152.2, 158.9, 158.6, 158.3,
156.4,154.9, 151.8, 151.6, 143.7, 137.4, 133.7, 132.9, 128.2, 127.2, 120.2, 117.5, 116.9,
116.7, 115.6, 114.6, 112.4, 101.2, 69.2, 57.5, 49.2, 35.0, 31.4, 30.1, 29.7, 28.8, 26.6,
25.5, 24.6, 22.4.

[06121] Similar procedure as above starting with intermediates 7 and 4 vieldad
7-cyclopentyl-NN-dimethyl-2-({4-({(6-({2-(1-methyl-2,6-dioxopiperidin-3-y}-1,3-
dioxoisoindolin-4-ylloxy)hexylhcarbamoyliphenyliamine)-7H-pyrrolo[2,3-dipyrimiding-6-
carboxamide (15) as a yellow solid (12.1 mg, 24%;). 'H NMR (560 MHz, CDCls): 3 10.80
(s, 1H), 8.89 (s, 1H), 8.17 = 8.13 {m, 2H), 7.83 — 7.78 {m, 2H), 7.74 (app t, J = 8.5, 7.3
Hz, 1H), 748 {d, J = 7.2 Hz, 1H), 7.30 - 7.24 (m, 2H)}, 6.80 (s, 1H), 5.32 (s, 1H), 5.08 {dd,
J=12.7,5.4 Hz, 1H), 4.86 (p, J= 8.9 Hz, 1H), 4.22 (g, /= 5.5 Hz, 2H), 3.29 (s, 3H), 3.23
{d, J= 6.0 Hz, 6H), 3.22 - 3.19 (m, 1H), 3.19 - 3.13 (m, 1H), 3.10 - 3.01 {m, 1H), 2.81
(qd, J= 13.5, 4.8 Hz, 2H), 2.49 - 2.37 (m, 2H), 2.21 - 2.1C {m, 3H), 2.06 — 1.97 (m, 2H),
1.91 (p, J= 6.2 Hz, 2H), 1.86 — 1.70 {m, 5H), 1.61 — 1.54 (m, 4H), 1.28 (s, 1H).

s . /
bt . COOCBU e
i. TFA DCM, r.t. F7 N
o S e
il HATU, DIPEA H
MeNH,, DMF r.i.
11
[00122] To a solution of tert-butyl 4-((7-cyclopentyl-6-{dimethylcarbamoyl)-7H-

pyrrolof2,3-dlpyrimidin-2-yhaminolbenzoate {7) (30 myg, 0.066 mmol) in DOM (1 mL) was
added TFA (0.50 ml) and the resulting solution was stirred at room temperature for 30
min. The mixiure was concenirated, and the residue was then dissolved in DMF (1 mL)
followed by addition of HATU (50 mg, 0.13 mmal) and DIPEA (59 pb, (.33 mmol) and
MeNHz in THF (2.0 M, 1 mL}. The resuiting mixture was stirred for 18 h at room
temperature. After completion, the reaction mixture was diluted in E¥OAc and was washed
with brine (30 mL X 3}. The organic layer was concentrated in vacuum and was purified
using SiGz chromatography with a gradient of 0 ~ 30% MeGH in DCM (compound elutes
approx. at  20% MeOH/DCM) to  vyield 7-cyclopentyl-N,N-dimsthyl-2-{(4-
{methylcarbamoyliphenylaminc)-7H-pyrrolo[2,3-dipyrimidine-6-carboxamide  (11). 1H
NMR (500 MHz, DMSQO): 6 2.84 (s, 1H)}, 8.80 (s, 1H), 8.25 (g, J= 4.5 Hz, 1H), 7.80 (d, v
= 8.6 Hz, 2H), 7.79 (d, J= 8.7 Hz, 2H), 6.63 (s, 1H), 4.74 (q, /= 8.8 Hz, 1H), 3.06 (br s,
6H), 2.78 (d, J= 4.4 Hz, 3H), 2.49-2.45 (m, 1H)}, 2.05-1.98 (m, 5H), 1.71-1.67 (m, 2H).
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[006123] Similar procedures o those described above were used to synthesize
the following compounds:
[0G124] 7-cyclopentyl-N Abdimethy -2-({5-{methylcarbamoyl)pyridin-2-
yhamino}-7H-pyrrolo[2, 3-dipyrimidine-8-carboxamide Similar procedure as above
{(12)

o)

» 43 fj)i”/
e

[00125] TH NMHA (500 MHz, DMSO): 5 10.93 (or s, 1H), 8.97 (s, 1H), 8.79 (s, 1H),
8.57 (g, J = 4.5 Hz, 1H), 8.30 (dd, J= 9.0, 2.5 Hz, 1H), 8.02 (d, J= 8.8 Hz, 1H), 6.78 (s,
1H), 4.79 (o, J= 8.8 Hz, 1H), 3.07 (5, 6H), 2.82 (dd, J = 4.6, 1.6 Hz, 3H), 2.39 (g, J = 8.5,
6.3 Hz, 2H), 2.02 {dt, J = 17.0, 8.9 Hz, 4H), 1.88 {q, J = 5.9 Hz, 2H).

[001286] 7-eyclopentyl-2-((4-{(6-((2-(2,6-dioxopiperidin-3-yi}-1,3-
dioxoisoindolin-4-yl}Jamino}hexyicarbamoyll-phenyl)aming}-N, N-dimethyl-7H-
pyrrolo2, 3-dipyrimidine-G-carboxamide (22):

o
-“N/ P /\,J’L wai
/ )\ i o® B
[ NW o 7

Q, M

O
HN

o}
[00127] 1H NMR (500 Mbz, DMSO): ¢ 11.03 (s, 1H), 8.83 (s, 1H), 8.80 (s, 1H),
8.27 (s, 1H), 7.90 {d, J= 8.7 Hz, 2H), 7.80 (d, J = 8.8, 2H), 7.58 {td, J = 8.1, 3.0 Hz, 1H),
7.09 (dd, J = 8.8, 3.0 Hz, 1H), 7.02 (dd, J = 7.3, 2.9 Hz, 1H), 6.63 (s, 1H), 6.54 (s, 1H),
5.07-5.03 {m, 1H), 4.77-4.74 (m, 1H), 3.32-3.23 (m, 4H), 3.086 {br 5, 6H), 2.91-2.85 (m,
1H), 2.64-2.57 (m, 3H), 2.01 {br s, BH), 1.69 {br 5, 2H), 1.60-1.53 {m, 4H), 1.36 (br 5, 4H).
[06128] 7-cyclopentyl-2-{{4-{3-{2-{2-{{2-(2 6-dioxopiperidin-3-yi)-1,3-
dioxoissindolin-4-yhamino)sthoxylethoxyy-propanamido)phenyilamine}-N, N-
dimethyl-7H-pyrrolo]2,3-d]pyrimidine-6-carboxamide (20)

4 i i
L rer oy
3 N ‘\N)\s 2 [¢] O &
o .
[}
HN

¢}
[00129] 1H NMR (500 MHz, DMSO): 6 11.08 (s, 1H), 9.81 (s, 1H), 8.51 (s, 1H),
8.74 (s, 1H), 7.70 (d, J= 8.8 Hz, 2H), 7.57 - 7.52 (m, 3H), 7.09 {d, J= 8.6 Hz, 1H), 7.01
(d, J= 7.0 Hz, 1H), 8.60 (g, 2H), 5.05 (dd, J= 12.8 Hz, 5.4 Hz, 1H), 4.70 {p, J = 8.8 Hz,
1H), 3.70 {1, J = 6.2 Hz, 2H), 3.61 (4, J= 5.4 Hz, 2H), 3.55 (ddd, J = 8.0, 5.2, 2.9 Hz, 4H),
3.43-3.42 (br s, 2H), 3.05 (br s, 6H), 2.90-2.83 (m, 1H), 2.60 — 2.58 (m, 1H), 2.48-2.36
{m, 4H), 2.04-1.91 (m, 6H), 1.65-1.63 (m, 2H).
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[00130] 7-cyclopentyl-2-{{4~{3-(2-{2-{2-{{2-(2,6-dioxopiperidin-3-yi)-1,3-
dioxoisoindolin-4-yllamino)sthoxyleth-oxylethoxyipropanamidoiphenyliaming)-
N, N-dimethyl-TH-pyrrolo{2,3-d]pyrimidine-8-carboxamide {21}

¢ t “7
ery e
T o9
HiN N
5 [00131] 1H NMR (500 MHz, DMSO): 8 11.09 (s, 1H), 9.83 (s, 1H), 9.55 (s, 1H),
8.75 (5, 1H), 7.71 (d, J = 8.8 Hz, 2H), 7.55 (td, /= 8.8, 6.9 Hz, 3H), 7.11 (d, J= 8.6 Hz,
THY, 7.08 {d, J= 7.0 Hz, 1H), 6.62 - 6.80 (m, 2H), 5.06 (dd, J = 12.8, 5.4 Hz, 1H), 4.72
(o, J=8.8Hz, 1H), 3.69 {t, J= 8.2 Hz, 2H), 3.60 (1, J = 5.5 Hz, 2H), 3.54 (s, 4H), 3.52 (s,
4H), 3.44 (or s, 2H), 3.08 (br 5, 8H), 2.92- 2.85 (m, 1H), 2.63 — 2.60 (m, 1H), 2.49-2.41
10 {m, 2H), 2.04-1.93 (m, 6H), 1.66-1.64 (2H).
[006132] 7-cyclopentyb2-{{4-{{4-({2-(2,8-dioxopiperidin-3-y}1,3-
dioxoisoindolin-4-yllaminobutyhecarbamoy-phenyhamino)} N, N-dimethyl-7H-
pyrroiol2 3-dipyrimidine-G-carboxamide (23)

15 [00133] 1H NMR (500 MHz, DMSO): 8 11.09 (s, 1H), 9.83 (s, 1H), 8.81 (s, 1H),
8.32 (t, J=5.7 Hz, 1H), 7.91 (d, J= 8.5 Hz, 2H), 7.81 (d, J = 8.6 Hz, 2H), 7.59-7.56 (m,
tH), 713 (d, J= 8.6 Hz, 1H), 7.02 {d, J= 7.0 Hz, 1H), 6.63 (s, 1H), 6.59 (brs, tH), 5.05
(dd, J= 12.8, 5.4 Hz, tH), 4.76 (p, J= 8.0 Hz, 1H), 3.37-3.28 (m, 4H), 3.07 (br s, 6H),
2.88 (ddd, J = 16.9, 13.7, 5.4 Hz, 1H), 2.65-2.57 {m, 3H), 2.02 (br 5, 8H), 1.70-1.67 {m,

20 2H), 1.63 (brs, 4H).
[086134] 7-oyclopantyb-2-{{4-{{ 2-{3-(2-{{2-{2 B~dioxopiperidin-3-yi}-1,3-
dioxoisoindolin-4-yllaminojethoxylethoxyj-ethyllcarbamoyliphenyilamino)-N, N-
dimethyl-7TH-pyrrolo{2,3-djpyrimidine-6-carboxamide (HLB-0534329)

¢ g H
== PN NG N |
FrF N )@/LN 0 Xy
o)_(r;]:;‘[";\; W J R 03%
oI 3¢
o
rmb
¢
25  [00135] 1H NMR (500 Mz, DMSO): 6 11.09 (s, 1H), 8.90 (5, 1H), 8.82 (s, 1H),
835 (, J=58Hz, 1H), 7.80 (d, J= 8.7 Hz, 2H}, 7.83 (d, J= 8.8 Hz, 2MH), 7.55 (dd, J =
8.5, 7.0 Hz, 1H), 7.11 (d, J= 8.6 Hz, 1H), 7.02 (d, J= 7.1 Hz, 1H), 6.64 (s, 1), 6.60 {br

5, 1H), 5.08 (dd, J = 12.8, 5.4 Hz, 1H), 4.75 (p, J = 8.6 Hz, 1H), 3.82 (1, J = 5.4 Hz, 2H),
3.60-3.56 (m, 4H), 3.55 (1, J = 6.0 Hz, 2H), 3.45-3.40 (m, 4H), 3.07 (br s, 6H), 2.88 (ddd,

47



CA 03142713 2021-12-03

WO 2020/247537 PCT/US2020/035977

J=16.9, 13.8, 5.4 Hz, 1H}, 2.60-2.59 {m, 1H), 2.48-2.456 {m, 2H), 2.04-2.0C {m, 6H), 1.70-
1.67 {m, 2H).
[061386] 7-eyclopentyb-2-{{B-{{8-({2-(2, 8-dioxopiperidin-3-y}-1,3-
dioxoisoindolin-4-yl}amino}hexyicarbamoyipyridin-2-ylJamino}-N, N-dimethyl-

5  7H-pyrrolo]2,3-dlpyrimidine-6-carboxamide (HLB-0534330)

9 1

s i
b N/“\/\/\vN 2
t
(8]

§F N
o
Is) N NN

H Q N
Q
HN

[80137] 1H NMR (500 MHz, DMS0): 8 11.10 (s, 1H), 10.75 {br s, 1H), 8.95 (s,
1H), 8.79 (s, 1H), 856 (1, J= 5.4 Hz, 1H), 8.29 (d, /= 8.8 Hz, 1H), 8.09 (s, TH), 759 (1, J
=79Hz, 1H), 711 (d, J= 85 Hz, 1H), 7.03 (d, J=7.0 Hz, 1H), 6.77 (d, J= 2.8 Hz, 1H),
10 8.55({s, tH), 5.06 (dd, J=12.8, 5.4 Hz, 1H), 4.80 (p, J= 8.8 Hz, 1H), 3.28 (dd, ./ = 13.5,
7.1 Hz, 5H), 3.07 (s, 6H), 2.93-2.85 (m, 1H), 2.65-2.57 (m, 1H}, 2.41-2.38 (m, 2H), 2.05-
2.01 {m, 6H), 1.70-1.68 {m, 2H), 1.62-1.55 (m, 4H}, 1.40-1.34 (m, 4H).
[00138] 7-cyclopentyb-2-{4-{{{8}-14-{{28,4R}-4-hydroxy-2-{{4-{4~
methylthiazol-5-ybenzylicarbamoyllpyrrolidine-1-carbonyl}-15, 18-dimethyh-12-

/i'
o B

N/

15 ox0-3,6,%-trioxa-13-azahexadecylicarbamoyliphenyijamino)-N, N-dimethyl-7H-
pyrroiol2, 3-dipyrimidine-G-carboxamide (HLB-0534332}

o]
/ i
B ST O R R
o 4 ""NJ\ ga‘w

[00139] 1H NMR (500 MHz, DMSO): 8 9.84 (s, 1H), 8.99 (s, 1H), 8.81 (s, 1H),
857 {t, J= 6.1 Hz, 1H), 8.36 (t, J= 5.7 Hz, 1H), 7.92 (d, J= 8.6 Hz, 2H), 7.82 (d, J = 8.6
20 Hz, 2H), 7.40 (0, J = 8.3 Hz, 4H), 6.63 (s, 1H), 476 (p, J = B.7 Hz, 1H), 455 (d, J= 9.4
Hz, 1H), 4.52 — 4.37 (m, 2H), 4.36 (br s, 1H), 4.22 (dd, J = 15.8, 5.5 Hz, 1H), 3.60 ~ 3.50
(m, 16H), 3.41 {q, J = 6.0 Hz, 2H), 3.07 (br s, BH), 2.55 (s, 9H), 2.45 (s, 3H), 2.38-2.31
{m, 1H), 2.06-2.02 (m, 6H), 1.93-1.88 (m, 1H), 1.70-1.69 (m, 2H).
[6G140] 7-gyclopentyl-2-{{4-{(5-{2-(2 6-dioxopiperidin-3-yi)-1-oxciscindolin-
25  4-yhpent-d-yn-1-yijcarbamoyi}-phenyijamino)-N,N-dimethyi-7H-pyrrolo{2,3-
dipyrimidine-G-carboxamide (HLB-0534333)

/ OI
¢ N ‘”N‘J\ﬁ R

[00141] 1H NMR (500 MHz, DMSO): 8 10.92 (s, 1H), 9.76 (s, 1H), 8.73 (s, 1H),
8.31 (1, J= 5.7 Hz, 1H), 7.83(d, J= 8.7 Hz, 2H), 7.74 (d, J = 8.7 Hz, 2H), 7.84 (d, J= 7.6
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Hz, 1H), 7.56 (d, J= 7.5 Hz, 1H)}, 7.45 (1, J= 7.6 Hz, 1H), 6.56 (s, 1H), 5.08 (dd, J= 13.4,
5.4 Hz, 1H), 4.69 (p, J= 9.0 Hz, 1H), 4.44 {d, J= 17.8 Hz, 1H), 4.28 {d, J= 17.8 Hz, 1H),
3.36 (g, J= 6.6 Hz, 2H), 2.99 {(br s, 6H), 2.91 — 2.80 (m, 1H), 2.48 (d, J = 9.9 Hz, 3H),
2.30 {g, J= 6.0 Hz, 2H), 1.87-1.91 (m, 6H), 1.77 {p, J = 7.1 Hz, 2H), 1.64-1.60 (m, 2H).
[06142] 7-cyelopeniyl-2-{{4-{{3-(2-(2 8-dioxopiperidin-3-yi}-1-oxoiscindolin-
4-yilprop-2-yn-1-yl}carbamoyi}phenyiamino)-N,N-dimethyl-7H-pyrrolof2,3-
dipyrimidine-g-carboxamide (HLB-0534334)

/ o
o )] ""Nfi\ﬁ X

[00143] 1H NMR (500 MHz, DMS0): 8 11.01 (s, 1H), 9.88 (s, 1H), 8.88 (1, J= 55
Hz, 1H), 8.82 (s, 1H), 7.94 (d, /= 8.6 Hz, 2H), 7.87 (d, J= 8.8 Hz, 2H), 7.76 (d, J= 7.5
Hz, 1H}, 7.70 (d, J = 7.6 Hz, 1H}, 7.56 (1, J= 7.6 Hz, 1H), 6.63 (5, 1H), 5.15 (dd, /= 13.4,
5.1 Hz, 1H), 4.77 {p, J= 8.8 Hz, 1H), 4.48 (d, J=17.8 Hz, 1H), 4.42 - 4.31 (m, 3H), 3.15
~3.08 (m, 6H), 2.97 - 2.86 (m, 1H), 2.78 -2.33 {m, 3H), 2.03-2.01 (m, 8H), 1.70-1.69 (m,
2H).

[00144] 7-cyclopentyb-2-{{4-{{3-(2-(2,6-dioxopiperidin-3-yi}-1-oxoisoindolin-
4-yi}propyhicarbamoyliphenyil-amino}-N, N-dimethyh7TH-pyrrolol2, 3-djpyrimidine-

G-carboxamide (HLB-0534335)
(o]

14 ]
—RN /rf’\lﬂ /@H\ﬁ
O N \N"’J\;\; Ve

[60145] 1H NMR (500 MHz, DMSO): § 10.92 (s, 1H), 9.76 (5, 1H), 8.73 (s, 1H),
827, J=57Hz 1H), 7.83(d, J=89 Hz, 2H}, 7.74 (d, J= B8 Hz, 2H), 7.51 (d. J= 7.3
Hz, 1H), 7.46 (d, S = 7.4 Hz, 1H), 7.41 (1, J= 7.4 Hz, 1H), 6.56 (s, 1H), 5.06 (dd, J= 13.53,
5.1 Hz, 1H),4.69 (p. J= 89 Hz, 1H), 440 (d, J=17.1 Hz, 1H), 4.25 (d, J=17.1 Hz, 1H),
3.24 (g, J= 6.7 Hz, 2H), 3.00 {(br s, M), 2.85 (ddd, J= 17.9, 13.6, 5.4 Hz, 1M}, 2.70 -
2.61 (m, 2H), 2.57-2.54 (m, 1H), 2.34-2.25 (m, 1H), 1.99 — 1.89 (m, 6H), 1.82 (0, J = 7.4
Hz, 2H), 1.64-1.80 {m, J= 6.7 Hz, 2H).

[00146] 7-gyclopentyl-2-{(4-(7-({3-(2 8-dioxopiperidin-3-yi}-1,3-
dioxoisoindolin-4-yl}oxylheptanamido}-phenyijamino)-N,N-dimethyl-7H-

pyrrolo2, 3-dipyrimidine-g-carboxamide (HLB-0534337):
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180147} 1H NMR (500 MHz, DMSO-dB): & 11.09 (s, 1H), 9.75 (5, 1H), 8.47 (s,
1H), 8.73 (s, 1H), 7.80 (dd, J = 8.5, 7.2 Hz, 1H), 7.73 - 7.68 (m, 2H), 7.51 (dd, J = 8.8,
3.6 Hz, 3H), 7.44 (d, J= 7.2 Hz, 1H), 6.59 (s, 1H), 5.08 (dd, J = 12.7, 5.5 Hz, 1H), 4.70

5 g, J=88Hz, 1H), 421 (1, J = 6.4 Hz, 2H), 3.05 (s, 6H), 2.87 (ddd, J = 16.9, 13.8, 5.5
Hz, 1H), 2.62 — 2.58 (m, 1H), 2.58 — 2.54 {(m, 1H), 2.46 - 242 (m, 1H), 229 (1, J= 7.4
Hz, 2H), 1.98 — 1.95 (m, 5H), 1.95 — 1.92 {m, 1H), 1.78 (p, J = 6.5 Hz, 2H), 1.67 — 1.57
{r, 4H), 1.50 (p, J= 7.5 Hz, 2H), 1.39 (g, /= 7.8 Hz, 2H).
[00148] 7T-cyclopentyl-2-{{4=({3-(2-({2-(2,6-dioxopiperidin-3-yl)}-1,3-

10 dioxoisoindolin-4-yljoxylacetamidopro-pylicarbamoyl)phenyllamino)-N,N-

dimethyl-7TH-pyrrolo]2, 3-d]pyrimidine-G-carboxamide (HLB-0534338)

[00148] 1H NMR (500 MHz, DMSO): 8 11.10 (s, 1H), 9.85 (s, 1H), 8.81 (s, 1H),

830 (1 J=5.7 Hz, 1H), 8.04 (¢, J = 5.8 Hz, 1H), 7.89 (d, J = 8.8 Hz, 2H), 7.85-7.78 {m,
15 3H), 7.49(d, J=7.2 Hz, 1H), 7.41 (d, J= 8.5 Hz, 1H), 6.63 (s, 1H), 5.12 (dd, /= 12.7, 5.4

Hz, 1H), 4.79-4.71 (m, 3H), 3.29-3.19 (m, 4H), 3.06 (or s, 6H), 2.88 (ddd, J=17.0, 13.8,

5.4 Hz, 1H), 2.63-2.53 {m, 1H), 2.05-1.97 (m, 6H), 1.75-1.66 (m, 4H).

[006154] 7-cyclopentyl-2-{{5-{{6-({2-(2 8-dioxopiperidin-3-yi}-1,3-

dioxoisoindolin-d-yhoxyihexyhcarbamo-yhipyridin-2-yhamino}-N N-dimethyl-7TH-
20  pyrrolo]2,3-dlpyrimidine-6-carboxamide (14)

/

MN)/‘[I\N F 7NN T
& i ,«wb / H P
H

%:Q

[00151] 1H NME (500 MMz, DMSO): 6 11.09 (g, 1H), 10.77 (or s, 1H), 8.95 (s,
1H), 8.78 (s, 1H), B.56 (&, J= 5.7 Hz, 1H), 8.29 (dd, J= 8.8, 2.4 Hz, 1H), 8.07 (d, J= 8.9
Hz, 1H), 7.80 (4, J = 7.9 Hz, 1H), 7.51 (d, J = 8.5 Hz, 1H), 7.44 (d, J = 7.2 Hz, 1H), 6.76

25 (s, 1H), 5.08 (dd, J = 12.7, 5.4 Hz, 1H), 4.79 (p, J = 8.8 Hz, 1H), 4.22 {t, J= 6.4 Hz, 2H),
3.20 (q, J = 6.6 Hz, 2H), 3.06 (s, 6H), 2.88 (ddd, J = 16.9, 13.8, 5.5 Hz, 1H), 2.60-2.51
{m, 1H), 2.41-2.36 (m, 2H), 2.05-1.99 (m, 6H), 1.78 (. J = 6.8 Hz, 2H), 1.69-1.67 (m, 2H),
1.61-1.48 (m, 4H), 1.42 (g, J = 7.4, 8.9 Hz, 2H).
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[00152] The following compounds, representing a different chemotype, were
made by methads similar to those reported above.,

[06G153] N-(4-({6-acetyl-8-cyclopentyl-5-methyl-7-ox0-7,8-dihydropyridof2,3-
dipyrimidin-2-vljamino)phenyl)-7-{{2-(2,6-dioxopiperidin-3-yi)-1,3-dioxoisoindolin-

5  4-yljoxyiheptanamide (18):
Me He
PosvEanng 0
C? o %
HN;S
o
[00154] 1H NMR (500 MHz, DMSQO-d8): & 11.09 (s, 1H), 10.14 — 2.96 {m, 1H),

9.83 (s, 1H), 8.94 (s, 1H), 7.80 (1, J = 7.9 Hz, 1H), 7.62 —~ 7.53 {m, 4H), 7.51 (d, J= 85
Hz, 1H), 7.44 (d, J = 7.3 Hz, 1H), 5.86 — 5.83 (m, 1H), 5.08 (dd, J = 12.7, 5.5 Hz, 1H),
10 421 (1, J= 6.3 Hz, 2H), 2.98 - 2.78 (m, 1H), 2.67 — 2.54 (m, 2H), 2.42 (s, 3H), 2.36 (s,
1H), 2.30 {s, 4H), 2.26 — 2.23 {m, 2H), 2.05 — 1.99 (m, 1H), 1.92 — 1.88 {m, 2H), 1.80 -
1.76 {m, 4H), 1.66 — 1.56 (m, 4H), 1.52 — 1.47 (m, 2H), 1.42 - 1.37 (m, 2H).
[06155] 4-{{B-acetyl-8-cyclopentyl-S-methyi-7-0x0-7,8-dihydropyrido{2,3-
dipyrimidin-2-yhamino)}-N-(G-{(2-(2,6-dioxopiperidin-3-yi}-1, 3-dioxcissindolin-4-
15 yhoxyihexyhbenzamide (16):
Mo Me

Q)Xé‘fr\m ” NW\/%
T
i H

o
[00156] 1H NMR (500 MHz, DMSO-d6): § 11.09 (s, 1H), 10.36 (5, 1H), 9.02 (s,
tH), 833 {1, J= 5.6 Hz, 1), V.87 - 777 (m, 5H), V.51 {d, J= 8.6 Hz, tH), 743 {d, J=
7.2 Hz, 1H), 5.90 (p, J = 8.9 Hz, 1H), 5.08 (dd, J= 12.7, 5.4 Hz, 1H), 4.21 (1, /= 6.4 Hz,
20 2H), 3.29-3.23 (m, 2H), 2.88 (ddd, J= 17.0, 13.8, 5.5 Hz, 1H}, 2.62 - 2.51 (m, 1H), 2.43
{s, 3H), 2.33 (s, 3H), 2.28 - 2.21 {m, 2H), 2.06 ~ 1.92 (m, 3H), 1.88 — 1.73 (m, 4H), 1.68
~1.60 (m, 2H), 1.60 — 1.46 (m, 4H), 1.44 — 1.35 (m, 2H).
086157} The foliowing compounds, representing a different chemotype, were
made by methods similar to those reported above.
25 [00158] N=(8-({2-{2,8-dioxopiperidin-3-yi)-1,3-dioxoisoindolin-4-
yhoxyihexyl)-4<{{5-fluors-d-{4-fluorg-1-isopropyl-2-methyi-1H-benzo[dlimidazol-6-
yhpyrimidin-2-yllamino)benzamide (17}
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20
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30

35

[00159] 1H NMR (500 MHz, DMS0O-dg): 8 11.08 (s, 1H), 10.06 (s, 1H), 871 (d, J
= 3.7 Hz, 1H), 8.31 - 8.23 (m, 2H), 7.87 (d, J = 8.5 Hz, 2H), 7.84 - 7.76 {m, 3H), 7.70 (d,
J=11.9Hz, 1H), 7.51 (d, J= 8.6 Hz, 1H), 7.43 (d, J= 7.2 Hz, 1H), 5.07 {dd, /= 12.8, 5.3
Hz, 1H), 4.91 - 4.84 (m, 1H), 4.21 {t, J= 6.4 Hz, 2H), 3.26 (g, J= 6.5 Hz, 2H), 2.94 - 2.80
{m, 1H), 2.66 (s, 3H), 2.64 (s, 2H), 2.64 — 2.59 (m, 2H), 2.36 {5, 1H}, 2.05 - 1.99 {m, 1H),
1.81 - 1.73 {m, 2H), 1.63 (d, J= 6.9 Hz, 6H), 1.58 — 1.46 (m, 4H), 1.43 -~ 1.38 (m, 2H).
180180] 7-{{2-(2 6-dioxopiperidin-3-vi}-1,2-dioxciscindolin-4-yoxy)-N-(4-
{{5-fluoro-d-{4-fluoro-1-isopropyl-2-methyl-1H-benzo[dlimidazol-6-yhpyrimidin-2-
yhaminoiphenyhheptanamide (18):

tH NMR (500 MHz, DMSC-d6): 8 11.09 (s, 1H), 9.78 (s, 1H), 9.68 {5, 1), 8.62 (d, J =
3.8 Hz, 1H), 8.28 (s, 1H), 7.80 (dd, J= 8.5, 7.3 Hz, 1H), 7.72 - 7.65 {m, 3H), 7.55 (d, J =
2.0 Hz, 1H), 7.56 — 7.48 (m, 2H), 7.43 (d, J= 7.2 Hz, 1H), 5.08 {dd, J= 12.7, 5.5 Hz, 1H),
4.87 {p, J = 6.8 Hz, 1H), 4.21 (t, J = 6.4 Hz, 2H), 2.87 (ddd, J = 16.9, 13.5, 5.3 Hz, 1H),
2.66 (g, 3H), 262 -2.58 (m, 1H), 258 -2.51 (m, 1H), 230 {t, J= 7.4 Hz, 2H), 2.05-1.99
(m, 1H), 1.78 (p, J = 6.6 Hz, 2H), 1.63 (d, J = 8.9 Hz, 8H), 1.50 {p, J = 7.6 Hz, 2H), 1.44
- 1.38 (m, 2H).

Biological evaluations of Aurora-A degraders:

a. Cell line and cell culture:
180181 MOCF-7 cells were cultured in complete Dulbecco's modified Eagle
madium {(DMEM) supplsmented with 105 (vol/ivol} heat-inactivated fetal bovine serum
(FBS), 100 Umi penicillin and 100 pg/mi sireptomycin. HCC38 cells weare cultured in
BPMI medium with 10% FBS, 100 L/ml penicillin and 100 pg/mi streptomycin. Huh7 ceiis
were cultured in DMEM medium with 10% FBS, 100 U/mi penicillin and 100 pg/mi
streptomycin supplementad with 1% MEM non-essential amine acids (SIGMA M7145).
IMR-32 and SK-N-BE(2) cells were cultured in Eagle's Minimum Essential Medium
{(EMEM;} with 10% FBS, 100 U/mi penicillin and 100 pg/ml streptomycin. All the cell lines
ware maintained in a humidified incubator at 37 °C and 5% COa.

b. Immunablotting:
[6G162] Cells were treatsd with 13 and other compounds at indicated
concentrations and incubation time. Cells were gently rinsed once with ice-cold PBS and
then lysed in radicimmnuoprecipitation assay (RIPA) lysis buffer (50 mM Tris-HClpH 7.4,
150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% 3D§, 5 mM EDTA, 1 mM
EGTA) supplementad with 1% protease inhibifor cockiail (Roche cOmplete) and 1%
phosphatase inhibitor cockiall (PhosSTOP). Cell lysates were incubaled on ice for 15
mins and then kept at -80 °C betfore further use. The lysates were thawed on ice and the
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supernatants were collecied after centrifugation (@ 11,000 rpm) for 15 min at 4 °C. The
protein concentration was determined using the Plerce BCA protein Assay kit and
normalized before the samples were reduced in SDS sample buffer and denatured at 95
°C in a heatad block for 10 mins. An squal amount of protein samples (10-30 g per lane)
5  were resolved using 4-20% Tris-glycine gels and transferred onto PVDF blotting
mambranes. Primary antibodies CDK4 (DCS-85, 1:2000), N-Myc (B8.4.B, 1:5000), p21
{(F-5, 1:500), p53 (DO-1, 1:1000), Aurora-A (1G4, 1:1000), B-actin (A19378, 1:2000) were
usad for immuncbiotting. The images were detected using Li-Cor Odyssey Fe imaging
system and the immuncblots were quantified by densitomstry using image.J software.
10 c. Viability assays using Alamar blue:
[06163] Cancer cells were seeded in media (50 pL) 24 h prior to freatment with
compounds in 96-well plates. For MCF-7 and Huh? cells, the seading density is 2,500
cells/well; for HCC38, the density is 2,000 cells/well; and for IMR-32 and SK-N-BE(s), the
density is 5,000 celis/well. Compounds were serially diluted in pre-warmed media and
15 dosed to celis (final volume = 100 ub; final DMSO concantration = 0.5%). Approximatsly
2 hours beiore the end of the treatment period (b days for MCF-7, HCC38 and Huh?; and
3 days for SK-N-BE{2) and IMR-32}, Alamar Blue (invitrogen) cell viability reagent was
added to each well (10 uL). After 2 hours treatment period, the fluorescencs of each wat
was read using a BiocTek Synergy H1 plale reader. Cytoloxicity curves {sigmoidal dose
20  response) were generated using GraphPad Prism (v. 8.4.1).
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What is claimed is:

1. A compound of the Formula (I}
A—L'—B
5 Formula (1)
or a pharmaceutically acceplable salt, polymorph, prodrug, solvate or clathrate
thareof, wherein A is an Aurora A ligand; B is an E3 ligase ligand; and L' is a

linker.

10 2. A compound of the Formula ()
A—L—8
Formula (1)
or a pharmaceutically acceplable salt, polymorph, prodrug, solvate or clathrate
thereot, wherein A’ is a CDK4/6 ligand; Bis an E3 ligase ligand; and L' is a
15 finker.

3. The compound of claim 1 or 2, wherein A is a group of the formula X-Y-Z,
wherein L' is covalently attached to X, wherein X is an aryl or heterocycly!
group; Y is a hetercoyelvl group; and Z is a heterocyclyl or a cycloalkyl group.

20
4. The compound of claim 3, wherein X is a five- or six-memeberad aryl or
heterocyclyi group; Y is a six- {o ten-membered helerocyclyl group; and Zis a
cycloalkyl group or a six- 1o ten-membered heterocycly! group.
25 5. The compound of claim 3, wherein X is a group of the formula:
//’)/“I\\Xél
R ]
R
and Y is a group of the formula:
2
xR
:/Ll\xif/ R?r
wherein X', X?, and X* are gach independently CH or N; )G is -alkyl-, -O-, -&- or
30 NR4, wherein R* is H or alkyl; and R'is H, halo, aming, alkyl, aryi or heterocyclyl;
R?is Z, H, halo, alkyl, aryl or hetercaryl; and R® is Z, H, halo, alkyl, aryl or
heteroaryl; or R? and R3, together with the carbon atoms to which they are
attached, form a heterocyelyl group substituted with 2 and up o three
substituents.
35
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6. The compound of claim 3, wherein Y is a group of the formula:

whersain the dashed line in (&) or (b) form a double bond; X” and X# are as defined
heragir; X is N-Z' or CH-Z'; R® and R® are each, independently H or alkyl or R®

b and R®, together with the carbon to which they are attached, form a carbony!
group {=0) or cycloalkyl; R7 and R are each, independently H, alkyl, aryl, amino,
acyl or amido; and R® is H, halo or alkyl.

7. The compound of claim 6, wherein the groups {a) and (b) are groups of the
10 formulae (Y, (BY, (@), (bY, and (&)

or

15 {00164] wherein Z' is a cycloalkyi group, such as a Ca-Ce-cycioalkyl group,
including cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. Thus, for exampie, the
groups (a)", (b)", and (a)"

(a)"
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RS
7
N
A
“% N N &)
{a)" , such as:
o)
’!\ = J\!,\ =
“STNT TN o PN N

(a) O , or {by” C

/

5 8. The compound of claim 7, wherein the groups (a)", (b)", and {a)* are:

A

9. The compound of claim 7, the groups (&), (b)", and (&)" ars:

A AN o
NN
; L L

10 (ay

el
, or (Y

10. The compound of claim 6, wherein Z2 is a heterocyclyl group of the formula:

# s
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whergin R'® and R together with the carbon atoms to which they are attached
form a five- or six-membered heterccycly! group; and R is H, halo or alkyl.

The compound of claim 6, wherein 22 is a hetergeyclyl group of the formula

wherein R'% is as defined harein; wherain the dashed line form a double bond; X°
and X7 are sach, independently, ©, N, §, CR'™, C{R")z or NR™, wherein R is H

or alkyl; and B2 is H, alkyl or aryl.

The compound of claim 6, wherein 22 is a hetergeyclyl group of the formula

PN

The compound of claim 6, wherein 22 is:

2 ‘ N}_
~N
£
The compound of claim 1 or 2, whersin the group B is a group of the formula G-
T, wherein G is a heterocyclyl group and T is a heterocyclyl group different from
G; or B can be a group of the formula -C(O)-AAT-AAZ-NRR®, whergin AA" and
AAZ s a naturally occurring or a non-naturally occurring amino acid, R? is H or

alkyl, and RP is akylaryl.

The compound of claim 14, whersin G is a hetarocycly! group of the formula:

1}
| R’M,
O R’ES
wherein B and R togsther with the carbon atoms to which they are attached

form a five- or six-membered heterocyclyl group to which T is atlached.

The compound of claim 14, wherein G is a heterocyclyl group of the formula:
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whersin Y is GHz or CG{Q).

17. The compound of claim 14, wherein T is a five- or six-membered heterocyclyl
group.

18. The compound of claim 14, wherein T is a group of the formuia:

2
XS’Y\ XQ

(X0

wherein X® and X® are each independently CR'®RY, wharein R'® and R" are each
independertly H, alkyl or, R'® and R together with the atom to which they are

10 attached form a C{O) group; X% is N or CR'S, wharein R is H or alkyl; and Y?
NR'®, wherein R is H or atkyl.

19. The compound of claim 14, wherein T is a group of the formuia:

R Q19
[ 1
OYW O OQYN O Oy N._O
x1io ¥io J
he , or % )
15
20. The compound of claim 14, wherein the group -C{O)-AAT-AAZ-NR2R is a group
of the formula:
a RZS
}%‘é N AL 22
\r N \f N R
o RrR® L o R |
R21 RZ’E
R23
0\,&?3 Oy A //]
o f
IS8 en
\s’\]‘/N NQ ’»ssf'I N i\f Rzz
= | i =
G A O e
OH /r\ OH ,
P
\
o NN q/ o OnN )
i DI
}?in/N N 22 o N <N 222
o /T\\ o ,/i\
20 OH or i OH

58



CA 03142713 2021-12-03

WO 2020/247537 PCT/US2020/035977

whergin R? ig the side-chain of a naturally or a non-naturally occurring amino
acid; R?'is H, alkyl or OF®, wherein R2% is H or alkyl; R?2 is H, halo or alkyl; and
B2 is a hetsrocyelyi group.

5 21. The compound of claim 20, wherein R?® is a five- or six-membered heterocyciyl

group.

22. The compound of claim 21, wherein R® is a thiazoly! group.

10 23. The compound of ¢laim 1 or 2, wherein L' is acyl, alkyl, alkenyl or alkynyl, and
combinations thereof, optionally interrupted by one or mors hetsroaloms.

24. The compound of claim 23, wharein the one or more hetercatoms are selected
from the group consisting of -O-, -NR'3-, and -S(O)n- (wherein nis 0, 1 or 2).
15
25. The compound of any preceding claim, wherein L' comprises -alkyl-X'-alkyl- and
-alkyt-X-alkynyl-, and combinations thersof, wherein X' is a bond, akyi, -O-, -
NR™-, and -S{Q)n- (wherein nis G, 1 or 2}, and L opticnally comprises one or
mora spacer groups selectad from the group consisting of alkyl, acyl, amino, and
20 amido groups.

26. The compound of any preceding claim, whersin L’ is
~(atkyl-X g -alkyl-, ~(alkyt-Xy-alkynyi-, -C{OINRE X (glkyl- X -alkyl-,
-C{OINRE-X - (alkyi-}(MYg-alkyl-C{O)-,  -C{OINRPE-X"-{alkyl- X g-alkynyl-, -

25 C{OINR™E-X"- (allyi-XMg-alkynvl-C{O)-, -C(OINRE-X-(alikyl- X g-alkyl-NR-,
-C{OINR- X (alkyl-X")g-aikyi-C(O)-NR 13-,
SGIOINRE X (alkyl-X Yg-allyny-NR 1 SC{OINR™ XM (alkyl- X g-alkynyl-
C{O-NR™. NRIEX W alkyl- X Mg-alkyl-,  -NR™-X"-{alkyl-X"g-alky-C{Q)-,
NR X (atkyl-X(Mg-akynyl-,  -NRSEX - (alkylb-X0 g-alkyny-C(O)-,  -NR™SB.

30 {akyl- X g-alkyl-NR-, -NRPEX - {alkyl-X ) g-alkyl-O-,
SNREX M (alkyl- K g-alkyl-C(O)-NR13-, -NRE-XM-{alkyl- X" )g-alkynyl-NR1E-,
NR1EX (atkyl- X g-alkyny-G{O)-NR3-, -C{O)-X"-(alkyl-K)g-alkyl-, -G{O)-X1-

{alkyl-X")g-alkyl-C{O)-, -C{O)-XM-{alkyl-Xg-alkynyl-,
GLO)-X - {alkyl- X g-alkynyl-C(O)-, C{OX - {alky-X T)g-alky-NR-,
35 C{O)-X" -(alkyi-X g-alky-G(O)-NR 1, -GO)-X " -{alkyl-X 1 )g-alkyny-NR1S., -

C{O)-X""-{alkyl- X" g-alkynyl-C{O)-NR™-, -NH-XT-C(O)- X -alkylyl- and
combinations therecf, wherein g is an integar from 0 to 20 and each group {(alkyl-

X' being the same or different.

40 27. The compound of any preceding claim, wharein L' is:
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5 28. The compound of any preceding claim, wherein the compound is a compound of
the formuia:
RB
1 Ry
/ié\ /; ) R':’
X3 XZMXS
z\xﬂi
RL"\{)
o
L1 L’i
P A vl XBy?
N—x1e X8 N—X10 %O
P2 A4 NS
O , O
RS
8 7
R ¥R R
1 Ry | 8
X; b R7 )\Xz" XS R
/k ' X2 25
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2 yd T |
RL—\ o ;Ra %}
y 9 \\’/N\Rb Lt
Lt N\H"\ PR A &
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o or

or a pharmaceutically acceptable sall, polymorph, prodrug, scivate or clathrate
5 thereof,

29. The compound of any preceding claim, wherein the compound is a compound of

the formula:
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L
SUE A
N—xe X
N

or a pharmaceutically acceptable salf, polymorph, prodrug, scivate or clathrate

theraof.

30. The compound of any preceding claim, wherein the compeound is a compound of

the formula:
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a pharmacsutically acceptable salt, polymorph, prodrug, solvate or clathrale

WO 2020/247537
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i
ane XE R o
5 thereof.

the formula:

64

31. The compound of any preceding claim, wherein the compound is a compound of
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NSRS R NT R L7
PPN PP e
NTONT O Hyo o ONT TN

S
LY o o 0 0
2 2
N Y 7Ry Y,
AN o | /\\(N O
o] , O or

or a pharmaceutically acceptable salf, polymorph, prodrug, scivate or clathrate

theraof.

32. The compound of any preceding claim, wherein the compeound is a compound of

the formula:
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pas

- N

R20

wr\/kgﬁﬂ

or a pharmaceutically acceptable salf, polymorph, prodrug, scivate or clathrate

theraof.

33. The compound of any preceding claim, wherein the compeound is a compound of
the formula:
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or a pharmaceutically acceptable salt, polymorph, prodrug, scivate or clathrale

thereof.

34. The compound of any preceding claim, whersin the compound is a compound of

the formula:
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or

o , wherein X'is O or

NH,andgis 1,2, 0r 3.
or a pharmaceutically acceptable salt, polymorph, prodrug, scivate or clathrale

thereof.

(631

35. A pharmaceutical composition comprising one or more compotnds of any

preceding claim and and one or more pharmacsautically acceptable excipients.

10 36. A method of modulating N-Myc comprising administering a therapeutically
effsctive amount of any of the preceding compounds, e.g., a compound of any
of Formula (1}, (I1H-(V), or a pharmaceutical compesition comprising said

compound, to a subject in nead thereoi.

15

3
J

. A method of modulating Aurcra kinase A comprising administering a
therapeutically effective amount of any of the praceding compounds, e.9., a
compotind of any of Formula {1}, (Hh-(V), or a pharmaceutical compaosition

comprising said compound, 1o a subject in nead thareof.

20 38. A method of modulating CDK4/6 comprising administering a therapeutically
effaective amount of any of the preceding compounds, e.g., a compound of any
of Formula (1), (ID-(V), or a pharmaceutical composition comprising said

compound, {o a subject in need thereof.

25 39. A method of modulating Cyclin Ds comprising administering a therapeutically
effactive amaunt of any of the preceding compounds, 8.g., a compound of any
of Formuta {1}, ()-(V), or a pharmaceutical composition comprising said

compoLind, {o a suibject in nesd thereoi.

72



CA 03142713 2021-12-03

WO 2020/247537 PCT/US2020/035977

43. A method for trealing cancer comprising administering a therapeutically
effactive amaount of one or more compounds of any preceding claim, or a
pharmaceutical composition comprising said compound, 1o a subject in need

5 thereoi.

41. The method of claim 37, whersin the cancer is neuroblastoma,

medulloblastoma, small-cell lung cancer, and neuroendocrine prostate cancer.

10
42. The method of claim 37, wherein the cancer is leukemia, lympoma, ovarian
cancer, breast cancer, brain cancer, non-small call lung cancer or soit-tissus

sarcoma.
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15

K, (nM) Ribociclib 11 12 13 14 15
Aurora-A 800 0.85 320 6.3 380 24
CDK4-CyclinD1 28 3.0 42 52 310 61
Cmpd 13 %Ctrl @ 1uM | K, (nM)
Aurora A 0.1 6.3
Aurora B 13 160
Aurora C 32 43
CDK4-CyclinD1 3.3 52
CDK4-CyclinD3 1.5 17
CDK9 3.0 6.3
P \i\i\\{“' “"(’3‘“ CDK13 11 210
N EPHB6 45 150
\ PI4KB 5.3 220
\ ROCK1 19 >3,000
TNK1 13 610
Compound 13 @ 1 uM TRKA 53 24

FIGS. 6A & 6B
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aPercentage of inhibition at 10 pM; °n.d. not determined.
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