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NOVEL COMPOSITIONS, USES AND METHODS FOR MAKING THEM

STATEMENT REGARDING FEDERAL FUNDING

[661] This invention was made, in part, with government support under Federal Grant Number
WRINWH-15-1-0224 awarded by the Department of Defense Office of the Congressionally

Directed Medical Research Programs. The government has certain righis in the invention.
CRrOS5-REFERENCE TO RELATED APPLICATIONS

[002] This gpplication claims priority to U.S. Provisional Patent Application No.62/128,208, filed

March 4, 2018, and which is hereby incorporated by reference in its entirety.
FIELD OF THE INVENTION

(3831 The present invention provides novel compounds and pharmacentical composition thereof
which may inhibit cell proliferation and/or induce cell apoptosis. The present invention also provides
methods of preparing such compounds and compositions, and methods of making and using the

S3INe,
BACKGROUND OF THE INVENTION

10841 Hypertrophy of the nucleolus, the cellular site for ribosome biogenesis, has been linked to
malignant transformation for more than a hundred years. The ribosome is a RNA-protein complex
that is responsible for the protein synthesis (translation) in the cell, Carcinogenesis, with the
associated upregulation of growth and proliferation rates, requires a significant increase in the rate of
translation and hence necessitates an increase in cellular ribosome content. Ribosome blogenesisis a
highty complex energy-consuming process in which the synthesis of pre-ribosomal RNA by RNA
Polymerase [ {Pol T) serves as the rate limiting step.

[805] Not surprisingly, Pol I transcription in normal cells is tightly controlled, through the action of
multiple tumor suppressor proteins (including p53, pRB and PTEN) which serve as inhibitors. The

foss of such control due to mutations in tumor suppressor genes or activation of certain oncogenic
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pathways, such as cMyc and PR3K/AK/mTOR, results in the hyperactivation of Pol | transcription
that is cononly found in malignancy.

[(86] In addition to cancer, hyperactivation of Pol I transeription has been linked to poor prognosis
in multiple sclerosis and has been shown to play a role in the infections eycle of certain patbologic
viruses, including cytomegalovirus, hepatitis B virus and hepatitis C virus. Therefore, agents that
selectively disrupt Pol | transcription are conceptually attractive gs antivancer, anti-inflammatory and

antiviral therapeutics
SUMMARY OF THE INVENTION

{087] Provided herein are novel compounds and metheds of treating or preveniing any ove of the
diseases or conditions described herein comprising administering a therapeutically effective amount
of a compound described herein, or a pharmaceutically acceptable salt, or solvate thereof, to a
marnmmal in need thereof. In specitic embodiments, the compound inhibits ribosome biogenesis by
inhibiting POL1 transcription and the disesse or condition is amenable to treatment or prevention by
the inhibition of POL1 transcription.

[088] Inone aspect, described herein is a method for treating or preventing cancer in a maromal
comprising administering a therapeutically effective amount of a comapound described herein, or a
pharmaceutically accepiable sait, or solvate thereof, to the mammal in need thereof. In another
aspect, described herein is a method for treating or preventing an inflanunatory disease in a marnmal
comprising administering a therapeutically effective amount of a compound deseribed herein, or a
pharmaceutically acceptable salt, or solvate thereof, to the mammal in need thereof

[009] In still another aspect, described herein i3 a methoed for treating or preventing a proliferative
disorder in a mammal comprising administering g therapeutically effective amount of a compound
desecribed hereim, or a pharmaceutically acceptable salt, or solvate thereof, to the maramal in need
thereof, In another aspect, described berein is a method for treating or preventing a discase or
disorder in a mammeal comprising administering a therapeutically effective amount of 3 compound
deseribed berein, wherein the compound inhibits fibosome blogenesis by inhibiting POLI1

transcription.

b2
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[016] Other objects, features and advantages of the compounds, roethods and compositions
described herein will become apparent from the following detailed description. It should be
understood, however, that the detailed description and the specific examples, while indicating
specific embodiments, are given by way of illustration only, since various changes and medifications

from this detailed description.

DETATLED DESCRIPTION OF THE INVENTION

Compounds
[011}] Compounds deseribed herein, including pharmacentically acceptable salts, prodrugs, active
metaboliies and pharmaceutically acceptable solvates thereof, inhibit ribosome biogenesis by

inhibiting POL1 transcription,

[812] In one aspeet, the present invention provides a compound of Formula I:
and pharmaceutically acceptable salts, esters, prodrugs, hydrates and tautomers thereof; wherein:
[013] each 7y, Za, Z3, and Za is N, CH, or CRy, provided any three N are non-adjacent; and further
provided that one or more of Zi, Z2, £3, and Zq is TRy,
[#14] each R, is independently an optionally substituted Ci~Cs alkyl, Cr-Cs heteroalkyl, Ca-Cs
alkenyl, Cp-Cy heteroalkenyl, C2-Cs alkynyl, C2-Ce heteroalkynyl, C1-Cx acyl, Co-Cy heteroacyl, Ce-
Cro aryl, Cs-Ciz heteroaryl, C7-Cy arylalkyl, or Ce-Ci heteroarylalkyl group, or each Ry is
independently H, halo, CF3, ORa, NRaRs, NR2OR3, NR2NRR3, 5Rz, SOR;, 802Rz, SO2NR2Rs,
NR280:R:, NRoCONRaRs, NR#COOR:, NR2COR3, CN, COOR,, COOH, CONR2R3, OOCR:,
CORy, 0t NO;
[015] and wherein Rz and Rs groups on the same atom or on adjacent atoms can be linked to form a
3-8 membered ring, optionally containing one or more N, O or S atoms; and each Rz and Rs groups,
and each ring formed by linking Ry and Rz groups together, is optionally substituted with one or more
substituents selected from halo, =0, =N-CN, =N-OR/, =NR', OR’, N(R)z, SR’, SO2R/, SO:NRs,

3
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NREEHR, NR'CONRS, KRICOOR!, NR'COR', CN, COOR!, CON{R), QOCR', COR’, and NUz,
wherein each R is independently H, Ci-Cs alkyl, Co-Ce heteroalkyl, Ci-Co acyl, Co-Cs heleroacyl, Cs-
Croaryl, Cs-Ciip heteroaryl, Cr-Ciz arylalkyl, or Ce-Crz heteroarylalkyl, each of which is optionally
substituted with one or more groups selected from halo, C1-Cy alkyl, Ci-Cs heteroalkyl, Ci-Cs acyl,
1-Cy, hetoroacyl, hydroxy, amine, and =0; wherein twe R’ can be linked to form a 3-7 membered
ring optionally containing up to three heteroatoms selected from N, O and §;

[016] or each R, is independently -W, -L-W, -X-L-A; wherein X is NRs, O, or §; W is an
optionally substituted 4-7 membered azacyclic ring, optionally containing an additional hetercatom
selected from N, O and § as a ring member; L is a C1-Cio alkylene, Cy-Cip heteroalkylene, Cx-Ciy
aﬁmnyiene or C2-Co heteroatkenylene linker, each of which may be optionally substituted with one
or mare substituents selected from the group consisting of halogen, oxe (=0), or C1-C6 alkyl; and A
is heterocycloalkyl, heteroaryl or NR4Rs where Ry and Rs are independently H, optionally substituted
C4-Ca alkyl, C3-Ca heteroalkyl, C2-Cs alkeny!, Uz-Cs heteroalkenyl, Cr-Cx alkynyl, Co-Cs
heteraalkynyl, C1-Cs acyl, Co-Cs heteroacyl, Cs-Cro aryl, Cs-Cyz heteroaryl, Cr-Cra arylalkyl, or Ce-
Ciz heteroarylalkyl group,

[017] Raand Rs can be linked to form a 3-8 meembered ring, optionally containing one or more N,
O or §; and each Ry and Rs groups, and each ring formed by Hoking Re and Rs groups together, is
optionally substituted with one or more substituents selected from halp, =0, =N-CN, =N-OR’, =NR/,
OR, MRz, SR, 8OzR’, SOuNRY, NR'S(OLR', NR'CONR,, NR'COOR!, NR'COR/, CN, COOR’,
CON(R)z, OOCR', COR’, and NOz, wherein each R' is independently H, C1-Cg alkyl, Ca-Cs
heteroalkyl, Ci-Ce acyl, Co-Cs heteroacyl, Ce-Croaryl, Cs-Cio heteroaryl, Cr-Crz arylalioyl, or Ce-Crp
heteroarylalkyl, each of which is optionatly substituted with one or more groups selected from halo,
C1-Cy alkyl, Ci-Cy heteroalkyl, Ci-Cg acyl, C1-Cs heteroacyl, hydroxy, amino, and =0; wherein two
R’ can be linked to form a 3-7 membered ring optionally containing up to three heteroatoms selected
from N, Oand §;

[618] Rsis H, optionally substituted Ci-Cy alkyl, Co-Cs heteroalkyl, C2-Cs alkenyl, Cz-Cs
heteroalkenyl, C2-Cs alkynyl, Co-Cy heteroalkynyl, Ci-Cs acyl, C2-Cs heteroacyl, Co-Co aryl, Cs-Ciz

heterparyl, Cr-Cuy arylatkyl, or Ce-Cyz heterparylalkyl group,
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[019] Rs can be linked to Rs or Rs to form a 3-8 membered ring; and Ry or Rs is optionally
substituted with one or more substitnents selected from halo, =0, =N-CN, =N-OR’, =NR', OR,
N(R2, SR, SOuR’, SONRY;, NR'SO:R', NR'CONR2, NR'COOR!, NR'COR!, CN, COOR/,
CON{R 2. ODCRY, COR!, and NOq, wherein each R is independently H, Ci-Ce alkyl, Co-Cs
heteroalkyl, Ci-Ce acyl, Co-Cg heteroacyl, Co-Croaryl, Cs-Cip heteroaryl, Cr-Ciz arylalkyl, or Ce-Caz
heteroarylalkyl, each of which is optionally substituted with ene or more groups selected from halo,
Cy-Ca alkyl, Ci-Cs heteroalkyl, Ci-Ce acyl, Cr-Cs beteroacyl, hydroxy, amino, and =0; wherein two
R’ can be lnked to form a 3-7 membered ring optionally containing up to three heteroators selected
from N, O and §;

[626] Y is an optionally substituted 5-6 membered carbocyclic or heterocyclic ring;

[021] X is an optionally substituted Ci-Cs alkyl, Co-Cy heteroalkyl, Co-Ce alkenyl, Co-Us
heteroalkenyl, Co-Cs alkynyl, Co~Cs heteroalkynyl, C4-Cg acyl, Co-Cg heteroacyl, Co-Cip aryl, Cs-Cp
heteroaryl, C7-Ciz arylaikyl, or Cs-Cia heteroarylalkyl group, optionally substituted with one or more
halogens, =0, CF3, CN, OR7, NRgRs, SRy, SO:NRgRo, -y alkyl, C:-Cs heteroalkyl, Co-Cs
alkenyl, C2-Cy heteroatkenyl, Co-Cs alkynyl, C2-Cs hetercalkynyl, Ci-Cy acyl, C2-Cs heteroacyl, Cs-
Cho aryl, Ca-Cio hetevoaryl, Cr-Ciz arylalkyl, or Ce-Crz hetervarylalkyl group: or

[622] Xyis H, NRaRs, SORz, SO2R:, SO:NRaR3, NRRO:Rs, NR2CONR2Rs, KR COORs,
NR2COR;, CN, COOR;, ester bioisostere, COOH, carboxy bicisostere, CONR:R;, amide
bigisostere, OOCR, CORz, or NO».

(6231 In one aspect, the present invention provides a compound of Formula IKAY, TI{B), T(C),
1D} and 1(EY,

£, 2] X ] X 7
L R e N N K N .
S j/ \§T/ ?3/ QI/ \Y/ 3 " s 4%':“{‘,t N SR X,
s :
S o & .

i i
g s : Ly, A E
N Sy o .
: o 1 N }\g
JECL8)) _ﬁ\,;u-‘:m{-“g\\ H(E) \‘(s::i‘xm{
a4 ¥ 3 ol Y‘\i

pharmaceutically acceptable salts, esters, prodrugs, hydraies and tautomers thereof; wherein:
[024] 23, 73 and Zq are independently CH or CRy;
[025] each Ry is independently an optionally substituted Ci-Cy alkyl, Co-Cy heteroalkyl, Co-Cx

alkenyl, Co-Cs heteroalkenyl, Ca-Cr alkynyl, C2-Cs heteroalkynyl, C1-Cq acyl, Co-Cy heteroacyl, Ce-
5
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Cig aryl, Cs-Uie heteroaryl, Cr-Cip arylalkyl, or Cs-Cyz heteroarylalkyl group, or each Ry i3
independently halo, CFs, ORg, NRaRs, NR2OR;, NRaNRgR3, SRz, SORz, SOR:, SO:NR2Rs,
NR280:Rs, NR2CONR:R3, NR;COOR:, NR2CORs, UK, COOR,, COOH, CONBE2Rs, OOCR,,
CORz, or NGy,

{626] or each Ry is independently -W, -L-W, -X-L-A; wherein X is NRs, O, or 8; Wis an
optionally substituted 4-7 membered szacyclic ring, optionally containing an additional heteroatom
selected from N, O and 3 as a ring member; L is a C3-Cio alkylene, C-Cho heteroalkylene, Co-Cro
alkenylene or C3-Cio heteroatkenylene linker, sach of which may be optionally substituted with one
or more substituents selected from the group consisting of halogen, oxo (=0), or C1-C6 alkyl; and A
is heteroeyeloalkyl, heteroaryl or NR4Rs where Reand Rs are independently H, optionally substituted
C1-Cx alkyl, C-Cs heteroalkyl, C3-Cy alkenyl, Ci-Cs heteroalkeny!, Co-Ca alkynyl, Cz-Ce
heteroalkynyl, Ci-Cy acyl, Co-Us heteroacyl, Co-Cip aryl, Cs-Ciz hetercaryl, Cr-Cuz arylalkyl, or Cg
Ciz heteroarylalkyl group;

[027] Raand Rscan be loked to form a 3-8 membered ring, optionally containing one or more N,
O or 8; and each R and Rs groups, and each ring formed by linking R4 and Rs groups together, is
optionally substituted with one or more substituents selected from halo, =0, =N-CN, =N-OR/, =NR,
OR, N(R'), SR, SO:R, SONRY, NR'SG:R, NR'CONR';, NR'COOR', NR'COR', CN, COOR,
CON(RY:, OOCR!, COR!, and N0, wherein cach R’ is independently H, C1-Ca alkyl, Co-Cs
heteroatkyl, C1-Cs acyl, Co-Ce heteroacyl, Co-Ciparyl, Cs-Cio heterearyl, C7-Cip arylalkyl, or Cs-Crz
heteroarylalkyl, each of which is optionally substituted with one or more groups selected from hale,
1-Cy alkeyl, Ci-Cs heteroatkyl, Ci-Cs acyl, C1-Cg hetercacyl, hydroxy, amino, and =0; wherein two
R’ can be linked to form a 3-7 membered ring optionally containing up to three heteroatoms selected
from N, Oand §;

[628] Rgis H, optionally substituted Ci~Cy alkyl, Co-Cs heteroaliyl, Co-Cy alkenyl, Ca-Cq
heteroalkenyl, C2-Ca alkyuyl, C2-Cy heteroatkynyl, Ci-Cs acyl, Co-Cg heteroacyl, Cs-Cip aryl, Cs-Ca
hetercaryl, Cr-Crz arylalkyl, or Cs-Cia heteroarylalky! groupy; or Re can be linked to Rq or Rs to form
a 3-8 membered ring: and Re or Rs is optionally substituted with one or more substituents selected
from halo, =Q, =N-CN, =N-OR/, =NR', OR', N(R"), SR, SO:R/, SO;NR'z, NRS(:R!, NR'CONR,
NR'COOR', NR'COR', CN, COOR!, CON{R"e, OOCR!, COR., and NO», wherein each R’ i3
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independently H, C1-Ce alkyl, C3-Cs heteroalkyl, C1-Cs acyl, Co-Cs heteroacyl, Co-Crg aryi, Cs-Cig
heteroaryl, Cr-Cia arvlalkyl, or Co-Chz heteroarylalkyl, each of which is optionally substituted with
one or more groups selected from halo, Ci-Cq alkyl, C3-Cs heteroalkyl, Cr-Cy acyl, Cr-Cs heteroacyl,
hydroxy, amine, and =O; wherein two R' can be linked to form a 3-7 membered ring optionally
containing up to three heteroatoms selected from N, O and §;

[028] Y is an optionally substituted 5-6 membered carbocyclic or heterocyelic ring;

[036] X, is an optionally substituted C1-Cy alkyl, Co-Cs heteroalkyl, Co-Cs alkenyl, Co-Cy
heterpalkenyl, C2-Cr alkynyl, C2-Cs heteroalkynyl, C1-Cs acyl, Ca-Cy heteroacyl, Ca-Cig aryl, Us-Crz
heteroaryl, Cr-Ciz arvlalkyl, or Cs-Ciz heteroarylalkyl group, or Xi is H, NRzR3, BORz, SR,
SONRaR:, NR2SOuRs, NR2CONRRa, NRCOORs, NR:CORa, CN, COOR:, COOH, polar
substituent, carboxy bioisostere, CONRaRs, OOCR,, COR;, or NOy;

[621] wherein R and Ra groups on the same atom or on adjacent atoms can be linked to form a 3-8
membered ring, pptienally containing one or more N, O or 8; and each Rz and Ra groups, and each
ring formed by linking Rz and Ra groups together, is optionally substituted with one or more
substituents selected from halo, =0, =N-CN, =N-0OR’, =NR', OR/, N(R'p, SR, S(;:R’, SO:NR?,
NREO:R, NRICONR,, NR'COOR', NR'COR!, N, COOR', CON®R 'y, OOCR!, COR', and N,
wherein each R’ is independently H, Ci-Cy alkyl, Ca-Cs heteroalkyl, Ci-Ce avyl, (2-Co heternacyl,
Cs-Choaryl, Cs-Cio heteroaryl, Cr-Crp arylalkyl, or Cs-Ciz heteroarylatkyl, each of which is
optionally substituted with one or more groups selected from halo, Ci-Cy alkyl, Ci-Cq heteroalkyl,
Cy-Cs acyl, C1-Cs heteroacyl, hydroxy, amine, and =0; wheretn two R’ can be linked to form a 3-7
membered ring optionally containing up to three heteroators selected from N, O and 5.

[032] Inone aspect, the present invention provides a corpound of Formula BI{A}, (B} and H{CY:

?
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pharmaceutically acceptable salts, esters, prodmgs, hydrates and tautomers thereof] wherein:

¥
i
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[033] L isa Ci-Cio alkylene, Ci-Cio heteroalkylene, Ca-Cio slkenylene or Ua~Cio heteroalkenylene
linker, each of which may be optionally substituted with one or more substituents selected from the
group consisting of halogen, oxo (=0), or C1-Cé alkyl;

[834] A is heterocycloalkyl, heteroaryl or NRsRs where Re and Rs are independently H, optionally
substitated Ci-Cp alkyl, C2-Cs heteroalkyl, Cp-Cs alkenyl, Ci-Cs heteroalkenyl, Ca-Cs alkynyl, Cz-Cy
heteroalkynyl, Ci-Cq acyl, Co-Cr heteroacyl, Cs-Cio aryl, Cs-Chz heteroaryl, C-Ciz arylalkyl, or Ce-
Ciz beteroarylalkyl group, ,

[035] Rasand Rs can be linked to form a 3-8 membered ring, optionally containing one or more N,
O or §; and each Ry and Rs groups, and each ring formed by linking R+ and Ry groups together, is
optionally substituted with one or more substituents selected from halo, =0, =N-CN, =N-OR', =NR,
OR', N(R), 8R!, S(uR’, SONR's, NR'E(HR', NR'CONR';, NR'COOR!, NR'COR!, CN, COOR’,
CON(R"Y, OOCR’, COR’, and NO», wherein each R’ is independently H, Ci-Cs alkyl, Cr-Cs
heteraalkyl, Ci-Cs acyl, C2-Us heteroacyl, Ce-Croaryl, CanR; heteroaryl, Cr-Ciz arvialkyl, or Cs-Ciz
heteroarylalkyl, each of which is optionally substituted with one or more groups selected from halo,
(31{34 alkyl, C=Cy heteroalkyl, Ci-Cs acyl, C1-Cs heteroacyl, hydroxy, amino, and =0; wherein two
R’ can be linked to form a 3-7 membered ring optionally containing up {o three heteroatoms selected
from N, O and 5;

[836] XisNRs, O or§;

[037] Reis H, optionally substituted Ci-Cy alkyl, Co-Cs hetercalkyl, C2-Cy alkenyl, Co-Ca
heteroalkenyl, Co-Cy alkynyl, C3-Cs heteroalkynyl, Ci-Ca acyl, Cr-Cs beteroacyl, Ce-Ciro aryl, Cs-Crz
heteroarvl, Cr-Crp arylalkyl, or Cs-Cho heteroarylalkyl group;

[038] Ry can be linked to Ry or Rs to form a 3-8 membered ring; and Rs or Rs is optionally
substituted with one or more substituents selected from halo, =0, =N-CN, =N-OR', =NR!, OR’,
N{R, SR, SO2RY, SONRs, NR'SO:R), NR'ICONRS, NR'COOR!, NR'COR!, CN, COOR|,
COR(RY)z, OOCR!, COR', and N0y, wherein sach R’ is independently H, C1-Ce alkyl, C-Cs
heteroalkyl, C1-Cs acyl, C-Cs hetercacyl, Co-Crparyl, Cs-Cro hetercaryl, Cr-Cyz arvialkyl, or Cs-Crz
heteroarvlatkyl, each of which is opticnally substituted with one or more groups selected from halo,

Ci-Cs alleyl, €3-Cs heteroalkyl, Ci-Ce acyl, Ci1-Cs heterpacyl, hydroxy, amino, and =0; wherein two
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R’ can bhe linked to form a 3-7 membered ring optionally containing up fo three heteroatoms selected
from N, O and S;

[639] X is an optionally substituted Ci-Cs alkyl, Ca-Cq heteroalkyl, Ci-Cs alkenyl, Cp-Cs
heteroalkenyl, Ca-Cy alkynyl, Co-Cs heteroalkynyl, Ci-Cs acyl, Co-Cs heteroacyl, Co-Crp aryl, Cs-Uiz
heteroaryl, Cr-Ciz arylalkyl, or Ce-Crz heieroarylalkyl group, or Xy is H, NRzRa, 80R:, SCaRs,
SO;NR:R3, NRaSOuRs, NR2CONRR;s, NR2:COOR:, NRACOR;, CN, COOR,, ester bicisostere,
COOH, carboxy bioisostere, CONRyRa, amide bisisostere, OOCR;, COR, or NOy;

[040] (1) and (U are independently H, halogen, CF;, CN, OR7, NRsRy, SRy, SOsMRsRs, Ci-Cre
alkyl, C1-Cis heteroalkyl, Co-Cio alkenyl, or C3-Cig heteroalkenyl, each of which may be optionally
substituted with one or more halogens, =0, or an optionally substituted 3-7 membered carbocycelic
or heterocyclic ring;

{641] wherein Rz and Rs groups on the same atom or on adjacent atonss can be linked to form a 3-8
membered ring, optionally containing one or more N, O or §; and each Rz and Ry groups, and each
ting formed by linking R» and Ra groups together, is optionally substituted with one or more
substituents selected from halo, =0, =N-CN, =N-OR', =NR/, OR’, N(R'});, SR', SO:R), 80:NR",
NR'SOR!, NRICONRY, NR'COOR, NR'COR', CN, COOR', CON{R "), OOCR!, COR’, and NO»,
wherein each R’ is independently H, Ci-Cs alkyl, Cp-Cs heteroalkyl, Ci-Cs acyl, C2-Ce heteroacyl,
Ce-Craaryl, Cs-Cig heteroaryl, Cr-Cia arylalkyl, or Co-Cia heteroarylalkyl, each of which is
optionally substituted with one or more groups selected from halo, C1-Cy atkyl, Ci-Cs heteroalkyl,
Ci-Cs aeyl, C1-Cq heteroacyl, hydroxy, amino, and =0; wherein two R’ can be linked to form a 3-7
membered ring optionally containing up to three heteroatoms selected from N, O and 8,

[042] In one aspect, the present invention provides a compound of Formuls HI(AX 1), H(B)(1) and

1:
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scoeptable salts, esters, prodrugs, hydvates and tautomers thereof, wherein:
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[043] L is a Ci-Cio alkylene, Ci-Cig heteroalkylene, Ca-Cio alkenylene or Cy-Cig heteroalkenylene
linker, each of which may be optionally substituted with one or more substituents selected from the
group consisting of halogen, oxo (=0}, or C1-C6 alkyl:

[644] A is heterocycloalkyl, heteroaryl or NR4Rs where Ry and Rs ave independently H, optionally
substituted Ci-Cg alkyl, Co-Cs heteroalkyl, C2-Cy alkenyl, Co-Cy hetercalkenyl, Co-Cy alkynyl, Co-Ce
hetercallcynyl, Ci-Cy acyl, Ca-Cy betercacyl, Co-Cra aryl, Cs-Ciz heteroaryl, Cr-Crz arylalkyl, or Ce-
Ciz heteroarylalicyl group,

{045] R4 and Rs can be linked to form a 3-8 membered ring, optionally containing one or more N,
O or 8; and each R4 and Rs groups, and each ring formed by linking Ry and Rs groups together, is
optionally substituted with one or more substituents selected from hale, =0, =N-CN, =N-OR/, =NR/,
OR', N(R, SR, SO:R', SO;NR':z, NRBO:R', NR'CONR',, NR'COOR!, NR'COR', CN, COOR/,
CON(R"Y, OOCR’, COR', and NO;, wherein each R is independently H, Ci-Cs alkyl, Co-Cs
heteroalkvl, Cr-Cs acyl, Co-Ce heteroacyl, Ce-Ciparyl, Cs-Cig heteroaryl, Cr-Cuz arylaliyl, or Ce-Crz
heteroarylalkyl, each of which is optionally substituted with one or more groups selected from halo,
C1-Cy alkyl, Cr-Cy heteroalkyl, Ci-Cg acyl, C1-Cs heteroaeyl, hydroxy, amine, and =0; wherein two
R' can be linked to form a 3-7 roembered ring opticnally containing up o three heteroatoms selected
from N, O and 5;

[046] X isNRs, O, 0t S;

[047] Rgis H, optionally substituted C1-Cx alkyl, Co-Cy heteroatkyl, Co-Cg alkenyl, Co-Cs
heteroalkenyl, Ca-Cs alkynyl, Co-Ca heteroalkynyl, Ci-Cs acyl, C2-Cg heteroacyl, Cs-Cip aryl, Cs-Crz
heteroaryl, Cr-Cia arvlalkyl, or Cs-Ciz hetervarylaleyl gmup;’

[348] Re can be linked to R or Rs to form a 3-8 membered ring; and Ra or Rs is optionally
substituted with one or more substituents selected from halo, =0, =N-CN, =N-OR’, =NR’, OR,
N(R)2, SR, SOuR’, 80:NR, NR'SO:R', NR'CONR2, NR'COOR', NR'COR', CN, COOR,
CON{R")z, OOCR', COR', and NOy, wherein each R is independently H, Ci-Cs alkyl, Ca-Cs
heteroalkyl, Ci-Ce acyl, Ca-Cs heteroacyl, Cs-Croaryl, Cs-Cro hetervaryl, Cr-Ciz arylalkyl, or Ce-Uipa
heteroarylalkyl, each of which is oplionally substituted with one or more groups selected from halo,

Cy-Ca atkyl, C1-Ca heteroalkyl, Ci-Ce acyl, C1-Ce heteroacyl, hydroxy, amino, and =0; wherein two

10
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B! can be linked to form a 3-7 membered ring optionally containing up to three heteroatoms selected
from N, Gand §;

[849] X, is an optionally substituted C1-Cr alkyl, Ca-Cs heteroalkyl, Co-Cy alhenyl, Co-Cy
heteroalkenyl, Ca-Cs alkynyl, C2-Cy heteroalkynyl, Ci-Cs acyl, Ci-Ca heteroacyl, Co-Cio aryl, Cs-Cr
heteroaryl, Cr-Ciz arvlalkyl, or Ce-Cyz hetercarylalloyt group;

[650] (U} and (U are independently H, halogen, CFs, CN, ORy, NRgRs, SRs, SONRsRs, Ci-Cig
alkyl, Cy-Cro heteroalkyl, C2-Cig alkenyl, or Co-Cip hetercalkenyl, each of which may be opti onally
substituted with one or more halogens, ==O, or an optionally substituted 3-7 membered carboeyclic
or heterocyelic ting;

[051] wherein Ro and Rs groups on the sarpe atom or on adjacent atoms can be linked to form a 3-8
membered ring, optionally containing one or more N, O or §; and each Ry and Rs groups, and each
ring formed by linking R and Ra groups together, is optionally substituted with one or more
substituents selected from halp, =0, =N-CN, =N-OR’, =NR’, OR', N{R"), 8R’, SO2R/, 5{hNRY,
NR'SO:R', NR'CONRY, NR'COOR, NR'COR', CN, COOR', CON{R');, ODCR', COR/, and NOy,
wherein each R is independently H, Ci-Cs atkyl, C2-Cs heteroalkyl, Ci-Cs acyl, C2-Co heteroacyl,
Ce-Croaryl, Cs-Cho heteroaryl, Cr-Cyp arylalkyl, or C{;—Ci;;, heteroarylalkyl, each of which is
opiionally substituted with one or more groups selected from halo, C1-Cs alkyl, C5-Cy heteroalkyl,
(4-Ce acyl, C1-Cs beteroacyl, hydroxy, amino, and =0; wherein two R’ can be linked to form a 3-7
membered ring optionally conlaining up to three heteroatoms selected from N, O and 5.

1052] In some embodiments, L is a bond, Ci-Cio alkylene, C)-Cyg heteroalkylene, Ca-Cro
alkenylene or Ca-Cio heteroalkenylens linker, each of which is optionally substituted with one or
more substituents selected from the group consisting of halogen, oxo (=0}, or C;-Cs alkyl.

053] In some embodiments, A is heterocycloalkyl, heleroaryl, quatersary amine or NRyRs where
Raiand Rs are independently H, optionally substituted Ci-Cy alkyl, C2-Cs heteroalkyl, Co-Cy alkenyl,
2-Cy heteroalkenyl, Ca~Cs alkynyl, Cz-Cy heteroalkynyl, Ci-Cs acyl, Co-Cy heteroacyl, Ce-Cro aryl,
Cs~C 2 heteroaryl, Cr-Ciz arvialkyl, or Cs-Cia hetercarylalkyl group.

[054] In some embodiments, Rq and Rs can be linked to form a 3-8 membered ring, optionally
containing one or more N, O or S; and each Rs and Rs groups, and each ring formed by linking R4

and Rs groups together, is optionally substituted with one or more substituents selected from halo,

11
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=0y, =N-CN, =N-0R', =NR', OR', N{R'), SR, SO:R’, S0;NR%R, NR'SO:R!, NR'CONR'2, NR'COOR/,
NR'COR!, CN, COOR!, CON(R),, COCR', COR!, and NOz, wherein each R' is independently H, Cy-
Cy atkyl, 0r-Cy heteroalkyl, C1-Cg acyl, Co-Cs heteroacyl, Co-Ciparyl, Cs-Cio heteroaryl, C-Cr
arylalkyl, or Cs-Ciz beteroarylalkyl, each of which is optionally substituted with one or more groups
selected from halo, C1-Ca alkyl, C1-Cy heteroalkyl, C1-Cs acyl, Ci~Cs heteroacyl, hydroxy, amino,
and =¥, wherein two R’ can be linked to form a 3-7 roembered ring optionally containing up to three
heteroatoms selected from N, O and 8.

[055] In some embodiments, X is NRg, O, or 8.

[856] Insome embodiments, Ry is H, opticnally substituted Ci-Cs alkyl, Cr-Cy heteroalloyl, Co-Cs
alkenyl, C;-Cg heteroalkenyl, Co-Cy alkynyl, Ca-Cs heteroaliynyl, Ci-Cg acyl, Co-Cs heteroacyl, Ce-
Cip aryl, Cs-Cis beterparyl, Cr-Cyz arylalkyl, or Ce-Crz heterearylalkyl group.

[057] Insome embodiments, Bs is linked to Ry or Rs to form a 3-8 membered ring; and Ra or Rs are
optionally substituted with one or more substituents selected from halo, =0, =N-CN, =N-OR’, =NR/,
OR’, N{R")z, SR, SO:R!, SONRY, NR'SO2R', NR'CONR'2, NR'COOR', NR'COR', CN, COOR,
CON(RY, OOCR', COR’, and NO;, wherein each R’ is independently H, Ci-Cs alkyl, C2-Ce
heteroalkyl, Ci-Cs acyl, C2-Ce heteroacyl, Co-Crparyl, CsCio beteroaryl, Cr-C arylalkyl, or Ce-Ciz
heteroarylalkyl, each of which is optionally substituted with one or more groups selected from halo,
C1-Ca alkyl, C1-Ca heteroalkyl, C1-Cs acyl, C1-Cs heteroaeyl, hydroxy, amino, and =0; wherein two
R' can be linked to form a 3-7 membered ring optionally containing up to three heteroatorns selected
from N, O and 8.

[658] Insome embodiments, X3 is H, Ci-Cio alkyl, Ci-Ciy heteroalkyl, Co-Cio alkenyl, or Cz-Cio
heteroalkenyl, sach of which is optionally substituted with one or more halogens, ==0, or an
pptionally substituted 3-7 membered carbocyclic or heterocyelic ring.

[#59] In some embodiments, (U)n and (U)y are independently H, halogen, CFs, CN, ORy, NRgRy,
SR, SOzNR3Re, Ci-Cro alkyl, Ci-Cig heteroatkyl, Co-Cip alkenyl, or C2-Cio heteroaltkenyl, each of

membered carboeyclic or heterocyclic ring.
{060] In some embodiments, Rz and Ry groups on the same atom or on adjacent atoms are linked to

form a 3-8 membered ring, optionally containing one ormore N, O or 8; and each R» and Rj groups,
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and each ring formed by linking Ro and Rs groups together, is optionally substituted with one or more
substituents selected from hale, =0, =N-CN, =N-OR', =NR', OR', N(R'), SR/, 3(zR’, S{:NR;,
NR'SG:R, NR'CONRY, NR'COOR!, 'NR’CQR‘5 CN, COOR/, CON{R™, OOCR!, COR/, and NO»,
wherein sach R' is independently H, C1-Cg alkyl, Co-Cs hetervatkyl, Ci-Cs acyl, C2-Ce heteroacyl, Cs-
Croaryl, Cs-Cip heteroaryl, Cr-Cua arylalleyl, or Ce-Crz heteroarylalkyl, each of which is optionally
substituted with one or more groups selected from halo, Ci1-Cy alkyl, Ci-Cy heteroalkyl, Ci-Cs acyl,
C1-C; heteroacyl, hydroxy, amine, and =0; wherein two R' can be linked to form a 3-7 membered
ring optionally containing up to three hetercatoms selected fram N, O and 8.

[061] In some preferred embodiments, X is H.

[062] In one aspect, the present invention provides a corapound of Formula IV{A) and IV{B),

o e :
:‘\\/ﬁ\ ,,/N{.{\ “'"\XIVB}\B,: N,/ “\\\. P N{\\ ‘\A"‘B:\B?
’ {U}ﬁi%v j\ L
! P . 2 N
X k3 i ?
§ ~ furant
IV(A) s WB) S
5 /‘x % v?;\‘;‘
YAy - , i »
N UM and pharmaceutically acceptable salis, esters,

prodrugs, hydrates and tautomers thereof; wherein:

{¢63] B:isabondor C=0, By is X-L-A

[664] L isa C1-Cio atkylene, C1-Cip hetercalkylene, Co-Cro alkenylene or Co-Cip heteroalkenylene
linker, each of which may be aptionally substituted with one or more substituents selected from the
group consisting of halogen, oxo (=0), or C-Cy alkyl;

[065] A is heterocyeloalkyl, heteroaryl or NR4Rs wherein Re and Rs are independently H, optionally
substituted C-Cg alkyl, C2-Ca heteroalkyl, Co-Cs alkenyl, Ci-Ca heteroalkenyl, Ci-Cs alkynyl, Ca-Ca
heteroalkynyl, C1-Cy acyl, Ca-Cs hetercacyl, Co-Cip aryl, Cs-Cz heteroaryl, Cr-Ciz arylalkyl, or Ce-Crz
heteroarylalkyl group, or Ry and Rs can be linked to form a 3-8 membered ring, optionally containing
one or more N, O or §; and each Rq and Rs groups, and each ring formed by linking R4 and Rs groups
together, is optionally substituted with one or more substituents selected from halo, =0, =N-CN, =N-
OR’, =NR', OR', N(R"), SR, SO2R!, SO:NR,, NR'SOLR!, NR'CONRY,, NR'COOR!, NR'COR', CN,
COOR!, CON{R":. OOCR/, COR', and Nz, wherein each R’ is independenily H, C-Us aiky‘i,' (2-Ce

heteroatkyl, Ci-Cs acyl, Co-Cs heteroacyl, Co-Croaryl, Cs-Cup histeroaryl, Cr-Ciz arylalkyl, or Ce-Unx
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heteroarylaikyl, each of which is optionally substituted with one or more groups selected from halo, Cy-
Cy alkyl, Ci-Cy heteroalkyt, C1-Ce acyl, C1-Cg heteroacyl, hydmxy, amino, and =0; wherein two R’ can
be linked to form g 3-7 membered ring optionally containing up to three heteroatoms selected from N,
(and §;

[066] X is CRsRe, NRs, O, or 8; wherein Rs is H, optionally substituted C-Cs alkyl, Co-Cs
heteroalkyl, C2-Cy alkenyl, C2-Cy hetercatkenyl, Cz-Cs atkynyl, C2-Cy heteroalkynyl, Ci-Cs acyl, Co-
Cz heteroueyl, Ce-Cio aryl, Cs-Cia heteroaryl, Cr-Ciz arylalkyl, or Cs-Ciz heteroarylatkyl group; or

Re can be linked to Ry or Ry to form a 3-8 membered ring;

[867] (U and (LT}, ave independently H, halogen, CFa, CN, ORz, NRxRs, SRy, SO:NRgRo, C-Cig
alkyl, Ci-Cio heteroalkyl, Co-Cig alkenyl, or Co-Cyo heteroalkenyl, each of which may be optionally
substituted with one or more halogens, ==, or an optionally substituted 3-7 membered carbocyclic

or heterocyelic ring.

[068] In one aspect, the present invention provides a compound of Formula V(A), Formula V{B},

%
Wy

\r\'ﬂ\\\ -

§ oy AR i

AL o 7%

viay ¢ N
S,

R R
and Formula V{C}: SNGm e

pharmaceutically acceptable salts, esters, prodrugs, hydrates and tantomers thereof;, wherein:

[069] L is a bond, C-Cie alkylene, C1-Cie heteroalkylene, Co-Cho alkenylene or C-Cio
heteroalkenylene linker, each of which is optionally substituted with one or more substituents
selected from the group consisting of halogen, oxo (=0), or Ci-Cealkyl;
[#76] A is heterocycloalkyl, heteroaryt or NR4R;s where Rq and Rs are jndependenily H, optionally
substitated Ci-Cy alkyl, Co-Cy heteroalkyl, Co-Cy alkenyl, Co-Cy heteroalkenyl, Co-Ce alkynyl, Co-Cy
heteroalkynyl, €1-Cy acyl, C2-Cs heteroaeyl, Ce-Cio aryl, Cs-Cia heteroaryl, C7-Crp arylalkyl, or Cs-
C1z hetercarylalkyl group,
{#71] Rz and Rs cap be linked to form a 3-8 membered ring, optivnally containing one ot more N,
O or 8; and each Rq and Rs groups, and each ring formed by linking R4 and Rs groups together, is
optinnally substituted with one or more substituents selected from haloe, =0, =N-CN, =N-OR/, =NK,
OR, N(R'), SR, SOaR', SONRY, NRBO:R!, NR'CONR,, KR'COOR!, NR'COR/, CN, COOR/,

14
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CON(R'y, OOCR', COR’, and NOy, wherein each R’ is independently H, C;-Ce aliyl, Ta-Cs
heteroalkyl, Ci-Ce acyl, Co-Cs heteroacyl, Cs-Croaryl, Cs-Che heteroaryl, Cr-Crz arylalkyl, or Co-Cro
heteroarylalkyl, each of which is optionally substituted with one or more groups selected from halo,
Ci-Ca alkyl, Ci-Cy hetercalkyl, Ci-Cy acyl, C1-Cs heteroacyl, hydroxy, amino, and =0}, wherein two
R’ can be linked to form a 3-7 membered ring optionally containing up io three heteroatoms selected
from N, Oand §;

721 XisNRs, O, 01 5;

[073] Reis H, optionally substituted C-Cs alkyl, Ca-Cs heteroatkyl, Co-Cs alkenyl, Co-Cs
heterpalkenyl, Co-Cs alkyayl, Co-Cs heteroalkynyl, Ci-Cy acyl, C2-Cs hetercacyl, Co-Cio aryl, Cs-Cu
heteroaryl, C7-Ciz arylalkyl, or Co-Crz hetercarylalkyl group;

[674] Rs canbe linked to Rs or Rs to form a 3-8 membered ring: and Rq or Rs is optionally
substituted with one or more substituents selected from halo, =0, =N-CN, =N-OR', =NR', OR/,
N(Rjz, SR, SOuR!, SOINR, NR'SO:R!, NR'CONR'z, NR'COOR', NR'COR', CN, COOR,
COMN(R"2, OOCR!, COR!, and NO», wherein each R’ is independently H, C4-Cg alkyl, Ca-Cs
heteroalkyl, Ci-Cs acyl, C2-Cs heteroseyl, Ce-Croaryl, Cs-Cio heteroaryl, Cr-Crp avylalkyl, or Co-Cr
heteroarylalkyl, each of which is optionally substituted with one or more groups selected from halo,
(- alkyvl, Ci-Cy heteroalkyl, Ci-Cs acyl, Ci-Cs hetercacyl, hydroxy, amine, and =0; wherein twe
R’ can be linked to form a 3-7 membered ring optionally containing up to three heteroatoms selected
from N, Oand §; _

[075] X3 is H, C1-Cio alkyl, Ci-Cio heteroatkyl, Ca-Cip alkenyl, or C3-Cio hetercalkenyl, each of
which is optionally substituted with ene or more halogens, ==Q, or an optionally substitated 3-7
membered carbocyclic or heterocyelic ring;

[076] (Ul and (U ave independently H, halogen, CFs, CN, ORy, NRsRg, SRy, SO:NRsRe, Ci-Cro
alkyl, Cy-Cig heteroalleyl, Ca-Cro alkenyl, or C-Cyo heteroatkenyl, each of which is optionally
substituted with one or more halogens, =0, or an optionally substituted 3-7 membered carboeyclie
or heterocyclic ring;

[077] wherein Bz and Rs groups on the same atom or on adjacent atorns can be linked to form a 3-8
membered ring, optionally containing one or more N, O or 8; and each Rz and Rz groups, and each

sing formed by linking R» and Rs groups together, is optionally substituted with one or more
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substituents selected from halo, =0, =N-CN, =N-OR’, =NR/!, OR/, N{R'}, SR', SO:R’, SQ:NR%,
NR'SO:R, NR'CONRY,, NR'COOR!, NR'CORY, CN, COOR!, CON(R)z, OOCR!, COR', and N,
wherein each R’ is independently H, Ci-Ce alkyl, C-Cs heteroalkyl, Ci-Cs acyl, C-Cy heteroacyl,
Ce-Croarvl, Cs-Cas heteroaryl, Cr-Crz arylalkyl, or Ce-Cip heteroarylalkyl, each of which is
optivnally substituted with one or more groups selected from halo, €;-Cs alkyl, Ci-Cy hetervalkyl,
Ci-Cy acyl, Ci-Cg hetervacyl, hydroxy, amino, and =0; wherein two R’ can be linked to form a 3-7
membered ring optionally containing up to three hetercatoms selected frava N, O and 8.

78] In one aspect, the present invention provides a compound of Formula VI(A}, VI(B) and

VIO Yo
acceptable salts, esters, prodrugs, hydrates and tautomers thereofl wherein:

[079] B isabond or G0,

[880] Byis X-1-A

[081] LisaC-Cio alkylene, Ci-Cio heteroalkylene, C2-Cip alkenylene or Co-Cip hetercalkenylene
linker, each of which may be optionally substituted with one or more substitnents selecied from the
group consisting of halogen, oxo (=0, or Ci~Cs alkyl;

[082] A is heterocycloalkyl, heteroaryl or NRaRs wherein Rsand Rs are independently H,
optionally substituted Ci-Cs alkyl, Ca-Cs heteroalkyl, Cr-Cy alkenyl, C2-Cx hetercalkenyl, Ca-Cs
alkyayl, C»-Cx heteroatkynyl, C1-Cy acyl, C2-Cg heteroacyl, Cs-Cro aryl, Cs-Ciz heteroaryl, Cr-Cis
arylalkyl, or Co-Cra heteroarylalkyl group, or Ra and Rs can be linked to form a 3-8 membered ring,
optionally containing one or more N, O or §; and cach Ry and Rs groups, and each ring formed by
linking R4 and Rs groups together, is optionally substituted with one or more substituents selected
from halo, =0, =N-CN, =N-0OR’, =NR’, OR', N(R), SR', SO;R’, SO.NR", NR'SG:R!, NR'CONR',
NR'COOR', NR'COR', CN, COOR', CON(R')z, QOCR', COR', and N0z, wherein each R is
independently H, Ci-Cs alkyl, C3-Cs heteroalkyl, Ci-Cs acyl, C2-Ce heteroacyl, Ce-Croaryl, Cs-Cuo
heteroaryl, Cr-Chz arylalkyl, or Ce-Cyz heteroarylalkyl, cach of which is optionally substituted with

one ot more groups selected from halo, Ci-Cq alkyl, Ci-Cy heteroalkyl, C1-Ce acyl, Ci-Cs hetercacyl,
16
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hydraxy, amino, and =0; wherein two R’ can be linked to form a 3-7 membered ring optionally
containing up to three heteroatoms selected from N, O and 5;

[083] X is CReRs, MR, O, or §; wherein Re is H, optionally substituted C1-Cyp alkyl, Co-Ce
heteroalkyl, Ca-Cy alkenyl, C»-Cy heteroalkenyl, Cz-Cy alkynyl, Cz-Cs heteroalkynyl, Ci-Cy acyl, Co-
Cs heteroacyl, Ce-Cio aryl, Cs-Caz hetercaryl, Cr-Ciz arylalkyl, or Ce-Ciz heteroarylalkyl group: or
Re can be Huked to Ra or Rs to form a 3-8 membered ring;

[884] (U and (U are independenily H, halogen, CFs, CN, OR», NRsRg, SRy, S02NReRe, Cy-Crp
alicyl, Ci-Cig heteroalkyl, Co-Cra alkenyl, or C2-Chre heteroalkenyl, each of which may be optionally
substitated with one or more halogens, ==Q, or an optionally substituted 3-7 membered carboeyclic
or heteroeyelie ring.

[085] In one aspect, the present invention provides a compound of Formula VI

e Zlgii /25\ >

G

R N .
“1

[
A=K,

b

V g : _
VI , and pharmaceutically acceptable salts, esters, prodrugs, hydrates and

tavtomers thereof, wherein:

[086] B is an optionally substituted 5-6 membered carbocychic or heterocyclic ring;

[087) ZsisNor CXa

[688] each Z; and Z4 is N, CH, or CRy, provided any three N are non-adjacent: and further
provided that one or more of 7, 7o, Z3, and Z4 15 CRy;

each Ry is independently an aptionally substituted Ci-Cy alkyl, Co-Cy heteroalkyl, C2-Cy alkenyl, Co-
Cs heteroalkenyl, Co-Cs alkyayl, Co-Cs heteroalkynyl, Ci-Cs acyl, C2-Cs beteroacyl, Cs-Cio aryl, Cs-
{1z heteroaryl, Cr-Cr arvlalkyl, or Ce-Cin heteroarylalkyl group, or gach Ry is independently H,
halo, CFi, OR», NRoRs, NRORz, NRNRaRs, SRy, 8ORz, SOuR, BONRzR3, NR28R;,
NRZCONRRs, NR2COORs, NR2CORs, ON, COORz, COOH, CONR:R;, OOCR,, CORy, or NOy;
[889] and wherein Rz and Rz groups on the same atom or on adjacent stoms can be linked to form a
3-8 membered ring, optionally containing one or more N, O or § atoms; and each Ro and Ra groups,
and each ring formed by luking Rz and Ra groups together, is optionally substituted with one or
more substituents selected from halo, =0, =N-CN, =N-OR/, =NR’, OR', N(R')z, SR, 50K,

SONR's, NR'SO:R', NR'CONR:, NR'CoOR!, NR'COR:, CN, COOR’, CON(R'), QOCR', COR’, and
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Nz, wherein each R’ is independently H, Ci-Cs alkyl, Ci-Ce heteroalkyl, C1~Cs acyl, Cals
heteroacyl, Cs-Cro aryl, CaCro heteroaryl, Co-Craarylalkyl, or Ce-Cia heteroarylalkyl, each of which
is optionally substituted with one or more groups selected from halo, C1-Cy atkyl, Ci-Ca beteroalkyl,
Ci-Cs acyl, C1.Ce heteroacyl, bydroxy, amine, and =0; wherein two R’ can be linked to form a 3-7
membered ring optionally containing up 1o three heteroatoms selected from N, O and §;

{8881 Two R1 groups on adjacent atoms may form a carboxylic ring, heterocyclic ring, aryl or
heteroaryl, each of which may be optionally substituted and/or fused with a cyclic ring;

[091] or each Ry is independently -W, -L-W, -X-L-A; wherein X is NRe, O, or 5; Wis an
optionally substituted 4-7 membered azacyclic ring, optionally containing an additional hetercatom
selected from N, O and B as 2 ring member; L is a Ci-Cyp alkylene, C-Cho beteroalkylene, Co-Cio
alkenylene or Cr-Cio heteroalkenylene linker, each of which may be optionally substituted with one
or more substituents selected from the group consisting of halogen, oxo (=0), or {1;-Cs alkyl; and A
is heterocycloalkyl, heteroaryl or NR4R;s where Reand Ry are independently H, optionally substituted
C1-Cy alkyl, Co-Cs heteroalkyl, Co-Ca alkenyl, C2-Cy heteroalkenyl, Cr-Cs alkynyl, Ce-C
heteroalkynyl, Ci-Cy acyl, C2-Cx heteroaeyl, Cs-Cio aryl, CUs-Cyz heternaryl, Cr-Ci arylalkyl, or Ce-
Ciz heteroarvialkyl group,

[692] R.and Rs can be linked to form a 3-§ membered ring, optionally containing one or more N,
O or S; and each R4 and Rs groups, and each ring formed by Huking R4 and Rs groups together, is
optionally substitated with one or more substituents selected from halo, =0, =N-CN, =N-OR’, =NR,
OR', N(R™, SR, SOR', SO:NRz, NR'SO:R', NR'CONR'y, NR'COOR!, NR'COR/, CN, COOR,
CON(R"), OOCR', COR', and Nz, wherein each R’ is independently H, Ci-Ce alkyl, Cs-Co
heteroalkyl, Ci-Cs acyl, C2-Cs heteroaeyl, Cs-Croaryl, Cs-Cip hetercaryl, Cr-Crp arylalkyl, or Co-Cia
heteroarvialkyl, each of which is optionally substituted with one or more groups selected from halo,
01-Cq alkyl, Ci-Cq heteroalkyl, C-Cs acyl, C1-Cs heteroasyl, hydroxy, amino, and =0; wherein two
R’ can be linked to form a 3-7 membered ring optionally containing up to three heteroatoms selected
from N, Oand §5;

(093] Reis H, optionally substituted C1-Cy alkyl, Co-Ca heteroalkyl, Co-Cs alkenyl, Cr-Cy
heteroalkenyl, Co-Cs alkynyl, Ca-Cs heteroalkynyl, Ci-Cs acyl, Co-Cs heteroacyl, Cs-Cha aryl, Cs-Caz

heterparyl, Cr-Ciz arylalkyl, or Cs-Ciz heteroarylalkyl group;
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[694] R can be linked to Ry or Rs to form a 3-8 membered ring; and Ra or Rs is optionally
substituted with one or more substituents selected from halop, =0, =N-CN, =N-OR’, =NR/, OK/,
N{RYz, SR, SR, SONR:, NR'SO:R', NR'CONR', NR'COOR!, NR'COR!, ON, COUR/,
CON(R', OOCR!, COR', and NO;,, wherein each R’ is independently H, C-Cs alleyl, Co-Ce
heteroalkyl, Ci-Cs acyl, C2-Cs heteroacyl, Ce-Croaryl, Cs-Cio heteroaryl, C3-Chz arylalkyl, or Ce-Caz
heteroarylalkyl, each of which is optionally substituied with one or more groups selected from halo,
(1-Cyq alkyl, Cr-Ca heteroalkyl, Ci-Cs acyl, Ci-Cs hetervacyl, hydroxy, amine, and =0 wherein two
R can be linked to form a 3-7 membered ring optionally containing up to three heteroatoms selected
fom N, Oand 5;

(093] X is an optionally substituted C1-Cy alkyl, Co-Ca heteroalkyl, Cr-Cy alkenyl, Co-Ca
heteroalkenyl, Cr-Cy alkynyl, Ca-Cs heteroatkynyt, C1-Cy acyl, Ca-Cs hetervacyl, Ce-Cro aryl, Cs-Ciz

heteroaryl, C7-Ciz arvlalkyl, or Cs-Ciz heteroarylalkyl group, optionally substituted with one or more

alkenyl, Ca-Cs heteroalkenyl, Co-Cg alkynyl, Cx-Ce heteroatkynyl, Ci-Cs acyl, Co-Ca hetercacyl, Cs-
Cho aryl, Cs-Ciz heteroaryl, Cr-Ciz arylalkyl, or Ce-Cu heteroarylalkyl group, or;

[096] X, isH, NRaRs, SORy, SOR2, SCNRoRs, NR2SO:Ra, NR2UONR Ry, NRzCOOR;,
NR2CORs, ON, COOR,, ester bioisastere, COOH, carboxy biotsostere, CONRoRs, amide
bioisostere, OOCR,, COR3, or NO3;

{0971 X:is H, halogen, CF3, CN, OR7, NRsRo, SRy, 80:NRsRs, Ci-Cip alkyl, C1-Cio heteroalkyl,
Cy-Cig alkenyl, or C-Cio heteroalkenyl, each of which may be optionally substituted with one or
more halogens, ==0, or an optionally substituted 3-7 membered carbocyclic or heterocyclic ring.
[698] each X5, Xsand Xs is N or CRu

{099] each Ry is independently an optionally substitited Cy-Cs alkyl, C2-Cs heteroalkyl, C2-Ce
alkenyl, Cz-Cs hetercalkenyl, Cr-Cy alkynyl, C2-Ca heteroalkynyl, C4-Cs acyl, Co-Cs hetercacyl, Ue-
Cig aryl, Cs-Cyz heteroaryl, Cr-Ciz arylatkyl, or Cs-Cio heteroarylalkyl group, or each Ry is
independently H, halo, CF3, ORz, NR:Rs, NR2OR;, NR2NRzR3, SRz, SOR,, 502Rz, SO:NR2Rs,
NR:SO:Ra, NRACONRaRs, NRyCOOR;, NR:COR;, CN, COOR,, COOH, CONR:Rs, GOCK;,
COR», or NO»;
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[0100] and wherein Rz and R groups on the same atom or on agjacent atoms can be finked to form a 3-
§ membered ring, optionally containing one or mare N, O or § atoms; and each Rz and Rs groups, and
sach ring formed by linking Rz and Ry groups together, is optionally substituted with one or more
substituents selected from halo, =0, =N-CN, =N-OR/, =NR', OR’, N{R}z, SR, SO:R/, 5OxNR",
NRISOR, NRICONR,, NR'COeR!, NR'COR', CN, COOR/, cON(R')z, OOCR', COR', and NOy,
wherein «ach R is independentyy H, C-Ce alkyl, Ca-Cs heterpatkyl, C1.Csacyl, Co-Us heteroacyl, Ce-
Croaryl, Cs-cioheteroaryl, Cr.Cip arylalkyl, or Ce-Ciz heteroarylalkyl, each of which s opticnally
substituted with one or more groups selected from hale, C1-Cy alkyl, Ci-Cy beteroalkyl, Cr.Coacyl, Ci-
(g hetervacyl, hydroxy, aming, and =0; wherein two R’ can be linked to form a 3-7 membered ring
optionatly containing up to three heteroatoms selected from N, O and §;

18161] Two Rio groups on adjacent atoms may form a carboxylic ring, heterocyclic ring, aryl or
heteroaryl, each of which may be optionally substituted and/or fused with a cyclic ring; or cach Rug

is independently -W, -L-W, -X-L-A; wherein X is NRs, 0, or §; W is an optionally substitated 4-7
membered azacyclic ring, optionally containing an additional heteroatom selected from N, O and §

as g ring member; L is a C1-Cho alkylene, Ci-Cio heteroalkylene, Co-Cho alkenylene or Cp-Cia
heteroalkenylene linker, sach of which may be optionally substituted with one or more substituents
selected from the group consisting of halogen, oxo (=0), or C1-Cs alkyl; and A is heterocycloalkyl,
heterearyl or NRaRs where Reand Rs are independently H, optionally substituted C;-Cy alkyl, Co-Ca
heteroalkyl, Co-Cs alkenyl, C2-Cy heteroalkenyl, Ca-Cy slkynyl, Co-Ce heteroalkynyl, Ci-Cy acyl, Co-
Cy heteroacyl, Ce-Cio arvl, Cs-Ciz heteroaryl, Cr-Cip arylalkyl, or Ce-Csz heteroarylalkyl group.

(#4102 In one aspect, the present invention provides a compound of Formula VIIL

Xy
P R e W
G |
8 \~ S S
=g 21 W \X
A

Vg AFX . : ; s
©, and pharmaceutically acceptahle salts, esters, prodrugs, hydrates and

tautomers thereof: wherein:
8103] Zais N or OXy,
[3184] each 7y and Z4is N, CH, or CRy;
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[0195] each R, is independently an optionally substituted Ci-Cs alkyl, C2-Cy heteroatkyl, C2-Cy
alkenyl, Ur-Cs heteroalkenyl, Co-Cg alkynyl, Cy-Cs hetercalkynyl, Ci-Cs acyl, Co-Cs heteroacyl, Ce-
Cig aryl, Cs-Ciz heteroaryl, Cr-Ciz arylalkyl, or Ce-Ciz hetercarylalkyl group, or each Ru is
independently H, hala, CFs, OR2, NRoRa, NR20R3, NRzNRoRs, SRz, SORz, SO2R2, SO2NRaRs,
NR2SORs, NR:CONR R, NRCOOR;s, NR:COR3, CN, COOR,, COOH, CONR2Rs, OOUR;,
CORg, or NOg; ,

[0106] and wherein R and R groups on the same atom or on adjacent atoms can be linked to form a
3-8 membered ring, optionally containing one or more N, O or $ atoms; and each R; and Ry groups,
and each ring formed by linking Ry and R groups together, is optionally substituted with one or more
substitnents selected from halo, =0, =N-CN, =N-OR’, =NR/, OR', N{R")z, S8R', SO:R’, SQ:NR’,
NR'SO:R!, NR'CONRY, NR'COOR!, NR'COR', TN, COOR!, CON(RY), OOCR', COR/, and NOs,
wherein cach R' is independently H, C1-Cs alkyl, Co-Cs heteroallyl, Cr-Cs aeyl. C2-Cs heteroacyl, Ce
(o aryl, Cs-Cig heteroaryl, C-Ciz arylalkyl, or Ce-Cia heteroarylalkyl, each of which is optionally
substituied with one or more groups selected from halo, Ci-Cq alkyl, Ci-Cy heteroalkyl, Ci-Cs acyl,
C1-Cs heteroacyl, hydroxy, sming, and =0; wherein two R’ can be linked to form a 3-7 membered
ring optionally containing up to fhree heteroatoms selected from N, O and §;

[0187] or each Ry is independently -W, -L-W, -X-L-A; wherein X is NRs, O, or 5; Wis an
optionally substituted 4-7 membered azacyclic ring, optionslly containing an additional heteroatom
selected from N, O and S as a ring member; L is a Ci-Cro allylens, Ci-Cig heteroalkylene, Ca-Cio
alkenylene or C2-Cig heteroalkenylene linker, each of which may be optionally substituted with one
or more substituents selected from the group consisting of halogen, oxo (=0), or C1-C6 alkyl; and A
is heterocycloalkyl, heteroaryl or NRsRs where Ry and Rs are independently H, optionally substituted
C-Cy adkovl, Co-Cs hetemaikyi, Co-Cy alkenyl, Co-Cs heteroatkenyl, Co-Cy alkynyl, Co-Cs
heteroalkynyl, Ci-Cs acyl, Co-Cs heteroacyl, Co-Cip aryl, Cs-Cia heteroaryl, Cr-Ciz arylalkyl, or Ce-
Ciz hetercarylalkyl group,

[0108] Ru and Rs can be Haked to form a 3-8 membered ring, optionally containing one or more N,
O or §: and each Ry and Rs groups, and each ring formed by linking R4 and Rs groups together, is
optionally substitated with one or more substituenis selected from halo, =0, =N-CN, =N-OR’, =NR,
OR, N(R")z, SR, SO:R’, SO:NRS, NR'SO:R!, NR'CONR'z, NR'COOR!, NR'COR', CN, COOR,
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CON(R)z, OOCR!, COR’, and NOs, wherein cach R is independently H, Ch-Ce alkyl, Co-Cs
heteroalkyl, C1-Cq acyl, Ci-Cs heteroacyl, Ce-Croaryl, Cs-Cip heteroaryl, Cr-Cia arylalicyl, or Co-Ciz
heteroarylalkyl, each of which is optionally substituted with one or more groups selected from balo,
C1-Cq atkyl, C-Co heteroalkyl, C1-Ce acyl, C1-Cs heteroacyl, hydroxy, smine, and =0; wherein two
R’ can be linked to form a 3-7 membered ring optionally containing up to three heteroatoms selected
from N, O and §;

[B109] Reis H, ﬁptiénaliy substituted Ce-Cs atkyl, Co-Cs heteroalkyl, C2-Cp alkenyl, Ca-Cy
heteroalkenyl, Ca-Cs alkynyl, Co-Cs heteroalkynyl, C1-Cx acyl, C2-Ca heteroacyl, Cs-Cro aryl, Cs-Un
heteroaryl, Cr-Cip arylalkyl, or Ce-Cip heteroarylalkyl group,

[8110] Rs can be linked to Rq or Rs to form g 3-8 membered ring; and Rq or Rs is optionsily
substituted with one or rmore substituents selected from hale, =0, =N-ON, =N-OR/, =NR', OR/,
N(R)2, S8R, SO2R!, SO:NRY, NR'SO:R!, NR'COKR';, NR'COOR!, NR'COR', CN, COOR|,
CON(R"Y:, OOCR!, COR’, and NO», wherein cach R is independently H, C-Cg alkyl, Cp-Cs
heteroalkyl, Ci-Ce acyl, Cr-Cs heteroacyl, Ce-Croaryl, Cs-Chy heteroaryl, Cr-Ci arylaikyl, or Ce-Cn
heteroarylalkyl, each of which is optionally substituted with one or more groups selected from halo,
1-Cy atkyl, C1-Cq heteroalkyl, Ci-Cs acyl, Ci-Cs hetercacyl, hydroxy, amino, and =0 wherein two
R’ can be linked to form a 3-7 niembered ring optienally containing up to three heteroatoms selected
from N, (hand §;

[0111] X, is an optionally substituted Ci-Cs alkyl, Ca-Ce histevoalkyl, Ca-Cs alkenyl, Co-Ca
heteroalkenyl, Ca-Cs alkynyl, C2-Ca heteroalkynyl, Ci-Cy acyl, C2-Ca heteroacyl, Ce-Cro aryl, Cs-Ciz
heteroaryl, U-Ciz arylalkyl, or Cs-Ciz hetercarylalky! group, optionaily substituted with one or more
halogens, ==, CFs, CN, ORy, NRaRs, SR7, SO:NRzRo, C1-Cy alkyd, (2-Cs heteroalkyl, Co-Cx
alkenyl, C2~Us heteroalkenyl, Co-Cy alkynyl, C-Cs heteroalicynyl, Ci-Ce aeyl, Cp-Ce heteroacyl, Ce-
Cig arvl, Cs-Ci heteroaryl, Cr-Ciz arvlalkyl, or Ce-Cyz heteroarylalkyl group, or;

{6112] X is H, NRzR3, SORz, 8O:Ry, SONR2Rs, NR:SO:Ra, NR2CONRaRs, NR:COOR;,
NR3CORs, ON, COOR:, ester bivisostere, COOH, carboxy bioisostere, CONRzR3, amide
bivisostere, OOCR,, COR3, or NQOy;
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[0113] Xs is H, halogen, CF3, CN, ORy, NRsRg, SRy, SO2NRaRs, C1-Cio alkyl, Ci-Cio heterpalkyl,
Ca-Cig alkenyl, or Co-Cis heteroalkenyl, each of which may be optionally substituted with one or
more halogens, =, or an optionally substituted 3-7 membered carboceyelic or beteroeyelic ring.
[#114] each X3, X4 and X5 is N or CRag

10115] cach Rip is independently an optionally substituted Ci1-Cy alkyl, C2-Cy heteroalkyl, C2-Cs
alkenyl, (>-Cs heteroalkenyl, Co-Cy alkynyl, C3-Cs heterpallkiynyl, Ci-Cy aeyl, C2-Cy heteroacyl, Ce-
(1o aryl, Ca-Ciz heteroaryl, Cr-Cio arylalkyl, or Co-Ciz heteroarylalkyl group, or each Ry 1s
independently H, halo, CF3, ORa, NRaRs, NR2ORs, NR:NRaRs, SRz, SORz, 8O2Rz, SUENR2Rs,
NRSORs, NRCONR:R:, NR2UOOR:, NRCOR;, CN, COOR,, COOH, CONRzR3, OOCRy,
CORg, or MOy

[6116] and wherein Ry and Rs groups on the same ators or on adjacent atoms can be linked to form a
3-% membered ring, optionaily containing one or more N, O or 8 atoms; and each R and Rz groups,
and each ring formed by linking Ry and Rs groups together, is optionally substituted with one or more
substituents selected from halo, =0, =N-CN, =N-OR’, =NR/, OR', N{R'}, SR/, SO:R, SO2NR",
NR'SO:R, NRICONRY, NR'COOR', NR'COR', CN, COOR', CON(R"), OOCR!, COR', and N,
wherein each R' is independently H, C-Cs alkyl, C2-Cs heteroalkyl, Ci-Cs acyl, C2-Cs heteroacyl, Cp-
Ciparyl, Cs-Cio heteroaryl, Cr-Ciz arvlalkyl, or Ce-Ciz heteroarylalkyl, each of which is opticnally
substituied with one or more groups selected from hale, C1-Cy alkyl, C1-Cq heteroalkyl, Ci-Cs acyl,
(-’ heteroacyl, hydroxy, amino, and =0; wherein two R’ can be linked to form a 3-7 membered
ring optionally containing up to three heteroatoms selected from N, O and 5;

{08117} Two Ris groups on adjacent atoms may form a carboxylic ring, heterocyclic ring, aryl or
heteroaryl, each of which may be optionally substituted and/or fused with a ¢yclic ring: or each Rig
is independently -W, -L-W, -X-L-A; wherein X is NRe, O, or S; W is an optionally substituted 4-7
membered azacyclic ring, optionally containing an additional hetercatom selected from N, O and 8
as a ring member; L is a Ci-Cia alkylene, C1-Cip heteroatkylene, Co-Cig alkenylene or Co-Cio
heteroalkenvlene linker, each of which may be optionally substituted with one or more substituents
selected from the group consisting of halogen, oxe (=0), or C1-C6 allcyl; and A is heterocycloalkyl,

heteroaryl or NR4Rs where Rsand R are independently H, optionally substitated C-Cy alloyl, Co-Ca
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heteroalkyl, Co-Cs alkenyl, Cx-Cq heteroalkenyl, C-Cy alkynyl, Co-Cy heteroalioynyl, C1-Cy acyl, Co-

Cs heteroacyl, Ce-Cis aryl, Cs-Cia hetersaryl, Cr-Crr arylalkyl, or Cs-Ciz heteroarylalkyl group,

10118] In one aspect, the present invention provides a compound of Formula XIV{A}, XIV(B), XIV (T}
and XIV (D):
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pharmaceutically acceptable salts, esters, prodrugs, hydrates and tautomers thereof; wherein:

{3119] By is g bond or C=0 and B; is X-L-A;

[012€] L is a C-Cug alkylene, C1-Cio heteroalkylens, Co-Cip alkenylene or Cp-Chp heteroalkenylene
finker, each of which may be optionally substituted with one or more substituents selected from the
group consisting of halogen, oxe (=0}, or C;-Cs alkyl;

[(121] A is heterocycloalkyl, heteroaryl or NRsRs wherein R and Rs are independently H,
optionally substituted C1-Cs alkyl, Co-Cy heteroalkyl, Ca-Cy alkenyl, C3-Cy heteroalkenyl, Co-Cy
alkynyl, Ca-Cy heteroalkynyl, Ci-Ca acyl, Co-Cg heteroacyl, Cs-Cip aryl, Cs-Cz heteroaryl, Cr-Ciz
arylalkyl, or Cg-Ciz heteroarylalkyl group, or Ry and Rs can be linked to form a 3-8 membered ring,
optionally containing one or more N, O or 8; and each Rs and Rs groups, and each ring formed by
linking R4 and Rs groups together, is optionally substituted with one or more substituenis selected
from halo, =0, =N-CN, =N-0OR’, =NR’, OR', N{R")z, SR, SO:R’, SO;NR%, NR'SO:R!, NR'CONR';,
NR'COOR', NR'COR/, CN, COOR', CON(R")z, OOCR’, COR’, and Ny, wherein each R' 18
independently H, Ci-Cs alkyl, C2-Cs heteroalkyl, Ci-Cy acyl, Co-Us hetercacyl, Ce-Croaryl, Cs-Cro
heteroaryl, C7-Cip arvlalkyl, or Ce-Ciz heteroarylalkyl, each of which is optionally substituted with
one of more groups selected from halo, Ci-Cyalkyl, Ci-Cy heteroalkyl, Ci-Us acyl, C1-Ce heteroacyl,
hydroxy, amino, and =0; wherein two R’ can be linked to formt a 3-7 membered ring optionally
contaiming up to three heteroatorns selected from N, O and §;

[0122] X is CRsRy, NRs, O, or 8; wherein Rs is H, optionally substituted Ci-Cs alkyl, Ca-Cs
heteroalkyl, C2-Cs alkenyl, Ca-Cs heteroalkenyl, Ca-Cs alkynyl, C2-Cs heteroalkynyl, Ci-Cs acyl, Cp-

4
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g heteroacyl, Ce-Cio aryl, Cs-Cuz heteroaryl, Cr-Crz arylalkyl, or Co-Ciz heteroarylalkyl group; or
Re can be linked to By or Rs o form a 3-8 membered ring;

[6123] X, is H, halogen, CFs, CN, OR7, NRgRe, SRy, 8O2NR:Ry, Ci-Cio alkyl, Cr-Cio heteroalkyl,
Ca-Cro alkenyl, or Cz-Cio heteroalkenyl, each of which may be optionally substituted with oue or
mere halogens, == (3, or an optionally substitnted 3-7 membered carbocyclic ot heteroeyclic ring.
[6124] (L) and (U are independently H, halogen, CFs, CN, ORy, NRsRe, SRy, SO:NRsRs, Ui-Cio
alkyl, Ci-Cis heteroalleyl, Ca-Cro alkenyl, ar C2-Cig heteroalkenyl, each of which may be optipnally
substituted with one or more halogens, =0, or an optionally substituted 3-7 membered carboeyclic
or heterocyclic ring;

{125] cach X3, Xy and Xs is N or CRu

[8126] each Ryq is independently an optionally substituted Ci-Cy alkyl, C3-Cy heteroalkyl, Co-Cs
alkenyl, C2-Cy heteroatkenyl, Co-Cs alkynyl, Ca-Ce heteroalkynyl, Ci-Cs acyl, Co-Cs heteroacyl, Cs-
C aryl, Cs-Ciz heteroaryl, C-Cra arylalkyl, or Ce-Ciz heteroarylalkyl group, or each Ry is
independentty H, halo, CFs, ORz, NR2Rs, NR2ORs, NRoNR:R3, SRz, SORz, 8C:Rs, S0:NRaR:,
NR2S0:R3, NRA:CONRRa, NR2UCOOR:, NR,CORs, ON, COOR,, COOH, CONRaR3, OUCRz,
{CORy, or NO»;

[0127] and wherein Rz and Rs groups on the same atom or on adjacent atoms can be linked to form a
3-8 membered ring, optionally containing one or more N, O or § atoms; and each Rz and Ra groups,
and cach ring formed by linking Ro and Rs groups together, is optionally substituted with one or more
substituents selected from halo, =0, =N-CN, =N-0OR/, =NR’, OR', N(R')z, SR’, SO:R!, SO:NR',
NRSO:R, NRCONRR, NR'COOR!, NR'COR/, CN, COOR!, CON(R ')z, OOCR!, COR', and NOz,
wherein each R is independently H, Ci-Cg alkyl, Co-Cs heteroalkyl, Ci-Ce acyl, Co-Ce heteroacyl, Ce
Cyoaryl, Cs-Cip heteroaryl, Cr-Ciz arylalkyl, or Cs-Cia heteroarylatkyl, each of which is optionally
substituted with one or more groups selected from halo, C1-Cy alkyl, C1-Cy heteroalkyl, Ci-Ce acyl,
Ci-Cs heteroacyl, hydroxy, amino, and =0; wherein two R’ can be loked to form a 3-7 membered
ring optionally containing up to three heteroatoms selected from N, O and §;

[0128] Two Ryo groups on adjacent atoms may form a carboxylic ring, heterocyclic ring, aryt or

heteroaryl, each of which may be optionally substituted and/or fused with a cyelic rings
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[6129] or each Rug is independently -W, -L-W, -X-L-A; wherein X is NRq, O, or §; Wisan
optionally substituted 4-7 membered azacyclic ring, optionally containing an additional heteroatom
selected from N, O and S as g ting member; L is a Ci-Cyp alkylene, Ci-Cig heteroatkylens, Co-Cip
alkenylene or Cr-Cio heteroalkenylene Hnker, each of which may be optionally substituted with one
or more substituents selected from the group consisting of halogen, oxo (=0}, or C1-C6 alkyl; and A
is heterooycloalkyl, heteroaryl or NR4Rs where Raand Rs are independently H, optiosally substituted
Ci-Cs alkyl, C-Ca heteroalkyl, Co-Cs alkenyl, C2-Cx heteroalkenyl, Ua-Cg alkynyl, Cr-Cy
heteroalkynyl, Ci-Cs acyl, C2-Cs heteroacyl, Ce-Cio aryl, Cs-Ciz heteroaryl, Cr-Cia arylalkyl, or Ce-
(12 heteroarvialkyl group,

{3130} Any combination of the groups described above for the various variables is contemplated
herein. Throughout the specification, groups and substituents thereof are chosen by one skilled in
the field to provide stable moieties and compounds.

[0131] Tn one aspect, described herein are pharmaceutical compositions comprising a compound
described herein, or a pharmaceutically acoeptable salt, or solvate thereof, and at least one
pharmaceutically acceptable excipient. In some embodiments, the pharmaceutical composition is
formulated for administration to a manmal by intravencus administration, subcutaneous
administration, oral administration, inhalation, nasal administration, dermal administration, or
ophthalmic administration. In some embodiments, the pharmaceutical coraposition is in the form of
a tablet, a pill, a capsule, a liquid, a suspension, a gel, s dispersion, a solution, an emulsion, an
ointment, or a lotion.

[#132] In one aspect, described herein is a method of treating or preventing any one of the diseases
or conditions described herein comprising administering a therapeutically effective amount of a
compound described herein, or a pharmaceutically aceeptable salt, or solvate thereof, to a mammal
in need thereof,

[6123] In another aspect, described herein is a method for treating or preventing cancer, or fibrosis,
or combinations thereof in a mammal comprising administering a therapeutically effective amount of
a compound described herein, or a pharmaceutically acceptable salt, or splvate thereof, to the

mammal in need thereof.
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[0134] In one aspect, described herein is a method for treating or preventing cancer in a mammal
comprising administering a therapeutically effective amount of a compound described herein, ot a
pharmaceutically acceptable salt, or solvate thereof, to the mammal in need thereof. In some
smbodiments, the cancer is amenable to tregtment with an inhibitor of POL1 transcription. In some
embodiments, the method further comprises administering a sceond therapeutic agent to the mammal
in addition to the compound described herein, or a pharmacentically acceptable sali, or solvate
thereof,

[0135] In one aspect, described herein is a method for treating or preventing an inflammatory
disease in a mammal comprising administering a therapeutically effective amount of a compound
described herein, or a pharmaceutically acceptable salt, or solvate thereof, to the mammal in need
thereof. In some embodiments, the inflammatory discase is amenable to treatrent with an inhibitor
of POL1 transeription. In sonie embodiments, the method further comprises administering a second
therapeutic agent to the mammal in addition to the compound described herein, or a
pharmaceutically acceptable salt, or selvate thereol.

[0136] In one aspect, described herein is a method for treating or preventing » proliferative disorder
in a maramal comprising administering a therapeutically effective amount of a compound described
herein, or a pharmaceutically acceptable salt, or solvate thereof, to the mammal in need thercof. In
some embodiments, the proliferative disorder is amenable to treatment with an inhibitor of POL1
transcription. In some embodiments, the method further comprises administering a second
therapeutic agent to the mammal in addition to the compound described herein, or a
pharmaceutically acceplable salt, or solvate thereof.

[8137] In one aspect, described herein is a method for treating or preventing a disease or disorder in
a mammal comprising administering a therapeutically effective amount of a compound described
herein, wherein the compound inhibits ribosome bibgenesis by inhibiting POLI transcription. In
some embodiments, the method further comprises administering a second therapeutic agent to the
mammna] in addition to the compound described herein, or a pharmaceutically acceptable salt, or
solvate thereof.

[0138] In any of the aforementioned aspects are further embodiments in which the effective arnount

of the compound described herein, or a pharmaceutically acceptable salt thereof, is: {a) systemically
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administered to the mammal; andfor (b) administered orally fo the mammal; and/or (o) intravenously
administered to the manumal; and/or (d) adminisiered by inhalation; and/er (¢} { administered by
nasal administration; or and/or (f) administered by injection to the mammal; and/or (g) administered
topically to the mammal; and/or (h) administered by ophthalmic administration; and/or (1)
administered rectaily to the mammal; andfor (§) administered non-systemically or locally to the
manumal,

{0139] In any of the aforementioned aspects are further enabodiments comprising single
administrations of the effective amount of the compound, including further embodiments in which
the compound is administered once a day to the maromal or the compound is administered fo the
mammal multiple tirses over the span of one day. In seime embodiruents, the compound is
administered on a continuous dosing schedule. In some embodinents, the compound is
administered on a continuous daily dosing schedale.

[#140] In any of the aforementioned aspects Involving the treatment of POL] transcription related
diseases or conditions are further embodiments comprising administering at least one additional
agent in addition to the administration of a compound described hetein, or a pharmaceutically
acceptable salt thereof, In various embodiments, each agent is administered in any order, including
simultaneously.

131417 In any of the embodiments disclosed herein, the manymal is a human,

[6142] In some embodiments, compounds provided herein are administered to a human,

{0143} In some embodimenis, compounds provided herein are orally administered,

[8144] Articles of manufacture, which include packaging material, a compound described herein, or
a pharmaceutically acceptable salt thereof, within the packaging matedial, and a label that indicates
that the compound or composition, or pharmacentically acceptable salt, tautomers, pharmaceutically
acceptable N-oxide, pharmaceutically active metabolite, pharmaceutically acceptable prodrug, or
pharmaceutically acceptable solvate thereof, is used for inhibiting ribosome biogenesis by inhibiting
POL1 transcription, or for the treatment, prevention or amelioration of one or more symptoms of a
disease or condition that would benefit from inhibition of POLI transcription, are provided.

[0145] In one aspect, compounds described herein are in the form of pharmaceutically acceptable

salts. As well, active roctabolites of these compounds having the same type of activity are included
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in the scope of the present disclosure. In addition, the compounds described herein can exist in
unsolvated as well as solvated forms with pharmaceutically acceptable solvents such as water,
ethanol, and the like, The solvated forms of the compounds presented herein are also considered to
be disclosed herein.

[0146] “Pharmaceutically acceptable,” as used herein, refers a material, such as a carrier or dilueunt,
which does not abrogate the biological activity or properiies of the compound, and is relatively
nontexic, i.e., the material is administered to an individual without causing undesirable bislogical
effects or interacting in a deleterious manner with any of the components of the composition in
which it is containgd.

[0147] The term “pharmaceutically acceptable salt” refers to a form of a therapeutically active agent
that consists of a catipnic form of the therapeutically active agent in combination with a suitable
anion, or in alternative embodiments, an anionic form of the therapemtically active agent in
combination with a suitable cation. Handbook of Pharmaceutics! Salts: Properties, Selection and
Lise. International Union of Pure and Applisd Chemistry, Wiley-VCH 2002, S.M. Berge, L.D.
Bighley, D.C. Monkhouse, I. Pharm. Sci. 1977, 66, 1-19. P. H. Stahl and C. G. Wermuth, editors,
Hondhook of Pharmaceutical Salts: Properties, Selection and Use, Weinheim/Zirich:Wiley-
VCHVHCA, 2002, Pharmaceutical salts typically are more soluble and more rapidiy soluble in
stomach and intestinal juices than non-lonic species and so are useful in solid dosage forms.
Furthermore, because their solubility often is 8 function of pH, selective dissolution in one or
another part of the digestive tract is possible and this capability can be manipulated as one aspect of
delayed and sustained relesse behaviors. Also, because the salt-forming molecule can be in
equilibriumn with a neutral form, passage through bielogical membranes can be adj usted.

[0148] In some embodiments, pharmaceutically acceptable salts are obtained by reacting a
compound deseribed herein with an acid. In some embodiments, the compound described berein
(i.e. free base form) is basic and is reacted with an organic acid or an inorgasic acid. Inorganic acids
include, but are not Bmited to, hydrochioric acid, hydrobromic acid, sulfuric acid, phosphoric acid,
nitric acid, and metaphosphoric acid. Organic acids include, but are not limited to, 1-hydroxy-2-
naphthoie acid; 2,2-dichloroacetic acid; Z-hydroxyethanesulfonic acid; 2-oxoglutaric acid; 4-

acetamidobenzoic acid; 4-aminosalicylic acid; acetic acid; adipic acid; ascorbic acid (1), aspartic
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acid (L3, benzenesulfonic acid; benzoic acid; camphoric acid (+); camphor-10-sulfonic acid (+);
capric acid (decanoie acid); caproic acid (hexanoic acid); caprylie acid (octancic acid); carbonic
acid: cinnamic acid; citric acid; cyclamic acid; dodecylsulfuric acid; ethane-1,2-disnlfonie acid;
ethanesulfonic acid; formie acid; fumaric acid; galactaric acid; gentisic acid; glucoheptonic acid (D);
gluconic acid (D); glucuronie acid (D); glutamic acid: glutaric acid; glycerophosphoric acid; glycolic
acid; hippuric acid; isobutyric acid; lactic acid {DL); lactobionic acid; lauric acid; maleic acid; malic
acid (- L); malonic acid; mandelic acid (DL); methanesulfonic acid; naphthalene-1,5~disulfonic acid;
naphthalene-2-sulfonic acid; nicotinic acid; oleic acid: oxalic acid; palmitic acid; pamoic acid;
phasphoric acid; proprionie acid; pyroglutamic acid (- L); salicylic acid; sebacic acid; stearic achd;
succinic acid; sulfuric acid; tartaric acid (+ L); thiceyanic acid; toluenesulfonic geid (p); and
undecylenic acid.

[0149] In some embodiments, a compound described herein is prepared as a chioride salt, sulfate
salt, bromide salt, mesylate sali, maleate salt, citrate salt or phosphate salt. In some embodiments, a
compeund described herein is prepared as a hydrochloride salt,

[6158] In some embodiments, pharmaceutically acceptable salts are obtained by reacting a
compound described herein with a base. In some embodiments, the compound described herein is
acidic and is reacted with a base. In such situations, an acidic proton of the compound described
herein is replaced by a metal lon, e.g, lithium, sodiur, potassiom, magnesinm, calcium, or an
aluminum ion, In some cases, compounds described herein coordinale with an organic base, such as,
but not limited to, sthanolamine, dicthanolamine, tricthanolamine, tromethaming, meglumine, N~
methylglucamine, dicyelohexylamine, tris(hydroxymethyDmethylamine, In other cases, compounds
described herein form salts with amino acids such as, but not limited to, arginine, lysive, and the
like, Acceptable inorganic bases used to form salts with compounds that include an acidic proton,
include, but are not Himited to, aluminum hydroxide, calcium hydroxide, potassium hiydroxide,
sodium carbonate, potassium carbonate, sodinm hydroxide, lithium hydroxide, and the like. In some
- embodiments, the compounds provided herein are prepared as a sodium salt, caleium salt, potassium
salt, magnesium salt, meglumine sali, N-methylglucaming salt or ammonium salt. In some

embodiments, the compounds provided herein are prepared as a sodium salt.
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[0151} It should be understood that a reference to a pharmaceutically acceptable salt includes the
solvent addition forms. In some embodiments, solvales contain either stoichiometric or non-
stoichiometric amounts of a solvent, and are formed during the process of erystaliization with
pharmaceutically acceptable solvents such as water, ethanol, and the like. Hydrates are formed
when the solvent is water, or aleoholates are formed when the solvent is alcohol. Solvates of
compounds described herein are conveniently prepared or formed during the processes described
herein, In addition, the compounds provided herein optionally exist in unselvated as well as
solvated forms,

[8152] The methods and formulations described herein include the use of N-oxides (if appropriate),
crystalling forms {also kuown as polymorphs), or pharmaceutically acceptable salts of compounds
described herein, as well as active metabolites of these compounds having the same type of activity.
{8153} In some erabodiments, sites on the organic radicals (e.g alkyl groups, aromatic rings) of
compounds described herein are susceptible {o various metabolic reactions, Incorporation of
approprizte substituents on the organic radicals will reduce, minimize or eliminate this metabolie
pathway. In specific embodiments, the appropriate substituent to decrease or eliminate the
susceplibility of the aromatic ring to metabolic reactions is, by way of example only, a halogen,
deunterium, an alkyl group, a haloallyl group, or a deuteroalkyl group.

[0154] In another embodiment, the compounds described herein are labeled isctopically (e.g with a
radioisotope) or by another other means, including, but not limited to, the use of chromophores or
fluorescent moicties, bicluminescent labels, or chemiluminescent labels,

[6155] Compounds described herein inchade isotopicaily-labeled compounds, which are identical to
those recited in the various formulae and structures presented herein, but for the fact that one or
more atoms are replaced by an atom having an atomic mass or mass number different from the
atomic mass or mass number usually found in natore. Examples of isotopes that can be incorporated
into the present compounds include isotopes of hydrogen, carbon, nifrogen, oxygen, fluorine and
chlorine, such as, for example, 2H, 2H, ¢, ¥¢, PN, B0, 170,38, 1°F, ¥CL In one aspect,
isotopically-labeled compounds described herein, for example those into which radicactive isolopes
such as *H and C are incorporated, are useful in drug and/or substrate tissue distribution assays. In

one aspect, substitution with isotopes such as dewterium affords certain therapeutic advantages
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resulting from greater metabolic stability, such as, for example, increased in vivo half-life or reduced
dosage requirements,

[01586] In some embodiments, the compounds described herein possess one or more stereocenters and
cach stercocenter exisis independently in either the R or § configuration. The compounds presented
herein include all diastercomeric, enantiomeric, airopisomers, and epimeric forms as well as the
appropriate mixtures thereof, The compounds and methods provided herein include all cis, trans,
syn, anti, entgegen (B), and zasammen (£} isomers as well as the appropriate woixtures thereof,
(31571 Individual sterecisomers are obtained, if desired, by methods such as, stereoselective
synthesis and/or the separation of stercoisomers by chiral chromatographic columns. In certain
embodiments, compounds described hersin are prepared as their individual steveoisomers by reacting
a racemic mixture of the compound with an optically active resolving agent to form a pair of
diastereoisomeric corapounds/salts, separating the diastereomers and recovering the optically pure
enantiomers. In some embodiments, resolution of enantiomers is carried out using covalent
diastercomeric derivatives of the compounds described herein. In snother embodiment,
diastereomers are separated by separation/resolution techniques based upon differences in solubility.
In other embodiments, separation of steroisomers is performed by chromatography or by the forming
diasterenmeric salts and separation by recrystallization, or chromatography, or any combination
thereof. Jean Jacques, Andre Collet, Samuei H, Wilen, “Enantiomers, Racemates and Resolutions™,
John Wiley And Sons, Inc., (981, In some embodiments, stereoisomers are obtained by
stercoselective synthesis.

[8158] In some embaodiments, compounds described herein are prepared as prodrags. A “prodmy”™
refers to an agent that is converted into the parent drug in vive. Prodrugs are often useful because, in
some situations, they are sasier to administer than the pareni drug. They are, for instance,
bioavailable by oral administeation whereas the parent is not. Further or alternatively, the prodrug
alse has improved solubility in pharmaceutical compositions over the parent drug, In some
embodiments, i’he'dcgign of 3 prodrug increases the effective water solubility, An example, without
limitation, of a prodeug is a compound described herein, which is administered as an ester (the
“prodrug”) but then is metabolically hydrolyzed to provide the active entity. A further example of a

prodeug is a short peptide {polyaminoacid) bonded to an acid group where the peptide is metabolized
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to reveal the active moiety. In certain embodiments, upon in vivo administration, a prodrag is
chemically converted to the biologically, pharmaceutically or therapeutically active form of the
compound. In certain embodiments, a prodrug is enzymatically metabolized by one or more steps or
processes to the biologically, pharmaceutically or therapeutically active form of the compound.
[0159] Prodrugs of the compounds described herein include, but are not limited to, esters, ethers,
carbonates, thiccarbonates, N-acyl derivatives, N-acyloxyalkyl derivatives, quateroary derivatives of
tertiary amines, N-Mannich bases, Schiff bases, amine acid conjugates, phosphate esters, and
sulfonate esters. For example, see Design of Prodrugs, Bundgaard, A. Ed., Elseview, 1985 and
Method in Enzymology, Widder, K. ef al., Ed.; Academic, 1985, vol. 42, p. 309-396; Bund gagrd, H.
“Design and Application of Prodrugs™ in A Textbook of Drug Design and Development, Krosgaard-
Larsen and 1. Bundgaard, Bd., 1991, Chapter 3, p. 113-1%1; and Bundgaard, H., Advanced Drug
Delivery Review, 1992, 8, 1-38, each of which is incorporated herein by reference.

[0160] In some embodiments, a hydroxyl group iu the compounds disclosed herein is used to form a
prodrug, wherein the hydroxyl group is incorporated into an acyloxyalkyl ester,
allcoxyearbonyloxyatkyl ester, alkyl ester, aryl ester, phosphate ester, sugar esier, ether, and the like.
In some embodiments, a hydroxy! group in the compounds disclosed herein is a prodrug wherein the
hydroxyl is then metabolized in vivo to provide a carboxylic acid group. In some smbodiments, a
carboxyl group is used to provide an ester or amide (7.e. the prodrug), which is then metabolized in
vivo o provide a carboxylic acid group. In some smbodiments, compounds described herein are
prepared as alkyl esier prodrugs,

[0161] Prodrug forms of the herein described compounds, wherein the prodrug is metabolized in
vive to produce a compound described herein as set forth herein are included within the scope of the
claims. Tn some cases, some of the herein-described compounds are a prodrug for another derivative
or active compound.

[0162] In additional or further embodiments, the compounds described herein are metabolized upon
administration to an organism in need to produce a metabolite that is then used to produce a desired
etfect, including a desired therapeutic effect.

[0163] A “metabolite” of a compound disclosed herein is a derivative of that conpound that is

formed when the compound is metabolized. The term “active metabolite”™ refers to a biologically

fod
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active derivative of a compound that is formed when the compound is metabelized. The term
“metabolized,” as used herein, refers to the sum of the processes (including, but not limited to,
hydrolysis reactions and reactions catalyzed by enzymes) by which a particalar substance is changed
by an organism. Thus, enzymes may produce specific structural alterations to a compound. For
example, cytochrome P450 catalyzes a variety of oxidative and reductive reactions while uridine
diphosphate glucuronyltransferases catalyze the transfer of an activated glucuronic-acid molecule to
gromatic alcohels, aliphatic alcohols, carboxylic acids, amines and free sulphydryl groups.
Metabolites of the compounds disclosed herein are optionally identified either by administration of
compounds to a host and analysis of tissue samples {rom the host, or by incubation of compounds

with hepatic cells in vitro and analysis of the resulting compounds.

Svnthesic of Compounds

[0164] Compounds described herein are synthesized using standard synthetic techniques or using
methods know in the art in combination with method described herein.

[0165] General synthetic method for preparing intermediates and compounds described herein is
shown in Exemplary Scheme 1.

Exemplary Scheme 1
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[6166] Compounds of formula C are formed by reacting compounds of formula A with compound of
formula B under known condensation conditions (See, e.g., Eur. J. Org Chem,, 2004, 346-551, J.
Org. Chenr., 2006, 71, 5440-5447, Synthesis, 2003, 555-559, Eur. J. Org. Chem. 2006, 3767-3770,
Org. Leti, 2013, 15, 1854-1857,J. Org. Chem., 2007, 72, 9854-9856, Synleit, 2011, 1723-1726,

Org. Lent., 2013, 15, 45364-4567, Eur. J. Org. Chem., 2006, 3767-3770).

[0167] In certain instances the reaction of compounds A and compounds B lead in one step to

compounds C. In other instances two steps are needed to form compounds C from compounds A
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and B. First step is the formation of the condensation produets followed by sucleophilic reaction
under appropriate conditions.

[0168] Another general syrthetic method for preparing starting materials described herein is shown
in Exemplary Scheme 2.

Esxemplary Scheme 2
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19169} Reductive amination reaction between Compounds of Formoula D and Compounds of
Formula E followed by nacleophilic substitution of the chloro group leads to Compounds of Formula
F. On the other hand, formation of amide from Compounds of Formula D and Compouns of
Forpnula B, followed by nucleophilic substitution of the chioro group leads to compounds of
Formula G. The reaction of Compounds of Formnula G using chlorinating reagents such as POCl
under appropriate conditions give Compounds of Formula H, Compounds of Formula H form vig
nucleophilic substitutions Compounds of Formala I or via carben-carbon bond formation using

known methods such as Suauki coupling reaction Compounds of Formula 1.
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[0178] General synthetic method for preparing starting materials described herein is shown in

Exerplary Schere 3.

Exemplary Scheme 3
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[0171] Exemplary starting materials oseful in Exemplary Scheme 3 includs:
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[0172] As used herein, “BEWG” refers to an electron withdrawing group. As understood in the art,
an electron withdrawing group is an atom or group that draws electron density from neighboring
atoms towards itself, usually by resonance or inductive effects.

[#173] In some embodiments, the preparation of the compounds deseribed herein is made with the

sequence of steps shown in Exemplary Scheme 4.



WO 2016/141042 PCT/US2016/020418

Exemplary Scheme 4
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[8174] Compound 3 is prepared from the reaction of Reagents 1 and Reagent 2 using knoevenagel
condensation. Compound 4 is prepared by reacting Compound 3 with reagent A-L-XH. The
formation Compounds of Formula § from Compownds of Formmula 4 is known in the art.
Compounds of Formula 6 are prepared by the coupling reaction of acid 5 and amines.

[0173] In some embodiments, the preparation of the compounds is made with the sequence of steps
showu in Exemplary Scheme 5.

Exemplary Scheme §

I NHLOHHECH, DIEA, BOH, reflux
i1} CDI, DBU, dioxsne, Heat

[0176] In some embodiments, the preparation of the compounds is made with the sequence of sieps

shown in Exemplary Scheine 6,

tsd
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Exemplary Scheme 6
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(9177} In sowe embodiments, the preparation of the compounds is made with the sequence of steps
shown in Exemplary Scheme 7.

Exemplary Scheme 7
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[0178] In some embodiments, the preparation of the compounds is made with the sequence of steps

shown in Exemplary Scheme &.
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Exemplary Scheme 8
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[0179] Non-limiting specific examples of A-L-XH in the compounds deseribed herein are illnstrated

in Figure 1.

Figure 1
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[0188] Non-limiting specific examples of RaRaNH in the compounds deseribed herein are ilfustrated

in Figure 2.

Figure 2
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{0181] Figure 3 provides non-limiting representative examples of substituted
chloropyridinecarboxaldehyde.
Figure 3
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[8182] Compounds described herein are also prepared according to Exemplary Scheme 9.

Exemplary Scheme 8

[3184] Compound 44 is prepared aceording to UK. Patent No. 7,816,524, which is hereby

incorporated by reference. The chlorination of Compounds of Fermula 44 using chlovinating agent
such as POCH leads to Compounds of Formula 45, Compounds of Fornmla 45 nndergoe nacleophile
substitution with HX-L-A (as defined above) to vield Compounds of Formula 46, Compounds of
Formula 47 reacts with ¥, A-Dimethyformarnide dimethy acetal to give Compounds of Formula 48.
Compounds of Formula 48 react with substituted hydrazive or substituted amidine to yield

Conpounds of Formula 49 and Compounds of Formula 30, respectively.
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{(1185] Figure 4 provides non-limiling representative examples of RoRiNH.
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[0186] Componands described herein are also prepared aceording to Exensplary Scheme 10.

Exemplary Scheme 18
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[0187] Compourds of Formula 3 are prepared from the reaction of Reagents 1 and Reagent 2 in
appropriate solvent and appropriate temperature in the presence of an amine. The acid of Formula 4

can be prepared from hydrolysis of Compounds of Formula 3 (X = COOEL) and subsequent amide
42



PCT/US2016/020418

WO 2016/141042

ompounds of Formula 3,

N
7

coupling leads to L

[0188] Non-lirniting specific examples that can be prepared by the method set forth in Exemplary

Scheme 10 include:

MeD
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[3189] Compounds described herein are also prepared sccording to Exemplary Scheme 11,

Exemplary Scheme 11
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[0190} The reductive ammination of aldehyde or ketone reagents by 3-amino-2,6-dichioropyridine,
foltowed by formation of a 6-membred ring by nucleophilic attack on 2-chlore give Compounds of
Formula 51. Nucleophilic attack by A-L-XH (gs defined above) leads to Compounds of Formula 52.
The amide formation from the reaction of 3-amino-2,6-dichloropyridine with acid or acid chloride
derivative, and subsequent cyclization as described for Compounds of Formula 51 give Compounds
of Formula 53.

[0191] Nucleophilic attack by A-L-XH (as defined above) leads to Compounds of Formula 54. The
chiorination of Compounds of Formula 54 using chlorinating agent such as POCHs leads to
Compounds of Formula 55. Compounds of Formula 55 undergo nucleophile substitution with
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amines (R1RaNH as defined in figure 5 to vield Compounds of Formula 56 or C-C bond formation

reaction such g5 Suzuki coupling to vield Compounds of Formula 57,

#1192} Compounds described herein are also prepared according to Scheme 12.
preg

Hxemplary Scheme 12

16193] Compounds of Formula 59 are prepaved ss desceribed above. Nucleophilic attack by A-L-XH
{as defined in ghove) leads to Compounds of Formula 60.

[0194] Compounds described herein are also prepared according to Scheme 13.

Exemplary Scheme 13
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[0195] Compounds of Formula 63 are prepared as desceribed above,
[0196] Figure 5 provides non-limiting representative examples of RoRNH used in the methods

deseribed herein,

Figure 5
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[6197] Compounds described herein are also prepared according to Scheme 14,
Exemplary Scheme 14
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[0198] Compounds of Formula C are formed by reacting Compounds of Formula A with Compound
of Formula B in the presence of base such as sodium hydride,

[0199] In certain instances, the reaction of Compounds of Formula A and Compounds of Formula B
lead in one step to Compounds of Formula D. In other instances, two steps are needed o form
Compounds of Formula D). First step is the formation of the amide products of Formula C followed

by nucleophilic reaction under appropriate conditions.
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[6208] Componnds of Formula B are formed by reacting Compounds of Formula D with known
chlorinating agents. In certain instances, the treatment of Compounds of Formula B with nueleophiles
formed Compounds of Formula F. In other instances, the Suzuki type reaction of Compoands of

Formula E with substitited boronic acid derivatives formed Compounds of Formula G.

[0201] Another general synthetic method for preparing starting materials described berein is shown
in Exemplary Scheme 15,

Exemplary Scheme 15
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[0202] Exemplary starting materials useful in Exemplary Scheme 15 include:
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[8203] Another general synthetic method for preparing Compounds of Formula (A} deseribed

herein is shown in Exemplary Scheme 16,
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Exemplary Scheme 16

[8284] Compound Al reacts with compound A2 to form amide A3. Compound A3 undergoes a ring
closure under basic conditions to form A4, Nucleophilic attack on Ad with A-L-XH as defined
above lgads to compound AS,

[6203] Another general synthetic method for preparing Compounds of Formula IIIAY 1) described

herein is shown in Exemplary Scheme 17,

Exemplary Scheme 17

[8266] Compound A4 reacts with R-Br under basic condition to form A6, Nucleophilic attack on A6

with A-L-XH as defined shove leads to compound A7.

10207 Exemplary R-Bruseful in Exemplary Scheme 17 include:
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[0208] Other specific non-limiting examples prepared by the methods d
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Certain Terminology

[0209] Unless otherwise stated, the following terms used in this application have the definitions

given below. The use of the term “including” as weli as other forms, such as “include”, “ineludes,”™
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and “incladed,” is not Hmiting. The section headings used herein are for organizational purposes
only and are not to be construed as limiting the subject matier described.

[21¢] As vsed heretn, Ci-Cyx includes C-Ca, Ci-Cs .« - . Ci-Ci. By way of example only, a group
designated as “Ci~-Ca™ indicates that there are one to four carbon atoms in the molety, fe. groups
containing 1 carbon atom, 2 carbon atoms, 3 carbon atoms or 4 carbon aterns. Thus, by way of
example only, “Ci-Cq alkyl” indicates that there are one to four carbon atoms in the alkyl group, Le.,
the atkyl group is selected from among methyl, ethyl, propyl, iso-propyl, #-butyl, ise-butyl, sec-
butyl, and -butyl.

{6211} An “alky?” group refers to an aliphatic hydrocarbon group. The alkyl group is branched or
straight chain. In some embodiments, the “allkyl” group has { to 10 carbon atoras, i.e, a Ci-Cioalkyl.
Whenever it appears herein, a numerical range such as “1 to 107 refers to each integer in the given
range; ¢.2., “1 to 10 carbon atores™ means that the alkyl group consist éf I ¢carbon atom, 2 carbon
atoms, 3 carbon atoms, efc., up to and including 10 carbon atoms, although the present definition
also covers the cecurrence of the term “alkyl” where no numerical range is desigoated. In some
embodiments, an alkyl is a C-Csalkyl. In one aspect the alkyl is methyl, ethyl, propyl, iso-propyl,
n-butyl, iso-butyl, sec-butyd, or t-butyl. Typical alky! groups include, but are in no way limited to,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tertiary butyl, pentyl, neopentyl, or hexyl.
[0212] An “alkylene” group refers refers to a divalent alkyl radical. Any of the above mentioned
monovalent alkyl groups may be an alkylene by abstraction of a second hydrogen atom from the
alkyl. In some embodiments, an alkelene is a C;-Cgalkylene. In other embodiments, an alkylene is g
Ci-Caalkylene. Typical allcylene groups inelude, but are not limited to, ~Cﬁz~,_ -CH{CH;3}-, ~-C{CHs}e-,
~CHCHy-, ~-CHCH{(CHa)-, ~CHC(CHs Yo, ~-CHaCH2CHax, ~CHoCHCHCHa-, and the like.

0213} “Azacyclic” or “a:zacyeﬁc ring” refers o a saturated, partially unsatorated, or aromatic 3-7
membered monocyclic ring or an 8-12 membered fused bicyclic ring system containing at least one
nitrogen atom. Such azacyclic rings may optionally contain from 1-2 additional heteroatoms
selected from N, O, and 8 as ring members, and may optionally be substituted to the extent such
substitutions make chemical sense,

[6214] *Deuteroalkyl” refers to an alkyl group where 1 or more hydrogen atoms of an alkyl are

replaced with deuterium.
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[6218] The term “alkenyl” refers to a type of alkyl group in which at least one carbon-carbon double
bond is present. In one embodiment, an alkeny! group has the formuds —C{Rp=CR,, wherein R refers
to the remaining portions of the alkenyl group, which may be the same or different. In some
embodiments, R is H or an alkyl, Non-limiting examples of an alkeny! group include ~-CH=CHa, -
C{CH:=CH,, ~-CH=CHCHs, ~-C(CHz p=CHCHa, and ~CH;CH=CHa.

[6216] The term “alkynyl” refers to a type of alkyl group jn which at least one carbon-carbon triple
bond is present. In ong embodiment, an alkenyt group has the formula -C=C-R, wherein R refers to
the remaining portions of the alkynyl group. In some embodiments, R is H or an alkyl, Non-
limiting examples of an alkynyl group include -C=CH, -C=CCH; -C=CCHCH;, ~-CH2C=CH,

[6217] An “alkoxy” group refers to a (alkyl)O-~ group, where alkyl iz as defined herein.

[0218] The term “alkylamine” refers to the ~MN{alkyhHy group, where x is O and y is 2, or where »
islandyis |, orwhere xis2Zand yis O

[218] The term *aromatic™ refers to a planar ring having a delocalized n-electron system containing
4dn+2 7 electrons, where n is an integer. The term “aromatic” includes both carbocyclic aryl (Faryl”,
e.g., phenyl) and heterocyelic aryl (or “heteroaryl™ or “heteroaromatic™} groups (e.g., pyridine}. The
term includes monoeyelic or fused-ring polyeyelic (7e., rings which share adjacent pairs of carbon
alomIs} groups.

[0220] The term “carboeyclic” or “carbocycle” refers to a ring or ring system where the atoms
forming the backbone of the ring are all carbon atoms, The term thus distinguishes carbooyclic from
“heterncyclic” rings or “heterocyeles™ in which the ring backbone containg at least one atom which
is different from carbon. In some embodiments, at least one of the two rings of a bieyclic carboeycle
is aromatic. In some embodimenis, both rings of a bicyelic cérbacyale are aromatic,

[6221] As used herein, the term “ary!” refers to an aromatic ring wherein each of the atoms forming
the ring is a carbon atom. In one aspect, aryl is pheny! or a naphthyl. In some embodiments, an aryl
is a phenyl. In some embodiments, an aryl is 8 Cs-Cuaryl, Depending on the struchure, an aryl
group 1s a monoradical or g diradical (Ve an arylene group).

(3222} The term “cycloalky!” refers to a monoeyclie or polyeyelic aliphatic, non-aromatic radical,
wherein each of the atoms forming the ring (i e. skeletal atoms) is a carbon atom. In some

embodiments, cycloalkyls are spiroeyelic or bridged compounds. In some embodiments, cycloalkyls
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are optionally fused with an aromatic ring, and the point of attachment js at a carbon that is not an
aromatic ring carbon atom. Cycloalkyl groups include groups having from 3 to 10 ring atoms. In
some embodiments, eveloalkyl groups are selected from among cyclopropyl, eyclobuty,
cyelopentyl, cyclapertenyl, eyclohexyl, cyclohexenyl, eycloheptyl, eyclooetyl, spire[2.2]pentyl,
norbornyl and bicycle]1.1.1]pentyl. In some embodiments, a cycloalkyl is a Cs-Cagycloalkyl,

[6223] The term “hale™ or, alternatively, “halogen™ or “halide” means fluoro, chloro, brome or iodo.
In some embodiments, halo is fluoro, chloro, or bromo.

[0224] The term “fluoroalky!” refers to an alkyl in which one or more hydrogen atoms are replaced
by a fluorine atom. In one aspect, a fluoratkyl is a Cy-Cg fluorpalkyl.

[0225] The term “heteroalkyl” refers to an alkyl group in which one or more skeletal atoms of the
alkyl are selected from an atom other than carbon, e.g., oxygen, nitrogen {e.g, ~NH-, -N(alkyl)-,
sulfur, or combinations thereof. A hetercalkyl is attached to the rest of the molecule af a carbon
atorn of the heteroalkyl. In one aspect, a heteroalkyl is a Ci-Csheteroalkyl,

[4226] The term “heterocyele™ or “beterocyclic” refers to hetercaromatic rings (also known as
heteroaryls) and hetevocycloalkyl rings (also known as heteroalicyclic groups) containing one o four
heteroatoms in the ring(s), where each heteroatom in the ring{s) is selected from O, 8 and N, wherein
each heterocyelic group has from 3 to 10 atems in its ving system, and with the provisc that any ning
dees not contain two adjacent O or 8 atoms. Non-aromatic heterocyclic groups (also known as
heterocycloalkyls) include rings having 3 to 10 atoms in its ring system and avomaltic heterocyclic
groups include rings having 5 to 10 atoms in its ring system. The heterocyclie groups include benzo-
fused ring systems. Fxamples of non-aromatic heterocyclic groups are pymrelidinyl,
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl, oxazolidinonyl, tetrahydropyranyl,
dihydropyranyl, tetrahydrothiopyranyl, piperidingl, morpholinyl, thiomoerpholinyl, thioxanyl,
piperazinyl, aziridinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl,
axazepinyl, diazepinyl, thiazepinyl, 1,2.3,6-tetrahydropyridinyl, pyrrolin-2-yl, pyrrolin-3-y1,
indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiclanyl,
dihydropyranyl, dikydrothienyl, dihydrofuranyl, pyrazelidinyl, imidazolinyl, imidazolidingl, 3-
azabicyelol3.1.0lhexanyl, 3-azabicyclo[4,1.0Theptanyl, 3H-indolyl, indolin-2-onyl, isoindolin-1-

onyl, isoindoline-1,3-dionyl, 3 4-dihydroisoquinelin-1{2H}-onyl, 3.4-dibydroquinolin-2(1H}-onyl,
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isoindoline-1,3-dithionyl, benzo[djoxazel-2(3H}-onyl, 1H-benzo{dlimidazol-2(3H }-onyl,
benzoldjthiazol-2{3H}-onyl, and quinclizinyl. Examples of aromatic heterocyclic groups are
pyridinyl, imidarolyl, pyrimidinyl, pyrazolyl, triazolyl, pyraziny, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoguinolinyd, indolyl,
benzimidazalyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl,
isoindolyl, pteridinyl, purinyl, oxadiazolyl, thisdiazolyl, furazanyl, benzofurazanyl,
henzothiophenyl, benzothiazalyl, benzoxazolyl, quinazolinyl, quinoxaling!, naphthyridinyl, and
furopyridinyl. The foregoing groups are either C-attached (or C-linked) or N-attached where such is
possible, For instance, a group derived from pyrrole includes both pyrrol-1-yl (N-attached} or
pyrrol-3-yi (C-attached). Furthey, a group derived from imidazole includes tmidazol-1-yi or
imidazol-3-yl {(both N-attached) or imidazol-2-y1, imidazel-4-y1 or imidazol-3-y1 {all C-attached),
The heteracyclic groups include benzo-fused ring systems. Nen-gromatic heterocycles are
optionally substitated with one or twe oxo (=0} moicties, such as pyrrolidin-2-one. In some
ernbodiments, at least one of the two rings of a bicyclic heterooyele 15 aromatic. In some
embodiments, both rings of a bicyclic heterocyele are aromatic,

[6227] The terms “heteroaryl” o, alternatively, “heteroaromatic” refers o an aryl group that
includes one or more ring heteroaioms selecied from nitrogen, oxygen and sulfur. Hlusteative
examples of heteroaryl groups include monocyelic heteroaryls and bicyclic heteroaryls. Monocyclic
heteroaryls include pyridinyd, imidazelyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazioyl, tetrazolyl,
turyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, pyridazinyl, triazinyl,
oxadiazolyl, thiadiazolyl, and furazanyl, Bicyclic hetercaryls include indolizine, indole, benzofuran,
henzothiophene, indazole, benzimidazole, purine, guinolizine, quincline, isoquinoling, cinnoline,
plithalazine, quinazoline, quinoxaling, 1,8-naphthyridine, and pteridine. In some embodiments, a
heteroary] contains 0-4 N atoms in the riog. In some embodiments, a hetercaryl containg 1-4 N
atoms in the ring. In some embodiments, a heteroaryl contains 0-4 N atoms, 0-1 O atoms, and 0-1 8
atoms in the ring. In some embodiments, a hetercaryl contains 1-4 N atoms, 0-1 O atoms, and 0-1 8
atoms ju the ring, In some embodiments, heteroaryl is a Ci-Coheteroaryl. In some embodiments,

menocyelic heteroaryl is a Ci-Csheteroaryl. In some smbodiments, monocyclic heteroaryl is a 3~
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membered or 6-membered heteroaryl. In some embodirents, bicyclic heteroaryl is a Cs-
Csheteroaryl.

[0228] A “heteracyeloally?” or “heteroalicyelic” group refers fo a cycloalkyl group that includes at
least one heteroatom selected from pitvogen, oxygen and sulfur. In some embodiments, a
heterocveloalkyd is fused with an aryl or heteroaryl. In some embodiments, the heterocycloalkyl is
oxazolidinonyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, tetralydropyranyl,
tetrahydrothiopyranyl, piperidinyl, morpholinyl, thiomorpholingl, piperazinyl, piperidio-2-onyl,
pyrrolidine-2,5-dithionyl, pyrrolidine-2,5-dionyl, pyrrolidinonyl, imidazelidinyl, imidezolidin-2~
onyl, or thigzolidin-2-onyl. The term heteroalicyclic also includes all ring forms of the
carbohvdrates, including but not limited to the moenosaccharides, the disaccharides and the
oligosaccharides. In one aspect, a heterocycloalkyl is a Cz-Cioheterocycloalkyl. ln another aspect, a
heterooyeloalkyl is a Ca-Croheteroeycloalkyl. In some embodiments, a heterocycloalkyl contains -2
N atoms in the ring. In seme embodiments, a heterocyeloalkyl containg 0-2 N atoms, 0-2 O atoms
and U-1 8 atoms in the ring.

[6229] The term “bond” or “single bond” refers to a chemical bond between two atoms, ot two
moietiss when the atoms jpined by the bond are considered to be part of larger substructure, o one
aspect, when a group described hereinis a ?junci,g the referenced group is absent thereby allowing a
hond to be formed beiween the remaining identified groups.

[6230] The term “molety” refers to a specific segment or functional group of a molecule. Chemical
moieties are often recognized cherical entities embedded in or appended to a molecule.

[6231] The term “optionally substituted” or “substituted” means that the referenced group is
optionally substituted with one or more additional group(s) individually and independently selected
from halogen, -CN, -NHa, -NH{alkyl), -N{alkyDs, -OH, ~-COzH, -COzalkyl, ~-C(=0)NHo, -
C{=0)NH{alkyD), -C=0iN{alkyliz, ~S{=0)NHz, -S(=0NH{alkyl), -8{0pN(alkyl), alkyl,
eycloatkyl, fluoroalkyl, heteroalkyl, alkoxy, flucroalkoxy, heterocyeloalkyl, aryl, heteroaryl,
aryloxy, alkyhthio, aryviihio, alkyisulfoxide, arylsulfoxide, alkylsulfone, and arylsultone. In some
other embodiments, optional substituents are independently selected from halogen, -CN, -NHz, -
NH(CH3), -N{CHz), ~0OH, -COH, ~COx{Cy-Caalkyl), -C{=0NHy, -CEONH{C-Caalkyl), -
CEONCCaalkyDz, ~SEORNHE, -S(=0RNH(C-Calkyl), -S(=0pN(C-Caalkyll, Ci-Caalkyl,
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Cs-Ceeyeloalkyl, Ci-Cufluorcalkyl, Ci-Caheteroalkyl, C)-Cealkoxy, Ci-Catluoroalkoxy, -8C;-
Caalkyl, -S=OC-Caalkyl, and ~-8(=01C-Caalkyl, In some embodiments, optional substituents are
independently selected from halogen, -CN, -NHz, -OH, -NH(CHa}, -N{CHz), -CHa, -CH2CHz, ~CF3,
~QCHs, and -OCFs, In some embodiments, substituted groups are substituted with one or two of the
preceding groups. In some embodiments, an optional substituent on an aliphatic carbon atom
{acyclic or cyclic) includes oxo (=0).

[0232] “Carboxylate bivisostere” or “carboxy bioisostere” as used herein refers to a moiety that is
expected to be negatively charged to a substantial degree at physiological pH. In certain

embodimenis, the carboxylate bisisostere is a moicty selected from the group consisting of:
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and salts of the forgoing, wherein each R” iy independently H or an optionally substituted member
selected from the group consisting of Crawalkyl, Coope alkenyl, Cop heteroalkyl, Cs.q carbocyelic ring;
or R™ is a Ciaoealkyl, Caioalkenyl, or Chag heteroalkyl substituted with an optionally substituted Cag

carbocyelic ring or Cs.g heterocyclic ring.
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[6233] Amide bioisostere and ester bioisostere as used herein refer to 2 moieties represented by the

following examples:
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wherein sach R ts independently H or an optionally substituted member selected from the group
consisting of Caoalkyl, Caso alkenyl, Crao hetercalkyl, Caa carbocyelic ring; or R” is a Cragalkyl,
Caap alkenyl, or Corpheteroalioy substituted with an optionally substituted Cs.x carboeycelic ring or
Cug heterocyelic ring.

[¢234] The compounds presented herein may possess one or more stereccenters and each center may
exist in the B or § configuration. The compounds presented herein include gl diastereomeric,
enantiomeric, and epimeric forms as well as the appropriate mixtures thereof. Stereoisomers may be
obiained, if desired, by methods known in the art such as, for example, the separation of individual
stereoisomers by chiral chromatographic columus or by stereoselective synthesis.

[B235] A “quaternary aming” is a positively charged polyatomic lon of the structure NR", where R
is an alkyl or aryl group. The four (4) R groups that make up the quaternary amine may be the same
or different and may be connected to one another. Quaternary amines can be prepared by the
alkylation of tertiary amines, in a process cailed quaternization, as well as by other methods known
in the art.

[6236] The term “acceptable™ with respect to a formulation, composition or ingredient, as used
herein, means having no persistent detriments! effect on the general health of the subject being
treated.

[0237] The term “modulate” as used herein, means to interact with a tacget either direetly or

indirectly so as to alter the activity of the target, including, by way of example only, to enhance the
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gctivity of the target, to inhibit the activity of the target, to limit the activity of the target, or to
extend the activity of the target.

[0238] The term “modulator” as used herein, refers o a molecule that interacts with a target either
directly or indirectly. The interactions include, but are not limited to, the interactions of an agonist,
partial aponist, an inverse agonist, antagonist, degrader, or combinations thereof. In sorae
ermbodiments, a modulater is an antagonist. In some embodiments, & wmodulator is g degrader.

[6239] The terms “adminisier,” “administering”, “administration,” and the like, as used herein, refer
to the methods that may be used to enable delivery of compounds or compositions to the desired site
of biolegical action. These metheds include, but are not limited to oral routes, iniraduodenal routes,
parenteral injection (including intravenous, subeutaneous, intraperitoneal, intramuscular,
intravascular or infusion), topical and rectal administration. Those of skill in the art are familiar with
administration technigaes that can be employed with the compounds and methods described herein.
In some ermbodiments, the compennds and compositions described herein are administered orally.
{6240] The terms “co-administration” or the like, as used herein, are meant 1o encompass
administration of the selected therapeutic agents to a single patient, and are intended to incl ade
tregtroent regimens in which the agents are administered by the same or different route of
administration or at the same or different time.

[0241] The terms “effective amount” or “therapeutically effective amount,” as used hereln, referto a
sufficient armournt of an agent or a compound being administered, which will relieve to some extent
one or more of the symptoms of the disease or condition being treated. The result includes reduction
andfor alleviation of the signs, symptoms, or causes of a disease, or any other desived alteration of a
biological system. For example, an “effective amonnt” for therapeutic uses is the amount of the
composition comprising a compound as disclosed herein required to provide a clinically significant
decrease in disease symptoras. An appropriate “effective” amount in any individual case 1s
optionally determined using technigues, such as a dose escalation study.

[0242] The terms “erthance” or “enhancing,” as used herein, means to increase or profong either in
potency or duration a desived effect. Thus, in regard to enhancing the effect of therapeutic agents,

the term “enhancing” refers to the ability to increase or prolong, either in poteney or duration, the
B B &
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effect of other therapeutic agenis on a system. An “enhancing-effective amount,” as used herein,
refers to an amount adequate to enhance the effect of another therapeutic agent in & desired systen.
10243] The term “pharmaceutical combination™ as used herein, rosans a product that results from the
mixing or combining of more than one active ingredient and includes both fixed and non-fixed
combinations of the active ingredients. The term “fixed combination™ means that the active
ingredients, ¢.z. a compound described herein, or a pharmaceutically scceptable salt thereof, and g
co-agent, are both administered to a patient simultanecusty in the form of a single entity or dosage.
The term “non-fixed combination” means that the active ingredients, e.g. a compound described
herein, or a pharmaceutically acceptable salt thereof, and a co-agent, are administered to a patient as
separate entities either simultaneously, concurrently or sequentially with ne specific infervening time
limits, wherein such administration provides effective levels of the two compounds in the body of
the patient. The latter also applies to cocktail therapy, e.g. the administration of three or more active
ingredients,

[6244] The terms “kit” and “article of manufacture” are used as synonyms.

[0245] The term “subject” or “patient” encompasses mamraals, Examples of masumals include, but
are not limited to, any member of the Mammalian class: humans, non-tuman priroates such as
chimpanzess, and other apes and monkey species; fai‘m avimals sach as catile, horses, sheep, goats,
swine; domestic animals such as rabbits, dogs, and cats; laboratory animals including rodents, such
gs rats, mice and guinea pigs, and the like. Tn one aspect, the mammal is a human.

[6246] The terms “treat,” “ireating” or “treatment,” as used herein, include alleviating, abating or
amelorating at least one sympiom of g disease or condition, preventing additional symptoms,
inhibiting the disease or condition, ¢.g., arresting the development of the disease or condition,
relieving the disease or condition, causing regression of the disease or condition, relieving a
condition caused by the dissase or condition, or stopping the symptoms of the disease or condition

gither prophylactically and/or therapeutically.

Pharmavsutical Compesitions

[0247] In some embodiments, the compounds deseribed herein are formulated into pharmaceutical

compositions. Pharmaceutical compositions are formulated in a conventional manner using one or
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maore pharmacentically accepiable inactive ingredients that facilitate provessing of the active
corapounds into preparations that are used pharmaceutically. It is anderstood in the art that proper
formulation is dependent npon the route of administration chosen. A summary of pharmaceutical
compositions described herein is found, for example, in Remington: The Science and Practice of
Pharmacy, Nineteenth Bd (Faston, Pa.: Mack Publishing Company, 1995); Hoover, John E.,
Remington’s Pharmaceutical Sciences, Mack Publishing Co., Haston, Pennsylvania 1975; Liberman,
H.A. and Lachman, L., Eds., Pharmaceutical Dosage Forns, Marcel Decker, New York, N.Y., 1980;
and Pharmaceutical Dosage Forms and Drag Delivery Systems, Seventh Ed. (Lippincott Willlams &
Wilkins199%9), herein incorporated by reference for such disclosure.

[6248] In some embodiments, the compounds described herein are administered either alone or in
combination with pharmaceutically acceptable carriers, excipients or diluents, in a pharmaceutical
composition. Administration of the compounds and compositions described herein can be effected
by any method that enables delivery of the compounds to the site of action. These methods include,
though are not limited to delivery via entersl rowtes (including oral, gastric or duodenal feeding tube,
vectal suppository and rectal enema), parenteral routes (injection or infusion, including intraarterial,
intracardiac, intradermal, intraducdenal, intramedullary, intramuscular, intracsseous, inlraperitoneal,
intrathecal, intravascular, ntravenous, intravitreal, epidural and subcutaneous), inhalational,
transdermal, transmucosal, sublingual, buccal and topical (including epicutanecus, dermal, enema,
cye drops, ear drops, intranasal, vaginal) administration, although the most suitable route may
depend upon for example the condition and disorder of the recipient. By way of example only,
compounds deseribed herein can be administered locally to the ares in need of treatment, by for
example, local infusion during surgery, topical application such as creams or ointments, injection,
catheter, or implant. The administration can also be by direct injection at the site of a diseased tissue
OF Orgat

[0249] In some embodiments, pharmaceutical compositions suitable for oral administration are
presented as discrete units such as capsules, cachets or tablets each containing a predetermined
amount of the active ingredient; as a powder or granules; as g selution or a suspension in an aquecus
liguid or & non-aqueons liquid; or as an ofl-in-water Hguid emulsion or a water-in-cil liquid

emulsion, In some ernbodirsents, the active ingredient is presented as a bolus, electuary or paste.
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[8250] Pharmaceutical compositions which van be used orally include tablets, push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as giycerol or
sorbitol. Tablets may be made by compression or molding, optionally with one or more accessory
ingredients. Compressed tablets may be prepared by compressing in a suitable machine the active
ingredient in a free-flowing form such as a powder or granules, optionally mixed with binders, inert
diluents, or lubricating, surface active or dispersing sgents. Molded tablets may be made by molding
in a suitable machine a mixture of the powdered compound moistened with an inert liquid diluent.
In some embodiments, the tablets are coated or scored and are formmulated so as to provide slow or
controlled release of the active ingredient therein, All formulations for oral administration should be
in dosages suitable for such administration. The push-fit capsules can contain the active ingredients
in admixtare with filler such as lactose, binders such as starches, and/or lubricants such as tale or
magnesiom stearate and, optionally, stabilizers. In soft capsules, the active compounds may be
dissolved or suspended in suitable liquids, such as faity oils, liguid paraffin, or liguid polyethylene
glycols. In some embodiments, stabilizers are added. Dragee cores ave provided with suitable
ooatings. For this purpose, concentrated sugar solutions may be used, which may optionally contain
gun arabie, tale, polyvinyl pyrrolidons, carbopol gel, polyethylene glycol, and/or titanium dioxide,
lacquer solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments raay be
added 1o the tablets or Dragee coatings for identification or to charscterize different combinations of
active compound doses,

19251} In some embodiments, pharmaceutical compositions are formulated for parenteral
administration by injection, e.g., by bolus injection or continuous infusion. Fornnulations for
{njection may be presented in unit dosage form, e.g., in ampoules or in multi-dose containers, with
an added preservative. The compositions may take such forms as suspensions, solutions or
emulsions in oily or aqueous vehicles, and may contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. The compositions may be presenied in unit-dose or multi-dose
containers, for example sealed ampoules and vials, and may be stored in powder form or in a freeze-
dried (lvophilized) condition requiring only the addition of the sterile liguid carrier, for example,

saline or sterile pyrogen-free water, immediately prior to use. Extemporaneous injection solutions
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and suspensions may be prepared from sterile powders, granules and tablets of the kind previously
described.

[0252] Pharmaceutical compositions for parenteral administration include aqueons and non-aqueous
{oily) sterile injection solutions of the active compounds which may contain antioxidants, buffers,
bacteriostats and solutes which render the formulation isotonic with the blood of the intended
recipient; and agqueous and non-aquecus sterile suspensions which may include suspending agents
and thickening agenis, Suitable lipophilic solvents or vehicles include faity oils such as sesame oil,
or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection
snspensions may contain substances which increase the viscosity of the suspension, such as sodivm
carboxymethyl cellnlose, sorbitol, or dextran. Optionally, the suspension roay also coutain suitable
stabilizers or agents which increase the solubility of the compounds to allow for the preparation of
highly concentrated solutions,

10253] Pharmaceutical compositions may also be formalated as a depot preparation. Such long
acting formulations may be administered by tmplantation (for example subcutangously or
intramuscularly) or by intramuseular injection. Thus, for example, the compounds may be
formulated with suitable polymeric or hydrophobic materials (for example, as an emuldsion in an
accepiable oil) or ion exchange resing, or as sparingly seluble dertvatives, for example, as a
sparingly soluble salt.

[6254] For buccal or sublingual administration, the compositions may take the form of tablets,
lozenges, pastilles, or gels formulated in conventionsl manner. Such compositions may comprise the
active ingredient in a flavored basis such as sucrose and acacia or tragacanth,

{(1255] Pharmaceutical compositions may also be formulated in rectal compositions such as
suppositories or retention enemas, e.g., containing conventional suppository bases such as cocoa
butter, polvethylene glycol, or other glyeerides,

[0256] Pharmaceutical compositions may be adpunistered 'iépicai},y, that is by non-systemic
administration. This includes the application of a compound of the present invention externally to
the epidermis or the buccal cavity and the instillation of such a compound into the ear, eye and nose,
such that the compound does not significantly enter the blood stream. In contrast, systemic

administration refers to oral, infravenous, infraperifoneal and intramyuscular administration.
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19257] Pharmaceutical compositions suitable for topical administration include liquid or semi-liquid
preparations suitable for pensiration throngh the skin to the site of inflammation such as gels,
liniments, lotions, creams, ointments or pastes, and drops suitable for administration fo the eye, ear
or nose. The active ingredient may comprise, for topical administration, from 0.001% to 10% w/iw,
for instance from 1% to 2% by weight of the formulation.

[6258] Pharmacentical compositions for administration by inhalation are conveniently delivered
from an insufflator, nebulizer pressurized packs or other convenient means of delivering an aerosol
spray. Pressurized packs may comprise a suitable propeliant such as dichlorediflusromethane,
richlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case
of a pressurized asrosol, the dosage unil may be determined by providing a valve to deliver a
metered aroount. Alternatively, for administration by inhalation or insufflation, phermaceutical
preparations may take the form of a dry powder composition, for example a powder mix of the
compound and a suitable powder base such as lactose or starch. The powder compaosition may be
presented in unit dosage form, in for example, capsules, cartridges, gelatin or blister packs from
which the powder may be administered with the aid of an inhalator or insufflator.

[8259] It should be understood that in addition to the ingredients particularly mentioned above, the
compounds and compositions described herein may include other agents conventional in the art
having regard to the type of formulation in question, for example those suitable for oral

administration may include flavoring agents.

Methods of Dosing and Treatment Regimens

[0260] In one embodiment, the compounds deseribed herein, or a pharmacentically acceptable salt
thereof, are used in the preparation of medicaments for the treatment of dissases or conditions in a
mammal that would benefit from inhibiting POL1 transcription. Methods for ireating any of the
diseases or conditions described herein in a mammal in need of such treatment, involves
administration of pharmaceutical compositions that include at least one compound described herein
or a pharmaceutically acceptable salt, active metabolite, prodrug, or pharmaceuticaily aceeptable
solvate thereof, in therapeutically effective amounts to said mammal.

102617 In some embodiments, the invention provides methods of treating conditions associated with

polymerase | transctiption, comprising: administering to a patient in need thereof an effective
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amount of a compound of the invention. In another embodiment, the invention provides a method of
inhibiting polymerase I ranscription: comprising, contacting the euzyme with & compound of the
invention, In a further embodiment, the invention provides a method of inhibiting polymerase 1
transcription: comprising, administering a first compound to g subject that is converted in vivo to a
compound of the invention.

{6262] “Conditions associated with polymerase I ranseription” include disorders and diseases in
which the inhibition of polymerase I transcription provides a therapeutio benefit, such as cancer,
allergy/asthma, diseases and conditions of the inunune system, inflammation, disease and conditions
of the central nervous system (UNS), cardiovascular disease, viral fnfections, dm‘ma‘tolégi@al disease,
and diseases and conditions related to uncontrolled angiogenesis, and the like. Where general terms
are used herein to describe conditions associated with polymerase 1 transcription it is understood that
the more specifically deseribed conditions mentioned in the varicus diagnostic manuals and othey
materials are incloded within the scope of this invention.

[6#263] The term “cancer,” as used herein refers to an abnormal growth of cells, which tend to
proliferate in an uncontrolied way and, in some cases, to metastasize (spread). The types of cancer
include, but is not Himited to, solid tumors (such as those of the bladder, bowel, brain, breast,
endometrium, heart, kidney, lung, lymphatic tissue (lymphoma}, ovary, pancreas or other endocrine
organ {thyroid), prostate, skin {melanoma) or hematological turnors (such as the leukemias). Se,
Ding X Z et al., Anticancer Drugs. 2005 June; 16(5):467-73. Review; Chen X et al,, Clin Cancer Res,
2004 Oct, 1; 10(19):6703-9, each of which are incorporated by reference herein in their entivety.
[6264] For example, it is understood that the treatment of cancer inctudes treatment of all neoplasia,
regardless of their histopathological appearance. Particularly, the cancers that can be treated include,
but are not limited to, cancer of blood, including myelofibrosis, leukerota (including acute
myelogenous leukemia, chronic myelogenous lenkemia, acute lymphocytic leukemia, chronic
Iyraphocytic leukemia), cancer of the skin, including melanoma, basal cell carcinoma, and squamous
cell carcinoma, bone, liver, lug (including small-cell lung tumor, non small-cell lung cancer and
bronchicalveolar cancer), brain, breast, prostaie, laryny, gall bladder, pancreas, rectun, bile duct,
parathyroid, thyroid, adrenal, neural tissue, bladder, spleen, head and neck, included the jaw, mouth,

and nose, colon, stomach, testes, esophagus, uterns, cervix and vulva, colorectal, bronehi, bile duct,
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bladder, kidney, ovary, pancreas, multiple myeloma, lymphomas, basal cell carcinoma, squanous
cell carcinoma of both ulcerating and papillary type, ostes sarcoma, Ewing’s sarcoma, veticulum cell
sarcoma, myeloma, giant cell tumor, islet cell tumor, acute and chronic lymphoeytic and
granulocytic tumors, hairy-cell tumor, adenoma, hyperplasia, meduliary carcinorma,
pheochromocytoma, mucosal neuronms, intestinal ganglioneuromas, hyperplastic corneal nerve
tuimor, marfanoid habitus tumor, Wilm's tumor, seminoma, ovarian tumor, leiomyomater tumor,
cervical dysplasia and iIn sifu carcinoma, neuroblastoma, retinoblastoma, miyelodysplastic syndrome,
mycosis fungicide, rhabdomyosarcoma, astroeytoma, non-Hodgkin’s lymphoma, Kaposi’s sarcoma,
osteogenic and other sarcoma, malignant hypercaleemia, polycythermia vera, adenocarcinoma,
glioblastoma multiforma, gliomas, lymphoroas, epidermoid carcinomas, and other carcinomas and
sarcomas.

[(265] Benign tumors may also be treated by the compounds of the present invention and include,
but are not limited to, hemangiomas, hepatocellolar adenoma, cavernous hasmangioma, focal
nodular hyperplasia, acoustic neuromas, neurefibroma, bile duct adesoma, bile duet cystanoma,
fibroma, lipomas, lelomyomas, mesotheliomas, teratomas, myxomas, nodular regenerative
hyvperplasta, trachomas, pyogenic granulomas, and the like, and hamartoma conditions such as
Peutz-Jeghers Syndrome (PIS), Cowden disease, Bannayan-Riley-Ruvalcaba Syandeome (BRKS),
Proteus syndrome, Lhermitie-Duclos disease and Tuberous Selerosis (T3C).

{6266] The compounds of the present invention may also be used to treat abnormal cell proliferation
due to insults to body tissue during surgery. These insults may arise as g result of a variety of
surgical procedures such as joint surgery, bowel surgery, and cheloid searring. Diseases that
produce fibrotic tissue include emphysema. Repetitive motion disorders that may be treated using
the present invention inchude carpal tunnel syndrome.

{8267] The compounds of the invention may also be useful in the prevention of restenosis that is the
control of undesired proliferation of normal cells in the vasculature in response to the introduetion of
stenis in the treatment of vasculature disease.

[0268] Proliferative responses associated with organ transplantation that may be freated using Pol |

transcription inhibitors of the invention include proliferative responses contributing to potential
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organ rejections or associated complications. Specifically, these proliferative responses may occur
during transplantation of the heart, lung, Hver, kidney, and other body organs or organ systems.
[0269] The compounds of the invention may also be useful the treatment of abnormal angiogenesis
including the abnormal angiogenesis accompanying theumatoid arthritis, ischemic-reperfusion
related brain edema and injury, cortical ischemia, ovarian hyperplasia and hypervascularity,
{polyeystic ovary syndrome), endometriosis, psoriasis, diabetic retinopaphy, and other ocular
angiogenic diseases such as retinopathy of prevoaturity (retrolental fibroplastic), macular
degeneration, corneal graft rejection, neuroscular glaucoma, Oster Webber syndrorue,
retinal/choroidal neuvascularization and comeal neovascularization, Best's disease, myopia, optic
pits, Stargart’s diseases, Pagets disease, vein occlusion, artery occlusion, sickle cell anemia, sarcoid,
syphilis, psendoxanthoma elasticum carotid abstructive diseases, chuwonic uveltis/vitritis,
mycobacterial infections, Lyme's disease, systemic lupus e:_rythemamsis, retinopathy of prematurity,
Bales disease, diabetic retinopathy, macular degeneration, Bechets diseases, infections cansing a
retiniiis or chroiditis, presumed ocular histoplasmosis, pars planitis, chronic retinal detachment,
hyperviscosity syndromies, toxoplasmosis, trauma and post-laser complications, diseases associated
with rubesis {neovascularization of the angle), diseases caused by the abnormal proliferation of
fibrovascular or fibrous tissue including all forms of proliferative vitreoretinopathy, atopic keratitis,
superior limbic keratitis, pterygium keratitis sicea, sjogrens, scne rosacea, phylectenulosis, diabetic
retinopathy, retinopathy of prematurity, corneal graft rejection, Mooren’s uleer, Terrien’s marginal
degeneration, marginal keratolysis, polyarteritis, Wegener sarcoidosi s, scleritis, periphigoid radial
keratotomy, neovascular glaucoma and refrolentsl fibroplasia, syphilis, Mycobacteria infections,
lipid degeneration, chemical burns, bacterial ulcers, fungal uleers, Herpes simplex infections, Herpes
zoster infections, protozoan infections, and Kapost sarcoma, Alzheimer’s disease, Patkinson’s
disease amyotrophic laferal sclerosis (ALS), epilepsy, seizures, Huntington’s disease, polyglutamine
diseasss, traumatic brain injury, ischemic and hemorrhaging stroke, cerebral ischemias or
neurodegenerative disease, including apoptosis-driven neurodegenerative disease, caused by
fraumatic injury, acute hypoxia, ischemia or glutamate neurotoxicity.

[8270] For exasaple, it is understood that treatments of inflammation include, but are not limited to,

acute pancreatitis, chronic pancrestilis, asthma, allergies, chronic obsiractive pulmonary disease,
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adult respiratory distress syndrome and chronic inflamumatory diseases associated with uncontrolled
angiogenesis, inflammatory bowel diseases such as Crohn’s disease and uleerative colitis, psoriasis,
sarcoidods, and rheumatoid arthritis, sarcoidosis, and multisysiers granulomatous disorder.

[6271] For example, it is understood that treatroent of antoimmune includes, but is not limited to,
glomerulenephritis, rheumatoid arthritis, systemie lupus erythematosus, scleroderma, chronic
thyroiditis, Graves™ disease, autoimmune gastritis, diabetes, autoinunune hemolytic avemia,
autoinumune neutropenia, thrombocytopenia, alopic dermatitis, chronic active hepatitis, myasthenia
gravis, multiple sclerosis, inflammatory bowel disease, uloerative colitis, Crohn’s disease, psoriasis,
grafl vs. host disease, multiple sclerosis, or Sjoegren’s syndrome.

[8272] In certain embodiments, the compositions containing the compound(s} described herein are
administered for prophylactic and/or therapeutic treatments. In certain therapentic applications, the
compogitions are administered to a patient already suffering from a disease or condition, in an
amourt sufficient to cure or atl least partially arrest at least oue of the symptoms of the disease or
condition. Amounts effective for this use depend on the severity and course of the disease or
condition, previous therapy, the patient’s health status, weight, and response to the drugs, and the
judgment of the treating physician. Therapeutically effective amounts are aptiovally determined by
methods including, but not limited to, a dose escalation and/or dose ranging clinical trial.

[6273] In prophylactic applications, compositions containing the compounds described herein are
adminisiered to a patient susceptible to or otherwise at risk of a particular disease, disorder ot
condition. Such an amourt is defined to be a “prophylactically effective aroount or dose.™ In this
use, the precise amounts also depend on the patient’s state of health, weight, and the like. When
used in patients, effective amounts for this use will depend on the severity and course of the disease,
disorder or condition, previous therapy, the patient’s health status and response to the drugs, and the
judgment of the ireating physician. In one aspect, prophylactic treatments include administering to a
mammal, who previously experienced at least one symptom of the disease being treated and is
currently in remission, a pharmaceutical composition comprising a compound described herein, or a
pharmaceutically accepiable salt theref, in order to prevent a return of the symptoms of the disease

ot condition,
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10274] In certain embodiments wherein the patient’s condition does not improve, upon the doctor’s
diseretion the administeation of the compounds are administered chronically, that s, for an extended
period of time, including throughout the duration of the patient’s life in order to ameliorate or
otherwise conirel or limit the symptoms of the patient’s disease or condition.

[#275] In certain embodimenis wherein a patient’s status does improve, the dose of drug being
administered is temporarily reduced or temporarily suspended for a certain length of time {(ie., a
“drug holiday™). In specific embodiments, the length of the drug holiday is between 2 days and 1
year, including by way of exanple only, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 10 days, 12
days, 15 davs, 20 days, 28 days, or more than 28 days. The dose reduction during a drug holiday is,
by way of example only, by 10%-100%, including by way of example only 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 53%, 60%, 65%, 70%, 75%, 80%, BS5%6, 90%, 95%, and 100%.

[(276] Once improvement of the patient’s conditions has ocowrred, a maintenance dose is
administered if necessary. Subsequently, in specific embodiments, the dosage or the frequency of
administration, or botl, is reduced, as a function of the symptoms, to a level at which the improved
disease, disorder or condition is retained. In certgin embodiments, however, the patient requires
intermiitent treatment on & long-term basis upon any recurrence of symptoms.,

[0277] The amount of a given agend that corresponds to such an amount varies depending upon
factors such as the particular compound, disease condition and its severity, the identity (e.g.. weight,
sex) of the subject or host in need of treatment, but nevertheless is determined according to the
particular circumstances surrounding the case, including, e.g., the specific agent being administered,
the ronte of administration, the condition being treated, and the subject or host being treated,

10278] In general, however, doses employed for adult human freatment are typically in the range of
0.01 mg-5000 mg per day. ln one aspect, doses employed for aduli hurnan ireatment are from about
1 mg to about 1000 mg per day. In one embodiment, the desived dose is conveniently presented in a
single dose or in divided doses administered simultaneously or at appropriate intervals, for example
as two, three, four or more sub-doses per day.

{0279] In ane embodiment, the daily dosages appropriate for the compound described herein, ora
pharmacentically acceptable salt thereof, are from about 0.0} to about 50 mg/kg per body weight. In

some embodiments, the daily dosage or the amount of active in the dosage form are lower or higher

~d
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than the ranges indicated herein, based on a number of variables in regard to an individual treatment
tegime. In various embodiments, the daily and unit dosages are altered depending on a number of
variables including, but not limited to, the activity of the corapound used, the disease or condition to
he treated, the mode of adminisiration, the requirements of the individual subject, the severity of the
disease or condition being treated, and the judgment of the practitioner.

[0280] Toxicity and therapeutic efficacy of such therapeutic regimens are determined by standard
pharmaceutical procedures in cell cultures or experimental animals, including, but not Himited to, the
determination of the LDsp and the EDsq. The dose ratio between the toxic and therapeutic effects 18
the therapeutic index and it is expressed as the ratio between LDso and EDse. In certain
embodiments, the data obtained from cell culture assays and animal studies are used in formulating
the therapeutically effective daily dosage range and/or the therapeutically effective unit dosage
amount for use in mammals, including humans. In some embodiments, the daily dosage amount of
the compounds described herein lies within a range of circulating concentrations that include the
B with minimal toxicity. In certain embodiments, the daily dosage range and/or the unit dosage
amount varies within this range depending upon the dosage form employed and the route of
administration utilized.

[0281] In any of the aforementioned aspects are further emsbodiments in which the effective amount
of the conpound described herein, or a pharmaceutically acceptable salt thereof, is: (a) systemically
administered to the mammal; and/or {b) administered orally to the manumal; and/or (¢) intravencusly
administered to the mammal; and/or (d) administered by injection to the mammal; and/or (e}
administered topically to the mammal; and/or (£) administered non-systemically or locally to the
marnmal.

[0282] In any of the aforementioned aspects are further embodiments comprising single
administrations of the effective amount of the compound, including further embodiments in which
(i} the compeund is administered once a day; or {il) the compound is administered to the mammal
multiple times over the span of one day.

[8283] In any of the aforementioned aspects are further embodiments comprising multiple
administrations of the effective amount of the compound, including further embodiments in which

(i) the compound is administered continuously or intermittently: as in a single dose; (ii} the time

-
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between multiple administrations is every 6 hours; (iif) the compound is administered to the mammal
every § hours; (iv} the compound is administered to the maromal every 12 hours; {v} the compound
is administered to the mammal every 24 hours. In further or alternative embodiments, the method
comprises a drug holiday, wherein the administration of the corapound is temporarily suspended or
the dose of the compound being administered is temporarily reduced; at the end of the drug holiday,
dosing of the compound is resumed. In one embodiment, the length of the drug holiday varies from
2 days to 1 year.

13284] In certain instances, it is appropriate to admivister at least one compound described herein, or
a pharmacentically acceptable sall thereof, in combination with one or mere other therapeutic agents.
{n certain embodiments, the pharmaceutical composition further corprises one or more anti-caneer
agents.

[0285] In one embodiment, the therapeutic effectiveness of one of the compounds described herein
is enhanced by administration of an adjuvant (i.e., by itself the adjuvant has minimal therapeutie
henefit, but in combination with snother therapeutic agent, the overall therapeutic benefil to the
patient is enhanced), Or, in some embodiments, the benefit expesienced by a patient is increased by
administering one of the compounds deseribed herein with another agent (which also includes a
therapeutic regimen) that also has therapeutic benefit.

(4286] A wide variety of therapentic agents may have & therapeutic additive or synergistic effect
with the compounds according to the present invention. Combination therapies that comprise one or
more compounds of the present invention with one or more other therapeutic agents can be used, for
example, to: (1) enhance the therapeutic effect(s) of the one or mare compounds of the present
invention and/ar the one or more other therapeuiic agents; (2) reduce the side effects exhibited by the
one or more compounnds of the present invention and/or the one or more other therapeutic agents;
andfor (3) reduce the effective dose of the one or more compounds of the present invention and/or
the ane or more other therapeutic agents. It is noted that combination therapy is intended to cover
when agents are administered before or after each other {sequential therapy) as well as when the
agents are administered at the same time.

[6287] Examples of such therapeutic agents that may be used in combination with the preseut

compounds include, but are not limited to, anti-cell profiferation agents, anticancer agents, alkylating
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agents, antibiotic agents, antinsetabolic agents, hormonal agents, plant-derived agents, and biologie
agenis.

[0288] Anii-cell proliferation agents useful in combination with the compounds of the present
invention include, but are not limited to, retinoid acid and derivatives thereof, 2-methoxyestradiol,
ANGIOSTATINT protein, ENDOSTATINT protein, suramin, squalamine, tissue inhibitor of
metalloprateinase-1, tissue inhibitor of metalloproteinase-2, plasminogen activator inhibitor-1,
plasminogen activator inhibitor-2, cartilage-derived inhibitor, paclitasel, platelet factor 4, protemine
sulphate (clupeine), sulphated chitin derivatives (prepared from queen crab shells), sulphated
polysaccharide peptidoglycan complex (sp-pg), staurosporine, modulators of matrix metabolism,
inchuding for example, profine analogs ((I-azetidine-2-carboxylic acid (LACA), cishydroxyproline,
d,1-3 4-dehydroproline, thiaproline, beta-aminopropioniirile fumarate, 4-propyl-3-(4-pyridinyl)-
2(3H)-oxazolone, methotrexate, mitoxantrone, hepatin, interferons, 2 macroglobulin-serum, chimp-
3, chymostatin, beta.-cyclodextrin tetradecasulfate, eponemycin; fumagillin, gold sodivm thiomalate,
d-penicillamine (CDPT), beta-1-anticollagenase-serum, alpha-2-antiplasmin, bisantrens, lobenzarit
disodium, n-(2-carboxyphenyl-4-chlorcanthronilic acid disodium or “CCA”, thalidemide, angestatic
steroid, cargboxynarninolmidazole, metalloproteinase inhibitors such s BB94. Other anti-
angiogenesis agents that may be used include antibodies, preferably monoclonal antibodies against
these angiogenic growih factors: bFGF, aPGF, FGF-5, VEGF isoforms, VEGFE-C, HGF/SF and Ang-
TAng-2.

[6289] Inhibitors of mTOR, PI3K, MEK, MAPK, PIM or BRK kinases are useful in combination
with the compounds of the present invention. Specifically, (R)-3-(2,3-Dihydroxypropyl)-6-fluore-5-
{2-fluoro~4-ivdophenylamino)-8-methylpyrido{2.3-djpyrimidine-4,7(3 H, 8 H)-dione useful in
combination with the compounds of the present invention, Inhibitors of Hedgehog kinase are useful
in combination with the compounds of the present invention. Proteasome inhibitors, in particular
bortezomib is useful in combination with the compounds of the present invention.

[6290] NAR inhibitors, VP334 inhibitors, Aurors Kinase, including Aurcra A inhibitors, and EGFR
inhibitors (both antibodies and kinase inhibitors) are useful in corgbination with the compounds of

the present invention,
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[0281] Alkylating agents useful in combination with the compunds disclosed herein include, but are
not limited to, bischloroethylamines {nitrogen mustards, e.g. chlorambucil, cyclophosphamide,
ifostamide, mechlorethamine, melphalan, vracil mustard), aziridines (e.g. thiotepa), alkyl alkone
sulfonates (e.g. busulfan), nitrosoureas (e.g. carmustine, lomustine, streptozocin), sonclassic
alkylating agents (altretamine, dacarbazine, and procarbazine), platinum compounds {carboplastin
and cisplatin}, Cormabination therapy including a polymerase 1inhibitor and an alkylating agent is
expectad to have therapeutic synergistic effects in the treatment of cancer and reduce sides affects
associated with these chemotherapeutic agents.

13292] Examples of antibiotic agents useful in combination with the compounds disclosed herein
include, but are not limited to, anthracyclines (e.g. doxorubicin, daunorubicin, epirubicin, idarubicin
and anthracenedione), mitomyein C, bleomycin, dactinemyein, piicatomyéim These antibiotic
agents interfere with cell growth by targeting different cellular components,

10293] Antimetabolic agents useful in combination with the conpounds disclosed herein inchade,
but are not limited to, fluerouracit (5-FL, floxuridine {5-FUdR), methotrexate, leucovorin,
hydroxyures, thioguanine (6-T(G), mercaptopurine (8-MP}, eytarabine, pentostatin, fludarabine
phosphate, cladribine (2-CDA), asparaginase, and gemeitabine. Combination therapy including a
compound disclosed herein and an antimetabolic agent is expected 1o have therapeutic synergistic
effects on cancer and reduce sides affects associated with these chemotherapeutic agents.

[0294] Hormonal agents useful in combination with the compounds disclosed herein include
symthetic estrogens (e.g. diethylstibestrol), antiestrogens (e.g. tamoxifen, toremifene, fluoxymesterol
and raloxifene), antiandrogens (bivalutaraide, nilotamide, and flutamide), aromatase inhibitors (e.g.,
aminoglutethiroide, anastroxole and tetrazole), ketoconazole, goserclin acetate, leuprolide, megestrol
acetate and mifepristone. Combination therapy including a compound disclosed herein and a
hormonal agent is expected to have therapeutic synergistic effects on cancer and reduce sides affects
associated with these chemotherapeutic agents,

Plant-derived agents useful in combination with the vcompounds disclosed herein include, but are not
Iimited to, vinca alkaloids ( ee’ge, vincristine, vinblastine, vindesine, vinzoelidine and vinorelbine),
podophyllotoxins (e.g., etoposide (VP-16) and feniposide {(VM-26)}, taxanes (e.g., paclitaxel and

docetaxel). These plant-derived agents generally act as antimitotic agents that bind to tubulin and
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inhibit mitosis. Podophyllotoxins such as etoposide are believed to interfere with DINA synthesis by
interacting with topoisomerase i, leading to DNA strand seission, Combination therapy including a
compound disclosed herein and & plant-derived agent is expected to have therapeuntic synergistic
effects on cancer and reduce sides affects associated with these chemotherapeutic agents

[6295] In any case, regardless of the disease, disorder or condition being treated, the overall benefit
experienced by the patient is simply be additive of the two therapeutic agents or the patient
experiences a synergistic benefit.

[0296] In certain embodiments, different therapeutically-effective dosages of the compounds
disclosed herein will be utilized in formulating pharmaceutical composition and/or in ireatment
regimens when the compounds disclosed herein are administered in combination with one or more
additional agent, such as an additional therapeutically effective drug, an adjuvant or the like.
Therapeuotically-effective dosages of drugs and other agents for use in combination treatment
regimens is optionally determined by means similar to those set forth hereinabove for the actives
theruselves. Furthermore, the methods of prevention/treatment described herein encompasses the
use of metronontc dosing, 1.e., providing more frequent, lower doses in order to minimize toxic side
effects, In some embodiments, 2 combingtion treatment regimen encompasses freatment regimens in
which administration of a compound described herein, or g pharmaceutically acceptable salt thereof,
is initiated prior to, during, or after treatroent with a second agent described herein, and continues
until any time during treatment with the second agent or affer termination of treatment with the
second agent. It also includes treatments in which a compound described herein, or a
pharmaceutically acceptable salt thereof, and the second agent being used in combination are
administered simultaneously or at different times and/or gt decreasing ot increasing intervals during
the treatment perind. Combination treatment further includes periodic treatments that start and stop
al various times 1o assist with the clinical management of the patient.

[6297] It is understood that the dosage regimen to treat, prevent, or ameliorate the condition(s) for
which relief is sought, 1s modified in aceordance with a variety of factors (e.g. the disease, disorder
or condition from which the subject suffers; the age, weight, sex, diet, and medical condition of the
subject), Thus, in some instances, the dosage regimen actually employed varies and, in some

embodiments, deviates from the dosage regimens set forth herein,

sl
[
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[0298] Por combination therapies described herein, dosages of the co-administered compounds vary
depending on the type of co-drug employed, on the specific drug exnployed, on the disease or
condition being treated and so forth. In additional ersbodiments, when co-administered with one or
more other therapeutic ageuts, the compound provided herein is administered either simultaneously
with the one or more other therapeutic agents, or seguentially. ’

[6299] In combination therapies, the multiple therapeutic agents {one of which is one of the
compounds described herein) are administered in any order or even simultaneously. If
administration is sinmltaneous, the multiple therapeutic agents are, by way of example only,
provided in a single, unified form, or in multiple forms (e.g., as a single pill or as two separate pills).
[0300] The compounds described herein, or a pharmacentically acceptable salt thereot, as well as
combination therapies, are administered before, during or after the occwrence of a disease or
condition, and the timing of administering the composition containing a compound varies. Thus, in
one embodiment, the compounds described herein are used as g prophylactic and are administered
continuously to subjecis with a propensity to develop conditions or diseases in order to prevent the
ocearrence of the disease or condition. In another embodiment, the compounds and compositions
are administered to g subject during or as soon as possible after the onset of the symptoms, In
specific embodiments, a compound described herein is administered as soon as is practicable after
the onset of a disease or condition is detected or suspected, and for a length of time necessary for the
treatment of the disease. In some embodiments, the length required for treatinent varies, and the
treatment length is adjusted to suit the specific needs of each subject. For example, in specific
embodiments, a compound described herein or g formulation containing the compound is
administered for at least 2 weeks, about 1 month o about § years,

[0301] In some embodiments, a compound described herein, or a pharmacentically acceptable salt
thereof, is administered in combination with chemotherapy, hormone blocking therapy, radiation
therapy, monocional antibodies, or combinations thereof.

[8362] Chemotherapy includes the use of one or more anti-vancer agents,
EXAMPLES

10303} The following examples are provided for illustrative purposes only and not fo linut the scope

]
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of the claims provided herein.
[6304] Having now generally described the invention, the same will be more readily understood
through reference to the following examples which are provided by way of illustration, and are not

intended to be limiting of the present invention, unless specified.

Example 1

AN 0 O
[ >« sece {
N \}Pj OH  refluxed, 4h Ch

S5M3

[0305] A mixture of SM3 (648 mg, 4 mmol) in SOCh (20 ml) was refluxed for 4h and concentrated
to pet the acyl chloride (Compound 1). To a solution of 2-chleropyridin-3-amine (512 mg, 4 mmol)
in dry THF (20 ml}) was added 60% NaH (480 mg, 12 mmol) at ice bath and stirred at ice bath for
0.5h,

[08306] A solution of the acyl chloride in dry THF (10 mL) was added and the reaction mixture was
stirred gt room temperature overnight. The mixture was diluted with EtOAc and washed with water,
dried over Naz 84, concentrated and purified by silica gel column (PE/EOAc=5:1~2:1} to get 1H-
Benzoimidazole-2-carboxylic geid (2-chloro-pyridin-3-yl)-amide (Compound 2) (320 mg, 32%yield)
as gray solid, LC-MS: 273.1 [M+1]"

Example 2

H
N.__O
AN P Pd2(dha)3, '/"\\I b
» — Xantphos L\N{ N&N

L/
N HN— / D
H &r\? K2CO3/dioxane St

, Cl microwave, 1h 3 f\ Y
~ & b )
180 o€ R

(03071 A mixture of Compound 2 (320 mg, 1.17 mmol), Pdz(dba)s (120 mg, 0.23 numol), Xantphos
(130 mg, 0.23 mmol) and K2CO (242 mg, 1.75 mmol) in dioxane (15 ml) was heated by microwave
at 150°C for 1h. After cooling, the mixture was poured into water, filtered and washed with EtOAc

1o get Compound 3 (270 mg, 82% yield) as gray solid. LC-MS: 237.2 [M+1]".
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Example 3
H
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L
NN Yy S
L f
3 ( --\>
AW

[0308] A mixture of Compound 3 (230 mg, 0.97 mmol) in POCH (10 ml) was stirred at refhuxing for
3h. After cooling, the mixture was concentrated washed with EtQAc 1o get Compound 4 (210 mg,

85%vield) as gray solid, LC-MS; 2552 [M+1T".

Example 4
},,\EN{Y,Q |
{ R
N, A HzN R \
N f\}‘/\*;\j U S
i
PR
%-\ “; :

{6309] A mixture of Compound 4 {34 mg, 0.21 mmol}, Pdx(dbajy (22.2 mg, 0.042 mmol), Xaoiphos
(23.6 myg, 0.042 mmoly, KoCOs (43 mg, 0.315 mmol) and NIN1-dimethylethane-1,2-diamine (38
my, 0. 42 mmol) in dloxane {2 mi) was stirred by microwave at 150 *C for 1h. Afler cooling, the
mixiure was diluted with FtOAc, washed with water, concentrated and purified by pre-HPLC fo get

Compound 5 (16 mg, 25%yield) as pale yellow solid. iEL,Q—‘\’iS: 307.2 IM+1TT

Example 5

[9310] Compound 6 is prepared according to the procedure described in Example 4 Yield=32%, 21

mg, pale vollow solid. LC-MS: 3192 [M+1T.
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Example 6

M ~
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N4

=220

[6311] Compound 7 is prepared according to the procedure deseribed in Example 4; Yield=33%, 24

mg, pale yellow solid, LC-MS: 333.2 [M+1]".

Examople 7

[0312] Compeund 8 is prepared according to the procedure described in Example 4: Yield=33%, 23
mg, pale vellow solid. LC-MS: 333.4 [M+1]",

Example 8

SN 9 soce ¢y N
PRS-
N o Tefluxed, 4h o MaH/THF

Hsms 00C~R.T, 16h

[0313] Compound 9 is prepared according to the procedure outlined in Example 4: Yield=32%, 380
mg, white solid. LC-MS: 286.9 [M+17",

Exanmple 9

-4 O
i P T 2 -
SN HN << D e —— e N N Y
H ; N m::(/
g Cl 10 \ >
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{8314} Compound 10 is propared according to the procedure outlined in Example 2: Yield=08%,

362 mg, off-white selid. LC-MS: 251.2 [M+17,

Example 10

[9315] Compound 11 is prepared according to the procedure cutlined in Example 3: Yield=98%,

380 mg, brown solid. LC-MS: 269.2 PM+1T17

[0316] Compound 12 is prepared according to the procedure outlined in Example 4 Yield=30%, 30

mg, pale vellow solid. LC-MS: 347.2 [M+1T%,

Exasumple 12

{8317} Compound 13 is prepared according lo the procedure outlined in Example 4: Yield=33%, 32

mg, pale yellow solid, LO-MS: 321.2 [M+1T

81
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Example 12

l TNH
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[0318] Compound 14 is prepared according to the procedure outlined in Example 4: Yield=28%, 18

mg, gray solid. LC-MS: 347.2 [M+17",

y
£ “‘N ¥ /
- S NN
HN\ "_,,'J" /!\ ik /E\\
= o
e o A TR
Pesad
& TA
\Ew.;lf‘.'

[6319] Compound 15 is prepared according to the procedure outlined in Example 4; Yield=18%, 18
: p

myg, gray solid. LC-MS: 347.2 [M+1]".

Example 14

(:\ N\\ o 30CI12 o BN D N [ e H<E\§ ----- r—\

NN o refluxed, 40 iy i NaH/THF ; N
H sm3 R 00C~R.T, 16h 1 C

[8326] Compound 16 is prepared according to the procedure outlined in Example 1: Yield=79%,

900 mg, gray solid. LC-MS: 309.1 [M+1T",
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Example 158
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[0321] Compound 17 is prepared according to the procedure outlined in Example 2: Yield=92%,
363 mg, gray solid. LC-MS: 271.1 [M+1T"

Example 16

183221 Compound 18 is prepared according to the procedure outlined in Example 3: Yield=08%,
380 mg, brown solid, LC-MS: 289.1 [M+11,

Example 17

| H
C!\[a\\\ TN\]:C} O g N N o
1
e \ - N ’,{’\\ //\ L"“‘*‘-/
NN e TNy
8 4N (I
\:‘\-« .:;5 3 '-'-‘,\L-‘f;:.’

[6323] Compound 19 is prepared accarding to the procedure outlined in Example 4: Yield=2%%, 29
mg, gray solid. LC-MS: 367.2 [M+17.

Example 18

Ci (\TNQ}/ o HoN. \v/\ \[/\I N\ f\\j”"
s N’/‘\\\N » A
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[8324] Compound 20 is prepared according te the procedure outlined in Example 4; Yield=20%, 18
mg, gray solid. LC-MS: 341.1 [M+1}

Example 19

[8325] Compound 21 is prepared aecording to the procedure outlined in Example 4: Yield=17%, 17
mg, gray solid, LC-MS: 367.2 (M+1T".

Example 20

t:3]\ P ,N\
{ <
N i

N -
E\ ':‘—[\ .‘/k
NT Ny

{(6326] Compound 22 is prepared according o the procedure outlined in Example 4: Yield=27%, 27
mg, gray solid. LC-MS: 367.2 [M+17".

Example 21

N /NH?.
X
N 931

o i =y
[’A Ry ?\j\ 4,{0 ’OCY [»"‘ M;j.w N\‘?} x{,\/() /\'; I
D A X P B b ; o /4
N on refluxed 4h Sty by NaH/THF SN
' smi3 ", 00C~R.T, 16h 23 Ci

[8327] Compound 23 is prepared sccording to the procedure outlined in Example 1: Yield=69%,

690 mg, gray solid, LC-MS: 274.1 [M+1]%
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Example 22
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[0328] Compound 24 is prepared according to the procedure outlined in Example 2: Yield=76%,
230 mg, gray solid. LC-MS: 238.2 [M+1]"

Example 23

[(6329] Compound 25 is prepared according to the procedure outlined in Exarople 3: Yield=99%,
250 mg, brown solid. LO-MS: 256.2 [M+177.

Example 24

H
N N,Q',_. Cb HoN. o~ N_,AB NSy N\/,N\//\ NN
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N A5 A 4 he 7 N .
R Vil — Y
t i L i
x}:‘«\ 26 ":3&
_.l\ . s e ;\\
25 S R F

[0336] Compound 26 is prepared according to the procedure outlined in Example 4: Yield=26%, 20
mg, gray solid. LC-MS8: 334.0 [M+17",

Eaample 23

H
Nf\\Q"/N‘\\\ -G HZN\\//\‘Nf” Ni/\\}\r/NIN\\,/\N;}E,/
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{6331} Compound 27 is prepared according 1o the procedure outlined in Example 4: Yield=21%, 16
myg, gray solid. LC-MS: 308.2 [M+11

Example 26

{0332 Compound 28 is prepared aceording to the procedure outlined in Example 4: Yield=23%, 18
mg, gray solid. LO-BMS: 334.2 [M+1T%

Example 27

[0333] Compound 29 is prepared according to the procedure outlined in Example 4: Yield=28%, 23
mg, gray solid. LC-MS: 334.2 {M+17,
Example 28

N NHg

O ‘ A N () SNCS
[osoee g SN % N
oH refluxed, 4h SN gy NaH/THF -
H GoC~R.T, 16h e

[0334] Compound 30 is prepared according to the procedure vutlined in Example 1; Yield=65%,
520 mg, gray solid. LC-MS: 274.1 [M+117.

26
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SN O
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[0335] Compound 31 is prepared according to the procedure outlined in Example 2: Yield=97%,
270 mg, gray solid. LC-MS: 238.2 [M+11".

Example 30

[8336] Compound 32 is prepared accerding to the procedure outlined in Example 3: Yield=92%,
266mg, brown solid. LC-MS: 255.9 [M+1T".

Fxample 31

[ N\‘QT'.&'. N 85 ‘_f,-'Qi /\ N i~ N Hg
sk Nod
‘k}::;:f;‘._{'#
32 ¢ kY

[8337] Compound 33 is prepared according to the procedure outlined in Example 4: Yield=26%, 20
mg, gray solid. LC-MS: 334.3 [M+1]%,

Example 32

H
Nr N\ ~Cl N_\ /N /N-\//\\ e
M RO N NHE 3 R i
NN - NNy
32 /= 3 =

&7



WO 2016/141042 PCT/US2016/020418

[6338] Compound 34 is prepared according to the procedure outlined in Example 4: Yield=22%, 16
mg, gray solid. LC-MS: 308.3 [M+1]%.

Example 33

[U X

\-“..‘\
X X

[033%] Compound 35 is prepared according to the procedure outlined in Example 4 Yield=23%, 18

mg, gray solid. LC-MS: 334.2 [M+177.

Exaimple 34

¥

[0346] Compound 36 is prepared according to the procedure cutlined in Exaraple 4: Yield=28%, 23
mg, gray solid, LC-MS: 3342 [M+1]".
Example 35
S NH
. R TN N
@ N\> ,{? sock  § cr N
AN O refiaxed, b T N @ NaH/THF Cl
H H 0oC~R.T, 16h

[0341] Compound 37 is prepared according to the procedure outlined in Example 1: Yield=76%,

740mg, brown selid. LC-MS: 307.1 [M+177.

&8
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Example 36
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{0342] Compound 38 is prepared according to the procedure outlined in Example 2; Yield=71%,
220mg, brown solid. LC-MS8: 271.1 [M+1]".

Example 37

[0343] Compound 3% is prepared according to the procedure outlined in Example 4: Yield=40%, 28
myg, yellow solid, LC-MB: 349.1 [M+1]".

Example 38

NP

£

[0344] Compound 40 is prepared according to the procedure outlined in Example 4: Yield=32%, 23
mg, yellow solid. LC-MS: 323.0 [M+17".

89



WO 2016/141042 PCT/US2016/020418

Example 39

[0345] A solution of compound 38 {370 mg, 1.37 mmol} and N-Methylhomopiperazine (313 mg,
2.75 mmeol) in NMP (15 mlL) was stirred at 200°C by microwave for 7h. The mixture was
concentrated and the residue was washed with MeOH io get 2-(4-Methyl-[1,4]diazepan-1-yl)-5H-
1,5,7,1 Ib-tetranza-benzofc Hluoren-6-onge {(compound 41) (260 mg, Yicld=54%) as brown solid. LC-

MS&: 349.1 [M+1]".

Example 40

[0346] Compound 42 is prepared sccording to the procedure described in Example 38: Yield=28%,
16 mg, vellow solid. LC-MS: 349.3 [M+1]".

Example 41

[(347] Compound 43 is prepared asccording to the procedure deseribed in Example 3: Yield=98%,
270 mg, brown solid. LC-MS: 367.3 [M+17".
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{1348] A suspension of Compound 43 (70 myg, 0.191 mmol) in CHaINH/EOH (2M, 2 ml) was
heated to reflux for 16h. After cooling, the mixture was concentrated, and the residue was added
water and stirred at r.t. for 1h, filtered, washed with CHaCN to get the desired product (68 mg,
98%yield) as yellow solid. LC-MS: 362.3 [M+1}.

Example 43

{0349] Compound 45 is prepared according to the procedure described in Example 41: LC-MS:
Ri=1.06 min, 392.4 [M+1]"

Example 44
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[8356] To asolution of Compound SM35 (0.96 g, 5§ mmol) and Compound SM6 (1.02 g, 5 mmel) in
2- {20 mL) in 2-Methoxyethanol (R mL) was added EtsN (2 mL, 15 mmol} and the mixture was
stirred at refluxing for 18h. After cooling, the mixture was filtered and washed with EtOH to get

Compound 46 (940 mg, S5%vyield) as brown solid. LC-MS: 342.3 [M+177.
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Example 45

[B351] To a suspension of Compound 46 (50 mg, 0.147 mumol) in EtOH (2 mL) was added N1,N1-
dimethylethane-1,2-diamine (0.2 mL, 2.14 mmol) and the mixture was stirred at refluxing for Sh.
After cooling, the mixture was filiered and washed with EtOH to give Compound 47 (30 mg,

53%yield) as yellow solid. LC-MS: Rt=1.153min, 384.2 [M+1T".

¥

Y 2
VR
AT

103521 To a suspension of Compound 46 (0.6 g, 1,76 mrol) in E1OH (10 mL, 1:1 v/v) was 4N
NaOH {aq., 2.2 ml, 8.8 mmol) and the mixture was stirred at 60°C for 30 min. The mixiure was
acidified to pH 6 by addition of 2 N HCI and stirred at r.t, for 30min, the mixture was filtered and
washed with water, dried to give Compound 48 {540 mg, 98%yield} as a yellow solid. LC-MS:

Rt=1.38min, 314.2 [M+1]".

Example 47

HATU
DIEA/DMF
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[0353] To a mixture of Componnd 48 (100 mg, (.319 mmol), BATU (183 mg, ,478 mmol} and
(28,6R)-2,6-dimethylpiperazine (73 mg, 0.638 mmel) in DMF (8 mL) was added DIEA (6.2 mi)
and stirred at 50°C overnight, The mixture was poured into water and filtered, washed with water,
purified by pre-HPLC to give Compound 49 (38 my, 2%%yield) as yellow solid. LC-MS:
Ri=1.207min, 410.0 [M+1T7

Exsmple 48
o ,
L HiY \>
SN
""" HATU
DIEA/DMF

[#254) Compound 50 is prepared according to the procedure described in Example 47: Yield=15%,

26 mg, vellow solid. LO-MS: 410.2 [p+1]7

Example 49

.»«-—"‘\ /}‘:‘X
/A. f,’f? G \\’)’i
] o oDT N
| - EtBN/CHICN “n }/x,m@
o

~n r.t, overnight

SM7 8SM8
[0355] To a solution of SM7 (17.2 g, 100 munol) and EtsN (27.7 ml, 200 mmol} in MeCN, ethyl
carbonochloridate (14.2 ml, 150 mmol) was added drop wise at 0 °C and stirred at r.i. overnight. The
reaction mixture was concentrated and dissolved in BiOAe, washed with HzO, brine, then purified

by silica gel columm (Petro ether : EtOAc = 3 : 1) o give SME as yellow oil (12,6 g, 51.6% yield).

LO-MS: 245.1 [MH1T
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WO 2016/141042
Example 50
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[8356] To a solution of SM8 (3.48 mmol} in BiOH, 10%Pd/C (70 mg) was added and stirred at r.t.
for 2h. The reaciion mixture was filtered and the filtrate was concentrated and dried under vacuum

to give Compound SM%: Vield=89%, 480 mg, pale vellow oil. LC-MS: 155.3 [M+11"

Example 51

H .
| _ g el
SN N j,//*c' reflux, 20h
E
SM 5 SMg

{0357} To a solution of Compound SM3 (595 mg, 3.1 mmol) and Compound SM9 (480 mg, 3.1
mmol) in ethanol (8 mL) was added BN (1.2 mL, 8.6mmol) and the mixture was stirred at reflux
for 18h. After coaling, the mixture was concentrated and the residue was diluted with EtOAc to get

Compound 31 (430 mg, 47%yield) as brown solid. LC-MS; Rt=1.073min, 292.0 [M+1]",

Exambple 52

AN BN

18358] Compound 52 is prepared sccording to the procedure deseribed in Example 41: Yield=538%,

40 mg, yellow selid. LC-MS: 333.9 [M+17".
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Example 53
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[#359] Compound 53 is prepared according to the procedure described in Example 47 Yield=95%,
320 mg, vellow solid, LC-MS: 263.9 [M+1]".

Example 54

BN 3 N
g ek !\\/ NH
HATL f\i ™ (
DIEA/DMF b=/
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10368 Compound 54 is prepared according to the procedure deseribed in Example 47; Yield=13%,
18 myg, yellow solid. LC-MS: 360.0 [M+17

Example 55

E,sx HE N
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SNTYyy HATU
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X
83
[0361] Compound 54 is prepared according to the procedure described in Exarmple 47: Yield=14%,
32 mg, yellow solid. LC-MSK: 360.2 [M+117
Example 56

[0362] The following compounds are prepared sccording 1o the methods used for the preparation of

compounds 32 and 53.
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Example 87: Remesmmﬁw Cell-Based ICs Data

[8363] Inhibitory activity on cell proliferation of representative compounds of the invention was
determined using an Alamar Blue cell viability assay as described heveafier,

[0364] 3000 cancer cells in 100 uL of cell culture media were plated in each well of & 96-well clear
bottom, black wall cell culture-pretreated plate.

19365] The next day compounds are serially diluted (3-fold in cell culture media) across a 96-well
polypropylene mother plate from row A to row F, to yield 6 concentrations (10 uM, 3.3 oM, L1 uM,
370 nM, 124 nM and 41 nd) for each test compound, Rows G and H contain only DMSO.

[D366] Once titations are made, the media in plates with cells were disposed and 100 gL of drug
dilutions ave transferred to plates with cells. After a ninety six-bour incubation at 37 °C, 10 uL of
resazurin solution from Alamar Blue Cell Viability kit (Invitrogen, Carlsbad, CA) was added to the
media and cells were incubated at 37 °C for three more hours. At the end of this incubation the
production of resofurin was measured using Spectrmax M2 niicroplate reader (Molecular Deviees,

sSunnyvale, CA}
Examuple 38: gRT-PCR Assay for Selective Inhibition of RNA Polymerase I Transcription

[8367] 3000 cancer cells in 100 uL. of cell culture media were plated in each well of a 96-well clear

boltom, black wall cell culture-pretreated plate.
D6
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{6368] The next day compounds are serially dituted (3-fold in cell culture media) across a 96-well
polypropylene mother plate from row A to row F, to vield 6 concentrations (10 uM, 3.3 uM, 1.1 uM,
370 nM, 124 nM and 41 nM) for each test compound. Rows G and H contain only DMSO.

{6369] Oncee titrations are made, the media in plates with cells were disposed and 100 ul. of drug
dilutions are transferred to plates with cells. After a ninety six-hour incubation at 37 °C, 10 uL. of
resazurin solution from Alamar Blue Cell Viability kit (Invitrogen, Carlsbad, CA) was added to the
media and cells were incubated at 37 °C for three more hours,

[4378] At the end of this incubation the production of resofurin was measured using Specirmax M2
microplate reader (Meolecular Devices, Sunnyvale, CA}

[8371] The Pol I iranscription assay was used to measure the compound-dependent inhibition of the
synthesis of rRNA versus mRNA. Briefly, this procedure utilizes a quantitative real time polymerase
chain reaction assay (gRT-PCR) to quantify the amount of newly synthesized rRNA and mRNA in
cancer cells treated with the drags. The format of this assay is the same for all cell lines tested.
Assay protocol i3 described hereafter.

(83721 2%10° cancer cells in 2 mL of cell culture media were plated in each well of a 6~well clear
hottom, black wall cell culture-pretreated plate. The next day compounds are serially diluted (5-fold
in cell culinre media) in 15 mL conical tubes to vield 6 concentrations {25 uM, 5 uM, 1 uM, 200 nM,
40 oM and & nM) for each test compound.

10373] Onee titrations are made, the media in plates with cells were disposed and 2 mL of drug
dilntions are transferred o plates with cells. After two-hour incubation at 37 °C, the roedia with drug
dilutions is disposed, the cells in the plate are washed once with 2 mL of ice-cold PBS and the total
RNA from cells is isclated using RNAgqueous®-Micro Total RNA Isolation Kit (Lechnologies,
Carlsbad, CA) according to the mamnufacturer’s protocol) and its concentration was determined using
Ribogreen reagent (Life Lechnologies, Carlsbad, CA).

[8374] Relative levels of 458 pretRNA and c-mye mRNA were measured using Applied
Biosysterus® (Foster City, CA) proprietary primers-probe set for c-myc mRNA and custom primers
probe set (forward primen; CCGCGCTCTACCTTACCTACCT (SEQ ID 1), reverse primer:
GCATGGCTTAATCTTTGAGACAAG (REQ ID 2, probe: TTGATCCTGCCAGTAGC (SEQID
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3)) for pre-rRNA. Analysis was run on 7300HT Real Time PCR Bystem {Applied Biosystems,
Foster City, CAl

Example §9: Cell-Free Pol I Transeriplion Assay

[0375] To measwre the direct effect of represertative compounds on RNA Polymerase
transcription, a nuclear extract-based assay was used, Assay protocol is described herealier.

(8376} Compounds are serially diluted (5-fold in cell culture media) across a 96-well polypropylene
maother plaie from row A to row E, to yvield 5 concentrations (50 uM, 10 ub, 2 ud, 400 oM and &0
M) for each test compound, Row G contained only DMSO.

[83771 Once titrations were made, the reaction mixture consisting of 30 ng/ul DNA tewplate
corresponding to (-160/4379) region on rDNA and 3 mp/mi. nuclear extract isolated from Hela 83
cells in a buffer containing 10 mM Tris HCI pH 8.0, 80 mM KCl, 0.8% polyviayl aleohel, 16
mg/mL a-amanitin was combined with the test compounds and incubated at ambient for 20 min.
{0378] Transcription was initiated by addition of fPNTP mix (New England Biolabs, Ipswich, MA) to
g final congcentration of 1 mM and was incubated for one hour at 30 °C. Afterwards DNase I was
added and the reaction was further incubated for 2 hr at 37 °C.

DNase digestion was terminated by the addition of EDTA to fingl concentration of 10 mM, followed
immediately by 10 min incubation ai 73 °C, and then samples were transferred to 4 °C. The levels of
resultant transcript were analyzed by gRT-PCR on 7S00HT Real Time PCR System (Applied
Biosystems, Foster City, CA) using the following primer-probe set: Pol I probe
ctetggectacopgtgaccoggeta, Pol I forward primer gelgacacgetgicctotggeg and Pol ] revarse primer
ggetcaagesggagegegac.

Example 60: Testing Inhibition of RNA Polymerase 1 and I - Driven Transeriptions

{03791 MM231 cells were plated in a 6-well format at 2*10°5 cells/well overnight. The next day the
cells were treated by a dilution series (6 doses total: 25 udM, 3 uM, 1 ud, 200 nM, 40 oM, & aM) of
test compounds. Two hours after the beginning of treatment cells were washed and lysed for RNA
isolation that was performed using RNAgueous-Mini Total RNA Isolation kit (Ambion).

[(380] The resulting RMNA concentrations were determined using Quant-iT RiboGreen RNA Assay

Kit (Molecular Probes). Effect on RNA Polymerase [ and RNA Polymerase 1 — driven transcription
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was assessed by monitoring resulting levels of 458 pre-rRNA and ¢eMYC mRNA respectively. For
this we performed Tagman qRT-PCR assay using TagMan® RNA-to-Ct™ [-Step Kit {Life
Technologies) with custom primer-probe set for 458 pre-TRNA (Drygin of all 2009 Cancer Res
69:7653) and HSOG}S%GS_m} pritner-probe mix (Life Technologies) for eMYC mBRNA. The assay
was performed on Applisd Biosystems 7500 Fast Real-Time PCR System {ABI) using Absolute
Quantitation method. The data was analyzed using GraphPad Prisny (GraphPad) software.

[#381] Representative Pol | transcription inhibition, in MM231 cell line, from quantitative PCR
(QPCR) (Example 86 & Exarmple §7) data is provided in Table 1.

Table 1
Compound ID 41 2 44 45 52 5
Pol | A B B A D D

-+ indicates an activity of less than | M ++ indicates an aetivity of greater than § yuM and less than § puM; + indicates
an activity of groator than § pm and less than 10 pM; and ~ indicates an activily of greater than 10 pM.

Example 61: Anti-Cancer Activity of Represeniative Compounds

[8382] Representative cell proliferation inhibition from Alamar Blue assay (e.g. Example 84 berein)

is provided in Table 2.

Table 2
Cell Line
Compound I MDA-MB-231  SK-BR-3
12 B B
I3 B B
15 B B
14 B B
19 B B
20 B B
22 C B
21 B D
26 B B
27 B B
29 B B
28 B B
34 B B
36 B B
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Cell Line
Compound ID MDA-MB-231  SK-BR-3

35 B B
62 B B
61 D D
6l 13 I3
63 D D
58 B B
57 B B
36 D D

A indivates an activity of less than 1 4 and B lodivates an activity of greater than 1 gM and less thae § pM; C
mdicates an getivity of greater than § oy and less than 10 pMy snd D indicates an sctivity of groater than 10-uM,

Example 63: Anti-Cancer Activity of Representative Compounds

[0383] Representative cell proliferation inhibition from Alamar Blue assay {e. g Example 84 herein)

iz provided in Table 3.

Table3
Compound 1D
Cell line 5 52 33 39 41
SKM-1 1 B A
Pi2-
ICHIKAWA B B
THP-{ B B
KG-1 B B
NB-4-1 B B
MIL-2 B B
MM231 D B
SK-BR-3 D B8 A
A indicates an activity of less than | uM; and B indicates an activity of greater than 1 pb and less than 5 piy C

indicates an activity of greater than 5 e and less than 10 pM; and D indicates an activity of greater than 10 pM.

[8384] The shove description of the disclosed embodiments is provided to enable any person skilled
in the art to make or use the invention. Various modifications to these embodiments will be readily
apparent 1o those skilled in the art, and the generic pringiples deseribed berein can be applied to other

embodiments without departing from the spirit or scope of the invention. Thus, it is fo be understood

L
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that the description and drawings presented herein represent a presently preferred embodiment of the
invention and are therefore representative of the subject matier which is broadly contemplated by the
present invention. It is further woderstood that the scope of the present invention fully encompasses
other embodiments that may become obvious to those skilled in the art and that the seope of the present

invention is accordingly not limited.
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CLAIMS
WHAT IS CLAIMED I8
’ /‘74\ v/\‘l\){\ e Xi
|-
- I x"x Y‘\ . .
1. A compound of Formula I; ~——"  ora pharmacentically acceptable salt, esters

prodrug, hydrate, or tautomer thereot, wherein:

each 7y, 22, 73, and Z4 is N, CH, or CRy, provided any three N are non-adjacent; and further
provided that one or more of %4, Za, 73, and Za is CRy;

sach Ry is independently an optionally subsiituted C1-Cq alkyl, Ca-Cy heteroalloyl, Co-Cy alkenyl,
Cy-Cy heteroalkenyl, Co-Ca alkynyl, Co-Cx heteroalloynyl, Ci-Cs acyl, Cr-Cs heteroacyl, Ce-
Cig arvl, Cs-Ciz heteroaryl, Cr-Cu arvlalkyl, or Co-Cia heteroarylalkyl group, or each Ry is
independently H, halo, CF3, ORa, NRoRs, NR2OR3, NRaNRaRs, SRz, SOR:, 8OC:Ro,
SOuNR2Ra, NR2SO:R 3, NRAaCONR:Ra, NR2COORs, NR:CORs, CN, COOR2, COOH,
CONR2R;5, OOCRs, COR3, or NGz,

and wherein Ro and Rx groups on the same atom or ont adjacent atoms can be linked to form g 3-8
memtbered ring, optionally containing one or more N, O or § atoms; and each Ry and Ry
groups, and each ring formed by linking R, and Rs groups together, is optionally substituted
with one or more substituents selected from halo, =0, =N-CN,=N-OR', =NR’, OR’, N(R),
SR, SOuRY, SO2NR,, NR'SO:R!, NR'CONRY, NR'COOR', NR'COR!, ON, COUR/,
CON(R")2, OOCR, COR/, and NO», wherein each R’ is independently H, Ci-Cs alkyl, Cr-Ce
heteroalkyl, Ci-Cy acyl, Ca-Ce heterogoyl, Cs-Croaryl, Cs-Cre hﬁieroaryi_;()—;«(hz arvlalkyl, or
C¢-Ciz heteroarylalkyl, each of which is optionally substituted with one or more groups
selected from halo, C1-Cy alkyl, Ci-Cy heteroalkyl, Ci-Cs acyl, Ci-Cy heteroacyl, hydroxy,
amino, and =0; wherein two R’ can be linked to form a 3-7 mombered ring optionally
containing up to three hetercatoms selected from N, O and S;

or each Ry is independently -W, -L-W, -¥X-L-A; wherein X is NRs, O, or 8; W is an optionally
substituted 4-7 membered azacyclic ring, optionally containing an additional heteroatom

selected from N, O and 8 as a ving member; L 15 a Ci~Cio slkylene, C1-Cio heteroalkylene,
£ ¥ 3 5
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Cz-Co alkenylene or Co-Cia heteroalkenylene linker, each of which raay be opticnally
substituted with one or more substituenis selected from the group consisting of halegen, oxo
(=0}, or C1-C6 alkyl; and A is heterocyctoalkyl, heteroaryl or NRsRs where Rs and Rs are
independently H, optionally substituted C-Ca allkyl, C2-Cy heteroalkyl, Co-Cq alkenyl, Ca-Cs
beterealkenyl, Ci-Ce alkynyl, Co-Cx heteroalkynyl, C1-Ce acyl, Ua-Cs heteroacyl, Cs-Cro aryl,
Cs-Cys heteroaryl, Cr-Cyz arylalkyl, or Ce-Ciz heteroarylalkyl group,

B and Rs can be linked to form a 3-8 membered ring, optionally containing one or more N, O or
S; and each Rs and Rs groups, and each ring formed by linking R and Ks groups together, is
optionally substituied with one or more substituents selected from halo, =0, =N-CN, =N~
OR’, =NR’, OR’, N(R'), SR, SO:R, SO;NR%, NR'SG:R’, NR'CONR';, NR'COOR,
NR'COR', CN, COOR', CON(R'y;, OOCR', COR', and NQ;, whereln each R' is
independently H, C1-Ce alkyl, Ca-Cs heteroalkyl, Ci-Ce acyl, Cr-Ce heteroacyl, Ce-Cioaryl,
Cs-Cig heteroaryl, Cr-Cra arvlalkyl, or Ce-Crp heteroarylalkyl, each of which is optionally
substituted with one or mare groups selected from halo, Ci1-Cy alkeyl, Ci-Coq heteroalkyl, Ci-
Cs acyl, Ci-Cg heteroacyl, hydroxy, amine, and =0; wherein two R’ can be linked to form a
3-7 merabered ring optionally containing up to three heteroatoms selected froma N, O and 8;

Ry is B, optionally substituted (;-Cx alkyl, Ca-Cs heteroalkyl, Ca-Cy alkenyl, Cz-Cs
heternatkenyl, Cr-Cp alkynyl, Cr-Cs heteroallynyl, Ci-Cg acyl, C2-Cy hetercacyl, Co-Cip aryl,
C35-Uyy heteroaryl, C7-Crz arylalkyl, or Cs-Ciz heteroarylalkyl group,

Rs can be linked to R4 or Rs to form a 3-8 membered ring; and Rq or Rs is optionally substituted
with one or more substituents selected from halo, =0, =N-CN, =N-OR/, =NR’, OR’, N{R'),
SR, SCuRY, SO2NR':, NRISG:R!, NR'CONR':, NR'COOQR!, NR'COR!, CN, COOR/,
CON(R ), QOCR', COR', and Ny, wherein sach R’ is independently H, (-G alkyl, Ca-Cs
heteroalkyl, Ci-Cs acyl, Co-Cg heteroacyl, Co-Crparyl, Cs-Cio heteroaryl, Cr-Cyz arvlalkyl, or
C6-Ciz heteroarvlalkyl, each of which is optionally substituted with ong or more groups
selected from halo, C-Cq alkyl, Ci-Ca heteroalkyl, C1-Cy acyl, C1-Cs heteroacyl, hydroxy,
aming, and =0; wherein two R’ can be linked to form a 3-7 membered ring optionally
containing up to three heteroatoms selected from N, O and §;

Y is an optionally substituted 5-6 membered carboeyelic or heterocyclic ring;
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¥y is an optionally substituted Ci~Cy alkyl, C3-Cy heteroalkyl, C3-Cs alkenyl, Co-Cs
heteroalkenyl, Co-Cr alkynyl, Cz-Cy heteroalkynyl, C1-Cy acyl, Co-Ca hetercacyl, Ce-Cio aryl,
(5-Ciz heteroaryl, Cr-Ciz arvlalkyl, or Cs-Ci2 hetercarylalkyl group, eptionally substituted
with one or more halogens, =0, CFs, CN, OR, NRsRs, SRy, 8O:NRsRs, Ci-Cs alloyl, Co-Cs
heteroalkyl, C»-Cs alkenyl, C-Cs heteroalkenyl, C2-Cy alkyuyl, Co-Cy heteroalkynyl, Ci-Cs
acyl, Cs-Cs hetercacyl, Ce-Cip aryl, C5-Cia heteroaryl, Cr-Crz arvialicyl, or Ce-Cyp
heteroarylatkyl group, or;

Ky is H, NRaR3, SOR,, BO:R,, BUpNR:R;, NR2SO:2Rz, NR:CONR:R3, NR2COOR;, KRpCOR;,
ON, COOR,, ester bivisostere, COOH, carboxy bicisostere, CONR:R 3, amide bicisostere,
OOCR:, CORa, or Niy;

2. A compound of Formula H{A}), IIB}, I(C), IKD) and II(E),

S

g oNe Ky 7z bl % 7 N <
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a pharmaceutically acceptable salt, esters prodrug, hydrate, or tautomer thereofl wherein:

22, Za and Z4 are independently CH or CRy; ,

cach Ry is independently an optionally substituted Ci-Ca alkyl, C2-Cs heterpalkyl, Co-Cy alkenyl,
C2-Cs heteroalkenyl, Ca-Cs alkynyl, Co-Cy heteroatkynyl, Ci-Cs acyl, Cp-Cq heteroacyl, Cs-Cro
aryl, Cs-Ciz heteroaryl, Cr-Cia arylalkyl, or Ce-Cia heteroarylalkyl group, or each Ry is
independently hale, CFs, OBz, NRzRs, NR:ORs, NRoNR2Rs, SR, 8ORy, SO:Rz, SO:NR:Rs,
NRzSO:Rs, NR2CONRRs, NR:COOR;s, NR:CORa, CN, COOR;, COOH, CONR:Ra, OOCR,,
COR2, or NQOy;

ar each Ry is independently -W, -L-W, -X-1-A; wherein X is NRg, O, or 8; W is an optionally
substituted 4-7 membered azacycelic ring, optionally containing an additional heteroatom
selected from N, O and 8 48 a ring member; L is a Ci-Cio alkylene, C1~Cio heteroalkylene, Co-
Cyo alkenylene or C2-Cip heteroalkenylene linker, each of which may be optionally substituted
with one or more substituents selected from the group consisting of halogen, oxo (=0), ar Cl1-

(6 alkyl; and A is helerocycloalkyl, heteroaryl or NR4Rs where Raand Rs are independently H,
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optionally substituted C1-Cs alkyl, C»-Cs heteroalkyl, C2-Cs alkenyl, C2-Cy heteroalkenyl, C-Cs
alkynyl, Co-Cs heteroalkynyl, Ci-Cs acyl, Co-Cs heteroacyl, Ca-Cig aryl, Cs-Ciz hetercaryl, Cr-
Ciz arylalkyl, or Cg-Cirz heteroarylalkyl group;

R and Rs can be linked to form a 3-8 membered ring, optionally containing one oy mote N, O or 5;
and each Rs and Rs groups, and each ring formed by linking R4 and Rs groups together, is
optionally substituted with one or more substituents selected from halo, =0, =N-CN, =N-OR/,
=NR', OR, N(R), SR, SQ:R’, SO:NR%A, NR'SO:R!, NR'CONR, NR'COOR!, NR'COR', CN,
COOR', CON{R . QOCR, COR/, and NOs, wherein cach R is independently H, Ci-Cs alkyl,
C3-Cs heteroalkyl, Ci-Cs acyl, Co-Cs heteroacyl, Ce-Croaryl, Cs-Cig beteroaryl, Cr-Cio
arylalkyl, or Ce-Cio heteroarylalkyl, cach of which is optionally substituted with one or more
groups selected from halo, Ci-Cy alkyl, Ci-Cy hetorvatkyl, Ci-Cs acyl, Ci-Cs beteroacyl,
hydroxy, amine, and =0; wherein two R can be linked to form a 3-7 membered ring optionaily
containing up to three heterogtoms selected from N, Q and §;

Rs is H, optionally substituted Ci-Cs alkyl, C2~Cg heteroalkyl, Co-Cs alkenyl, Cz-Cs heteroalkenyl,
Co-Cp alkyoyl, Co-Cs heteroalkynyl, Ci-Cs acyl, Co-Cx heteroacyl, Cs-Cro aryl, Cs-Ciz
heteroaryl, Cr-Cio arvlalkyl, or Ce-Ciz heteroarylalkyl group; or R can be linked to Ry or Rs to
form a 3-§ membered ring; and R4 or Rs is opiionally substituted with one or more substituents
selected from halo, =0, =N-CN, =N-OR’, =NR’, OR', N(R")2, SR, SO:R, SO:NR", NR'SO2R/,
NR'CONR";, NR'COOR', NR'COR, CN, COOR', CON(R'})p, QOCR!, COR', and NOy, wherein
each R' is independently H, C1-Cyq alkyl, C:-Cs heterovalkyl, Cr-Cs acyl, Ca-Cs heteroacyl, Ce-Ciy
aryl, Cs-Cig heteroaryl, Cr-Crz arylalkyl, or Co-Cha hetercarylalkyl, each of which is optionally
substituted with one or more groups selected from halo, Ci-Cy alkyl, Ce-Cl4q heteraalkyl, Ci-Ce
acyl, C1-Ce heteroacyl, hydroxy, amine, and =(; wherein two R’ can be linked to form a 3-7
membered ring optionally containing up to three heteroatorms selected from N, O and 5;

Y is an optionally substituted 5-6 membered carboeyelic or heterocyelic ring;

X, is an optionally substituted Ci-Cy alkyl, Ca~Cs heteroalkyl, Ca-Cs alkenyl, Cz-Cs hetercalkenyl,
C-Cy alkynyl, Co-Cs hetercalkynyl, Ci-Cs acyl, Co-Cy hetercacyl, Co-Cro aryl, Cs-Ciz

heteroaryl, Cr-Ci2 arylalkyl, or Co-Ciz hetercarylalkyl group, or Xy is H, NRzRs, 8ORz, SO:R:,
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SONRZR;, NR2SORs, NRCONR2R;, NRCOOR;s, NR2CORa, CN, COOR:, COOH, polar
substituent, carboxy bioisostere, CONRzRs, OOCR;, CORy, or NO2;

wherein R» and Rz groups on the same atow or on adjacent atoms can be linked to form a 3-8
membered ring, optionally containing one or more N,‘ O or 8; and each Rz and Rs groups, and
each ring formed by linking Ry and Ry groups together, is optionally substituted with one or
more substituents selected fron halo, =0, =N-CN, =N-OR', =NR', OR’, N{R, SR, 5Ok,
SO;NRY, NR'SO:R!, NR'CONR:, NR'COOR', NR'COR', CN, COOR/, CON(R}z, OOCR,,
COR', and NO;, wherein each R’ is independently H, Ci-Cy alkyl, (5-Cg heteroalkyl, Ci-Ce acyl,
Ca-Cs heteroacyl, Ce-Crparyl, Cs-Cig hetervaryl, Cr-Crz arvlalkyl, or Co-Cia hetervarylalkyl,
cach of which is optionally substituted with one or more groups selected from halo, C-Cy alkyl,
C1-Cy heteroalkyl, C1-Cs acyl, Ci-Cq heteroacyl, hydroxy, amino, and =0; wherein two R’ can
be linked to form a 3-7 membered ring optionally containing up to three heteroatoms selected
from N, O and &

A compound of Formula IH(A), KB and HC):
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phanmaceniically scceptable salt, esters prodrug, hydrate, or tautomer thereof, wherein:

L is a €;-Cro alkylene, Ci-Cio heteroalkylene, Ca-Cyp alkenylene or Co-Cip heteroalkenylene linker,
gach of which may be optionally substituted with one or more substituents selected from the
group consisting of halogen, oxo (=0), or C1-C6 alkyl;

A is heterocycloalkyl, heteroaryl or NR4Rs where Raand Bs are independently H, optionally
substituted C1-Cs alkyl, C2-Cs heteroalkyl, Co-Cy alkenyl, C2-Cy heteroatkenyl, Co-Cs alkynyl,
Cp-Cs heteroalkynyl, Ci-Cx acyl, Co-Cs heteroacyl, Cs-Cio aryl, Cs-Cia heteroaryl, Cr-Crp

arvialkyl, or Us-Ciz hetervarvialkyl group;
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R4 and Rs can be linked to form a 3-8 membered rving, optionally containing one or more N, O or §;
and each Ry and Rs groups, and sach ring formed by linking R4 and Rs groups together, is
optionally substituied with one or more substituents selected from halo, =0, =N-CN, =N-OR,
=NR', OR’, N(R), SR, SO2R/, SO:NRY, NR'BO:R', NR'CONR2, NR'COOR!, KR'COR!, CX,
COOR, CON(R), QOCRY, COR', and NO», wherein each R' is independently H, C-Co allyl,
Co-Clg heteraalkyl, C-Cs acyl, C2-Ce heteroaeyl, Co-Cro aryl, Cs-Cio heteroaryl, C5-Cra arylalkyl,
or Ce-C iz hetervarylalkyl, each of which is optionally substituted with one or more groups
selected from halo, Ci-Cy alkyl, Ci-Cs beteroalkyl, C1-Ce acyl, Ci-Cs heteroacyl, hydroxy,
amino, and =0; wherein two R’ can be linked to form g 3-7 merbered ring optionally containing
up o three heleroatoms selected from N, O and 8;

X is NRg, O, or 8¢

Rs is H, aptionally substituted Cy-Ca alkyl, Co-Cg heteroalkyl, Co-Cy alkenyl, Ca-Cs heteroalkenyl,
C2-Cg alkynyl, C3-Cs heteroalkynyl, Ci-Cy aeyl, C2-Cy heteroacyl, Co-Cio aryl, Ca-Ciz heleroaryl,
Cr-Ciz arylalkyl, or Ce-Cio heteroarylalkyl group;

R4 can be tinked to Ry or Rs to form a 3-8 membered ring; and Rq or Rs is optionally substituted
with one or more substituents selected from halp, =0, =N-CN, =K-QOR/, =NR/, OR', N(R'), SR,
SOuR!, SO:NR, NR'SO:R, NR'CONRY, NR'COOR', NR'COR!, CN, COCR’, CON(R),
DOCR, COR', and NO», wherein each R’ is independently H, €-Cs alkyl, Co-Cs heteroalkyl, Ci-
Cy acyl, Cr-Cs heteroacyl, Cs-Crgaryl, Cs-Cro heteroaryl, Cr-Ciz arylalkyl, or Cs-Ciz
heteroarylalkyl, each of which is optionally substituted with one or more groups selected from

“halo, Ci-Cy alkyl, Ci-Cs heteroalkyl, Ci-Cs acyl, C1-Cq heteroacyl, hydroxy, amino, and =0
wherein two R’ can be linked to form a 3-7 membered ring optionally containing up to three
heteroatoms selected from N, G and §;

¥ is an optionally substituted Ci-Ca alkyl, Co-Cy hetervalkyl, C2-Cy alkenyl, Ca-Cs heteroalkenyl,
C-Cy alkynyl, 0o-Cy heteroalkynyl, C1-Cs acyl, Co-Cy beteroacyl, Cs-Cia aryl, Cs-Ciz hetevoaryl,
Cr-Cip arylalkyl, or Co-Ciy beteroarylaikyl group, or X is H, NRzR3, SOR2, 80:Rz, SONRaRs,
NRzSO:Rs, NR2CONRRa, NR2COORs, NRCORs, CN, COOR,, ester bioisostere, COOH,
carboxy bioisostere, CONR:Rs, amide bioisostere, OOCR:, CORz, or NOy;
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{IN and (U ave independently H, halogen, CFs, CN, ORy, NRsRg, SRz, SO:NRsRy, Ci-Cio alkyl,
Ci-Cio heteroalkyl, Co-Cio alkenyl, or C2-Cio heteroalkenyl, cach of which may be optionally
substituted with one or mere halogens, ==Q, or an optionally substituted 3-7 membered
carbocyelic or heterocyelic ring;

wherein Ro and Rs groups on the same atom or on adjacent atoms can be linked to form g 3-8
membered ring, optionally containing cne or more N, O or 8; and each Ry and R; groups, and
each ring formed by linking By and Ry groups together, Is optionally substituted with one or
more substituents selected from halo, =0, =N-CN, =N-OR!, =NR', OR/, N(R"), SR/, SO:R/,
SOaNRY, NR'SO:R, NR'CONR,, NR'COOR', NR'COR', CN, COOR!, CONR, OOCR,,
COR', and NOz, wherein cach R’ is independently H, C1-Cs alkyl, Co-Cs heteroalkyl, Ci-Ce acyl,
Co-Cs heteroacyl, Co-Craaryl, Cs-Cio heteroaryl, Cr-Ci arylalkyl, or Cs-Cio heteroarylalkyl,
sach of which is optionally substituted with one or more groups selected from halo, Ci-Ca alkyl,
1-Cy heternalkyl, Ci-Ce aeyl, Ci-Cs beteroacyl, hydroxy, amino, and =0; wherein two R’ can be
linked to form a 3-7 membered ring optionally containing up to three heteroatoms selected from
N, O and 5.

A compound of Claim 3, wherein the compound has the following structure:
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salt, esters prodrug, hvdrate, or tautomer thereof, wherein:

L is a C;-Uig alkylene, C-Cro heteroalkylene, Co-Cio alkenylene or Cx~Cho heteroalkenylene
linker, each of which may be optionally substituted with one or more substituents selected
from the group consisting of halogen, oxo (=0}, or C1-Cé alkyl;

A 18 heterocycloalkyl, heteroaryl or NRuRs where R; and Rs are independently H, optionally
substituted Ci-Cs alkyl, C2-Cx heteroalkyl, Cr-Cy alkenyl, Cp~Cy heteroalkenyl, Co-Cy
alkynyl, Ca-Cy heteroathyayl, C1-Cg acyl, C2-Cy heteroacyl, Co-Cro aryl, Cs-Ciz heteroaryl,
Cr-Cio arvialkyl, or Ce~Cip heteroarylatky! groupls
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R4 and Rs can be linked to form a 3-8 membered ring, optionally containing ove or maore N, OQor
2; and each Rq and Rs groups, and egach ring formed by linking R4 and R groups together, 18
optionally substituted with one or more substitnents selected from halo, =0, =N-CN, =N-
OR!, =NR/, OR!, N{R'j, SR, 8UR’, SOzNR%, NR'BOR', NR'CONR';, NR'COOR',
NR'COR', CN, COOR!, CONR Y, OOCR!, COR’, and NO2, wherein each R’ is
independently H, Ci~Cs alkyl, Cr-Cs beteroalkyl, Ci-Cs acyl, Ca-Cq heteroacyl, Cs-Cyparyl,
Cs-Cio heteroaryl, Cr-Cy2 arylalkyl, or Cs-Cio heteroarylalkyl, each of which is opticnally
substituted with one or more groups selected from halo, Ci-Cy alkyl, C-Cy heteroalkyl, T~
Cs acyl, C1-Ce heterpacyl, bydroxy, amine, and =0 wherein two R’ can be linked to form g
3-7 membered ring optionally containing up to three heteroatoms selected from N, O and §;

XisNRs O, o 5

R is H, optienally substituted Ci-Cy alloyl, Co-Cs beteroalkyl, To-Cy alkenyl, Co-Ca
beteroalkenyl, Cr-Cy alkynyl, Co-Cy heteroalkynyl, Ci~Cq aeyl, Co-Ce heteroacyl, Co-Cro aryd,
Cs-Ciz heteroaryl, Cr-Ciz arylalkyl, or Ce-Cip heteroarylalkyl group;

Rs can be hinked to Ry or Rs to form a 3-8 membered ring; and Rs or Ry is optionally substituted
with ane or more substituents selected from hale, =0, =N-CN, =N-0R/, =NR', OR', N(R');,
SR, SO2R', SO:NRY, KR'SOR!, KR'CONRS, NR'COOR!, NR'COR!, UN, COOR!,
CON(RY,, DOCR', COR/, and NG, wherein each R' ts independently H, C-Cs alkyl, Co-Cs
hetercalkyl, Ci-Cy acyl, C2-Cs heteroacyl, Ce-Ciparyl, Us-Crg heteroaryl, Cr-Cyz arylalkyl, or
Ce-Crz heteroarylalkyl, each of which is optionally suhstituted with one or more groups
selected from halo, C1-Cq alkyl, Ci-Cs hetercalkyl, Ci-Cs acyl, Ci-Ce heteroacyl, hydroxy,
amine, and =(3; wherein two R’ can be linked to form a 3-7 membered ring optionally
gontaining up to three heteroatoms selected from N, O and §;

Xz i3 an optionally substituted C-Cy alkyl, C-Ca heteroalkyl, Co-Cy alkenyl, Cr-Cy
heteroalkenyl, (>-Cx alkynyl, Cz-Cs hetercatkynyl, Ci-Cy acyl, Co-Cy heteroacyl, Cs-Cio arvl,
Cs-Clpz heteroarvl, Co-Ciz arvlalioyl, or Co-Ci heteroarylalkyi group;

{(WUn and (Uln are independently H, halogen, CFs, CN, ORy, NRsRs, SRy, SO:NRsRy, Ci-Cig

alkyl, Ci-Cip heterealkyl, Ca-Cyp alkenyl, or C2-Cip hetercalkenyl, each of which may be
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optionally substituted with one or more halogens, == 0, or au optionally substituted 3-7
membered carbocyclie or beterocyelic ring;
wherein Ry and Ry groups on the same atom or on adjacent atoms can be linked to form a 3-8
membered ring, optionally containing one or more N, O or S; and each Ro and R groups, and
each ring formed by linking Ry and Rs groups together, is optionally substituted with one or
more substituents selected from halo, =0, =N-CN, =N-0OR’, =NR/, OR/, N{R'})p, SR, S(hR/,
SONR", NR'SOR', NRCONR, KR'COOR', NR'COR', CN, COOR!, CON(R"), COCR,
COR', and MOz, wherein each R’ i independently H, T1-Cs alkyl, Cz-Ug heteroalkyl, C-Cs
acyl, Ca~Cs hetervacyl, Cs-Croaryl, Ce-Cig heterparyl, Cr-Crp arylatkyl, or Ce-Cra
heteroarylalkyl, each of which is optionally substituted with one or more groups selected
from halo, Ci-C; alkyl, Ci-Cs heteroatkyl, C1-Ce acyl, C1-Cs heteroacyl, hydroxy, amino, and
=(3; wherein two R’ can be linked to form a 3-7 membered ring optionally containing up to
three heteroatoms selected from N, O and S.
The compound of Claim 4, wherein L is a bond, C-Cis alkylene, C1-Ci beteroalkylene, Co-Cio
alkenylene or Co-Chip heteroalkenylene linker, cach of which is optionally substituted with one or
more substituents selected from the group consisting of halogen, oxo (=0), or C1-C6 atkyl.
The compeund of Claim 4, wherein A is heterocycloalkyl, heteroaryl, quaternary amine or
NRsRs where Ry and Rs are independently H, optionally substituted Ci-Cs alkyl, Co-Cy
heteroalloyl, Cr-Cy alkenyl, Co-Cs heteroalkenyl, Cp-Cs alkynyl, Ca-Cs heteroalkynyl, Ci-Cs acyl,
C3-Cq heteroacyl, Ce-Cro aryl, Cs-Crp heteroaryl, C3-Cpy arvlalkyl, or Ce-Ciz hetercarylalkyl
group.
The compound of Claim 4, wherein R and Rs can be linked to form a 3-8 membered ring,
optionally containing one or more N, O or §; and each Ry and Rs groups, and each ring formed
by linking R4 and Rs groups together, is optionally substituted with one or more substituents
selected from halo, =0, =N-CN, =N-OR', =NR/, OR', N(R'})z, SR/, 8G;R/, SO;NR":, NR'S{:R,
NR'CONRY, NR'COOR!, NR'COR', CN, COOR', CON(R")z, OOCR', COR’, and NG, wherein
each R' is independently H, C;-Ce alkyl, Co-Cs heteroalkyl, CiCs acyl, Cr-Ce heteroaeyl, Ce-Cro
aryl, Cs-Cia heteroarvl, Cr-Ciy arvladkyl, or Co-Cio hetercarylalkyl, each of which is optienally

substituted with one or more groups selected from hale, C-Cy altkyl, Ci-Cy heteroalkyl, Ci-Cs
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acyl, C1~Cs heteroacyl, hydroxy, aming, and =0; wherein two R’ can be linked to form a 3-
membered ring optionally containing up to three heteroatoms selected from N, O and 5.

8, The compound of Claim 4, whereiun X is NRg, O, or §.

9. The compound of Claim 4, whereion Rs is H, optionally substituted Ci-Cy alkyl, Co-Cy
heteroatkyl, Cz-Ca alkenyl, Co-Cx heteroalkenyl, Ca-Cs alkynyl, C2-Cs heteroalkyoyl, C-Cs acyl,
(»-Cy heteroacyl, Ce-Cig aryl, Cs-Ciz heteroaryl, Cr-Ciz arylalkyl, or Ce-Cyz heteroarylalkyl
group,

10, The compound of Claim 4, whersiun Rs is linked to Ry or Rs to form a 3-8 membered ring; and Rq
or Rs are optionally substituted with one or more substituents selected from halo, =0, =N-CN,
=N-OR, =NR’, OR’, N(R')2, SR, 8OzR, SGNR';, NR'SOR!, NR'CONR':, NR'COOR!, NR'COR/,
CN, COOR', CON{R"Yz, OOCR', COR, and NO», wherein each R’ is independently H, Ci-Cs
alkyl, Cs-Cg heterpalkyl, C1-Cq acyl, C2-Cs heteroacyl, Ce-Cigaryl, Cs-Cro heteroaryl, Cr-Ciz
arvlalkyl, or Cs-Crs betercarylalkyl, each of which is optionally substituted with one or more
groups selected from halo, Ci-Cs alkyl, Ci-Cs hetercalkyl, Ci-Ce acyl, €~Cs heteroaeyl, hydroxy,
araing, and = wherein two R’ can be linked to form a 3-7 membered ring optionally containing
up to three hetercatoms selected froma N, G and S,

11. The compound of Claim 4, wherein Xz is H, C1-Cio alkyl, Ci-Cyp heteroalkyl, Co-Cio alkenyl, or
Ca-Cag heteroalkenyl, each of which is optionally substituted with one or more halogens, =0, or
an optionally substituted 3-7 membered carbocyclic or ﬁeierocyciic ring.

12, The compound of Claim 4, wherein (1), and (U)n are independently H, balogen, CFs, CN, OR»,
MNRala, SRy, SONRzRe, C1-Cio alkyl, Ci-Cio heteroalkyl, Co-Cig alkenyl, or Cp-Cio
he‘iemélkenyig sach of which is optionally substituted with one or more halogens, =0, or an
optionally substituted 3-7 membered carbocyclic or heterocyclic ring.

13, The compound of Claim 4, wherein Rs and Ba groups oo the same atom or on adjacent atorns are
linked to form a 3-8 membered ring, optionally conlaining one or more N, O or 8; and each Rz and
Ra groups, and each ring formed by linking Rz and R groups together, is optionally substituted with
one or more substituents selected from hale, =0, =N-UN, =N-OR’, =NR, QR N(R"), SR/, SR,
SONRYG, NRISO:R', NR'CONRS, NR'COOR!, NR'COR/, CN, COOR', CON(R'),, OOCR’, COR’,
and N0y, whereln each R’ s independently H, Ci-Cs alkeyl, T-Cs heterpalkyl, Ci-Co acyl, Ca-Cy
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heteroacyl, Ce-Croaryl, Cs-Cio heteroaryl, C3-Ciz arylalkyl, or Ce-Ciz heteroarylalkyl, gach of
which is opiionally substituted with one or more groups selected from halo, Ci-Ce alkyl, Cp-Cy
heteroatkyl, Ce-Ce acyl, Ci-Ce hetercacyl, hydrosy, amino, and =0; wherein two R’ can be linked to
form a 3-7 membered ring optionally containing up to three heteroatoms selected from N, O and 8.

14, The compound of Claim 4, wherein Xz s H.

{Un
A

§'{,\‘[’,.N;\ BE\”Bz : \I s
g
& AN e nQ\\/fp “N’/\\

NN ey W
v(A) = V(B) e
F { ' i N e U
15. A componnd of Formula IV(A) and IV(B): P T SNUm g

pharmaceutically acceptable sali, esters prodrag, hydrate, or tautomer thereof] wherein:

B: is 8 bond or C=0, By is X-L-A; ,

L is a Ci-Cio alkylene, C1-Cio hetercalkylene, Ca-Cig alkenylene or Co-Cio heteroalkenylens
Hinker, each of which may be optionally substituted with one or more substituents selected
from the groap consisting of halogen, oxe (=0}, or C1-C6 alkyl;

A is heterocycloalkyl, heteroaryl or NRsRs wherein Reand Rs are independently H, optionally
substituted Ci~Cy alkyl, Ca-Cs heteroalkyl, Ca-Cy alkenyl, C2-Cy beteroalkenyl, Cr-Cq
alleynyl, Ca-Cg heteroalkynyl, Ci~Ce acyl, Ca-Cg heteroacyl, Ce-Cio aryl, Cs-Cia hetervaryl,
Cy-Cip arvialkyl, or Ce-Cra hetercarylalkyl group, or Re and Rs can be linked to forma 3-8
membered ring, optionally containing one or move N, O or §; and each R4 and Rs groups, and
each ring formed by linking Rq and Rs groups together, s optionally substituted with one or
maore substituents selected from halo, =0, =N-CN, =N-OR’, =NR/, OR', N{R")z, SR, 3C:R’,
SONR;, NR'SO:R', NR'CONR's, NR'COOR', NR'COR!, CN, COOR!, CON{R )z, DOCR/,
COR’, and NO», wherein each R' is independently H, Ci-Cs alkyl, Cp-Cs heteroalkyl, Ci-Cs
acyl, Cr-Cs heteroaeyl, Cs-Croaryl, Cs-Cie heteroaryl, Cr-Crz arylalkyd, or Ce-Ciz
heteroarylalkyl, each of which is optionally substituted with one or more groups selected
from hale, Ci-Cq alkyl, C1-Cy heteroalkyl, Ci-Cs acyl, C1-Cs hetervacyl, hydroxy, amino, and
=¥ wherein two R’ can be linked to form a 3-7 membered ring optionally containing up t©

three heteroatoms selected from N, O and 8;
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X is CReRs, NRBs, O, or 8; wherein Re is H, optionally substituted C-Cx alkyl, Ci-Cs hetercalkyl,
C2-Cy alkenyl, Cr-Cx heteroalkenyl, Cr-Cy alkynyl, Cp-Cs hetercalkynyl, C1-Cs acyl, Co-Cs
heteroacyl, Ce-Cip aryl, Cs-Cia heteroaryl, Cr-Crz arylalkyl, or Ce-Ciz heteroarylalkyl group;
or Rs can be linked to Ry or Rs to form a 3-8 membered ring; and

16. (U and (Ul are independently H, halogen, CF;, CK, ORy, NReRy, SRy, SO:NRsRs, C-Cig
alkoyl, Ci-Cio heteroatkyl, Co-Cro alkenyl, or Co-Cio heteroatkenyl, each of which may be
optionally substituted with one or more halogens, =0, or an optionally substituted 3-7
membered carboeyelic or heterooyelic ring.

17. A compound of Formula V(A), Formula V(B), and Formula V{C);

05 Xy
WWE §

N .\_‘- \'\\\(‘ - N .\?{;O
e W

N/

\‘:3
' \iﬁ\;’f\(um ; .
' ', or a pharmaceutically

acceptable sali, esters prodrug, hydrate, or tautomer thereof; wherein:

L is a bond, C1-Cip alkylene, Ci-Cio heteroalkylene, Co-Cie alkenylene or Ca-Cig
heteroalkenylene linker, each of which is optionally substitited with one or more substituents
selected from the group consisting of halogen, oxo (=0}, or C-Ce alkyl;

A is heterogycloalkyl, heteroaryl or NR4Rs where Ry and Rs are independently H, optionally
substituted Ci-Cy alkyl, C2-Cs heteroalkyl, Cr-Cy alkenyl, Co-Cy hetercalkenyl, Cz-Cy
alkynyl, Co-Cy heteroalkynyl, Ci-Cg acyl, Co-Cs heteroacyl, Cs-Cip aryl, Cs-Ciz heteroaryl,
Cy=Cyz arvlalkyl, or Ce-Cry heteroarylalkyl group;

Ra and Rs can be linked to form a 3-8 membered ring, optionally containing one or more N, O or
§; and each R4 and Rs groups, and each ring formed by Hoking Ry and Rs groups fogether, is
optionally substituted with one or raore substituents selected from halo, =0, =N-CN, =N-
OR’, =NR', OR, N(R);, SR, BOuR’, 8O:NR'z, NR'SQ:R', NR'CONR, NR'COOR/,
NR'COR', CN, CQOR’, CON(R), OOCR/, COR', and N{};, wherein each R' is
independently H, Ci-Cs allkeyl, C2-Cq hetervalkyl, Ci-Cs acyl, Cr-Cs beteroacyl, Ce-Croaryl,
Cs-Cio heteroaryl, Cr-Cis arylalkyl, or Ce-Cis beteroarylalkyl, each of which is optionally
substituted with one or more groups selected from halo, T1-Cy alkyl, C1-Cy heteroalkyt, Ci-
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Cs acyl, C1-Cs heteroacyl, hydroxy, amino, and =0; wherein two R’ can be linked to form a
3-7 membered ring optionally containing up to three heteroatoms selected from N, O and §;

X 15 NRs, O, 01 S;

Ry is H, optionally substituted €)-Cy alkyl, Co-Cs heteroalkyl, Ci-Cy alkenyl, Co-Ca
heteroalkenyl, Co~Ca alkynyl, Cx-Ca heteroalkynyl, Ci-Cs acyl, Co-Cy heteroacyl, Ce-Cro aryl,
(s-Ci2 heteroaryl, Cr-Crz arylalkyl, or Ce-Cip heteroarvlalkyt group;

Ry can be linked to R4 or Re to form a 3-8 membered ring; and Ry or Ry is optionally substituted
with one or more substituents selected from halo, =0, =N-CN, =N-0OR’, =NR/, OR, N{R'},
SR, SOuR’, SOKR, NRISO:R', NR'CONR, NR'COOR!, NR'COR', CN, COOR|,
CON(R'), OOCR/, COR', and N, wherein gach R’ is independently H, C1-Ce alkyl, Cr-Cs
heteroalkyl, Ci-Cs acyl, Co-Ce heteroaeyl, Cs-Crnaryl, Cs-Cho heteroaryl, Cr-Crr arvlalkeyd, or
Ce-Cin heteroarylatkyl, each of which is optionally substitnied with ene or more groups
selected from halo, €1-Cq alkyl, Ci-Ca hetercalkyl, Ci-Ce acyl, Ci-Cy beteroacyl, hydroxy,
amine, and =0; wherein two R' can be linked to form a 3-7 membered ring optionally
containing up to three heteroatoms selected from N, O and §;

Xo s H, Ci-Cie alkyl, Ci-Cip hetercalkyl, Co-Cip alkenyl, or Cr-Cho heteroalkenyl, each of which

membered carbocyelic or heterocyelic ring;

(s and (U are independently H, halogen, CFy, ON, OR7, NRaRe, SRy, 30:NRzRg, Ci-Cro
atkyl, Ci-Cig heteroalioyl, Ca-Cis alkenyl, or Ua-Cyp heteroalkenyl, each of which is
optionally substituted with one or more halogens, =0, or an optionally substituted 3-7
membered carbocyelic or heterocyclie ring;

wherein Ro and R groups on the same atom or on adjacent stows can be Hoked to form a 3-8
membered ring, optionatly containing one or more N, O or §; and each Ry and Ra groups, and
gach ring formed by linking Rz and R groups together, is optionally substituted with ope or
moare substituents selected from hale, =0, =N-CN, =N-OR', =NK', OK/, N{R), SR, 5O:R/,
SONRY, NR'SO;R, NR'CONR,, NR'CQOR', NR'COR!, CN, COOR!, CON{R ', OUCK,,
COR!, and NOy, wherein each R is independently H, Ci-Cs alkyl, C2-Cs heteroalkyl, Ci1-Cs

acyl, Co-Ce heteroacyl, Ce-Craaryd, Cs-Cig heteroaryl, Cr-Crz arvlalkyl, or Cs-Cip
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heteroarylalkyl, each of which is optionally substituted with one or more gronps selected
from halo, C1-Cy alkyl, Ci~Cs heteroalkyl, Ci-Ce acyl, C-Cs hetemacyﬁlg hydroxy, amine, and
=(): whetein two R’ can be linked to fornu a 3-7 membered ring optionally containing up to
three heteroatoms selected from N, O and 8.

18, A compound of Formula VI(A}, VI{B} and VI(C):

e h s \82
o T
B \\.‘=‘Q’v\h“_\‘{z>
§ .
‘J{(!&} & R :‘1 < \
o £ ,‘%‘t""‘{\m‘; L
- o S P s et o] .
(i ( SN o a pharmaceutically acceptable

salt, esters prodrug, hydrate, or tautomer thereot; wherein:

By isa bond or C=0;

By is X-L-A;

L ts a Ci-Cao alkylene, Ci~Cio heteroalkylene, Ca-Cio alkenylene or Ci-Cho histeroalkenylene
Hinker, each of which may be optionally substituted with one or more substituents selected
from the group consisting of halogen, oxo (=02}, or C1-C6 alkyl;

A is heterocycloalkyl, heteroaryl or NRsRs wherein R4 and Rs are independently H, optionally
substituted C-Cx alkyl, C3-Cs heteroalkyl, Ca-Cs alkenyl, €-Cy beteroalkenyl, C3-Cy
alkyayl, Co-Cs heteroalkynyl, Ci-Cy acyl, C2-Cs heteracyl, Cs-Cro aryl, Cs-Ciz heteroaryl,
Cr-Crz arvlalkyl, or Ce-Cyz heteroarylalkyl group, or Rs and Rs can be linked to form a 3-8
membered ring, optionally containing one or more N, O or §; and each R4 and Rs groups, and
gach ring formed by linking Ry and Rs groups together, is optionally substituted with one or
maore substituents selected from halo, =0, =N-UN, =N-OR’, =NR’, OR', N{R"), SR, SG:R,
SONRY, NR'SO:R, NR'CONRY, NR'COOR!, NR'COR/, CN, COOR!, CON{R), OOCR,,
COR!, and NOz, wherein cach R’ is independently H, C;-Cs alkyl, Cr-Cs heterpalkyl, C1-Cy
acyl, Cr-Ce heteroaeyl, Co-Crearyl, Cs-Cip heteroaryl, Cr-Crp arvlallyl, or Cg-Crz
heteroarvlalkyl, each of which is optionally substituted with one or more groups selected
from halo, C-Ci atkyl, Ci-Cq heteroalkyl, Ci-Cs acyl, Ci-Cg heteroacyl, hydroxy, aming, and
=(}; wherein two R can be linked to forra g 3-7 membered ring optionally containing up to

three heteroatoms selected from N, O and 8;
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¥ is CReRs, NRs, O, or 8; wherein Re is H, optionally substituted C1-Cy alkyl, Cz~Cq heteroalkyl,
Co-Cy alkenyl, C2-Cs heteroalkenyl, Co-Cs alkynyl, Co-Cy heteroalkynyl, (1-Cg acyl, Co-Cr
heteroacyl, Ce-Cro aryl, Cs-Cia heteroaryl, Cr-Cyz arylalkeyl, or Cs-Ciz heteroarylalkyl group;
or Rg can be linked to Ra or Rs to form a 3-8 membered ring; and

(U and (U are independently H, halogen, CFs, CN, ORy, NReRy, SRy, SO:NRRe, Ci-Cio
alkyl, Ci-Cio heteroalkyl, Co-Cio alkenyl, or Co-Cip heteroalkenyl, each of which may be
optionally substituted with one or more halogens, =0, or an optionally substituted 3-7
membered carbocyelie or heterocyelic ring.

Za sy,

o
o N
i §

{ |
LR NP N
I N
=T N Ry

19. A compound of Formula ViI: Vi . ot & pharmaceutically acceptable salt, esters

pradrag, hydrate, or tautomer thereot, wherein:

B is an aptionally substituted 5-6 membered carbocyelic or heterocyclic ring;

Zs i N or (X3 |

each Z: and Z4 is N, CH, or CRy, provided any three N are non-adjacert; and further provided
that one or more ot 71, 22, 23, and Z4 1s CRy;

cach Ry 15 independently an optionally substituted Ci-Cs alkyl, C2-Cx heteroalkyl, C2-Cs alkenyl,
(3-Cs heteroalkenyl, Co-Csp alkynyl, Cr-Cy heteroatkynyl, Ci-Cy acyl, Ca-Cy heteroacyl, Cs-
Cie aryl, Cs-Cia heteroaryl, C7-Cia arylalkyl, or Ce-Cra heteroarylalkyl group, oreach Ry is
independently H, halo, CFs, ORy, NRsRs, MR:ORa, NRoNRzRs, 8Kz, SOR;, SO0Rs,
RURNRaRa, NR2SO:R:, NR:CONR2Rz, NR2COOR:, NRzCOR;y, CN, COOR,, COOH,
CONR;R;, QOCR:, CORy, or N(y; and

wherein R and Ry groups on the same atom or on gdjacent atoms can be linked to forma 3-8
membered ring, optionally containing one or more N, O or 8 atoms; and each Rz and Ry
groups, and each ring firmed by linking Rz and Rs groups together, is optionally substituted
with one or more subsiituents selected from halo, =0, =N-CN, =N-OR/, =NR!, OR, N(R'},
SR, SOzRY, SCaNRYH, NR'SO:R, NR'CONR 2, NR'CoOR' NR'COR,, CN, COOR/, CON{R),
QOCR', COR’, and Ny, wherein gach R’ is independendy H, Ci-Cy alkyl, Co-Cs heteroalkyl,

Ci-Cs aeyl, C5.Cs heteroacyl, Csecio aryl, Us.Cro heteroaryl, Co-Crz arvlalkyl, or Cs-Cin
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hetersargalioyl, each of waics is optionally substituted with one or more groups selected from
halo, Ci-Cs alkyl, C1-Ca heteroalkyl, Ci-Cs acyl, C1.Cs hetercacyl, hydioxy, aming, ang =();
wherein two R’ can be linked to form a 3-7 membered ring optionally containing up to three
heteroatoms selected froma N, O and 8;

two R1 groups on adiacent atoms may form a carboxylie ring, heterocyclic ring, aryl or
heteroaryl, each of which may be eptionally substituted and/or fused with a cychic ring;

or each Ry is independently -W, -L-W, -X-1L-A; wherein X is NRg, O, or 8; W is an optionally
substituted 4-7 membered azacyclic ving, optionally containing an additional heterpatom
selected from N, O and S g5 a ring member; L is a C3-Cre alkylens, Ci-Cip heleroalkylene,
Co-Cho alkenylene or Cr-Cio heteroalkenylene linker, each of which may be optionally
substituted with one or more substituents selected from the group congisting of halogen, oxo
(=0}, or C1-C6 alkyl; and A is heterogycloalkyl, het&i‘oary’i or NR4Rs where Reand Rs are
independently H, optionally substituted C1-Cx alkyl, C2-Cs heteroalkyl, Ca-Cg alkenyl, Ca-Cs
hetevoalkenyl, C-Cg alkynyl, Co-Cs heteroatkynyl, €1-Cx acyl, Ci-Cs hetercacyl, Co-Cio aryl,
Cs-Cyz heteroaryl, Cr-Chp arylalkyl, or Ce-Ciz heteroarylalkyl group;

R, and Rs can be linked to form g 3-8 membered ring, optionally containing one or more N, O or
S and each Ra and Rs groups, and each ring formed by linking R4 and Rs groups together, is
optionally substituted with one or more substituents selected from halo, =0, =N-CN, =N-
OR =NR', OR, N ), SR, SR, SONRY, NR'SO:R!, NR'CONR'",, NR'COOR/,
NR'COR', CN, COOR!, CON(RY, OOCR’, COR’, and NOa, wherein each R' is |
independently H, C1-Cs atkyl, C2-Ce beteroalkyl, C1-Cs seyl, Co-C heteroacyl, Ce-Croaryls
Cs-Cro heteroaryl, Cr-Ciz arylatkyl, or Ce-Crz heteroarylalkyl, each of which is optionally
substituted with one or more groups selected from halo, Ci1-C4 alkyl, Ci~C4 heteroalkyl, Ci-
Cs acyl, C1-Cs heteroacyl, hydroxy, amine, and =0; wherein two R’ can be linked to form g
3-7 membered ring optionally containing up to three heteroatoms selected from N, (3 and §;

Rg¢ is H, optionally substituted Ci~Cg alkyl, Co-Cg beteroalkyl, Ci-Co alkenyl, Co-Cs
heteroalkenyl, Ca-Cg alkynyl, C2-Cs heteroalkynyl, C1-Cy acyl, Cz-Cs heteroacyl, Co-Cho aryl,

(5-Cyz hetervoaryl, Cr-Cip arvlalkyl, or Cs-Ci heteroarylalkyl group:

117



WO 2016/141042 PCT/US2016/020418

R can be linked to Ra or Rs to form a 3-8 membered ring; and Ry or Rs is optionally substituted
with one or more substituents selected from halo, =0, =N-CN, =N-OR! =NR/, OR, N{R )z,
SR, SR/, SO:NRY, NR'SO:R!, NR'CONR':, NR'COOR’, NR'COR!, CN, COCR/,
CON(RY)z, OOCR!, COR', and NO», wherein cach R’ is independently H, Ci-Cs alkyl, Tr-Ce
heteroalkyl, Ci-Cg acyl, Co-Cs heteroacyl, Ca-Cioaryl, Cs-Cig heteroaryl, Cr-Cop arylalicyl, or
Ce-Cr2 heteroarylatkyl, each of which is optionally substituted with one or maore groups
selected from héic:, C1-Ca alkyl, Ci-Cy heteroalkyl, Ci-Cs acyl, Ci-Cg heteroacyl, hydroxy,
amino, and =0; wherein two R’ can be Hoked to form a 3-7 membered ring optionally
containing up to three hetercatoms selected from N, O and 8;

X is an optionally substituted C1-Cs alkyl, C2-Cx heteroalkyl, Co-Cy alkenyl, Cx-Ca
hetercalkenyl, Co-Cy alkynyl, Co-Cr heteroalkynyl, Ci-Cs acyl, Ca-Cs heteroacyl, Co-Cro aryl,

Cs-Cig heteroaryl, Cr-Crp arvlalkyl, or Ce-Crz heteroarylalky! group, optionally substituted

heteroalkyl, C2-Cs alkenyl, Co-Cs heteroalkenyl, Co-Cy alkynyl, {o-Cy hetercalkynyl, C1-Cy
acyl, Co-Cy heteroacyt, Cs-Cio aryl, Cs-Cyz heteroaryl, Cr-Crz arylallyl, or Ce-Cia
hetervarylalkyl group, ot

Ky is H, NRaRz, SOR;, SOR2, SONR2R:, NR:SOzR 3, NR2CONMRRs, NR:COOR s, NR2CORy,
CN, COOR3, ester bivisostere, COOH, carboxy bioisostere, CONR,R3, amide bioisostere,
OOCR:, CORa, or NOg;

Xz is, H, halogen, CFs, CN, ORy, NRgRg, 8R7, SO:NR3Re, Ci-Cro alkyl, Ci-Tie heteroalkyl, Ca-
Cio alkenyl, or Cz-Cro heteroalkenyl, each of which may be optionally substituted with one or
more halogens, = O, or an optionally substituted 3-7 membered carboceyclic or heterocyclic
ring;

each X, Xsand Xsis Nor CRug

each Ryg is independently an optionally substituted Ci~Ce alkyl, T2-Cs heteroatkyl, Co-Cs
alkenyl, Cz-Cyp heteroalkenyl, C:-Ca alkyniyl, Co-Cy heteroalkynyl, C-Cs acyl, Us-Cs
heteroacyl, Ce-Cio aryl, Cs-Cyo heteroaryl, Cr-Ciz arylatkyl, or Cs-Crz heteroarylalkyl group,
or each Ry is independently H, halo, CFs, ORz, NRoRs, NRZORa, NRaNRaR;, SR, SOR,,
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SO2R2, 8O:NRaRa, NR2SO:R;, NR2CONRsR:, NRRCOOR,, KR CORs, CN, COOR;,
CQOH, CONR3R3, OOCR,, COR2, or NOg;

and wherein Rz and Rs groups on the same atom or on adjacent atoms can be linked to form a 3-8
membered ring, optionally containing one or more N, O or 8 atoms; and each Ry and Ry
groups, and each ring formed by linking Rz and Ra groups together, is optionally substituted
with one or more substituents selected from halo, =0, =N-UN, =K-OR/, =NR’, OR’, N{R'}1,
SR, SOuR!, SOaNRS:, NRISOR, NRCONR,, NR'COR!, NR'COR', CN, COOR!, cON{R:,
OOCR!, COR’, and NO», wherein each R’ is independently H, C1-Cs alkyl, C:-Cs heteroalkyl,
CCs acyl, Cr-Cs beteroacyl, Co-Cinarvl, Cs-craheteroaryl, Cr.Crzarylalloyl, or Ce-Coz
heterearyialkyl, each of which is opticnally substituted with one or more groups selected from
halo, C1-Ca alkyl, Ci-Cs heteroalkyl, Ci.Ceacyl, C1-Cs heteroacyl, hydroxy, amine, and =0;
wherein two R’ can be linked to form a 3-7 membered ring optionally containing up to three
heteroatoms selected from N, Q and §;

two Rie groups on adjacent atoms may form a carboxylic ring, heterocyclic ring, aryl or
heteroaryl, each of which may be optionslly substituied and/or fused with a eyclic ring;

or each Ry is independently -W, -L-W, -X-L-A; wherein X is NRg, O, or 8; W is an optionally
substituted 4-7 membered azacyelic ring, optionally containing an additional heteroatom
selected from N, O and § as a ring member; L is a Ci-Cyp alkylene, Ci-Cig heterpalkylene,
Cz-Cio alkenylene or Ca-Cis heteroalkenylene linker, each of which may be optionally
substituted with one or more substituents selected from the group consisting of halogen, oxo
(=0, or C1-Cs alkyl; and A is heterocycloalkyl, hetercaryl or NR4Rs where Ry and Rs are
independently H, optionally substituted Ci-Cg alkyl, C2-Cy hetersalloyl, Co-Cy alkenyl, Tr-Cs
heteroalkenyl, Co-Cy alkynyl, Co-Cs hetercalkynyl, C1-Cy avyl, Co~Cy heteroacyl, Ce-Cro aryl,

Cs5-Cyz heteroaryl, Cr-Crz arylalkyl, or Ce-Cie heteroarylalkyl group.
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20. A a compound of Fermula VIIE , or a pharmaceutically acceptable

salt, esters prodrug, hydrate, or tautomer thereof; wherein:
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Zs 18 Noor CXs,

each 2y and Z4 18 N, CH, or CRy;

each Ry is independently an optionally substituted C1-Cs alkyl, C2-Cy heteroalkyl, £2-Cs alkenyl,
(2-Cy heterpalkenyl, Co-Cx alkynyl, Cr-Cy hetervalloynyl, C1-Cs acyl, Co-Cx heteroseyl, Co-
Cig aryl, Cs-Ciz beteroaryl, Cr-Cio arylalkyl, or Ce-Ciz heteroarylalkyl group, or each Ry is
independently H, halo, CFy, ORa, NR3Ry, NR20ORs, NRoNRaR3, SRe, SOR;, 8O:R;,
SOMNRR:, NR2SORs, NRCONRoR;, NR2COORy, NRRCOR;, CN, COOR,, COOH,
COMNRaRa, OQCR;, CORy, or NQy;

and wherein Rz and B3 groups on the same atom or on gdjacent atoms can be linked to form a 3-8
membered ring, optionally containing one or more N, O or S atoms; and each Ry and Rs
groups, and each ring formed by linking R» and Rz groups together, is optionally substitated
with one or more substituents selected from halo, =0, =N-CN, =N-OR/, =NR', OR', N(R"),
SR, SO:R, 8O:NR'2, NR'SOR!, NR'CONR:, NR'COOR!, NR'COR!, CN, COOR’,
CON(R™, OOCR', COR’, and NO», whereln each R’ is independently H, C-Cs alkyl, Co-Ce
heteroatkyl, Ci~Ce acyl, Ca-Cs heteroacyl, Ce-Croaryl, Cs-Cig beteroaryl, Cr-Cyz arylalkyl, or
Cs-Ci heteroarvlalkyl, each of which is optionally substituted with one or more groups
selected from halo, C1-Cs aikyis Cyi-Cq heteroalkyl, Ci-Cs aoyl, Ci-Ce heteroaeyl, hvdroxy,
amino, and =0; wherein two R’ can be linked to form a 3-7 membered ting optionally
containing up to three heteroatoms selected from N, O and S;

or each Ry is independently -W, -L-W, -3-1-A; wherein X is NRe, O, or 8; W is an optionally
substituted 4-7 membered azacyclic ring, optionally coniaining an additional heteroatom
selecied from N, O and S as a ring member; L is a Ci-Crp alkylene, C1-Cip heteroalkylens,
Cy-Cio alkenylene or Co-Cio heteroalkenylene linker, each of which may be optionally
substituted with one or more substituents selected from the greup consisting of halogen, oxo
{=0), or C1-Cy alkyl; and A is heterocycloalkyl, heteroary] or NR«Rs where Rqeand Rs are
independently 1, optionally substituted Ci-Cs alkyl, C2-Cy heteroalkyl, Co-Cy alkenyl, Ca-Cy
hetercalkenyl, Ci-Cs alkynyl, Ca-Cy heteroalloynyl, C1-Cy acyl, Co-Cy heterpacyl, Cs-Cro aryl,

Cs-Cip heteroaryl, Cr-Cio arylalkyl, or Cs-Ciz heteroarylalkyl group;
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R andd Rs can be linked o form g 3-8 membered ring, optionally containing one or more N, QO or
S: and each Ry and Rs groups, and each ring formed by linking Ry and Rs groups together, is
optionally substituted with one or more substituents selected from halo, =0, =N-CN, =N-
QR =NR, OR, N(R'), SR, 8(hR, BO:NR, NR'SO:R', NR'CONR';, NR'COOR/,
NRICOR, UN, COOR’, CON(R), OOCR’, COR/, and NO;, wherein each R’ is
independently H, Ci-Cs alkyl, Co-Cs heteroalkyl, Ci-Cg acyl, Ca-Cs heteroacyl, Ce-Croaryl,
5-Cio heteroaryl, C7-Cho arylalkyl, or Cs-Cia hetervarylalkyl, each of which is optionally
substituted with one or more groups selected from halo, Ci-Ci alkyl, Ci-Cy heteroalkyl, Ci-
Cs acyl, Ci-Ce heteroacyl, hydroxy, aming, and =0; wherein two R’ can be linked to form a
3-7 membered ring optionally containing up to three heferoatoms selected from N, O and 8;

Ry is H, optionally substituted Ci-Ca alliyl, Ca-Cy heteroalkyl, C2-Cy alkenyl, Ca-Cs
heteroalkenyl, Cz-Cs alkynyl, Co-Cq heteroalkynyl, Ci-Cs acyl, Ca-Cq heteroacyl, Co-Cio aryl,
Cs-Ciz heteroaryl, C-Cia arylalkyl, or Cs-Cio heteroarylalkyl group; or Re can be linked to
R or Rs to form a 3-8 membered ring; and Rq or Rs is optionally substituted with one or
mare substituents selected from halo, =0, =N-CN, =N-OR', =NR/, R’ N{R)2, SR, SO:R/,
SONRYS, NR'SO:R, NR'CONR's, NR'COOR', NR'COR', CN, COCR', CON(R ), OOCR,
COR', and N, wherein gach R’ is independently H, C1-Cq alkyl, Co-Cs beteroalkyl, C1-Cs
acyl, Co-Cs heteroacyl, Cs-Croaryl, Cs-Cip heteroaryl, Cr-Ciz arylalkyl, or Cs-Ciz
heteroarvialkyl, each of which is optionally substituted with one or more groups selected
from halo, C1-Ca alkyl, Ci1-Cy heteroalkyl, Ci-Cs acyl, Ci-Cq hetercacyl, hydroxy, amino, and
=(3; wherein two R' can be linked to form a 3-7 moembered ring optionally containing up o
three heterostoms selected from N, O and 8;

X is an optionally substituted C1-Cy alkyl, Co-Cg heteroatkyl, C-Cy alkenyl, C2-Cs
heteroatkenyl, Ca-Cs alkynyl, Co-Cx heteroallynyl, C1-Cr acyl, Co-Cs heteroacyl, Cr-Cio aryl,
Cs-Ciz heteroaryl, Cr-Cis arylalkyl, or Ce-Crz heteroarylalkyl group, optionally substituted
with one or more halogens, =, CF;, CN, ORy, NReRs, SRy, SO:NRgRy, Ci-Csg alkyl, C2-Cy
heteroalkyl, C>-Cx alkenyl, Co-Cs heteroalkenyl, Co-Ca alkynyl, Ca-Cs heteroalkynyl, C1-Cs
acyl, Co-Ce heteroacyl, Ce-Cro aryl, Cs-Co beteroaryl, Cr-Cyz arylalkyl, or Ce-Ciz

heteroarylalkyl group; or
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X is H, NRaRz, BORy, SO:R2, SONRaRs, NR:SOG:Rz, NR:CONR2R;, NR2COORs, NR2COURy,
CN, COORg, oster bloisosters, COOH, carboxy bioisostere, CONR:R3, amide bisisostere,
OOCR,, CORy, or NO2;

¥, is, H, halogen, CFy, CN, ORy, NRsRg, SRy, 8(uNRzRs, Ci-Cyp alkyl, C;-Cro heterpalkyl, Co-
g alkenyl, or Cz-Cro heteroalkenyl, each of which may be optionally substituted with one or
mere halogens, ==, or an optionally substituted 3-7 membered carbocyclic or heteroceyclic
ring;

each X3, Xg and Xsis N or CRyp;

each Ris is independently an optionally substiinted Ci-Cy alkyl, Ca-Cy heteroalkyl, C2-Cy
alkenyl, Cx-Cq heteroalkenyl, C-Cy alkynyl, Co-Cy hetercalkynyl, C1-Cs acyl, C2-Cs
heterogeyl, Ce-Cro aryl, Cs-Ciz beterparyl, Cr-Cio arylalkyl, or Cs-Ciz hetercaryiatkyl group,
or each Ry 18 independently H, halo, CF3, OR;, NR:R3, NR2ORs, NRaMNRzRs, SRy, SOR;,
SR, SONRLR:, NR2SOR3, NRCONRRa, NR2COOR:, NR:COR;, ON, COOR,,
COOH, COMRaRg, OOCRz, CORz, or NOyz; and wherein R and Rz groups on the same atom.
or on adjacent atoms can be linked to form a 3-8 membered ring, optionally containing one
or more N, O or 8 aloms; and each Ry and Rz groups, and each ring formed by linking Ra and
R3 groups together, is optionally substituted with one or more substituents selected from
halo, =0, =N-CN, =N-OR’, =NR/, OR', N(R'), SR, 8O:R’, 8C2NR"2, NR'SO:R', NR'CONR':,
NR'COOR!, NR'COR!, CN, COOR', CON(R"Y);, OOCR!, COR/, and N{;, wherein each R' is
independently H, C1-Cs alkyl, Co-Cs heteroalkyl, Ci-Cg acyl, Ca-Cs heteroacyl, Ce-Cioaryl,
(s5-Cro heteroaryl, Cr-Cip arvialkyl, or Ce-Ciz heteroarylalioyl, each of which is optionally
substituted with one or more groups selected from hale, Cr-Cy alkyl, C1-Cs heteroaliyl, Cr-
Cs acyl, C1-Ce heteroacyl, hydroxy, armino, and =(); wherein two R’ can be linked to forma
3-7 membered ring optionally containing up to three hetercatoms selected from N, O and 8;

two Rio groups on adjacent atoms may form a carboxylic ring, heterocyelic ring, aryl or
heteroaryl, each of which may be optionally substituted and/or fused with a cyclic ring; or

gach Ryg is independently -W, -L-W, -X-L-A; wherein: X is NRg, O, or 8; W is an oplionally
substituted 4-7 membered azacyclic ring, optionally gmztaining an additional heteroaton

selected from N, O and S as a ring member; L is a Ci-Cro alkylene, Ci-Cii heteroalkylene,
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{Ca-Cho alkenylene or Cz-Cip heteroalkenylene linker, cach of which may be optionally
substituted with one or more substituents selected from the group consisting of halogen, oxo
(=0, or C1-Cg alkyl; and A is heterocycloalkyl, heteroaryl or NR<Rs where Reand Rs are
independently H, opticnally substituted C-Cs atkyl, £2-Cy hetervalkyt, Co-Cy alkenyl, Cz-Us
heteroalkenyl, Co-Cp alkyuyl, Co-Cs heteroalkynyl, Ci-Cg acyl, C2-Cy heteroacyl, Co-Cip aryl,
Cs-Ciz heterparyl, Cr-Cip arvialkyl, or Cs-Ciz heteroarvialkyl group,

21. A compound of Formula XIV{A}, XIV(B), XIV (C} and XIV (D)

X
W
N R %,
orf T 1T SN
S Ny B # Yy By
’ ‘_E_““ i N {4 )'I‘l\ J
XIV(A) T{ X XIVIR) *:{ N y 3 R \‘N& \/\N
Ry o ! KV =N e S
R - Rﬁ XV N=y

or g pharmaceutically accepiable salt, esiers prodrug, hydrate, or tautomer thereof, wherein:

B s a bond or C=0 and By is X-L-A;

Lis a Ci-Cyo alkylene, Ci-Cie heteroalkylene, Co-Cig alkenylene or Cz-Cip heteroalkenylene
linker, each of which may be optionally substituted with one or more substituents selected
from the group consisting of halogen, oxo (=0}, or C1-C6 alkyl;

A is heterocycloalkyl, hetercary! or NR4Rs wherein Reand Rs are independently H, optionally
substituted Ci-Cy alkyl, C2-Cs heterpalkyl, Co-Cy alkényi, Ca-Cy heteroalkenyl, Co-Ca
allcynyl, Ca-Cy heteroalkynyl, C~Cy acyl, C2-Cy heteroacyl, Ce-Cig aryl, Cs-Cys heteroaryl,
Cr-Crz arvialkyl, or Cs-Ciz heteroarylalkyl group, or Re and Rs can be linked to form g 3-8
membered ring, optionslly containing oue or more N, O or §; and each Rs and Rs groups, and
cach ring formed by linking R4 and Rs groups together, is optionally substituted with one or
rore substituents selected from halo, =(, =N-CN, =N-OR', =NR’, OR’, N{R"}:, SR, SO:R’,
SONR;, NR'SO:R, NR'CONR';, NR'COOR!, NR'COR, CN, COOR', CON{R')z, QGOCR/,
COR’, and NGOy, wherein cach R’ is independently H, Ci-Cs alkyl, Co-C¢ heteroalkyl Ci-Cs
acyl, Co-Cs heteroacyl, Co-Croaryl, Cs-Cho heteroaryl, Cr-Crp arylalkyl, or Co-Cia
heteroarylalkyl, each of which is optionally substituted with one or more groups selected

from halo, C1-Cq alkyl, C1-Cq beteroalkyl, C1~Cs aeyl, Ci-Ce hetercacyl, hydroxy, amino, and

.
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=0; wherein two R’ can be linked to form a 3-7 membered ring optionally containing up to
three heteroatoms selected from N, O and S;

X is {RsRe, NRg, O, or & wherein Re is H, optionally substituted Ci-Cs alkyl, Cr-Cg heteroalloyl,
Co-Ca alkenyl, C-Cs hetersalkenyl, Co-Ci allkynyl, C3-Cs heteroatkynyl, Ci-Cs acyl, Ca-Cy
hetercacyl, Cs-Cio aryl, Cs-Ciz heteroaryl, Cr-Cap arylalkyl, or Ce-Cip hetercarylalkyl group:
or Rg can be linked to Rg or Rs to form a 3-8 membered ring;

XKz is H, hglogen, CF2, CN, OR7, NRzRe, S8Ry, 80:NReRs, C-Cyp alkyl, Ci-Cip heteroalkyl, Co-
Cyp alkenyl, or C2-Cip heteroalkenyl, each of which may be optionally substituted with one or
more halogens, =0, or an eptivnally substituted 3-7 membered carboeycelic or heteroeyelic
ring;

(U and {1} are independently H, halogen, CF;, CN, ORy, NRgRe, SRy, SO:NRsRy, Ci-Cro
alkyl, Ci-Cio heteroatkyl, Co-Crp alkenyl, or C2-Cip heteroatkenyl, each of which may be
optionally substituted with one or more halogens, ==0, or an opticnally substituied 3-7
membered carbocyclic or heterocyclic ring;

each Xz, X4 and X5 18 N or CRye;

each R is independently an optionally substituted C1-Cs alkyl, Co-Cx hetercalkyl, Co-Cs
alkenyl, Cr-Cy betercalkenyl, Co-Cy alkynyl, Co-Cx heteroalkynyl, Ci~Cy acyl, Cr-Cg
hetercacyl, Cs-Cio aryl, Cs-Ciz heteroaryl, Cr-Ciz arylaliyl, or Co-Ciz beteroarylalkyl group,
or each Ry is independently H, halo, CFy, OR, NRaRs, NR2OR3, NRaNRaRs, SR;, SOR;,
SOCaRa, SO:NRaRs, NRoBO2R;, NR2CONRoRs, NRCOOR:, NR:COR;, CN, COURy,

- COOH, CONRsRa, OOCR,, CORz, or NO2;

and wherein Rz and R; groups on the same atom or on adjacent atoms can be Hoked fo form a 3-8
membered ring, optionally containing one or more N, O or § atoms; and each Rz and Rs
groups, and cach ring formed by linking R: and Ra groups together, is optionally substituted
with one or more substituents selected from halo, =0, =N-CN, =N-OR/, =NRE!, OR, N(R"),
SR, SO:R', SOuNRS, NR'SORR, NR'CONRY, KR'COOR!, NR'COR!, CN, COOR.,
CON{R"yz, GOCR', COR/, and NOs, wherein each R' is independently H, C-Cs alkyl, Co-Cs
heteroalkyl, Ci-Cs acyl, Ca-Cs hetervacyl, Ce-Crparyl, Cs-Cig heteroaryl, C7-Cy arylalkyl, or

Cs-Cyp heteroarylalkyl, cach of which is optionally substituted with one or more groups
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selected from halo, C-Cs alkyl, C1-Csq heteroalkyl, Ci-Ce acyl, C1-Cs heteroacyl, hydroxy,
aming, and =0; wherein two R' can be linked to form a 3-7 membered ring optionally
containing up to three heteroatoms selected from N, O and §;
two Rug groups on adjacent atoms may form a carboxylic ring, heterocyclic ring, aryl or
heteroaryl, each of which may be optionally substituted and/or fused with a cyclic ring; or
each Ryp is independently -W, -L-W, -X-L-A; wherein X is NRs, O, or' S; W is an optionally
substituted 4-7 membered azacyclic ring, optionally containing an additional heteroatom
selected from N, O and 8 as g ring member; L i3 a C-Cip alkylene, C1-Cig heteroalkylene,
C3-Cio alkenylens or C:-Cio heteroalkenylene linker, each of which may be optionally
substituted with one or more substituents selected from the group consisting of halogen, oxo
(=0), or C1-L6 alkyl; and A is heterocycloalkyl, heteroaryl or NR4Rs where Ryand Rs are
independently H, optionally substituted Ci-Ce alkyl, C2-Cs heteroalkyl, Co-Cy alkenyl, Ci-Cs
hetervatkenyl, Co-Cx alkynyl, Co-Cs heteroalkynyl, Ci-Cx acyl, C2-Cs heteroacyl, Cs-Cro aryl,
C5~Ciz heteroaryl, Cr-Cip arylalkyl, or Cs-Ci; heteroarylalky! group.
22. A method for treating cancer in a subject comprising administering a therapeutically effective
amount of a compound of any of Claims 1-21.
23, The method of Claim 22, wherein the cancer is of the breast, ung, colorectum, liver, pancreas,

fymph node, colon, prostate, brain, head and neck, skin, liver, kidney, blood or heart.



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - claims
	Page 104 - claims
	Page 105 - claims
	Page 106 - claims
	Page 107 - claims
	Page 108 - claims
	Page 109 - claims
	Page 110 - claims
	Page 111 - claims
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - claims
	Page 116 - claims
	Page 117 - claims
	Page 118 - claims
	Page 119 - claims
	Page 120 - claims
	Page 121 - claims
	Page 122 - claims
	Page 123 - claims
	Page 124 - claims
	Page 125 - claims
	Page 126 - claims

