wO 2012/051410 A3 I A0V 00 01RO OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

=

(10) International Publication Number

WO 2012/051410 A3

19 April 2012 (19.04.2012) WIPOIPCT

(51) International Patent Classification: (74) Agents: SHAIR, Karoline, K.M. et al.; Millennium Phar-
AOIN 43/78 (2006.01) A61K 31/35 (2006.01) maceuticals, Inc., 40 Landsdowne Street, Cambridge, MA
AG61K 31/425 (2006.01) AG61K 31/365 (2006.01) 02139 (US).

ol
AOIN 43/16 (2006.01) (81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/US2011/056135 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
. e CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(22) International Filing Date: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
13 October 2011 (13.10.2011) HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP. KR,
(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(26) Publication Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,

(30) Priority Data: SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
61/392,515 13 October 2010 (13.10.2010) Us TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): MIL- (84) Designated States (unless otherwise indicated, for every
LENNIUM PHARMACEUTICALS, INC. [US/US], 40 kind Of regional protec!ion avazlable) ARIPO (BW, GH,
Landsdowne Street, Cambridge, MA 02139 (US). GM, KE, LR, LS, MW’ MZ, NA, RW, SD, SL, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

(72) Inventors; and TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

(75) Inventors/Applicants (for US only): FREEZE, Brian, S. DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
[US/US]; 67 Gates Street, Unit 1, Boston, MA 02127 LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(US). HIROSE, Masaaki [JP/JP]; c/o Takeda Pharmaceut- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
ical Company Limited, Oncology DDU,C-1 2F 1110, 26-1 GW, ML, MR, NE, SN, TD, TG).

Muraokahigashi 2-chome, Fujisawa, Kanagawa, 251-0012 )

(JP). HONG MYUNG, Lee [US/KR]; 118 Amory Street, Fublished:

Cambridge, MA 02139 (US). SELLS, Todd, B. [US/US]; —  with international search report (Art. 21(3))

32 Ray Avenue, Bellingham, MA 02019 (US). SHI, Zhan Lo . . .
(USIUS 1 Shaghar R, Comond MA OITA2 (L), (57 1 bt o e e i o amendi e
TAKAOKA, Leo, R. [US/US]; 2366 Commonwealth Av- amendments (Rule 48.2(h))

enue #2-2, Newton, MA 02466 (US). VYSKOCIL, -

Stepan [CZ/US]; 34 Eustis Street, Arlington, MA 02476 (88) Date of publication of the international search report:

(US). XU, Tianlin [US/US]; 2 Arrowhead Drive, Shrews-
bury, MA 01545 (US).

26 July 2012

(54)

Title: HETEROARYLS AND USES THEREOF

(R%)n
R12
o— W2
HY /462\ w1)
1A

(R%)y
R12
G, Wa
S
I-B

(57) Abstract: This invention provides compounds of formula I-A or I-B: wherein HY, G, G;, R?, R'2, W, W,, n, and Ring A are as
described in the specification. The compounds are inhibitors of PI3K and/or mTor and are thus useful for treating proliferative, in-
flammatory, or cardiovascular disorders.



WO 2012/051410 PCT/US2011/056135

HETEROARYLS AND USES THEREOF

BACKGROUND OF THE INVENTION

[0001]  Phosphatidylinositol 3-kinase (PI3K) is a family of lipid kinases that phosphorylate
phosphatidylinositol at the 3 position 6f the inositol ring. PI3K is comprised of several classes of genes,
including Class IA, IB, II and III and some of these classes contain several isoforms (reviewed in
Engelman et al., Nature Review Genetics 7:606-619 (2006)). Adding to the complexity of this family is
the fact that PI3Ks function as heterodimers, comprising a catalytic domain and a regulatory domain. The
PI3K family is structurally related to a larger group of lipid and serine/threonine protein kinases known as
the phosphatidylinositol 3-kinase like kinases (PIKKs), which also includes DNA-PK, ATM, ATR,
mTOR, TRRAP and SMGI.

[0002]  PI3K is activated downstream of various mitogenic signals mediated through receptor
tyrosine kinases, and subsequently stimulates a variety of biological outcomes; including increased cell
survival, cell cycle progression, cell growth, cell metabolism, cell migration and angiogenesis (reviewed
in Cantley, Science 296:1655-57 (2002); Hennessy et al., Nature Reviews Drug Discovery 4:988-1004
(2005); Engelman et al., Nature Review Genetics 7:606-619 (2006)). Thus, PI3K hyper-activation is
associated with a number of hyper-proliferative, inflammatory, or cardiovascular disorders; including
cancer, inflammation, and cardiovascular disease.

[0003]  There are a number of genetic aberrations that lead to constitutive PI3K signaling; including
activating mutations in PI3K itself (Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005);
reviewed in Bader et al., Nature Reviews Cancer 5:921-9 (2005)); RAS (reviewed in Downward Nature
Reviews Cancer 3:11-22 (2003)) and upstream receptor tyrosine kinases (reviewed in Zwick et al., Trends
in Molecular Medicine 8:17-23 (2002)) as well as inactivating mutations in the tumor suppressor PTEN
(reviewed in Cully et al., Nature Reviews Cancer 6:184-92 (2006)). Mutations in each of these gene
classes have proven to be oncogenic and are commonly found in a variety of cancers.

[0004]  The molecules defined within this invention inhibit the activity of PI3K, and therefore may be
useful for the treatment of proliferative, inﬂammatory, or cardiovascular disorders. Cases where PI3K
pathway mutations héve been linked to proliferative disorders where the molecules defined within this
invention may have a therapeutic benefit include benign and malignant tumors and cancers from diverse
lineage, including but not limited to those derived from colon (Samuels et al., Science 304:554 (2004);
reviewed in Karakas et al., British Journal of Cancer 94: 455-59 (2006)), liver (reviewed in Karakas et al.,
British Journal of Cancer 94: 455-59 (2006)), intestine (reviewed in Hennessy et al., Nature Reviews
Drug Discovery 4:988-1004 (2005)), stomach (Samuels et al., Science 304:554 (2004); reviewed in
Karakas et al., British Journal of Cancer 94: 455-59 (2006)), esophagus (Phillips et al., International
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Journal of Cancer 118:2644-6 (2006)); pancreas (reviewed in Downward Nature Reviews Cancer 3:11-22
(2003)); skin (reviewed in Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)), prostate
(reviewed in Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)), lung (Samuels et al.,
Science 304:554 (2004); reviewed in Karakas et al., British Journal of Cancer 94: 455-59 (2006)), breast
(Samuels et al., Science 304:554 (2004); Isakoff et al., Can Res 65:10992-1000 (2005); reviewed in
Karakas et al., British Journal of Cancer 94: 455-59 (2006)), endometrium (Oda et al., Can Res 65:10669-
73 (2005); reviewed in Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)), cervix
(reviewed in Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)); ovary (Shayesteh et
al., Nature Genetics 21:99-102 (1999); reviewed in Karakas et al., British Journal of Cancer 94: 455-59
(2006)), testes (Moul et al., Genes Chromosomes Cancer 5:109-18 (1992); Di Vizio et al., Oncogene
24:1882-94 (2005)), hematological cells (reviewed in Karakas et al., British Journal of Cancer 94: 455-59
(2006); Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)), pancreas (reviewed in
Downward Nature Reviews Cancer 3:11-22 (2003)), thyroid (reviewed in Downward Nature Reviews
Cancer 3:11-22 (2003); reviewed in Hennessy et al., Nature Reviews Drug Discovery 4:988-1004
(2005)); brain (Samuels et al., Science 304:554 (2004); reviewed in Karakas et al., British Journal of
Cancer 94: 455-59 (2006)), bladder (Lopez-Knowles et al., Cancer Research 66:7401-7404 (2006),
Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 (2005)); kidney (reviewed in Downward
Nature Reviews Cancer 3:11-22 (2003)) and Head and Neck (reviewed in Engelman et al., Nature
Reviews Genetics 7:606-619 (2006)).

[0005]  Other classes of disorders with aberrant PI3K pathway signaling where the molecules defined
within this invention may have a therapeutic benefit include inflammatory and cardiovascular diseases,
including but not limited to allergies/anaphylaxis (reviewed in Rommel et al., Nature Reviews
Immunology 7:191-201 (2007)), acute and chronic inflammation (reviewed in Ruckle et al., Nature
Reviews Drug Discovery 5:903-12 (2006); reviewed in Rommel et al., Nature Reviews Immunology
7:191-201 (2007)), rheumatoid arthritis (reviewed in Rommel et al., Nature Reviews Immunology 7:191-
201 (2007)); autoimmunity disorders (reviewed in Ruckle et al., Nature Reviews Drug Discovery 5:903-
12 (2006)), thrombosis (Jackson et al., Nature Medicine 11:507-14 (2005); reviewed in Ruckle et al.,
Nature Reviews Drug Discovery 5:903-12 (2006)), hypertension (reviewed in Ruckle et al., Nature
Reviews Drug Discovery 5:903-12 (2006)), cardiac hypertrophy (reviewed in Proud et al., Cardiovascular
Research 63:403-13 (2004)), and heart failure (reviewed in Mocanu et al,, British Journal of
Pharmacology 150:833-8 (2007)).

[0006]  Vacuolar Protein Sorting 34 (VPS34) is the sole Class III PI3K family member. VPS34
functions in the formation and trafficking of multiple intracellular vesicles, including vacuoles,

endosomes, multivessicular bodies, lysosomes and autophagosomes (reviewed in Backer Biochem J
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2008; Yan and Backer Biochem J 2007). VPS34 carries out these activities by phosphorylating PtdIns
forming PtdIns3P, resulting in the recruitment and localization of a variety of FYVE and PX domain
containing effector proteins that facilitate vesicular formation, elongation and movement. At a cellular
level, inhibition of VPS34 results in defects in protein sorting and autophagy. Broadly defined,
autophagy is a regulated process whereby cells catabolize subcellular components targeted for
degradation by enclosing them in double-membrane vesicles which then fuse with lysosomes. Autophagy
has been best characterized as occurring during times of nutrient deprivation, but also plays a role in
normal cellular and tissue homeostasis and functions, including the development of multiple tissue types,
the immune response, clearance of neuronal aggregates and tumor suppression. In addition to functioning
in vesicle formation and movement, VPS34 may also participate in sevéral signal transduction pathways
(reviewed in Backer Biochem J 2008). Given that VPS34 plays an important role in many critical
cellular processes including autophagy, inhibitors of VPS34 may have therapeutic application in a number
of diseases, including but not limited to cancer, muscular disorders, neurodegeneration, inflammatory
disease, infectious disease and other age related illnesses (reviewed in Shintani and Klionshy Science
2004; Kondo et al Nat Rev Cancer 2005; Delgato et al Immunol Rev 2009).

[0007]  Clearly, it would be beneficial to provide novel PI3K inhibitors that possess good therapeutic

properties, especially for the treatment of proliferative, inflammatory, or cardiovascular disorders.

[0008] 1. General Description of Compounds of the Invention:
[0009]  This invention provides compounds that are inhibitors of PI3K, and accordingly are useful for
the treatment of proliferative, inflammatory, or cardiovascular disorders. The compounds of this

invention are represented by formula I-A or I-B:

(R?) (R?),
R12 R12
/21 \ Wz) G, \ W,
)
HY ™ Ngy Wy HY/QG1 W,
I-A I-B

or a pharmaceutically acceptable salt thereof, wherein:
G, is N or CR', wherein R' is H, -CN, halogen, or an optionally substituted group selected from

Cy.6aliphatic, 3-10-membered cycloaliphatic, or —Z-R"", wherein:
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Z is selected from an optionally substituted C;.; alkylene chain, —O-, -NR™), -S-, -5(0)-,
$(0),-, -C(0)-, -CO,-, -C(O)NR'™, -N(R"*)C(O)-, -N(R'*)CO5-, -S(O),NR '™, -N(R")S(0),-, -
OC(O)N(R")-, -N(R"™)C(O)NR"-, -N(R'*)S(O);N(R")-, or -OC(O)-;

R'is hydrogen or an opﬁonally substituted C,_4aliphatic, and

R"' is hydrogen or an optionally substituted group selected from C,.¢ aliphatic, 3-10-
membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur; and
G, is S, O, or NR®, wherein R® is hydrogen or an optionally substituted C,.¢ aliphatic;

Ring A is an optionally substituted group selected from 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R’ is independently -R'**, -T,-R'*, or -V,-T,-R"*, and:
each occurrence of R'* is independently halogen, -CN, -NO,, -R'*, -N(R'®), -OR™,
-SR'*,  -S(0)R™,  -COR™,  -C(O)OR™,  -C(ONR™),  -S(O)NR'"™),
-OC(ONR™),, NR"*)C(O)R™, N(R*)SO,R'™, N(R™)C(O)OR'®,
N(R)C(O)N(R'®),, or =N(R'*)SO,N(R"®),, or two occurrences of R'®, taken together with a
nitrogen atom to which they are bound, form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;
each occurrence of R'® is independently hydrogen or an optionally substituted group
selected from C,.Cgaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur;

each occurrence of R' is independently an optionally substituted group selected from C,.
¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R" is independently hydrogen or an optionally substituted from 3-
10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'*® is independently hydrogen or an optionally substituted C, .

aliphatic group;
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-S(0)-, -C(O)-, -C(0)O-, -COIN(R™)-, -S(0):N(R"*)-, -OC(ONR™)-,

NR™*)C(0)-, -N(R'*)S0,-, -N(R'*)C(0)0-, -N(R'*)C(O)N(R'*)-, -N(R'*)SO,N(R'*)-, -0C(

0)-, or -C(O)N(R'*)-O-; and

T, is an optionally substituted C,.C¢ alkylene chain wherein the alkylene chain optionally is
interrupted by -NR")-, -0-, -$-, -$(0)-, -S(0),-, -C(0)-, -C(0)0-, -C(O)N(R")-,

-S(OXN(R")-, -OC(O)N(R"®)-, -N(R™)C(O)-, -N(R)SO,-, -N(R™)C(0)0-, -N(R"*)C(O)N(R")-, N(R!
S(0)N(R")-, -OC(0)-, or -C(O)N(R™)-O- or wherein T or a portion thereof optionally forms part of
an optionally substituted 3-7 membered cycloaliphatic or heterocyclyl ring, wherein R" is hydrogen or an
optionally substituted C, 4aliphatic group;

nis 0 to 4;

RZis hydrogen, halo, or an optionally substituted group selected from C, ¢ aliphatic, -
C(O)N(R®),, 3-10-membered cycloaliphatic, -N(R*),, -OR*, or -SR*;

or R? and R'"? form an optionally substituted 3-10-membered cycloaliphatic;

W, is selected from —C(O)C(R*),-, ~C(R*),C(0)-, -C(0)0-, -OC(0)-, -C(O)NR*-, -NR*C(0)-, -
C(=NR™)C(R*)-, -C(R*),C(=NR*)-, -C(=NR®)0-, -OC(=NR™)-, -C(=NR*®)NR*-, -NR*2C(=NR")-, -
S(O)C(RY,-, ~C(R),S(0)-, -S(0)0-, -OS(0)-, -S(O)NR*-, -NR*S(0)-, ~S(0),C(R*)-, ~C(R*)»S(0)y-, -
S(0),0-, -0S(0)-, -S(O);NR*-, -NR*S(0),-, ~C(S)C(R*),-, =C(R"),C(S)-, -C(S)O-, -OC(S)-, -
C(S)NR™-, or -NR*C(S)-, wherein:

W, is «(C-Wj3),, or any two occurrences of W, is independently -C(R*)=C(R")-;

wherein each occurrence of Wj is independently ~(R®), or =O;
ris0to3;
each occurrence of R* is independently hydrogen, halo, or an optionally substituted C,.
aliphatic or -C(O)OR*;
each occurrence of R* is independently hydrogen or optionally substituted C;
aliphatic;
each occurrence of R* is independently hydrogen, or a group selected from
optionally substituted C, ¢ aliphatic, -OR*, or -N(R*),;
each occurrence of R* is independently hydrogen or optionally substituted C,
aliphatic;
each occurrence of R’ is independently hydrogen, halo, or an optionally substituted group
selected from C,¢aliphatic, -C(O)N(R*?),, 3-10-membered cycloaliphatic, 6-10-membered aryl,
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur, -N(R™),, -OR*®, or -SR*,
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each occurrence of R* is independently hydrogen or optionally substituted C;.
aliphatic;
HY is an optionally substituted group selected from:

c‘é \I( X, X, ; YY% fx /Y4‘ ;é \%Y,“
xs‘x:’rll Yl“QﬂN » QZ‘Y/QN Q- !
A, B, C, or D;
wherein each occurrence of X4, Xs, X¢, and X; is independently —CR"orN, provided no more
than two occurrences of Xy, Xs, X, and X; are N;
each occurrence of Q; and Q; is independently S, O or -NR® ,
each occurrence of Yy, Y, Y3, Y4, and Y is independently -CR”orN;
or wherein two adjacent occurrences of X, and Xs, X and X5, Y; and Qy, Y3 and
Qy, or Y, and Y; taken together with the atom to which they are bound, form an
optionally substituted fused group selected from 5-6-membered aryl, or 5-6-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;
wherein R? is —R'® —V,-R'® -T,-R'®, or -V,-T;-R'® wherein:
V1 is -NR™-, -NR'-C(O)-, -NR"-C(8)-, -NR'-C(NR)-, -NR'C(O)OR*-, -
NR’C(O)NR’-, -NR'C(O)SR'™-, -NR’C(S)OR'*,
-NR’C(S)NR’-, -NR’C(S)SR %, -NR’C(NR")OR®-, -NR’C(NR")NR’-,
-NR’S(O)-, -NR"S(0),NR’-, -C(0)-, -CO,-, -C(O)NR"-, -C(O)NR'O-,
-80,-, or -SO,NR’;
~ each occurrence of R'™ is independently hydrogen or an optionally substituted
group selected from C,¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
T, is an optionally substituted C,.Cs alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R")-, -O-, -S-, -S(0)-, -S(0),-, -C(0)-,
-C(0)0-, -C(O)N(R)-, -S(O);N(R)-, -OC(O)N(R")-, -N(R")C(0)-, -N(R")SO,-, -N(R'*)
C(0)O-, -NR'® C(O)N(R'®)-, -N(R'®)S(0);N(R'"™)-, -OC(O)-, or -C(O)N(R")-O- or
wherein T; forms part of an optionally substituted 3-7 membered cycloaliphatic or

heterocyclyl ring;
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each occurrence of R'™ is independently hydrogen, halogen, -CN, -NO,, -N(R"),,
OR™ SR SO)R'®  -.COOR'™  -C(OOR"™  -C(ONR"),
SO)XNR", -OC(ON(R), NR)COR™, NR)SOR™,
-N(R)C(0)OR®, -N(R")C(O)N(R'),, or -N(R")SO,N(R"),, or an optionally substituted
group selected from C,¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R'® is independently hydrogen or an optionally substituted
group selected from C,¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or
R’ and R'™ taken together with a nitrogen atom to which they are bound form an
optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R’ is independently hydrogen, -C(O)R™, -CO,R™ , -C(O)N(R™),,
-C(ON(R™)-OR™, -SO,R™, -SO,N(R™),, or an optionally substituted group selected from C, ¢ aliphatic,
3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R™ is independently hydrogen or an optionally
substituted group selected from C,_galiphatic, 3-10-membered cycloaliphatic, 4-10-
membered heterocyclyl having 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R® is independently hydrogen, -C(O)R®, -CO,R®, -C(O)N(R®),, -SO,R®, -
SO;N(R“’)Q, or an optionally substituted group selected from C, 4 aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteratoms
independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R® is independently hydrogen or an optionally substituted
group selected from C, ¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl

having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
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aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; and

wherein each occurrence of R® is independently hydrogen or an optionally substituted
group selected from C, aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R® taken together with the nitrogen atom to which they
are bound, form an optionally substituted group selected from 3-6-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 5-10-membered

heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

q(RM) \//——(\)\m q(R14)\
0 N— 0]
: i m

E or F ;

or HY is

wherein each occurrence of R' is independently —R'* or -T,-R'*, wherein:

each occurrence of R'* as valency and stability permit, is independently
fluorine, =0, =S, -CN, -NO,, -R'*, -N(R"),, -OR!, -SR'*, -S(0),R'*, -C(O)R'®, -
C(O)OR™, -CONR™), -S(O)NR™);, -OCONR™), -NR™)COR™,
NR")SO,R™, -NR")C(0)OR™™, -N(R'**)C(O)N(R'®),, or -N(R'**)SO,N(R™),, or
two occurrences of R'*®, taken together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional
heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R'*®

is independently hydrogen or an optionally substituted
group selected from C,.Cg aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R'* is independently an optionally substituted group selected

from C,.Csaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from

nitrogen, oxygen, or sulfur;
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each occurrence of R'* is independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted
Ci.¢ aliphatic group; and

T, is an optionally substituted C,.C; alkylene chain wherein the alkylene chain

optionally is interrupted

OC(O)N(R')-, -N(R")C(0)-, -N(R'**)S0,-, -N(R'**)C(0)0-, -NR'*
C(O)NR'™®)-, N(R"S(0),N(R**)-, -OC(0)-, or -C(O)N(R'**)-0- or wherein T} or a
portion thereof optionally forms part of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring;

q is 0-6;

mis 1 or2; and

pis0,1,0r2,

provided that for compounds of formula I-B, compounds are other than:
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S
Ny NH 5
.y A
N>\_N/ AL N
o+ |

,or

[0010]  In another aspect, the compounds of this invention are represented by formula I-A or I-B:

(R%)n (R?),
R12 R12
W. W.
FS O
N
HY " N W, HY N Wy
I-A I-B

or a pharmaceutically acceptable salt thereof, wherein:
Gy is N or CR', wherein R' is H, ~CN, halogen, or an optionally substituted group selected from
C,.s aliphatic, 3-10-membered cycloaliphatic, or ~Z-R"", wherein:
| Z is selected from an optionally substituted C,_; alkylene chain, -O-, -N(R]a)-, -S-, -5(0)-,
S(0),-, -C(0)-, -CO;-, -C(O)NR'-, -N(R')C(0)-, -N(R')CO,-, -S(0),NR "™, -N(R")S(0),-, -
OC(O)N(R'®)-, -N(R™)C(O)NR'*-, -N(R'*S(0),N(R'®)-, or -OC(O)-;
R is hydrogen or an optionally substituted C, .4 aliphatic, and
R" is hydrogen or an optionally substituted group selected from C, ¢ aliphatic, 3-10-

membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
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selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur; and
G, is S, O, or NR?, wherein R® is hydrogen or an optionally substituted C, ¢ aliphatic;
Ring A is an optionally substituted group selected from 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R? is independently R'2 -T2~Rm, or -V,-T,-R'%, and:
each occurrence of R is independently halogen, -CN, -NO,, R'® -N(Rm’)z, -OR'®,
SR, -S(ORR™*,  -C(OR™®,  -C(O)OR'™®,  -CONR™),  -S(O)N(R),,
-OC(O)N(R'®),, NR'Z)C(O)R'®, NR'*)SO,R™, NR™)C(0)OR™,
-N(R12°)C(O)N(R]2b)2, or -N(R'*)SO,N(R'®),, or two occurrences of R'%, taken together with a
nitrogen atom to which they are bound, form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R is independently hydrogen or an optionally substituted group
selected from C,.C; aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur;

each occurrence of R' is independently an optionally substituted group selected from C,.
s aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R" is independently hydrogen or an optionally substituted from 3-
10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'® is independently hydrogen or an optionally substituted Cy
aliphatic group;

each occurrence of V, is independently -N(R'*)-, -O-, -S-, -S(O)-,
-8(0)z-, -C(0)~, -C(0)0-, -C(ON(R™)-, -S(0)NR *)-, -OC(O)NR ™,
NR™)C(0)-, -N(R*)SO,-, -N(R'*)C(0)0-, -N(R'"*)C(O)N(R'%)-, -N(R'*)SO,N(R*)-, -OC(
0)-, or -C(O)N(R'*)-0-; and
T, is an optionally substituted C, C¢ alkylene chain wherein the alkylene chain optionally is

interrupted by -N(R")-, -O-, -S-, -S(O)-, -S(O),-, -C(O)-, -C(0)0-, -C(O)N(R?)-,
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-S(O)N(R")-, -OC(O)N(R")-, -N(R")C(0)-, -N(R™)SO;-, -N(R™)C(0)0-, -N(R"*)C(O)NRP)-, -N(R'
HS(0XN(R")-, -OC(0)-, or -C(O)N(R')-O- or wherein T; or a portion thereof optionally forms part of
an optionally substituted 3-7 membered cycloaliphatic or heterocyclyl ring, wherein R" is hydrogen or an
optionally substituted C_aliphatic group;

nis0to4;

R'? is hydrogen, halo, or an optionally substituted group selected from C,.¢ aliphatic, -
C(O)N(R*),, 3-10-membered cycloaliphatic, -N(R*"),, -OR®, or -SR*;

or R? and R"? form an optionally substituted 3-10-membered cycloaliphatic;

W, is selected from ~C(O)C(R"),-, ~C(R*),C(O)-, -C(0)O-, -OC(O)-, -C(O)NR*-, -NR*C(0)-, -
C(ENR™)CR?-, -C(R*Y,C(=NR®)-, -C(=NR*)0-, -OC(=NR*)-, -C(=NR*)NR*-, -NR*C(=NR*)-, -
S(O)C(R"), <C(R*,S(0)-, -8(0)0-, -OS(O)-, -S(O)NR*-, -NR**S(0)-, ~S(0),C(R):-, <C(R")28(O)y-, -
S(0);0-, -0S(0)-, -S(0),NR*-, -NR*S(0),-, ~C(S)C(R")2-, ~C(R*),C(S)-, -C(S)O-, -OC(S)-, -
C(S)NR™-, or -NR*C(S)-, wherein:

W, is HC-W;),, or any two occurrences of W, is independently —C(R5 )=C(R5 )3

wherein each occurrence of W; is independently «(R’), or =O;
ris 0 to 3;
each occurrence of R* is independently hydrogen, halo, or an optionally substituted Cy.
aliphatic or —-C(O)OR*;
each occurrence of R* is independently hydrogen or optionally substituted Cy.
aliphatic;
each occurrence of R* is independently hydrogen, or a group selected from
optionally substituted C,.¢ aliphatic, -OR*, or -N(R**),;
each occurrence of R* is independently hydrogen or optionally substituted Ci.¢
aliphatic;
each occurrence of R’ is independently hydrogen, halo, or an optionally substituted group
selected from C ¢ aliphatic, -C(O)N(R*®),, 3-10-membered cycloaliphatic, 6-10-membered aryl,
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur, -N(R*),, -OR*, or -SR*,
each occurrence of R is independently hydrogen or optionally substituted C,_
aliphatic;
HY is an optionally substituted group selected from:
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c'é \W e, >|(7 éf YYgN J‘S %Y‘{N éf %Y‘{Y
Xs\X:/N Vi Q- Qey
A, B, | C, or D;
wherein each occurrence of Xy, X, X¢, and X; is independently ~CR" or N, provided no more
than two occurrences of Xy, Xs, Xe, and X; are N;
each occurrence of Q, and Q, is independently S, O or -NR®;
each occurrence of Y}, Yy, Y3, Y4, and Y is independently -CRYorN;
or wherein two adjacent occurrences of X, and X5, Xs and X7, Y, and Qy, Y3 and
Qy, or Y, and Y; taken together with the atom to which they are bound, form an
optionally substituted fused group selected from 5-6-membered aryl, or 5-6-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
‘sulfur;
wherein R is -R'®, —-V,-R'®, -T;-R'® or -V,-T;-R'® wherein:
V, is -NR'-, -NR"-C(0)-, -NR’-C(S)-, -NR"-C(NR")-, -NR’C(O)OR®-, -
NR’C(O)NR’-, -NR'C(O)SR'®-, -NR’C(S)OR'®.,
-NR'C(S)NR’-, -NR'C(S)SR'*-, -NR’C(NR")OR'*- -NR'C(NR")NR'-,
-NR’S(O),-, -NR"S(O),NR’-, -C(O)-, -COy-, -C(O)NR-, -C(O)NR"O-,
-80,-, or -SO,NR'-;
each occurrence of R'™ is independently hydrogen or an optionally substituted
group selected from C,¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
T, is an optionally substituted C,.Cs alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R")-, -O-, -S-, -S(O)-, -S(0),-, -C(O)-,
-C(0)0-, -C(O)N(R")-, -S(O),N(R)-, -OC(ONR’)-, NR"C(0)-, -N(R)SO,-, -N(R'®)
C(0)0O-, -NR'™ C(O)N(R'®)-, -N(R'*)S(0)N(R'*)-, -OC(0)-, or -C(O)N(R')-O- or
wherein T, forms part of an optionally substituted 3-7 membered cycloaliphatic or
heterocyclyl ring;
each occurrence of R'® is independently hydrogen, halogen, -CN, -NO,, -N(R'),,
-OR'™ ~ -SR'™,  -S(O)R'™®,  -C(OR'™,  -C(O)OR'™,  -C(ONR'),
-S(0RNR), -OC(ON(R), NR)COR™, NR")SOR'™,

13
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-N(R")C(0)OR'™, -N(R"YC(O)N(R),, or ~N(R")SO,N(R"),, or an optionally substituted
group selected from C,¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or S5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R'® is independently hydrogen or an optionally substituted
group selected from C,; aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or
R’ and R'™ taken together with a nitrogen atom to which they are bound form an
optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional heteroatoms
independently selected from nitrogen, oxygen, or sulfur,
each occurrence of R’ is independently hydrogen, -C(O)R™, -CO,R™ , -C(O)N(R™),,
-C(O)N(R™)-OR”%, -SO,R", -SO,N(R"®),, or an optionally substituted group selected from C, ¢ aliphatic,
3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R’ is independently hydrogén or an optionally
substituted group selected from C,_¢aliphatic, 3-10-membered cycloaliphatic, 4-10-
membered heterocyclyl having 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
v each occurrence of R® is independently hydrogen, -C(O)R®, -CO,R®, -C(O)N(R®),, -SO,R®, -
SO,N(R®™Y,, or an optionally substituted group selected from Cy aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteratoms
independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R* is independently hydrogen or an optionally substituted
group selected from C, aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; and ‘

wherein each occurrence of R is independently hydrogen or an optionally substituted
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group selected from C, 4 aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R® taken together with the nitrogen atom to which they
are bound, form an optionally substituted group selected from 3-6-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 5-10-membered

heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

q(R‘M)\
/

or HY is m

wherein each occurrence of R is independently R or -T;-R' wherein:

each occurrence of R'* as valency and stability permit, is independently
fluorine, =0, =S, -CN, -NO,, -R'*, -N(R'*®),, -OR'®, -SR'*, -S(0),R'*, -C(O)R"™®, -
C(O)OR™, -CONR'™);, -S©ORNR™), -OCONR™:, -NR*)COR™,
N(R'")SOR™, -NR")C(O)OR™, -N(R'*)C(O)NR™),, or -N(R'“*)SO,N(R'®),, or
two occurrences of R', taken together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional
heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted
group selected from C,.Cs aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or S5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently an optionally substituted group selected
from C, Csaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R'*! is independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5

heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
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aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R™* is independéntly hydrogen or an optionally substituted
Cy.¢ aliphatic group; and

T, is an optionally substituted C,.Cs alkylene chain wherein the alkylene chain

optionally is interrupted

OC(O)N(R'™)-, -N(R"™)C(0)-, -N(R'**)SO>-, -N(R'*®*)C(0)0-, -NR**
C(ONR)-, N(R"™S(0),N(R'®)-, -OC(O)-, or -C(O)N(R'*)-O- or wherein T; or a
portion thereof optionally forms part of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring;

q is 0-6;

mis 1 or 2; and

pis0,1,0r2,

provided that for compounds of formula I-B, compounds are other than:
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H
/:N N
N
Wa S
H H
— N —N N
Ny 77N\ | N/— |
N NH \ 7/ \ NH
O o

,or

[0011] In another aspect, the compounds of this invention are represented by formula I-A or I-C:

(R2), (R%)q
R12 12
Gy W v Gs W
HY/< 3 w1) HY/<\ \ W )

R
Gz Gy !
I-A I-C
or a pharmaceutically acceptable salt thereof, wherein:
G, is N or CR', wherein R is H, —CN, halogen, or an optionally substituted group selected from
C,.saliphatic, 3-10-membered cycloaliphatic, or ~Z-R'', wherein:
Z is selected from an optionally substituted C, 3 alkylene chain, -O-, N(R'")-, -S-, -S(0)-,
8(0)z-, -C(0)-, -COy-, -C(O)NR'*-, -N(R'*)C(0)-, -N(R"*)CO5-, -S(0),NR"*-, -N(R"*)S(0),-, -
OC(O)N(R'®)-, -N(R')C(O)NR'*-, -N(R'*)S(0),N(R'*)-, or -OC(0)-;
R' is hydrogen or an optionally substituted C, 4 aliphatic, and
R'" is hydrogen or an optionally substituted group selected from C;.¢aliphatic, 3-10-

membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
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selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur; and
G, is S, O, or NR?, wherein R’ is hydrogen or an optionaﬂy substituted C,¢ aliphatic;
GsisSorO.
Ring A is an optionally substituted group selected from 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R” is independently ~-R'*, -T,-R'*, or —V,-T,-R', and:
each occurrence of R'* is independently halogen, -CN, -NO,, R, -N(R™),, -OR'®,
-SR'®,  S(O)R'™™,  -C(OR™,  -C(O)OR'®,  -CONR™),  -SO)NR™),
-OC(O)N(R'),, NR'*)C(O)R'®, -N(R™)SO,R'*, -N(R"*)C(O)OR'®,
-N(R'"**)C(O)N(R'®),, or -N(R"**)SO,N(R'™),, or two occurrences of R'%, taken together with a
nitrogen atom to which they are bound, form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R'” is independently hydrogen or an optionally substituted group
selected from C,.Cq aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having '
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur;

each occurrence of R'™ is independently an optionally substituted group selected from C;.
¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R is independently hydrogen or an optionally substituted from 3-
10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted C,.¢
aliphatic group;

each occurrence of V, is independently —N(R”e)-, -0-, -S-, -S(0)-,
-S(0)y-, -C(0)-, -C(0)0-, -C(O)N(R*)-, -S(0),N(R*)-, -OC(O)N(R ™).,
-N(R'*)C(0)-, -N(R"*)S0,-, -N(R'*)C(0)0-, -N(R*)C(O)N(R'*)-, -N(R'*)SO,N(R'*)-, -OC(
0)-, or -C(O)N(R'*)-O-; and
T, is an optionally substituted C,.Cq alkylene chain wherein the alkylene chain optionally is

interrupted by -NR®)-, -O-, -S-, -8(0)-, -S(O)z-, -C(O)-, -C(0)0-, -C(ONR"),
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-S(O)N(R")-, -OC(ON(R")-, N(R)C(0)-, -NR?)SO;-, -N(R"*)C(0)0-, -N(R"*)C(O)NR™)-, -NR'
HS(0),N(R")-, -OC(O)-, or -C(O)N(R')-O- or wherein T; or a portion thereof optionally forms part of
an optionally substituted 3-7 membered cycloaliphatic or heterocyclyl ring, wherein R'® is hydrogen or an
optionally substituted C,_4aliphatic group; ’

nis 0to 4;

R" is hydrogen, halo, or an optionally substituted group selected from C,aliphatic, -
C(O)N(R*),, 3-10-membered cycloaliphatic, -N(R*®),, -OR*, or -SR**;

or R? and R" form an optionally substituted 3-10-membered cycloaliphatic;

W, is selected from —C(O)C(R*),-, ~C(R*),C(0)-, -C(0)O-, -OC(O)-, -C(O)NR*-, -NR*C(0)-, -
C(=NR™)C(R*),-, -C(R'),C(=NR*)-, -C(=NR®)0-, -OC(=NR™)-, -C(=NR*)NR*-, -NR*C(=NR*®)-, —
S(O)CR")r, ~C(R):S(O)-, -S(0)O-, -O8(O), -S(O)NR™, -NR*S(O)-, ~S(0),C(R")z-, ~C(R:S(O)r-, -
$(0),0-, -08(0),-, -S(O);NR*-, -NR*S(0),-, -C(S)C(R*),-, -C(R*),C(S)-, -C(S)O-, -OC(S)-, -
C(S)NR*-, or -NR*C(S)-, wherein:

W, is HC-W3),, or any two occurrences of W, is independently -C(R’)=C(R’)-;

wherein each occurrence of W; is independently «(R), or =O;
ris0to3;
each occurrence of R* is independently hydrogen, halo, or an optionally substituted C,
aliphatic or -C(O)OR";
each occurrence of R* is independently hydrogen or optionally substituted C;.¢
aliphatic;
each occurrence of R* is independently hydrogen, or a group selected from
optionally substituted C, aliphatic, -OR*, or -N(R*),;
each occurrence of R* is independently hydrogen or optionally substituted C,.
aliphatic;
each occurrence of R’ is independently hydrogen, halo, or an optionally substituted group
selected from Cy aliphatic, -C(O)N(R*),, 3-10-membered cycloaliphatic, 6-10-membered aryl,
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur, -N(R*™),, -OR™, or -SR*;
each occurrence of R* is independently hydrogen or optionally substituted C;_¢
aliphatic;
HY is an optionally substituted group selected from:
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J‘j \ﬁ Xe, >|(7 c‘f \WI/Y‘%N é‘é YY{N c’g /Y“‘Y
5\fo BN Q- Qe
A, B, C, or D;
wherein each occurrence of X, X, X, and X; is independently ~CRYorN, provided no more
than two occurrences of X4, Xs, X¢, and X; are N;
each occurrence of Q, and Q, is independently S, O or -NR®;
each occurrence of Yy, Y, Y3, Y4, and Y is independently -CRYorN;
or wherein two adjacent occurrences of X, and Xs, X and X7, Y, and Q,, Y; and
Qy, or Y, and Ys taken together with the atom to which they are bound, form an
optionally substituted fused group selected from 5-6-membered aryl, or 5-6-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;
wherein R'" is-R'®, ~V,-R'", -T;-R'®, or -V,-T,-R'® wherein:
V) is -NR’-, -NR’-C(0)-, -NR’-C(S)-, -NR’-C(NR')-, -NR'C(O)OR®-, -
NR’C(O)NR’-, -NR'C(0)SR'®-, -NR’C(S)OR'®,
NR'C(S)NR’-, -NR'C(S)SR'®-, -NR'C(NR")OR'®-, -NR’C(NR")NR’-,
-NR’S(0),-, -NR"S(0O),NR’-, -C(O)-, -CO,-, -C(O)NR’-, -C(O)NR'O-,
-80,-, or -SO,NR'-;
each occurrence of R'™ is independently hydrogen or an optionally substituted
group selected from C,¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
T, is an optionally substituted C;.Cq alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R")-, -O-, -S-, -S(0)-, -S(O),-, -C(O)-,
-C(0)0-, -C(O)N(R')-, -S(0),N(R)-, -OC(O)N(R')-, -N(R"YC(O)-, -N(R")SO,-, -N(R'*)
C(0)0-, -NR'® C(O)N(R'®)-, -N(R'*®)S(0),N(R'*®)-, -OC(O)-, or -C(O)N(R")-O- or
wherein T, forms part of an optionally substituted 3-7 membered cycloaliphatic or
heterocyclyl ring;
each occurrence of R'® is independently hydrogen, halogen, -CN, -NO,, -N(R),,
-OR'™,  SR'™®  SO)R'  -C(OR'™ ~ -C(OOR'™  -C(ONR"),
-S(0RNR), -OCONR ), NR)COR™, -NR"SOR™,
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-NR")C(0)OR'®, -N(R"YC(O)N(R"),, or -N(R")SO,N(R),, or an optionally substituted
group selected from C,; aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'™ is independently hydrogen or an optionally substituted
group selected from C,; aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or
R’ and R'™ taken together with a nitrogen atom to which they are bound form an
optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R is independently hydrogen, -C(O)R™, -CO,R™ , -C(O)N(R™),,
-C(O)N(R™)-OR", -SO,R™, -SO,N(R™),, or an optionally substituted group selected from C, aliphatic,
3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R™ is independently hydrogen or an optionally
substituted group selected from C, ¢aliphatic, 3-10-membered cycloaliphatic, 4-10-
membered heterocyclyl having 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R’ is independently hydrogen, -C(O)R%, -CO,R®, -C(O)N(R®),, -SO,R®, -
SO,N(R®™),, or an optionally substituted group selected from C, aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteratoms
independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R® is independently hydrogen or an optionally substituted
group selected from C,. aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; and

wherein each occurrence of R” is independently hydrogen or an optionally substituted
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group selected from C,.¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R® taken together with the nitrogen atom to which they
are bound, form an optionally substituted group selected from 3-6-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 5-10-membered

heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

o(R™) \/r—@m o(R™)
o N— 0]
t)m

E or F

or HY is

wherein each occurrence of R is independently —R'** or -T;-R'“, wherein:

each occurrence of R, as valency and stability permit, is independently
fluorine, =0, =S, -CN, -NO,, -R', -N(R'®),, -OR'®, -SR'*, -S(0),R'*, -C(O)R'®, -
C(O)OR™, -C(ONR'™),, -S(O)N(R“),, -OCONR'™), -NR“)C(OR™, -
NR")SO,R™, -N(R")C(0)OR™, -N(R'“)C(O)N(R),, or -N(R"“*)SO,N(R'®),, or
two occurrences of R'*, taken together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional
heteroatoms selected from nitrogen, oxygen, or sulfur; |

each occurrence of R'** is independently hydrogen or an optionally substituted
group selected from C,.Cq aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently an optionally substituted group selected
from C,.Cs aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5

heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
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aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted
C, aliphatic group; and .

T, is an optionally substituted C, C¢ alkylene chain wherein the alkylene chain

optionally is interrupted

OC(O)N(R™)-, -NR™)C(0)-, -N(R'**)SO,-, -N(R'**)C(0)0-, -NR'**
C(O)NR™)-, -N(R*S(0),N(R'®)-, -OC(0)-, or -C(O)N(R'*")-O- or wherein T; or a
portion thereof optionally forms part of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring;

q is 0-6;

mis 1 or2; and

pis0,1,o0r2.

[0012] In another aspect, the compounds of this invention are represented by formula II-A or II-B:

(R?), (R%)q
R1 2 R1 2
W2 W2
G S
N\ ) )
HY /Qs W, HY /Q\G 7 W
1I-A 1I-B

or a pharmaceutically acceptable salt thereof, wherein:
G, is N or CR', wherein R' is H, ~CN, halogen, or an optionally substituted group selected from
C)aliphatic, 3-10-membered cycloaliphatic, or ~Z-R"!, wherein:

Z is selected from an optionally substituted C,.; alkylene chain, —O-, NR")-, -S-, -S(0)-,
$(O)-, -C(0)-, -CO;-, -C(O)NR"*-, N(R')C(0)-, -NR'*)CO,-, -S(0),NR "™, -N(R'*)S(O),-, -
OC(O)N(R'®)-, -N(R"*)C(O)NR %, -N(R'*)S(0),N(R"*)-, or -OC(O)-;

R is hydrogen or an optionally substituted C,_4 aliphatic, and

R'' is hydrogen or an optionally substituted group selected from C,.¢ aliphatic, 3-10-
membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl

having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur; and
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Ring A is an optionally substituted group selected from 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R? is independently —R'%, -T,-R™, or —-V,-T,-R'™, and:
each occurrence of R is independently halogen, -CN, -NO,, -R'™, -N(R'®),, -OR'®,
SR,  -S(O)R™,  -C(OR™,  -C(O)OR™, -CONR™),  -S(ORNR'™),
-OC(O)N(R'®),, NR*)C(O)R"®, -N(R'™)SO,R', NR'"™)C(0)OR™,
-N(RIZS)C(O)N(RIZb)z, or —N(Rlze)SOZN(R”b)z, or two occurrences of R'?, taken together with a
nitrogen atom to which they are bound, form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted group
selected from C,.C; aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur;

each occurrence of R' is independently an optionally substituted group selected from C.
¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted from 3-
10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'® is independently hydrogen or an optionally substituted C;.¢
aliphatic group;

each occurrence of V, is independently -N(Rm)-, -0-, -S-, -S(0)-,
-8(0);-, -C(0)-, -C(0)0-, -C(OIN(R™)-, -S(0);NR*)-, -OC(O)N(R ™).,
NR™)C(0)-, -N(R'**)SO,-, -N(R'*)C(0)0-, -N(R'**)C(O)N(R'*)-, -N(R"**)SO,N(R'*)-, -OC(
0)-, or -C(O)N(R'*)-O-; and

T, is an optionally substituted C,.Cs alkylene chain wherein the alkylene chain optionally is

-S(O)N(R)-, -OC(O)N(R")-, -NR*)C(0)-, -N(R™)SO,-, -N(R™)C(0)O-, -N(R™)C(O)N(R")-, -N(R'
S(0),N(R™)-, -OC(0)-, or -C(O)N(R"™)-O- or wherein T; or a portion thereof optionally forms part of
an optionally substituted 3-7 membered cycloaliphatic or heterocyclyl ring, wherein R is hydrogen or an

optionally substituted C,_saliphatic group;
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nis 0 to 4;

R" is hydrogen, halo, or an optionally substituted group selected from C,.¢ aliphatic, -

C(O)N(R*®),, 3-10-membered cycloaliphatic, -N(R*"),, -OR*, or -SR*;

or R” and R" form an optionally substituted 3-10-membered cycloaliphatic;
W, is selected from —C(O)C(R*),-, -C(R*),C(O)-, -C(0)O-, -OC(0)-, -C(O)NR*-, -NR*C(0)-, -

C(ENR®YCRY),-, -C(RH,C(ENR™)-, -C(=NR™)0-, -OC(=NR™)-, -C(=NR*)NR*-, -NR*C(=NR*)-, -
S(O)CRYz-, ~CR",S(0)-, -S(0)O-, -08(0)-, -S(O)NR*-, -NR*S(0)-, ~S(01,C(R")-, -CR";,S(O)x-, -
S(0),0-, -08(0),-, -S(O):NR*™-, -NR*S(0),-, -C(S)C(R*),-, ~C(R"),C(S)-, -C(S)0-, -OC(S)-, -
C(S)NR™-, or -NR*C(S)-, wherein:

W, is «C-W3), or any two occurrences of W, is independently —C(R’)=C(R®)-;
wherein each occurrence of W3 is independently «(R’), or =0;
ris 0to 3;
each occurrence of R* is independently hydrogen, halo, or an optionally substituted C,.¢
aliphatic or -C(O)OR™;
each occurrence of R* is independently hydrogen or optionally substituted C;.4
aliphatic;
each occurrence of R* is independently hydrogen, or a group selected from
optionally substituted C, ¢ aliphatic, -OR*, or -N(R*),;
each occurrence of R* is independently hydrogen or optionally substituted C;.6
aliphatic;
each occurrence of R’ is independently hydrogen, halo, or an optionally substituted group
selected from C,. aliphatic, -C(O)N(R*®),, 3-10-membered cycloaliphatic, 6-10-membered aryl,
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur, -N(R™),, -OR™, or -SR*,
each occurrence of R™ is independently hydrogen or optionally substituted Cy.
aliphatic;
HY is an optionally substituted group selected from:
;\f Xe. X TSI/Y‘Z‘N B YY,{N & /\(,%Y
X5\X:,N Y1‘Q/1 Q,- Y/; QZ\N// 5
A, B, C, or D;

wherein each occurrence of X, Xs, X6, and X5 is independently —CR"orN, provided no more

than two occurrences of X, Xs, Xe, and X, are N;

each occurrence of Q; and Q, is independently S, O or -NRS;
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each occurrence of Y1, Y,, Y3, Y4, and Y5 is independently -CR" or N;

or wherein two adjacent occurrences of X4 and Xs, X4 and X5, Y; and Q,, Y3 and
Qy, or Y, and Y; taken together with the atom to which they are bound, form an
optionally substituted fused group selected from 5-6-membered aryl, or 5-6-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;

wherein R is -R'®, —Vl-RIOC, -T;-R'®, or -V,-T,-R'® wherein:

V, is -NR’-, -NR"-C(0)-, -NR"-C(S)-, -NR"-C(NR)-, -NR'C(O)OR %, -
NR’C(O)NR’-, -NR"C(0)SR'®-, -NR'C(S)OR!®,
-NR'C(S)NR’-, -NR"C(S)SR'®-, -NR'C(NR")OR'®-, -NR'C(NR")NR-,
-NRS(0),-, -NR’S(0),NR-, -C(0)-, -CO,-, -C(O)NR’-, -C(O)NR'O-,
-80,-, or -SO,NR'-;

each occurrence of R'® is independently hydrogen or an optionally substituted

| group selected from C, aliphatic, 3-10-membered cycloaliphatic, 4-10-membered

heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

T, is an optionally substituted C,.Cs alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R')-, -O-, -S-, -S(0)-, -S(O),-, -C(0)-,
-C(0)0-, -C(O)N(R)-, -S(O),N(R")-, -OC(O)N(R')-, -N(R)C(0)-, -N(R")SO,-, -N(R'®)
C(0)O-, -NR'™ C(O)N(R'™)-, -N(R'**)S(0),N(R'®)-, -OC(0)-, or -C(O)N(R")-O- or
wherein T, forms part of an optionally substituted 3-7 membered cycloaliphatic or
heterocyclyl ring;

each occurrence of R'® is independently hydrogen, halogen, -CN, -NO,, -N(R"),,
-OR'™ SR _SO)R'™ ~ -COR'™ ~ -C(OOR,  -C(ONR)
-S(0),NR'),, -OC(O)N(R'),, -N(R')C(O)R'™®, NR')SOR'®,
-N(R")C(0)OR'™, -N(R")C(O)N(R"),, or -N(R")SO,N(R"),, or an optionally substituted
group selected from C, aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'® is independently hydrogen or an optionally substituted
group selected from C,¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered

heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
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sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or
R’ and R'™ taken together with a nitrogen atom to which they are bound form an
optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R’ is independently hydrogen, -C(O)R”®, -CO,R™, -C(O)N(R®),,
-C(O)N(R"*)-OR", -SO,R™, -SO,N(R"*),, or an optionally substituted group selected from C, ¢ aliphatic,
3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R™ is independently hydrogen or an optionally
substituted group selected from C aliphatic, 3-10-membered cycloaliphatic, 4-10-
membered heterocyclyl having 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R® is independently hydrogen, -C(O)R®, -CO,R®, -C(O)N(R®),, -SO,R®, -
SO,N(R®),, or an optionally substituted group selected from C,.¢ aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteratoms
independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R* is independently hydrogen or an optionally substituted
group selected from C, aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; and
wherein each occurrence of R® is independently hydrogén or an optionally substituted
group selected from C, ¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R® taken together with the nitrogen atom to which they
are bound, form an optionally substituted group selected from 3-6-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 5-10-membered

heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
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or HY is

wherein each occurrence of R is independently R"%or -TI-RMd, wherein:

each occurrence of R'* as valency and stability permit, is independently
fluorine, =0, =S, -CN, -NO,, -R**, -N(R'®),, -OR'®, -SR'*, -S(O),,R'*, -C(O)R'*®, -
C(O)OR'™, -C(ONR™), -S(ORNR™), -OCONR™), -NR™)ICOR™, -
NR")SO,R™, -N(R")C(O)OR'®, -N(R'*)C(OINR™),, or -N(R™)SO,NR'®),, or
two occurrences of R'*®, taken together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional
heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R'® is independently hydrogen or an optionally substituted
group selected from C,.Cq aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently an optionally substituted group selected
from C,.Cs aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted
C. aliphatic group; and

T, is an optionally substituted C,.Cg alkylene chain wherein the alkylene chain
optionally is interrupted
by -NR')-, -0-, -S-, -S(O)-, -S(O),-, -C(0)-, -C(0)0-, -C(OIN(R'®)-, -S(0),N(R'*)-, -
OC(O)N(R)-, -N(R'*)C(0)-, -N(R"*)SO,-, -N(R**)C(0)O-, -NR*®
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C(O)NR')-, -N(R"*)S(0),N(R'*®)-, -OC(0)-, or -C(O)N(R'*")-O- or wherein T; or a
portion thereof optionally forms part of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring;

q is 0-6;
mis 1 or 2; and

pis0,1,or2.

[0013]  In another aspect, the compounds of this invention are represented by formula ITI-A or ITI-B:

(R?), G (R?),

R12 R12
W, W.
N G, 2
I\ ) )
HY /462 W, HY /Q\N W,
ITI-A I1I-B

or a pharmaceutically acceptable salt thereof, wherein:
G, is S, O, or NR?, wherein R® is hydrogen or an optionally substituted C, ¢ aliphatic;
Ring A is an optionally substituted group selected from 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R” is independently —R'%, -T,-R'*’, or -V,-T,-R'%, and:
each occurrence of R'* is independently halogen, -CN, -NO,, R -N(Rub)z, -OR'®,
-SR'*, S(O)R™,  -C(OR™,  -C(O)OR™,  -CONR™)  -S(0),NR™),
-OC(O)N(R'®Y,, N(R")C(O)R"®, -N(R"™)SO,R'™, N(R™)C(O)OR'®,
NR*)C(O)N(R'™),, or -N(R'*)SO,N(R'™),, or two occurrences of R'*, taken together with a
nitrogen atom to which they are bound, form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;
each occurrence of R'™ is independently hydrogen or an optionally substituted group
selected from C,.Cq aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur;
each occurrence of R'™ is independently an optionally substituted group selected from C;.

¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms
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independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R is independently hydrogen or an optionally substituted from 3-
10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted C.¢
aliphatic group;

each occurrence of V, is independently -N(R'%)-, -O-, -S-, -S(0)-,

-S(0)x-, -C(0)-, -C(0)0-, -C(ON(R)-, -S(O):NR ™)-, -OC(ON(R ™)-,

-NR"*)C(O)-, -NR*)S0,-, -NR'*)C(0)0-, -NR"**)C(O)N(R'*)-, -NR"*)SO,N(R*)-, -0C(

0)-, or -C(O)N(R'*)-0-; and

T, is an optionally substituted C,.Cs alkylene chain wherein the alkylene chain optionally is
interrupted by -N(R")-, -O-, -S-, -S(0)-, -S(O),-, -C(O)-, -C(O)O-, -C(O)N(R")-,

-S(0),N(R")-, -OC(O)N(R")-, NR")C(0)-, -N(R")SO;-, -NR7)C(0)0-, -NR")C(O)NR")-, -NR'
)S(0):N(R")-, -OC(0)-, or -C(O)N(R"?)-0- or wherein T, or a portion thereof optionally forms part of
an optionally substituted 3-7 membered cycloaliphatic or heterocyclyl ring, wherein R is hydrogen or an
optionally substituted C, saliphatic group;

nis0to4;

R" is hydrogen, halo, or an optionally substituted group selected from Cy aliphatic, -
C(O)N(R*),, 3-10-membered cycloaliphatic, -N(R™),, -OR*, or -SR*;

or R? and R" form an optionally substituted 3-10-membered cycloaliphatic;

W, is selected from —C(O)C(R*);-, <C(R*),C(O)-, -C(0)0-, -OC(0)-, -C(O)NR*-, -NR*C(O)-, -
C(=ENR®)C(R*),-, -C(RY,C(=ENR™)-, -C(=NR*)0-, -OC(=NR*)-, -C(=NR*)NR*-, -NR*C(=NR*)-, -
S(O)C(R*)-, ~C(R*),S(0)-, -S(0)0-, -0S(0)-, -S(O)NR*-, -NR*S(0)-, -S(0),C(R*);-, ~C(R*),S(0),-, -
$(0),0-, -08(0),-, -S(0),NR*-, -NR*$(0),-, -C(S)C(R")-, ~C(R“},C(S)-, -C(S)O-, -OC(S)-, -
C(S)NR™-, or -NR"™C(S)-, wherein:

W, is {(C-W3), or any two occurrences of W, is independently ~C(R’)=C(R’)-;

wherein each occurrence of W; is independently «(R), or =O;
ris0to3;
each occurrence of R* is independently hydrogen, halo, or an optionally substituted C,.¢
aliphatic or —C(O)OR";
each occurrence of R* is independently hydrogen or optionally substituted C,.

aliphatic;
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each occurrence of R*® is independently hydrogen, or a group selected from
optionally substituted C,.¢ aliphatic, -OR*, or -N(R**),;
each occurrence of R* is independently hydrogen or optionally substituted Cy.¢
aliphatic;
each occurrence of R’ is independently hydrogen, halo, or an optionally substituted group
selected from C, 4 aliphatic, -C(O)N(R™),, 3-10-membered cycloaliphatic, 6-10-membered aryl,
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur, -N(R*),, -OR®, or -SR*;
each occurrence of R™ is independently hydrogen or optionally substituted C;.¢
aliphatic;
HY is an optionally substituted group selected from:

éf W %e. X 65; m/Yz ‘j Y, éf =Y

7 N .
! N N
Xs. 2N / 7z
5 x:/ Y1\Q1 QZ\Y3 QQ\N

A, B, C, or D;
wherein each occurrence of Xy, Xs, X, and X; is independently —CR" or N, provided no more
than two occurrences of X4, Xs, X, and X; are N;
each occurrence of Q; and Q, is independently S, O or -NR;
each occurrence of Y1, Yo, Y, Y, and Ys is independently -CR' or N;
or wherein two adjacent occurrences of X4 and X5, X¢ and X5, Y| and Q;, Y3 and
Q,, or Y, and Y taken together with the atom to which they are bound, form an
optionally substituted fused group selected from 5-6-membered aryl, or 5-6-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;
wherein R is —R'® —v,-R'® .T;-R'® or -V,-T,-R'® wherein:
V, is -NR’-, -NR"-C(0)-, -NR’-C(S)-, -NR"-C(NR’)-, -NR’C(O)OR'™-, -
NR’C(O)NR’-, -NR’C(O)SR'®-, -NR’C(S)OR'®-,
-NR’C(S)NR’-, -NRC(S)SR'®™-, -NR’C(NR")OR'®-, -NR’C(NR")NR’-,
-NR’$(0),-, -NR"S(O),NR’-, -C(O)-, -CO,-, -C(O)NR-, -C(O)NR'O-,
-S0,-, or -SO,NR’-;
each occurrence of R'™ is independently hydrogen or an optionally substituted
group selected from Ci; aliphatic, 3-10-membered cycloaliphatic, 4-10-membered

heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
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sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
T, is an optionally substituted C,.Cq alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R7)-, -0-, -S-, -§(0)-, -S(0),-, -C(0)-,
-C(0)0-, -C(O)N(R')-, -S(0),N(R)-, -OC(O)N(R’)-, -N(R")C(0)-, -N(R")SO,-, -N(R'®)
C(0)0-, -NR'® C(O)N(R'*®)-, -N(R'™)S(0);N(R'"®)-, -OC(0)-, or -C(O)N(R")-O- or
wherein T, forms part of an optionally substituted 3-7 membered cycloaliphatic or
heterocyclyl ring;
each occurrence of R'® is independently hydrogen, halogen, -CN, -NO,, -NR"),,
-OR'™  .SR'™  -S(O)LR'™,  -COR'™  -CO)OR'™  -C(ONR'),
-S(0)XNR), -OC(O)NR): NR)COR™, “N(R)SOR'™,
-NR"C(0)OR'™ -N(R)C(O)N(R'),, or -N(R")SO,N(R),, or an optionally substituted
group selected from C,¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R'® is independently hydrogen or an optionally substituted
group selected from C,, aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or
R’ and R'™ taken together with a nitrogen atom to which they are bound form an
optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R’ is independently hydrogen, -C(O)R™, -CO,R” , -C(O)N(R"),,
-C(O)N(R™*)-OR", -SO,R™, -SO,N(R*),, or an optionally substituted group selected from C, . aliphatic,
3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R’ is independently hydrogen or an optionally
substituted group selected from C, galiphatic, 3-10-membered cycloaliphatic, 4-10-
membered heteroéyclyl having 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5

heteroatoms independently selected from nitrogen, oxygen, or sulfur;
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each occurrence of R® is independently hydrogen, -C(O)R®, -CO,R%, -C(O)N(R®),, -SO,R®, -
SOzN(Rﬁb)z, or an optionally substituted group selected from C,.¢ aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteratoms
independently selected from nitrogen, oxygen, or sulfur; ,
wherein each occurrence of R® is independently hydrogen or an optionally substituted
group selected from C, 4 aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; and
wherein each occurrence of R” is independently hydrogen or an optionally substituted
group selected from C, ¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R® taken together with the nitrogen atom to which they
are bound, form an optionally substituted group selected from 3-6-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 5-10-membered

heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
R R4
of N—§ 0
( jm

E or F

or HY is

wherein each occurrence of R™ is independently -R'* or ;TI-RI“d, wherein:

each occurrence of R'* as valency and stability permit, is independently
fluorine, =0, =S, -CN, -NO,, -R'*, -N(R'*),, -OR™®, -SR'*, -S(O),R'*, -C(O)R'®, -
C(O)OR™, -C(O)N(R'),, -S(0),N(R"),, -OC(O)N(R”")Z, NR")C(O)R™, -
NR™)SO,R™, -N(R")C(0)OR'®, -NR"“)C(O)N(R'*®),, or -N(R"**)SO,N(R'®),, or
two occurrences of R'*®, taken together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional
heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted
group selected from C,.Cs aliphatic, 3-10-membered cycloaliphatic, 4-10-membered

heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
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sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently an optionally substituted group selected
from C,.Cq aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted
C, ¢ aliphatic group; and

T, is an optionally substituted C,.Cg alkylene chain wherein the alkylene chain
optionally is interrupted
by -NR'")-, -0-, -S-, -S(0)-, -8(0)s-, -C(0)-, -C(0)O-, -C(O)N(R'*®)-, -S(O);N(R'*)-, -
OC(O)NR)-, -N(R"*)C(0)-, -N(R"**)SO,-, -N(R'**)C(0)O-, -NR™
C(O)N(R'™®)-, -N(R"®)S(O),N(R®)-, -OC(O)-, or -C(O)N(R'*)-O- or wherein T, or a
portion thereof optionally forms part of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring;

q is 0-6;
mis 1 or2; and

pisO, 1, or2.

[0014]  In another aspect, the compounds of this invention are represented by formula VI-A or VI-B:

(R?), (R,
t t
YOS GD
B B
Gl Gy X
G, =G,
HY HY
VI-A VI-B
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or a pharmaceutically acceptable salt thereof, wherein:

Gy is N or CR', wherein R' is H, —CN, halogen, or an optionally substituted group selected from
C,. aliphatic, 3-10-membered cycloaliphatic, or —Z-R"", wherein:

Z is selected from an optionally substituted C,.; alkylene chain, —O-, -N(R')-, -S-, -S(O)-,
S(0)y-, -C(O)-, -COy-, -C(O)NR'™-, -N(R'*)C(0)-, -N(R")CO,-, -S(0),NR"*-, -N(R')S(0),-, -
OC(O)N(R'™)-, -N(R"*)C(O)NR™-, -N(R'*)S(0),N(R -, or -OC(O)-;
R' is hydrogen or an optionally substituted C, 4 aliphatic, and
R'! is hydrogen or an optionally substituted group selected from C, aliphatic, 3-10-

membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently

selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl

having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur; and

G, is S, O, or NR, wherein R® is hydrogen or an optionally substituted C, s aliphatic;

Ring A is an optionally substituted group selected from 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

Ring B is an optionally substituted group selected from a 5- or 6-membered heterocyclyl having
1-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or a 5- or 6-membered
heteroaryl having 1-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, provided that
Ring B has no more than one occurrence of oxygen or sulfur;

tis1to3;

each occurrence of R” is independently -R'*, -To-R'™, or —-V,-T;-R'™

, and:
each occurrence of R is independently halogen, -CN, -NO,, R'* -N(Rm’)z, -OR'%,
SR, S(O)R'*, -C(OR'®,  -C(O)OR'™, -CONR™),  -S(O)LNR'),
-OC(O)N(R'®),, NR™*)C(O)R™®, N(R'*)SO,R"™, -N(R'*)C(O)OR",
NR®)C(OIN(R'™),, or -N(R'**)SO,N(R'®),, or two occurrences of R'?, taken together with a
nitrogen atom to which they are bound, form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;
each occurrence of R'? is independently hydrogen or an optionally substituted group
selected from C,.Cq aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur;

each occurrence of R' is independently an optionally substituted group selected from C;_

¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms
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independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R' is independently hydrogen or an optionally substituted from 3-
10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R'* is independently hydrogen or an optionally substituted C,.
aliphatic group;
each occurrence of V, is independently -N(R'*)-, -O-, -S-, -S(0)-,
-S(0)~, -C(O)-, -C(0)0-, -COINR™)-, -S(0):N(R**)-, -OC(ON(R™)-,
-N(R'*)C(0)-, -N(R'*)SO,-, -N(R'*)C(0)0-, -NR"*)C(O)N(R'*)-, -N(R'*)SO,N(R'*)-, -OC(
O)-, or -C(O)N(R"*)-0-; and
T, is an optionally substituted C,.Cq alkylene chain wherein the alkylene chain optionally is
interrupted by -N(R")-, -O-, -S-, -S(0)-, -S(O),-, -C(0)-, -C(0)O-, -C(O)NR")-,
-S(0)N(R")-, -OC(O)N(R")-, -N(R")C(0)-, -N(R™)SO,-, -N(R")C(0)0-, -N(R*)C(O)NR")-, -N(R'
)S(0),N(RP)-, -OC(0)-, or -C(O)N(R"*)-O- or wherein T, or a portion thereof optionally forms part of
an optionally substituted 3-7 membered cycloaliphatic or heterocyclyl ring, wherein R"? is hydrogen or an
optionally substituted C, saliphatic group;
nis 0 to 4; '
R™ is hydrogen, halo, or an optionally substituted group selected from C, aliphatic, -
C(O)N(R™),, 3-10-membered cycloaliphatic, -N(R*),, -OR*, or -SR*;
or R? and R form an optionally substituted 3-10-membered cycloaliphatic;
each occurrence of R* is independently hydrogen or optionally substituted C,.¢ aliphatic;
each occurrence of R*" is independently hydrogen, or a group selected from optionally
substituted C, aliphatic, -OR¥, or -N(R*),;
each occurrence of R* is independently hydrogen or optionally substituted C;. aliphatic;
HY is an optionally substituted group selected from:
éj \lr X, )|(7 ;é | Y?‘N res /Y4‘N rj YYA‘Y
Xs. 2N Yig Q- Qe

A, B, C or D;

wherein each occurrence of X, Xs, X¢, and X; is independently —CR"orN, provided no more
than two occurrences of X, Xs, X¢, and X; are N;

each occurrence of Q; and Q, is independently S, O or -NR%;
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each occurrence of Yy, Y2, Y3, Yy, and Y is independently -CR"orN;

or wherein two adjacent occurrences of X, and X, X4 and X5, Y; and Q,, Y; and
Qy, or Y, and Y taken together with the atom to which they are bound, form an
optionally substituted fused group selected from 5-6-membered aryl, or 5-6-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;

wherein R is -R'®, —V,-R'*, -T}-R'™, or -V-T|-R'® wherein:

V, is -NR'-, -NR’-C(0)-, -NR’-C(8S)-, -NR’-C(NR")-, -NR'C(0)OR -, -
NR'C(O)NR’-, -NR’C(O)SR'®™-, -NR'C(S)OR'™.,
-NR’C(S)NR-, -NR'C(S)SR'®-, -NR’C(NR")OR'®*-, -NR’C(NR")NR'-,
-NRS(0),-, -NR’S(0),NR’-, -C(0)-, -CO;-, -C(O)NR’-, -C(O)NRO-,
-SO,-, or -SO,NR’-;

each occurrence of R'™ is independently hydrogen or an optionally substituted
group selected from C,; aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or S5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

Ti is an optionally substituted C,.Cq alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R)-, -O-, -S-, -S(0)-, -S(0),-, -C(O)-,
-C(0)0-, -C(O)N(R")-, -S(0);N(R")-, -OC(O)N(R")-, -N(R")C(O)-, -N(R")SO»-, -N(R'*
C(0)0-, -NR'™ C(O)N(R®)-, -N(R'**S(0),N(R'®)-, -OC(0)-, or -C(O)N(R")-O- or
wherein T, forms part of an optionally substituted 3-7 membered cycloaliphatic or
heterocyclyl ring;

each occurrence of R'® is independently hydrogen, halogen, -CN, -NO,, -N(R),,
OR'™ SR _S(O)R'™,  -COR'™,  -COOR™  -C(ONR,
-S(0),N(R"),, -OC(O)N(R'),, NRHCOR'™, -N(R")SO,R'®,
-N(R")C(0)OR', -N(R")C(O)N(R"),, or -N(R")SO,N(R"),, or an optionally substituted
group selected from C,, aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'™ is independently hydrogen or an optionally substituted
group selected from C,; aliphatic, 3-10-membered cycloaliphatic, 4-10-membered

heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
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sulfur, 6-10-membered aryl, c;r 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or
R’ and R'™ taken together with a nitrogen atom to which they are bound form an
optionally substituted 4-7-membered heterocycly! ring having 0-1 additional heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R’ is independently hydrogen, -C(O)R™, -CO,R™ , -C(O)N(R™),,
-C(O)N(R™)-OR", -SO,R™, -SO,N(R™),, or an optionally substituted group selected from C, ¢ aliphatic,
3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R™ is independently hydrogen or an optionally
substituted group selected from C,_galiphatic, 3-10-membered cycloaliphatic, 4-10-
membered heterocyclyl having 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R® is independently hydrogen, -C(O)R®, -CO,R®, -C(O)N(R®),, -SO,R®, -
SOZN(R%)Z, or an optionally substituted group selected from C, ¢ aliphatic, 3-10-membered
cycloaliphétic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteratoms
independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R® is independently hydrogen or an optionally substituted
group selected from C,.¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; and
wherein each occurrence of R® is independently hydrogen or an optionally substituted
group selected from C, aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R® taken together with the nitrogen atom to which they
are bound, form an optionally substituted group selected from 3-6-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 5-10-membered

heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
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or HY is

wherein each occurrence of R' is independently R or -T;-R" wherein;

each occurrence of R, as valency and stability permit, is independently
fluorine, =0, =S, -CN, -NO,, -R'*, -N(R'*),, -OR'*®, -SR'*, -S(O),R', -C(O)R'®, -
C(OJOR'™, -COONR™), -S(ORNR™), -OCONR'™), -NR™)COR™, -
NR™)SO,R™, -N(R")C(O)OR™, -N(R"*)C(O)NR®),, or -N(R'*)SO,N(R'®),, or
two occurrences of R'®, taken together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional
heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted
group selected from C,Cg aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently an optionally substituted group selected
from C, Cgaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted
C,. aliphatic group; and

T, is an optionally substituted C,.Cy alkylene chain wherein the alkylene chain
optionally is interrupted
by -NR'*®)-, -0-, -S-, -S(0)-, -S(O),-, -C(0)-, -C(0)0-, -C(O)N(R'*)-, -S(O),N(R*®)-, -
OC(O)N(R')-, -N(R")C(O)-, -N(R*)SO,-, -N(R**)C(0)O-, -NR'*C(O)N(R®*)-, -N(
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R")S(0),N(R'*®)-, -OC(O)-, or -C(O)N(R'*®)-O- or wherein T, or a portion thereof
optionally forms part of an optionally substituted 3-7 membered cycloaliphatic or
heterocyclyl ring;

q is 0-6;
mis 1 or2; and

pis0,1,0r2.

[0015]  In another aspect, the compounds of this invention are represented by formula VII-A or VII-
B:

(R¥), (R?)y
t t
R12 R12 D
B B
AN §
>\—’S —’G1
HY HY
VII-A VII-B

or a pharmaceutically acceptable salt thereof, wherein:
G, is N or CR', wherein R is H, —CN, halogen, or an optionally substituted group selected from
C,.¢ aliphatic, 3-10-membered cycloaliphatic, or -Z-R", wherein:
Z is selected from an optionally substituted C, 3 alkylene chain, -O-, -N(R“‘)-, -S-, -S(0)-,
S(0)y-, -C(O)-, -COy-, -C(O)NR'*-, -N(R'*)C(O)-, -N(R"*)CO»-, -S(0),NR"*-, -N(R'*)S(0),-, -
OC(O)N(R'®)-, -N(R"*)C(O)NR'™, -N(R'*)S(0),N(R'?)-, or -OC(0)-;
R is hydrogen or an optionally substituted C,4 aliphatic, and
R" is hydrogen or an optionally substituted group selected from C,.¢aliphatic, 3-10-
membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur; and
Ring A is an optionally substituted group selected from 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
Ring B is an optionally substituted group selected from a 5- or 6-membered heterocyclyl having

1-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or a 5- or 6-membered
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heteroaryl having 1-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, provided that
Ring B has no more than one occurrence of oxygen or sulfur;

tis1to 3;
each occurrence of R? is independently —R'*, -T,-R'%, or -V,-T,-R'%, and:
each occurrence of R'* is independently halogen, -CN, -NO,, -R'”*, -N(R™), -OR™,
-SR'*,  .S(O)R™*, ~ -COR'™, -COOR™, -CONR™),  -S(O),NR™),
-OC(O)N(R'®),, -NR")C(O)R", -N(R'™)SOR'”, -NR'*)C(O)OR'®,
NR)C(O)NR'™),, or -N(R'**)SO,N(R'™),, or two occurrences of R'?, taken together with a
nitrogen atom to which they are bound, form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted group
selected from C,.Cgaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur;

each occurrence of R'™ is independently an optionally substituted group selected from C,.
¢aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted from 3-
10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted C,.¢
aliphatic group;

each occurrence of V, is independently -N(R'*®)-, -O-, -S-, -S(O)-,
-S(0)z-, -C(0)-, -C(0)O-, -C(ON(R®)-, -S(0);N(R *)-, -OC(ONR ),
-N(R'*)C(0)-, -N(R'*)SO,-, -N(R"*)C(0)O-, -N(R"*)C(O)N(R'*)-, -N(R'*)SO,N(R *)-, -OC(
O)-, or -C(O)N(R'*)-O-; and

T, is an optionally substituted C,.Cg alkylene chain wherein the alkylene chain optionally is

-S(0):NR)-, -OC(OINR")-, -NR")C(O)-, -NR"*)SOy-, -NR"*)C(0)O-, NR")C(OINR")-, N(R'
HS(0),N(R")-, -OC(0)-, or -C(O)N(R'®)-O- or wherein T, or a portion thereof optionally forms part of
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an optionally substituted 3-7 membered cycloaliphatic or heterocyclyl ring, wherein R" is hydrogen or an
optionally substituted C,_4aliphatic group;
nis0to4;
R' is hydrogen, halo, or an optionally substituted group selected from Cyaliphatic, -
C(O)N(R™),, 3-10-membered cycloaliphatic, -N(R*),, -OR*, or -SR*;
or R? and R" form an optionally substituted 3-10-membered cycloaliphatic;
each occurrence of R* is independently hydrogen or optionally substituted C,  aliphatic;
each occurrence of R” is independently hydrogen, or a group selected from optionally
substituted C, ¢ aliphatic, -OR™, or -N(R*)y;
each occurrence of R* is independently hydrogen or optionally substituted C, ¢ aliphatic;
HY is an optionally substituted group selected from:
ej \W Xs, X, f‘ Ys éé Yy é" Y,
% '1‘ Y|1‘Q/1N Q- Y/QN e
A, B, C, or D;
wherein each occurrence of Xy, X, X¢, and X; is independently —CR" or N, provided no more
~ than two occurrences of X, Xs, X¢, and X7 are N;
each occurrence of Q; and Q; is independently S, O or -NR%:
each occurrence of Yy, Y, Y3, Y4, and Y5 is independently -CR"orN;
or wherein two adjacent occurrences of X, and Xs, X¢ and X5, Y, and Qy, Y3 and
Q,, or Y, and Y taken together with the atom to which they are bound, form an
optionally substituted fused group selected from 5-6-membered aryl, or 5-6-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;
wherein R" is -R!®, —v,-R'®, -Ti-R™ or -V,-T)-R'® wherein:
V, is -NR’-, -NR’-C(O)-, -NR’-C(S)-, -NR’-C(NR)-, -NR"C(O)OR ', -
NR’C(O)NR’-, -NR’C(0)SR'®-, -NR'C(S)OR®.,
-NR'C(S)NR’-, -NR'C(S)SR'®-, -NR’C(NR")OR'®*-, -NR’C(NR")NR'-,
-NR’S(0),-, -NR’S(0),NR’-, -C(0)-, -CO,-, -C(O)NR’-, -C(O)NRO-,
-SO,-, or -SO,NR’-;
each occurrence of R'® is independently hydrogen or an optionally substituted
group selected from C,; aliphatic, 3-10-membered cycloaliphatic, 4-10-membered

heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
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sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur,
T, is an optionally substituted C;.Cs alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R’)-, -O-, -S-, -S(0)-, -S(0),-, -C(0)-,
-C(0)O-, -C(O)N(R')-, -S(0),N(R")-, -OC(O)N(R")-, -N(R"YC(0)-, -N(R")SO,-, -N(R'*)
C(0)0-, -NR'™ C(O)N(R'™)-, -N(R'*)S(0);N(R'"™)-, -OC(O)-, or -C(O)N(R)-O- or
wherein T, forms part of an optionally substituted 3-7 membered cycloaliphatic or
heterocyclyl ring;
each occurrence of R'® is independently hydrogen, halogen, -CN, -NO,, -N(R"),,
-OR',  -SR™  SO)R'  -COOR',  -C(O)OR'™®,  -C(O)NER),
-S(0NR), -OC(O)N(R"),, -NR')C(O)R™, -NR")SOR'™,
-N(R"C(0)OR'™, -N(R")C(O)N(R'),, or -N(R")SO,N(R"),, or an optionally substituted
group selected from C,4 aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R'™ is independently hydrogen or an optionally substituted
group selected from C,4 aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or
R’ and R'™ taken together with a nitrogen atom to which they are bound form an
optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R’ is independently hydrogen, -C(O)R™, -CO,R™, -C(O)N(R™),,
-C(O)N(R”*)-OR"%, -SO,R™, -SO,N(R"®),, or an optionally substituted group selected from C,.qaliphatic,
3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygén, or sulfur;
wherein each occurrence of R™ is independently hydrogen or an optionally
substituted group selected from C,_saliphatic, 3-10-membered cycloaliphatic, 4-10-
membered heterocyclyl having 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5

heteroatoms independently selected from nitrogen, oxygen, or sulfur;
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each occurrence of R? is independently hydrogen, -C(O)R®, -CO,R®, -C(O)N(R®),, -SO,R®, -
SOZN(Ra’)z, or an optionally substituted group selected from C, ¢ aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteratoms
independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R® is independently hydrogen or an optionally substituted
group selected from C, aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; and
wherein each occurrence of R is independently hydrogen or an optionally substituted
group selected from C,. aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R® taken together with the nitrogen atom to which they
are bound, form an optionally substituted group selected from 3-6-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 5-10-membered

heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

q(R14) \/—('g\m q(RM)\
of N—§ o} §
t )m m

or HY is
E or . F ;

wherein each occurrence of R™ is independently —R'** or -T;-R'*, wherein:

each occurrence of R'®, as valency and stability permit, is independently
fluorine, =0, =S, -CN, -NO,, -R', -N(R'*®),, -OR™®, -SR'*, -S(0),R"*, -C(O)R'®, -
C(O)OR™, -CONR'™), -S(ORN(R'*®), -OCONR'™), -NR™)COR'™,
NR")SOR™, -N(R")C(O)OR™, -N(R“)C(O)NR™),, or -N(R"*)SO,N(R'®),, or
two occurrences of R'*, taken together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional
heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R' is independently hydrogen or an optionally substituted
group selected from C,.Cs aliphatic, 3-10-membered cycloaliphatic, 4-10-membered

heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
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sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently an optionally substituted group selected
from C,.Cs aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

each occurrence of R'* is independently hydrogen or an optionally substituted
C,. aliphatic group; and

T, is an optionally substituted C;.Cs alkylene chain wherein the alkylene chain
optionally is interrupted
by -N(R'®)-, -0-, -S-, -S(0)-, -S(0)»-, -C(O)-, -C(0)0-, -C(O)N(R*)-, -S(O),N(R'®)-, -
OC(O)N(R'®)-, -NR"®)C(0)-, -N(R'**)S0;-, -N(R'**)C(0)O-, -NR'*®
C(O)NR'™)-, -NR)S(0),N(R"*)-, -OC(0)-, or -C(O)N(R'*)-O- or wherein T; or a
portion thereof optionally forms part of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring;

q is 0-6;
pis0,1,or2.

[0016]  In another aspect, the invention provides compounds having the structure VIII-A or VIII-B:

or

VIII-A VIII-B

or a pharmaceutically acceptable salt thereof, wherein:
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G, is N or CR', wherein R' is H, —CN, halogen, or an optionally substituted group selected from
Cy.saliphatic, 3-10-membered cycloaliphatic, or —Z-R", wherein:

Z is selected from an optionally substituted C,_; alkylene chain, —O-, -NR™)-, -S-, -S(0)-,
S(0)s-, -C(O)-, -CO,-, -C(O)NR '™, -N(R"*)C(0)-, -N(R')CO,-, -S(0),NR "*-, -N(R'*)S(O),-, -
OC(O)N(R™)-, -N(R"*)C(O)NR'*, -N(R"*)S(O),N(R'*)-, or -OC(0)-;

R'® is hydrogen or an optionally substituted C;.4 aliphatic, and

R is hydrogen or an optionally substituted group selected from C,. aliphatic, 3-10-
membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur; and
G,is S, Se, O, or NR?, where R® is hydrogen or optionally substituted C, saliphatic;
G3 1s C=0 or SO;;
Gy is O or NR*, wherein R* is hydrogen or optionally substituted C; saliphatic;
Ring A is an optionally substituted group selected from 6-10-membered aryl, or 5-10-membered

heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R’ is independently —R'%, -T,-R'®%, or —V,-T)-R'%, and:
each occurrence of R'* is independently halogen, -CN, -NO,, -R'*, -N(R"®),, -OR',
SR, -S(O)R'*,  -C(OR™, -C(O)OR™”, -CONR)  -S(ORNR™),
-OC(ON(R'™),, NR'*)C(O)R™, -N(R'*)SO,R™, NR"™)C(0O)OR'®,
NR")C(O)N(R®),, or -N(R"*)SO,N(R'™),, or two occurrences of R'%, taken together with a
nitrogen atom to which they are bound, form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R'™ is independently hydrogen or an optionally substituted group
selected from C,.Cgaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur;

each occurrence of R' is independently an optionally substituted group selected from C;.
¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocycly! having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R' i independently hydrogen or an optionally substituted from 3-

10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
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selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R'* is independently hydrogen or an optionally substituted C;

aliphatic group;

-5(0)z-, -C(0)-, -C(0)0-, -C(O)NR *)-, -S(0);N(R'*)-, -OC(ONR™)-,

NR)C(O)-, -N(R'*)S0,-, -N(R"**)C(0)0-, -N(R'**)C(OIN(R*)-, -N(R'**)SO,N(R*)-, -OC(
0)-, or -C(O)N(R'*)-0-; and

T, is an optionally substituted C,.Cq alkylene chain wherein the alkylene chain optionally is

-S(0),N(R")-, -OC(O)N(R")-, -N(R™)C(0)-, -N(R"*)SO,-, -N(R)C(0)0-, -N(R*)C(O)N(R")-, -N(R'
%)S(0),N(RP)-, -OC(0)-, or -C(O)N(R")-O- or wherein T; or a portion thereof optionally forms part of
an optionally substituted 3-7 membered cycloaliphatic or heterocyclyl ring, wherein R" is hydrogen or an
optionally substituted C,.saliphatic group;

nis0to4;

R' is hydrogen, halo, or an optionally substituted group selected from Cy¢ aliphatic, -
C(O)N(R*),, 3-10-membered cycloaliphatic, -N(R®),, -OR*, or -SR*;

or R? and R'"? form an optionally substituted 3-10-membered cycloaliphatic;

HY is an optionally substituted group selected from:

| | . = N N

N N Y
N / 7 AN
X Yied Q- Q-

éf\l(xq\x? 35 Y, éé Y, é" _Y,

A, B, C, or D;
wherein each occurrence of Xs, Xs, X¢, and X, is independently —CR'® or N, provided no more
than two occurrences of X4, Xs, X6, and X; are N;
each occurrence of Q; and Q, is independently S, O or -NR&
each occurrence of Y1, Y5, Y3, Yy, and Ys is independently -CR"orN;
or wherein two adjacent occurrences of X, and X, X and X, Y, and Q;, Y3 and

Q,, or Y, and Y; taken together with the atom to which they are bound, form an
optionally substituted fused group selected from 5-6-membered aryl, or 5-6-membered
heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur;

. . 10b 10 .
wherein R is —R'®, —V,-R'®, -T;-R'®, or -V,-T;-R'® wherein:
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V, is -NR’-, -NR"-C(0)-, -NR’-C(S)-, -NR"-C(NR")-, -NR’C(O)OR'*%., -
NR'C(O)NR’-, -NR'C(O)SR'™-, -NR'C(S)OR'*-,
-NR’C(S)NR-, -NR'C(S)SR'"-, -NR’C(NR")OR*-, -NR’C(NR")NR'-,
-NR'S(O),-, -NR’S(0),NR’-, -C(0)-, -CO,-, -C(O)NR’-, -C(O)NR'O-,
-SOp-, or -SO,NR'-;

each occurrence of R'™ is independently hydrogen or an optionally substituted
group selected from C,; aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

T, is an optionally substituted C,.Cy alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R")-, -O-, -S-, -S(0)-, -S(0),-, -C(O)-,
-C(0)0-, -C(O)NR)-, -S(O),N(R")-, -OC(O)N(R")-, -N(R")C(0)-, -N(R")SO,-, -N(R'*®)
C(0)0-, -NR'™ C(O)N(R'®)-, -N(R'®)S(0),N(R'"™)-, -OC(O)-, or -C(O)N(R")-O- or
wherein T, forms part of an optionally substituted 3-7 membered cycloaliphatic or
heterocyclyl ring;

each occurrence of R'® is independently hydrogen, halogen, -CN, -NO,, -NR",,
OR'™,  SR'™®  SO)R™,  -COR'™  -COOR'™  -C(ONR"),
-S(0XNR"), -OC(O)NR ), NR)COR™, NR)SOR™,
-N(R")C(0)OR'™, -N(R")C(O)N(R"),, or -N(R")SO,N(R"),, or an optionally substituted
group selected from C, aliphatic, 3-10-membered cycloaliphatic, 4-10-membered

~ heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or

sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R'™ is independently hydrogen or an optionally substituted
group selected from C,¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or
R’ and R'™ taken together with a nitrogen atom to which they are bound form an
optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R’ is independently hydrogen, -C(O)R", -CO,R™ , -C(O)N(R™®),,
-C(O)N(R™*)-OR", -SO,R™, -SO,N(R"™),, or an optionally substituted group selected from C, ¢ aliphatic,
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3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R™ is independently hydrogen or an optionally
substituted group selected from C,_¢aliphatic, 3-10-membered cycloaliphatic, 4-10-
membered heterocyclyl having 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R® is independently hydrogen, -C(O)R®, -CO,R®, -C(O)N(R®),, -SO,R®, -
SO,N(R®),, or an optionally substituted group selected from C,¢ aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteratoms
independently selected from nitrogen, oxygen, or sulfur;
wherein each occurrence of R* is independently hydrogen or an optionally substituted
group selected from C, ¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; and
wherein each occurrence of R® is independently hydrogen or an optionally substituted
group selected from C, ¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteratoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R® taken together with the nitrogen atom to which they
are bound, form an optionally substituted group selected from 3-6-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 5-10-membered

heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

q(R14) \/—ﬁ\m q(RM)\
o N—¢ of :
t 3 m m

or HY is
E or F ;

wherein each occurrence of R' is independently —R'** or -T}-R'*, wherein:
each occurrence of R'* as valency and stability permit, is independently

fluorine, =0, =S, -CN, -NO,, -R'*, -N(R'*®),, -OR'®, -SR'*, -S(0),R'*, -C(O)R™™®, -
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C(O)OR™, -C(O)N(R™),, -S(O)NR"),, -OCONR),, -NR“)C(O)R'™,
NR")SO,R™, -NR")C(0)OR™, -N(R")C(O)N(R"™),, or -N(R")SO,NR®),, or
two occurrences of R', taken together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered heterocyclyl ring having 0-1 additional
heteroatoms selected from nitrogen, oxygen, or sulfur;

each occurrence of R'*® is independently hydrogen or an optionally substituted
group selected from C;.C¢ aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R'* is independently an optionally substituted group selected
from C,.Cq aliphati/c, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;
each occurrence of R™ is independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;
each occurrence of R'* is independently hydrogen or an optionally substituted
C,.¢ aliphatic group; and
T, is an optionally substituted C,;.C alkylene chain wherein the alkylene chain
optionally is interrupted
by -N(R'*)-, -0-, -S-, -8(0)-, -S(0)z-, -C(0)-, -C(0)O-, -C(ON(R"®)-, -S(0),N(R'*)., -
OC(O)N(R')-, -N(R"*")C(0)-, N(R"*")SO,-, -NR'**)C(0)O-, -NR'*
C(O)N(R'™)-, -N(R'**)S(O);N(R'*)-, -OC(0)-, or -C(O)N(R'*)-O- or wherein T; or a
portion thereof optionally forms part of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring;
q is 0-6;
mis 1 or?2;
pis0,1,0r2;
tis1or2;

each occurrence of R’ is independently—R'* or —Ts-R"**, wherein:
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each occurrence of R'™, as valency and stability permit, is independently
hydrogen, fluorine, =0, =S, -CN, -NO,, -R'*, -N(R'®),, -OR™®, -SR'*, -S(O),R"*", -
COR™, -C(O)OR™, -CONR™), -SO}NR™), -OCONR™);,
NR")COR™, -NR")SO,R™, -NR®)CO)OR™®, -NR )C(ONR'™),, or -
NR")SO,N(R"™),, or two occurrences of R'*®, taken together with a nitrogen atom to
which they are bound, form an optionally substituted 4-7-membered heterocyclyl ring
having 0-1 additional heteroatoms selected from nitrogen, oxygen, or sulfur;
each occurrence of R'™® is independently hydrogen or an optionally substituted
group selected from C,;.Cq aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R' is independently an optionally substituted group selected
from C,.Cs aliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having
1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, 6-10-membered
aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;
each occurrence of R" is independently hydrogen, -N(R'™),, -OR'*, -SR'*, -
S(0XR™, -C(O)R™, -C(0)OR'™™, -COIN(R"™)z, -S(O)N(R"*"), -OC(OIN(R ™), -
NR"*)C(O)R™®, -N(R"**)SO,R", -N(R**)C(0)OR™®, -N(R"*)C(O)N(R"*®),, -
N(R"**)SO,N(R"®),, or an optionally substituted from 3-10-membered cycloaliphatic, 4-
10-membered heterocyclyl having 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R' is independently hydrogen or an optionally substituted
C,aliphatic group; and
Ts is an optionally substituted C,.Cq alkylene chain wherein the alkylene chain optionally is
interrupted
by -N(R'*)-, -O-, -S-, -S(0)-, -S(O),-, -C(0)-, -C(0)0-, -C(O)N(R'*®)-, -S(O);N(R"*)-, -OC(O)N(R'*)-,
NR"")C(0)-, -NR"**)SO,-, -NR"*)C(0)O-, -NR"*® C(O)N(R"®)-, -N(R"*®)S(O);N(R'*®)-, -OC(0)-,
or -C(O)N(R"*®)-0- or wherein Ts or a portioﬁ thereof optionally forms part of an optionally substituted 3-

7 membered cycloaliphatic or heterocyclyl ring,
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DETAILED DESCRIPTION OF THE INVENTION

[0017] 2. Compounds and Definitions:

[0018] Compounds of this invention include those described generally for formula I-A, I-B, I-C, II-
A, II-B, III-A, 11I-B, VI-A, VI-B, VII-A, VII-B, VIII-A and VIII-B above, and are further illustrated by
the classes, subclasses, and species disclosed herein. It will be appreciated that preferred subsets
described for each variable herein can be used for any of the structural subsets as well. As used herein,
the following definitions shall apply unless otherwise indicated.

[0019]  As described herein, compounds of the invention may be optionally substituted with one or
more substituents, such as are illustrated generally above, or as exemplified by particular classes,
subclasses, and species of the invention. It will be appreciated that the phrase “optionally substituted” is
used interchangeably with the phrase “substituted or unsubstituted.” In general, the term “substituted”,
whether preceded by the term “optionally” or not, means that a hydrogen radical of the designated moiety
is replaced with the radical of a specified substituent, provided that the substitution results in a stable or
chemically feasible compound. The term “substitutable”, when used in reference to a designated atom,
means that attached to the atom is a hydrogen radical, which hydrogen atom can be replaced with the
radical of a suitable substituent. Unless otherwise indicated, an “optionally substituted” group may have
a substituent at each substitutable position of the group, and when more than one position in any given
structure may be substituted with more than one substituent selected from a specified group, the
substituent may be either the same or different at every position. Combinations of substituents envisioned
by this invention are preferably those that result in the formation of stable or chemically feasible
compounds.

[0020] A stable compound or chemically feasible compound is one in which the chemical structure
is not substantially altered when kept at a temperature from about —80°C to about +40°C, in the absence
of moisture or other chemically reactive conditions, for at least a week, or a compound which maintains
its integrity long enough to be useful for therapeutic or prophylactic administration to a patient.

[0021]  The phrase “one or more substituents”, as used herein, refers to a number of substituents that
equals from one to the maximum number of substituents possible based on the number of available
bonding sites, provided that the above conditions of stability and chemical feasibility are met.

[0022]  As used herein, the term "independently selected" means that the same or different values
may be selected for multiple instances of a given variable in a single compound.

[0023]  As used herein, “a 3-7-membered saturated, partially unsaturated, or aromatic monocyclic

ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or an 8-10-
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membered partially unsaturated, or aromatic bicyclic ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur” includes cycloaliphatic, heterocyclic, aryl and heteroaryl rings.
[0024]  As used herein, the term “aromatic” includes aryl and heteroaryl groups as described
generally below and herein.

[0025]  The term “aliphatic” or “aliphatic group”, as used herein, means an optionally substituted
straight-chain or branched C,.j; hydrocarbon, or a cyclic C,.;; hydrocarbon which is completely saturated
or which contains one or more units of unsaturation, but which is not aromatic (also referred to herein as
“carbocycle”, “cycloaliphatic”, “cycloalkyl”, or “cycloalkenyl”). For example, suitable aliphatic groups
include optionally substituted linear, branched or cyclic alkyl, alkenyl, alkynyl groups and hybrids
thereof, such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl, or (cycloalkyl)alkenyl. Unless otherwise specified,
in various embodiments, aliphatic groups have 1-12, 1-10, 1-8, 1-6, 14, 1-3, or 1-2 carbon atoms.
[0026]  The term “alkyl”, used alone or as part of a larger moiety, refers to an optionally substituted
straight or branched chain hydrocarbon group having 1-12, 1-10, 1-8, 1-6, 14, 1-3, or 1-2 carbon
atoms.

[0027]  The term “alkenyl”, used alone or as part of a larger moiety, refers to an optionally
substituted straight or branched chain hydrocarbon group having at least one double bond and having 2-
12, 2-10, 2-8, 2-6, 2-4, or 2-3 carbon atoms.

[0028]  The term “alkynyl”, used alone or as part of a larger moiety, refers to an optionally
substituted straight or branched chain hydrocarbon group having at least one triple bond and having 2-12,
2-10, 2-8, 2-6, 2-4, or 2-3 carbon atoms.

[0029] The terms “cycloaliphatic”, “carbocycle”, “carbocyclyl”, “carbocyclo”, or “carbocyclic”,
used alone or as part of a larger moiety, refer to an optionally substituted saturated or partially unsaturated
cyclic aliphatic ring system having from 3 to about 14 ring carbon atoms. In some embodiments, the
cycloaliphatic group is an optionally substituted monocyclic hydrocarbon having 3-8 or 3-6 ring carbon
atoms. Cycloaliphatic groups include, without limitation, optionally substituted cyclopropyl, cyclobutyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl,
cyclooctenyl, or cyclooctadienyl. The terms “cycloaliphatic”, “carbocycle”, “carbocyclyl”, “carbocyclo”,
or “carbocyclic” also include optionally substituted bridged or fused bicyclic rings having 6-12, 6-10, or
6-8 ring carbon atoms, wherein any individual ring in the bicyclic system has 3-8 ring carbon atoms.
[0030]  The term “cycloalkyl” refers to an optionally substituted saturated ring system of about 3 to
about 10 ring carbon atoms. Exemplary monocyclic cycloalkyl rings include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and cycloheptyl.

[0031] The term “cycloalkenyl” refers to an optionally substituted non-aromatic monocyclic or

multicyclic ring system containing at least one carbon-carbon double bond and having about 3 to about 10
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carbon atoms. Exemplary monocyclic cycloalkenyl rings include cyclopentyl, cyclohexenyl, -and
cycloheptenyl.

[0032]  The terms “haloaliphatic”, “haloalkyl”, “haloalkenyl” and “haloalkoxy” refer to an aliphatic,
alkyl, alkenyl or alkoxy group, as the case may be, which is substituted with one or more halogen atoms.
As used herein, the term “halogen” or “halo” means F, Cl, Br, or I. The term "fluoroaliphatic" refers to a
haloaliphatic wherein the halogen is fluoro, including perfluorinated aliphatic groups. Examples of
fluoroaliphatic groups include, without limitation, fluoromethyl, difluoromethyl, trifluoromethyl, 2-
fluoroethyl, 2,2,2-trifluoroethyl, 1,1,2-triﬂuoroethyl, 1,2,2-trifluoroethyl, and pentafluoroethyl.

[0033]  The term “heteroatom” refers to one or more of oxygen, sulfur, nitrogen, phosphorus, or
silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon; the quaternized form of
any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for example N (as in 3,4-dihydro-
2H-pyrrolyl), NH (as in pyrrolidinyl) or NR" (as in N-substituted pyrrolidinyl)).

[0034] The terms “aryl” and “ar-”, used alone or as part of a larger moiety, e.g., “aralkyl”,
“aralkoxy”, or “aryloxyalkyl”, refer to an optionally substituted Cs_j,aromatic hydrocarbon moiety
comprising one to three aromatic rings. Preferably, the aryl group is a Cg_joaryl group. Aryl groups
include, without limitation, optionally substituted phenyl, naphthyl, or anthracenyl. The terms “aryl” and
“ar-”, as used herein, also include groups in which an aryl ring is fused to one or more cycloaliphatic
rings to form an optionally substituted cyclic structure such as a tetrahydronaphthyl, indenyl, or indanyl
ring. The term “aryl” may be used interchangeably with the terms “aryl group”, “aryl ring”, and
“aromatic ring”.

[0035]  An “aralkyl” or “arylalkyl” group comprises an aryl group covalently attached to an alkyl
group, either of which independently is optionally substituted. Preferably, the aralkyl group is
Ce-10 arylCy_galkyl, including, without limitation, benzyl, phenethyl, and naphthylmethyl.

[0036]  The terms “heteroaryl” and “heteroar-”, used alone or as part of a larger moiety, e.g.,
“heteroaralkyl”, or “heteroaralkoxy”, refer to groups having 5 to 14 ring atoms, preferably 5, 6, 9, or 10
ring atoms; having 6, 10, or 14 7 electrons shared in a cyclic array; and having, in addition to carbon
atoms, from one to five heteroatoms. A heteroaryl group may be mono-, bi-, tri-, or polycyclic, preferably
mono-, bi-, or tricyclic, more preferably mono- or bicyclic. The term “heteroatom” refers to nitrogen,
oxygen, or sulfur, and includes any oxidized form of nitrogen or sulfur, and any quaternized form of a
basic nitrogen. For example, a nitrogen atom of a heteroaryl may be a basic nitrogen atom and may also
be optionally oxidized to the corresponding N-oxide. When a heteroaryl is substituted by a hydroxy
group, it also includes its corresponding tautomer. The terms “heteroaryl” and “heteroar-”, as used
herein, also include groups in which a heteroaromatic ring is fused to one or more aryl, cycloaliphatic, or

heterocycloaliphatic rings. Nonlimiting examples of heteroaryl groups include thienyl, furanyl, pyrrolyl,
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imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, isothiazolyl,
thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, indolizinyl, purinyl, naphthyridinyl, pteridinyl,
indolyl, isoindolyl, benzothienyl, benzofuranyl, dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl,
quinolyl, isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, 4H-quinolizinyl, carbazolyl,
acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and
pyrido[2,3-b]-1,4-oxazin-3(4H)-one. The term “heteroaryl” may be used interchangeably with the terms
“heteroaryl ring”, “heteroaryl group”, or “heteroaromatic”, any of which terms include rings that are
optionally substituted. The term “heteroaralkyl” refers to an alkyl group substituted by a heteroaryl,
* wherein the alkyl and heteroaryl portions independently are optionally substituted.

[0037)  As used herein, the terms “heterocycle”, “heterocyclyl”, “heterocyclic radical”, and
“heterocyclic ring” are used interchangeably and refer to a stable 3- to 8-membered monocyclic or 7-10-
membered bicyclic heterocyclic moiety that is either saturated or partially unsaturated, and having, in
addition to carbon atoms, one or more, preferably one to four, heteroatoms, as defined above. When used
in reference to a ring atom of a heterocycle, the term "nitrogen" includes a substituted nitrogen. As an
example, in a saturated or partially unsaturated ring having 0-3 heteroatoms selected from oxygen, sulfur
or nitrogen, the nitrogen may be N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl), or NR" (as in
~ N-substituted pyrrolidinyl).

[0038] A heterocyclic ring can be attached to its pendant group at any heteroatom or carbon atom
that results in a stéble structure and any of the ring atoms can be optionally substituted. Examples of such
saturated or partially unsaturated heterocyclic radicals include, without limitation, tetrahydrofuranyl,
tetrahydrothienyl, piperidinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl,
diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and thiamorpholinyl. A heterocyclyl group may be
mono-, bi-, tri-, or polycyclic, preferably mono-, bi-, or tricyclic, more preferably mono- or bicyclic. The
term “heterocyclylalkyl” refers to an alkyl group substituted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally substituted. Additionally, a heterocyclic ring also
includes groups in which the heterocyclic ring is fused to one or more aryl rings.

[0039]  As used herein, the term “partially unsaturated” refers to a ring moiety that includes at least
one double or triple bond between ring atoms. The term “partially unsaturated” is intended to encompass
rings having multiple sites of unsaturation, but is not intended to include aromatic (e.g., aryl or heteroaryl)
‘moieties, as herein defined.

[0040]  The term "alkylene" refers to a bivalent alkyl group. An "alkylene chain" is a polymethylene
group, i.e., -(CH,),-, wherein n is a positive integer, preferably from 1 to 6, from 1 to 4, from 1 to 3, from
1 to 2, or from 2 to 3. An optionally substituted alkylene chain is a polymethylene group in which one or

more methylene hydrogen atoms is optionally replaced with a substituent. Suitable substituents include
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those described below for a substituted aliphatic group and also include those described in the
specification herein. It will be appreciated that two substituents of the alkylene group may be taken
together to form a ring system. In certain embodiments, two substituents can be taken together to form a
3-7-membered ring. The substituents can be on the same or different atoms.

[0041]  An alkylene chain also can be optionally interrupted by a functional group. An alkylene chain
is "interrupted" by a functional group when an internal methylene unit is interrupted by the functional
group. Examples of suitable "interrupting functional groups" are described in the specification and claims
herein.

[0042]  For purposes of clarity, all bivalent groups described herein, including, e.g., the alkylene
chain linkers described above, are intended to be read from left to right, with a corresponding left-to-right
reading of the formula or structure in which the variable appears.

[0043]  An aryl (including aralkyl, aralkoxy, aryloxyalkyl and the like) or heteroaryl (including
heteroaralkyl and heteroarylalkoxy and the like) group may contain one or more substituents and thus
may be “optionally substituted”. In addition to the substituents defined above and herein, suitable
substituents on the unsaturated carbon atom of an aryl or heteroaryl group also include and are generally
selected from -halo, -NO,, -CN, -R’, -C(R")=C(R"), -C=C-R’, -OR", -SR° -S(O)R°
-SOR®, -SO3R’, -SO,N(R™),, -N(R"),, -NR'C(O)R", -NR'C(S)R", -NR'C(O)N(R"),, -NR'C(S)N(R"),,
NRHC(=NR")-N(R",, -NRHC(=NR')-R°, -NR'CO,R", -NR'SO,R°>, -NR'SO,N(R"),, -O-C(O)R’,
-0-CO,R", -OC(O)N(R),, -C(O)R", -C(S)R°, -COR", -C(O)-C(O)R*, -C(O)N(R"),, -C(S)N(R"),,
-C(O)N(R')-OR’, -C(O)N(R")C(=NR')-N(R");, -N(R")C(=NR")-N(R")-C(O)R’, -C(=NR")-N(R"),,
-C(=NR")-OR’, -N(R")-N(R');, -C(=NR")-N(R")-OR", -C(R°)=N-OR*, -P(O)R"),, -P(O)(OR"),,
-0-P(0)-OR", and -P(O)(NR")-N(R"),, wherein R’, independently, is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, cycloaliphatic, or heterocyclyl group, or two independent
occurrences of R* are taken together with their intervening atom(s) to form an optionally substituted
5-7-membered aryl, heteroaryl, cycloaliphatic, or heterocyclyl ring. Each R® is an optionally substituted
aliphatic, aryl, heteroaryl, cycloaliphatic, or heterocyclyl group.

[0044]  An aliphatic or heteroaliphatic group, or a non-aromatic carbycyclic or heterocyclic ring may
contain one or more substituents and thus may be “optionally substituted”. Unless otherwise defined
above and herein, suitable substituents on the saturated carbon of an aliphatic or heteroaliphatic group, or
of a non-aromatic carbocyclic or heterocyclic ring are selected from those listed above for the unsaturated
carbon of an aryl or heteroaryl group and additionally include the following: =O, =S, =C(R*),, =N-
N(R*),, =N-OR*, =N-NHC(O)R*, =N-NHCO,R° =N-NHSO,R® or =N-R* where R° is defined above,

and each R* is independently selected from hydrogen or an optionally substituted C,.¢ aliphatic group.
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[0045] In addition to the substituents defined above and herein, optional substituents on the nitrogen
of a non-aromatic heterocyclic ring also include and are generally selected from
R, -NRR"), -C(OR’, -C(O)OR’, -C(O)C(O)R’, -C(O)CH,C(O)R",  -S(O)R",
-S(O)N(R"),, -C(S)N(R"),, -C(=ENH)-N(R"),, or -N(R")S(O):R"; wherein each R" is defined above. A
ring nitrogen atom of a heteroaryl or non-aromatic heterocyclic ring also may be oxidized to form the
corresponding N-hydroxy or N-oxide compound. A nonlimiting example of such a heteroaryl having an
oxidized ring nitrogen atom is N-oxidopyridyl.

[0046]  As detailed above, in some embodiments, two independent occurrences of R" (or any other
variable similarly defined in the specification and claims herein), are taken together with their intervening
atom(s) to form a monocyclic or bicyclic ring selected from 3-13-membered cycloaliphatic,
3-12-membered heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur.

[0047]  Exemplary rings that are formed when two independent occurrences of R (or any other
variable similarly defined in the specification and claims herein), are taken together with their intervening
atom(s) include, but are not limited to the following: a) two independent occurrences of R™ (or any other
variable similarly defined in the specification or claims herein) that are bound to the same atom and are
taken together with that atom to form a ring, for example, N(R"),, where both occurrences of R* are taken
together with the nitrogen atom to form a piperidin-1-yl, piperazin-1-yl, or morpholin-4-yl group; and b)
two independent occurrences of R* (or any other variable similarly defined in the specification or claims

herein) that are bound to different atoms and are taken together with both of those atoms to form a ring,

OR*

+
for example where a phenyl group is substituted with two occurrences of OR" ¥ OR , these two

occurrences of R" are taken together with the oxygen atoms to which they are bound to form a fused 6-
0

membered oxygen containing ring: ¥ O It will be appreciated that a variety of other rings
(e.g., spiro and bridged rings) can be formed when two independent occurrences of R* (or any other
variable similarly defined in the specification and claims herein) are taken together with their intervening
atom(s) and that the examples detailed above are not intended to be limiting.

[0048]  Unless otherwise stated, structures depicted herein are also meant to include all isomeric
(e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the structure; for

example, the R and S configurations for each asymmetric center, (Z) and (E) double bond isomers, and
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(Z) and (E) conformational isomers. Therefore, single stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational) mixtures of the present compounds are within the
scope of the invention. Unless otherwise stated, all tautomeric forms of the compounds of the invention
are within the scope of the invention. Additionally, unless otherwise stated, structures depicted herein are
also meant to include compounds that differ only in the presence of one or more isotopically enriched
atoms. For example, compounds having the present structures where there is a replacement of hydrogen
by deuterium or tritium, or a replacement of a carbon by a *C- or "*C-enriched carbon are within the
scope of this invention. Such compounds are useful, as a nonlimiting example, as analytical tools or
probes in biological assays.

[0049] It is to be understood that, when a disclosed compound has at least one chiral center, the
present invention encompasses one enantiomer of inhibitor free from the corresponding optical isomer,
racemic mixture of the inhibitor and mixtures enriched in one enantiomer relative to its corresponding
optical isomer. When a mixture is enriched in one enantiomer relative to its optical isomers, the mixture
contains, for example, an enantiomeric excess of at least 50%, 75%, 90%, 95% 99% or 99.5%.

[0050]  The enantiomers of the present invention may be resolved by methods known to those skilled
in the art, for example by formation of diastereoisomeric salts which may be separated, for example, by
crystallization; formation of diastereoisomeric derivatives or complexes which may be separated, for
example, by crystallization, gas-liquid or liquid chromatography; selective reaction of one enantiomer
with an enantiomer-specific reagent, for example enzymatic esterification; or gas-liquid or liquid
chromatography in a chiral environment, for example on a chiral support for example silica with a bound
chiral ligand or in the presence of a chiral solvent. Where the desired enantiomer is converted into
another chemical entity by one of the separation procedures described above, a further step is required to
liberate the desired enantiomeric form. Alternatively, specific enantiomers may be synthesized by
asymmetric synthesis using optically active reagents, substrates, catalysts or solvents, or by converting
one enantiomer into the other by asymmetric transformation.

[0051]  When a disclosed compound has at least two chiral centers, the present invention
encompasses a diastereomer free of other diastereomers, a pair of diastereomers free from other
diasteromeric pairs, mixtures of diasteromers, mixtures of diasteromeric pairs, mixtures of diasteromers in
which one diastereomer is enriched relative to the other diastereomer(s) and mixtures of diasteromeric
pairs in which one diastereomeric pair is enriched relative to the other diastereomeric pair(s). When a
mixture is enriched in one diastereomer or diastereomeric pair(s) relative to the other diastereomers or
diastereomeric pair(s), the mixture is enriched with the depicted or referenced diastereomer or
diastereomeric pair(s) relative to other diastereomers or diastereomeric pair(s) for the compound, for

example, by a molar excess of at least 50%, 75%, 90%, 95%, 99% or 99.5%.
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