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INHIBITORS OF HEPATITIS C VIRUS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. § 119(e) to U.S.
Provisional Application Serial Number 61/667,806, filed on July 3, 2012, and U.S.
Provisional Application Serial Number 61/798,524, filed on March 15, 2013. The
entirety of both applications is incorporated herein by reference.

FIELD
Novel small molecule inhibitors of viral replication are disclosed,
compositions containing such compounds, and therapeutic methods comprising
the administration of such compounds are also disclosed.

BACKGROUND

The hepatitis C virus (HCV), a member of the hepacivirus genera within
the Flaviviridae family, is the leading cause of chronic liver disease worldwide
(Boyer, N. et al. J Hepatol. 2000, 32, 98-112). Consequently, a significant focus
of current antiviral research is directed toward the development of improved
methods for the treatment of chronic HCV infections in humans (Ciesek, S., von
Hahn T., and Manns, MP., Clin. Liver Dis., 2011, 15, 597-609; Soriano, V. et al,
J. Antimicrob. Chemother., 2011, 66, 1573-1686; Brody, H., Nature Outlook,
2011, 474, S1-S7; Gordon, C. P., et al., J. Med. Chem. 2005, 48, 1-20;
Maradpour, D., et al., Nat. Rev. Micro. 2007, 5, 453-463).

Virologic cures of patients with chronic HCV infection are difficult to
achieve because of the prodigious amount of daily virus production in chronically
infected patients and the high spontaneous mutability of HCV (Neumann, et al.,
Science 1998, 282, 103-7; Fukimoto, et al., Hepatology, 1996, 24, 1351-4;
Domingo, et al., Gene 1985, 40, 1-8; Martell, et al., J. Virol. 1992, 66, 3225-9).
HCV treatment is further complicated by the fact that HCV is genetically diverse
and expressed as several different genotypes and numerous subtypes. For
example, HCV is currently classified into six major genotypes (designated 1-6),
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many subtypes (designated a, b, ¢, and so on), and about 100 different strains
(numbered 1, 2, 3, and so on).

HCV is distributed worldwide with genotypes 1, 2, and 3 predominate
within the United States, Europe, Australia, and East Asia (Japan, Taiwan,
Thailand, and China). Genotype 4 is largely found in the Middle East, Egypt and
central Africa while genotype 5 and 6 are found predominantly in South Africa
and South East Asia respectively (Simmonds, P. et al. J Virol. 84: 4597-4610,
2010).

The combination of ribavirin, a nucleoside analog, and interferon-alpha (o)
(IFN), is utilized for the treatment of multiple genotypes of chronic HCV infections
in humans. However, the variable clinical response observed within patients and
the toxicity of this regimen have limited its usefulness. Addition of a HCV
protease inhibitor (telaprevir or boceprevir) to the ribavirin and IFN regimen
improves 12-week post-treatment virological response (SVR12) rates
substantially. However, the regimen is currently only approved for genotype 1
patients and toxicity and other side effects remain.

The use of directing acting antivirals to treat multiple genotypes of HCV
infection has proven challenging due to the variable activity of antivirals against
the different genotypes. HCV protease inhibitors frequently have compromised in
vitro activity against HCV genotypes 2 and 3 compared to genotype 1 (See, e.g.,
Table 1 of Summa, V. et al., Antimicrobial Agents and Chemotherapy, 2012, 56,
4161-4167; Gottwein, J. et al, Gastroenterology, 2011, 141, 1067-1079).
Correspondingly, clinical efficacy has also proven highly variable across HCV
genotypes. For example, therapies that are highly effective against HCV
genotype 1 and 2 may have limited or no clinical efficacy against genotype 3.
(Moreno, C. et al., Poster 895, 61%' AASLD Meeting, Boston, MA, USA, Oct. 29 —
Nov. 2, 2010; Graham, F., et al, Gastroenterology, 2011, 141, 881-889; Foster,
G.R. et al., EASL 45" Annual Meeting, April 14-18, 2010, Vienna, Austria.) In
some cases, antiviral agents have good clinical efficacy against genotype 1, but
lower and more variable against genotypes 2 and 3. (Reiser, M. et al.,
Hepatology, 2005, 41,832-835.) To overcome the reduced efficacy in genotype 3

2-
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patients, substantially higher doses of antiviral agents may be required to
achieve substantial viral load reductions (Fraser, IP et al., Abstract #48, HEP
DART 2011, Koloa, HI, December 2011.)
Antiviral agents that are less susceptible to viral resistance are also

5 needed. For example, resistance mutations at positions 155 and 168 in the HCV
protease frequently cause a substantial decrease in antiviral efficacy of HCV
protease inhibitors (Mani, N. Ann Forum Collab HIV Res., 2012, 14, 1-8;
Romano, KP et al, PNAS, 2010, 107, 20986-20991; Lenz O, Antimicrobial agents
and chemotherapy, 2010, 54,1878-1887.)

10 In view of the limitations of current HCV therapy, there is a need to
develop more effective anti-HCV therapies. It would also be useful to provide
therapies that are effective against multiple HCV genotypes and subtypes.

SUMMARY
Novel compounds that inhibit the hepatitis C virus (HCV) NS3 protease

15 are disclosed. In certain embodiments, the compounds disclosed inhibit multiple
genotypes of the hepatitis C virus. These compounds are useful for the treatment
of HCV infection and the related symptoms.

In one embodiment, a compound of Formula (IV):

o 0
Y

20 (IV),

or a stereoisomer, or a mixture of stereoisomers, or a pharmaceutically

acceptable salt thereof, is provided, wherein:
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J is C1-C4 alkyl or C3-Cg carbocyclyl, wherein C1-C4 alkyl or C3-Ce
carbocyclyl is optionally substituted with halogen, -OH, aryl or

cyano;

@ is C3-Cs carbocyclylene that is attached to L and to the remainder of
the compound through two adjacent carbons, wherein said C3-Cg
carbocyclylene is optionally substituted with C1-C4 alkyl, C4-C3

haloalkyl, halogen, -OH, or cyano, or @ is Cs-Cg bicyclic
carbocyclylene that is attached to L and to the remainder of the
compound through two adjacent carbons;

L is C3-Ce alkylene, C3-Cs alkenylene or —(CHz)s-cyclopropyl—, optionally
substituted with 1-4 halogen, -OH, or cyano;

Qs C,-C4 alkyl or C3-Cg carbocyclyl optionally substituted with C4-C3 alkyl,
halogen, -OH, or cyano;

E is C4-C3 alkyl or C2-C3 alkenyl, optionally substituted with C1-Cs alkyl,
halogen, -OH, or cyano;

W is H, -OH,-O(C+-Cs)alkyl, —O(C4-C3)haloalkyl, halogen or cyano; and

Z* is H or C4-Cj alkyl, halogen, -OH, or cyano.

In a further embodiment of Formula (1V), @ is C3-Cg carbocyclylene that
is attached to L and to the remainder of the compound of Formula IV through two
adjacent carbons, wherein said C3-Cg carbocyclene is optionally substituted with
C1-C4 alkyl or C1-C3 haloalkyl.

In a further embodiment of Formula (1V), @ is C3-Ce carbocyclylene that
is attached to L and to the remainder of the compound of Formula IV through two
adjacent carbons, wherein the C3-Cg carbocyclene is optionally substituted with
methyl, ethyl or trifluoromethyl.

In a further embodiment of Formula (1V), @ is cyclopropylene.
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In a further embodiment of Formula (1V), @ is Cs-Cg bridged bicyclic

carbocyclylene or Ce-Cg fused bicyclic carbocyclylene that is attached to L and to

the remainder of the compound of Formula IV through two adjacent carbons.

In a further embodiment of Formula (1V), L is C3-Cg alkylene, substituted

with 1-4 halogens. In another embodiment of Formula (1V), L is Cs alkylene,

substituted with two halogens. In some embodiments, the halogens are each

fluoro.

In a further embodiment of Formula (1V), L is C3-Cg alkylene.

In a further embodiment of Formula (1V), L is Cs alkylene.
In a further embodiment of Formula (1V), Q is t-butyl.

),
),
In a further embodiment of Formula (1V), Q is t-butyl or Cs-Ce carbocyclyl.
),
), E is C4-C3 alkyl optionally

In a further embodiment of Formula (IV

substituted with 1-3 halogen atoms.

In a further embodiment of Formula (1V), E is difluoromethyl.
In a further embodiment of Formula (1V), W is hydrogen, —O(C1-Cs)alkyl,

halogen or cyano.

In a further embodiment of Formula (1V), W is methoxy.
In a further embodiment of Formula (IV), Z* is hydrogen or methyl.
In a further embodiment of Formula (IV), Z* is methyl.

In one embodiment, a compound of Formula (1):
(:)—X
1 R

R® H

R4 N G
( 2 N

H R® © %
M\A/N [6) E

Q

(1),

or a stereoisomer, or a mixture of stereoisomers, or a pharmaceutically

acceptable salt thereof, is provided, wherein:

Jis J' J2 03, 04 00, 08 07, JBor J®;

@ is T1, T2, T3, T4, T5, T6, T7, T8, TQ, T10, TH, T12, T13 or T14;

-5-
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LisL', L% L% L% L% L L7, L5 LPor L,

X is -O-, -CHz-, -OC(0)-, -C(O)O-, -C(0)-, -SO,-, -S(0)-, -N(R"®)-, -S-, =N-
O- or a bondg,;

Ais -C(O)-, -S(O),- , a 6-10 membered arylene, 5-10 membered
heteroarylene, or 4-10 membered heterocyclene, wherein any of
said arylene, heterocyclene, or heteroarylene is optionally
substituted with 1-4 Z' groups;

M is a bond, C-Cg alkylene, -O- , or -N(R™®)- ;

R'isHorF;

R3? R* and R® are each independently selected from H or Z";

QisQ', Q% Q% Q* Q°, Q°orQ’;

EisE', E% E® E* E°, or E;

G is —-COzH, -CONHS0,Z?, tetrazolyl, -CONHP(O)(R®)2, =P(O)(OH)(R™®),
and —P(O)(R"®)z;

© isU', U% U, U*, U°, Worl’;

J'is halogen;

J%is -OH and R is H;

J%is -NRR" and R' is H;

J*is C4-Cg alkyl;

J° is C4-Cg alkyl substituted with 1-4 Z groups;

J% is C3-Cg carbocyclyl optionally substituted with 1-4 Z* groups;

J7is Ce-Cyg aryl, 5-10 membered heteroaryl, or 4-10 membered
heterocyclyl optionally substituted with 1-4 Z° groups;

J8is C4-Cg alkoxy optionally substituted with 1-4 Z° groups and R' is H;

J? is C3-Cg carbocyclyleoxy optionally substituted with 1-4 Z* groups and R'
is H;

T' is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons;

T2 is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons, wherein said carbocyclylene is substituted with

1-4 C4-Cg alkyl groups;
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T? is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons, wherein said carbocyclylene is substituted with
1-4 halogen atoms and said carbocyclylene is optionally substituted
with 1-4 C4-Cs alkyl groups;

T* is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons, wherein said carbocyclylene is optionally
substituted with a C4-Cg alkyl group, wherein said alkyl group is
optionally substituted with 1-4 Z* groups;

T° is 4-10 membered heterocyclene that is attached to L and M through
two adjacent carbons;

T® is 4-10 membered heterocyclene that is attached to L through a carbon
atom and attached to M through an N atom, wherein said
heterocyclene is optionally substituted with 1-4 Z' groups;

T’ is 4-10 membered heterocyclene that is attached to M through a carbon
atom and attached to L through an N atom, wherein said
heterocyclene is optionally substituted with 1-4 Z' groups;

T® is 4-10 membered heterocyclene that is attached to L and M through
two adjacent carbons, wherein said heterocyclene is optionally
substituted with 1-4 Z' groups;

T? is Cs-C+, spiro bicyclic carbocyclylene that is attached to L and M
through two adjacent carbons, wherein said spiro bicyclic
carbocyclylene is optionally substituted with 1-4 Z' groups;

T'%is Cs-C1 fused bicyclic carbocyclylene that is attached to L and M
through two adjacent carbons, wherein said fused bicyclic
carbocyclylene is optionally substituted with 1-4 Z' groups;

T" is Cs-C12 bridged bicyclic carbocyclylene that is attached to L and M
through two adjacent carbons, wherein said bridged bicyclic
carbocyclylene is optionally substituted with 1-4 Z' groups;

T'? is C4-Cs carbocyclylene that is attached to L and M through two non-
adjacent carbons, wherein said carbocyclylene is optionally
substituted with 1-4 Z' groups;

7-
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T" is a 5-8 membered fused, bridged, or spiro bicyclic heterocyclene that
is attached to L and M through two adjacent atoms, wherein said
heterocyclene is optionally substituted with 1-4 Z' groups;

T' is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons, wherein said carbocyclylene is optionally
substituted with 1-4 Z* groups;

L' is C1-Cs alkylene or C,-Cg alkenylene;

L? is C4-Cs alkylene or C»-Cg alkenylene wherein said C-Cg alkylene is
substituted with 1-4 halogens or said C,-Cg alkenylene is substituted
with 1-4 halogens;

L3 is C4-Cs alkylene or C»-Cg alkenylene wherein said C-Cg alkylene is
substituted with 1-4 Z* groups or said C,-Cg alkenylene is substituted
with 1-4 Z* groups and wherein each is optionally substituted with 1-4
halogens;

L* is C1-Cs alkylene or C»-Cg alkenylene substituted with two geminal C4-Cy
alkyl groups that come together to form a spiro C3-Cg carbocyclyl
group, wherein L* is optionally substituted with 1-4 Z' groups;

L° is 2-8 membered heteroalkylene or 4-8 membered heteroalkenylene that

is connected to @ by an O, S or N atom and said heteroalkylene or
heteroalkenylene is optionally substituted with 1-4 Z* groups;
L® is 2-8 membered heteroalkylene or 5-8 membered heteroalkenylene that

is connected to @ by a carbon atom and said heteroalkylene or
heteroalkenylene is substituted with 1-4 halogen atoms and is
optionally substituted with 1-4 Z* groups;

L" is 2-8 membered heteroalkylene or 4-8 membered heteroalkenylene that

is connected to @ by a carbon atom and said heteroalkylene or
heteroalkenylene is optionally substituted with 1-4 Z* groups;

L8 is L®A- L% -2 wherein L and L% are each independently selected from
C4-Ce alkylene, C4-Cg heteroalkylene, C,-Cs alkenylene or a bond
and L®® is a 3- to 6- membered saturated or unsaturated ring

8-
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containing 0 to 3 heteroatoms selected from N, O, or S, wherein L%

L3¢ connect to L®® at two different ring atoms and L®® is optionally

and
substituted with 1-4 Z' groups;

L? is C,-Cs alkynylene optionally substituted with 1-4 Z' groups;

L' is C4-Cg alkylene or C3-Cg alkenylene substituted with two geminal Z'
groups that come together to form a spiro 4-8 membered heterocyclyl
group, wherein L'® is optionally substituted with 1-4 Z' groups;

U" is Cs-C14 membered arylene optionally substituted with 1-4 W groups;

U? is C3-Cs membered carbocyclylene optionally substituted with 1-4 W
groups;

U3 is 4-14 membered heterocyclene optionally substituted with 1-4 W
groups that are located on one or more ring atoms selected from C
orN;

U* is 5 or 6 membered monocyclic heteroarylene containing 1, 2 or 3
heteroatoms independently selected from N, O, or S, wherein said
heteroarylene is optionally substituted with 1-4 W groups that are
located on one or more ring atoms selected from C or N;

U®is 8, 9 or 10 membered fused bicyclic heteroarylene containing 1, 2 or
3 heteroatom ring atoms independently selected from N, O, or S,
wherein said heteroarylene is optionally substituted with 1-4 W
groups that are located on one or more ring atoms selected from C
orN;

U® is 11-14 membered fused tricyclic heteroarylene containing 1, 2, 3 or 4
heteroatom ring atoms independently selected from N, O, or S,
wherein said heteroarylene is optionally substituted with 1-4 W
groups that are located on one or more ring atoms selected from C
orN;

U’ is 8-10 membered fused bicyclic heteroarylene containing 4
heteroatom ring atoms independently selected from N, O, or S,
wherein said heteroaryl is optionally substituted with 1-2 W groups
that are located on one or more ring atoms selected from C or N;

9-
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W is independently W', W2 W3 W* W?> W° or W’;

W' is oxo, halogen, -OR®, C4-Cs alkyl, -CN, -CF3, -SR®, -C(O)2R®,
-C(O)N(R®),, -C(O)R?, -N(R®)C(O)R®, -SO,(C1-Cs alkyl),
-S(O)(C4-Cs alkyl), C3-Cg carbocyclyl, C3-Cg cycloalkoxy, C4-Cg
haloalkyl, -N(R®)2, -NR®(C4-Cs alkyl)O(C+-Cs alkyl), halo(C1-Cs
alkoxy), -NR®SO2R®, -SO2N(R®),, -NHCOOR®, -NHCONHR?®, Cs-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl
or -O(4-10 membered heterocyclyl), wherein said W' alkyl,
carbocyclyl, cycloalkoxy, haloalkyl, haloalkoxy, aryl, heteroaryl, or
heterocyclyl is optionally substituted with 1-4 Z'® groups;

each R® is independently selected from H, C¢-C1 aryl or C4-Cs alkyl,
wherein said aryl or alkyl is optionally substituted with 1 to 4
substituents independently selected from halogen atoms, C1-Ce
alkyl, Cs-C1o aryl, C3-Cg carbocyclyl, 5-14 membered heteroaryl, 4-
10 membered heterocyclyl, halo(C1-Ce alkoxy), -OH, -O(C1-Ce
alkyl), -SH, -S(C4-Ce alkyl), -NH,, -NH(C1-Cg alkyl), -N(C4-Ce alkyl),,
-C(O)(C1-Cs alkyl), -SO2N(C1-Cs alkyl)2, -NHCOO(C+-Cs alkyl),
-NHCO(C1-Cs alkyl), -NHCONH(C+-Cs alkyl), -CO2(C+-Cs alkyl), or
-C(O)N(C+-Ce alkyl)e;

W? is C4-Cg alkoxy substituted with a 5-14 membered heteroaryl or Cs-C1o
aryl; wherein said heteroaryl or aryl is substituted with 1-4 Z'
groups;

W23 is C,-Cs alkyny! substituted with an Cg-C1o aryl, Cs-Cg carbocyclyl,
C4-Cg alkyl, C1-Cs haloalkyl, 4-10 membered heterocyclyl, or 5-14
membered heteroaryl; wherein said aryl, carbocyclyl, alkyl,
haloalkyl, heterocyclyl, or heteroaryl is optionally substituted with
1-4 Z" groups;

W*is -SFs;

W?is -O(C2-Cs alkyl)OR? wherein R% is an Cg-C1o aryl, 5-14 membered
heteroaryl or 4-10 membered heterocyclyl optionally substituted
with 1-4 Z" groups;

-10-



10

15

20

25

30

WO 2014/008285 PCT/US2013/049119

Weis -O(C2-Cs alkyl)NR'®R?? wherein R# is an Cg-C1o aryl, 5-14
membered heteroaryl or 4-10 membered heterocyclyl optionally
substituted with 1-4 Z' groups;

W is -O(5-14 membered heteroaryl); wherein said -O(5-14 membered
heteroaryl) is optionally substituted with 1-4 Z" groups;

E'is C2-Cs alkenyl;

E? is C4-Cs alkyl;

E? is C4-Cg haloalkyl;

E* is C2-Cg haloalkenyl;

E® is C3-Cg carbocyclyl;

E® is C1-Cs alkyl substituted with -OCHs, -OCDs, -OCF3, or -OCFH;

Q' is H, C4-Cg alkyl, C5-Cs carbocyclyl, C¢-C1o aryl, 5-6 membered
heteroaryl, or 5-6 membered heterocyclyl, wherein when Q' is not
H, said Q' is optionally substituted with 1-3 substituents
independently selected from halogen, -OR®, -SR®, -N(R®),, Cs-C1o
aryl, C1-Cs alkyl, C4-Cg haloalkyl, C4-Cg haloalkoxy, -CN, -CF3,
-S0,(C1-Cs alkyl), -S(O)(C1-Cs alkyl), -NR®S0,Z?, -SO,NR'R'®,
-NHCOOR'®, -NHCOZ?, -NHCONHR'®, -CO2R®, -C(O)R®, or
-CON(R®);

Q?is Cs-C1 spiro bicyclic carbocyclyl optionally substituted with 1-4 Z'
groups;

Q3is Cs-C1o fused bicyclic carbocyclyl optionally substituted with 1-4 Z
groups;

Q*is Cs-C1o bridged bicyclic carbocyclyl optionally substituted with 1-4 Z°
groups;

Q’is 4-membered heterocyclyl having 1 heteroatom selected from N, O or
S wherein Q° is optionally substituted with 1-4 Z> groups;

Q% is C4-Cg alkyl, C3-Cg carbocyclyl, Cs-C1o aryl, 5-6 membered heteroaryl,
or 5-6 membered heterocyclyl, wherein Q° is substituted with 1 oxo
group and with 0 to 3 substituents independently selected from
halogen, -OR®, -SR®, -N(R®),, Cs-C1o aryl, C4-Cg alkyl, C4-Cs
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haloalkyl, C1-Ce haloalkoxy, -NOg, -CN, -CF3, -SO2(C+-Cs alkyl),
-S(0)(C1-Cs alkyl), -NR®S0,Z?, -SO.NR''R'®, -NHCOOR,
-NHCOZ?, -NHCONHR'®, -CO,R®, -C(O)R®, or -CON(R®);;

Q' is C3-Cg carbocyclyl, wherein Q” is substituted with 4-8 F atoms and
each carbon of Q' is substituted with 0-2 F atoms;

each Z" is independently oxo, halogen, C1-Cs alkyl, C2-Cg alkenyl, C2-Cg
alkynyl, C3-Cg carbocyclyl, Cs-C1g bicyclic carbocyclyl, C1-Cg
haloalkyl, Cs-C1p aryl, 5-14 membered heteroaryl, 4-10 membered
heterocyclyl, -CN, -C(O)R', -C(O)OR', -C(O)NR''R®, -NR''R",
-NR'™C(0)R™®, -NR™C(O)NR"R' -NR'*S(0),R®,
-NR'S(0),NR''R"'®, -NR'°S(0),0R®, -OR™®, -OC(O)R"®,
-OC(O)NR'R'™, -SR™, -S(0)R®, -S(O),R® or -S(O),NR'R"®
wherein any alkyl, alkenyl, alkynyl, carbocyclyl, aryl, heteroaryl or
heterocyclyl of Z" is optionally substituted with 1-4 Z'@ groups;

each Z' is independently oxo, halogen, C,-Cs alkenyl, C,-Cs alkynyl, Cs-Cs
carbocyclyl, Cs-C1g bicyclic carbocyclyl, C4-Cg haloalkyl, Cs-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl,
-CN, -C(O)R®, -C(O)OR®, -C(O)NR''R® -NR''R",
-NR'™C(0)R™®, -NR'™®C(0)OR'®, -NR'C(O)NR'R', -NR'°S(O);R",
-NR'*S(0),NR""R"®, -NR'®S(0),0OR"®, -OR®, -OC(0)R®, -OC(O)N
R'R™, -SR', -S(O)R®, -S(0).R™ or -S(0).NR'"'R'® wherein any
alkenyl, alkynyl, carbocyclyl, aryl, heteroaryl or heterocyclyl of Z%is
optionally substituted with 1-4 Z'° groups;

each R'® is independently H, C;-Cg alkyl, C,-Cs alkenyl, C,-Cg alkynyl,
C3-Cg carbocyclyl, Cs-Cqo bicyclic carbocyclyl, Ces-Cqo aryl, 5-14
membered heteroaryl or 4-10 membered heterocyclyl, wherein any
alkyl, alkenyl, alkynyl, carbocyclyl, aryl, heteroaryl or heterocyclyl of
R'® is optionally substituted with 1-4 Z'® groups;

each Z'® is independently oxo, halogen, C+-Cs alkyl, C3-Cs carbocyclyl,
Cs-C1p bicyclic carbocyclyl, C1-Cg haloalkyl, Cs-C1o aryl, 5-14
membered heteroaryl, 4-10 membered heterocyclyl, -CN, -C(O)(C1-
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Cs alkyl), -C(O)O(C+-Cs alkyl), -C(O)N(C1-Cg alkyl)z, -NHz, -NH(C;-
Cs alkyl), -N(C+-Cs alkyl)2, -NHC(O)O(C+-Cs alkyl), -NHC(O)(C+-Cs
alkyl), -NHC(O)NH(C;-Cg alkyl), -OH, -O(C4-Cg alkyl), C3-Cs
cycloalkoxy, Cs-C1g bicyclic carbocyclyloxy, -S(C4-Cg alkyl) or
-S(0)2N(C+-Cs alkyl)2 wherein any alkyl, carbocyclyl, aryl,
heteroaryl, heterocyclyl or cycloalkoxy portion of Z'° is optionally
substituted with 1-4 halogen atoms or C4-Cg alkoxy groups;

R' and R'® are each independently H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cg
alkynyl, C3-Cg carbocyclyl, Cs-C1o bicyclic carbocyclyl, -C(O)R'®,
-C(O)OR"®, Cs-Cy aryl, 5-14 membered heteroaryl or 4-10
membered heterocyclyl, wherein any alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, heteroaryl or heterocyclyl of R' or R'® is
optionally substituted with 1-4 Z'° groups, or R'” and R'® together
with the nitrogen to which they are attached form a 4-7 membered
heterocyclyl group, wherein said 4-7 membered heterocyclyl group
is optionally substituted with 1-4 z'° groups;

each Z? is independently C;-Cg alkyl, C3-Cg carbocyclyl, Cs-C1o bicyclic
carbocyclyl, Ce-Cio aryl, 5-14 membered heteroaryl, 4-10
membered heterocyclyl, -NR' R or -OR"™ wherein any alkyl,
carbocyclyl, aryl, heteroaryl or heterocyclyl portion of Z? is
optionally substituted with 1-4 Z*® groups;

each Z* is independently oxo, halogen, C1-Cg alkyl, C2-Cg alkynyl, C3-Cg
carbocyclyl, Cs-C1g bicyclic carbocyclyl, C4-Cg haloalkyl, Cs-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl, -(Co-
Cs alkynyl)aryl, -(C2-Cg alkynyl)heteroaryl, -CN, -C(O)(C1-Ce alkyl),
-C(O)O(C1-Cs alkyl), -C(O)N(C+-Ce alkyl)2, -NHz, -NH(C+-Cs alkyl),
-N(C1-Cs alkyl),, -NHC(O)O(C+-Cs alkyl), -NHC(O)(C+-Cs alkyl),
-NHC(O)NH(C1-Cs alkyl), -OH, -O(C4-Cs alkyl), halo(C4-Cs alkoxy),
C3-Cs cycloalkoxy, -S(C1-Cs alkyl), or -SO2N(C1-Ce alkyl)2; wherein
any alkyl, alkynyl, carbocyclyl, cycloalkoxy, aryl, heteroaryl or
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heterocyclyl portions of Z# is optionally substituted with 1-4
halogen or C1-Ce alkoxy groups;
each Z* is independently oxo, halogen, C-Cg alkenyl, C,-Csg alkynyl, C3-Cg
carbocyclyl, Cs-C1 bicyclic carbocyclyl, C4-Cg haloalkyl, Cs-C1o
5 aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl, -CN,
-C(O)OR®, -C(O)NR'R'™, -NR'"R"®, -NR"°C(O)NR"R'®, -OR™",
-SR™ or -SO,R'®; wherein any alkenyl, alkynyl, carbocyclyl, aryl,
heteroaryl or heterocyclyl portions of Z* is optionally substituted
with 1-4 halogen; and
10 each Z* is independently oxo, C,-Cs alkenyl, C»-Cg alkynyl, C3-Cs
carbocyclyl, Cs-C1 bicyclic carbocyclyl, C4-Cg haloalkyl, Cs-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl,
-CN, -C(O)OR'®, -C(O)NR''R®, -NR'R™®, -NR'™C(O)NR''R®,
-OR™, -SR'® or -SO,R"®, wherein any alkenyl, alkynyl, carbocyclyl,
15 aryl, heteroaryl or heterocyclyl portions of Z'is optionally
substituted with 1-4 halogen.

In another embodiment, a compound of Formula (ll):

(1),
20 or a stereoisomer, or a mixture of stereoisomers, or a pharmaceutically
acceptable salt thereof, is provided, wherein:
Mis -O-;
JisJ', J% B3, 0%, 0%, 08,07, BPor J°;

®iS T1 T2 T3 T4 T5 T7 T8 T9 T10 T11 T12 T13 or T14.
25 LisL' L% L3 L% L% L8 L7, L8 Loor L'Y;
R'isHorF;
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Qis Q', Q% Q3% Q% Q% Q% or Q’;
EisE' E2 E3 E* E° or E®:

O u', U3 U3, u*, U, Wor U7,

J'is halogen;

J%is -OH and R is H;

J%is -NR'R"™ and R' is H;

J*is C4-Cg alkyl;

J® is C4-Cs alkyl optionally substituted with 1-4 Z* groups;

J% is C3-Cg carbocyclyl optionally substituted with 1-4 Z* groups;

J"is Ce-Cyo aryl, 5-14 membered heteroaryl, or 4-10 membered
heterocyclyl, any of which are optionally substituted with 1-4 Z*
groups;

J8is C4-Cg alkoxy optionally substituted with 1-4 Z* groups and R' is H;

J? is C3-Cg carbocyclyloxy optionally substituted with 1-4 Z* groups and R’
is H;

T' is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons;

T2 is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons, wherein said carbocyclylene is optionally
substituted with 1-4 C4-Cg alkyl groups;

T? is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons, wherein said carbocyclylene is optionally
substituted with 1-4 halogen atoms and said carbocyclylene is
optionally substituted with 1-4 C4-Cs alkyl groups;

T* is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons, wherein said carbocyclylene is optionally
substituted with a C4-Cg alkyl group, wherein said alkyl group is
optionally substituted with 1-4 Z* groups;

T° is 4-10 membered heterocyclene that is attached to L and M through

two adjacent carbons;
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T’ is 4-10 membered heterocyclene that is attached to M through a carbon
atom and attached to L through a N atom, wherein said
heterocyclene is optionally substituted with 1-4 Z' groups;

T® is 4-10 membered heterocyclene that is attached to L and M through
two adjacent carbons, wherein said heterocyclene is optionally
substituted with 1-4 Z' groups;

T? is Cs-C+, spiro bicyclic carbocyclylene that is attached to L and M
through two adjacent carbons, wherein said spiro bicyclic
carbocyclylene is optionally substituted with 1-4 Z' groups;

T'%is Cs-Ci2 fused bicyclic carbocyclylene that is attached to L and M
through two adjacent carbons, wherein said fused bicyclic
carbocyclylene is optionally substituted with 1-4 Z' groups;

T" is Cs-C12 bridged bicyclic carbocyclylene that is attached to L and M
through two adjacent carbons, wherein said bridged bicyclic
carbocyclylene is optionally substituted with 1-4 Z' groups;

T'? is C4-Cs carbocyclylene that is attached to L and M through two non-
adjacent carbons, wherein said carbocyclylene is optionally
substituted with 1-4 Z' groups;

T" is a 5-8 membered fused, bridged, or spiro bicyclic heterocyclene that
is attached to L and M through two adjacent atoms, wherein said
heterocyclene is optionally substituted with 1-4 Z' groups;

T' is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons, wherein said carbocyclylene is optionally
substituted with 1-4 Z* groups;

L' is C1-Cs alkylene or C»-Cg alkenylene;

L? is C1-Cs alkylene or C»-Cg alkenylene wherein said C-Cg alkylene is
substituted with 1-4 halogens or said C,-Cg alkenylene is substituted
with 1-4 halogens;

L3 is C1-Cs alkylene or C»-Cg alkenylene wherein said C-Cg alkylene is
substituted with 1-4 Z* groups or said C,-Cg alkenylene is substituted
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with 1-4 Z* groups and wherein each is optionally substituted with 1-4
halogens;

L* is C1-Cs alkylene or C»-Cg alkenylene substituted with two geminal C;-Cy
alkyl groups that come together to form a spiro C3-Cg carbocyclyl
group, wherein L* is optionally substituted with 1-4 Z' groups;

L° is 2-8 membered heteroalkylene or 4-8 membered heteroalkenylene that

is connected to @ by an O, S or N atom and said heteroalkylene or
heteroalkenylene is optionally substituted with 1-4 Z° groups;

L® is 2-8 membered heteroalkylene or 5-8 membered heteroalkenylene that

is connected to @ by a carbon atom and said heteroalkylene or
heteroalkenylene is substituted with 1-4 halogen atoms and is
optionally substituted with 1-4 Z* groups;

L’ is 2—-8 membered heteroalkylene or 4-8 membered heteroalkenylene that

is connected to @ by a carbon atom and said heteroalkylene or
heteroalkenylene is optionally substituted with 1-4 Z* groups;

L8 is L®A- L% -3 wherein L and L% are each independently selected from
C4-Ce alkylene, C4-Cg heteroalkylene, C,-Cs alkenylene or a bond
and L®® is a 3- to 6- membered saturated or unsaturated ring

containing 0 to 3 heteroatoms selected from N, O, or S, wherein L%

L3¢ connect to L®® at two different ring atoms and L®® is optionally

and
substituted with 1-4 Z' groups;

L? is C,-Cs alkynylene optionally substituted with 1-4 Z' groups;

L' is C4-Cg alkylene or C3-Cg alkenylene substituted with two geminal Z'
groups that come together to form a spiro 4-8 membered heterocyclyl
group, wherein L'® is optionally substituted with 1-4 Z' groups;

U" is Cs-C14 membered arylene optionally substituted with 1-4 W groups;

each U? is C3-Cg membered carbocyclylene optionally substituted 1-4 W

groups;
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each U® is 4-14 membered heterocyclene optionally substituted with 1-4 W
groups that are located on one or more ring atoms selected from C
orN;

U* is 5 or 6 membered monocyclic heteroarylene containing 1, 2 or 3
heteroatoms independently selected from N, O, or S, wherein said
heteroarylene is optionally substituted with 1-4 W groups that are
located on one or more ring atoms selected from C or N;

U®is 8, 9 or 10 membered fused bicyclic heteroarylene containing 1, 2 or
3 heteroatom ring atoms independently selected from N, O, or S,
wherein said heteroarylene is optionally substituted with 1-4 W
groups that are located on one or more ring atoms selected from C
orN;

U® is 11-14 membered fused tricyclic heteroarylene containing 1, 2, 3 or 4
heteroatom ring atoms independently selected from N, O, or S,
wherein said heteroarylene is optionally substituted with 1-4 W
groups that are located on one or more ring atoms selected from C
orN;

U’ is 8-10 membered fused bicyclic heteroarylene containing 4
heteroatom ring atoms independently selected from N, O, or S,
wherein said heteroaryl is optionally substituted with 1-2 W groups
that are located on one or more ring atoms selected from C or N;

each W is independently W', W2 W3, W* W° W° or W’;

each W' is oxo, halogen, -OR®, C;-Cs alkyl, -CN, -CF3, -SR®, -C(O),R®,
-C(O)N(R®),, -C(O)R®, -N(R®)C(O)R®, -SO,(C1-Cs alkyl), -S(O)(C1-
Ce alkyl), C3-Cg carbocyclyl, C3-Cg cycloalkoxy, C1-Cs haloalkyl,
-N(R®)2, -NR®(C+-Cs alky!)O(C1-Cs alkyl), halo(C1-Cs alkoxy),
-NR®SO,R®, -SO,N(R®),, -NHCOOR®, -NHCONHR®, Cs-C1 aryl, 5-
14 membered heteroaryl, 4-10 membered heterocyclyl or -O(4-10
membered heterocyclyl), wherein said W' alkyl, carbocyclyl,
cycloalkoxy, haloalkyl, haloalkoxy, aryl, heteroaryl, or heterocyclyl
is optionally substituted with 1-4 z'° groups;
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each R® is independently selected from H, Cs-C1o aryl or C1-Cs alkyl,
wherein said aryl or alkyl is optionally substituted with 1 to 4
substituents independently selected from halogen atoms, C1-Cg
alkyl, Cs-C1g aryl, C3-Cg carbocyclyl, 5-14 membered heteroaryl,
4-10 membered heterocyclyl, halo(C+-Cs alkoxy), -OH, -O(C+-Cs
alkyl), -SH, -S(C1-Cs alkyl), -NH2, -NH(C1-Cs alkyl), -N(C1-Cs alkyl)z,
-C(O)(C+-Cg alkyl), -SO,N(C1-Cs alkyl)z, -NHCOO(C+-Cs alkyl),
-NHCO(C-Cs alkyl), -NHCONH(C+-Cg alkyl), -CO,(C4-Cs alkyl), or
-C(O)N(C1-Ce alkyl)a;

each W? is C1-Ce alkoxy substituted with a 5-14 membered heteroaryl or
Ce-C1o aryl; wherein said heteroaryl or aryl is substituted with 1-4
Z'° groups;

each W? is C»-Cs alkynyl substituted with an Cs-Cy aryl, C3-Cs
carbocyclyl, C4-Cg alkyl, C1-Ce haloalkyl, 4-10 membered
heterocyclyl, or 5-14 membered heteroaryl; wherein said aryl,
carbocyclyl, alkyl, haloalkyl, heterocyclyl, or heteroaryl is optionally
substituted with 1-4 Z' groups;

each W* is -SFs;

each W>is -O(C,-Cs alkyl)OR? wherein R? is an C¢-Cyg aryl, 5-14
membered heteroaryl or 4-10 membered heterocyclyl optionally
substituted with 1-4 Z' groups;

each W®is -O(C-Cs alkyl)NR'R?? wherein R# is an Cs-C1g aryl, 5-14
membered heteroaryl or 4-10 membered heterocyclyl optionally
substituted with 1-4 Z' groups;

each W’ is -O(5-14 membered heteroaryl); wherein said -O(5-14
membered heteroaryl) is optionally substituted with 1-4 Z' groups
and 2 adjacent substituents of said -O(5-14 membered heteroaryl)
may be taken together to form a 3- to 6-membered cyclic ring
containing 0 to 3 heteroatoms independently selected from N, O, or
S;

E'is C,-Cg alkenyl;
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E? is C4-Cs alkyl;

E? is C4-Cs haloalkyl;

E* is C,-Cg haloalkenyl;

E® is C3-Cg carbocyclyl;

E® is C4-Cs alkyl optionally substituted with -OCHs3, -OCDs, -OCFs3, or
-OCF3H;

Q' is selected from H, C4-Cg alkyl, C5-Cg carbocyclyl, C-C1o aryl, 5-6

membered heteroaryl, or 5-6 membered heterocyclyl groups,
wherein when Q' is not H, said Q' is optionally substituted with 1-4
substituents independently selected from halogen, -
OR®, -SR®, -N(R°®),, Cs-C1 aryl, C4-Cs alkyl, C1-Cs haloalkyl, C1-Cs
haloalkoxy, -NOg, -CN, -CF3, -SO,(C+-Cs alkyl), -S(O)(C4-Cs alkyl),
-NR®S0,Z?, -SO,NR'R"®, -NHCOOR'®, -NHCOZ?, -NHCONHR',
-CO2R®, -C(O)R?®, and -CON(R®),;

Q?is Cs-C1o spiro bicyclic carbocyclyl optionally substituted with 1-4 Z'
groups;

Q3is Cs-C1o fused bicyclic carbocyclyl optionally substituted with 1-4 Z
groups;

Q*is Cs-C1o bridged bicyclic carbocyclyl optionally substituted with 1-4 Z°
groups;

Q’is 4-membered heterocyclyl having 1 heteroatom selected from N, O or
S wherein Q° is optionally substituted with 1-4 Z> groups;

Q% is C1-Cg alkyl, C3-Cg carbocyclyl, Cs-Cio aryl, 5-6 membered heteroaryl,
or 5-6 membered heterocyclyl, wherein Q° is substituted with 1 oxo
group and with 0 to 3 substituents independently selected from
halogen, -OR®, -SR®, -N(R®),, Cs-C10 aryl, C4-Cs alkyl, C1-Cs
haloalkyl, C1-Cs haloalkoxy, -NO,, -CN, -CF3, -SO,(C+-Cs alkyl),
-S(0)(C1-Cs alkyl), -NR®S0,Z%, -SO,NR''R'®, -NHCOOR,
-NHCOZ?, -NHCONHR'®, -CO,R®, -C(O)R®, or -CON(R®),;

Q' is C3-Cg carbocyclyl, wherein Q” is substituted with 4-8 F atoms and
each carbon of Q' is substituted with 0-2 F atoms;
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each Z" is independently oxo, halogen, C+-Cs alkyl, C2-Cg alkenyl, C2-Cg
alkynyl, C3-Cg carbocyclyl, Cs-C1g bicyclic carbocyclyl, C1-Cg
haloalkyl, Cs-C1p aryl, 5-14 membered heteroaryl, 4-10 membered
heterocyclyl, -CN, -C(O)R'®, -C(O)OR', -C(O)NR''R'®,
-NR'R'®, -NR'"®C(O)R'®, -NR'°C(O)NR'R'®, -NR'°S(0),R",
-NR'S(0):NR'"R"®, -NR'°S(0),0R®, -OR™®, -OC(O)R"®,
-OC(O)NR'R'™, -SR™, -S(0)R®, -S(O),R® or -S(0),NR'R"®
wherein any alkyl, alkenyl, alkynyl, carbocyclyl, aryl, heteroaryl or
heterocyclyl of Z" is optionally substituted with 1-4 Z'@ groups;

each Z' is independently oxo, halogen, C»-Csg alkenyl, Co-Cg alkynyl, Cs-Cs
carbocyclyl, Cs-C1g bicyclic carbocyclyl, C4-Cg haloalkyl, Cs-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl,
-CN, -C(O)R®, -C(O)OR®, -C(O)NR''R® -NR''R",
-NR'™C(0)R™®, -NR'®C(0)OR'®, -NR'C(O)NR'R', -NR'°S(O):R",
-NR'*S(0),NR""R"®, -NR'®S(0),0OR"®, -OR®, -OC(0)R®, -OC(O)N
R'R™, -SR', -S(O)R®, -S(0),R™ or -S(0),NR''R'® wherein any
alkenyl, alkynyl, carbocyclyl, aryl, heteroaryl or heterocyclyl of Z%is
optionally substituted with 1-4 Z' groups;

each R'® is independently H, C;-Cg alkyl, C,-Cs alkenyl, C,-Cg alkynyl,
C3-Cg carbocyclyl, Cs-Cqg bicyclic carbocyclyl, Cg-Cqp aryl, 5-14
membered heteroaryl or 4-10 membered heterocyclyl, wherein any
alkyl, alkenyl, alkynyl, carbocyclyl, aryl, heteroaryl or heterocyclyl of
R'® is optionally substituted with 1-4 Z'® groups;

each Z'® is independently oxo, halogen, C4-Cs alkyl, C3-Cs carbocyclyl,
Cs-C1p bicyclic carbocyclyl, C1-Cg haloalkyl, Cs-C1o aryl, 5-14
membered heteroaryl, 4-10 membered heterocyclyl, -CN, -C(O)(C1-
Cs alkyl), -C(O)O(C+-Cs alkyl), -C(O)N(C1-Cg alkyl)z, -NH2, -NH(C;-
Cs alkyl), -N(C4-Cs alkyl),, -NHC(O)O(C+-Cs alkyl), -NHC(O)(C+-Cs
alkyl), -NHC(O)NH(C1-Cg alkyl), -OH, -O(C+-Cs alkyl), C3-Cs
cycloalkoxy, Cs-C1g bicyclic carbocyclyloxy, -S(C+-Cs alkyl) or
-S(0)2N(C4-Cs alkyl), wherein any alkyl, carbocyclyl, aryl,
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heteroaryl, heterocyclyl or cycloalkoxy portion of Z'° is optionally
substituted with 1-4 halogen atoms or C1-Ce alkoxy groups;

R' and R'® are each independently H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cg
alkynyl, C3-Cg carbocyclyl, Cs-C1o bicyclic carbocyclyl, -C(O)R',
-C(O)OR"®, Cs-Cyg aryl, 5-14 membered heteroaryl or 4-10
membered heterocyclyl, wherein any alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, heteroaryl or heterocyclyl of R' or R'® is
optionally substituted with 1-4 Z'° groups, or R'” and R'® together
with the nitrogen to which they are attached form a 4-7 membered
heterocyclyl group, wherein said 4-7 membered heterocyclyl group
is optionally substituted with 1-4 z'° groups;

each Z? is independently C;-Cg alkyl, C3-Cg carbocyclyl, Cs-C1o bicyclic
carbocyclyl, Ce-Cio aryl, 5-14 membered heteroaryl, 4-10
membered heterocyclyl, -NR'R' or -OR™ wherein any alkyl,
carbocyclyl, aryl, heteroaryl or heterocyclyl portion of Z? is
optionally substituted with 1-4 Z*® groups;

each Z* is independently oxo, halogen, C1-Cg alkyl, C2-Cg alkynyl, C3-Cg
carbocyclyl, Cs-C1g bicyclic carbocyclyl, C4-Cg haloalkyl, Ce-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl,
-(C2-Cg alkynyl)aryl, -(C»-Cg alkynyl)heteroaryl, -CN, -C(O)(C4-Csg
alkyl), -C(O)O(C1-Cs alkyl), -C(O)N(C1-Ce alkyl)2, -NH3, -NH(C1-Cs
alkyl), -N(C1-Cs alkyl)z, -NHC(O)O(C+-Cs alkyl), -NHC(O)(C+-Cs
alkyl), -NHC(O)NH(C1-Cs alkyl), -OH, -O(C4-Cs alkyl), halo(C+-Cs
alkoxy), C3-Cg cycloalkoxy, -S(C1-Ce alkyl), or -SO,N(C+-Cg alkyl),;
wherein any alkyl, alkynyl, carbocyclyl, cycloalkoxy, aryl, heteroaryl
or heterocyclyl portions of Z# is optionally substituted with 1-4
halogen or C4-Cg alkoxy groups;

each Z° is independently oxo, halogen, C,-Cg alkenyl, C,-Csg alkynyl, C3-Cg
carbocyclyl, Cs-C1g bicyclic carbocyclyl, C4-Cg haloalkyl, Ce-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl, -CN,
-C(O)OR®, -C(O)NR'R', -NR'"R"®, -NR'®C(O)NR"R",
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-OR', -SR™ or -SO,R"®; wherein any alkenyl, alkynyl, carbocyclyl,
aryl, heteroaryl or heterocyclyl portions of Z3is optionally
substituted with 1-4 halogen; and

each Z* is independently oxo, C,-Cs alkenyl, C,-Cg alkynyl, C3-Csg

5 carbocyclyl, Cs-C1g bicyclic carbocyclyl, C4-Cg haloalkyl, Ce-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl,
-CN, -C(O)OR'®, -C(O)NR''R®, -NR'R™®, -NR'™C(O)NR''R®,
-OR', -SR™ or -SO,R™®, wherein any alkenyl, alkynyl, carbocyclyl,
aryl, heteroaryl or heterocyclyl portions of Z'is optionally
10 substituted with 1-4 halogen.

In a further embodiment a compound of Formula (ll):

(1,
15  or a stereoisomer, or a mixture of stereoisomers, or a pharmaceutically
acceptable salt thereof, is provided, wherein:

Mis -O-;

JisJ', 0%, U5, 04, 05, 08,07, JBor 0%,

@ is T1, T2, T3, T4, T5, T7, T8, TQ’ T10, TH, T12, T13 or T14;
20 LisL', L% L% L% L% L L7, L5 LPor L,

QisQ', Q% Q% Q% Q°or Q’;

EisE', E? E® or E%;

© is selected from U, U®, U*, U°, U® or U;

J'is halogen;
25 J%is -OH;

Jis -NR'R™ ;

-23-



10

15

20

25

WO 2014/008285 PCT/US2013/049119

J*is C4-Cg alkyl;

J° is C4-Cg alkyl substituted with 1-4 Z* groups;

J% is C3-Cg carbocyclyl optionally substituted with 1-4 Z* groups;

J"is Cg-Cyg aryl, 5-14 membered heteroaryl, or 4-10 membered
heterocyclyl any of which groups are optionally substituted with 1-4
Z° groups;

J%is C4-Cg alkoxy optionally substituted with 1-4 Z* groups;

J? is C3-Cg carbocyclyleoxy optionally substituted with 1-4 Z* groups;

T' is C3-Cg carbocyclylene attached to L and M through two adjacent
carbons;

T2 is C3-Cg carbocyclylene attached to L and M through two adjacent
carbons, wherein said carbocyclylene is substituted with 1-4 C4-Cg
alkyl groups;

T3 is C3-Cg carbocyclylene attached to L and M through two adjacent
carbons, wherein said carbocyclylene is substituted with 1-4
halogen atoms and said carbocyclylene is optionally substituted
with 1-4 C4-Cs alkyl groups;

T*is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons, wherein said carbocyclylene is substituted with a
C4-Cg alkyl group, wherein said alkyl group is substituted with 1-4
Z> groups;

T° is 4-10 membered heterocyclene that is attached to L and M through
two adjacent carbons;

T’ is 4-10 membered heterocyclene that is attached to M through a carbon
atom and attached to L through a N atom, wherein said
heterocyclene is optionally substituted with 1-4 Z' groups;

T® is 4-10 membered heterocyclene that is attached to L and M through
two adjacent carbons, wherein said heterocyclene is substituted
with 1-4 Z" groups;
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T? is Cs-C+2 spiro bicyclic carbocyclylene that is attached to L and M
through two adjacent carbons, wherein said spiro bicyclic
carbocyclylene is optionally substituted with 1-4 Z' groups;

T'%is Cs-C1 fused bicyclic carbocyclylene that is attached to L and M
through two adjacent carbons, wherein said fused bicyclic
carbocyclylene is optionally substituted with 1-4 Z' groups;

T" is Cs-C1 bridged bicyclic carbocyclylene that is attached to L and M
through two adjacent carbons, wherein said bridged bicyclic
carbocyclylene is optionally substituted with 1-4 Z' groups;

T'? is C4-Cs carbocyclylene that is attached to L and M through two non-
adjacent carbons, wherein said carbocyclylene is optionally
substituted with 1-4 Z' groups;

T" is a 5-8 membered fused, bridged, or spiro bicyclic heterocyclene that
is attached to L and M through two adjacent atoms, wherein said
heterocyclene is optionally substituted with 1-4 Z' groups;

T' is C3-Cg carbocyclylene that is attached to L and M through two
adjacent carbons, wherein said carbocyclylene is substituted with
1-4 Z* groups;

L' is C1-Cs alkylene or C,-Cg alkenylene;

L? is C4-Cs alkylene or C»-Cg alkenylene wherein said C;-Cg alkylene or said
C2-Cg alkenylene is substituted with 1-4 halogens;

L3 is C1-Cs alkylene or C»-Cg alkenylene wherein said C1-Cg alkylene or said
C,-Cg alkenylene and wherein said C1-Cg alkylene or said C,-Cg
alkenylene is optionally substituted with 1-4 halogens;

L* is C1-Cs alkylene or C»-Cg alkenylene substituted with two geminal C1-C
alkyl groups that come together to form a spiro C3-Cg carbocyclyl
group, wherein L* is optionally substituted with 1-4 Z' groups;

L° is 2-8 membered heteroalkylene or 4-8 membered heteroalkenylene that

is connected to @ by an O, S or N atom and said heteroalkylene or
heteroalkenylene is optionally substituted with 1-4 Z* groups;

-25-



10

15

20

25

30

WO 2014/008285 PCT/US2013/049119

L® is 2-8 membered heteroalkylene or 5-8 membered heteroalkenylene that

is connected to @ by a carbon atom and said heteroalkylene or
heteroalkenylene is substituted with 1-4 halogen atoms and is
optionally substituted with 1-4 z groups;

L" is 2-8 membered heteroalkylene or 4-8 membered heteroalkenylene that

is connected to @ by a carbon atom and said heteroalkylene or
heteroalkenylene is optionally substituted with 1-4 Z* groups;

L8 is L®- L% -L% wherein L* and L are each independently C;-Cs
alkylene, C;-Cg heteroalkylene, C,-Cg alkenylene or a bond and L% is
a 3- to 6- membered saturated or unsaturated ring containing O to 3
heteroatoms selected from N, O, or S, wherein L® and L% connect to
L% at two different ring atoms and L®® is optionally substituted with 1-
4 7" groups;

L? is C2-Cg alkynylene optionally substituted with 1-4 Z' groups;

L' is C4-Cg alkylene or C3-Cg alkenylene substituted with two geminal Z'
groups that come together to form a spiro 4-8 membered heterocyclyl
group, wherein L'? is optionally substituted with 1-4 Z' groups;

U" is a Ce-C14 membered arylene optionally substituted with 1-4 W groups;

U3 is a 4-14 membered heterocyclene optionally substituted with 1-4 W
groups that are located on one or more ring atoms selected from C
orN;

U*is a 5 or 6 membered monocyclic heteroarylene containing 1, 2 or 3
heteroatoms independently selected from N, O, or S, wherein said
heteroarylene is optionally substituted with 1-4 W groups that are
located on one or more ring atoms selected from C or N;

U°is a 8, 9 or 10 membered fused bicyclic heteroarylene containing 1, 2
or 3 heteroatom ring atoms independently selected from N, O, or S,
wherein said heteroarylene is optionally substituted with 1-4 W
groups that are located on one or more ring atoms selected from C
orN;
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U®is a 11-14 membered fused tricyclic heteroarylene containing 1, 2, 3 or
4 heteroatom ring atoms independently selected from N, O, or S,
wherein said heteroarylene is optionally substituted with 1-4 W
groups that are located on one or more ring atoms selected from C
orN;

U’ is a 8-10 membered fused bicyclic heteroarylene containing 4
heteroatom ring atoms independently selected from N, O, or S,
wherein said heteroaryl is optionally substituted with 1-2 W groups
that are located on one or more ring atoms selected from C or N;

each W is independently W', W2 W3, W*, W° W° or W’;

each W' is independently oxo, halogen, -OR®, C;-Cs alkyl, -CN, -CF3,
-SR®, -C(0);R®, -C(O)N(R®),, -C(O)R?®, -N(R®)C(O)R?®, -SO,(C1-Cs
alkyl), -S(O)(C1-Cs alkyl), C3-Cg carbocyclyl, C3-Csg cycloalkoxy, C1-
Cs haloalkyl, -N(R®)z, -NR®(C1-Cs alkyl)O(C1-Cs alkyl), halo(C1-Cs
alkoxy), -NR®SO,R®, -SO,N(R®),, -NHCOOR®, -NHCONHR?®, Cs-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl
or -O(4-10 membered heterocyclyl), wherein said W' alkyl,
carbocyclyl, cycloalkoxy, haloalkyl, haloalkoxy, aryl, heteroaryl, or
heterocyclyl is optionally substituted with 1-4 Z'® groups;

each R® is independently H, Cs-C1o aryl or C;-Cg alkyl, wherein said aryl or
alkyl is optionally substituted with 1 to 4 substituents independently
selected from halogen atoms, C4-Cs alkyl, Cs-C1g aryl, C3-Cs
carbocyclyl, 5-14 membered heteroaryl, 4-10 membered
heterocyclyl, halo(C4-Cs alkoxy), -OH, -O(C+-Ce alkyl), -SH,
-S(C1-Ce alkyl), -NH3, -NH(C+-Cs alkyl), -N(C+-Cs alkyl)2,
-C(O)(C1-Cs alkyl), -SO2N(C1-Cs alkyl)2, -NHCOO(C+-Cs alkyl),
-NHCO(C-Cs alkyl), -NHCONH(C+-Cg alkyl), -CO,(C4-Cs alkyl), or
-C(O)N(C+-Ce alkyl),;

each W? is C1-Ce alkoxy substituted with a 5-14 membered heteroaryl or
Cs-Cyo aryl; wherein said heteroaryl or aryl is substituted with 1-4 Z

groups;
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each W? is C»-Cs alkynyl group substituted with a Cs-C1o aryl, Cs-Cs
carbocyclyl, C4-Cg alkyl, C1-Ce haloalkyl, 4-10 membered
heterocyclyl, or 5-14 membered heteroaryl group; wherein said aryl,
carbocyclyl, alkyl, haloalkyl, heterocyclyl, or heteroaryl group is
optionally substituted with 1-4 Z' groups;

each W* is -SFs;

each W>is -O(C,-Cg alkyl)OR?* wherein R% is a C¢-C1o aryl, 5-14
membered heteroaryl or 4-10 membered heterocyclyl group
optionally substituted with 1-4 Z' groups;

each W®is -O(C-Cs alkyl)NR'®R?? wherein R% is an aryl, heteroaryl or
heterocyclyl group optionally substituted with 1-4 Z' groups;

each W’ is -O(5-14 membered heteroaryl); wherein said -O(5-14
membered heteroaryl) is optionally substituted with 1-4 Z' groups
and 2 adjacent substituents of said -O(5-14 membered heteroaryl)
may be taken together to form a 3- to 6-membered cyclic ring
containing 0 to 3 heteroatoms independently selected from N, O, or

E4is

A NN o s
D G ,

Q' is H, C4-Cg alkyl, C5-Cs carbocyclyl, C¢-C1o aryl, 5-6 membered
heteroaryl, or 5-6 membered heterocyclyl groups, wherein when Q'
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is not H, said Q' is optionally substituted with 1-4 substituents
independently selected from halogen, -OR®, -SR®, -N(R®),, Cs-C10
aryl, C1-Cs alkyl, C4-Cg haloalkyl, C4-Cg haloalkoxy, -CN,
-CF3, -SO,(C-Cg alkyl), -S(O)(C-Cs alkyl), -NR?S0O,Z2,
-SO;NR'R'™, -NHCOOR"®, -NHCOZ?, -NHCONHR', -CO3R®,
-C(O)R® or -CON(R®);

Q?is Cs-C1 spiro bicyclic carbocyclyl optionally substituted with 1-4 Z'
groups;

Q3is Cs-C1o fused bicyclic carbocyclyl optionally substituted with 1-4 Z
groups;

Q*is Cs-C1o bridged bicyclic carbocyclyl optionally substituted with 1-4 Z°
groups;

Q’is 4-membered heterocyclyl having 1 heteroatom selected from N, O or
S wherein Q° is optionally substituted with 1-4 Z> groups;

Q' is C3-Cg carbocyclyl substituted with 4-8 F atoms and each carbon of
Q' is substituted with 0-2 F atoms;

each Z" is independently oxo, halogen, C1-Csg alkyl, C2-Cg alkenyl, C2-Cg
alkynyl, C3-Cg carbocyclyl, Cs-C1g bicyclic carbocyclyl, C1-Cg
haloalkyl, Cs-C1g aryl, 5-14 membered heteroaryl, 4-10 membered
heterocyclyl, -CN, -C(O)R'®, -C(O)OR', -C(O)NR''R'®,
-NR'R'®, -NR'"®C(O)R'®, -NR'°C(O)NR'R'®, -NR'°S(0),R",
-NR'S(0):NR''R"'®, -NR'°S(0),0R'®, -OR™®, -OC(O)R"®,
-OC(O)NR'R'™, -SR™, -S(0)R®, -S(O),R® or -S(O),NR'R"®
wherein any alkyl, alkenyl, alkynyl, carbocyclyl, aryl, heteroaryl or
heterocyclyl of Z" is optionally substituted with 1-4 Z'@ groups;

each Z' is independently oxo, halogen, C»-Csg alkenyl, Co-Cg alkynyl, Cs-Cs
carbocyclyl, Cs-C1 bicyclic carbocyclyl, C4-Cg haloalkyl, Cs-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl,
-CN, -C(O)R®, -C(O)OR®, -C(O)NR''R® -NR''R",
-NR'™C(0)R™®, -NR'™®C(0)OR'®, -NR'C(O)NR'R', -NR'°S(O):R",
-NR'S(0),NR''R"®, -NR'S(0),0OR", -OR®, -OC(O)R®,
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-OC(O)NR'R'™, -SR'® -S(O)R'®, -S(0),R" or -S(O):NR''R"®
wherein any alkenyl, alkynyl, carbocyclyl, aryl, heteroaryl or
heterocyclyl of Z'® is optionally substituted with 1-4 Z'® groups;

each R'® is independently H, C;-Cg alkyl, C,-Cs alkenyl, C,-Cg alkynyl,
C3-Cg carbocyclyl, Cs-Cqo bicyclic carbocyclyl, Ces-Cqo aryl, 5-14
membered heteroaryl or 4-10 membered heterocyclyl, wherein any
alkyl, alkenyl, alkynyl, carbocyclyl, aryl, heteroaryl or heterocyclyl of
R'® is optionally substituted with 1-4 Z'® groups;

each Z'® is independently oxo, halogen, C+-Cs alkyl, C3-Cs carbocyclyl,
Cs-C1p bicyclic carbocyclyl, C1-Cg haloalkyl, Cs-C1o aryl, 5-14
membered heteroaryl, 4-10 membered heterocyclyl, -CN, -C(O)(C1-
Cs alkyl), -C(O)O(C+-Cs alkyl), -C(O)N(C1-Cg alkyl)z, -NH2, -NH(C;-
Cs alkyl), -N(C+-Cs alkyl)2, -NHC(O)O(C+-Cs alkyl), -NHC(O)(C+-Cs
alkyl), -NHC(O)NH(C1-Cg alkyl), -OH, -O(C+-Cs alkyl), C3-Cs
cycloalkoxy, Cs-C1g bicyclic carbocyclyloxy, -S(C4-Cg alkyl) or
-S(0)2N(C+-Cs alkyl), wherein any alkyl, carbocyclyl, aryl,
heteroaryl, heterocyclyl or cycloalkoxy portion of Z'° is optionally
substituted with 1-4 halogen atoms or C1-Ce alkoxy groups;

R' and R'® are each independently H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cg
alkynyl, C3-Cg carbocyclyl, Cs-C1o bicyclic carbocyclyl, -C(O)R',
-C(O)OR"®, Cs-Cyg aryl, 5-14 membered heteroaryl or 4-10
membered heterocyclyl, wherein any alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, heteroaryl or heterocyclyl of R' or R'® is
optionally substituted with 1-4 Z'° groups, or R'” and R'® together
with the nitrogen to which they are attached form a 4-7 membered
heterocyclyl group, wherein said 4-7 membered heterocyclyl group
is optionally substituted with 1-4 z'° groups;

each Z? is independently C;-Cg alkyl, C3-Cg carbocyclyl, Cs-C1o bicyclic
carbocyclyl, Ce-Cio aryl, 5-14 membered heteroaryl, 4-10
membered heterocyclyl, -NR'R' or -OR'™ wherein any alkyl,
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carbocyclyl, aryl, heteroaryl or heterocyclyl portion of Z? is
optionally substituted with 1-4 Z*® groups;

each Z* is independently oxo, halogen, C1-Cg alkyl, C,-Csg alkynyl, C3-Cg
carbocyclyl, C5-C1 bicyclic carbocyclyl, C4-Cg haloalkyl, Cs-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl,
-(C2-Cg alkynyl)aryl, -(C2-Csg alkynyl)heteroaryl, -CN, -C(O)(C+-Cs
alkyl), -C(O)O(C+-Cs alkyl), -C(O)N(C4-Ce alkyl)z, -NH3, -NH(C+-Cq
alkyl), -N(C4-Cs alkyl),, -NHC(O)O(C+-Cs alkyl), -NHC(O)(C+-Cs
alkyl), -NHC(O)NH(C1-Cs alkyl), -OH, -O(C4-Cs alkyl), halo(C+-Cs
alkoxy), C3-Cg cycloalkoxy, -S(C1-Ce alkyl), or -SO2N(C+-Cs alkyl)z;
wherein any alkyl, alkynyl, carbocyclyl, cycloalkoxy, aryl, heteroaryl
or heterocyclyl portions of Z* is optionally substituted with 1-4
halogen or C1-Ce alkoxy groups;

each Z* is independently oxo, halogen, C2-Cg alkenyl, C2-Csg alkynyl, C3-Cg
carbocyclyl, C5-C1 bicyclic carbocyclyl, C4-Cg haloalkyl, Cs-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl, -CN,
-C(O)OR™®, -C(O)NR'R'™, -NR''R"®, -NR"°C(O)NR"R"®, -OR™",
-SR™ or -SO,R'®; wherein any alkenyl, alkynyl, carbocyclyl, aryl,
heteroaryl or heterocyclyl portions of Z* is optionally substituted
with 1-4 halogen; and

each Z* is independently oxo, C,-Cs alkenyl, C»-Cg alkynyl, C3-Cs
carbocyclyl, Cs-C1g bicyclic carbocyclyl, C4-Cg haloalkyl, Ce-C1o
aryl, 5-14 membered heteroaryl, 4-10 membered heterocyclyl,
-CN, -C(O)OR'®, -C(O)NR''R®, -NR'R™®, -NR'™C(O)NR''R®,
-OR™, -SR'® or -SO,R"®, wherein any alkenyl, alkynyl, carbocyclyl,
aryl, heteroaryl or heterocyclyl portions of Z'is optionally
substituted with 1-4 halogen.

One embodiment provides a pharmaceutical composition comprising a
compound of Formula I, Il, lll, or IV (such as any one of IVa-IVh), or a
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stereoisomer, or a mixture of stereoisomers, or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable carrier.

One embodiment provides a method for treating a Flaviviridae viral
infection (e.g., an HCV viral infection) in a patient in need thereof (e.g., mammal
such as a human). The method includes administering a compound of Formula I,
I, I, or IV (such as any one of IVa-IVh), or a stereoisomer, or a mixture of
stereoisomers, or a pharmaceutically acceptable salt thereof, to the patient.

One embodiment provides a method for inhibiting the proliferation of the
HCV virus, treating HCV or delaying the onset of HCV symptoms in a patient in
need thereof (e.g., mammal such as a human). The method includes
administering a compound of Formula I, II, lll, or IV (such as any one of IVa-IVh)
or a stereoisomer, or a mixture of stereoisomers, or a pharmaceutically
acceptable salt thereof, to the patient.

One embodiment provides a compound of Formula I, I, lll, or IV (such as
any one of IVa-IVh) or a stereoisomer, or a mixture of stereoisomers, or a
pharmaceutically acceptable salt thereof for use in medical therapy (e.g., for use
in treating a Flaviviridae viral infection such as an HCV viral infection or in
treating the proliferation of the HCV virus or delaying the onset of HCV symptoms
in a patient in need thereof (e.g., mammal such as a human)).

One embodiment provides a compound of Formula I, I, lll, or IV (such as
any one of IVa-1Vh), or a stereoisomer, or a mixture of stereoisomers, or a
pharmaceutically acceptable salt thereof for use in the manufacture of a
medicament for treating a Flaviviridae viral infection (e.g., an HCV viral infection)
or the proliferation of the HCV virus or delaying the onset of HCV symptoms in a
patient in need thereof (e.g., mammal such as a human).

One embodiment provides a compound of Formula I, I, lll, or IV (such as
any one of IVa-1Vh), or a stereoisomer, or a mixture of stereoisomers, or a
pharmaceutically acceptable salt thereof, for use in the prophylactic or
therapeutic treatment of the proliferation of a Flaviviridae virus, an HCV virus or

for use in the therapeutic treatment of delaying the onset of HCV symptoms.
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One embodiment provides a compound of Formula I, II, I, or IV (such as
any one of IVa-1Vh) or a stereoisomer, or a mixture of stereoisomers, or a
pharmaceutically acceptable salt thereof, for use in the prophylactic or
therapeutic treatment of a Flaviviridae virus infection (e.g., an HCV virus
infection).

One embodiment provides the use of a compound of Formula |, Il, I, or
IV(such as any one of IVa-IVh), or a stereoisomer, or a mixture of stereoisomers,
or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament for a Flaviviridae virus infection (e.g., an HCV virus infection) in a
patient in need thereof (e.g., mammal such as a human).

One embodiment provides processes and intermediates disclosed herein
that are useful for preparing compounds of Formula |, Il, lll, or IV (such as any
one of IVa-1Vh) or a stereoisomer, or a mixture of stereoisomers, or salts thereof.

Other embodiments, objects, features and advantages will be set forth in
the detailed description of the embodiments that follows, and in part will be
apparent from the description, or may be learned by practice, of the claimed
invention. These objects and advantages will be realized and attained by the
processes and compositions particularly pointed out in the written description and
claims hereof. The foregoing Summary has been made with the understanding
that it is to be considered as a brief and general synopsis of some of the
embodiments disclosed herein, is provided solely for the benefit and convenience
of the reader, and is not intended to limit in any manner the scope, or range of
equivalents, to which the appended claims are lawfully entitled.

DETAILED DESCRIPTION
While the present invention is capable of being embodied in various forms,
the description below of several embodiments is made with the understanding
that the present disclosure is to be considered as an exemplification of the
claimed subject matter, and is not intended to limit the appended claims to the
specific embodiments illustrated. The headings used throughout this disclosure
are provided for convenience only and are not to be construed to limit the claims
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in any way. Embodiments illustrated under any heading may be combined with
embodiments illustrated under any other heading.

Abbreviations
The following abbreviations are used throughout the specification, and
have the following meanings:
°C = degrees Celsius
A = Angstrom
Ac = acetyl
AcOH = acetic acid
aq = aqueous
Ar = argon
atm = atmosphere
BEP = 2-bromo-1-ethyl pyridinium tetrafluoroborate
Bis(diphenylphosphino)ferrocene)palladium(ll) dichloride
Bn = benzyl
Boc = tert-butoxy carbonyl
Boc,0 = di-tert-butyl dicarbonate
bp = boiling point
Bs = 4-bromophenylsulfonyl
Bu = butyl
calcd = calculated
CBS = Corey-Bakshi-Shibata
CBZ = Cbz = carboxybenzyl
CDI = 1,1’-carbonyldiimidazole
cm = centimeter
COMU = (1-cyano-2-ethoxy-2-oxoethylidenaminooxy)dimethylamino-morpholino-
carbenium hexafluorophosphate
DABCO = 1,4-diazabicyclo[2.2.2]octane
DBU = 1,8-diazabicycloundec-7-ene
DCE = 1,2-dichloroethane
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DCM = dichloromethane

DDQ = 2,3-dichloro-5,6-dicyanobenzoquinone

DIAD = diisopropyl azodicarboxylate

dioxane = 1,4-dioxane

DIPEA = N,N-diisopropyl-N-ethylamine

DMF = N,N-dimethylformamide

DMAP = 4-dimethylaminopyridine

DMPU = 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
DMSO = dimethysulfoxide

dppf = 1,1’-bis(diphenylphosphino)ferrocene

DSC = N,N'-disuccinimidyl carbonate

EA = EtOAc = ethyl acetate

ECso = half maximal effective concentration

EDC = 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
Et = ethyl

Et,O = diethyl ether

EtOAc = ethyl acetate

EtOH = ethanol

equiv = equivalent

F-NMR = fluorine nuclear magnetic resonance spectroscopy

g =gram

h = hr = hour

HATU = O-(7-azabenzotriazol-1-yl)-N,N,N’,N'-tetramethyluronium
Hexafluorophosphate

HCV = hepatitis C virus

HEPES = hydroxyethyl piperazineethanesulfonic acid

Hex = hex = hexanes

HMDS = hexamethyldisilazane(azide)

HMPA = hexamethylphosphoramide

"H-NMR = proton nuclear magnetic resonance spectroscopy
HOACc = acetic acid
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HOBT = hydroxybenzotriazole

HPLC = high pressure liquid chromatography

Hz = Hertz
IPA = isopropyl alcohol
I =1is0

J = coupling constant

KHMDS = potassium bis(trimethylsilyl)amide

L = liter

PCT/US2013/049119

LCMS-ESI" = liquid chromatography mass spectrometer (electrospray ionization)

LIHMDS = lithium bis(trimethylsilyl)amide

M = molar concentration (mol/L)

mCPBA = meta-chioroperoxybenzoic acid

Me = methyl

MeCN = ACN = acetonitrile
MeOH = methanol

MeTHF = 2-methyltetrahydrofuran
mg = milligram

MHz = mega Hertz

mL = milliliter

mmol = millimole

min = minute

MTBE = methyl tert-butylether
Ms = methanesulfonyl

MsCI = methanesulfonyl chloride
MS = molecular sieves

MSA = methylsulfonic acid

n = normal

N = normal concentration

NCS = N-chlorosuccinimide
NMM = N-methylmorpholine

NMO = N-methylmorpholine-N-oxide
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NMP = N-methylpyrrolidinone

o/n = overnight

PCR = polymerase chain reaction

Pf = 9-phenyl-9H-fluoren-9-yl

PG = protecting group

PE = petroleum ether

Ph = phenyl

PhMe = toluene

pM = picomolar

PMB = 4-methoxybenzyl

Pr = propy!

Pd(dppf)Cl, = PdCl,(dppf) = PdCldppf = (1,1'-
bis{diphenyiphosphinojferrocene)dichloropaliadium(li)

PPh3 = triphenylphosphine

RetTime = retention time

rt = room temperature

sat = sat. = saturated

sec = secondary

Sn1 = nucleophilic substitution unimolecular

SN2 = nucleophilic substitution bimolecular

SNAr = nucleophilic substitution aromatic

t = tert = tertiary

TBAF = tetra-n-butylammonium fluoride

TBS = TBDMS = tert-Butyldimethylsilyl

TBTU = O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium tetrafluoroborate

TEA = triethylamine

temp = temperature

TEMPO = (2,2,6,6-Tetramethylpiperidin-1-yl)oxyl
Tf = trifluoromethanesulfonyl

TFA = trifluoroacetic acid

THF = tetrahydrofuran
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TIPS = triisoproylsilyl

TLC = thin layer chromatography

TMS = trimethylsilyl

TMSOTT = trimethylsilyl trifluoromethanesulfonate
TPAP = tetrapropylammonium perruthenate

Tr = triphenylmethyl

Ts = para-toluenesulfonyl

wt = weight

w/w = weight/weight ratio

Definitions

Unless stated otherwise, the following terms and phrases as used herein
are intended to have the following meanings:

When a cyclic group (e.g. cycloalkyl, carbocyclyl, bicyclic carbocyclyl,
heteroaryl, heterocyclyl) is limited by a number or range of numbers, the number
or numbers refer to the number of atoms making up the cyclic group, including
any heteroatoms. Therefore, for example, a 4-8 membered heterocyclyl group
has 4, 5, 6, 7 or 8 ring atoms.

“‘Alkenyl” refers to a straight or branched chain hydrocarbyl with at least
one site of unsaturation, e.g., a (sp?)carbon-(sp?)carbon double bond. For
example, an alkenyl group can have 2 to 8 carbon atoms (i.e., C>-Cg alkenyl), or
2 to 6 carbon atoms (i.e., C2-Cg alkenyl). Examples of suitable alkenyl groups
include, but are not limited to, ethylene or vinyl (-CH=CH) and allyl
(-CH2CH=CHy).

“Alkenylene” refers to an alkene having two monovalent radical centers
derived by the removal of two hydrogen atoms from the same or two different
carbon atoms of a parent alkene. Exemplary alkenylene radicals include, but are
not limited to, 1,2-ethenylene (-CH=CH-) or prop-1-enylene (-CH,CH=CH-).

“‘Alkoxy” is RO- where R is alkyl, as defined herein. Non-limiting

examples of alkoxy groups include methoxy, ethoxy and propoxy.
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“Alkyl” refers to a saturated, straight or branched chain hydrocarbyl
radical. For example, an alkyl group can have 1 to 8 carbon atoms (i.e., (C4-Cs)
alkyl) or 1 to 6 carbon atoms (i.e., (C1-Ce alkyl) or 1 to 4 carbon atoms. Examples
of alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, t-butyl, pentyl, hexyl, heptyl, octyl, nonyl and decyl.

“Alkylene” refers to an alkyl having two monovalent radical centers derived
by the removal of two hydrogen atoms from the same or two different carbon atoms
of a parent alkane. Examples of alkylene radicals include, but are not limited to,
methylene (-CHs-), ethylene (-CH2CH>-), propylene (-CH>CH2CH>-) and butylene
(-CH2CH2CH2CH>-).

“Alkynyl” refers to a straight or branched chain hydrocarbon with at least
one site of unsaturation, e.g., a (sp)carbon-(sp)carbon triple bond. For example,
an alkynyl group can have 2 to 8 carbon atoms ( C2-Cg alkyne) or 2 to 6 carbon
atoms ( Co-Cs alkynyl). Examples of alkynyl groups include, but are not limited
to, acetylenyl (-C=CH) and propargyl (-CH2C=CH) groups.

“Alkynylene” refers to an alkynyl having two monovalent radical centers
derived by the removal of two hydrogen atoms from the same or two different
carbon atoms of a parent alkyne. Typical alkynylene radicals include, but are not
limited to, acetylene (-C=C-), propargylene (-CH,C=C-), and 1-pentynylene
(-CH2CH,CH,C=C-).

“Aryl” refers to a single all carbon aromatic ring or a multiple condensed all
carbon ring system (e.g., a fused multicyclic ring system) wherein at least one of
the rings is aromatic. For example, an aryl group can have 6 to 20 carbon atoms, 6
to 14 carbon atoms, or 6 to 12 carbon atoms. It is to be understood that the point
of attachment of a multiple condensed ring system, as defined above, can be at
any position of the ring system including an aromatic or a carbocyclyl portion of
the ring. Examples of aryl groups include, but are not limited to, phenyl, naphthyl,
tetrahydronaphthyl and indanyl.

“Arylene” refers to an aryl as defined herein having two monovalent radical

centers derived by the removal of two hydrogen atoms from two different carbon
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atoms of a parent aryl. Typical arylene radicals include, but are not limited to,

phenylene, e.g., ] “‘5, and naphthylene, e.g., ke || =

“Bicyclic carbocyclyl” refers to a 5-14 membered saturated or partially
unsaturated bicyclic fused, bridged, or spiro ring hydrocarbon attached via a ring
carbon. In a spiro bicyclic carbocyclyl, the two rings share a single common
carbon atom. In a fused bicyclic carbocyclyl, the two rings share two common
and adjacent carbon atoms. In a bridged bicyclic carbocyclyl, the two rings share
three or more common, non-adjacent carbon atoms. Examples of bicyclic
carbocyclyl groups include, but are not limited to spiro bicyclic carbocyclyl groups
wherein two carbocyclyl rings share one common atom

(0 10w )

, fused bicyclic carbocyclyl groups wherein two

carbocyclyl rings share two common atoms ,

and bridged bicyclic carbocyclyl groups wherein two carbocyclyl rings share three

-9 ., /tz)

“Bicyclic carbocyclylene” refers to a bicyclic carbocyclyl, as defined above,

e.g.
or more (such as 3, 4, 5 or 6) common atoms < I

having two monovalent radical centers derived from the removal of two hydrogen
atoms from the same or two different carbon atom of a parent bicyclic
carbocyclyl. Examples of bicyclic carbocyclylene groups include, but are not

limited to, spiro bicyclic carbocyclylene groups wherein two carbocyclyl rings

a V‘:\;\ anc v‘&/

carbocyclylene groups wherein two carbocyclyl rings share two common atoms

o O s

share one common atom , fused bicyclic

, and bridged bicyclic carbocyclylene groups
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wherein two carbocyclyl rings share three or more (such as 3, 4, 5 or 6) common
~. S~
[0 1w )

“Carbocyclyloxy” is RO- where R is carbocyclyl, as defined herein.

atoms

“Bicyclic carbocyclyloxy” is RO- where R is bicyclic carbocyclyl, as defined
herein.

“Carbocyclyl”, and “carbocycle” refers to a hydrocarbyl group containing
one saturated or partially unsaturated ring structure, attached via a ring carbon.
In various embodiments, carbocyclyl refers to a saturated or a partially
unsaturated Cs3-C+2 cyclic moiety, examples of which include cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl and
cyclooctyl.

“Carbocyclylene” (as well as “carbocyclene”) refers to a carbocyclyl, as
defined herein, having two monovalent radical centers derived by the removal of
two hydrogen atoms from the same or two different carbon atoms of a parent
carbocyclyl. Examples of carbocyclene include, but are not limited to,
cyclopropylene, cyclobutylene, cyclopentylene and cyclohexylene.

“Carbocyclylalkyl” refers to a hydrocarbyl group containing one saturated or
partially unsaturated ring structure attached to an alkyl group, attached via a ring
carbon or an alkyl carbon. In various embodiments, carbocyclylalkyl refers to a
saturated or a partially unsaturated C,-C4, carbocyclylalkyl moiety, examples of
which include cyclopropylalkyl, cyclobutylalkyl, cyclopropylethyl, and
cyclopropylpropyl.

“Carbocyclylalkylene” refers to a carbocyclylalkyl, as defined herein, having
two monovalent radical centers derived by the removal of two hydrogen atoms from
the same or two different carbon atoms of a parent cycloalkylalkyl. Examples of
cycloalkylene include, but are not limited to, cyclopropylmethylene and

cyclopropylmethylene.
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“Cycloalkyl!” refers to a hydrocarbyl group containing one saturated ring
structure, attached via a ring carbon. In various embodiments, cycloalkyl refers to
a saturated C3-Cy2 cyclic moiety, examples of which include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.

“Cycloalkoxy” is RO- where R is cycloalkyl, as defined herein.

“Direct bond” refers a covalent bond between two atoms.

“Halo” or “halogen” refers to chloro (-Cl), bromo (-Br), fluoro (-F) or iodo
(-1).

“‘Haloalkenyl!” refers to alkenyl group, as defined herein, substituted with
one or more halogen atoms.

“‘Haloalkoxy” refers to alkoxy, as defined herein, substituted with one or
more halogen atoms.

“Haloalky!” refers to an alkyl group, in which one or more hydrogen atoms
of the alkyl group is replaced with a halogen atom. Examples of haloalkyl groups
include, but are not limited to, -CF3, -CHF,, -CFH2 and -CH,CFs.

“Haloalkylene” refers to alkylene group, as defined herein, substituted
with one or more halogen atoms.

“Heteroalkyl” refers to an alkyl group, as defined herein, in which one or
more carbon atoms is replaced with an oxygen, sulfur, or nitrogen atom.

“Heteroalkylene” refers to an alkylene group, as defined herein, in which
one or more carbon atoms is replaced with an oxygen, sulfur, or nitrogen atom.

“Heteroalkenyl” refers to an alkenyl group, as defined herein, in which one
or more carbon atoms is replaced with an oxygen, sulfur, or nitrogen atom.

“Heteroalkenylene” refers to heteroalkenyl group, as defined above,
having two monovalent radical centers derived by the removal of two hydrogen
atoms from the same or two different atoms of a parent heteroalkenyl group.

“Heteroaryl” refers to a single aromatic ring that has at least one atom
other than carbon in the ring, wherein the atom is selected from the group
consisting of oxygen, nitrogen and sulfur; the term also includes multiple
condensed ring systems that have at least one such aromatic ring. For example,
heteroaryl includes monocyclic, bicyclic or tricyclic ring having up to 6 atoms in
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each ring, wherein at least one ring is aromatic and contains from 1 to 4
heteroatoms in the ring selected from the group consisting of oxygen, nitrogen
and sulfur. The rings of the multiple condensed ring system can be connected to
each other via fused, spiro and bridged bonds when allowed by valency
requirements. Non-limiting examples of heteroaryl include pyridyl, thienyl,
furanyl, pyrimidyl, imidazolyl, pyranyl, pyrazolyl, thiazolyl, thiadiazolyl,
isothiazolyl, oxazolyl, isoxazolyl, pyrrolyl, pyridazinyl, pyrazinyl, quinolinyl,
isoquinolinyl, quinoxalinyl, benzofuranyl, dibenzofuranyl, dibenzothiophenyl,
benzothienyl, indolyl, benzothiazolyl, benzooxazolyl, benzimidazolyl, isoindolyl,
benzotriazolyl, purinyl, thianaphthenyl and pyrazinyl. Attachment of heteroaryl
can occur via an aromatic ring, or, if heteroaryl is bicyclic or tricyclic and one of
the rings is not aromatic or contains no heteroatoms, through a non-aromatic ring
or a ring containing no heteroatoms. “Heteroaryl” is also understood to include
the N-oxide derivative of any nitrogen containing heteroaryl.

“Heteroarylene” refers to a heteroaryl, as defined above, having two
monovalent radical centers derived by the removal of two hydrogen atoms from the
same or two different carbon atoms or the removal of a hydrogen from one carbon
atom and the removal of a hydrogen atom from one nitrogen atom of a parent

heteroaryl group. Non-limiting examples of heteroarylene groups are:

N S Ny
S, OO, O, 1,
um; E/C[:j\; Em : ;\ES/)-E
Ne Ne NYE
@NI; EI;(;? ©;N\;

“Heterocyclyl” refers to a saturated or partially unsaturated monocyclic,
bicyclic or tricyclic group of 2 to 14 ring-carbon atoms and, in addition to ring-

carbon atoms, 1 to 4 heteroatoms selected from nitrogen, oxygen and sulfur. Bi-

or tricyclic heterocyclyl groups may have fused, bridged, or spiro ring
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connectivity. In various embodiments the heterocyclic group is attached to
another moiety through carbon or through a heteroatom. Examples of
heterocyclyl include without limitation azetidinyl, oxazolinyl, isoxazolinyl,
oxetanyl, tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydroisoquinolinyl, 1,4-
dioxanyl, pyrrolidinyl, morpholinyl, thiomorpholinyl, dihydrobenzoimidazolyl,
dihydrobenzofuranyl, dihydrobenzothiophenyl, dihydrobenzoxazolyl,
dihydrofuranyl, dihydroimidazolyl, dihydroindolyl, dihydroisooxazolyl,
dihydroisothiazolyl, dihydrooxadiazolyl, dihydrooxazolyl, dihydropyrazinyl,
dihydropyrazolyl, dihydropyridinyl, dihydropyrimidinyl, dihydropyrrolyl,
dihydroquinolinyl, dihydrotetrazolyl, dinydrothiadiazolyl, dihydrothiazolyl,
dihydrothienyl, dihydrotriazolyl, dihydroazetidinyl, methylenedioxybenzoyl,
chromanyl, dihydropyranoquinoxalinyl, tetrahydroquinoxalinyl,
tetrahydroquinolinyl, dihydropyranoquinolinyl and tetrahydrothienyl and N-oxides
thereof. A spiro bicyclic heterocyclyl group refers to a bicyclic heterocyclyl group
wherein the two rings of the bicyclic heterocyclyl group share one common atom.
A fused bicyclic bicyclic heterocyclyl group refers to a bicyclic heterocyclyl group
wherein the two rings of the bicyclic heterocyclyl group share two common
atoms. A bridged bicyclic heterocyclyl group refers to a bicyclic heterocyclyl
group wherein the two rings of the bicyclic heterocyclyl group share three or
more (such as 3, 4, 5 or 6) common atoms.

“Heterocyclene” refers to a heterocyclyl, as defined herein, having two
monovalent radical centers derived from the removal of two hydrogen atoms from
the same or two different carbon atoms, through a carbon and a heteroatom, or
through two heteroatoms of a parent heterocycle.

“Prodrug” refers to any compound that when administered to a biological
system generates the drug substance, or active ingredient, as a result of
spontaneous chemical reaction(s), enzyme catalyzed chemical reaction(s),
photolysis, and/or metabolic chemical reaction(s). A prodrug is thus a covalently
modified analog or latent form of a therapeutically active compound. Non-limiting
examples of prodrugs include ester moieties, quaternary ammonium moieties,

glycol moieties, and the like.
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The term “optionally substituted” refers to a moiety wherein all
substituents are hydrogen or wherein one or more of the hydrogens of the moiety
are replaced by non-hydrogen substituents; that is to say the moiety that is
optionally substituted is either substituted or unsubstituted.

“Leaving group” (LG) refers to a moiety of a compound that is active
towards displacement or substitution in a chemical reaction. Examples of in
which such as displacement or substitution occur include, but are not limited to,
nucleophilic substitution bimolecular (Sy2), nucleophilic substitution unimolecular
(Sn1), nucleophilic aromatic substitution (SyAr), and transition metal catalyzed
cross-couplings. Examples of leaving groups include, but are not limited to, a
halogen atom (e.g. -Cl, -Br, -I) and sulfonates (e.g. mesylate (-OMs), tosylate
(-OTs) or triflate (-OTf)). The skilled artisan will be aware of various chemical
leaving groups and strategies for activation and will appreciate the appropriate
moiety that will act as leaving groups, based on the particular chemical reaction,
the functionality that the group is attached to, and the chemical reagents used to
affect the displacement or substitution reaction. As a non-limiting example, in
some situations, a halogen atom (e.g. —ClI, —Br, or —I) serves as a leaving group
in a reaction catalyzed by a transition metal (e.g. Pd catalyzed Suzuki coupling
between an aryl halide and aryl boronic acid) and another reagents such as a
base.

Stereoisomers

Stereochemical definitions and conventions used herein generally follow
S. P. Parker, Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-
Hill Book Company, New York; and Eliel, E. and Wilen, S., Stereochemistry of
Organic Compounds (1994) John Wiley & Sons, Inc., New York.

The term “chiral” refers to molecules which have the property of non-
superimposability of the mirror image partner, while the term “achiral” refers to
molecules which are superimposable on their mirror image partner.

“Isomers” are different compounds that have the same molecular formula.

Isomers include stereoisomers, enantiomers and diastereomers.
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“Diastereoisomers” are stereoisomers that have at least two asymmetric
atoms, but which are not mirror-images of each other.

“‘Enantiomers” are a pair of stereoisomers that are non-superimposable
mirror images of each other. A 1:1 mixture of a pair of enantiomers is a “racemic”
mixture. The term "(x)" is used to designate a racemic mixture where appropriate.

The term “stereoisomers” refers to compounds which have identical
chemical constitution, but differ with regard to the arrangement of the atoms or
groups in space.

The compounds disclosed herein may have chiral centers, e.g., chiral
carbon atoms. Such compounds thus include racemic mixtures of all
stereoisomers, including enantiomers, diastereomers, and atropisomers. In
addition, the compounds disclosed herein include enriched or resolved optical
isomers at any or all asymmetric, chiral atoms. In other words, the chiral centers
apparent from the depictions are provided as the chiral isomers or racemic
mixtures. Both racemic and diastereomeric mixtures, as well as the individual
optical isomers isolated or synthesized, substantially free of their enantiomeric or
diastereomeric partners, are all within the scope of the invention. The racemic
mixtures can be separated into their individual, substantially optically pure
isomers through well-known techniques such as, for example, the separation of
diastereomeric salts formed with optically active adjuncts, e.g., acids or bases
followed by conversion back to the optically active substances. The desired
optical isomer can also be synthesized by means of stereospecific reactions,
beginning with the appropriate stereoisomer of the desired starting material.

It is to be understood that for compounds disclosed herein when a bond is
drawn in a non-stereochemical manner (e.g., flat) the atom to which the bond is
attached includes all stereochemical possibilities. It is also to be understood that
when a bond is drawn in a stereochemical manner (e.g., bold, bold-wedge,
dashed or dashed-wedge) the atom to which the stereochemical bond is
attached has the stereochemistry as shown unless otherwise noted.
Accordingly, in one embodiment, a compound disclosed herein is greater than
50% a single enantiomer. In another embodiment, a compound disclosed herein

-46-



10

15

20

25

WO 2014/008285 PCT/US2013/049119

is at least 80% a single enantiomer. In another embodiment, a compound
disclosed herein is at least 90% a single enantiomer. In another embodiment, a
compound disclosed herein is at least 98% a single enantiomer. In another
embodiment, a compound disclosed herein is at least 99% a single enantiomer.
In another embodiment, a compound disclosed herein is greater than 50% a
single diastereomer. In another embodiment, a compound disclosed herein is at
least 80% a single diastereomer. In another embodiment, a compound disclosed
herein is at least 90% a single diastereomer. In another embodiment, a
compound disclosed herein is at least 98% a single diastereomer. In another
embodiment, a compound disclosed herein is at least 99% a single diastereomer.

Tautomers

The compounds disclosed herein can also exist as tautomeric isomers in
certain cases. Although only one delocalized resonance structure may be
depicted, all such forms are contemplated within the scope of the invention. For
example, ene-amine tautomers can exist for purine, pyrimidine, imidazole,
guanidine, amidine, and tetrazole systems and all their possible tautomeric forms

are within the scope of the invention.

Isotopes

It is understood by one skilled in the art that this invention also includes any
compound claimed that may be enriched at any or all atoms above naturally
occurring isotopic ratios with one or more isotopes such as, but not limited to,
deuterium (?H or D). As a non-limiting example, a -CHs group may be replaced
by -CDs.

Specific values listed below for radicals, substituents, and ranges are for
illustration only; they do not exclude other defined values or other values within

defined ranges for the radicals and substituents.

Protecting Groups
In certain embodiments, protecting groups include prodrug moieties and

chemical protecting groups. Protecting groups may be represented by the
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abbreviation “PG.”

“Protecting group” (“PG”) refers to a moiety of a compound that masks or
alters the properties of a functional group or the properties of the compound as a
whole. Chemical protecting groups and strategies for protection/deprotection are
well known in the art. See e.g. Peter G. M. Wuts and Theodora W. Greene,
Protective Groups in Organic Synthesis, 4™ edition; John Wiley & Sons, Inc.:
New Jersey, 2007. See also Kocienski, P.J. Protecting Groups, 3™ edition;
Georg Thieme Verlag Stuttgart: New York, 2005, in particular Chapter 1,
Protecting Groups: An Overview, pages 1-48, Chapter 2, Carbonyl Protecting
Groups, pages 49-118, Chapter 3, Diol Protecting Groups, pages 119-186,
Chapter 4, Hydroxyl Protecting Groups, pages 187-364, Chapter 5, Thiol
Protecting Groups, pages 365-392. Protecting groups are often utilized to mask
the reactivity of certain fun<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>