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ROD-LIKE HEPATITIS C VIRUS INHIBITORS CONTAINING THE FRAGEMENT

{2-[4- (BIPHENYL-4-YL) -1H-IMIDAZO-2-YL] PYRROLIDINE-1-CARBONLYMETHYL}AMINE

BACKGROUND OF THE INVENTION

Field of the Invention

The invention is directed to compounds useful as inhibitors of replication of the
hepatitis C virus (HCV). The invention is also directed to pharmaceutical compositions
comprising such compounds, methods of using such compounds to treat HCV infection,

and processes and intermediates useful for preparing such compounds.

State of the Art

Recent estimates place the number of people infected with the hepatitis C virus
(HCV) worldwide at more than 170 million, including 3 million people in the United
States. The infection rate is thought to be roughly 4 to 5 times that of the human
immunodeficiency virus (HIV). While in some individuals, the natural immune response
is able to overcome the virus, in the majority of cases, a chronic infection is established,
leading to increased risk of developing cirrhosis of the liver and hepatocellular
carcinomas. Infection with hepatitis C, therefore, presents a serious public health
problem.

Prior to mid-2011, the accepted standard of care for HCV involved the use of a
pegylated interferon which is believed to act by boosting the body’s immune response,
together with ribavirin. Unfortunately, the course of treatment is lengthy, typically 48
weeks, often accompanied by serious adverse side effects, including depression, flu-like
symptoms, fatigue, and hemolytic anemia, and ineffective in up to 50 % of patients. In
mid-2011, two HCV protease inhibitors were approved in the United States to be used in

combination with interferon and ribavirin. Although better cure rates have been reported,
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the course of therapy is still lengthy and accompanied by undesirable side effects.
Accordingly, there remains a serious unmet need in HCV treatment.
The virus responsible for HCV infection has been identified as a positive-strand
RNA virus belonging to the family Flaviviridae. The HCV genome encodes a
5 polyprotein that during the viral lifecycle is cleaved into ten individual proteins, including
both structural and non-structural proteins. The six non-structural proteins, denoted as
NS2, NS3, NS4A, NS4B, NS5A, and NS5B have been shown to be required for RNA
replication. In particular, the NS5A protein appears to play a significant role in viral
replication, as well as in modulation of the physiology of the host cell. Effects of NS5A
10 on interferon signaling, regulation of cell growth and apoptosis have also been identified.
(Macdonald et al., Journal of General Virology (2004), 85, 2485-2502.) Compounds

which inhibit the function of the NS5A protein are expected to provide a new approach to

HCYV therapy.
SUMMARY OF THE INVENTION
15 In one aspect, the invention provides novel compounds which inhibit replication
of the HCV wvirus.

Accordingly, the invention provides a compound of formula (I):

R10
— —N O
HN- \S <:> < : /7 N\
R4 \N \ | / Am \ / N\_|_/N_<R9
RS“N\_N_ _o (R)a (R%)b

R® f
R2-N

@
20  wherein
R' is selected from Ciealkyl, Cyealkoxy, phenyl, C; ¢cycloalkyl, heterocycle, and
heteroaryl, wherein C;_galkyl is optionally substituted with -OR" amino, —SR®,
heterocycle, or heteroaryl, Cy_salkoxy is optionally substituted with —OR®, and heterocycle
is optionally substituted with —OR® amino, or —C(O)OC;¢alkyl, or with one or two
25  Cyaalkyl or =0;
R? is selected from hydrogen and Cy_galkyl;
R’ is selected from hydrogen, Cy.galkyl, -C(0)OC .alkyl, -C(O)NR™R",
-C(0)Cs.6cycloalkyl, and -S(O),C, salkyl;
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or R? and R* together with the nitrogen atom to which they are attached form a
heterocycle;

R* is selected from Cygalkyl, -NR°R®, -OR?, -SR®, -S(0)C|.3alkyl, -S(0),C/salkyl,
-CN, -C(O)NR’R, heterocycle, heteroaryl, and halo, wherein C_galkyl is optionally
substituted with -OR?; and R’ and R° are hydrogen;

or R* and R? are independently Cy_galkyl or halo and R® is hydrogen;

or R* and R’ taken together form —(CH,),—, wherein z is 2, 3, 4, or 5 and R is
hydrogen;

or R* and R’ taken together form —O-(CH,),-O- and R® is hydrogen;

or R* is hydrogen or Cy_salkyl and R’ and R® taken together form —(CH;)n—,
wherein mis 1, 2, 3, or 4;

or R* and R? are each hydrogen and R® is Cy_salkyl;

R’ is selected from halo, Csalkyl, and C,_salkoxy wherein C_salkyl and
Cy.salkoxy are optionally substituted with one, two, three, four, or five halo;

R® is Cy.salkyl, optionally substituted with -OR";

R’ is selected from Cyiealkyl, Csecycloalkyl, C; galkoxy, NR'RE, heteroaryl,
heterocycle, and —CH,-heteroaryl;

wherein:

Ci.ealkyl is optionally substituted with one or two substituents
independently selected from —OR", -NR/R¥, -NHC(0)C_salkyl,
-NHC(O)OC,3alkyl, -NHC(O)Cs.scycloalkyl, Cs.¢scycloalkyl, halo,
-NHC(0)C.3alkylC(O)OR", -NHC(0)C,.3alkylOR", -NHC(O)NHC _salkyl,
-NHS(0O),C; 3alkyl, and heterocycle;

Ci.ealkoxy is optionally substituted with —OR",

any Cs.ecycloalkyl is optionally substituted with one, two, or three
substituents independently selected from C; zalkyl, halo, NR*R®, — OR", and
-CDs, wherein any Cj.zalkyl is optionally substituted with one, two, or three halo;

any heterocycle is optionally substituted with one, two, or three
substituents independently selected from C,.zalkyl, halo, -C(O)OC,salkyl,
-C(0)Cyealkyl, -C(O)Cs.¢cycloalkyl, —C(O)NHC, salkyl,

-C(O)NHC;3 ¢cycloalkyl,—S(0),Cy salkyl, and -C(O)NHy;
wherein any —C(O)Cy.salkyl is optionally substituted with
-NHC(0)OC.3alkyl, -OR", -NR'R¥, or heterocycle,



10

15

20

25

30

WO 2013/067267 PCT/US2012/063181

any -C(0O)Cs.ecycloalkyl is optionally substituted with one or two
Cy.salkyl, and

any —C(O)NHC alkyl is optionally substituted with —OR" or
Cs.ecycloalkyl;
any heteroaryl is optionally substituted with one or two C,;_zalkyl;

R% R", R, R", R, R¥ R™, and R" are each independently hydrogen or Cy_alkyl;

R® is hydrogen or C;¢alkyl, wherein Cy galkyl is optionally substituted with —-OR"
Or amino;

R? is hydrogen or C;_salkyl, wherein C;galkyl is optionally substituted with —OR"
or with heteroaryl optionally substituted with C;_zalkyl;

R'is hydrogen or Cy.galkyl, wherein C_alkyl is optionally substituted with —OR";

R® is selected from hydrogen, Ciealkyl, C;.salkoxy, Csecycloalkyl, NR°R", and
heterocycle, wherein C,.galkyl is optionally substituted with —OR"and heterocycle is
optionally substituted with one or two =O;

R'%is selected from hydrogen, halo, and C_salkyl, wherein C,_salkyl is optionally
substituted with one, two, or three halo, or with —~OR";

Ay, is -NHC(O)- or —C(O)NH-

ais 0,1, or2; and

bis 0,1 or2;

or a pharmaceutically-acceptable salt of stereoisomer thereof.

As used hereinafter, the phrase “compound of formula (I)” means a compound of
formula (I) or a pharmaceutically acceptable salt thereof; i.e., this phrase means a
compound of formula (I) in free base form or in a pharmaceutically acceptable salt form
unless otherwise indicated.

The invention also provides a pharmaceutical composition comprising a
compound of the invention and a pharmaceutically-acceptable carrier. In addition, the
invention provides a pharmaceutical composition comprising a compound of the
invention, a pharmaceutically-acceptable carrier and one or more other therapeutic agents
useful for treating hepatitis C viral infections.

The invention also provides a method of treating a hepatitis C viral infection in a
mammal, the method comprising administering to the mammal a therapeutically effective
amount of a compound or of a pharmaceutical composition of the invention. In addition,
the invention provides a method of treating a hepatitis C viral infection in a mammal, the

method comprising administering to the mammal a compound or a pharmaceutical
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composition of the invention and one or more other therapeutic agents useful for treating
hepatitis C viral infections. Further, the invention provides a method of inhibiting
replication of the hepatitis C virus in a mammal, the method comprising administering a
compound or a pharmaceutical composition of the invention.

In separate and distinct aspects, the invention also provides synthetic processes
and intermediates described herein, which are useful for preparing compounds of the
invention.

The invention also provides a compound of the invention as described herein for
use in medical therapy, as well as the use of a compound of the invention in the
manufacture of a formulation or medicament for treating a hepatitis C viral infection in a

mammal.

BRIEF DESCRIPTION OF THE DRAWING
The figure shows a powder x-ray diffraction (PXPD) pattern of crystalline (R)-5-
chloro-4-(6-(2-methyl-4-pivaloylpiperazin-1-yl)nicotinamido)-2-(trifluoromethoxy)-

phenylboronic acid.

DETAILED DESCRIPTION OF THE INVENTION

Among other aspects, the invention provides inhibitors of HCV replication of
formula (I), pharmaceutically-acceptable salts thereof, and intermediates for the
preparation thereof. The following substituents and values are intended to provide
representative examples of various aspects of this invention. These representative values
are intended to further define such aspects and are not intended to exclude other values or
limit the scope of the invention.

In a specific aspect, R' is selected from Cy.galkyl, Ci.salkoxy, phenyl,
Cs.escycloalkyl, heterocycle, and heteroaryl, wherein Ci.salkyl is optionally substituted
with —OR® amino, —SR®, heterocycle, or heteroaryl, Cy salkoxy is optionally substituted
with —OR?, and heterocycle is optionally substituted with —OR® amino, or
-C(0)OC,.¢alkyl, or with one or two C,3alkyl or =O.

In another specific aspect, R' is selected from C;.galkyl, Ci_salkoxy, phenyl,
Cs.ecycloalkyl, heterocycle, and heteroaryl, wherein C,.salkyl is optionally substituted
with -OR? amino, —SR®, heterocycle, or heteroaryl, C; galkoxy is optionally substituted
with —OR?, and heterocycle is optionally substituted with —OR® amino, or

-C(0)OC 6alkyl, or with one or two Cy_salkyl, wherein R® is hydrogen or C;_jalkyl.
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In another specific aspect, R' is selected from Cy.salkyl, phenyl, Cs_¢cycloalkyl,
and heterocycle, wherein C; salkyl is optionally substituted with —~OR®, wherein R is
hydrogen or C;_zalkyl, and any heterocycle has six ring atoms and is optionally
substituted with one or two Cy salkyl or =O.

In another specific aspect, R' is selected from C;.alkyl, phenyl, and heterocycle,
wherein Cealkyl is optionally substituted with —OR?, and heterocycle has six ring atoms
and is optionally substituted with —~OR® or amino or with one or two methyl. In another
specific aspect, R' is selected from Cy_galkyl, phenyl, and Cs._scycloalkyl; wherein
Ciealkyl is optionally substituted with —OR?; wherein R” is hydrogen or C; salkyl.

In another specific aspect, R' is selected from C;.alkyl, phenyl, and
tetrahydropyranyl, wherein Cy_alkyl is optionally substituted with —OR®; wherein R* is
hydrogen or Cy_zalkyl.

In another specific aspect, R' is selected from Cy6alkyl, optionally substituted
with hydroxy or methoxy, tetrahydropyran, and phenyl. In another specific aspect, R is
selected from Ci.salkyl and phenyl.

Specific R' values include isopropyl, phenyl, tetrahydropyran-4-yl, 2,6-
dimethyltetrahydropyran-4-yl, 1,1-dioxo-hexahydro-12°-thiopyran-4-yl, oxetan-3-yl,
1-hydroxyethyl, 1-methoxyethyl, 2-hydroxypropan-2-yl, cyclohexyl, cyclopentyl,
thiphen-2-yl, and furan-2-ylmethyl.

In a specific aspect, R'is Cy_3 alkyl.

In another specific aspect, R' is isopropyl.

In yet another specific aspect, R' is phenyl.

In still another specific aspect, R' is tetrahydropyranyl.

In still another specific aspect, R' is tetrahydropyran-4-yl.

In a specific aspect, R” is hydrogen or C;salkyl.

In other specific aspects, R” is hydrogen or C;salkyl; or R” is hydrogen.

In a specific aspect, R* is selected from hydrogen, C;alkyl, -C(0)OCalkyl,
-C(O)NR™R", -C(0)Cs.scycloalkyl, and -S(0),Cy.zalkyl; or R? and R® together with the
nitrogen atom to which they are attached form a heterocycle;

In another specific aspect, R? is selected from hydrogen, C,_calkyl,
-C(0)OCy.¢alkyl, -C(O)NR™R", -C(0)Cs.scycloalkyl, and -S(0),C; salkyl;

In another specific aspect, R? is selected from hydrogen, C; ealkyl, and
-C(0)OC.¢alkyl.

In yet another specific aspect, R? is -C(0)OC _zalkyl.

6



10

15

20

25

30

WO 2013/067267 PCT/US2012/063181

In another specific aspect, R* and R® together with the nitrogen atom to which
they are attached form a heterocycle.

In yet another specific aspect, R? and R* together with the nitrogen atom to which
they are attached form a piperidinyl ring.

In a specific aspect, R is Cy.salkyl, R* is hydrogen. and R? is -C(0O)OC_salkyl.

In another specific aspect, R' is isopropyl, R? is hydrogen, and R® is —C(O)OCHb.

In yet other specific aspects, R" is phenyl and R? and R’ are each C,salkyl; or R'
is phenyl, R*is hydrogen, and R* is -C(O)OC _salkyl; or R' is tetrahydropyranyl, R*is
hydrogen, and R is -C(0)OC, salkyl.

In a specific aspect, R* is selected from Cy.galkyl, -NRR, -ORY, -SR®,
-S(0)Csalkyl, -S(0),Cyzalkyl, -CN, -C(O)NR°R®, heterocycle, heteroaryl, and halo; and
R’ and R® are hydrogen;

In another specific aspect, R* is selected from Ciealkyl, —NRbRc, —ORd, -SR*; and
R’ and R® are hydrogen.

In another specific aspect, R* is selected from Ciealkyl, -ORY and —C(O)NRaRb
and R® and R® are hydrogen.

In another specific aspect, R* is selected from C,_salkyl and —~OR®, wherein
C1alkyl is optionally substituted with —OR?, wherein R* and RYare independently
hydrogen or C;alkyl; and R’ and R® are hydrogen.

In another specific aspect, R*is selected from methyl, methoxy, fluoro,
-CH,OCH3, -C(O)NHa, -CN, -NH,,-NH(CHz3),, -SCH3, -S(O)CH3, -S(0O),CH3,
morpholinyl, and pyrrolidin-1-yl and R” and R® are hydrogen.

In another specific aspect, R* is selected from methyl, methoxy, and —C(O)NH,,
and R® and R® are hydrogen.

In still another aspect, R* is methyl or methoxy, and R’ and R® are hydrogen.

In a further aspect, R* is methyl and R® and R® are hydrogen.

In another specific aspect, R* and R* are independently Cy_galkyl and R® is
hydrogen.

In yet another specific aspect, R* and R are each fluoro.

In yet another specific aspect, R* and R” taken together form —O-(CH,),-O- and R°
is hydrogen.

In still another specific aspect, R* and R’ taken together form —(CH,),—, wherein

is 2, 3,4, or 5.
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In additional aspects, R* is hydrogen and R’ and R® taken together form —(CHy)n—,
wherein 7 is 1 or 4; or R* is hydrogen and R’ and R° taken together form —(CH3)4—.

In still further aspects, R* and R® are each hydrogen and R® is Cy_galkyl, or R* and
R’ are each hydrogen and R is methyl.

In a specific aspect, R’ is selected from halo, Cy salkyl, and C;_salkoxy wherein
Ciealkyl and C;.¢alkoxy are optionally substituted with one, two, three, four, or five halo.

In another specific aspect R’ is selected from halo, C;salkyl, and C,_zalkoxy
wherein C; galkyl and C; salkoxy are substituted with one, two, or three halo.

In yet another specific aspect, R’ is selected from fluoro, chloro, -CF3 and —OCFs3.

In a specific aspect, R® is C\_salkyl, optionally substituted with -OR"; wherein R"
is hydrogen or C,.zalkyl.

In a specific aspect, R® is C.zalkyl.

In another specific aspect, RYis methyl or hydroxymethyl.

In another specific aspect, R® is methyl.

In a specific aspect, R is defined as in formula (T).

In another specific aspect, R is selected from Calkyl, Cs.scycloalkyl,
Cyealkoxy, -NRRE, heteroaryl, heterocycle, and —CHj-heteroaryl; wherein Cy salkyl is
optionally substituted with one or two substituents independently selected from —OR",
-NR'R¥, -NHC(0)C_salkyl, -NHC(0)OC.salkyl, -NHC(O)Cs.¢cycloalkyl,
Cs.scycloalkyl, and halo; Ci.salkoxy is optionally substituted with —OR"; any
Cs.ecycloalkyl is optionally substituted with one, two, or three substituents independently
selected from C,_zalkyl, halo, —NRaRb, - ORh, and -CDj3, wherein any C salkyl is
optionally substituted with one, two, or three halo; any heterocycle is optionally
substituted with one, two, or three substituents independently selected from C,.zalkyl,
halo, -C(O)OC;alkyl , -C(O)Cy.ealkyl, -C(O)Cs.¢cycloalkyl, -C(O)NHC,_salkyl,
-C(O)NHC; ¢cycloalkyl,—S(0),Cy salkyl, and -C(O)NH,; wherein any —C(O)C;_¢alkyl is
optionally substituted with -NHC(O)OCsalkyl, -OR", -NR/R¥, or heterocycle, any
-C(0)Cs.6cycloalkyl is optionally substituted with one or two C;_zalkyl, and any
-C(O)NHC, ¢alkyl is optionally substituted with —OR" or Cs.ecycloalkyl; any heteroaryl is
optionally substituted with one or two Cy_alkyl; R?, Rb, Rh, Rj, and R* are defined as in
formula (1), and R® is selected from hydrogen, Cyealkyl, C galkoxy, Cs ecycloalkyl,
NRR®, and heterocycle, wherein C\_salkyl is optionally substituted with —OR" and
heterocyle is optionally substituted with =O.
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In another specific aspect, R is selected from Calkyl, Cs.scycloalkyl, -NR'RE,
heteroaryl, heterocycle, and -CH,-heteroaryl; wherein any heteroaryl or heterocycle has 5
or 6 ring atoms; any heteroaryl is optionally substituted with C,.zalkyl; C;.¢alkyl is
optionally substituted with one or two substituents independently selected from —OR",
-NR/R, -NHC(0)C,.3alkyl, and -NHC(O)OC_alkyl; any Cs.ccycloalkyl is optionally
substituted with one or two C;_zalkyl; any heterocycle is optionally substituted with one,
or two substituents independently selected from C,_salkyl, -C(O)OC,.salkyl ,
-C(O)Ciealkyl, -C(O)Cs.¢cycloalkyl, -C(O)NHCealkyl, and -C(O)NHC;_¢cycloalkyl;
wherein any -C(O)Cyalkyl is optionally substituted with -NHC(O)OC, jalkyl,

-OR" -NR'R¥, or heterocycle; any -C(O)Cs.scycloalkyl is optionally substituted with one
or two Cy3alkyl; and any -C(O)NHC, ¢alkyl is optionally substituted with —OR" or
Cs.gcycloalkyl.

In yet another aspect, R’ is selected from Cs 4cycloalkyl, —CHZNRij, —NRng,
imidazolyl, pyrazolyl, pyrimidinyl, and pyrrolidinyl; wherein Cs.4cycloalkyl is optionally
substituted with one or two C;_zalkyl; pyrrolidinyl is optionally substituted with methyl
and substituted with a substituent selected from -C(O)OC;.zalkyl , -C(O)Cy.salkyl,
-C(O)NHC, ¢alkyl, wherein -C(0)Cy.¢alkyl is substituted with -NHC(O)OC;.salkyl, -OR",
-NRR, or heterocycle.

In another specific aspect, R’ is selected from Cygalkyl, Csscycloalkyl, NR'R,
wherein R' and RE are independently hydrogen or C,_salkyl, heteroaryl, and heterocycle,
wherein Ci_ealkyl is optionally substituted with -OR", Cs.ecycloalkyl is optionally
substituted with one or two C;_salkyl or halo, any heteroaryl has five or six ring atoms,
and any heterocycle has five ring atoms and is optionally substituted with one or two
substituents selected from Ci.zalkyl, -C(O)OCy.salkyl, -C(O)C,galkyl, -C(O)NHC,;.
salkyl, and -C(O)C;_3alkyINHC(O)OCHj,

Exemplary specific values of R’ within this aspect include-NHCHj3, cyclopropyl,
2,2-dimethylcyclopropyl, tert-butyl, 3-hydroxy-2,2-dimethylpropyl, imidazolyl,
2,2-difluorocyclopropyl, 2,2-dichlorocylopropyl, and 2 methylpyrrolidin-2-yl substituted
at the nitrogen with —C(O)NHCH3;, -C(O)t-Bu, -C(O)CH3,-C(O)iPr, C(O)CH,OCH3;.
C(O)t-Bu, or -C(O)CH(iPr)NHC(O)OCHj3

In yet another aspect, R’ is selected from Cy6alkyl, optionally substituted
with-OR" wherein R is hydrogen or Cy_salkyl, and C; 4cycloalkyl, optionally substituted

with one or two Cj_zalkyl.
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In still another aspect, R is selected from —NHCH3; 2,2-dimethylcyclopropyl,
tert-butyl, and imidazolyl.
In another specific aspect, R’ is selected from -NHCH3 cyclopropyl,
2,2-dimethylcyclopropyl, tert-butyl, 3-hydroxy-2,2-dimethylpropyl, and imidazolyl.
5 In a still further aspect, R’ is selected from cyclopropyl, 2,2-dimethylcyclopropyl,
tert-butyl, and 3-hydroxy-2,2-dimethylpropyl.
In a specific aspect, R'® is hydrogen, halo, Cy_salkyl, wherein C,alkyl is
optionally substituted with one, two, or three halo, or with —OR".
In a specific aspect, R'? is hydrogen, halo, or C_salkyl substituted with one, two,
10 or three halo.
In other specific aspects, R'® is hydrogen or halo; or R'° is hydrogen, chloro, or
fluoro; or R" is hydrogen or —CH,OH.
In another specific aspect, R'® is —CFs.
In another specific aspect, R'® is chloro.
15 In yet another specific aspect, R' is hydrogen.
In a still further aspect, R' is -CH,OH.
In a specific aspect, ¢ is 0, 1, or 2.
In another specific aspect, @ is 1 or 2.
In a specific aspect, b is O, 1, or 2.
20 In another specific aspect, b is 1 or 2.
In yet another specific aspect, b is 1.

In another aspect, the invention provides compounds of formula (II):

R10 o N 0
— N N—4
7 (Rg)b
R5 N 0 (R)a

(1)
25 wherein the variables of formula (II) are as defined herein.

In another aspect, the invention provides compounds of formula (III)

10
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R =N /0
R =N C \/\:|j/ ;o (R9s
I (")

R5

(11I0)
wherein the variables of formula (III) are as defined herein.

In yet another aspect, the invention provides compounds of formula (IV):

R10 0 —N I\ 0
R4—<;VI/L X (R, (R%)b

0
R2_Nr

" CR?
5 R

av)
wherein:
R' is selected from Cy_galkyl, optionally substituted with hydroxy or methoxy,
tetrahydropyran, and phenyl;
10 R? is hydrogen;
R? is -C(0)OC_ealkyl;
R* is methyl or methoxy;
R’ is selected from fluoro, chloro, -CF3 and —OCF3;
R® is independently methyl or hydroxymethyl;
15 R’ is selected from —NHCH3; cyclopropyl, 2,2-dimethylcyclopropyl, tert-butyl,
3-hydroxy-2,2-dimethylpropyl, and imidazolyl;
R'?is hydrogen or hydroxymethyl;
ais1or2;and
bis1or2;
20 or a pharmaceutically-acceptable salt thereof.

Within this aspect, are compounds of formula (IVa) and of (IVDb):

11
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N

r HN R!
HN

R’ ~o Yo
oel (IVa) (IVb)

wherein R' is isopropyl or tetrahydropyranyl, R is fluoro or chloro, and R’ is tert-butyl
or 3-hydroxy-2,2-dimethylpropyl.

In a further aspect, the invention provides compounds of formula (V):
HN
W o

R1

V)
wherein:
R' is selected from Cy_galkyl, optionally substituted with hydroxy or methoxy,
tetrahydropyran, and phenyl;
10 R? is hydrogen;
R? is -C(0)OC_ealkyl;
R” is methyl or methoxy;
R’ is selected from fluoro, chloro, -CF3, and —~OCF3;
R® is independently methyl or hydroxymethyl;
15 R’ is selected from —NHCH3; cyclopropyl, 2,2-dimethylcyclopropyl, tert-butyl,
3-hydroxy-2,2-dimethylpropyl, and imidazolyl;
19 is hydrogen or hydroxymethyl;
ais1or2;and
bis1or2;
20 or a pharmaceutically-acceptable salt thereof.
In one aspect, the invention provides the compounds of Examples 1-24 and
Tables 1-29 below
In another aspect, the invention provides a compound selected from the following

compounds

12
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and pharmaceutically-acceptable salts thereof.
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Chemical structures are named herein according to [UPAC conventions as
implemented in available software packages. For example, the compound of Example 1:

CF3 &
0] O —N /\ O

N N4
R OGE

Cl

5 is designated as ((S)-1-{(25,45)-2-[4-(5'-chloro-4'-{[6-((2R,55)-2,5-dimethyl-4-
methylcarbamoyl-piperazin-1-yl)-pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-
biphenyl-4-yl)-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl}-2-methyl-propyl)-
carbamic acid methyl ester by AutoNom software, (MDL Information Systems, GmbH,
Frankfurt, Germany). Equivalently, the compound may be named as methyl (S)-1-

10 ((28,45)-2-(4-(5'-chloro-4'-(6-((2R,5S)-2,5-dimethyl-4-(methylcarbamoyl)piperazin-1-
yDnicotinamido)-2'-(trifluoromethoxy)biphenyl-4-yl)-1 H-imidazol-2-yl)-4-
methylpyrrolidin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamate, as provided by ChemDraw
software (PerkinElmer, Inc., Cambridge, MA).
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Furthermore, the imidazole moiety in the structure of formula (I) exists in

tautomeric forms, illustrated below for a fragment of the compound of Example 1

=N NH

According to the [UPAC convention, these representations give rise to different
numbering of the atoms of the imidazole moiety: methyl (S)-3-methyl-1-((25,45)-4-
methyl-2-(4-phenyl-1H-imidazol-2-yl)pyrrolidin-1-yl)-1-oxobutan-2-ylcarbamate
(structure A) vs.methyl (S)-3-methyl-1-((25,48)-4-methyl-2-(5-phenyl-1 H-imidazol-2-
yDpyrrolidin-1-yl1)-1-oxobutan-2-ylcarbamate (structure B). It will be understood that
although structures are shown, or named, in a particular form, the invention also includes
the tautomer thereof.

The compounds of the invention contain one or more chiral centers and therefore,
such compounds (and intermediates thereof) can exist as racemic mixtures; pure
stereoisomers (i.e., enantiomers or diastereomers); stereoisomer-enriched mixtures and
the like. Chiral compounds shown or named herein without a defined stereochemistry at
a chiral center are intended to include any or all possible stereoisomer variations at the
undefined stereocenter unless otherwise indicated. The depiction or naming of a
particular stereoisomer means the indicated stereocenter has the designated
stereochemistry with the understanding that minor amounts of other stereoisomers may
also be present unless otherwise indicated, provided that the utility of the depicted or
named compound is not eliminated by the presence of another stereoisomer.

Compounds of formula (I) also contain several basic groups (e.g., amino groups)
and therefore, such compounds can exist as the free base or in various salt forms, such a
mono-protonated salt form, a di-protonated salt form, a tri-protonated salt form, or
mixtures therecof. All such forms are included within the scope of this invention, unless
otherwise indicated.

This invention also includes isotopically-labeled compounds of formula (1), i.e.,
compounds of formula (T) where an atom has been replaced or enriched with an atom

having the same atomic number but an atomic mass different from the atomic mass that
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predominates in nature. Examples of isotopes that may be incorporated into a compound
of formula (I) include, but are not limited to, °H, *H, ''C, C, "*C, N, N, °0, "0, *0,
8, %°C1, and "*F. Of particular interest are compounds of formula (I) enriched in tritium
or carbon-14, which compounds can be used, for example, in tissue distribution studies.
Also of particular interest are compounds of formula (I) enriched in deuterium especially
at a site of metabolism, which compounds are expected to have greater metabolic
stability. Additionally of particular interest are compounds of formula (I) enriched in a
positron emitting isotope, such as ¢, B8F, 0 and N, which compounds can be used,

for example, in Positron Emission Tomography (PET) studies.

Definitions

When describing this invention including its various aspects and embodiments,
the following terms have the following meanings, unless otherwise indicated.

The term "alkyl” means a monovalent saturated hydrocarbon group which may be
linear or branched or combinations therecof. Unless otherwise defined, such alkyl groups
typically contain from 1 to 10 carbon atoms. Representative alkyl groups include, by way
of example, methyl (Me), ethyl (Et), n-propyl (n-Pr) or (nPr), isopropyl (i-Pr) or (iPr),
n-butyl (n-Bu) or (nBu), sec-butyl, isobutyl, tert-butyl (t-Bu) or (tBu), n-pentyl, n-hexyl,
2,2-dimethylpropyl, 2-methylbutyl, 3-methylbutyl, 2-ethylbutyl, 2,2-dimethylpentyl,
2-propylpentyl, and the like

When a specific number of carbon atoms are intended for a particular term, the
number of carbon atoms is shown preceding the term. For example, the term “C;_; alkyl”
means an alkyl group having from 1 to 3 carbon atoms wherein the carbon atoms are in
any chemically-acceptable configuration, including linear or branched configurations..

The term "alkoxy" means the monovalent group —O-alkyl, where alkyl is defined
as above. Representative alkoxy groups include, by way of example, methoxy, ethoxy,
propoxy, butoxy, and the like.

The term "cycloalkyl” means a monovalent saturated carbocyclic group which
may be monocyclic or multicyclic. Unless otherwise defined, such cycloalkyl groups
typically contain from 3 to 10 carbon atoms. Representative cycloalkyl groups include,
by way of example, cyclopropyl (cPr), cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, adamantyl, and the like.

The term "heterocycle”, "heterocyclic”, or "heterocyclic ring" means a
monovalent saturated or partially unsaturated cyclic non-aromatic group, having from 3 to

10 total ring atoms, wherein the ring contains from 2 to 9 carbon ring atoms and from 1 to
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4 ring heteroatoms selected from nitrogen, oxygen, and sulfur. Heterocyclic groups may
be monocyclic or multicyclic (i.e., fused or bridged). Representative heterocyclic groups
include, by way of example, pyrrolidinyl, piperidinyl, piperazinyl, imidazolidinyl,
morpholinyl, thiomorpholyl, indolin-3-yl, 2-imidazolinyl, tetrahydropyranyl, 1,2,3,4-
tetrahydroisoquinolin-2-yl, quinuclidinyl, 7-azanorbornanyl, nortropanyl, and the like,
where the point of attachment is at any available carbon or nitrogen ring atom. Where the
context makes the point of attachment of the heterocyclic group evident, such groups may
alternatively be referred to as a non-valent species, i.e. pyrrolidine, piperidine, piperazine,
imidazole,tetrahydropyran etc.

The term "heteroaryl” or "heteroaryl ring"” means a monovalent aromatic group
having from 5 to 10 total ring atoms, wherein the ring contains from 1 to 9 carbon ring
atoms and from 1 to 4 ring heteroatoms selected from nitrogen, oxygen, and sulfur.
Heteroaryl groups may be monocyclic or multicyclic. Representative heteroaryl groups
include, by way of example, pyrroyl, isoxazolyl, isothiazolyl, pyrazolyl, oxazolyl,
oxadiazolyl, thiadiazolyl, thiazolyl, imidazolyl, triazolyl, tetrazolyl, furanyl, triazinyl,
thienyl, pyridyl (or, equivalently, pyridinyl), pyrimidyl, pyridazinyl, pyrazinyl, indolyl,
benzofuranyl, benzothienyl, benzimidazolyl, benzthiazolyl, and the like, where the point
of attachment is at any available carbon or nitrogen ring atom. Where the context makes
the point of attachment of the heteroaryl group evident, such groups may alternatively be
referred to as a non-valent species, i.e.pyrrole, isoxazole, isothiazole, pyrazole, imidazole,
ete.

The term “halo” means fluoro, chloro, bromo or iodo.

The term “therapeutically effective amount” means an amount sufficient to effect
treatment when administered to a patient in need of treatment.

The term “treatment” as used herein means the treatment of a disease, disorder, or
medical condition in a patient (such as hepatitis C viral infection), such as a mammal
(particularly a human) which includes one or more of the following:

(a) preventing the disease, disorder, or medical condition from occurring, i.e.,
preventing the reoccurrence of the disease or medical condition or prophylactic treatment
of a patient that is pre-disposed to the disease or medical condition;

(b) ameliorating the disease, disorder, or medical condition, i.e., eliminating or
causing regression of the disease, disorder, or medical condition in a patient, including

counteracting the effects of other therapeutic agents;
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(c) suppressing the disease, disorder, or medical condition, i.e., slowing or
arresting the development of the disease, disorder, or medical condition in a patient; or

(d) alleviating the symptoms of the disease, disorder, or medical condition in a
patient.

The term “pharmaceutically acceptable salt” means a salt that is acceptable for
administration to a patient or a mammal, such as a human (e.g., salts having acceptable
mammalian safety for a given dosage regime). Representative pharmaceutically
acceptable salts include salts of acetic, ascorbic, benzenesulfonic, benzoic,
camphorsulfonic, citric, ethanesulfonic, edisylic, fumaric, gentisic, gluconic, glucoronic,
glutamic, hippuric, hydrobromic, hydrochloric, isethionic, lactic, lactobionic, maleic,
malic, mandelic, methanesulfonic, mucic, naphthalenesulfonic, naphthalene-1,5-
disulfonic, naphthalene-2,6-disulfonic, nicotinic, nitric, orotic, pamoic, pantothenic,
phosphoric, succinic, sulfuric, tartaric, p-toluenesulfonic and xinafoic acid, and the like.

The term “salt thereof”” means a compound formed when the hydrogen of an acid
is replaced by a cation, such as a metal cation or an organic cation and the like. For
example, the cation can be a protonated form of a compound of formula (1), i.e. a form
where one or more amino groups have been protonated by an acid. Typically, the salt is a
pharmaceutically acceptable salt, although this is not required for salts of intermediate
compounds that are not intended for administration to a patient.

The term "amino-protecting group” means a protecting group suitable for
preventing undesired reactions at an amino nitrogen. Representative amino-protecting
groups include, but are not limited to, formyl; acyl groups, for example alkanoyl groups,
such as acetyl and tri-fluoroacetyl; alkoxycarbonyl groups, such as fert butoxycarbonyl
(Boc); arylmethoxycarbonyl groups, such as benzyloxycarbonyl (Cbz) and
9-fluorenylmethoxycarbonyl (Fmoc); arylmethyl groups, such as benzyl (Bn), trityl (Tr),
and 1,1-di-(4’-methoxyphenyl)methyl; silyl groups, such as trimethylsilyl (TMS), tert-
butyldimethylsilyl (TBDMS), [2-(trimethylsilyl)ethoxy]methyl (SEM); and the like.
Numerous protecting groups, and their introduction and removal, are described in T. W.
Greene and G. M. Wuts, Protecting Groups in Organic Synthesis, Third Edition, Wiley,
New York

General Synthetic Procedures

Compounds of this invention, and intermediates thereof, can be prepared
according to the following general methods and procedures using commercially-available

or routinely-prepared starting materials and reagents. The substituents and variables (e.g.,
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R', R%L RY, RY, etc.) used in the following schemes have the same meanings as those
defined elsewhere herein unless otherwise indicated. Additionally, compounds having an
acidic or basic atom or functional group may be used or may be produced as a salt unless
otherwise indicated (in some cases, the use of a salt in a particular reaction will require
conversion of the salt to a non-salt form, e.g., a free base, using routine procedures before
conducting the reaction).

Although a particular embodiment of the present invention may be shown or
described in the following procedures, those skilled in the art will recognize that other
embodiments or aspects of the present invention can also be prepared using such
procedures or by using other methods, reagents, and starting materials know to those
skilled in the art. In particular, it will be appreciated that compounds of the invention
may be prepared by a variety of process routes in which reactants are combined in
different orders to provide different intermediates en route to producing final products.

In one exemplary method of synthesis, compounds of formula (1-5) in which A,

is defined as -NHC(O)- are prepared as shown in Scheme 1:

Scheme 1
— 0 N /\
HN’ \>_< >_< — >\—</:_>—N N—P ,
<\ \| / oo+ o =/ S
RY (R7 , (R,

N ,— O
78
— Nx|_/N_<R9
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where G represents the group

0] R1
< }\ <N_R2
R3
G

and Pg represents an amino-protecting group. Aniline intermediate 1-1 is reacted with
carboxylic acid 1-2 according to typical amide bond formation conditions to provide a
protected intermediate of formula 1-3 In some instances, the carboxylic acid 1-2 is first
converted to an acid chloride and then reacted with aniline intermediate 1-1 to provide a
compound of formula 1-3. As shown in the examples below, the amide bond formation
reaction may utilize coupling agents, such as N, N, N, N'-tetramethyl-O-(7-azabenzotriazol-
1-ylyuronium hexafluorophosphate (HATU), or as 1,3-dicyclohexylcarbodiimide (DCC),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC), or benzotriazol-1-
yloxytripyrrolidino-phosphonium hexafluorophosphate (PyBop), optionally combined
with 1-hydroxy-7-azabenzotriazole (HOAt). Preferably, the process of Scheme 1 is used
to prepare compounds of formula 1-3 in which R’ is absent (ais 0) or R’ is an electron
rich substituent such as an unsubstituted-alkyl or unsubstituted-alkoxy, and the reaction is
performed in the presence of coupling agents EDC and HOAt at a temperature of about
50 to about 60 °C. Intermediate 1-3 is then deprotected, for example, by treatment with
an acid to to provide compound 1-4, which is reacted with an acid chloride in the
presence of base or with a carboxylic acid under amide bond formation conditions to
prepare a compound of the invention of formula 1-5.
It will be readily understood that the final product 1-5 could alternatively be
prepared directly by reaction of aniline 1-1 with a compound of formula 1-2'
QN I\ _(o
HOO =/ \|/ ®°
(R®)
1-2
Protected intermediate 1-3 may also be conveniently prepared by alternative

processes, for example, as shown in Scheme 2:
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Scheme 2
o) N
HNTN  NNH 4 =
= \| / 2 cl — —
R (R7)a
RS N<g 1-1 2-1
RG
SN [N
HNX = )_QF + HN ~ N-Pg
\N>—< H\| /fﬁ = (¥F|{;)/
b
R: (R7) 4 2
R -
e C 2-2
AN
HNTY < >_<_>_N>\_<;)*N N—Pg
- \| Ve (¥|—8)/
R
R4 (R b

e C 1-3

In a first step, biphenyl aniline 1-1 is reacted with a fluoropyridine carbonyl
chloride 2-1 in the presence of base to provide fluoro intermediate 2-2. The fluoro
intermediate is then reacted with an excess of protected piperazine 2-3 to provide
protected intermediate 1-3. The reaction typically is performed in the presence of base
with heating to a temperature of about 80 °C to about 120 °C for a period of about 4 to
about 48 hours.

Yet another alternative process for the preparation of intermediate 1-3 utilizes a
Suzuki coupling reaction in the presence of a palladium catalyst (Miyaura and Suzuki,
Chem. Rev. 1995, 95, 2457-2483). As shown in Scheme 3 below, either coupling partner
may bear the boronate moiety. Alternatively, a boronic acid reagent may be used in place

of a boronate reagent, such as the pinacol boronate depicted below.

23



WO 2013/067267 PCT/US2012/063181

Scheme 3A
£ e G
0 N N-P
HNWBﬁ + Br@NH \_7 - g
\N O == o
R‘S‘ ( (R, (R b
R ~G 32
R6 31
or
0) —N
HNWBr + j/s /|\ NI Y \_\_/
——— O —|=
RY N (R) (re)
5 N a
R G 3-4
R6 33
Q 2R
HN"N _ (YN NP
4 Wa S
—_— > RY (R 4 (R®)
RS N
RG G 1-3

then the Suzuki coupling of the boronate 3-1 in the first alternative of Scheme 3 would
directly provide a final compound of the invention.
Analogously, if protected intermediate 3-4 were replaced by a boronate

intermediate 3-4' or equivalently a boronic acid intermediate 3-4",

o O@N/_\N—é) HO. /7 N\ O@NMN4O 9
i[ :B—QNH \_7/ \_\_/ R HO,B_QNH \—\—/ R
’ (I|?7) (R (R, (%),

10 34" 3-4"
then the Suzuki coupling of the bromo intermediate shown in the second alternative initial
step of Scheme 3 would directly provide a compound of the invention. The boronic acid
3-4" advantageously may be prepared in crystalline form. See, for example, Preparation
15 44 below.
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Another useful sequence for preparation of final compounds of the invention is

illustrated in Scheme 3B.

Scheme 3B
o) —N
HNW :@ /| \ Nw \_\_/ _/<R9
R4 (R7) (Rg) b
N< '
R5 N Pg 3.1 or 3-2

4
et < ’
R X o /N /P
" SN0 N e N W
B NH \_\_/ o
HO ==
8
- (R7) a 3-4" (R ) b
HN = 37N NN 0
- |
4 (R®)
—_ R (R7)a
RO N,
Re 19 3-5
Q N ,— 0
— 72
(i) deprotect HN%H . N\_|_/N_<R9
(i) HO-G RY (R7) b
R5 N 0
RZ-N" Rt
R3

5 where a protected form of the Suzuki coupling partners 3-1' or 3-3' in which the nitrogen
on the proline bears a protecting group Pg , and intermediates 3-2', 3-4, or 3-4", bearing
the substituent R’, are used in the first step to form a protected intermediate 3-5. The
protected intermediate 3-5 is (i) deprotected conventionally, and then (ii) reacted with a
reagent HO-G to provide a compound of the invention.

10 The bromo intermediate 3-2 of Scheme 3A may be prepared, for example, by
amide coupling of arylamine 4-1 with a fluoropyridine carbonyl chloride 2-1, followed by

reaction with a protected piperazine 2-3 as shown in Scheme 4.
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Scheme 4
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Br@NHZ + 7N
_|_ Cl —
(R,
4-1 2-1
HN  N-P —
+ \_\_/ g
(R
2-3
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- > Br4®~(N)H¥<\i>7F
(R7),

4-2

3-2

Alternatively, intermediate 3-2 may be prepared by the reaction of 4-1 with the carboxylic

acid intermediate 1-2 as given in Scheme 5.

5 Scheme 5

=N
Br@NHZ +Hz \ / N(_PN—PQ —
(RY)

(Ra)b

4-1 1-2

o} =N N\
S NV Q\ /RN
' &,

3-2

It will be readily understood that intermediates bearing the substituent R may be

prepared from the corresponding protected compound. For example, the bromo

10  intermediate 3-2', may be prepared by deprotecting intermediate 3-2 and then reacting

with an acid chloride or carboxylic acid as in Scheme 1.

Processes for the preparation of intermediates 1-1 and 1-2 used in process Scheme

1 are given in the following schemes.

Q N —
>\—</:>—F + HN  N-Pg
HO — \_l_/

(R
5 6-1 2-3

Scheme 6

[E—

0] —N
N N—P
Ho' 7/ W °
(R)
12

The reaction in Scheme 6 of a fluoronicotinic acid 6-1 with the protected piperazine 2-3

to provide intermediate 1-2 is typically performed using a Grignard reagent such as

isopropylmagnesium chloride at a temperature below about -20 °C.

The biaryl aniline intermediate 1-1 may be prepared by the Suzuki coupling

20 reaction of Scheme 7, where, as shown, either coupling partner may bear the boronate

moiety.
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Scheme 7

HN%’BF j:O‘B@NH

= " B 2

R4 N © (R HNN Y

s O S
N

R® 3-3 7-1 (R?) a
R ~G 1-1
RG
O
HNWBi + Br@NHZ

\N O ==
4
Rd ()
5 ~
R N G 44 -

Intermediates 3-1 and 3-3 used in the Suzuki reaction of Schemes 3 and 7 may be

5 prepared, for example, as shown in Schemes 8 and 9.

Scheme 8§
O, R* 4
Br + 5 P Rs P Q
X R —_— R Br
R6 N\ OH R6 N\ O
Pg Pg
8-1 8-2 8-3
HNTN
> Re R
A N RS NH
R P9 84 R® 85
R6
HO-G
—_—

Reagent 8-1, where X represents bromo or chloro, is reacted with a protected
proline carboxylic acid 8-2 to provide intermediate 8-3 which is converted to intermediate
10 8-4 in the presence of an excess of ammonium acetate. The ring closure reaction
typically is performed at a temperature between about 100 °C and about 120 °C for a
period of about 4 to about 24 hours. To provide compound 3-3, intermediate 8-4 is
typically deprotected and coupled with a reagent HO-G to provide compound 3-3.
Finally, the boronate intermediates of Scheme 3 may be prepared from the

15  corresponding bromo compounds. For example, to provide boronate intermediate 3-1,
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intermediate 3-3 is reacted with bis(pinacolato)diboron, 9-1, in the presence of a

palladium catalyst as shown in Scheme 9.

Scheme 9
O
HNwBr o 0 =\ o
=N + BB RY

R4 O O N

N R® G
R5 ~G R6

© -
R 33 9.1 31
5 Similarly, the boronate intermediate 3-4 may be prepared by the reaction of bromo

intermediate 3-2 with the diboron 9-1 under similar conditions. Further, a boronic acid
Suzuki coupling partner may also be prepared from the corresponding bromo compound
by reaction with a borate ester in the presence of a Grignard reagent, e.g.
isopropylmagnesium chloride. See, for example, Preparation 44 below.

10 Compounds of Formula 10-5 in which the variable Ay, is defined as —C(O)NH- are
prepared by processes analogous to those described above. One exemplary process for

the preparation of compounds of Formula 10-5 is shown in Scheme 10.
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Scheme 10
N
HN/\> < > < > ( 7 NN  N—
R¢ (R7) (R® |,
RS HY-N-g 10-1 10-2

The acid 10-1 and aminopyridine 10-2 are reacted under amide bond formation
conditions to provides a protected intermediate of formula 10-3 which is then deprotected
5 and reacted with an acid chloride or carboxylic acid as in Scheme 1 to provide final
compounds of the invention.
The intermediates of Scheme 10 may be prepared by conventional synthetic
reactions. For example, the biaryl acid 10-1 may be prepared by the Suzuki coupling of
boronate intermediate 3-1 with a bromobenzoic acid ester 11-1 followed by hydrolysis

10 (not shown) to the acid to provide the biaryl acid, as shown in Scheme 11.

Scheme 11
— 0
\ HN’\>_< >_<\ />_(
HN -~ OH
a
» N (R7) R5 N\G
R G 3-1 11-1 R® 10-1

R6
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Alternatively, compounds of formula 10-3 may be prepared by the reaction

illustrated in Scheme 12:

Scheme 12
=N/
= o g
R4 \ (R7)a (R)b
R® G
RS 12-1
3-1
N 4 \
7 SN N-Pg
, =/ |
(R®)

S or, alternatively, by the Suzuki coupling reaction of bromo intermediate 3-3 with a
boronate or boronic acid analog of 12-1.
Analogously, to the process described in Scheme 3 above, if the protected

intermediate 12-1 were replaced by an intermediate 12-1'

—N /\ _40
Br@—gs \_7/ N\_\_/N RO

(R7) e GON

10 then the reaction of Scheme 12 would directly provide a final compound of the invention.
Bromo intermediate 12-1 may be prepared by the amide coupling of a bromo-

benzoic acid 13-1 with intermediate 10-2 as illustrated in Scheme 13.

Scheme 13
4@—< + HQNO |/ N Pg @—QN \Q/ \_\_/ P
(RS) (Rs)b
13-1 10-2 12-1

15  and the corresponding intermediate 12-1' is prepared from 12-1 by deprotection of 12-1
and reaction with an appropriate acid chloride or carboxylic acid.
Finally, amine intermediate 10-2 is conveniently prepared from a nitro-
substituted chloropyridine which is reacted with a protected piperazine 2-3 to provide a

protected intermediate 14-2 as shown in Scheme 14.
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Scheme 14
N N —
72\ N oN—" SN . N-p
O,N cl + HN N-Pg — 2 g
2 Q AR =/ \|v
(R® (R® b,
14-1 2-3 14-2
7R
H,N N , N—-P
7 TN\
(Rg)b
10-2

Reduction of the nitro group to the amine provides intermediate 10-2.

Details regarding specific reaction conditions and other procedures for preparing
representative compounds of the invention or intermediates thereto are described in the
examples below.

Thus, in one of its method aspects, the invention provides the processes of
Schemes 1-14 and variations thereto described above as well as the processes exemplified
below.

In a particular method aspect, the invention provides a process illustrated in
Scheme 3B, the process comprising: (a) reacting a protected bromo intermediate 3-3' with
a boronate 3-4' or boronic acid 3-4" intermediate, to provide a protected intermediate 3-5,
(b) deprotecting intermediate 3-5, and (c¢) reacting the deprotected intermediate with a
reagent HO-G, to provide a compound of the invention of the formula (II') or a
pharmaceutically-acceptable salt thereof. This aspect includes a process of preparing a
compound of formula (II') in which R' is Cy.ealkyl or tetrahydropyran, R” is hydrogen, R
is -C(0)OC .alkyl, R* is methyl or methoxy, R> and R® are both hydrogen, R’ is fluoro,
chloro, or ~OCF3, R® is methyl, R’ is rert-butyl or 3-hydroxy-2,2-dimethylpropyl, a is 1
or2,and b is 1. In a particular aspect, a boronic acid 3-4" is used in step (a).

It will further be understood, this disclosure encompasses compounds of
formula (I) when prepared by synthetic processes such as those described above and
below or by metabolic processes including those occurring iz vivo in human or animal

body or in vitro.
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Pharmaceutical Compositions

The compounds of the invention and pharmaceutically-acceptable salts thereof are
typically used in the form of a pharmaceutical composition or formulation. Such
pharmaceutical compositions may be administered to a patient by any acceptable route of
administration including, but not limited to, oral, rectal, vaginal, nasal, inhaled, topical
(including transdermal) and parenteral modes of administration.

Accordingly, in one of its compositions aspects, the invention is directed to a
pharmaceutical composition comprising a pharmaceutically-acceptable carrier or
excipient and a compound of formula (I), where, as defined above, "compound of formula
()" means a compound of formula (I) or a pharmaceutically-acceptable salt thereof.
Optionally, such pharmaceutical compositions may contain other therapeutic and/or
formulating agents if desired. When discussing compositions and uses thereof, the
"compound of the invention" may also be referred to herein as the "active agent”. As
used herein, the term "compound of the invention" is intended to include all compounds
encompassed by formula (I) as well as the species embodied in formulas (II), (IT"), (III),
(IV), (IVa), (IVDb), and (V) and pharmaceutically-acceptable salts thereof

The pharmaceutical compositions of the invention typically contain a
therapeutically effective amount of a compound of the present invention. Those skilled in
the art will recognize, however, that a pharmaceutical composition may contain more than
a therapeutically effective amount, i.e., bulk compositions, or less than a therapeutically
effective amount, i.e., individual unit doses designed for multiple administration to
achieve a therapeutically effective amount.

Typically, such pharmaceutical compositions will contain from about 0.1 to about
95% by weight of the active agent; preferably, from about 5 to about 70% by weight; and
more preferably from about 10 to about 60% by weight of the active agent.

Any conventional carrier or excipient may be used in the pharmaceutical
compositions of the invention. The choice of a particular carrier or excipient, or
combinations of carriers or excipients, will depend on the mode of administration being
used to treat a particular patient or type of medical condition or disease state. In this
regard, the preparation of a suitable pharmaceutical composition for a particular mode of
administration is well within the scope of those skilled in the pharmaceutical arts.
Additionally, the carriers or excipients used in the pharmaceutical compositions of this
invention are commercially-available. By way of further illustration, conventional

formulation techniques are described in Remington: The Science and Practice of
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Pharmacy, 20th Edition, Lippincott Williams & White, Baltimore, Maryland (2000); and
H.C. Ansel et al., Pharmaceutical Dosage Forms and Drug Delivery Systems, 7th Edition,
Lippincott Williams & White, Baltimore, Maryland (1999).

Representative examples of materials which can serve as pharmaceutically
acceptable carriers include, but are not limited to, the following: sugars, such as lactose,
glucose and sucrose; starches, such as corn starch and potato starch; cellulose, such as
microcrystalline cellulose, and its derivatives, such as sodium carboxymethyl cellulose,
cthyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients,
such as cocoa butter and suppository waxes; oils, such as peanut oil, cottonseed oil,
safflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols, such as propylene
glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; esters, such
as ethyl oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide
and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's
solution; ethyl alcohol; phosphate buffer solutions; and other non-toxic compatible
substances employed in pharmaceutical compositions.

Pharmaceutical compositions are typically prepared by thoroughly and intimately
mixing or blending the active agent with a pharmaceutically-acceptable carrier and one or
more optional ingredients. The resulting uniformly blended mixture can then be shaped
or loaded into tablets, capsules, pills and the like using conventional procedures and
equipment.

The pharmaceutical compositions of the invention are preferably packaged in a
unit dosage form. The term "unit dosage form" refers to a physically discrete unit
suitable for dosing a patient, i.e., each unit containing a predetermined quantity of active
agent calculated to produce the desired therapeutic effect either alone or in combination
with one or more additional units. For example, such unit dosage forms may be capsules,
tablets, pills, and the like, or unit packages suitable for parenteral administration.

In one embodiment, the pharmaceutical compositions of the invention are suitable
for oral administration. Suitable pharmaceutical compositions for oral administration
may be in the form of capsules, tablets, pills, lozenges, cachets, dragees, powders,
granules; or as a solution or a suspension in an aqueous or non-aqueous liquid; or as an
oil-in-water or water-in-oil liquid emulsion; or as an elixir or syrup; and the like; each
containing a predetermined amount of a compound of the present invention as an active

ingredient.
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When intended for oral administration in a solid dosage form (i.e., as capsules,
tablets, pills and the like), the pharmaceutical compositions of the invention will typically
comprise the active agent and one or more pharmaceutically-acceptable carriers, such as
sodium citrate or dicalcium phosphate. Optionally or alternatively, such solid dosage
forms may also comprise: fillers or extenders, such as starches, microcrystalline cellulose,
lactose, sucrose, glucose, mannitol, and/or silicic acid; binders, such as
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia;
humectants, such as glycerol; disintegrating agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and/or sodium carbonate; solution
retarding agents, such as paraffin; absorption accelerators, such as quaternary ammonium
compounds; wetting agents, such as cetyl alcohol and/or glycerol monostearate;
absorbents, such as kaolin and/or bentonite clay; lubricants, such as talc, calcium stearate,
magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and/or mixtures
thereof; coloring agents; and buffering agents.

Release agents, wetting agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the
pharmaceutical compositions of the invention. Examples of pharmaceutically-acceptable
antioxidants include: water-soluble antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium bisulfate, sodium metabisulfate, sodium sulfite and the like; oil-
soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, lecithin, propyl gallate, alpha-tocopherol, and the like; and metal-
chelating agents, such as citric acid, ethylenediamine tetraacetic acid, sorbitol, tartaric
acid, phosphoric acid, and the like. Coating agents for tablets, capsules, pills and like,
include those used for enteric coatings, such as cellulose acetate phthalate, polyvinyl
acetate phthalate, hydroxypropyl methylcellulose phthalate, methacrylic acidmethacrylic
acid ester copolymers, cellulose acetate trimellitate, carboxymethyl ethyl cellulose,
hydroxypropyl methyl cellulose acetate succinate, and the like.

Pharmaceutical compositions of the invention may also be formulated to provide
slow or controlled release of the active agent using, by way of example, hydroxypropyl
methyl cellulose in varying proportions; or other polymer matrices, liposomes and/or
microspheres. In addition, the pharmaceutical compositions of the invention may
optionally contain opacifying agents and may be formulated so that they release the active
ingredient only, or preferentially, in a certain portion of the gastrointestinal tract,

optionally, in a delayed manner. Examples of embedding compositions which can be
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used include polymeric substances and waxes. The active agent can also be in micro-
encapsulated form, if appropriate, with one or more of the above-described excipients.

Suitable liquid dosage forms for oral administration include, by way of
illustration, pharmaceutically-acceptable emulsions, microemulsions, solutions,
suspensions, syrups and elixirs. Liquid dosage forms typically comprise the active agent
and an inert diluent, such as, for example, water or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl
alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (esp., cottonseed,
groundnut, corn, germ, olive, castor and sesame oils), oleic acid, glycerol, tetrahydrofuryl
alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.
Alternatively, certain liquid formulations can be converted, for example, by spray drying,
to a powder, which is used to prepare solid dosage forms by conventional procedures.

Suspensions, in addition to the active ingredient, may contain suspending agents
such as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and
sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar
and tragacanth, and mixtures thereof.

The compounds of this invention can also be administered parenterally (e.g. by
intravenous, subcutaneous, intramuscular or intraperitoneal injection). For parenteral
administration, the active agent is typically admixed with a suitable vehicle for parenteral
administration including, by way of example, sterile aqueous solutions, saline, low
molecular weight alcohols such as propylene glycol, polyethylene glycol, vegetable oils,
gelatin, fatty acid esters such as ethyl oleate, and the like. Parenteral formulations may
also contain one or more anti-oxidants, solubilizers, stabilizers, preservatives, wetting
agents, emulsifiers, buffering agents, or dispersing agents. These formulations may be
rendered sterile by use of a sterile injectable medium, a sterilizing agent, filtration,
irradiation, or heat.

Alternatively, the pharmaceutical compositions of the invention are formulated for
administration by inhalation. Suitable pharmaceutical compositions for administration by
inhalation will typically be in the form of an aerosol or a powder. Such compositions are
generally administered using well-known delivery devices, such as a metered-dose
inhaler, a dry powder inhaler, a nebulizer or a similar delivery device.

When administered by inhalation using a pressurized container, the
pharmaceutical compositions of the invention will typically comprise the active

ingredient and a suitable propellant, such as dichlorodifluoromethane,
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trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas.
Additionally, the pharmaceutical composition may be in the form of a capsule or cartridge
(made, for example, from gelatin) comprising a compound of the invention and a powder
suitable for use in a powder inhaler. Suitable powder bases include, by way of example,
lactose or starch.

The compounds of the invention can also be administered transdermally using
known transdermal delivery systems and excipients. For example, the active agent can be
admixed with permeation enhancers, such as propylene glycol, polyethylene glycol
monolaurate, azacycloalkan-2-ones and the like, and incorporated into a patch or similar
delivery system. Additional excipients including gelling agents, emulsifiers and buffers,
may be used in such transdermal compositions if desired.

The following non-limiting examples illustrate representative pharmaceutical
compositions of the present invention.

Oral solid dosage form

A compound of the invention is dissolved in polyethylene glycol acidified to
pH < 2 with optional heating to form a solution comprising 10 % w/w or 40 % w/w active
agent. The solution is spray dried to form a powder. The resulting powder is loaded into
capsules, for example gelatin or hydroxypropyl methylcellulose capsules, to provide a
unit dosage of 14 mg or 56 mg, respectively, active agent per capsule,.

Oral liquid formulation

A compound of the invention (100 mg) is added to a mixture of ethanol (5 mL),
propylene glycol (10 mL), and polyethylene glycol (25 mL). Once dissolution is
achieved, acidified distilled water (q.s. to 100 mL) is added to provide a liquid
formulation at a concentration of 1 mg/mL active agent.

Lipid emulsion formulation

A lipid emulsion formulation comprising a compound of the invention (10 %),
oleic acid (78 %) polyethylene glycol (10 %), and polysorbate 20 (2 %) w/w is formed by
adding a compound of the invention to a mixture of the remaining ingredients.

Lipid emulsion formulation

A lipid emulsion formulation comprising a compound of the invention (10 %) and
oleic acid (90 %) w/w is formed by adding a compound of the invention to oleic acid.

Micro-emulsion formulation

A compound of the invention (1 g) is dissolved in a mixture of ethanol (2 mL),
propylene glycol (2 mL), polyethylene glycol 400 (4 mL), and polyethylene glycol-15-
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hydroxystearate (4 mL). Acidified distilled water (q.s. to 100 mL) is added to form a
self-emulsifying micro-emulsion formulation.
Utility

The compounds of the invention have been shown to inhibit viral replication in
HCYV replicon assays and therefore are expected to be useful for the treatment of hepatitis
C viral infections.

In one aspect, therefore, the invention provides a method of inhibiting replication
of the hepatitis C virus in a mammal (e.g., a human), the method comprising
administering to the mammal a therapeutically-effective amount of a compound of the
invention or of a pharmaceutical composition comprising a pharmaceutically-acceptable
carrier and a compound of the invention.

The invention further provides a method of treating hepatitis C viral infections in
a mammal (e.g., a human), the method comprising administering to the mammal a
therapeutically-effective amount of compound of the invention or of a pharmaceutical
composition comprising a pharmaceutically-acceptable carrier and a compound of the
invention.

The compounds of the invention may inhibit viral replication by inhibiting the
function of the NS5A protein encoded by the HCV genome. In one aspect, therefore, the
invention provides a method of inhibiting the NSSA protein of HCV in a mammal, the
method comprising administering to the mammal, a compound or a composition of the
invention.

When used to treat HCV infections, the compounds of the invention will typically
be administered orally in a single daily dose or in multiple doses per day, although other
forms of administration may be used. The amount of active agent administered per dose
or the total amount administered per day will typically be determined by a physician, in
the light of the relevant circumstances, including the condition to be treated, the chosen
route of administration, the actual compound administered and its relative activity, the
age, weight, and response of the individual patient, the severity of the patient's symptoms,
and the like.

Suitable doses for treating HCV infections will range from about 1 to about
2000 mg/day of active agent, including from about 5 to about 300 mg/day and from about
10 to about 200 mg per day of active agent for an average 70 kg human.
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Combination therapy

Compounds of the invention may also be used in combination with one or more
agents which act by the same mechanism or by different mechanisms to effect treatment
of HCV. Useful classes of agents for combination therapy include, but are not limited to,
HCV NS3 protease inhibitors, HCV NS5B nucleoside and non-nucleoside polymerase
inhibitors, helicase inhibitors, NS4B protein inhibitors, HCV viral entry inhibitors,
cyclophyllin inhibitors, toll-like receptor agonists, inhibitors of heat shock proteins,
interfering RNA, antisense RNA, HCV internal ribosome entry site (IRES) inhibitors,
thiazolides, nucleoside analogs such as ribavirin and related compounds, interferons and
other immunomodulatory agents, inosine 5’-monophosphate dehydrogenase (IMPDH)
inhibitors, and other NS5A protein inhibitors. Agents which act to inhibit HCV
replication by any other mechanism may also be used in combination with the present
compounds.

HCV NS3 protease inhibitors which may be used in combination therapy include,
but are not limited to, Incivek® (telaprevir, VX-950), boceprevir (SCH-503034),
simeprevir (TMC-435), narlaprevir (SCH-900518), vaniprevir (MK-7009), danoprevir
(ITMN-191, R-7227), BI-201335, ABT-450/r, asunaprevir (BMS-650032), GS-9256,
GS-9451, sovaprevir (ACH-1625), ACH-2684, BMS-605339, VX-985, PHX-1766,
BMS-791325, IDX-320, and MK-5172.

Examples of HCV NS5B nucleoside polymerase inhibitors include, but are not
limited to, mericitabine (RG7128), IDX-184, sofosbuvir (GS-7977, PSI-7977), PSI-7851,
PSI-938, BMS-986094 (INX-189, INX-08189), RG7348, MK-0608, TMC-649128,
HCV-796, and ALS-2200 (VX-135),while, non-nucleoside HCV NS5B polymerase
inhibitors, include but are not limited to, filibuvir (PF-8685540), tegobuvir (GS-9190),
VX-222, VX-759, setrobuvir (ANA-598), ABT-072, ABT-333, BI-207127, BMS-
791325, MK-3281, IDX-37, BMS-824393, TMC-647055.

A wide variety of interferons and pegylated interferons, including alpha, beta,
omega, and gamma interferons, having antiviral, antiproliferative or immunomodulatory
effects, can be combined with the present compounds. Representative examples include,
but are not limited to, Intron® A (interferon-alpha2b), Actimmune® (interferon-gamma-
1b), Alferon N, Advaferon®, Roferon-A (interferon alpha-2a) Peglntron® (peginterferon-
alpha 2b), Alfaferone, Pegasys® (peginterferon alpha-2a), Alfanative (interferon alpha),
Zalbin™ (albinterferon alpha-2b), Infergon® (interferon alfacon-1), Omega DUROS®
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(omega interferon), Locteron™ (interferon alpha), PEG-rIL-29 (pegylated interferon
lambda), and Rebif® (interferon beta-1a).

Nucleoside analog antiviral agents include, but are not limited to, ribavirin
(Copegus®, Rebetol®,Virazole®) and Viramidine (taribavirin). Interferons and ribavirin
are also provided in in the form of kits which include, for example, but are not limited to,
Rebetron® (interferon alpha-2b/ribavirin) and Pegetron® (Peginterferon alpha-
2b/ribavirin)

Useful compounds acting by other mechanisms include, but are not limited to:
cyclophilin inhibitors, such as DEB-025, SCY-635, NIM-811, and cyclosporine and
derivatives; toll-like receptor agonists, such as resiquimod, IMO-2125, and ANA-773,
HCYV viral entry inhibitors, such as civacir, thiazolides, such as nitazoxanide, and broad-
spectrum viral inhibitors, such as, inosine-5’-monophosphate dehydrogenase (IMPDH)
inhibitors.

In addition, compounds of the invention may be combined with an NS5A
inhibitor, for example, daclatasvir (BMS-790052), AZD-7295, PPI-461, PPI-1301, GS-
5885, GSK2336805, ABT-267, ACH-2928, ACH-3102, EDP-239, IDX-719, MK-8742,
or PPI-668.

In another aspect, therefore, the invention provides a therapeutic combination for
use in the treatment of hepatitis C viral infections, the combination comprising a
compound of the invention and one or more other therapeutic agents useful for treating
HCV. For example, the invention provides a combination comprising a compound of the
invention and one or more agents selected from HCV NS3 protease inhibitors, HCV
NS5B nucleoside and non-nucleoside polymerase inhibitors, interferons and pegylated
interferons, cyclophilin inhibitors, HCV NS5A inhibitors, and ribavirin and related
nucleoside analogs. Also provided, therefore, is a pharmaceutical composition
comprising a compound of the invention and one or more other therapeutic agents useful
for treating HCV.

Further, in a method aspect, the invention provides a method of treating a hepatitis
C viral infection in a mammal, the method comprising administering to the mammal a
compound of the invention and one or more other therapeutic agents useful for treating
HCV.

In another method aspect, the invention provides a method of inhibiting

replication of the hepatitis C virus in a mammal, the method comprising administering to
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the mammal a compound of the invention and one or more other therapeutic agents useful
for inhibiting replication of the hepatitis C virus.

For example, in one method aspect, the invention provides a method of treating a
hepatitis C viral infection in a mammal, the method comprising administering to the
mammal a compound of the invention, an interferon or pegylated interferon, and
ribavirin.

In another exemplary method aspect, the invention provides a method of treating a
hepatitis C viral infection in a mammal, the method comprising administering to the
mammal a compound of the invention, an interferon or pegylated interferon, ribavirin,
and an HCV NS3 protease inhibitor.

In still another method aspect, the invention provides a method of treating a
hepatitis C viral infection in a mammal, the method comprising administering to the
mammal a compound of the invention, an HCV NS3 protease inhibitor, and ribavirin.

Still other all-oral combination therapies useful in other method aspects, include,
for example, a compound of the invention and an HCV NS3 protease inhibitor; a
compound of the invention and an HCV NS5B nucleoside polymerase inhibitor; a
compound of the invention, an HCV NS5B nucleoside polymerase inhibitor, and
ribavirin; a compound of the invention, an HCV NS3 protease inhibitor, and an HCV
NS5B nucleoside polymerase inhibitor; a compound of the invention, an HCV NS3
protease inhibitor, an HCV NS5B nucleoside polymerase inhibitor and ribavirin; a
compound of the invention, an HCV NS3 protease inhibitor, and an HCV NS5B non-
nucleoside polymerase inhibitor; and a compound of the invention, an HCV NS3 protease
inhibitor, an HCV NS5B non-nucleoside polymerase inhibitor and ribavirin.

In another method aspect, the invention provides a method of inhibiting
replication of the hepatitis C virus in a mammal, using a compound of the invention in
combination with other agents, as described above.

When used in combination therapy, the agents may be formulated in a single
pharmaceutical composition, as disclosed above, or the agents may be provided in
separate compositions that are administered simultaneously or at separate times, by the
same or by different routes of administration. When administered separately, the agents
are administered sufficiently close in time so as to provide a desired therapeutic effect.
Such compositions can be packaged separately or may be packaged together as a kit. The
two or more therapeutic agents in the kit may be administered by the same route of

administration or by different routes of administration.
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Finally, the compounds of the invention may also find utility as research tools, for

example, for discovering new HCV NS5A protein inhibitors or explicating mechanisms

of HCV replication.

Compounds of the invention have been demonstrated to be potent inhibitors of

HCYV replication in HCV replicon assays, as described in the following examples.

EXAMPLES

The following synthetic and biological examples are offered to illustrate the

invention, and are not to be construed in any way as limiting the scope of the invention.

In the examples below, the following abbreviations have the following meanings unless

otherwise indicated. Abbreviations not defined below have their generally accepted

meanings.

ACN = acetonitrile

DCM = dichloromethane

DIPEA = N,N-diisopropylethylamine

DMA = N,N-dimethylacetamide

DMF = N,N-dimethylformamide

DMP = 1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-one (Dess-
Martin periodinane)

DMSO = dimethyl sulfoxide

EDC = N-(3-dimethylaminopropyl)-V-ethylcarbodiimide
hydrochloride

EtOAc = ethyl acetate

h = hour(s)

HATU = N,N,N',N'-tetramethyl-O-(7-azabenzotriazol-1-yl)uronium
hexafluorophosphate

HCTU = 2-(6-chloro-1H-benzotriazole-1- yl1)-1,1,3,3-
tetramethylaminium hexafluorophosphate

HOAt 1-hydroxy-7-azabenzotriazole

min = minute(s)

Pd(dppf)Cl,= dichloro(1,1’°-bis(diphenylphosphino)-
ferrocene)dipalladium(IT)

MTBE = methyl fert-butyl ether

RT = room temperature

TFA = trifluoroacetic acid

THF = tetrahydrofuran

bis(pinacolato)diboron = 4,4,5,54' 45,5 -octamethyl-

[2,2']bi[[1,3,2]dioxaborolanyl]

Reagents and solvents were purchased from commercial suppliers (Aldrich, Fluka,

Sigma, etc.), and used without further purification. Reactions were run under nitrogen

atmosphere, unless noted otherwise. Progress of reaction mixtures was monitored by thin

layer chromatography (TLC), analytical high performance liquid chromatography (anal.
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HPLC), and mass spectrometry. Reaction mixtures were worked up as described
specifically in each reaction; commonly they were purified by extraction and other
purification methods such as temperature-, and solvent-dependent crystallization, and
precipitation. In addition, reaction mixtures were routinely purified by preparative
HPLC, typically using C18 or BDS column packings and conventional eluents. Typical
preparative HPLC conditions are described below.

Characterization of reaction products was routinely carried out by mass and
'H-NMR spectrometry. For NMR analysis, samples were dissolved in deuterated solvent
( such as CD3;0D, CDCls, or dg-DMSO), and "H-NMR spectra were acquired with a
Varian Gemini 2000 instrument (400 MHz) under standard observation conditions. Mass
spectrometric identification of compounds was performed by an electrospray ionization
method (ESMS) with an Applied Biosystems (Foster City, CA) model API 150 EX
instrument or an Agilent (Palo Alto, CA) model 1200 LC/MSD instrument.

General Preparative HPLC Conditions

Column: C18, 5 pm. 21.2 x 150 mm or C18, 5 um 21 x 250 or C14 21x150
Column temperature: Room Temperature

Flow rate: 20.0 mL/min

Mobile Phases: A =Water + 0.05 % TFA

B=ACN+0.05% TFA,

Injection volume: (100-1500 uL)
Detector wavelength: 214 nm

Crude compounds were dissolved in 1:1 water:acetic acid at about 50 mg/mL . A
4 minute analytical scale test run was carried out using a 2.1 x 50 mm C18 column
followed by a 15 or 20 minute preparative scale run using 100 pL injection with the
gradient based on the % B retention of the analytical scale test run. Exact gradients were
sample dependent. Samples with close running impurities were checked with a 21 x 250
mm C18 column and/or a 21 x 150 mm C14 column for best separation. Fractions

containing desired product were identified by mass spectrometric analysis.

Analytical HPLC
Column: Zorbax Bonus-RP 3.5 um. 4.6 x 150 mm
Column temperature: 35 °C
Flow rate: 1.0 mL/min
Injection volume: SuL

Sample preparation: ~ Dissolve in 1:1 ACN:water
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Method A

Mobile Phases: A = Water/ACN (98:2) + 0.1 % TFA
B = Water/ACN (10:90) + 0.1 % TFA
Detector wavelength: 254 nm
5 Gradient: 21 min total (time (min)/ % B): 0.5/10, 15/60, 16.5/80,
17/80, 18/10, 21/10

Method B
Mobile Phases: A = Water/ACN (98:2) + 0.1 % TFA
B = Water/ACN (2:98) + 0.5 % TFA
10 Detector wavelength: 214 nm
Gradient: 29 min total (time (min)/ % B): 0.5/10, 24/90, 25/90,

26/10, 29/10

Preparation 1; (R)-4-[5-(4-Bromo-2-chloro-5-trifluoromethoxy-
15  phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine-1-carboxylic acid zert-butyl

Qwﬁ“ %

(a) 4-Bromo-2-chloro-5-trifluoromethoxy-phenylamine

ester

To a mixture of 4-bromo-3-trifluoromethoxy-phenylamine (2.0 g, 7.8 mmol) in
20  ACN (60 mL) was slowly added a solution of N-chlorosuccinimide (1.0 g, 7.8 mmol) in
ACN (40 mL). The reaction mixture was heated at 60 °C overnight and extracted with
ethyl actetate/water. The organic layer was dried over sodium sulfate and purified by
flash chromatography (40 g column, 100% hexanes to 10% EtOAc: hexanes) to produce
the desired product as an orange-ish_colored oil (1.4 g, 64 % yield).

25  (b) N-(4-Bromo-2-chloro-5-trifluoromethoxy-phenyl)-6-fluoro-nicotinamide

To a solution of the product of the previous step (1.2 g, 4.1 mmol) in DCM (5 mL)
was slowly added a solution of 2-fluoropyridine-5-carbonyl chloride (0.66 g, 4.1 mmol)
in DCM (3 mL) and 20 drops of DMA were added. The reaction mixture was
concentrated to form a yellowish solid (2 g). (m/z): [M+H]" calcd for C;3HsBrCIF4N,O,

30  412.92,414.92 found 413, 415.

(c) (R)-4-[5-(4-Bromo-2-chloro-5-trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl1]-3-

methyl-piperazine-1-carboxylic acid tert-butyl ester

To a reaction mixture of the product of the previous step (999 mg, 2.42 mmol) in a

mixture of N, N-diisopropylethylamine (0.84 mL, 4.83 mmol;) and DMSO (0.86 mL,
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12.08 mmol) was added (R)-3-methyl-piperazine-1-carboxylic acid terz-butyl ester (726
mg, 3.62 mmol) and the reaction mixture was heated at 120 °C overnight and extracted
with ethyl acetate/water. The organic layer was dried over sodium sulfate and
concentrated under vacuum. The dark oil was dissolved in a small amount of DCM and
purified by silica gel chromatography (24 g column, 0-40% ethyl acetate:hexanes) to
produce the title intermediate as a white solid (916 mg, 64 % yield). (m/z): [M+H]" calcd
for C3HysBrCIF3N4O4 593.07, 595.07 found 595.4.

Preparation 2; (R)-4-[5-(4-Bromo-2-chloro-5-trifluoromethoxy-
phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine-1-carboxylic acid tert-butyl

{;

ester
,LCF3 =,
) e} —N O
IR
Br NH \—Q 0
Cl

Following the procedure of Preparation 1 step (c) substituting (2S5,5R)-2,5-
dimethyl-piperazine- 1-carboxylic acid tert-butyl ester (777 mg, 3.62 mmol) for (R)-3-
methyl-piperazine-1-carboxylic acid fert-butyl ester, the title intermediate was prepared
as a light yellow solid (1118 mg, 76 % yield). (m/z): [M+H]" calcd for Co4Hy,BrCIF;N4O4
607.09, 609.08 found 609.3.

Preparation 3: (S)-2-Methoxycarbonylamino-3-methyl-butyric acid

\/O

H -
O\([)]/\”J\O/

Methylchloroformate (14.5 mL, 0.188 mol) was added over 15 min to a cooled (0-
6 °C) mixture of (S)-2-amino-3-methyl-butyric acid (20.0 g, 0.171 mol), NaOH (6.80 g,
0.171 mol) and sodium carbonate (18.1 g, 0.171 mol) in water (200 mL). The cooling
bath was removed and the mixture was stirred at ambient temperature overnight. Conc.
aqueous HCI (30 mL) was added to the reaction mixture to adjust pH to ~1. A solid
formed and the mixture was stirred for 90 min. The mixture was filtered and the solid was
dried overnight under reduced pressure at 40 °C to provide the title intermediate (27.8 g,
93 % yield). 'H NMR (CD;0D, 400 MHz) & (ppm) 4.87 (br. s, 4H), 4.05 (d, ] = 5.49, 1
H), 3.65 (s, 3 H), 2.25-2.05 (m, 1 H), 0.98 (d, ] = 6.87, 3 H), 0.94 (d, ] = 6.87, 3 H).
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Preparation 4: 4-(4-Bromo-phenyl)-2-((25,45)-4-methyl-pyrrolidin-2-yl)-1H-

=N

NH

imidazole

(a) (8)-Pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-phenyl)-2-oxo-cthyl] ester 1-tert-
butyl ester
To a mixture of p-bromophenacyl bromide (242 mg, 0.87 mmol) in DCM (1.5
mL) and DMA (1.5 mL), under nitrogen, was added (25,45)-4-methyl-pyrrolidine-1,2-

dicarboxylic acid 1-tert-butyl ester (200 mg, 0.87 mmol) and N, N-diisopropylethylamine

(531.8 uL, 3.05 mmol) and the resulting mixture was stirred at 35 °C for 3 h,

concentrated under vacuum, dissolved in DCM (30 mL), and washed with water (2 x 5

ml). The organic layer was dried over magnesium sulfate, filtered, and concentrated under

vacuum to provide the title intermediate.

(b) (28,45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-y1]-4-methyl-pyrrolidine- 1 -carboxylic
acid tert-butyl ester

The product of the previous step was dissolved in toluene (20.0 mL), ammonium
acetate (1.345 g, 17.45 mmol) was added, and resulting mixture was stirred at 95 °C
overnight, concentrated and purified by silica gel chromatography (24 g, 0-80%
EtOAc/hexanes)) to give the title product (265 mg) (m/z): [M+H]" calcd for
CioH2BrN;O, 406.11, 408.11 found 408.5.

(c) 4-(4-Bromo-phenyl)-2-((2S,45)-4-methyl-pyrrolidin-2-yl)-1 H-imidazole

The product of the previous step was treated with 4 M HCl in 1,4-dioxane (2.0
mL) for 1 h and concentrated by rotary evaporation to provide the di-HCI salt of the title
intermediate (224 mg, 68 % yield). (m/z): [M+H]" calcd for C14H,BrN; 306.06, 308.06
found 306.3.

Preparation 5: ((5)-1-{(25,45)-2-[4-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-
methyl-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

—C%\N
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A mixture of (§)-2-methoxycarbonylamino-3-methyl-butyric acid (103 mg, 0.59
mmol, Preparation 3) and HATU (270 mg, 0.71 mmol) were stirred in DMA (2 mL) for
10 min and then 4-(4-Bromo-phenyl)-2-((25,4S)-4-methyl-pyrrolidin-2-yl)-1 H-imidazole
2 HCI (224 mg, 0.59 mmol, Preparation 4) and N, N-diisopropylethylamine (0.31 mL, 1.8
mmol) were added. The resulting mixture was stirred at RT overnight, diluted with ethyl
acetate (50 mL), and washed with water (2 x 5 mL). The organic layer was dried over
magnesium sulfate, filtered, concentrated and purified by silica gel chromatography (0-
100% EtOAc/hexanes)). Fractions with desired product were combined and concentrated
to give the title compound (183 mg, 66 % yield) (m/z): [M+H]" calcd for C»H,,BrN,4Oz
463.13, 465.12 found 465.3.

Preparation 6: [(S)-2-Methyl-1-((2S5,45)-4-methyl-2-{4-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-

carbonyl)-propyl]-carbamic acid methyl ester

0O
HN \>_< >7B/

N._.O
HN\j’(
~o" X0

To a solution of ((S)-1-{(28S,4S)-2-[4-(4-bromo-phenyl)-1H-imidazol-2-yl]-4-
methyl-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester (183 mg,
0.39 mmol; Preparation 5) and 4,4,5,5,4',4',5',5"-octamethyl-
[2,2"bi[[1,3,2]dioxaborolanyl] (120 mg, 0.47mmol) in 1,4-dioxane (5 mL) was added
potassium acetate (56 mg, 0.59 mmol). The resulting mixture was sparged with nitrogen,
Pd(dppf)Cl,.CH,Cl, (27 mg, 0.033 mmol) was added, and the reaction mixture was
capped and heated at 100 °C overnight. The reaction was cooled to RT and partitioned
between EtOAc (50 mL) and water (10 mL). The organic layer was washed with water (5
mL), brine (2 mL), dried over magnesium sulfate, filtered ,and concentrated to give a
dark-brown oil, which was purified by silica gel chromatography (24g silica gel, 0-100%
EtOAc/hexanes). Fractions with desired product were combined and dried to give the title
compound (94 mg, 47 % yield) as a white foam. (m/z): [M+H]" calcd for C»7H3,BN4Os
511.30 found 511.7.
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Preparation 7;: (2S,5R)-4-|5-(4-Bromo-2-chloro-5-trifluoromethyl-
phenylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine-1-carboxylic acid tert-butyl

{;

ester
F4C o N O
w—N N—<
Br NH \—Q 0
cl

To a solution of 5-amino-2-bromo-4-chlorobenzotrifluoride (466 mg, 1.70 mmol)
dissolved in DCM (1 mL) was slowly added a solution of 2-fluoropyridine-5-carbonyl
chloride (270 mg, 1.70 mmol) in DCM (1 mL). A few drops of DMA were added and the
reaction mixture was concentrated to form N-(4-bromo-2-chloro-5-trifluoromethyl-
phenyl)-6-fluoro-nicotinamide as a purple solid.

Half of the solid from the previous step was treated with N, N-
diisopropylethylamine (0.5 mL, 3 mmol), DMSO (0.5 mL, 7 mmol) and (2S,5R)-2,5-
dimethyl-piperazine-1-carboxylic acid tert-butyl ester (273 mg, 1.27 mmol) and the
reaction mixture was heated at 120 °C overnight, concentrated by rotary evaporation,
dissolved in a small amount of DCM and purified by silica gel chromatography (0-50%
cthyl acetate:hexanes) to produce the title intermediate (288 mg, 29 % yield) as a yellow
solid. (m/z): [M+H]" caled for Co4H,F4N404 591.09, 593.09 found 593.2.

Preparation 8: ((5)-1-{(S)-8-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-1,4-

dioxa-7-aza-spiro[4.4]nonane-7-carbonyl}-2-methyl-propyl)-carbamic acid methyl
HNWBr
=N

NTO
HN (

(a) (25.4R)-4-Hydroxy-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-pyrrolidine-2-

ester

o)

L

carboxylic acid methyl ester

To a solution of (25,4R)-4-hydroxy-pyrrolidine-2-carboxylic acid methyl ester in
dry DCM (200 mL) was added (S)-2-methoxycarbonylamino-3-methyl-butyric acid (10 g,
55 mmol), HATU (24 g, 63.25 mmol), and tricthylamine (16.7 g, 165 mmol. The reaction
mixture was stirred at RT overnight. DCM (200 mL) was added and the solution was
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washed with brine, dried, concentrated and purified by silica gel column chromatography
(eluted with petroleum ether:EtOAc 10:1 to 1:4)) to give the title intermediate as a yellow
0il (20 g). (m/z): [M+H]" calcd for C13H,N,O0¢ 303.15 found 303.1.

(b) (8)-1-((8)-2-Methoxycarbonylamino-3-methyl-butyryl)-4-oxo-pyrrolidine-2-

carboxylic acid methyl ester

To a solution of the product of the previous step (15 g, 50 mmol) in DCM
(500mL) was added DMP (60 g) and the reaction mixture was stirred at RT overnight,
washed with saturated sodium bicarbonate (3 x 100 mL), brine (100 mL), dried,
concentrated, and purified by silica gel column chromatography (eluted with petroleum
cther:EtOAc 1:2) to provide the title intermediate as a yellow oil (7.5 g, 50 % yield).
(m/z): [IM+H]" calcd for C;3H;N»0g 301.13 found 301.1.

(c) (S)-7-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-1.4-dioxa-7-aza-

spiro[4.4]nonane-8-carboxylic acid methyl ester

To a solution of the product of the previous step (7.5 g, 24.9 mmol) in toluene
(100 mL) was added ethane-1,2-diol (7.75 g, 125 mol) and 4-methylbenzenesulfonic acid
(860 mg, 5 mmol) and the mixture was stirred at reflux overnight. Ethyl acetate (300 mL)
was added and the solution was washed with saturated sodium bicarbonate, dried,
concentrated, and purified by silica gel column chromatography (eluted with petroleum
cther:EtOAc 1:1) to provide the title intermediate as a yellow solid (3.5 g, 41 % yield).
(m/z): [M+H]" calcd for CysH,,N>07 345.16 found 345.1.
(d) (S)-7-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-1.4-dioxa-7-aza-

spiro[4.4]nonane-8-carboxvlic acid

Lithium hydroxide (730 mg, 30.5 mmol) was added to a solution of the product of
the previous step (3.0 g, 7.1 mmol) in THF (40 mL) and water (30 mL). The reaction
mixture was stirred at RT for 3h and washed with EtOAc (2 x 10 mL). The aqueous layer
was adjusted to pH 1 with 2 M HCI and extracted with EtOAc (4 x 50 mL); portions were
combined, dried, and concentrated to give the product as a white solid (3 g, 89 % yield).
(m/z): [M+H]" calcd for C14H,:N,0O7 331.14 found 331.1.

(e) (8)-7-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-1.4-dioxa-7-aza-

spiro[4.4]nonane-8-carboxylic acid 2- (4-bromo-phenyl)-2-oxo-ethyl ester

To a solution of the product of the previous step (2.7 g, 8.17 mmol) in DMF(30
mL) was added 2-bromo-1-(4-bromo-phenyl)-ethanone (2.5 g, 8.99 mmol) and cesium
carbonate (5.3 g, 16.34 mmol) and the reaction mixture was stirred at RT for 4 h. Ethyl
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acetate (150 mL) was added and the solution was washed with brine (3 x 20 mL), dried,
filtered, concentrated, and purified by silica gel column chromatography (eluted with 0 to
50 % EtOAc in petroleum ether) to provide the title intermediate as a yellow solid (1.6 g,
37 % yield). (m/z): [M+H]" calcd for Cy,H,,BrN,Og 527.11, 529.10 found 527.0, 529.0.
(1) (()-1-{(S5)-8-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-1.4-dioxa-7-aza-

spiro[4.4]nonane-7-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

To a solution of the product of the previous step (1.5 g, 2.84 mmol) in toluene
(50 mL) was added ammonium acetate (3.3 g, 42.7 mmol) and the solution was stirred at
reflux overnight. Ethyl acetate (100 mL) was added and the solution was washed with
brine (3 x 20 mL), dried, filtered, concentrated, and purified by silica gel column
chromatography (eluted with 0 to 50 % EtOAc in petroleum ether) to provide the title
intermediate as a yellow solid (1.0 g, 69 % yield). (m/z): [M+H]" calcd for C2,H»BrN,4Os
507.12, 509.11 found 507.0, 509.0. 'H NMR (CH;0D, 400 ) & (ppm) 7.58-7.52 (m, 2
H), 7.49-7.42 (m, 2 H), 7.31 (s, 1H), 5.18-5.11 (m, 1 H), 4.17-3.78 (m, 7 H), 3.63 (s, 3 H),
2.52-2.42 (m, 2H), 2.01-1.92 (m, 1H), 0.92-0.82 (m, 6H).

Preparation 9; ((5)-1-{(S)-8-[4-(4'-Amino-2'-trifluoromethoxy-biphenyl-4-
yD-1H-imidazol-2-yl]-1,4-dioxa-7-aza-spiro[4.4|nonane-7-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester

/

CF,
o

[ﬁf o
’ HN\f"’(
~N0

(a) (4'-{2-[(S)-7-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-1.4-dioxa-7-aza-

spiro[4.4]non-8-v1]-1H-imidazol-4-y1} -2-trifluoromethoxy-biphenyl-4-y1)-carbamic

acid tert-butyl ester
To a solution of ((S)-1-{(S)-8-[4-(4-bromo-phenyl)-1 H-imidazol-2-yl]-1,4-dioxa-

7-aza-spiro[4.4]nonane-7-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (350

mg, 0.69 mmol) in dioxane (8 mL) and water (4 mL) was added [4-(4,4,5,5-tetramethyl-

[1,3,2]dioxaborolan-2-yl)-3-trifluoromethoxy-phenyl]-carbamic acid fert-butyl ester (334

mg, 0.83 mmol), sodium carbonate (148 mg, 1.4 mmol), and

tetrakis(triphenylphosphine)-palladium(0) (81 mg, 0.07 mmol). The reaction mixture was
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stirred at reflux for 3 h under nitrogen. Ethyl acetate (50 mL) was added and the solution
was washed with brine, dried over sodium sulfate, filtered, and concentrated to give the
title intermediate as a yellow solid (650 mg). (m/z): [M+H]" calcd for C3,H,NsOg 704.28
found 704.3.

(b) ((S)-1-{(S5)-8-[4-(4"-Amino-2'-trifluoromethoxy-biphenyl-4-yl)-1H-imidazol-2-y1]-

1.4-dioxa-7-aza-spiro[4.4]nonane-7-carbonyl}-2-methyl-propyl)-carbamic acid

methyl ester
To a solution of the product of the previous step (610 mg, 0.87 mmol) in DCM

(8 mL) was added TFA (1.6 mL) and the reaction mixture was stirred at RT for 1 h.
Saturated sodium bicarbonate was added (10 mL) and the solution was extracted with
DCM (3 x 20 mL). The organic layers were combined, dried over sodium sulfate,
concentrated and purified by HPLC under acid conditions (0.075 % HCI) to provide the
di-HCl salt of the title intermediate as a white solid (92 mg). (m/z): [M+H]" calcd for
CoH3,F3Ns04 604.23 found 604.2. 'H NMR (CH;0D, 400 ) & (ppm) 7.88 (s, 1H), 7.80
(d, 2H), 7.61 (d, 2H), 7.52-7.49 (m, 1H), 7.21-7.16 (m, 2H), 5.38-5.34 (m, 1 H), 4.18-4.02
(m, 6 H), 3.96-3.90 (m, 1 H), 3.65 (s, 3 H), 2.71-2.63 (m, 1 H), 2.46-2.39 (m, 1H), 2.07-
1.94 (m, 1H), 0.93-0.85 (m, 6 H).

Preparation 10: (($)-1-{(25,45)-2-[4-(4'-Amino-biphenyl-4-yl)-1 H-imidazol-2-
yl]-4-hydroxy-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

=N
N:/\/O

HN

O/&O (

To a solution of ((S)-1-{(25,45)-2-[4-(4-bromo-phenyl)-1 H-imidazol-2-yl1]-4-

HO

~

hydroxy-pyrrolidine- 1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (1.8 g,
3.87 mmol) in dioxane (30 mL) and water (10 mL), 4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenylamine (848 mg, 3.87 mmol), sodium carbonate (820 mg,
7.74 mmol) and Pd(dppf)Cl, (316 mg, 0.39 mmol) were added and the reaction mixture
was heated at reflux for 3 h, cooled to RT, filtered and concentrated, extracted with
EtOAc (50 mL), and washed with water (50 mL). The organic layer was dried over
sodium sulfate, filtered, concentrated and purified by silica gel column chromatography

(eluted with 1 % to 3 % methanol in DCM) to give the title intermediate (1.45 g, 65 %
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yield). 'H NMR (CH;OD, 400 ) & (ppm) 7.70 (m, 2H), 7.67 (m, 2H), 7.45 (m, 2H), 7.29
(s, 1H), 6.80 (d, J = 6.8 Hz, 1H), 5.82(d, J = 9.2 Hz, 1H),5.29 (d, J = 8.8 Hz, 1H), 4.59 (s,
1H), 4.34 (d, J = 8.8 Hz, 1H), 4.16(d, J = 8.0Hz, 1H), 3.95~4.04 (m, 1H), 3.79~3.83 (m,
1H), 3.76 (s, 3H), 2.55~2.69 (m, 1H), 2.32 (m, 1H), 1.60~2.03 (m, 1H), 1.00 (m, 3H),
0.3~0.85 (m, 3H).

Preparation 11: (R)-4-(5-Carboxy-pyridin-2-yl)-3-methyl-piperazine-1-

carboxylic acid fer-butyl ester

OWN Nw< @)

A mixture of 6-fluoronicotinic acid (150 g, 1.063 mol) and (R)-3-methyl-
piperazine-1-carboxylic acid zert-butyl ester (234.2 g, 1.169 mol) in tetrahydrofuran (1.75
L) was cooled to -40 °C and then 2 M isopropylmagnesium chloride in tetrahydrofuran
(1.196 L, 2.39 mol) was added slowly maintaining the temperature less than -20 °C. The
reaction mixture was slowly warmed to RT, stirred at RT for 4 h and then 1 N HCI1 (1.75
L) and water (1.175 L) were added. The reaction mixture was extracted with ethyl acetate
(4 L). The organic phase was evaporated to provide crude solid (534 g). To the crude
solid was added acetone (2 L) and water (200 mL). The resulting reaction mixture was
heated to 50 °C and then water (2.8 L) was added slowly. Seed crystals from a previous
run at smaller scale were added after ~ 1 L of water. The reaction mixture was cooled to
20 °C over 3 h, stirred at 20 °C overnight and filtered. The solid was washed with 2:3
acetone:water (2 x 500 mL) and dried under vacuum to provide the title compound (329

g, 96 % yield) as an off-white solid. HPLC Method A: Retention time 9.73 min.

Preparation 12: (($)-1-{(25,45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-
dimethylamino-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl

ester
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(a) (25.4R)-4-Methanesulfonyloxy-pyrrolidine-1.2-dicarboxylic acid 1-fert-butyl ester 2-

methyl ester
To a solution of (25,4R)-4-hydroxy-pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl

ester 2-methyl ester (50 g, 0.2 mol), triethylamine (50.5 g, 0.5 mol) in DCM was added
methanesulfonyl chloride (28 g, 0.25 mol) in portions and the reaction mixture was stirred
at 0 °C for 20 min and at RT for 1.5 h, and washed with citric acid solution and water.
The organic layer was dried over sodium sulfate and concentrated to give the title
intermediate (70 g, 97 % yield). "H NMR (CDCls, 400 MHz) & (ppm) 5.23 (m, 1H), 4.44
(m, 1H), 3.75 (m, 5H), 3.04 (s, 3H), 2.64 (m, 1H), 2.26 (m, 1H),1.43 (m, 9H).
(b) (28.,45)-4-Azido-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester

A mixture of the product of the previous step (70 g, 0.2 mol) and sodium azide (26
g, 0.4 mol) in DMF (800 mL) was stirred at 80 °C overnight. The reaction mixture was
adjusted to pH 9-10 with sodium bicarbonate and extracted with DCM. The organic layer
was washed with water and brine, dried over sodium sulfate, concentrated, and purified
by silica gel chromatography (eluted with petroleum ether:EtOAc 5:1) to give the title
intermediate (60 g, 97 % yield) as a clear oil. '"HNMR (CDCls, 400 MHz) & (ppm) 4.33
(m, 1H), 4.11 (m, 1H), 3.73 (s, 3H), 3.44 (m, 1H), 2.44 (m, 1H), 2.16 (m, 1H),1.43 (m,
9H).
(c) (28,45)-4-Amino-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester

A mixture of the product of the previous step (60 g, 0.2 mol) and palladium on
carbon (7 g) in methanol (700 mL) was degassed under vacuum, purged with hydrogen
several times, stirred under hydrogen (40 psi) at RT overnight and filtered. The filtrate
was concentrated to give the title intermediate (45 g) as a brown oil. (m/z): [M+H]" calcd

for C11H20N204 245.14 found 245.1.

methyl ester
To a solution of the product of the previous step (28 g, 57 mmol) and

formaldehyde (20 g, 240 mmol) in methanol (500 mL) was added sodium

triacetoxyborohydride (36 g, 170 mmol) in portions at RT and the reaction mixture was
stirred at RT overnight under nitrogen and then concentrated. The residue was washed
with water and extracted with DCM (2 x 500 mL). The organic layer was washed with
water and brine, dried over sodium sulfate, concentrated, and purified by silica gel

chromatography (eluted with petroleum ether:EtOAc 1:2, 1 % NH4OH) to give the title
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product (8 g, 50 % yield) as a clear oil. 'H NMR (CDCls, 400 ) & (ppm) 4.09 (m, 2H),
3.73(s, 3H), 3.53(m, 1H), 2.58 (m, 2H), 2.26 (s, 6H), 1.88 (m, 1H),1.42(m, 9H).

A solution of the product of the previous step (8.0 g, 30 mmol) and sodium
hydroxide (5.8 g, 150 mmol) in methanol:water 3:1 (120 mL) was stirred at RT overnight
under nitrogen and concentrated. The water phase was adjusted to pH 5-6 with 3 N HCl
and lyophilized. The solid was washed with methanol and filtered. The filtrate was
concentrated to give the title intermediate (8 g) as a white solid. '"H NMR (CDCls, 400)
S (ppm) 4.09 (m, 2H), 3.73(m, 2H), 3.53(m, 1H), 2.78 (s, 6H), 2.58 (m, 1H), 2.21 (m,
1H),1.42(m, 9H).

(f) (25.,45)-2-[2-(4-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-4-dimethylamino-pyrrolidine-

1-carboxvlic acid tert-butyl ester

A mixture of the product of the previous step (5.0 g, 16 mmol), 2-amino-1-(4-
bromo-phenyl)-ethanone HCI (4.0 g, 16 mmol) 3-(diethoxyphosphoryloxy)- 1,2,3-
benzotrazin-4(3H)-one (DEPBT) (6.0 g, 20 mmol), and DIPEA (6.0 g, 48 mmol) in DMF
(150 mL)was stirred at RT overnight. The reaction mixture was washed with water and
extracted with DCM (2 x 500 mL). The organic layer was washed with water and brine,
dried over sodium sulfate, concentrated, and purified by silica gel chromatography (eluted
with DCM:methanol 10:1) to give the title intermediate (2.3 g) which was purified by
HPLC to give the title intermediate as a clear oil (1 g, 97 % purity) and (750 mg, 70 %
purity).

(g) {(38.55)-5-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidin-3-yl}-dimethyl-amine

A mixture of the product of the previous step (1.25 g, 2.75 mmol) and ammonium
acetate (4.2 g, 55 mmol) in toluene (50 mL) was stirred at 100-120 °C overnight under
nitrogen. The reaction mixture was washed with water and the water phase was extracted
with DCM (2 x 100 mL). The organic layer was washed with water and brine, dried over
sodium sulfate, concentrated, and purified by silica gel chromatography (eluted with
DCM:methanol 10:1) to give (25,45)-2-[4-(4-bromo-phenyl)-1H-imidazol-2-yl1]-4-
dimethylamino-pyrrolidine-1-carboxylic acid tert-butyl ester (1.7 g) as a brown solid.

A mixture of the product of the previous step (1.7 g, 2.3 mmol) in HCl and
methanol (50 mL was stirred at RT for 1 h and concentrated to give the title intermediate

(1.5 ) as a brown solid. (m/z): [M+H]" calcd for C;sH,Br Ny 335.08 found 334.9.
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(h) ((5)-1-{(25.45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-y1]-4-dimethylamino-

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

A mixture of the product of the previous step (1.5 g, 2.3 mmol), (S)-2-
methoxycarbonyl-amino-3-methyl-butyric acid (0.6 g, 3.5 mmol), HATU (1.3 g, 3.5
mmol), and N, N-diisopropylethylamine (0.9 g, 6.9 mmol) in DCM (50 mL) was stirred at
RT overnight. The reaction mixture was washed with water and extracted with DCM (2 x
100 mL). The organic layer was washed with water and brine, dried over sodium sulfate,
concentrated, and purified by silica gel chromatography (eluted with DCM:methanol
10:1) to give the title intermediate (0.8 g, 65 % yield) as a brown solid. (m/z): [M+H]"
calcd for C»nH;BrNsOsz 492.15 found 492.1.

Preparation 13: (R)-3-Methyl-4-{5-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-phenylcarbamoyl|- pyridin-2-yl}-piperazine-1-carboxylic acid
tert-butyl ester

i"b@iﬁ@cﬁ#
0]

A solution of (R)-4-(5-carboxy-pyridin-2-yl)-3-methyl-piperazine-1-carboxylic
acid tert-butyl ester (200 mg, 0.6 mmol) and EDC (140 mg, 0.75 mmol) and HOAt (100
mg, 0.75 mmol) dissolved in DMF (4.6 mL) was stirred for 30 min and 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (140 mg, 0.62 mmol) and N, V-
diisopropylethylamine (130 pL, 0.75 mmol) were added. The reaction mixture was
stirred at RT overnight and extracted with ethyl acetate/water. The organic layer was
dried over sodium sulfate, filtered, concentrated, and purified by silica gel
chromatography (eluted with 0-70% ecthyl acetate:hexanes) to provide the title
intermediate (250 mg, 80 % yield). (m/z): [M+H]" caled for C,sH;,BN,4O5 523.30 found
523.5.

Preparation 14: 4-Bromo-3-trifluoromethoxy-benzoic acid methyl ester

O/CF3

O_
Br
0]

A mixture of 4-amino-3-(trifluoromethoxy)benzoic acid (504.1 mg, 2.28 mmol),
methanol (7.6 mL) and 4.0 M HCl in 1,4-dioxane (5.7 mL) was stirred at RT over the

weekend, concentrated, evaporated with EtOAc (3 x 10 mL), and dried under vacuum to
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give a brownish solid. The solid was dissolved in a mixture of acetonitrile (23 mL) and
water (2.3 mL). Copper(IT) bromide (595 mg, 2.66 mmol) and terz-butyl nitrite (0.39 mL,
3.32 mmol) were added to the reaction mixture which was heated at 70 °C for 1.5 h,
cooled to RT and diluted with EtOAc (70 mL). The organic layer was washed with
saturated sodium bicarbonate (2 x 15 mL), brine (2 x 15 mL), dried over sodium sulfate,
filtered and concentrated to give a brownish oil., which was purified by silica gel
chromatography (24 g silica gel, 0-50% EtOAc/Hexanes). Desired fractions were
combined and concentrated to give the title intermediate (281 mg, 41 % yield) as a

yellowish oil.

Preparation 15: 4'-{2-[(25,45)-1-((S)-2-Methoxycarbonylamino-3-methyl-
butyryl)-4-methyl-pyrrolidin-2-yl]-1 H-imidazol-4-yl}-2-trifluoromethoxy-biphenyl-

4-carboxylic acid

To a mixture of 4-bromo-3-trifluoromethoxy-benzoic acid methyl ester (161 mg,
0.54 mmol; Preparation 14), [(S)-2-methyl-1-((25,45)-4-methyl-2-{4-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl} -pyrrolidine- 1 -carbonyl)-
propyl]-carbamic acid methyl ester (250 mg, 0.49 mmol) and potassium carbonate (304
mg, 2.20 mmol) at RT was added toluene (1.2 mL) followed by water (0.61 mL). The
resulting mixture was degassed and flushed with nitrogen and Pd(dppf)Cl, (24 mg,
0.029 mmol) was added under an atmosphere of nitrogen. The reaction mixture was
capped and held at 100 °C overnight, cooled to RT and partitioned between EtOAc
(10 mL) and water (2 mL). The organic layer was dried over sodium sulfate, filtered and
concentrated to give a brownish oil which was purified by silica gel chromatograph (12 g
silica gel, 0-100% EtOAc/Hexanes). Desired fractions were combined and concentrated
to give a light reddish oil.

The oily residue from the previous step was dissolved in a mixture of methanol
(4.9 mL) and water (2 mL) and treated with lithium hydroxide monohydrate (123 mg,

2.94 mmol) at 65 °C for 1 hr. The reaction mixture was concentrated, dissolved in 1:1
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acetic acid:water (1.5 mL), filtered and purified by reverse phase HPLC. Desired
fractions were combined and freeze dried to give the TFA salt of the title intermediate
(221 mg, 64 % yield) as a white solid. (m/z): [M+H]" calcd for CooH; F3N,Og 589.22
found 589.

Preparation 16: (28,5R)-4-(5-Amino-pyridin-2-yl)-2,5-dimethyl-piperazine-1-

carboxylic acid fer-butyl ester

HoN N N—§_é
2920

(a) (28.5R)-2.5-Dimethyl-4-(5-nitro-pyridin-2-yl)-piperazine- 1-carboxylic acid tert-butyl

ester
A mixture of 2-chloro-5-nitropyridine (1.0 g, 6.3 mmol), (25,5R)-2,5-dimethyl-

piperazine-1-carboxylic acid tert-butyl ester (1.4 g, 6.3 mmol), and potassium carbonate
(1.7 g, 13 mmol) was stirred in DMSO (5.0 mL, 70 mmol) at 100 °C overnight. The
reaction mixture was filtered thru a silica gel pad, which was washed with EtOAc
(200 mL). The filtrate was washed with water (2 x 10 mL), concentrated, and purified by
silica gel chromatography (eluted with ethyl acetate/ hexane = 0 to 80%) to give the title
intermediate (1.724 g, 81 % yield) as a yellow solid.
(b) (28.5R)-4-(5-Amino-pyridin-2-yl)-2.5-dimethyl-piperazine- 1 -carboxylic acid tert-

butyl ester

A solution of the product of the previous step in methanol (250 mL) was

degassed, then 20% palladium hydroxide on carbon (170 mg, 10 % by weight) was added
and reaction mixture was degassed three times, and hydrogenated under a balloon of
hydrogen overnight. The reaction mixture was filtered thru a Celite® pad. The filtrate
was concentrated and purified by silica gel chromatography (eluted with 3 %
triethylamine in ethyl acetate/hexanes 0 to 80%) to give the title intermediate (1.3 g, 67 %
yield) as a dark purple solid . (m/z): [M+H]" calcd for C6H,N4O; 307.21 found 307.6.

Preparation 17: [(R)-4-(5-Amino-pyridin-2-yl)-3-methyl-piperazin-1-yl]|-((S)-
2,2-dimethyl-cyclopropyl)-methanone

N
HoN— N N—//

— _/ v<
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(a) (R)-3-Methyl-4-(5-nitro-pyridin-2-yl)-piperazine-1-carboxylic acid fert-butyl ester

In each of two separate reactions, a mixture of 2-chloro-5-nitropyridine (1.0 g, 6.3
mmol), (R)-3-methyl-piperazine-1-carboxylic acid fert-butyl ester (1.4 g, 6.9 mmol), and
potassium carbonate (1.31 g, 9.46 mmol) in DMSO (20 mL) was heated at 100 °C
overnight. The reaction mixtures were cooled to RT, filtered through silica gel, and eluted
with EtOAc (150 mL). The filtrate was washed with water (2 x 20mL) and brine (20 mL),
dried over sodium sulfate, filtered, and concentrated to give a brownish oil, which was
purified by silica gel chromatography (40g silica gel, 0-60% EtOAc/Hexanes). Desired
fractions were combined and concentrated to provide the title intermediate (1.39 g each)
as a yellowish solid. (m/z): [M+H]" calcd for C;sH,N,40,4 323.16 found 323.3.

(b) (R)-2-Methyl-1-(5-nitro-pyridin-2-yl)-piperazine

The product of the previous step (2.79 g, 8.65 mmol) was treated with 4 M of HCI
in 1,4-dioxane(65 mL) and stirred at RT for 1 h, concentrated to produce a yellow solid
and evaporated twice with EtOAc to provide the di-HCI salt of the title intermediate
(2.20 g, 86 % yield).

(c) ((85)-2.2-Dimethyl-cyclopropyl)-[(R)-3-methyl-4-(5-nitro-pyridin-2-yl)-piperazin-

1-yl]-methanone

The product of the previous step (1.5 g, 6.7 mmol) was dissolved in DMA
(65 mL) and N,N-Diisopropylethylamine (3.5 mL) was added followed by (8)-(+)-2,2-
dimethylcyclopropane carboxylic acid (0.93 mL, 8.1 mmol) and then HATU (3.1 g,
8.1 mmol). The reaction mixture was stirred at RT overnight, diluted in EtOAc and
washed with water and brine. The organic layer was dried over sodium sulfate, filtered
and concentrated to produce a yellow oil, which was purified by silica chromatography
(0-60% EtOAc:hexanes) to produce the title intermediate (1.29 g, 60 % yield) as a yellow
solid. (m/z): [M+H]" caled for C1¢H,,N4O3 319.17 found 319.2.
(d) [(R)-4-(5-Amino-pyridin-2-yl)-3-methyl-piperazin-1-y1]-((S)-2.2-dimethyl-

cyclopropyl)-methanone

A solution of the product of the previous step (200 mg, 0.63 mmol) in methanol
(6 mL) was degassed with nitrogen for 15 min and then 5% platinum on Carbon wet
65.25% (491 mg, 0.063 mmol) was added and the reaction mixture was bubbled with
hydrogen for 15 min and stirred under hydrogen atmosphere for 1.5 h at RT. The reaction
mixture was degassed under nitrogen and filtered through Celite, washed with EtOAc and

concentrated to yield a dark red oil, which was purified by silica gel chromatography (0-
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100% ethyl acetate:hexanes) to provide the title intermediate as a light red solid (83 mg,
46 % yield). (m/z): [M+H]  calcd for Ci6H,,N40 289.20 found 289.4.

Preparation 18: 4-(4-Bromo-phenyl)-2-((25,4S)-4-methylsulfanyl-pyrrolidin-

2-yD)-1H-imidazole
HNWBr
=N

-3 NH
(a) (25,45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-methylsulfanyl-pyrrolidine-1-

carboxvlic acid tert-butyl ester

To a solution of (25,45)-4-methylsulfanyl-pyrrolidine-1,2-dicarboxylic acid 1-fert-
butyl ester (250 mg, 0.96 mmol) and p-bromophenacyl bromide (266 mg, 0.96 mmol) in
DCM (10 mL) under nitrogen was added N, N-diisopropylethylamine (0.58 mL, 3.35
mmol) and the resulting mixture was stirred at 35 °C for 3 h, concentrated under vacuum,
dissolved in DCM (30 mL), and washed with water (2 x 5 mL). The organic layer was
dried over magnesium sulfate, filtered, and concentrated under vacuum.

The crude intermediate from the previous step was dissolved in toluene (75.0 mL),
and then ammonium acetate (1.475 g, 19.13 mmol) was added, and the resulting mixture
was stirred at 100 °C overnight, concentrated and purified by silica gel chromatograph
(12 g silica, 0 to 60 % EtOAc/hexane) to give the title intermediate (410 mg, 98% yield).
(m/z): [M+H]" calcd for CoH,BrN;0,S 438.08, 440.08 found 440.

(b) 4-(4-Bromo-phenyl)-2-((2S.4S)-4-methylsulfanyl-pyrrolidin-2-y1)- 1H-imidazole

The product of the previous step was treated with 4 M HCl in 1,4-dioxane(2.0
mL) for 1 h and concentrated by rotary evaporation to provide the di-HCl salt of the title
intermediate (368 mg, 93 % yield). (m/z): [M+H]" calcd for C14H,BrN;S 338.02, 340.02
found 340.

Preparation 19: (($)-1-{(25,45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-
methylsulfanyl-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl

ester
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A mixture of (§)-2-methoxycarbonylamino-3-methyl-butyric acid (156 mg, 0.89
mmol) and HATU (407 mg, 1.07 mmol) was stirred in DMA (3.0 mL) for 10 min, then 4-
(4-bromo-phenyl)-2-((25,45)-4-methylsulfanyl-pyrrolidin-2-y1)-1 H-imidazole di-HCI
(367 mg, 0.89 mmol; Preparation 18) and N, N-diisopropylethylamine (777.3 uL,
4.46 mmol) were added. The resulting mixture was stirred at RT overnight, concentrated,
and purified by silica gel chromatography (0 to 90% EtOAc/hexane). Fractions with
desired product were combined and concentrated to give the title intermediate (366 mg,

82 % yield). (m/z): [M+H]" calcd for C;1H»BrN4OsS 495.10, 497.10 found 495.

Preparation 20: [(S)-2-Methyl-1-((2S,4S)-4-methylsulfanyl-2-{4-|4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-

carbonyl)- propyl]-carbamic acid methyl ester

0]
HN \>_< >—B/ :é
\N \O

. N._O
HN\j"(

To a solution of ((S)-1-{(25,4S5)-2-[4-(4-bromo-phenyl)-1 H-imidazol-2-y1]-4-
methylsulfanyl-pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester
(320 mg, 0.65 mmol, Preparation 19) and 4,4,5,5,4',4',5",5"-octamethyl-
[2,2"bi[[1,3,2]dioxaborolanyl] (246 mg, 0.97 mmol in 1,4-dioxane (5 mL) was added
potassium acetate (114 mg, 1.16 mmol). The resulting mixture was sparged with nitrogen.
1, I'-bis(diphenylphosphino)ferrocene-palladium(IT)dichloride dichloromethane (47 mg,
0.058 mmol) was added, and reaction mixture was capped and heated at 100 °C
overnight. The reaction mixture was cooled to RT and partitioned between EtOAc
(50 mL) and water (10 mL). The organic layer was washed with water (5 mL) and brine
(2 mL), dried over magnesium sulfate, filtered, and concentrated to give a dark-brown oil,
which was purified by silica gel chromatography (24¢ silica gel, 0-100%
EtOAc/Hexanes). Fractions with desired product were combined and dried to give the
title intermediate (120 mg, 34 % yield) (m/z): [M+H]" calcd for Cy7H:;BN4OsS 543.27
found 543.
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Preparation 21: 4'-{2-[(2S,45)-1- ((S)-2-Methoxycarbonylamino-3-methyl-
butyryl)-4-methylsulfanyl-pyrrolidin-2-yl]- 1H-imidazol-4-yl}-2-trifluoromethoxy-
biphenyl-4-carboxylic acid

~o" o

To a mixture of 4-bromo-3-trifluoromethoxy-benzoic acid methyl ester (36 mg,
0.12 mmol; Preparation 14), [(S)-2-methyl-1-((25,45)-4-methylsulfanyl-2- {4-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl} -pyrrolidine- 1 -carbonyl)-
propyl]-carbamic acid methyl ester (60 mg, 0.11 mmol; Preparation 20) and potassium
carbonate (69 mg, 0.50 mmol) at RT was added toluene (0.27 mL) followed by water
(0.14 mL). The resulting mixture was degassed and flushed with nitrogen and
Pd(dppf)Cl, (5.4 mg, 0.006 mmol) was added under an atmosphere of nitrogen. The
reaction mixture was capped and held at 100 °C overnight, cooled to RT and partitioned
between EtOAc (10 mL) and water (2 mL). The organic layer was dried over sodium
sulfate, filtered, and concentrated to give a brownish oil, which was purified by silica gel
chromatography (12 g silica gel, 0-100% EtOAc/Hexanes). Desired fractions were
combined and concentrated to give a light reddish oil.

The oily residue from previous step was dissolved in a mixture of methanol
(1.1 mL) and water (0.4 mL) and treated with lithium hydroxide monohydrate (28 mg,
0.66 mmol) at 65 °C for 1 h. The reaction mixture was concentrated, dissolved in 1:1
acetic acid:water (1.5 mL), filtered and purified by reverse phase HPLC. Desired
fractions were combined and freeze dried to give the TFA salt of the title intermediate
(37 mg, 46 % yield) as a white solid. (m/z): [M+H]" calcd for CooHsF3N4O6S 621.19
found 621.
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Preparation 22: (2S,5R)-4-|5-(4-Bromo-2-fluoro-5-trifluoromethoxy-
phenylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine-1-carboxylic acid tert-butyl

{;

ester
CF3 =,
O e} —N 7\ O
IR S
Br NH \—Q 0
F

To a solution of 4-bromo-2-fluoro-5-trifluoromethoxy-phenylamine (500 mg,

2 mmol) dissolved in DCM (1 mL) was slowly added a solution of 2-fluoropyridine-5-
carbonyl chloride (290 mg, 1.8 mmol) in DCM (1 mL). A few drops of DMA were added
and the reaction mixture was concentrated to form N-(4-bromo-2-fluoro-5-
trifluoromethoxy-phenyl)-6-fluoro-nicotinamide as a purple solid.

The solid from the previous step was dissolved in a mixture of N, N-
diisopropylethylamine (0.7 mL, 4 mmol) and DMSO (0.7 mL, 10 mmol) and (2S,5R)-2,5-
dimethyl-piperazine-1-carboxylic acid tert-butyl ester (590 mg, 2.7 mmol) was added and
the reaction mixture heated at 120 °C overnight, concentrated by rotary evaporation,
dissolved in a small amount of DCM and purified by silica gel chromatography (0-40%
cthyl acetate:hexanes) to produce the title intermediate (613 mg, 57 % yicld) as a white
solid. (m/z): [M+H]" calcd for Co4H,F4N4O4 591.12 found 591.4.

Preparation 23: 4'-{2-[(5)-7-(($)-2-Methoxycarbonylamino-3-methyl-
butyryl)-1,4-dioxa-7-aza-spiro[4.4|non-8-yl]-1 H-imidazol-4-yl}-biphenyl-4-

0]
NN A4
=N OH
N:/‘/O

HN "(
N0
To a solution of ((S)-1-{(S)-8-[4-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-1,4-dioxa-

carboxylic acid

~

7-aza-spiro[4.4]nonane-7-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

(450 mg, 0.89 mmol) in dioxane (8 mL) and water (4 mL) was added 4-boronobenzoic
acid (154 mg, 0.93 mmol), sodium carbonate (189 mg, 1.78 mmol), and
tetrakis(triphenylphosphine)-palladium(0) (104 mg, 0.09 mmol) and the reaction mixture
was stirred at reflux for 3 h under nitrogen. The pH was adjusted to 1 with 2 M HCl, and
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the reaction mixture was extracted with EtOAc (3 x 20 mL). The organic layers were
combined, dried over sodium sulfate, concentrated and purified by flash chromatography
(eluted with methanol in DCM, 0 to 7 %) to provide the title intermediate as a yellow
solid (330 mg, 68 % yield). (m/z): [M+H]" caled for Cr0H;,N40; 549.23 found 549.3.
'H NMR (CH;0D, 400 ) & (ppm) 8.13-8.11 (m, 2H), 7.90-7.78 (m, 7H), 5.39-5.34 (m, 1
H), 4.19-3.91 (m, 7 H), 3.66 (s, 3 H), 2.72-2.65 (m, 1 H), 2.48-2.41 (m, 1H), 2.12-1.95
(m, 1H), 0.92-0.85 (m, 6 H).

Preparation 24: (R)-4-|5-(4-Bromo-2-fluoro-5-trifluoromethoxy-
phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine-1-carboxylic acid tert-butyl

ester

/CF3 /”,
o e e
N
Br NH O
F

(a) 4-Bromo-2-fluoro-5-trifluoromethoxy-phenylamine

To a mixture of 2-fluoro-5-(trifluoromethoxy)aniline (2 g, 10 mmol) dissolved in
DMF (4 mL) was slowly added a solution of N-bromosuccinimide (2.2 g, 12 mmol)
dissolved in DMF (5 mL). The reaction mixture was stirred at RT for 1 h, concentrated
and extracted with ethyl acetate/water. The organic layer was washed with brine,
partitioned, dried over sodium sulfate, filtered, concentrated, and purified by silica
chromatography (100 % hexanes) to produce the title intermediate as a red oil (2 g, 70 %
yield). (m/z): [M+H]" caled for C-H,BrF,NO 273.94, 275.94 found 276.2.

(b) N-(4-Bromo-2-fluoro-5-trifluoromethoxy-phenyl)-6-fluoro-nicotinamide

To a solution of the product of the previous step (2 g, 7 mmol) dissolved in DCM
(10 mL) was slowly added a solution of 2-fluoropyridine-5-carbonyl chloride (1.2 g,
7.3 mmol) in DCM (10 mL) and DMA (60 drops). The reaction mixture was concentrated
to provide the title intermediate as a purple solid. (m/z): [M+H]" calcd for C3H¢BrFsN,O,
396.95, 398.95 found 399.0.

(c) (R)-4-[5-(4-Bromo-2-fluoro-5-trifluoromethoxy-phenylcarbamoyl)-pyridin-2-y1]-3-

methyl-piperazine-1-carboxvlic acid tert-butyl ester

The solid from the previous step was dissolved in a mixture of
N, N-diisopropylethylamine (3 mL, 20 mmol) and DMSO (3 mL) and (R)-3-methyl-
piperazine-1-carboxylic acid zert-butyl ester (2.2 g, 11 mmol) was added. The reaction
mixture was heated at 120 °C overnight, concentrated by rotary evaporation, dissolved in
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a small amount of DCM, and purified by silica gel chromatography (0-40% ethyl
acetate:hexanes) to produce the title intermediate as a white solid (3.6 g, 80 % yield).

(m/z): [M+H]" caled for CosHosBrEsN4Os 577.10, 579.10 found 577.5, 580.3.

Preparation 25: 4'-{5-Chloro-2-[(25,45)-1-((S)-2-methoxycarbonylamino-3-
methyl-butyryl)-4-methyl-pyrrolidin-2-yl]-1H-imidazol-4-yl}-2-trifluoromethoxy-
biphenyl-4-carboxylic acid

/

CF3
Cl 0]

A~
=N O
NTO

HN

1L

A mixture of 4'-{2-[(25,45)-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-4-

~0

methyl-pyrrolidin-2-yl]-1H-imidazol-4-yl1} -2-trifluoromethoxy-biphenyl-4-carboxylic
acid (124 mg, 0.21 mmol) and N-chlorosuccinimide (28 mg, 0.21 mmol) was stirred in
acetonitrile (2.0 mL) and N, N-dimethylacetamide (0.2 mL) at 60 °C overnight. The
reaction mixture was concentrated by rotary evaporation, dissolved in 1:1 acetic
acid:water (8 mL) and purified by reverse phase HPLC to provide the TFA salt of the
title compound (48 mg). (m/z): [M+H]" calcd for CxH3CIF;N,O, 623.18 found 623.2.

Preparation 26: ((S)-1-{(25,45)-2-[4-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-
methoxy-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

HNw_Br
=N

HN (

(a) (25,45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-methoxy-pyrrolidine-1-

carboxvlic acid tert-butyl ester

To a solution of (25,45)-4-methoxy-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl
ester (900 mg, 3.67 mmol), and p-bromophenacyl bromide (1.02 g, 3.67 mmol) in DCM
(20 mL) under nitrogen, was added N, N-diisopropylethylamine (1.92 mL, 11.01 mmol).

The resulting mixture was stirred at 35 °C for 3 h and concentrated under vacuum. The
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crude intermediate was dissolved in toluene (150 mL), ammonium acetate (5.66 g,
73.39 mmol) was added, and the resulting mixture was stirred at 95 °C overnight, and
washed with water (2 x 10 mL). The organic layer was dried over magnesium sulfate,
filtered, concentrated and purified by silica gel chromatography (24 g, ethyl
acetate/hexanes 0 to 60%) to give the title intermediate (1.49 g, 96 % yield).
(b) 4-(4-Bromo-phenyl)-2-((28,45)-4-methoxy-pyrrolidin-2-y1)-1H-imidazole

The product of the previous step was treated with 4 M HCl in 1,4-dioxane (2 mL)

for 1 h and concentrated by rotary evaporation to give the di-HCl salt of the title
intermediate (1.40 g, 97 % yield). (m/z): [M+H]  calcd for C,,;H,;BrN;O 322.05, 324.05
found 324.

(c) ((5)-1-{(28,45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-y1]-4-methoxy-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

A mixture of (§)-2-methoxycarbonylamino-3-methyl-butyric acid (643 mg,
3.67 mmol) and HATU (1.67 g, 4.40 mmol) were stirred in DMA (5 mL) for 10 min, and
then the product of the previous step (1.40 g, 3.54 mmol) and N, N-diisopropylethylamine
(1.92 mL, 11.01 mmol) were added, and the resulting mixture was stirrred at room
temperature overnight, concentrated by rotary evaporation, dissolved in ethyl acetate
(100 mL), and washed with water (2 x 10 mL). The organic layer was dried over
magnesium sulfate, filtered, concentrated, and purified by silica gel chromatography
(ethyl acetate/hexanes 30 to 80%) to give the title product (1.38 g, 79 % yield).
(m/z): [M+H]" calcd for C,Hy,BrN,O4 479.12, 481.12 found 481.

Preparation 27: [($)-1-((25,45)-4-Methoxy-2-{4-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-

propyl]- carbamic acid methyl ester

O

/ N0
HNI/"’(
~o X0
A solution of ((S)-1-{(25,45)-2-[4-(4-bromo-phenyl)- 1 H-imidazol-2-y1]-4-
methoxy-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (1.05 g,
2.18 mmol; Preparation 26), 4,4,5,5,4',4',5',5"-octamethyl-[2,2']bi[[1,3,2]dioxaborolanyl]

(0.83 g, 3.27 mmol), and potassium acetate (0.39 g, 3.93 mmol) in 1,4-dioxane (5 mL)
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was purged with nitrogen for 5 min, then Pd(dppf)Cl, (95.80 mg, 0.13 mmol) was added,
and the resulting mixture was stirred at 100 °C for 3 h, diluted with ethyl acetate (50 mL),
and filtered through a pad of celite and silica gel. The pad was washed with ethyl acetate
(150 ml); the filtrate was concentrated and purified by silica gel chromatography (ethyl
acetate/hexanes 30 to 100 %) to give the title intermediate (669 mg 58 % yield).

(m/z): [M+H] " calcd for C,,H;xBN,Os 527.30 found 527.2.

Preparation 28: (($)-1-{(2S5,45)-2-[4-(5'-Chloro-4'-{[6-((R)-2-methyl-
piperazin-1-yl)-pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-biphenyl-4-yl)-1 H-
imidazol-2-yl]-4-methoxy-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid
methyl ester

CF4

o e} —N /\
}—@—N NH
{% —

Cl
NTO
HN

L

(a) (R)-4-[5-(5-Chloro-4'-{2-[(25.45)-4-methoxy-1-((S)-2-methoxycarbonylamino-3-

7~

~0

methyl-butyryD-pyrrolidin-2-y1]-1 H-imidazol-4-y1} -2-trifluoromethoxy-biphenyl-4-

ylcarbamovl)-pyridin-2-y1]-3-methyl-piperazine-1-carboxylic acid fert-butyl ester
To a solution of [(S)-1-((28,45)-4-methoxy-2-{4-[4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl} -pyrrolidine- 1-carbonyl)-2-methyl-propyl]-
carbamic acid methyl ester (100 mg, 0.19 mmol, Preparation 27) and (R)-4-[5-(4-bromo-
2-chloro-5-trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine-1-
carboxylic acid rert-butyl ester (110 mg, 0.19 mmol) dissolved in toluene (1.18 mL) and
water (0.43 mL) was added potassium carbonate (127 mg, 0.92 mmol). The reaction
mixture was sparged under nitrogen for 15 min and Pd(dppf)Cl, CH,Cl, (13.55 mg,
0.017 mmol) was added and the reaction mixture was sparged with nitrogen and heated at
90 °C overnight, cooled to RT, diluted with EtOAc and washed with water and brine to
produce a dark colored solid, which was purified by silica gel chromatography (12 g
silica, EtOAc/hexanes 40 to 100%) to produce the title intermediate (35.3 mg, 21 %
yield) as a yellowish colored solid. (m/z): [M+H]" caled for C,Hs,CIF3N;Og 913.35
found 913.3.
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(b) (($)-1-{(28.4S)-2-[4-(5'-Chloro-4'- {[6-((R)-2-methyl-piperazin-1-yl)-pyridine-3-

carbonyl]-amino}-2'-triflucromethoxy-biphenyl-4-y1)- 1 H-imidazol-2-y1]-4-methoxy-

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

The product of the previous step was treated with 4 M HCl in 1,4-dioxane
5  (0.92 mL) and HCI (0.28 mL) and the reaction mixture was stirred at RT for 1 h,
concentrated and evaporated with ethyl acetate (2 x) to produce the tri-HCI salt of the title
intermediate (38.5 mg, 23 % yield). (m/z): [M+H]" calcd for C,H,,CIF3N:Os 813.30
found 813.3.

Preparation 29: (S)-Methoxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic
10 acid

HO S

A solution of (S)-amino-(tetrahydro-pyran-4-yl)-acetic acid (200 mg, 1.26 mmol)
in saturated aqueous sodium bicarbonate solution (2.46 mL, 25.13 mmol) was stirred until
all solids were dissolved. Methyl chloroformate (0.19 mL, 2.51 mmol) was added

15  dropwise, the reaction mixture was stirred for 30 min, and 1N HCI was added to adjust
pH to 1. The reaction mixture was extracted with ethyl acetate (3 x 5 mL) and the organic
extracts were dried over sodium sulfate, filtered, concentrated and dried overnight under
vacuum to give the title intermediate (248 mg, 91 % yield) as a white, sticky solid.

(m/z): [M+H]  calcd for C;H;sNOs 218.10 found 218.1.

20 Preparation 30: N-(4-Bromo-2-chloro-5-trifluoromethoxy-phenyl)-6-[(R)-4-
(2,2-dimethyl-propionyl)- 2-methyl-piperazin-1-yl]-nicotinamide
CF3 2
) 'e) =N / 0]
Br NH —/

Cl

(a) N-(4-Bromo-2-chloro-5-trifluoromethoxy-phenyl)-6-((R)-2-methyl-piperazin-1-yl)-
nicotinamide
25 A solution of (R)-4-[5-(4-bromo-2-chloro-5-trifluoromethoxy-phenylcarbamoyl)-
pyridin-2-yl]-3-methyl-piperazine- 1-carboxylic acid terz-butyl ester (600 mg, 1.01 mmol)
and 4 M HCl in 1,4-dioxane(5.05 mL) and HCI (1.55 mL) was stirred at RT for 1 h,

66



WO 2013/067267 PCT/US2012/063181

concentrated, and evaporated with ethyl acetate (2 x) to produce the di-HCI salt of the
title intermediate (625.5 mg),. (m/z): [M+H]" calcd for C,sH,;BrCIF;N40, 493.02, 495.02
found 494.9.

(b) N-(4-Bromo-2-chloro-5-trifluoromethoxy-phenyl)-6-[(R)-4-(2,2-dimethyl-propionyl)-

5 2-methyl-piperazin-1-yl]-nicotinamide
The solid from the previous step was dissolved in DMA (6.58 mL) and DIPEA
(0.88 mL, 5.05 mmol) was added, followed by 2,2-dimethylpropanoyl chloride (130.53

uL, 1.06 mmol) and the reaction mixture was stirred at RT for 1 h. The reaction mixture
was concentrated by rotary evaporation, to produce a yellow oil which was dissolved in a

10 small amount of DCM and purified by silica gel chromatography (24 g column, 0-40%
ethyl acetate:hexanes) to produce the title intermediate (552 mg, 94 % yield) as a white
solid. (m/z): [M+H]" calcd for C3H,sBrCIF3N4O3 577.08, 579.08 found 579.0.

Preparation 31: N-{5-Chloro-4'-[2-((2S,45)-4-methyl-pyrrolidin-2-yl)-1H-
imidazol-4-yl]-2-trifluoromethoxy-biphenyl-4-yl}-6-[(R)-4-(2,2-dimethyl-propionyl)-

15  2-methyl-piperazin-1-yl]-nicotinamide

,CF3 2
0 e} —N 7\ @)
N N
SN 3L
=N
Cl
NH

(a) (25,45)-4-methyl-2-{4-[4-(4.4.5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-phenyl]-1H-

imidazol-2-v1}-pyrrolidine-1-carboxylic acid tert-butyl ester

To a solution of (25,45)-2-[4-(4-bromo-phenyl)-1 H-imidazol-2-yl]-4-methyl-

20  pyrrolidine-1-carboxylic acid tert-butyl ester (1.0 g, 2.5 mmol) and
bis(pinacolato)diboron (656 mg, 2.58 mmol) and potassium acetate (362 mg, 3.69 mmol)
was added degassed toluene (5.77 mL). The reaction mixture was sparged with nitrogen
for 15 min and 1,1'-bis(diphenylphosphino)ferrocene-palladium(ii)dichloride
dichloromethane (60.3 mg, 0.074 mmol) was added and the reaction mixture was stirred,

25  purged with nitrogen, and heated to 90 °C for 3 h to provide the title intermediate.

(b) (25.45)-2-{4-[5'-Chloro-4'-({6-[(R)-4-(2.2-dimethyl-propionyl)-2-methyl-piperazin-1-

yl]-pyridine-3-carbonyl}-amino)-2'-trifluoromethoxy-biphenyl-4-v1]-1H-imidazol-2-

y1}-4-methyl-pyrrolidine-1-carboxvlic acid tert-butyl ester

To the reaction mixture of the previous step was added degassed water (2.75 mL)

30  and potassium carbonate (1.87 g, 13.54 mmo), and N-(4-bromo-2-chloro-5-
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trifluoromethoxy-phenyl)-6-[(R)-4-(2,2-dimethyl-propionyl)-2-methyl-piperazin-1-yl]-
nicotinamide (1.49 g, 2.58 mmol; Preparation 30). The reaction mixture was purged with
nitrogen, Pd(dppf)C1,CH,Cl, (30.2 mg, 0.037 mmol) was added and the mixture was
purged again, heated to 95 °C overnight, cooled to RT, diluted with EtOAc, filtered
through a combined pad of Celite® and silica gel, flushed several times with EtOAc, and
washed with water and brine to produce a dark colored solid. The residue was purified by
silica gel chromatography (40 g column, 40% to 100% EtOAc/hexane,) to provide the
title intermediate (890 mg, 44 % yield) as a yellow solid. (m/z): [M+H]  calcd for
CsoHuoCIF3N7Os 824.34 found 824.3
(c) N-{5-Chloro-4'-[2-((2S,4S)-4-methyl-pyrrolidin-2-yl)-1 H-imidazol-4-y1]-2-
trifluoromethoxy-biphenyl-4-yl1} -6-[(R)-4-(2,2-dimethyl-propionyl)-2-methyl-

piperazin-1-yl]-nicotinamide

The solid from the previous step was treated with 4 M HCl in 1,4-dioxane
(12.3 mL) and HCI (3.8 mL) and the reaction mixture was stirred at RT for 1 h,
concentrated and evaporated with ethyl acetate (2 x) to produce the tri-HCI salt of the title
intermediate (913 mg, 44 % yield). (m/z): [M+H]" calcd for C3;H4CIFsN;O3 724.29
found 724.3.

Preparation 32 N-{5-Chloro-4'-[2-((25,45)-4-methoxy-pyrrolidin-2-yl)-1H-
imidazol-4-yl]-2-trifluoromethoxy-biphenyl-4-yl}-6-[(R)-4-(2,2-dimethyl-propionyl)-

2-methyl-piperazin-1-yl|-nicotinamide

,CF3 2
0 0 =N / @)
O
=N
N Cl

o NH
Following a process analogous to that of Preparation 31 at the 0.71 mmol scale,
substituting (25,45)-2-[4-(4-bromo-phenyl)-1H-imidazol-2-yl1]-4-methoxy-pyrrolidine-1-
carboxylic acid tert-butyl ester for (25,45)-2-[4-(4-bromo-phenyl)-1H-imidazol-2-yl]-4-
methyl-pyrrolidine-1-carboxylic acid fert-butyl ester in step (a), the tri-HCl salt of the
title intermediate was prepared (146 mg, 24 % yield). (m/z): [M+H]" calcd for
C37H41CIF3N70O4 740.29 found 740.2.
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Preparation 33: N-(4-Bromo-2-chloro-5-trifluoromethoxy-phenyl)-6-[(R)-4-
(3-hydroxy-2,2-dimethyl-propionyl)-2-methyl-piperazin-1-yl]-nicotinamide

CFs
rvEey
NN
BrQNH \_/ \—/4§</OH
cl

(a) N-(4-Bromo-2-chloro-5-trifluoromethoxy-phenyl)-6-((R)-2-methyl-piperazin-1-yl)-

nicotinamide

(R)-4-[5-(4-bromo-2-chloro-5-trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl]-

3-methyl-piperazine-1-carboxylic acid fert-butyl ester (500 mg, 0.84 mmol) was treated

with 4 M HCl in 1,4-dioxane (4.2 mL) and HCI1 (1.3 mL) and stirred at RT for 1 h. The

reaction mixture was concentrated and dissolved in ethyl acetate and coevaporated (2 x)

to produce the di-HCl salt of the title intermediate as a yellow solid. (m/z): [M+H]" calcd

for CisH7BrCIF3sN4O, 493.02, 495.02 found 494.9.

(b) N-(4-Bromo-2-chloro-5-trifluoromethoxy-phenyl)-6-[(R)-4-(3-hydroxy-2,2-dimethyl-

propionyD)-2-methyl-piperazin-1-yl]-nicotinamide

To a solution of 2,2-dimethyl-3-hydroxypropionic acid (119 mg, 1.01 mmol) in
DMF (4.6 mL, 58.9 mmol) was added HATU (384 mg, 1.0 mmol). The reaction mixture
was stirred at RT for 15 min, the product of the previous step (534 mg) was added
followed by DIPEA (0.73 mL, 4.2 mmol) and the mixture was stirred at RT for 3 h, and
concentrated by rotary evaoporation to produce a yellow/orange oil which was dissolved
in a small amount of DCM and purified by silica chromatography 2(4g column, 0-80%
ethyl acetate:hexanes) to produce the title intermediate (495 mg) as a white solid.

(m/z): [M+H]  calcd for Co3HasBrCIFsN4O, 593.07, 595.07 found 595.4.

Preparation 34: N-{5-Chloro-4'-[2-((25,45)-4-methoxy-pyrrolidin-2-yl)-1H-
imidazol-4-yl]-2-trifluoromethoxy-biphenyl-4-yl}-6-[(R)-4-(3-hydroxy-2,2-dimethyl-

propionyl) -2-methyl-piperazin-1-yl]-nicotinamide
CF
o ol N N9
N N
AT ARe S 5o
=N
N\ Cl
0 NH

(a) (25,45)-4-Methoxy-2-{4-[4-(4.4.5.5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-phenyl]-

1 H-imidazol-2-y1} -pyrrolidine-1-carboxylic acid tert-butyl ester
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To a solution of (25,45)-2-[5-(4-Bromo-phenyl)- 1 H-imidazol-2-y1]-4-methoxy-
pyrrolidine-1-carboxylic acid zert-butyl ester (335 mg, 0.79 mmol),
bis(pinacolato)diboron (212 mg, 0.83 mmol) and potassium acetate (117 mg, 1.19 mmol)
was added degassed toluene (1.86 mL). The resulting mixture was sparged with nitrogen
for 15 min, Pd(dppf)Cl,CH,Cl, (19.4 mg, 0.024 mmol) was added, and the reaction
mixture was stirred, purged with nitrogen, and heated to 90 °C for 4 h to provide the title
intermediate. (m/z): [M+H]" caled for CysH3sBN3Os 470.27 found 470.1.

(b) (25,45)-2-{4-[5'-Chloro-4'-({6-[(R) -4-(3-hydroxy-2,2-dimethyl-propionyl)-2-methyl-

piperazin-1-vl]-pyridine-3-carbonyl}-amino)-2'-trifluoromethoxy-biphenyl-4-y1]-1H-

imidazol-2-y1}-4-methoxy-pyrrolidine-1-carboxvlic acid tert-butyl ester

To the reaction mixture of the previous step was added degassed water (0.89 mL),
potassium carbonate (603 mg, 4.36 mmol), and N-(4-bromo-2-chloro-5-trifluoromethoxy-
phenyl)-6-[(R)-4-(3-hydroxy-2,2-dimethyl-propionyl)-2-methyl-piperazin-1-yl]-
nicotinamide (495 mg, 0.84 mmol; Preparation 33). The reaction mixture was purged
with nitrogen, Pd(dppf)ClL,CH,Cl, (9.72 mg, 0.012 mmol) was added; the mixture was
purged again and heated to 95 °C overnight, cooled to RT, diluted with EtOAc, filtered
through a combined pad of Celite® and silica gel, flushed several times with EtOAc, and
washed with water and brine to produce a dark colored oil. The residue was purified by
silica gel chromatography (24 g silica gel, 40% to 100% EtOAc/hexane, 5-25 min then 0-
10% methanol:EtOAc 10-30 min) to produce the title intermediate (211 mg, 31 % yield)
as a yellow solid. (m/z): [M+H]" calcd for C4oHyoCIF3:N70;7 856.33 found 856.2.

(c) N-{5-Chloro-4'-[2-((25.45)-4-methoxy-pyrrolidin-2-y1)-1H-imidazol-4-y1]-2-
trifluoromethoxy-biphenyl-4-yl1} -6-[(R)-4-(3-hydroxy-2,2-dimethyl-propionyl) -2-

methyl-piperazin-1-yl]-nicotinamide

The solid from the previous step (211 mg) was treated with 4 M HCl in 1,4-
dioxane(4.0 mL) and HCI1 (1.2 mL) and the reaction mixture was stirred at RT for 1 h,
concentrated, and evaporated with ethyl acetate (2 x) to produce the tri-HCI salt of the
title intermediate (230 mg, 33 % yield). (m/z): [M+H] calcd for C3Hy CIF;N705
756.283 found 756.2.
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Preparation 35: 4'-{2-[(25,45)-4-Methanesulfinyl-1-((S)-2-
methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-yl}-2-

trifluoromethoxy-biphenyl-4-carboxylic acid

o N O
\Y
/S N O

(a) 4'-{2-[(25.45)-1-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-4-methylsulfanyl-

pyrrolidin-2-v1]-1 H-imidazol-4-y1} -2-trifluoromethoxy-biphenvl-4-carboxvlic acid

methyl ester

To a mixture of 4-bromo-3-trifluoromethoxy-benzoic acid methyl ester (184 mg,
0.62 mmol), [(S)-2-methyl-1-((25,4S5)-4-methylsulfanyl-2- {4-[4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl1} -pyrrolidine-1-carbonyl)- propyl]-
carbamic acid methyl ester (300 mg, 0.55 mmol) and potassium carbonate (344 mg, 2.49
mmol) at RT was added toluene (1.35 mL) followed by water (0.69 mL). The reaction
mixture was purged with nitrogen, Pd(dppf)Cl, CH,Cl, (27.4 mg, 0.034 mmol) was added
under an atmosphere of nitrogen. The reaction vial was capped and heated at 100 °C
overnight, cooled to RT and partitioned between EtOAc (10 mL) and water (2 mL). The
organic layer was dried over sodium sulfate, filtered and concentrated to give a brownish
oil which was purified by silica gel chromatography (12 g silica gel, 0-100%
EtOAc/Hexanes). Desired fractions were combined and concentrated to give the title
intermediate as an orange oil. (m/z): [M+H]" calcd for C3oH33F3N406S 635.21 found
635.
(b) 4'-{2-[(25.45)-4-Methanesulfinyl-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-

pyrrolidin-2-v1]-1 H-imidazol-4-y1} -2-trifluoromethoxy-biphenvl-4-carboxylic acid

The oily residue from the previous step was dissolved in a mixture of ACN (0.29
mL) and DMA (0.03 mL) and treated with N-chlorosuccinimide (74 mg, 0.55 mmol) at
65 °C for 1 h. The reaction mixture was cooled to RT and treated with saturated sodium
bicarbonate (3 mL), and extracted with EtOAc (5 mL). The organic layer was
concentrated, dissolved in a mixture of methanol (2 mL) and water (0.5 mL) and treated

with lithium hydroxide monohydrate (139 mg, 3.32 mmol) at 65 °C for 1 h, cooled to RT,
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concentrated, dissolved in 1:1 acetic acid:water (6 mL) and purified by reverse phase
HPLC. Desired fractions were combined and freeze dried to provide the TFA salt of the
title intermediate (117 mg, 28 % yield) as a white solid. (m/z): [M+H]" calcd for
CroH31F3N4O7S 637.19 found 637.

5 Preparation 36: 4'-{2-[(25,45)-4-Methanesulfonyl-1-((S)-2-
methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-yl}-2-

trifluoromethoxy-biphenyl-4-carboxylic acid

O/CF3
N
o N @]
[\
N NTO
HN (

Potassium peroxymonosulfate sulfate (66 mg, 0.11 mmol) was added to a solution
10 of 4'-{2-[(25,45)-4-methanesulfinyl-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl]-1 H-imidazol-4-yl} -2-trifluoromethoxy-biphenyl-4-carboxylic acid TFA
(67 mg, 0.09 mmol; Preparation 35) in methanol (5 mL) and water (1 mL). The reaction
mixture was stirred at RT for 2 h, filtered, concentrated, dissolved in 1:1 acetic acid:water
(5§ mL), filtered, and purified by reverse phase HPLC. Desired fractions were combined
15  and freeze dried to provide the TFA salt of the title intermediate (55 mg, 80 % yield).
(m/z): [M+H] calcd for CaoH3 FaN4OsS 653.18 found 653.2.

Preparation 37: ((S)-1-{(25,45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-
morpholin-4-yl-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl

ester
=N
HN '(
20 ~o”7 o
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(a) (25.4R)-4-(Toluene-4-sulfonyloxy)-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl

ester 2-methyl ester

To a solution of methyl (25,4R)-N-tert-butoxycarbonyl-4-hydroxy-2-
pyrrolidinecarboxylate (4.68 g, 19.1 mmol) in DCM (47 mL) at RT was added DIPEA
(3.66 mL, 21.0 mmol) and 4-dimethylaminopyridine (233 mg, 1.91 mmol) followed by p-
toluenesulfonyl chloride (3.82 g, 20.1 mmol). The reaction mixture was stirred at RT
overnight, washed with 1 N HCI (2 mL), saturated sodium bicarbonate (2 mL), and brine
(2 mL), dried over sodium sulfate, filtered and concentrated to give a yellowish oil, which
was purified by silica gel chromatography (80 g silica, 0-100% EtOAc/Hexanes). Desired
fractions were combined and concentrated to give the title intermediate (1.74 g, 23 %
yield) as a colorless oil.

(b) (25.45)-4-Morpholin-4-yl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-

methyl ester
A mixture of the product of the previous step (908 mg, 2.27 mmol) and

morpholine (3.96 mL, 45.46 mmol) was heated at 70 °C overnight, concentrated by rotary
evaporation, dissolved in water (3 mL) and extracted with EtOAc (3 x 2 mL). The
aqueous layer was saturated with brine and 1 N aq NaOH (1 mL) was added. The aqueous
mixture was extracted with EtOAc (3 mL). Combined organic layers were dried over
sodium sulfate, filtered, and concentrated to give the title intermediate as a colorless oil.
(m/z): [M+H]" calcd for CysHxN,Os 315.18 found 315.

(c) (28.4S)-4-Morpholin-4-yl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester

The product of the previous step was dissolved in methanol (3 mL) and water (1
mL) at RT and treated with lithium hydroxide monohydrate (191 mg, 4.55 mmol) for 30
min. The reaction mixture was concentrated, treated with EtOAc (3 mL) and acidified to
pH~6 with 2 N HCI. The aqueous layer was freeze dried to give the title intermediate as a
light brownish foam. (m/z): [M+H]" calcd for C14H»4N,Os 301.17 found 301.
(d) (25.45)-4-Morpholin-4-yl-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-phenyl)-2-

oxo0-ethyl] ester 1-tert-butyl ester

The foam from the previous step was treated with DCM (11.7 mL, 181.8 mmol)
and DIPEA (0.32 mL, 1.82 mmol) and then p-bromophenacyl bromide (505 mg, 1.82
mmol) was added. The resulting mixture was heated at 35 °C for 1 h and concentrated to
give the title compound as a yellowish solid. (m/z): [M+H]" calcd for C2,HyoBrN,Og
497.12. 499.12 found 499.
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(e) (25.45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-morpholin-4-yl-pyrrolidine-1-

carboxvlic acid tert-butyl ester

The solid from the previous step was mixed with ammonium acetate (2.80 g,
36.36 mmol) and DIPEA (0.48 mL, 2.73 mmol) in toluene (55 mL) and the reaction
mixture was heated at 110 °C overnight, cooled to RT, and concentrated. The resulting
residue was purified by silica gel chromatography (12 g silica gel, 0-100%
EtOAc/Hexanes). Desired fractions were combined and concentated to give the title
intermediate (133 mg, 15 % yield over steps (b) through (e)) as a brownish foam.
(m/z): [M+H]" calcd for CpHyBrN4O; 477.14, 479.14 found 477.
() (5)-1-{(25.45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-y1]-4-morpholin-4-yl-

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

The product of the previous step (133 mg, 0.28 mmol) was treated with 4 M HCI
in 1,4-dioxane(2 mL) at RT for 30 min. The reaction mixture was concentrated, and
evaporated with EtOAc (3 x 2 mL) to give a brownish foam. The foam was dissolved in
DMF (2.5 mL) and treated with (S)-2-methoxycarbonylamino-3-methyl-butyric acid (49
mg, 0.28 mmol) and HATU (106 mg, 0.28 mmol) at RT over the weekend. The reaction
mixture was diluted with EtOAc (5 mL) and washed with water (2 mL). The organic layer
was dried over sodium sulfate, filtered and concentrated to give a brownish oil, which
was purified by silica gel chromatography (4 g silica gel, 0-100% EtOAc/Hexanes then
10% MeOH/EtOAc, (3% Et;N in MeOH)). Desired fractions were combined and
concentrated to give the title intermediate (57 mg, 38 % yield) as a yellowish oil.

(m/z): [M+H] calcd for Co4H3»BrNsO4 534.16, 536.16 found 534.

Preparation 38: (25,45)-4-Cyano-pyrrolidine-1,2-dicarboxylic acid 1-tert-
butyl ester

(a) (25.4R)-4-Hydroxy-pyrrolidine-1,2-dicarboxylic acid 1-ferz-butyl ester 2-methyl ester

To a solution of (25,4R)-4-hydroxy-pyrrolidine-2-carboxylic acid methyl ester
HCI(10 g, 55.1 mmol ) in DCM ( 100 mL ) was added triethylamine (16.73 g,
165.3 mmol ) and di-fert-butyl dicarbonate (14.41 g, 66.1 mmol ). The reaction mixture

was stirred at RT overnight, concentrated, and purified by column chromatography (3:1
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petroleum cther: EtOAc) to give the title intermediate (12 g, 89 % yield) 'H NMR (400
MHz, CDCl): 6(ppm) 4.48 (m, 1H), 4.38 (m, 1H), 3.72 (s, 3H), 3.63 (m, 1 H), 3.45 (m,
1H), 2.29 (m, 1 H), 2.06 (m, 2 H), 1.39 (s, 9H).

(b) (28.,4R)-4-Methanesulfonyloxy-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-

methyl ester
To the product of the previous step (12 g, 48.9 mmol) dissolved in dry DCM

(100 mL) was added triethylamine (14.87 g, 147 mmol) in an ice bath and then
methanesulfonyl chloride (6.72 g, 58.7 mmol) was added dropwise. The reaction mixture
was stirred at 0 °C for 1 h, poured into ice water, and extracted with DCM (3 x). The
combined organic layers were washed with NaHCOj3, water and brine, dried over Na,SOy,
and concentrated to give the title intermediate (15 g). (m/z): [M+H-100]" calcd for
C:H,NO;S 224.10 found 224.

(c) (28,45)-4-Cyano-pyrrolidine-1,2-dicarboxylic acid 1-fert-butyl ester 2-methyl ester

A mixture of the product of the previous step (15 g, 46.4 mmol) and sodium
cyanide (22.74 g, 464 mmol) was stirred in DMSO (200 mL), heated at 55 °C for 3 days
under nitrogen, cooled to RT, and poured into ice water. The mixture was extracted with
EtOAc (3 x) and the combined organic extracts were washed three times with water and
brine, dried over Na,SOs, and concentrated. The residue was purified by column
chromatography (3:1 petroleum ether:EtOAc)to give the title intermediate (3 g, 25 %
yield). "H NMR (400 MHz, CDCl:): 8(ppm) 4.38 (m, 1H), 3.93 (m, 1H), 3.73 (s, 3H),
3.65 (m, 1H), 3.08 (m, 1H), 2.24-2.70 (m, 2 H), 1.45 (m, 9H).

(d) (25.45)-4-Cyano-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester

To a solution of the product of the previous step (3 g, 11.8 mmol) in methanol
(50 mL) was added an aqueous solution of 4 M NaOH (5.9 mL). The mixture was stirred
at RT overnight under nitrogen and concentrated. The residue was adjusted to pH 2 with
1 M HCl and the aqueous solution was extracted with DCM (3 x 50 mL). The combined
organic phase was washed with brine, dried over Na,SQy, filtered and concentrated to
give the title intermediate (2 g). "H NMR (400 MHz, CDCls): 8(ppm) 9.45 (br, 1H),
4.33-4.52 (m, 1H), 3.59-3.98 (m, 2H), 3.13-3.30 (m, 1H), 2.36-2.74 (m, 2H), 1.49
(m, 9H).
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Preparation 39: (35,55)-5-[4-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-

=N

N= NH

pyrrolidine-3-carbonitrile

(a) (25.45)-4-Cyano-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-phenyl)-2-ox0-
ethyl] ester 1-tert-butyl ester

To a solution of the product of Preparation 38 (2 g, 8.3 mmol) in acetonitrile
(50 mL) was added DIPEA (3.22 g, 25.0 mmol) and 2-bromo-1-(4-bromo-phenyl)-
cthanone (2.31 g, 8.3 mmol). The reaction mixture was stirred at RT overnight under
nitrogen. The reaction mixture was concentrated and the residue was dissolved in EtOAc
(30 mL) and water (30 mL). The aqueous layer was extracted with EtOAc (2 x 30 mL).
The combined organic layers were washed with water and brine, dried over Na,SOy,
filtered, concentrated, and purified by column chromatography (10- 30% EtOAc in
petroleum ether) to give the title intermediate (900 mg, 25 % yield). (m/z): [M+H-100]"
caled for C,H,,BrN,Og 337.06, 339.06 found 339.
(b) (25.45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-cyano-pyrrolidine- 1 -carboxylic

acid tert-butyl ester

To a solution of the product of the previous step (900 mg, 2.1 mmol) in toluene
(30 mL) was added ammonium acetate (3.21g, 41.2 mmol). The reaction mixture was
heated at reflux for 1.5 h under nitrogen. The mixture was concentrated and the residue
was dissolved in EtOAc (50 mL) and water (50 mL). The aqueous layer was extracted
with EtOAc (2 x 50 mL). The combined organic layers were dried over Na,SOy, filtered,
concentrated, and purified by column chromatography (10- 50% EtOAc in petroleum
ether) to give the title intermediate (400 mg, 46 % yield). (m/z): [M+H]" calcd for
CiyH»BrN4O, 417.09, 419.09 found 417.
(c) (35,55)-5-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine-3-carbonitrile

The product of the previous step (400 mg, 0.96 mmol) was dissolved in
HCl/dioxane (10 mL) and the mixture was stirred at RT for 1 h. The reaction mixture was
concentrated to give the HCl salt of the title intermediate (340 mg). (m/z): [M+H]" calcd
for C,yH»BrN4O, 317.03, 319.03 found 317, 319.
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Preparation 40: [($)-1-((25,45)-4-Cyano-2-{4-[4-(4, 4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-

methyl-propyl]-carbamic acid methyl ester
O
HN \>._< >’B/
\N \O
N= N\fo
HN (
O (0]

(a) ((5)-1-{(28.45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-4-cyano-pyrrolidine-1-

~

carbonyl}-2-methyl-propyl)- carbamic acid methyl ester

The product of Preparation 39 (340 mg, 0.96 mmol) was dissolved in DCM
(20 mL) and DIPEA (620 mg, 4.80 mmol) was added followed by 2-
methoxycarbonylamino-3-methyl-butyric acid (168 mg, 0.96 mmol) and HATU (365 mg,
0.96 mmol). The reaction mixture was stirred at RT for 1 h under nitrogen, diluted with
DCM, and washed with aqueous bicarbonate solution, water (30 mL), and brine (30 mL),
dried over Na,SOy, filtered, concentrated and purified by column chromatography (30-
100 % EtOAc in petroleum ecther) to give the title intermediate (350 mg, 77 % yield).
(m/z): [M+H]  calcd for C,,H,,BrNsOz 474.11, 476.11 found 474, 476.
(b) [($)-1-((25,45)-4-Cyano-2-{4-[4-(4, 4,5.5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-

phenyl]-1H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid

methyl ester
To a solution of ((S)-1-{(25,45)-2-[4-(4-bromo-phenyl)-1 H-imidazol-2-yl1]-4-

cyano-pyrrolidine-1-carbonyl}-2-methyl-propyl)- carbamic acid methyl ester (450 mg,
0.95 mmol), bis(pinacolato)diboron (362 mg, 1.42 mmol), and potassium acetate
(186 mg, 1.90 mmol) in dioxane (20 mL) was added Pd(dppf)Cl,-CH,Cl, (78 mg,
0.095 mmol) and the mixture was degassed with nitrogen and heated at reflux overnight
under nitrogen. The cooled mixture was filtered through Celite® and washed with
EtOAc. The filtrate was washed with water and brine, dried over Na,SOy, filtered,
concentrated, and purified by column chromatography (20-100 % EtOAc in petroleum
ether) to give the title intermediate (320 mg, 65 % yield). (m/z): [M+H]  calcd for
CH3BNsOs 522.28 found 522. "H NMR (400 MHz, MeOD): 3(ppm) 7.72 (m, 2H), 7.64
(m, 2H), 7.36 (s, 1H), 5.14 (m, 1H), 4.60 (m, 1H), 4.11 (m, 1H), 3.99 (m, 1H), 3.63 (s,
3H), 3.45 (m, 1H), 2.85 (m, 1H), 2.52 (m, 1H), 2.00 (m, 1H), 1.34 (s, 12H), 0.84 (m, 6H).
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Preparation 41: (25,55)-5-Methyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-
butyl ester

HN™ X
=N OH

oK

(a) (8)-2-tert-Butoxycarbonylamino-5-oxo-hexanoic acid ethyl ester

A solution of (5)-5-oxo-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl
ester (20 g, 10 mmol) in dry THF (150 mL) was cooled to -50 °C, and then
methylmagnesium bromide (31 mL, 93.28 mmol) was added dropwise at a temperature
between -50 and -44 °C in 30 min. The reaction mixture was stirred at -43 °C for 2 h and
placed in a freezer (ca. -20 °C) overnight. The mixture was quenched with sat. NH4Cl
solution and extracted with EtOAc. The combined organic layers were dried over
Na,SQ,, filtered and concentrated under reduced pressure to give the crude product,
which was purified by column chromatography (8:1-3:1 petroleum cther:EtOAc) to give
the title intermediate (38 g) as light yellow oil. 'H NMR (400 MHz, CDCls): (ppm)
5.11-5.09 (m, 1H), 4.25-4.24 (m, 1H), 4.19 (q, /= 7.2 Hz, 2H), 2.63-2.52 (m, 2H), 2.15
(s, 3H), 2.12-2.08 (m, 1H), 1.92-1.82 (m, 1H), 1.44 (s, 9H), 1.28 (t, /= 7.2 Hz, 3H).

(b) (8)-5-Methyl-3.4-dihydro-2H-pyrrole-2-carboxylic acid ethyl ester

To a solution of the product of the previous step (5 g, 18.29 mmol) in dry DCM
(10 mL) was added TFA (7.5 mL) and the reaction mixture was stirred at ambient
temperature for 3 h. The mixture was concentrated to give the title intermediate (7 g). 'H
NMR (400 MHz, CDCls): 6(ppm) 5.14-5.09 (m, 1H), 4.29-4.25 (m, 2H), 3.21-3.17 (m,
2H), 2.77-2.69 (m, 1H), 2.62 (s, 3H), 2.49-2.41 (m, 1H), 1.32-1.29 (m, 3H).
(c) (28,585)-5-Methyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester

The product of the previous step (4 g) was dissolved in ethanol (40 mL) and 10 %
Pd/C (400 mg) was added. The reaction mixture was stirred at 35 °C under 55 psi of
hydrogen overnight. After filtration, the filtrate was concentrated under reduced pressure
to give 2.62 g of crude product, which was added to a mixture of tricthylamine (4.6 mL)
and 4-dimethylaminopyridine (DMAP) (102 mg, 0.83 mmol) in dry DCM (10 mL).
Then, di-tert-butyl dicarbonate (4 g, 18.33 mmol) was added and the reaction mixture was
stirred at RT overnight. The reaction mixture was washed with 1 N HCI solution and
brine. The organic layer was dried over Na,SOy, filtered and concentrated under reduced

pressure to give the residue, which was purified by column chromatography (8:1-3:1
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petroleum ether:EtOAc) to give the title intermediate (2 g) as a colorless oil. "H NMR
(400 MHz, CDCls): 6(ppm) 4.53-4.50 (m, 1H), 4.30 (q, /= 7.2 Hz, 1H), 3.93-3.87 (m,
1H), 2.52-2.42 (m, 1H), 2.31-2.19 (m, 2H), 1.71-1.60 (m, 1H), 1.52-1.50 (m, 3H), 1.32 (t,
J=7.2Hz, 3H).

(d) (28,585)-5-Methyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester

A mixture of the product of the previous step (2 g, 7.77 mmol) and lithium
hydroxide (466 mg, 23.3 mmol) in 3:1 methanol:water (24 mL) was stirred at RT
overnight, and concentrated. The residue was dissolved in water and extracted with
EtOAc (2 x 20 mL). The aqueous layer was adjusted to pH 2 with 1 N HCI and extracted
with 3:1 DCM:methanol (3 x 24 mL) to give the title intermediate (1.7 g) as a white
crystal.

Preparation 42: 4-(4-Bromo-phenyl)-2-((25,55)-5-methyl-pyrrolidin-2-yl)-1 H-

=N

NH

imidazole

(a) (25.55)-5-Methyl-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-phenyl)-2-oxo-

ethyl] ester 1-zert-butyl ester

A mixture of the product of Preparation 41 (1.7 g, 7.41 mmol), 2-bromo-1-(4-
bromo-phenyl)-ethanone (2.08 g, 7.49 mmol) and DIPEA (2.87 g, 22.23 mmol) in ACN
(50 mL) was stirred under nitrogen at RT for 2 h. The reaction mixture was concentrated
under reduced pressure to give the title intermediate (3.16 g).

(b) (25,55)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-yl]-5-methyl-pyrrolidine-1-carboxylic
acid tert-butyl ester

A mixture of the product of the previous step (3.16 g, 7.41 mmol) and ammonium
acetate (17 g, 222.3 mmol) in toluene (50 mL) was refluxed under nitrogen overnight.
The reaction mixture was washed with water and extracted with EtOAc. The combined
organic layers were dried over Na,SO,, filtered and concentrated under reduced pressure
to give the residue, which was purified by column chromatography (10:1-5:1 petroleum
ether:EtOAc) to give the title intermediate (3.06 g) as a solid.

(c) 4-(4-Bromo-phenyl)-2-((28,55)-5-methyl-pyrrolidin-2-y1)-1 H-imidazole
The product of the previous step (3.06 g, 7.53 mmol) was dissolved in EtOAc (10

mL) and HCl/dioxane solution (20 mL) was added slowly. The reaction mixture was
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stirred at RT for 3 h, and concentrated under reduced pressure to give the residue, which
was partitioned between sat. NaHCO; and DCM. The combined organic layers were dried
over Na,SQOy, filtered and concentrated under reduced pressure to give the title

intermediate (2.5 g) as a solid.

Preparation 43: [(§)-2-Methyl-1-((28,55)-2-methyl-5-{4-[4-(4,4,5,5-
tetramethyl-[1,3,2] dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-

carbonyl)-propyl]-carbamic acid methyl ester

O
-O-CE
\N \O
q

OAO (

(a) ((S)-1-{(28.,55)-2-[4-(4-Bromo-phenyl)- 1 H-imidazol-2-yl]-5-methyl-pyrrolidine-1-

H
N

~

carbonyl}-2-methyl-propyl) -carbamic acid methyl ester

A mixture of the product of Preparation 42 (2.5 g, 8.16 mmol), 2-
methoxycarbonyl-amino-3-methyl-butyric acid (1.72 g, 9.79 mmol), HATU (3.72 g, 9.79
mmol) and DIPEA (3.16 g, 24.48 mmol) in DCM (50 mL) was stirred at RT overnight.
The reaction mixture was washed with water and brine and extracted with EtOAc. The
combined organic layers were dried over Na,SQy, filtered, and concentrated under
reduced pressure to give the residue, which was purified by column chromatography (3:1-
1:1 petroleum ether:EtOAc) to give the title intermediate (1.5 g, 85 % purity) as a solid.
'H NMR (400 MHz, CD;0D): &(ppm) 7.73-7.33 (m, 5H), 5.36 (m, 0.5H), 5.10-5.05 (m,
0.5H), 4.75-4.71 (m, 0.5H), 4.23-4.08 (m, 1H), 3.69-3.67 (m, 3H), 2.82-2.80 (m, 0.5H),
2.35-2.33 (m, 0.5H), 2.17-1.91 (m, 4H), 1.5-1.48 (m, 0.5H), 1.27-0.84 (m, 9H).

(b) [(S)-2-Methyl-1-((25.55)-2-methyl-5-{4-[4-(4.4.5.5-tetramethyl-[1.3.2] dioxaborolan-

2-y)-phenvl]-1H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-carbamic acid

methyl ester
A mixture of the product of the previous step (1.5 g, 3.24 mmol),

bis(pinacolato)diboron (988 mg, 3.89 mmol), potassium acetate (954 mg, 9.72 mmol) and
Pd(dppf)Cl, (150 mg) in dioxane (50 mL) was refluxed under nitrogen for 3 h. The
reaction mixture was concentrated under reduced pressure to give the residue, which was
partitioned between water and EtOAc. The combined organic layers were washed with

brine, dried over Na,SQy, filtered, and concentrated under reduced pressure to give the
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residue, which was purified by column chromatography to give the title intermediate
(1.1 g). (m/z): [M+H]" caled for C»,H;BN4Os 511.3 found 511.3. "H NMR (400 MHz,
CDCL): d(ppm) 7.78 (s, 4H), 7.44-7.38 (m, 1H), 5.52-5.45 (m, 1H), 5.3-5.18 (m, 1H),
4.23-4.20 (m, 1H), 3.79-3.68 (m, 3H), 2.39-1.50 (m, 5H), 1.35-1.29 (m, 12H), 1.27-0.78
(m, 9H).

Preparation 44: (R)-5-chloro-4-(6-(2-methyl-4-pivaloylpiperazin-1-

yDnicotinamido)-2-(trifluoromethoxy)phenylboronic acid
CF3 2
0 0 =N / 0]
°B VAR W/ J§<
HO
Cl

Under an atmosphere of nitrogen, a mixture of N-(4-bromo-2-chloro-5-
trifluoromethoxy-phenyl)-6-[(R)-4-(2,2-dimethyl-propionyl)-2-methyl-piperazin-1-yl]-
nicotinamide (20.0 g, 34.6 mmol) and tetrahydrofuran (200 mL) was cooled to 0 °C and
then 1.3 M isopropylmagnesium chloride lithium chloride complex in tetrahydrofuran
(79.9 mL, 104 mmol) was added dropwise at 0-10 °C. After 2.5 h, boric acid, trimethyl
ester (12.0 mL, 106 mmol) was added dropwise, and then 1 N HCI (105 mL) was added
and the reaction mixture was stirred overnight. The reaction mixture was extracted with
EtOAc (250 mL); the organic layer was washed with water, sat. aq. NaHCOj3, dried over
MgSQ,, and evaporated to give crude product (22.8 g). To the crude product was added
ethanol (230 mL) and then slowly water (57.5 mL). The resulting mixture was stirred for
10 days and filtered to give the title intermediate as a crystalline solid (10.7 g, 57 %
yield).

A powder x-ray diffraction pattern of a crystalline sample of (R)-5-chloro-4-(6-(2-
methyl-4-pivaloylpiperazin-1-yl)nicotinamido)-2-(trifluoromethoxy)phenylboronic acid
prepared by the above process is shown in the Figure. The pattern was obtained with a
Thermo ARL X’Tra X-ray diffractometer using Cu-Ka radiation (L = 1.54051 A) with
output voltage of 45 kV and current of 40 mA. The sample was scanned in 20-20 mode
from 2° to 40° in 26 with a step size of 0.03° and a scan speed of 2.0° per minute.
Observed PXRD two-theta peak positions and d-spacings are given in the following table
(only peaks having a relative peak height (H%) of about 8 % or greater are listed).
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Preparation 45: [($)-2-{(25,4S)-2-[4-(4-Bromo-phenyl)-1 H-imidazol-2-yl]-4-
methyl-pyrrolidin-1-yl}-2-oxo-1-(tetrahydropyran-4-yl)-ethyl]-carbamic acid methyl

ester

(a) 4-(4-Bromo-phenyl)-2-((25.45)-4-methyl-pyrrolidin-2-y1)-1 H-imidazole
(285,45)-2-[4-(4-bromo-phenyl)- 1 H-imidazol-2-yl]-4-methyl-pyrrolidine-1-
carboxylic acid rert-butyl ester (0.65 g, 1.6 mmol) was treated with 4 M HCl in 1,4-

dioxane (4 mL, 20 mmol) at 50 °C for 1 h. The reaction mixture was concentrated and
10  dissolved in ethyl acetate and evaporated with ethyl acetate (2 x) to produce the HCI salt

of the title intermediate as a yellow solid.

(b) [(8)-2-{(2S5.45)-2-[4-(4-Bromo-phenyl)-1H-imidazol-2-y1]-4-methyl-pyrrolidin-1-yl} -

2-ox0-1-(tetrahydropyran-4-yD)-ethyl]-carbamic acid methyl ester

The yellow solid from the previous step was dissolved in DMA (3 mL) and
15 DIPEA (1.4 mL, 8.0 mmol) was added. A solution of 0.5 M (S)-methoxycarbonylamino-

(tetrahydro-pyran-4-yl)-acetic acid in DMA (4.0 mL, 2.0 mmol) and HATU (760 mg, 2.0
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mmol) were added. The reaction mixture was stirred at RT for 1 h, dissolved in ethyl
acetate (100 mL) and washed with water (300 mL). The aqueous layer was extracted with
ethyl acetate (100 mL). The combined organic layer was washed with brine, dried over
sodium sulfate, filtered, concentrated, and purified by silica gel chromatography (0-100%
ethyl acetate:hexanes) to produce the title intermediate as a light colored solid. (760 mg,

94 % yield). (m/z): [M+H]" caled for Co;HuBrN4O, 505.14, 507.14 found 506.95.

Preparation 46: [(5)-2-((28,45)-4-Methyl-2-{4-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-phenyl]-1 H-imidazol-2-yl}-pyrrolidin-1-yl)-2-oxo-1-(tetrahydro-
pyran-4-yl)-ethyl]-carbamic acid methyl ester

O: i
HN \>_< >*B/

O
O)\C|)

The product of Preparation 45 (760 mg, 1.5 mmol), bis(pinacolato)diboron (570
mg, 2.2 mmol) and potassium acetate (220 mg, 2.2 mmol) were mixed with 1,4-dioxane
(5§ mL). The resulting suspension was sparged under nitrogen and then
Pd(dppf)Cl,CH,Cl, (61 mg, 0.075 mmol) was added. The reaction mixture was heated at
100 °C overnight, cooled to RT and filtered through a stacked pad of silica gel and
Celite®. The pad was washed with EtOAc (180 mL). The filtrate was concentrated to
give a black oil which was purified by silica gel chromatography (24 g silica gel
disposable column, eluted with 0-100% EtOAc:hexanes). Desired fractions were
combined and concentrated to give the title intermediate (544 mg, 65 % yield) as a
yellowish foam. (m/z): [M+H]" calcd for corresponding boronic acid C,;Hs,BN4Og
471.23 found 471.05.

Preparation 47: (R)-4-(5-Amino-pyridin-2-yl)-3-methyl-piperazine-1-

oot

carboxylic acid fert-butyl ester

H2N\/N

&3
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(a) (R)-3-Methyl-4-(5-nitropyridin-2-yl)-piperazine-1-carboxylic acid tert-butyl ester

A mixture of 2-chloro-5-nitropyridine (1.0 g, 6.3 mmol), (R)-3-methyl-piperazine-
1-carboxylic acid tert-butyl ester (1.26 g, 6.31 mmol), and potassium carbonate (2.18 g,
15.77 mmol) was stirred in DMSO (5 mL) at 120 °C overnight. The reaction mixture was
concentrated under rotary evaporation and mixed with water (50 mL). The resulting
precipitate was filtered, washed with water (3 x 10 mL) and air-dried to provide the title
intermediate.

(b) (R)-4-(5-Amino-pyridin-2-yl)-3-methyl-piperazine-1-carboxylic acid fert-butyl ester

A solution of the product of the previous step in methanol (150 mL) was degassed
several times, then palladium hydroxide on carbon (20 weight %, 200 mg, 0.29 mmol)
was added, and resulting mixture was degassed, hydrogenated overnight under a balloon
of hydrogen, degassed again, and filtered thru Celite®. The filter pad was washed with
methanol (3 x 5 mL). The filtrate was concentrated and purified by silica gel
chromatography (20-80 % EtOAc:hexanes) to provide the title intermediate (1514 mg; 82
% yield). (m/z): [M+H] calcd for C,sH,N40, 293.19 found 293.1.

Preparation 48: 4-Bromo-2-chloro-5-trifluoromethoxy-benzoic acid methyl

ester

/

CF3
0]

O_
Br
0]
Cl

(a) 2-Chloro-5-trifluoromethoxy-benzoic acid methyl ester

A mixture of 2-bromo-1-chloro-4-trifluoromethoxy-benzene (5 g, 18.2 mmol),
triethylamine (5.51 g, 54.5 mmol), and Pd(dppf)ClL, (1.33 g, 1.82 mmol) in methanol (200
mL) was stirred at 80 °C under carbon monoxide (50 Psi) overnight, filtered, and
concentrated under vacuum. The residue was purified by silica gel chromatography (5 %
EtOAc in petroleum ether) to give the title intermediate as a colorless liquid (3.4 g, 74 %
yield).

(b) (2-Chloro-5-trifluoromethoxy-phenyl)-methanol

To a solution of the product of the previous step (2.9 g, 11.4 mmol) in THF (30
mL) was added NaBH4 (2.59 g, 68.3 mmol). The resulting mixture was stirred for 15 min
at 70 °C, methanol (10 mL) was then added dropwise during 0.5h and the mixture was
stirred for 2 h at 70 °C. The reaction mixture was cooled to RT, and quenched with sat.

NH4CL. The organic layer was separated and the aqueous layer was extracted with EtOAc.
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The combined organics were dried over sodium sulfate, filtered, and concentrated to give
the title intermediate. (2.3 g, 98 % yield). (m/z): [M-OH]" calcd for C;H,CIF30, 209.0
found 209.0

(c) (4-Bromo-2-chloro-5-trifluoromethoxy-phenyl)-methanol

To a solution of (2-chloro-5-trifluoromethoxy-phenyl)-methanol (16.3 g, 71.94
mmol) in sulfuric acid (200 mL) and water (60 mL) was added bromine (12.65 g, 79.13
mmol), followed by silver sulfate (12.34 g, 39.57 mmol). The reaction mixture was stirred
at RT for 1 h, poured onto ice, and then extracted with EtOAc (3 x 100 mL). The organic
layers were combined, dried over Na,SO,4 and concentrated to afford crude product,
which was purified by flash chromatography (0-10% EtOAc in petroleum ether) to give
the title intermediate (6.0 g, 27 % yield). (m/z): [M-OH]" calcd for CsH;BrCIF;0,
286.91, 288.91 found 289.0.

(d) 4-Bromo-2-chloro-5-trifluoromethoxy-benzoic acid methyl ester

To a solution of (4-bromo-2-chloro-5-trifluoromethoxy-phenyl)-methanol (6.6 g,
21.61 mmol) in methanol (70 mL) was added 2-methyl-prop-2-yl-hydroperoxide (14.4
mL, 86.42 mmol), and potassium iodide (0.72 g, 4.32 mmol), The reaction mixture was
stirred under reflux for 48 h and sat. sodium thiosulfate (20 mL) was added. The reaction
mixture was concentrated and extracted with EtOAc (3 x 100 mL). The organic layers
were combined, washed with brine, dried over sodium sulfate, concentrated , and purified
by HPLC to provide the title intermediate (2.86 g, 39 % yield). (m/z): [M+H]" calcd for
CH:BrCIF;05 33291, 334.91 found 332.9, 334.9. "H NMR (400 MHz, CDCls): 8(ppm)
7.79 (s, 1H), 7.77 (s, 1H), 3.94 (s, 3H).

Preparation 49: (R)-4-|5-(4-Bromo-2-chloro-5-trifluoromethoxy-
benzoylamino)-pyridin-2-yl]-3-methyl-piperazine-1-carboxylic acid zert-butyl ester

@«0 O

(a) 4-Bromo-2-chloro-5-trifluoromethoxy-benzoic acid

To a mixture of 4-bromo-2-chloro-5-trifluoromethoxy-benzoic acid methyl ester
(1.0 g, 3.0 mmol, Preparation 48) dissolved in methanol (4 mL) and water (4 mL) was
added lithium hydroxide (360 mg, 15 mmol). The reaction mixture was stirred at at 60 °C
for 1 h and concentrated. The reaction mixture was adjusted to acidic pH with 1 N HCI,

dissolved in EtOAc (60 mL) and washed with water (60 mL). The aqueous layer was
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extracted with EtOAc (60 mL). The combined organic layers were washed with brine,
dried over sodium sulfate, filtered, and concentrated to produce the title intermediate (966
mg, 100 % yield) as a white powder.

(b) (R)-4-[5-(4-Bromo-2-chloro-5-trifluoromethoxy-benzoylamino)-pyridin-2-y1]-3-

methyl-piperazine-1-carboxvlic acid tert-butyl ester

The white powder from the previous step (300 mg) was dissolved in DMF (2.5
mL) and HATU (480 mg, 1.3 mmol) was added, followed by DIPEA (550 uL, 3.2 mmol)
and 0.5 M (R)-4-(5-amino-pyridin-2-yl)-3-methyl-piperazine- 1 -carboxylic acid tert-butyl
ester in DMA (2.1 mL, 1.0 mmol; Preparation 47) The reaction mixture was stirred at
room temperature overnight, dissolved in EtOAc (60 mL) and washed with water
(120 mL). The aqueous layer was extracted with EtOAc (60 mL). The combined organic
layer was washed with brine (60 mL), isolated and dried over sodium sulfate, filtered,
concentrated, and purified by silica gel chromatography (40 g silica, 0-40% ethyl
acetate:hexanes) to produce the title intermediate (491mg, 80% yield) as a colored solid.

(m/z): [M+H]  calcd for Co3HasBrCIFsN,404 593.07, 595.07 found 595.0.

Preparation 50: 4-bromo-3-chloro-5-(trifluoromethoxy) benzoic acid

/CFS
0]
OH
Br
0]
Cl

(a) 4-Amino-3-trifluoromethoxybenzoic acid methyl ester

A mixture of 4-amino-3-(trifluoromethoxy)benzoic acid (5.0 g, 22.61 mmol),
methanol (75 mL) and 4.0 M HCl in 1,4-dioxane(56.53 mL, 226.1 mmol) was stirred at
RT for 2 days. The reaction mixture was concentrated and the resulting residue was
coevaporated with EtOAc (3 x 20 mL), and further dried under vacuum to give the HCI
salt of the title intermediate as an off-white solid (6.9 g). Structure confirmed by NMR.
(b) 4-Amino-3-chloro-5-trifluoromethoxy-benzoic acidmethyl ester

The product of the previous step (200.0 mg, 0.74 mmol) was dissolved in a
mixture of ACN (9.44 mL) and DMA (0.944 mL) at RT. To this stirred solution was
added N-chlorosuccinimide (108.2 mg, 0.81 mmol). The resulting mixture was heated at
60 °C for 1 h, cooled to RT and partitioned between EtOAc (20 mL) and saturated
sodium bicarbonate (4 mL). The organic layer was washed with saturated sodium
bicarbonate (4 mL) and brine (4 mL), dried over sodium sulfate, filtered, and

concentrated to give a yellowish oil, which was purified by silica gel chromatography (12
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g silica gel, 0-40% EtOAc/hexanes) to give the title intermediate as a white solid
(173.8 mg, 88 % yield). Structure confirmed by NMR.

(c) 4-Bromo-3-chloro-5-trifluoromethoxy-benzoic acidmethyl ester

To a solution of the product of the previou step (173.8 mg, 0.65 mmol) in a
mixture of ACN (7.74 mL) and water (0.80 mL) at RT was added copper(Il) bromide
(198.7 mg, 0.89 mmol) followed by terz-butyl nitrite (0.13 mL, 1.11 mmol) dropwise. The
resulting mixture was heated at 60 °C for 1 h. The reaction mixture was cooled to RT and
partitioned between EtOAc (10 mL) and water (2 mL). The organic layer was washed
with water (4 mL), brine (4 mL), dried over sodium sulfate, filtered, and concentrated to
give a brownish oil which was purified by silica gel chromatography (12 g silica gel, 0-
30% EtOAc/hexanes) to give the title intermediate as a white solid (163.7 mg, 76 %
yield). Structure confirmed by NMR.

(d) 4-bromo-3-chloro-5-(trifluoromethoxy) benzoic acid

The product of the previous step (75.6 mg, 0.23 mmol) was dissolved in a mixture
of methanol (0.7 mL) and water (0.2 mL) and treated with lithium hydroxide (21.7 mg,
0.91 mmol) at 75 °C for 30min. The reaction mixture was concentrated, diluted with
water (3 mL), then acidified to pH~1 with 1 N HCI, and extracted with EtOAc (5 mL).
The organic layer was washed with water (2 mL) and brine (2 mL), dried over sodium
sulfate, filtered and concentrated to give a white solid, which was used directly in

Preparation 51.

Preparation 51: (R)-4-bromo-3-chloro-N-(6-(2-methyl-4-pivaloylpiperazin-1-
yDpyridin-3-yl)-5-(trifluoromethoxy)benzamide

,CF3 -
(0] —N /——\ O
HN—Q»N N
Br \ 7 "\~ 4§<
o)

Cl

(a) (R)-tert-butyl 4-(5-(4-bromo-3-chloro-5- (trifluoromethoxy)benzamido)pyridin-2-yl)-

3-methyvlpiperazine-1-carboxylate

To a mixture of (R)-tert-butyl 4-(5-aminopyridin-2-yl)-3-methylpiperazine-1-
carboxylate (59.9 mg, 0.21 mmol) and 4-bromo-3-chloro-5-(trifluoromethoxy)benzoic
acid (65.5 mg, 0.21 mmol; Preparation 50) in DMA (0.5 mL) at RT was added HATU
(86 mg, 0.23 mmol) followed by DIPEA (0.11 mL, 0.62 mmol). The reaction mixture
was stirred at RT for 1 h, partitioned between EtOAc (10 mL) and water (2 mL). The
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organic layer was washed with water (2 mL), dried over sodium sulfate, filtered and
concentrated to give the title intermediate as a dark purplish oil. (m/z): [M+H]" calcd for
Cy3HysBrCIFsN4O4 593.07, 595.07 found 595.

(b) (R)-4-bromo-3-chloro-N-(6-(2-methylpiperazin-1-yl)pyridin-3-y1)-5-

(trifluoromethoxv)-benzamide

To the oily residue from the previous step (122 mg, 0.21 mmol) was added 4 N
HCl in dioxane (0.51 mL, 2.05 mmol). The reaction mixture was held at RT overnight,
concentrated, evaporated with EtOAc (3 x 2.0 mL), and dried under vacuum to give the
di-HCl salt of the title intermediate as a purplish solid. (m/z): [M+H]" calcd for
CisH17BrCIFsN4O, 493.02, 495.02 found 495.
(c) (R)-4-bromo-3-chloro-N-(6-(2-methyl-4-pivaloylpiperazin- 1 -yl)pyridin-3-yI)-5-

(trifluoromethoxy)benzamide

The product of the previous step (116 mg, 0.21 mmol) was dissolved in a mixture
of DCM (2 mL) and DIPEA (0.14 mL, 0.82 mmol) at RT. Pivaloyl chloride (24.7 mg,
0.21 mmol) was added. The reaction mixture was stirred at RT for 10 min and then
purified by silica gel chromatography (12 g silica gel, 0-40% EtOAc/hexanes) to give the
title intermediate (80.3 mg, 68 % yield) as a light yellowish solid. (m/z): [M+H]" calcd
for CigH7BrCIF3N4O, 577.08, 579.07 found 579.

Preparation 52: 4-bromo-2-fluoro-3-(trifluoromethoxy)benzoic acid

CF3
0] F

@OH
Br
@]
(a) 4-bromo-2-fluoro-3-(trifluoromethoxy)aniline

To a solution of 2-fluoro-3-(trifluoromethoxy)aniline (1.0 g, 5.13 mmol)
dissolved in DMF (2 mL) at 0°C was slowly added a solution of cold N-
bromosuccinimide (0.91 g, 5.13 mmol) dissolved in DMF (6 mL) over 5 min. The
reaction mixure was stirred at 0 °C for 1 h, extracted with EtOAc (125 mL) and washed
with water (3 x 25 mL). The combined aqueous layers were extracted with EtOAc (75
mL). The combined organic layers were washed with brine (25 mL), dried over sodium

sulfate, filtered, and concentrated to produce the title compound as a dark colored liquid

(1.27 g, 90 % yield). (m/z): [M+H]" caled for C;H4BrF,NO 273.94 found 273.8.
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(b) 4-bromo-2-fluoro-3-(trifluoromethoxy)benzonitrile

A mixture of water (3 mL) and sulfuric acid (0.59 mL) was cooled to 10 °C and
the product of the previous step (1.27 g, 4.62 mmol) was added and stirred for 30 min at
less than 15 °C. The mixture was cooled to below 3 °C, a solution of sodium nitrite (0.36
g, 5.22 mmol) in water (0.75 mL) was added, keeping the temperature below 3°C and the
reaction mixture was stirred for 45 min. The reaction mixture was added to a hot slurry
(80°C) of sodium carbonate (1.35 g, 12.75 mmol), copper() cyanide (0.42 g, 4.71 mmol)
and sodium cyanide (0.36 g, 7.39 mmol) in water (3.27 mL) and the reaction mixture was
heated at 65 °C for 2 h. Hexanes (80 mL) was added and the aqueous phase was extracted
with hexanes (2 x 60 mL). The combined organic layer was washed with brine, dried over
sodium sulfate, filtered, concentrated, and purified by silica gel chromatography (0-5%
EtOAc:hexanes over 40 min). Fractions 33-39 were combined and concentrated to
provide the title compound (258.6 mg, 20 % yield) .

(c) 4-bromo-2-fluoro-3-(trifluoromethoxy)benzoic acid

To a solution of the product of the previous step (258.6 mg, 0.91 mmol) in
dioxane (2 mL) was added water (0.8 mL) and sulfuric acid (1.2 mL). The reaction
mixture was heated at 110 °C overnight, and extracted with DCM (80 mL) and water (20
mL). The aqueous layer was extracted with DCM (2 x 30 mL). The combined organic
layer was washed with water (2 x 30 mL), then with brine (30 mL), dried over sodium
sulfate, and filtered, and concentrated to provide the title intermediate (275 mg) as a

colored solid. (m/z): [M+H]" calcd for CsH;BrF403 302.92 found 302.8.

Preparation 53: (R)-4-bromo-2-fluoro-N-(6-(2-methyl-4-pivaloylpiperazin-1-
yDpyridin-3-yl)-3-(trifluoromethoxy)benzamide

,CF3 z
(0] F —N /—\ O
HNON N
Br@—ﬂ \_/ \—/ 4§<
@]

(a) (R)-tert-butyl 4-(5-(4-bromo-2-fluoro-3-(trifluoromethoxy)benzamido)pyridin-2-y1)-

3-methylpiperazine-1-carboxylate

To a solution of 4-bromo-2-fluoro-3-(trifluoromethoxy)benzoic acid (150 mg,
0.50 mmol, Preparation 52), (R)-tert-butyl 4-(5-aminopyridin-2-yl)-3-methylpiperazine-1-
carboxylate (145 mg, 0.50 mmol), and HATU (235 mg, 0.62 mmol) dissolved in DMF (1
mL) was added DIPEA (0.43 mL, 2.48 mmol). The reaction mixture was stirred at RT for
1 h, extracted with EtOAc (80 mL) washed with water (3 x 20 mL) and brine (20 mL),
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dried over sodium sulfate, filtered, concentrated, and purified by silica gel
chromatography (12 g silica gel, 0-40% EtOAc:hexanes over 20 min), to provide the title
intermediate (203 mg, 71 % yield) as a yellow solid. (m/z): [M+H]" calcd for
Ca3HysBrF4N4O4 577.10, 579.10 found 579.0.

(b) (R)-4-bromo-2-fluoro-N-(6-(2-methylpiperazin-1-ypyridin-3-y1)-3-

(trifluoromethoxvy)-benzamide

To the product of the previous step (203 mg, 0.35 mmol) was added 4.0 M HCl in
dioxane (3 mL) and the reaction mixture was stirred at RT for 1 h, concentrated and
evaporated with EtOAc (2 x) to produce the di-HCI salt of the title intermediate (189.3
mg, 98 % yield) as a yellow solid. (m/z): [M+H]" calcd for CisHsBrF,N40, 477.05,
479.05 found 476.9.

(¢) (R)-4-bromo-2-fluoro-N-(6-(2-methyl-4-pivaloylpiperazin-1-yl)pyridin-3-y1)-3-

(trifluoromethoxy)benzamide

To a solution of the product of the previous step (189.3 mg, 0.34 mmol) and
DIPEA (0.18 mL, 1.03 mmol) dissolved in DMF (1 mL) was added pivaloyl chloride
(0.042 mL 0.34 mmol) and the reaction mixture was stirred at RT overnight,
concentrated, and purified by silica gel chromatography (0-40% EtOAc:hexanes over 25
min), to provide the title intermediate (128.6 mg, 67 % yield) as a white solid.

(m/z): [M+H]" caled for C3HpsBrFyN4O; 561.10, 563.10 found 563.0.

Preparation 54: (28,4S)-tert-butyl 2-(4-(4-bromophenyl)-1 H-imidazol-2-yl)-4-
(methoxymethyl)pyrrolidine-1-carboxylate

=N

(a) (S)-1-tert-butyl 2-methyl 4-oxopyrrolidine-1,2-dicarboxylate

To a solution of (25,4R)-1-tert-butyl 2-methyl 4-hydroxypyrrolidine-1,2-
dicarboxylate (40 g, 157 mmol) in DCM (500 mL) was added DMP (80 g, 189 mmol) at
0 °C and the reaction mixture was stirred at RT for 4 h, quenched with NaHSOs, extracted
with DCM and washed with NaHCO;. The organic phase was concentrated to provide
the title intermediate (33 g, 89 % yield) as a colorless oil. "H NMR (400 MHz, CDCls):
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d(ppm) 1.51 (s, 9H), 2.550-2.597 (d, 1H, J=18.8 Hz), 2.876-2.944 (t, 1H, J=13.6 Hz),
3.895 (s, 3H), 3.766-3.895 (m,1H), 4.696-4.814 (m, 1H).
(b) (S.E)-1-tert-butyl 2-methyl 4-(methoxymethylene)pyrrolidine-1,2-dicarboxylate

Potassium carbonate (200 g, 2.17 mmol) was added to a solution of (S)-1-tert-
butyl 2-methyl 4-oxopyrrolidine-1,2-dicarboxylate (88 g, 362 mmol) and dimethyl 1-
diazo-2-oxopropylphosphonate (200 g, 1.04 mol) in methanol (1 L) at 0 °C and the
reaction mixture was stirred at RT overnight, quenched, concentrated, poured into water,
extracted with DCM, and purified by column chromatography to provide the title
intermediate (18 g, 17 % yield) as a yellow oil. '"H NMR (400 MHz, CDCls): 8(ppm)
1.406-1.457 (d, 9H, J=20.4 Hz), 2.502-2.520 (m, 1H), 2.601-2.631 (m, 1H), 2.720-2.782
(m, 1H), 3.578 (s, 3H), 3.707 (s, 3H), 3.952-3.983 (m, 1H), 4.302-4.375 (m, 1H), 4.471-
4.490(m, 1H), 5.810-5.968 (m, 1H).
(c) (25.45)-1-tert-butyl 2-methyl 4-(methoxymethyl)pyrrolidine-1,2-dicarboxylate

A solution of (S,E)-1-tert-butyl 2-methyl 4-(methoxymethylene)pyrrolidine-1,2-
dicarboxylate (9 g, 33.21 mmol), magnesium oxide (12 g, 33.21 mmol) and palladium on
carbon (3 g) in methanol (100 mL) was held under a steady flow of hydrogen at RT for 2
h, and filtered. The organic phase was concentrated to provide the title intermediate (9 g,
100 % yield) as a colorless oil. '"H NMR (400 MHz, (CD3),S=0): 8(ppm) 1.367 (s, 9H),
1.620-1.670 (m, 1H), 1.904-1.953 (m, 1H), 3.110-3.140 (s, 3H, J=12Hz), 3.255-3.360 (m,
2H), 3.523-3.561 (m, 1H), 3.653 (s, 3H), 4.241-4.283 (m, 1H).

(d) (25.45)-1-(tert-butoxycarbonyl)-4-(methoxymethyl)pyrrolidine-2-carboxylic acid

A solution of (25,45)-1-tert-butyl 2-methyl 4-(methoxymethyl)pyrrolidine-1,2-
dicarboxylate (18 g, 66.91 mmol) and lithium hydroxide (3.37 g, 80.3 mmol) in THF (50
mL), methanol (50 mL), and water (50 mL) was stirred at RT for 2 h. The reaction
mixture was adjusted to ph 6 and extracted with 10:1 DCM:methanol. The organic phase
was dried over sodium sulfate and concentrated to provide the title intermediate (17 g, 84
% yield) as a colorless oil). 'H NMR (400 MHz, CDCls): 8(ppm) 1.398-1.451 (d, 9H,
J=21.2 Hz), 1.625-1.754 (m, 1H), 2.226-2.652 (m, 3H), 3.251-3.458 (m, 1H), 3.316 (s,
3H), 3.316-3.462 (m, 2H), 3.556-3.750 (m, 2H), 4.405-4.445 (m, 1H), 7.652(s, 1H).

(e) (28.45)-2-(2-(4-bromophenyl)-2-oxoethyl) 1-tert-butyl 4-

(methoxymethyDpyrrolidine-1,2-dicarboxylate

To a solution of (25,45)-1-(tert-butoxycarbonyl)-4-(methoxymethyl)pyrrolidine-2-
carboxylic acid (10 g, 38.61 mmol) in DCM (100 mL) was added (2-bromo-1-(4-
bromophenyl)-ethanone (11.8 g, 42.47 mmol) and triethylamine (7.8 g, 77.22 mmol).
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The reaction mixture was stirred at RT for 3 h. Water was added and the mixture was
extracted with EtOAc. The organic phase was dried over sodium sulfate, concentrated,
and purified by column chromatography to provide the title intermediate (12 g, 56 %
yield) as a colorless oil. "H NMR (400 MHz, CDCls): 8(ppm) 1.438-1.466 (d, 9H, J=11.2
Hz), 2.024-2.056 (t, 1H, J=12.8 Hz), 2.553 (s, 2H), 3.214-3.776 (m, 6H), 4.410-4.850 (t,
1H, J=15 Hz), 5.155-5.549 (m, 1H), 7.270-7.278 (t, I1H, J=1.6 Hz), 7.636-7.654 (d, 1H,
J=7.2 Hz), 7.765-7.774(d, 1H, J=3.6 Hz).

(f) (28.45)-tert-butyl 2-(4-(4-bromophenyl)-1H-imidazol-2-y1)-4-

(methoxymethyvDpyrrolidine-1-carboxylate

Ammonium acetate (77 g, 1 mol) was added to a solution of (25,45)-2-(2-(4-
bromophenyl)-2-oxoethyl) 1-fert-butyl 4-(methoxymethyl)pyrrolidine-1,2-dicarboxylate
(11 g, 25.11 mmol) in toluene (150 mL) and the reaction mixture was refluxed overnight
and concentrated. Water (50 mL) was added, the reaction mixture was adjusted to pH &,
and extracted with EtOAc. The organic phase was dried over sodium sulfate,
concentrated, and purified by column chromatography to provide the title intermediate
(3 g, 31 % yield) as a white solid. "H NMR (400 MHz, CDCls) 8(ppm) 1.316-1.535 (m,
9H), 2.457-2.630 (m, 4H), 2.808 (d, 1H), 3.202-3.223 (d, 1H, J=8.4 Hz), 3.404-3.565 (m,
6H), 3.832-3.877(m, 1H), 5.019-5.054 (t, 1H, J=14 Hz), 7.056-7.592 (m, 6H).

Example 1: ((5)-1-{(25,45)-2-[4-(5'-Chloro-4'-{[6-((2R,55)-2,5-dimethyl-4-
methylcarbamoyl-piperazin-1-yl)-pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-
biphenyl-4-yl)-1H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl}-2-methyl-

propyl)-carbamic acid methyl ester

,CF3 2 o
0 0 =N/

It

- O LT
=N

cl

N\fo
HN”

O/\%O (

(a) ((S)-1-1(25.48)- 2-[4-(5'-Chloro-4'-{[6-((2R,55)-2,5-dimethyl-piperazin-1-yl)-

~

pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-biphenyl-4-y1)-1H-imidazol-2-y1]-

4-methyl-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
To a solution of [(S)-2-Methyl-1-((25,45)-4-methyl-2-{4-[4-(4,4,5,5-tctramethyl-

1,3,2-dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl1} -pyrrolidine-1-carbonyl)-propyl]-
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carbamic acid methyl ester (168 mg, 0.33 mmol) and (2S,5R)-4-[5-(4-bromo-2-chloro-5-
trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine-1-carboxylic
acid fert-butyl ester (200 mg, 0.33 mmol) dissolved in toluene (2.1 mL) and water (0.36
mL) was added potassium carbonate (227 mg, 1.65 mmol). The reaction mixture was
sparged under nitrogen for 15 min. Tetrakis(triphenylphosphine)palladium(0) (45.6 mg,
0.039 mmol) was added and the reaction mixture was sparged with nitrogen and heated at
100 °C overnight. The reaction mixture was diluted with ethyl acetate and washed with
water and brine. The organic layer was dried over sodium sulfate, filtered and
concentrated to produce a brownish solid.

The solid from the previous step was treated with 4 M HCI in 1,4-dioxane
(2.5mL) and HCI1 (0.6 mL) and stirred at RT for 1 h. The reaction mixture was
concentrated, dissolved in 1:1 acetic acid:water (6 mL) and purified by reverse phase
HPLC. Fractions containing desired compound were combined and lyophilized to
produce the tri-TFA salt of the title intermediate (99 mg, 26 % yield) as a white powder.
(m/z): [M+H]" calcd for C4oH,sCIF3NgOs 811.32 found 811.0.

(b) ((S)-1-{(25.45)-2-[4-(5'-Chloro-4'-{[6-((2R.55)-2,5-dimethyl-4-methylcarbamoyl-

piperazin-1-y)-pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-biphenyl-4-y)-1H-

imidazol-2-v1]-4-methyl-pyrrolidine-1-carbonyl}-2-methvl-propyl)-carbamic acid

methyl ester
The product of the previous step was dissolved in DMA and 0.5 M

methylaminoformyl chloride in DMA (34.7 uL, 0.017 mmol) was added followed by
N,N-diisopropylethylamine (0.015 mL, 0.087 mmol) and the reaction mixture was stirred
at RT overnight, concetnrated by rotary evaporation, dissolved in 1:1 acetic acid:water
(1.5 mL) and purified by reverse phase HPLC to provide the di-TFA salt of the title
compound (15 mg, 79 % yield). (m/z): [M+H]" caled for C,,H,,CIF;N,Os 868.35 found
868.6.
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Example 2: [($)-1-((25,45)-2-{4-[5'-Chloro-4'-({6-[(R)-4-((S)-2,2-dimethyl-
cyclopropanecarbonyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
trifluoromethoxy-biphenyl-4-yl]-1 H-imidazol-2-yl}-4-methyl-pyrrolidine-1-
carbonyl)-2-methyl-propyl]-carbamic acid methyl ester

,LCF3 \ Z o
O I o
_C(gN
Cl
NTO

o~ ~O
(a) ((S)-1-{(28.45)- 2-[4-(5'-Chloro-4'-{[6-((R)-2-methyl-piperazin-1-y])-pyridine-3-

HN

~

carbonyl]-amino} -2'-triflucromethoxy-biphenyl-4-y1)- 1 H-imidazol-2-y1]-4-methyl-

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

Following the general procedure of Example 1(a) at the 0.30 mmol scale,
substituting (R)-4-[5-(4-bromo-2-chloro-5-trifluoromethoxy-phenylcarbamoyl)-pyridin-2-
yl]-3-methyl-piperazine-1-carboxylic acid fert-butyl ester for (2S,5R)-4-[5-(4-bromo-2-
chloro-5-trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine-1-
carboxylic acid tert-butyl ester, with, alternative purification by evaporation with ethyl
acetate (2 x) the tri-HCI salt of the title intermediate was prepared (101 mg, 29 % yield).
(m/z): [M+H]  calcd for Cy,H,CIFN;Os 797.31 found 797.

(b) [(S)-1-((2S.4S5)-2-{4-[5'-Chloro-4"- ({6-[(R)-4-((S)-2.2-dimethyl-

cyclopropanecarbonyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl} -amino)-2'-

methoxy-biphenyl-4-y1]-1H-imidazol-2-y1}-4-methyl-pyrrolidine-1-carbonyl)-2-

methvyl-propyl]-carbamic acid methyl ester

To a solution of 0.5 M (S)-(+)-2,2-dimethylcyclopropane carboxylic acid in DMA
(41.6 uL, 0.02 mmol) was added HATU (7.9 mg, 0.02). The reaction mixture was stirred
for 15 min and then the product of the previous step (20 mg, 0.02 mmol) was added
followed by N,N-diisopropylethylamine (0.015 mL, 0.09 mmol) and the reaction mixture
was stirred at 55 °C overnight, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL)
and purified by reverse phase HPLC to provide the di-TFA salt of the title compound (16
mg, 78 % yield). (m/z): [M+H]" caled for C,sHs5,CIF;N:Os 893.37 found 893.6
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Example 3: [($)-1-((25.,48)-2-{4-|5'-Chloro-4'-({6-[(2R,55)-4-(1 H-imidazole-4-
carbonyl)-2,5-dimethyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
trifluoromethyl-biphenyl-4-yl]-1 H-imidazol-2-yl}-4-methyl-pyrrolidine-1-carbonyl)-
2-methyl-propyl]-carbamic acid methyl ester

FC 0 N — 0
O+ K
NH \
Cl H
g
HN '(
\O/&O
(a) ((8)-1-{(25.48)-2-[4-(5'-Chloro-4'-{[6-((2R,58)-2,5-dimethyl-piperazin-1-yI)-
pyridine-3-carbonyl]-amino}-2'-trifluoromethyl-biphenyl-4-yD)-1H-imidazol-2-y1]-4-

H
N

methyl-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

Following the procedure of Example 1 at the 0.24 mmol scale, substituting
(28,5R)-4-[5-(4-Bromo-2-chloro-5-trifluoromethyl-phenylcarbamoyl)-pyridin-2-yl]-2,5-
dimethyl-piperazine-1-carboxylic acid tert-butyl ester for (2S,5R)-4-[5-(4-bromo-2-
chloro-5-trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine-1-
carboxylic acid tert-butyl ester, the tri-TFA salt of the title intermediate was prepared
(116 mg, 54 % yield). (m/z): [M+H]" caled for C,H,sCIF;N:O, 795.33 found 795.4.

(b) [(8)-1-((25.45)-2-{4-[5'-Chloro-4'- ({6-[(2R.55)-4-(1 H-imidazole-4-carbonyl)-2.5-

dimethyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-trifluoromethyl-biphenyl-4-

y1]-1H-imidazol-2-y1}-4-methyl-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic

acid methyl ester

To a solution of the product of the previous step (12 mg, 0.013 mmol) and N, N-
diisopropylethylamine (23 pL, 0.13 mmol) dissolved in DMA (0.5 mL) was added
imidazol-4-carboxylic acid (1.5 mg, 0.013 mmol) and HATU (7.6 mg, 0.02 mmol) and
the reaction mixture was stirred at 50 °C for 2 hours, concentrated and dissolved in 1:1
acetic acid:water (1.5 mL) and purified by reverse phase HPLC to provide the tri-TFA
salt of the title compound (5 mg). (m/z): [M+H]" calcd for C,,H,sCIF;N 05 889.35 found
889.6.
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Example 4: Methyl ($)-1-((S)-8-(4-(4"-(6-((R)-4-((5)-2,2-
dimethylcyclopropanecarbonyl)-2-methylpiperazin-1-yl)nicotinamido)-2'-
(trifluoromethoxy)biphenyl-4-yl)-1 H-imidazol-2-yl)-1,4-dioxa-7-azaspiro[4.4]nonan-
7-yl)-3-methyl-1-oxobutan-2-ylcarbamate

,CF3 \ Z o
Ny Ly O
WAL <

@ e

To a solution of ((S)-1-{(S)-8-[4-(4"-Amino-2'-trifluoromethoxy-biphenyl-4-yl)-

~

1H-imidazol-2-yl]-1,4-dioxa-7-aza-spiro[4.4 Jnonane-7-carbonyl} -2-methyl-propyl)-
carbamic acid methyl ester 2 HC1 (92.0 mg, 0.136 mmol; Preparation 9) in DCM
(1.36 mL) and DMA (0.14 mL) at RT was added N,N-diisopropylethylamine (94.7 uL,
0.54 mmol) and 2-fluoropyridine-5-carbonyl chloride (228 mg, 0.143 mmol), The
reaction mixture was stirred for 30 min at RT and concentrated.

The residue from the previous step was dissolved in DMSO (2.0 mL) and treated
with (R)-3-methyl-piperazine-1-carboxylic acid tert-butyl ester (136 mg, 0.680 mmol)
and N, N-diisopropylethylamine (0.237 mL, 1.36 mmol) at 120 °C overnight.

The reaction mixture was concentrated and treated with 4 M HCl in 1,4-Dioxane
(1.0 mL, 4.0 mmol) at RT for 30 min . The reaction mixture was concentrated, dissolved
in 1:1 acetic acid:water (6 mL), filtered and purified by reverse phase HPLC. Desired
fractions were combined and freeze dried to give a white solid (48 mg, 30 % yield).

To a mixture of (S)-(+)-2,2-dimethylcyclopropane carboxylic acid (1.75 mg,
0.015 mmol) in DMA (0.5 mL) at RT was added the product of the previous step (3-TFA
salt form) (16 mg, 0.014 mmol) and N, N-diisopropylethylamine (12.1 pL, 0.070 mmol)
and the reaction mixture was stirred at RT overnight, dissolved in 1:1 acetic acid:water
(1.5 mL), filtered and purified by reverse phase HPLC to provide the di-TFA salt of the
title compound (6 mg). (m/z): [M+H]" calcd for C,sHs:F;N:O5 903.39 found 904.0.
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Example 5: (S)-2-{(R)-4-[S-(4'-{2-[(28,45)-4-Hydroxy-1-((S)-2-
methoxycarbonyl-aminoe-3-methyl-butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-yl}-
biphenyl-4-ylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine-1-carbonyl}-2-methyl-

pyrrolidine-1-carboxylic acid methyl ester

o /N T\ o %
N e
OO
=N
N\fo
HN '(
\OAO

(a) (8)-1-{(28,45)-4-Hydroxy-2-[4-(4"- {[6-((R)-2-methyl-piperazin-1-yl)-pyridine-3-

HO

carbonyl]-amino}-biphenyl-4-y1)-1 H-imidazol-2-y1]-pyrrolidine-1-carbonyl}-2-

methyl-propyl)-carbamic acid methyl ester

A solution of (R)-4-(5-carboxy-pyridin-2-yl)-3-methyl-piperazine-1-carboxylic
10 acid fert-butyl ester (130 mg, 0.42 mmol), EDC (120 mg, 0.63 mmol) and HOAt (86 mg,
0.63 mmol) dissolved in DMA (3.9 mL) was stirred at room temperature for 30 min and
then ((S)-1-{(25,45)-2-[4-(4'-Amino-biphenyl-4-yl)-1H-imidazol-2-yl]-4-hydroxy-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (200 mg,
0.40 mmol; Preparation 10) was added followed by N, N-diisopropylethylamine (0.18 mL,
15 1.0 mmol). The reaction mixture was stirred at RT over the weekend, and extracted with
EtOAc and water. The organic layer was dried over sodium sulfate, filtered and
evaporated under vacuum.
The brown oil from the previous step was treated with 4 M HCl in 1,4-dioxane
(3.1 mL) and HCI (1.15 mL) and stirred at room temperature for 1 h. The reaction
20  mixture was concentrated and evaporated with ethyl acetate (2 x) to produce a brown oil.
The oil was dissolved in 1:1 acetic acid:water (4 mL),filtered, and purified by reverse
phase HPLC to produce the tri-TFA salt of the desired product (276 mg). (m/z): [M+H]"
caled for C;;H,uN;O5 681.34 found 681.4.
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(b) (8)-2-{(R)-4-[5-(4'-{2-[(28.,45)-4-Hydroxy-1-((S)-2-methoxycarbonyl-amino-3-

methyl-butyryD-pyrrolidin-2-yl]-1 H-imidazol-4-y1}-biphenyl-4-ylcarbamovyl)-

pyridin-2-y1]-3-methyl-piperazine-1-carbonyl}-2-methyl-pyrrolidine-1-carboxylic

acid methyl ester

5 The product of the previous step (20.0 mg, 0.029 mmol) was dissolved in DMA (1
mL) and N, N-diisopropylethylamine (0.015 mL, 0.088 mmol) was added. To the reaction
mixture was added 0.5 M (S)-2-methyl-pyrrolidine-1,2-dicarboxylic acid 1-methyl ester
in DMA (70.5 uL, 0.035 mmol) followed by HATU (13 mg, 0.035 mmol). The reaction
mixture stirred at RT overnight, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL)

10 and purified by reverse phase HPLC to provide the di-TFA salt of the title compound
(16.8 mg, 56 % yield). (m/z): [M+H]" calcd for C,sHssNyO; 850.42 found 850.4.

Example 6: ((S)-1-{(25.,48)-2-[4-(4'-{[6-((R)-4-Cyclopropanecarbonyl-2-
methyl-piperazin-1-yl)-pyridine-3-carbonyl]-amine}-biphenyl-4-yl)-1 H-imidazol-2-
yl]-4-dimethylamino-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid

15  methyl ester

AN

o_ /=N f—\ o
WN N‘%
@ -
N N0

“E’"f
o~ ~O

(a) ((8)-1-{(25.45)-4-Dimethylamino-2-[4-(4'-{[6-((R)-2-methyl-piperazin-1-yl)-

~

pyridine-3-carbonyl]-amino}-biphenyl-4-y1)- 1 H-imidazol-2-y1]-pyrrolidine-1-

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
20 A solution of ((S)-1-{(25,45)-2-[4-(4-bromo-phenyl)-1 H-imidazol-2-y1]-4-

dimethylamino-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
(135 mg, 0.27 mmol; Preparation 12) and (R)-3-methyl-4-{5-[4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-phenylcarbamoyl]-pyridin-2-yl} -piperazine- 1-carboxylic acid
tert-butyl ester (140 mg, 0.27 mmol; Preparation 13) dissolved in 1,2-dimethoxyethane
25  (2.85 mL) and water (0.99 mL) was sparged under nitrogen. Sodium bicarbonate (86.4
mg, 1.03 mmol) was added, followed by tetrakis(triphenylphosphine)palladium(0) (48

mg, 0.041 mmol) and the reaction mixture was sealed under nitrogen and heated at 90 °C
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overnight and extracted with ethyl acetate/water. The organic layer was dried over
sodium sulfate, filtered, and concentrated to produce a yellow oil.

The yellow oil from the previous step was treated with 4 M HCl in 1,4-dioxane
(3 mL) and stirred at RT for 1 h, concentrated, dissolved in 1:1 acetic acid:water (4 mL)
and purified by reverse phase HPLC to produce the tri-TFA salt of the title intermediate
(100 mg, 30 % yield). (m/z): [M+H]" calcd for CsH,N,0, 708.39 found 708.9.
(b) ((5)-1-{(28.485)-2-[4-(4'-{[6-((R)-4-Cyclopropanecarbonyl-2-methyl-piperazin-1-yl)-

PCT/US2012/063181

pyridine-3-carbonyl]-amino}-biphenyl-4-y1)- 1 H-imidazol-2-y1]-4-dimethylamino-

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

To a solution of the product of the previous step (10 mg, 0.01 mmol) and N, N-
diisopropylethylamine (8.3 pL, 0.048 mmol) dissolved in DMA (0.3 mL) was added
cyclopropanecarbonyl chloride (0.86 uL, 0.0095 mmol) and the reaction mixture was
stirred at RT overnight, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and
purified by reverse phase HPLC to provide the tri-TFA salt of the title compound
(6.9 mg). (m/z): [M+H]" caled for C,sHssN,Os 776.42 found 776.4.

Example 7: ((5)-1-{(25,45)-2-[4-(4'-{6-[(2R,55)-4-((S)-2,2-Dimethyl-
cyclopropanecarbonyl)-2,5-dimethyl-piperazin-1-yl|-pyridin-3-ylcarbamoyl}-2'-
trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-yl]-4-methyl-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

O/CF3 N ’~/_\ o
=N O
O
Y

O/&O (

(a) {(S)-1-[(25.45)-2-(4-{4'-[6-((2R,55)-2,5-Dimethyl-piperazin-1-yl)-pyridin-3-

H
N

~

ylcarbamovl]- 2'-trifluoromethoxy-biphenyl-4-y1}-1H-imidazol-2-y1)-4-methyl-

pyrrolidine-1-carbonyl]-2-methyl-propyl}-carbamicacid methyl ester

To a mixture of 4'-{2-[(25,45)-1-((S)-2-methoxycarbonylamino-3-methyl-
butyryl)-4-methyl-pyrrolidin-2-yl]-1 H-imidazol-4-yl} -2-trifluoromethoxy-biphenyl-4-
carboxylic acid TFA (80 mg, 0.11 mmol; Preparation 15) and (2S,5R)-4-(5-amino-
pyridin-2-yl)-2,5-dimethyl-piperazine-1-carboxylic acid tert-butyl ester (416 mg,

0.14 mmol; Preparation 16) in DMF (1 mL) at RT was added HATU (56.8 mg, 0.15
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mmol) followed by N, N-diisopropylethylamine (0.12 mL, 0.68 mmol). The reaction
mixture was stirred at RT overnight, and partitioned between EtOAc (10 mL) and water
(3 mL). The organic layer was washed with water (3 mL), dried over sodium sulfate,
filtered and concentrated to give a brownish red oil.

5 The oily residue from previous step was treated with 4 M HCl in 1,4-dioxane
(1.0 mL) at RT for 30 min. The reaction mixture was concentrated, evaporated with
EtOAc (3 x 3 mL) dissolved in a mixture of ACN and water and freeze dried to give the
tri-HC] salt of the title intermediate (124 mg) as a reddish solid. (m/z): [M+H]" calcd for
CHyF3N:Os 777.36 found 777.

10 (b) ((8)-1-{(28.45)-2-[4-(4'-{6-[(2R.55)-4-((S)-2.2-Dimethyl-cyclopropanecarbonyl)-2,5-

dimethyl-piperazin-1-yl]-pyridin-3-ylcarbamovyl}-2'-trifluoromethoxy-biphenyl-4-y1)-

1 H-imidazol-2-y1]-4-methyl-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid

methyl ester
To a mixture of (S)-(+)-2,2-dimethylcyclopropane carboxylic acid (2.6 mg,

15 0.023 mmol) and HATU (8.58 mg, 0.023 mmol) in DMF (0.5 mL) at RT was added the
product of the previous step (20.0 mg, 0.023 mmol) followed by N, N-
diisopropylethylamine (31.4 uL, 0.180 mmol). The reaction mixture was stirred at RT
overnight, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by
reverse phase HPLC to provide the di-TFA salt of the title compound (10 mg).

20  (m/z): [M+H] calcd for CuHssFsN:O, 873.42 found 873.8.

Example 8: ((5)-1-{(25,45)-2-[4-(4'-{6-[(R)-4-((S)-2,2-Dimethyl-
cyclopropanecarbonyl)- 2-methyl-piperazin-1-yl]-pyridin-3-ylcarbamoyl}-2'-
trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-yl]-4-methyl-pyrrolidine-1-
carbonyl}-2-methyl-propyl)- carbamic acid methyl ester

/CF3 -

0 =N \ O
- OO <
=N 0
N\//\/O

HN (
s ~o N0
To a mixture of 4'-{2-[(25,45)-1-((S)-2-methoxycarbonylamino-3-methyl-
butyryl)-4-methyl-pyrrolidin-2-yl]-1 H-imidazol-4-yl} -2-trifluoromethoxy-biphenyl-4-
carboxylic acid TFA (11.4 mg, 0.016 mmol) and HATU (6.8 mg, 0.018 mmol) in DMF
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(0.5 mL) at RT was added [(R)-4-(5-amino-pyridin-2-yl)-3-methyl-piperazin-1- y1]-((S)-
2,2-dimethyl-cyclopropyl)-methanone (5.1 mg, 0.018 mmol, Preparation 17) followed by
N,N-diisopropylethylamine (14.07 uL, 0.081 mmol). The reaction mixture was stirred at
RT overnight, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by
reverse phase HPLC to provide the di-TFA salt of the title compound (9 mg).

(m/z): [M+H] calcd for C,sHssFsNgOs 859.40 found 859.4.

Example 9: ((S)-1-{(25,45)-2-[4-(4'-{6-[(R)-4-((S)-2,2-Dimethyl-
cyclopropanecarbonyl)-2-methyl-piperazin-1-yl]-pyridin-3-ylcarbamoyl}-2'-
trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-yl]-4-methylsulfanyl-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

CF3 Z
0] =N / O
O
SO @ e W St <
=N @]

~0 0
(a) {(S)-2-Methyl-1-[(25.45)-2-(4-{4'-[6-((R)-2-methyl-piperazin-1-y])-pyridin-3-

HN

ylcarbamovyl]-2'-trifluoromethoxy-biphenyl-4-y1}-1H-imidazol-2-y1)-4-

methylsulfanyl-pyrrolidine-1-carbonyl]-propyl}-carbamic acid methyl ester

To a mixture of 4'-{2-[(25,45)-1-((S)-2-methoxycarbonylamino-3-methyl-
butyryl)-4-methylsulfanyl-pyrrolidin-2-yl]-1H-imidazol-4-yl} -2-trifluoromethoxy-
biphenyl-4-carboxylic acid TFA (37 mg, 0.05 mmol; Preparation 21) and (R)-4-(5-amino-
pyridin-2-y1)-3-methyl-piperazine- 1-carboxylic acid terz-butyl ester (16 mg, 0.06 mmol)
in DMF (0.5 mL) at RT was added HATU (21 mg, 0.06 mmol) followed by N,N-
Diisopropylethylamine (44.3 pL, 0.25 mmol). The resulting mixture was stirred at RT
overnight. The reaction mixture was partitioned between EtOAc (5 mL) and water
(2 mL). The organic layer was washed with water (2 mL), dried over sodium sulfate,
filtered and concentrated to give a brownish red oil.

The oily residue from previous step was treated with 4 M of HCl in 1,4-
dioxane(1.0 mL) at RT for 30 min. The reaction mixture was concentrated, evaporated
with EtOAc (3 x 2 mL), dissolved in a mixture of ACN and water, and freeze dried to
give the tri-HCl salt of the title intermediate (57 mg) as a brownish solid. (m/z): [M+H]"
caled for CysHsFsNgO6S 891.38 found §891.
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(b) (($)-1-{(28,45)-2-[4-(4'-{6-[(R)-4-((S5)-2,2-Dimethyl-cyclopropanecarbonyl)-2-
methyl-piperazin-1-yl]-pyridin-3-ylcarbamoyl} -2'-trifluoromethoxy-biphenyl-4-y1)-

1 H-imidazol-2-y1]-4-methvlsulfanyl-pyrrolidine-1-carbonyl}-2-methvl-propyl)-

carbamic acid methyl ester

5 To a mixture of (S)-(+)-2,2-dimethylcyclopropane carboxylic acid (2.7 mg,
0.023 mmol) and HATU (8.8 mg, 0.023 mmol) in DMF (0.5 mL) at RT was added the
product of the previous step (19.1 mg, 0.021 mmol) followed by N, N-
diisopropylethylamine (18.4 uL, 0.11 mmol). The reaction mixture was stirred at RT
overnight, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by

10 reverse phase HPLC to provide the di-TFA salt of the title compound (11 mg).
(m/z): [M+H]" calcd for C,sHsF3N:O4S 891.38 found 891.

Example 10: [($)-1-((2S,458)-2-{4-[5'-Chloro-4'-({6-[(R)-4-(2,2-dimethyl-
propionyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
trifluoromethoxy-biphenyl-4-yl]-1 H-imidazol-2-yl}-4-methyl-pyrrolidine-1-

15  carbonyl)-2-methyl-propyl]-carbamic acid methyl ester
CF %
’ 0

o) =N
O K
_Cet § Cl
N.__O
T.

HN

O/go (

(a) (R)-4-[5-(5-Chloro-4'-{2-[(25.45)-1-((S5)-2-methoxycarbonylamino-3-methyl-butyryl)-

4

~

4-methyl-pyrrolidin-2-y1]-1H-imidazol-4-y1}-2-trifluoromethoxy-biphenyl-4-

ylcarbamovl)-pyridin-2-y1]-3-methyl-piperazine-1-carboxylic acid fert-butyl ester
20 To a solution of [(S)-2-methyl-1-((25,45)-4-methyl-2- {4-[4-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl1} -pyrrolidine-1-carbonyl)-propyl]-
carbamic acid methyl ester (155 mg, 0.30 mmol) and (R)-4-[5-(4-bromo-2-chloro-5-
trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine- 1-carboxylic acid
tert-butyl ester (180 mg, 0.30 mmol, Preparation 1) dissolved in toluene (1.9 mL) and

25  water (0.33 mL) was added potassium carbonate (210 mg, 1.52 mmol). The reaction
mixture was sparged under nitrogen. Tetrakis(triphenylphosphine)palladium(0) (42 mg,
0.036 mmol) was added and the reaction mixture was sparged with nitrogen and heated at

100 °C overnight. The reaction mixture was diluted with ethyl acetate and washed with
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water and brine. The organic layer was dried over sodium sulfate, filtered, and
concentrated to produce the title intermediate as a brownish solid. (m/z): [M+H]" calcd
for C4,Hs,CIF;N;O; 897.36 found 897.

(b) (($)-1-{(25.45)-2-[4-(5'-Chloro-4'-{[6-((R)-2-methyl-piperazin-1-y])-pyridine-3-

carbonyl]- amino}-2'-trifluoromethoxy-biphenyl-4-y1)-1 H-imidazol-2-y1]-4-methvl-

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

The solid from the previous step (431 mg, 0.48 mmol) was treated with 4 M HCI
in 1,4-dioxane (2 mL) and the reaction mixture was stirred at 50 °C for 30 min,
concentrated, and evaporated with ethyl acetate (2 x) to produce the tri-HCI salt of the
title intermediate as a yellow solid (426 mg, 0.47 mmol). (m/z): [M+H] calcd for
C3HuCIF;N;O5s 797.31 found 797.8.

(c) [(8)-1-((25.45)-2-{4-[5'-Chloro-4'-({6-[(R)-4-(2.2-dimethyl-propionyl)-2-methyl-

piperazin-1-vl]-pyridine-3-carbonyl}-amino)-2'-trifluoromethoxy-biphenyl-4-y1]-1H-

imidazol-2-v1}-4-methyl-pyrrolidine-1-carbonyD)-2-methvl-propyl]-carbamic acid

methyl ester
To a solution of the product of the previous step (12 mg, 0.014 mmol) in

DMF (0.5 mL)was added N,N-diisopropylethylamine (0.024 mL, 0.14 mmol) followed by
2,2-dimethylpropanoyl chloride (1.7 uL, 0.014 mmol). The reaction mixture was stirred
at RT for 30 min, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and purified
by reverse phase HPLC to provide the di-TFA salt of the title compound (7 mg).

(m/z): [M+H]  calcd for C.4H5CIFNsOs 881.37 found 881.8.

Example 11: [(S)-1-((2S,4S5)-2-{4-[4"-({6-[(R)-4-(2,2-Dimethyl-propionyl)-2-
methyl-piperazin-1-yl]-pyridine-3-carbonyl}-aminoe)-5'-fluoro-2'-trifluoromethoxy-
biphenyl-4-yl]-1H-imidazol-2-yl}-4-methyl-pyrrolidine-1-carbonyl)-2-methyl-

propyl]-carbamic acid methyl ester
,CF3 B
0 o —N 0
- O
—C(L\N
F
N\fo
LT
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(a) (R)-4-[5-(5-Fluoro-4'-{2-[(25.45)-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-

4-methyl-pyrrolidin-2-y1]-1H-imidazol-4-y1}-2-trifluoromethoxy-biphenyl-4-

ylcarbamovl)-pyridin-2-y1]-3-methyl-piperazine-1-carboxylic acid fert-butyl ester
To a solution of [(S)-2-methyl-1-((25,45)-4-methyl-2- {4-[4-(4,4,5,5-tetramethyl-

5 1,3,2-dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-yl} -pyrrolidine- 1-carbonyl)-propyl]-
carbamic acid methyl ester (170 mg, 0.33 mmol) and (R)-4-[5-(4-bromo-2-fluoro-5-
trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine- 1-carboxylic acid
tert-butyl ester (192 mg, 0.33 mmol, Preparation 24) dissolved in toluene (2.1 mL) and
water (0.8 mL) was added potassium carbonate (230 mg, 1.67 mmol). The reaction

10 mixture was sparged with nitrogen, Pd(dppf)Cl,CH,Cl, (25 mg, 0.03 mmol) was added
and the reaction mixture was sparged with nitrogen and heated at 90 °C overnight. The
reaction mixture was cooled to RT, filtered through a pad of Celite® and silica gel and
washed with EtOAc. The filtrate was washed with water and brine to produce a brownish
colored oil. The residue was purified by silica gel chromatography (24 g, 40% to 100%

15  EtOAc/hexanes) to produce the title intermediate as a yellowish solid (227 mg, 78 %
yield). (m/z): [M+H]" calcd for C,,H,F.N;O, 881.39 found 881.4.

(b) ((8)-1-{(25.45)- 2-[4-(5'-Fluoro-4'-{[6-((R)-2-methyl- piperazin-1-yl)-pyridine-3-
carbonyl]- amino}-2'-trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-yl]-4-methyl-

pyrrolidine-1-carbonyl}-2-methyl- propyl)-carbamic acid methyl ester

20 The solid from the previous step (227 mg) was treated with 4 M HCl in 1,4-
dioxane (1.67 mL) and HCI (0.51 mL) and the reaction mixture was stirred at RT for 1 h.
The reaction mixture was concentrated and evaporated with ethyl acetate (2 x) to produce
the tri-HCI salt of the title intermediate as a yellow solid. (237 mg, 80 % yield).
(m/z): [M+H]  calcd for Cy,H,F.NyOs 781.34 found 781.3.
25 (c) [(S)-1-((285,45)-2-{4-[4-({6-[(R)-4-(2,2-Dimethyl-propionyl)-2-methyl-piperazin-1-
yl]-pyridine-3-carbonyl}-amino)-5'-fluoro-2'-trifluoromethoxy-biphenyl-4-yl]-1H-

imidazol-2-v1}-4-methyl-pyrrolidine-1-carbonyD)-2-methvyl-propyl]-carbamic acid

methyl ester
To the product of the previous step (15 mg, 0.017 mmol) dissolved in DMA

30 (1 mL) was added N,N-diisopropylethylamine (14.4 uL., 0.083 mmol) followed by 2,2-
dimethylpropanoyl chloride (24 mg, 0.020 mmol) and the reaction mixture was stirred at
RT overnight, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by
reverse phase HPLC to provide the di-TFA salt of the title compound (15 mg, 81 %
yield). (m/z): [M+H]" caled for C.Hs,F.N:Os 865.39 found 865.8.
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Example 12: ((S)-1-{(25,45)-2-[S-Chloro-4-(4'-{6-[(R)-4-(2,2-dimethyl-
propionyl)-2-methyl-piperazin-1-yl]-pyridin-3-ylcarbamoyl}-2'-trifluoromethoxy-
biphenyl-4-yl)-1 H-imidazol-2-yl]-4-methyl-pyrrolidine-1-carbonyl}-2-methyl-

propyl)-carbamic acid methyl ester
/CF3 2,
Cl Q =N, 0
—CﬁN 0
N\//‘/O

HN
~

5 0/&0 (

(a) {(S)-1-[(25.45)- 2-(5-Chloro-4-{4'- [6-((R)-2-methyl-piperazin-1-y1) -pyridin-3-
ylcarbamovl]- 2'-trifluoromethoxy-biphenyl-4-y1}-1H-imidazol-2-y1) -4-methyl-

pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic acid methyl ester
To a mixture of 4'-{5-chloro-2-[(28,45)-1-((S)-2-methoxycarbonylamino-3-

10 methyl-butyryl)-4-methyl-pyrrolidin-2-yl]-1 H-imidazol-4-y1} -2-trifluoromethoxy-
biphenyl-4-carboxylic acid TFA (48 mg, 0.06 mmol; Preparation 25) and HATU (27 mg,
0.07 mmol) in DMF (1 mL) at RT was added 4-(5-amino-pyridin-2-yl)-3-methyl-
piperazine-1-carboxylic acid zert-butyl ester (21 mg, 0.07 mmol followed by N, N-
diisopropylethylamine (67.6 uL, 0.39 mmol). The reaction mixture was stirred for 1 h,

15  and partitioned between EtOAc (10 mL) and water (3 mL). The organic layer was washed
with water (2 mL), dried over sodium sulfate, filtered, and concentrated to give a a dark
oil, which was purified by silica gel chromatography (0-100% EtOAc/Hexanes). Desired
fractions were combined and concentrated to give a yellowish oil.

The oily residue from previous step was treated with 4 M HCl in 1,4-dioxane

20 (1.0 mL) at RT for 30 min. The reaction mixture was concentrated, evaporated with
EtOAc (2 x 2 mL) and dried under vacuum to give the tri-HCI salt of the title
intermediate (47 mg) as a light yellowish solid. (m/z): [M+H]" calcd for C;,H,,CIF3N;O;s
797.31 found 797.
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(b) ((8)-1-{(28.45)-2-[5-Chloro-4-(4'- {6-[(R)-4-(2,2-dimethyl-propionyl)-2-methy]-

piperazin-1-v1]-pyridin-3-ylcarbamoyl} -2'-trifluoromethoxy-biphenyl-4-y1)- 1 H-

imidazol-2-v1]-4-methyl-pyrrolidine-1-carbonyl}-2-methvl-propyl)-carbamic acid

methyl ester
5 To a mixture of the product of the previous step (12 mg, 0.013 mmol) and N, N-

diisopropylethylamine (13.6 uL, 0.078 mmol)in DMF (0.5 mL) at RT was added 2,2-
dimethylpropanoyl chloride (1.92 uL, 0.016 mmol). The reaction mixture was stirred at
RT for 1 h, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by
reverse phase HPLC to provide the di-TFA salt of the title compound (6 mg).

10 (m/z): [M+H]" caled for C.H5,CIF;N:O, 881.37 found 881.8.

Example 13: ((5)-1-{(25,45)-2-[4-(4"-{|6-((R)-4-tert-Butyl-2-methyl-piperazin-
1-yl)-pyridine-3-carbonyl]-amino}-5'-chloro-2'-trifluoromethoxy-biphenyl-4-yl)-1 H-
imidazol-2-yl]-4-methoxy-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid

/CF3 Z
) o) —N / Q)
O
=N
Cl
O NTO
~

15 O/&O (

To a solution of ((S)-1-{(2S,45)-2-[4-(5'-chloro-4'-{[6-((R)-2-methyl-piperazin-1-

methyl ester

yl)-pyridine-3-carbonyl]-amino} -2'-trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-yl]-
4-methoxy-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester tri-HCl
(10 mg, 0.01 mmol; Preparation 28) in DMA (1 mL) was added N, V-

20  diisopropylethylamine (9.44 uL, 0.05 mmol) followed by 2,2-dimethylpropanoyl chloride
(1.31 mg, 0.01 mmol). The reaction mixture was stirred at RT overnight, concentrated by
rotary evaporation, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by reverse
phase HPLC to provide the di-TFA salt of the title compound (7 mg, 51 % yield)

(m/z): [M+H]  calcd for C,H5,CIFN;O, 897.36 found 897.8.
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Example 14A: [(S)-2-((25,45)-2-{4-[5'-Chloro-4'-({6-[(R)-4-(2,2-dimethyl-
propionyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
trifluoromethoxy-biphenyl-4-yl]-1 H-imidazol-2-yl}-4-methyl-pyrrolidin-1-yl)--2-
oxo0—I1-(tetrahydro-pyran-4-yl)-ethyl]-carbamic acid methyl ester

/CF3 //”
Q 0 =N / 0]
O
_C%\N
Cl
N
(0]

O)\C|)

To a solution of (S)-methoxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic acid
(9.4 mg, 0.046 mmol; Preparation 29) in DMA (5 mL) was added HATU (45.3 mg,
0.12 mmol). The reaction mixture was stirred at RT for 15 min, and N-{5-chloro-4'-[2-
((2S,4S)-4-methyl-pyrrolidin-2-yl)-1 H-imidazol-4-yl]-2-trifluoromethoxy-biphenyl-4-
yl}-6-[(R)-4-(2,2-dimethyl-propionyl)-2-methyl-piperazin- 1-yl]-nicotinamide tri-HCI
(30.0 mg, 0.036 mmol; Preparation 31 was added followed by DIPEA (86.4 uL, 0.50
mmol). The reaction mixture was stirred at RT overnight, concentrated by rotary
evaporation, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by reverse phase
HPLC to provide the di-TFA salt of the title compound (14 mg, 37 % yield).
(m/z): [M+H] calcd for C46Hs4CIF3NsO; 923.38 found 923.8.

Example 14B: [(5)-2-((2S5,45)-2-{4-[5'-Chloro-4'-({6-[(R)-4-(2,2-dimethyl-
propionyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
trifluoromethoxy-biphenyl-4-yl]-1 H-imidazol-2-yl}-4-methoxy-pyrrolidin-1-yl)--2-
oxo-1-(tetrahydro-pyran-4-yl)-ethyl]-carbamic acid methyl ester
(a) (25.45)-tert-butyl 2-(4-(5'-chloro-4'-(6-((R)-2-methyl-4-pivaloylpiperazin-1-

yDnicotinamido)-2'-(trifluoromethoxvy)-[1,1'-biphenyl]-4-y1)-1 H-imidazol-2-y1)-4-

methylpyrrolidine-1-carboxylate

To a round bottom flask was added (285,45)-tert-butyl 2-(4-(4-bromophenyl)-1H-

imidazol-2-yl)-4-methylpyrrolidine-1-carboxylate (10 g, 24.61 mmol), (R)-(5-chloro-4-
(6-(2-methyl-4-pivaloylpiperazin-1-yl)nicotinamido)-2-(trifluoromethoxy)phenyl)boronic
acid (14.16 g, 26.1 mmol), sodium bicarbonate (7.24 g, 86 mmol), bis(di-zerz-butyl(4-
dimethylaminophenyl)phosphine)dichloropalladium(II) (0.17 g, 0.246 mmol), 2-

107



10

15

20

25

30

WO 2013/067267 PCT/US2012/063181

methyltetrahydrofuran (120 mL) and water (44.3 mL) to give a suspension. The reaction
mixture was degassed with nitrogen for 10 min then heated at 70 °C overnight. Water (60
mL) was added and the layers were separated. The organic layer was washed with brine,
dried over Na,SQO,, and evaporated to give crude product (27.3 g). The crude product was
purified by flash chromatography (300 g silica gel, 20-100 % EtOAc (50 min), then 100
% EtOAc (20 min)) to give the title intermediate (18.8 g; 93 % yield) HPLC Method B:
Retention time 14.99 min.

(b) N-(5-chloro-4'-(2-((25.4S5)- 4-methylpyrrolidin-2-y1)-1H-imidazol-4-y1)-2-

(trifluoromethoxvy)-[1, 1'-biphenyl]- 4-y1)-6-((R)-2-methyl-4-pivalovlpiperazin-1-

yhnicotinamide
A solution of the product of the previous step (18.8 g, 22.81 mmol) and DCM (82

mL) was cooled to 5 °C and then TFA (26.4 mL) was added. The reaction mixture was
stirred overnight and concentrated. To the reaction mixture was added MTBE (300 mL ),
1 N HC1 (200 mL), and water (100 mL). The organic phase was extracted with 0.5 N HCI
(100 mL). The combined aqueous phase was basified with 50 % NaOH aqueous solution
(17 mL), and extracted with isopropyl acetate (500 mL). The organic layer was dried over
Na,SO, and evaporated to give the title intermediate (13.6 g, 82 % yield)). HPLC Method
B: Retention time 11.75 min.

(c) [(8)-2-((25.45)-2-{4-[5'-Chloro-4'-({6-[(R)-4-(2,2-dimethyl-propionyl)-2-methyl-

piperazin-1-vl]-pyridine-3-carbonyl}-amino)-2'-trifluoromethoxy-biphenyl-4-y1]-14-

imidazol-2-v1}-4-methyl-pyrrolidin-1-yD)-2-ox0-1-(tetrahydro-pyran-4-y1)-ethyl]-

carbamic acid methyl ester

A solution of the product of the previous step (10 g, 13.81 mmol), (S)-2-
((methoxycarbonyl)amino)-2-(tetrahydro-2 H-pyran-4-yl)acetic acid (3.15 g, 14.50 mmol)
and DMF (120 mL) was cooled to 0-10 °C and then HCTU (6.00 g, 14.50 mmol) was
added, followed by DIPEA (4.82 ml, 27.6 mmol). The reaction mixture was stirred at RT
overnight. Ethyl acetate (250 mL) and water (150 mL) were added; the organic layer was
washed with sat. Na,CO3 (100 mL) and brine, dried over Na,SQO,, and evaporated to give
a first crude product (23.7 g). To the first crude product was added methanol (85 mL) and
2 N LiOH (7 mL). After 45 min, the reaction mixture was dried over Na,SO, and
evaporated to give a second crude product which was purified by flash chromatography
(300 g silica gel, 1-8 % methanol/DCM over 30 min then 8 % over 20 min) to give a solid
product (7.7 g). To the solid product was added THF (30 mL) and the resulting solution

was added dropwise to hexane (165 mL). The resulting mixture was filtered and dried

108



10

15

20

25

WO 2013/067267

PCT/US2012/063181

under vacuum overnight to provide the title compound (6.48 g, 49 % yield) as a solid.

HPLC Method B: Retention time 14.47 min.

Example 15A: [($)-2-((25,45)-2-{4-[5'-Chloro-4'-({6-[(R)-4-(2,2-dimethyl-
propionyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
trifluoromethoxy-biphenyl-4-yl]-1 H-imidazol-2-yl}-4-methoxy-pyrrolidin-1-yl)--2-
oxo-1-(tetrahydro-pyran-4-yl)-ethyl]-carbamic acid methyl ester

,CF3 £
0 e} —N / @)
NN
O
=N
\O \ Cl
O
0072;

Oé\Cl)

To a solution of (S)-methoxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic acid
(9.4 mg, 0.046 mmol; Preparation 29) in DMA (1 mL) was added HATU (6.4 mg,
0.017 mmol). The reaction mixture was stirred at RT for 15 min, and N-{5-chloro-4'-[2-
((2S,4S)-4-methoxy-pyrrolidin-2-yl)-1H-imidazol-4-yl]-2-trifluoromethoxy-biphenyl-4-
yl}-6-[(R)-4-(2,2-dimethyl-propionyl)-2-methyl-piperazin- 1-yl]-nicotinamide tri-HCl
(12.0 mg, 0.014 mmol; Preparation 32) was added followed by DIPEA (12.3uL, 0.07
mmol). The reaction mixture was stirred at RT overnight, concentrated by rotary
evaporation, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by reverse phase
HPLC to provide the di-TFA salt of the title compound (9 mg, 56 % yield).
(m/z): [M+H]" calcd for C46Hs4CIF3NgOg 939.37 found 939.8.

Example 15B: [(5)-2-((2S5,45)-2-{4-[5'-Chloro-4'-({6-[(R)-4-(2,2-dimethyl-
propionyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
trifluoromethoxy-biphenyl-4-yl]-1 H-imidazol-2-yl}-4-methoxy-pyrrolidin-1-yl)--2-
oxo-1-(tetrahydro-pyran-4-yl)-ethyl]-carbamic acid methyl ester
(a) (28.45)-2-{4-[5'-Chloro-4"-({6-[(R) -4-(3-hydroxy-2.2-dimethyl-propionyl)-2-methyl-

piperazin-1-y1]-pyridine-3-carbonyl}-amino)-2'-trifluoromethoxy-biphenyl-4-y1]-1H-

imidazol-2-v1}-4-methoxy-pyrrolidine-1-carboxylic acid fert-butyl ester
To a round bottom flask was added (2S5,45)-2-[4-(4-bromo-phenyl)-1H-imidazol-

2-yl]-4-methoxy-pyrrolidine-1-carboxylic acid ferz-butyl ester (5.0 g, 11.8 mmol) and
(R)-5-chloro-4-(6-(2-methyl-4-pivaloylpiperazin-1-yl)nicotinamido)-2-
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(trifluoromethoxy)phenylboronic acid (6.75 g, 12.4 mmol; Preparation 44), potassium
carbonate (5.73 g, 41.4 mmol), and bis(di-fert-butyl(4-dimethylaminophenyl)-
phosphine)dichloropalladium(IT) (0.092 g, 0.130 mmol), followed by degassed
tetrahydrofuran (50 mL) and water (1.28 mL). The reaction mixture was degassed with
nitrogen for 5 min then heated at 65 °C for 4 h, and cooled to RT. Water (100 mL) was
added and the reaction mixture was extracted with EtOAc (200 mL). The organic layer
was washed with NaOH (2 x100 mL), water (2 x 200 mL) and brine, dried over Na;SO4
and evaporated to give crude product (12.25 g). The crude product was purified by flash
chromatography (150 g silica gel, 50-100 % EtOAc (10 min), then 100 % EtOAc (30
min)) to give the title intermediate (4.2 g; 41 % yield) HPLC Method B: Retention time
15.29 min.
(b) N-{5-Chloro-4'-[2-((25.45)-4-methoxy-pyrrolidin-2-yl)-1H-imidazol-4-y1]-2-
trifluoromethoxy-biphenyl-4-yl1} -6-[(R)-4-(2,2-dimethyl-propionyl)-2-methyl-

piperazin-1-vl]-nicotinamide

A solution of the product of the previous step (4.2 g, 5.00 mmol) and DCM
(18.01 mL) was cooled to 5 °C and then TFA (5.78 mL) was added. The reaction mixture
was stirred overnight and concentrated. Ethyl acetate (80 mL) was added; the reaction
mixture was washed with 1 N NaOH (2 x 80 mL), water, and brine; dried over Na,SQ,,
and evaporated to give the title intermediate (3.56 g, 96 % yield)). HPLC Method B:
Retention time 12.33 min.

(c) [(5)-2-((25,45)-2-{4-[5'-Chloro-4'-({6-[(R)-4-(2,2-dimethyl-propionyl)-2-methyl-

piperazin-1-v1]-pyridine-3-carbonyl}-amino)-2'-trifluoromethoxy-biphenyl-4-y1]-14-

imidazol-2-v1}-4-methoxy-pyrrolidin-1-y1)--2-0x0-1-(tetrahydro-pyran-4-yD-ethyl]-

carbamic acid methyl ester

A solution of the product of the previous step (3.56 g, 4.81 mmol), (S)-2-
((methoxycarbonyl)amino)-2-(tetrahydro-2 H-pyran-4-yl)acetic acid (1.097 g, 5.05 mmol)
and DMF (43 mL) was cooled to 0-10 °C and then HCTU (2.089 g, 5.05 mmol) was
added, followed by DIPEA (1.68 mL, 9.62 mmol). The reaction mixture was stirred at
RT for 3 h. Ethyl acetate (150 mL) and water (100 mL) were added; the organic layer
was washed with sat. Na,COj3 (100 mL) and brine, dried over Na,SQy, and evaporated to
give the crude product (5.4 g), which was purified by flash chromatography (133 g silica
gel, EtOAc to 10% MeOH/EtOAc (15 min) then 10% MeOH/EOACc (15 min)) to give the
title compound (2.8 g, 61 % yield) which was dried under vacuum overnight. HPLC
Method B: Retention time 13.70 min.
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Example 16: [(S)-2-((25,45)-2-{4-[5'-Chloro-4'-({6-[(R)-4-(3-hydroxy-2,2-
dimethyl-propionyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
trifluoromethoxy-biphenyl-4-yl]-1 H-imidazol-2-yl}-4-methoxy-pyrrolidin-1-yl)--2-
oxo0—I1-(tetrahydro-pyran-4-yl)-ethyl]-carbamic acid methyl ester

CF;
Q e} —N 7\ Q)
N N
NN () W \_ %OH
=N
\O \ Cl
(0]

O)\O
5 |
To a solution of (S)-methoxycarbonylamino-(tetrahydro-pyran-4-yl)-acetic acid
(37.6 mg, 0.17 mmol) in DMA (1 mL) was added HATU (65.9 mg, 0.17 mmol). The
reaction mixture was stirred for 15 min and N-{5-chloro-4'-[2-((25,45)-4-methoxy-
pyrrolidin-2-yl)-1H-imidazol-4-y1]-2-trifluoromethoxy-biphenyl-4-yl} -6-[(R)-4-(3-

10 hydroxy-2,2-dimethyl-propionyl)-2-methyl-piperazin-1-yl]-nicotinamide 3 HCI (100 mg,
0.12mmol; Preparation 34) was added followed by DIPEA (0.10 mL, 0.58 mmol) and the
reaction mixture was stirred at RT overnight, concentrated by rotary evaporation,
dissolved in 1:1 acetic acid:water (4 mL) and purified by reverse phase HPLC. Fractions
containing the desired compound were combined and lyophilized to provide the di-TFA

15  salt of the title compound (65.2 mg) as a white powder. Impure fractions were
lyophilized, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by reverse phase
HPLC to provide additional di-TFA salt of the title compound (75 mg total, 55 % yield).
(m/z): [M+H]" calcd for C,sHs,CIF;N;O, 955.37 found 955.8.
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Example 17: (R)-4-|5-(5-Chloro-4'-{2-[(25,45)-4-cyano-1-((S)-2-
methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-yl}-2-
trifluoromethoxy-biphenyl-4-ylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine-1-

carboxylic acid fert-butyl ester

~c* Ot

HN ’(
5 Ao
A solution of [(S)-1-((25,4S)-4-cyano-2-{4-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-y1} -pyrrolidine-1-carbonyl)-2-methyl-
propyl]-carbamic acid methyl ester (0.10 g, 0.19 mmol), (R)-4-[5-(4-bromo-2-chloro-5-
trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine- 1-carboxylic acid
10 tert-butyl ester (113.9 mg, 0.19 mmol) and potassium carbonate (119.3 mg, 0.86 mmol)
in toluene (0.46 mL) and water (0.24 mL, 13.56 mmol) was degassed with nitrogen for 20
min and then Pd(dppf)CL,CH,Cl, (6.27 mg, 0.0076 mmol) was added and the reaction
was degassed with nitrogen for 15 min. The reaction mixture was heated at 100 °C for 12
h, concentrated under vacuum, and purified by reverse phase HPLC . The pure fractions
15  were combined and concentrated under vacuum to afford the di-TFA salt of the title
compound (13 mg, 6 % yield). (m/z): [M+H]" calcd for C,;H,,CIF;N,O, 908.34 found
908.7.

Example 18: ([(S)-1-((25,45)-4-Carbamoyl-2-{4-|5'-chloro-4'-({6-[(R)-4-(2,2-
dimethyl-propionyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
20  trifluoromethoxy-biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-
methyl-propyl]-carbamic acid methyl ester
CF4

o) o —N 7 0
O
=N
o Cl
H,N N:/‘/
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(a) ((S)-1-{(28.45)-4-Carbamoyl-2-[4-(5'-chloro-4'- {{6-((R)-2-methyl-piperazin-1-yl)-

pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-biphenyl-4-y1)-1H-imidazol-2-y1]-

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
A solution of (R)-4-[5-(5-chloro-4'-{2-[(25,4S)-4-cyano-1-((S)-2-

5 methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-imidazol-4-y1} -2-
trifluoromethoxy-biphenyl-4-ylcarbamoyl)-pyridin-2-y1]-3-methyl-piperazine-1-
carboxylic acid tert-butyl ester 2 TFA (6.3 mg, 0.0055 mmol; Example 17) in 4.0 M HCl
in 1,4-dioxane (0.14 mL) was stirred at RT for 1 h and concentrated under vacuum to
provide the title intermediate as a yellow powder. (m/z): [M+H]" calcd for

10 CyHiCIFN,Os 826.30 found 826.5.
(b) ([(5)-1-((25.45)-4-Carbamoyl-2- {4-[5'-chloro-4'-({6-[(R)-4-(2,2-dimethyl-propionyl)-

2-methyl-piperazin-1-yl]-pyridine-3-carbonyl} -amino)-2'-trifluoromethoxy-biphenyl-

4-y1]-1 H-imidazol-2-y1}-pyrrolidine- 1-carbonyl)-2-methyl-propyl]-carbamic acid

methyl ester
15 The product of the previous step was dissolved in DMA (0.28 mL, 2.99 mmol),

and 2,2-dimethylpropanoyl chloride (0.68 pL, 0.0055 mmol) and DIPEA (4.83 uL, 0.028

mmol) were subsequently added. The solution was stirred at RT for 1 h, concentrated

under vacuum, dissolved in a 1:1 acetic acid: ACN solution (1.5 mL), and purified by

reverse phase HPLC to provide the di-TFA salt of the title compound (4 mg, 57 % yield).
20  (m/z): [M+H]" caled for CyHs CIFN,O, 910.36 found 910.8.

Example 19: Methyl (($)-2-((25,48)-2-(4-(5'-chloro-4'-((6-((R)-2-methyl-4-
pivaloylpiperazin-1-yl)pyridin-3-yl)carbamoyl)-2'-(trifluoromethoxy)-[1,1'-
biphenyl]-4-yl)-1 H-imidazol-2-yl)- 4-methylpyrrolidin-1-yl)-2-oxo-1-(tetrahydro-2 H-
pyran-4-ylhethyl)carbamate

CF3 z
0] =N —\ O
HN N N
A AYe L
_C(gN ’
Cl
N
O

O}\O

25 |
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(a) (R)-tert-butyl 4-(5-(5-Chloro-4'-(2-((25.45)-1-((S)-2-((methoxycarbonyl)amino)-2-
(tetrahydro-2H-pyran-4-yDacety)-4-methylpyrrolidin-2-y1)-1H-imidazol-4-y1)-2-

(trifluoromethoxv)-[1,1'-biphenyl]-4-ylcarboxamido)pvyridin-2-y1)-3-

methylpiperazine-1-carboxylate

To a mixture of toluene (1 mL) and water (0.4 mL) was added methyl ((S)-2-
((28,45)-4-methyl-2-(5-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)- 1 H-
imidazol-2-yl)pyrrolidin-1-yl)-2-oxo-1-(tetrahydro-2 H-pyran-4-yl)ethyl)carbamate (90
mg, 0.16 mmol; Preparation 46), (R)-tert-butyl 4-(5-(4-bromo-2-chloro-5-
(trifluoromethoxy)benzamido)pyridin-2-yl)-3-methylpiperazine- 1 -carboxylate (97 mg,
0.16 mmol; Preparation 49) and potassium carbonate (118 mg, 0.86 mmol). The reaction
mixture was sparged under nitrogen, Pd(dppf)Cl, (7.17 mg, 9.77 umol) was added and
the reaction mixture was sparged under nitrogen, sealed, heated at 90°C overnight, and
extracted with ethyl acetate, water, and brine. The organic layer was dried over sodium
sulfate, filtered, concentrated, and purified by silica gel chromatography (12 g column, 0-
100% ethyl acetate:hexanes) to produce the title intermediate (70.3 mg, 45.9 % yield) as a
yellow solid. (m/z): [M+H]" calcd for C,sHs,CIF3NgOg 939.37 found 939.30.

(b) Methyl ((5)-2-((25.,45)-2-(4-(5'-chloro-4'-((6-((R)-2-methylpiperazin-1-yl)pyridin-3-
ylcarbamoyl)-2'-(trifluoromethoxy)-[ 1, 1'-biphenyl]-4-y1)-1H-imidazol-2-yl1)-4-

methylpyrrolidin-1-y1)-2-0x0-1-(tetrahydro-2 H-pyran-4-yl)ethyl)carbamate

The product of the previous step (70.3 mg, 0.075 mmol) was treated with 4 M HCI
in dioxane (1 mL, 0.075 mmol) and stirred at RT for 1 h. The reaction mixture was
concentrated and evaporated with ethyl acetate (2 x) to produce the tri-HCI salt of the title
intermediate (70.5 mg, 99 % yield) as a yellow solid. (m/z): [M+H]" caled for
C,HisCIF3NgOg 839.32 found 839.20.

(c) Methyl ((5)-2-((25.45)-2-(4-(5'-chloro-4'-((6-((R)-2-methyl-4-pivaloylpiperazin-1 -

yDpyridin-3-ycarbamoyl)-2'-(trifluoromethoxy)-[ 1,1-biphenyl]-4-y1)-1H-imidazol-

2-v1)- 4-methylpyrrolidin-1-y1)-2-oxo-1-(tetrahydro-2 H-pyran-4-yDethycarbamate

To a solution of the product of the previous step (70.5 mg, 0.074 mmol) and
DIPEA (0.091 ml, 0.52 mmol) dissolved in DMF (0.5 ml) was added pivaloyl chloride
(9.0 mg, 0.075 mmol). The reaction mixture was stirred at RT for 30 min. The reaction
mixture was concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by
reverse-phase HPLC. Fractions containing desired product were freeze dried to produce
the di-TFA salt of the title compound as a white powder (32.0 mg, 37.2 % yield).

(m/z): [M+H] calcd for CiH5CIF3NgO7 923.38 found 923.30.

114



10

15

20

25

WO 2013/067267 PCT/US2012/063181

Example 20: Methyl ((S)-2-((2S8,4.5)-2-(4-(2'-chloroe-4'-((6-((R)-2-methyl-4-
pivaloylpiperazin-1-yl)pyridin-3-yl)carbamoyl) -6'-(trifluoromethoxy)-[1,1'-
biphenyl]-4-yl)-1 H-imidazol-2-yl) -4-methylpyrrolidin-1-yl)-2-oxo-1-(tetrahydro-2 H-
pyran-4-ylhethyl)carbamate

,CF3 Z

0 =N ; 0
HN;\% O HN‘QNCN#
—CNe\ : cl °

O)\O

(a) (28.45)-tert-butyl 2-(4-(2'-chloro-4'-( (6-((R)-2-methyl-4-pivaloylpiperazin-1-

yDpyridin-3-y)carbamovy])-6'-(trifluoomethoxvy)-[1.1'-biphenyl]-4-y1)-1H-imidazol-2-

y1)-4-methylpvyrrolidine-1-carboxvlate

To a mixture of (R)-4-bromo-3-chloro-N-(6-(2-methyl-4-pivaloylpiperazin-1-
yl)pyridin-3-yl)-5-(trifluoromethoxy)benzamide (80.3 mg, 0.14 mmol; Preparation 51)
and (28,45)-tert-butyl 4-methyl-2-(4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (63.0 mg, 0.14 mmol) in a
mixture of toluene (0.9 mL) and water (0.3 mL) was added potassium carboante (86 mg,
0.63 mmol) . The reaction mixture was flushed with nitrogen, PdCl,(dppf) (6.1 mg, 8.34
umol) was added. The reaction mixturewas capped, heated at 100°C overnight, cooled to
RT and partitioned between EtOAc(5 mL) and water (2 mL). The organic layer was
dried over sodium sulfate, filtered and concentrated to give a brown oil, which was
purified by silica gel chromatography (12 g silica gel, 0-100 % EtOAc/hexanes). Desired
fractions were combined and concentrated to give the title intermediate (58.1 mg, 51 %
yield) as a yellowish oil. (m/z): [M+H]" caled for C4pH9CIF:N;05 824.34 found 824.
(b) 2-chloro-N-(6-((R)-2-methyl-4-pivaloylpiperazin-1-yl) pyridin-3-y1)-4'-(2-((25,45)- 4-

methylpyrrolidin-2-yD)-1H-imidazol-4-y)-6-(trifluoromethoxv)-[1. 1'-biphenvyl]- 4-

carboxamide
To the product of the previous step (58.1 mg, 0.07 mmol) was added 4.0 N HCl in
dioxane (0.18 mL, 0.70 mmol). After 30 min, the reaction mixture was concentrated and
evaporated with EtOAc (3 x 3 mL) to give the di-HCIl salt of the title intermediate as a
yellowish solid. (m/z): [M+H]" caled for C37H4 CIF3N,03 724.29 found 724.
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(c) Methyl ((5)-2-((25.45)-2-(4-(2'-chloro-4'-((6-((R)-2-methyl-4-pivaloylpiperazin-1 -

yDpyridin-3-ycarbamovl) -6'-(trifluoromethoxy)-[1,1'-biphenyl]-4-y1)-1 H-imidazol-

2-v1) -4-methylpyrrolidin-1-y1)-2-oxo0-1-(tetrahydro-2 H-pyran-4-yDethycarbamate

To a mixture of the product of the previous step (65.8 mg, 0.083 mmol) and (S)-2-
5 ((methoxycarbonyl)amino)-2-(tetrahydro-2 H-pyran-4-yl)acetic acid (19.7 mg, 0.091
mmol) in DMA (0.5 mL) at RT was added HATU (34.5 mg, 0.091 mmol) and DIPEA
(0.043 mL, 0.248 mmol). The reaction mixture was stirred at RT overnight, concentrated,
dissolved in 1:1 acetic acid:water (1.5 mL), filtered and purified by reverse phase HPLC.
Desirred fractions were combined and freeze dried to give the di-TFA salt of the title
10  compound (38.9 mg, 37 % yield) as a white solid. (m/z): [M+H]" calcd for

C.Hs,CIF;N;O, 923.38 found 923.6.

Example 21 Methyl (($)-2-((25,45)-2-(4-(3'-fluoro-4'-((6-((R)-2-methyl-4-
pivaloyl-piperazin-1-yl)pyridin-3-yl)carbamoyl)-2'-(trifluoromethoxy)- [1,1'-
biphenyl]-4-yl) -1 H-imidazol-2-yl)-4-methylpyrrolidin-1-yl)-2-oxo-1-(tetrahydro-2 H-

15  pyran-4-yl)ethyl)carbamate

,CF3 <
o F =N — 0
HN N N
““@u#
—Ch Y
N
O
O O

(a) (28.45)-tert-butyl 2-(4-(3'-fluoro-4'-((6-((R)-2-methyl-4-pivaloylpiperazin-1-

yDpyridin-3-ycarbamoyl)-2'-(trifluoromethoxy)-[ 1,1-biphenyl]-4-y1)-1H-imidazol-

2-y1)-4-methylpyrrolidine-1-carboxylate
20 To a solution of (25,45)-tert-butyl 4-methyl-2-(4-(4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)phenyl)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (68.6 mg, 0.15
mmol) and (R)-4-bromo-2-fluoro-N-(6-(2-methyl-4-pivaloylpiperazin-1-yl)pyridin-3-yl)-
3-(trifluoromethoxy)benzamide (85 mg, 0.15 mmol, Preparation 52) and potassium
carbonate (110 mg, 0.80 mmol) in a mixture of toluene (1.8 mL) and water (0.6 mL) was
25  added PdCly(dppf) (6.7 mg, 9.08 umol). The mixture was sparged under nitrogen for 2
min and heated at 100 °C overnight and extracted with EtOAc and water. The organic

layer was dried over sodium sulfate, filtered, concentrated, and purified by silica gel
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chromatography (12 g silica, 0-100% EtOAc:hexanes over 20 min), to provide the title
intermediate (86.9 mg, 71 % yield) as a yellow solid. (m/z): [M+H]" caled for
CaoHuoF4N7Os5 808.37 found 808.7.

(b) 3-fluoro-N-(6-((R)-2-methyl-4-pivaloylpiperazin-1-yl)pyridin-3-y1)-4'-(2-((25,45)-4-

methylpyrrolidin-2-y1) -1 H-imidazol-4-y)-2-(trifluoromethoxy)-[1.1'-biphenyl]-4-

carboxamide
To the product of the previous step (86.9 mg, 0.11 mmol) was added 4 N HCl in
dioxane (2 mL, 8.00 mmol). The reaction mixture was stirred at RT for 1 h, concentrated,
and evaporated with EtOAc (2 x) to produce the di-HCl salt of the title intermediate (83
mg, 99 % yield) as a yellow solid. (m/z): [M+H]" caled for C37H4 F4N;0; 708.32 found
708.3.
(c) Methyl ((8)-2-((28.45)-2-(4-(3'-fluoro-4'-((6-((R)-2-methyl-4-pivaloyl-piperazin-1-

yDpyridin-3-yD)carbamoyl)-2'-(trifluoromethoxy)- [1.1'-biphenyl]-4-y1) -1 H-imidazol-

2-v1)-4-methylpyrrolidin-1-y1)-2-ox0-1-(tetrahydro-2 H-pyran-4-yethyl)carbamate

To a solution of the product of the previous step (83 mg, 0.11 mmol) and DIPEA
(0.094 mL, 0.54 mmol) in DMF (1 mL) was added (S)-2-((methoxycarbonyl)amino)-2-
(tetrahydro-2 H-pyran-4-yl)acetic acid (23 mg, 0.108 mmol) and HATU (51 mg, 0.14
mmol). The reaction mixture was stirred at RT for 1 h, concentrated, dissolved in 1:1
acetic acid:water (1.5 mL) and purified by preparative HPLC to provide the di-TFA salt
of the title compound (67.1 mg). (m/z): [M+H]" caled for C,sHs,F.NsO, 907.41 found
907.6.

Using synthetic methods similar to those exemplified above, the compounds of
Examples 22-24 may be prepared.

Example 22; Methyl (8)-2-((25,45)-2-(4-(5'-chloro-4'-(6-((R)-2-methyl-4-
pivaloylpiperazin-1-yl)nicotinamido)-2'-(trifluoromethoxy)biphenyl-4-yl)-1 H-
imidazol-2-yl)-4-methylpyrrolidin-1-yl)-1-((2S,65)-2,6-dimethyltetrahydro-2H-
pyran-4-yl)-2-oxoethylcarbamate

CF4
0] o) =N 7\ O
N N
SN ' a M
=N
Cl
N

0o
0, NH
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Example 23: Methyl ($)-2-((25.,48)-2-(4-(5'-chloro-4'-(6-((R)-2-methyl-4-
pivaloylpiperazin-1-yl)pyridin-3-ylcarbamoyl)-2'-(trifluoromethoxy)biphenyl-4-yl)-
1H-imidazol-2-yl)-4-methylpyrrolidin-1-yl)-1-((25,68)-2,6-dimethyltetrahydro-2 H-
pyran-4-yl)-2-oxoethylcarbamate

CF3 2
QO —N —\ O
N N
DN YL s M
,C(L\N 7
Cl
N
0]

< 0%
5 I
Example 24;: Methyl (S)-2-((25,58)-2-(4-(3'-fluoro-4'-(6-((R)-2-methyl-4-
pivaloylpiperazin-1-yl)pyridin-3-ylcarbamoyl)-2'-(trifluoromethoxy)biphenyl-4-yl)-
1H-imidazol-2-yl)-5-methylpyrrolidin-1-yl)-2-oxo-1-(tetrahydro-2 H-pyran-4-
yDethylcarbamate
,CF3; z
o] F =N ;—/\ 9
N N
HNN{//‘ K
=N 0]
N
0O
O] NH
o
10 |

Also using similar synthetic methods, the compounds of Tables 1-29 were
prepared where a blank in any column denotes hydrogen and the symbol (R) or (S) in any

column denotes the orientation of the corresponding chiral carbon atom.
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Table 1
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R’a 0 =N 7 0
Tt
O
7d
N O R

(0) (0]
Ex No. | R R | g ® R’ Formula [l\f[j:gr [i/([):_l;_ll(]iJr
11 |OCF, | F NHCH; CatHiFaNoOg 83836 | 838.8
12 | OCF; | F (a) Cs:HeFaNioOs | 1049.48 | 10502
13 | OCF, | F \V CasHusFaNsOp 84936 | 850.0
14 |CF | F (a) Cs:HaFaNoOs | 103348 | 1032.6
15 |CF;, | F (SM CisHs2FsNsOs 86140 | 860.6
1.6 |CF | F |CHs (a) Cs:HeFaNioOs | 104750 | 1046.6
17 |cF, | F |cHs (SM C6Hs4FsNsOs 87542 | 874.6
1.8 |CF | F |cCH NHCH; CanHisFaNyOs 83638 | 835.6
19 |CF, | F NHCH; CatHarFaNoOs 82236 | 821.6
1-10  |OCF, | P (SM CoHoFN©Os | 87739 | 877
111 | CF | C |cH (SM CicHsCIFsN;Os | 89139 | 891.6
112 |CF | a |cH NHCH; CoHiCIFsN,Os | 85235 | 852.6
113 |OCF; | F |cCH; (SM CisHsiF4NsOs 89141 | 890.6
1-14 |OCF, | F |CH; \[[\{> CuHisFiNOs | 88937 | 888.6
, N
1-15 |OCFs; | F |CH; \V CasHsoFsNgOs 86338 | 862.6
116 |OCF, | F |CH, NHCH; Ca2HioFNsOg 85237 | 851.6
1-17 | OCE, | Cl NHCH; CuHsCIFsNoO, | 85433 | 854.6
1-18 | OCE; | Cl Eﬁ} CsHiCIFsN O | 89132 | 8916
H
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7a 7d sa (P 9 Calc Found
ExNo. | R R R R Formula [M+H]* | [M+H]*
KN
1-19 | OCF; | Cl |CH; \[\ CuHuCIFNOs | 90534 | 905.6
N
H
120 |OCF; | ¢l |cH; (SM CiHsiCIFsNOs | 90738 | 907.6
NN
121 |CF | F |(CH; \[\ CuHiFaNOs | 87337 | 873.6
N
H
o
-a_ )\\ /
122 | OCEF; | Cl (§5® N | CoHsCIENO; | 9654 | 966.0
0
~a )\ /
1-23 | OCFy | Cl |CH; (§5® N | CHsCIFN O, | 979.41 | 980.0
o
~a_ )\\ /
1-24 | OCF; | F |CH; (§5@ N | CHssFaNigO; | 96344 | 963.6
NN
125 | OCF; | F \[\ CiHiFaNiOs | 87535 | 87538
N
H
0 ><
1-26 | OCF; | F (g),,éN)\\o CsoHe FaNoOy 99246 | 993.0
127 | OCF, | F (S)’@\IH CisHsFiNgOs | 89241 | 8928
0
- /
1-28 | OCF; | F P N | CoHsFNwOr | 94943 | 9496
(8N
NN
1-29 | CFs F E» Ca3HagFaN100s 859.36 | 858.8
N
H
130 |CF | Cl NHCH; CyHyCIFNsOs | 83833 | 8388
131 |CF | Cl (SM CisHsCIFsN:Os | 87737 | 8778
KN
132 | CFy Cl E» CusHyCIF3N;Os | 87533 | 875.8
N
H
1-33 | OCF; | Cl T\ CuHuCIFN O | 90534 | 9058
Ny
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7a 7d sa (P 9 Calc Found
ExNo. | R R R R Formula [M+H]* | [M+H]*
N
1-34 | OCF; | Cl \[% CasHysCIF3N;Og | 90534 | 905.8
N
H
N
135 |OCF, | Cl b CysHyCIFsN;Og | 89132 | 891.8
HN\/)
136 | OCF; | Cl N CuHisCIFNiOs | 905.34 | 905.8
_N\/)
o)
o
137 |OCF, | cl (RSN CiHyCIFNGOs | 952.37 | 952.8
0
.- /
138 |OCF; | Cl (RN N | CieHsCIFN O, | 95138 | 952.0
v O\\SP
139 |OCF, | Cl RSN | CsHsCIENGOSS | 97234 | 9728
NN
1-40 | OCF; | Cl I\ CuHisCIFsN;gOg | 905.34 | 905.8
N
H
N
1-41 | OCF; | cl = CysHs,CIFsNgOg | 89337 | 8938
N
H
1-42 | OCF; | Cl \V CoHuCIFNsOs | 86533 | 865.8
1-43 | OCF; | Cl |CH; \V CyHsCIFNsOs | 879.35 | 879.8
0
\// /
1-44 | OCF; | ClI |CH; (RSN N | CoHsCIFN O, | 96540 | 966.0
% O\‘SP
1-45 | OCF; | Cl |CH; RSN | CiHsCIFNGOSS | 986.35 | 986.8
o)
\ - )\\ g
1-46 | OCF; | Cl |CH; (RSN CyHssCIFNgOg | 966.38 | 966.8
0
1-47 | OCE; | Cl (R’)'__\N)\\ CiHsCIFNsO; | 93637 | 936.8
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Ex No. | R R | g2 ® R’ Formula [l\f[j:gr [i/([):_l;_ll(]iJr
o)

148 | OCF; | Cl (R)\ CoHsCIFNO, | 95039 | 950.8
0

1-49 | OCF; | cl (R)’\ )\\( CysHs:CIF;NsO; | 96440 | 965.0
0

1-.50 | OCFs | €l (R)\ )7L CwHsCIFNO; | 97842 | 979.0
0

1-51 | OCF; | Cl (R)'\ )\\ﬁ CuHssCIFNO, | 96239 | 963.0

152 |CFy | F \V CasHagFaNsOs 83337 | 8338

153 |CF; | F \V<E CasHicFN:O;s 86935 | 869.8

154 |CF | a \V CiHiCIFN:Os | 84934 | 8498

155 |CcR | @ VE CiHiCIFsNGOs | 88532 | 885.8

J/ (b)

1-56 | OCF; | Cl o<l CiHaCLFNOs | 93326 | 934.8

Cl
N (b)

1-57 | OCF; | Cl N CiHaCLFNOs | 93326 | 934.8
Cl

1-58 | CF; F 74 C4sH5,F4N;zOs 849.40 | 849.8

1-59 | OCF; | Cl \V<cF:| CiHiCLEN:Og | 91729 | 9178

1-60 | OCF; | F 2 i CiHiCIFsN:Os | 90132 | 901.8

161 |CF, | Cl >< CuH5CIF;NgOs | 86537 | 865.8

1-62 | CFs (SM CasHsF3NsOs 84341 | 84338

1-63 | CF; 74 CasHssF3N;O;s 83141 | 8$31.8

1-64 | CF; N(CH3), Ci2HsoF3NsOs 81839 | 818.8

165 | CF; \V Ci3HisF3NzOs 81538 | 815.8

1-66 | OCF; | Cl CH; CaHiCIFsN:Os | 83932 | 839.8
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Ex No. | R™ R™ | ge® R’ Formula [l\f[j:gr [i/([):_l;_ll(]iJ,
1-67 | OCF; | cl ﬁL CisHsCIFsN:Os | 89538 | 895.8
1-68 | OCF; | Cl PN CisHsoCIFsN:Os | 867.35 | 867.8
1-69 | OCF; | Cl @\ CuHs:CIFsNgOs | 88137 | 881.8
1-70 | OCF; | cl ’ CuHsoCIFsN:Os | 879.35 | 879.8
1-71 OCF; | Cl SR CyHsCIF;NgOs | 881.37 | 881.8
1-72 | OCF; | cl ;«’HJ\ CisHsiCIFsNsOs | 882.36 | 882.8
1-73 | OCF; | cl Ao CiHiyCIFsN:Os | 853.33 | 853.8
1-74 | OCF; (3) C4sHs3F3N506 859.40 | 859.6
1-75 | OCF; >< C.4Hs3F3NsOg 847.40 | 8475
176 | cl F (SM CuHsCIFN;Os | 82737 | 827.8
1-77 |l F Vﬁ: CiHiCLFNsOs | 867.26 | 867.8
178 | cl F 74 C;HsCIFNGOs | 81537 | 815.8
1-79 | OCF; | F K CusHsoF4N5Og 86338 | 863.8
1-80 | OCF; | cl K CuHsoCIFsNgOs | 879.35 | 879.8
181 |F F (S) CisHsF3NgOs 81140 | 811.8
1-82 | F F >< C43Hs2F2N50s 799.40 | 799.8
1-83 | F F \V CaHusFaNgOs 78337 | 7838
1-84 | Cl F vA C4sHsoCIFN{Os 82536 | 825.8
1-85 | OCF; | cl (S) N>\ CueHssCIFsNsOs | 92239 | 922.8
1-86 | OCF; | Cl 7§F9’\ CuHsCIFsN:Os | 88137 | 881.8
1-87 | OCF; | cl vd CusHsoCIFsN:Os | 891.35 | 891.8
1-88 | OCF; | F vﬂ C4sHsoF4N5Og 87538 | 875.8
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7a 7d sa (P 9 Calc Found
ExNo. | R R R R Formula M +H]+ (M +H]+
1-89 | CFs cl VA CusHyCIFsNgOs | 87535 | 875.8
1-90 | F F vﬂ CasHsoFsNsOs 809.39 | 809.8
191 | OCF, | cl t( CusHyCIFsNgOs | 89337 | 893.8
(b)
1-92 OCF; F 4 CD3 CasHa6D6F4sNgOg 883.44 883.8
CDs
1-93 | CF, ’ 283 CisHuDgFsNsOs | 849.45 | 849.8
3
P /
1-94 | OCF; | Cl )’\H/N\ CoHsCIFsNOs | 88336 | 883.8
P /
1-95 |OCF, | F ‘/\H/ N\ CoHyFNWOs | 86739 | 867.8
1-96 | OCF; | Cl >< CyHCIENgOs | 88534 | 8858
F
RF
1-97 | OCF; | cCl >)<F CyuHisCIENO, | 92330 | 9238
HO
1-98 | OCF; | Cl ] CuHyCIFsNgOs | 87935 | 879.8
F
, F
1-99 | OCF; | cCl 2 §<F CuH,CIENgOs | 93332 | 9338
1-100 cl F ‘ 233 CuHiCIDEFNGOs | 83042 | 8338
3
1-101 | OCFs | F '><\OH CLHLFENO, | 88139 | 88138

e
(SPA L AN
o G

O

(b) Stercoisomers separated but unassigned

(#) For all compounds, when the substitutent R¥ s present, the orientation of
the chiral carbon atom bearing the substitutent R¥ s (S).
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Table 2

-
=~
7

R10 R7a o —N /——\ _(O
N N
O
N
R7C
O

HN
\
/N N:/\/

HN
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7a e 9 10 Calc Found
Ex No. R R R R Formula [M+H]" | [M+H]"
/’ N

2-1 \[ P Cy3Hs1Nj;Os 802.41 | 802.4

N

H

0

22 ( S)é\l C7HeoN1O6 861.47 | 861.4
2-3 ( SM CasHsNoOs 804.45 | 805.4
2-4 CH, ( SM CaeHsoNoOs 818.46 | 818.4
2.5 CH; NHCH; CHssN1Os 779.43 | 779.4
2:6 OCF; |l ( SM CaeHssCIFsNoOg | 92239 | 922.8
2.7 OCF; |l >< CasHssCIFsNsOg | 910.39 | 910.8
2.8 OCF; |l ( SM cl CaeHs,CLEsNsOs | 956.35 | 957.8
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H
N

f,l/

Table 3

-
)
-

PCT/US2012/063181

F3C 0 =N — O
N N
OO
=N
F
o)

HN (
\O/‘%O
9 Calc Found
ExNo. | R Formula [M +H]+ M +H]+
3-1 (SM CiHuFiNsOs | 87542 | 874.6
L 9
/," ~ S
32 (SCN INC O | CoHeFiNGOs | 1,047.50 | 1046.6
O
33 \V CaiHsoFaN{Os 84738 | 846.8
3-4 NHCH, CaaHaoFaNoOs 83638 | 835.6
Table 4
R10 R7a =N }—\ _(O
HN N N
HNTN _<\_’_/)' R9
S —,
R7d
Nj‘/o
HN '(
~o0" >0
7a 7d sa () 9 10 Calc Found
ExNo. | R R R R R Formula M +H]+ [M +H]+
4-1 A CauHssNiOs 77542 | 775.4
., =L 0
/," ~ S
42 (SCN )N\”/O\ CoHeeN1oOs 04751 | 947.6
s, =L 0
4-3 | OCF; (SéN S)N\H/O\ CooHesFsNigOs | 1031.49 | 1031.4
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7a 7d sa () 9 10 Calc Found
ExNo. | R R R R R Formula M +H]+ [M +H]+
R
TP )\\/O—
4-4 | OCF, ( SO\I CuHssFsNoOg | 946.44 | 945.6
o) J\
4-5 OCF3 (g)’é\l)\\o C49H60F3N908 960.45 959.6
R
Y
4-6 | OCF; & O\l N CrHsFsNGO; | 931.44 | 930.6
Lo 9
8 R
47 | OCF; AN )NTO\ Cs:HesFsNioOs | 103149 | 1,030.6
. O
R
hE )\/O_
4-8 | OCF; CH | S)O CaHeoFsNoOg | 960.45 | 960.8
R
. )\\N/
4-9 | OCF; CH | @ N CusHsoFsNO; | 945.45 | 946.0
4-10 | OCF; CH, | SM Cl | CsHuCIFsNOs | 907.38 | 907.8
4-11 | OCF; CH, \V Cl | CuHsCIFsNgOs | 879.35 | 879.8
412 | OCF, CH, | NHCH; Cl | CoHwCIFNOs | 86835 | 868.8
413 | OCF; CH; \V_ Cl | CasHyCIFNgOs | 89337 | 893.8
4-14 | OCF, CH, | NHCH; CiHsoFsNoOs | 834.38 | 834.8
4-15 | OCF; CH; 74 CisHssFNgOs | 861.42 | 861.8
4-16 | OCF; CH; \V CuHsiFsNgOs | 845.39 | 845.8
4-17 | OCF; CH, \V_ CusHssFsNgOs | 859.4 | 859.8
o)

4-18 | OCF; CH, (szl)KV CuHsFsNsO; | 942.44 | 943.0
o)

4-19 OCF,; CH; (R}U)\TH C47Hs57F3N1004 931.44 932.0
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Ex No. | R™ R | g8® | R R" | Formula E\zler Fl\oqlfglh
0
4-20 | OCF; CH; (ij )Ni CyoHaFsNygO; | 959.47 | 960.0
0
4-21 | OCF; CH;, (RBU)H CusHssFsNsO; | 930.44 | 931.0
422 | OCF; cHy | i CuHpFsN:Os | 88137 | 881.8
423 | OCF, CH; \V<g: CuHiCLF;NsOg [ 91331 | 9138
4-24 | OCF; CH; '\H_<] CysHsF3NoOg 860.40 | 860.8
4-25 OCF3 CH3 }—|N4< C44H54F3N906 862.42 862.8
4-26 | OCF; CH; >< Cl | C4sHs,CIFsNgOg | 895.38 | 895.8
.. O
427 | OCF, CHy | Ny CiHseFsNGO; | 90443 | 904.8
H
t- O
428 | OCF, CH, |. R’f\})‘\ CusHyFsNGO; | 89041 | 891.0
H
429 | OCF; R Cl | CsHuCIFNO, | 893.37 | 893.8
430 | OCF; \V<g: Cl | CuHuCLFNOg | 93326 | 933.8
431 | OCF; \V Cl | CuHuCIFNGOs | 86533 | 865.8
432 | OCF, \V<g: CasHiCLF;N;Og | 899.30 | 899.8
433 | OCF; N(CH3), CoHsoFsNsOg | 83438 | 834.8
434 | OCF; NHCH; CuHuFiNsOs | 82037 | 820.8
435 | OCF; \V CyoHoFsN:Os | 83137 | 831.8
436 | OCF; 74 CuHssFiNiOs | 847.40 | 847.8
)/, OH
437 | OCF; | oK Cl | CuHsCIF:NO; | 92338 | 923.8
\/I OH
438 | OCF; cH | K CiHssFsNsO; | 889.41 | 890.0
. 0O
439 | OCF; CH; 7\1% CiHsFsNeO; | 93044 | 931.0
H
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7a 7d sa () 9 10 Calc Found

ExNo. | R R R R R Formula [M+H]* | [M+H]"

. O
4-40 | OCF, CH (R}\N% CoHseFsNoO; | 91643 | 917.0
H
4-41 | OCF; | F >< CuHuFNgOs | 86539 | 865.8
4-42 | OCF; 7< F CuHuFNgOs | 86539 | 865.8
443 | OCFy | F ( SM CisHaFNsOs | 877.39 | 877.8
4-44 | OCF; | F ( SM Cl | CuHsCIFNO, | 91136 | 9118
4-45 | OCF; | F >< Cl | CyHsCIF,N:Og | 899.36 | 899.8
4-46 | OCF; | Cl >< CuHsCIF;NsOq | 881.37 | 881.8
4-47 | OCF; | Cl 7< Cl | CuH5CLFNO, | 91533 | 915.8
(#) For all compounds, when the substitutent R¥is present, the orientation of the chiral

carbon atom bearing the substitutent R¥is (S).
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Table 5
Calc Found
Ex No. Formula [M+H]" | [M+H]*
=N O HN’Q
5-1 & @ CsHesFsNOn | 1075.48 | 10762
=N
52 [ CioH5sFsNgOyo | 990.43 | 989.6
HNT"’(
0~ 0O
o ol N P
HN,\?H—<\:/)- N\_/N‘$<
=N
5-3 /S_CN(L o o CuHCIENOGS | 913.34 | 9138
HN\f"(
O/CFS Q =N '}_\ _40
HNWN\_/N "o
=N
>-4 /S_CN(L . o CisHCIF:N;OsS | 92534 | 925.8
HNr'r
\O 0
o o N 2\ W
\ 7/ . __CDs
SO T
55 NTO c CyHuCIDGF;NsOg | 873.3 | 885.8
HNT
S0
cl o) =N,
HNW J§<
=N
5-6 {5 F CsHyCIFNGOs | 81537 | 815.8
HNI/"'(
\O (o)
O,CF3 . N /o
HNW N—4,
=N
37 NTO c CuHsFiNgOs | 863.38 | 863.8
HN” ™
LT

130




WO 2013/067267 PCT/US2012/063181
Calc Found
Ex No. Formula [M+H]* | [M+H]*
CF B
F o o SN NP
=N
5-8 _C{ . o CuHaCIF,NGOs | 899.36 | 899.8
HNf’(
e
o O?—CN)ﬂ: e
HNNH \ 7 \_Q HN—
5-9 ( Z S CisHs:CIFsN,O, | 91239 | 912.8
@‘INO
& o o
=N
5-10 @:\N,,,C{\O cl Cs51H5;CIF3NoOg 984.41 984.8
HN\f"'r
~o" 0
O,CF3 N K o
o /=N ™\
HNWN\—JN
=N
5-11 EO>CN(\\ o Cl C4sH5,CIF;NgOg 925.36 925.8
7
HN ’(
ko
Ho o ol N 2'/—\ Qo
=N
5-12 { o cl C4sHs,ClIF:N:O; 911.38 911.6
HNT"'(
~o"0
Ho ol N P
HNW N\——JN‘$<,0H
=N
5-13 NTO cl C4sHs,CIF;N;O5 927.37 927.6
HN ™
20T
CF3 E
d ¢ g —N I\ o]
O K
=N
5-14 Cl C44H;51Cl1,F3NgOg 915.33 9154
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Calc Found
Ex No. Formula [M+H]* | [M+H]*
CF3 %,
Q 0, =N /\ O
=N
O, Cl
5-15 - »CN(L . CHsCIFNOg | 953.39 | 953.6
[0 o]
I
W @ &
5-16 .C(L CiHsFN:Os | 939.40 | 939.8
%
HO ol N /—\ 0
=N
5-17 Od\o i CusHsCIFsNOy | 943.37 | 943.6
HN "
o
HO o’CF3 o) N 2‘/‘_\ O
N N
HNW L
=N
5-18 \O_CN(;O Gl CisHsiCIFNGOg | 92737 | 927.6
HNT
0
JCF3 N
O, O, =
HNW %
=N
5-19 N o Cl C44H52C1F3N807 897.36 897.6
HNT"’(
~o"0
O,CF3 N
O —|
HNW - J§<
=N
AN Cl
5-20 O"'CNR\O C46H54C1F3NgOg 939.37 939.6
O)\Cl)
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Table 6
Calc Found
Ex No. Formula [M +H]+ M +H]+
=N\ 0
HN N N—4,
BN -
OO v<
6-1 [ NTO C4sHs54N3O5 819.41 820.0
HN (
Ao
o HN’Q
—N
- O-OT OO
6-2 [)Ce\ C41H46N100s6 775.36 775.4
N
O
HNI'(
~o0"~0
o=
HN’Q
=N o
- O-O- T
6-3 \ =N ° Cs;HeoN;,05g 976.53 | 977.0
N N]éo
HN (
~o" 0
HN—<\:_/)—
HNTN N
SO0 v<
6-4 e {5 C3Hs3NoOs 776.42 | 776.6
7
HN ’(
e
—N
HN
N O
NSO <
6-5 N o C4sHs7NgOs 804.45 804.6
7
HN (
~0 0
o HN’&
—N
HNN\ Q HN_Q / 4%)
6-6 >C8QN C53H67F3N1009 1045.50 1044.6
NTO
} HN or
O
o N [;/__\N o0 P
HN
HN"N \ 7/ A%N)
OO
6-7 C4oHeoF3NoOg 960.45 959.6
NTO
HN (
~o0" >0

133




WO 2013/067267 PCT/US2012/063181
Calc Found
Ex No. Formula [M+H]" | [M+H]*
o _CN)_/—\ _40
HN— N N
D-O-OX N <
6-8 NTO C46Hs5F3NgOg 873.42 872.8
HN ’(
"
o=
CF3 _ X o O HN’&O
© HN—<\-_>'N/—_\N W
HN A
6-9 =N o Cs;HgsF3N1gOoS 1063.46 1063.6
A NTO
HN (
"
CF3 o 97
o =N\ P V
OO
<N >
6-10 /S_CN(LO C43HssF3NgOgS 978.41 978.6
HN\j"
20
CF E
o ® =N /\ /O
HN N N
6-11 NTO C44H5,F3NoOg 860.4 860.8
HN ’(
e
o°F ‘CN)-/'_\ _4/0
HN N\ / N N -,
HNO o
6-12 NTO C43Hs7F3NgOg 899.44 900.0
HN (
»e
CF3 o -
o =N o] V
A Q O HN-<\:_/)— N—%
<N Y
6-13 § Cs1HgF3NoOg 986.47 987.0
NTO
HN (
e
o=
oo AN . o}:g’fo
AN YL raval J%N)
6-14 CssHeoF3N1¢0O9 1071.52 | 1072.0
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Calc Found
Ex No. Formula [M+H]" | [M+H]*
o N /—\ 0
2N . “4“{/%”\_/“&
<\ 5
6-15 /S_CQ o CuHsFsNsOGS | 879.38 | 879.8
HN ’(
~o" 0
O,CF3 L e,/_\ o 7
6-16 N © H Cs3HesF3NoOog 1030.49 | 1031.2
NTO OH
HNT
e
O,CF3 N “ o
Cl = /N
HN \ / N N CD,
O I e
6-17 AW C46H4oCID6F3NoOg | 928.43 928.8
/ NTO
HN (
~o" o
OCF3 =N 2}—\ _40
HN—Q )N N
HNN s
OO K
6-18 Y Vo C4sHs3F3NzO4S 907.37 907.8
L
~o" 0
CFs
o =N O
w NN () ‘e,
o =N o)
6-19 % CuHs3F3NsO4S 895.37 895.8
- NTO
HN '(
~0
CF5
o =N O
" Q O 'Y N\__/NJ"' CDs
o <\ Y CD,4
6-20 /\\S_C{\ o CusHaDgF3N:O,S | 901.32 913.8
“E"’f
~o o
CF; K o
A Q O HN \-'j N\_/N—¢,,‘
o =\ o) v ‘
6-21 /“ M. o C4sHs53F3NgOsS 923.37 923.8
W T
HN ’(
e
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Calc Found
Ex No. Formula M +H]+ (M +H]+
O/CFS \CN)_E‘/—_\ o)
HN N N
OO X
o =N 0
6-22 by o CuHs3F3NgOsgS 911.37 911.8
/\C\) NT
HN (
~No
o CF2 . o
HN N N
HNN _Q _/
O
6-23 {5 C.sHssF5N:O, 861.42 | 861.8
HN\f"’
e
& N o
= /7 \
NN () ”N{/f AN
=N o]
6-24 el o CisHsFNsO;, | 89339 | 893.6
HN\f'"
2
O,CF3 N =, o
HN N N
HNTN\\ —<\:/)— n__/
O~ on
625 1 .l o CssHsFNOs | 909.38 | 909.6
HN\f"’
T
O,CF3 N £ o
HN N N
HN—Q N
=N (@]
6-26 CN(k o c CuHyCIF;NgOs | 88137 | 8814
HNI'(
\O 0
O,CF3 N = o
HN N N
HN—<\:/)— \_/
=N (@]
6-27 cl CusHs4CIFsNgO; | 911.38 | 911.6

—0 N\f
o
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Calc Found
Ex No. Formula M +H]+ (M +H]+
HN
A {r O
6-28 CiHsiCIFsNO, | 92338 | 9236
O)\Cl)
O,CF3F N
HN
O
6-29 C.47H6F,N,Os 937.42 | 937.6
HN™
20r
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Table 7
H} <
2 Q O N M
R2- N R
R3
Ex 1 " 2 3 Calc Found
No. R R R Formula [M+H]" | [M+H]*
o O
71 74 () S CsHs,CIFsNOs | 88236 | 882.8
)
7.2 7< R) L CsHs,CIFsNOs | 88236 | 882.8
N O
7-3 I\V (S) :\\ O/ C42H47C1F3N906 866.33 866.8
N O
7_4 /7_\ (S’) L\\ O/\/\ C45H55C1F3N906 91039 9108
~ O
7-5 ’7-\ (S) R J\ C44Hs3CIF3NgOg 896.38 896.8
4 (o)
N o
7-6 — ) > O% CiHsCIFsNgO, | 924.41 | 924.8
~ O
77 - ) o~ CuHs CIFsNOs | 882.36 | 882.8
N (0]
7-8 4 (S) >\\ o/\/ C44H53C1F3N906 896.38 896.8
XS) - 9
79 10 () A CuHuCIFNO, | 884.34 | 884.8
-~ (o)
Y 0
7-10 @ (R) S CHs1CIFsNgO, | 882.36 | 882.8
7-11 D (® | cH, | CH; CasHaoCIFsNO, | 87236 | 872.8
7-12 O (R) | CHs | CoHs CrHsCIFNsOs | 900.39 | 900.8
O
7-13 | CoHs (S) J CoHyCIFNOs | 854.33 | 854.8
O
7-14 | CH, ® o | J CoHyCIFNOs | 854.33 | 854.8
\ O
715 | 2N | ® J CaHuCIFNOGS | 8863 | 886.8
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Ex 1 " 2 3 Calc Found
No. R R R Formula [M+H]" | [M+H]*
X 0
7-16 U (S) - CusHisCIFsNgOGS | 908.29 | 908.8
P o) o)
7-17 N \ / (R) . O/ C44H47,CIF5NgO4 906.32 906.8
Table 8
R’a 0 =N 0
O
=N
7c
N N._.O R
3 T
HN '(

\o)*o

7a e 9 Calc Found
Ex No. R R R Formula [M+H]" | [M+H]"
-1 OCF; | Cl (SM CisHsCIFNsOs | 89135 | 891.8
8-2 OCF; | Cl 74 CuHsCIFsNgOg | 879.35 | 879.8
8-3 CF; |cl \V CisHyCIFN;Os | 847.32 | 847.8
8-4 CF; |l (SM CisHuCIFNOs | 87535 [ 875.8
8-5 CF; |cl 7< CuHsoCIF;N:Os | 863.35 | 863.8
8-6 CF; |cl v& CusHyCIFNOs | 873.34 | 873.8
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Table 9

“
%

R10 R} =N 7\ _40
HN N N
HN e
=N O

HN (

7a 9 10 Calc Found
Ex No. R R R Formula [M+H]* | [M+H]"
9-1 OCF; 7< cl C4HsCIFsNgOg | 879.35 | 879.8
92 OCF; >< CuHsFsNOs | 84539 | 845.8
9-3 OCF; (SM CisHsFsNOs | 85739 | 857.8
9-4 OCF; (SM Cl | CysHyCIENgOs | 89135 | 891.8
9-5 OCF; VA CusHoFsNgOs | 85537 | 855.8

Table 10
N
HN Y
yatetetatates
=N 0
Y
/ NTO

HN ’(

7a 9 10 Calc Found
Ex No. R R R Formula [M+H]" | [M+H]®
10-1 OCF; (SM CagHsFsNoOs | 888.43 | 889.0
10-2 OCF; | NHCH; CuoHsiFsNiOs | 84939 | 849.8
10-3 OCF; 74 Cl | CisHsCIENGOg | 91039 | 910.8
10-4 OCF; | N(CH;), Cl | CoHaCIFsNOg | 897.37 | 897.8
10-5 OCF; (SM Cl | CiHssCIFNGOg | 92239 | 922.8
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Table 11

HN
AN
O N\//‘/
o,

HN N N
W,
O
N 0 R8d
R7d
0]

9

HN (
~0 0
ExNo. | R® | R® | p4® R° R Formula [l\f[:fi;r [Fl\ol‘fglr
11-1 OCFs; CH; \V<g: CuHiCLF;N:O, | 92931 | 929.8
11-2 OCF; CH; | NHCH; CyHsoFsNsO; | 85038 | 850.8
113 OCF; CH, (SM Cl | CyHsCIF;NGO; | 923.38 | 923.8
11-4 OCF; CH; \V<g: Cl CuHisCLF3N;O, | 96327 | 963.8
11-5 OCF; CH, \V_ Cl | CysHs,CIFNGO; | 909.36 | 909.8
11-6 OCF; CH, v Cl | CuHsCIF;NGO; | 895.34 | 895.8
11-7 OCF; CH; >< Cl | C4sHsCIFN:O; | 911.38 | 911.8
11-8 OCF; CH; | NHCH; Cl | CoHuCIFsNO; | 884.34 | 884.8
11-9 OCF; CH; | N(CHs) Cl | C4HsCIFsNO; | 898.36 | 898.8
11-10 OCF; (SM Cl | CysHs,CIFNGO; | 909.36 | 909.8
11-11 OCF; >< Cl | CuHsCIF;NGO, | 897.36 | 897.8
11-12 OCF; vﬂ Cl C4sHsoCIFsN;O; | 907.34 | 907.8

(#) For all compounds, when the substitutent R is present, the orientation of the chiral

5 carbon atom bearing the substitutent R¥is (S).
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Table 12

P
-
£

,CF; 3
0] 0 =N /_\_4O
N N
yaa Setavalel
=N
N 0] cl

0
9 Calc Found
Ex No. R Formula M +H]+ (M +H]+
\’,\ /O
12-1 T ~ CuHuClE;NgO, | 884.34 | 884.8
‘/I(S)H O
12-2 Y CuHssCIFsNyOs | 954.38 | 954.8
(e}
12-3 /BC\ CoHaCIFNO; | 939.41 | 939.8
0\,
124 'ZCOH CusHeCIFsNsOs | 92737 | 9278
OH
\IIS
12-5 "/() Ca4sHsiCIFsNzO; | 911.38 | 911.8
HO
12-6 @O Ca4sHsCIF3N1 005 | 937.37 | 937.8
H5N
12-7 ;o CusHiCIFsNoOg | 90233 | 9028
N~
12-8 kS on CuHs,CIFsN:O; | 897.36 | 897.8
Ny NHZ
12-9 \§< CysHs;CIF3NGOs | 908.38 | 908.8
|
12-10 \,'\<N\ CusHs;CIFsNgOs | 908.38 | 908.8
X9
12-11 > C43H49C1F3N9068 912.32 912.8
S
H
H
12-12 (S) C4sHs1CIFsNoOs | 906.36 | 906.8
\\\\- N
NN H
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9 Calc Found
Ex No. R Formula M +H]+ (M +H]+
H
~< N H
1213 @}é CiHsCIFNGOs | 92038 | 9208
12-14 (S)o~N C.sHs CIFsNoOg | 906.36 | 906.8
AN H
H
N
12-15 q:) CagHssCIFEsNOg | 92239 | 9228
IOH
12-16 N CuHsCIFsNOs | 92837 | 9288
OH
-
An-N ]
12-17 yO CusHasCIFsNOs | 92533 | 925.8
0
~ /T \
12-18 HN—N O C44H5,CIF3N;40O4 925.37 925.8
O /\ 0
12-19 HN-N ] CHyCIFNOS | 97333 | 9738
/0
N
12-20 x\ CusHssCIFsNgOg | 91039 | 910.8
1221 W:ﬁ CicHsCIFNsOs | 907.38 | 907.8
12-22 ‘:\J\N/\ C.sHssCIFsNOg | 91039 | 910.8
|
12-23 ‘:\/LN/ CuHs:CIFsNGOs | 89638 | 896.8
|
12-24 'QN-— CuHs;CIFsNsOs | 89638 | 896.8
12-25 \6 CoHsCIFN:Os | 9214 | 921.8
s ‘/\O
12-26 )<N\/l CoHsCIFN,O; | 95240 | 952.8
12-27 ’O C.sHaCIFNO, | 90936 | 909.8
12-28 "/\OO CuHuCIFNO, | 92338 | 923.8

143




WO 2013/067267 PCT/US2012/063181
9 Calc Found
Ex No. R Formula M +H]+ (M +H]+
{ N o
v ~
12-29 ST
- O C48H57C1F3N909 99639 9968
o)
(R)
12-30 ] O CusHsCIFNGO, | 907.34 | 908.8
(R)
(S)
12_31 ':"<E>O C45H50C1F3N807 90734 9076
(R)
(R)
12-32 o CasHsCIFNO, | 911.38 | 9118
H
1233 ></N\n/\n/o\ CuHsCIFNGOs | 99639 | 996.6
O O
H
12-34 ></N\n/\/\n/OH CwHyCIEN,O, | 101041 | 10108
o) o)
H
12-25 ></N\[(\0H CiHssCIFNOy | 95438 | 954.6
o)
12'36 ‘\ NH2 C44H53C1F3N906 89638 8966
12-37 v CyHyCIFsN,O, | 964.40 | 964.6
o)
>N
12-38 ¥ CyHgCIFsN,O, | 980.43 | 980.6
o)
H
12-39 ,></NTO\ CiHsCIEN,O, | 95438 | 954.6
o)
H H
12-40 /></N\H/N\ CaHsCIFsNO; | 953.40 | 953.4
o)
H
12-41 B</N\[(\ CoHs:CIFsNoO; | 952.40 | 952.6
o)
H
\ N
12-42 ></ \ﬂ/ CiHssCIFsNoO; | 938.39 | 938.6
o)
12-44 ;\Q O C4sHs,CIFsN;O; | 909.36 | 909.6

144



WO 2013/067267 PCT/US2012/063181
9 Calc Found
Ex No. R Formula M +H]+ (M +H]+
12-45 \Qo CuHs,CIFsN:O; | 92338 | 9236
/\\ ~
H
12-46 ’></N\/§<‘o C4sHssCIFsNgOsS | 97435 | 9746
0
12-47 m CuHsCIFNGO, | 89534 | 895.6
OH
12-48 7@0 CuHsoCIFsNsO; | 89534 | 895.6
12-49 '\Oﬂ CysHaysCIFsNGO; | 88133 | 8816
12-50 /ﬁ\/OH CyHsCIFsNgO; | 921.36 | 921.6
12-51 3~ CuHuCIFNoOs | 880.35 | 880.6
\C\NH 431149 31N9UUg
12-52 T CuHsiCIFsNoOs | 89436 | 894.6
NH,
H
., N
12-53 /(R)[j CuHsiCIFsNGO; | 91036 | 9106
0
v N
12-54 ) ] CuHsiCIFsNGO; | 91036 | 9106
0
12-55 /’K/OH C4sHs,CIFsNgO; | 909.36 | 909.6
/,/"' O
12-56 (R)[N] CuHsCIFNGO, | 91036 | 910.6
H
20
12-57 (S\)[N] CuHs CIFNO; | 91036 | 910.6
H
. OH
12-58 />§( CuHsoCIEsNgOg | 911.34 | 912.6
0
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Table 13
CF
ol SN P
- O
=N
R7C
Neg
Te 9 Calc Found
Ex No. G R R Formula [M+H]" | [M+H]*
i '
13-1 {g cl 7< CsoHsCIE:sNsO, | 925.41 | 925.8
\/'
0
13-2 C i(s) cl 7< CHsCIFsN:O; | 891.42 | 891.8
%
N 0
13-3 N cl 7< CaHssCIFsNoO; | 9264 | 926.8
¥
O //
»\N/\\ 0 Y
13-4 —J N cl 74 CsiHsCIF;NsOg | 984.41 | 984.8
Qo
\ N O\ S
13-5 Sor cl >< CuHsCIFNGO, | 897.36 | 897.8
o)
HO
13-6 o Cl >< CysHsoCIFsNO; | 883.34 | 883.8
(&)
HO" ©
)
JRR o
13-7 SN OS cl >< CisHsoCIF3N:OS | 899.32 | 899.8
\S 0O
13-8 oo Y Cl 7< CuHsCIENGO; | 89736 | 879.8
~o" S) o

146




WO 2013/067267 PCT/US2012/063181
7e 9 Calc Found
Ex No. G R R Formula [(MHH]" | [ME+H]
13-9 cl >< CuHsCIFsNgOg | 94139 | 9414
13-10 cl >< CysHsiCIFsNGOs | 88236 | 882.8
13-11 cl >< CiHpCIF;NoOg | 86835 | 868.8
13-12 >< CyHssFsNsO; | 889.41 | 889.8
13-13 )(SK)Q\H/ ~ >< CisHsiFsNsO; | 849.38 | 849.8
) o
HO"
13-14 oY >< CuHsiFsN:O; | 8634 | 863.8
R G}
O\
13-15 )i\n/ h 7< CuHssFNsO; | 8634 | 863.8
o)
HO
Qo
\,\ N O\ -
13-16 Sor X cl ’></OH CuH5CIFsNOs | 91336 | 913.8
o)
HO
13-17 )&)Q\H/ ~ Cl ’></OH CysHsoCIFsNsOs | 899.34 | 899.8
©
HO ©
13-18 —\(3) h Cl ?'7</0H CuHsCIF;NgOs | 913.36 | 913.8
©
\O\\ O
o)
(S)H
PO Y ¥
13-19 o cl ’7</OH CueHsCIFsNOs | 939.37 | 939.8
0
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Ex No. G R™ R’ Formula [l\fljfi;r [i/}):_lﬁ(]{
Q H
\ N O\ -
13-20 “ (S) \n/ F ! C43H50F4NzO~ 867.37 867.8
)
HoO ©
Q H
> NGO~ }’I
13-21 <9 3)\“/ F CuHsFN:O; | 881.39 | 881.8
~ov @)
o)
B CHP
2 ~ ,
13-22 \g/ F >< CiHsFaNgO; | 907.41 | 907.8
0
PO
. N__O
13-23 (9 Tg > F ’></OH CuHoFiNgOg | 897.38 | 897.8
HO
O
. N__O
13-24 “(S) \[g A F 74 CuHsFNO, | 88139 | 881.8
HO
O H
\ N O\ e
13-25 O F | 7 OH CuHsFiNgOg | 897.38 | 897.8
)
o o)
T
\ N O\ -
13-26 sl F ’ OH C43HsoF4NgOg 883.37 | 883.8
(8
HO" ©
o)
. (S)H o
> ~ ’
13-27 \g/ F ’7</OH C4eHs4FsN:Og 923.4 | 923.8
0
O
\ N__O
13-28 () \g/ A ’></OH CuHiFNOs | 87939 | 879.8
HO
0
H ,
13-29 3 N O~ ;/></OH CyuHs:F3NgO 863.40 | 863.8
v (S) \[c])/ al1533INgU7 . .
Q H
13-30 A NSO~ Lo CsHs FsN;O 865.38 | 865.8
v (S 351 F3INgUg . .
No ¥
HO"
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Ex No. G R R’ Formula [h(ajfgr [ﬁ)}:ﬁc]l*
i N0 §
13-31 S ;I></OH CuHs:FsNO; | 87939 | 879.8
Nt S) (@]
O\
o)
H
13-32 o ;I7</OH CuHssFaNgOg | 905.41 | 905.8
o
o)
(S)H ‘
\ N O ~/,
13-33 > YO« 7< CysHssCIFsNOs | 91039 | 910.8
HoN O
)
H
WA AN O ,
13-34 S cl 74 CyHsCIFNO, | 937.39 | 937.8
O
a
o , ®
SO
13-35 0 cl >< CoHs,CIFN;O; | 93538 | 9358
o)
a
o , @
Y
13-36 O cl 74 CiHsCIENGOsS | 97134 | 971.4
S
N\
Jo
o)
H
13-37 5 Cl 7< CuHs,CIFsN;O; | 92338 | 923.8
0
o H (a)
Y '
13-38 3 cl >< CyHsCIFNO, | 92338 | 9243
0
o)
H
\) (S) N\[ro\ ,
13-39 3 cl >< CrHsCIFNOe | 921.40 | 921.6
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Te 9 Calc Found
Ex No. G R R Formula [M+H] | [M+H]*
o)
H
\,\)@N\H/O\ e
13-40 z 0 Cl ’ 7< C47H56C1F3N806 921.40 921.6
13-41 cl 7< CiHsCIFsN:Os | 907.38 | 907.6
13-42 cl 74 CysHssCIFsNgO; | 951.41 | 951.6
13-43 cl >< CysHssCIF;N;O; | 951.41 | 951.6
13-44 cl 7< CyHsoCIF;N;O; | 895.34 | 895.4
o
Q|
13-45 XS N\H/O\ Cl ;/></OH CuHsoCIF;NsOs | 911.34 | 9126
o}
(a) Stereoisomers separated but unassigned
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Table 14
Rgb
CF
0 ’ QO =N / *( O
OO
=N
7c
NTO R
HN (
0]
4 7e " 8b 9 Calc Found
Ex No. R R R R Formula [M+H]" | [M+H]*
14-1 CH; Cl (R) CH,OH 7>< CyH5,CIF;NgO; | 897.36 897.8
14-2 CH; Cl ) CH,OH 774 CyH5,CIF;NgO; | 897.36 897.8
14-3 CH; Cl (R) CH,OH ;/></OH CyH5,CIF;NgOg | 913.36 913.8
14-4 CH; Cl ) CH,OH ;I7</OH CyH5,CIF;NgOg | 913.36 913.8
14-5 OCH; F ) CH,OH ’ /></OH C4H5,F4NgOg 913.38 913.8
14-6 OCH; F ) CH,OH ‘ ></OH C4H5,F4NgOg 913.38 913.8
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Table 15
CF3 B
) e} =N 7\ 0]
\ / N N"( 9
O T
=N
HN '(
Ex No. R* R’ Formula [RSI::E]J’ [11\7/})_1‘_1;11(]{
15-1 | So™~0< 7< CueHseCIFsNgOg | 941.39 | 941.8
o= |
15-2 Né ’ >< C47H54C1F3N1()O7 963.38 963.8
|
/N /
HN |
15-3 < ’7</OH CuH5iCIFsNGOg | 926.35 | 926.8
0
15-4 d - | % CusHsCIFNO; | 964.40 | 964.8
) 1 (S) 48 57 31NgU)7 . .
15-5 g - 74 CeHs,CIFsNoO, | 952.40 | 952.8
! 474157 3INgVI7 . .
/
15-6 //N\,; >< CyHs,CIF3NgOs | 924.41 | 9248
/
15-7 \rN\,{ 74 CiHsCIF3NGOs | 938.42 | 938.8
N/ ,
15-8 I'\'( 74 CueHssCIF3N;Og | 939.42 | 939.8
H,N
15-9  N-r 74 CHsCIFsNsOs | 93641 | 936.8
HN_ ¥
15-10 < /‘o—\— CuHsCIFNOg | 92635 | 926.8
0
15-11 N=—1 7< CuHiCIFNOs | 892.35 | 892.8
15-12 N=—i- 7></OH CuHuCIFNGO, | 908.34 | 908.8
15-13 0« 7< CusHs,CIFsN:O; | 911.38 | 911.6
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Table 16
/CF3 2’.
0] 0] =N —\ O
\ / N N“( 9
O
=N
N\ 7d
o) N R
o)
R1j
NH
o)\o
Calc Found
1® 7d 9
Ex No. R R R Formula (M +H]+ M +H]+
16-1 g cl 7< CyHsCIFN:Os | 91336 | 913.8
OH
16-2 _/8)4 Cl 7< CsHsoCIFsN:Os | 899.34 | 899.8
16-3 -:J»,g)_ Cl 7< CuHsCIFsN;Os | 91336 | 913.8
16-4 —/8)4 F >< Cy3HsoFN5Og 883.37 | 883.8
16-5 ':J»,SS)_ F 7< CyuHuFNgOg | 89738 | 897.8
16-6 {* F 7< CuHFN:Os | 89738 | 897.8
OH
16-7 —/SS,Q Cl ;’7</OH CHsCIFsNgOy | 91533 | 915.8
16-8 ':—/,83)_ Cl 7></0H CuHsCIFsNgOy | 92935 | 929.8
16-9 %* Cl ?’></0H CuHs,CIFsNgOo | 92935 | 929.8
OH
16-10 —/8)4 >< Ca3Hs1F3NgOs 865.38 | 865.8
16-11 -;J.,,g)_ 74 C44Hs3F3NOg 879.39 | 879.8
16-12 _/SS,Q F 7'7</OH C43HsoF4NgOo 899.36 | 899.8
16-13 -:—{83)_ F ;></OH CuHuFN:Os | 91338 | 91338
16-14 X F ;></OH Cy4H52FNzOo 91338 | 913.8
OH
16-15 _/SS,Q ;></OH Cy3Hs1F3N5O0 88137 | 881.8
16-16 -;J.,,g)_ ;’7</OH CasHs3F3N5O0 895.39 | 895.8
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1® 7d 9 Calc Found
Ex No. R R R Formula [M+H]* | [M+H]*
16-17 K ;></OH CusHs3F3N500 89539 | 895.8
OH
16-18 K >< Cy4Hs3F3NzOg 879.39 | 879.8
OH

(#) For all compounds, the orientation of the chiral carbon bearing the substituent R' is (S)

Table 17

-
7
>

O

R7a 0 —N /—\
N N
O
=N
N\//\/O cl

Q)
<
R

HN

7a 9 Calc Found

Ex No. R R Formula [MHH] | [M+H]'
17-1 | CF, ( SM CisHuCIFN:Os | 877.37 | 877.8
172 | CF; 74 CuH5CIFNgOs | 865.37 | 865.8
17-3 | OCF; 7< CuHuCIFN:Os | 88137 | 881.8
17-4 | OCF, A CisHuCIFsN:Os | 893.37 | 893.8
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Table 18

PCT/US2012/063181

”

R10 R7a —N /—\_<O
HN N N
O~
=N @)
R7d
N._.O

X

HN” "R
\O/&O
Ex 164 7a 7d 9 10 Calc Found
No. R R R R Formula [M+H]" | [M+H]®
18-1 :—< OCF; ('S'M Cl | CasHs:CIFsNsO5 | 89337 | 893.8
18-2 :{ OCF; >< Cl | CuHs,CIF:sN;Og | 881.37 | 881.8
183 :{ OCF, (SM CsHuFsNgOg | 859.40 | 859.8
184 :< OCF; 74 CuHuFiNgOs | 847.40 | 847.8
18-5 Co OCF; | Cl 7< CiHsCIE:N;O; | 92338 | 923.6
(R
18-6 O | OCF; | C1 7< CisHsCIE:N;O; | 951.41 | 951.6
(S)
(#) For all compounds, the orientation of the chiral carbon bearing the substituent R' is (S)
Table 19
FsC o) =N /_\ 0O
\ / N N—< 9
O
=N
B
HN” "R
\O/&O
1 % 4 9 Calc Found
Ex No. R R R Formula [M+H]" | [M+H]*
1 /O ~/,
19-1 —:Cs\(o (a) | CHs ’></OH CseHs,CIFsNgOsS | 971.34 | 971.4
19-2 —:Co (S)| CH; 7< Ci6HsCIFsNgOs | 907.38 | 906.6
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Calc Found
1 * 4 9
Ex No. R R R Formula M +H]+ M +H]+
19-3 -;O (R)| CH; 7< CiHseCIFNGOs | 905.40 | 904.6
19-4 —:Co )| CHs ;/></OH CusHsCIFNO, | 92338 | 9226
19-5 -:O (R)| CH; ;l></OH CHseCIFNOs | 921.40 | 920.6
. 0
19-6 - S< (a) | CHs ’ CyeHsiCIFsN:OS | 955.35 | 955.5
0
19-7 -:O (S)| CHs 77</0H CHsCIFsN:Og | 921.40 | 921.6
19-8 -;O )| CH; 7< CiHseCIFNgOs | 905.40 | 905.6
(R
19-9 - O || cH; 7< CusHssCIFsNsOg | 93541 | 935.6
(S)
(R
19-10 - o) (R)| CH; 7< CasHssCIFsNgOs | 935.41 | 935.6
(S)
19-11 —:O (S)| CH; 7< CseHsCIFsN:Os | 891.39 | 891.6
. L0
19-12 - S< (a) | OCH; | OH | CseHsCIFsNsOoS | 987.34 | 987.2
0
19-13 —:Co (S) | OCH; ;/></OH CyeHs4CIFNOg | 939.37 | 939.6
19-14 —:O (R) | OCH; ;></OH C4HsCIFsN;O; | 937.39 | 937.6
19-15 —:O (S) | OCH; ;/></OH CyHsCIF;N;O; | 937.39 | 937.6
19-16 —:Co (S) | OCH; 7< CyeHsyCIFNO; | 923.38 | 923.6
19-17 —:O (S) | OCH; 7< CiHseCIFsNOg | 921.40 | 921.6
. L0
19-18 - S< (a) | OCH; ’ CuHsCIFsNgOsS | 971.34 | 971.5
0
(a) Stereoisomers separated but unassigned
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Table 20

CF3

7/

PCT/US2012/063181

Rga Rgb

R10 0 o N Ak o

WN N,

OO
=N

Cl
N
o)
O, NH
O)\cl)
Ex No. | R® | * R® | # R’ RY Formula [h(ljfgr [ﬁ’fﬁ?
H
(S
20-1 | cH; | (R) o) CsoHsoCIF3NGOyo | 1038.40 | 1038.8
o)
20-2 | cH; | (R) >< CH,0H | C4HsCIFsNgOs | 953.39 | 953.8
20-3 | cH; | (B) ;></OH CH,OH | C4HsCIFsNsOo | 969.38 | 969.4
204 | CH; | (9) >< CaHsiCIFNO; | 923.38 | 923.6
20-5 CH; | (9 74 CasHsiCIFsNsO; | 92338 | 923.6
20-6 CH; |(®®) >< CuHsiCIFsNO, | 92338 | 923.6
20-7 CH,OCH; | (R) >< C4HseCIF;NgOs | 953.39 | 953.6
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Table 21

R O_N}——\O
N N
N\Wu&
N
F
O

H
N
N
HN” "R
1 " Calc Found
Ex No. R Formula M +H]+ M +H]+
21-1 —:O (R) | CuHseFaNgOs | 839.43 | 838.8
2122 ! P
- - S“o CuHuFN:O-S | 88938 | 8886
21-3 —:Co (S) | CusHuFN:Os | 84141 | 8406
21-4 —:O (S) | CuHsFoNsOs | 839.43 | 8396
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Table 22
10 R72 N % 0
HN" ; . ‘._< HN‘@'N\Z\N_4R9
=N O
R4—d\ R
O
o)\o/
ExNo. | R* | R | R R’ RY Formula [l\fljfgr [ﬁfﬁ?
22-1 CH,; 74 CisHsNsOs | 805.43 | 805.8
22| cH, (\'M CiHseNOs | 817.43 | 817.8
22-3 CH; | OCFs; >< CiHssFsNgO, | 889.41 | 889.8
224 | cH, | ocF (SM CoHssEsNsO; | 90141 | 901.8
225 | cHy | OCF; | cl (SM CHuCIENO; | 93538 | 9358
22-6 CH; | OCF; 7< Cl | CuHsCIFsNGO; | 92338 | 923.8
227 | cH; |OCF;| cl 7< Cl | CuHssCLFsNsO; | 957.34 | 957.8
22-8 CH; | OCF; ;’/></OH Cl | CuHsiCIFNOs | 93937 | 939.8
229 | cH; |OCF;| cl ;/></OH Cl | CuHssCLF:NsOs | 973.33 | 973.8
22-10 CH; >< Cl CisHssCINgOg | 839.39 | 838.6
22-11 | ch (S) Cl | CiHsCINGOs | 85139 | 850.6
212 | ocH, | ocF, 7< CiHssFsN:Os | 905.41 | 905.8
213 | ocH, 7< CisHsN:O; | 82143 | 8218
214 | ocH, | ocF, ;/></OH CiHssFsN:Os | 921.40 | 921.6
2215 | OCH, (S) CuHsNsO, | 833.43 | 833.6
216 |och, | ock, | 7< CacHsiCIFsN:O; | 93937 | 939.6
217 |och, | ocr, | ;//></OH CacHsiCIFsN:O, | 95537 | 955.6
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Table 23
CF4
o) N _40
HN™N N\ 7 N e
=N 0
N__O cl
N
HN” "R

Calc Found

* R’ Formula (M +H]+ M +H]+

Ex No.

23-1 _: C4gH5gC1F3NgO7 951.41 951.6

.
<
X

R 7

23-2 _: (S) / C4gH5gC1F3NgO7 951.41 951.6

C47HsCIFsNgOg | 921.40 921.6

NOR

R
(R
0
(S)
(R
0
(S)
23-3 —EO S|
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Table 24
8b
CF R R
o =N_ YA 9
HN N N
N YAYe L
=N 0
Cl
R4 *% N
O NH
O)\O
Ex 4 o 8a | 4 8b Calc Found
No. R R R # Formula [M+H]" | [M+H]*
24-1 CH; S |[CH; | (S CisHssCIF3NzO7 | 92338 | 923.6
24-2 CH; S |[CH;s | (S CusHs4CIFsNgO7 | 92338 | 923.6
24-3 CH; Ny CH; (R) | C4eHs4CIF3NgO; | 923.38 | 923.6
24-4 CH; Ny CH,OCH; | (R) | C4#HseCIF3NgOg | 953.39 | 953.6
24-5 CH; (R) |CH; | (B CisHssCIF3NzO7 | 92338 | 923.6
24-6 CH,0OCH; (S) |CH; | (R CyHs6CIF3NgOg | 953.39 | 953.6
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Table 25
R7la R N — 0
HN N N
A Ve O
N. O
N
HN” ~R!
\O/&O
L 4 a - Calc Found
Ex No. R * R R R Formula .
[M+H]" |[M+H]"
951 { )| CH; | OCF |F | CuHuFN:Os | 86539 | 865.6
25-2 _:‘<:/\O (S) CH3 OCF3 F C46H54F4N807 907.41 907.6
25-3 —:‘<:/\O ) CH; OCF; | Cl | CsHssCIFsNgO, | 923.38 | 923.6
25_4 'i_< (S) CH3 OCF3 Cl C44H52C1F3Ngo6 88 1 37 88 1 4
25-5 _:CO (S) CH; OCHF, C46Hs6F2NzO~ 871.42 871.6
25-6 —:‘CO (S) | CH;0CH; | OCF; |Cl | CyHsCIFsNgOg | 953.39 | 953.6
25-7 i{ (S) | CH3;0CH; | OCFs; |Cl | Cs;sHsyCIF;NgO; | 911.38 | 911.6
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Table 26

PCT/US2012/063181

Z
~

R7a 0 —N 0
N N
O
N
R7d
o}

HN

HN” ~R!
14 " 7a 7d 9 Calc Found
Ex No. R R R R Formula (M +H]+ [M +H]+
o)
26-1 . (R) éj@ o CusHssNoOs | 850.42 | 850.4
. NN
26-2 { (S) \[ P CyHiN1gOs | 77536 | 775.4
N
H
263 < (S) NHCH; CHaNoOs | 738.37 | 7382
26-4 < (S) (SM CiHoNgOs | 777.40 | 777.4
26-5 < ®) (SM CaHaNwOs | 77536 | 775.2
26-6 < (5) |OCF; | F >< CusHsoFNsO; | 867.37 | 867.8
26-7 < (S) |OCF; | F ;></OH CuHsoFaNgO;s | 883.37 | 883.8
26-8 { (5) |oCF; | c1 7< CsHsoCIF;NsO, | 883.34 | 883.8
269 < (5) |oCF; | c1 ;’7</OH CsHsoCIF;NsOs | 899.34 | 899.8
26-10 —:Co (s) |ocF; | 1 >< CusHs:CIF;NsOs | 925.36 | 925.8
26-11 —:Co (s) |ocF; | 1 ;></OH CusHs:CIF;NsOs | 941.35 | 941.8

(#) For all compounds, the orientation of the chiral carbon bearing the substituent R" is S

163




WO 2013/067267 PCT/US2012/063181

Table 27

-
e
v

CF4 ,

o "o AN /P9
NH Wa
N
o R7d

HN
N
O N:/\/

HN (

7d 9 Calc Found
Ex No. R R Formula (M +H]+ (M +H]+
27-1 cl | o SM CasHsxCIFsN;O- | 909.36 | 909.8
27-2 cl ;></OH CuHs,CIFsN;Og | 91336 | 913.8
27-3 F 7< CuH5FN:O, | 88139 | 881.8
27-4 Fo| oAl | CoHaFiNO; | 89339 | 8938
27-5 Cl | (S)I~ | CsHsCIFNoO; | 92236 | 922.8

AN H

27-6 F 77Q0H CuHsFN;Og | 897.38 | 897.8
27-7 ;></OH CyuHsFsN;Og | 879.39 | 879.8
27-8 7< CuHyFsNO; | 863.40 | 863.8
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Table 28

\W”

O, NH

oél\o
|

Calc Found

ExNo. |R™|R¥® R’ R" Formula [M+H]" | [M+H]"
28-1 F 7< CacHsiFsNsOs | 923.40 | 923.8
282 7< CacHssFsNsOs | 905.41 | 905.8
28-3 F : OH CacHsiFsNsOo | 939.40 | 939.8
28-4 CuHssFsNsOo | 921,40 | 921.8

~zs

®)
T

28-5 Cl | CH;

®)
T

C47HsCIF3NgOo | 969.38 969.8

28-6 Cl | CH; C4sHscCIF3NgOg | 965.39 965.8

—
~7/
<

v:

28-7 Cl | CH; C47HsCIF3NgOg | 953.39 953.8

~s
S
><

28-8 Cl | CH; NHCH; C4HsCIFsNgOg | 926.35 926.8

289 | Cl | CH; 7‘ 7L CyH5CIFsNGO; | 968.40 | 968.8

28-10 Cl | CH; CsHsCIF3NgOg | 937.36 937.8

U .

28-11 | Cl CHsiCIFsNgOs | 951.37 | 951.8
. H

28-12 | Cl ! N7L CueHssCIF;NgOg | 954.38 | 954.8

28-13 | Cl NHCH; CiHyCIFNGOg | 91233 | 912.8
. H

28-14 | Cl / N7L CusHsoCIF;NgOg | 923.34 | 923.8
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Calc Found
7d 8d(#) 9 10

Ex No. R R R R Formula M +H]+ M +H]+
28-15 Cl 7?4 CH,0H | C47Hs6CIF3NgOo | 969.38 969.8
28-16 Cl ;’></OH CH,0H | C4H;ssCIF3sNgOqo | 985.38 985.8

-~ 3\/0_
28-17 Cl | CH; (§) N Cs51Hg CIF3NoOyp | 1,052.42 | 1053.0

O
-~ )\\O/
28-18 Cl | CH; (:S’)O\l Cs5oHs9CIF3NoOyp | 1,038.40 | 1039.0
0 -
L Tfe )\\/N\

28-19 Cl | CH; (S)O\l Cs;HCIF3N 1909 | 1,065.45 | 1066.0
28-20 Cl :></O\ C46¢Hs4CIF3NgOo | 955.37 955.6
28-21 Cl :\y ,O\ C47H54C1F3N809 967.37 967.6
28-22 Cl ‘Q/O C4sHs6CIF;NgOy | 981.38 981.5

AN ~

N OH
28-23 Cl ’>§( C4H5,CIF3NgO1o | 969.35 969.6

(0]

(#) When the substituent R* is other than hydrogen, the orientation of the chiral carbon
bearing the substituent R* is (S)
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Table 29
CF4 =,
0] 0] =N —\ O
YO I
=N
Froae Cl
N
0
R1
NH
o)\o/
1 9 Calc Found
Ex No. R R Formula [M+H]* | [M+H]*
29-1 —:Co 7< CysHsiCIF,N:O; | 927.35 | 927.6
29-2 —< 7< CuHsCIENOs | 885.34 | 885.4
29-3 { ;/7</OH CsHaCIEN:O; | 90134 | 901.6
29-4 —:Co ;/7</OH CusHsiCIFNOs | 943.35 | 943.6

Biological Assays

The hepatitis C virus has been classified into six major different genotypes on the
basis of nucleotide sequence, and further divided into subtypes within genotypes.
Compounds of the invention demonstrated inhibition of HCV replication in one or more

10 of the following HCV replicon assays.

Assay 1: HCV Genotype 1b Replicon Assay
The HCV genotype 1b replicon cell line was obtained from Apath LLC
(Brooklyn, NY) (APC144; Huh7 cell background). This subgenomic replicon contains the
15  N-terminus of the HCV core protein fused to the neomycin-resistance selectable marker.
The EMCYV IRES lies downstream and drives expression of humanized Renilla luciferase
fused to the non-structural proteins NS3-NS5B. This cell line was used to determine
compound potency using the luciferase activity readout as a measurement of compound

inhibition of replicon levels.
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Cells were grown at 37°C in a 5% CO, humidified incubator in DMEM
(Invitrogen) with 10% FBS (HyClone), 1x NEAA (Invitrogen), 1x Pen-Strep
(Invitrogen), and 500pg/mL G418 (Invitrogen). On day 1 of the assay, cells were plated
at 10,000 cells/well in white 96-well tissue culture plates (Costar) in 200uL. media
lacking G418. Four hours later, once the cells have adhered, the media was removed and
replaced with media (no G418) containing dose-responses of test compounds.
Compounds were initially diluted in DMSO and then diluted another 200 x in media to
bring the final DMSO concentration down to 0.5%. The cells were incubated with test
compounds for 48 hours. At the end of the incubation period, media and compound were
removed from the plates and the luciferase activity was determined using Promega
Renilla-Glo reagents.

To analyze the data, the luciferase activity was plotted vs. the compound
concentration, and ECs, values were determined from a 4-parameter robust fit model with
the GraphPad Prism software package (GraphPad Software, Inc., San Diego, CA).
Results are expressed as the negative decadic logarithm of the ECsg value, pECsq.

Test compounds having a higher pECs value in this assay show greater inhibition
of HCV genotype 1b replication. Compounds of the invention tested in this assay

typically exhibited pECs values between about 7 and about 12.

Assay 2: HCV Genotype 1a Replicon Assay

The HCV genotype 1a replicon cell line was obtained from Apath LLC (APCS89;
Huh7.5 cell background). This subgenomic replicon contains the N-terminus of the HCV
core protein fused to the neomycin-resistance selectable marker. The EMCV IRES lies
downstream and drives expression of the non-structural proteins NS3-NS5B. Compound
potencies were determined using the NS3-specific protease activity in lysates as a
measurement of compound inhibition of replicon levels.

Cells were grown at 37°C in a 5% CO, humidified incubator in DMEM
(Invitrogen) with 10% FBS (HyClone), 1x NEAA (Invitrogen), 1x Pen-Strep
(Invitrogen), and 850pg/mL G418 (Invitrogen). On day 1 of the assay, cells were plated
at 15,000 cells/well in black 96-well tissue culture plates (Costar) in 200uL. media lacking
G418. Four hours later, once the cells had adhered, the media was removed and replaced
with media (no G418) containing dose-responses of test compounds. Compounds were
initially diluted in DMSO and then diluted another 200x in media to bring the final

DMSO concentration down to 0.5%. The cells were incubated with test compounds for 48
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or 72 hours. At the end of the incubation period, media and compound were removed
from the plates.

To determine the NS3-specific protease activity in lysates, the cells were lysed at
room temperature in S0ul/well of 50mM Hepes pH 7.5, 150mM NacCl, 15% Glycerol,
0.15% Triton X-100, 10mM DTT for 20 minutes with shaking. 50uL of an NS3/4a
protease-specific FRET substrate (Anaspec RET S1 Cat#22991) was then added to the
wells at a final concentration of 15uM. The plates were incubated at 37°C for 20 minutes,
which corresponds to a timepoint at which the protease activity is still in the linear phase.
Protease activity was determined by measuring fluorescence (Excitation: 340 nm;
Emission: 509nm).

To analyze the data, the fluorescence was plotted vs. the compound concentration,
and EC50 values were determined from a 4-parameter robust fit model using GraphPad
Prism software. Compounds of the invention tested in this assay typically exhibited

pECs values between about 6 and about 11.5.

Assay 3: Replicon Assays Against Resistant Mutants

To create replicon cells with resistant mutations of interest, the mutation was first
introduced into the parental plasmid by site-directed mutagenesis. Mutations in
genotype 1b included L31V, Y93H, and the L31V/Y93H double mutant. Mutations in
genotype la included Q30R and L31V. The replicon plasmid was then linearized and in
vitro transcribed to RNA. The RNA was used to stably transfect Huh7 cells by
clectroporation, and new cell lines were selected with 500ug/mL G418. Potencies of test
compounds against these mutant cell lines were determined as previously described above
for the HCV Genotype 1b and 1a replicon assays.

Potencies of test compounds against additional mutations of interest were
determined using transient transfection assays. These mutants included genotype la
Y93C, Y93H, M28T, Q30E, Q30K, L31M, and Y93N. The mutation was first introduced
into the parental plasmid by site-directed mutagenesis. The replicon plasmid was then
linearized and in vitro transcribed to RNA. The RNA was used to transiently transfect
Huh-LUNET cells (obtained from ReBLikon GmbH, Schriesheim, Germany) by
electroporation, and the potencies of test compounds against the mutants were determined

as previously described.
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Assay 4: Replicon Assays Against NSSA Sequences of Other Genotypes

Potencies of test compounds against NS5A sequences of other genotypes were
determined by creating intergenotypic chimeras. The entire NS5A gene from genotypes
2a, 2b, 3a, 4a, 5a, and 6a, or the nucleotide sequence encoding amino acids 11-118 of
NSS5A, was subcloned into a genotype 1b replicon. For genotype 2a, intergenotypic
chimeras with both the JFH and the J6 strain were created. In general, NS5A inhibitors
have been shown to exhibit significantly weaker potency against the J6 strain due to the
presence of a naturally occurring L31M sequence variant. Since the majority of genotype
2a sequences in public databases contain the L3 1M sequence variant, the use of the J6
genotype 2a sequence may better reflect the antiviral potency of NS5A inhibitors.

These chimeric replicon plasmids were then linearized and in vitro transcribed to
RNA. The RNA was used to transiently or stably transfect Huh-LUNET cells by
electroporation, and the potencies of test compounds against the chimeras were

determined as previously described.

Assay S: Colony Formation Assays

Colony formation assays were used to compare test compounds with respect to
their overall genetic barrier to resistance. Genotype 1b and genotype 1a replicon cells
were grown in the presence of various concentrations of test compounds and 500 ug/mL
or 850 ug/mL geneticin selection, respectively. Media, including test compound, was
replaced twice per week. After 3-4 weeks, most cells had been killed and resistant
colonies were visualized by staining with crystal violet. Compounds with enhanced
potency against the key resistant mutants showed significantly fewer colonies, consistent

with an improved overall genetic barrier to resistance.

Assay Results

All of the compounds of Examples 1 to 21 and Tables 1 to 29 were tested in one
or more of the assays described above. Representative results for the compounds of
Examples 1 to 21 in the HCV genotype 1a, 1b, 2a (J6 strain), 3a, and the resistant mutant
la Y93H replicon assays, as well as results for the HCV genotype 1a and 1b replicon
assays for the compounds of Tables 1 to 29 are given below. In the following tables, A
represents a pECsg value between 6 and 8 (ECso between 1 uM and 10 nM), B represents
PECs between 8 and 9 (ECsg between 1 and 10 nM), C represents pECsy between and 9
and about 10, (ECsg between 1 nM and 0.1 nM), and D represents pECsg >10 (ECsp < 0.1
nM).
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No.

ie
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- Genotype Genotype Genotype Genotype

1b 1aY93H  2a (J6) 3a
D A A A
D B B
..Do
D C B B
D
D
D A A
D A A A
D A A
D B B B
A B B
B B B
B C C
77777777777777777777777 B C C
D B C C
D B B B
A A A
D B C B
D A B B
D B B B
D C C C
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Example  Genotype Genotype Example  Genotype = Genotype
_No. la  1b ~ No. la 1
_ Tablel 17 o
11 . D D 138 D
1-2 D 139 D
,,,,,,,,,,,, 1-3 D D 140 D D
,,,,,,,,,,,, 1-4 D | 141
1-5 D D 1-42 D
,,,,,,,,,,, 16 . D 1-43 D D
17 D D 1-44 D
1-8 D D 1-45 D
1-9 D D 1-46 D
1-10 D D 1-47 D
1-11 D D 1-48 D
1-12 D D 1-49 D
1-13 D D 1-50 D
1-14 D D 1-51 D
1-15 D D 1-52 C
1-16 D D 1-53 D D
1-17 D D 1-54 D
1-18 D D 1-55 D D
1-19 D D 1-56 D
,,,,,,,,,, 1-20 D D 1-57 D
,,,,,,,,,,, 1-21 D 1-58 D
1-22 D 1-59 D
,,,,,,,,,,, 1-23 D 1-60 D
1-24 D 161 D D
1-25 D 1-62 D D
1-26 D 1-63 D
1-27 C 1-64 C
1-28 D 1-65 C
1-29 D ; - 1-66 C
1-30 D D 167 D
,,,,,,,,,, 1-31. D 168 C
,,,,,,,,,, 1-32. D 1-69 D
1-33 C 1-70 D
,,,,,,,,,, 1-34 D D 1-71 C
,,,,,,,,,, 1-35 D D 1-72 D
1-36 D D 173 D
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Example  Genotype Genotype Example  Genotype = Genotype
- No. la 5 1b - No. 1a 1b é
1-74 D ; 5 28 D :
1-75 D D E
1-76 D Table 3
.......... 1'77 D : 3-1 D D
,,,,,,,,,,, 178 C D 3-2 D
1-79 C : 3-3 C
1-80 C 34 C
”””””” 1-81 D D
1-82 C D ~ Table 4
1-83 C 4-1 D D
1-84 C 4-2 D D
1-85 B 4-3 D
1-86 D 44 D b
1-87 D 4-5 D D
1-88 D 4-6 D D
1-89 D 4-7 D D
1-90 C 4-8 D D
1-91 D 49 D
1-92 D D 4-10 D D
1-93 D D 411 D D
1-94 D 4-12 D D
""""" 1-95 C 4-13 C
"""""" 1-96 D D 4-14 C D
1-97 C 415 D
"""""" 1-98 C 4-16 C D
L D a7 ¢ TTD
1-100 D 4-18 D D
1-101 D D 4-19 D D
,,,,,,,,,,,,,,,,,,,,,,,, 4-20 C D
Table 2 4-21 D D
,,,,,,,,,,,, 2-1 C D 4-22 C
77777777777 22 C C 4-23 C
23 D D 4-24 C
2-4 D 4-25 C
2-5 C D D 4-26 777777777 D
2-6 D 427 C
27 C 428 D
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Example  Genotype Genotype Example  Genotype = Genotype
~ No. la 5 1b - No. la 1b 5
429 ? 5 517 D
4-30 5-18 D
4-31 5-19 D
520 D

D

Table 6
6
g 62
D 63
. 64
6-5
6-6
z 67
D 68
. 69
6-10
; 611
D 6-12
6-13
: ; . 6-14
 Table5 615
51 @ 5 . 6-16
52 6-17
5-3 6-18
5-4 6-19
5-5 6-20
621
6-22
6-23
6-24
6-25
6-26
6-27
6-28
6-29

wilvilwllw)

~
%)
o0
olivieliviioliviielivioleoliviieoHeloMHelHeMHel ol

wilviiviiviivi vl lv)

OO T mmImTOAO@mOOTEOOTOTOOODOOTOOOOON

i
©
wiiviioliviivilvik dlviiviivlioliviiviiviivliv)

 Table7
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Example  Genotype Genotype Example  Genotype = Genotype
~ No. la 5 1b - No. la 1b 5
71 ; :: 105 D

7-2 5

Table 11
11-1
11-2
11-3
11-4
11-5
11-6
11-7
11-8
11-9
11-10
- 11-11
D o 11-12

whvliviiollvliviiviivliviiviiol @)

=
©
WwWoOoOUOO0ODU0OUODUUO WO » ® WO »UO

' Table12 |
| | 1211
Table 8 122
: D 123
D 124
125
D - 12-6
127
12-8
; | | o 12e
 Table9 12-10
91 @ 5 12-11
9.2 12-12
9-3 g - 12-13
9-4 D - 12-14
9.5 5 - 12-15
_ . 12-16
Table 10 - 12-17
10-1 :
10-2
10-3

o)
<o
oNeolivNHellvaiv!

oliviielole!

CUUUAQADUWOUOOUOUUAQATDOOUNU

olivieollvi
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Example  Genotype Genotype Example  Genotype = Genotype
N0 la L. __No. la S |
12-21 D ? 1258 C :
1222 C |
12-23 D Table 13
,,,,,,,,, 12-24 D D 13-1 D D
,,,,,,,,, 12-25 D | 13-2 A
12-26 D 13-3 C
........ 12-27 C 13-4 C
1228 D 13-5 D D
12-29 D 13-6 D
12-30 C 13-7 D
12-31 D 138 D
12-32 D D 139 D
12-33 C ? 1310 D
12-34 C 13-11 D D
12-35 D 13-12 D D
12-36 A 13-13 D
12-37 C 13-14 D
12-38 C 13-15 D
12-39 D 13-16 D D
12-40 D 13-17 D D
,,,,,,,,, 12-41 C 13-18 D D
,,,,,,,,, 12-42 D 13-19 D D
12-43 D 13-20 D D
,,,,,,,,, 12-44 D 13-21 D D
12-45 D 13-22 D D
12-46 D | 1323 D
12-47 D D 1324 D D
12-48 D 5 13225 C
12-49 D : 13-26 D
12-50 D D 13-27 D D
12-51 C 1328 D D
,,,,,,,, 12-52 C 13-29 D D
,,,,,,,,, 12-53 D 13-30 D D
12-54 C 13-31 D D
,,,,,,,,, 12-55 D 13-32 D
,,,,,,,, 12-56 D 13-33 D
12-57 D 13-34 D D

176



WO 2013/067267

 Example
- No.

Genotype ~ Genotype

la

1b

13-35

D

13-36

13-37

OO0 ®mWOO» WO ®m®mO

_Table 14
' 14-1 :

wieHeMe!

whlvliviiohie)

wilvliwlivilvlioliw)

Table16

16-1

w)

177
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~ Example
- No.

la

Genotype Ge

notype
1b :

16-3

w)

D

16-4

D

16-5

D

16-6

16-7

16-8

16-9

16-10

16-11

16-12

16-13

16-14

w)

16-15

16-16

16-17

16-18

wilvliviioliviiviioliviliolwilvllvilviiwlliw)

Table 17

17-1

17-2

17-3

17-4

wilviiwliv)

whlviiwllw)

Table18
BT

182
18-3

18-4

18-5

lviiviieol ool

Table19 |

19-1

o> 9> I
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Example  Genotype Genotype Example  Genotype = Genotype
~ No. la 5 1b - No. la 1b
19-7 | 5 228 D

19-8 : . 229
19-9 D - 22-10

| . 22-11

22-12
22-13
22-14
22-15
22-16
22-17

w)

wilvilvliviiv)

wliviiviivliviivliviiviiv)

?
@
SHSYSHSIFSICHCHCIPSISH==

'~ Table23 '

231 A
| 232

Table 20 23-3
20-1
20-2
20-3
20-4
20-5

w)

@)

 Table24
. 24-1
24-2
24-3
24-4
24-5
24-6

UUUU;

wilviivilvliviivllw)
wilviivilvliviivllw)

Cooaoaon

w)

. Table 25
o251
D 252

f 2533

&
N\
[@Fiwih=Nk=

5 : 254
Table22 255
o221 256
25-7

w)

wiollviiolelivile

Table 26
26-1
26-2
26-3

)
S}
I
wilviiviivilvllviiv)

wilviiviiviiv)
ovRfvele 2
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Example  Genotype Genotype
- No. la ; 1b :
26-4 C D
26-5 A
26-6 C
26077 ¢ D
.......... 268 ¢
26-9 C
26-10 A
- 26-11 A
Table 27
27-1 D D
27-2 D
27-3 D D
27-4 D
27-5 D D
27-6 D D
27-7 D
27-8 D D
~ Table 28
1D D
,,,,,,,,,, 82 D D
283 D D
,,,,,,,,,, 84 D
28-5 D

PCT/US2012/063181

~ Example
- No.

Genotype  Genotype

la

1b

28-6

w)

D

28-7

D

28-8

28-9

28-10

28-11

28-12

28-13

28-14

28-15

28-16

28-17

28-18

28-19

28-20

28-21

28-22

ivliviiviiviiviivilvlv)

28-23

oliviiviiviioNviiviiviiviivliviiviiviiviivMviiv)

Table29
291

29-2

29-3

29-4

wiloNeliw)

While the present invention has been described with reference to specific aspects or

embodiments thereof, it will be understood by those of ordinary skill in the art that various

changes can be made or equivalents can be substituted without departing from the true spirit

and scope of the invention. Additionally, to the extent permitted by applicable patent statutes

and regulations, all publications, patents, and patent applications cited herein are hereby

incorporated by reference in their entirety as though individually incorporated by reference.
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CLAIMS
1. A compound of formula (I):
R']O
— —N O
HNTN\ / N\
>—< >—< A N N
R4 \N \ | / \ / \_|J _<R9
RN -N_ 0 (R7)a (Re)p
R® f
R*-N" R
R3
@

wherein

R' is selected from C,_alkyl, C\alkoxy, phenyl, Csscycloalkyl, heterocycle, and
heteroaryl, wherein C; galkyl is optionally substituted with —OR® amino, —SR°®, heterocycle,
or heteroaryl, Ci_salkoxy is optionally substituted with —OR®, and heterocycle is optionally
substituted with —OR® amino, or —C(0)OC, salkyl, or with one or two C_salkyl or =0;

R’ is selected from hydrogen and Cy_salkyl;

R’ is selected from hydrogen, C\_salkyl, -C(O)OC_salkyl, -C(O)NR™R”",
-C(0)Cscycloalkyl, and -S(0),C, salkyl;

or R” and R” together with the nitrogen atom to which they are attached form a
heterocycle;

R” is selected from Cygalkyl, -NRR®, -OR, -SR®, -S(0)C1salkyl, -S(0),C.zalkyl,
-CN, -C(O)NR'R®, heterocycle, heteroaryl, and halo, wherein C,alkyl is optionally
substituted with —OR?; and R’ and R® are hydrogen;

or R* and R’ are independently Cy_galkyl or halo and R® is hydrogen;

or R* and R° taken together form —(CH;),—, wherein n is 2, 3, 4, or 5 and R is
hydrogen;

or R* and R’ taken together form —O-(CH,),-O- and R® is hydrogen;

or R* is hydrogen or C)_salkyl and R’ and R® taken together form —(CH,),,—, wherein
misl,2,3, or4,

or R* and R’ are each hydrogen and R® is Calkyl;

R’ is selected from halo, C)_salkyl, and C,_salkoxy wherein C_salkyl and C_salkoxy
are optionally substituted with one, two, three, four, or five halo;
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R® is C\_salkyl, optionally substituted with -OR";
R’ is selected from Crealkyl, Csscycloalkyl, C; galkoxy, NR'RE, heteroaryl,
heterocycle, and —CH,-heteroaryl;

wherein:

Cyealkyl is optionally substituted with one or two substituents independently
selected from —OR", -NR/R¥, -NHC(0)C zalkyl, -NHC(0)OCsalkyl,
-NHC(O)Cs.cycloalkyl, Csscycloalkyl, halo, -NHC(O)C]-galkYIC(O)ORh,
-NHC(0)C1alkylOR", -NHC(O)NHCsalkyl, -NHS(0),C1salkyl, and heterocycle;

Csalkoxy is optionally substituted with —OR";

any Cs.scycloalkyl is optionally substituted with one, two, or three substituents
independently selected from C;_salkyl, halo, -NR’R®, — OR", and -CD3, wherein any
Ci.salkyl is optionally substituted with one, two, or three halo;

any heterocycle is optionally substituted with one, two, or three substituents
independently selected from C,.zalkyl, halo, -C(O)OC;.salkyl, -C(O)C,salkyl,
-C(0)Cscycloalkyl, -C(O)NHC, salkyl, -C(O)NHC;cycloalkyl,—S(O),C;salkyl,
and -C(O)NH;

wherein any —C(O)C,_alkyl is optionally substituted with
-NHC(0)OC 1aalkyl, -OR", -NR'R, or heterocycle,
any -C(O)Cs.cycloalkyl is optionally substituted with one or two
Cisalkyl, and
any —C(O)NHC galkyl is optionally substituted with —OR" or
Cscycloalkyl;
any heteroaryl is optionally substituted with one or two C,_salkyl;
RY R® R®, R", R, R¥, R™ and R" are each independently hydrogen or C,_salkyl;
R¢ is hydrogen or C,salkyl, wherein C,salkyl is optionally substituted with —OR" or
amino;
R? is hydrogen or C_alkyl, wherein C\_salkyl is optionally substituted with —OR" or
with heteroaryl optionally substituted with C;.zalkyl;
R'is hydrogen or Cy_galkyl, wherein C,_salkyl is optionally substituted with ~OR";
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R® is selected from hydrogen, Ci_salkyl, Ci_galkoxy, Czscycloalkyl, NRaRb, and
heterocycle, wherein C\_salkyl is optionally substituted with —OR" and heterocycle is
optionally substituted with one or two =O;

R'%is selected from hydrogen, halo, and C;.salkyl, wherein C)_salkyl is optionally
substituted with one, two, or three halo, or with ~OR";

A 18 -NHC(O)- or —C(O)NH-

ais0, 1, or 2; and

bis 0,1 or2;

or a pharmaceutically-acceptable salt of stereoisomer thereof.

2. The compound of Claim 1 wherein:

R' is selected from Cj_alkyl, C\alkoxy, phenyl, Csscycloalkyl, heterocycle, and
heteroaryl, wherein Cy_galkyl is optionally substituted with —OR® amino, —SR°®, heterocycle,
or heteroaryl, Ci_salkoxy is optionally substituted with —OR®, and heterocycle is optionally
substituted with —OR® amino, or —C(O)OC| salkyl, or with one or two C;_zalkyl,

R” is selected from Cygalkyl, -NRR®, -OR, -SR®, -S(0)C1salkyl, -S(0),C.zalkyl,
-CN, -C(O)NRaRb, heterocycle, heteroaryl, and halo, wherein C;_salkyl is optionally
substituted with —OR?; and R’ and R® are hydrogen;

or R* and R’ are independently Cy_salkyl or halo and R® is hydrogen;

or R* and R° taken together form —(CH;),—, wherein n is 2, 3, 4, or 5 and R is
hydrogen;

or R* and R’ taken together form —O-(CH,),-O- and R® is hydrogen;

or R* is hydrogen or C)_alkyl and R’ and R® taken together form —(CH,),,—, wherein
mis1,2,3,or4,

or R* and R’ are each hydrogen and R® is Calkyl;

R’ is selected from Ciealkyl, Csgcycloalkyl, C, galkoxy, -NRng, heteroaryl,
heterocycle, and —CH,-heteroaryl;

wherein:
Ciealkyl is optionally substituted with one or two substituents independently
selected from —OR", -NR/R¥, -NHC(0)C salkyl, -NHC(0)OC,_salkyl,

-NHC(O)Cs.scycloalkyl, Csscycloalkyl, and halo;
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Csalkoxy is optionally substituted with —OR";
any Cs.scycloalkyl is optionally substituted with one, two, or three substituents
independently selected from C;_salkyl, halo, -NR’R®, — OR", and -CD3, wherein any
Ci.salkyl is optionally substituted with one, two, or three halo;
any heterocycle is optionally substituted with one, two, or three substituents
independently selected from C,.zalkyl, halo, -C(O)OC.salkyl , -C(O)C,salkyl,
-C(0)Cs.scycloalkyl, -C(O)NHC, salkyl, -C(O)NHC;s.scycloalkyl,—S(0),C;salkyl,
and -C(O)NH;
wherein any —C(O)C,_alkyl is optionally substituted with
-NHC(0)OC 1aalkyl, -OR", -NR'R, or heterocycle,
any -C(O)Cs.cycloalkyl is optionally substituted with one or two
Cisalkyl, and
any —C(O)NHC _galkyl is optionally substituted with —OR" or
Csecycloalkyl;
any heteroaryl is optionally substituted with one or two C;_salkyl; and
R® is selected from hydrogen, Cysalkyl, C\_salkoxy, Csscycloalkyl, NR*RP, and
heterocycle, wherein C\_salkyl is optionally substituted with —OR" and heterocycle is

optionally substituted with =O.

3. The compound of Claim 1 wherein R' is selected from Cy_zalkyl, phenyl,
Cs.scycloalkyl, and heterocycle, wherein Cy_salkyl is optionally substituted with —OR®, and
any heterocycle has six ring atoms and is optionally substituted with one or two C,_zalkyl or

=0.

4. The compound of Claim 1 wherein R” is selected from C,_zalkyl and —OR*
wherein Cy_alkyl is optionally substituted with -OR% and R’ and R® are each hydrogen.

5. The compound of Claim 1 wherein R’ is selected from C)_salkyl,
Cs.cycloalkyl, NR'RE, wherein R" and R® are independently hydrogen or C,_zalkyl,
heteroaryl, and heterocycle, wherein Cy_¢ alkyl is optionally substituted with —ORh,
Csscycloalkyl is optionally substituted with one or two C,.zalkyl or halo, any heteroaryl has
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five or six ring atoms, and any heterocycle has five ring atoms and is optionally substituted
with one or two substituents selected from Cj_zalkyl, -C(O)OC.zalkyl , -C(O)C,salkyl,
-C(O)NHC, galkyl, and-C(O)C;_3alkyINHC(O)OCH3,

6. The compound of Claim 1, wherein:

R' is selected from Cj_alkyl, phenyl, Cs.scycloalkyl, and heterocycle, wherein
Cy.salkyl is optionally substituted with —OR", and any heterocycle has six ring atoms and is
optionally substituted with one or two C,.zalkyl or =0O;

R’ is ~C(0)OC_galkyl;

R” is selected from Cy_zalkyl and —OR? wherein Cy_salkyl is optionally substituted
with -OR?;

R’ and R® are each hydrogen;

R’ is selected from halo, Cy_;alkyl, and C;_;alkoxy wherein C;_zalkyl and C,_;alkoxy
are substituted with two or three halo;

R’ is selected from Cygalkyl, Csscycloalkyl, NR'RE, wherein R” and R® are
independently hydrogen or C;.zalkyl, heteroaryl, and heterocycle, wherein C, alkyl is
optionally substituted with - OR"Cs_cycloalkyl is optionally substituted with one or two C.
salkyl or halo, any heteroaryl has five or six ring atoms, and any heterocycle has five ring
atoms and is optionally substituted with one or two substituents selected from Ci_salkyl,
-C(0)OC;.zalkyl , -C(O)Cysalkyl, -C(O)NHCsalkyl, and —C(O)C,_3alkyINHC(O)OCH3;

R' is hydrogen or Cy.zalkyl, wherein C)_salkyl is optionally substituted with —OR";

ais 1or?2;and

bis1or?2.
7. The compound of Claim 6 wherein A, is -NHC(O)-.
8. The compound of Claim 6 wherein A, is —C(O)NH-.

9. The compound of Claim 1 wherein the compound is a compound of formula

(IV):
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(R9)b

R o /~N /P
HN/</ <3 C— \ )N N—<4
\N\ \ | JNH MR
R4 Nro (R7) a

R2-N" Rt

R3
Iv)
wherein:
R' is selected from C,_alkyl, optionally substituted with hydroxy or methoxy, and
5  tetrahydropyran;
R” is hydrogen;
R’ is -C(0)OC salkyl;
R*is methyl, methoxy, or -CH,OCHy3;
R’ is selected from fluoro, chloro, -CF3, and —OCFj;
10 R® is independently methyl or hydroxymethyl;
R’ is selected from -NHCHj;_ cyclopropyl, 2,2-dimethylcyclopropyl, zert-butyl,
3-hydroxy-2,2-dimethylpropyl, and imidazolyl;
' is hydrogen or hydroxymethyl;
ais 1or?2;and
15 bis1lor?2;

or a pharmaceutically-acceptable salt thereof.

10.  The compound of Claim 1 wherein the compound is a compound of formula
(V):
HN
W e
R2_N IR1
20 R
V)

wherein:
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R' is selected from C,_alkyl, optionally substituted with hydroxy or methoxy, and
tetrahydropyran;
R” is hydrogen;
R’ is -C(0)OC salkyl;
5 R*is methyl, methoxy, or -CH,OCH3;
R’ is selected from fluoro, chloro, -CF3, and —OCFj;
R® is independently methyl or hydroxymethyl;
R’ is selected from -NHCHj;_ cyclopropyl, 2,2-dimethylcyclopropyl, zert-butyl,
3-hydroxy-2,2-dimethylpropyl, and imidazolyl;
10 R'%is hydrogen or hydroxymethyl;
ais 1or?2;and
bis1lor?2;

or a pharmaceutically-acceptable salt thereof.

15 11.  The compound of Claim 1 wherein the cornpound is selected from
=N
w L
u £ O <

HN
~o"X0
CF3 % CF
O@NﬁN 0 o o =N 0
W, — WN N
”“\;H Wt — eSSt B
F F ”
N\fO N\fO
HN ( HN
. e
o~ "0 (0]
CF %
o o SN P CFs
HNN W‘N N, : SNV N ~N—<
NH —( —
\N X HNNH\/\/ N
= N
N._©O Cl
T N._O
el o
e g
o \OAO
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and pharmaceutically-acceptable salts thereof.

12. The compound of Claim 11 wherein the compound is selected from
O,CF3 N /’1_ o O/CF3 N /”'. 0
NN oy /N M
HNW N\_/N4$< HNW N\—/N4$<
=N =N
o F N._O “
N
T'( HN\f"’
ogie) \o’go
O/CF3 N K 0 O/CF3 N £} o
o /A~N M\ oL /AN M\
= =N
N _Ce\ N cl _Ce\ Cl
0] (0]

O Cl) O Cl)

CF3 o CFs
\N O =N
Cl N [¢]
N 0 N
O o

0o O?

. CF3 B
/CF3 = o] F =N,/ 9O
d =N o
HN N N HN<<\:/)*N N
B STSvE et AL G EOvae
O Jraseges
cl
N N
O, NH O, NH
A

o7 O )\O

O
! |

g

and pharmaceutically-acceptable salts thereof.

13. A pharmaceutical composition comprising a compound as claimed in any one

of Claims 1 to 12 and a pharmaceutically-acceptable carrier.

14.  The pharmaceutical composition of Claim 13 further comprising one or more

10 other therapeutic agents useful for treating hepatitis C viral infections.
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15.  The pharmaceutical composition of Claim 14 wherein the one or more other
therapeutic agents is selected from HCV NS3 protease inhibitors, and HCV NS5B nucleoside

and non-nucleoside polymerase inhibitors.

5 16. A process for preparing a compound of formula (II')

@) N /\ O
N OO
<\ \| J H — |8 R
R4 (R7 , (R% b
R5 N

0]
= (I
RZ_N I

R1
R3

wherein R, R%, R, R?, R, R®, R, R®, R?, 4, and b are defined as in Claim 1, or a
pharmaceutically-acceptable salt or stereoisomer thereof, the process comprising:

(a) reacting a compound of formula 3-3'
=N
R4

R5 N\
10 R®

wherein Pg is an amino-protecting group, with a compound of formula 3-4' or 3-4"

o /N /. 29
jo\ /N O@N/_\N—{O " N NWNL\JN_<R9

Pg 3_3'

NE N/ \—\—/ R HO =

to provide a protected intermediate 3-5

@) N \ O
= & =4
L& \}/ ISt

R5 N

15 R®

"Pg 3.5

2

(b) deprotecting intermediate 3-5 to provide a deprotected intermediate 3-6:
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and

() reacting intermediate 3-6 with a carboxylic acid:

@) =
HO  N-R?
R3

to provide a compound of formula (II') or a pharmaceutically-acceptable salt or stereoisomer

thereof.

17.  The process of Claim 16, wherein R' is Cy_galkyl or tetrahydropyran, R” is
hydrogen, R* is -C(0)OC,_salkyl, R* is methyl or methoxy, R’ and R® are both hydrogen, R’
is fluoro, chloro, or —OCF3, R® is methyl, R’ is fert-butyl or 3-hydroxy-2,2-dimethylpropyl, a

islor2,and bis 1

18. A compound of formula 3-4":

o /N /M\ J<0
HO, N N
:B—QNW \_\J o
HO ==
7 ( R®)
(R ) a 3-4" b
wherein R’ is fluoro, chloro, or —OCF3, R® is methyl, R is tert-butyl or 3-hydroxy-2,2-
dimethylpropyl, ais 1 or 2, and b is 1

19.  The compound of Claim 18 wherein the compound is crystalline.
20. A compound as claimed in any one of Claims 1 to 12 for use in therapy.
21. A compound as claimed in any one of Claims 1 to 12 for use in the treatment

of a hepatitis C viral infection in a mammal.
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22. The compound of Claim 21 for use in combination with one or more other

therapeutic agents.

23.  The compound of Claim 22 wherein the one or more other therapeutic agents
is selected from HCV NS3 protease inhibitors, HCV NS5B nucleoside and non-nucleoside
polymerase inhibitors, interferons and pegylated interferons, cyclophilin inhibitors, HCV

NSS5A inhibitors, and ribavirin and related nucleoside analogs.

24. A compound as claimed in any one of Claims 1 to 12 for use in inhibiting

replication of the hepatitis C virus in a mammal.

25. The compound of Claim 24 for use in combination with one or more other
therapeutic agents selected from HCV NS3 protease inhibitors, HCV NS5B nucleoside and
non-nucleoside polymerase inhibitors, interferons and pegylated interferons, cyclophilin

inhibitors, HCV NS5A inhibitors, and ribavirin and related nucleoside analogs.

26.  Use of a compound as claimed in any one of Claims 1 to 12 for manufacture

of a medicament for the treatment of hepatitis C viral infections in a mammal.

27. A method of treating hepatitis C viral infection in a mammal, the method
comprising administering to the mammal a pharmaceutical composition comprising a
compound as claimed in any one of Claims 1 to 12 and a pharmaceutically-acceptable

carrier.

28.  The method of Claim 27 wherein the method further comprises administering

one or more other therapeutic agents useful for treating hepatitis C viral infections.

29. A method of inhibiting replication of the hepatitis C virus in a mammal, the

method comprising administering to the mammal a pharmaceutical composition comprising a
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compound as claimed in any one of Claims 1 to 12 and a pharmaceutically-acceptable

carrier.
30.  The method of Claim 29 wherein the method further comprises administering

to the mammal one or more other therapeutic agents useful for inhibiting replication of the

hepatitis C virus in a mammal.
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