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NOVEL INHIBITORS OF HEPATITIS C VIRUS

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 NSS5A

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):

R1O
w'=X' W=X Q=T
U S Uy U ol VG W
C(LN vz Y|z upv M
N_o (R (R), Ry (R

@

20  wherein:

R' is selected from Cisalkyl, phenyl, Cs.ecycloalkyl, heteroaryl, and heterocycle;
wherein Cgalkyl is optionally substituted with —ORY, wherein R? is hydrogen or
Cysalkyl;

R? is selected from hydrogen and Cy_galkyl;

25 R’ is selected from hydrogen, Cy_galkyl, -C(O)OC alkyl,
-C(0)OCs.seycloalkyl,-C(OINRR, -C(0)Cyalkyl, -C(O)Cs.scycloalkyl, and
-S(0),Cizalkyl;

wherein

R® and R" are independently hydrogen or C.¢alkyl;
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R* is —C(O)R’ or —S(O),R%;
R’ is selected from Cysalkyl, Cs.ccycloalkyl, Cygalkoxy, -C(R“R*)NRR, -NRER",
heteroaryl, heterocycle, —CH,-heteroaryl, and phenyl;
wherein
Ci.ealkyl is optionally substituted with one or two substituents
independently selected from -OR°, -S(0),C, salkyl, -NHC(O)C,_salkyl, and
-NHC(0)OC,zalkyl;
Ci.ealkoxy is optionally substituted with —ORY,
Cs.ecycloalkyl is optionally substituted with one, two, or three substituents
independently selected from Cy_salkyl, NR/R™, -OR®, and 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.ecycloalkyl, -C(O)NHC, galkyl, -C(O)NHC;3.¢cycloalkyl,
and —S(0),C, salkyl;
wherein any —C(O)Cy.salkyl is optionally substituted with
-NHC(0)OC;.salkyl, -OR", -NRR®, or heterocycle,
any -C(O)Cs.ecycloalkyl is optionally substituted with one or two
Cy.salkyl, and
any —C(O)NHC,_salkyl is optionally substituted with —OR" or
Cs.ecycloalkyl;
any heteroaryl is optionally substituted with C;_salkyl;
R® is independently selected from hydrogen, Cy_galkyl, and phenyl;
RY is independently hydrogen or C;.¢alkyl;
R® is independently hydrogen or C; salkyl;
R'is independently selected from hydrogen, C,.galkyl, ~C(O)OC .salkyl,
and -C(O)Cy.salkyl;
R" is independently hydrogen or C; zalkyl;
R" is independently selected from hydrogen, Cgalkyl, Csscycloalkyl,
phenyl, and -CH,OR";
R® is independently hydrogen or Cy_galkyl;
R is independently selected from hydrogen, C; salkyl, C; ¢cycloalkyl, and
-S(0),C\3alkyl, wherein Cy_galkyl is optionally substituted with -OR?;
R’ is independently hydrogen or Calkyl;
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R™ is independently selected from hydrogen, C;.alkyl, —C(O)OC; salkyl,
and -C(O)Cy.salkyl;

R® is selected from Cygalkyl, Cs.¢cycloalkyl, phenyl, and a heteroaryl ring;

R’ R® and R are independently selected from halo, C; ealkyl, C; salkoxy,
-C(O)OR™, -CH,NRR®, and —CN, wherein C;alkyl and C,_salkoxy are optionally
substituted with one, two, three, four, or five halo, and wherein C; galkoxy is optionally
substituted with —ORd;

R’ is independently selected from Cy.galkyl, -CH,OR", -C(O)NR"RP, and
C(O)OR”", wherein Cygalkyl is optionally substituted with —S(0),C_salkyl or with
-SCyzalkyl;

RP is independently hydrogen or C;salkyl;

R' is selected from hydrogen, halo, Cy.galkyl, -C(O)OR®, -C(O)NRR®,
-CH,NR°R", Cs.ecycloalkyl, and -CN;

W', X', Y', and Z' are independently carbon or nitrogen wherein any carbon atom
is bonded to hydrogen or to R'!, provided that at least two of W', X', Y', and Z' are
carbon;

W, X, Y, and Z are independently carbon or nitrogen wherein any carbon atom is
bonded to hydrogen or to R’, provided that at least two of W, X, Y, and Z are carbon;

Ap, is -NHC(O)- or —-C(O)NH-;

Q, T, U, and V are independently carbon or nitrogen wherein any carbon atom is
bonded to hydrogen or to R®, provided that at least two of Q, T, U, and V are carbon; and

a, b, ¢, and d are independently O, 1, or 2;
or a pharmaceutically-acceptable salt or 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



10

15

20

25

30

WO 2012/061552 PCT/US2011/059061

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
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.

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_salkyl, phenyl, Cs.¢cycloalkyl,
heteroaryl, and heterocycle; wherein Cy_galkyl is optionally substituted with ~ORY;
wherein R% is hydrogen or Cy_salkyl.

In another specific aspect of the invention, R' is selected from C;.¢alkyl, phenyl,
Cs.ecycloalkyl, heteroaryl, and heterocycle.

In another specific aspect, R' is selected from Cy6alkyl, phenyl, and
Csecycloalkyl, wherein Cy_galkyl is optionally substituted with —-ORY; wherein R? is
hydrogen or C;_zalkyl.

In another specific aspect, R' is selected from Cyalkyl and phenyl.

In a specific aspect, R'is Cy_3 alkyl.

In another specific aspect, R' is isopropyl.

In a specific aspect, R is hydrogen or C;.salkyl.
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In other specific aspects, R’ is hydrogen or C salkyl; or R’ is hydrogen.

In a specific aspect, R” is selected from hydrogen, Cy_ealkyl, -C(O)OC.alkyl,
-C(0)OCs.seycloalkyl,-C(OINRR, -C(0)Cyalkyl, -C(O)Cs.scycloalkyl, and
-S(0),C\3alkyl, wherein R* and R® are independently hydrogen or C_salkyl.

In another specific aspect, R” is selected from hydrogen, Cy_galkyl,

-C(O)OCy ealkyl, —C(O)NRaRb, -C(0O)Cs.¢cycloalkyl, and -S(0),C; salkyl, wherein R and
R" are independently hydrogen or C;.¢alkyl.

In yet other specific aspects, R? is selected from hydrogen, Cy_salkyl, and
-C(0)OCalkyl; and R® is -C(0)OC_zalkyl.

In a specific aspect, R' is Cigalkyl, R? is hydrogen, and R® is -C(O)OC _galkyl.

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

In yet other specific aspects, R' is phenyl and R* and R’ are each Cj.salkyl, or R'
is phenyl and R*and R are each ethyl; or R' is phenyl, R* is hydrogen, and R” is
-C(0)OC.zalkyl.

In a specific aspect, R* is ~C(O)R’ wherein R’ is defined as in formula (I).

In another specific aspect, R* is ~C(O)R wherein R’ is selected from Cygalkyl,
Cs.ecycloalkyl, Cigalkoxy, -C(R'RHNRR’, -NRER", heteroaryl, heterocycle,
-CH;-heteroaryl, and phenyl; wherein C;_galkyl is optionally substituted with -OR® or
-S(0),Cy3alkyl; Csecycloalkyl is optionally substituted with one or two Cy salkyl, or with
NR'R™ or -OR™; any heterocycle is optionally substituted with one or two substituents
selected from C_zalkyl, halo, -C(O)OC;salkyl , —C(O)Ci.¢alkyl optionally substituted
with -NHC(O)OC, zalkyl, and-C(O)Cs.¢cycloalkyl optionally substituted with one or two
Ci.salkyl; and any heteroaryl is optionally substituted with C,_salkyl, wherein R" is
selected from hydrogen, Cy.galkyl, Ca.ccycloalkyl, and -S(0),Cy.salkyl, and R%, R¥, R, R®,
R R R), R™, and R" are defined as in formula (I).

In another specific aspect, R* is —C(O)R’ wherein R® is selected from Cy_galkyl,
Cs.scycloalkyl, Cigalkoxy, -C(R'RYNRCR’, -NRER", heteroaryl, heterocycle, and
-CHj,-heteroaryl, wherein any heteroaryl or heterocycle has five or six ring atoms;
Cs.ecycloalkyl is optionally substituted with one or two Cy_szalkyl; any heterocycle is
optionally substituted with one or two substituents selected from C; zalkyl halo,
-C(0)OC,.zalkyl , -C(O)Cy.6alkyl optionally substituted with -NHC(O)OC,.zalkyl, and
-C(0)Ca.ceycloalkyl optionally substituted with one or two Cyzalkyl; R¥, RY, R®, R, and
R" are each independently hydrogen or Cy.zalkyl; and R is selected from hydrogen
and-C(0O)Ci-zalkyl.
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In another specific aspect, R* is —C(O)R> wherein R’ is selected from
Cs.cycloalkyl, -CH,NRRY, -NRER", imidazolyl, pyrazolyl, pyrimidinyl, and pyrrolidinyl;
wherein: Cs_scycloalkyl is optionally substituted with one or two Cy.zalkyl; pyrrolidinyl is
substituted with methyl and a substituent selected from -C(O)OC,zalkyl , -C(O)Cy.salkyl,

5 and -C(O)NHC, ¢alkyl, wherein—C(O)C; galkyl is substituted with -NHC(O)OC,_salkyl,
-OR", -NR'R®, or heterocycle.

In yet another specific aspect, R* is <C(O)R® wherein R” is selected from,
-O-tert-butyl, cyclopropyl, tert-butyl, -NHCH3, 2,2-dimethylcyclopropyl, pyrimidinyl,
pyrazolyl, imidazolyl, -CH,-pyrazolyl, 1-acetylpyrrolidinyl, 2-methylpyrrolidine-1-

10 carboxylic acid methyl ester, 1-cyclopropyl-2-methylpyrrolidine, 1-(2,2-
dimethylcyclopropyl)-2-methylpyrrolidine, and [-2-methyl-1-(2-methyl-pyrrolidine-1-
carbonyl)-propyl]-carbamic acid methyl ester.

In yet another specific aspect, R* is ~C(O)R’ wherein R” is selected from, -O-tert-
butyl, cyclopropyl, tert-butyl, -NHCH3, 2,2-dimethylcyclopropyl, pyrimidinyl, pyrazolyl,

15  imidazolyl, -CH,-pyrazolyl, and 1-acetylpyrrolidinyl.

In another aspect, R* is <C(O)R’ wherein R” is a five- or six-membered heteroaryl

ring;
In yet another aspect R* is —C(O)R’ wherein R® is cyclopropyl or 2,2-
dimethylcyclopropyl.
20 In another aspect, R* is —C(O)R’ wherein R” is selected from -NHCHj,

2,2-dimethylcyclopropyl,

\ 1 O
v \ ~. _N o O I~ H
v, N ,\\/\N ,' ~N N N O
IN\> , ,{1;\> , \Nlr\) , N/[(”/ , and N \([)]/ h
H )

In another aspect, R* is <C(O)R’ wherein R” is selected from -NHCH3,

KN
|
. N
2,2-dimethylcyclopropyl, and H -
25 In yet another aspect, R* is —C(O)R’ wherein R’ is -NHCH3,
In a specific aspect, R* is —S(0),R® wherein R’ is selected from Cj_alkyl,
Cs.ecycloalkyl, and heteroaryl.
In another specific aspect, R* is —=S(0),R° wherein R®is selected from Cy.galkyl,

Cs.ecycloalkyl, and a five- or six-membered heteroaryl.

30 In another specific aspect, R* is —=S(0),R® wherein R® is Cy_galkyl.
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In yet another specific aspect, R* is ~S(0),R® wherein R® is methyl.

In a specific aspect, R’, R®, and R'" are independently selected from halo,
Cralkyl, Cp.salkoxy, -C(O)OR", -CH,NR*R®, and -CN, wherein Cy_salkyl and
Cy.alkoxy are optionally substituted with one, two, or three halo and wherein C; salkoxy
is optionally substituted with -OR*.

In another specific aspect, R’,R® and R" are independently selected from halo,
Crealkyl, Cy_salkoxy, -C(O)OR", -CH,NR*R®, and —CN, wherein Cy_salkyl and
Ci.ealkoxy are optionally substituted with one, two, or three halo

In a specific aspect, R is independently selected from halo, Cy_galkyl, and
Ci.ealkoxy wherein C;galkyl and C,.¢alkoxy are optionally substituted with one, two, or
three halo.

In another specific aspect, R” is halo.

In yet another specific aspect, R’ is chloro or fluoro.

In still another specific aspect, R’ is selected from methyl, -CF3, -OCHj3;, -OCFs;,
and fluoro.

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

In a specific aspect, R’ is selected from C;.alkyl, -CH,OR", -C(O)NR"RP, and
C(O)OR”", wherein Cy6alkyl is optionally substituted with —S(O),C;_salkyl or with
-SCi.salkyl.

In another specific aspect, R’ is selected from C;.galkyl, -CH,OR", -C(O)NR"RP,
and C(O)OR".

In another specific aspect, R” is Cy_galkyl or -CH,OR".

In another specific aspect, R” is Cy_galkyl.

In yet another specific aspect, R’ is methyl.

In a specific aspect, R' is selected from hydrogen, halo, C_salkyl, -C(O)ORS,
-C(O)NRR®, -CH,NRR®, C3 ¢cycloalkyl, and -CN.

In a specific aspect, R' is selected from hydrogen, halo, and C;.alkyl.

In other specific aspects, R is halo; or R'% is chloro.

In yet another specific aspect, R' is hydrogen.

In a specific aspect W', X', Y', and Z' are cach CH.

In a specific aspect, W, X, Y, and Z are independently carbon or nitrogen wherein
any carbon atom is bonded to hydrogen or to R, provided that at least two of W, X, Y,

and Z are carbon.
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In another specific aspect, W, X, Y, and Z are independently carbon or nitrogen
wherein any carbon atom is bonded to hydrogen or R, provided that at least three of W,
X, Y, and Z are carbon.
In another specific aspect, W, X, Y, and Z are each carbon and two of W, X, Y,
5 and Z are CH and two of W, X, Y, and Z are bonded to R.
In yet another specific aspect, W and Z are independently carbon bonded to R’
and X and Y are CH.
In a specific aspect, Q, T, U, and V are independently selected from CH and N.
In a specific aspect, Q, U, and V are each CH and T is N.
10 In a specific aspect, a is 1 or 2.
In another specific aspect, a is 1.
In another specific aspect a is 0.
In a specific aspect, b is 0.
In a specific aspect, c is 1 or 2.
15 In another specific aspect, ¢ is 2.
In another specific aspect, ¢ is 1.
In another specific aspect, ¢ is 0.
In a specific aspect, d is 1.
In a specific aspect, d is 0.
20 In one aspect, the invention provides compounds of formula (T) disclosed in U.S.
Provisional Application No. 61/492,267, filed on June 1, 2011.

In another aspect, the invention provides compounds of formula (II):
0] =T /\ O
HN"Y — NWN\_ _/N_<R5
<\ \ |/ |
(R7) (=)
N ro a
R2-N

R
R3

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

In another aspect, the invention provides compounds of formula (III)
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cﬁ O
(R")a

(110)
wherein the variables of formula (III) are as defined herein.
A particular group of compounds of formula (IIT) is a group wherein:
R' is selected from Cy.galkyl, phenyl, and Cs ¢cycloalkyl, wherein Cy_galkyl is
optionally substituted with -ORY;
R? is selected from hydrogen, Cy.galkyl, -C(0)OCgalkyl, -C(O)NR'R",
-C(0)Cs.6cycloalkyl, and -S(O),C, salkyl;
R’ is selected from Cy.galkyl, Cs.¢cycloalkyl, Cysalkoxy, -C(R*RH)NRR’, -NReR",
heteroaryl, heterocycle, and —CH,-heteroaryl;
wherein:
any heteroaryl or heterocycle has 5 or 6 ring atoms;
Ci.ealkyl is optionally substituted with one or two substituents
independently selected from -OR®, -NHC(O)C\salkyl, and -NHC(O)OC, salkyl,
Ci.ealkoxy is optionally substituted with —ORY,
Cs.ecycloalkyl is optionally substituted with one or two substituents
independently selected from C;.zalkyl and 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,
and-C(O)NHC; ¢cycloalkyl;
wherein any —C(O)Cy.salkyl is optionally substituted with
-NHC(0)OC.zalkyl, -OR™, -NRUR, or heterocycle,
any -C(O)Cs.ecycloalkyl is optionally substituted with one or two
Cisalkyl, and
any —C(O)NHC, salkyl is optionally substituted with —OR" or
Cs.ecycloalkyl;
any heteroaryl is optionally substituted with C;zalkyl;
R, RY, R, RE, and R" are each independently hydrogen or C,_salkyl;
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R'is selected from hydrogen and -C(O)C, salkyl;
R’ is selected from halo, Cysalkyl, and C;_zalkoxy wherein Cy ¢alkyl and
Ci.ealkoxy are optionally substituted with one, two, or three halo;
R’ is Cysalkyl;
5 ais1or2;and
cis 1 or 2; and all other variables are as defined in formula (I).
Another group of compounds of formula (II1) is a group wherein:
R’ is selected from Cs4cycloalkyl, -CH,NRR', -NR®R", imidazolyl, pyrazolyl,
pyrimidinyl, and pyrrolidinyl;
10 wherein:
Cs 4cycloalkyl is optionally substituted with one or two Cy 3alkyl;
pyrrolidinyl is substituted with methyl and a substituent selected from
-C(0)OC.zalkyl , -C(O)Cealkyl, -C(O)NHC,_¢alkyl, wherein
—C(0)Cy.¢alkyl is substituted with -NHC(O)OC;.zalkyl, -OR",
15 -NRR®, or heterocycle;
wherein R¢, R, and R" are each independently hydrogen or C;_zalkyl; and
R'is selected from hydrogen and -C(O)C,_salkyl.
Yet another group of compounds of formula (I1T) is a group wherein:
R! is isopropyl, R? is hydrogen; R* is -C(O)OCHz;
20 R’ is selected from fluoro, chloro, -CFs, and -OCFs;, R’ is methyl; and
R’ is selected from -NHCH3, 2,2-dimethylcyclopropyl, and

RN
I N

N

H

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

C(gN \/ | .
N__o (RY)a

R1
R3
25 Iv)

wherein the variables of formula (IV) are as defined herein.

In still another aspect, the invention provides compounds of formula (V):
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V)
wherein the variables are as defined herein.
In one aspect, the invention provides the compounds of Examples 1-77 and
S5 Tables 1-34 below.
In yet another aspect, the invention provides a compound selected from the

compounds depicted below
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N N
NH \ /" IN"{> NH N D<
F H F
N0 N._O
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~o0" 0 \OAO

CF3 =,
K o] o] fo) —N —\ o]
) o$_<\_:_>-N/—\\ N ( ol HNTN \ 7N\ N
HNTN NH ) H Q O NH [
~ OO -
Cl
N O

T T,
L LT

, CF3 B
9 o /=N /9 o} o =N ,— 0
cl
o)

H
N
H

Y, 7

HN '( HN ’(

0”0 ~o o
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FG, =N ;— 0 FaC 0 =N 2}—\ _40
CHN(ET?H_@—N 8! B W N 4, <
Cl
N.©

1} o Cl H
L Ly
(o] \O 0
FsC o =N o) £ N o
CH}WM\HN/ WC\ 4
Cl Cl H
N (o]

HNT HNT ™
~, /go ( \O/go l/
and pharmaceutically-acceptable salts thereof.

In a still futher aspect, the invention provides a compound selected from the

following compounds

CF3 %
o} o /=N 0 o 0
4 -
WN\_{‘ N~ mx_‘

HN '( HN (

~No ~o0
T3 = CF. “
Lo /AN R ool N NP
HN"N\ \ /N >_<\:_/)‘N NN
YOI o R
N =N
o] cl
N ,( HN ’(
~o" 0 ~o” 0

and pharmaceutically-acceptable salts thereof.
The chemical naming convention used herein is illustrated for the compound of

Example 1:
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o O
- OO
=N

NTO
HN (

which is {(S)-1-[(S)-2-(4-{4'-[4-(4-cyclopropanecarbonyl-piperazin-1-yl)-benzoylamino]-

biphenyl-4-yl}-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic
acid methyl ester according to the [IUPAC conventions as implemented in AutoNom
software, (MDL Information Systems, GmbH, Frankfurt, Germany).

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
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, 10, **0,
8, 7°Cl, and "°F. Of particular interest are compounds of formula () 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
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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 e, BE, 150 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, 3 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
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,
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morpholinyl, thiomorpholyl, indolin-3-yl, 2-imidazolinyl, 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, 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,
etc.

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;

(c) suppressing the disease, disorder, or medical condition, i.c., 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.
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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.,
R! R? R* R, 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
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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 (1-3) in which A,

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

Scheme 1
— (@) T —\
HN™ N\ / \ \ / NH2 + >—</:>7N N_R4a
SE o N
(R11)d (R7) 4 (R9) ¢
Nig 1-1 1-2
(@) T \
HN™ N\ 7 N\ o N>\—</;>;N\__/N_R4a
NNV |
—_— N |11 | (RO)
(R (R7, c
N\
G 1-3

where R* is an amino-protecting group Pg or R* is R* as defined in formula (I), and G

represents the group Gy

G
where R', Rz, and R’ are defined as in formula (D), or as an amino-protecting group Pg.
Aniline intermediate 1-1 is reacted with carboxylic acid 1-2 according to typical amide
bond formation conditions to provide a compound 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-yl)uronium hexafluorophosphate (HATU), or as 1,3
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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 (a is 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. Preferably, only one of G
and R*™ is a protecting group, or, if two protecting groups are present, groups removable
under different conditions are used.

When the variable R* is defined as R* and the variable G is defined as Gy, then
the product 1-3 of the reaction of Scheme 1 is a final compound of formula (I).

Alternatively, when R* is defined as R* and G is defined as protecting group Pg,
for example Boc, the product 1-3 of the reaction of Scheme 1 is a protected intermediate
which is then deprotected, for example, by treatment with an acid, and reacted with a
reagent X-G;, where X is a halogen leaving group, or with a carboxylic acid of formula
HO—G@Gjy, the latter under amide bond formation conditions as described above, to provide
the desired product.

In another exemplary method of synthesis, compounds of formulas 2-2 and 2-3

are prepared as shown in Scheme 2:

Scheme 2 - i
(i cI” "R®
A NN < X
SERCVEA YV (R) RS
Ry (R7), c (i) O=C=N___
N\G 51 . R
o =T
Ny N \ . / N>_<\:/)7N\-|_/N%R5
. SN ek | H (R%)c
(R 1)d (R)a
N\
G 2-2
o) =T, 7\ .
5 HNN ® H)_Q AN
v) 21+ CI—:S:,—RG — N (Fli% (F|<7)a (R%)c
o] N
G 2-3
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When G represents Gy in intermediate 2-1, then the reaction of Scheme 2, directly
provides compounds of the invention. To prepare a compound of formula 2-2 where R* is
defined as -C(O)R’, intermediate 2-1 is reacted with an acid chloride (reaction (i)) or,
where R’ is defined as —NRth, with an isocyanate (reaction (iii)) in the presence of base.

5  Alternatively, intermediate 2-1 is reacted with a carboxylic acid (reaction (ii)) under
amide bond formation conditions to prepare a compound of formula 2-2. Similarly, to
prepare a compound of formula 2-3 where R* is defined as -S(O),R°, intermediate 2-1 is
typically reacted with a sulfonyl chloride in the presence of base (reaction (iv)).

As described above, when G represents a protecting group a subsequent

10 deprotection step, and coupling with an intermediate X—G; or HO—G; provides the
final product.

The intermediates of the above Schemes may be prepared by conventional
synthetic reactions. For example, the biaryl aniline intermediate 1-1 may be prepared by
the Suzuki coupling reaction in the presence of a palladium catalyst (Miyaura and Suzuki,

15  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.

Scheme 3
o]
S |
Cf e Rl N _
G 31 HNN /|\ \|/ NH,
<\ )=
/ CC (R)y (R)a
O
HNY 7 N 4 + Br@NHz 1-1
N _|_11) ° (_|_7)
R R
d
Nig ) a
20 An exemplary process for the preparation of intermediate 1-2 in which R*

represents Pg (compound 1-2'") or R** represents, for example, -C(O)R’ (compound 1-2")

is shown in Scheme 4.
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Scheme 4
o) T, 7\ o} = /T © N
A T U ) A YA
0-1 -
4-1 (R)¢ T (R), (R
e} o]
o /N oo o e O@N/_\N_qo
et - M
or (RQ)
(R)e o=c=N::hg T

The reaction of a piperazine with a fluorobenzoic ester or fluoronicotinic ester
4-1, typically a methyl or ethyl ester, may be performed in dimethylsulfoxide in the
5 presence of potassium carbonate at elevated temperature, typically about 100 °C to about
130 °C. The resulting intermediate 4-2 is subsequently hydrolyzed to provide protected
intermediate 1-2"". To prepare intermediate 1-2', protected intermediate 1-2"', where
preferably the protecting group is Boc, can be deprotected and then reacted with an acid
chloride, carboxylic acid, or isocyanate as in Scheme 2 to provide intermediate 1-2'.

10 An alternative process for the preparation of intermediate 1-2 in which T
represents nitrogen and R* represents Pg (compound 1-2a') or R* represents -C(O)R’
(compound 1-2a") is shown in Scheme 5.

Scheme 5
SO oo e S
( Rg) c ( RQ) c

5-1 5-2 1-2a"
Lo A
or
o /~N /M™\ C')LRS o R oS (NN A
e \owa\JNH o e \_\_/ Rs
—c=N-R9
s3 (R), 0% (Ro)e
o /~N s/ 9
[E— . _<

HO \ 7 N\_\_/N Rs

(RQ)C

1-2a’
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The reaction of a fluoronicotinic acid 5-1 with the protected piperazine 5-2 to provide
intermediate 1-2a" is typically performed using isopropylmagnesium chloride at a
temperature below about -20 °C.

To prepare intermediate 1-2a’, protected intermediate 1-2a'", where preferably the

5 protecting group is Boc, can be deprotected and esterified by reaction with sulfuric acid in

methanol to provide an ester intermediate 5-3, which is reacted with an acid chloride,
carboxylic acid, or isocyanate as in Scheme 2 and subsequently hydrolyzed to provide
intermediate 1-2a".

Intermediate 2-1 where G represents G; may be prepared by the process of

10 Scheme 1 where the variable R*is defined as protecting group Pg. In this instance,

formula 1-3 describes a protected intermediate, which is deprotected to provide
intermediate 2-1.

An alternative process for the preparation of intermediate 2-1 in which T

represents nitrogen (compound 2-1a) is shown in Scheme 6.

Scheme 6
HNYy, 7\ >_<:)‘
HNTN /|\ \ )NH >\_<:)7F . m
Ce\ (R")y (R7) R“)d (R7)
N N,
> G
© 1-1 6-1 6-2
n HN\_|_/N Pg n \ / N \_|;/
(R —= D, o, (Rle
5.2 \G 6-3
HNYY 7 N\ [\
m N
‘R“’d (R7) ‘R¥g
15 S 2-1a

In a first step, biphenyl aniline 1-1 is reacted with a fluoropyridine carbonyl
chloride 6-1 in the presence of base to provide fluoro intermediate 6-2, which is reacted
with an excess of protected piperidine 5-2 to provide protected intermediate 6-3. The

20  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. Finally,
intermediate 6-3 is deprotected, for example, by treatment with hydrochloric acid in an

organic solvent to provide intermediate 2-1a as the HCI salt.
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Yet another alternative process for the preparation of intermediate 2-1a utilizes a
Suzuki coupling reaction of the boronate reagent 3-2 with intermediate 7-1, followed by a

deprotection step, under conditions described above, as shown in Scheme 7.

Scheme 7
OO
N N—P
HN\ /\B /‘\ NH W \_\_/ J
( R1 1)d R7) ( Rg) c
N~ R 1
¢ 32
7\ N—P
HN™ N\ —rFg
% e
> (R11)d (R7) (R ¢
N\
G 6-3
7/ N\ NH
HNTX
% o
> (R11)d (R7) (RQ)C
N\
G 2-1a
5 If protected intermediate 7-1 were replaced by an intermediate 7-1' bearing the

substituent R*

7-1

then the Suzuki coupling of the boronate 3-2 in the first step of Scheme 7 would directly
provide a final compound of the invention.

10 In the Suzuki coupling reaction of Scheme 7, alternatively, the opposite coupling
partner could bear the boronate moiety, as shown in Scheme 3.

The bromo intermediate 7-1 may be prepared, for example, by amide coupling of

arylamine 8-1 with a fluoropyridine carbonyl chloride 6-1, followed by reaction with a
protected piperazine 5-2 as shown in Scheme 8.

15
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o) —N
0 N
(R7) (R7),
8-1 6-1 8-2
I\ N/ A Vi
_ 7 N\ N\ / 9
+ HN\_\ _/N Pg —_— Br@*NH \_\_9/
(RQ)C (R7)a (R)c
5-2 7-1

Alternatively, intermediate 7-1 may be prepared by the reaction of 8-1 with the

carboxylic acid intermediate 1-2'" as given in Scheme 9.
y g

Scheme 9
o) =N 7\
Br@NHz + O@N/_\N—P — Br@NH WARNWARE
= ho' N7 - 9 - : \9)
(R7) (o) (R") R)e
8-1 1-2" 7-1
5 Intermediates 3-1 and 3-2 used in the Suzuki reaction of Scheme 3 may be

prepared, for example, as shown in Schemes 10 and 11.

Scheme10
Q 0 O o
X == N OH N O =|=
(R11) d Pg Pg ) (R11) d
10-1 10-2 0-3 ~
<\ _|_
(R”)d
\Pg 31"
-1
HNN ¢ \ _ =N
:’\?—@ﬂar + HO-Gy CNX\ (Rid
G
- \H (R”)d ST

10-4
Reagent 10-1, where X represents bromo or chloro is reacted with a protected
proline carboxylic acid 10-2 to provide intermediate 10-3 which is converted to

10  intermediate 3-1"", where the variable G represents a protecting group, in the presence of
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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 3-1' where the variable G represents Gy, intermediate 3-1"
is typically deprotected to provide intermediate 10-4, which is then coupled with a
5  reagent HO-G; to provide compound 3-1".
Finally, to provide boronate intermediate 3-2, intermediate 3-1 is reacted with

11-1 in the presence of a palladium catalyst as shown in Scheme 11.

Scheme 11
I
B B =N M o
R11 (Ry) d
\G N\G
3-1 11-1 3-2
10 For the preparation of intermediate 2-1a in Scheme 7, boronate intermediate 3-2

may be prepared in situ according to the process of Scheme 11 and then reacted with
intermediate 7-1 to provide intermediate 6-3 in a single pot process.

Compounds of Formula 12-3 in which the variable A, is defined as —-C(O)NH- are
prepared by processes analogous to those described above. One exemplary process for

15  the preparation of compounds of Formula 12-3 is shown in Scheme 12.

Scheme 12
T
HN \ / \ o H2N / A\ N— R4a
<\ - \| / + \_|_/
(RMg (R4 (R ¢
N 121 2-2
T
ON N-R
HN \ 7\ — \_|_/
__ \ // (0
[RE— . R )C
R11 R7)
N\
G 12-3

The acid 12-1 and aniline or aminopyridine 12-2 are reacted under amide bond
formation conditions. As above, when the variable R** represents R* and the variable G
represents Gy, then the reaction of Scheme 12 directly provides final compounds of

20  formula ().
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Alternatively, when R* represents R*and G represents protecting group Pg, for
example Boc, the reaction provides a protected intermediate of formula 12-3 which is
then deprotected and reacted with a reagent X-G;, where X is a halogen leaving group, or
with a carboxylic acid of formula HO—Gj, to provide the desired product.

5 In yet another alternative route, a compound of formula 12-3 in which G is
defined as G; and R* is a protecting group Pg, provides a useful intermediate, which is
deprotected and reacted, for example, with an acid chloride, carboxylic acid, or
isocyanate, as in Scheme 2 to provide final compounds of formula (T).

The intermediates of Scheme 12 may be prepared by conventional synthetic

10 reactions. For example, the biaryl acid intermediate 12-1 may be prepared by the Suzuki

coupling reaction of Scheme 13

Scheme 13
— O
o) HNY 7 N
— O
HN\\ /_ _\ Bi :é_i_ Br \ / » \N _|_ \| / OH
N | | © (R”)d (R 4
N Ri 4 (R7) N‘G
G 12-1

A useful process for the preparation of the aminopyridine intermediate 12-2 of
15  Scheme 12 utilizes a nitro substituted-chloropyridine or chlorophenyl 14-1 which is
reacted with a protected piperazine 5-2 to provide a protected intermediate 14-2 as shown

in Scheme 14.

Scheme 14
T
T 7N\ 7 Nn =
OzNOC' +HNx|_/N_Pg—> OZNQN\_HN "
(R%) ¢ (RO ¢
14-1 52 14-2
T
T —\ /- \ /~ \
—_— H-N / \ N N—P —_— H2N4<:>7N NH
2 Q \_|_/ 9 — \—|—/
(R®) ¢ (RO ¢
12-2"
T / \
HZNON\|JN_R4
(R9) ¢
12-2'

Reduction of the nitro group to the amine provides intermediate 12-2"" where R**

20  represents a protecting group. Deprotection of compound 12-2'" and reaction, for
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example, with an acid chloride, carboxylic acid, or isocyanate, as in schemes above
provides intermediate 12-2', in which R* represents R*.

It will be understood by those of skill in the art, that other compounds of the
invention having heterocyclic rings in place of the phenyl rings of the structures in the
above schemes may be prepared by similar methods starting with appropriate starting
materials. Details regarding specific reaction conditions and other procedures for
preparing representative compounds of the invention or intermediates thereto are
described in the examples below.

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 occuring iz vivo in human or animal

body or in vitro.

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 (IT), (IIT), (IV),
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
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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
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.
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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.

When intended for oral administration in a solid dosage form (i.c., 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-
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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
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), glycerol, tetrahydrofuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. 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
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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,
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.

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
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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 NS5A 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 200 mg/day and from about
10 to about 130 mg per day of active agent for an average 70 kg human.

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, telaprevir (VX-950), boceprevir (SCH-503034), TMC-435,
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narlaprevir (SCH-900518), vaniprevir (MK-7009), danoprevir (ITMN-191, R-7227), BI-
201335, ABT-450, BMS-650032, GS-9256, ACH-1625, ACH-2684, BMS-605339, VX-
985, PHX-1766, BMS-791325, and IDX-320.

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

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®
(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, BMS-790052, AZD-7295, PPI-461, PPI-1301, GS-5885, or
GSK2336805.

In another aspect, therefore, the invention provides a therapeutic combination for

use in the treatment of hepatitis C viral infections, the combination comprising a
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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, 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
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, ribavirin, and an HCV NS3 protease inhibitor.

Still other combination therapies, include, for example, a compound of the
invention, an HCV NS3 protease inhibitor, an HCV NS5B nucleoside polymerase
inhibitor, and an HCV NS5B non-nucleoside polymerase inhibitor; and a compound of
the invention, an HCV NS5B nucleoside polymerase inhibitor, and an HCV NS5B non-
nucleoside polymerase inhibitor.

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.
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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.

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

DCM =
DMA =
DMF =
DMSO =
EDC =

EtOAc =
h -
HATU =

HCTU =

HOAt =
min =

Pd(dppf)Cl,=

MTBE =
RT =
TFA =
THF =

acetonitrile

dichloromethane

N,N-dimethylacetamide
N,N-dimethylformamide

dimethyl sulfoxide
N-(3-dimethylaminopropyl)-NV-ethylcarbodiimide
hydrochloride

ethyl acetate

hour(s)
N,N,N',N'-tetramethyl-O-(7-azabenzotriazol-1-yl)uronium
hexafluorophosphate
2-(6-chloro-1H-benzotriazole-1- y1)-1,1,3,3-
tetramethylaminium hexafluorophosphate
1-hydroxy-7-azabenzotriazole

minute(s)
dichloro(1,1°-bis(diphenylphosphino)-
ferrocene)dipalladium(IT)

methyl fert-butyl ether

room temperature

trifluoroacetic acid

tetrahydrofuran
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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.
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 CD;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.
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Analytical HPLC Methods A, B, C
Column: Zorbax Bonus-RP 3.5 um. 4.6 x 150 mm
Column temperature: 35 °C
Flow rate: 1.0 mL/min
5 Mobile Phases: A = Water/ACN (98:2) + 0.1 % TFA
B = Water/ACN (10:90) + 0.1 % TFA,

Injection volume: 100-1500 pL

Detector wavelength: 254 nm (Methods A and B) 214 nm (Method C)
Sample preparation: ~ Dissolve in 1:1 ACN:water
10
Gradient method A

21 min total (time (min)/ % B): 0.5/10, 15/60, 16.5/80, 17/80, 18/10, 21/10.

Gradient method B
40 min total (time (min)/ % B): 0.5/15, 28/40, 30/80, 33/80, 35/15, 40/15.

15  Gradient method C
29 min total (time (min)/ % B): 0.5/10, 24/90, 25/90, 26/10, 29/10

Preparation 1: 4-(4-bromo-phenyl)-2-(S)-pyrrolidin-2-yl-1H-imidazole
HNWBr
o

NH

20  (a) 2-Bromo-1-(4-bromo-phenyl)-ethanone

Bromine (80 g, 500 mmol) was added dropwise to a solution of 1-(4-bromo-
phenyl)-ethanone (100 g, 500 mmol) in dichloromethane (1500 mL) at ambient
temperature. The reaction mixture was stirred for 3 h and then concentrated. The residue
was washed with dichloromethane (100 mL) to give the crude title compound (120 g, 86

25 %vyield) as a white solid. "H NMR (CDCls, 400 MHz) & (ppm): 7.78 (d, J=8.4 Hz, 2H),
7.57 (d, J=8.4 Hz, 2H), 4.32 (s, 2H).
(b) (S)-pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-phenyl)-2-oxo-ethyl] ester 1-tert-

butyl ester
Diisopropylethylamine (67 g, 518 mmol) was added dropwise to a solution of the

30  product of the previous step (120 g, 432 mmol) and (S)-pyrrolidine-1,2-dicarboxylic acid
1-tert-butyl ester (L-Boc proline) (102 g, 475 mmol) in acetonitrile (2 L) at room
temperature. The reaction mixture was stirred overnight and concentrated to dryness.

The residue was dissolved in ethyl acetate (2 L) and washed with water (2 L). The
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organic layer was dried over sodium sulfate and concentrated to give crude title
compound (178 g, 100 % yield).

(c) (8)-2-[4-(4-bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine- 1 -carboxylic acid tert-butyl

ester

A solution of the product of the previous step (178 g, 432 mmol) and ammonium
acetate (500 g, 6.5 mol) in toluene (2 L) was heated at reflux overnight. The solvent was
removed and the residue was dissolved in ethyl acetate (2 L) and washed with water (2
L). The organic layer was dried over sodium sulfate and concentrated. The residue was
purified by silica gel column chromatography in 1:3 petroleum ether: ethyl acetate to give
the title compound (120 g, 71 % yield) as a yellow solid. "H NMR (CDCls, 400 MHz) &
(ppm): 7.56 (s, 1H), 7.39 (d, /=8.0 Hz, 2H), 7.24 (m, 1H), 7.14 (s, 1H), 4.88 (m, 1H),
3.33 (m, 2H), 2.94 (s, 1H), 2.07 (m, 2H), 1.88 (m, 1H), 1.42 (s, 9H).
(d) 4-(4-bromo-phenyl)-2-(S)-pyrrolidin-2-yl-1H-imidazole

To a solution of (S)-2-[4-(4-bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-
carboxylic acid rert-butyl ester (3 g, 7.6 mmol) in methanol (3 mL) was added 4N HCl in
methanol (60 mL) at 0 °C. The reaction mixture was stirred for 2 h and then concentrated
to give crude hydrochloride salt of the title compound (2.51 g 100 % yield) as a yellow

solid.

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

A mixture of (S)-2-amino-3-methyl-butyric acid (10 g, 85 mmol), NaOH (10.3 g,
255 mmol) in water (100 mL) was treated with methylchloridocarbonate (8 g, 85 mmol)
at 0 ° C. The reaction mixture was stirred for 24 h at room temperature and then 5 N
aqueous HCI was added to the reaction mixture to adjust pH to 4. The mixture was
filtered through a pad of Celite to give the product (10 g, 67% yield) as a white solid.
'H NMR (CH;0D, 400 MHz) & (ppm) 4.05(d, 1H), 3.65(s, 3H), 2.14(m, 1H), 0.95(m,
6H).
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Preparation 3: ((S)-1-{(S)-2-[4-(4-bromo-phenyl)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

HNWBF
=N
N:/rO

HN "(
Triethylamine (2.3 g, 11.4 mmol) was added to a solution of 4-(4-bromo-phenyl)-
5 2-(S)-pyrrolidin-2-yl-1H-imidazole hydrochloride (2 g, 11.4 mol), (S)-2-

methoxycarbonylamino-3-methyl-butyric acid (2.5 g, 7.6 mmol), and HATU (4.3 g, 11.4
mmol) in dimethylformamide (50 mL) at 0 °C under nitrogen. The reaction mixture was
stirred at room temperature overnight and treated with ethyl acetate (100 mL) and water
(1000 mL). The organic layer was washed with water (2 x 100 mL) and brine (100 mL),

10 dried over anhydrous sodium sulfate and concentrated. The residue was purified by silica
gel column chromatography in 1:1 petroleum ether:ethyl acetate to give the title
compound (2.5 g 74 % yield) as a yellow solid. "H NMR (ds;-DMSO, 400 MHz) & (ppm)
7.63 (d, J=8.8 Hz, 2H), 7.54 (m, 1H), 7.47 (m, 2H), 7.26 (d, /=8.4 Hz, 1H), 5.03 (m,
1H), 4.02 (t, J=8.4 Hz, 1H), 3.76 (m, 2H), 3.51 (s, 3H), 2.10 (m, 2H), 1.93 (m, 3H), 0.85

15 (d,J=6.8 Hz, 3H), 0.81 (d, J=6.8 Hz, 3H).

Preparation 4; ((5)-1-{(S)-2-[4-(4'-Amino-biphenyl-4-yl)-1 H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

O
=N
N/T/O

HN (

Ao

20 To a mixture of 4-(benzyloxycarbonylamino)phenylboronic acid (1.57 g, 5.79
mmol) and ((S)-1-{(S)-2-[4-(4-bromo-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-

~o

carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (1.74 g, 3.86 mmol) in N, N-
dimethylformamide (30 mL, 400 mmol) was added water (21.91 mL, 1216 mmol) and

sodium bicarbonate (2.43 g, 28.96 mmol). The resulting mixture was purged with
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nitrogen. Tetrakis(triphenylphosphine)palladium(0) (468 mg, 0.41 mmol) was added.

The reaction mixture was purged with nitrogen and then heated at 90 °C overnight. The
reaction mixture was cooled to RT, diluted with methanol (10 mL), then filtered. The
filtrate was concentrated and the crude product was purified by preparative HPLC to give
a white solid. (1.28 g) The crude material was dissolved in methanol (40 mL) and then
pumped through a continuous flow hydrogenator at 70 °C using a palladium hydroxide on
carbon (20 % w/w) cartridge. The resulting solution was concentrated to ~ 10 mL, treated
with Stratospheres™ PL-CO3 resin and stirred at room temperature for 30 min. The
reaction mixture was filtered and the filtrate was concentrated to give the title compound

(680 mg).

Preparation 5; ((S)-1-{(8)-2-[4-(4'-amino-biphenyl-4-yl)-1 H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

To a solution of ((S)-1-{(S8)-2-[4-(4-bromo-phenyl)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (9.10 g, 20.34
mmol) in dioxane:water (3:1) (200 mL), was added 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)aniline (4.9 g, 22.37 mmol), sodium carbonate (4.3 g, 40.68 mmol) and
Pd(dppf),Cl, (0.83 g, 5%). The reaction mixture was warmed to reflux under nitrogen,
stirred for 4 h, cooled to RT, filtered, and concentrated. The residue was extracted with
ethyl acetate and water, dried with sodium sulfate and concentrated. The crude product
was purified by silica gel chromatography eluting with 1:1 hexane:ethyl acetate, to
provide the title compound (7 g, 75% yield) as a yellow solid. "H NMR (CDCls, 400
MHz) é (ppm) 7.62-7.55 (m, 1H), 7.50 (d, J=8.0 Hz, 2 H), 7.40 (m, 3H), 7.18 (s, 1H),
6.75 (d, /=8.4 Hz, 2H), 5.50 (d, /=9.2 Hz, 1H), 5.25-5.23 (m,1H), 4.31 (t, /=2.4 Hz,
1H), 3.83-3.80 (m, 1H), 3.67 (s, 3H), 3.59-3.53 (m, 1H), 3.05-2.95 (m, 1H), 2.40-2.30 (m,
1H), 2.19-2.11 (m, 1H), 2.08-2.03 (m, 1H), 1.98-1.93 (m, 1H), 1.07-1.01 (m, 1H), 0.85
(d, /=6.8 Hz, 6 H).



10

15

20

25

30

WO 2012/061552 PCT/US2011/059061

42

Preparation 6: 4-(4-(tert-butoxycarbonyl)piperazin-1-yl)benzoic acid
0] /\ @)
>—< >—N N—(
HO N/ O‘é

(a) 4-(4-Ethoxycarbonyl-phenyl)-piperazine-1-carboxylic acid fert-butyl ester

A mixture of piperazine-1-carboxylic acid fert-butyl ester (18.6 g, 0.1 mol), 4-
fluoro-benzoic acid ethyl ester (16.8 g, 1 mol) and potassium carbonate (0.15 mol) in
dimethylsulfoxide (100 mL) was stirred at 120 °C for 24 h. The reaction mixture was
cooled to room temperature and poured into water (1 L). The solid precipitate was
filtered, washed with water, and concentrated to dryness to provide the title compound
(20 g, 60 % yield) as a white solid. 'H NMR (CDCls, 400 MHz) & (ppm) 7.91 (d , 2H),
6.83 (d, 2H), 4.30 (q, 2H), 3.55(m, 4H), 3.26(m, 4H), 1.46(s, 9H), 1.32(t, 3H).

(b) 4-(4-(tert-butoxycarbonyl)piperazin-1-yl)benzoic acid

To a mixture of 4-(4-ethoxycarbonyl-phenyl)-piperazine-1-carboxylic acid tert-
butyl ester (10 g, 29.9 mmol) in ethanol (200 mL was added 1 N sodium hydroxide
(100 mL). The reaction mixture was stirred at 70 °C overnight. The solvent was
removed under vacuum and the residue washed twice with ethyl acetate, acidified to pH 6
with 5 N HCI, filtered, and concentrated to dryness to provide the title compound (8 g, 87
% yield) as a white solid. "H NMR (ds-DMSO, 400 MHz) & (ppm) 7.74 (m , 2H), 6.92
(m, 2H), 3.90 (m, 2H), 3.42(m, 2H), 3.25(m, 4H), 1.38(s, 9H).

Preparation 7; 4-(4- cyclopropanecarbonyl-piperazin-1-yl)-benzoic acid

Q S\ 0
N N
HO \—/x

(a) 4-piperazin-1-yl-benzoic acid

A mixture of 4-(4-(tert-butoxycarbonyl)piperazin-1-yl)benzoic acid (28 g, 91
mmol) in hydrochloric acid in methanol (300 mL) was stirred at room temperature for 4
h. The resulting precipitate was collected by filtration and concentrated to dryness to
provide the title compound (17 g, 61 % yield) as a white solid.

(b) 4-(4- cyclopropanecarbonyl-piperazin-1-yl)-benzoic acid

To a mixture of 4-piperazin-1-yl-benzoic acid (20 g, 71.6 mmol) and
triethylamine (58 g, 573 mmol) in dichloromethane (500 mL) was added

cyclopropanecarbonyl chloride dropwise at 0 °C. The reaction mixture was stirred at RT
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overnight. The solvent was removed by rotary evaporation. The residue was diluted with
water, treated with sodium hydroxide, and washed with ethyl acetate and
dichloromethane. The aqueous phase was acidified to pH 6 with 5 N HCI. The resulting
precipitate was collected by filtration and concentrated to dryness to provide the title
compound (10 g, 51 % yield) as a white solid. '"H NMR (CH;0D, 400 MHz) & (ppm)
7.87 (m, 2H), 6.95 (m, 2H), 3.90 (s, 2H), 3.73 (s, 2H), 3.29 (m, 4H), 1.99 (m, 1H), 0.86
(m, 4H).

Preparation 8: [(S)-2-Methyl-1-((S)-2-{4-[4'-(4-piperazin-1-yl-benzoylamino)-
biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-propyl]-carbamic acid
methyl ester

Q I\
HNNH N NH
=N
o
HN\f"’(
Ao

To a solution of 4-(4-(tert-butoxycarbonyl)piperazin-1-yl)benzoic acid (365 mg,

1.19 mmol) in dichloromethane (18 mL, 280 mmol) and N, N-dimethylformamide (92.3

~0

ul, 1.19 mmol) was added oxalyl chloride (101 uL, 1.19 mmol). The reaction mixture
was stirred for 20 min at room temperature and then N, N-diisopropylethylamine
(1.42 mL, 8.14 mmol) was added followed by ((S)-1-{(S)-2-[4-(4"-amino-biphenyl-4-yl)-
1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
(500.0 mg, 1.083 mmol) and the mixture was allowed to react overnight with stirring,

A second solution of 4-(4-(tert-butoxycarbonyl)piperazin-1-yl)benzoic acid (365
mg, 1.19 mmol) and oxalyl chloride (101 uL, 1.19 mmol) in dichloromethane (18 mL,
280 mmol) and N, N-dimethylformamide (92.3 uL, 1.19 mmol) was prepared and added to
the reaction mixture which was stirred for 1 h. Methanol (10 mL) was added. The
mixture was concentrated under vacuum and then dissolved in DCM (25 mL) and washed
with saturated aqueous sodium bicarbonate (10 mL). The organic layer was concentrated,
dissolved in 2.0 M hydrogen chloride in 1,4-dioxane (16.2 mL, 16.2 mmol) and ethanol
(1.0 mL, 0.17 mmol) and stirred at room temperature overnight. The reaction mixture

was dissolved in 1:1 acetic acid:water (8.0 mL), and purified by preparative HPLC using
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a BDS column to provide the trifluoroacetic acid salt of the title compound. '"HNMR (ds-
DMSO, 400 MHz) & (ppm) 10.11 (s, 1H), 8.99 —8.77 (m, 2H), 7.92 (dd, /= 15.0, 8.9 Hz,
4H), 7.84 (m, 4H), 7.76 (t, /= 9.3 Hz, 2H), 7.37 - 7.25 (m, 2H), 7.09 (d, /= 9.1 Hz, 2H),
7.02 (d, J=8.9 Hz, 1H), 6.96 (d, /J=9.1 Hz, 1H), 5.12 (t, /= 7.1 Hz, 1H), 4.15 - 4.06 (m,
1H), 3.90 — 3.81 (m, 1H), 3.66 — 3.56 (m, 1H), 3.55 — 3.46 (m, 6H), 3.46 — 3.39 (m, 2H),
3.39 -3.29 (m, 2H), 2.43 —2.32 (m, 1H), 2.22 - 1.91 (m, 4H), 0.82 (d, /= 6.7 Hz, 3H),
0.77 (d, J=6.6 Hz, 3H).

The TFA salt was dissolved in methanol (10 mL) and treated with Stratospheres™
PL-CO3 resin and stirred at room temperature for 30 min. The reaction mixture was

filtered and the filtrate was concentrated to provide the title compound (0.354 g).

Preparation 9: [(S)-2-Methyl-1-((S)-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

O
HN \>_< >—B/ :@
o

N._.O
HN\j"(

To a solution of ((S)-1-{(S)-2-[4-(4-bromo-phenyl)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (50 g, 0.11 mol),
4,4,5,5,4' 45" 5'-octamethyl-[2,2"bi[[1,3,2]dioxaborolanyl] (57 g, 0.22 mol) and
potassium acetate (108 g, 1.1 mol) in dioxane (1000 mL) was added Pd(dppf)Cl,.CH,Cl,
(4.5 g, 5.5 mmol) under nitrogen. The reaction mixture was stirred at 85 °C overnight
and then ethyl acetate (100 mL) and water (1000 mL) were added. The organic layer was
washed with water (2 x 1000 mL) and brine (1000 mL), dried over anhydrous Na,SOy,
and concentrated. The residue was purified by silica gel column chromatography (1:1
petroleum ether:ethyl acetate) to give the title compound (22.5 g) as a yellow solid. 'H
NMR (CDCls, 400 MHz) 6 (ppm) 7.71 (m, 3H), 7.32 (m, 1H), 7.19 (m, 1H), 5.56 (m,
1H), 5.18 (m, 1H), 4.23 (m, 1H), 3.73 (m, 1H), 3.61 (s, 3H), 3.55 (m, 1H), 2.95 (m, 1H),
2.38 (s, 1H), 2.13 (m, 1H), 2.02 (m, 1H), 1.89 (m, 2H), 1.22 (s, 12H), 0.79 (d, 6H).
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Preparation 10: (($)-1-{(S)-2-[4-(4'-Amino-2'-fluoro-biphenyl-4-yl)-1 H-
imidazol-2-yl]- pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl

ester

5 [(S)-2-Methyl-1-((S)-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
(60 mg, 0.12 mmol) and 4-bromo-3-fluoroaniline (23 mg, 0.12 mmol) were dissolved in
1,2-dimethoxyethane (1.2 mL, 12 mmol) and water (0.44 mL, 24 mmol). The reaction
mixture was purged with nitrogen. Sodium carbonate (41.6 mg, 0.39 mmol) was added,

10 followed by tetrakis(triphenylphosphine)palladium(0) (21 mg, 0.018 mmol) and the
mixture was purged with nitrogen, sealed and heated at 85 °C overnight. The reaction
mixture was cooled to room temperature, diluted with ethyl acetate (5 mL), and washed
with water (5 mL). The organic layer was concentrated, dissolved in 1:1 acetic acid:water
(8 mL) and purified by preparative HPLC to produce the TFA salt which was passed

15  through StratoSpheres™ PL-CO3 resin (0.36 mmol) to provide the title compound (15
mg). (m/z): [M+H]" calcd for Co6H30FNsO3 480.23 found 480.4.

Preparation 11: 4'-{2-[(S)-1-(($)-2-Methoxycarbonylamino-3-methyl-
butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-y1}-biphenyl-4-carboxylic acid

ot

N_.O
HN\j"(
20 o070
To a mixture of [(S)-2-methyl-1-((S5)-2-{4-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]- 1 H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-
carbamic acid methyl ester (1.05 g, 2.12 mmol) and 4-iodo-benzoic acid methyl ester

(665 mg, 2.54 mmol) in N, N-dimethylformamide (9.0 mL, 120 mmol) at RT was added
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water (2.0 mL, 110 mmol) and sodium bicarbonate (711 mg, 8.46 mmol). The reaction
mixture was flushed with nitrogen, and tetrakis(triphenylphosphine)palladium(0)

(122 mg, 0.106 mmol) was added under nitrogen. The reaction mixture was flushed with
nitrogen and then heated at 90 °C overnight under an atmosphere of nitrogen.

The reaction mixture was cooled to RT and partitioned between EtOAc (60.0 mL)
and water (20.0 mL). The organic layer was washed with water (2 x 20.0 mL), dried over
sodium sulfate, filtered and concentrated to give a black oil, which was purified by silica
gel chromatography (24 g silica gel, 0-100% EtOAc:hexanes). Desired fractions were
combined and concentrated to give a yellowish oil and further dried under vacuum to give
a yellowish foam. (956.9 mg).

The product from the previous step was combined with the corresponding product
of a previous run (total 1.13 g), dissolved in methanol (10.0 mL) and water (2.1 mL) and
treated with lithium hydroxide monohydrate (564.5 mg) at 60 °C for 3 h. The reaction
mixture was concentrated and the residue was treated with 1:1 acetic acid:water (8.0 mL),
and sonicated. Additional TFA (3.0 mL) was and the reaction mixture was sonicated,
resulting in a greyish solid precipitate. The reaction mixture was stirred at RT for 10 min
and then filtered. The filtrate was extracted with EtOAc (20.0 mL). The organic layer was
dried over sodium sulfate, filtered and concentrated to give a yellowish oil which was
dissolved in 1:1 acetic acid:water (6.0 mL), and purified by reverse phase preparative
HPLC. Desired fractions were combined and freeze dried to give a white solid (107.6
mg). The solid from the filtration was taken up into EtOAc (60.0 mL) and washed with
water (2 x15.0 mL), aqueous saturated sodium bicarbonate (20.0 mL), and brine (15.0
mL), dried over sodium sulfate, filtered and concentrated to give the title compound as a

yellowish solid (490 mg) (m/z): [M+H]" calcd for C7H3oN4Os 491.22 found 491.6.

Preparation 12: N-(4-Bromo-phenyl)-4-(4-cyclopropanecarbonyl-piperazin-1-

(0] /\ @]
-0
BrONH 7

A solution of 4-(4- cyclopropanecarbonyl-piperazin-1-yl)-benzoic acid (1.0 g, 3.6

yD-benzamide

mmol) and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.70 g, 3.6
mmol) and 1-hydroxy-7-azabenzotriazole (0.50 g, 3.6 mmol) in dichloromethane (39 mL,

610 mmol) was stirred for 20 min at room temperature and then p-bromoaniline (0.52 g,
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3.0 mmol) and N, N-diisopropylethylamine (2.6 mL, 15 mmol) were added and the
reaction mixture was stirred for 2 days. The reaction mixture was filtered; the filtrate was
dissolved in 1:1 acetic acid:water (8 mL). A precipitate formed. This material was
filtered to provide the title product as the acetic acid salt (225 mg). (m/z): [M+H]" calcd
for C»1H2,BrNzO, 428.09 found 428.0.

Preparation 13: 4-(4-Cyclopropanecarbonyl-piperazin-1-yl)-N-[4'-((S)-2-
pyrrolidin-2-yl-1 H-imidazol-4-yl)-biphenyl-4-yl]-benzamide

0 O
<0
OO
o

NH

(a) (S)-2-(4-{4'-[4-(4-Cyclopropanecarbonyl-piperazin-1-yl)-benzoylamino]- biphenyl-4-

yl}-1H-imidazol-2-y1)-pyrrolidine-1-carboxvlic acid tert-butyl ester
To a mixture of (S)-2-{4-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-

phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-carboxylic acid tert-butyl ester (1.40 g, 3.19
mmol) and N-(4-bromo-phenyl)-4-(4-cyclopropanecarbonyl-piperazin-1-yl)-benzamide
(0.910 g, 2.12 mmol) in N, N-dimethylformamide (16.53 mL, 213.5 mmol) at RT was
added sodium bicarbonate (1.338 g, 15.93 mmol). Water (12.06 mL, 669.2 mmol) was
then added. Nitrogen was bubbled through the resulting mixture for 5 min and then
tetrakis(triphenylphosphine)palladium(0) (0.258 g, 0.223 mmol) was added. The reaction
mixture was heated at 90 °C under nitrogen overnight, cooled to RT, diluted with
methanol (30.0 mL), and filtered. The filtrate was concentrated and dissolved in ethyl
acetate (~3 mL) and hexanes (2 mL) was slowly added to give a precipitate of crude
product. This material was filtered to provide 150 mg of the product. The filtrate was
concentrated and subjected to the same precipitation conditions to provide an additional
50 mg of product. This material was combined with the first precipitation crop and was
used without further purification in the next step.

(b) 4-(4-Cyclopropanecarbonyl-piperazin-1-y1)-N-[4'-((S)-2-pyrrolidin-2-yl1H-imidazol-

4-y1)-biphenyl-4-yl]-benzamide

The product of the previous step (200 mg, 0.3 mmol) was dissolved in 4 M HCI in
1,4-dioxane (0.6 mL, 2 mmol). The reaction mixture was stirred for 4 h, and concentrated
under vacuum to provide the title compound as the HCl salt. (176 mg). (m/z): [M+H]"
caled for C34H3sNgO2 561.29 found 561.4.
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Preparation 14: (R)-Diethylamino-phenyl-acetic acid

T?Ng

Sodium cyanoborohydride (15 g, 238 mmol) was added in portions over a few
minutes to a cooled (ice/water) mixture of (R)-amino-phenyl-acetic acid (6.00 g, 39.7
5 mmol) and methanol (150 mL), and stirred for 5 min. Acetaldehyde (40 mL) was added

drop-wise over 10 min. The reaction mixture was stirred at the cooled temperature for 45
min and at ambient temperature for 6.5 hr. The reaction mixture was again cooled to
0 °C. Additional acetaldehyde (60 mL) was then added drop-wise over 10 min. The
reaction mixture was stirred at 0 °C for 45 min and at ambient temperature overnight.

10 The reaction mixture was cooled with an ice-water bath and treated with water (3 mL).
Concentrated HCI was added dropwise over 45 min until the pH of the mixture was 1.5-
2.0. The cooling bath was removed and stirring was continued while adding concentrated
HCI to maintain the pH of the mixture ~1.5-2.0. The reaction mixture was stirred
overnight, filtered, and the filtrate was concentrated under vacuum. The crude material

15  was purified by preparative HPLC and washed with ethyl acetate to afford the title
compound as a shiny white solid (5 g, 61 % yield). "H NMR (ds-DMSO, 400 MHz) &
(ppm) 7.47 (m, 2H), 7.36 (m, 3H), 4.34 (s, 1H), 2.90 (m, 2H), 2.86 (m, 2H), 1.03 (t, 6H).

Preparation 15: {(S)-1-[(S)-2-(5-{4'-[(6-Fluoro-pyridine-3-carbonyl)-amino]-
biphenyl-4-yl}-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl}-

20  carbamic acid methyl ester

Ay
0/&0 (

To a solution of ((S)-1-{(S)-2-[5-(4"-amino-biphenyl-4-y1)-1H-imidazol-2-yl]-

~

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (2000 mg, 4 mmol)
dissolved in dichloromethane (27.8 mL) and N, N-dimethylacetamide (2.82 mL, 30.3
25  mmol) was added a solution of 2-fluoropyridine-5-carbonyl chloride (691 mg,
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4.33 mmol) dissolved in dichloromethane (6.0 mL) and the reaction mixture mixture was
stirred at room temperature for 30 min. The reaction mixture was concentrated, dissolved
in @ minimal amount of dichloromethane and ethyl ether was slowly added until a white
precipitate formed. The mixture was sonicated and filtered to produce the HCI salt of the
desired product. The solid was dissolved in ethyl acetate (20 mL), stirred at room
temperature for 30 min, and filtered to produce the HCI salt of the title product as a free

flowing yellow solid (2.5 g). (m/z): [M+H]" calcd for C3,H33FN6O, 585.26 found 585.5.

Preparation 16: ((S)-2-Methyl-1-{(S)-2-[4-(4'-{|6-((S)-2-methyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-propyl)-carbamic acid methyl ester

i ete
& —
N O
HN\f"’(
I

A mixture of the hydrochloride salt of {(S)-1-[(S)-2-(5-{4'-[(6-fluoro-pyridine-3-

~0

carbonyl)-amino]-biphenyl-4-yl}-1H-imidazol-2-yl)-pyrrolidine- 1-carbonyl]-2-methyl-
propyl}-carbamic acid methyl ester (600.0 mg, 0.966 mmol) and (S)-3-methyl-piperazine-
1-carboxylic acid tert-butyl ester (0.290 g, 1.449 mmol) in dimethyl sulfoxide (1.5 mL)
and N,N-diisopropylethylamine (1.01 mL, 5.80 mmol) was heated at 120 °C overnight.
The reaction mixture was cooled to RT and water (5.0 mL) was added. The resulting
mixture was centrifuged and filtered. To the solid was added 4.0 M hydrogen chloride in
1,4-dioxane (4.9 mL, 20 mmol) and the reaction mixture was stirred at RT for 30 min,
and then concentrated. The residue was coevaporated with ethyl acetate (3 x 5.0 mL),
dissolved in 1:1 acetic acid:water (8 mL), filtered, and purified by reverse phase
preparative HPLC. Desired fractions were combined and freeze dried to give the title
compound as the trifluoroacetic acid salt (320 mg). (m/z): [M+H]" calcd for Cs;H,N;O,
665.36 found 665.4.
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Preparation 17: (R)-4-[5-(4-Bromo-3-methyl-phenylcarbamoyl)-pyridin-2-
yl]-3-methyl-piperazine-1-carboxylic acid tert-butyl ester

o HOLE

(a) N-(4-Bromo-3-methyl-phenyl)-6-fluoro-nicotinamide

5 To a solution of 4-bromo-3-methylaniline (200 mg, 1 mmol) dissolved in DCM (4
mL) was slowly added a solution of 2-fluoropyridine-5-carbonyl chloride (170 mg, 1.1
mmol) dissolved in DCM (1 mL). A white precipitate was observed. The reaction
mixture was concentrated to produce the HCI salt of the desired product.

(b) (R)-4-[5-(4-Bromo-3-methyl-phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine-1-

10 carboxvlic acid tert-butyl ester

The white solid from the previous step was dissolved in dimethyl sulfoxide (2 mL,
30 mmol), (R)-3-methyl-piperazine- 1-carboxylic acid ferz-butyl ester (220 mg, 1.1 mmol)
was added, followed by N, N-diisopropylethylamine (2 mL, 10 mmol. The reaction
mixture was heated at 120 °C overnight, cooled to RT, and extracted with ethyl

15 acetate/water. The organic layer was dried over sodium sulfate, filtered, concentrated,

and purified by silica gel chromatography (0-40% ethyl acetate:hexanes) to produce the
title compound as a light yellow solid (200 mg, 40 % yield). (m/z): [M+H]" calcd for
CxH%BrN,O; 489.15 found 489.4.

Preparation 18: ((S)-2-Methyl-1-{(S8)-2-[4-(2'-methyl-4'-{[6-((R)-2-methyl-
20  piperazin-1-yl)-pyridine-3-carbonyl]-aminoe}-biphenyl-4-yl)-1H-imidazol-2-yl]-

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

-

© = N/—\NH
OO
=N
NTO
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(a) (R)-4-[5-(4"-{2-[(S)-1-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-
yl]-1H-imidazol-4-y1}-2-methyl-biphenyl-4-ylcarbamoyl)-pyridin-2-yl]-3-methyl-

piperazine-1-carboxvlic acid tert-butyl ester

A mixture of [(S)-2-methyl-1-((S)-2- {4-[4-(4,4,5,5-tetramethyl-

[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-
carbamic acid methyl ester (200 mg, 0.41 mmol) and (R)-4-[5-(4-bromo-3-methyl-
phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine-1-carboxylic acid tert-butyl ester
(200 mg, 0.4 mmol; Preparation 17) was dissolved in 1,2-dimethoxyethane (4.25 mL,
40.9 mmol) and water (0.74 mL, 40.9 mmol) and the mixture was sparged under nitrogen.
Sodium bicarbonate (129 mg, 1.53 mmol) was added, followed by
tetrakis(triphenylphosphine)palladium(0) (70.8 mg, 0.0613 mmol). The reaction mixture
was further sparged with nitrogen, sealed under nitrogen and heated at 90 °C overnight.
The reaction mixture was extracted with ethyl acetate (5 mL) and water (3 mL); the
organic layer was dried over sodium sulfate, filtered and concentrated to produce a brown
oil, which was purified by reverse phase HPLC to produce the di-TFA salt of the title
intermediate. (m/z): [M+H]" caled for C,;HsN;Os 779.43 found 779.5.

(b) ((S)-2-Methyl-1-{(S8)-2-[4-(2"-methyl-4'- {[6-((R)-2-methyl-piperazin-1-y])-pyridine-3-
carbonyl]-amino }-biphenyl-4-y1)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-propyl)-

carbamic acid methyl ester

The TFA salt of the previous step was treated with 4 M HCl in 1,4-dioxane (3 mL,
10 mmol) and stirred at room temperature for 1 h. The reaction mixture was concentrated
and evaporated with ethyl acetate (2 x) to produce the tri-HCI salt of the title compound
as a yellow solid (180 mg, 60 % total yield). (m/z): [M+H]" calcd for CsH.N:O, 679.37
found 679.7.

Preparation 19: (S)-1-Acetyl-2-methyl-pyrrolidine-2-carboxylic acid

o O

o

To a solution of (S)-2-methyl-pyrrolidine-2-carboxylic acid (50.0 mg, 0.387
mmol) dissolved in N, N-dimethylacetamide (1.5 mL, 16 mmol) was added a solution of
acetyl chloride (31.9 mg, 0.406 mmol) dissolved in N, N-dimethylacetamide (0.5 mL), and

then N, N-diisopropylethylamine (1 mL, 6 mmol) was added and the reaction mixture
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stirred at room temperature for 30 minutes. The reaction mixture was concentrated to
produce the title compound as a light brown oil (30 mg, 40 % yield). (m/z): [M+H]" calcd
for CsH;3NO; 172.10 found 172.2.

Preparation 20: (S)-1-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-2-

methyl-pyrrolidine-2-carboxylic acid
&
o o "N o
oL M

To a solution of (S)-2-methoxycarbonylamino-3-butyric acid (543 mg, 3.10
mmol) dissolved in N, N-dimethylacetamide (10 mL, 11 mmol) was added HATU (1413
mg, 3.72 mmol) followed by N, N-diisopropylethylamine (1.62 mL, 9.29 mmol). The
reaction mixture stirred for 10 min and then (S)-2-methyl-pyrrolidine-2-carboxylic acid
(400 mg, 3.10 mmol) was added. The reaction mixture was stirred at room temperature
overnight, concentrated by rotary evaporation, dissolved in 1:1 acetic acid:water (5 mL),
filtered, and purified by preparative HPLC. Fractions with desired molecular weight were
combined and lyophilized to give the title compound (604 mg 68 % yield). [M+H] calcd
for C3H»N>O5 287.15 found 287.0

Preparation 21 (R)-4-|5-(4-Bromo-3-ethoxy-phenylcarbamoyl) -pyridin-2-yl]-

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

>
Bt oS

(a) N-(4-Bromo-3-cthoxy-phenyl)-6-fluoro-nicotinamide

To a solution of 4-bromo-3-ethoxyaniline hydrochloride (500 mg, 2 mmol)
dissolved in DCM (7 mL) was slowly added a solution of 2-fluoropyridine-5-carbonyl
chloride (240 mg, 1.5 mmol) dissolved in DCM (1.2 mL). A white precipitate was
observed. The reaction mixture was stirred for 1 h, and concentrated to produce the HCI1
salt of the title intermediate.

(m/z): [M+H]" calcd for C,,H,,BrFN,O, 339.01 found 339.0.
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(b) (R)-4-[5-(4-Bromo-3-ethoxy-phenylcarbamoyl)-pyridin-2-y1]-3-methyl-piperazine-1-

carboxvlic acid tert-butyl ester

The white solid from the previous step was dissolved in DMSO (3.2 mL,
44 mmol), (R)-3-methyl-piperazine-1-carboxylic acid tert-butyl ester (300 mg, 1.5 mmol)
5 was added, followed by N, N-diisopropylethylamine (2.6 mL, 14.8 mmol). The reaction
mixture was heated at 120 °C overnight, cooled to room temperature, and extracted with
ethyl acetate/water. The organic layer was dried over sodium sulfate, filtered,
concentrated, and purified by silica gel chromatography (0-40% ethyl acetate:hexanes) to
produce the title compound as a light yellow solid (324 mg, 42 % yield). (m/z): [M+H]"
10 caled for C,,H;,BrN,O, 519.15 found 519.5.

Preparation 22: ((S)-1-{(5)-2-[4-(2'-Ethoxy-4'-{[6-((R)-2-methyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

2

Q o) =N //\
w—N NH
Y- OO

15  (a) (R)-4-[5-(2-Ethoxy-4'-{2-[(S)-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-

pyrrolidin-2-v1]-1 H-imidazol-4-y1} -biphenyl-4-ylcarbamoyl)-pyridin-2-y1]-3-methyl-

piperazine-1-carboxylic acid tert-butyl ester
A mixture of [(S)-2-methyl-1-((S)-2- {4-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-
20  carbamic acid methyl ester (253 mg, 0.52 mmol) and the TFA salt of (R)-4-[5-(4-bromo-

3-ethoxy-phenylcarbamoyl) -pyridin-2-yl]- 3-methyl-piperazine-1-carboxylic acid fert-
butyl ester (324 mg, 0.52 mmol; Preparation 21) was dissolved in 1,2-dimethoxyethane
(5.32 mL, 51.2 mmol) and water (0.92 mL, 51.2 mmol) and the mixture was sparged
under nitrogen. Sodium bicarbonate (161 mg, 1.92 mmol) was added, followed by

25  tetrakis(triphenylphosphine)palladium(0) (89 mg, 0.077 mmol). The reaction mixture
was further sparged with nitrogen, sealed under nitrogen and heated at 90 °C overnight.

The reaction mixture was extracted with ethyl acetate and water. The organic layer was
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dried over sodium sulfate, filtered and concentrated to produce the title intermediate as a

brown oil. (m/z): [M+H]" calcd for C.;HsN:O, 809.43 found 809.6.

(b) ((S)-1-{(S)-2-[4- (2'-Ethoxy-4'-{[6- ((R)-2-methyl-piperazin-1-y])-pyridine-3-

carbonyl]-amino}-biphenyl-4-y1)-1H-imidazol-2-v1]-pyrrolidine-1-carbonyl}-2-

methvyl-propyl)-carbamic acid methyl ester

The brown oil of the previous step was treated with 4 M HCl in 1,4-dioxane (3.8
mL, 15.3 mmol) and stirred at room temperature for 1 h. The reaction mixture was
concentrated and evaporated with ethyl acetate (2 x) to produce to produce a brown solid.
The solid was dissolved in 1:1 acetic acid:water solution (4 mL), filtered, and purified by
reverse phase HPLC to produce the tri-TFA salt of the title compound as a yellow solid.
(m/z): [M+H] calcd for CsH,NsOs 709.37 found 709.9.

Preparation 23-1;: (R)-4-[5-(4-Bromo-3-trifluoromethoxy-phenylcarbamoyl)-
pyridin-2-yl]-3-methyl-piperazine-1-carboxylic acid fer-butyl ester

CF3
Br—@—NH \ 7 /" %

(a) N-(4-Bromo-3-trifluoromethoxy-phenyl)-6-fluoro-nicotinamide

To a solution of 4-bromo-3-trifluoromethoxy-phenylamine (300 mg, 1 mmol)
dissolved in DCM (5 mL) was slowly added a solution of 2-fluoropyridine-5-carbonyl
chloride (190 mg, 1.2 mmol) dissolved in DCM (1 mL). A white precipitate was
observed. The reaction mixture was concentrated to produce the HCI salt of the title

intermediate. (m/z): [M+H]" calcd for C,;H,BrF,N,0, 378.96 found 379.0.

(b) (R)-4-[5-(4-Bromo-3-trifluoromethoxy-phenylcarbamoyl)-pyridin-2-y1]-3-methyl-

piperazine-1-carboxvlic acid tert-butyl ester

The white solid from the previous step was dissolved in DMSO (2 mL) and (R)-3-
methyl-piperazine-1-carboxylic acid fert-butyl ester (230 mg, 1.2 mmol) was added,
followed by N,N-diisopropylethylamine (2 mL, 10 mmol). The reaction mixture was
heated at 120 °C overnight, cooled to room temperature, and extracted with ethyl
acetate/water. The organic layer was dried over sodium sulfate, filtered, concentrated,
and purified by silica gel chromatography (0-40% ethyl acetate:hexanes) to produce the
title compound as a light yellow solid (200 mg, 40 % yield). (m/z): [M+H]" calcd for
CxHa6BrFiN,0, 559.11, 561.11 found 561.0.
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Preparation 23-2; (R)-4-[5-(4-Bromo-3-trifluoromethyl-phenylcarbamoyl)-
pyridin-2-yl]-3-methyl-piperazine-1-carboxylic acid fer-butyl ester

FsC 'e) =N >—\ O‘é
DoSaVa G
Br NH O

Following the procedure of Preparation 23-1 substituting 5-amino-2-
5 bromobenzotrifluoride (300 mg, 1 mmol) for 4-bromo-3-trifluoromethoxy-phenylamine
(300 mg, 1 mmol), the title intermediate was prepared (m/z): [M+H]" calcd for
CxH,BrFsN,O; 543.11, 545.11 found 545.4.

Preparation 24: ((S)-2-Methyl-1-{(S5)-2-[4-(4"-{[6-((R)-2-methyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-
10 yl]-pyrrolidine-1-carbonyl}-propyl)-carbamic acid methyl ester

/CF3 ”1
0 0 =N /™
w—N NH
Y- OO
=N
NTO
HN™

LT

A mixture of [(S)-2-methyl-1-((S)-2- {4-[4-(4,4,5,5-tetramethyl-

~o

[1,3,2]dioxaborolan-2-yl)-phenyl]- 1 H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-
carbamic acid methyl ester (360 mg, 0.64 mmol) and (R)-4-[5-(4-bromo-3-

15  trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine- 1-carboxylic acid
tert-butyl ester (360 mg, 0.64 mmol; Preparation 23-1) was dissolved in 1,2-
dimethoxyethane (6.69 mL, 64.4 mmol) and water (1.16 mL, 64.4 mmol) and the mixture
was sparged under nitrogen. Sodium bicarbonate (203 mg, 2.41 mmol) was added,
followed by tetrakis(triphenylphosphine)palladium(0) (112 mg, 0.097 mmol). The

20  reaction mixture was further sparged with nitrogen, sealed under nitrogen and heated at
90 °C overnight. The reaction mixture was extracted with ethyl acetate (5 mL) and water
(3 mL); the organic layer was dried over sodium sulfate, filtered and concentrated to

produce a brown oil.



10

15

20

25

WO 2012/061552 PCT/US2011/059061

56

The oil from the previous step was treated with 4 M HCl in 1,4-dioxane (4 mL,
20 mmol) and stirred at room temperature for 1 h. The reaction mixture was concentrated
and evaporated with ethyl acetate (2 x) to produce the HCI salt of the title compound as a
yellow solid which was purified by preparative HPLC to provide the tri-TFA salt of the
title compound (150 mg, 21 % overall yield). (m/z): [M+H]" caled for CssH.sF3NgOs
749.33 found 749.5.

Preparation 25: ((S)-2-Methyl-1-{(S5)-2-[4-(4"-{[6-((R)-2-methyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-2'-trifluoromethyl-biphenyl-4-yl)-1 H-imid azol-2-
yl]-pyrrolidine-1-carbonyl}-propyl)-carbamic acid methyl ester

-
-
7

F3C, 0 =N
HNN NH\/N i
=N
=9
HN\f"’(
\o’go

A mixture of [(S)-2-methyl-1-((S)-2- {4-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]- 1 H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-
carbamic acid methyl ester (280 mg, 0.57 mmol) and (R)-4-[5-(4-bromo-3-
trifluoromethyl-phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine- 1 -carboxylic acid
tert-butyl ester (300 mg, 0.72 mmol; Preparation 23-2) was dissolved in 1,4-dioxane (5.8
mL, 75 mmol) and water (0.83 mL, 46 mmol). Cesium carbonate (560 mg, 1.7 mmol)
was added, the reaction mixture was sparged with nitrogen and then chloro(2-
dicyclohexylphosphino-2',4',6'-tri-isopropyl-1,1'-biphenyl)[2-(2-aminoethyl)phenyl]
palladium(Il) methyl-t-butylether adduct (28 mg, 0.034 mmol) was added.The reaction
mixture was sealed with nitrogen and heated at 95 °C for 3 h. The reaction mixture was
extracted with ethyl acetate and water; the organic layer was dried over sodium sulfate,
filtered and concentrated to produce an orange oil.

The oil from the previous step was treated with 4 M HCl in 1,4-dioxane (4 mL,
20 mmol) and stirred at room temperature for 1 h. The reaction mixture was concentrated
and evaporated with ethyl acetate (2 x) to produce the HCI salt of the title compound as a
yellow solid which was purified by preparative HPLC to provide the tri-TFA salt of the
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title compound (150 mg, 24 % overall yield). (m/z): [M+H]" calcd for CssH.:F3N;O.
733.34 found 733.5.

Preparation 26: (28,5R)-4-(5-Carboxy-pyridin-2-yl)-2,5-dimethyl-piperazine-

1-carboxylic acid fert-butyl ester

Ny —a
eV Ba

(a) (28.5R)-4-(5-Methoxycarbonyl-pyridin-2-y1)-2.5-dimethyl-piperazine- 1 -carboxylic

acid fert-butyl ester

A mixture of 6-fluoronicotinic acid methyl ester (200 mg, 1.29 mmol) and
(28,5R)- 2,5-dimethyl-piperazine-1-carboxylic acid tert-butyl ester was heated at 120 °C
in DMSO (2.0 mL) with potassium carbonate (178 mg, 1.29 mmol) for 2 h. The reaction
mixture was partitioned between cthyl acetate (20.0 mL) and water (5.0 mL). The organic
layer was washed with water (2 x 5.0 mL), dried over sodium sulfate, filtered and
concentrated to give the title intermediate as a yellowish oil.

(b) (28,5R)-4-(5-Carboxy-pyridin-2-y1)-2,5-dimethyl-piperazine-1-carboxylic acid tert-

butyl ester
The oil of the previous step was dissolved in methanol (10.0 mL, 247 mmol) and

water (2.5 mL, 140 mmol) and treated with lithium hydroxide monohydrate (108 mg,
2.58 mmol) at 40 °C overnight. The reaction mixture was concentrated; the residue was
dissolved in 1:1 acetic acid:water solution (6 mL), filtered, and purified by reverse phase
HPLC. Desired fractions were combined and freeze dried to give the tri-TFA salt of the
title compound as a white solid (327 mg, yield 56 %). (m/z): [M+H]" calcd for C,;HxN;0,
336.18 found 336.5.

Preparation 27: (2S,5R)-4-[5-(4-Bromo-3-trifluoromethoxy-
phenylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine-1-carboxylic acid zerz-butyl

ester

O,CF3 o N ¢/_\ 04%
Br@*WN\-—{l«O

To a solution of 4-bromo-3-trifluoromethoxy-phenylamine (190 mg, 0.74 mmol)

and N,N-diisopropylethylamine (0.65 mL, 3.73 mmol; in N, N-dimethylacetamide (3 mL)
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was added a solution of (25,5R)-4-(5-carboxy-pyridin-2-yl)-2,5-dimethyl-piperazine-1-
carboxylic acid tert-butyl ester TFA (330 mg, 0.74 mmol; Preparation 26) and HCTU
(401 mg, 0.97 mmol) in N, N-dimethylacetamide (3 mL). The reaction mixture was heated
at 50 °C overnight. The reaction mixture was concentrated by rotary evaporation,
extracted with ethyl acetate/sat. sodium carbonate, dried over sodium sulfate, filtered,
concentrated and purified by silica gel chromatography (0-50% ethyl acetate:hexanes) to
provide the title compound (155 mg, yield 36 %). (m/z): [M+H]" calcd for
CHBrFsN,O, 573.12, 575.12 found 575.5.

Preparation 28: ((S)-1-{(S)-2-[4-(4'-{[6-((2R,55)-2,5-Dimethyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-
yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

,CF3 =z
O e} =N
NH

\ /"
C?*ENH
N

A mixture of [(S)-2-methyl-1-((S)-2- {4-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-
carbamic acid methyl ester (86 mg, 0.17 mmol) and (25,5R)-4-[5-(4-bromo-3-
trifluoromethoxy-phenylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine-1-carboxylic
acid tert-butyl ester (100 mg, 0.2 mmol, Preparation 27) was dissolved in 1,4-dioxane
(1.8 mL, 23 mmol) and water (0.25 mL, 14 mmol). Cesium carbonate (170 mg, 0.52
mmol) was added. The reaction mixture was sparged with nitrogen and then
tetrakis(triphenylphosphine)palladium(0) (12.1 mg, 0.011 mmol) was added. The reaction
mixture was sealed under nitrogen and heated at 95 °C overnight. The reaction mixture
was extracted with ethyl acetate/water, the organic layer was dried over sodium sulfate
and concentrated to produce an orange oil.

The oil from the previous step was treated with 4 M HCl in 1,4-dioxane (2 mL,

7 mmol) and stirred at room temperature for 1 h. The reaction mixture was concentrated
and evaporated with ethyl acetate (2 x) to produce the HCI salt of the title compound as a
yellow solid which was purified by preparative HPLC to provide the tri-TFA salt of the
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title compound (150 mg, 30 % overall yield). (m/z): [M+H]" calcd for Cs,H.sF3N;Os
763.35 found 763.7.

Preparation 29-A: ((S)-1-{(5)-2-|4-(4-Bromo-3-methyl-phenyl)-1H-imidazol-
2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

HN \ Br
=N
NTO

ST

(a) 4-Bromo-N-methoxy-3.N-dimethyl-benzamide

A mixture of 4-bromo-3-methyl-benzoic acid (15 g, 0.069 mol), O, N-dimethyl
hydroxylamine (6.5 g, 0.1 mol) HATU (38 g, 0.1 mol), and triethylamine (20 g, 0.2 mol)
dissolved in DMF (50 mL) was stirred at RT for 12 h, concentrated, and purified by silica
gel chromatography (1:1 EtOAc: petroleum ether) to provide the title intermediate (11 g,
61 % yield) '"H NMR (CDCls, 400 MHz) & (ppm): 7.52 (m, 2H), 7.32 (m, 1H), 3.50 (s,
3H), 3.29 (m, 3H), 2.38 (s, 3H).

(b) 1-(4-Bromo-3-methyl-phenyl)-ethanone

Methyl lithium (24 mL, 0.038 mol) was added to a solution of the product of the
previous step (9 g, 0.035 mol) in THF (20 mL) at -78 °C and the reaction mixture was
stirred at RT for 12 h. The organic layer was washed with aqueous ammonium chloride
(20 mL), dried over sodium sulfate, filtered, concentrated and purified by silica gel
chromatography (1:5 EtOAc: petroleum ether) to provide the title intermediate (6 g, 81 %
yield) '"H NMR (CDClz, 400 MHz) & (ppm): 7.79 (m, 1H), 7.59 (m, 2H), 2.55 (d, J =2.8
Hz, 3H), 2.43 (d, /=0.4 Hz, 3H)

(c) 2-Bromo-1-(4-bromo-3-methyl-phenyl) -ethanone

Trimethyl phenylammonium tribromide (13 g, 0.036 mol) was added to a
solution of 1-(4-bromo-3-methyl-phenyl)-ethanone (6.3 g, 0.030 mol) in THF (30 mL)
and the reaction mixture was stirred at RT for 12 h, filtered, and concentrated to provide
the title intermediate (8.6 g, 100 % yield). "H NMR (CDCls, 400 MHz) & (ppm): 7.82(m,
1H), 7.66 (m, 2H), 4.38 (s, 2H), 2.56 (s, 3H)
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(d) (8)-Pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-3-methyl-phenyl)-2-oxo-ethyl]

ester 1-tert-butyl ester

A mixture of the product of the previous step (8.6 g, 0.03 mol), (S)-pyrrolidine-
1,2-dicarboxylic acid 1-tert-butyl ester (9.5 g, 0.044 mol), and potasium carbonate (12.4
g, 0.09 mol) was dissolved in ACN (50 mL) and the reaction mixture was stirred at RT
for 12 h and concentrated to provide the title intermediate (13 g, 100 % yield) (m/z):
[M+H-Boc]" caled for C,,H,,BrNO; 326.04 found 326.0.

(e) (8)-2-[4-(4-Bromo-3-methyl-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-carboxylic acid

tert-butyl ester

A mixture of the product of the previous step (13 g, 0.029 mol) and ammonium
acetate (47 g, 0.61 mol) dissolved in toluene (100 mL) was stirred at 110 °C for 12 h,
concentrated, and purified by silica gel chromatography (1:1 EtOAc:petroleum ether) to
provide the title intermediate (8 g, 68 % yield). '"HNMR (CDCl3, 400 MHz) 8 (ppm):
7.40 (m, 3H), 7.13 (m, 1H), 4.89 (m, 1H), 3.34 (m, 2H), 2.94 (m, 1H), 2.34 (s, 3H), 2.10
(m, 2H), 1.88 (m, 1H), 1.58 (m, 10H).
(f) 4-(4-Bromo-3-methyl-phenyl)-2-(S)-pyrrolidin-2-yl-1H-imidazole

To a solution of the product of the previous step (8 g, 0.020 mol) in methanol (3
mL) was added 4 N HCI in methanol (50 mL) at 0 °C. The reaction mixture was stirred at
RT for 4 h, and concentrated to give the title intermediate (6 g, 100 % yield) as a yellow
solid. (m/z): [M+H]" calcd for C,,;H,BrN; 306.06 found 307.7.
(g) ((9)-1-{(5)-2-[4-(4-Bromo-3-methyl-phenyl)-1 H-imidazol-2-yl]-pyrrolidine-1-

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

A mixture of the product of the previous step (6 g, 0.018 mol), (S)-2-
methoxycarbonylamino-3-methyl-butyric acid (4.6 g, 0.026 mol), HATU (10 g, 0.026
mol), and tricthylamine (5.3 g, 0.078 mol) dissolved in DCM (50 mL) was stirred at RT
for 12 h, concentrated and purified by silica gel chromatography (1:1 EtOAc:petroleum
ether) to provide the title intermediate (5.5 g, 69 % yield). 'H NMR (CDCl;, 400 MHz) &
(ppm): 10.4 (s, 1H), 7.64 (m, 1H), 7.46 (m, 2H), 7.17 (m, 1H), 5.50 (m, 1H), 5.39 (m,
1H), 4.34 (m, 1H), 3.86 (m, 1H), 3.69 (s, 3H), 3.60 (m, 1H), 2.45-2.01 (m, 6H), 1.07 (m,
1H), 0.851 (m, 6H).
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Preparation 29-B; ((S)-1-{(S)-2-[4-(4'-Amino-2,2'-dimethyl-biphenyl-4-yl)-
1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl

ester
-
=N
N \fO
HN ’(
\O/‘%O
5 Potassium carbonate (224 mg, 1.619 mmol) was added to a mixture of ((S)-1-{(S)-

2-[4-(4-bromo-3-methyl-phenyl)-1 H-imidazol-2-yl]-pyrrolidine- 1 -carbonyl } -2-methyl-
propyl)-carbamic acid methyl ester (150 mg, 0.324 mmol) and 3-methyl-4-(4,4,5,5-
tetramethyl-[ 1, 3,2]dioxaborolan-2-yl)-phenylamine (90.6 mg, 0.389 mmol) in toluene
(0.6 mL, 6 mmol) and water (0.3 mL, 20 mmol). The reaction mixture was degassed and

10 flushed with nitrogen. Tetrakis(triphenylphosphine)palladium(0) (44.9 mg, 0.039 mmol)
was added under nitrogen and then the reaction mixture was capped and heated at 100 °C
overnight, cooled to RT and partitioned between ethyl acetate (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%

15  EtOAc/hexanes). Desired fractions were combined and concentrated to give the title
compound as a light yellowish foam (135 mg, 85 % yield). (m/z): [M+H] calcd for
CxH15N505 490.27 found 490.6.

Preparation 30: ((S)-1-{(S)-2-[4-(4'-{[6-((2R,55)-2,5-Dimethyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-2,2'-dimethyl-biphenyl-4-yl)-1 H-imid azol-2-yl |-
20  pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

-

Q =N /™
WN NH
OO0
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(a) (28,5R)-4-[5-(4'-{2-[(S)-1-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-

pyrrolidin-2-vy1]-1 H-imidazol-4-y1}-2.2'-dimethyl-biphenvyl-4-ylcarbamoy])-pyridin-2-

y1]-2.5-dimethyl-piperazine-1-carboxvlic acid tert-butyl ester

A mixture of (25,5R)-4-(5-carboxy-pyridin-2-yl)-2,5-dimethyl-piperazine-1-

5 carboxylic acid tert-butyl ester TFA (80.8 mg, 0.180 mmol), EDC (34.4 mg, 0.180
mmol), and HOAt (24.5 mg, 0.180 mmol) in DMA (2.0 mL, 22 mmol)) was stirred at RT
for 20 min and then ((S)-1-{(S)-2-[4-(4"-amino-2,2'-dimethyl-biphenyl-4-yl)-1 H-imidazol-
2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (80.0 mg,
0.163 mmol; Preparation 29-B) was added followed by N, N-diisopropylethylamine (0.142

10  mL, 0.817 mmol). The resulting mixture was heated at 50 °C overnight. The reaction
mixture was partitioned between EtOAc (10 mL) and water (2 mL). The organic layer
was washed with water (2 mL), dried over sodium sulfate, filtered and concentrated to
give a yellowish oil. (m/z): [M+H]" calcd for C,sHssNsOs 807.45 found 807.6.

(b) ((8)-1-{(S)-2-[4-(4-{[6-((2R.55)-2.5-Dimethyl-piperazin-1-yl)-pyridine-3-carbonyl]-

15 amino}-2,2'-dimethyl-biphenyl-4-y1)-1H-imidazol-2-y1]-pyrrolidine-1-carbonyl}-2-

methvyl-propyl)-carbamic acid methyl ester

The oily residue from the previous step was treated with 4 M HCl in 1,4-dioxane
(1.5 mL, 6.0 mmol) at RT for 30 min. The reaction mixture was concentrated, the residue
was dissolved in 1:1 acetic acid:water solution (8 mL), filtered, and purified by reverse
20  phase HPLC. Desired fractions were combined and freeze dried to give the tri-TFA salt
of the title compound as a white solid (66 mg, yield 39 %). (m/z): [M+H]" calcd for
CHsoNgO4 707.40 found 707.8.

Preparation 31: (R)-4-[5-(4-Bromo-3,5-difluoro-phenylcarbamoyl)-pyridin-
2-yl]-3-methyl-piperazine-1-carboxylic acid fert-butyl ester

R o) =N /—\ o%
Br@WNuN O
25 F
To a solution of 4-bromo-3,5-difluoroaniline (250 mg, 1.2 mmol) dissolved in
DCM (5 mL) was added a solution of 2-fluoropyridine-5-carbonyl chloride (190 mg, 1.2
mmol) dissolved in DCM (2 mL) followed by addition of N, N-diisopropylethylamine

(100 uL, 0.60 mmol). The reaction mixture was stirred at RT for 1 h, and concentrated to

30  produce a clear oil.
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The oil from the previous step was dissolved in DMSO (2.6 mL, 36 mmol) and
(R)-3-methyl-piperazine-1-carboxylic acid tert-butyl ester (240 mg, 1.2 mmol) and N, V-
diisopropylethylamine (2.1 mL, 12 mmol) was added. The reaction mixture was heated at
120 °C overnight and extracted with ethyl acetate/water. The organic layer was dried

5 over sodium sulfate, filtered, concentrated and purified by silica gel chromatography (0-
40% ethyl acetate:hexanes) to produce the title product as a white solid (yield 62 %).
(m/z): [M+H]" caled for Co,H»sBrF,N,0; 511.11. 513.11 found 513.4.

Preparation 32: ((S)-1-{(5)-2-[4-(2',6'-Difluoro-4'-{[6-((R)-2-methyl-
piperazin-1-yl) -pyridine-3-carbonyl]- amino}-biphenyl-4-yl)-1 H-imidazol-2-yl]-
10 pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

-

R oL /=N /M
WN NH
O
=N
F

HN

LT

Following the procedure of Preparation 24 at the 0.4 mmol scale substituting the

~0

product of Preparation 31 for the product of Preparation 23-1, the tri-TFA salt of the title
compound was prepared. (m/z): [M+H]" caled for Cs;H,,FoN;O, 701.33 found 701.4.

15 Preparation 33: (R)-4-(5-Carboxy-pyridin-2-yl)-3-methyl-piperazine-1-

carboxylic acid fert-butyl ester
o o
Wa N—
HO — 0O

A mixture of 6-fluoronicotinic acid (150 g, 1.063 mol) and (R)-3-methyl-
piperazine-1-carboxylic acid tert-butyl ester (234.2 g, 1.169 mol) in tetrahydrofuran (1.75
20 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 HCI
(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

25  crude solid was added acetone (2 L) and water (200 mL). The resulting reaction mixture
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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

5 compound (329 g, 96 % yield) as an off-white solid. HPLC Method A: Retention time
9.73 min.

Preparation 34: (R)-4-[5-(4-Bromo-3-fluoro-phenylcarbamoyl)-pyridin-2-yl]-

3-methyl-piperazine-1-carboxylic acid zert-butyl ester
o /=N O‘é
w—N N—<
Br—QNH — O
F

10 A solution of (R)-4-(5-carboxy-pyridin-2-yl)-3-methyl-piperazine-1-carboxylic
acid tert-butyl ester (150 mg, 0.47 mmol, Preparation 33), EDC (130 mg, 0.70 mmol),
and HOAt (95 mg, 0.70 mmol) dissolved in DMA (4.3 mL, 47 mmol) was stirred at RT
for 30 min and then 4-bromo-3-fluoroaniline (89 mg, 0.47 mmol) was added, followed by
N,N-diisopropylethylamine (0.2 mL, 1.2 mmol). The reaction mixture was stirred at RT

15  overnight and extracted with ethyl acetate/water. The organic layer was dried over
sodium sulfate, filtered, concentrated, and purified by silica gel chromatography (eluted:
0-40% EtOAc:hexanes) to provide the title compound as a light yellow oil (100 mg, 40 %
yield). (m/z): [M+H]" caled for C,,H,BrFN,O; 493.12 found 493.2.

Preparation 35: ((S)-1-{(5)-2-[4-(2'-Fluoro-4'-{[6-((R)-2-methyl-piperazin-1-
20  yD-pyridine-3-carbonyl]-amine}-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

R @ =N /—\
WN NH
OO
=N
NTO
N0

A mixture of [(S)-2-methyl-1-((S)-2- {4-[4-(4,4,5,5-tetramethyl-

~

[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-
25  carbamic acid methyl ester (99 mg, 0.20 mmol) and (R)-4-[5-(4-bromo-3-fluoro-



10

15

20

25

30

WO 2012/061552 PCT/US2011/059061

65

phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine-1-carboxylic acid tert-butyl ester
(100 mg, 0.2 mmol, Preparation 34) was dissolved in 1,2-dimethoxyethane (2.06 mL,
19.9 mmol) and Water (0.358 mL, 19.9 mmol) and the mixture was sparged under
nitrogen. Sodium bicarbonate (62.6 mg, 0.75 mmol) was added, followed by
tetrakis(triphenylphosphine)palladium(0) (34.4 mg, 0.030 mmol). The reaction mixture
was further sparged with nitrogen, sealed under nitrogen, and heated at 90 °C overnight.
The reaction mixture was extracted with ethyl acetate (5 mL) and water (3 mL); the
organic layer was dried over sodium sulfate, filtered, and concentrated to produce a
brown oil.

The oil from the previous step was treated with 4 M HCl in 1,4-dioxane (3 mL, 10
mmol), stirred at room temperature for 1 h, concentrated, and evaporated with ethyl
acetate (2x) to produce the HCl salt of the title compound as a yellow solid, which was
purified by reverse phase HPLC to yield the tri-TFA salt of the title compound (100 mg).
(m/z): [M+H]  calcd for Cy;H:FN;O, 683.34 found 683.8.

Preparation 36: 6-[(R)-4-((S)-2,2-Dimethyl-cyclopropanecarbonyl)-2-methyl-
piperazin-1-yl]-nicotinic acid

<

—N —\ 0
) \ /N N
HO — oK

(a) 6-((R)-2-Methyl-piperazin-1-yl)-nicotinic acid methyl ester

To a mixture of (R)-4-(5-carboxy-pyridin-2-yl)-3-methyl-piperazine-1-carboxylic
acid tert-butyl ester (50 g, 0.156 mol) and methanol (500 mL) was slowly added
concentrated sulfuric acid (37 mL). The reaction mixture was warmed to 64 °C, stirred at
64 °C overnight, cooled to RT and then ice water (800 mL) was added followed by 50 %
aqueous sodium hydroxide (60 mL). The reaction mixture was extracted with ethyl
acetate (3 x 800 mL). Combined organic layers were dried over sodium sulfate and
evaporated to give the title intermediate as an oil. HPLC Method A: Retention time 3.50
and 3.72 min.

(b) 6-[(R)-4-((5)-2.2-Dimethyl-cyclopropanecarbonyl)-2-methyl-piperazin-1-yl]-nicotinic

acid methyl ester

To a cooled solution of the oil from the previous step in dimethylformamide (600
mL) was added (S5)-2,2-dimethyl-cyclopropanecarboxylic acid (16.89 g, 0.148 mol) and
HCTU (61.23 g 0.148 mol), followed by N, N-diisopropylethylamine (51.6 mL, 0.296
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mol). The reaction mixture was stirred at RT overnight, diluted with ethyl acetate (1 L)
and washed with 1:1 sodium carbonate:water. The aqueous phase was extracted with
ethyl acetate (500 mL). Combined organic phases were washed with saturated aqueous
sodium bicarbonate (500 mL) and water (1 L). The organic layer was extracted with 3 N
HCI (2 x 500 mL, 300 mL) and then 50% aqueous NaOH (169 g) was added to the
combined aqueous extract. After 30 min, the reaction mixture was filtered to give a solid
(51.1g). To the crude solid was added acetone (300 mL), followed by water (450 mL).
The reaction mixture was stirred at RT overnight and filtered to give the title intermediate
(36.86 g, 71.5% y over two steps) as a slightly yellow solid. HPLC Method B: Retention
time 15.05 min.

(c) 6-[(R)-4-((S)-2,2-Dimethyl-cyclopropanecarbonyl)-2-methyl-piperazin- 1 -yl]-nicotinic

acid

To a mixture of the product of the previous step (35.0 g, 0.106 mol) and methanol
(280 mL) was added 2 M LiOH in water (106 mL, 0.211 mol) keeping the temperature
under 30 °C. The reaction mixture was stirred at RT overnight, concentrated under
reduced pressure, and then ethanol (64 mL) was added, followed by 1 N HCI (230 mL).
Seed crystals from a previous run at smaller scale were added after 160 mL HCI1. After 1
h, the mixture was filtered to give the title compound (33.2 g, 99% yield) as a pale yellow
solid. HPLC Method B: Retention time 8.27 min.

Preparation 37: ((S)-1-{(5)-2-[4-(4'-Amino-2'-chloro-biphenyl-4-yl)-1 H-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
Cl

-
=N
N._O

Saturated aqueous sodium carbonate (0.2 mL) was added to a mixture of [(S)-2-
methyl-1-((S)-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 (100 mg, 0.20
mmol), 4-bromo-3-chloroaniline (46 mg, 0.22 mmol),
tetrakis(triphenylphosphine)palladium(0) (23 mg, 0.02 mmol), and water (0.3 mL). The

reaction mixture was purged with nitrogen and then 1,4-dioxane (0.7 mL) was added.
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The reaction mixture was degassed, stirred, and heated at 90 °C overnight. Water and
ethyl acetate were added; the reaction mixture was concentrated; dissolved in 1:1 acetic
acid:water (1 mL) and purified by preparative HPLC. Fractions were combined, adjusted
to pH 8-9 with aqueous sodium bicarbonate, and extracted with DCM. Extracts were
washed with water, dried with sodium sulfate, and concentrated. The concentrate was
dissolved in methanol and concentrated under vacuum to provide the title compound

(m/z): [M+H]" calcd for CosH3,CIN;O5 496.20 found 496.7.

Preparation 38-A: ((S)-1-{(5)-2-|4-(4-Bromo-3-fluoro-phenyl)-1 H-imidazol-
2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

HN \ Br
=
F
Nfo
HN ’(
Ao

~0

(a) 1-(4-Bromo-3-fluoro-phenyl)-2-chloro-ethanone

Oxalyl dichloride (6.1 g, 48 mmol) was added to a solution of 4-bromo-3-fluoro-
benzoic acid (7 g, 32 mmol) in DCM (80 mL) at 0 °C followed by DMF (0.2 mL) and the
reaction mixture was stirred at RT for 2 h and then conentrated under vacuum to provide
crude 4-bromo-3-fluoro-benzoyl chloride.

To the crude product dissolved in DCM (50 mL) was added 2 N
trimethylsilyldiazomethane (48 mL, 96 mmol) at 0 °C and the reaction mixture was
stirred at RT for 3 h. Acetic acid was added and the reaction mixture was diluted with
DCM, washed with brine, and concentrated to provide crude 1-(4-bromo-3-fluoro-
phenyl)-2-diazenyl-2-trimethylsilanyl-ethanone (8.0 g).

To a solution of the product of the previous step (8.0 g) in THF (50 mL) was
added 4 N HCl in dioxane (20 mL) at 0 °C and the reaction mixture was stirred at RT for
3 h, concentrated, and EtOAc (100 mL) was added. The solution was washed with
sodium bicarbonate, dried, concentrated, and purified by silica gel chromatography
(eluted with 5:1 petroleum ether:EtOAc) to give the title intermediate (6.5 g, 81 % yield).
(m/z): [M+H]  calcd for CsHsBrCIFO 252.93 found 252.7. '"H NMR (CDCl3, 400 MHz) 0
(ppm): 7.72-7.76 (2H, M), 7.63-7.65 (1H, m), 4.64 (2H, s).
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(b) (S)-Pyrrolidine-1,2-dicarboxylic acid 2-[2-(4-bromo-3-fluoro-phenyl)-2-oxo-ethyl]

ester 1-tert-butyl ester

To a solution of the product of the previous step (6.1 g, 28.4 mmol) in DMF (100
mL) was added (S)-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester (6.5 g, 25.8 mmol)
and cesium carbonate (16.8 g, 51.6 mmol) and the reaction mixture was stirred at RT for
2 h. Ethyl acetate (500 mL) was added and the solution was washed with brine (4 x 50
mL), dried, and concentrated to give the title intermediate as a dark oil (10 g). (m/z):

[M+H-Boc]" caled for CisH,BrFNOs 330.02 found 331.9.

(c) (8)-2-[4-(4-Bromo-3-fluoro-phenyl)-1H-imidazol-2-yl]-pyrrolidine- 1 -carboxylic acid

tert-butyl ester

Ammonium acetate (39.8 g, 516 mmol) was added to a solution of the product of
the previous step (10 g, 25.8 mmol) in toluene (150 mL) and the reaction mixture was
stirred at reflux overnight. Ethyl acetate (200 mL) was added, and the solution was
washed with water (3 x 50 mL), dried, concentrated, and purified by silica gel
chromatography (eluted with 4:1 petroleum ether: EtOAc) to give the title product as a
yellow solid (4.2 g). (m/z): [M+H]" caled for C,sH,BrEN;O, 410.09 found 409.9. 'H
NMR (CDCls, 400 MHz) & (ppm): 7.41-7.56 (3H, m), 7.25 (1H,s), 4.97 (1H, d), 3.43 (2H,
m), 3.01 (1H,s), 2.10 (2H,m), 1.98 (2H.m). 1.42-1.51 (10H,m).

(d) (S)-1-{(S)-2-[4-(4-Bromo-3-fluoro-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-

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

To a solution of the product of the previous step (4.2 g, 10.24 mmol) in methanol
was added 4 N HCl in dioxane (30 mL) and the reaction mixture was stirred at RT for 2 h
and concentrated to give crude 4-(4-bromo-3-fluoro-phenyl)-2-(S)-pyrrolidin-2-yl-1H-
imidazole (4.1 g)

To a solution of the crude product (4.1 g, 10.24 mmol) in DMF (70 mL) was
added (S)-2-methoxycarbonylamino-3-methyl-butyric acid (1.97 g, 11.26 mmol), HATU
(4.67 g, 12.29 mmol) and triethylamine (3.11 g, 30.72 mmol) and the reaction mixture
was stirred at RT overnight. Ethyl acetate (200 mL) was added, and the solution was
washed with brine (3 x 40 mL), dried, filtered, concentrated, and purified by silica gel
chromatography (eluted with 2:1 petroleum ether:EtOAc) to give the title product as a
yellow solid (2.6 g, 54 % yield) (m/z): [M+H]" calcd for C,,H,BrN4Oz 467.11 found
468.9. "H NMR (CD;OD, 400 MHz) & (ppm): 7.51-7.62 (m, 2 H), 7.40-7.42 (m, 2 H),
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5.12-5.16 (m, 1 H), 4.22-4.20(m, 1 H), 4.05-3.95 (m, 1 H), 3.88-3.82 (m, 1 H), 3.65 (s, 3
H), 2.41-2.11 (m, 3 H), 2.05-1.99 (m, 1 H), 0.97-0.88 (m, 7 H).

Preparation 38-B: ((S)-1-{(S5)-2-[4-(4'-Amino-2,2'-difluoro-biphenyl-4-yl)-
1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl

5 ester

F
ya A e
=N
F
O

Y
sl

Potassium carbonate (300 mg, 2.1 mmol) was added to a solution of ((S)-1-{(S)-
2-[4-(4-bromo-3-fluoro-phenyl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-
propyl)-carbamic acid methyl ester (200 mg, 0.4 mmol) and 3-fluoro-4-(4,4,5,5-

10 tetramethyl-[1, 3,2]dioxaborolan-2-yl)-phenylamine(130 mg, 0.55 mmol) dissolved in
toluene (0.91 mL, 8.6 mmol) and water (0.38 mL, 21 mmol). The reaction mixture was
sparged under nitrogen. Tetrakis(triphenylphosphine)palladium(0) (59 mg, 0.051 mmol)
was added and the reaction mixture was sparged with nitrogen and heated at 100 °C
overnight. The reaction mixture was diluted in ethyl acetate and washed with water and

15  brine. The organic layer was dried over sodium sulfate, filtered and concentrated to
produce a red solid. (m/z): [M+H]" calcd for C,H,F,NsO, 498.20 found 498.5

The red solid was purified by silica gel chromatography (0-100% ethyl
acetate:hexanes) to produce the desired product as a yellow solid, containing
triphenylphosphine oxide. A portion of the yellow solid (50 mg) was dissolved in 1:1

20  acetic acid:water (5 mL) and purified by reverse phase HPLC to produce the TFA salt of
the title intermediate as a white powder (210 mg, 99.3 % purity).
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Preparation 39: ((S)-1-{(5)-2-[4-(4'-Amino-5'-fluoro-2'-trifluoromethyl-
biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-

carbamic acid methyl ester

FsC
O
=N
F

N._.O

HN\j'(

Ao

5 A mixture of 4-bromo-2-fluoro-5-(trifluoromethyl)aniline (78 mg, 0.302 mmol)

and [(S)-2-methyl-1-((S)-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 (150 mg,
0.302 mmol) in toluene (0.6 mL, 6 mmol) and water (0.4 mL, 20 mmol) was purged with
nitrogen. Potassium carbonate (208.8 g, 1.511 mmol) and tetrakis(triphenylphosphine)-

10 palladium(0) (35 mg, 0.030 mmol) were added under an atmosphere of nitrogen. The
reaction mixture was capped and heated at 100 °C overnight, cooled to RT, and
partitioned between ethyl acetate (5.0 mL) and water (1.5 mL).The organic layer was
dried over sodium sulfate, filtered, and concentrated to give a yellowish oil, which was
purified by silica gel chromatography (12g silica gel, 0-100% EtOAc/hexanes). Desired

15  fractions were combined and concentrated to give the title intermediate as a yellowish

solid (128 mg, 77 % yield) . (m/z): [M+H]" caled for C,H,,F4N5O; 548.22 found 548.6.

Preparation 40: {(S)-1-[(S)-2-(4-{5'-Fluoro-4'-[(6-fluoro-pyridine-3-
carbonyl)-amino|-2'-trifluoromethyl-biphenyl-4-y1}-1 H-imidazol-2-yl)-pyrrolidine-1-
carbonyl]-2-methyl-propyl}-carbamic acid methyl ester

F3C O —N
F
Y- O
c*\ ”
F
NTO
HN ’(
20 ogae

To a solution of ((S)-1-{(8)-2-[4-(4"-amino-5'-fluoro-2'-trifluoromethyl-biphenyl-
4-yl)-1H-imidazol-2-yl]-pyrrolidine- 1-carbonyl }-2-methyl-propyl)-carbamic acid methyl
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ester (128 mg, 0.234 mmol; Preparation 39) in DCM (3 mL, 47 mmol) and DMA

(0.3 mL, 3 mmol) was added 2-fluoropyridine-5-carbonyl chloride (37 mg, 0.234 mmol),
and the resulting solution was stirred at RT overnight. The reaction mixture was
concentrated by rotary evaporation to give the monoHCI salt of the title intermediate as a
brownish oil (163 mg), which was used without further purification. (m/z): [M+H] calcd
for Cy;H;,FsNO, 671.23 found 671.7.

Preparation 41: ((S)-1-{(5)-2-[4- (5'-Fluoro-4'-{[6-((R)-2-methyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-2'-trifluoromethyl-biphenyl-4-yl)-1 H-imid azol-2-
yl]- pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

-
-

F3C e} =N 7\
WN NH
NH —/

N TO
HN '(
o~ 0O
A solution of {(S)-1-[(5)-2-(4-{5'-fluoro-4'-[(6-fluoro-pyridine-3-carbonyl)-
amino]-2'-trifluoromethyl-biphenyl-4-yl} -1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-

~

methyl-propyl}-carbamic acid methyl ester HCI (100 mg, 0.141 mmol, Preparation 40),
(R)-3-methyl-piperazine-1-carboxylic acid tert-butyl ester (283 mg, 1.414 mmol), and
N,N-diisopropylethylamine (246.3 uL, 1.414 mmol) was stirred in DMSO (1.5 mL,

21 mmol) at 120 °C overnight. The reaction mixture was concentrated by rotary
evaporation to provide a crude intermediate which was treated with 4.0 M HCl in 1,4-
dioxane (1.0 mL, 4.0 mmol) for 1 h, concentrated by rotary evaporation, dissolved in 1:1
acetic acid:water (8 mL), filtered and purified by reverse phase HPLC. Fractions were
combined and lyophilized to give the tri-TFA salt of the title intermediate (54 mg, 35 %
yield). (m/z): [M+H]" caled for CysH.,,F4N;O, 751.33 found 751.7.

Preparation 42: 4-Bromo-2-fluoro-5-trifluoromethoxy-phenylamine

CF;
O

Br—<i%—NH2

F
To a mixture of 2-fluoro-5-(trifluoromethoxy)aniline (1 g, S mmol) dissolved in

DMF (2 mL) was slowly added a solution of N-bromosuccinimide (1.1 g, 6.2 mmol)
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dissolved in DMF (2 mL). The reaction mixture was stirred at room temperature for 1 h,
concentrated and extracted with ethyl acetate/water. The organic layer was dried over
sodium sulfate, filtered, concentrated and purified by silica gel chromatography (eluted 0-
10% ethyl acetate:hexanes) to produce the title intermediate as a red oil (818 mg, 58 %
yield). (m/z): [M+H]" calcd for C;H,BrF,NO 273.94,275.94 found 276.1.

Preparation 43: ((S)-1-{(5)-2-[4-(4'-Amino-5'-fluoro-2'-trifluoromethoxy-
biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-
carbamic acid methyl ester

,CF3

(@)
o

F
Nfo
HN™

LT

Potassium carbonate (350 mg, 2.5 mmol) was added to a solution of [(S)-2-

methyl-1-((S)-2- {4-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-

~o

imidazol-2-yl}-pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl ester (250 mg,
0.50 mmol) and 4-bromo-2-fluoro-5-trifluoromethoxy-phenylamine (140 mg, 0.50 mmol;
Preparation 42) dissolved in toluene (2 mL) and water (0.54 mL). The reaction mixture
was sparged under nitrogen. Tetrakis(triphenylphosphine)palladium(0) (70 mg, 0.06
mmol) was added and the reaction mixture was sparged with nitrogen and heated at 100
°C overnight. The reaction mixture was diluted in ethyl acetate and washed with water
and brine. The organic layer was dried over sodium sulfate, filtered, and concentrated to
produce a red solid, which was purified by silica gel chromatography (0-100% ethyl
acetate:hexanes) to produce the desired product as a white solid with some
triphenylphosphine oxide impurity. (m/z): [M+H]" calcd for Cy7H,F4NsO4 564.2 found
564.4.

The solid (50 mg) was dissolved in 1:1 acetic acid:water (5 mL) and purified by
reverse phase HPLC to produce the TFA salt of the title intermediate as a white solid
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Preparation 44: ((S)-1-{(5)-2-[4- (5'-Fluoro-4'-{[6-((R)-2-methyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-
yl]- pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

CF3 ,

O e} =N /—\
WN NH
NH —/

F
N j//O
HN (
\o’go
(a) {(S)-1-[(85)-2-(4-{5'-Fluoro-4'-[(6-fluoro-pyridine-3-carbonyl)-amino]- 2'-

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

methyl-propyl}-carbamic acid methyl ester

To a solution of ((S)-1-{(S)-2-[4-(4"-amino-5'-fluoro-2'-trifluoromethoxy-
biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic
acid methyl ester (50 mg, 0.09 mmol, Preparation 43) in DCM (0.6 mL, 9 mmol) was
slowly added 2-fluoropyridine-5-carbonyl chloride (10 mg, 0.09 mmol;) and the reaction
mixture was stirred at room temperature for 5 min and then concentrated to provide a
colored solid.

(b) (R)-4-[5-(5-Fluoro-4'-{2-[(8)-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-

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

pyridin-2-yl]-3-methyl-piperazine- 1-carboxylic acid fert butyl ester

The solid from the previous step was dissolved in a mixture of dimethyl sulfoxide
(0.20 mL, 2.8 mmol) and N, N-diisopropylethylamine (0.32 mL, 1.8 mmol) and then (R)-
3-methyl-piperazine-1-carboxylic acid fert-butyl ester (180 mg, 0.91 mmol) was added
and the reaction mixture was heated at 120 °C overnight and concentrated by rotary
evaporation to produce a dark colored oil.
(c) ((9)-1-{(85)-2-[4- (5'-Fluoro-4'-{[6-((R)-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

The oil from the previous step was treated with 4 M HCl in 1,4-dioxane (2 mL, 8
mmol) and heated at 50 °C for 1 h. The reaction mixture was concentrated, and
evaporated with ethyl acetate (2 x) to produce the HCI salt of the desired product as a
solid, which was purified by reverse phase HPLC to produce the tri-TFA salt of the
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desired product as a white solid (53 mg, 50 % yield). (m/z): [M+H]" calcd for
C38H42F4N805 767.32 found 767.7

Preparation 45: 4-Bromo-3-trifluoromethoxy-benzoic acid methyl ester

(a) 4-Amino-3-trifluoromethoxy-benzoic acid methyl ester

A mixture of 4-amino-3-(trifluoromethoxy)benzoic acid (5 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
evaporated with EtOAc (3 x 20 mL) and dried under vacuum to provide the HCI salt of
the title intermediate (6.9 g).

(b) 4-Bromo-3-trifluoromethoxy-benzoic acid methyl ester

The product of the previous step (2.00 g, 7.36 mmol) was dissolved in a mixture
of acetonitrile (89 mL) and water (9.2 mL) at RT. Copper(Il) bromide (2.27 g,
10.2 mmol) was added followed by tert-butyl nitrite (1.51 mL, 12.7 mmol) dropwise. The
resulting mixture was heated at 70 °C for 1 hour, cooled to RT, and treated wtih saturated
sodium bicarbonate (30 mL). The mixture was extracted with EtOAc (100 mL). The
aqueous layer was extracted with EtOAc (100 mL). Combined organic layers were
washed with brine (30 mL), dried over sodium sulfate, filtered, and concentrated to give a
brownish oil, which was purified by silica gel chromatography, (0-30% EtOAc/hexanes).
Desired fractions were combined and concentrated to give the title intermediate as a light

yellowish oil (1.57 g, 71 % yield) which was confirmed by NMR.

Preparation 46: 4'-{2-[(S)-1-((S) -2-Methoxycarbonylamino-3-methyl-
butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-y1}-2-trifluoromethoxy-biphenyl-4-

carboxylic acid
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To a mixture of 4-Bromo-3-trifluoromethoxy-benzoic acid methyl ester (331 mg,
1.11 mmol; Preparation 45) and [(S)-2-methyl-1-((S)-2-{4-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-
carbamic acid methyl ester (500 mg, 1.01 mmol) in toluene (1 mL) and water (1 mL) at
RT was added potassium carbonate (696 mg, 5.04 mmol). The mixture was degassed and
flushed with nitrogen. Tetrakis(triphenylphosphine)palladium(0) (116 mg, 0.101 mmol)
was added under niotrogen and then the reaction mixture was capped and was heated at
100 °C overnight, cooled to RT and partitioned between EtOAc (20 mL) and water (5
mL). The organic layer was dried over sodium sulfate, filtered and concentrated to give a
brownish oil.

The oily residue from the previous step was treated with methanol (6 mL) and
water (1 mL) and lithium hydroxide monohydrate (254 mg, 6.04 mmol) at 65 °C for 1
hour. The reaction mixture was concentrated and the resulting residue was treated with
1:1 acetic acid:water (20 mL), filtered, and purified by reverse phase HPLC. Desired
fractions were combined and freeze dried to give the TFA salt of the title intermediate as
a white solid (190 mg). (m/z): [M+H]" caled for CrgH,,F3N4Og 575.20 found 575.5.

Preparation 47: (R)-2-Methyl-1-(5-nitro-pyridin-2-yl)-piperazine

/,
‘%

7N
N N NH
Oz — _/

(a) (R)-3-Methyl-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), (R)-3-methyl-piperazine-
1-carboxylic acid fert-butyl ester (1.4 g, 6.9 mmol) and potassium carbonate (1.308 g,
9.46 mmol) in DMSO (20 mL) was heated at 100 °C overnight. The reaction mixture was
cooled to RT, and filtered through a pad of silica gel, eluted with EtOAc (150 mL). The
filtrate was washed with water (2 x 20 mL) and brine (20 mL), dried over sodium sulfate,
filtered and concentrated to give a brownish oil which was purified by silica gel
chromatography (80g silica gel, 0-60% EtOAc/hexanes). Desired fractions were
combined and concentrated to give the title intermediate as a yellowish solid. (m/z):
[M+H]" caled for C;sH.,N4O4 323.16 found 323.3.

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

The solid from previous step was treated with 4 M HCl in 1,4-dioxane (47.3 mL)
and HCI (11.6 mL) and the reaction mixture was stirred at RT for 2 h and concentrated to

produce a yellow solid, which was evaporated twice with ethyl acetate to yield the diHCI
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salt of the title intermediate (940 mg, 50 % yield) as a yellow solid. (m/z): [M+H]" calcd
for C10H14N402 223.11 found 223.2.

Preparation 48: ((8)-1-{(5)-2-[(R)-4-(5-Amino-pyridin-2-yl)-3-methyl-
piperazine-1-carbonyl]- 2-methyl-pyrrolidine-1-carbonyl}-2-methyl-propyl)-

carbamic acid methylester

O_
N ,—\ o O HN/QO
H,N 7 SN N
— / N

\M

(a) ((S)-2-Methyl-1-{(S)-2-methyl-2-[(R)-3-methyl-4-(5-nitro-pyridin-2-yl) -piperazine-

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

(8)-1-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-2-methyl-pyrrolidine-2-
carboxylic acid (770 mg, 2.7 mmol) was dissolved in DMA (17 mL) and HATU (1.0 g,
2.7 mmol) was added. The reaction mixture was stirred for 20 min and then (R)-2-methyl-
1-(§-nitro-pyridin-2-yl)-piperazine di-HCI (700 mg, 2 mmol; Preparation 47) was added
followed by N, N-diisopropylethylamine (2.0 mL, 11 mmol) and the reaction mixture was
stirred at 55 °C overnight, cooled to RT, concentrated by rotary evaporation and extracted
with EtOAc/water. The organic layer was washed with water, and then brine, dried over
sodium sulfate, concentrated under vacuum, and purified by silica gel chromatography (0-
100% ethyl acetate:hexanes) to yield the title intermediate (970 mg) as a yellow oil. (m/z):
[M+H]" calcd for Cp3sH3,NOs 491.25 found 491.7.

(b) -1-{(8)-2-[(R)-4-(5-Amino-pyridin-2-yl)-3-methyl-piperazine- 1 -carbonyl]-2-

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

The oil from the previous step was dissolved in methanol (15 mL) and treated
with 50 % wet palladium hydroxide on carbon (20 % w/w) (13 mg, 0.45 mmol) and
stirred for 2 h at RT. The reaction mixture was filtered through Celite, and concentrated
under vacuum to produce a dark red oil, which was purified by silica gel chromatography
(0-100% ethyl acetate:hexanes for 15 min then 0-5% methanol:EtOAc for another 15
min) to yield the title intermediate (375 mg; 40 % yield) as a reddish solid. (m/z): [M+H]"
caled for C3H3sNgO4 461.28 found 461.6.
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Preparation 49: (2S,5R)-4-|5-(4-Bromo-2-fluoro-5-trifluoromethoxy-
phenylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine-1-carboxylic acid zerz-butyl

{;

ester

CF,

) e} =N 7\ O

=

Br NH \—Q 0
F

5 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.

10 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%

15  ecthyl acetate:hexanes) to produce the title intermediate (613 mg, 57 % yield) as a white
solid. (m/z): [M+H]" calcd for Cy4HF4N404 591.12 found 591.4.

Preparation 50: ((S)-1-{(S)-2-[4-(4'-{[6-((2R,55)-2,5-Dimethyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-5'-fluoro-2'-trifluoromethoxy-biphenyl-4-yl)-1 H-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

CFs3 =,
/N
N NH

&w =

F
NTO
HN™

LT

Potassium carbonate (470 mg, 3.4 mmol) was added to a solution of [(S)-2-

methyl-1-((S)-2- {4-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-

/

~

20 (6]

imidazol-2-yl}-pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl ester (340 mg, 0.68
mmol) and (28,5R)-4-[5-(4-bromo-2-fluoro-5-trifluoromethoxy-phenylcarbamoyl)-
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pyridin-2-yl]-2,5-dimethyl-piperazine-1-carboxylic acid tert-butyl ester (400 mg, 0. 68
mmol; Preparation 49) dissolved in toluene (2.5 mL) and water (0.73 mL). The reaction
mixture was sparged under nitrogen. Tetrakis(triphenylphosphine)palladium(0) (94 mg,
0.081 mmol) was added and the reaction mixture was sparged with nitrogen and heated at
100 °C for 4 h. The reaction mixture was diluted in ethyl acetate and washed with water
and brine. The organic layer was dried over sodium sulfate, filtered, and concentrated to
produce (28,5R)-4-[5-(5-fluoro-4'-{2-[(8)-1-((S)-2-methoxycarbonylamino-3-methyl-
butyryl)-pyrrolidin-2-yl]-1H-imidazol-4-yl1} -2-trifluoromethoxy-biphenyl-4-
ylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine-1-carboxylic acid fert-butyl ester as a
red solid.

The solid from the previous step was treated with 4 M HCl in 1,4-dioxane (5 mL,
20 mmol) and stirred at 50 °C for 30 min. The reaction mixture was concentrated,
dissolved in 1:1 acetic acid:water (8 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 (490 mg, 64 % yield) as a white powder. (m/z): [M+H]" calcd for
C39H.,F4NgOs 781.34 found 781.6.

Preparation 51: 5-Amino-2-bromo-4-chlorobenzotrifluoride
FiC

Br~<i%—NH2

Cl

A solution of N-bromosuccinimide (1.0 g, 5.6 mmol) dissolved in DMF (3 mL)
was slowly added to a mixture of 3-amino-4-chlorobenzotrifluoride (1 g, S mmol)
dissolved in DMF (2 mL) and the reaction mixture was stirred at RT for 20 min,
concentrated, and extracted with ethyl acetate/water. The organic layer was dried over
sodium sulfate, filtered, concentrated, and purified by flash chromatography (eluted with
100% hexanes) to produce the title intermediate as a reddish colored oil (970 mg, 70 %
yield). (m/z): [M+H]" calcd for C;H,BrCIF;N 273.92, 275.92 found 276.2.
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Preparation 52 ((S)-1-{(S)-2-[4-(4'-Amino-5'-chloro-2'-trifluoromethyl-
biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-

carbamic acid methyl ester

FsC
O
=N
Cl

N._.O
HN\j'(
Ao
5 Potassium carbonate (280 mg, 2.0 mmol) was added to a solution of [(S)-2-
methyl-1-((S)-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 (200 mg, 0.40
mmol) and 5-amino-2-bromo-4-chlorobenzotrifluoride (110 mg, 0.40 mmol; Preparation
51) dissolved in toluene (1.3 mL) and water (0.43 mL). The reaction mixture was sparged
10 under nitrogen. Tetrakis(triphenylphosphine)palladium(0) (56 mg, 0.48 mmol) was added
and the reaction mixture was sparged with nitrogen and heated at 100 °C for 4 h. The
reaction mixture was diluted in ethyl acetate and washed with water and brine. The
organic layer was dried over sodium sulfate, filtered, and concentrated to produce a red
solid, which was purified by silica gel chromatography (0-100% ethyl acetate:hexanes) to
15  produce the desired product as a yellow solid.
The solid (~30 mg) was dissolved in 1:1 acetic acid:water (5 mL) and purified by
reverse phase HPLC to produce the di-TFA salt of the title intermediate (31.1 mg). (m/z):
[M+H]" calcd for Co7HCIF3NsOz 564.19 found 564.2.

Preparation 53: ((§)-1-{(5)-2-[4-(5'-Chloro-4'-{[6-((R)-2-methyl-piperazin-1-
20  yD-pyridine-3-carbonyl]-amine}-2'-trifluoromethyl-biphenyl-4-yl)-1 H-imidazol-2-
yl]- pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acidmethyl ester

-

F3C, o] =N/
WN NH
- O
=9
cl
NTO
HN (

~o" o
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To a solution of ((S)-1-{(8)-2-[4-(4"-amino-5'-chloro-2'-trifluoromethyl-biphenyl-
4-yl)-1H-imidazol-2-yl]-pyrrolidine- 1-carbonyl }-2-methyl-propyl)-carbamic acid methyl
ester (50 mg, 0.09 mmol; Preparation 52) dissolved in DCM (0.3 mL) was slowly added a
solution of 2-fluoropyridine-5-carbonyl chloride (14 mg, 0.091 mmol) dissolved in DCM
(0.3 mL). The reaction mixture was stirred at RT for 5 min and concentrated to produce
{(S)-1-[(S)-2-(4-{5'-chloro-4'-[(6-fluoro-pyridine-3-carbonyl)-amino]-2'-trifluoromethyl-
biphenyl-4-yl}-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-propyl} -carbamic
acid methyl ester as a yellow solid.

The yellow solid from the previous step was dissolved in a mixture of DMSO (0.3
mL, 4 mmol) and N, N-diisopropylethylamine (0.3 mL, 2 mmol) and (R)-3-methyl-
piperazine-1-carboxylic acid tert-butyl ester (180 mg, 0.91 mmol) was added. The
reaction mixture was heated at 100 °C for 72 h, and concentrated by rotary evaporation to
produce (R)-4-[5-(5-chloro-4'-{2-[(S)-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl]-1H-imidazol-4-yl} -2-trifluoromethyl-biphenyl-4-ylcarbamoyl)-pyridin-2-
y1]-3-methyl-piperazine-1-carboxylic acid fert-butyl ester as a dark colored oil.

The oil from the previous step was treated with 4 M HCl in 1,4-dioxane (2 mL, 8
mmol) and the reaction mixture was stirred at 50 °C for 1 h, and concentrated under
vacuum to produce the HCI salt of the desired product, which was dissolved in 1:1 acetic
acid:water (5 mL) and purified by reverse phase HPLC. Fractions containing desired
product were combined and lyophilized to produce the tri-TFA salt of the title
intermediate (30 mg, 30 % yield) as a white powder. (m/z): [M+H]" calcd for
CssH,,CIF3NgO,4  767.30 found 767.5.

Preparation 54: (2S,5R)-4-|5-(4-Bromo-2-chloro-5-trifluoromethyl-
phenylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine-1-carboxylic acid zerz-butyl

FsC o) =N /—\ O%
Br@—W N\—<\l_<o
cl

To a solution of 5-amino-2-bromo-4-chlorobenzotrifluoride (466 mg, 1.70 mmol)

ester

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
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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, V-
diisopropylethylamine (0.5 mL, 3 mmol), DMSO (0.5 mL, 7 mmol) and (2S,5R)-2,5-
dimethyl-piperazine-1-carboxylic acid fert-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 % yicld) as a yellow
solid. (m/z): [M+H]" calcd for Co4H,F4N4O4 591.09, 593.09 found 593.2.

Preparation 55: ((S)-1-{(S)-2-[4-5'-Chloro-(4'-{[6-((2R,55)-2,5-dimethyl-
piperazin-1-yl)-pyridine-3-carbonyl]-amino}-2'-trifluoromethyl-biphenyl-4-yl)-1H-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

-

F2C —N /
=N
Cl

Nfo
HN '(

Following the procedure of Preparation 50 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 fert-butyl ester(140 mg, 0.24 mmol, Preparation
54) for (2S,5R)-4-[5-(4-bromo-2-fluoro-5-trifluoromethoxy-phenylcarbamoyl)-pyridin-2-
yl]-2,5-dimethyl-piperazine-1-carboxylic acid tert-butyl ester (Preparation 49), the tri-
TFA salt of the title intermediate (490 mg, 64 % yield) was prepared as a white powder.
(m/z): [M+H]" calcd for C30HuCIF3NsO4 781.31 found 781.6.
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Preparation 56: {(S)-2-Methyl-1-[(S)-2-(4-{4'-[6-((R)-2-methyl-piperazin-1-
yD-pyridin-3-ylcarbamoyl]-2'-trifluoromethoxy-biphenyl-4-yl}-1 H-imidazol-2-yl)-

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

/CF3 -

HN"N Q O HN_@NCNH

O

A mixture of 4'-{2-[(S)-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl]-1H-imidazol-4-y1} -2-trifluoromethoxy-biphenyl-4-carboxylic acid TFA
(600 mg, 0.9 mmol) and HATU (364 mg, 0.96 mmol) in DMA (8 mL) was stirred at RT
for 15 min and then 0.5 M (R)-4-(5-amino-pyridin-2-yl)-3-methyl-piperazine-1-
carboxylic acid fert-butyl ester in DMA (1.7 mL) was added followed by N, N-
diisopropylethylamine (0.76 mL, 4.36 mmol). The resulting mixture was heated at 55 °C
overnight, washed with EtOAc (100 mL) and water (25 mL). The organic layer was
washed again with water and then with brine, dried over sodium sulfate, filtered, and
concentrated to yield a dark reddish oil which was purified by silica gel chromatography
(40 g silica column, 0-80% hexane:EtOAc) to provide (R)-4-{5-[(4'-{2-[(S)-1-((S)-2-
methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]- 1 H-imidazol-4-y1}-2-
trifluoromethoxy-biphenyl-4-carbonyl)-amino]-pyridin-2-yl} -3-methyl-piperazine-1-
carboxylic acid tert-butyl ester (646 mg) as a light brownish solid.

The solid product was treated with 4.0 M HCl in 1,4-dioxane (6.5 mL, 26.14
mmol) and HCI (1.6 mL) and the reaction mixture was stirred at RT for 1 h,
concentrated, and evaporated with EtOAc (2 x 1 mL) to to provide the tri-HCI salt of the
title intermediate (693 mg) as a beige solid. (m/z): [M+H]" calcd for C3sH.:F3NgOs
749.33 found 749.8.
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Preparation 57: ((§)-2-Methyl-1-{(5)-2-[4-(4'-{6-[ (R)-2-methyl-4-((.S)-2-
methyl-pyrrolidine-2-carbonyl)-piperazin-1-yl]-pyridin-3-ylcarbamoyl}-2'-
trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-propyl)-

carbamic acid methyl ester

/CF3 ’,1
© =N/ 9
=N o)
NTO
HN (
5 ~o” o

To a mixture of (S)-2-methyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester
(222 mg, 0.97 mmol) dissolved in DMA (6 mL) was added HATU (369 mg, 0.97 mmol)
and the reaction mixture was stirred for 20 min and then {(S)-2-methyl-1-[(S5)-2-(4-{4'-[6-
((R)-2-methyl-piperazin-1-yl)-pyridin-3-ylcarbamoyl]-2'-trifluoromethoxy-biphenyl-4-
10 yl}-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-propyl}-carbamic acid methyl ester 3 HCI
(693 mg, 0.81 mmol; Preparation 56) was added followed by N, N-diisopropylethylamine
(0.71 mL, 4.04 mmol). The reaction mixture was stirred at 55 °C overnight, concentrated
by rotary evaporation, and extracted with EtOAc (80 mL) and water (20 mL). The
organic layer was washed again with water and then with brine, dried over sodium
15  sulfate, filtered, and concentrated under vacuum, and purified by silica gel
chromatography (40 g silica column, 0-100% ethyl acetate:hexanes) to yield 537 mg of a
light brown solid.
The light brown solid from the previous step was treated with 4 M HCl in 1,4-
dioxane (6.1 mL, 24.23 mmol) and HCI1 (1.5 mL) and stirred at RT for 1 h, concentrated,
20 and evaporated with ethyl acetate (2 x 1 mL) to produce the tri-HCl salt of the title
intermediate (569 mg) as a light yellow solid. (m/z): [M+H]  calcd for C44H5,F3NoOg
860.40 found 860.6.

Preparation 58: (25,5R)-4-|5-(6-Bromo-2-methyl-pyridin-3-ylcarbamoyl)-
pyridin-2-yl]- 2,5-dimethyl-piperazine-1-carboxylic acid fert-butyl ester

o, AN M O‘é

25
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(a) (28,5R)-4-(5-Methoxycarbonyl-pyridin-2-y1)-2.5-dimethyl-piperazine- 1 -carboxylic

acid fert-butyl ester

A mixture of 6-fluoronicotinic acid methyl ester (1.0 g, 6.4 mmol), (28,5R)-2,5-
dimethyl-piperazine-1-carboxylic acid tert-butyl ester HCI (1.6 g, 6.4 mmol), and
potassium carbonate (1.78 g, 12.9 mmol) were stirred in DMSO (10 mL) at 120 °C for 2
h, cooled, diluted with ethyl acetate (50 mL), washed with water (2 x 10 mL), dried over
magnesium sulfate, filtered and concentrated.

(b) (28.5R)-4-(5-Carboxy-pyridin-2-y1)-2,5-dimethyl-piperazine-1-carboxylic acid tert-

butyl ester
Lithium hydroxide (618 mg, 12.9 mmol) was added to a solution of the product of

the previous step in methanol (15 mL) and water (3 mL), and the resulting mixture was
stirred at 40 °C for 5 h, concentrated, and acidified with 1IN HCl to pH 4. The resulting
mixture was extracted with ethyl acetate (2 x 50 mL). The organic layer was dried over
magnesium sulfate, filtered, concentrated, dissolved in 1:1 acetic acid:water (8 mL),
filtered and purified by reverse phase HPLC to give the TFA salt of the title intermediate
(1.55 g, 54 % yield). (m/z): [M+H]" calcd for C;7H:sN30,4 336.18 found 336.4.

(c) (25.5R)-4-[5-(6-Bromo-2-methyl-pyridin-3-ylcarbamoyl) -pyridin-2-y1]- 2,5-

dimethyl-piperazine- 1 -carboxylic acid terz-butyl ester
The product of the previous step (180.2 mg, 0.40), EDC (115.3 mg, 0.60 mmol),
and HOAt (81.9 mg, 0.60 mmol) were stirred in DMF (2 mL) atRT for 10 min and then

6-bromo-2-methyl-pyridin-3-ylamine (75 mg, 0.40 mmol) and N, V-
diisopropylethylamine (0.35 mL, 2.01 mmol) were added, and the reaction mixture was
stirred at 50 °C overnight, concentrated by rotary evaporation, dissolved in 1:1 acetic
acid:water (5 mL), filtered, and purirfied by reverse phase HPLC. Fractions containing
desired product were combined and lyophilized to give the TFA salt of the title
intermediate (91 mg, 37 % yield). (m/z): [M+H]" calcd for Co3H3BrNsO3 504.15 found
504.3.
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Preparation 59: [($)-1-((S)-2-{4-|4-(5-{[6-((2R,58)-2,5-Dimethyl-piperazin-1-
yD-pyridine-3-carbonyl]- amino}-6-methyl-pyridin-2-yl)-phenyl]-1H-imidazol-2-yl}-
pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester

.
-
>

0, =N //\
N= N NH

N :/|/O

HN '(

~ O/KO

(a) (28,5R)-4-{5-[6-(4-{2-[(S)-1-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-y1]-1H-imidazol-4-y1}-phenyl)-2-methyl-pyridin-3-ylcarbamovyl]-

pyridin-2-y1}-2.5-dimethyl-piperazine-1-carboxvlic acid terz-butyl ester
A mixture of [(S)-2-methyl-1-((S)-2- {4-[4-(4,4,5,5-tetramethyl-

[1,3,2]dioxaborolan-2-yl)-phenyl]-1H-imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-
carbamic acid methyl ester (73.0 mg, 0.147 mmol;), (25,5R)-4-[5-(6-bromo-2-methyl-
pyridin-3-ylcarbamoyl)-pyridin-2-yl]-2,5-dimethyl-piperazine- 1-carboxylic acid tert-
butyl ester TFA (91.0 mg, 0.147 mmol; Preparation 58), and 2 M sodium carbonate in
water (0.29 mL, 0.588 mmol)DMF (0.9 mL, 10 mmol) was sparged with nitrogen and
then tetrakis(triphenylphosphine)palladium(0) (11.9 mg, 0.010 mmol) was added. The
reaction mixture was purged with nitrogen, heated at 100 °C overnight, cooled, diluted
with ethyl acetate (25 mL), washed with water (2 x 5 mL), dried over magnesium sulfate,
filtered, concentrated, dissolved in 1:1 acetic acid:water (5 ml), filtered and purified by
reverse phase HPLC. Fractions containing the desired product were combined and
lyophilized to provide the tri-TFA salt of the title intermediate (100.3 mg) (m/z): [M+H]"
caled for C43HssNoOg 794.46 found 794.6.

(b) [(S)-1-((S)-2-{4-[4-(5-{[6-((2R.5S5)-2.5-Dimethyl-piperazin-1-yl)-pyridine-3-

carbonyl]- amino}-6-methyl-pyridin-2-y1)-phenyl]-1H-imidazol-2-y1} -pyrrolidine-1-

carbonyD)-2-methvl-propyl]-carbamicacid methyvl ester

The product of the previous step was treated with 4 M HCl in 1,4-dioxane (1 mL,
4.0 mmol) for 1 h and the reaction mixture was concentrated by rotary evaporation to give
the 4-HCI salt of the title intermediate (75 mg, 61 % yield). (m/z): [M+H]" calcd for
C3sH.7NoO4 694.38 found 694.6.
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Preparation 60: [($)-1-((S)-2-{4-[6-(4-Amino-2-trifluoromethoxy-phenyl)-
pyridin-3-yl]-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic
acid methyl ester
CF3

(a) 2-Bromo-1-(6-bromo-pyridin-3-yl)-ethanone

A solution of bromine (4 g, 25 mmol) in DCM (10 mL) was added drop wise over
5 min to a cooled (0 °C) solution of 1-(6-bromo-pyridin-3-yl)-ethanone (5 g, 25 mmol)
and HBr (48%, 0.2 mL). The cooling bath was removed 40 min later and stirring was
continued at RT for 66 h. The solid that formed was filtered, washed with DCM and
dried at room temperature to give the impure title intermediate (8.1 g) as a yellow solid.
'H NMR (CD;0D, 400 MHz) & (ppm): 8.96 (m, 1H), 8.28-8.25 (m, 1H), 7.82-7.79 (m,
1H), 4.7 (s, 2H).
(b) ((S)-1-{(5)-2-[4-(6-Bromo-pyridin-3-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-

2-methyl-propyl)-carbamic acid methvl ester

Following the general procedure of Preparation 29-A, substituting the product of
step a (7.6 g) for 2-bromo-1-(4-bromo-3-methyl-phenyl)-ethanone, the title intermediate
was prepared (3.5 g) as a yellow foam. "H NMR (CDCls, 400 MHz) § (ppm): 8.73-8.68
(m, 1H), 7.93-7.9 (m, 1H), 7.45-7.43 (m, 1H), 7.25 (s, 1H), 5.52-5.49 (m, 1H), 5.24-5.21
(m, 1H), 4.34-4.29 (m, 1H), 3.87-3.81 (m, 1H), 3.69 (s, 1H), 2.36-2.31 (m, 1H), 2.29-2.20
(m, 1H), 2.19-2.07 (m, 1H), 1.98-1.92 (m, 1H), 1.08-1.01 (m, 1H), 0.92-0.81 (m, 6H).

(c) [4-(5-{2-[(S)-1-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-pyrrolidin-2-yl]-1H-

imidazol-4-v1} -pyridin-2-y1)-3-trifluoromethoxv-phenyl]-carbamic acid fert-butyl

ester
A mixture of the product of the previous step (469 mg, 1.04 mmol), [4-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl1)-3-trifluoromethoxy-phenyl]-carbamic acid zert-
butyl ester (420 mg, 1.04 mmol), Na,COj3 (331 mg, 3.12 mmol) and Pd(dppf)Cl, (50 mg)
in dioxane (9 mL) and water (3 mL) was refluxed for 5 h. After filtration, the filtrate was

concentrated under vacuum to give the crude product (700 m).
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(d) [()-1-((S)-2-{4-[6-(4-Amino-2-trifluoromethoxy-phenyl)-pyridin-3-yl]-1H-imidazol-

2-v1}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester

The product of the previous step (700 mg, 1.08 mmol) was dissolved in
HCl/dioxane (10 mL) and the mixture was stirred at RT for 3 h. The mixture was
concentrated under vacuum to give the residue, which was purified by preparative HPLC
to give the title intermediate (140 mg, yield 24%). "H NMR (CDsOD, 400 MHz) & (ppm):
9.18 (s, 1H), 8.69-8.67 (m, 1H), 8.2-8.15 (m, 2H), 7.68 (d, /= 8.4 Hz, 1H), 7.02-6.98 (m,
2H), 5.26 (m, 1H), 4.23-4.21 (m, 1H), 4.09-4.05 (m, 1H), 3.9-3.88 (m, 1H), 3.65 (s, 3H),
2.64-2.5 (m, 1H), 2.38-2.0 (m, 4H), 0.92 (d, /= 6.8 Hz, 3H), 0.88 (d, /= 6.8 Hz, 3H).

Preparation 61: [(§)-2-Methyl-1-((S)-2-{4-[6-(4-{[6-((R)-2-methyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-2-trifluoromethoxy-phenyl)-pyridin-3-yl]-1H-
imidazol-2-yl}-pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl ester

CFs %

/

O o) =N /\
HNW@W N
= =
cis

HN (

To a mixture of [(S)-1-((8)-2-{5-[6-(4-amino-2-trifluoromethoxy-phenyl)-pyridin-
3-yl]- 1H-imidazol-2-yl}-pyrrolidine- 1-carbonyl)-2-methyl-propyl]-carbamic acid methyl
ester (140 mg, 0.26 mmol, Preparation 60) in DCM (2.56 mL) and DMA (0.25 mL) was
added N,N-diisopropylethylamine (0.14 mL, 0.77 mmol) followed by 2-fluoropyridine-5-
carbonyl chloride (40.9 mg, 0.26 mmol). The reaction mixture was stirred at RT for 1 h
and concentrated.

The resulting residue was dissolved in DMSO (0.5 mL) and (R)-3-methyl-
piperazine-1-carboxylic acid fert-butyl ester (128 mg, 0.64 mmol), N, N-
diisopropylethylamine (0.11 mL, 0.64 mmol) was added and the resulting mixture was
heated at 120 °C overnight. cooled to RT, and partitioned between EtOAc (10 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 oil, which was treated with 4 M of
HCl in 1,4-dioxane (1 mL) at RT for 1 h. The reaction mixture was concentrated,

dissolved in 1:1 acetic acid:water (7 mL), filtered and purified by reverse phase prep
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HPLC to provide the tri-TFA salt of the title intermediate as a yellowish solid (57 mg,
20 % yield). (m/z): [M+H]" calcd for C37H.,F3NgOs 750.33 found 750.8.

Preparation 62: (R)-4-|5-(4-Bromo-2-chloro-5-trifluoromethoxy-
phenylcarbamoyl)-pyridin-2-yl]-3-methyl-piperazine-1-carboxylic acid zert-butyl

{;

ester
LCF3 %,
O e} —N 7\ O
e
Br NH O
Cl

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

To a mixture of 4-bromo-3-trifluoromethoxy-phenylamine (2.0 g, 7.8 mmol) in
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).

(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 Ci3HBrCIF,N,0,
412.92, 414.92 found 413, 415.

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

methyl-piperazine-1-carboxvlic 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,
12.08 mmol) was added (R)-3-methyl-piperazine-1-carboxylic acid zert-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 C»3HysBrCIF3N4O4 593.07, 595.07 found 595.4.
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Preparation 63: ((S)-1-{(5)-2-[4-(5'-Chloro-4'-{|6-((R)-2-methyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-
yl]- pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

CF; E

O e} =N }—\
w—N NH
& —

Cl

5 Following the procedure of Preparation 50, the product of Preparation 62 (534 mg,
0.9 mmol) was reacted to provide the tri-TFA salt of the title compound as a white
powder (186 mg, ~18 % yield). (m/z): [M+H]  calcd for CssH,.CIF:NgOs 783.29 found
784.3

Example 1: {(S)-1-[(S)-2-(4-{4'-[4-(4-Cyclopropanecarbonyl-piperazin-1-yl)-
10  benzoylamino]-biphenyl-4-yl}-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-

propyl}-carbamic acid methyl ester

o O
OO
OO

N

To a solution of 4-(4-cyclopropanecarbonyl-piperazin-1-yl)-benzoic acid (0.015 g,
0.055 mmol) in dichloromethane (2 mL, 30 mmol) were added N, N-dimethylformamide
15 (0.004 mL, 0.055 mmol) and oxalyl chloride (0.014 mL, 0.164 mmol). The reaction
mixture was stirred for 25 min and then N, N-diisopropylethylamine (0.048 mL,
0.273 mmol) was added, followed by ((S)-1-{(S)-2-[4-(4'-amino-biphenyl-4-yl)-1H-
imidazol-2-yl]-pyrrolidine- 1 -carbonyl}-2-methyl-propyl)-carbamic acid methyl ester
(0.025 g, 0.055 mmol). The reaction mixture was stirred for 90 min, dried by rotary
20 evaporation, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by preparative
HPLC to provide the trifluoroacetic acid salt of the title compound (7.9 mg). (m/z):
[M+H]" caled for C41H47N7Os 718.36; found 718.2. "H NMR (ds-DMSO, 400 MHz) &
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(ppm) 10.07 (s, 1H), 8.09 (s, 1H), 7.90 (dd, J=8.9, 2.1 Hz, 4H), 7.83 (dd, /= 18.2, 8.5
Hz, 4H), 7.74 (d, /= 8.8 Hz, 2H), 7.32 (d, /= 8.7 Hz, 1H), 7.04 (d, /=9.1 Hz, 2H), 5.11
(t, /=7.1 Hz, 1H), 4.10 (t, /= 7.9 Hz, 1H), 3.96 — 3.55 (m, 9H), 3.53 (s, 3H), 3.42 - 3.22
(m, 4H), 2.45 —2.28 (m, 1H), 2.20 — 1.92 (m, 5H), 0.82 (d, /= 6.7 Hz, 3H), 0.80 — 0.69
(m, 6H).

Example 2: ((S$)-1-{(S)-2-[4-(4'-{4-|4-(2,2-Dimethyl-propionyl)-piperazin-1-
yl]-benzoylamino}-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester

o O
OO
- OO T
=N
N._O

f:,/

O (@]

HN

g

A reaction mixture of 4-[4-(2,2-dimethyl-propionyl)-piperazin-1-yl]-benzoic acid

~

(10.3 mg, 0.036 mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
(8.17 mg, 0.043 mmol), 1-hydroxy-7-azabenzotriazole (6.77 mg, 0.050 mmol) in
dichloromethane (0.3 mL, 4 mmol) was stirred to dissolution and for an additional 20
min. Then ((S)-1-{(S)-2-[4-(4'-amino-biphenyl-4-y1)-1H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (8.2 mg, 0.018 mmol) and N, N-
diisopropylethylamine (7.43 uL, 0.0426 mmol) were added at room temperature. The
reaction mixture was stirred overnight, concentrated, dissolved in 1:1 acetic acid:water
(1.5 mL) and purified by preparative HPLC to provide the title compound as the
trifluoroacetic acid salt (5.6 mg). (m/z): [M+H]" caled for C4HsN;Os 734.40 found
734.4.
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Example 3: 4-[4-(4"-{2-[(S)-1-((S)-2-Methoxycarbonylamino-3-methyl-
butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-yl}-biphenyl-4-ylcarbamoyl)-phenyl]-

piperazine-1-carboxylic acid tert-butyl ester

0
o>_®_N N”(%
OO0
N0

f,,,

o~ O

HN (

5 To a solution of 4-(4-(tert-butoxycarbonyl)piperazin-1-yl)benzoic acid (24.7 mg,
0.081 mmol) in dichloromethane (0.89 mL, 14 mmol) and N, N-dimethylformamide (0.4
mL, 6 mmol) was added N, N-diisopropylethylamine (0.071 mL, 0.407 mmol) and methyl

~

chloroformate (0.006 mL, 0.081 mmol). The reaction mixture was stirred for 15 min at
room temperature, then ((S)-1-{(S)-2-[4-(4'-amino-biphenyl-4-yl)-1 H-imidazol-2-yl]-

10 pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (25.0 mg, 0.054
mmol) was added and the mixture was allowed to stir overnight. The reaction mixture
was concentrated and then dissolved in DCM (5 mL) and washed with saturated aqueous
sodium bicarbonate (2 mL). The organic layer was concentrated. Approximately 15 mg
of the crude material was concentrated, dissolved in 1:1 acetic acid: water (1.5 mL), and

15  purified by preparative HPLC to provide the trifluoroacetic acid salt of the title compound
(7.3 mg). (m/z): [M+H]" caled for C4oHs1N;Os 750.39 found 750.4.

Example 4: {(S)-1-[(S)-2-(4-{4'-|4-(4-Methanesulfonyl-piperazin-1-yl)-
benzoylamino|-biphenyl-4-yl}-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-

propyl}-carbamic acid methyl ester
0 /9
aVatss
WO~ :
NTO
HN '(
\0/&0

Methylenesulfonyl chloride (1.19 mg, 0.015 mmol) was added to a solution of
[(S)-2-methyl-1-((S)-2- {4-[4'-(4-piperazin-1-yl-benzoylamino)-biphenyl-4-yl]-1H-

20
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imidazol-2-yl}-pyrrolidine- 1-carbonyl)-propyl]-carbamic acid methyl ester (10.0 mg,
0.015 mmol) in dichloromethane (0.75 mL, 12 mmol), N, N-dimethylacetamide (0.75 mL,
8.1 mmol) and triethylamine (25 uL, 0.18 mmol). The reaction mixture was stirred for 15
min at room temperature, concentrated by rotary evaporation, dissolved in 1:1 acetic
acid:water (1.5 mL) and then purified by preparative HPLC to provide the trifluoroacetic
acid salt of the title compound (12.3 mg). (m/z): [M+H] caled for C3sHysN;06S 728.32
found 728.2.

Example 5:  ((S)-1-{(S)-2-[4-(4'-{|6-(4-Cyclopropanecarbonyl-piperazin-1-
yD-pyridine-3-carbonyl]-amino}-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

N \fi)
O/go (

(a) {(S)-2-Methyl-1-[(S)-2-(4-{4'-[(6-piperazin-1-yl-pyridine-3-carbonyl)-amino]-

~

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

methyl ester
Oxalyl chloride (44.0 uL, 0.520 mmol) was added to a solution of 4-(5-carboxy-

pyridin-2-yl)-piperazine- 1-carboxylic acid fert-butyl ester (70.3 mg, 0.229 mmol) in
dichloromethane (6.67 mL, 104 mmol) and N, N-dimethylformamide (2.01 uL, 0.026
mmol) The reaction mixture was stirred at room temperature for 20 min and then N,N-
diisopropylethylamine (0.181 mL, 1.04 mmol) was added followed by ((S)-1-{(S)-2-[4-
(4'-amino-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-
carbamic acid methyl ester (100.0 mg, 0.217 mmol). The reaction mixture was stirred for
2 h at room temperature, then dried by rotary evaporation. The crude material was
dissolved in dichloromethane (1 mL) and then washed with saturated aqueous sodium
bicarbonate (1 mL). The organic layer was concentrated, dissolved in 4.0 M hydrogen
chloride in 1,4-dioxane (6.7mL, 27 mmol) and stirred for 1 h at room temperature until
completely deprotected. The reaction mixture was concentrated and used directly in the

next step.
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(b) ((S)-1-{(8)-2-[4-(4'- {[6-(4-Cyclopropanecarbonyl-piperazin-1-yl)-pyridine-3-
carbonyl]-amino}-biphenyl-4-y1)-1H-imidazol-2-v1]-pyrrolidine-1-carbonyl}-2-

methvyl-propyl)-carbamic acid methyl ester

Cyclopropanecarboxylic acid (26.86 mg, 0.312 mmol), N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (59.81 mg, 0.312 mmol), and
1-hydroxy-7-azabenzotriazole (42.46 mg, 0.312 mmol) were dissolved in N, N-
dimethylacetamide (3.868 mL, 41.60 mmol) and stirred for 5 min. Then half of the
material from the previous step was added to the reaction mixture followed by N, N-
diisopropylethylamine (0.269 g, 2.080 mmol. The reaction mixture was stirred overnight
at room temperature, concentrated by rotary evaporation, dissolved in 1:1 acetic
acid:water (1.5 mL) and purified by preparative HPLC to provide the trifluoroacetic acid
salt of the title compound (39.9 mg). (m/z): [M+H]" calcd for C40HsNgOs 719.36 found
719.2. 'H NMR (ds-DMSO, 400 MHz) & (ppm) 10.14 (s, 1H), 8.77 (d, J= 2.5 Hz, 1H),
8.12 (dd, /=9.7, 3.1 Hz, 2H), 7.95 - 7.78 (m, 6H), 7.75 (d, /= 8.8 Hz, 2H), 7.32 (d, J =
8.4 Hz, 1H), 6.95 (d, J=9.3 Hz, 1H), 5.15 - 5.07 (m, 1H), 4.15 — 4.05 (m, 1H), 3.90 -
3.55 (m, 11H), 3.53 (s, 3H), 2.28 - 2.40 (m, 1H), 2.23 — 1.87 (m, 5H), 0.75 - 0.85 (m, 3H),
0.79 —0.63 (m, 6H).

Example 6: 4-{4-[(4"-{2-[(S)-1-((S)-2-Methoxycarbonylamino-3-methyl-
butyryl)-pyrrolidin-2-yl]-1 H-imidazol-4-yl}-biphenyl-4-carbonyl)-amino]-phenyl}-

piperazine-1-carboxylic acid tert-butyl ester

o070 0E"
C@)

HN '(

A mixture of 4'-{2-[(S5)-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yl]-3 H-imidazol-4-y1}-biphenyl-4-carboxylic acid (15.0 mg, 0.031 mmol)
and N, N, N',N'-tetramethyl-O-(7-azabenzotriazol-1-yl)uronium hexafluorophosphate (11.6
mg, 0.031 mmol) in N, N-dimethylformamide (0.5 mL, 6 mmol) was added to 4-(4-
aminophenyl)piperazine- 1-carboxylic acid tert-butyl ester (28.2 mg, 0.102 mmol)

followed by N,N-diisopropylethylamine (10.6 ul., 0.061 mmol). The reaction mixture

was stirred at RT overnight, concentrated, dissolved in 1:1 acetic acid: water (1.5 mL),
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filtered and purified by preparative HPLC to provide the trifluoroacetic acid salt of the
title compound (26.2 mg). (m/z): [M+H]" caled for C4,HsN7Os  750.39 found 750.4.

Example 7 {(:S)-1-[(S)-2-(4-{4'-[4-(4-cyclopropanecarbonyl-piperazin-1-yl)-
phenylcarbamoyl]-biphenyl-4-yl}-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-
methyl-propyl}-carbamic acid methyl ester

— 9
OO
oL

HN\j'(
o ~O

(a) [(S)-2-Methyl-1-((S)-2-{4-[4"-(4-piperazin-1-yl-phenylcarbamoyl)-biphenyl-4-yl]-1H-

~

imidazol-2-y1}-pyrrolidine-1-carbonyl)-propyl]-carbamic acid methvl ester

To a solution of [4-{4-[(4"-{2-[(S)-1-((S)-2-methoxycarbonylamino-3-methyl-

butyryl)-pyrrolidin-2-yl]-1H-imidazol-4-yl1} -biphenyl-4-carbonyl)-amino]-phenyl} -
piperazine-1-carboxylic acid tert-butyl ester (42.4 mg, 0.0565 mmol) in dichloromethane
(0.67 mL, 10 mmol) was added trifluoroacetic acid (0.3 mL, 0.004 mmol). The reaction
mixture was stirred for 1 h at room temperature, concentrated, dissolved in methanol

(1 mL), passed through a Stratospheres™ PL-COs resin, and the filtrate was concentrated
to provide the title compound. (m/z): [M+H]" caled for C37H43N;04  650.34 found 650.8.
(b) {(S)-1-[(S)-2-(4-{4'-[4-(4-cyclopropanecarbonyl-piperazin-1-yl)-phenylcarbamoyl]-

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

carbamic acid methyl ester

Cyclopropanecarboxylic acid (7.30 mg, 0.085 mmol), N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (21.6 mg, 0.113 mmol), and
1-hydroxy-7-azabenzotriazole (15.4 mg, 0.113 mmol) were combined with
dichloromethane (0.8 mL, 10 mmol), stirred to dissolution and then stirred for an
additional 20 min. To the reaction mixture was added a solution of the product of the
previous step in 1:1 dichloromethane: N, N-diisopropylethylamine (0.5 mL, 3 mmol) at
room temperature. The resulting reaction mixture was stirred at RT overnight,
concentrated under vacuum, dissolved in 1:1 acetic acid: water (1.5 mL), filtered and
purified by preparative HPLC to provide the trifluoroacetic acid salt of the title compound
(8.2 mg). (m/z): [M+H]" caled for C4yH47N;O05 718.36 found 718.4.
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Example 8 {(:5)-1-[(5)-2-(4-{4'-[4-(4-cycloproanecarbonyl-piperazin-1-yl)-
benzoylamino]-2'-fluore-biphenyl-4-yl}-1 H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-
2-methyl-propyl}-carbamic acid methyl ester

F 0 NP
N N
YOI

N

To a solution of 4-(4-cyclopropanecarbonyl-piperazin-1-yl)-benzoic acid (13 mg,
0.047 mmol) in dichloromethane (1.0 mL, 16 mmol) and one drop of N,N-
dimethylformamide was added oxalyl chloride (0.0119 mL, 0.141 mmol). The reaction
mixture was stirred for 25 min and then N, N-diisopropylethylamine (0.027 mL,

10 0.16 mmol) was added, followed by ((S)-1-{(S)-2-[4-(4"-amino-biphenyl-4-yl)-1H-
imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (15
mg, 0.031 mmol). The reaction mixture was stirred overnight, concentrated under
vacuum, dissolved in 1:1 acetic acid:water and purified by preparative HPLC to provide
the trifluoroacetic acid salt of the title compound (1.9 mg). (m/z): [M+H]" calcd for

15 CuHuFN;Os 735.85; found 736.4.

Example 9 4-(4-Cyclopropanecarbonyl-piperazin-1-yl)-N-(4"-{2-[(S)-1-((R)-2-
diethylamino-2-phenyl-acetyl)-pyrrolidin-2-yl]-1 H-imidazol-4-yl}-biphenyl-4-yl)-

benzamide
o O
OO
OO I
=N
N0
e N)
20 A combination of (R)-diethylamino-phenyl-acetic acid (6.654 mg, 0.032 mmol) N-

(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (6.154 mg, 0.032 mmol)
and 1-hydroxy-7-azabenzotriazole (4.370 mg, 0.032 mmol) in N,N-dimethylacetamide
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(0.498 mL, 5.350 mmol) was stirred to dissolution and then for an additional 20 min. 4-
(4-Cyclopropanecarbonyl-piperazin-1-yl)-N-[4'-((S)-2-pyrrolidin-2-yl-1 H-imidazol-4-y1)-
biphenyl-4-yl]-benzamide (15 mg, 0.027 mmol) and N, N-diisopropylethylamine (0.023
mL, 0.134 mmol) were added to the reaction mixture which was stirred at room
temperature overnight. The reaction mixture was then concentrated and dissolved in 1:1
acetic acid:water (1.5 mL) and purified by preparative HPLC to provide the
trifluoroacetic acid salt of the title compound to provide the title compound (6.4 mg).

(m/z): [M+H] calcd for C46HsN703 750.41; found 750.4.

Example 10 ((S)-2-Methyl-1-{(S)-2-[4-(4'-{[6-(4-methylcarbamoyl-piperazin-
1-yl)-pyridine-3-carbonyl]-amino}-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-

carbonyl}-propyl)-carbamic acid methyl ester

Half of the crude material from Example 5 step (a) was dissolved in N, V-
dimethylformamide (3.22 mL, 41.6 mmol) and N,N-diisopropylethylamine (36.2 ul,
0.208 mmol) and then methyl isocyanate (12.36 uL, 0.208 mmol) was added. The
reaction mixture was stirred overnight at room temperature, concentrated by rotary
evaporation, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by preparative
HPLC to provide the trifluoroacetic acid salt of the title compound (35.7 mg). (m/z):
[M+H]" caled for CssHysNoOs 708.35 found 708.2. "H NMR (ds-DMSO, 400 MHz)
d (ppm) 10.13 (s, 1H), 8.75 (d, /=2.6 Hz, 1H), 8.11 (dd, /=8.5, 3.0 Hz, 2H),

7.91 -7.79 (m, 6H), 7.75 (d, J=8.8 Hz, 2H), 7.31 (d, /= 8.6 Hz, 1H), 6.95 (d, /=9.1
Hz, 1H), 6.52 (br. s, 1H), 5.15 - 5.03 (m, 1H), 4.10 (t, /=7.9 Hz, 1H), 3.90 - 3.75 (m,
3H), 3.66 — 3.55 (m, 4H), 3.56 — 3.50 (m, 3H), 3.42 — 3.34 (m, 3H), 2.58 (s, 3H), 1.90 -
2.25 (m, 1H), 2.18 — 1.89 (m, 4H), 0.81 (d, /= 6.8 Hz, 3H), 0.77 (d, /= 6.7 Hz, 3H).

PCT/US2011/059061
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Example 11: {($)-1-[(S)-2-(5-Chloro-4-{4'-[4-(4-methylcarbamoyl-piperazin-
1-yl)-benzoylamino]- biphenyl-4-yl}-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-
methyl-propyl}-carbamic acid methyl ester

Cl 0 O

N N4

OO
=N
N\//\/O

HN

g

~o o

5 The TFA-salt of {(S)-2-methyl-1-[(S)-2-(4-{4'-[4-(4-methylcarbamoyl-piperazin-
1-yl)-benzoylamino]-biphenyl-4-yl}-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-propyl} -
carbamic acid methyl ester (22.0 mg, 0.0311 mmol) was dissolved in methanol (5 mL)
and treated with Stratospheres™ PL-COj; resin and stirred for 15 min. The reaction
mixture was filtered and the filtrate was concentrated. This crude material was dissolved

10 in N, N-dimethylformamide (1.5 mL, 19 mmol) and then N-chlorosuccinimide (6.23 mg,
0.0467 mmol) was added. The reaction mixture was heated at 50 °C and stirred overnight
at 50 °C, concentrated by rotary evaporation, dissolved in 1:1 acetic acid:water (1.5 mL)
and purified by preparative HPLC to provide the trifluoroacetic acid salt of the title
compound (4.5 mg). (m/z): [M+H]" caled for C5,H.sCIN,Os 741.32 found 741.5.

15 Example 12 ((S)-1-{(S)-2-[4-(4'-{[6-((R)-4-Cyclopropanecarbonyl-2-methyl-
piperazin-1-yl)-pyridine-3-carbonyl]-amino}-biphenyl-4-yl)-1H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester

P
>

=N 0
HNN Q O (?\,WNCN%
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(a) ((S)-2-Methyl-1-{(S)-2-[4-(4'-{[6-((R)-2-methyl-piperazin-1-yl)-pyridine-3-carbonyl]-
amino}-biphenyl-4-yD)-1H-imidazol-2-v1]-pyrrolidine-1-carbonyl} -propyl)-carbamic

acid methyl ester
A mixture of the hydrochloride salt of {(S)-1-[(S)-2-(5-{4'-[(6-fluoro-pyridine-3-

carbonyl)-amino]-biphenyl-4-yl}-1H-imidazol-2-yl)-pyrrolidine- 1-carbonyl]-2-methyl-
propyl}-carbamic acid methyl ester (728.1 mg, 1.17 mmol) [Reactant A] and (R)-3-
methyl-piperazine-1-carboxylic acid tert-butyl ester (0.352 g, 1.76 mmol) [Reactant B] in
dimethyl sulfoxide (3.7 mL) and N, N-diisopropylethylamine (1.23 mL, 7.03 mmol) was
heated at 120 °C overnight. The reaction mixture was cooled to RT and water (5.0 mL)
was added. The resulting mixture was centrifuged and filtered. The solid was combined
with the product from a previous reaction in which Reactant A (237.8 mg, 0.383 mmol)
was reacted with Reactant B (115.0 mg, 0.574 mmol) under the same conditions. The
combined solids were dissolved in 1:1 acetic acid:water (20 mL), filtered, and split into
three equal portions which were purified separately by reverse phase preparative HPLC.
Desired fractions were combined and freeze dried to give a white solid. (805.5 mg total).
To the product of the previous step was added 4.0 M hydrogen chloride in 1,4-
dioxane (6.0 mL, 24 mmol) and the reaction mixture was stirred at RT for 30 min, and
then concentrated. The residue was coevaporated with ethyl acetate (3 x 5.0 mL) and
dried under vacuum to give the tri-hydrochloride salt of the title intermediate as a light
yellowish solid (655.9 mg).
(b) ((S)-1-{(8)-2-[4- (4'-{[6-((R)-4-Cyclopropanecarbonyl-2-methyl-piperazin-1-yl)-

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

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

Material from the previous step (350 mg) was dissolved in N, N-
dimethylacetamide (2.7 mL, 29 mmol) at RT and N, N-diisopropylethylamine (0.52 mL,
3.0 mmol) was added followed by cyclopropanecarbonyl chloride (0.041 mL,

0.45 mmol). The reaction mixture was stirred for 10 min and additional acid chloride was
added to consume all the starting material. The reaction mixture was concentrated and the
residue was dissolved in 1:1 acetic acid:water (1.5 mL) and purified by preparative
HPLC. Desired fractions were combined and freeze dried to give a white solid.

The white solid was dissolved in ethanol (15.0 mL) at RT and 4.0 M hydrogen
chloride in 1,4-dioxane (6.0 mL) was added. The reaction mixture was stirred for 10 min,
and concentrated. The residue was dissolved in 1:1 acetic acid:water (8 mL), filtered,and

purified by reverse phase preparative HPLC. Desired fractions were combined and freeze
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dried to give the trifluoroacetic acid salt of the title compound as a white solid (194.6 mg)
(m/z): [M+H]" caled for C4HysNsOs 733.38 found 733.5. 'H NMR (CD;OD, 400 MHz)
d (ppm): 8.65 (s, 1H), 8.08-8.10 (dd, 1H, J=10, 4), 7.67-7.77 (m, 7H), 7.60-7.62 (m, 2H),
6.86-6.88 (d, 1H, J=8), 5.13-5.17 (t, 1H, J=15.2 ), 4.52-4.56 & 4.64-4.68 (m, total 1H),
3.99-4.37 (m, 5H), 3.74-3.80 (m, 1H), 3.56 (s, 3H), 2.96-3.00 & 3.13-3.23 & 3.38-3.60
(m, total 3H), 2.45-2.52 (m, 1H), 1.91-2.20 (m, 4H), 1.09-1.18 (m, 4H), 0.76-0.90 (m,
10H).

Example 13 [(S)-1-((S)-2-{4-[4"-({6-[(S)-4-((S)-2,2-Dimethyl-cyclopropane-
carbonyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-biphenyl-4-yl|-1H-
imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester

N l\}—\ N—//O

\_/

& A
NTO

HN ™

O/&O (

To a mixture of the TFA salt of ((S)-2-methyl-1-{(S)-2-[4-(4"-{[6-((S)-2-methy]-

~

piperazin-1-yl)-pyridine-3-carbonyl]-amino} -biphenyl-4-yl)-1 H-imidazol-2-yl]-
pyrrolidine-1-carbonyl} -propyl)-carbamic acid methyl ester (320.0 mg, 0.318 mmol,
Preparation 16) and (S)-(+)-2,2-dimethylcyclopropane carboxylic acid (39.9 mg,

0.350 mmol) in N, N-dimethylformamide (30.0 mL, 387.4 mmol) at RT was added
N,N,N',N'-tetramethyl-O-(7-azabenzotriazol-1-yl)uronium hexafluorophosphate (0.133 g,
0.350 mmol) followed by N, N-diisopropylethylamine (0.277 mL, 1.589 mmol).

The reaction mixture was diluted with water (40.0 mL) and extracted with ethyl
acetate (2 x 20.0 mL). Combined organic layers were washed with water (20.0 mL) and
brine (20.0 mL), dried over sodium sulfate, filtered and concentrated to give a yellowish
oil. The residue was dissolved in 1:1 acetic acid:water (8 mL), filtered and purified by
reverse phase preparative HPLC. Desired fractions were combined and freeze dried..
Material was repurified by reverse phase preparative HPLC.. Desired fractions were
combined and freeze dried to give the trifluoroacetic acid salt of the title compound as a
white solid. (205.1 mg). (m/z): [M+H]" caled for C;;Hs,NsOs 761.42 found 761.7.

'H NMR (CD;OD, 400 MHz) & (ppm):8.65 (s, 1H), 8.12-8.15 (m, 1H), 7.67-7.77 (m,
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7H), 7.6-7.62 (m, 2H), 6.94-6.96 (d, 1H, J=8), 5.13-5.17 (t, 1H, J=16), 4.56-4.65 (m, 1H),
4.33-4.36 (m, 1H), 3.99-4.25 (m, 4H), 3.75-3.81 (m, 1H), 3.56 (s, 3H), 3.4-3.53 (m, 1H),
3.24-3.3 (m, 1H), 2.95-3.11 (m, 1H), 2.45-2.52 (m, 1H), 1.93-2.21 (m, 4H), 1.65-1.71 (m,
1H), 1.16-1.24 (m, 4H), 1.00-1.09 (m, 4H), 0.79-0.93 (m, 8H), 0.68-0.71 (m, 1H).

Example 14 [(S)-1-((S)-2-{4-[4"-({6-[(R)-4-((S)-2,2-Dimethyl-cyclopropane-
carbonyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-biphenyl-4-yl|-1H-
imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-carbamic acid methyl ester

-
>

O
W

© \—'j N}_\N /
_/ -
& A
N

To a mixture of the hydrochloride salt of ((S)-2-methyl-1-{(S)-2-[4-(4"-{[6-((R)-
2-methyl-piperazin- 1-yl)-pyridine-3-carbonyl]-amino } -biphenyl-4-yl)- 1 H-imidazol-2-yl1]-
pyrrolidine-1-carbonyl} -propyl)-carbamic acid methyl ester (60.0 mg, 0.0775 mmol) and
(8)-(+)-2,2-dimethylcyclopropane carboxylic acid (10.6 mg, 0.093 mmol) in N, N-
dimethylformamide (1.5 mL, 19 mmol) at RT was added N,N, N, N'-tetramethyl-O-(7-
azabenzotriazol-1-yl)uronium hexafluorophosphate (35.4 mg, 0.093 mmol) and N, N-
diisopropylethylamine (54.0 ul, 0.310 mmol). The reaction mixture was stirred at RT
overnight, and then concentrated. The residue was redissolved in 1:1 acetic acid:water
(6 mL), filtered and purified by reverse phase preparative HPLC. Desired fractions were
combined and freeze dried to give a white solid 34.1 mg). (m/z): [M+H]  calcd for
C:H:,N;O5 761.42 found 761.7. "H NMR (CD;0D, 400 MHz) & (ppm): 8.76 (s, 1H),
8.18-8.20 (m, 1H), 7.76-7.86 (m, 7H), 7.68-7.7 (m, 2H), 6.95-6.99 (m, 1H), 5.22-5.26 (t,
1H, J=16), 4.59-4.73 (m, 1H), 4.03-4.38 (m, SH), 3.82-3.89 (m, 1H), 3.69-3.74 (m, 1H),
3.65 (s, 3H), 3.12-3.2 & 3.3-3.5 (m, total 2H), 2.53-2.6 (m, 1H), 2.0-2.3 (m, 4H), 1.75-
1.78 & 1.82-1.85 (m, total 1H), 1.25 (s, 3H), 1.12 (s, 3H), 1.07-1.1 & 1.14-1.17 (m, total
1H), 0.96 (s, 3H), 0.88-0.96 & 1.21-1.27 (m, total 6H), 0.76-0.8 (m, 1H).
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Example 15 [(S)-1-((S)-2-{5-[4"-({6-[(R)-4-((S)-1-Acetyl-2-methyl-pyrrolidine-
2-carbonyl) 2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-methyl-
biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-

carbamic acid methyl ester

To a solution of [((S)-2-methyl-1-{(S)-2-[5-(2'-methyl-4'-{[6-((R)-2-methy]-
piperazin-1-yl)-pyridine-3-carbonyl]-amino} -biphenyl-4-yl)-1 H-imidazol-2-yl1]-
pyrrolidine-1-carbonyl} -propyl)-carbamic acid methyl ester tri-HCI (15 mg, 0.019 mmol;
Preparation 18) and N, N-diisopropylethylamine (33.1 uL, 0.190 mmol) dissolved in DMA

10 (0.6 mL, 7 mmol) was added (S)-1-acetyl-2-methyl-pyrrolidine-2-carboxylic acid (3.2
mg, 0.019 mmol, Preparation 19) and HATU (11 mg, 0.028 mmol). The reaction mixture
was stirred at room temperature overnight, concentrated, dissolved in 1:1 acetic
acid:water (4 mL) and purified by preparative HPLC to provide the di-TF A salt of the
title compound (9.1 mg). (m/z): [M+H]" calcd for C,Hs;NyOs 832.44 found 832.4.

15 Examples 16-20
Following the procedure of Example 15, the intermediate of Preparation 19

(20 mg, 0.02 mmol) was reacted with the appropriate reagents to provide the following

o, N P
\ )N N—<
& =

compounds:
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Ex. R Reagent Product
No.
, 0.5 M (S)-(+)-2,2-dimethyl- 2 TFA salt (11.4 mg)
16 (SM cyclopropane carboxylic acid in (m/z): [M+H]" caled for
DMA (38 uL, 0.019 mmol) CuHsuNsOs 775.42 found 775.4
HATU (11 mg, 0.028)
Ny . 2 TFA salt (16.3 mg)
17 Vs Elyzlfllfog%nf; ﬂ’gggl chloride (m/z): [M+H]" calcd for
) > C,HsN:Os 747.39 found 747.4
1 M methyl isocyanate in toluene | 2 TFA salt (14.8 mg)
18 | NHCHs | (19 uL, 0.019 mmol) (m/z): [M+H]" calcd for
CHiNsOs 736.39 found 736.4
Y imidazol-4-carboxylic acid 3 TFA salt (7.6 mg)
19 \[N> (2.1 mg, 0.019 mmol), (m/z): [M+H]" calcd for
H EDC (5.5 mg, 0.028 mmol), and CHuN,Os 773.38 found 773.4
HOAt (3.9 mg, 0.028 mmol)
= (R)-1-acetyl-2-methyl-pyrrolidine- | 2 TFA salt (12.1 mg)
20 (Rf}:_/N 2-carboxylic acid (3.2 mg, 0.019 (m/z): [M+H] " calcd for
| mmol C.eH5N;O5 832.44 found 832.4
HATU (11 mg, 0.028 mmol).

Example 21 [(S)-1-((S)-2-{4-[2"-Ethoxy-4'-({6-[(R)-4-((S)-1-{(S)-2-
methoxycarbonylamino-3-methyl-butyryl}-2-methyl-pyrrolidine-2-carbonyl)-2-
methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amine)-biphenyl-4-yl]-1H-imidazol-2-

5 yl}-pyrrolidine-l-carb0nyl)-2-methyl—pr0pyl]-carbamic acid methyl ester

C%;N

The tri-TFA salt of (S)-1-{(S5)-2-[4-(2"-ethoxy-4"-{[6-((R)-2-methyl-piperazin-1-
yl)-pyridine-3-carbonyl]-amino} -biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (30 mg, 0.03 mmol; Preparation

10 22) was dissolved in DMA (1.0 mL, 11 mmol) and N, N-diisopropylethylamine
(0.015 mL, 0.086 mmol) was added followed by a solution containing 0.5 M (S)-1-((S)-2-
methoxycarbonylamino-3-methyl-butyryl)-2-methyl-pyrrolidine-2-carboxylic acid in
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DMA (68.5 uL, 0.034 mmol) and HATU (13.0 mg, 0.034 mmol). The reaction mixture

was stirred at room temperature overnight, 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 (13.5 mg). (m/z): [M+H]" calcd for C5,HgN,,0s 977.52 found 977.6.

Examples 22-24

Following the procedure of Example 21, the intermediate of Preparation 22

(30 mg, 0.03 mmol) was reacted with the appropriate reagents to provide the following

compounds:
O> o /N NP
N N
- OO
=N
NTO
HN (
\O/&O
Ex. R Reagent Product
No.
) 0.5 M (8)-(+)-2,2-dimethyl- 2 TFA salt (2% .8 mg)
22 ‘SM cyclopropane carboxylic acid in | (7/2): [M+H]" caled for
C45H56N806 805.43 found 805.4

DMA (69.5 uL, 0.034 mmol),
HATU (13 mg, 0.034)

1 M methyl isocyanate in

2 TFA salt (26.2 mg)
(m/z): [M+H]  calcd for

HATU (13 mg, 0.034)

23 NHCH; | toluene(34.2 uL, 0.034 mmol)
C,H5,NyOs 766.40 found 766.4
P imidazol-4-carboxylic acid 3 TFA salt (24 mg)
24 | (3.84 mg, 0.034 mmol), (m/z): [M+H]" calcd for

C,sHsoN;Os 803.39 found 803.4
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Example 25 [(S$)-1-((S)-2-{5-[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}-pyrrolidine-1-carbonyl)-2-

methyl-propyl]-carbamic acid methyl ester

CF; 2 o
) 'e) =N 7\
Wl
O
=N

o

P

5 0" 70
To a solution of ((S)-2-methyl-1-{(S)-2-[4-(4"- {[6-((R)-2-methyl-piperazin-1-yl)-

pyridine-3-carbonyl]-amino }-2'-trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-yl]-
pyrrolidine-1-carbonyl} -propyl)-carbamic acid methyl ester 3[C,HF30,] (15 mg, 0.014
mmol; Preparation 24) and N, N-diisopropylethylamine (24 uL, 0.14 mmol) dissolved in

10  DMA (0.5 mL, 5 mmol) was added 0.5 M (S)-(+)-2,2-dimethylcyclopropane carboxylic
acid in DMA (28 uL, 0.014 mmol) and HATU (7.8 mg, 0.021 mmol). The reaction
mixture was stirred at room temperature overnight, 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 (11.4 mg). (m/z): [M+H]" calcd for C,Hs FiN:O, 845.39 found 845.4.

15 Examples 26-28
Following the procedure of Example 25, the intermediate of Preparation 24
(15 mg, 0.014 mmol) was reacted with the appropriate reagents to provide the following

compounds:
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Ex. R Reagent Product
No.

1 M methyl isocyanate in toluene | 2 TFA salt (11.7 mg)
26 | NHCH, | (14 uL, 0.014 mmol) (m/z): [M+H]" calcd for
C40H46F3N906 80635 found 8064

N imidazol-4-carboxylic acid 3 TFA salt (14.2 mg)
\[I\P (1.5 mg, 0.014 mmol), (m/z): [M+H]  calcd for
27 H | EDC (4.0 mg, 0.021 mmol), and | C,;H.sF3N,Os 843.35 found
HOAt (2.8 mg, 0.021 mmol) 843.2
Ng . 2 TFA salt (8.8 mg)
28 > cyclopropanecarbonyl chloride (m/z): [M+H]' caled for

(1.2 uL, 0.014 mmol) CoHLF3N,O. 817.36 found 817.2

Example 29 ((S)-1-{(S)-2-[4-(4'-{[6-((2R,55)-2,5-Dimethyl-4-
methylcarbamoyl-piperazin-1-yl)-pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-
biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-

5  carbamic acid methyl ester

O e} —N /-—-\ O
HN"N Q O WN\_{I N—
NH

o~ O
To a solution of ((S)-1-{(S)-2-[4-(4"-{[6-((2R,55)-2,5-dimethyl-piperazin-1-yl)-

pyridine-3-carbonyl]-amino }-2'-trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-yl]-
pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester tri-TFA (11.4 mg,

10 0.011 mmol; Preparation 28) and N, N-diisopropylethylamine (18 uL, 0.11 mmol)
dissolved in DMA (0.4 mL, 4 mmol) was added 1.0 M methyl isocyanate in toluene (10
ul, 0.01 mmol). The reaction mixture was stirred at RT overnight, 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 (7.1 mg). (m/z): [M+H]" caled for C,;H,sFsNyOg

15 820.37 found 820.5.
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Examples 30-33
Following the procedure of Example 29, the intermediate of Preparation 28

(11.4 mg, 0.011 mmol) was reacted with the appropriate reagents to provide the following

compounds:
CF3 N /” 0
0] e} —
A
- O K
=N
N:/\/O
HN (
\O/&O
Ex. R Reagent Product
No.
2 TFA salt (9.7 mg)
30 \\V cyclopropanecarbonyl chloride | (m/z): [M+H] calcd for

(0.94 uL, 0.01 mmol) C,sHyFsNgOg 831.37 found 831.2

o 0.5 M (S)-2-methyl-pyrrolidine-
w TN 1,2-dicarboxylic acid 1-methyl
31 ‘32\’"7:} ester in DMA (20.6 uL, 0.0103
mmol)
HATU (5.9 mg, 0.0215 mmol).

2 TFA salt (2.9 mg)
(m/z): [M+H]" calcd for
C4Hs6FsN,05932.42 found 932.4

Y imidazol-4-carboxylic acid 3 TFA salt (12.2 mg)
E,} (2.1 mg, 0.019 mmol), (m/z): [M+H]" calcd for
32 H EDC (3 mg, 0.015 mmol), and | C,sHFsN,,Os 857.36 found

HOAt (2.1 mg, 0.015 mmol) | 857.2

) 0.5 M (8)-(+)-2,2-dimethyl- 2 TFA salt (8.2 mg)
33 (SM cyclopropane carboxylic acid in | (m/z): [M+H] calcd for
DMA (21 uL, 0.010 mmol) C,sHs:F3NzO5 859.40 found 859.4

HATU (5.9 mg, 0.015)
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Example 34 [(S)-1-((S)-2-{5-[4'-({6-[(R)-4-((S)-2,2-Dimethyl-
cyclopropanecarbonyl)- 2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
trifluoromethyl-biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-

propyl]-carbamic acid methyl ester

FsC 0 =N 0

ey O
OO I
=N

o

2

5 o 70
To a solution of ((S)-2-methyl-1-{(S)-2-[4-(4"- {[6-((R)-2-methyl-piperazin-1-yl)-

pyridine-3-carbonyl]-amino }-2'-trifluoromethyl-biphenyl-4-yl)-1 H-imidazol-2-yl1]-
pyrrolidine-1-carbonyl} -propyl)-carbamic acid methyl ester tri-TFA (17 mg, 0.016 mmol;
Preparation 25) and N, N-diisopropylethylamine (27.5 uL, 0.158 mmol) dissolved in DMA

10 (0.5 mL, 6 mmol) was added 0.5 M (S)-(+)-2,2-dimethylcyclopropane carboxylic acid in
DMA (32 uL, 0.016 mmol) and HATU (9 mg, 0.024 mmol). The reaction mixture was
stirred at room temperature overnight, 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 (8.3 mg). (m/z): [M+H]" calcd for C.Hs FiN;Os 829.39 found 829.4.

15 Examples 35-38
Following the procedure of Example 34, the intermediate of Preparation 25
(17 mg, 0.016 mmol) was reacted with the appropriate reagents to provide the following

compounds:
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Ex. R Reagent Product
No.
N . 2 TFA salt (14.1 mg)
35 -~ cyclopropanecarbonyl chloride i +
Avg (1.4 L, 0.016 mmol) (m/z): [M+H]" calcd for
C,H4FsN;O5801.36 found 801.2
1.0 M methyl isocyanate in 2 TFA salt (12.3 mg)
36 | NHCH; toluene(16 ul, 0.016 mmol) (m/z): [M+H]  calcd for
C.HausFsNoO5790.36 found 790.2
Y imidazol-4-carboxylic acid 3 TFA salt (14.4 mg)
\[,} (2 mg, 0.02 mmol), (m/z): [M+H]" calcd for
37 H EDC (4.5 mg, 0.024 mmol), and | C,,H.sF:N,,0; 827.36 found
HOAt (3.2 mg, 0.024 mmol) 827.2
, 0},0\ 0.5 M (S)-2-methyl-pyrrolidine- | 2 TFA salt (6.8 mg)
(32\7\(. N 1,2-dicarboxylic acid 1-methyl (m/z): [M+H]" calcd for
38 7:) ester in DMA (31.6 uL, CsHsiF3Ny0,902.41 found 902.4
0.016 mmol)
HATU (9 mg, 0.024 mmol).

Example 39 [(S)-1-((5)-2-{4-[4"-({6-[(2R,55)-4-((:5)-2,2-Dimethyl-
cyclopropanecarbonyl)-2,5-dimethyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-
2,2'-dimethyl-biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-

5  propyl]- carbamic acid methyl ester

o SN P
& K
N O
T

HN

T

To a mixture of (S)-(+)-2,2-dimethylcyclopropane carboxylic acid (2.39 mg,
0.021 mmol) and ((S)-1-{(S)-2-[4-(4"-{[6-((2R,5S)-2,5-dimethyl-piperazin-1-yl)-pyridine-

~o

3-carbonyl]-amino}-2,2'-dimethyl-biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-
10 carbonyl}-2-methyl-propyl)-carbamic acid methyl ester tri-TFA (20 mg, 0.019 mmol,

Preparation 30) in DMF (0.5 mL, 6 mmol) at RT was added HATU (7.98 mg,

0.021 mmol) followed by N,N-diisopropylethylamine (16.60 uL, 0.095 mmol). The

reaction mixture was stirred at RT overnight, concentrated, dissolved in 1:1 acetic

acid:water (1.5 mL), filtered, and purified by preparative HPLC to provide the di-TFA
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salt of the title compound (15 mg).
(m/z): [M+H]" calcd for C,sHssNsOs 803.45 found 803.4.

Example 40
Following the procedure of Example 39, the intermediate of Preparation 30
5 (20 mg, 0.019 mmol) was reacted with (S)-1-((S)-2-methoxycarbonylamino-3-methyl-
butyryl)-2-methyl- pyrrolidine-2-carboxylic acid (6 mg, 0.021 mmol) to provide the di-
TFA salt of the following compound (6 mg) (m/z): [M+H]" caled for Cs;H;0N,,O;s 975.45
found 975.6.

Q HN’§

HN\M 4%)

HN (
\O/go
10
Example 41 [(S)-1-((S)-2-{5-[4'-({6-[(R)-4-((S)-2,2-Dimethyl-
cyclopropanecarbonyl)- 2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2',6'-
difluoro-biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-
carbamic acid methyl ester
R o /=N /. 9
WS
- OO T
o
F
NTO
HN '(
15 \O/go

To a solution of ((S)-1-{(S)-2-[4-(2",6'-difluoro-4'-{[6-((R)-2-methyl-piperazin-1-
yl)-pyridine-3-carbonyl]-amino} -biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-carbamic acid methyl ester tri-TFA (20 mg, 0.02 mmol;
Preparation 32) and N, N-diisopropylethylamine (33.4 uL, 0.192 mmol) dissolved in DMA

20 (0.6 mL, 7 mmol) was added 0.5 M (S)-(+)-2,2-dimethylcyclopropane carboxylic acid in
DMA (38 uL, 0.019 mmol) and HATU (11 mg, 0.029 mmol). The reaction mixture was
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stirred at room temperature overnight, 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 (10.1 mg). (m/z): [M+H]" calcd for C,;sHsF2N:Os 797.39 found 797.4.

Examples 42-44
Following the procedure of Example 41, the intermediate of Preparation 32

(20 mg, 0.02 mmol) was reacted with the appropriate reagents to provide the following

compounds:
R o) =N\ O
N N
O
=N
F
C@)
HN (
\O/&O
Ex. R Reagent Product
No.
Ng . 2 TFA salt (7.2 mg)
2| v gf‘?i‘irog%nle;iﬁggl chloride | /). IM+H]" caled for
) > C41H44F2N805 76936 found 7692

1 M methyl isocyanate in toluene | 2 TFA salt (4.1 mg)

43 | NHCH; | (19 4L, 0.19 mmol) (m/z): [M+H]" caled for
C39H45F2N905 75835 found 7584
44 Y imidazol-4-carboxylic acid 3 TFA salt (5.1 mg)
\[I\P (2.1 mg, 0.019 mmol), (m/z): [M+H]" calcd for
H EDC (5.5 mg, 0.029 mmol), and | C,HyuF>N,,05795.35 found
HOAt (3.9 mg, 0.029 mmol) 795.2
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Example 45 [(S)-1-((S)-2-{5-[4'-({6-[(R)-4-((S)-2,2-Dimethyl-
cyclopropanecarbonyl)- 2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
fluoro-biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-

carbamic acid methyl ester

—N K 0O
OO0 T
=N
N\//\/O

HN

~

5 o 70

To a solution of ((S)-1-{(S)-2-[4-(2'-fluoro-4'- {[6-((R)-2-methyl-piperazin-1-yl)-
pyridine-3-carbonyl]-amino }-biphenyl-4-yl)-1H-imidazol-2-yl1]-pyrrolidine- 1-carbonyl} -
2-methyl-propyl)-carbamic acid methyl ester 3[C,HF30,] (15 mg, 0.015 mmol;
Preparation 35) and N, N-diisopropylethylamine (25.5 uL, 0.146 mmol) dissolved in DMA

10 (0.5 mL, 5§ mmol) was added 0.5 M (S5)-(+)-2,2-dimethylcyclopropane carboxylic acid in
DMA (29 uL, 0.015 mmol) and HATU (8.3 mg, 0.022 mmol). The reaction mixture was
stirred at room temperature overnight, 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 (9.5 mg). (m/z): [M+H]" calcd for C;sHs FN;O5 779.40 found 779.4.

15 Examples 46-48
Following the procedure of Example 45, the intermediate of Preparation 35

(15 mg, 0.015 mmol) was reacted with the appropriate reagents to provide the following

R o, N P
N N—X
OO

compounds:
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Ex. R Reagent Product
No.
N . 2 TFA salt (12 mg)
46 > cyclopropanecarbonyl chloride (m/z): [M+H]" caled for

(1.3 uL, 0.015 mmol) CyHoFNO; 75137 found 751.2
1 M methyl isocyanate in toluene | 2 TFA salt (10.9 mg)

47 | NHCHs | (15 4L, 0.15 mmol) (m/z): [M+H]" calcd for
CsH4sFN,Os 740.36 found 740.4

Y imidazol-4-carboxylic acid 3 TFA salt (10.7 mg)
48 \[,9 (1.6 mg, 0.015 mmol), (m/z): [M+H]" caled for

H EDC (4.2 mg, 0.022 mmol), and | C,;;H,sFN,,O5 777.36 found 777.2
HOAt (3.0 mg, 0.022 mmol)

Example 49 [(S)-1-((S)-2-{4-[2'-Chloro-4'-({6-[(R)-4-((5)-2,2-dimethyl-
cyclopropanecarbonyl)- 2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-
5  biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-

carbamic acid methyl ester

Cl

N o)
Y- OO I
=N
N\//\/O
HN (

A mixture of 6-[(R)-4-((S)-2,2-dimethyl-cyclopropanecarbonyl)-2-methyl-

~o" o

piperazin-1-yl]-nicotinic acid (4.54 mg, 0.014 mmol; Preparation 36), HCTU (8.0 mg,

10 0.019 mmol), N,N-diisopropylethylamine (0.013 mL, 0.072 mmol), and DMA (0.2 mL, 2
mmol) was stirred for 30 min at 50 °C and then ((S)-1-{(S)-2-[4-(4-amino-2'-chloro-
biphenyl-4-yl)-1H-imidazol-2-yl]- pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic
acid methyl ester (7.1 mg, 0.014 mmol; Preparation 37) was added. The reaction mixture
was stirred overnight and then HCTU (8 mg) was added and the reaction mixture was

15  heated to 55 °C. After 5 h, the reaction mixture was cooled to RT, ethyl acetate and water
were added. The organic layer was concentrated under vacuum and purified by
preparative HPLC to provide the di-TFA salt of the title compound (1.3 mg). (m/z):
[M+H]" caled for CysHs,CINsOs 795.37 found 795.4.
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Example 50 [(S)-1-((S)-2-{4-[4'-({6-[(R)-4-((S)-2,2-dimethyl-
cyclopropanecarbonyl)- 2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2,2'-
difluoro-biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl-propyl]-

carbamicacid methyl ester

R 'e) =N ’*/__\ O
& K
N O
T

HN (
5 \O/&O
To a solution of 6-[(R)-4-((S)-2,2-dimethyl-cyclopropanecarbonyl)-2-methyl-

piperazin-1-yl]-nicotinic acid (6.4 mg, 0.020 mmol; Preparation 36) was added EDC (5.8
mg, 0.030 mmol) and HOAt (4.2 mg, 0.030 mmol) in DMA (0.5 mL, 5 mmol). The
reaction mixture was stirred at RT for 30 min and then ((S)-1-{(S)-2-[4-(4'-amino-2,2'-

10 difluoro-biphenyl-4-yl)- 1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl} -2-methyl-propyl)-
carbamic acid methyl ester (10 mg, 0.02 mmol; Preparation 38-B) and N, N-
diisopropylethylamine (18 ul, 0.10 mmol) were added and the reaction mixture was
stirred at RT overnight. The reaction mixture was concentrated by rotary evaporation,
dissolved in 1:1 acetic acid:water (1.5 mL) and purified by reverse phase HPLC to

15  provide the di-TFA salt of the title compound (6.8 mg). (m/z): [M+H]" calcd for
CsHsF2NsOs 797.39 found 797.4.

Example 51 [(S)-1-((S)-2-{4-[4"-({6-[(R)-4-((:5)-2,2-Dimethyl-
cyclopropanecarbonyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-5'-
fluoroe-2'-trifluoromethyl-biphenyl-4-yl|-1H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-

20  2-methyl-propyl]-carbamic acid methyl ester

i O¥<i'\>—N}__\N—//O
- O T
=N
F
N\fo
T

~o" o
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A mixture of (8)-(+)-2,2-dimethylcyclopropane carboxylic acid (2.09 mg,
0.018 mmol) and HATU (8.35 mg, 0.022 mmol) was stirred in DMA (1.0 mL, 11 mmol)
for 10 min. and then ((S)-1-{(S)-2-[4-(5'-fluoro-4'- {[6-((R)-2-methyl-piperazin-1-yl)-
pyridine-3-carbonyl]-amino}-2'-trifluoromethyl-biphenyl-4-yl)-1 H-imidazol-2-yl]-

5 pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester tri-TFA (20.0 mg,
0.018 mmol, Preparation 41) and N, N-diisopropylethylamine (15.94 uL, 0.091 mmol)
were added. The reaction mixture was stirred at RT overnight, concentrated by rotary
evaporation, dissolved in 1:1 acetic acid:water (1.5 mL), filtered, and purified by
preparative HPLC to provide the di-TFA salt of the title compound (4.8 mg). (m/z):

10  [M+H]" caled for C,HsF4N:O5 847.38 found 847.4.
Example 52
Following the procedure of Example 51, the intermediate of Preparation 41
(20 mg, 0.019 mmol) was reacted with (S)-1-((S)-2-methoxycarbonylamino-3-methyl-
butyryl)-2-methyl- pyrrolidine-2-carboxylic acid (5.24 mg, 0.018 mmol) to provide the
15  di-TFA salt of the following compound (2.8 mg) (m/z): [M+H]" calcd for Cs;HeF4N,Os
1019.47 found 1019.4.

Q HN’&

FsC e} —N 2—'
NH

Example 53 ((5)-1-{(S)-2-[4-(5'-Fluoro-4'-{[6-((R)-2-methyl-4-
methylcarbamoyl-piperazin-1-yl)-pyridine-3-carbonyl]-amino}-2'-trifluoromethoxy-
20  biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-

carbamic acid methyl ester

/CF3 2 0
Q 0 =N /™
\ / N N _
O O
=N
F
N (@]

T
Wl
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To a solution of 1.0 M methyl isocyanate in toluene (11.4 uL, 0.011 mmol)
dissolved in DMA (0.5 mL), was added ((S)-1-{(5)-2-[4- (5'-fluoro-4'-{[6-((R)-2-methy]-
piperazin-1-yl)-pyridine-3-carbonyl]-amino} -2'-trifluoromethoxy-biphenyl-4-yl)- 1 H-
imidazol-2-yl]- pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester tri-
TFA (12.7 mg, 0.011 mmol; Preparation 44) and N, N-diisopropylethylamine (19.9 uL,
0.114 mmol) and the reaction mixture was stirred at room temperature overnight,
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 (7.7 mg). (m/z): [M+H]" calcd for
CoHusFiNyOs 824.34 found §824.4.

Examples 54-55

Following the procedure of Example 53, the intermediate of Preparation 44

(12.7 mg, 0.011 mmol) was reacted with the appropriate reagents to provide the following

compounds:
,CF3 =, o
Q oL /N /\
W e
O I
=N
F
N._O
HN '(
\O/&O
Ex. R Reagent Product
No.
, 0.5 M (8)-(+)-2,2-dimethyl- 2 TFA salt (11.8 mg)

54 (\SM cyclopropane carboxylic acid in (m/z): [M+H]" caled for

DMA (229 uL, 0.011 mmol) C44H50F4Ngo6 863.38 found 863.4

HATU (6.5 mg, 0.017)

o 2 TFA salt (6.7 mg)
. SHN&O (S).—l—((S)—Z—methoxycarbonyl— (m/z): [M+H]' caled for
{ amino- 3-methyl-butyryl)-2-
55 N J. . C51H62F4N1009 1,03546 found
(S)\(U methyl- pyrrolidine-2-carboxylic 1035.4
acid (3.27 mg, 0.011 mmol) )
HATU (6.5 mg, 0.017)
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Example 56

Q HN’§

"

[e) (0]

HN

g

To a mixture of 4'-{2-[(S)-1-((S)-2-methoxycarbonylamino-3-methyl-butyryl)-

~

pyrrolidin-2-yl]-1H-imidazol-4-y1} -2-trifluoromethoxy-biphenyl-4-carboxylic acid TFA
S5 (23.0 mg, 0.033 mmol; Preparation 46) and ((S)-1-{(S)-2-[(R)-4-(5-amino-pyridin-2-yl)-
3-methyl-piperazine-1-carbonyl]-2-methyl-pyrrolidine-1-carbonyl} -2-methyl-propyl)-
carbamic acid methyl ester (15.4 mg, 0.033 mmol; Preparation 48) in DMF (0.5 mL) at
RT was added HATU (14.0 mg, 0.037 mmol) and N, N-diisopropylethylamine (29.1 uL,
0.167 mmol). The resulting mixture was stirred at RT for 2 h, and then partitioned
10 between EtOAc (10 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 oil. The
residue was 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 di-TFA salt of
the title compound (9.1 mg, 22 % yield) as a light pinkish solid. (m/z): [M+H]" calcd for
15 CsHeF3N, O, 1,017.47 found 1017.9.

Example 57 [(S)-1-((S)-2-{4-[4"-({6-[(2R),55)-4-((S)-2,2-Dimethyl-
cyclopropanecarbonyl)-2,5-dimethyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-
5'-fluoro-2'-trifluoromethyl-biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-
carbonyl)-2-methyl-propyl]-carbamic acid methyl ester

Fs N ,—\ o)
O e} — /
- O LT
NH
C(L\N
F
NTO
HN (
20 ~o” o

To a solution of ((S)-1-{(S)-2-[4-(4"-{[6-((2R,55)-2,5-dimethyl-piperazin-1-yl)-
pyridine-3-carbonyl]-amino }-5'-fluoro-2'-trifluoromethoxy-biphenyl-4-yl)- 1 H-imidazol-
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2-yl]-pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 3-TFA(15

mg, 0.013 mmol; Preparation 50) and N,N-diisopropylethylamine (23 uL, 0.13 mmol)
dissolved in DMA (0.5 mL, 5 mmol;) was added 0.5 M (S)-(+)-2,2-dimethylcyclopropane
carboxylic acid in DMA (27 pL, 0.013 mmol) and HATU (7.6 mg, 0.020 mmol). The

reaction mixture was stirred at 50 °C for 2 h, concentrated, dissolved in 1:1 acetic

acid:water (1.5 mL) and purified by reverse phase HPLC to provide the title compound
(9.1 mg) as the di-TFA salt. (m/z): [M+H]  calcd for C,sH5F4N;Os 877.39 found 878.0.

Examples 58-60

Following the procedure of Example 57, the intermediate of Preparation 50

(15 mg, 0.013 mmol) was reacted with the appropriate reagents to provide the following

compounds:

CF3

/

-
~

0 o /=N — 0
e Va e
O T

F

N:/\/O

Ex.
No.

Reagent

Product

58

NHCH;

1 M methyl isocyanate in toluene
(13 uL, 0.013 mmol)

2 TFA salt (4.5 mg)
(m/z): [M+H]" calcd for
C41H47F4N906 83836 found 8390

imidazol-4-carboxylic acid

3 TFA salt (6.6 mg)

59 | (1.5 mg, 0.013 mmol), (m/z): [M+H]" calcd for
H HATU (7.6 mg, 0.020mmol) CisHusF 4N, 06 875.35 found 876.0
P N 4-pyrazolecarboxylic acid 3 TFA salt (6.7 mg)
60 E/NH (1.5 mg, 0.013 mmol (m/z): [M+H]" calcd for

HATU (7.6 mg, 0.020mmol)

C43H46F4N1006 87535 found 8760




WO 2012/061552 PCT/US2011/059061
118

Example 61 [(S)-1-(($)-2-{4-[5"'-Chloro-4'-({6-[(R)-4-((S)-2,2-dimethyl-
cyclopropanecarbonyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-2'-
trifluoromethyl-biphenyl-4-yl]-1 H-imidazol-2-yl}-pyrrolidine-1-carbonyl)-2-methyl -

propyl]-carbamic acid methyl ester

O K
=N
Cl

N\//\/O
HN (

To a solution of 0.5 M (S5)-(+)-2,2-dimethylcyclopropane carboxylic acid in DMA
(28.9 uL, 0.015 mmol;).and HATU (8.25 mg, 0.022 mmol) dissolved in DMA (0.5 mL),
was added ((S)-1-{(S)-2-[4-(5'-Chloro-4'-{[6-((R)-2-methyl-piperazin-1-yl)-pyridine-3-
carbonyl]-amino}-2'-trifluoromethyl-biphenyl-4-yl)- 1H-imidazol-2-y1]-pyrrolidine-1-

5 ogae

10 carbonyl}-2-methyl-propyl)-carbamic acid methyl ester 3 TFA (16 mg, 0.014 mmol;
Preparation 53) and N, N-diisopropylethylamine (25.2 uL, 0.15 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 title compound (8.6 mg) as the
di-TFA salt. (m/z): [M+H]" caled for C.Hs,CIF3N;O5 863.35 found 863.4.

15 Example 62

Following the procedure of Example 61 the intermediate of Preparation 53
(16 mg, 0.014 mmol) was reacted with (S)-1-((S)-2-methoxycarbonylamino-3-methyl-
butyryl)-2-methyl- pyrrolidine-2-carboxylic acid (4.14 mg, 0.015 mmol) to provide the
di-TFA salt of the following compound (6.5 mg) (m/z): [M+H]" caled for

20  CsHgCIF3N,Og 1,035.44 found 1035.4.

Q HN’§

v
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Following the procedure of Example 57, substituting the intermediate of

Preparation 55 (15 mg, 0.013 mmol) for the intermediate of Preparation 50 (15 mg,

0.013 mmol), the following compounds were prepared

¢

&W St

HN (
Ex. R Reagent Product
No.
0.5 M (8)-(+)-2,2-dimethyl- 2 TFA salt (14.6 mg)
P cyclopropane carboxylic acid in (m/z): [M+H] caled for
63 | Ol oy Ap(2$ L o0 fnmol) CosHy.CIFsN,O; 877.37 found
HATU (7.6 mg, 0.02) 8780
) ) 2 TFA salt (15.3 mg)
” NHCH, 1 M methyl isocyanate in (m/z): [M+H]" caled for
toluene C.sH.iCIF3N,,05 875.33 found
(13 uL, 0.013 mmol) 876.0
imidazol-4-carboxylic acid 3 TFA salt (15.3 mg)
65 Y | (1.5mg, 0013 mmol), (m/z): [M+H]" caled for
N HATU (7.6 mg, 0.020mmol) C;sHuCIF3N,, 05 875.33 found
876.0

HN

Example 66:

w

N—<\__/)— 4\%)?\/0\
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Methoxyacetic acid (1.14 pL, 0.014 mmol) was dissolved in DMA (1 mL) and
HATU (5.65 mg, 0.015 mmol) was added. The reaction mixture was stirred at RT for 15
min and then (($)-2-methyl-1-{(S5)-2-[4-(4'-{6-[(R)-2-methyl-4-((S)-2-methy]-
pyrrolidine-2-carbonyl)-piperazin-1-yl]-pyridin-3-ylcarbamoyl}-2'-trifluoromethoxy-

5 biphenyl-4-yl)-1H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-propyl)-carbamic acid methyl
ester 3 HCI (12.0 mg, 0.012 mmol; Preparation 57) was added followed by N, N-
diisopropylethylamine (10.8 puL, 0.062 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 (8.3 mg) (m/z):

10  [M+H]" caled for C,HsFsN,O; 932.42 found 932.4.

Examples 67-70
Following the procedure of Example 66, the intermediate of Preparation 57

(12.0 mg, 0.012 mmol) was reacted with the appropriate reagents to provide the following

compounds:

15 0]



10

15

WO 2012/061552 PCT/US2011/059061

121
Ex. R Reagent Product
No.
. o 4 (28,385)-3-hydroxy-2- 2 TFA salt (1.7 mg)
X N\n/o\ methoxycarbonylamino-butyric acid | (m/z): [M+H]" caled for
67 HO (@] (263 mg, 0.015 1’1’11’1’101) C50H61F3N10010 1,01945 found
HATU (5.65 mg, 0.015 mmol)* 1019.4
o glycolic acid (1.13 mg, 0.015 mmol) | 2 TFA salt (1.5 mg)
68 ‘»‘J\/OH HATU (5.65 mg, 0.015 mmol) (m/z): [M+H]" calcd for
C46H54F3N908 918.41 found 918.4
o 2-hydroxy-2-methyl-propionic acid | 2 TFA salt (0.6 mg)
69 1\&0** (1.55 mg, 0.015 mmol) (m/z): [M+H]" caled for
HATU (5.65 mg, 0.015 mmol) C4HsgF3NgOg 946.44 found 946.4
oy (S)-2-Methoxycarbonylamino-3,3- 2 TFA salt (1 mg)
N N\n/o\ dimethyl-butyric acid (2.81 mg, (m/z): [M+H]" calcd for
70 0 | 0.015 mmol) CsHesF3N1gOo 1,031.49 found
HATU (5.65 mg, 0.015 mmol)* 1031.4

* Prior to isolation and purification, another equivalent of the corresponding acid, along
with HOAt (2.53 mg, 0.019 mmol) and EDC (3.56 mg, 0.019 mmol), previously stirred at
RT for 15 min, were added to the reaction mixture which was stirred at 60 °C overnight
Example 71 {(S)-1-[(S)-2-(4-{4-[5-({6-[(2R,55)-4-((S)-2,2-Dimethyl-
cyclopropanecarbonyl)-2,5-dimethyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-6-
methyl-pyridin-2-yl]-phenyl}-1H-imidazol-2-yl)-pyrrolidine-1-carbonyl]-2-methyl-

propyl}-carbamic acid methyl ester

o P
C%% L
NTO

HN (
\O/&O
A mixture of (s)-(+)-2,2-dimethylcyclopropane carboxylic acid (2.13 mg,

0.019 mmol), and HATU (8.52 mg, 0.022 mmol) was stirred in DMA (1 mL) for 10 min
and then [(S)-1-((S)-2-{4-[4-(5-{[6-((2R,5S)-2,5-dimethyl-piperazin-1-yl)-pyridine-3-
carbonyl]-amino}-6-methyl-pyridin-2-yl)-phenyl]-1H-imidazol-2-yl} -pyrrolidine-1-
carbonyl)-2-methyl-propyl]-carbamic acid methyl ester 4 HCI (15 mg, 0.018 mmol;
Preparation 59) and N, N-diisopropylethylamine (16.3 pL, 0.093 mmol) were added. The

reaction mixture was stirred at RT overnight, concentrated by rotary evaporation,
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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 (11 mg). m/z): [M+H]" calcd for

C.4HssNyOs 790.43 found 790.4.

Examples 72-75

Following the procedure of Example S, the intermediate of Preparation 59

(15.0 mg, 0.018 mmol) was reacted with the appropriate reagents to provide the following

compounds:
—N >—\ O
HNTN "= m N\__{l R
- N\ 7
N/T/O
HN (
\O/&O
Ex. R Reagent Product
No.
/z/ (S)-1-((S)-2-methoxycarbonyl- | 3 TFA salt (1.7 mg)
HN

N
72 (sz\\,‘bﬁ

amino- 3-methyl-butyryl)-2-
methyl- pyrrolidine-2-carboxylic
acid (5.35 mg, 0.019 mmol)
HATU (8.52 mg, 0.022 mmol)

(m/z): [M+H]" calcd for
CsHeN, 05 962.52 found 962.4

. \V cyclopropanecarbonyl chloride 3 TFA salt (6.5 mg)
73 (1.95 mg, 0.019 mmol) (m/z): [M+H]" calcd for
CHs:NyOs 762.40 found 762.4
methylaminoformyl chloride 3 TFA salt (4 mg)
74 | NHCH; (m/z): [M+H]" calcd for

(1.75 mg, 0.019 mmol)

C40H50N1005 751.40 found 751.4

75 T

imidazol-4-carboxylic acid (2.09
mg, 0.019 mmol),
EDC (5.37 mg, 0.028 mmol)

3 TFA salt (5.4 mg)
(m/z): [M+H]" calcd for
CpHuN,,05788.39 found 788.4
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Example 76 {(S)-1-[($)-2-(4-{6-[4-({6-[(R)-4-((S)-2,2-Dimethyl-
cyclopropanecarbonyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amino)-
trifluoromethoxyphenyl]-pyridin-3-yl}-1 H-imid azol-2-yl)-pyrrolidine-1-carbonyl]-2-
methyl-propyl}-carbamic acid methyl ester

CF, o
Q 0 =N /™
N w‘N N"Jé
\N —_—
NTO

HN

~

5 0”70

To a mixture of [(S)-2-methyl-1-((S5)-2-{4-[6-(4- {[6-((R)-2-methyl-piperazin-1-
yl)-pyridine-3-carbonyl]-amino} -2-trifluoromethoxy-phenyl)-pyridin-3-yl]-1 H-imidazol-
2-yl}-pyrrolidine-1-carbonyl)-propyl]-carbamic acid methyl ester 3-TFA (14.25 mg,
0.013 mmol; Preparation 61) and (S)-(+)-2,2-dimethylcyclopropane carboxylic acid (2.2

10 mg, 0.020 mmol) and HATU (7.4 mg, 0.020 mmol) in DMF (0.5 mL) at RT was added
N,N-diisopropylethylamine (11.37 uL, 0.065 mmol). The reaction mixturewas 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 (10.8 mg). m/z):
[M+H]" calcd for C,sHsoFsN,Os 846.38 found 847.0.

15 Example 77:

(a) [($)-1-((5)-2-{4-[5"-Chloro-2'-trifluoromethoxy-4'-({6-[(R)-2-methyl-4-((S)-2-methyl-

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

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

ester

/

CF %
3 0

0O 0 =N/
NN
NN I ey
o
Cl
NTO

20 (6]



WO 2012/061552 PCT/US2011/059061
124

A mixture of (§)-2-methyl-pyrrolidine-1,2-dicarboxylic acid 1-fert-butl ester (23.2
mg, 0.10 mmol.) and HATU (38.5 mg, 0.10 mmol) in DMA (1 mL) was stirred at RT for
20 min and then ((S)-1-{(S)-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]-
5 pyrrolidine-1-carbonyl} -2-methyl-propyl)-carbamic acid methyl ester 3TFA (95.0 mg,
0.084 mmol; Preparation 62) was added followed by N, N-diisopropylethylamine (0.074
mL, 0.42 mmol) and the reaction mixture was stirred at 55 °C overnight. The reaction
mixture was diluted in ethyl acetate and washed with water followed by brine. The
organic layer was dried over sodium sulfate, filtered and concentrated to produce a yellow
10 oil
The oil from the previous step was treated with 4 M HCI in 1,4-dioxane (0.63
mL, 2.53 mmol) and HCI (0.16 mL) and the reaction mixture was stirred at RT for 1 h,
concentrated, and evaporated withEtOAc (2x) to produce the tri-HCl salt of the title
intermediate as a light yellow solid (87.3 mg).
15 (b)

~o"X0
To the product of the previous step (22 mg, 0.022 mmol) dissolved in DMA was
added 0.5 M methylaminoformyl chloride in DMA (52.6 uL, 0.026 mmol), followed by
N, N-diisopropylethylamine (0.016 mL, 0.089 mmol) and the reaction mixture was stirred
20  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 (14.4 mg). m/z):
[M+H]" caled for CysHs,CIFsN,,0, 951.38 found 951.6.
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Example 78: Alternative synthesis of (($)-1-{(S)-2-[4-(4'-{|6-((2R,5S)-2,5-
Dimethyl-4-methylcarbameoyl-piperazin-1-yl)-pyridine-3-carbonyl]-amino}-2'-
trifluoromethoxy-biphenyl-4-yl)-1 H-imidazol-2-yl]-pyrrolidine-1-carbonyl}-2-
methyl-propyl)-carbamic acid methyl ester
(a) N-(4-Bromo-3-trifluoromethoxy-phenyl)-6-fluoro-nicotinamide

CF;
0 0 —N

F
BrONH \_/

To a solution of 4-bromo-3-trifluoromethoxy-phenylamine (3.15 g, 12.3 mmol)
and triethylamine (3.43 mL, 24.6 mmol) in DCM (25 mL) was slowly added a solution
of 2-fluoropyridine-5-carbonyl chloride (2.36 g, 14.8 mmol) in DCM (10 mL). After 2 h

at RT, MTBE (90 mL) was added and the reaction mixture was washed with water, brine,
and saturated sodium carbonate, dried, and evaporated to give a solid (5.4 g). Ethanol
(43 mL) was added to the solid and then water (43 mL) was slowly added. The reaction
mixture was stirred for 1.5 h, filtered, and washed with 1:4 ethanol:water (2 x 25 mL) to
give the title intermediate as a white solid (3.87 g). HPLC method C: Retention time =
21.3 min.

(b) (28.5R)-4-[5-(4-Bromo-3-trifluoromethoxy-phenylcarbamoyl) -pyridin-2-y1]-2,5-

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

o’CF3 o —N /—\ o—é
Br@*WN\-—{l«O

The product of the previous step (3.86 g, 10.2 mmol) (28,5R)-2,5-dimethyl-

piperazine-1-carboxylic acid tert-butyl ester (2.62 g, 12.2 mmol) and N, N-
diisopropylethylamine (5.32 mL, 30.5) was dissolved in DMSO (12 mL). The reaction
mixture heated at 120 °C for 3 h, diluted with EtOAc (100 mL), washed with water, and
saturated NH4Cl, water, and brine. The reaction mixture was evaporated to about 40%
volume and 3 M HCl in cyclopentyl methyl ether (4.24 mL, 12.7 mmol) was added
slowly. Seeds from a previous run at smaller scale were added and the reaction mixture
was stirred for 2 days and filtered to provide the HCI salt of the title intermediate (5.15 g,
83 % yield). HPLC method C: Retention time = 21.1 min
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(c) (28.5R)-4-[5-(4'-{2-[(S)-1-((S)-2-Methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-y1]-1 H-imidazol-4-y1} -2-trifluoromethoxy-biphenyl-4-ylcarbamovyl)-

pyridin-2-y1]-2.5-dimethyl-piperazine-1-carboxylic acid tert-butyl ester

o CFs o —N f—\ o%
S~ N
& <
N O

5 To a solution of ((S)-1-{(S)-2-[4-(4-bromo-phenyl)-1 H-imidazol-2-yl]-

HN

~

pyrrolidine-1-carbonyl}-2-methyl-propyl)-carbamic acid methyl ester (3.05 g, 6.8
mmol;), bis(pinacolato)diboron (1.81 g, 7.1 mmol) and potassium acetate (1,00 g, 10.2
mmol) was added nitrogen sparged toluene (15 mL). The resulting mixture was sparged
with nitrogen and 1,1'-bis(diphenylphosphino)ferrocene-palladium(Il)dichloride

10 dichloromethane (Pd catalyst) (0.17 g, 0.204 mmol) was added. The reaction mixture was
stirred at 90 °C overnight.

The reaction mixture was cooled to RT and to this mixture was added nitrogen
sparged water (7.6 mL), potassium carbonate (5.16 g, 37.3 mmol). The reaction mixture
was stirred at 95°C overnight.

15 Another portion of the Pd catalyst used above (0.08 g, 0.10 mmol) was added to
the reaction mixture. After 5 h, the reaction mixture was cooled to RT, diluted with
EtOAc (150 mL), washed with water (150 mL) and brine (100 mL), dried over sodium
sulfate, and evaporated to give a black residue (6.7 g), which was purified by silica gel
chromatography (eluted with 50-100 % EtOAc/hexane) to provide the title intermediate

20 (5.3 g, 90 % yield). HPLC method C: Retention time = 14.7 min.
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(d) (S)-1-{(S5)-2-[4-(4'-{[6-((2R,55)-2,5-Dimethyl-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

LCF3 2
0 o) =N /
N NH
OO
=N
NTO
HN (
5 Acetyl chloride (2.57 mL, 36.2 mmol) was added to ethanol (18 mL) and stirred at

RT for 1 h. To the resulting HCI solution was added a solution of the product of the
previous step (3.90 g, 4.5 mmol) in ethanol (18 mL). The reaction mixture was warmed to
35 °C and stirred overnight. Acetyl chloride (1.28 mL, 18.1 mmol) was added to ethanol
(7.8 mL) and stirred for 30 min. The resulting HCI solution was added to the reaction

10 mixture at 35 °C. The temperature was raised to 40 °C. The mixture was concentrated to
dryness chased by dichloromethane to provide the crude tri-HCI salt of the title
intermediate (5.4 g) which was used directly in the next step. HPLC method C: Retention
time = 10.1 min.
(e) (S)-1-{(85)-2-[4-(4-{[6-((2R,55)-2.,5-Dimethyl-4-methylcarbamoyl-piperazin-1-yl)-

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

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

/CF3 N 2 0

O 9] —
S~ N L
- OO T
=N
N O

f"’(

o
To a solution of the product of the previous step (5.4 g crude, ca. 3.96 mmol) and
N,N-diisopropylethylamine (6.89 mL, 39.6 mmol) in DCM (52 mL) was slowly added 1

HN

~

20 M methylaminoformyl chloride in DMA (4.3 mL). The reaction mixture stirred at room
temperature for 1 h, and then water (50 mL) was added. The organic layer was washed

with saturated NH4C1 and then brine, dried over Na,SO, and evaporated to give 5.2 g
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crude product, which was purified by silica gel chromatography (133 g silica, 2 to 8 %
methanol/DCM for 15 min then 8 % methanol/DCM for 40 min) to provide the title
compound (2.4 g, 74 % yield). HPLC method C: Retention time 11.2 min.

Using similar synthetic methods, the compounds of Tables 1-34 were prepared

where a blank in any column denotes hydrogen and further when more than one variable

is listed in a single column, (e.g. Table 5) any variable not specified is hydrogen:

Table 1
R10 0 \ 0
A SIS
=N
oo
HN\f"’(
o
Ex. No. R® R Formula Cale . Found+

[M+H]" | [M+H]
1-1 OCH; CaoHasN;Og | 70834 | 708.2
1-2 OCH,phenyl CysHeoN,Og | 78437 | 7842
1-3 CH; CasHasN,O4 | 66435 | 664.2
1-4 CH,0OCH; CioHyN,Og | 72236 | 7224
1-5 CH((S)-iPr)NHC(0)OCHj CuHuNsO; | 807.41 | 807.4
1-6 CH((S)-iPr)N(Et), CiHeoNsOs | 805.47 | 805.4
1-7 CH((R)-pheny)NH- CyHsoNsO; | 841.4 841.4

C(0)OCH;

1-8 CH((R)-phenyl)N(Et), CiwHssNsOs | 839.45 | 8394
1-9 CH,N(CH;)C(0)OtBu C4sHsgNsO; | 82143 | 8214
1-10 CH,NHC(0)OtBu CuHsiNsO7 | 807.41 | 807.0
1-11 CH,N(CHa), CyHsoNgOs | 73539 | 7354
1-12 CH,NH, CioHuN:sOs | 707.36 | 707.2
1-13 CH,NHCHj CioHusN:sOs | 72138 | 7214
1-14 CH,OH CsoHasN,Og | 70834 | 708.2
1-15 NHCHj CsoHyNsOs | 707.36 | 707.4
1-16 N(CHz), CsHiNsOs | 72138 | 7212
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Ex. No. R’ R Formula Calc . Found+

[M+H]" | [M+H]

1-17 )\NH CuoHuN1oOs | 74535 | 745.4
N\;N

1-18 O)j CoHusN.Os | 74434 | 7442
S
RSN

1-19 I CoH.N:Os | 75536 | 755.4
Nz

1-20 C\ CoHoN,O, | 74434 | 7442
O
,\,’ N\

1-21 |J CH.N,O, | 75635 | 756.4
N~

1-22 zﬁ C.HN,Os | 74435 | 7442
\N/NH

1.23 )= CoHuNO, | 74534 | 7452
NVO

124 NH, CisHuNsOs | 69334 | 693.4

1-25 cPr Cl C41H46C1N705 752.33 752.2

N

1-26 I~ \ﬂ/ CyHusNgOg | 74937 | 749.2
(@)

1-27 CH((S)IPI‘)NHC(O)OtBu Cy7HeoNgO; 849.46 349.4

128 CH((S)iPr)NH, CoHoNsOs | 74941 | 7494

1-29 CH; CooHssN.Os | 69235 | 6922
\/, H

1-30 'EN\ C42H50N805 747.39 747.4

131 CH((S)OH)iPr CoHsN.Og | 75039 | 750.2

1-32 U CiHoN:Os | 76141 | 761.4

/N
1-33 C(CH:),NHCH; CoHoNsOs | 74941 | 749.4
1-34 "A/OH CuHiN.Os | 73436 | 7342
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Ex. No. R’ R Formula Cale . Found+
[M+H] [M+H]
1-35 CHziPI’ C42H49N705 732.38 7324
N NH
1-36 ‘ VO Ca5Hs54N5O5 787.42 787.4
1-37 CH((R)OH)iPr CH51N706 750.39 750.4
1-38 NHiPr C41H50N805 735.39 7354
1-39 O-1Pr C41H49N706 736.37 736.2
1-40 NQ CpHsoNsOs | 747.39 | 7474
1-41 OCH,CH; C40H47N70¢ 722.36 722.2
1-42 NHCH,CH; C40H4sNgOs5 721.38 721.4
1-43 NHCHz—iPr C42H52N805 749.41 749.4
1-44 cPr CH3 C42H49N705 732.38 732.7
1-45 NHCH; CH; | C40H4sNgOs 721.38 721.6
N
1-46 :"\ W C41H48N805 733.38 7334
1-47 NH-tBu CHs5N5Os5 749.41 749.4
1-48 /B CasHuNgOs | 755.36 | 755.2
=N
1-49 iPr C41H49N705 720.38 720.2
1-50 @ CoHuNoOs | 75837 | 7582
N
3¢ N
1-51 Z// N C4H45NoOs 756.35 756.2
N/
1-52 =) CoHaNoOs | 75837 | 7582
N. Y/,
"N
1-53 TN CiHuNsOs | 755.36 | 755.2
N/
:\ /N\
1-54 t N Ca0H45N1105 760.36 760.2
HN-N
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Ex. No. R’ R Formula Calc . Found+
[M+H]" | [M+H]
NN
1-56 \[ > CuHysNoOs | 744.35 | 7442
N
H
1-57 =N CuHisNoOs | 74435 | 7442
HN\/
1-58 ’ CuHiNOs | 73338 | 7332
Tl
1-59 CH((S)CH,OH)NHC(0)OBu CiH N:O: | 837.42 | 837.4
N’
1-60 C\ Cl | CLHLCIN,O. | 77830 | 7782
O
,\,’ N\
1-61 TJ Cl | CLHLCIN,O, | 79032 | 7904
N~
1—62 CH((R))CPI‘NHz C42H50N805 747.3 9 747.4
N
1-63 K \ﬂ/ CiHsoNgOs | 77539 | 7754
(0]
1-64 CH((R)CPI‘)NHC(O)CH3 C44H52Ngo6 789.40 789.4
;o
1-65 7KN71/ CuHsNgOs | 789.40 | 789.4
(0]
1-66 CH,N(CH;)C(O)CHj CoHsoNgOs | 763.39 | 763.4
" N__o
1-67 'K \n/ \’< C46H56N807 83343 8334
(0]
‘/, NH2
1-68 ’K C41HagNgOs5 733.38 7334
1-69 CH,NHC(O)CH; Cl | C.uH,CINgOs | 783.33 | 7832
1-70 Bu Cl | CLHLCIN,O; | 76836 | 7682
1-71 CH((R)CH3)NH, CiwoHisNgOs | 72138 | 7212
1-72 CH((R)CH,OH)NHCH; C,H.N:O, | 75139 | 7512
1-73 CH((R)Pr)NHC(O)CHj CuHsNOs | 79142 | 7914
1-74 CH((S)CH3)NHC(O)OtBu CusHsNsO; | 82143 | 8214
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Ex. No. R’ R! Formula Calc . Found+
[M+H] [M+H]
1-75 | CH((S)CH3)N(CH;)C(0)OtBu CuHssNsO7 | 835.44 | 835.4
1-76 CH((S)iPr) NHC(O)CH; CusHseNsOs | 805.43 | 805.4
1-77 CH((S)CH;)NHCH3 C41Hs50NgOs5 735.39 7354
1-78 CH((S)CH;)NH, CaoHisNsOs | 72138 | 7212
1-79 | CH((R)CH3)N(CH3)C(O)OtBu CusHssNsO7 | 82143 | 821.4
Table 2
0 /9
OO0
N TO
HN (
\O/&O
Ex. No. R® Formula Calc . Found+
[M+H] [M+H]
N
2-1 ‘@ y CaoHisNoO6S 780.32 780.4
2-2 NH, C37H44NgO6S 729.31 729.2
2-3 cyclopropyl CyoH47N706S 754.33 754.2
2-4 phenyl C43H47N7O6S 79033 7902
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Table 3

R?a R7b /\ O
OO
AT atatavad
=N
R7C

PCT/US2011/059061

~o00
Ex. No. R R™ R’ Formula Cale . Found+
[M+H]' | [M+H]
3-1 F CaHa6FN,O; 736.35 736.4
3-2 OCH3 CiHyyN;Op 748.37 748.4
3-3 F F CyHusFoNSOs 754.35 754.2
34 Cl CuHuCIN;Os 752.33 752.4
3-5 Cl Cl C41HisCLN;Os 786.29 786.2
3-6 F CuH46FN;Os 736.35 736.4
3-7 Cl C,Hu6CIN;Os 752.33 752.2
Table 4
R10 o /\ O
OO I
=N
N \(O
R
Ex. No. R R" Formula Cale . Found .
[M+H] [M+H]
4-1 CH((S)-1Pr)NHSO,CHj; C.oH4N,OsS 738.34 738.2
42 CH((S)-iPr)NHC(O)NHCH; CuHisN,O, 717.38 717.2
4-3 CH(($)-1iPr)N(C,Hs), CsHsN,0; 716.42 716.4
44 CH((S)-iPr)NHC(O)OBu CHyuN,O; 760.41 | 760.4
45 | CH((R)phenyl)NHC(O)OCH; C.HuN.Os | 75235 | 7522
4-6 CH((S)-iPr)NHC(O)cPr C4HN,O, 728.38 728.4
4-7 CH((S)-iPr)NH, CsoHusN-0; 660.36 660.2
4-8 CH((R)phenyDN(C:Hz), | CI | CoHoCIN,O, | 78437 | 7852
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Table 5
R8a l?Sb R% RO
R10 =T, R®
- OO T
=N 0]
oo
HN\j"(
oo
ExNo.| R’ RY | T |R¥®R®R"R* | Formula Cale | Found
[M+H]" | [M+H]"

5-1 OtBu CH C.HsN,0s | 75039 | 750.4
5-2 cr | Br | CH C4HyBN,Os | 79627 | 796.2
5-3 OtBu | Br | CH C.HsBN,O; | 82830 | 828.5
54 | CHyiPr| Br | CH C.HsBIN,O; | 81231 | 8122
5-5 CH; CH CsHisN,Os | 69235 | 692.4
5-6 OtBu N CaHsoN:Os | 75139 | 751.4
5-7 OtBu CH R”=($)CHj CioHsN,O, | 764.41 | 764.4
5-8 OtBu CH R%=(R)CHj CioHsN,O, | 764.41 | 764.4
5-9 cPr C R™=F C.H,FN,O; | 73635 | 736.4
5-10 | OtBu CH R*=(S)iPr CsHsN,Os | 792.44 | 792.4
5-11 cPr C R*=0Me CpHiN:Og | 74837 | 748.4
5-12 cPr CH R”*=(R)CH; CyHioN,Os | 73238 | 7324
5-13 cPr CH R”=(S)CH; CpHuN,0s | 732.38 | 7324
5-14 cPr C R™=Me CpHpN;Os | 73238 | 732.4
5-15 cPr C R*=Cl CyHyCIN,Os | 75233 | 7522
5-16 cPr CH R*"=(S)iPr CuHssN,Os | 760.41 | 760.4
5-17 cPr CH R¥=Me CpHoN:Os | 732.38 | 7324
5-18 | OtBu C R*®=COOH CHsNOg | 79438 | 794.2
5-19 cPr CH R¥=Cl CaHyCIN;Os | 75233 | 7522
520 | OtBu C R®=COOMe | CyuHssN;Og | 808.40 | 808.2
5-21 cPr H C R™=CH,NH, | CpHsNsOs | 747.39 | 747.4

* R¥™ R% R R'% are cach H where not specified
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Table 6
RQb
N
PO Svsest
C@
~ /&O (
Ex No. R’ R” R” R* Formula Calc | Found
[M+H] [M+H]
6-1 OMe C37H43N906 710.33 710.2
6—2 cPr C39H45N905 720.35 720.2
6-3 NHCH3 C37H44N1005 709.35 | 710.4
6-4 OtBu (S)CH: (R)CH; | C42Hs3NoOg 780.41 | 780.4
6-5 OtBu (R)CH3; C41H51NoOg 766.40 [ 766.4
6-6 OtBu C40H49N906 752.38 752.4
6-7 OtBu (S)CH3 C41H51NoOg 766.40 [ 766.4
6-8 OtBu (R)CH3; C41H51NoOg 766.40 [ 766.4
6-9 OtBu (S)CH3 C41H51NoOg 766.40 [ 766.4
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Table 7

RQa RQb
o /N =X
N= N N4
\ / 5

=N
N._.O

HN (
Ex No. R’ R™ R” Formula Cale Found

[M+H] [M+H]
7-1 OtBu | (R)CH; CaHs:NoOs | 766.4 766.2
7-2 OtBu CaoHaNoOs | 752.38 752.2
7-3 OtBu (R)CH; | CuHsiNoOs |  766.40 766.4
7-4 cPr CaoHysNoOs | 720.35 720.2
7-5 Me CyHpNsOs | 694.34 694.2
7-6 | NHCHs CyHuNigOs | 709.35 709.2
7-7 Me (R)CH3 | CisHusNoOs | 708.35 708.2
7-8 cPr (R)CH3 | CaoHyNoOs | 734.37 734.2
79 NHCH; (R)CH;3 | CasHiyNigOs | 723.37 723.4
7-10 cPr | (R)CH: CaoHygNsOs | 73437 734.2
7-11 | NHCH; | (R)CH; CasHigN10Os | 723.37 723.4
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Table 8

R7b

Qo N= /—w_<0
N N
s O-C)
N

HN (
\O/&O
Ex No. RS b Cale Found
R Formula M +H]+ M +H]+
8-1 cPr C40H46NgOs 719.36 719.2
8-2 Me CisH44NgOs5 693.34 693.2
8-3 NHSO,CH; C39H4sN3OsS 757.34 757.2
8-4 OtBu OCHj; C4Hs52N3O7 781.40 781.4
8-5 cPr OCHj; C41H4sNgOg 749.37 749.2
Table 9

HN (
Ex No. R* R R" Formula Calc Found
[M+H]" [M+H]"
9-1 C40H46NgOs 719.36 719.2
9. (S)CHs Cy1HagNgOs 733.38 733.2
93 (R)CH: CyHisNgOs | 733.38 733.4
9-4 (R)CH3 C41H4sNgOs 733.38 733.4
9.5 (S)CHa CyHisNgOs | 733.38 733.4
9-6 (R)CH,OH C41H4gNgOg 749.37 749.4
9-7 | (S)CH,OH CyHasNgOg | 749.37 749 .4
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Ex No. R*™ R”® R Formula Calc Found
[M+H]" [M+H]"
9-8 (S)CH,OH CyiHasNsOs | 749.37 749.4
9-9 (R)CH,OH CyiHasNsOs | 749.37 749.4
9-10 (R)CH,OCH; CyHsoNsOs | 763.39 763.4
9-11 Cl | CsyHysCINsOs | 753.32 753.2
9-12 (S)C(O)NH, CyHaNoOs | 762.37 762.4
9-13 (R)C(O)NH, CyHaNoOs | 762.37 762.4
9-14 (SC(O)N(CHs), CasHs1NoOs | 790.40 790.4
9-15 (R)C(O)N(CHs), CasHs1NoOs | 790.40 790.4
Table 10
9a R
& O@NHN—//O
OO0 -
= R R
o
HN\f"’(
~07T0
153 R™ R R* R* | R" | Formula [hf[j:i;r [ﬁfﬁ?
10-1 CuHsoNgOs | 747.39 747.4
10-2 (R)CH; CusHsNsOs | 761.41 762.0
10-3 (S)CHs CusHsoNgOs | 761.41 761.4
10-4 (S)CH,OH CasHsoNeOe 777.4 789.2
10-5 (R)CH,OH Ca3H52NgOs 777.4 799.4
10-6 (R)YCH,OCHj CusHs4NgO6 791.42 792.4
10-7 (R)CH; Cl | CusHsrCINgOs | 795.37 795.4
10-8 (S)C(O)N(CHj3), C5Hs5NoO6 818.43 818.4
10-9 (R)C(O)N(CH3), Ci4sHssNoOs 818.43 818.4
10-10 (S)CH; (R)CH; C14Hs54NgO5 775.42 775.4
10-11 (S)CHx (R)CH; CuHsNgOs | 775.42 775.4
10-12 (S)CH; Cl | CuHsiCINgOs |  795.37 795.4




WO 2012/061552 PCT/US2011/059061
139
11\?(’)‘. R* R” R”™ R™ RY Formula [hflj:gr [i/})rﬁ(]{
10-13 | (R)CH,OH CusHs:NgOs | 777.40 777.3
10-14 | (S)CH,OH CusHs:NgOs | 777.40 777.4
10-15 (S)CH,OCH; CuHeNsOs | 791.42 791.4
10-16 (R)CH,OH Cl | CuHsiCINGOs | 811.36 811.2
10-17 (S)CH,OH Cl | CuHsiCINGOs | 811.36 811.2
10-18 (R)CH; Et | CusHssNsOs | 789.44 789.4
10-19 (S)CoHs CuHeNeOs | 775.42 775.4
10-20 (R)CH3 ($)CH; CuHsiNgOs | 775.42 775.4
1021 | (SCH; (R)CH; CuHeNgOs | 775.42 775.4
10-22 (a) CuHeiNgOs | 872.47 872.4
1023 | (R)C:Hs CuHsiNgOs | 775.42 775.4
10-24 (b) CsiHsNgO; | 910.45 910.4
10-25 (R)CH,SCH3 CusHsiNgOsS |  807.39 807.2
1026 | (S)CaHs CuHsiNgOs | 775.42 776.2
10-27 (R)CH,S(0)-CH; CuHsiNsO/S | 839.38 839.4
1028 (S)C(O)NH, CusHsiNgOs | 790.40 790.4

(a) (R)CHoNH(S)C(O)(1,1-di-methylcyclopropyl)
(b) (R)CH,NHC(O)OCH;phenyl
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Table 11
9a ab
R10 0 —N R >—<R O
e e P Ve Rt
Q O NH — ‘é
\N RQc RQd
N To
'
o
Ex No. R™ R” R* R* Formula Calc . Found
[M+H]" | [M+H]"
11-1 C41H50NsO6 751.39 751.4
11-2 CH; CpHsoNgO; | 781.40 | 781.2
11-3 (S)CH; CpHsNgOg | 765.40 | 765.4
11-4 (R)CH; CpHsNgOg | 765.40 | 765.4
11-5 (R)CH; CpHsNOs | 765.40 | 765.2
11-6 (S)CH; CpHsNOs | 765.40 | 765.4
11-7 (S)CH,OH CpHsN:O, | 781.40 | 7817
11-8 ($)CH,OH CpHsNgO; | 781.40 | 781.4
11-9 (R)CH,OH CpHsNO; | 781.40 | 781.4
11-10 (R)CH,OCH; CuHsNO; | 79541 | 795.4
11-11% (S)CH,OH CHs CINGO, | 815.36 | 815.6
11-12* (R)CH,OH CH5 CIN:O, | 81536 | 8157
11-13 | (S)CONH, CpHsNoO, | 79439 | 795.4
11-14 (S)CONH, CpHsNoO; | 79439 | 794.4
11-15 (R)CONH, CpHsNoO; | 79439 | 794.2
11-16 | (R)COOH CpHsoNgOg | 79538 | 795.4
11-17 | (S)COOH CpHsoNgOg | 79538 | 795.4
11-18 (R)COOH CpHsoNOz | 795.38 | 795.4
11-19 (R)CH,CH; CyHuNOs | 779.42 | 779.4
11-20 (S)CH,CH; CuHsNOs | 779.42 | 779.4
11-21 COOCH; CuHsoNgOs | 809.39 | 809.2
11-22 (R)COOCH; CHsNOs | 809.39 | 809.4
11-23 ($)COOCH; CiHsNgOs | 809.39 | 809.4
11-24 ($)CH(CHs), CuHseNgOg | 793.43 | 793.4
11-25 (R)CH(CHs), CuHseNgOg | 793.43 | 793.4
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Ex No. R™ R” R* R* Formula [hfljfgk [i/})-:-l;-llt]{r
11-26 (S)YCON(CHs), CuHssNoO, | 82242 | 8224
11-27 (R)CON(CH3), CuHssNoO; | 82242 | 822.4
11-28 ($)CH; (RICH; | CuHsNeOs | 779.42 | 780.0
11-29 (R)CH; (S)CH; C43Hs4NgOg 779.42 780.4
11-30 (R)CH; (RICH; | CuHsNeOs | 779.42 | 779.4
11-31 (S)CH; (RCH; | CyuHuNgOs | 779.42 | 779.4
11-32 (S)CH; (R)CH; Cy3Hs54N3Og 779.42 779.4
11-33 | (SHC(O)NH, CpHsNoO; | 79439 | 795.4
11-34 (R)C(O)NH, CpHsNoO; | 79439 | 794.2
11-35 (S)C(O)NH, CpHsNoO; | 79439 | 794.4
* R' is CI; all other R' are hydrogen
Table 12
9a 9b
R0 o, /=N " >—<R 2
N N
e OO 54
\N RQc R9d
N__O
HN\j"(
5
Ex No. R* R”® R* R™ RY | Formula Calc Found
[M+H]" | (M+H]"
12-1 (R)CH3 CypHsoNgOs | 749.41 | 750.4
12-2 (S)CH3 CypHsoNgOs | 749.41 | 749.4
12-3 (R)YCH,OH CypHsNgOg | 765.40 | 766.4
12-4 (S)CH3 (R)CH3 Cy3HsyNgOs | 763.42 | 763.4
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Table 13
9a 9b
RO o /=N ) >—<R o
HN™N Q O H¥<\:/)‘N\_<N—<N_
\N RQd H
oo
HN\j"(
\O/&O
Ex No. R* R” R | R"Y | Formula Cale | Found
[M+H]" | [M+H]"
13-1 C3sHysNoOs | 708.35 | 708.2
13-2 CH; | CsoHyNoOs | 722.37 | 722.2
13-3 Cl | C3sHyyCINgOs | 742.32 | 7422
13-4 (S)CH C3oHyNoOs | 72237 | 7222
13-5 (R)CH; CzoHyNoOs | 72237 | 722.4
13-6 (R)CH; Cl | C3oHu6CINgOg | 772.33 772.2
13-7 (R)CH3 CioHyNoOs | 722.37 | 722.4
13-8 (R)CH; Cl | C3oHysCINGOs | 756.33 | 756.2
13-9 (S$)CHs CioHyNoOs | 722.37 | 7222
13-10 (S)CH; Cl | C3oHuCINGOs | 756.33 | 756.2
13-11 | (R)CH,0H C3oHyNoOs | 73837 | 738.4
13-12 | (S)CH,OH C30Hy7NoOs | 738.37 | 738.2
13-13 ($)CH,OH C3oHsNoOs | 738.37 | 738.4
13-14 (R)CH,OH C3oHiNoOs | 73837 | 7382
13-15 (S)CH,OCH3 CuoHyNoOs | 75238 | 752.4
13-16 ($)CH: | (R)CH;3 CioHoNoOs | 73639 | 736.4
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Table 14

HN (
\0/&0

Ex No. R* R R* Formula Calc | Found

[M+H]" | [M+H]"
14-1 CuHaN1oOs | 757.35 | 757.4
14-2 (S)CH3 CoHiN19Os | 77137 | 771.4
14-3 (R)CH3; CioHuN1oOs | 771.37 | 771.4
14-4 (R)CH; CiHyN1oOs | 771.37 | 771.4
14-5 (S)CH; CiHyN1oOs | 771.37 | 771.4
14.6 | (RICH,OH CiHyeN1oOs | 787.36 | 787.4
14-7 | (S)CH,OH CiHyeN1oOs | 787.36 | 787.4
14-8 (S)CH,OH CiHueN1oOs | 787.36 | 788.2
14-9 (R)CH,OH CiHyeN1oOs | 787.36 | 787.4
14-10 (S)CH,OCH3 Cy3HusN1oOs | 801.38 | 801.4
14-11 (S)CH3 (R)CH3 | C43HasN10Os | 785.38 | 785.4
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Table 15

PCT/US2011/059061

RQa R9b
o@NHN 2
W/, =
N

HN (
\O/&O
Ex No. R* R”® R Formula Calc | Found
[M+H]" | [M+H]"
15-1 CaoHaaN100s5 745.35 | 745.4
15-2 (S)CH; CaHaN1gOs | 759.37 | 759.2
15-3 (R)CH3 Cy1HugN1oOs | 759.37 | 759.4
15-4 (R)CH3; CuHN1oOs | 759.37 | 759.4
15-5 (S)CH; CyHN1Os | 759.37 | 759.2
15-6 | RCH.OH CuHuN1gOs | 77536 | 775.4
157 | ($)CH,OH CuHiN1oOs | 775.36 | 775.2
15-8 (S)CH,OH CyHiNiOs | 775.36 | 775.2
15-9 (R)CH,OH Cy1HyN1gOs | 775.36 | 775.2
15-10 (S)CH,OCH3 CpHasN1oOs | 789.38 | 789.4
15-11 (S)CH3 (R)CHs3 | CooHusN1gOs | 773.38 | 773.4
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Table 16

RQa R9b
R10 o) —N — O
N N
C“};M O+
N
H

HN (
\O/go

Ex No. R* R” R |R" Formula Calc | Found

[M+H]" | (M+H]"
16-1 CaoHuN1gOs | 74535 | 745.4
16-2 (S)CH3 CnHaN1oOs | 759.37 | 759.4
16-3 (R)CH; CuHuN1gOs | 759.37 | 759.2
16-4 (R)CH; C41Ha6N100s 759.37 | 759.4
1625 (R)CH; Cl | C4iHusCINoOs | 793.33 | 793.4
16-6 (S)CH; C41H46N100s 759.37 | 759.4
16-7 (S)CH; Cl | CyiHisCINgOs | 793.33 | 793.2
16.8 | (RICH,OH CuHaeN1Os | 775.36 | 775.4
16-9 | (S)CH,OH CyHaN1gOs | 77536 | 775.4
16-10 (S)CH,OH CuHaN1gOs | 775.36 | 775.4
16-11 (R)CH,OH CuHaN1gOs | 775.36 | 775.4
16-12 (S)CH,OCH3 CpHisN1gOs | 789.38 | 789.4
16-13 (S$)CHs (R)CH3 CaHagN1oOs 773.38 | 773.4
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Table 17
9a 9b
R10 1) —N A >—<R O
- OO I
\N RQC RQd S
N.__O
HN\j"(
o

11\?;‘. R™ R” R R Formula [I\E:EF [i/([)_:_l;_ll(]i+
17-1 CsoHiNoOs | 75037 | 7503
17-2® CuHuNoOg | 764.38 | 764.4
17-3 (S)CH; CaHyNoOs | 76438 | 764.2
17-4@ (S)CH; CyHiCINgOs | 798.34 | 798.2
17-5 (R)CH; CaHyNoOs | 76438 | 764.2
17-6 (R)CH; CyHpoNoOs | 76438 | 764.8
17-7@ (R)CH; CyHisCINgOg | 79834 | 7982
17-8 ($)CH; CyHpoNoOs | 76438 | 764.4
17-9@ ($)CH; CyHisCINgOg | 79834 | 7982
17-10 | (RICH,OH CyHioNoO, | 78038 | 780.4
17-11 | ($)CHOH CaHpNoO; | 78038 | 780.4
17-12 ($)CHOH CaHpNoO; | 78038 | 780.4
17-13 (R)CH,OH CyHpoNoO, | 78038 | 780.4
17-14 ($)CH; (R)CH; CyHusNigOs | 789.38 | 789.2
17-15 ($)CH,OCH; CoHsNoO, | 79439 | 795.4
17-16 ($)CH; (RICHs | CoHgNOs | 7784 | 778.4
17-17 (SC(O)NH, CyHisNigO; | 79337 | 793.2
17-18 (R)C(O)NH, CyHiNigO; | 79337 | 793.4
17-19 (S)CON(CHs), CuHuNigO; | 8214 | 8214
17-20 (R)ICON(CHj), CysHuNigO; | 8214 | 8214

@ R%is Cl
® R14s CH;
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Table 18

RQa R9b
R0 o, /N < 9 =
I WS
OO
=N R%

¢)
Ex No. RrR*™ R R | R Formula Calc | Found
[M+H]" | [M+H]"
18-1 CyHyN1Os | 759.37 | 759.4
18-2 (S)CH; CypHigNOs | 77338 | 774
18-3 (R)CH; CpHiNOs | 77338 | 773.4
18-4 (R)CH; CyHiNOs | 77338 | 774.4
18-5 (R)CH; Cl | CpHHCINGOs | 807.34 | 807.2
18-6 (S)CH; CpHysNOs | 77338 | 773.4
18-7 (S)CH; Cl | CoHHCINOs | 807.34 | 807.4
18-8 (R)CH,OH CiHygN1Os | 789.38 | 789.4
18-9 ($)CH,OH CyoHygN1gOs | 789.38 | 789.4
18-10 (S)CH,OH CyHysNOs | 789.38 | 789.4
18-11 (S)CH,OH Cl | CpH4CINOs | 823.34 | 8232
18-12 (R)CH,OH CyoHygN1gOs | 789.38 | 789.4
18-13 (R)CH,OH Cl | CpH4CINGOs | 823.34 | 8232
18-14 (R)YCH,OCH; C43HsoN1gOs | 803.39 | 803.4
18-15 (S)CH,OCH; Cy3HsoN1Os | 803.39 | 803.4
18-16 (S)CH; (R)CH; C43Hs50N190s5 787.40 787.4
18-17 (SCON(CHs), CuHsNiOs | 83040 | 830.4
18-18 (R)CON(CH) CuHsNiOs | 83040 | 830.4
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Table 19

PCT/US2011/059061

=N
ol

HN (
e
IE:)(. R% R® R R% * Formula [l\fljfgr [II\(/}?FIII-Id]
19-1 (R) | CasHs51NoOg 790.4 790.4
19-2 (S) | CuHsiNoOs | 7904 | 790.4
19-3 | (R)CH4 (R) | CaHssNoOs | 804.41 | 804.4
19-4 (R)CHj (R) | CuHs:NoOs | 804.41 | 804.4
19-5 (S)CH; (R) | CuHs:NoOs | 804.41 | 804.4
19-6 (S)CH,OH (R) | CuHs:NoO7 | 82041 | 8204
19-7 (R)CH,OH (R) | CuHs:NoO; | 82041 | 8204
19-8 (R)CH; | (R)CHs (R) | CusHssNoOs | 818.43 | 818.4
19-9 (S)CHs (RCHz | (R) | CasHssNoOs | 818.43 | 818.4
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Table 20

R10 o, /=N O\ _40

PCT/US2011/059061

HN (
\O/gO
Ex No. R R" Formula Cale . F0und+
[M+H] [M+H]
20-1 =N 0] C41H490NoO 764.38 764.2
X , 411149IN9V6
(@]
20-2 . C41H4sNgOg 749.37 749.6
20-3 CH,S0O,CHj; CH; CaoH4sNO7S 785.34 785.2
20-4 j‘i{NH CuHigNiOs | 75937 759.4
20-5 C(CH;),OH C40H4sNgOs 737.37 737.2
20-6 CH(CH,OH)NHC(O)CHj; C41H49NoO7 780.38 780.2
20-7 CH((R)IPI‘)NHC(O)CH3 C43H53N906 792.41 792.4
20-8 CH((S)CH3)NHC(O)CH3 C41H49NoOg 764.38 764.2
20-9 NHiPr C40H49N905 736.39 736.4
AR
20-10 —:—</ C43H48N1005 785.38 785.4
N=
\ N=
20-11 ‘:‘<\Nt© CusHasNigOs | 807.37 807.4
YN
20-12 ' @ C41H46N1005 759.37 759.4
N
Cl
20-13 N CapHuCINGOs | 790.32 790.2
CN\ 7/
N
20-14 —i—<:-\>7F C42H44FN905 774.35 774.3
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Ex No. R RY Formula Calc . F0und+
[M+H] [M+H]
N
20-15 - Nl CyyHuCINGOs | 790.32 790.2
. S
20-16 7\<\/W CaoHusNGOsS | 76231 762.2
N
= _N
20-17 \©iN> CuHisNiOs | 795.37 795.4
H
20-18 ~ N\7 CyoH43NoOsS | 762.31 762.2
'\<\/s ' '
20-19 phenyl C43H46N805 755.36 755.4
20-20 CH»S0,CHj; C3oHyNsO7S | 771.32 771.2
Table 21
R9a R9b
R7a o —N >_< )
ImUa e
O~
\N RQC R9d
R7C
N\fo
HN (
\O/&O
7a e 9a, 139 139 19 5 Calc Found
Ex No. R R R™ R, R*,R R Formula [M+H]" | [M+H]*
21-1 R"=CH; R™=(R)CH; OtBu CyHsNeOg | 779.42 | 7794
2o RI“CH, R¥=(R)CHj; (SM CuHsN:Os | 77542 | 775.4
N
21-3 R"*=CH; R”=(R)CH; e C4:HsoN5Os5 74739 | 7474
21-4 R"=CH; R”™=(R)CH; NHCH; C4oHaoNoOs 736.39 | 7364
NN
21-5 R"*=CH R”=(R)CH; \[N> CyHigNOs | 773.38 | 773.4
H
OY
216 RP—CH R*=(R)CH; (SQ}‘@ CiHsNoOs | 832.44 | 8324
O,
21-7 R7=CH R¥=(R)CH; (Rt';; CieHsiNoOg | 832.44 | 8324
9b °
21-8 R =(S)CH;, T | CullaNoOs | 83244 | 8324
R™= (R)CH; (R )
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7a p7¢ 9a, 139b 9¢ 9% Calc Found
Ex No. R R R™ R, R*,R Formula [M+H]" | [M+H]*
9b__
219 R =(S)CH;, CuHsNoOs | 832.44 | 8324
R™= (R)CH;
21-10 | R™=CH;R"*=CH; R™=(R)CH; C41HsNoOs 750.40 | 750.4
21-11 | R™=CH;R™=CH; R”=(R)CH; C4sHs6N5Os5 789.44 | 789.4
21-12 | R™=CH;R™*=CH; R”=(R)CH; CyHsoN;jOs | 787.40 | 787.4
21-13 | R™=CH;R™=CH; R”=(R)CH; C43Hs5;N3Os 761.41 | 761.4
21-14 R7*=CH; R”=(R)CH; C46Hs7NoO, 848.44 | 8484
. R%=(S)CHj,
21-15 R7*=CH; Rgd:((%cﬁg CyHsoNgOs | 787.40 | 787.2
. R*=(S)CHs,
21-16 R7*=CH; Rgd:((%cﬁg CiHsNeOs | 75040 | 750.4
. R%=(S)CHj,
21-17 R7*=CH, Rgd:((%cﬁg CosHsNiOs | 789.44 | 789.4
. R%=(S)CHj,
21-18 R7 :CH3 Rgd:((i))CI_Iz C43H52N805 761.41 761.4
. R*=(R)CH;,
21-19 R"*=CH; Rgd:(( S%CHZ CoHsoNoO7 | 86245 | 8624
. R™=(R)CHs,
21-20 R™*=CH; Rgd:(( 5)) CH? C4sHs6NgOs 789.44 | 789.4
. R™=(R)CH,
21-21 R™=CH; Rgd:(( S))CHZ CyHsNsOs | 761.41 | 7614
. R™=(R)CH,
21-22 R"=CH; Rgd:(( 5)) CHZ CyHsNoOs | 750.40 | 7504
. R*=(R)CH;,
21-23 R"*=CH; Rgd:(( 5)) CHZ CyHsoNigOs | 787.40 | 7874
21-24 R™=CF; R”=(R)CHj CyHyF3NOs | 801.36 | 801.2
21-25 R™=CF; R”=(R)CHj CyHs51F3NsOs | 829.39 | 829.4
21-26 R"=CF; R”™=(R)CH; CaoHisF3NsOs | 790.36 | 790.2
21-27 R™=CF, R™=(R)CH, CollsFsNoO | 09735 | 8274
5
21-28 R™=CF; R”=(R)CH; CieHssFsNO; | 902.41 | 902.4
21-29 R7a:CN Rga:(R)CH3 C40H46N1()O5 747.37 747 .4
21-30 R™=CN R”=(R)CH; C44H351NoOs 786.40 | 786.4
21-31 R™=CN R”=(R)CH; CyHusNjOs | 784.36 | 784.4
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7a p7¢ 9a, 139b 9¢ 9% Calc Found
Ex No. R R R™ R, R*,R Formula [M+H]" | [M+H]*
21-32 R7*=CN R”=(R)CH; CsHssNjgO; | 859.42 | 8594
21-33 R™=CH; R*=(R)CH,SO,CH; CysHsN:O;S | 853.40 | 853.4
21-34 R7*=OCF; R”=(R)CH; CuHsF3NgOg | 84539 | 845.4
21-35 R™*=0OCF, R”=(R)CH, CaoHuF3NoOg | 806.35 | 806.4
21-36 R*=OCF; R”=(R)CH; CiHusF3N O | 843.35 | 843.2
21-37 R*=OCF; R”=(R)CH; CiHiF3NgOg | 817.36 | 817.2
21-38 R™=0OCH; R”=(R)CHj Cy6Hs57NgOg 864.43 | 864.4
21-39 R7a:OCH3 Rga:(R)CH3 C40H49N906 752.38 752.4
21-40 R"*=0OCH; R”=(R)CH; C44Hs4N5Opg 791.42 | 791.4
21-41 R7*=OCF; R”=(R)CH; CseHssF3NoOg | 918.41 | 918.4
21-42 R7a:OCF3 Rga:(R)CH3 C43H48F3N907 860.36 860.4
. R”=(R)CHS,,
21-43 R"*=0CF; Rgd:(( S))CHZ CyHyoF3NsOs | 83137 | 831.2
. R*=(R)CHS,
21-44 R"*=0CF; Rgd:(( 5)) CHZ CyHseF3NoOs | 932.42 | 9324
R*=(R)CH
Ta__ 3,
21-45 R™=OCF; R¥=(S)CH, CotaFsNiOs | 85736 | 8572
. R™=(R)CH;,
21-46 R7*=0CF, Rgd:(( 5)) i CasHssFsNiOg | 859.40 | 859.4
. R™=(R)CH;,
21-47 R7*=0CF; Rgd:(( S))CH33 Cy1HisF3NoOs | 82037 | 820.5
. R”™=(R)CH,,
21-48 R7*=0CF; Rgd:(( S%CHZ CyHioF3NsOs | 83137 | 831.4
. R”™=(R)CH,,
21-49 R™=0OCF; Rgd:(( 5% CHZ Cy1HisF3NoOs | 82037 | 820.4
. R™=(R)CH;,
21-50 R7*=OCF; Rgd:(( S%CHZ CyHyrF3NiOg | 857.36 | 857.4
. R”™=(R)CH,,
21-51 R™=0OCF; Rgd:(( 5% CHZ CssHssFsNgOg | 859.40 | 860.2
21-52 R™=F R”=(R)CH; CyH4FNgOs | 751.37 | 751.2
21-53 R7=F R”=(R)CH; C30H4FNGOs | 74036 | 740.4
21-54 R"™=F R”=(R)CHj CuHysFNOs | 77736 | 777.2
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7a e 93, % 19 19d 5 Calc Found
Ex No. R R R™ R, R*,R R Formula [M+H]" | [M+H]*
21-55 R™=F R*=(R)CHj <Sb< CisHs:FNGOs | 779.40 | 779.4
AN
21-56 R"*=F,R™=F R”=(R)CH; Ave C41HuF2NgOs | 769.36 | 769.2
2157 RP-F R —F RO=(R)CH, (SM CusHsoFoNsOs | 79739 | 797.4
21-58 R"*=F,R™=F R”=(R)CH; NHCH; | C3oHusFoNoOs | 75835 | 758.4
N
21-59 R"*=F,R™=F R”=(R)CH; \[N\ C41HuF,NOs | 795.35 | 795.2
H
Q
21-60 (RV:B CisHssNoOs | 816.41 | 816.4
o) ($m/
21-61 (Rt"___\i C47Hs57NgOs 844.44 | 844.4
O,
21-62 (le;; CuHsNyOs | 804.41 | 804.4
OY
21-63 (Sgb CuHsNoOg | 804.41 | 804.2
O}/A
21-64 (szgth) CacHssNoOs | 830.43 | 830.4
o. (S)
21-65 (323% > CssHsoNoOs | 858.46 | 858.4
O
21-66 R”=(S)CH; (Szgjtg/ CssHssNsOs | 818.43 | 818.4
OY
21-67 R=(S)CH,OCHj (323b Ci6Hs5NsO; 848.44 | 848.4
OY
21-68 R*=(R)CH,0OH (Sz\\"b CisHssNyO, | 834.42 | 834.4
OY
21-69 R*=(S)CH,OH (323@ C4sHssNoO- 834.42 | 834.4
OY
21-70 R*=(R)CH, (Sz\‘(@ CisHssNsOs | 818.43 | 818.4
2 (S) ()
21-71 DF Cy3HsoFNoOg | 808.39 | 808.4
o=§
O
21-72 R¥=(R)CHj (thj__:; CisHssNyO, | 834.42 | 834.4
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7a e 93, % 19 19d 5 Calc Found
Ex No. R R R™ R, R*,R R Formula [M+H]" | [M+H]*
OY
21-73 R”=(R)CH,CH; <ng@ CiHsNyOs | 832.44 | 8324
OY
2174 R*=(S)CH,CH; <ng@ CieHsNsOs | 832.44 | 8324
21-75 R™=(R)CH; (b) CsoHesN1gOs | 933.49 | 933.4
21-76 R”=(R)CH, (a) CoHuN;gOs | 933.49 | 933.4
21-77 R"“=0CH; R”=(R)CH, (a) CsiHeeN1gOs | 963.50 | 963.4
. O
(SIA AEIN. o
o G
(6]
SV A" _HRIN. o
(b) N
A0
Table 22
R9a
0] =N >—_\ _(O
N N
=N
Nfo
HN” "R’
\O/go
Ex No. R! R R® Formula Cale Found
[M+H]" | [M+H]"
22-1 (S)CH3 N7 |CaHoNOs 69133 | 691.2
22-2 (S)CH,OH 7 |CasHpNOs |707.32 | 707.7
22-3 (S)C(CH3),OH 7 |CaHaeN:Os 73535 | 735.2
22-4 (R)phenyl N7 |CuHuNOs 75334 | 753.2
22-5 | (S) CH,((S)CH;)OCH; 7 [CaHaeNsOs 73535 | 735.2
22-6 (S)CH; (RICH: | AL |CoHygNgOs |73338 | 733.4
22-7 (S)CH,OH (RICH: | AL |CoHagNgOs |74937 | 749.4




WO 2012/061552 PCT/US2011/059061
155
Ex No. R! R* R’ Formula Calc Found
[M+H]" | [M+H]"
22-8 (R)phenyl (RICH: | A | CagtsoNgOs  [795.39 | 795.4
229 | ($) CHy((S)CH;)OCH; | (RICH: | Ol |CioN:Os 77740 | 777.4
22-10 (S) C(CHz)s (RCH: | oA |CotsNgOs 77542 | 775.4
22-11 (S)cPr (R)CH: | A |CysHsoNgOs  [759.39 | 759.4
22-12 (R)CH(CHy), (RYCH3 | A | CoHaN:Os | 761.41 | 761.4
Table 23
R9a R9b
—N_ £
HN N N
- O~
CXQN 0 R
R7C
Nj\/o
HN '(
\O/&O
Ta ¢ 9a 139b 9d 5 Calce Found
Ex No. R",R R"R"R R Formula [M+H]" | [M+H]*
23-1 R*=(R)CH; GA. | CoHaNOs | 76141 | 761.7
23-2 R®=(R)CH o | CuHWNO, | 79343 | 793.4
YN
23-3 R*=(R)CHj \[N> CuHiN,Os | 75937 | 759.4
H
OY
23-4 R”=(R)CH; (Sgb CisHssN,O, | 834.42 | 834.4
23'5 Rga:(R)CH3 NHCH3 C39H47N905 72237 7224
23-6 R*=(R)CHs <SM C.HuN,Os | 77542 | 7754
R™=(R)CH K
23-7 R9d=((S§CH§ \[”> CpHiN,,Os | 773.38 | 773.4
R™=(R)CH
23-8 R9d=((S§CH§ (a) CsHeN,Os | 947.51 | 947.6
R™=(R)CH
23-9 Rgd:((SCHj NHCH; | C,oHuN,O5s | 73639 | 736.4
23-10 R”=(R)CH; (a) CyHoN,, O 93349 | 9334
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7a p7c¢ 9a 139b 139d 5 Calc Found
Ex No. R",R R”R™R R Formula M +H]+ M +H]+
23-11 | R™=0CHj; R”=(R)CH; GoA. | CuHuNOs | 79142 | 7914
23-12 R"*=CH; R™=(R)CH; NHCH: | C,HoN,Os | 73639 | 7364
23-13 | R™™=OCF; R”=(R)CH; (sM CuHs FNOs | 845.39 | 845.8
23-14 | R™™=OCF; R”=(R)CH; (a) CsHiFN,O, | 1017.47 | 1017.9
.0
SEA_HEIN. o
o O
0]
Table 24
R11a R0 g7a K _4
-0 0 pUAS
o R11c R4 R7c
HN\f"'(
\O/&O
Ex Rlla Rllb R7a R7b R7c R5 F ) Calc FOll]ld
No. Rllc Rlld R7d ormula [M+H]+ [M+H]+
0
24-1 .‘\%N’l{o/ CicHssNsO; | 846.42 | 846.4
0
24-2 %NJ{ Cl6Hs5sNoOg 830.43 | 830.4
I, _: /
24-3 Q&N\(\H O | CsiHaN1oOs 945.49 | 945.4
@]
-1 O
/,”“~ /
24-4 (S) N/U\/N\ C47HeoN10O6 861.47 | 861.4
L 9
24-5 (S), N/lk/N C49H62N1()O7 903.48 903.4
.0
- sy
24-6 >CN MON | CoHaNiOs | 94751 | 945.4
O
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Ex RIZ R RPR®R™ R Formula Calc Found
No. Rllc Rlld R7d [M+H]+ [M+H]+
24-7 (kM CsH5NgOs 761.41 | 761.4
9
24-8 (SCN S)N\H/O\ CiHoNOs | 91948 | 919.6
(0]

24.9 (SCNH CisHesNoOs 77642 | 776.4
24-10 CHzt—Bu C43H54NgO5 763.42 763.4
§

24-11 RYe W C41HoNoO5 748.39 | 748.4
24-12 NHC(CH;);CH,OH | C4;H53NoOs 780.41 | 780.4
X3
. ]

24-13 2N C4H5NgOg 876.43 | 876.4
02\

24-14 HO? C43H5:NgOg 777.4 777.4
24-15 R7*=0iPr NHCH; C1Hs53NoOg 780.41 | 780.4

L, L (@]
24-16 S A | CoHeNGOs | 861.47 | 861.6
H
L 9
24-17 (Sé“‘ NON | CrHgNO; | 87747 | 877.4
H
o @
24-13 (S&/N)LN% CuHoNiOs | 87549 | 875.6
H
w9
2419 R, \/58/)\"‘ O | CisHeN1,O 919.48 | 919.4
- ~ N 7’/ ~ 19 62 N10U3g . .
\_J 4
0
RO -
24-20 | R'"™=CH; 3N C46H35sNoOy 830.43 | 830.7
(RY
24-21 HZN% C43H53NoOs 776.42 776.4
2422 R™=QCHF, NHCH;, C1oH47F,NoOg 788.36 | 788.4
2423 | R'"™=0CF; NHCH; CioHuF3NoOg | 806.35 | 806.4
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Ex RIZ R RPR®R™ R Formula Calc Found
No. Rllchld R7d [M+H]+ [M+H]+
7a__
2424 g NHCH, CaHuFNoOs | 75438 | 754.8
R™=OCH
24-25 RY=C X/ CiHyCINgOg | 797.35 | 798.0
24-26 R7=0OH NHCH; C30H47NoOp 738.37 | 738.8
N
24-27 R™=CH,CH; E» CisHsoNiOs | 7874 | 787.8
N
H
24-28 R™=CH,CH; NHCH; CHs1NgOs 750.4 750.8
N
24-29 R™=CIR"=F E» CyHyCIFNOs | 811.32 | 811.6
N
H
24-30 R7*=C] R"=F NHCH; C30H4sCIFNGOs | 77432 | 774.8
oaal RP—Cl RP=F (SM CsHyCIFNGOs | 813.36 | 813.6
., ~h O
‘, ~ S
24-32 R*=CI1R"=F | ) N/ﬁ/)\NWO\ CsoHuCIFN Os | 985.44 | 985.6
O
Q O
R7*=OCH; h
24-33 R*—OCH. (3)@\1 CasHeNoOo 908.46 | 907.8
Table 25
O/
N
R11a R0 R7a
NN O 2 %
(S)
R11C R11d R 7c
NTO
HN (
11a 1 11b  11c p11d 7a 137 37¢ 1 7d Calc Found
ExNo.  R"RTR R R"R"R™R Formula [M+H]+ [M+H]+
25-1 R7a:CF3 C51H63F3N1008 1,00148 1001.4
252 R™*=CN C5;Hg;NyOg 958.49 958.4
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Ex No. | R R R R1¢ R™R™R™R™ Formula [ﬁfﬁ’r [ﬁ’}:ﬁ?
25-3 R'""=CH; CsHeeN10Os 947.51 | 947.8
25-4 R™=CH; Cs1HgeN 1005 947.51 947.4
25-5 R7*=0(CH,),OCH; | Cs;H7oN1gO10 1,007.53 | 1007.4
25-6 R"*=0iPr Cs;H70N 1400 991.53 | 991.6
25-7 R!P=F CsoHg3FN 1405 951.48 | 951.4
25-8 R''"=CF; Cs;HgF3NgOg | 1,001.48 | 1001.4
25-9 R™=F R™=F CsoHeFoNigOs | 969.47 | 969.4
25-10 R'"*=OCH; Cs1HeeN 1000 963.5 963.4
25-11 R'!*=F R"=F CsoHoFoN 1O | 969.47 | 969.6
25-12 R™=CH; R“=CH; | C5;HeNoOg 961.52 | 961.6
25-13 R™=Cl CsoHesCIN1oOg | 967.45 | 967.4
25-14 R™=F R"*=F CsoHerFoN1gOs | 969.47 | 969.4
25-15 R''®>=QCF; Cs;HgF3N g0y | 1,017.47 | 1017.4
25-16 R'!"*=CH; R™=F Cs1HgsFN40s 965.5 965.4
25-17 R'!*=CF, R"=F CsiHpFiNjgOg | 1,019.47 | 1019.4
25-18 R™=0CH; Cs1HeeN 1000 963.5 963.4
25-19 R™=CF; CsiHeF3NjgOg | 1,001.48 | 1001.4
25-20 R'!"*=CH; Cs1HgeN 1005 947.51 947.6
25-21 R™=F CsoHg3FN 1405 951.48 | 951.4
25-22 R™=Cl CsoHesCIN1gOg | 967.45 | 967.6
25-23 R'">=QCHF, CsiHeFoN1gOo | 999.48 | 999.6
25-24 R™=CF; R"’=F CsiHpFiNjgOg | 1,019.47 | 1019.4
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Ex No. | R R R R1¢ R™R™R™R™ Formula [ﬁfﬁ’r [ﬁ’}:ﬁ?
25-25 R™=OCF; R™=F | CsHuFNigOo | 1,035.46 | 1035.4
25-26 R'""=CH; R"=F Cs1HesFN 005 965.5 965.4
25-27 R'"*=CF; CsiHesF3NjgOx | 1,001.48 | 1001.4
25-28 R'"*=F CsoHg3FN 1405 951.48 | 951.4
25-29 R'"*=0OCF; Cs;HgF3N g0y | 1,017.47 | 1017.4
25-30 R™=CN Cs51HesNp Og 958.49 | 958.4
25-31 R™=CIR™=0OCH; | C5HeCINGOo | 997.46 | 997.6
25-32 R'""=CH; R™=F R"=F CsiHoFoNjOg | 983.49 | 983.4
25-33 R"™=F R"=F CsoHeoFaN1gOs | 969.47 | 969.6
25-34 R™=CI R"’=F CsoHeCIFN1Os | 985.44 | 985.4
25-35 R’*=CH; R"'=F CsHesFN10Og 965.5 965.6
25-36 R™=OCH; R™“=Cl | C5;HsCIN;Oy | 997.46 | 998.2
25-37 R™=0OH Cs5oHeaN 1009 949.49 | 950.2
25.38 EE%CCIR CoHgNiOw | 993.51 | 9942
25-39 R"™=F R™=F CsoHeoFaN1oOs | 969.47 | 969.4
25-40 R™=F R™=Cl CsoHexCIFNOs | 985.44 | 985.4
25-41 R™=CH,CH; Cs;HgsN 1005 961.52 | 961.6
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Table 26

W\_/ (S)%

R11b

PCT/US2011/059061

R11c R R7e
HN (
o
1131); RIZRUPRUICRIY | R2RPRR™ Formula [hﬁgr &fﬁ?
26-1 R'">=CH;, CuHs54N3Os 77542 | 775.4
26-2 R7*=0(CH,),0CH; | C46Hs5sN:O- 835.44 | 8354
26-3 R™=0iPr CacHs5sNgOs 819.45 | 819.4
26-4 R'!"*=F C43H51FNgOs 779.4 779.4
26-5 R™™=F R"=F C43HsoF,NgOs 797.39 | 797.4
26-6 R'"®=0CH; CyHs4NgOg 791.42 | 791.4
26-7 R''"=CF; R*=F CuHsoFiNgOs 847.38 | 847.4
26-8 R'"*=CF; Cu4Hs F3N3O; 829.39 | 829.6
26-9 R'*=CH; R*=F CyuHs3FNgOs 793.41 | 793.4
26-10 R'"*>=OCF; C4Hs  F3N3Og 845.39 | 845.0
26-11 R™=0OCH; CysHs4NgOp 791.42 | 791.4
26-12 R"=CF; CyHs F3NgOs 829.39 | 829.4
26-13 R'""=CH; CuHs54N3Os 775.42 | 775.4
26-14 R™=F C43Hs1FNGOs 779.4 779.4
26-15 R™=Cl CuH5 CINgOs | 79537 | 795.4
26-16 R™™=0CHF, CyuHs,F2NgOs 827.4 827.4
26-17 R'"*=CF; CyHs1F3NgOs 829.39 | 829.4
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1131); RU2RIPRUCRIE | RTARTPRTR7 Formula [h(ljigr &’fﬁ%
26-18 R'"*=0CF; C4Hs  F3N3Og 845.39 | 845.4
26-19 R'*=F C43Hs FN;Os5 779.4 779.4
26-20 R™=CF; R™=F | C44H50F4,N3Os 847.38 | 847.4
26-21 R™=0OCF; R"™=F | C4HsoF4N:Os 863.38 | 863.4
26-22 R™=CN CyHs51NgOs 786.4 786.4
26-23 R™=CIR™“=0OCH; | C4HsCINgOs | 825.38 | 825.4
26-24 R''*>=CH; R™=F C44H5;FN;Os5 793.41 | 793.0
26-25 R''*>=CH; R™=F R"=F CyuHs,FoNgOs 811.4 811.4
26-26 R"™=F R"'=F C43HsoF,N3O5 797.39 | 797.4
26-27 R™=CIR™=F | C4Hs5CIFNzOs | 813.36 | 813.4
26-28 R™=F R"=F C43HsoF2N5Os 797.39 | 797.4
26-29 R™=F R™=Cl C4HsoCIFNgOs | 813.36 | 813.4
26-30 R™=CH; R"=F | C4H5;FN;O;5 793.41 | 793.8
26-31 R™=0CH; R"=Cl | C4Hs;CIN3Og 82538 | 826.0
26-32 R™=OH C43H35;NgOs 7774 | 778.0
2633 giijgggj CusHseNsO; 82143 | 822.0
26-34 R™=CH,CH; | C4sHseN5Os 789.44 | 789.8
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Table 27
oF 4 N — 0
\ )N N—4 ]
O I
=N
7d
NTO R
HN '(
\O/&O
7d 5 Calc Found
Ex No. R R Formula [M +H]+ M +H]+
L. 9
’II. -~ S
27-1 (SCN )N\H/O\ CsHeFsNgOs | 1,017.47 | 1017.4
0O
27-2 NH(CH,),OCH; CasHsoF3NsO5 850.38 | 850.4
H
27-3 ,\;Nj< CasHs:F3NoOg 84840 | 8484
H
27-4 ,\;NY C12HsoF3NyOg 83438 | 8344
27-5 t-Bu C43H51F3Ngo6 833.39 8334
N
27-6 L W C4oHusF3NgOg 832.37 832.4
;‘/\\N \
27-7 \ CasHirF3N O 85736 | 857.4
b 9
27-8 (SéN/U\O/% CaoHsoF4NoOg 97844 | 977.6
(SYA
27-9 F NH C44H51F4N906 878.39 877.8
(R)
27-10 @ CuHuFsNgOg | 85838 | 857.6
S~ H
27-11 jif"“" CasHy7F3NjoOg 85736 | 856.6
N o
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7d 5 Calc Found
Ex No. R R Formula M +H]+ (M +H]+
27-12 (RN CsHeoF5NoOs 90439 | 903.6
\O/EO
27-13 O(CH,),OCH; C oHaoF3N5Og 85136 | 850.6
27-14 \/\D C.sHaoF3N:Og 83137 | 830.6
0 00—
~a )\\N/\/
27-15 (g)'@ N CagHsoF3N;Og 96145 | 961.6
0
)\\/o\
27-16 (§)’@\1 Ca7HsFsNoOg 93242 | 9326
[
_ Il,,".\~ N
27-17 & O\j N C1gHsoF3N40; 94545 | 945.6
3
27-18 (S)O\‘)\\/ CusHsoF3N1gO, 04545 | 945.6
o)
~a /
27-19 (S)é)\\ N CiHssFsNgO; | 917.42 | 917.6
Q o)
- )\\ S~
27-20 (g)'@ O C4sHseF3NoOo 962.43 | 962.6
0
_— )\\/O\/
27-21 (§)" N C4gH5gF3NQOg 946.44 946.6
g
_ I/,,TL‘ N
27-22 & @\l N CaoHe F3N10, 959.47 | 959.6
p=
27-23 N CugHs7FsN O 94344 | 9436
(S)@\l H 435713 1N10U)7
)/
27-24 @\IH C44H50F3NoOg 858.38 858.6
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7d 5 Calc Found
Ex No. R R Formula M +H]+ (M +H]+
H
W A~LSINL L0
27-25 NN \ﬂ/ ~ Ca6Hs6F3NoOg 920.42 920.6
o)
L
27-26 >C/NH CasHssF3sNgOg 87442 | 874.6
H
WAEBIN O
27-27 ~ \ﬂ/ CacHseF3NoOg 920.42 920.6
o)
. O
st SN
27-28 | OCH; N O | Cs2HesF3N1gO1o 1,047.48 | 1046.6
o)
/’ N
27-29 | OCH; \[> C43Hy P3N0, 87336 | 872.6
N
H
27-30 | OCHj; (’SM C4sHs3F3N;O5 875.4 874.6
e 9
27-31 | OCH; (S), N)j\/o\ CsHssF3NgOy 962.43 | 961.6
27-32 | OCH; NHCH; CaHasF3NoO; 83636 | 8358
/I N
27-33 F E» C1oHuF4N 006 861.34 | 862.0
N
H
27-34 F \Ei‘ C4;HasFaN1oO6 86134 | 862.0
~NH
>N
27-35 F Y Ca3HusFsN1gO6 873.34 | 874.0
No
;(\\N
27-36 F r‘u§ C43H4eF4N 1006 87535 | 876.0
. N
27-37 F N C4oH47F4NoO4 866.35 867.0
0
\/: O
27-38 F . ”/\/ ~ CaoHioFNgO- 86837 | 869.0
H
27-39 F »;N\( CaoHaoFNoOg 85237 | 853.0
_H
27-40 | F \‘/NV CaoHi7F4NoOs 850.36 | 851.0
27-41 F O(CH,),0OCH; C4HFNzOg 86935 | 870.0
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7d 5 Calc Found
Ex No. R R Formula [M +H]+ (M +H]+
e 9
27-42 F (S) N/U\O/ Ca6Hs3F4NoOg 936.40 | 937.0
0 )\
2743 | F (S)Oq)\\ N CusHssFiNiO; | 963.44 | 9642
0
- (S
27-44 F 1y, - C4oHgoF4N 1007 977.46 978.2
SN NH,
o) O—
~a )\\ S~
27-45 F N C.sHssF4N1oOs 979.44 | 980.0
(/N H
-~ 3\/0\
27-46 F (g)'@ C4HssF4 NGOy 950.41 | 951.0
0
~s /
2747 | F (S)O\l)\\ N CiHsiFsNiO; | 93541 | 937.0
G
27-48 F (g)'@ CacHs3F4NgOy 936.4 936.0
O
- WS
27-49 F s, - C47H55F4NoOg 950.41 951.0
SN b
5
27—50 F (g)lé\])\\/ C48H58F4N1007 96344 9640
O H
-~ )\\/N\
27-51 (g)'@ C4Hs5,F3N 0, 931.44 | 932.0
O H
_— N—O~
27-52 w M~ \g/ CuHsFsNgOy | 97543 | 976.0
S N
0
27-53 \’\\/\NJJ\O/ C42H48F3N908 864.36 865.0
H
\\ O
27-54 /\SE) CusHs1F3NgO5 86138 | 862.0
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7d 5 Calc Found
Ex No. R R Formula [M +H]+ (M +H]+
H
SARIN
27-55 Iii) \H/O\ C43Hs50F3NoOg 878.37 879.0
)
O/
L
27-56 © (S) CusHsaF3NoOg 9224 923.0
HN.__ O
g
0
(SN _O
27-57 \‘) \ﬂ/ ~ C.3HsoF3NoOy 878.37 | 879.0
0
1 O
(S); RIN_ o
27-58 N N 7r N C51H63F3N1009 1,01747 1018.2
o)
O
27-59 4 C47Hs6F3NoOg 932.42 | 933.0
Sf~N  BH
(@]
27-60 LN C47Hs6F3NoOg 932.42 | 933.0
&) OH
27-61 CH,N(CH;), CpHsoF3NgOg 834.38 834.8
Lo
H (S
27-62 (R NH C14HsoF3NgOg 85838 | 858.8
(S
H()
27-63 CH,0i-Pr C43Hs1F3NzO4 849.38 849.8
27-64 CH(CH;)OCH; CyHaoF3NzO4 83537 | 835.8
27-65 NH(CH,);0CH; C43Hs:F3NgO4 86439 | 864.8
NN
27-66 | Cl E» CuHuCIF;N O | 87731 | 877.6
N
H
27-67 Cl NH(CH,);0CH3 CyHaoCIFNoO; | 884.34 | 884.6
27-68 Cl NHCH; CaoHusCIFsNoOs | 840.31 840.6
27-69 Cl (SM CuHsoCIFsNgOs | 879.35 879.6
(R)
27-70 Cl @ CuHayoCIFsNgOs | 892.35 892.6
\‘\\ H
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7d 5 Calc Found
Ex No. R R Formula [M +H]+ (M +H]+
O
Ny
2771 |l (5)'@)\\&& CusHsCIFN; 07 | 988.38 | 989.6
A N
2772 |l (S)O)\/ CusHssCIFsN O, | 97941 | 9796
0
~a J/
27-73 Cl (S)O)\\ N CiHsiCIFsN;gO, | 95138 | 951.6
0 O—
- N/\/
27-74 | Cl (g)'@ N CusHssCIFsN1oOg | 995.41 | 995.6
0
_— (S)
27-75 Cl 4 CoHgCIFN; GO, | 993.43 | 993.5
SN N,
S
27-76 Cl (g)'@ CuHssCIFsNGOs | 952.37 | 952.9
Table 28
CF 3
o s —N 7\ O
WN N—< 5
O
=N
7d
\O/‘%O
7d 5 Calc Found
Ex No. R R Formula (M +H]+ M +H]+
~Z F
28-1 . CHyFNO 86735 | 867.4
VF 43114717 5INQ U6
0
28-2 \/\N)J\ C43H50F3N907 862.38 862.4
H
\,' N\
283 YJ CasHiFsNoOe 869.36 | 869.4
N~
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7d 5 Calc Found
Ex No. R R Formula (M +H]+ (M +H]+
1 \N
28-4 _:4<\:|{JH C43H47F3N1006 857.36 857.4
28-5 C(CH;),0H C.3Hs FsNgO; 84938 | 849.4
28-6 ) Cy3HaoF3NgO; 84737 | 847.4
' OH
28-7 ,\A C4sHs;FsNgO; 875.4 875.4
' OH
0
28-8 ;\\(R& )J\O P CuoHseF3NsOg 92042 | 920.4
H
H
28-9 »;N\|< CasHs,FsNoOg 862.42 | 862.4
H
28-10 »;Nj/ CHs,F3NoOg 848.4 848.4
28-11 NH(CH,),0CH; C3Hs,FsNoO; 864.39 | 864.4
N
28-12 4 \V C43H50F3NoOg 846.38 846.4
NN
28-13 \[% Ca4HioF3N1006 871.38 | 871.4
N
H
N
28-14 D CsHs1F3N5O6 845.39 845.4
>\/\\N \
28-15 N C1sHyoF3N; 006 87138 | 871.4
~a 3\\/0\
28-16 (g)'@\j CasHssF3NgOg 946.44 | 946.4
5
28-17 (S)C\j)\\’ C.oHg1F3N140- 95947 | 959.4
o\
28-18 nf PN CaoHe FsN1O- 95947 | 959.4
(S) N H
o) O—
e )\\ o~
28-19 (g)'@ N CaoHe1F3N1oOg 975.46 | 975.4
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7d 5 Calc Found
Ex No. R R Formula (M +H]+ (M +H]+
0 }
28-20 (S)O\')\\H CoHsoF3N 10, 957.45 | 957.4
2821 O(CH,),OCH; C43Hs, F3NgOg 86538 | 865.4
(R)
28-22 @ CoHoFNsOs | 87240 | 8724
. N
Yt OH
28-23 tBu C44H53F3Ngo6 847.40 848.4
28-24 “(R)N CeHsFsNsOs 918.41 | 918.6
\O (@]
e @
28-25 (S), N N/% CsoHe:F3N1 05 973.48 | 973.6
H
Lo 9
28-26 (SéN/U\N/ C.HsrF3N 1O, 93144 | 9316
H
T
28-27 %NH CaHs6F5NoOs 888.43 | 888.6
H
L A~LSINL O
28-28 AN \ﬂ/ ~ C47HssF3NoOg 934.44 | 934.6
o)
>r
28-29 @\IH CusHs,F3NoOg 872.40 872.6
H
AEBIN__O
28-30 X \ﬂ/ C47HssF3NoOg 934.44 | 934.6
o)
. F
28-31 —:<><F CasHaoFsN5Og 881.37 | 882.0
K OH
28-32 (g)'@)tm CasHssF3NoOg 946.44 | 947.0
il AR
28-33 N : \n/O\ CsHesF3N100 1,031.49 | 1032.2
0
QU o
28-34 (g)" N C47H56F3N908 932.42 933.0
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7d 5 Calc Found
Ex No. R R Formula (M +H]+ (M +H]+
28-35 CH,N(CHj;), C43Hs,F3NoOg 348.4 348.8
28-36 Cl NHCH; C41H47CIF;NoOg 854.33 854.6
28-37 Cl NH(CH,),OCHj; C4H;s1CIF;NgO4 898.36 898.6
28-38 Cl ({SM C4sHs,CIF;NgOg 893.37 893.6
/I N
28-39 Cl E > C43H46CIF3N 1906 891.32 891.6
N
H
(R)
28-40 Cl @ C4sHs1CIF3;NoOg 906.36 906.6
\\\ ~ H
1) /
- N—
28-41 Cl ( g)@ C4oHegCIF;N 1407 993.43 9934
e 9
28-42 Cl (S) N/U\N/ Cs7HseCIFsN 0O, | 965.4 965.4
H
0] O—
~a )\\ /\/
28-43 Cl (5)0\1 ” C4oHgCIF3N19Og 1,009.42 | 1009.5
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Table 29
fa RUbg7a R =,
R R2 R =N\ _40
N
=N o)
N OR11c R11d R7¢ R’
HN\j"(
\O/&O
Ex RIZRIP R™®?R™ 5 Calc Found
No Rt U RR™ R Formula [M+H]" | [M+H]*
4, =~ O H
/," - S
29-1 R7=CF, (S&/N INC_ O | CoHgFsNiOs | 1,001.48 | 1001.4
(6]
\"
29-2 R7=CF, v C,H4F3NzOs | 801.36 801.4
29-3 R7*=CF, NHCH;, CuoHusF3NoOs | 790.36 790.2
/I N
29-4 R™=CF; E» CyHysFsNOs | 827.35 | 827.2
N
H
29.5 R™=CF, A CyuHyFiN:Os | 82939 | 829.4
29-6 R™=CH, Al CuHuNOs | 77542 | 7754
Lo 9
7 s
29-7 R™=OCH,CHF, (SCN INC_O | CoHeFaN1oOs | 1,013.50 | 1013.6
O
20.8 | RM™—cH, A CuHuNOs | 77542 | 775.4
/, N
29-9 R7*=OCH,cPr E» CisHoNigOs | 829.41 | 829.4
N
H
s, =k o
‘., ~~ s
29-10 R™“=OCH,cPr (SCN )N\H/O\ CsHoNigOs | 1,003.53 | 1004.0
el 9
7 s
29-11 R7*=OCH, (SéN INC O | CoHNWOs | 9635 | 963.6
O
99-12 R7*=0(CH,),OCH <SM CuHssN5O; | 835.44 | 8354
29-13 R"*=0i-Pr NHCH;, C1Hs53NoOg 780.41 780.4
20-14 | RM=CH, R™*=OCF; Al CysHsFsNgOs | 859.4 | 859.4
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Ex RIaRIP R™R™ s Calc Found
NO. Rllc Rlld R7c R7d R FOl‘mllla [M+H]+ [M+H]+
., ~h Q H
/," ~~ s
20-15 R7*=OCH,t-Bu (SCN/E/)\N\H/O\ CosHN1oOs | 1,019.56 | 1019.6
(@]
20-16 R7*=OcPr &l CiHsNeOs | 817.43 | 817.4
0 ><
29-17 R™=0CF; (g)'@)\o CuoHgF3NgOs | 960.45 960.4
o,
29-18 R™=0OCF; (S)O)\\/ CusHsoFsN1 O, | 945.45 | 9454
O
29-19 R7=0CF; (S)bl)\\ CsHsuF3NoO; | 902.41 902.4
O
~a /
29_2_ R7a=OCF3 (é}@])\\o C46H54F3N908 91 841 91 84
O
29_21 R7a=OCF3 (g):éj)\q C4gH56F3N907 92843 9284
s, ‘L O H
7 s
2922 | R'=CF, (SCN INC O | CoiHFsNiOs | 1,001.48 | 1001.4
O
20.23 | R'""-OCH, &l CuHuNOs | 791.42 | 791.4
2924 | R'™=F Sv( CoHaFNOs | 779.4 | 7794
R*=0QCH s)
29-25 R*—OCH, (C CoHaNigOro | 99351 | 993.4
29-26 | R'""=OCF, CuHs F3NgOg | 845.39 845.4
29-27 | R“=CH, é /ﬁ/)\"‘ CsHeNiOs | 947.51 | 947.6
29-28 R7a:OCHF2 C/ )ﬁ/)\ero\ Cs51HasFaN1gOg | 999.48 9994
O
29-29 R™=OCF; ] CuHsFsN1 O, | 943.44 | 943.4
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Ex RIaRIP R™R™ R Formula Calc Found
No. Rllc Rlld R7c R7d 0 1} [M+H]+ [M+H]+
O
. - WS
29-30 R é}1:OCF3 (g)’ N -:OH C47H56F3N908 932.42 9324
4, - O
1," S S
29-31 R™=0OCF; (SCN )N\n/o\ CsiHaF3N1Oy | 1,017.47 | 1017.4
. O
11a (§) N S)H
29-32 R =OCF3 CN O\ C51H63F3N1009 1,017.47 1017.4
0
- O
11a. (3’) N S)H
29-33 | R'™=CF, CN TO\ Cs;HgF3NOg | 1,001.48 | 1001.4
0
2034 | R™=CH, R™=CH, A CysHsNOs | 789.44 | 789.4
29-35 | R""*=OCH; (SM CuHuNgOs | 79142 | 792.0
s, ~h 0 H
<7~ s
2936 RP=F (SCN)S/)\NTO\ CsoHaFNiOs | 951.48 | 9522
O
0
~: /
29-37 | R'™=Cl (S)O“)\\H CasHssCIN19Os | 867.4 867.0
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Table 30

R11a R11b R7a R7b

—N }-—\ @)
N N
SRS aalet
=N O
OR11c R1d R7¢ R’
NT

L

~o
Ex R!I?R!P R™R"™ RS F I Calc Found
No. | R'"R" R™R™ ormua [M+H]" | [M+H]"
30-1 CH((R)OH)CH,OH | CyHsNsO; | 767.38 | 767.6
302 | RUP=CH, Al CysHsNOs | 789.44 | 789.4
NN
30-3 R"*=OCH,;CHF, \[ > CuHsoFyN1oOg | 853.39 | 853.4
N
H
30-4 R7*=OCH;CHF, Al CacHssFoNsOg | 855.43 | 855.4
e
11b (SSA S)H
30-5 R :CH3 CN YO\ C52H68N1()Og 961.52 961.6
30-6 R™=0OCH; Al CisHssNgOs | 805.43 | 805.4
30-7 R™=CF; Al CisHs;F3NsOs | 84341 | 843.4
. EYWNEOL
30-8 R7*=OCH,CH; CN YON | CsHiNiOy | 99153 | 991.4
O
30-9 R"*=OCF; Al CisHs:F3NsOg | 859.4 | 859.4
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Table 31

\_7 NJ/
H“ {fu RISS

Ex No. RrR* R Formula FI\Q/III-I?H]J’ Fl\(/)ll-li-li-(lir

31-1 (R)CH; CuHs FsNgOs | 845.39 | 845.4

31-2 (S)CH; CuHs FsNgOs | 845.39 | 845.4

31-3 (S)CH; CuHs FsNsO, | 84539 | 845.4

Table 32
RQb
o0 rOLY
N o)
HN
\O/&O
Ex R R’ R R™ R® Formula Calc Found
No. [M+H]" | [M+H]"
32-1 | R™=(S)CH;OCH; A CisHssNOg | 790.42 790.4
32-2 R9b=(R)CH3 CH;NHC(O)CH; CHsoNxOs 763.39 763 .4
\/\
_ ~N

32-3 R”=(R)CH; N§ CoHiNgOs | 772.39 772.4
32-4 R™=(R)CH; oA CuHsNOs | 760.41 760.4
32-5 R™=(S)CH; CH,NHC(O)CH; | CxHuNgOs | 758.37 758.4
32-6 R™=(S)CH; A CuHsN,Os | 76041 760.4
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Ex
R%2 R R R RS Formula Calc Found
No. [M+H]" | [M+H]"
32-7 R*=(R)CHj; tBu CuHsNOs | 748.41 748 4
32-8 R*=(R)CH; NHCH; CiHisNgOs | 721.38 721.2
32-9 R”=(R)CH; <éb< CuHs3N;O5 760.41 760.4
O
32-10 R*=(R)CH; ( R’,@ C4sHs54NgOg 803.42 803.4
O
32-11 R93-:(S)CH3 (R’)O\j C4sHs4NgOg 803.42 803.4
32-12 R*=(S)CH; O CuHuN-Os | 760.41 760.4
O
32-13 | R™=(S)CH,OCH, ( R’)O\j CusHseNsO; 833.43 833.4
7N
32-14 | R™=(R)CH,OCH; NN§ CuHsNyOg 802.4 802.4
32-15 | R™=(R)CH,0CH; | CH,NHC(O)CH; | C4HsNsO- 793.4 793.4
9a \’ ¢
32-16 R "=(S)CH; ’
R mCH. Avg CoHsiNOs | 746.4 746.4
0
32-17 Rga:(R)CH3 (§)’©\j C46Hs56NgOg 817.43 8174
32-18 | R®=($)CH,OH (‘sM CuHuNOs | 776.41 776.2
R’"=(S)CH AN
32-19 R9d=£I?)CHz \V CiHsN,Os | 746.4 746.4
R™=($)CH %
3220 Rgcz((;?) CH. (SM CisHssNOs | 774.43 7744
5
~a /
U O
32-21 R93=(R)CH3 (S)C\j C46Hs6NgO7 833.43 8334
9b_ ‘,'I
32-22 R’ =(R)CH, (SM CisHssN:Os | 77443 774.4

R*=(S)CH;
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Ex
R?RP R*R™ R® Formula Cale Found
No. [M+H]" | [M+H]"
0
R®=(R)CH i "
3223 RQCZE S))CHj (S O\l CyHssNOs | 831.45 831.4
Table 33
R7bo —N "/——\' O
N= \ /N N 5
HNTN { )—NH \_/ R
=N
N._O R R
HN\f"’(
\O/&O
7 7 p7d 5 Calc Found
Ex No. R"R"R R Formula [M+H]+ [M +H]+
. O
. s AN
33-1 R™=CH; N 7]/0\ CsoHesN; O | 948.5 948.4
o)
332 RF~CHL (SM CiHsNoOs | 776.42 | 776.4
33-3 R’*=CF; (SM CusHsoFsNoOs | 830.39 | 830.4
. O
; s AN
33-4 R”°=CF; N 7]/0\ CsoHerFsN; O | 1,002.47 | 1002.4
o)
NN
33-5 R’=CF, \[> CaHuF;N;Os | 82835 | 828.4
N
H
., =L O H
":, ~ S
336 | R™OCH; (SCN )N\n/o\ CsoHesN1 O | 9645 | 964.6
o)
33-7 (SM CuHsNsOs | 76240 | 762.9
Y
syl @SN
33-8 N \”/0\ CuoHeNiOs | 93449 | 934.1
o)
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Table 34
F
FF ’
O F o =N 7\ O
HN"N \%<\:/)7N\_<NJ<R5
NH
O
NTO
HN (
\O/‘%O
9d 5 Calc Found
Ex No. R R Formula (M +H]+ [M +H]+
NN
34-1 (S)CH; E» C44H4sFsN10O6 889.37 | 8896
N
H
34-2 (S)CH; (SM C46Hs4F N3O 891.41 | 891.6
34-3 (S)CH; NHCH; CuH40FNoOg 852.37 | 852.6
34-4 (SM CusHoFNsOs | 87739 | 877.6
N
34-5 E» CusHuFiNioOs | 87535 | 875.4
N
H
34-6 NHCH; CuHi7FNoOg 838.36 | 8384

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

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

N-terminus of the HCV core protein fused to the neomycin-resistance selectable marker.
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The EMCV 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.

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 ECs value, pECsy.

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 EMCYV 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
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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
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

pECsg values between about 7 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 la replicon assays.

Potencies of test compounds against additional mutations of interest were
determined using transient transfection assays. These mutants included and genotype la
Y93C, Y93H, M28T, Q30E, Q30K. 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
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potencies of test compounds against the mutants were determined as previously
described.

Assay 4: Colony Formation Assay

Colony formation assays were used to assess overall genetic barrier of resistance
of test compounds. Replicon cells were plated in tissue culture flasks and treated with
various concentrations of test compound(s) (or DMSO control) in the presence of G418
(500-850 pg/mL) for 3-4 weeks. The media was replaced with fresh media containing
compound and G418 twice per week. Cells were split as necessary. During this time,
many cells died, and resistant colonies emerged. The colonies were then fixed and stained
with crystal violet/methanol. The combination of a compound of the invention and
danoprevir (an NS3 protease inhibitor) was able to significantly suppress the emergence

of resistant mutants to a greater degree than either single compound alone.

Assay 5: Replicon Assays of Combinations of Agents

Combinations of a compound of the invention and another therapeutic agent were
tested as described for the HCV genotype 1b and 1a replicon assays. Cells were
incubated with various combinations (in a checkerboard matrix) of test compounds for 48
hours. Potencies of either compound alone were determined as described above, and
MacSynergy II software was used to determine if the combination of test compounds
exhibited synergy vs additivity vs antagonism. The combination of a compound of the
invention and danoprevir (an NS3 protease inhibitor) showed an additive antiviral effect.
Similarly, the combination of a compound of the invention and interferon alpha2b

showed an additive antiviral effect.

Assay Results

All of the compounds of Examples 1 to 77 and Tables 1 to 33 were tested in one
or more of the assays described above. For example, the following results were obtained
in the HCV genotype 1b and la replicon assays where A represents a pECsg value
between 7 and 8 (ECso between 100 nM and 10 nM), B represents pECso between 8 and
9 (ECsp between 1 and 10 nM), C represents pECs, between and 9 and about 10,

(ECso between 1 nM and 0.1 nM), and D represents pECsg >10 (ECso < 0.1 nM).



PCT/US2011/059061

WO 2012/061552

183

Genotype

Genotype

- Example

Genotype

Genotype

Example

1a

1b

1a

1b

No.

No.

33
34

35

B*

B*
A*

36
37

A*

38
39

40

41

42

C*
C*

10
11
12

43
a4

45

13
14”7
15
16

46

47
48

49

17

50

51
52

19
20

53

21

22
23

54
55
56

24
25 :

26
27
28

29
30

63

31

64

32
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Example = Genotype Genotype Example Genotype Genotype
° No. 1b 1a No. 1b 1a

65 D 2722 D
66 D 2723 D
67 2704
68 D 2725
® D 2726
71 D 2728 D
7 cC 2729
73 : 27-30 .
i o et
75 w2
7% 33D
7 D 2734 D
oo 2735
272 27-36 D
273 2737
274 2738 D
275 . D 2739
276 2740
277 D 2741
278 a4
279 2743
2710 D 27-44
2711 2745
2712 D 2746
2713 2747
2714 2748
27-15 27-49
2716 2750
YAV 2751
2718
27-19
2720 :
221 D

o

ICRECRICRECRECRICRNS

o

g o g g

o

IR ISR ICRICR IR IR R IR FoR ISR IR ISR IR FoR ISR RO FoR FoRICRICRROR IR =R 8 0 o8 FoR FOR RoR FOR GRS
CEERIcRI- RN RE-EE-RECRE-EECR ECRE- R RN o RN IR I- R R EC R Eo R RV RS RE-R E- R RoRE- R IR RN IR FoRE- RN
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Example = Genotype Genotype Example Genotype Genotype
° No. 1b 1a No. 1b 1a

2756 812 ]
2757 2813
27-58 0814

2759 : 2815

2760 28-16
27-62 28-18

2763 | 2819

2764 2820
27-66 BTSN
2767 D o823

2768 T

2769 D 2825
770 2826
2771 2727

2772 D 2828

27713 D 2829 D
274 2830
2775 o231

2776 2832

1 D 2832
282 D 28-34
283 2835
284 2836 D

25 D 2837

286 2838 . D
287 2839
288 D )

289

810

TSI

0O

O 9 g9igig g d

O

“RE-RICRICER

g

2840 D
- 28-41

fhocvvovvonuouoouovoguouavgagavaaanouoow
U U9 UUDUUNUYUYA®YwwoUU9oYaoyooyoooa

*Compounds incubated for 48 hours; all other Genotype 1a results for 72 hour incubation
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While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention. In addition, many modifications may be made to adapt
a particular situation, material, composition of matter, process, process step or steps, to
the objective, spirit and scope of the present invention. All such modifications are
intended to be within the scope of the claims appended hereto. Additionally, all
publications, patents, and patent documents cited hereinabove are incorporated by

reference herein in full, as though individually incorporated by reference.
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WHAT IS CLAIMED IS:
1. A compound of formula (I):
R1O

Y-
o (R (R, (Rp (R

W=x  W=X Q=T ,—\
S S X g S )N MR
d\N z Y|—Z U-|-V \
N

@
wherein:

R! is selected from Cy_galkyl, phenyl, Cs.scycloalkyl, heteroaryl, and heterocycle;
wherein Cy.alkyl is optionally substituted with —ORY, wherein R? is hydrogen or
Cysalkyl;

R? is selected from hydrogen and Cy_galkyl;

R’ is selected from hydrogen, Cy.galkyl, -C(0)OC alkyl, -C(O)OCs.scycloalkyl,
—C(O)NRaRb, -C(0)Cyealkyl, -C(O)Cs.ecycloalkyl, and -S(0),C, 3alkyl;

wherein

R? and R" are independently hydrogen or Calkyl;

R* is —C(O)R’ or —S(O)R%;

R’ is selected from Cysalkyl, Cs.ccycloalkyl, Cygalkoxy, -C(R“R*)NRR, -NRER",
heteroaryl, heterocycle, —CH,-heteroaryl, and phenyl;

wherein

Ci.ealkyl is optionally substituted with one or two substituents
independently selected from -OR®, -S(0),C,salkyl, -NHC(O)C,.salkyl, and

-NHC(0O)OC,salkyl;

Ci.ealkoxy is optionally substituted with —ORY,

Cs.ecycloalkyl is optionally substituted with one, two, or three substituents
independently selected from Cy_salkyl, NR/R™, -OR", and halo;

any heterocycle is optionally substituted with one, two, or three

substituents independently selected from C,zalkyl, halo, -C(O)OC,;alkyl ,

-C(0)Ci.salkyl, -C(O)Cs.¢cycloalkyl, —C(O)NHC.salkyl, -C(O)NHCs cycloalkyl,

and —S(0),C, salkyl;

wherein any —C(O)Ciealkyl is optionally substituted with
-NHC(0)OC;.zalkyl, -OR", -NRR°, or heterocycle,
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any -C(O)Cs.ecycloalkyl is optionally substituted with one or two
Cysalkyl, and
any —C(O)NHC,_salkyl is optionally substituted with —OR" or
Cs.ecycloalkyl;
any heteroaryl is optionally substituted with C;.salkyl or halo;
R® is independently selected from hydrogen, Cy_galkyl, and phenyl;
RY is independently hydrogen or C;.¢alkyl;
R® is independently hydrogen or C; salkyl;
R’ is independently selected from hydrogen, Ci.galkyl, -C(0)OCy.salkyl,
and -C(O)Cy alkyl;
R" is independently hydrogen or C; zalkyl;
R is independently selected from hydrogen, C;salkyl, Csecycloalkyl,
phenyl, and -CH,OR";
R® is independently hydrogen or Cy_galkyl;
R is independently selected from hydrogen, C; salkyl, C; ¢cycloalkyl, and
-S(0),Cy.3alkyl, wherein C;_ealkyl is optionally substituted with -OR%;
R’ is independently hydrogen or Calkyl;
R™ is independently selected from hydrogen, Cy_galkyl, —C(O)OC, salkyl,
and -C(O)Cy alkyl;

R® is selected from Cygalkyl, Cs.¢cycloalkyl, phenyl, and a heteroaryl ring;

R7, Rg, and R are independently selected from halo, C;ealkyl, C;salkoxy,
-C(O)OR", -CH,NRR", and —CN, wherein C_salkyl and Cy_salkoxy are optionally
substituted with one, two, three, four, or five halo, and wherein C; galkoxy is optionally
substituted with —ORd;

R’ is independently selected from Cj_alkyl, -CH,OR", -C(O)NR"RP, and
C(O)OR”", wherein Cy6alkyl is optionally substituted with —S(O),C;_salkyl or with
-SCyzalkyl;

RP is independently hydrogen or Cy zalkyl;

R'% is selected from hydrogen, halo, C.alkyl, -C(O)OR®, -C(O)NR°R”,
-CH,NR°R", Cs.ecycloalkyl, and -CN;

W', X', Y', and Z' are independently carbon or nitrogen wherein any carbon atom
is bonded to hydrogen or to R'!, provided that at least two of W', X', Y", and Z" are

carbon;
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W, X, Y, and Z are independently carbon or nitrogen wherein any carbon atom is
bonded to hydrogen or to R’, provided that at least two of W, X, Y, and Z are carbon;

Ap, is -NHC(O)- or —-C(O)NH-;

Q, T, U, and V are independently carbon or nitrogen wherein any carbon atom is
bonded to hydrogen or to R®, provided that at least two of Q, T, U, and V are carbon; and

a, b, ¢, and d are independently O, 1, or 2;

or a pharmaceutically-acceptable salt or stereoisomer thereof.

2. The compound of Claim 1 wherein:
R’ is selected from Cy.galkyl, Cs.¢cycloalkyl, Cysalkoxy, -C(R*RH)NRR’, -NReR",
heteroaryl, heterocycle, —CH,-heteroaryl, and phenyl;
wherein
C6alkyl is optionally substituted with -OR® or -S(0),C; zalkyl;
Cs.ecycloalkyl is optionally substituted with one or two Csalkyl, or with
NR'R™ or -OR™;
any heterocycle is optionally substituted with one or two substituents
selected from Ci.zalkyl, halo, -C(O)OC,.zalkyl , —-C(O)C, ¢alkyl optionally
substituted with -NHC(O)OC,.salkyl, and-C(O)C;_scycloalkyl optionally
substituted with one or two C;zalkyl;
any heteroaryl is optionally substituted with C;.salkyl;
R" is selected from hydrogen, Ci_salkyl, Cs.ccycloalkyl, and
-S(0),Cizalkyl;
R® is selected from Cy.ealkyl, Cs.ccycloalkyl, and a heteroaryl ring; and
R’,R®, and R are independently selected from halo, Cy.galkyl, Cy.alkoxy,
-C(O)OR™, -CH,NRR®, and —CN, wherein C;alkyl and C,_salkoxy are optionally

substituted with one, two, or three halo.

3. The compound of Claim 2 wherein:

R' is selected from Cy.galkyl, phenyl, and Cs ¢cycloalkyl, wherein Cy_galkyl is
optionally substituted with -ORY;

R? is selected from hydrogen, Cy.galkyl, -C(O)OC.galkyl, -C(O)NRR",
-C(0)Cs.6cycloalkyl, and -S(O),C, salkyl;

R'%is selected from hydrogen, halo, and C,_alkyl;

W', X', Y', and Z' are each CH; and
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W, X, Y, and Z are independently carbon or nitrogen wherein any carbon atom is

bonded to hydrogen or to R, provided that at least three of W, X, Y, and Z are carbon.

4. The compound of Claim 3 wherein the compound is a compound of
formula (II):

0] =T /\ O

— N N

Y- O

N | (R%)c

(R")a

N _O
R2_N /\f

(In
wherein
R’ is selected from Cy.galkyl, Cs.¢cycloalkyl, Cysalkoxy, -C(R*RH)NRR’, -NReR",
heteroaryl, heterocycle, and —CH,-heteroaryl;
wherein
any heteroaryl or heterocycle has five or six ring atoms;
Cs.ecycloalkyl is optionally substituted with one or two Cy 3alkyl;
any heterocycle is optionally substituted with one or two substituents
selected from Ci.zalkyl, halo, -C(O)OC,.zalkyl , —-C(O)C, ¢alkyl optionally
substituted with -NHC(O)OC,.salkyl, and -C(O)Cs.¢cycloalkyl optionally
substituted with one or two C;zalkyl;
R, RY R®, RE, and R" are each independently hydrogen or Cialkyl;
R'is selected from hydrogen and -C(O)C, salkyl;
R’ is selected from halo, Cy6alkyl, and C; ealkoxy wherein C ¢alkyl and
Ci.ealkoxy are optionally substituted with one, two, or three halo;
R’ is Cysalkyl or -CH,OR"; and
Tis CHor N.

5. The compound of Claim 4 wherein T is N.

6. The compound of Claim 4 wherein R' is isopropyl; R” is hydrogen; and R’
is -C(O)OCHas.
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7. The compound of Claim 4 wherein R’ is selected from, -O-tert-butyl,
cyclopropyl, tert-butyl, -NHCH3, 2,2-dimethylcyclopropyl, pyrimidinyl, pyrazolyl,
imidazolyl, -CH,-pyrazolyl, 1-acetylpyrrolidinyl, 2-methylpyrrolidine-1-carboxylic acid
methyl ester, 1-cyclopropyl-2-methylpyrrolidine, 1-(2,2-dimethylcyclopropyl)-2-
methylpyrrolidine, and [-2-methyl-1-(2-methyl-pyrrolidine- 1-carbonyl)-propyl]-carbamic

acid methyl ester.

8. The compound of Claim 1 wherein the compound of formula (I) is a

compound of formula (I1T):
0] —N /\ O
HN™Y — NWN\_ _/N_<R5
= \ |/ |
(R7) (R%)c
N 0 R')a
R2_Nr

R

(1I0)
wherein
R' is selected from Cy.galkyl, phenyl, and Cs ¢cycloalkyl, wherein Cy_galkyl is
optionally substituted with -ORY;
R? is selected from hydrogen, Cy.galkyl, -C(O)OC.galkyl, -C(O)NRR",
-C(0)Cs.6cycloalkyl, and -S(O),C, salkyl;
R’ is selected from Cy.galkyl, Cs.¢cycloalkyl, Cysalkoxy, -C(R*RH)NRR’, -NReR",
heteroaryl, heterocycle, and —CH»-heteroaryl;
wherein:
any heteroaryl or heterocycle has 5 or 6 ring atoms;
Ci.ealkyl is optionally substituted with one or two substituents
independently selected from -OR®, -NHC(O)C\salkyl, and -NHC(O)OC, salkyl,
C.salkoxy is optionally substituted with —OR?;
Cs.ecycloalkyl is optionally substituted with one or two substituents
independently selected from Ci.zalkyl and 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,
and-C(O)NHC; ¢cycloalkyl;
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wherein any —C(O)Cy.salkyl is optionally substituted with
-NHC(0)OC;.salkyl, -OR", -NRR®, or heterocycle,
any -C(O)Cs.ecycloalkyl is optionally substituted with one or two
Cysalkyl, and
5 any —C(O)NHC,_salkyl is optionally substituted with —OR" or
Cs.ecycloalkyl;
any heteroaryl is optionally substituted with C;zalkyl;
R, RY R®, RE, and R" are each independently hydrogen or Cyalkyl;
R'is selected from hydrogen and -C(O)C, salkyl;
10 R’ is selected from halo, Cy_salkyl, and C;salkoxy wherein Cj_galkyl and
Ci.ealkoxy are optionally substituted with one, two, or three halo; and
R’ is Craalkyl;
ais1or2;and
cis 1 or?2.
15
9. The compound of Claim 8 wherein R is selected from Cs_4cycloalkyl,
-CH,NR°R’, -NR#R", imidazolyl, pyrazolyl, pyrimidinyl, and pyrrolidinyl;
wherein:
Cs 4cycloalkyl is optionally substituted with one or two Cy 3alkyl;
20 pyrrolidinyl is substituted with methyl and a substituent selected from
-C(0)OCy.zalkyl , -C(O)C6alkyl, and —C(O)NHC,.¢alkyl, wherein
—C(0)Cy.¢alkyl is substituted with -NHC(O)OC;.zalkyl, -OR",
-NRR®, or heterocycle.

25 10.  The compound of Claim 8, wherein R” is selected from -NHCHj3
2,2-dimethylcyclopropyl,

\

N I O
. \ SN . 0 H
S NI ‘ i o
WIN\> , I{l;\> , \Nlr\) ; N/[(N/ , and A \n/ h
H : °

11. The compound of Claim 8 wherein R' is Cy.¢alkyl, R? is hydrogen; and R
30 is -C(O)OCyealkyl.
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12. The compound of Claim 8 wherein R’ is selected from fluoro, chloro,

-CF3, and -OCF;. and R’ is methyl.

13.  The compound of Claim § wherein:

5 R! is isopropyl, R? is hydrogen; and R? is -C(O)OCHs;
R’ is selected from fluoro, chloro, -CFs, and -OCF3, and R’ is methyl; and
R’ is selected from —NHCH3;, 2,2-dimethylcyclopropyl, and

XN
o
N
H .
10 14.

C@)
HNT

LT

~o
o o o
C?QWN\_/NA%I\{>
N
3 H
N0
T,

B L
OO0

HN (
"

The compound of Claim 8 wherein the compound is selected from:

/CF3 N ”" 0
7 oL AN
N N—X<
- O- O
o
F
NTO
HNT ™

L

o o =N ,——\ _4/0
RO
F
N._.O

T

LCFs3 N %, o
(0] o) — 7\
N N
O
CekN
Cl
N TO

\O (o)
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d =N, 0
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and pharmaceutically-acceptable salts thereof.
15.  The compound of Claim 8 wherein the compound is selected from:
CF3 CFs
ad o /SN /9 of "o /N N 9
N N—< N
NW \_Q N~ m Nx_ﬁ_qu/
F
T b

H
N

HN" ™ HN
O’CF3 N 2’ 0 CF3 3
(6] = /N o o —N /—\ o]
\ / N\_/N_< - \ / N N _
" T RIS
Cl Cl
NTO NTO

HNT HN (
~o7 o ( \o’l*o
and pharmaceutically-acceptable salts thereof.

16.  The compound of Claim 1 wherein the compound of formula (1) is a

compound of formula (IV):
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av)
wherein:
R' is selected from Cy.galkyl, phenyl, and Cs.¢cycloalkyl, wherein Cy.galkyl is
optionally substituted with -ORY;
R? is selected from hydrogen, Cy.galkyl, -C(O)OC.galkyl, -C(O)NRR",
-C(0)Cs.6cycloalkyl, and -S(O),C, salkyl;
R’ is selected from Cy.galkyl, Cs.¢cycloalkyl, Cysalkoxy, -C(R*RH)NRR’, -NReR",
heteroaryl, heterocycle, and —CH,-heteroaryl;
wherein:
any heteroaryl or heterocycle has 5 or 6 ring atoms;
Ci.ealkyl is optionally substituted with one or two substituents
independently selected from -OR®, -NHC(O)C\salkyl, and -NHC(O)OC, salkyl,
Ci.ealkoxy is optionally substituted with —ORY,
Cs.ecycloalkyl is optionally substituted with one or two substituents
independently selected from C;.zalkyl and halo;
any heterocycle is optionally substituted with one, two, or three
substituents independently selected from Ci.zalkyl, halo, -C(O)OC.zalkyl ,
-C(0)Ciealkyl, -C(O)Cs.ecycloalkyl, -C(O)NHC.salkyl, and
-C(O)NHC;.¢cycloalkyl;
wherein any —C(O)Cy.salkyl is optionally substituted with
-NHC(0)OC;.salkyl, -OR", -NRR®, or heterocycle,
any -C(O)Cs.ecycloalkyl is optionally substituted with one or two
Cysalkyl, and
any —C(O)NHC,_salkyl is optionally substituted with —OR" or
Cs.ecycloalkyl;
any heteroaryl is optionally substituted with C;zalkyl;
R, RY R®, RE, and R" are each independently hydrogen or Cyalkyl;
R'is selected from hydrogen and -C(O)C, salkyl; and
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R’ is selected from halo, Cysalkyl, and C;_zalkoxy wherein Cy ¢alkyl and
Ci.ealkoxy are optionally substituted with one, two, or three halo; and

R’ is Cy.salkyl or -CH,OR™.

17. The compound of Claim 16 wherein
R’ is selected from Ciealkyl, Csecycloalkyl, Cigalkoxy, —C(Rde)NReRf, NRER",
heteroaryl, heterocycle, and —CH,-heteroaryl;

wherein

any heteroaryl or heterocycle has five or six ring atoms;

Cs.ecycloalkyl is optionally substituted with one or two Cy 3alkyl;

any heterocycle is optionally substituted with one or two substituents
selected from C;_zalkyl, halo, -C(O)OC;salkyl , —C(O)Ci.salkyl optionally
substituted with -NHC(O)OC,.salkyl, and -C(O)Cs.¢cycloalkyl optionally
substituted with one or two C;zalkyl;

R, RY R®, RE, and R" are each independently hydrogen or Calkyl; and
R'is selected from hydrogen and -C(O)C, salkyl.

18. A pharmaceutical composition comprising a compound of any one of

Claims 1 to 17 and a pharmaceutically-acceptable carrier.

19. The pharmaceutical composition of Claim 18 further comprising one or

more other therapeutic agents useful for treating hepatitis C viral infections.

20. The pharmaceutical composition of Claim 19 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, and ribavirin and related nucleoside analogs.
21. A compound of any one of Claims 1 to 17 for use in therapy.

22. A compound of any one of Claims 1 to 17 for use in the treatment of a

hepatitis C viral infection in a mammal.
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23. A compound of any one of Claims 1 to 17 for use in the treatment of a
hepatitis C viral infection in a mammal together with one or more other therapeutic

agents.

24, The compound of Claim 23 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, and ribavirin and

related nucleoside analogs.

25. A compound of any one of Claims 1 to 17 for use in inhibiting replication

of the hepatitis C virus in a mammal.

26. The compound of Claim 25 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, and

ribavirin and related nucleoside analogs.

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 of any one of Claims 1 to 17 and a pharmaceutically-acceptable carrier.

28. The method of Claim 27 wherein the method further comprises
administering to the mammal one or more other therapeutic agents useful for treating

hepatitis C viral infections.

29. The method of Claim 28 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, and ribavirin and

related nucleoside analogs.

30. 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 compound of any one of Claims 1 to 17 and a pharmaceutically-acceptable

carrier.
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31. The method of Claim 30 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.

32. The method of Claim 31 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, and ribavirin and

related nucleoside analogs.
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