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ROD-LIKE HEPATITIS C VIRUE INHIBITORS CONTAINING THE FRAGEMENT

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

BACKGROUND OF THE INVENTION

Field of the Invention

The invention is directed to compounds vseful 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 }niliion 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 hepatocelhular
carcinomas. Infection with hepatitis C, therefore, presents a serious public health
oroblem.

Prior to mid-2011, the accepted standard of care for HCV involved the use of a
pegylated interfercn which is believed to act by boosting the body’s immune response,
together with ribavirin. Unfortunately, the coursé of treatment is lengthy, typically 48
weeks, often accompanied by serious adverse side effects, including depression, flu-like
symptoms, fatigue, and hemoiytic 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 polyprotein that during
the viral lifecycle is cleaved into ten individual proteins, including both structaral and nen-
structural proteins. The six non-structural proteins, denoted as NS2, NS3, NS4A, NS4B, NS3A,
and NS5B have been shown to be required for RNA replication. In particular, the NS5A protein
appears to play a significant role in viral replication, as well as in modulation of the physiology
of the host cell. Effects of NS5A on interferon sigﬁaling, regulation of cell growth and apoptosis
have also been identified. (Macdonald et al., Journal of General Virology (2604), 85, 2485-
2502.) Compounds which inhibit the function of the NS5A protein are expected to provide a
new approach to HCV therapy.

SUMMARY

In one embodiment, the present disclosure provides novel compounds which inhibit

replication of the HCV virus.

In one aspect, there is provided a compound of formula (I):

><:;N:\g—©—<I}A 9 / \.’_/ J<
RS (Re)p
e
RE-N" Rt
RS
(I

wherein

R! is selected from Cysalkyl, Cygalkoxy, phenyl, Ciecycloalkyl, heterocycle, and
heteroaryl, wherein C.alkyl is optionally substituted with —~OR® amino, -SR", heterocycle, or
heteroaryl, C,salkoxy is optionally substituted with ~OR", and heterocycle is optionally
substituted with ~OR® amino, or ~C{O)OC, alkyl, or with one or two Cy.3alkyl;

R’ is selected from hydrogen and Csalkyl;

R? is selected from hydrogen, C;.galkyl, -C(O)OC,.
salkyl, -C(OINR™R”, -C{O)C;.¢cycloalkyl, and -S{0),C,; salkyl;
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or R? and R’ together with the nitrogen atom to which they are attached form a
heterocycle; |
R is selected from Ciealkyl, -NR"R®, -ORY, -SR®, -8(0)Cy.zalkyl, -S(0)C1.salkyl, -
CN, -C(O)NR?R?, heterocycle, heteroaryl, and halo, and R’ and R® are hydrogen;
or R* and R” are independently Cysalkyl or halo and R’ is hydrogen;
or R* and R° taken together form —(CHy),—, wherein nis 2, 3, 4, or 5 and R®is hydrogen,;
or R* and R° taken together form —0O-(CH>),-0- and R%is hydrogen;
or R* is hydrogen and R’ and R® taken together form —(CHa)y-, wherein m is 1, 2, 3, or 4;
or R" and R’ are each hydrogen and R® is C,salkyl;
R’ is selected from halo, C;salkyl, and C)salkoxy wherein C,.3alkyl and C; zalkoxy are
optionally substituted with one, two, three, four, or five halo;
R¥is Cy.aalkyl, optionally substituted with —ORIZ;
R’ is selected from Ci.salkyl, Csgoycloalkyi, Csalkoxy, —NRng, heteroaryl, heterocyele,
and ~CHz-heteroaryl;
wherein:
Ciealkyl 1s optionally substituted with one or two substituents independently
selected from —OR”, -NR'R¥, .-NHC(O)C,.
salkyl, -NHC(O)OC;.3alkyl, -NHC(O)Csscycloalkyl, Cs.gcycloalkyl, and halo;
C;-salkoxy is optionally substituted with wORh;
any Csgeycloalkyl is optionally substituted with one, two, or three substituents
independently selected from Cjsalkyl, halo, -NR*R®, — OR", and -CDs, wherein any C.
salkyl is optionally substituted with one, two, or three halo;
any heterocycle is optionally substituted with one, two, or three substituents
independently selected from Cy3alkyl, halo, -C{O)YQC,.
salkyl, -C{O)Cgalkyl, -C(O)Cseycloalkyl, ~C{OYNHC,.
salkyl, ~-C(OYNHC;scycloalkyl ~S(0),Cigalkyl, and -C{OYNH,;
wherein any —C{O)C;galkyl 1s optionally substituted
with -NHC(O)OC salkyl, -OR", -NR'R¥, or heterccycle,
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any -C(O)Csseycloalkyl is optionally substituted with one or two C;alkyl,
and

any ~C(O)NHC salkyl is optionally substituted with —OR" or Cs.scycloalkyl;
any heteroaryl is optionally substituted with one or two Cy_salkyl;

R R® RS, R", BRI, R¥, R™, and R” are each independently hydrogen or Cy_zalkyl;

R® 1s hydrogen or C,_galkyl, wherein C,_qalkyl is optionally substituted with ~OR? or amino;

RY is hydregen or C,salkyl, wherein C_salkyl is optionally substituted with ~OR" or with
heteroaryl optionally substituted with Cy.;alkyl;

R is hydrogen or C;_galkyl, wherein C,_galkyl is optionally substituted with —OR";

RE is selected from hydrogen, C4alkyl, C.ealkoxy, Cageycloalkyl, NR*R®, and heterocycle,
wherein C;_galkyl is optionally substituted with ~OR" and heterocycle is optionally substituted with
=0,

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

Ay 18 -NHC(0)- oy —-C{O)NH-

aisQ, I, or2; and

h1s0,1 or2;

or a pharmaceutically-acceptable salt or stereoisomer thereofl

As used hereinafter, the phrase “compound of formula (1) means a compound of formula (I)
or a pharmaceutically acceptable salt thereof; 1.e., this phrase means a compound of formula (1) in
free base form or in a pharmaceutically acceptable salt form unless otherwise indicated.

In another aspect, there 1s provided a pharmaceutical composition comprising a compound of
the present disclosure and a pharmaceutically-acceptable carrier. In addition, the present disclosure
provides a pharmaceutical composition comprising a compound of the present disclosure, a
pharmaceutically-acceptable carrier and one or more other therapeutic agents useful for treating
hepatitis C viral infections.

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

comprising administering to the mammal a compound or a pharmaceutical
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composition of the present disclosure and one or more other therapeutic agents useful for treating
hepatitis C viral infections. Further, the present disclosure 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 present disclosure.

In separate and distinct embodiments, the present disclosure also provides synthetic

processes and intermediates described herein, which are useful for preparing compounds of the

present disclosure. In an aspect, there is provided process for preparing a compound of formula

(1-5)

O N O
_ R AN ﬁ,
—_N H :
(57 (RS}b
R7) 5

1-5
3
o N-R?
R®  and

wherein Rl, Rz, R3, Ri RS, R6, R7, RS, R()? a, and b are defined as above, or a pharmaceutically-
acceptable salt or stereoisomer thereof, the process comprising:

(a) reacting a compound of formula 3-3
HN%BI’
=N

3-3

with a compound of formula 3-4



#NH T
(RO,
3-4

wherein Pg 1s an amino-proteéting group,

to provide a protected mtermediate 1-3

Rsﬁ/ ~
G 1-3

(b) deprotecting miermediate 1-3 to provide a deprotected intermediate 1-4:

N ™
7% NH
= h vy
(RE
and
10 (o) reacting intermediate ¥-4 with a carboxvlic acid or carboxvlic acid chioride:

5a



O O
Ao oA
oI CRY HOT RS
to provide 2 compound of formula (1-3) or a pharmaceutically-acceptable salt or sterecisomer
thereof.

5 In another aspect, there 1s provided a compound of formula 3-4:

. . . . 7. g . ! G .
wheremn Pg 1s an amino-protecting group, R’ is fluore, chloro, or ~OCF;, R® is methyl, R’ is tert-

butyl or 3-hydroxy-2,2-dmmethylpropvl, @ is 1 or 2, and b is 1.

In aspects, there are provided a compound as described herein for use in medical therapy,

14 as well as the use of a compound as described herein in the manufacture of a formulation or
medicament for treating a hepatitis C viral infection in a mammal. In another aspect, there is
provided a compound as described herein for use 1n the treatment of a hepatitis C viral infection
in a mammal. In another aspect, there is provided a compoun.d as described herein for use in

inhibiting replication of the hepatitis C virus in a mammal.

15 ' BRIEF DESCRIPTION OF THE DRAWING
The figure shows a powder x-ray diffraction (PXPD) pattern of crystalline {(R)-5-chloro-
4-(6-(2-methyl-4-pivaloylpiperazin- 1 -yljnicotinamido }-2-(trifluoromethoxy}-phenylboronic acid.
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DETAILED DESCRIPTION OF THE INVENTION

Among other aspects, the invention provides inhibitors of HCV replication of formula (1),
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 Cisalkyl, Cygalkoxy, phenyl, Csgcycloalkyl,
heterocycle, and heteroaryl, wherein C,.qalkyl is optionally substituted with ~OR® amino, —~8R",
heterocycle, or heteroaryl, C,.salkoxy is optionally substituted with ~OR", and heterocycle is
optionally substituted with —~OR® amino, or -C(0)0OC; salkyl, or with one or two C)_salkyl or =O.

In another specific aspect, R’ is selected from Cyalkyl, Cr.salkoxy, phenyl,
Cs.scveloalkyl, heterocyele, and heteroarvl, wherein Cygalkyl is optionally substituted with -OR®,
amino, ~SR°, heterocycle, or heteroaryl, Cigalkoxy is optionally substituted with ~OR", and
heterocycle is optionally substituted with —OR® amino, or -C(0)OC .salkyl, or with one or two

C,.salkyl, wherein R® is hydrogen or Cj.salkyl.

5S¢
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In another specific aspect, R’ is selected from C,_salkyl, phenyl, Cs.cycloalkyl,
and heterocycle, wherein C;zalkyl is optionally substituted with ~OR", wherein R is
hydregen or Ci.aalkyl, and any heterocyele hag gix ring atoms and is optionally
substituted with one or two Cy.aalkyl or =0,

In another specific aspect, R’ is selected from Cygalkyl, phenyl, and heterocycle,
wherein Ciealkyl is optionally substituted with ~OR® and heterocycle has six ring atoms
and is optionally substituted with —OR" or amino or with one or two methyl. In another
specific aspect, R is selected from C; ealkyl, phenyl, and Cascycloalkyl; wherein
Cy salkyl s optionally substituted with ~OR"; wherein R is hydrogen or C,.;afkyl.

In another specific aspect, R’ is selected from C; galkyl, phenyl, and
wetrahydropyranyl, wherein C,_qalky] is optionally substituted with ~OR®; wherein R" is
hydrogen or Cr.aalkyl.

Ix another specific aspect, R' is selected from € galkyl, optionally substituted
with hydroxy or methoxy, tetrahydropyran, and phenyl. In another specific aspect, R’ is
selected from Cjealkyl and phenyl

Specific R' values include isopropyl, phenyl, tetrahydropyran-4-yl, 2,6-
dimethyltetrahydropyran-4-yl, 1,1-dioxo-hexahydro-1A5-thiopyran-4-yl, oxetan-3-yi,
I-hydroxyethyl, 1-methoxyethyl, 2-hydroxypropan-2-yi, cyclohexyl, cyclopentyl,
thiphen-2-vi, and furan-2-ylmethyl.

In a specific aspect, R'is Cyp.; alkyl,

In another specific aspect, R' is isopropyl.

In yet another specific aspect, R’ is phenyl.

In still another specific aspect, R is tetrahydropyranyl.

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

In a specific aspect, R? is hydrogen or Cyalkyl.

In other specific aspects, R is hydrogen or Cyaalkyl: or R® is hydrogen.

In a specific aspect, R” is selected from hydrogen, C;.sallcyl, -C(O)OC salkyl,
C(OINRPR?, -C(0)Cs.ccycloalkyl, and -S(0),Cyalkyl; or R? and R together with the
nitrogen atom to which they are attached form a heterocycle;

In another specific aspect, R is selected from hydrogen, C;.alkyl,
-C{OYOCLgalkyl, -C(ONR"R", -C{O)YCseeyclealkyl, and -S(0),C;salkyl;

In ancther specific aspect, R? is selected from hydrogen, Cy.galkyl, and
-C{CHYOC, aalicyl.

In yet another specific aspect, R” is -C(OYOCsalkyl.

6



i0

15

20

25

WO 2013/067267 PCT/US2012/063181

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

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

In & specific aspect, R* is Cgalkyl, R? is hydrogen. and R is -C(0)OC_salkyl.

In another specific aspect, R' is isopropyl, R? is hydrogen, and R” is —~C(O)OCH;.

Inn yet other specific aspects, R is phenyl and R? and R* are each C,.zalkyl; or R!
is phenyl, R”is hydrogen, and R” is -C(O)YOC, salkyl; or R is tetrahydropyranyl, R? is
hydrogen, and R’ is -C(0)OC, aalkyl.

In a specific aspect, R* is selected from Cp.eatkyl, -NRRY, -ORY, -8R¢,
-S(0)Cy.aalkyl, -S(0)C1zalkyl, -CN, -C(OYNR'R®, heterocycle, heteroaryl, and halo; and
R’ and R® are hydrogen;

In another specific aspect, R* is selected from Cygalkyl, NR'R®, -OR", -SR®; and
R® and R® are hydrogen.

Ins another specific aspect, R*is selected from Crealkyl, -OR¢ and -C{ O)NR"‘Rb
and R® and R are hydrogen.

In another specific aspect, R* is selected from Cysalkyl and ~ORY, wherein
Cy.alkyl is optionally substituted with ~OR?, wherein R® and R are independently
hydrogen or Cy.aatkyl; and R® and RS are hydrogen.

| In another specific aspect, R is selected from methyl, methoxy, fluoro,
-CHyOCH;, -C{QOWNH;, -CN, -NHa,-NH{CHa3),, -5CH3, -S{G)YCHs, -S{(O»CHs,
morphoﬁnyl, and pyrrolidin-1-yl and R® and R® are hydrogen.

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

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

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

In another specific aspect, R and R” are independently C galkyl and R is
hydrogen.

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

Tn yet another specific aspect, R” and R’ taken together form —O-(CH,)-0- and R°
15 hydrogen.

In still another specific aspect, R* and R taken together form —(CHy)—, wherein »
182,34, or5.
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Tn additional aspects, R* is hydrogen and R’ and R® taken together form —(CHg )y,
wherein # is 1 or 4; or R* is hydrogen and R’ and R taken together form —(CH;)a—.

In still further aspects, R* and R5 are each hydrogen and R® is Cr.satkyl, or R* and
R’ are each hydrogen and R® is methyl,

Int a gpecific aspect, R is selected from halo, Cy.aalkyl, and Cysalkoxy wherein
Cy ealkyl and Cy salkoxy are optionally substifuted with ong, two, three, four, or five halo.

In another specific aspect R is selected from halo, Cysalieyl, and Cy_salkoxy
wherein C;_galkyl and C;_salkoxy are substituted with one, two, or three halo,

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

In a specific aspect, R® is Cy.3alkyl, optionally substituted with -OR"; wherein R
18 hydrogen or C.salkyl.

In a specific aspect, R is Ci.aalkyl

Tn another specific aspect, R® is methyl or hydroxymethyl.

In another specific aspect, R® is methyl,

In a specific aspect, R” is defined as in formula (1).

In another specific agpect, R? is selected from Cy.ealkyl, Cigovcloalkyl,
Crgellcoxy, —NRng, heteroaryl, heterocycle, and —CHy-heteroaryl; wherein C,salkyl is
optionally substituted with one or two substituents independently selected from ~OR”,
NRIRE, -NHC(0)Cy.salkyl, -NHC(Q)OC .salkyl, -NHC(O)Cs.cycloalkyt,
Cagoycloalkyl, and halo; Csalkoxy is optionally substituted with —ORh; any
Cascycloalky! is optionally substituted with one, two, or three substituents independently
selected from C;.salkyl, halo, NR'R®, —~ OR®, and -CDs, wherein any Cy.aalkyl is
optionally substituted with one, two, or three halo; any heterocycle is optionally
substituted with one, two, ar three substituents independently selected from Cy.salkyl,
halo, -C{OYOC salleyl , -C(OYC, galkyl, -C(ONCageycloalkyl, ~C{OYWNHC, galkyl,
—C(O)NHCgvscycloalkyl,»S(O)zcLgalky1, and -C(O)NH;; wherein any —C(O)C,.qalky! is
optionally substituted with -NHC(O)OC,salkyl, ~OR", -NR'R, or heterocycle, any
C{ONCsgeyeloalkyl is optionally substituted with one or two Cy salkyl, and any
-C{ONHC¢alkyl is optionally substituted with ~OR" or Cy.scycloalkyl; any heteroaryl is
opticnally substituted with one or two C)salkyt; R, Rb, R", Rj, and R® are defined as in
formula (I}, and R® is selected from hydrogen, Cealkyl, Crealkoxy, Csscycloalkyl,
NRR®, and heterocycle, wherein C;_galkyl is optionally substituted with ~OR" and

heterocyle 18 optionally substituted with =0,
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In another specific aspect, R” is selected from Csalkyl, Cigeycloalkyl, -NR'RE,
heteroaryl, heterocycle, and -CHs-heteroaryl; wherein any heteroaryl or heterocycle has 5
or 6 ring atoms; any heteroaryi is optionally substituted with C.salkyl; Cisalkyi is
optionally substituted with one or two substituents independently selected from ~OR”,
-NRIRK, NHC(O)Csalkyl, and -NHC{OYOC aalkyl: any Cygcycloalkyl is optionally
substituted with one or two Cysalkyl; any heterocycle is optionally substituted with one,
or two substituents independently selected from Cysalkyl, -C(G)OC, salkyl ,
-C{OYCrealkyl, -C{OYCxsevcloalkyl, -C(OWNHC, galleyl, and -C{OYNHC; scycloalkyl;
wherein any -C(QO)Cy.ealkyl 15 optionally substituted with -NHC{O)OC, jalkyl,

-OR" -NR'RY, or heterocycle; any -C(O)Cs.ecycloalkyl is optionally substituted with one
or two Cpsalkyl; and any -C(OWHC, galkyl is optionally substituted with —OR® or
Ciecycloalkyl

In yet another aspect, R” is selected from Cs.scycloalkyl, -CH,NR'R®, -NR'RE,
imidazolyl, pyrazolyl, pyrimidinyl, and pyrrolidinyi; wherein Cs 4evcioalkyl is opiionally
substituted with one or two Cy_salkyl; pyrrolidinyl is optionally substituted with methyl
and substituted with a substituent selected from -C(OY0C, zalkyl , -C(OYCsalkyl,
-C(OWHC.¢alkyl, wherein -C(O)Cealky] is substituted with -NFC(O)YOC, salkyl, -OR",
NR'RY, or heterocycle,

In another specific aspect, R” is selected from C).galkyl, Csecycloalkyl, NR'RE,
wherein R and R® are independently hydrogen or C,salkyl, heteroaryl, and heterocycle,
wherein Cr.ealkyl is optionally substituted with -ORh, Csscycloalicyl is optionally
subgtituted with one or two Cr.aalkyl or halo, any heteroary] has five or six ring atoms,
and any beterocycle hag five ring atoms and is optionally substituted with ong or two
substituents seleeted from Cpaalkyl, <C{O)YOCrazlkyl, ~C{O)C)¢alkyl, -C(O)NHC;.
salkyl, and -C(OYC1salky INHC{OYOCH:.

Exemplary specific values of R® within this aspect include~-NHCH; cyclopropyl,
2,2-dimethyleyelopropyl, teri-butyl, 3-hydroxy-2,2-dimethylpropyl, imidazolyl,
2,.2-difluorocyclopropyl, 2,2-dichlorocylapropyl, and 2 methylpyrrolidin-2-yl substituted
at the nitrogen with ~C(OYNHCH;, -C{OW-Bu, -C{OYCH;,-C{O)iPr, C{OYCHGCH;.
C{O)-Bu, or ~-C(OYCH(IPrINHC(O)OCH;

In yet another aspect, R” is selected from C,salkyl, optionally substituted
with-OR" wherein R® is hydrogen or Cy.aalkyl, and Caseyeloalkyl, optionally substituted

with one or two Cjsalkyl.
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In still another aspect, R’ is selected from —-NHCH; 2,2-dimethyleyciopropyl,
tert-butyl, and imidazolyl
In another specific aspect, R’ is selected from ~NHCH. cyclopropyl,
2,2-dimethyicyclopropyl, fert-butyl, 3-hydroxy-2,2-dimethylipropyl, and imidazolyl.
5 Ins & still further aspect, R® is selected from cyclopropyl, 2,2-dimethyleyclopropyl,
tert-butyl, and 3-hydroxy-2,2-dimethylpropyl.
In a specific aspect, R is hydrogen, halo, Cy_salkyl, wherein Cy.aalkyl is
optionally substituted with one, two, or three halo, or with ~OR".
In a specific aspect, R™ is hydrogen, halo, or Cr.salky! substituted with one, two,
10 orthree halc.
In other specific aspects, R'" is hydrogen or halo; or R'® is hydrogen, chloro, or
fluoro; or R¥ig hydrogen or —CH>GH.
In another specific aspect, R'® is —~CFs,
In another specific aspect, R'® is chioro.
15 In vet another specific aspect, R' is hydrogen.
In a still further aspect, R" is ~CH,OH.
In a specific aspect, a is 0, 1, or 2.
In another specific aspect, a is 1 or 2.
In a specific aspect, h 15 0, 1, or 2.
20 In ancther specific aspect, b 15 1 or 2.
In yet another spectfic aspect, b is 1.

In another aspect, the invention provides compounds of formula (I1):

HN%NH \ NM}JN%RQ
R4 =N ‘ (RS)
RS N. o GUP b

RB
RZ-N" gt

RS
(1
25 wherein the variables of formula (I1) are as defined herein,

In another aspect, the invention provides compounds of formuta (T11)

10
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R
RS

(TII)
wherein the variables of formula (II1) are as defined herein.

In yvet another agpect, the invention provides compounds of formula (TV):

10

Q =N 9

M FHAI
N

N O

RE_NI

R
v}
wherein:
R’ is selected from Cy.ealkyl, optionally substituted with hydroxy or methoxy,
tetrahydropyran, and phenyi;
10 R? is hydrogen,
R’ is -C(O)YOCealkyl;
R* is methyl or methoxy;
R’ is selected from fluoro, chioro, -CF5 and ~QCFs;
RYis independently methy! or hydroxymethyl;
15 R’ is selected from —-NHCH;_cyclopropyl, 2,2-dimethylcyclopropyl, tert-butyl,
3-hydroxy-2,2-dimethyipropyl, and imidazolyl;
145 hydrogen or hydroxymethyk;
ais ] or2; and
bislor2;
26 or a pharmaceutically-acceptable salt thereof.

Within this aspect, are compounds of formula (TVa) and of (TVb}:

11
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LF3 “
O/CF3 %, q o =z /-\-(O
o =N 0 N N

BN %N e HN\NH\/\.W/ e
JNH”‘\—’R"\_O/L‘N

N [s]

u—C{L w7 N

N -0

=)
O

HNT "Rt
. ~ 70
~ 0 (iVa) (IVh)

wherein R’ is isopropyl or tetrahydropyranyl, R™ is fluoro or chloro, and R® is teri-butyl
or 3-hydroxy-2,2-dimethyipropyl.

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

R0 —=N VoY O
HN \f> § >_<_> _..,HéN‘@fN\_HN_(RQ
=N \ | / o)
{R) 4

RYp

R4 N o 7) (
Rz‘*’.\'rw

5 R?

(V)
wherein:
R' is selected from Cy.ealkyl, optionally substituted with hydroxy or methoxy,
tetrahydropyran, and phenyl;
10 R? is hydrogen:
R is -C(O)OCsalkyl;
R*is methyl or methoxy; _
R is selected from fluoro, chloro, -CF; and -OCF5;
R® is independently methyl or hydroxymethyl;
15 R” is selected from ~NHCH; cyclopropyl, 2,2-dimethyicyclopropyl, tert-butyl,
3-hydroxy-2,2-dimethyipropyl, and imidazolyl;
R™ is hydrogen or hydroxymethyl;
ais ior2; and
bislor2;
20 or & pharmaceuticaliy-acceptable salt thereof.
In one aspect, the invention provides the compounds of Examples 1-24 and
Tables 1-29 beiow
In another aspect, the invention provides a compound selected from the following

compounds

12
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and pharmaceutically-acceptable salts thereof

<

=0

Chemical structures are named herein according to IUPAC conventions as
implemented in available software packages. For example, the compound of Example i:

- -
JLCFg %

Q G ==N N O
_
Jiaatateln N

Ci
f’
E 'N ,’(

e
5 is designated as ((5)-1-{(25,45)-2-[4-(5"-chloro-4'-{[6-((2R,55)-2,5~dimethy]-4-
methylicarbamoyl-piperazin-F-vD-pyridine-3-carbonyl]-amino} -2 -triflucromethoxy-
biphenyl-4-y1)-1H-imidazol-2-yl]-4-methyl-pyrrolidine- {-carbonyl} -2-methyl-propyl)-
carbamic acid methyl ester by AutoNom software, (MDL Information Systems, GmbH,
Franldurt, Germany). Bquivalently, the compound may be named as methyl {(S)-1-

10 ((25,48)-2-(4-(5'-chloro4'-(6-((2R 55)-2,5-dimethy{-4-(methylcarbamoy!)piperazin-1-
yhnicotinamido 2" -(riflucromethoxy)biphenyl-4-y1)-1 H-imidazol- 2-y1-4-
methylpyrrolidin-1-y)-3-methyl-1-oxobutan-2-ylcarbamate, as provided by ChemDraw
goftware (PerkinElrmer, Inc., Cambridge, MA).
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Furthermore, the imidazole moiety m the structure of formula (1) exists in

tautomeric Torms, Hlustrated below for a fragment of the compound of Example 1

O O

According to the JUPAC convention, these representations give rise to different
numbering of the atoms of the imidazols moiety: methyl (5)-3-methyl-1-((25,45)-4-
methyi-2-(4-phenvi- 1 H-imidazol-2-yDpyrrolidin- 1 -y1)-1-oxobutan-2-ylcarbamate
{structure A) vs.methy! (5)-3-methyi-{-((25,45)-4-methyl-2-(5-phenyl- 1 H-imidazol-2-
yhpyrrolidin-1-y1)-1-oxobutan-2-yicarbamate (structure B). Tt will be understood that
although structures are shown, or named, in a particuiar form, the invention also includes
the tautomer thereof

The compounds of the invention contain one or more chiral centers and therefore,
such compounds (and intermediates thereof) can exist as racemic mixtures; pure
stereoisomers (i.e., enantiomers or diagtereomers); sterecisomer-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 stercoisomer means the indicated stereocenter has the designated
stereochemiétry with the understanding that minor amounts of other stereoisomers may
also be present uniess otherwise indicated, provided that the utility of the depicted or
named compound is not eliminated by the presence of another stereoisomer.

Compounds of formula (1) also contain several basic groups (¢.g., amino groups)
and therefore, such compounds can exist ag 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 thereof. All such forms are included within the scope of this invention, unless
otherwise indicated.

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

having the same atomic number but an atomic mass different from the atomic mass that
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predominates in nature. Examples of isotopes that may be incorporated into a compound
of formula (1) include, but are not limited to, ’y,%h, e, Bo, e, B, PN, Po, 17O, B0,
#g, *C1, and "*F. Of particular interest are compounds of formula (1) enriched in tritium
or carbon-14, which compounds can be used, for example, in tissue distribution stmdies.
Alsc of particular interest are compounds of formuia (I) enriched in deuterium especially
at a site of metabolism, which compounds are expected to have greater metabolic
stability. Additionally of particular interest are compounds of formula (1) enriched in a
posittron emitting isotope, such as He, BE, B0 and PN, which compounds can be used,

for exampie, In Positron Emission Tomography (PET) studies.

Definitions

When describing this invention mncluding 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 thereof. Unless otherwise defined, such allcyl groups
typically contain from 1 to 10 carbon atoms. Representative alkyl groups include, by way
of example, methy! (Me), ethyl (Et), n-propyl (n-Pr) or (nPr), isopropy! {i-Pr) or (iPr),
n-butyl (n-Bu) or (nBu), sec-butyl, isobutyl, tert-butyi (t-Bu) or (tBu), n-pentyi, n-hexyl,
2, 2-dimethyipropyi, 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;M_q_ 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 alleyl 1s defined
as above. Representative alkoxy groups include, by way of example, methoxy, ethoxy,
propoxy, butoxy, and the like.

The term "cycloalkyl” means 4 monovalent saturated carbocyclic group which
may be monocychic or multicyclic. Unless otherwise defined, such cycloalicyl groups
typically contain from 3 to 10 carbon atoms. Representative cycloaikyl groups include,
by way of example, cyclopropyl (cPr}, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, adamantyl, and the like,

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

10 total ring atoms, wherein the ring contains from 2 to 9 carbon ring atoms and from 1 to
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4 ring heteroatoms selected from nitrogen, oxygen, and sulfur. Heterocyclic groups may
be monocyelic or multicychic (i.¢., fused or bridged). Representative heterocyclic groups
inchude, by way of example, pyrralidinyl, piperidinyl, piperazinyl, imidazolidiayl,
morpholinyl, thiomorpholyl, indolin-3-yl, 2-imidazolinyl, tetrahydropyranyl, 1,2,3 4-
setrahydroisoquinolin-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
aliernatively be referred to as a non-valent species, i.e. pyrrolidine, piperidine, piperazine,
imidazole,tetrahydropyran etc.

The term "heteroary!" 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.
Hateroaryl groups may be monocyclic or muiticyclic. Representative heteroaryl groups
include, by way of example, pyrroyi, isoxazolyl, 1sothtazolyl, pyrazolyl, oxazolyl,
oxadiazolyl, thiadiazolyl, thiazotyl, imidazolyl, triazolyl, tetrazoly!, furanyi, triazinyl,
thienyi, pyridyl (or, equivalently, pyridinyl), pyrimidyl, pyridazinyl, pyrazinyl, indoiyl,
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,
glc.

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

The term “therapeutically effective amount” means an amount suificient 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 & patient {such as hepatitis C viral infection), such as a mammal
(particularly a hurnan) which includes one or more of the following:

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

by  amehiorating the disease, disorder, or medical condition, i.e., climinating or
causing regression of the disease, disorder, or medical condition in a patient, including

counteracting the effects of other therapeutic agents;
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{c) suppressing the disease, disorder, or medical condition, i.¢., 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
paticnt.

The term “pharmaceutically acceptable salt” means a salt that is acceptable for
administration to a patient or a mammal, such as a buman (e.g., salts having acceptable
mammalian safety for 2 given dosage regime). Representative pharmaceuticaliy
acceptable salts include salts of acetic, ascorbic, henzenesulfonic, benzoic,
camphorsulfonic, citric, ethanesulfonic, edisylic, fumaric, gentisic, gluconic, glucoronic,
glutarsic, hippuric, hydrobromic, hydrochloric, tsethionic, lactic, lactobionic, maleic,
malic, mandelic, methanesulfonic, mucic, naphthalenesnlfonic, 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
1s 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 (T), L.e. a form
where one or more amino groups have been protonated by an acid. Typically, the saltisa
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. Reprcseﬁtative amino-protecting
groups inciude, but are not limited to, formyl; acyl groups, for example alkanoy! groups,
such ag acety! and tri-fluoroacetyl; allkoxycarbony! groups, such as ferf butoxycarbonyl
(Boc); arylmethoxycarbonyl groups, such as benzyloxycarbonyl (Cbz) and
9-fluorenylmethoxycarbonyl (Fmoc): arylmethy! groups, such as benzyl (Bn), trityl (Tr),
and 1,1-di~{4"-methoxyphenyimethyl; silyl eroups, such as trimcthyisilyl (TMS), tert-
butyidimethylsilyl (TBDMS), [2-(trimethylsilyljethoxy|methyl (SEM); and the like.
Numerous protecting groups, and their introduction and removal, are described in T. W,
Greene and G. M. Wuts, Protecring Groups in Organic Synthesis, Third Edition, Wiley,
New York

General Synthetic Procedures

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

or routinely-prepared starting materials and reagemnts. The substituents and variables (e.g.,
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R, R% R, RY, etc.) used in the following schemes have the same meanings as those
defined elsewhere herein unless otherwise indicated. Additionally, compounds having an
acidic or basic atom or functional group may be used or may be produced as a salt unless
otherwise mdicated (in some cases, the vse 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 mvention 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 (1-8) in which A,

is defined as -NHC(O)- are prepared as shown in Scheme 1:
Scheme 1
e Q N Y
NN >——< > )‘——{}—N N—P \
S \y / A N G AN VAR
R4 (R"]) a iRS) b .
1-2
N f N
7 SN N-pg —
= \,!_/
(Rsl b
G O
o Py
N cTR? HOT TRY
7 Nen N — =
— \_1_/
(R8 |,
N N
/ A\ ]
=/ "\ —‘(RB
(B
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where (3 represents the group

O>_<Rf
TA N—Rz
R3
G

and Pg represents an amino-protecting group. Aniline intermediate 1-1 is reacted with
carboxylic acid 1-2 according to typical amide bond formation conditions to provide a
protected intermediate of formula 1-3 In some instances, the carboxylic acid 1-2 is first
converted to an acid chloride and then reacted with aniline intermediate -1 to provide 2
compound of formula 1-3. As shown in the examples below, the amide bond formation
reaction may utilize coupling agenis, such as NN N N'-tetramethy!-O-(7-azabenzotriazol-
I-yDuronium hexafluorophosphate (HHATU), or as 1,3-dicyclohexylearbodiimide (DCC),
1-{3-dimethylaminopropyt)-3-ethylcarbodiimide (EDC), or benzotriazol-1-
vioxytripyrrolidino-phosphonium hexafluorophosphate (PyBop), optionally combined
with 1-hydroxy-7-azabenzotriazole (HOAL). Preferably, the process of Scheme 1 18 used
10 prepare compounds of formula 1-3 in which R is absent (¢ is 0) or R’ is an electron
rich substituent such as an unsubstituted-alky] or unsubstituted-alkoxy, and the reaction is
performed in the presence of coupling agents EDC and HOAt at a temperature of about
50 to about 60 °C. Intermediate 1-3 is then deprotected, for example, by treatment with
an acid to o provide compound -4, which s reacted with an acid chloride in the
presence of base or with a carboxylic acid under amide bond formation conditions to
prepare a compound of the invention of formula 1-5.
It will be readity understood that the final product £-5 could alternatively be
prepared directly by reaction of aniline 1-1 with a compound of formuia -2
0 J N\ N/——\N _(O
o' N\=/ |/ R
=2 b
-2
Protected intermediate 1-3 may also be conveniently prepared by altemative

processes, for exampie, as shown in Scheme 2
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Scheme 2
O N
= /o S—f
N/ NH, + ol . B——
(R']’)a
1_} 2-1
0 N N
== /N F -+ HN N—Pg
\ / N - \[»,_/
" (R%
{7} a
23
2.2

In a first step, biphenyl aniline 1-1 is reacted with a fluoropyridine carbonyl

chloride 2-1 in the presence of base to provide fluoro intermediate 2-2. The fluoro
5 intermediate is then reacted with an excess of protected piperazine 2-3 to provide

protected intermediate 1-3. The reaction typically is performed i the presence of base
with heating to a teraperature of about 80 °C 10 about 120 °C for a period of about 4 to
about 48 hours.

Yet another alternative process for the preparation of intermediate 1-3 utilizes a

10 Suzuki coupling reaction in the presence of a palladium catalyst (Mivaura and Suzuki,

Chem. Rev. 1995, 95, 2457-2483). As shown in Scheme 3 below, either coupling partner
may bear the boronate moicty, Alternatively, a boronic acid reagent may be used in place

of a boronate reagent, such as the pinacol boronate depicted below.
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Scheme 3A
O /N /N
0 N NP
N+ oY
-~_N OJT —i— 3
R4 (RT) (R ) B
RS N. a
G 3-2
b 3-1
or
o} S N N-P
hS - g
HNWBr + ] ,B'*@*NH \_7/ \_‘_/
=N 0 . )
R4 (R7) (R
RN ANg 3-4
RS 3-3
o N
= 7N e
HNTY \|/§ . N\“IJNPQ
=
. RY (R7 , (R¥
RETNANS
Rﬁ G 1-3
if protected intermediate 3-2 were replaced by an intermediate 3-2°
(O
N N
BF‘Q—'NH N N s
(R) o (=),
5 ) 3-2

then the Suzulki coupling of the boronate 3-1 in the first alternative of Scheme 3 would

directly provide a final compound of the invention.
Amnalogously, if protected intermediate 3-4 were replaced by a boronate

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

o /=N N 2 o 5 Nf_\N—(O
iO\’B @NM \ / N\m‘ P Hdg—@i\iw R
e (5, (<) (s

, (W14
16 3-4

then the Suzuki coupling of the bromo intermediate shown in the second alternative htial
step of Scheme 3 would directly provide a compound of the invention. The boronic acid

3-4" advantageously may be prepared in crystalline form. See, for example, Preparation
IS5 44 below.
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Another useful sequence for preparation of final compounds of the invention is

iltustrated in Scheme 3B.

Scheme 3B
SO
HNXY B i + Br-@—NH \_/ \_%J
‘-—.N O S el
R (r7) (r?)
RS N,P & 3 21
9 3 or )

R: ! .< or
TP s o /N /P
R® HO \>—<:)7N N
:B-@NH \ i J<Rg
HO (_R_Y) (r8),
~ a 34"
HN = 3¢ ' O
SO N
=N l { 18)
[— R4 {Rﬂa R
RETNAN
RB Pg 3-5
o) N 0
= 7N
(i} deprotect HN%Q — N\,.| ——/NMQRQ
. =N | (RS)
(i} HO~G RY (R7 b
RS N Ie)
I w
RE-N""Ri
RS

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

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

reaction with a protected piperazing 2-3 as shown in Scheme 4.

25



WO 2013/067267

Scheme 4
o] N
Br—@—NHg + 7N
wim Cl —
(R,
4.1 2-1
HN  N—P — e
-+ \_‘_f g
( a)
b
2.3

o) =N FanaN
Br”@"NwN\_l_/N_PQ
(R7)

PCT/IS2012/063181
O —N
= B|”—<|3—NH¥<\:)7F
7)
4-2

(Ra)b

3-2

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

acid intermediate 1-2 as given in Scheme 5.

5 Scheme 5
Oy /N M
B —@-NH + >_<:), _
r -l““ 2 o WA NL}_/N Pg
7
( R ) ( RB) b
4-1 12

/N Nw WA
e

3-2

Tt will be readily understood that intermediates bearing the substituent R” may be

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

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

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

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

1 are given in the following schemes.

Scheme 6

o) N
7N

G

15 6-1 2-3

N
7N\ Q N

F+ uN N i %}*N N—P
\_\JN Fo o o N7 \W‘m/

(R b
1-2

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

1o provide intermediate 1-2 ig typically performed using a Grignard reagent such as

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

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

20

moiety.
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Scheme 7

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

5 prepared, for example, as shown in Schemes 3 and %.

Scheme 8§
4
3 B+ ) P RS ° Q
RG N\ OH RG N\ O
Pg P
8-1 8-2 8-3
HN \ HN/\§_©’Br
N Br [ . '--N
JEE—— R
RY R\ -NH
R =6 8-5
HO-G WBF
=N
R

Reagent 8-1, where X represents brome or chloro, 1s reacted with a protected
proline carboxylic acid 82 to provide intermediate 8-3 which is converted to intermediate
10 84 in the presence of an excess of ammonium acetate. The ring closure reaction
typically is performed at a temperature between about 100 °C and about 120 °C for a
period of about 4 to about 24 hours. To provide compound 3-3, intermediate 8-4 is
typically deprotected and coupled with a reagent HO-G to provide compound 3-3.
Finally, the boronate intermediates of Scheme 3 may be prepared from the

15 corresponding bromo compounds. For example, to provide boronate intermediate 3-1,

27



WO 2013/067267 PCT/USZ012/063181

intermediate 3-3 is reacted with bis(pinacolatoidiboron, 9-1, in the presence of a

paliadium catalyst as shown in Scheme 9.

Scheme 9
: O
Hngr o o - o
= + EE R4
RS o O N
N RE G
r® el e
RE 3.3 9.1 31
5 Similarly, the boronate intermediate 3-4 may be prepared by the reaction of bromo

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

10 Compounds of Formula 10-5 in which the variable Ay, is defined as —~C{O)NH- are
prepared by processes analogous 1o those described above. One excmplary process for

the preparation of compounds of Formula F0-5 is shown in Scheme 10,
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Scheme 19
HH \>_< H >___4 H N-.Q —p,
\I 2 \_| _/ g s
R4 (R 4 (RS
R5 N Nag 10-1 10-2
RG
/N o s
2 g
; < > <\ /> “ \—IJ
(R?J (R

z/ Vi
=
)] S ;
O %r
=3
| 1
WCZ
)
A
%

(R {R8 b

10-5

The acid 16-1 and aminopyridine 16-2 are reacted under amide bond formation
conditions to provides a protected intermediate of formula 10-3 which is then deprotected
5 and reacted with an acid chloride or carboxylic acid as in Scheme 1 to provide final
compounds of the invention.
The intermediates of Scheme 10 may be prepared by conventional synthetic
reactions. For example, the biaryl acid 16-1 may be prepared by the Suzulki coupling of
boronate intermediate 3-1 with a bromobenzoic acid ester 11-1 followed by hydrolysis

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

Scheme 11
0
HN \
\ Y/ (RTJ
(R?)
R5 - "o 3 11-1

29



WO 2013/667267 PCTAUS2G12/063181

Alternatively, compounds of formula 18-3 may be prepared by the reaction

illustrated in Scheme 12:

Scheme 12
O
O @ﬂ?‘“ O
R (Ra) b
R® Nea
RE 12-1
3-1
/
”\}.( >_< >_< —Pg
—_— \| / hl—/
{RT (RS)
10-3

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

intermediate 12-T were replaced by an intermediate 12-1’

==\ VN _40

(R}, . (R,

10 then the reaction of Scheme 12 would directly provide a final compound of the invention.
Bromo intermediate 12~1 may be prepared by the amide coupling of a bromo-
benzoic acid 13-1 with intermediate 16-2 as illustrated in Scheme 13,
Scheme 13

—@—( + HQNAC)— N-Pg Brw-@——gl\i_@“
R‘f‘)

13— 10-2 12-1

{ RS)

()b

15 and the corresponding intermediate 12-1" is prepared from 12-1 by deprotection of 12-1
and reaction with an appropriate acid chloride or carboxylic acid.
Finally, amine intermediate 19-2 is conveniently prepared from a nitro-
substituted chloropyridine which is reacted with a protected piperazine 2-3 1o provide a

protected intermediate 14-2 as shown in Scheme 14,
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Scheme 14
N
N N
72 {0 onN— SN | N-p
OuN ¢+ MN N—pg —= Uz g
T\ WA =/ |
(RS |, (RE)
14-% 2-3 14-2
Hn— N\ N ., N-P
I 2 =/ | ¢
(RB]b
16-2

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

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

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

In a particular method aspect, the invention provides a process tlustrated in
Scheme 3B, the process comprising: (a) reacting a protected bromo intermediate 3-3" with
a boronate 3-4° or boronic acid 3-4" intermediate, to provide a protected intermediate 3-5,
(b) deprotecting intermediate 3-5, and (c) reacting the deprotected intermediate with a
reagent HO-G, 1o provide a compound of the invention of the formula (II') or a
pharmaceutically-acceptable salt thereof, This aspect includes a process of preparing a
compound of formula (11 in which R'is Crealkyl or tetrabydropyran, R? is hydrogen, R?
is -C{OYOC . galkyl, R* is methyl or methoxy, R® and R® are both hydrogen, R is fluoro,
chioro, or ~OCF;, R? is methyl, R® is ter-butyl or 3-hydroxy-2,2-dimethylpropyl, a is 1
or 2, and b 18 1. In a particular aspect, a boronic acid 3-4" is used m step (a}.

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

body or in virro.
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Pharmaceutical Compositions

The compounds of the invention and pharmaceutically-acceptable salts thereof are
typically used in the form of a pharmaceutical compositien 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 formuia
(1)* means a compound of formula (T) 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 formuias (II), (il"), (ifI),
(IV)), (IVa), {IVD), and (V) and pharmaceutically-acceptable salts thereof

The pharmaceutical compositions of the invention typically contain a
therapeutically effective amount of & compound of the present invention. Those skilled in
the art will recognize, however, that a pharmaceutical composition may contain more than
a therapeutically effective amcunt, i.e., bulk compositions, or ess than a therapeutically
effective amoun, 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 1o 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 excipicnts, will depend on the mode of administration being
used io treat a particular paticnt 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,
Additicnally, the cartiers or excipients used in the pharmaceutical compositions of this
invention are commercially-available. By way of further illustration, conventional

formulation techniques are described in Remington: The Science and Practice of
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Pharmacy, 20th Edition, Lippincott Williams & White, Baltimore, Maryland (2000}; and
H.C. Ansel ¢t al,, Pharmaceutical Dosage Forms and Drug Delivery Systems, 7th Edition,
Lippincott Williams & White, Baltimore, Maryiand (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
microerystalline celtulose, and its derivatives, such as sodium carboxymethyl cellulose,
ethyi celiulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients,
such as cocoa butter and suppository waxes; oils, such as peanut ¢il, cottonseed oil,
safflower oil, sesame oil, olive ¢il, corn oil and soybean oil; glvcols, such as propylene
ghycol; 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
sohution; ethyl alcohol; phosphate buffer solutions; and other non-toxic compatible
substances emptoyed in pharmaceutical compositions,

Pharmaceutical cormpositions 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 Joaded into tablets, capsules, pills and the like using conventional procedures and
gguipment.

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 & predetermined quantity of active
agent calculated to produce the desired therapeutic effect either alone or in combination
with one or more additional vnits. 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 capaules, tablets, pills, lozenges, cachets, dragees, powders,
gramales; or as a solution or a suspension i an agqueols or non-aqueous liguid; or as an
oil-in-water or water-in-oil Hguid emulsion; or as an elixir or syrup; and the like; each
containing a predetermined amount of a compound of the present invention as an active

ingredient,
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When intended for oral administration in a solid dosage form (i.e., as capsules,
tablets, pilis and the like), the pharmaceuntical 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 celiulose,
lactese, sucrose, glucose, mannitel, 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 sificates, and/or sodium carbonate; soiution
retarding agents, such ag paraffin; absorption accelerators, such as quaternary ammonium
compounds; wetting agents, such as cetyl alcohol and/or glycerol monostearate;
absorbents, such as kaclin and/or bentonite clay; lubricants, such as tale, 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 agenzs, preservatives and antioxidants can also be present in the
pharmaceutical compositions of the invention. Examples of pharmaceutically-acceptable
sntioxidants include: water-soluble antioxidanis, such as ascorbic acid, cysteine
hiydrochioride, sodium bisulfate, sodium metabisulfate, sodium sulfite and the like; oil-
soluble antioxidants, such as ascorby] palmitate, butylated hydroxyvanisole, butylated
hydroxytoluene, lecithin, propy! gallate, alpha-tocopherol, and the like; and metal-
chelating agents, such as citric acid, ethylenediamine tetraacetic acid, sorbitol, tartaric
acid, phosphoric acid, and the like. Coating agents for 1ablets, capsules, pills and like,
include those used for enteric coatings, such as cellulose acetate phthalate, polyvinyl
acetate phthalate, hydroxypropyl methyicellulose phthalate, methacrylic acidmethacrylic
acid ester copolymers, cellulose acetate trimellitate, carboxymethy! ethyl celtuiose,
hydroxypropyl methyl cellulose acetate succinate, and the like.

Pharmaceutical compositions of the invention may also be formulated to provide
slow or controiied release of the active agent using, by way of example, hydroxypropyl
methyi 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 formulsted so that they reiease the active
ingredient only, or prefefentially, in & certain {,ﬁorﬁen of the gastrointestinal fract,

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

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

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

The compounds of this invention can also be administered parenterally (e.g. by
intravenous, subcutancous, intramuscular oy intraperitoneal injection). For parenteral
admimstration, 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 giycol, polyethiviene glycol, vegetable oils,
gelatin, fatty acid esters such as ethyl oleate, and the like. Parenteral formulations may
also contain one or more anti-oxidants, solubilizers, stabilizers, preservatives, wetting
agents, emulsifiers, buffering agents, or dispersing agents. These formuiations 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
adrministration by inhalation. Suitable pharmaceutical compositions for administration by
mhalation will typically be in the form of an acrosol or a powder. Such compositions are
generaily administered using well-known delivery devices, such as & metered-dose
inhaler, a dry powder inhaler, a nebulizer or 2 similar delivery device.

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

mgredient and a suitable propellant, such as dichlorodifluoromethane,
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trichlorofluoromethane, dichlorotetraflyoroethane, 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 & 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 giveol, polyethylene glycol
monolaurate, azacycloalkan-2-ones and the like, and incorporated inio a patch or simifar
debivery systemn. Additional excipients including gelling agents, emulsifiers and buffers,
may be used in such transdermal compositions if desired.

The following non-lHmiting examples {llustrate representative pharmaceutical
compositions of the present invention.

Oral solid dosage form

A compound of the invention is dissolved in polyethylene glycol acidified to
pH <2 with optional heating to form a solution comprising 10 % w/w or 40 % w/w active
agent, The solution 1s spray dried to form a powder. The resulting powder is loaded into
capsules, for example gelatin or hydroxypropyl methylceliuiose capsules, to provide a
uhit dosage of 14 mg or 56 mg, respectively, active agent per capsule,,

Oral liquid formulation

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

Lipid emulsion formulation

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

Lipid emulsion formulation

A Tipid emulsion formulation comprising a compound of the mvention (10 %) and
oleic acid (90 %) wiw 1s formed by adding a compound of the invention to oleic acid.

Micro-emulsion formulation '

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

The compounds of the invention have been shown to inhibit virat replication in
HCV replicon assays and therefore are expocted 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., 2 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., 2 human), the method comprising administering to the mammal a
therapeutically-cffective amount of compound of the invention or of a pharmaceutical
composition comprising a pharmaceuticaily-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 { 1o about
2000 meg/day of active agent, including from about 5 to about 300 mg/day and from about

10 to about 200 mg per day of active agent for an average 70 kg human.
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Combination therapy

Compounds of the invention may also be used in combination with one or more
agents which act by the same mechanism or by different mechanisms to effect treatment
of HCV. Useful classes of agents for combination therapy include, but are not limited to,

5 HCV NS3 protease inhibitors, HCV NS5B nucleoside and non-nucleoside polymerase
inhibitors, helicase mhibitors, NS4B protein inhibitors, HCV viral entry inhibitors,
cyclophyllin inhibitors, toli-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

10 other immunomodulatory agents, inosine 5’ -monophosphate dehydrogenase (IMPDH)
inhibitors, and other NS5A protein inhibitors. Agents which act to inkibit 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,

15 butare not iimited to, Incivek® (telaprevir, VX-950), beceprevir (SCH-503034),
simeprevir {TMC-4335), narlaprevir (SCH-900518), vaniprevir (MK-7009), danoprevir
(ITMN-191, R-7227), BI-201335, ABT-450/, asunaprevir (BMS-650032), GS-9256,
GS8-9451, sovaprevir (ACH-1625), ACH-2684, BMS-605339, VX-985, PHX-1766,
BMS-791325, IDX-320, and MK-5172.

20 Examples of HCV NS5B nucieoside polymerase inhibitors include, but are not
limited to, mericitabine {RG7128), IDX-184, sofosbuvir (GS-7977, PSL-7977), PSI-7851,
PSI-938, BMS-986094 (TINX-189, INX-08189), R(37348, MK-0608, TMC-649128,
HCV-796, and ALS-2200 (VX-135),while, non-nucleoside HCV NS5B polymerase
inhibitors, nclude but are not limited to, filibuvir (PF-8685540), tegobuvir (GS-9190),

25 VX222, VX759, setrobuvir (ANA-598), ABT-072, ABT-333, BI-207127, BMS-
791325, MK-3281, IDX-37, BMS-824393, TMC-647055.

A wide variety of interferons and pegylated interferons, including alpha, beta,
omega, and gamma interferons, having antiviral, antiproliferative or immunomodulatory
effects, can be combined with the present compounds. Representative examples include,

30 butare not limited to, Intron® A (interferon-alpha2b), Actimmune® (interferon-gamma-
18), Alferon N, Advaferon®, Roferon-A (interferon aipha-2a) Peglntron® (peginterferon-
alpha 2b), Alfaferone, Pegasys® (peginterferon alpha-2a), Alfanative (interferon alpha),
Zalbin™ (albinterferon alpha-2b), Infergon® (interferon alfacon-1), Omega DUROSE

38



10

20

25

WO 2013/067267 PCT/US2012/663181

{omege interferon), Locteron™ (interferon alpha), PEG-#1L-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 inclide, but are not limited to:
cyclophilin inhibitors, such as DEB-0253, SCY-635, NIM-811, and cyclosporine and
derivatives; toll-like receptor agonists, such as resiquimod, IMO-2125, and ANA-773,
HCV viral entry inhibitors, such as civacir, thiazolides, such as nitazoxanide, and broad-
spectrum viral inhibitors, such as, inosine-5"-monophosphate dehydrogenase (IMPDEH)
inhibitors.

In addition, compounds of the invention may be combined with an NS5A
inhibitor, for example, daclatasvir (BMS-790052), AZD-7295, PPI-461, PPI-1301, GS-
5885, GSK.2336805, ABT-267, ACH-2028, ACH-3102, EDP-239, IDX-719, MK-8742,
or PP1-668,

In another aspect, therefore, the invention provides a therapeutic combination for
nse in the treatment of hepatitis C viral infections, the combination comprising a
compound of the invention and one or more other therapeutic agents useful for treating
HCV. For example, the invention provides a combination comprising a compound of the
invention and one or more agents selected from HCV NS3 protease inhibitors, HCV
NS5B mucleoside and non-nucleoside polymerase inhibitors, interferons and pegylated
interferons, cyclophilin inhibitors, HCV NS5A inhibitors, and ribavirin and related
nucicoside 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 2 hepatitis
C viral infection in a mammal, the method comprising administering {o the mammal a
compound of the invention and one or more other therapeutic agents useful for freating
HCV.

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

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

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

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 & mammal, the method comprising administering to the
mammal a compound of the invention, an HCV NS3 protease inhibitor, and ribavirin.

Still other all-oral combination therapies useful in other method aspects, include,
for example, a compound of the invention and an HCV NS3 protease inhibitor; a
compound of the invention and an HCV NS5B nucleoside polymerase inhibitor; a
compound of the invention, an HCV NS3B nucleoside polymerase inhibitor, and
ribavirin; a compound of the invention, an HCV NS3 protease inhibitor, and an HCV
NS5E nucleoside polymerase inhibitor; a compound of the invention, an HCV NS3
protease inhibitor, an HCV NS35B nucleoside polymerase inhibitor and ribavirin; a
compound of the invention, an HCV NS$3 protease inhibitor, and an HCV NS5B non-
nucleoside polymerase inhibitor; and a compound of the invention, an HCV NS3 protease
inhibitor, an HCV NS3B non-nucleoside polymerase inhibitor and ribavirin

In another method aspect, the invention provides a method of inhibiting
replication of the hepatitis C virus in 2 mammal, using a compound of the invention in
combination with other agents, as described above.

When used in combination therapy, the agents may be formulated in a single
pharmaceutical composition, as disclosed above, or the agents may be provided in
separate compositions that arc administered simultancously 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 2s to provide a desired therapeutic effect.
Such compositions can be packaged separately or may be packaged together as a kit. The
two or more therapeutic agents in the kit may be administered by the same route of

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

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

of HCV replication.

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

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

EXAMPLES

The following synthetic and biological examples are offered to illustrate the

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

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

otherwise indicated. Abbreviations not defined below have their generally accepted
meanings.

ACN = acetonitrile

DCM = dichloromethane

DIPEA = N N-ditsopropylethylamine

DMA = N,N-dimethylacetamide

DMF = N N-dimethylformamide

DMP = 1.1,1-triacetoxy-1,i-dihydro-1,2-benziodoxol-3(1 H)-one (Dess-
Martin periodinane)

DMSO = dimethy] sulfoxide

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

EtOAc = ethyl acetate

h = hour(s)

HATU = NN N' N'-tetramethyl-O-(7-azabenzotriazol-1-ylurogium
hexafluorophosphate

HCTU = 2-{6-chloro-1 H-benzotriazole-1- y13-1,1,3,3-
tetramethylaminium hexafluorophosphate

HOAt I-hydroxy-7-azabenzotriazole

min = minute(s)

Pd(dppf)Cly= dichloro(1,1-bis{diphenylphesphinoe)-
ferrocens)dipalladinm{Il)

MTBE = methyl iers-butyl ether

RT = roonm temperature

TFA = trifluoroacetic acid

THF = tetrahydrofuran

bis{pinacolatoydiboron = 44,554 4' 5 S'-octamethyl-

[2,2"Tbi[[1,3,2]dioxaborolanyl]

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

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

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

layer chromatography (TLC), analytical high performance liquid chromatography (anal.
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HPLC), and mass spectrometry, Reaction mixtures were worked up as described
specifically in each reaction; commonly they were purified by extraction and other
purification methods such as temperature-, and solvent-dependent crystallization, and
precipitation. In addition, reaction mixtures were routinely purificd by preparative
HPLC, typically using C18 or BDS cohsmn 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 d6-DMSO), and "H-NMR spectra were acquired with a
Varian Gemini 2000 mnstrument (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}S model 1200 LC/MSD instrument.

General Preparative HPLC Conditions

Column: Ci8, 5um. 21.2x 150 mmor C18, 5 um 21 x 250 or C14 21x150
Column temperature: Room Temperature

Flow rate: 20.0 mL/min

Mobile Phases: A = Water + (.05 % TFA

B=ACN+0.05%TFA,

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

Crude compounds were digsolved 1n 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 nun using 100 ul. injection with the
gradient based on the % B retention of the analviical scale test ran.  Exact gradients were
sample dependent. Samples with close nmning 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.

Analvtical HPLC

Column: Zorbax Bonus-RP 3.5 um. 4.6 x 150 mm
Column temperature; 35 °C

Flow rate: 1.0 mL/min

Injection volume: S ub

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

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

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

26/10, 25710

Preparation 1: (R)-4-{5-(4-Bromo-2-chlero-5-trifiuoromethoxy-
15  phenylcarbamoyD-pyridin-2-yl}-3-methyl-piperazine-1-carboxylic acid fert-butyl

ester

-
=

OIGFE N ] o
% Ot
j

C

(&) 4-Brome-2-chlore-S-triflugromethoxy-phenyiarmine

To a mixture of 4-bromo-3-trifluoromethoxy-phenylamine (2.0 g, 7.8 mmol) in
20 ACN (60 mL) was slowly added a solution of N-chlorosuccinimide (1.0 g, 7.8 mmol) in
ACN (40 mL). The reaction mixture was heated at 60 °C overnight and extracted with
cthyl 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 oit (1.4 g, 64 % yield).
25 (b) N-

4-Bromo-2-chioro-5-trifluoromethoxy-phenvi-0-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-flucropyridine-5S-carbony! chloride (0.66 g, 4.1 mmol)
i DCM (3 mL) and 20 drops of DMA were added. The reaction mixture was
concentrated to form a yellowi'sh solid (2 g). (m/z): IM+H]" cated for CyaHBrClFNyO,
30 4129241492 found 413, 415,

() {R)-4-[ 5-(4-Bromeg-2-chlorg-5-triflugromethoxv-phenvylcarbamovli-pyridin-2-yvii-3-

methvl-piperazine-1 ~carboxvlic acid teri-buty] 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 mi,, 4.83 mmol;) and DMSO (0.86 mL,
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12.08 mmol) was added (R)-3-methyl-piperazine-1-carboxylic acid terr-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 gei chromatography (24 g column, 0-40% ethy? acetate:hexanes) to
produce the title intermediate as a white solid (916 mg, 64 % yield). (m/z): [M+H]" caled
for CosHL:BrCIFN4O, 593.07, 595.07 found 5954,

Preparation 2: (R)-4-|5-(4-Bromeo-2-chloro-S-trifluorsmethoxy-
phenylearbamoyl)-pyridin-2-vi}-3-methyl-piperazine-1-carboxylie acid fers-butyl

CF, %
N N
BrQNH \_7/ \——-g o
cl

Following the procedure of Preparation | step (¢} substituting (25, 5R)-2 5~

ester

dimethyl-piperazine-1-carboxylic acid fert-butyl ester (777 mg, 3.62 mmol) for (R)-3-
methyl-piperazine-1-carboxylic acid rerr-butyl ester, the title intermediate was prepared
as a light vellow solid (1118 meg, 76 % yield). (m/2): IM+H]" caled for CoqHyBrCIFN,Oy
6077.09, 609.08 found 609.3. '

Preparation 3: (§)-2-Methoxycarbenylaming-3-methyl-butyric acid

Methylchioroformate (14.5 mL, 0.188 mol) was added over 15 min to a cooled (0~
6 °C) mixture of (S)-2-amine-3-methyl-butyric acid (20.0 g, 0.171 mol), NaOH (6.80 g,
0.171 mol) and sodium carbonaie (18.1 g, 0.171 mol) in water (206 mL). The cooling
bath was removed and the mixture was stirred at ambient teinperature overnight. Conc.
agueous HCI (30 mL) was added to the reaction mixture to adjust pH to ~1. A solid
formed and the mixture was stirred for ¢ min. The mixture was filtered and the solid was
dried overnight under reduced pressure at 40 °C (o provide the title intermediate {27.8 g,
93 % yield). 'H NMR (CD;0D, 406 MHz) & {ppm) 4.87 (br. s, 4H), 4.05 (4, T = 5.49, 1
H), 3.65 (s, 3 H}, 2.25-2.05 (m, 1 H), 098 (d, J=6.87,3 H), 054 (d, } =687, 3 H).
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Preparation 4: 4-{4-Brome-phenyl}-2-((25,45)-4-methyl-pyrrofidin-2-yl)-1 &~

=N

NH

imidazole

(a) (8)-Pyrrolidine-1.2-dicarboxvlic acid 2-[2-(4-bromo-phenyl)-2-oxo-ethvl] ester [ -iers-
butyl ester
To a mixture of p-bromophenacyl bromide (242 mg, 0.87 mmol) in DCM (1.5
mL) and DMA (1.5 mL), under nitrogen, was added (25,45-4-methyl-pyrrolidine-1,2-

dicarboxylic acid 1-rert-butyl ester (200 mg, 0.87 mmol) and N, N-diisopropylethyiamine
(531.8 uL, 3.05 mmol) and the resulting mixture was stirred at 35 °C for 3 h,
concentrated under vacuum, dissolved in DCM (30 ml), and washed with water (2 x 5
mb). The organic laver was dried over magnesium sulfate, filtered, and concentrated under
vacuum to provide the title intermediate.

(b) {2845)-2-[4-(4-Bromo-phenyi- 1 H-imidazel-2-v11-4-methvi-nvrrolidine- 1 -carboxylic

acid teri-butvi ester

The product of the previous step was dissolved in toluene (20.0 mL}, ammonium
acetate (1.345 g, 17.45 mmol) was added, and resulting mixture was stirred at 95 °C
overnight, concentrated and purified by silica gel chromatography (24 g, 0-80%
EtOAc/hexanes)) fo gi\.fc the title product (265 mg) (m/z); (M+H]" caled for
CioH:BrN3O, 406,11, 408.11 found 408.5,

() 4-(4-Brome-phenvl}-2-((28.45)-4-methyl-pyrrolidin-2-vi)-1 H-imidazole

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

Preparation 3: ((S%1-{(25A45)-2-{4-(4-Bromo-phenyh-1 H-imidazel-2-yi}-4-
methyl-pyrrolidine-i-carbonyl}-2-methyl-propyi)-carbamic acid methyl ester

WC\)Q‘N
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A mixture of (§}-2-methoxycarbonylamine-3 -methyl-butyric acid (103 mg, 0.59
mmel, Preparation 3) and HATU (270 mg, (.71 mmol) were stirred in DMA (2 mL) for
10 min and then 4-(4-Bromo-pheny!)-2-((285,48)-4-methyl-pyrrolidin.2-y1)-1H-imidazole
2 HCH (224 mg, 0.59 mmol, Preparation 4) and N, N-diisopropylethylamine (0.31 mL, 1.8
mmol} were added. The resuliing mixture was stirred at RT overnight, diluted with ethyl
acctate (50 mL), and washed with water (2 x 5 mi.). The organic layer was dried over
magnesium sulfate, filtered, concentrated and purified by silica gel chromatography (0-
100% EtOAc/hexanes)). Fractions with desired product were combined and concentrated
to give the title compound (183 mg, 66 % yield) (m/z): [M+H] calcd for Cy HBNyO;
463.13, 465.12 found 465.3.

Preparation §: [(5)-2-Methyl-1-((28,45)-4-methyl-2-{4-[4-(4,4,5,5-
tetramethyl-1,3,2-diexaborelan-2-y-phenyl]-1H-imidazol-2-yl}-pyrrolidine-1-

carbonyl}-propyl]-carbamic acid methyl ester

ANy N P
SO
"“‘CN( o)

To a solution of ((8)-1-{(28,48}-2-{4-(4-bromo-pheny)- 1 H-imidazol-2-yi]-4-

HN

~

methyl-pyrrolidine-1-carbonyl}-2-methyl-propyD-carbamic acid methy! ester (183 mg,
.39 mmol; Preparation 5) and 4.4.5,5.4'4",5",5'-octamethyi-
12,2'Jbi[1,3,21dioxaborolanyl] {120 mg, 0.47mmol) in I,4-dioxane (5 mL) was added
potassium acetate (56 mg, 0.59 mmol). The resulting mixture was sparged with nitrogen,
Pd{dppf)Cl;.CH2Ch (27 mg, 0.033 mmot) was added, and the reaction mixture was
capped and heated at 100 °C overnight. The reaction was cooled to RT and partitioned
between FtOAc {50 mL) and water (10 mL). The organic laver was washed with water (5
ml), brine (2 mL), dried over magnesium sulfate, filtered ,and concentrated to give a
dark-brown o1}, which was purified by sihca gel chromategraphy (24¢ silica gel, 0-100%
EtOAc/hexanes). Fractions with desired product were combined-and dried to give the title
compound {94 mg, 47 % yield) as a white foam. (m/z): [M+H]" calcd for CyH:BN4O5
511.30 found 511.7.
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Preparation 7: (25,5R)-4-[5-(4-Brome-2-chloro-S-trifluoromethyl-
phenylearbamoyl)-pyridin-2-yl}-2,5-dimethyl-piperazine-i-carboxylic acid fert-butyl

FsC 0 =N /——\ o—é
Br'QW N\——{E_QO
cl

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

ester

dissolved in DCM (1 mL) was slowly added a solution of 2-flyorepyridine-5-carbonyl
chloride (270 myg, 1.70 mmol) in DCM (1 mL). A few drops of DMA were added and the
reaction mixture was concentrated to form N-(4-bromo-2-chloro-5-triffuoromethyl-
phenyD)-6-fluoro-nicotinamide as a purple sclid.

Half of the solid from the previous step was treated with A N-
diisopropylethvlamine (0.5 mL., 3 mmeol}, DMSO (0.5 mL., 7 mmol) and (25,5R)-2,5-
dimethyl-piperazine-1-carboxylic acid fert-buty] 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%
ethy! acetate:hexanes) to produce the title mfermediate (288 mg, 29 % yield) as a yellow
solid. (m/z): IM+H]" caled for CoaHpFaN,O4 591.09, 593.09 found 593.2.

Preparation 8: ((§+-1-{(5}-8-[4-(4-Bremo-phenyl}-1/-imidazol-Z-y1}-1,4-

dioxa-7-aza-spire[4.4}nenane-7-carbeonyl}-2-methyl-propyl)-carbamic acid methyl
=N
O

sel
wa”i/

(ay (28 4R)-4-Hydroxy-1-({5)-2-methoxycarbonyviamino-3-methyl-butyrvl)-pyrrolidine-2-

ester

~~

0" 0

carboxvhc acid methyl ester

To a solution of (25.4R)-4-hydroxy-pyrrolidine-2-carboxylic acid methyl ester in
dry DCM (200 mL) was added {$)-2-methoxycarbonylamino-3-methyl-butyric acid (10 g,
55 mmol), HATU (24 g, 63.25 mmol), and triethylamine {16.7 g, 1635 mmol. The reaction
mixture was stirred at RT overnight. DCM (200 mL) was added and the solution was
47
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washed with brine, dried, concentrated and purified by silica gel column chromatography
{eluted with petroleum ether:BtOAc 10:1 to 1:4)) to give the title intermodiate as a yellow
0il {20 g). (m/zy: [M+H]" caled for C3H»N;Os 303.15 found 303.1.

(b} (5)-1-

carboxvlic acid methyl ester

l-bu rrolidine-2-

carbonylamino-3-meth 1-4-0%x0-

To a sohution of the product of the previous step (15 g, 50 mmol) in DCM
(500ml.) was added DMP (60 g} and the reaction mixture was stirred at RT overnight,
washed with saturated sodium bicarbonate (2 x 100 mL), brine (100 -mL), dried,
concentrated, and purified by silica gel column chromatography (eluted with petroleum
ether:EtOAc 1:2) 1o provide the title intermediate as a yeliow oil (7.5 g, 50 % yield).
(m/zy: [M+H]" caled for CyaHapN2Og 301,13 found 301.1,

(©) (8)-7-((S)-2-Methoxvcarbonylaming-3-methyl-butyrvl)-1.4-dioxa-7-aza-

spiro[4.4nonane-8-carboxvlic acid methyl ester

To a solution of the product of the previous step (7.5 g, 24.9 mmol) i toluene
{100 mL) was added ethane-1,2-diol {7.75 g, 125 mol) and 4-methyibenzenesulfonic acid
{860 mg, 5 mmol) and the mixture was stirred at reflux overnight. Ethyl acetate (300 mL)
was added and the solution was washed with saturated sodium bicarbonate, dried,
concentrated, and purified by silica gel column chromatography {eluted with petroleim
ether:BtOAc 1:1) to provide the title intermediate as a vellow solid (3.5 g, 41 % yicid).
{m/z): IM+HT" caled for CisHpuNzOGq 345,16 found 345.1.
(d) (8)-7-({S)-2-Methoxvcarbonvlaming-3

spiro[4.4inonane-8-carboxvlic acid
Lithium hydroxide (730 mg, 30.5 mmol) was added to a solution of the product of

~methvl-butyry}-1.4-dioxa-7-aza-

the previous step (3.0 g, 7.1 mmol) in THF {40 mL) and water (30 mL). The reaction
mixture was stirred at RT for 3h and washed with BtOAc {2 x 10 mL). The aquecus layer
was adjusted to pH | with 2 M HCI and exiracted with EtOAc (4 x 50 mL); portions were
combined, dried, and concentrated to give the product as a white solid (3 g, 89 % yield).
{(m/z); [M+H]" caled for CisHxNo0O7 331.14 found 331.1.

{e} (§)-7-({Sy2-Methoxycarbonviamino-3-methyi-butyryl)-1.4-dioxa-7-aza-

spiral4.4inonane-8-carboxvlic acid 2- {(4-bromo-phenyiy2-oxo-ethyl ester

To a sohution of the product of the previous step (2.7 g, 8.17 mmol) in DMF(30
mL} was added 2-bromo-1-{4-bromo-phenyl}-ethanone (2.5 g, 8.99 mmol) and cesium
carbonate (5.3 g, 16.34 mmol) and the reaction mixture was stirred at R'T for 4 h. Bthyl
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acetate (150 mL) was added and the solution was washed with brine {3 x 20 mL), dried,
filtered, concentrated, and purified by silica gel column chromatography (eluted with O to
50 % EtOAc in petroleum ether) to provide the title intermediate ag a yellow solid (1.6 g,
37 % yield). (m/z): [M+H] caled for CyH»BriN2Og 527.11, 525.10 found 527.0, 529.0.
(f) ((S)-1-{{5)-8-[4-(4-Bromo-phenyi)-1H-imidazol-2-y1|-1.4-dioxa-7-aza-

spirol4 4 nonane-7-carbonv!}-2-methvl-propvl-carbamic acid methyi gster

To a solution of the product of the previous step (1.5 g, 2.84 mmol) in toluene
(50 mL) was added ammonium acetate (3.3 g, 42.7 mmol) and the solution was stirred at
reflux overnight. Ethyl acetate (100 mL) was added and the solution was washed with
brine (3 x 20 mL), dried, filtered, concentrated, and purified by silica gel column
chromatography (eluted with G to 50 % EtOAc in petroleum ether) o provide the title
intermediate as a yellow solid (1.0 g, 69 % vield). (m/z): IM+H] caled for CaHpBrN4Os
507.12, 509.11 found 507.0, 509.0. "H NMR (CH:0D, 400 ) & (ppm) 7.58-7.52 (m, 2
H), 7.49-7.42 (m, 2 H}, 7.31 (5, 1H), 5.18-5.11 {m, 1 H), 4.17-3.78 (m, 7 I}, 3.63 (s, 3 H),
2.52-2.42 (m, 2H), 2.01-1.92 (m, 1H), 0.92-0.82 (m, 6H).

Preparatior 93 ((5)-1-{(33-8-[4-(4'-Amino-2'-trifluoromethexy-biphenyl-4-
y)-1 H-imidazel-2-yi]-1.4-dioxa-7-aza-spire[4.4| nonane-7-carbonyl}-2-methyl-
prepyl)-carbamic acid methyl ester

CFy

#

O

HNNHZ
>C/L

0
(\O NTO
HN (
~oN0

carbonvlaming-3-methyvl-butyryhi-1.4-dioxa-7-aza-

spire[4.41non-8-v1]-1H-imidazol-4-vIt-2-rifluoromethoxy-biphenyl-4-v)-carbamic

acid teri-buty] ester
To a solution of ((8)-1-{(5)-8-{4-(4-bromo-phenv)-1 H-imidazof-2-y1]-1,4-dioxa-

7-aza-spiro{ 4.4 nonane-7-carbony!}-2-methyl-propyli-carbamic acid methyl ester (350

mg, 0.69 mmoi) in doxane (8 mi.) and water (4 mL) was added [4-(4,4,5,5-tetramethyl-

{1,3,2)dioxaborolan-2-y1)-3-triftuoromethoxy-phenyl]-carbamic acid reri-butyl ester (334

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

tetrakis(triphenyiphosphine }-palladium(0) (81 mg, 0.07 mmol). The reaction mixture was
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stirred at refhux for 3 h under nitrogen. Ethyl acetate (50 mL) was added and the solution
was washed with brine, dried over sodium sulfate, filtered, and concentrated to give the
title intermediate as a vellow solid (650 mg). (m/z): IM+HT caled for CssHaNsOg 704.28
found 704.3.

(b)Y ({8)-1-{{5)-8-[4-(4-Amino-2'trifluoromethoxy-biphenyl-4-yi)- 1 H-imidazol-2-yIi-

1.4-dioxa-7-aza-spirol4.4 jnonane-7-carbonylt-2-methvl-propvl-carbamic acid

methvi ester
To a solution of the product of the previous step (610 mg. 0.87 mmol} in DCM

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

Preparation 10: ((§)-1-{(25,49)-2-[4-(4'-Amine-biphenyl-4-y]}-1H-imid azol-2-
yij-4-hydrexy-pyrrolidine-i-carbonyl}-2-methvl-propyl)-carbamic acid methyl ester

=N

To a sohttion of (($)-1-{(25,45)-2-[4-(4-bromo-phenyl)-1 H-imidazol-2-y1]-4-
hydroxy-pyrrolidine- 1 -carbonyl} -2 -methyl-propyl)-carbamic acid methyl ester (1.8 g,
3.87 mmol) in dioxane (30 mL) and water (10 ml.), 4-(4,4,5,5-tetramethyl-

HN

~

[1,3,2]dioxaborolan-2-y1)-phenylamine (848 mg, 3.87 mmol), sodium carbonate (820 mg,
7.74 momol) and Pd(dppDCL (316 mg, 0.39 mmol) were added and the reaction mixture
was heated at reflux for 3 h, cooled to RT, filtersd and concentrated, exiracted with
EtOAc (50 mL), and washed with water (50 mL). The organic layer was dried over
sodium sulfate, filtered, concentrated and purified by silica gel column chromatography

(chyted with 1 % to 3 % methanol in DCM) to give the title intermediate (1.45 g, 65 %
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yield). 'H NMR (CH:OD, 400 ) & (ppm) 7.70 {m, 2F), 7.67 (m, 2H), 7.45 {m, 2H), 7.29
(s, 1H), 6.80 (d, J = 6.8 Hz, 1H), 5.82(d, J = 6.2 Hz, 1H),5.29 (d, J = &8 Hz, 1H), 4.59 (s,
1H), 4.34 (4, J = 8.8 Hz, 1H), 4.16(d, J = 8 0Hz, 1H), 3.95~4.04 (m, 1H), 3.79~3.83 (m,
1H), 3.76 (s, 3H), 2.55~2.69 (m, 1H}, 2.32 (m, 1H), 1.60~2.03 (m, 1H), 1.00 (m, 3H),
0.3~0.85 (m, 3H).

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

carbexylic acid feri-butyl ester

O €
HO ANV 3

A mixture of 6-fluoronicotinic acid (150 g, 1.063 mol) and (R)-3-methyl-
piperazine-1-carboxylic acid feri-butyl ester (234.2 g, 1.169 mol) in tetrahydrofuran (1.75
L) was cooled to -4 °C and then 2 M isopropyimaguesivm chloride in tetrahydrofuran
{1.196 1, 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 b and then 1 N HCi(1.75
L) and water (1.175 L) were added. The reaction mixture was extracted with ethyl acetate
{4 1), The organic phase was evaporated to provide crade solid (534 g}. To the crude
solid was added acetone {2 L) and water (200 mL} The resulting reaction mixure was
heated to 50 °C and then water (2.8 1.} was added slowly. Seed crystalz 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 soiid was washed with 2:3
acetone;water (2 x 500 mL) and dried under vacuum to provide the title compound (329
g, 96 % vield) as an off-white solid. HPLC Methed A: Retention time 9.73 min.

Preparation 12: ({(S)-1-{(25,43)-2-[4-(4-Brome-phenyl}-L H-imidazol-2-yi]-4-
dimethylamino-pyrrolidgine-1-carbonyl}-2-methyl-propyh-carbamic acid methyl

ester
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() (28 AR)-4-Methanesulfonvioxy-pyrrolidine-1.2-dicarboxvlic acid 1-tert-bu

methv] ester
To asolution of (25,4R)-4-hydroxy-pyrrotidine- 1,2-dicarboxylic acid I-rert-butyl

ester 2-methyl ester (50 g, 0.2 mol}, triethylamine {50.5 g, 0.5 mol} in DCM was added
methanesulfonyl chiorde (28 g, 0.25 mol) in portions and the reaction mixture was stirred
at 0 °C for 20 min and at RT for 1.5 h, and washed with citric acid solution and water.
The organic layer was dried over sodium sulfate and concentrated to give the title
intermediate (70 g, 97 % yield). 'H NMR {CDCls, 400 MHz) 6 (ppm) 5.23 (m, 1H), 4.44
fm, 1H), 3.75 {m, 5H), 3.04 (s, 3M), 2.64 (m, 1), 2.26 (m, 1H),1.43 (m, 9.
{b) (25.45)-4-Azido-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester

A mixture of the product of the previous step (70 g, 0.2 mol) and sodium azide (26
g, 0.4 mol} in DMF (800 mL) was stirred at 80 °C overnight. The reaction mixture was
adjusted to pH 9-10 with sodium bicarbonate and extracted with DCM. The organic layer
was washed with water and brine, dried over sodium sulfate, concentrated, and purified
by silica gel chromatography (eluted with petroleum ether:EtOAc 5:1) to give the title
intermediate (60 g. 97 % vield) as a clear oil. ‘H NMR (CDC, 400 MHz) 8 (ppm) 4.33
{m, TH), 4.11 (m, 1H), 3.73 (s, 3H), 3.44 (m, 1H), 2.44 (m, 111}, 2.16 (m, 1F),1.43 (m,
9H).
{c) 254574 i rrolidine-1.2-dicarboxvylic acid 1-fert-butyl ester 2-methyi ester

A mixture of the product of the previous step (60 g, 0.2 mol) and palladium on
carbon {7 g) in methanol {700 mL} was degassed under vacuom, purged with hydrogen
several times, stirred under hydrogen {40 psi) at RT overnight and filtered. The filtrate
was concentrated to give the title intermediate (45 g) as a brown oif, (m/): [M+H] caied
for CiH,eN-O4 24514 found 245.1.

{0y (2848

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

-4-Dhimethviamino-pyrrolidine-1.2-dicarboxvlic acid 1-fer-butyi ester 2-

formaldehyde (20 g, 240 mmol) in methanol (500 mL) was added sodimm
triscetoxyborohydride (36 g, 170 mmol) i portions at RT and the reaction mixfure was
stirred at RT overnight under nitrogen and then concentrated. The residue was washed
with water and extracted with DCM (2 x 500 mL). The organic layer was washed with
water and brine, dried over sodium sulfate, concentrated, and purified by silica gel

chromatography (eluted with petrolewm ethertOAc 1:2, 1 % NH,OH) to give the title
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product (8 g, 50 % yield) as a clear oil. ‘H NMR (CDCls, 400 } 8 (ppm) 4.09 (m, 2H),
3.73(s, 3H3, 3.53(m, 1H), 2.58 (m, 2H), 2.26 (s, 6H), 1.88 (m, 1H),1.42(m, 9H).

(¢) (2548)-4-Dimethviamino-pyrrolidine-1.2-dicarboxyvlic acid 1-tert-butyl ester

A solution of the product of the previcus step (8.0 g, 30 mmol) and sodium
hydroxide (5.8 g, 150 mmol} in methanolwater 2:1 {120 mL) was stirred at RT overnight
under nitrogen and concentrated. The water phase was adjusted to pH 5-6 with 3 N HCl
and lvophilized. The solid was washed with methano] and filtered. The filtrate was
concentrated to give the title intermediate (8 g) as a white solid. 'H NMR {CDCls, 400 )
& (ppm) 4.09 {m, 2H}, 3.73(m, 2H}, 3.53(m, 1H), 2.78 (s, 6H), 2.58 {m, 1H), 2.2} (m,
1H),1.42(m, 9H).

(f) (25.48)-2-[2- 4—Bromo—nhenvl)—fi—éxo—ethvlca.rbamovl]—4—dimethv1ami110—nvrr01idine—

] -carboxvlic acid fert-butvi ester

A mixture of the product of the previous step (5.0 g, 16 mmol), Z-amino-1-(4-
bromo-phenyl)-ethanone HCI (4.0 g, 16 mmol) 3-(diethoxyphosphoryloxy)- 1,2,3-
benzotrazin-4(3H)-one (DEPBT) (6.0 g, 20 mmol), and DIPEA (6.0 g, 48 mmol) in DMF
{150 mL)was stirred at RT overnight. The reaction mixture was waghed with water and
extracted with DCM {2 x 500 mL.). The organic layer was washed with water and brine,
dried over sodium sulfate, concentrated, and purified by silica gel chromatography (eluted
with DCM:methanol 10:1) to give the title intermediate (2.3 g) which was purified by
HPLC to give the title infermediate as a clear 0il {1 g, 97 % purity) and (750 mg, 70 %
purty .
(g) {(38.5

A mixture of the product of the previcus step (1.25 g, 2.75 mmol) and ammonium

rrolidin-3-v1i-dimethyl-amine

acetate (4.2 g, 55 mmol) in toluene (50 mL.) was stirred at 100-120 °C overnight under
nitrogen. The reaction mixture was washed with water and the water phase was extracted
with DCM (2 x 100 mL}. The organic tayer was washed with water and brine, dried over
sodium sulfate, concentrated, and purified by silica gel chromatography (eluted with
DCM:methanol 10:1) to give (25,48)-2-[4-(4-bromo-pheny!)- 1 H-imidazol-2-y1]-4-
dimethylamino-pyrrolidine-1-carboxylic acid rerr-butyl ester (1.7 g) as a brown solid.

A mixture of the product of the previous step (1.7 g, 2.3 mmol) in HCI and
methanol (50 mL was stirred at RT for 1 h and concentrated to give the title mtermediate
(1.5 g) as a brown solid. (m/z): [M+H] calcd for CysHpBr Ny 335.08 found 334.9.
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henyl)-1 H-imidazol-2-v]

pvrrolidine- 1 -cartbonyl: -2-methvl-propvli-carbamic acid methyl ester

A mixture of the product of the previous step (1.5 g, 2.3 mmael), ($)-2-
methoxycarbonyl-amino-3-methyb-butyric acid (0.6 g, 3.5 mmol), HATU (1.3 g, 3.5
mmol), and N, N-diisopropylethylamine (0.9 g, 6.9 mmol) in DCM (50 mL) was stirred at
RT overnight. The reaction mixture was washed with water and extracted with DCM {2 x
100 mL}. The organic layer was washed with water and brine, dried over sodium sulfate,
concentrated, and purified by silica gel chromatography (etuted with DCM:methanol
10:1) 1o give the titie intermediate (0.8 g, 65 % yicld) as a brown solid. (m/2): [M+H]"
calcd for CopHaBrNsO+ 492,15 found 492.1.

Preparation 13: {R)-3-Methyl-4-{5-14-(4.4,5 8-tetramethyi-1,3,2-

gioxaborolan-Z-yl}-phenyicarbamoyl}- pyridin-2-vi}-pinperazine-1-carboxylic acid

.<.

fert-butyl ester
o, /=N P
o = )N
,B‘@—NH 0
0

A solution of {R3-4-(5-carboxy-pyridin-2-y1)-3-methyl-piperazine-1 -carboxylic
acid feri-butyl ester (200 mg, 0.6 mmol) and EDC (146 mg, 6.75 mmol) and HOAt (100
mg, 0.75 mmol) dissolved in DMF (4.6 mL.) was stirred for 30 min and 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-ylyaniline (140 mg, 0.62 mmol) and N, N-
diisopropylethylamine (130 pL, 0.75 mmol) were added. The reaction mixture was
stirred at RT overnight and extracted with ethyl acetate/water. The organic layer was
dried over sodium sulfate, filtered, concentrated, and purified by silica gel
chromatography (cluted with 0-70% ethyl acetate:hexanes) to provide the title
intermediate (250 mg, 80 % vield). ‘(m/z): [M+H]" caled for CosHyBN4O5 523.30 found
523.5

Preparation 14: 4-Brome-3-trifleoromethoxy-benzoic acid methyl ester

S

Om......
Br
8]

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

weekend, concentrated, evaporated with EtOAc (3 x 10 mL), and dried under vacuum to
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give a brownish solid. The solid was dissolved in a mixture of acetonitrile (23 mL) and
water (2.3 mL). Copper(I]) bromide (395 mg, 2.66 mmol) and terf-butyl nitrite {.39 ml,
3.32 mmol) were added to the reaction mixture which was heated at 70 °C for 1.5 b,
cooled to RT and diluted with EtOAc {70 mL}. The organic layer was washed with
saturated sodium bicarbonate {2 x 15 mL), brine (2 x 15 ml.), dried over sodium sulfate,
filtered and concentrated to give a brownish oil., which was purified by silica gel
chromatography (24 g silica gel, 0-50% EtOAc/Hexanes). Desired fractions were
combined and concentrated to give the title intermediate (281 mg, 41 % yield) as a

yellowish oil.

Preparation 18: 4'-{2-{(25,48)-1-((S)-2-Methoxycarbonylaming-3-methyi-
butyryi)-d-methylpyrrolidin-Z-yl}-1 H-imidazel-4-y1}-2-triflusromethoxy-biphenvi-
4-carboxylic acid

CF3

s

8]

=N o
N TO

HN "(
~S0

To a mixture of 4-bromo-3-trifluoromethoxy-benzoic acid methyl ester (161 mg,
0.54 mmol,; Preparation 14), [{8)-2-methyl-1-((25,45)-4-methyl-2-14-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl}-phenyll-1 H-imidazol-2-y1} -pyrrolidine-1-carbonyl)-
propyil-carbamic acid methy! ester (250 mg, .49 mmol) and potassium carbonate (304
mg, 2.20 mmol} at RT was added toluene (1.2 mL) followed by water (0.61 mL). The
resulting mixture was degassed and flushed with nitrogen and Pd(dppfCl; (24 mg,
0.029 mmaol) was added under an atmosphere of nitrogen, The reaction mixture was
capped and held at 160 °C overnight, cooled to R'T and partitioned between EtOAc
{16 mL) and water (2 mL}. The organic layer was dried over sodium sulfate, filtered and
concentrated to give a brownish oil which was purified by silica gel chromatograph (12 g
ailica gel, 0-100% EitOAc/Hexanes). Desired fractions were combined and concentrated
to give a light reddish oil,

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

2.94 mmol) at 65 °C for I hr. The reaction mixture was concentrated, dissolved in 1:1
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acetic acid:water (1.5 mL), filtered and purified by reverse phase HPLC. Desired
fractions were combined ané freeze dried to give the TFA salt of the fitle intermediate
(221 mg, 64 % yield) as a white sofid. (m/); [M+H]" caled for CaoHs FiN4Qg 589.22
found 589.

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

carbexylic acid feri-butyl ester

| @@\ §“<”

(a) (285.5R)-2.5-Dimethvi-4-(5-nitro-pyridin-2-vi)-piperazine- 1 -carboxylic acid rerr-butvi

(Al »

ester
A mixture of 2-chloro-5-nitropyridine (1.0 ¢, 6.3 mmol), (25,5R8)-2,5-dimethyl-

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

A solution of the product of the previous step in methanol (250 mL) was
degassed, then 20% palladium hydroxide on carbon (170 mg, 10 % by weight) was added
and reaction mixture was degassed three times, and hydrogenated under a balloon of
hydrogen overnight. The reaction mixture was {iltered thru 2 Celite® pad. The filtrate
was concentrated and purified by silica gel chromatography (cluted with 3 %
triethylamine in ethy! acetate/hexanes O to 80%) to give the title intermediate (1.3 g, 67 %
vield) as a dark purple solid . (m/z): [M+H]" calcd for C1gHN.O, 307.21 found 307.6.

Preparation 17: [((RF4-(5-Amino-pyridin-2-y-3-methylpiperazin-1-yij-{(5}-
2,2-dimethyl-cycloprepyD-methanone

N — 0
HzN‘O'N N~j{_
=/ Nt K
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{a) (R)-3-Methvl-4-{5-nitro-pyridin-2-yl)-piperazine- | -carboxylic acid feri-butyl] ester

In cach of two separate reactions, a mixture of 2-chloro-5-nitropyridine (1.0 g, 6.3
mmol), {R)-3-methyl-piperazine-1-carboxylic acid feri-butyl ester (1.4 g, 6.9 mmol), and
potassivm carbonate (1.31 g, 9.46 mmol) in DMSO (20 m1.) was heated at 100 °C
overnight. The reaction mixtures were cooled to RT, filtered through silica gel, and eluted
with BtOAc (150 mL). The filtrate was washed with water (2 x 20mL) and brine (20 mL},
dried over sodium sulfate, filtered, and concentrated to give a brownish oil, which was
purified by silica gel chromatography (40g silica gel, 0-60% EtOAc/Hexanes). Desired
fractions were combined and concentrated 10 provide the title intermediate (1.39 g each)
as a yellowish solid. (m/z): [M+H]' caicd for CisH»NaO4 323,16 found 323.3.

(b)Y (R)-2-Methvi-1-{3-nitro-pyridin-2-yi)-piperazine

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

{c} ((8)-2.2-Dimethvl-cvclopropy-[(R}-3-methvl-4-(S-nitro-pyridin-2-v1)-piperazin-
I-yi]-methanone

The product of the previous step (1.5 g, 6.7 mimo!l) was dissolved in DMA

(65 mi.} and N, N-Diisopropylethylamine (3.5 mL) was added followed by (8)-(+)-2,2-

dimethyicyclopropane earboxylic acid (0.93 mL, 8.1 mmol) and then HATU (3.1 g,

8.1 mmol). The reaction mixture was stirred at RT overnight, diluted in EtOAc and
washed with water and brine. The organic layer was dried over sodium sulfate, filtered
and concentraied 1o produce a yellow oil, which was purified by silica chromatography
(0-60% EtOAc:hexanes) to produce the title intermediate (1.29 g, 60 % yield) as a yellow
solid. (m/zy: [M+H] caled for CigHpNaOs 319.17 found 319.2.

(@) [(B)-4-(5-Aminc-pyridin-2-y-3-methyl-piperazin-1-y1 -((5)-2 . 2-dimeth

cvclopropyl-methanone

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

concentrated to yield a dark red oil, which was purified by silica gel chromatography (0-
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100% ethyl acetate:hexanes) to provide the title intermediate as a light red sold (83 mg,
46 % vield). {m/z). [M+H] caled for CisH,N40O 289,20 found 289 4.

Preparation 18: 4-(4-Bromo-phenyl)-2-({25,48)-4-methylsulfanyl-pyrrolidin-

2-yD-1H-imidazele
=N

-8 NH
(a) (25.45)-2-[4-(4-Bromo-phenyl)-1 H-imidazol-2-v11-4-methylsuifanvi-pyrrolidine-1 -

carboxvlic acid rerr-buty! ester

To a solution of (25,48)-4-methylsuifanyl-pyrrolidine-1,2-dicarboxylic acid 1-terr-
butyl ester (250 mg, 0.96 mmol) and p-bromophenacyl bromide (266 mg, 0.96 mmol) in
DCM (10 mL) ander nitrogen was added N N-ditsopropylethylamme (0.58 mL, 3.35
mmol) and the resulting mixture was stirred at 35 °C for 3 h, concentrated under vacuum,
dissolved in DCM (30 mL), and washed with water (2 x 3 mL). The organic layer was
dried over magnesium sulfate, filiered, and concentrated under vacuum.

The crude intermediate from the previous step was dissolved in toluene (75.0 mL),
and then ammonium acetate (1.475 g, 19.13 mmol) was added, and the resulting mixture
was stirred at 100 °C overnight, concentrated and purified by silica gel chromatograph
{12 g silica, 0 to 60 % EtOAc/hexane) to give the title intermediate (410 mg, 98% yield).
(m/z): IM+H] caled for CioHLBrN:0,5 438.08, 440.08 found 440.

-1H-imidazole

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

Preparation 19: {(8-3-{(25,458)-2-[4-(4-Brome-phenyl)-1LH-imidazol-2-yi}-4-
methylsulfanyl-pyrrolidine-1-carbonyll-2-methyl-propyl)-carbamic acid methyl

ester
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A mixture of (5)-2-methoxycarbonylamino-3 -methyl-butyric acid (156 mg, 0.89
mmol) and HATU (407 mg, 1.07 mmol) was stirred in DMA (3.0 mL) for 10 min, then 4-
(4-bromo-phenyi}-2-((25,45)-4-methylsulfanyl-pyrrofidin-2-y1)-1 H-imidazole di-HCl
(367 mg, 0.89 mmol; Preparation 18) and N, N-diisopropylethylamine (777.3 gL,
4.46 mmol) were added. The resulting mixture was stirred at RT overnight, concentrated,
and purificd by silica gel chromatography (0 to $0% EtOAc/hexanc). Fractions with
desired product were combined and concentrated to give the title intermediate (366 mg,
82 % vield). (m/z): [M+H]" calcd for CaiHoBrN:O1S 495,10, 497.10 found 495.

Preparation 20: [(5)-2-Methyl-1-((25,48)-4-methylsuifanyl-2-{4-[4-(4,4.5 5~
tetramethyl-1,3,2-dioxaborolan-Z-yI-phenyl]-1 H-imidazol-2-yi-pyrrolidine-1-

carbonyl)- propyl]-carbamic acid methyl ester

O
--.‘N \D
O

P N
hd
M (
.

To a solution of ((§)-1-{(25,45)-2-[4-(4-bromo-phenyl)-1 H-imidazol-2-v1}-4-
methylsulfany-pyrrolidine-1-carbonyl} -2-methyl-propy-carbamic acid methy! ester
{320 mg, 0.65 mmol, Preparation 19) and 4,4,5,5,4',4',5", 5'-octamethyl-
[2,2"1bil{1,3,2]dioxaborolanyl} (246 mg, 0.97 mmol in {,4-dioxane (5 mL) was added
potassium acetate (114 mg, 1.16 mmol). The resulting mixture was sparged with nitrogen.
1,1'-bis(diphenylphosphino)ferrocene-palladium(IDdichioride dichloromethane (47 mg,
(.058 mmol) was added, and reaction mixture was capped and heated at 100 °C
overnight, The reaction mixture was cooled to RT and partitioned between HtOAc
(50 mL) and water (10 mL). The organic layer was washed with water (5 mL) and brine
(2 mL), dried over magnesium sulfate, filtered, and concentrated to give a dark-brown oil,
which was purified by silica gel chromatography (24¢ silica gel, 0-100%
EtOAc/Hexanes). Fractions with desired product were combined and dried to give the
titie intermediate (120 mg, 34 % yield) {m/2) IM+H] caled for CoHaBNLOsS 54327
found 543.

59



10

15

20

WO 2013/067267 PCT/US2012/063181

Preparation 21: 4'-{2-{(28 48)-1- ((8)-2-Methoxycarbonylamine-3-methyl-
butyryl)-4-methylsulfanyl-pyrrolidin-2-yl}- 1H-imidazol-4-y1}-2-triflucromethoxy-
biphenyl-d-carboxylic acid

OpFa

OO
S N0

To a mixture of 4-bromo-3-triflucromethoxy-benzoic acid methyl ester (36 mg,
0.12 mumol; Preparation 14, [($)-2-methyl-1-((25,45)-4-methylsulfanyl-2- {4-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-phenyi -1 F-imidazol-2-y1} -pyrrolidine- 1 -carbonyl)-
propyl]-carbamic acid methyl ester (60 mg, 0.11 mmol; Preparation 20) and potassium
carbonate (69 mg, 0.50 mmo!) at RT was added toluene {0.27 mL) followed by water
{0.14 mL}. The resulting mixture was degassed and flushed with nitrogen and
Pd(dppf)Cla (5.4 mg, 0.006 mmoly was added under an atmosphere of nitrogen. The
reaction mixture was capped and held at 100 °C overnight, cooled to RT and partitioned
between EtOAc (10 mL) and water {2 mL). The organic layer was dried over sodium
sulfate, filtered, and concentrated to give a brownish oil, which was purified by silica gel
chromatography (12 g silica gel, 0-100% EtOAc/Hexanes). Desired fractions were
combined and concentrated to give a light reddish oil.

The oily residue from previous step was dissolved in 2 mixture of methanol
(1.1 mL) and water (0.4 mL) and treated with lithivm hydroxide monohydrate (28 mg,
0.66 mmol) at 65 °C for 1 h, The reaction mixfure was concentrated, dissolved ia 1:1
acetic acid:water (1.5 mL), filtered and purified by reverse phase HPLL. Desired
fractions were combined and freeze dried to give the TFA salt of the title intermediate
(37 mg, 46 % vield) as a white solid. (m/z): [M+HT caled for CaoHzFiNO6S 621,19
found 621.
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Preparation 22: (25,5R)-4-[5-{4-Bromeo-2-fluoro-5-trifluoremethoxy-
phenylearbamoyl)-pyridin-2-yi}-2,5-dimethyl-piperazine-1-carbexylic acid reri-butyl

_é

ester
G,CF3 N £l o
0 =N
N
Br NH \—& o}
F

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

2 mmol} dissolved in DCM (1 mL) was slowly added a solution of 2-fluoropyridine-5-
carbony! chloride (200 mg, 1.8 mmol) in DCM (f mL), A few drops of DMA were added
and the reaction mixture was concentrated to form N~(4-bromo-2-fluoro-5-
triﬂuoromethoxy-phenyl)—ﬁ—ﬂuoro-nicd’tinamide as a purple solid.

The solid from the previous step was dissolved 1n a mixture of N, N-
diisopropylethylamine (0.7 ml, 4 mmol) and DMSO (0.7 mL, 10 mmol) and (25,5R)-2,5-
dimethyl-piperazine- I-carboxylic acid rerz-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 gilica gel chromatography ((-40%
othyl acetate:hexanes) to produce the title intermediate (613 mg, 57 % vield) as a white
sobid. (m/z); [M+H] caled for CagHpFaN4O4 591.12 found 591.4,

Preparation 23:  4'-{2-[(57-7-({5)-2-Methoxycarbonyiamino-3-methyl-
butyryl}-1,4-diexa-7-aza-spire[4.41non-8-ylj-1 H-imidazol-4-yi}-biphenyl-4-

0
-0~
"“N (6],
o)
C A0
d T
HN (/
\O/&O

To a solution of ((5)-1-{(5)-8-[4-(4-Bromo-phenyl}-17-imidazol-2-y1}-1,4-dioxa-

carboxylic acid

T-aza-sparol 4 4)nonane-7-carbonyi}-2-methyi-propyh-carbamic acid methyl ester

{450 mg, 0.89 munol) in dioxane (8 mL) and water (4 ml) was added 4-boronobenzoic
acid (154 mg, 0.93 mmol), sodium carbonate {189 mg, 1.78 mmol), and
tetrakis(iriphenylpbosphine-palladium{Q) (104 mg, 0.09 mmol) and the reaction mixture
was stirred at reflux for 3 b under nitrogen. The pH was adjusted to 1 with 2 M HCI, and
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the reaction mixture was extracted with EtOAc (3 x 20 mL). The organic layers were
combined, dried over sodium sulfate, concentrated and purified by flash chromatography
(eluted with methanol in DCM, 0 to 7 %) to provide the title intermediate as & yellow
solid {330 mg, 68 % yicld). (m/z): IM+H]" caled for CogHauN4O7 549.23 found 549.3.
H NMR (CH;0D, 400 ) 8 (ppm) 8.13-8.11 (m, 2H), 7.90-7.78 (m, 7I), 5.39-5.34 (m, 1
H), 4.19-3.91 {m, 7 H), 3.66 (s, 3 H), 2.72-2.65 (m. 1 H), 2.48-2.41 (m, 1H)}, 2.12-1.95
{m, 1H), ¢.92-0.85 (m, 6 H}.

Preparation 24: (R)-4-[5.(4-Brome-2-fluore-5-trifluoremethoxy-
phenylearbameyl)-pyridin-2-yi]-3-methyl-piperazine-1-carbexylic acid fert-butyl

LFs _ =
Q 8} =N 7N O
N

N
BrQNH \ WAV

F

ester

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

To a mixture of 2-fluoro-3-(triflucromethoxy)aniline (2 g, 10 mmol) dissolved in
DMF (4 mL) was slowly added a solution of N-bromosuccinimide (2.2 g, 12 mmol)
dissolved in DMF (5 mL). The reaction mixture was stirred at RT for I h, concentrated
and extracted with ethyl acetate/water. The organic layer was washed with brine,
partitioned, dried over sodium sulfate, filtered, concentrated, and purified by silica
chromatography (100 % hexanes) to produce the title intermediate as a red 01l (2 g, 70 %
vield). (m/z): [M+HT caicd for CFLBrF.NO 273.94, 275.94 found 276.2.

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

To a solution of the product of the previous step (2 g, 7 mmotl) dissolved in DCM
{10 mL) was slowly added a solution of 2-fluoropyridine-5-carbonyl chioride (1.2 g,
7.3 mmol) in DCM {10 mL) and DMA (60 drops). The reaction mixture was concentrated
to provide the title intermediate as a purple solid. (m/&): [M+H]" caled for C)3:HBrFsNzO,
396,95, 398.95 found 399.0.

{c) (R)-4-]3-(4-Bromo-2-fluore-S-triffuoromethoxy-phenyicarbaraovl)-pyridin-2-y1]-3-

methvl-piperazine- -carboxvic acid fert-butyl ester

The solid from the previous step was dissolved m a mixture of
N, N-diisopropylethylamine (3 mL, 20 mmol) and DMSO (3 mL) and (R}-3-methyl-
piperazine-1-carboxylic acid tert-butyl ester (2.2 g, 11 mmol) was added. The reaction
mixture was heated at 120 °C overnight, concentrated by rotary evaporation, dissolved in
62
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a small amount of DCM, and purified by silica gel chromatography (0-40% ethyl
acetate:hexanes ) to produce the title intermediate as & white solid (3.6 g, 80 % yield).
(mszy. IM+HT" caled for CaaHasBrEMNLO, 57710, 579.10 found 577.5, 580.3.

Preparation 25: 4'-{5-Chioro-2-[(25,45)-1-({$)-2~methoxycarbonylamino-3-
methyi-butyryl}-4-methyl-pyrrolidin-2-yli-1H-imid azel-4-yi}-2-triflucromethoxy-
biphenyi-4-carboxylic acid

LCF3
C Q
T 0
NTO

HN

-

A mixture of 4-{2-[{28,48)-1-((S)-2-methoxyecarbonylamino-3-methyl-butyryl)-4-

o

methyl-pyrrolidin-2-yi}-1H-imidazol -4-y1} -2-trifluoromethoxy-biphenyl-4-carboxylic
actd {124 mg, 0.21 mmol) and N-chlorosuccinimide (28 mg, 0.21 mmol) was stirred in
acetonitrile (2.0 mL) and N, N-dimethylacetamide (0.2 mL) at 60 °C overnight. The
reaction mixture was concentrated by rotary eveporation, dissolved in 1:1 acetic
acid:water (8 mL) and purified by reverse phase HPLC to provide the TFA salt of the
title compound (48 mg). {m/z): [M+H]" caled for CosHsCIFsNLOs 623.18 found 623.2.

Preparation 26 ((5)-1-{(25,45)-2-[4-(4-Bromo-phenyl)-LH-imidazol-2-y1]-4-
methoxy-pyrrofidine-1-carbonyl}-2-methyl-propyD-carbamic acid methyl ester

HN%‘Br
\'hN

aes

{a) (2548)-2-[4-(4-Brome-phenvl}-1H-imidazol-2-vl]-4-methoxy-pyrrolidine-1 -

Ao

catboxvlic acid rert-buty! ester

To a sclution of (25,48 -4-methoxy-pyrrolidine-1,2-dicarboxylic acid 1-zert-butyi
ester (900 mg, 3.67 rumol), and p-bromophenacy] bromide (1.02 g, 3.67 mmol} in DCM
(20 L) undder nitrogen, was added N, N-diiscpropylethylamine (1.92 mL, 11.01 mmol).

The reselting mixture was stirred at 35 °C for 3 h and concentrated under vacaum. The
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¢rude intermediate was dissolved in toluene (150 mL), ammonium acetate (5.66 g,
73.39 mmol} was added, and the resulting mixture was stirred at 95 °C overnight, and
washed with water (2 x 10 mL). The organic layer was dried over magnesium sulfate,
filtered, concentrated and purificd by silica gel chromatography (24 g, ethyl

5 acetate/hexanes O to 60%) to give the title imermédia.te (1.49 g, 96 % vield).
{b} 4-{4-Bromo-phenyh-2-((28 45V-4-methoxy-pyrrolidin-2-yh-LH-imidazole

The product of the previous step was treated with 4 M HCl in 1 4-dioxane (2 mL}
for 1 h and concentrated by rotary evaporation to give the di-HCI salt of the title
intermediate (1.40 g, 97 % vield). (m/): [M+H] calcd for CuH:BrN,O 322,05, 324,05

10 found 324.

4-Bromo-phenvl)-1 H-imidazol-2-v1-4-methoxy-pyrrolidine-1-

carbonvli-2-methvl-propvli-carbamic acid methvl ester

A miixture of (8)-2-methoxycarbonylamino-3-methyl-butyric acid (643 mg,
1.67 munol) and HATU (1.67 g, 4.40 mmol) were stirred in DMA (5 mL) for 10 min, and
15 then the product of the previous step (1.40 g, 3.54 mmol) and N, N-diisopropylethviamine
{1.92 mL, }11.01 mmol) were added, and the resulting mixture was stirrred at room
temperature overnight, concentrated by rotary evaporation, dissolved in ethyl acetate
{100 ml.), and washed with water {2 x 10 mL}. The organic layer was dried over
magnesium suifate, filtered, concentrated, and purified by silica gel chromatography
20 ({ethyl acetate/hexanes 30 to 80%) to give the title product (1.38 g, 79 % yield).
(m/z): [M+H]" caled for CoHnBrN,Qs 479.12, 481,12 found 481.

Preparation 27: [{(5)-1<((25.45)-4-Methoxy-2-{4-[4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-y}-phenyl}-1 H-imidazol-2-yl}-pyrrelidine-1-carbonyl)-2-methyl-

propyl}- carbamic acid methyl ester

O
HN WB; \F
O

Ve NT
25 ~o7 0

HN
A solution of ((5)-1-{(25,48)-2-{4-(4-bromo-phenyh)- L H-imidazol-2-y1]-4-
methoxy-pyrrolidine- I -carbonyl} -2-methyl-propyl-carbamic acid methyl ester (1.05 g,
2.18 mmol; Preparation 26), 4,4,5,5,4',4",5' 5%.octamethy!-{2,2"]bi[[1,3,2]dioxaborolanyl]
{0.83 g, 3.27 mmol), and potassium acetate {0.39 g, 3.93 mmol) in 1,4-dioxane (5 ml.)
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was purged with nitrogen for 5 min, then Pd{dppf)ClL: (95.80 mg, 0.13 mmol) was added,
and the resulting mixture was stirred at 100 °C for 3 h, diluted with ethyl acetate (50 mL),
and filtered through a pad of celite and silica gel. The pad was washed with ethyl acetate
(130 ml); the filtrate was concentrated and purified by silica gel chromatography (ethyl
acetate/hexanes 30 to 100 %) to give the title intermediate (069 mg 58 % vield).

{m/z). [IM+H]" caled for C.sHyuBN,Og 527.30 found 527.2.

Prepa'ration 28: ((5)-1-{(25,48)-2-{4~(5"-Chlore-4'-{{6-{(R}-2-methyl-
piperazin-i-yl)}-pyridine-3-carbonyl]-amino}-2'-triflugromethoxy-biphenyl-4-yi}-1 H-

imidarel-2-yi}-4-methexy-pyrrolidine-i-carbenvi} -2-methyi-propyh)-carbamic acid

methyl ester

methyl-butvrv-pyvrrolidin-2 -vl]- 1L A -imidazol-4-vi} -2-trifluoromethoxv-biphenyl-4-

vicarbamovD-pyridin-2-vll-3-methyi-pinerazine- 1 -carboxvlic acid rert-butyl ester
To a solution of [(S}-1.-((28,48)—4—meth0xy—2—{4—[4—(4,4,5,S—tetramethyi—i,3_,2-'
dioxaborolan-2-yl}-phenyl}-1 H-imidazol-2-yi} -pyrrolidine- 1 -carbonyl}-2-methyl-propyt -

carbamic acid methy! ester (100 mg, 0.19 mmol, Preparation 27) and (R)-4-[5-(4-bromo-
2-chlgro-S-trifluoromethoxy-phenylearbamoyl)-pyridin-2-y1}-3-methyl-piperazine-1-
carboxylic acid fert-butyl ester (110 mg, 0.19 mmol) dissolved in toluene (1,18 ml) and
water (0,43 ml.) was added potassium carbonate (127 mg, 0.92 mmol). The reaction
mixture was sparged under mitrogen for 15 min and Pd{dppHCl, CEHLCL (13.55 mg,
0.017 mmoi) was added and the reaction mixture was sparged with nitrogen and heated at
90 °C overnight, cooled to RT, diluted with EtOAc and washed with water and brine 1o
produce a dark colored solid, which was purified by silica gel chromatography (12 g
silica, BiOAc/hexanes 40 to 100%) to produce the title intermediate (35.3 mg, 21 %
yield) as a yellowish colored solid. {(m/z): IM+H]" caled for C..HCIFaN,Og 913.35
found 913.3.
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by ((5)-1-(28.48)-2-14-(5'-Chloro-4'-{[6-{( R)-2-methyl-piperazin-1-vI)-pyridine-3-

carbonyli-amineg ! -2'-trifluoromethoxv-hiphenvl-4-v1i- LH-imidazol-2-vl]-4-methoxy-

nyrrolidine- 1 -carbonyll-2-methvl-proovll-carbamic acid methyi ester

The product of the previous step was treated with 4 M HCl in 1, 4-dioxane
5 (0.92 mL) and HCI (0.28 mL) and the reaction mixture was stirred at RT for 1 h,
concentrated and evaporated with ethyl acetate (2 x) to produce the tri-HC] salt of the title
intermediate {38.5 myg, 23 % yield). (mz) [I.\/HHE+ caled for CoHL,CIFsN:O¢ B13.30
found 813.3.

Preparation 29: (§)-Methoxycarbonylamine-(tetrahydro-pyran-d-ylp-acetic
10 acid
Ho ™SO
O

O

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

15 dropwise, the reaction mixture was stirred for 30 min, and 1N HCl was added to adjust

pH to 1. The reaction mixture was extracted with ethyl acetate (3 x 5 mL} and the organic
extracts were dried over sodium sulfate, filiered, concentrated and dried overnight under
vacuum 1o give the title intermediate (248 mg, 31 % vield) as a white, sticky solid.
{m/z); [M+H]" caled for CoH;sNOs 218,10 found 218.1.

20 Preparation 34; N-(4-Brome-2-chlore-5-trifinoromethoxy-phenyl)-6-{(X)-4-
{2,2-dimethyl-propionyl)- 2-methyi-piperazin-1-yl]-nicotinamide
" 6 en /——\ 0
Q W
| o]

{a) N-(4-Bromo-2-chlore-5-triflnoromethoxy-phenvh-6-((R)-2-methvi-piperazin-1.vh-

nicotinamide
25 A solution of (R)-4-{5-(4-bromo-2-chloro-5-trifluoromethoxy-phenylcarbamoyl)-
pyridin-2-y1]-3-methyl-piperazine- 1 -carboxylic acid zere-butyl ester (600 mg, 1.01 mmol)
and 4 M HCl in 1,4-dioxane(5.05 mL) and HCI (1.55 mi.) was stirred at RT for 1 &,
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concentrated, and evaporated with ethyl acetate (2 x) to produce the di-HCI salt of the
title intermediate (625.5 mg),. (m/2). [M+H] caled for C H, BrCIFNLO; 49302, 495.02
found 494.9,

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

2-methyl-piperazin-1-vll-nicotinamide

The sofid from the previous step was dissolved in DMA (6.58 mL) and DIPEA
{0.88 mL, 5.05 mmol) was added, followed by 2 2-dimethyipropanoyl chloride (130.53
pL, 1.06 mmal) and the reaction mixture was stirred at RT for 1 h. The reaction mixture
was concentrated by rotary evaporation, to produce a yellow oil which was dissolved ina
small amount of DCM and purified by silica gel chromatography (24 g column, 0-40%
ethyl acetate:hexanes) to produce the title intermediate (552 mg, 94 % yield) as 2 white

solid. (m/z2): [M-+H]" caled for CyHzsBrCIFsN4Os 577.08, 579.08 found 579.0.

Preparation 31; N-{5-Chloro-4'-[2-((25,45)-4-methyl-pyrrolidin-2-yl)-1H-
imidazol-4-yl}-Z-trifiueromethoxy-biphenyl-4-yi}-6-{(R)-4-(2,2-dimethyl-propionyh)-

Z-methyl-ninerazin-1-vil-nicotinamide

/CFB /"-
Q Q =N / 8]
ww N
OO
—“C\)q—w
(]
NH

(2) (25.48)-4-methvi-2-{4-[4-{4,4.5 5-tetramethyl-[1.3.2 ]dioxaborolan-2-yl}-phenyl]-15-

imidazol-2-vit-pvrrolidine-1 -carboxviic acid fere-butyl ester

To a solution of (285,48)-2-[4-(4-bromo-phenyl)- L H-imidazol-2-v1}-4-methyl-

pyrrolidine-1-carboxylic acid fert-butyl ester (1.0 g, 2.5 mmol} and
bis{pinacolato)diboron {656 mg, 2.58 mmol) and potassium acetate (362 mg, 3.69 mmol)
was added degassed toluene (5.77 mL). The reaction mixture was sparged with nitrogen
for 15 min and 1,1%-bis(diphenylphosphino)ferrocene-palladium(ii)dichloride
dichloromethane (60.3 mg, 6.074 mmol) was added and the reaction mixture was stirred,
purged with nitrogen, and heated to 90 °C for 3 h to provide the title intcrmediate.

(b) (285.48)-2- {4-[3-Chioro-4'-{ {6-[/R)-4-(2.2-dimethyl-propiony)-2-methyl-piperazin-1 -
-biphenyl-4-vil-1H-imidazol-2-

-2 triffuoromethox

1-pvridine-3-carbony!i-aming

vl -4-methvi-pyrrolidine-] -carboxylic acid rert-butyl ester

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

and potassium carbonate (1.87 g, 13.54 mmo), and N-(4-bromo-2-chloro-5-
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trifluoromethoxy-phenyl)-6-[(R)-4-(2 2-dimethyi-propionyl)-2-methyl-piperazin-1-y1l-
nicotinamide (1.49 g, 2.58 mmol; Preparation 30). The reaction mixture was purged with
nitrogen, Pd(dpphHClL,CH,Cl; {30.2 mg, 0.637 mmol) was added and the mixture was
purged again, heated to 95 °C overnight, cooled to RT, difuted with EtOAe, filtered
through a combined pad of Celite® and silica gel, flushed several times with FtOAc, and
washed with water and brine to produce a dark colored solid. The residue was purified by
sifica gel chromatography (40 g column, 40% to 100% EtCAc/hexane,) to provide the
title intermediate (890 mg, 44 % vield) as a yellow solid, {m/2); [M-+H]" caled for
CiaHaoCiFN7Os 824.34 found 824.3

(c) N-{5-Chloro-4'-[2-{{28 48)-4-methyl-pyrrofidin-2-v1)- | H-imidazo]-4-yi]-2-

trifluoromethoxy-biphenvl-4-v1}-6-[(R)-4-(2 2-dimethvl-propionyl}-2-methy]-

piperazin- 1 -vil-nicotinamide

The solid from the previous step was treated with 4 M HCl in [,4-dioxane
(12.3 mL) and HCI (3.8 mL) and the reaction mixture was stirred at RT for | h,
concentrated and evaporated with ethyl acetate (2 x) to produce the tri-HCI salt of the €itle
intermediate (913 mg, 44 % vield). (m/4z): [M+H] caled for Cy7HuCIFN,Oy 724.29
found 724.3.

Preparétion 32 N-f{5-Chiero-4'-12-({25,45)-4-methoxy-pyrrolidin-2-yh)-1H-
imidazel-4-vi]-2-trifluoromethoxy-biphenyi-4-y1}-6-{{R)-4-(2,2-dimethvi-propionyl)-

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

=

JCF3 2
O 0 =N Vot O
el
O
=N
~ Cl
0 NH
Following 2 process analogous to that of Preparation 31 at the 0.71 mmo! scale,

substituting (2548}-2-[4-(4-bromoe-phenyl)- 1 H-imidazol-2-yil-4-methoxy-pyrrolidine-1 -
carboxylic acid teri-butyl ester for (25,45)-2-[4-{4-bromo-phenyl}- L H-imidazol-2-yi}-4-
methyl-pyrrolidine- 1 -carboxvlic acid tert-butyl ester in step (a), the tri-HCl salt of the

title intermediate was prepared (146 mg, 24 % vield}. (m/z): [M+H]" caled for
CaHy CiF NGO, 740,29 found 740.2.
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Preparation 33: N-(4-Brome-2-chigre-5-triflucremethoxy-phenyl)-6-[{(R}-4-

{3-hydroxy-2,2-dimethyl-propionyl)-2-methyl-piperazin-i-ylj-nicotinamide

JLCF; =

OO

N N
Br*Q‘NH \/ N\ ‘%OH
Cl _

(a) N-{4-Bromo-2-chloro-3-riflucromethoxv-phenyl}-6-({)-2-methyl-piperazin-1-y1}-

5 nicotinamide
{R}-4-T5-(4-bromo-2-chlore-3-triflucromethoxy-phenylcarbamoyh-pyridin-2-y1}-
3-methyl-piperazine-1-carboxylic acid tert-butyl ester (500 me, 0.84 mmol) was treated
with 4 M HCl in 1 4-dioxane (4.2 mEL) and HCI (1.3 mL) and stirred at RT for 1 h. The
reaction mixture was concentrated and dissolved in ethyl acetate and coevaporated (2 x)
10 o produce the di-HCl salt of the title intermediate as 2 vellow solid. {m/z): [M+H]" caled
for C1gH1»BrCIF:NsQy 493.02, 495.02 found 494.9.
(b N-(4-Bromo-2-chloro-5-trifinoromethoxy-phenyi-6-[(K)-4-(3-hvdroxy-2.2-dimethyl-

iperazin-1-vll-nicotinamide

To a solution of 2,2-dimethyl-3-hydroxypropionic acid (119 mg, 1.01 mmol) in

15  DMF (4.6 mL, 58.9 mmol) was added HATU (384 mg, 1.0 mmol). The reaction mixture

was stirred at RT for 15 min, the product of the previous step (534 mg) was added

followed by DIPEA (0.73 mL, 4.2 mmol) and the mixture was stirred at RT for 3 h, and

concentrated by rotary evaoporation to produce a yellow/orange oil which was dissolved

in a small amount of DCM and purified by silica chromatograply 2(4g column, 0-80%
20 ethyl acetatethexanes) to produce the title intermediate (495 mg) as a white solid.

(m/z): IMHH]" caled for CosHasBrOIFaN;O4 593.07, 595,07 found 595.4.

Preparation 34; N-{5-Chlore-4'-{2-({25,4%)-4-methexy-pyrrolidin-Z-yI)-1H-
imidazei-4-yij-2-triflueremethoxy-biphenyl-4-vI} -6-[{ R }-4-{3-hydroxy-2,2-dimethyl-

propionyly -Z-methyl-piperazin-1-ylj-nicotinamide
CF %,
o AN ML
. SN ]
HNN, Q O Nw \____/’%OH
=
~ Cl
0 NH

{a} (25 48)-4-Methoxy-2-{4-[4-(4.4,5,5-tetramethv]-[1.3 2 ]dioxaborolan-2-v1}-phenyl]-

1 H-imidazol-2-v1}-pyrrolidine-1 -carboxylic acid ferr-butyl ester

25
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To a sohation of (25,48)-2-{5-(4-Bromo-pheny!)-1H-imidazoi-2-vii-4-methoxy-
pyrrolidine-1-carboxylic acid tert-butyl cster (335 mg, 0.79 mmol),
bis(pinacolato)diboron (212 mg, 0.83 mmol) and potassium acetate (117 mg, 1.19 mmol)
was added degassed toluene (1.86 mL). The resulting mixture was sparged with nitrogen
for 15 min, Pd(dppHCLCH,Cl, (19.4 mg, 0.024 mmol) was added, and the reaction
mixture was stirred, purged with nitrogen, and heated to 90 °C for 4 h to provide the title
intermediate. (m/z): [M+H]" caled for CysHigBN:Os 470,27 found 470.1.

{b) (28,4812 {4-[5"-Chlore-4'-({6-[(R) -4-(3-hydroxy-2.2-dimethyl-propionyl)-2-methyl-

piperazin-1-vi]-pvridine-3 -carbonvi}-amino)-2'-triflucromethoxv-biphenyl-4-y11- L H-

imidazol-2-v1}-4-methoxy-pyrrolidine-1 -carboxvlic acid rert-butv] ester

To the reaction mixture of the previous step was added degassed water (0.89 ml),
potassium carbonate (603 mg, 4.36 mmol}, and N-(4-bromo-2-chioro-5-trifleoromethoxy-
pheny-0-{(F)-4-(3-hydroxy-2,2-dimethyv]-propionyl)-2-methyvl-piperazin- 1 -y1]-
nicotinamide (495 mg, 0.84 mmol; Preparation 33}. The reaction mixture was purged
with nitrogen, Pd{dppNClCH,Cl, (9.72 mg, 0.012 mmol) was added; the mixture was
purged again and heated to 95 °C overnight, cooled to RT, diluted with EtOAc, filtered
through a combined pad of Celite® and silica gel, flushed several times with EtOAc, and
washed with water and brine to produce a dark colored oil. The residue was purified by
silica gel chromatography {24 g silica gel, 40% to 100% EtOAc/hexane, 5-25 min then 0-
10% methanol:EtOAc 10-30 min) to produce the title intermediate (211 mg, 31 % yield)
as a yellow solid. {(m/z): [M+H] caled for CoHaeCIFsN-05 856.33 found §56.2,

{c) N-{5-Chloro-4'-[2-((25.45)-4-methoxv-pyrrolidin-2-vl)- L H-imidazol-4-v1]-2-

triflyoromethoxy-biphenyl-4-v1} -6-[ (R)-4-(3-hvdroxv-2.2-dimethv]-propiony]) -2-

methvi-piperazin--v}-nicotinamide

The solid from the previous step (211 mg) was treated with 4 M HCl in 1,4-
dioxane(4.0 mL) and HC1 (1.2 mL) and the reaction mixture was stirred at RT for | h,
concentrated, and evaporated with ethyl acetate (2 x) to produce the tri-HCl salt of the
tifle intermediate (230 mg, 33 % vield). (m/4); [M+H] caled for Cy/Hay CIFN,Os
756.283 found 756.2.
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Preparation 35, 4'-{2-[(25,45)-4-Methanesulfinyl-1-(($)-2-
methoexycarbonylamine-3-methyl-butyryl}-pyrrolidin-2-yl)-t H-imidazol-4-y1}-2-

triflueremethoxy-biphenyl-4-carboxylic acid

WO
o N O
[\
/S N O

{a) 4-{2- v -4-methvisuifanvi-

pyrrolidin-2-vil-1H-imidazol-4-v1} 2-triftuoromethoxy-biphenvi-4-carboxylic acid

methyl ester
To a mixture of 4-brome-3-trifluoromethoxy-benzoic acid methyl ester (184 mg,

0.62 mmaol), [($)-2-methyl-1-((25,45)-4-methylsulfanyl-2- {4-[4-(4,4 5 5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-phenyl]- L H-imidazol-2-y1} -pyrrolidine- 1 -carbonyl)- propyl]-
carbamic acid methy] ester {300 mg, 0.55 mmol) and potassium carbonate (344 mg, 2.49
mmoel) at RT was added toluene (1.35 ml) followed by water (.69 mL). The reaction
mixture was purged with nitrogen, Pd{dppfiCl, CH,Cl; (27.4 mg, 0.034 mmol) was added
under an atmosphere of nitrogen. The reaction vial was capped and heated at 100 °C
overnight, cooled to RT and partitioned between EtOAc (10 L) and water (2 mL), The
organic layer was dried over sedium sulfate, filtered and concenirated to give a brownish
oil which was purified by silica gel chromatography (12 g silica gel, 0-100%
EtOAc/Hexanes). Desired fractions were combined and concentrated to give the title
intermediate as an orange oil. (m/z): IM+H]" caled for CagHazF3N4Q6S 635.21 found
635.
{by 4'- {2-[(25.45)-4-Methanesulfinyl- 1-((83-2-methoxvearbonylamino-3 -methyl-butyryl)-

pyrrolidin-2-vl-1H-imidazol-4-v1} -2-trifluoromethoxyv-binhenvl-4-carboxylic acid

The oily residue from the previous step was dissolved in & mixture of ACN (0,29
mb) and DMA (0.03 mL) and trested with MN-chlorosuccinimide {74 mg, 0.55 mmol) at
65 °C for 1 h. The reaction mixture was cooled to RT and treated with saturated sodium
bicarbonate (3 mL), and extracted with FtOAc (5 mL). The organic layer was
concentrated, dissolved in a mixture of methanol (2 mL) and water {0.5 mL) and treated

with lithtum hydroxide monohydrate (139 mg, 3.32 mmol) at 63 °C for 1 h, cooled 10 RT,
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concentrated, dissolved in 1:1 acetic acid:water (6 mL) and purified by reverse phase
HPLC. Desired fractions were combined and frecze dricd to provide the TFA salt of the
title intermediate (117 mg, 28 % yield) as a white solid. (m/z): [M+H]" caled for
CooH 31 FaNsO5S 637.19 found 637,

5 Preparation 36: 4'-{2-](25,45)-4-Methanesulfonyl-1-({8)-2-
methoxycarbonylamino-3-methyl-butyryD-pyrrolidin.Z-yij-1 H-imidazoi-d4-yi}-2-

triftuoromethoxy-biphenyl-4-carboxylic acid

O/CF3
SN~
O\\Q»C{LN b
. N 0O
/\\O

_ Potassium peroxymonosulfate sulfate (66 mg, 0.11 mmol) was added to a solution

10 of 4-{2-[(2§ 45 -4-methanesulfinyl- 1-{{S)-2-methoxycarbonylamino-3-methyl-butyryl)-
pyrrolidin-2-yi}-1A-imidazol-4-vy1} -2-trifluoromethoxy-biphenyl-4-carboxylic acid TFA
(67 mg, 0.09 mmol; Preparation 35) in methanol {5 mL) and water (1 mL). The reaction
mixture was stirred at RT for 2 b, filtered, concentrated, dissolved in 1:1 acetic acid:water
(5 mL), filtered, and purified by reverse phase HPL.C. Desired fractions were combined

15 and freeze dried to provide the TFA salt of the title intermediate (55 mg, 80 % yield).
(m/z): IM+H]" caled for CooHyFsNyOsS 653.18 found 653.2.

Preparation 37: ({($)-1-{(25,48)-2-{4-{4-Bromo-phenyl}-1L H-imidazol-2-yli}-4-
morphelin-d-yl-pyrrolidine-1-carbonyl}-2-methyl-propyll-carbamic acid methyl

ester
=N
G N Nj,,o
HN ’[/
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(a) (25.4R)-A-(Toluene-4-sulfonvioxy)-pyrrolidine-1.2-dicarboxviic acid 1-fert-butyl

ester 2-methvl ester

To a solution of methy] {25 4R)-N-ieri-butoxycarbonyl-4-hydroxy-2-
pyvrrolidinecarboxylate (4.68 g, 19.1 mmol) in DCM (47 mL) at RT was added DIPEA
13,66 mL, 21.0 mmol} and 4-dimethylaminopyridine (233 mg, 1.91 mmol) followed by p-
toluenesulfonyl chloride (3.82 g, 20.1 mmol). The reaction mixture was stired at RT
overnight, washed with 1 N HCI (2 mL), saturated sodium bicarbonate (2 mL), and brine
(2 ml.), dried over sodium sulfate, filtered and concentrated to give a yellowish oil, which
was purified by silica gel chromatography (80 g silica, 0-100% EtOAc/Hexanes). Desired
fractions were combined and concentrated to give the fitle intermediate (1.74 g, 23 %
vield) as a colorless oil.

(b) (28.45)-4-Morpholin-4-vl-pyrrolidine-1,2-dicarboxylic acid 1-ert-butyl ester 2-

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

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

(¢) (28.48)-4-Morpholin-4-yI-pyrrolidine-1.2-dicarboxylic acid 1-ferz-butyl gster

The product of the previcus step was dissolved in methano! (3 mL) and water (1
mL) &t RT and treated with lthium hydroxide monehydrate (191 mg, 4.55 mmol} for 30
min. The reaction mixture was concentraied, treated with EtQAc (3 mL) and acidified to
pH~6 with 2 N HCIL. The aqueous layer was freeze dried to give the title intermediate as a
light brownish foam. (m/4); [M+H]" caled for Ci4sH2aN205 301.17 found 301.
(d) {25.48)-4-Morpholin-4-vl-pyrrolidine- § . 2-dicarboxylic acid 2-[2-(4-bromo-phenyi)-2-

oxo-cthyll ester 1 -feri-butyl cster

The foam from the previous step was treated with DCM (11.7 mL, 181.8 mmol)
and DIPEA (0.32 mL, 1.82 mmol) and then p-bromophenacyl bromide (505 mg, 1.82
mmot) was added. The resuliing mixture was heated at 35 °C for 1 h and concentrated to
give the title compound as a yellowish solid. (m/z): [IM+H] caled for CoHasBrN,Gg
49712, 499.12 found 499.
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{e} (25.48)-2-14-(4-Bromo-phenvl)-1 H-imidazol-2-v1i-4-morpholin-4-vl-pyrrolidine-1-

carboxvlic acid reri-butyl ester

The solid from the previcus step was mixed with ammonium acetate (2.80 g,
36.36 mmol) and MPEA (0.48 mL., 2,73 mmol} in toliene (55 ml.)} and the reaction
mixture was heated at 110 °C overnight, cooled to RF, and concentrated. The resulting
residuc wag purified by silica gel chromatography (12 g silica gel, 0-100%
EtOAc/Hexanes). Desired fractions were combined and concentated to give the title
mtermediate (133 mg, 15 % yield over steps (b} through (e}) as a brownish foam.
(m/zy [M+H]" caled for CasHaoBrN,Oy 477.14, 479,14 found 477,
(f) {(8)-1-{(25.45)-2-{4-(4-Bromo-phenyl)-1 H-imidazoi-2-v1}-4-morpholin-4-vi-

pvirolidine- 1 -carbonvi}-2-methvl-propvl)-carbamic acid methy] ester

The product of the previous step (133 mg, 0.28 mmol) was treated with 4 M HCI
in 14-dioxane(2 mi.) at RT for 30 min. The reaction mixture was concenirated, and
evaporated with EtOAc (3 x 2 mL) to give a brownish foam, The foam was dissolved in
DMF (2.5 mL) and treated with ($)-2-methoxycarbonylamino-3-methyl-butyric acid (49
mg, (.28 mmol} and HATU (106 mg, 0.28 mmol) at RT over the weekend. The reaction
mixture was diluted with EtOAc (5 ml.) and washed with water (2 mL). The organic layer
was dried over sodium sulfate, filtered and concentrated to give a brownish o, which
was purified by silica gel chromatography (4 g silica gel, 0-100% EtOAc/Hexanes then
10% MeOH/EtOAc, (3% EtN in MeOH)). Desired fractions were combined and
concentrated to give the fitle intermediate (57 mg, 38 % yield) as a yellowish oil.

(m/z): [M+H]" caled for CosHaBrNsQ, 534,16, 536.16 found 534.

Preparation 38: (28,45)-4-Cyane-pyrrelidine-1,2-dicarboxylic acid 1-ers-
butyl ester

To asolution of (25 4R -4-hydroxy-pyrrolidine-2-carboxvhe acid methyl ester
HC(16 g, 535.1 mmol ) in DCM ( 100 mL ) was added triethylamine (16.73 g,

165.3 mmol ) and di-ferr-butyl dicarbonate (14.4] g, 66.1 mmol ). The reaction mixtire

wasg stirred at RT overnight, concentrated, and purified by column chromatography (3:1
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petroieum ether: EtOAc) to give the title intermediate {12 g, 89 % yield) TH NMR (400
MHz, CDCl3): &ppm) 4,48 (m, 1H), 4.38 (m, LH}, 3.72 (s, 3H), 3.63 (m, 1 H}, 3.45 {(m,
1H), 2.29 (m, 1 H), 2.06 (m, 2 H), 1.39 (s, 9H).

(b) (28.4M)-4-Methanesulfonvioxy-pyrrolidine-1,2-dicarboxvlic acid 1-rers-buty] ester 2-

5 methv ester
To the product of the previous siep (12 g, 48.9 mmol) dissolved in dry DCM

(100 mL) was added triethylamine (14.87 g, 147 mmotl) in an ice bath and then
methanesulfonyl chloride (6.72 g, 58.7 mmol) was added dropwise. The reaction mixture
was stirred at { °C for 1 b, poured into ice water, and exiracted with DCM (3 x). The

10 combined organic layers were washed with NaHCG;, water and brine, dried over NapSOy,
and concentrated to give the title intermediate (15 g). (m/z): [M+H-100]" calcd for
CpHuNO,5 224,10 found 224,

(c) (285.48)-4-Cyano-pyrrolidine-1.2-dicarboxylic acid 1-teri-butyl ester 2-methyl ester

A mixture of the product of the previous step (15 g, 46.4 mmol) and sodium
15 gyanide (22.74 g, 464 mmol) was stirred in DMSO (200 mL.), heated at 55 °C for 3 days
under nitrogen, cooled 10 RT, and poured into ice water. The mixture was extracted with
EtOAc (3 x) and the combined organic extracts were washed three times with water and
brine, dried over Na;SQy, and concentrated. The residue was purified by column
chromatography (3:1 petroleum ether:EtOAcHo give the title intermediate (3 g, 25 %
26 vield). 'H NMR (400 MHz, CDCls): 8(ppm) 4.38 (m, 1H), 3.93 {m, 1H}), 3.73 (s, 3H),
3.65 (m, 1H}, 3.08 (m, 1H), 2.24-2,70 (m, 2 H), 1.45 (m, 9H).
(d) (2848)-4-Cyano-pyrrolidine-1.2-dicarboxvlic acid 1-zeri-butyl ester

To a solution of the product of the previous step (3 g, 11.8 mmol) in methanol
(50 mL) was added an agueous solution of 4 M NaOH (5.9 mL). The mixture was stirred
25  at RT overnight under nitrogen and concentrated, The residue was adjusted to pH 2 with
1 M HCI and the aqueous solution was extracted with DCM (3 x 50 mL). The combined
organic phase was washed with brine, dried over Na; 50y, filtered and concentrated to
give the title intermediate (2 g). "H NMR (400 MHz, CDCls): 8(ppm) 9.45 (br, 1H),
4.33-4.52 {m, 1I1), 3.59-3.98 {m, 2H), 3.13-3.30 (m, 1H), 2.36-2.74 {m, 2H), 1.49
30 {m, 9H).
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Preparation 39: (35,55)-5-[4-(4-Bromo-phenyi)-1 H-imidazol-2-yi}-

=N

N== NH

pyrrelidine-3-carbenitrile

{a) {25.48)-4-Cvano-pvrrohidine;1,2-dicarboxylic acid 2-[2-(4-bromo-phenyl}-2-oxo-
ethvl] ester I-rerf-butvi ester
To a solution of the product of Preparation 38 (2 g, 8.3 mmol) in acetonitrile
(50 mL) was added DIPEA (3.22 g, 25.0 mmol) and 2-bromo-1-(4-bromo-phenyl}-

ethanone (2.31 g, 8.3 mmol). The reaction mixture was stirred at RT overnight under

nitrogen, The reaction mixture was concentrated and the residue was dissolved in EtOAc
(30 mL) and water (30-mL). The agueous layer was extracted with EtOAc (2 x 30 mL).
The combined organic Iayers were washed with water and brine, dried over NasSO.,
filtered, concentrated, and purified by column chromatography {10- 30% EtOAc in
petroleum ether) to give the title intermediate (900 mg, 25 % yield). (m/z): [M-+H-1001"
caled for CsHaBriNaGOg 337.06, 339.06 found 329,

(o) (28.48)-2-[4-(4-Bromg-phenyl)-14-imidazol-2-vl]-4-cvano-pyrrolidine-1 -carboxylic

acid tert-butyl ester

To a solution of the product of the previous step (900 mg, 2.1 mmol) in toluenc
{30 mL) was added ammonium acetate (3.21g, 41.2 mmol). The reaction mixture was
heated at reffux for 1.5 h under nitrogen, The mixture was concentrated and the residue
was dissolved in EtQOAc (50 mL) and water (50 mL). The aqueous layer was extracted
with BtOAc (2 x 50 mL). The combined organic layers were dried over NaySOy, filtered,
concentrated, and purified by column chromatography (10- 50% EtOAc in petroleum
ether} to give the title intermediate {400 mg, 46 % vield). (m/z); [M+H] caled for
CioHpBINGDy 417.09, 419.09 found 417,
(¢} (38,55)-5-[4-(4-Bromo-pheny)-1H-imidazol-2-y1}-pyrrolidine-3-carbonitrile

The product of the previous step {400 mg, 0.96 mmol) was dissoived in
HCV/dioxane (10 mL} and the mixture was stirred at RT for [ h. The reaction mixture was
concentrated to give the FIC1 salt of the title intermediate (340 mg). (m/z): [M-+-H] " caled
for CpHy BrNaO, 317.03, 319.03 found 317, 319,
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Preparation 40: [(8)-1((25,45)-4-Cyane-2-{4-{4-(4, 4,5, 5-tetramethyl-
[1,3,2]diexaborolan-2-yh-phenylj-1 H-imidazel-2-yl}-pyrrolidine-1-carbonyl)-2-

methyl-propyl]-carbamic acid methy! ester

o)
- O-CE
\N \O
N=S Nfo

HN ]/
o
{ay ({5)-1-{(2848}-2-f4-(4-Bromo-phenyhi- 1 H-imidazol-2-vil-4-cyano-pyrrolidine-1 -

carbonvi}-2-methvi-propyl)- carbamic acid methyl ester

~

The product of Preparation 39 (340 mg, 0.96 mmol) was dissolved in DCM
(20 mL.) and DIPEA (620 mg, 4.80 mmol) was added followed by 2-
methoxycarbonrylamine-3-methyl-butyric acid (168 mg, 0.96 mmol) and HATL (365 mg,
0.96 mmol}. The reaction mixture was stirred at RT for 1 h under nitrogen, diluted with
DCM, and washed with aguecus bicarbonate solution, water (30 rl.}, and brine (30 mL),
dried over Na, SOy, filtered, concentrated and purified by column chromatography (30~
100 % EtCAc in petroleum ether) to give the title intermediate {350 mg, 77 % vield).
{(m/z): [M+H]+ calcd for Cy H,BrNsO: 474,11, 476.11 found 474, 476,
{b) [(S-1-{(28,48V-4-Cvano-2- {4-[4-(4. 4.5 .5+4etramethvl-[1.3.2}dioxaborolan-2-yl}-

henyll-1H-imidazol-2-vI}-pyrrohidine-1-carbon

methyl ester
To a solution of ((§)-1-{(25,48)-2-[4-{4-bromo-pheny!)-1 H-imidazol-2-vi]-4-

cyano-pyrrolidine--carbonyl}-2-methyl-propyl}- carbamic acid methyl ester {450 mg,
0.95 mmol), bis{pinacolato}diboron (362 mg, 1.42 mmol), and potassium acetate
{186 mg, 1.90 mmol) in dioxane (20 mL) was added Pd(dppfiClL-CH,Cl, (78 mg,
0.095 mmol) and the mixture was degassed with nitrogen and heated at reflux overnight
under nitrogen. The cooled mixture was filtered through Celite® and washed with
FiGAc. The filtrate was washed with water and brine, dried over Na; SOy, filtered,
concentrated, and purified by celumn chromatography (20-100 % EtOAc in petroleum
ether) to give the title intermediate {320 mg, 65 % vield). (m/z): IM+H] caled for
CoHaBNsQs 522,28 found 522. "H NMR (400 MHz, MeQDY: 8(ppm) 7.72 (m, 2H), 7.64
(m, 25, 7.36 (s, 1H), 3.14 (m, [H), 4.60 (m, 1H), 4.11 (m, 1H), 3.99 (m, IH), 3.63 (s,
3H), 3.45 (m, 1H), 2.85 (m, 1H), 2.52 {(m, 1H), 2.00 (m, 1H), 1.34 (5, 12H}, 0.84 (m, 6H).
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Preparation 41: (25,55)-5-Methyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-

butyl ester

O
HN:;?_{OH

X

{a) {8)-2-tert-Butoxycarbonylarnino-S-oxo-hexanoic acid ethyl ester

A solation of (§)-5-oxo-pyrrolidine-1,2-dicarboxylic acid -tert-butyl ester 2-ethyl
ester (20 g, 16 mmol} in dry THF (150 mL) was cooled to -50 °C, and then
methyimagnesium bromide (31 ml., 93.28 mmel) was added dropwise at a temperature
berween -30 and -44 °C in 30 min. The reaction mixture was stirred at -43 °Cfor 2 h and
placed in a freezer (ca. -20 °C) overnight, The mixture was quenched with sat, NH4Cl
solution and extracted with EtOAc. The combined organic layers were dried over
NaypSQy, filtered and concentrated under reduced pressure to give the crude product,
which was purified by column chromatography (2:1-3:1 petroleum ether:EtOAc) to give
the tifle intermediate (38 g) as light vellow oil. "H NMR (400 MHz, CDCl3): 8(ppm)
5.11-5.09 (m, 1H), 4.25-4.24 (m, 1H), 4.19 (q, J= 7.2 Hz, 2H), 2.63-2.52 (m, 2H), 2.15
{s, 3H). 2.12-2.08 (m, 1H}, 1.92-1.82 {m, 11}, 1.44 (s, 9H), 1.28 (t, /= 7.2 Hz, 3H).

(b) {8)-5-Methyl-3.4-dihydro-2 H-pyreole-2-carboxylic acid ethy] ester

To a solution of the product of the previous step {5 g, 18.29 mmol} in dry DCM
{10 ml.)was added TFA (7.5 mL) and the reaction mixture was stirred at ambient
temperature for 3 h. The mixture was concentrated to give the title intermediate (7 ). 'H
NMR {400 MHz, CDCL): 8(ppm)  5.14-5.09 (m, 1H), 4.29-4.25 (m, 2H), 3.21-3.17 {m,
2H), 2.77-2.69 (m, 1H), 2.62 (s, 3H), 2.49-2.41 (m, 1H), 1.32-1.29 (m, 3H).

{cy (28.58)-5-Methyvi-pvrrolidine-1,2-dicarboxvlic acid 1-rer-butyl ester 2-ethv] ester

The product of the previous step (4 g) was dissolved in ethano! (40 mlL) ané 10 %
Pd/C (400 mg) was added. The reaction mixture was stirred at 35 °C under 55 psi of
hydrogen overnight, After filtration, the filtratc was concentrated under reduced pressure
to give 2.62 g of crude product, which was added to 8 mixture of triethylamine (4.6 mL)
and 4-dimethylaminopyridine (DMAP) (102 mg, .83 mmol) in dry BCM (10 mL).
Then, di-rers-butyl dicarbonate {4 g, 18.33 mmoel) was added and the reaction mixture was
stirred at RT overnight. The reaction mixture was washed with 1 N HCI solution and
brine. The organic layer was dried over Na,S0Os, filtered and concentrated wirder reduced

pressure to give the residue, which was purified by column chromatography (8:1-3:1
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petrofenm ether:EtOAc) to give the title intermediate (2 ) as a colorless oil. ‘H NMR
{400 MEz, CDCls): 8(ppm) 4.53-4,50 (m, 1H), 430 (g, /= 7.2 Hz, 1H), 3.93-3.87 (m,
1H), 2.52-2.42 (m, 1M}, 2.31-2.19 (m, 2H), 1.71-1.60 {m, 1H}, 1.52-1.50 (m, 3H), 1.32 (4,
J=72Hz, 3H}.

(dy (25.58)-5-Methvl-pyrrolidine-1.2-dicarboxylic acid 1-rerr-butvl ester

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

Preparation 42: 4-(4d-Bromo-phenyl)-2-({2.5,58)-8-methyl-pyrrolidin-2-yi)-1 H-

HN/‘\f.@_Br
=N

NH

imidazole

(&) (25.55)-5-Methyl-pyrrolidine-1.2-dicarboxylic acid 2-12-(4-bromo-phenvi-2-0x0-

ethyi] ester 1-fert-buiyl ester

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

(b) (25.58)-2-[4-(4-Bromo-phenvi)- LFH-imidazol-2-v11-5-methvl-pyvrrolidine- -carboxvlic

acid fert-buty] ester

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

(c) 4-(4-Bromo-phenvl)-2-((25.58)-5-methyi-pyrrolidin-2-yl)- L F-imidazole

The product of the previous step (3.06 g, 7.53 mmmol) was dissolved in EtOAc (10
mL} and HCVdioxane solution (20 mL) was added slowly. The reaction mixture was
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stirred at RT for 3 b, and concentrated under reduced pressure to give the residue, which
was partitioned between sat. NaHCQa and DCM. The combined organic layers were dried
over NaySQy, filtered and concentrated under reduced pressure to give the title

mtermediate (2.5 g) as a solid.

Preparation 43: [($)-2-Methyl-1-{(25,55)-2-methyl-5-{4-[4-(4,4,5,5-
tetramethyl]1,3,2] diexaberolan-2-yipphenyi}-t H-imidazol-2-yI}-pyrrolidine-1-
carbonyD-propyij-carbanic acid methyl ester

HN Sy N B
o =/ GJT

O

Nfu/

HMN %
O/&O
{a) ((8)-1-1(28,58)-2-14-(4-Bromo-phenyD- L H-imidazol-2-y11-5-methvi-pyrrolidine-1-

carbonyll-2-methvl-propvl) -carbamic acid methvl ester

S

A mixture of the product of Preparation 42 (2.5 g, 8.16 mmol), 2-
methoxyearbonyl-amine-3-methyl-butyric acid (1,72 g, 9.79 mmol}, HATU (3.72 g, 9.79
mmol) and DIPEA {(3.16 g, 24.48 mmol) 1n DCM (50 mL) was stirved at RT overnight.
The reaction mixture was washed with water and brine and extracted with EtOAc. The
combined organic layers were dried over Na,SOy, filtered, and concentrated under
reduced pressure to give the residue, which was purified by colamn chromatography (3:1-
1:1 petroleum ether:EtOAc) to give the title intermediate (1.5 ¢, 85 % purity) as a solid.
' NMR (400 MHz, CD;0D): S(ppm) 7.73-7.33 {m, 5H), 5.36 (m, 0.5H), 5.10-5.05 (m,
0.5H), 4.75-4.71 (m, 0.5H), 4.23-4.08 (m, 1H), 3.69-3.67 (m, 3H), 2.82-2.80 (m, 0.5},
2.35-2,33 (m, 0.5H), 2.17-1.91 (m, 4H), 1.5-1.48 (m, 0.5H), 1.27-0.84 (m, 9H).

() [()-2-Methyl-1-((28 58)-2-methvl-5-{4-[4-(4.4.5 S-tetramethy]-T1.3.2] dioxaborolan-

2-yD-phenvli-1H-imidazol-2-y}-pyrrolidine-1-carbonvl-propyll-carbamic acid

methv] ester
A mixture of the product of the previous step (1.5 g, 3.24 mmol}),
bis(pinacelato)diboron (988 myg, 3.8% mmol), poiassium acetate (934 mg, 9.72 mmol) and
Pd{dpptiCh: (150 mg) in dioxanc (50 mL) was refluxed under nitrogen for 3 h. The
reaction mixture was concentrated under reduced pressure to give the residue, which was
partitioned between water and EtOAc. The combined organic layers were washed with

brine, dried over Na SOy, filtered, and concentrated under reduced pressure to give the
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residue, which was purified by column chromatography to give the title intermediate
(1.1 ). (m/z): IM+H] caled for CoHBN,Os 511.3 found 511.3. 'H NMR (400 MHz,
CDClz): d(ppm) 7.78 (s, 4H), 7.44-7.38 (m, 1H), 5.52-5.45 {m, 1H), 5.3-5.18 {m, 1K),
4.23-4.20 {m, 1H), 3.79-3.68 (m, 3H), 2.39-1.50 {m, 5H), 1.35-1.29 {m, 12H), 1.27-0.78
(m, OH).

Preparation 44: (B)-5-chloro-4-(6-(2-methyi-4-pivaloyipiperazin-1-

yhnicotinamide)-2-(trifinsromethoxyiphenylboronic acid

CFs

HO,
°B N N ‘§<
HO
cl

Under an atmosphere of nitrogen, a mixture of N-(4-bromo-2-chloro-5-
irifluoromethoxy-pheny-6-[(B)-4-(2,2-dimethyl-propionyl)-2-methyl-piperazin-1-vil-
nicotinamide (20.0 g, 34.6 mmol) and tetrabydrofuran (200 mL) was coeled to O °C and
then 1.3 M isopropyimagnesium chloride lithium chloride complex in tetrahydrofuran
(79.9 mL, 104 mmol) was added dropwise at 0-10 °C. After 2.5 h, boric acid, trimethyi
ester {12.0 mL, 106 mmol) was added dropwise, and then 1 N HCI (105 mL) was added

and the reaction mixture was stirred overnight. The reaction mixture was extracted with

EtOAc (250 mL); the organic layer was washed with water, sat. ag. NaHCOs, dried over

Mg50,, and evaporated to give crude product (22.8 g). To the crude product was added
ethanol (230 mL) and then siowly water {57.5 mL}. The resulting mixture was stirred for
10 days and filtered to give the title intermediate as a crystaliine solid (10.7 g, 57 %
vield).

A powder x-ray diffraction pattern of a crystalline sample of (R)-5-chloro-4-(6-(2-
methyl-4-pivaloylpiperazin- 1-ynicotinamido)-2-(trifluoromethoxy)phenylboronic acid
prepared by the above process is shown in the Figure. The pattern was obtained with a
Thermo ARL X’ Tra X-ray diffractometer using Cu-Ke radiation (A = 1.54051 A) with
output voltage of 45 kV and current of 40 mA. The sample was scanned in 28-28 mode
from 2° to 407 1 20 with & step stze of 0.03° and a scan speed of 2.0° per minute.
Observed PXRD two-theta peak poesitions and d-spacings are given in the following table

{only peaks having a relative peak height (H%) of about 8 % or greater are Hsted).
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o325

205 |

265
390
184

Preparation 45: [(8)-2-{{25.45)-2-{4-(4-Brome-phenyl}-1 H-imidazol-2-y1]-4-
methyl-pyrrofidin-1-yl}-Z-oxe-1-(tetrahydropyran-4-yh-ethyll-carbamic acid methyl

ester

(a) 4-(4-Bromo-phenyl)-2-((25.48)-4-methyl-pyrrolidin-2-y1i-1 H-imidazole
(25,48)-2-[4-(4-bromo-phenyl)- 1 H-imidazoi-2-yl]-4-methyl-pyrrolidine-1-
carboxylic acid fert-butyl ester (0.65 g, 1.6 mmol) was freated with 4 M HCl in 1,4-

dioxane (4 mL, 20 mmot) at 30 °C for 1 h. The reaction mixture was concenirated and

10 dissolved in ethyl acetate and evaporated with ethyl acetate (2 x) to produce the HCI salt
of the title intermediate as a yellow solid.
(b) [($)-2-1(25.48V-2-[4-(4-Bromo-phenvl)- 1 F-imidazol-2-vil-4-methyl-pvrrolidin. 1 -vl} -

-carbarmc acid methyl ester

The yellow solid from the previous step was dissolved in DMA (3 mL) and
i5 DIPEA {1.4 mL, 8.0 mmol) was added. A solution of 0.5 M (8)-methoxycarbonylamine-

(tetrahydro-pyran-d-yli-acetic acid in DMA (4.0 mL, 2.0 mmol) and HATU (760 mg, 2.0
32



10

15

20

WO 2013/067267 PCT/US2012/063181

mmuol) were added. The reaction mixture was stirred at RT for | h, dissolved in ethyl
acetate (100 mL) and washed with water (300 mL). The aqueous layer was extracted with
ethy? acetate (100 mL). The combined organic layer was washed with brine, dried over
sodium sulfate, fikered, concentrated, and purified by silica gel chromatography (0-100%
othyt acetate:hexanes) to produce the title intermediate as a light colored solid. (760 mg,
94 % yield). (m/z): [M+H] caled for CpHxBrN,Oy 505.14, 507.14 found 506.95.

Preparation 46: [{(§)-2~((25,48)-4-Methyl-2-{4-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaberolan-Z-yly-phenyl]-1 H-imidazol-2-yI}-pyrrolidin-1-yl}-2Z-ox0-1-(tetrahyvdre-
pyran-4-vi)-ethyil-carbamic acid methy! ester

e aRes

N

0
O)\?
The product of Preparation 45 (760 mg, 1.5 mrmol), bis(pinacolato)diboron (570
mg, 2.2 mmol) and potassium acetate (220 mg, 2.2 mmol) were mixed with {,4-dioxane
5 mbL.). The resulting suspension wag sparged under nitrogen and then
Pd(dppf)Clg_CHgClg (61 mg, 0.075 mmol) was added. The reaction mixture was heated at
160 °C overnight, cooled to RT and filtered through a stacked pad of silica ge!f and
Celite®. The pad was washed with BEtOAc (180 m1.). The filtrate was concentrated to
give a black oil which was purified by silica gel chromatography (24 g silica gel
disposable column, eluted with 0-100% BtOAc:hexanes). Desired fractions were
combined and concentrated to give the title intermediate (544 mg, 65 % vield) as &
vellowish foam. (m/); [M+H] caled for corresponding borenic acid CrH,BN4Os
471.23 found 471.05.

Preparation 47: (R)y-4-(5-Amine-pyridin-Z-y)-3-methyl-piperazine-i-

carpoxylic acid fert-butyl esier

HoN \/N N—Q‘F
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(a) (R)-3-Methvi-4-(S-nitropyridin-2-yl)-piperazine-1 -carboxvlic acid rert-butyl ester

A mixture of 2-chloro-5-nitropyridine (1.0 g, 6.3 mmol), (R)-3-methyl-piperazine-
i~carboxyiic acid feri-butyl ester {1.26 g, 6.31 mmol), and potassium carbonate (2.18 g,
15,77 mmol} was stirred in DMSO (5 mL) at 120 °C overnight. The reaction mixture was
concentrated under rotary evaporation and mixed with water (50 mL}. The resulting
precipitate was filtered, washed with water (3 x 10 mL) and air-dried to provide the title
intermediate.

(b)Y (R)-4-(5-Amino-pyvridin-2-v]}-3-methvl-piperazine- 1 -carboxvlic acid ferr-butv] ester

A solution of the product of the previous step in methanol (150 mL) was degassed
several times, then palladium hydroxide on carbor (20 weight %, 200 mg, 0.2% mmol)
was added, and resulting mixture was degassed, hydrogenated overnight under a balloon
of hydrogen, degassed again, and filtered thru Celite®. The filter pad was washed with
methanol (3 x 5ml.). The filtrate was concentrated and purified by silica gel
chromatography (20-80 % EtOAc:hexanes) to provide the title intermediate (1514 mg; 82
% yield). (m/z): [M+H]" caled for C,sHuN4Os 293.19 found 293.1.

Preparation 48: 4-Bromo-2-chloro-S-triflusremethoxy-benzeoic acid methyl

ester

e

CFa
8]

O._._
Br
O

Cl

{a} 2-Chioro-S-trifluoromethoxy-benzoic acid methyl ester

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

(b) {2-Chloro-3-trifiuoromethoxy-phenvi-methanol

T a solution of the product of the previous step (2.9 g, 11.4 mmol) in THF (30
mL.) was added NaBH, (2.59 g, 68.3 mmol). The resulting mixture was stirred for 15 min
at 70 °C, methanol (10 mL) was then added dropwise during .5h and the mixture was
stirred for 2 h at 70 °C. The reaction mixture was cooled to RT, and quenched with sat,

NH4Cl The organic layer was separated and the agqueous layer was extracted with EtOAc.
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The combined organics were dried over sodium sulfate, filtered, and concentrated 1o give
the title intermediate. (2.3 g, 98 % yield). (m/z): IM-OH]" caled for CHCIF;0, 209.0
found 209.0

(¢) (4-Bromo-2-chlore-S-triflucromethoxy-phenyl)-methanol

To a solution of (2-chloro-3-triflucromethoxy-phenyli}-methanol (16.3 g, 71.94
mmol) in sulfuric acid (200 mL) and water (60 mL) was added bromine {12.65 g, 79.13
mmol), followed by silver sulfate (12.34 ¢, 39.57 mmol}. The reaction mixture was stirred
at RT for 1 h, poured onto ice, and then extracted with EtOAc (3 x 100 mL). The organic
layers were combined, dried over Na;50, and concentrated to afford crude product,
which was purified by flash chromatography (0-10% EtOAc in petroleam ether) to give
the title intermediate (6.0 g, 27 % vield). (m/4): [M-OH]" caled for CsHBrCIF;0,
286.91, 288.9] found 289.0.
(dy 4-Bromo-2-¢chloro-S-triflacromethoxy-benzgic acid methyl ester

To a solution of {(4-bromo-2-chloro-3-trifluoromethoxy-phenyl}-methanol (6.6 g,
21.61 mmol) in methanol (70 ml) was added 2-methy!-prop-2-yl-hydroperoxide (14.4
mL, 86,42 mmol), and potassium iodide (0.72 g, 4.32 mmol), The reaction mixture was
stirred under refiux for 48 h and sat. sodium thiosulfate (20 mL) was added. The reaction
mixture was concentrated and extracted with EtOAc (3 x 100 mL). The organic layers
were combined, washed with brine, dried over sodium sulfaie, concentrated , and purified
by HPLC to provide the title intermediate (2.86 g, 39 % yield). (m/z): [M+H]' caled for
CoHBrCIFa05 332,91, 334.91 found 332.9, 334.9. 'H NMR (400 MHz, CDCLL): 8(ppm)

7,79 (s, 1H), 7.77 (5, 1H), 3.94 (s, 3H).

Preparation 49: (R)-4-{5-(4-Brome-2-chloro-5-triflueromethoxy-

benmylamins)—pyridin—Z—yI}-3—methyl—piperazine—-l~carh0xylic acid rers-butyl ester
: HN»@—N N—<\ [

{2} 4-Bromo-2-chlorg-5-triffuoromethoxy-henzoic acid

To a mixture of 4-bromo-2-chlore-3-trifluoromethoxy-benzoic acid methyl ester
{1.0 g, 3.0 mmol, Preparation 48) dissolved in methanol (4 mL) and water (4 mL) was
added lithium hydroxide (360 mg, 15 mmol). The reaction mixture was stirred at at 60 °C
for I h and concentrated, The reaction mixture was adjusted to acidic pH with 1 N HC],

dissolved in EtOAc (60 mL )} and washed with water (60 mL). The aqueous layer was
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extracted with EtOAc (60 ml). The combined organic layers were washed with brine,
dried over sodium sulfate, filtered, and concentrated to produce the title intermediate (966

mg, 100 % vicld) as a white powder.

() {R)-4-[5-(4-Bromo-2-chloro-3-triflugromethoxy-benzoylamino}-pyridin-2-y11-3-

methyl-piperazine-] -carboxvlic acid fert-buty] ester

Thke white powder from the previous step (300 mg) was dissolved in DMF (2.5
mL} and HATU (480 mg, 1.3 mmol) was added, followed by DIPEA (550 pL, 3.2 mmol)
and 0.5 M (R)-4~{5~amino-pyridin-2-y1}-3-methyi-piperazine- 1-carboxylic acid rerr-butyl
ester in DMA (2.1 mL, 1.0 mmol; Preparation 47) The reaction mixture was stirred at
room tempersture overnight, dissolved in EtOAc (60 mL) and washed with water
{120 mL). The agueous layer was extracted with EtOAc (60 mL). The combined organic
layer was washed with brine (60 mL.), isolated and dried over sodium sulfate, filtered,
concentrated, and purified by silica gel chromatography (40 g silica, 0-40% ethyl
acetate:hexanes) to produce the title intermediate (49 1mg, 80% yiéld) as a colored solid.
(m/z): [IMHH]" caled for CpHasBrCIF:N,O4 593.07, 595.07 found 595.0.

Preparation 50: 4-bromo-3-chlore-5-(trifiuoromethoxy) benzoic acid

CFy
Q

OH
Br
@]
Cl

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

A mixture of 4-amino-3-(trifluoromethoxy)benzoic acid (5.0 g, 22.61 mmol),
methanol (75 mL) and 4.0 M HCl in 1,4-dioxane(36.53 mL, 226.1 mmol) was stirred at
RT for 2 days. The reaction mixture was concentrated and the resuiting residue was
coevaporated with BtOAc {3 x 26 mL), and further dried under vacuum to give the HC!
salf of the title intermediate as an off-white sohid (6.9 g). Siructure confirmed by NMR.
{b) 4-Amino-3-chloro-3-trifluoromethoxy-benzoic acidmethyl ester

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

concendrated to give a vellowish oil, which was purified by silica gel chromatography (12
36
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g silica gel, 0-40% EtOAc/hexanes) fo give the title intermediate as a white sohid
{173.8 mg, 88 % vield). Structure confirmed by NMR.

{c) 4-Bromo-3-chlore-3-trifluoromethoxy-benzoic acidmethyl ester

To a solution of the product of the previow step (173.8 mg, .65 mmol) in a
mixture of ACN (7.74 mL) and water (0.80 mL) at RT was added copper(Il} bromide
(198.7 mg, 0.89 mmol) followed by rert-butyl nitrite (0.13 mL, 1.11 mmol) dropwise. The
resulting mixture was heated at 60 °C for 1 h. The reaction mixture was cooled to RT and
partitioned between EtOAc {10 mL) and water (2 mL). The organic iayer was washed
with water (4 mL), brine (4 mL)}, dried over sodium sulfate, filtered, and concentrated to
give a brownish oil which was purified by silica gel chromatography (12 g silica gel, 0-
30% EtOAc/hexanes) to give the title intermediate as a white solid {163.7 mg, 76 %
vield). Structure confirmed by NME.

{d) 4-hromo-3-chiore-3-{trifluoromethoxy) benzoic acid

The product of the previous step {75.6 mg, (.23 mmol) was dissolved in a mixture
of methanol (0.7 mL.) and water (0.2 mL) and treated with lithium hydroxide (2.7 mg,
0.91 mmol) at 75 °C for 30min. The reaction mixture was concentrated, diluted with
water {3 mL), then acidified to pH~1 with 1 N HCI, and extracted with EtOAc (5 mL).
The organic layer was washed with water (2 mL) and brine (2 mL), dried over sodium
sulfate, filtered and concentrated to give a white solid, which was used directly in

Preparation 51.

Preparation 51: {R)-4—brﬂmo-S-chlum—N-(ﬁ-{Z-methyi»{l_—pivaloylpiperazin-lu
yhpyridin-3-yl)-5-{trifinoromethoxy)benzamide

,CFg "".
O —N N\ O
HN N B
Br -@‘ A 4§<
O
Cl

(a) (B)-tert-butyl 4-(5-(4-bromo-3-chlore-5- (rifluoromethoxyibenzamidolpyridin-2-yi-

3-methvipiperazine- 1 -carboxviate
To a mixture of {R)-tert-butyl 4-(5-aminopyridin-2-y1)-3-methylpiperazine-1-
carboxylate (59.9 mg, 0.21 mmol) and 4-bromo-3-chioro-5-{trifluoromethoxybenzoic
acid (65.5 mg, (.21 mmoi; Preparation 50) in DMA (0.5 mL) at RT was added HATU
{26 mg, (.23 mmol) followed by DIPEA ((0.11 mL, 0.62 mmol). The reaction mixture
was stirred at RT for 1 h, partitioned between EtOAc {10 ml)and water (2 mb.). The
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organic laver was washed with water {2 ml.), dried over sodium sulfate, filtered and
concentrated to give the title intermediate as a dark purplish oil. (m/): IM+H] " caled for
CosHasBrClFsN4Oy 593.07, 595.07 found 595.

(b) (R)-4-bromo-3-chlore-N-(6-(2-methvlpiperazin-1 -vhpyridin-3-yl)-5-

(trifluoromethoxy)i-benzamide

To the oily residuc from the previous step (122 myg, 0.21 mmol) was added 4 N
HCl in dioxane (0.51 mL, 2.05 mmol). The reaction mixture was held at RT overnight,
concentrated, evaporated with EtOAc (3 x 2.0 mL), and dried under vacuum to give the
di-HC1 salt of the title intermediate as a purplish solid. (m/z}: [M+H]" caled for
CysHpyBrCIFaNL O, 493.02, 495.02 found 495.
(¢} (R)-4-bromo-3-chloro-N-{6-(2-methvi-4-pivalovipiperazin- 1 -ybpyridin-3-v1)-5-

(riflugromethoxyibenzamide

The product of the previous step (116 mg, 0.21 mmol) was dissolved in a mixture

of DCM (2 mL) and DIPEA (0.14 mL, 0.82 mmol) at RT. Pivaloyl chioride (24.7 mg,

0.21 mmol) was added. The reaction mixture was stirred at RT for 10 min and then

purified by silica gel chromatography (12 g silica gel, 0-40% EtOAc/hexanes) to give the
title intermediate (80.3 mg, 68 % vield) as a light vellowish solid. (m/z): [M+H]' caled
for CygH 7BrCIFsNL0, 577.08, 579.07 found 579.

Preparation 52: 4-brome-2-fluere-3-(iriflucromethoxy)benzoic acid

CF;
o] F

OH
Br
@]

{2) 4-bromo-2-flugro-3-(triflucromethoxyjaniline

To a solution of 2-fluoro-3-(trifluoromethoxy)aniline (1.0 g, 5.13 mmol)
dissolved in DMF (2 mL)} at 0°C was slowly added a solution of cold V-
bromosuccinimide (0.91 g, 5.13 mmol) dissolved in DMF (6 mi) over 5 min. The
veaction mixure was stirred at 0 °C for 1 h, extracted with EtOAc (125 mL) and washed
with water (3 x 25 mL). The combined aqueous layers were extracied with EtOAc (75
ml.). The combined organie lavers were washed with brine (25 mL), dijed over sodium
sulfate, filtered, and concentrated to produce the title compound as a dark colored liguid

(1.27 g, 90 % vield). (m/): [M+HT" caled for C-HBrFNC 273.94 found 273.8.
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(b 4-bromo-2-fluore-3-(trifiuoromethoxy benzonitrile

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

{c) 4-bromo-2-fluoro-3-(frifluoromethoxyibenzoic acid

To asolution of the product of the previous step (258.6 mg, 0.91 mmol) in
dioxane (2 mL) was added water (0.8 mL) and suifuric acid (1.2 mL). The reaction
mixture was heated at 110 °C overnigitt, and extracted with DCM (80 mL) and water (20
mL). The aqueous kayer was extracted with DCM (2 x 30 mL.). The combined organic
layer was washed with water (2 x 30 mi), then with brine (30 mL), dried over sodium
sulfate, and filtered, and concentrated to provide the title intermediate (275 mg) as a
colored solid. (m/z): [M+H]' caled for CsHaBrF40: 302.92 found 302.8.

Preparation 53: (R)-4-b romo-Z—ﬂum"Eb—N—(6—-{2~methy]—é—pivalay!piperazin—l -
yDpyridin-3-yi)}-3-(trifiluoromethoxyibenzamide

\‘\‘

O

CF4 ’
HMN

Br@—« \_/ N ‘/><
@]

| 4-(5-(4-bromo-2-fluoro-3-(rifluoromethoxyibenzamido)r

A.methyviniperazine- 1 -carboxylate

To a solution of 4-bromo-2-fluoro-3-(trifiuororethoxyibenzoic acid {150 mg,
(.50 mmol, Preparation 52), (R)-tert-butyl 4-(5-aminopyridin-2-y1)-3-methylpiperazine-1-
carboxylate (145 mg, 0.50 mmol), and HATU (235 mg, 0.62 minol} dissolved in DMF (1
mL) was added DIPEA (0.43 mL, 2.48 mmol). The reaction mixture was stirred at RT for
[ h, extracted with EtOAc (80 mL) washed with water (3 x 20 mL)} and brine (20 mL),
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dried over sodium sulfate, filtered, concentrated, and purified by silica gel
chromatography (12 g stiica gel, 0-40% EtOAc:hexanes over 20 min), to provide the title
intermediate (203 mg, 71 % vield) as a yellow solid. (m/z): [M+H]" caled for
CoaHpsBrEMNLO, 577.10, 579.10 found 579.0.

{(b) (R)-4-bromo-2-fluoro-N-{6~(2-methvipiperazin- 1-vDpyridin-3-vh-3-

(trifluoromethoxy)-benzamide

To the product of the previous step (203 mg, 0.35 mmol) was added 4.0 M HCl in
dioxane (3 mL) and the reaction mixtare was stirred at RT for [ k, concentrated and
evaporated with EtOAc (2 x) to produce the di-HCI salt of the title intermediate (189.3
mg, 98 % vield) as a yellow solid. (m/z): [M+H] caled for CizH 7BrF N0, 477.05,
479,05 found 476.9.

{¢) {R)-4-bromo-2-fluore-N-(6-2-methyl-4-pivaloylpmperazin- 1 -vhpyridin-3-y1-3-

(trifluoromethoxyibenzamide

To a solution of the product of the previous step (189.3 mg, 0.34 mmol) and
DIPEA (0.1& mL, 1.03 mmol) dissolved in DMF {1 ml.) was added pivaloyl chloride
(0.042 mL 0.34 mmol) and the reaction mixtare was stirred at RT overnight,
concentrated, and purified by silica gel chromatography (0-40% EtOAc:hexanes over 25
min), to provide the title intermediate (128.6 mg, 67 % yield) as a white solid.

(m/z): [M+HT" caled for CoaHpsBrEN4Q; 561.10, 563.10 found 563.0.

Preparation 54; (285,45)-tert-butyl 2-(4-(4-bremophenyl}-1 H-imidazol-2-y)-4-
{(methoxymethyDpyrrolidine-i-carbexylate

=N

{a) (§)-1-teri-butyl 2-methy] 4-gxopvrrolidine-1,2-dicarboxviate

To asolution of (25,4R)-1-rert-butyl 2~-methyl 4-hydroxypyrrolidine-1,2~
dicarboxylate (40 g, 157 mmol) in DCM (560 mL) was added DMP (8¢ g, 189 mmol) at
0 °C and the reaction mixture was stirred at RT for 4 h, quenched with NaHS0;, extracted
with DCM and washed with NaHCO,. The organic phase was concentrated to provide
the title intermediate (33 g, 89 % vield) as a colorless oif. 'H NMR (400 MHz, CDCls):
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Hppm) 1.51 {8, OH}, 2.550-2.597 (d, tH, J=18.8 Hz), 2.876-2.944 (1, 1H, J=13.6 Hz},
3.895 (s, 3H), 3.766-3.895 (m,1H), 4.696-4.814 (m, 1H).

{b) (S.E)-1-tert-butyl 2-methyl 4-(methoxymethviene pymoliding-1.2-dicarboxylate

Potassium carbonate (200 g, 2.17 mmoel) was added to a solution of (S)-1-fert-
butyl 2-methy! 4-oxopyrrolidine-1,2-dicarboxylate (88 g, 362 mmol) and dimethyl] 1-
diaze-2-oxopropylphosphonate (200 g, 1.04 mol) in methanol (1 L) at 0 °C and the
reaction mixture was stirred at RT overnight, quenched, concentrated, poured into water,
extracted with DCM, and purified by column chromatography to provide the title
intermediate (18 g, 17 % yield) as a vellow ¢il. "H NMR (400 MHz, CDCls): 8(ppm)
1.406-1.457 (d, 9H, J=20.4 Hz), 2.502-2.520 {m, 1H), 2.601-2.631 (m, 1H), 2.720-2.782
(e, 1H), 3.578 (s, 3H), 3.707 (s, 3H), 3.952-3.983 (m, 1H}, 4.302-4.375 (m, 1H), 4.471-
4,490(m, 1H), 5.816-5.968 (m, 1.
(€) (28.48)-1-teri-butyl 2-methyl 4-{methoxymethyDpyrrolidine- |.2-dicarboxvlate

A sohurtion of (8,E)-1-tert-butyl 2-methy! 4-(methoxymethylene ypyrrolidine-1,2-
dicarboxylate (9 g, 33.21 mmol), magnesium oxide (12 g, 33.21 mmol) and palladium on
carbon (3 g) in methanol (100 mL) was held under a steady flow of hydrogen at RT for 2
f, and fiitered. The organic phase was concentrated to provide the title intermediate (9 g,
100 % vield) as a colorless oil. "H NMR (400 MHz, (CD5)%S=0): 8(ppm) 1.367 (s, 9H),
1.620-1.670 (m, 1H), 1.904-1.953 (m, 1H), 3.110-3.140 (s, 31, J=12Fz}, 3.255-3.360 (m,
2H), 3.523-2.561 (m, 1H), 3.653 (s, 3H), 4.241-4.283 (m, 1H).

{d) (28 45)-1-(tert-butoxycarbonvi)-4-(methoxymethvpyrrolidine-2-carboxvlic acid

A solution of (25,45-1-terr-butyl 2-methy] 4-(methoxymethyDpyrrolidine-1,2-
dicarboxylate (18 g, 66,91 mrmol) and lithium hydroxide (3.37 g, 80.3 mmol) m THEF (50
mL), methanol (50 ml), and water (50 ml.) was stirred at RT for 2 h, The reaction
mixture was adjusted to ph 6 and extracted with 10:1 DCM:methanol. The organic phase
was dried over sodium sulfate and concentrated to provide the title intermediate {17 g, 84
% yield) as a colorless oil). 'H NMR (460 MHz, CDCls): 8(ppm) 1.398-1.451 (&, 9H,
=212 Hz), 1.625-1.754 (m, 1), 2.226-2.652 {m, 3H), 3.251-3.458 (m, 15}, 3.316 (s,
3, 3.316-3.462 (m, 2H), 3.556-3.750 (m, 2H), 4.405-4.445 {m, 1H}, 7.652(s, 1H).

(&) (285.48)-2-(2-(4-bromophenvly-2-oxoethyl} | -reri-buty] 4-

{methoxvmethyDpyrrolidine-1,2-dicarboxylate

To a sokution of (28,45)-1-(terr-butoxycarbonyl -4-(methoxymethylpyrrolidine-2-
carboxylic acid (10 g, 38.61 mmol} in DCM (100 mL) was added (2-bromo-1-(4-
bromophenyl)-ethanone (11.8 g, 42.47 mmol) and triethylamine {7.8 g, 77.22 mmol}.
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The reaction mixture was stirred at RT for 3 h. Water was added and the mixture was
extracied with EtOAc. The organic phase was dried over sedium sulfate, concentrated,
and purified by column chromatography to provide the title intermediate (12 g, 56 %
yield) as a colorless oil. '"H NMR (400 MHz, CDCl): 8(ppm) 1.438-1.466 (d, 9H, =112
Hz), 2.024-2.056 (1, TH, ]=12.8 Hz), 2.553 (s, 2H), 3.214-3.776 (m, 6H), 4.410-4.850 (1,
1H, J=15 Hz), 5.155-5.549 (m, 1H), 7.270-7.278 (t, LH, J=1.6 Iz), 7.636-7.654 (d, 11,
J=1.2 Hz), 7.765-7.774(d, 1, J=3.6 Hz).
(f) (2848} -tert-butyl 2-(4-(4-bromophenyi)-1H-imidazol-2-yI)-4-
{methoxymethvDpvrrolidine-1-carboxviate

Ammonium acetate (77 g, | mol) was added to a solution of (25,48)-2-(2-(4-

bromophenyl}-2-axoethyl) 1-ter-butyl 4-(methoxymethyDpyrrolidine-1,2-dicarboxylate
(11 g, 25.11 mmol) in toluene (150 mL) and the reaction mixiure was refluxed overnight
and concentrated. Water (50 mL) was added, the reaction mixture was adjusted to pH &,
and extracted with BEtOAc. The organic phase was dried over sodium sulfate,
coneentrated, and purified by column chromatography to provide the title intermediate

(3 &, 31 % yield) as a white solid. "I NMR (400 MHz, CDCl3) 8(ppm) 1.316-1.535 (m,
9H), 2.457-2.630 (m, 4H), 2.808 (d, 1H), 3.202-3.223 (d, 1H, J=8.4 Hz), 3.404-3.505 (m,
6H), 3.832-3.877(m, 1H), 5.019-3.054 {t, 1H, J=14 Hz), 7.056-7.592 (m, 6H).

Example 1: (($)-1-{(25,45)-2-{4-(5'-Chtloro-4'-{|6-((2R,55)-2,5-dimethyi-4~
methylcarbameoyi-piperazin-1-yl-pyridine-3-carbonyl}-amine}-2'-trifluoromethoxy-
biphenyl-d-y1)-1H-imidazel-2-yl}-4-methyl-pyrrolidine-I-carbonyl}-2-methyl-
propyi-carbamic acidé methyl ester

LCF3 %

0 o>__<=_!\>'N/‘“\N ..,,(O

]

0”0
(a) ((S)-1- {2845} 2-14-(5"-Chloro-4- 116-({ZR 58)-2 5-dimsthvl-piperazin-1-v1}-
D)1 H-imidazol-2-vi]-

yyridine-3 -carbonvll-amine-2-triflucromethoxyv-biphenvyl-4-

4-methyl-pyrrolidine-{ -carbonyl} -2-methyl-propyli-carbamic acid methvl ester
To a solution of [(§)-2-Methyl- 1-{f28 48 4-methyl-2- {4-14-(4,4, 5, 5-tetramethy [
1,3,2-dioxaborolan-2-yD-phenyl]-1 H-imidazol-2-y1} -pyrrolidine- 1 -carbonyl)-propyl}-
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carbamic acid methyl ester (168 mg, 0.33 mmol) and (25,5R)-4-|5-(4-bromo-2-chlore-5-
triflusromethoxy-phenyicarbamoy-pyridin-2-y11-2, 5 -dimethyl-piperazine- 1 -carboxylic
actd fert-bruty] ester {200 mg, 0.33 mmol) dissolved in toluene (2.1 mL) and water {(0.30
mL) was added potassium carbonate (227 mg, 1.65 mmol}. The reaction mixture was
sparged under nitrogen for 15 min. Tetralds{triphenylphosphinepalladium(0} (45.6 mg,
0.039 mmol) was added and the reaction mixture was sparged with nitrogen and heated at
160 °C overnight. The reaction mixture was diluted with ethyl acetate and washed with
water and brine. The organic layer was dried over sodium sulfate, filtered and
concentrated to produce a brownish solid.

The solid from the previous step was treated with 4 M HCI in 1, 4-dioxane
(2.5mlL) and HC1{0.6 mL) and stirred at RT for 1 h. The reaction mixture was
concentrated, dissolved in 1:1 acetic acidiwater (6 mL) and purified by reverse phase
HPLC. Fractions containing desired compound were combined and lyophilized to
produce the tri-TFA salt of the title intermediate (99 mg, 26 % yield) as a white powder.
(m/z). [M+H]" caled for CapHaCIF3NgOs 811,32 found 811.0,

() (($)-1-1{(2545)-2-[4-(5-Chloro-4" {[6-((2R,55)-2.5-dimethyl-4-methylcarbamovl-

iperazin-1-yD-pyridine-3-carbonyl]-amino -2-irifluoromethoxv-biphenvi-4-yI- 1 H-

imidazol-2-v1]-4-methyl-pyvrrolidine- 1 -carbonvl } -2-methvi-propvl)-carbamic acid

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

methylaminoformyl chloride in DMA (34.7 ul., 0.017 mmol) was added followed by

N, N-diisopropylethylamine (0.015 mL, 0.087 mmol) and the reaction mixture was stirred
at RT overnight, concetnrated by rotary evaporation, dissoived in 1:1 acetic acidiwater
(1.5 mL) and purified by reverse phase HPLC to provide the di-TFA salt of the title
compound {15 mg, 79 % yield). (m/z): [M+H]" caled for CpHyCIF.N,O; 868.35 found
868.6.
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Example Z: [(&)-1-((28,458)-2-{4-]5"-Chlore-4"-({6-|{ R)-4-((5)-2,2~dimethyi-
eyclopropanecarbonyl)-2-methyl-piperazin-I-yl|-pyridine-3-carbonyl}-amina)-2'-
trifluoromethoxy-biphenyl-d-yl}-1 H-imidazel-Z-yl}-4-methyl-pyrrolidine-i-
carbonyl}-2-methyl-propyll-carbamic acid methyl ester
CFs %,

#

=N 0
NSt
HN™N O O NIV
WC%‘N

Ci
N\//rO
HN (
{(2) ((5)-1-{(25,45Y 2-14-(5-Chicro-4" {{6-{{ R)-2-methvi-piperazin-1 -vi-pyridine-3-

~

~2rifluoromethoxy-biphenyl-d-vi)- 1 H-imidazol-2-vl]-4-methyl-

pyrrolidine-1-carbony1} -2-methvi-propyl-carbamic acid methyi ester

Foliowing the general procedure of Example 1(a) at the .30 mmol scale,
substituting (R)-4-|5-(4-bromo-2-chioro-S-triflucromethoxy-phenylcarbamoyl)-pyridin-2-
yi}-3-methyl-piperazine- [ -carboxylic acid tert-butyl ester for {2S,5R)»4m[5.»(4wbromo»2»
chloro-5-trifiuoromethoxy-phenyicarbamoyly-pyridin-2-yi}-2,5-dimethyl-piperazine- 1 -
carboxylic acid rerr-butyl ester, with, alternative purification by evaporation with ethyl
acetate (2 x) the tri-HCI salt of the titie intermediate was prepared (101 mg, 29 % yield).
(m/zy. IM+HT" caled for CaoHuCIFNLO, 797.21 found 797,

(b [(S)-1-({28,48)-2-{4-[ 5'-Chloro-4'- (16-(R)-4-((5)-2.2-dimethvi-

cvclopropanecarbonvl-2-methvi-piperazin-1-vil-pyridine-3-carbonvl} -aming)-2'-

methoxy-biphenvi-4-v1i-i H-imidazol-2-v1} -4-methvi-pyrrolidine- 1 -carbonyl)-2-

methvi-propvil-carbamic acid methvi ester

To asolution of 0.5 M (5)-(+)-2,2-dimethyicyciopropane carboxylic acid in DMA
{41.6 ul, 0.02 mmol) was added HATU (7.9 mg, 0.02). The reaction mixture was stirred
for.15 min and then the product of the previous step (20 mg, .02 mmol) was added
followed by N, N-diisopropylethylamine (0.015 mL., 0.09 mmol) and the reaction mixture
was stirred at 35 °C overnight, congentrated, dissolved in 1:1 acetic acidrwater (1.5 mL)
and purified by reverse phase HPLC to provide the di-TEFA salt of the title compound (16
meg, 78 % yield). (msz): [M+H]" caled for CiuHCIF,N:O, 893.37 found 893.6
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Example 3: {{5)-1-{(25,45)-2-{4-[5'-Chloro-4'-({6-{(2R,58)-4-( 1 H-imid azele-4~
carbonyl)-2,5-dimethyl-piperazin-1-ylj-pyridine-3~carbonyl }-aming)-2'-
triflusremethyi-biphenyl-4-vlj-1 H-imidazel-2-y1}-4-methyi-pyrrelidine-1-carbonyi)-

Z-methvl-propylj-carbamic acid methyl ester
FsC 0 =N . 0
N N

O
A\
Vool v
Gl H

NfO

(a) {((8)-1-§(28.48)-2-[4-(5"-Chioro-4'-{[6-((2R.581-2.5-dimethyl-piperazin-1-y1}-
pyridine-3-carbonyil-amino -2'-trifluoromethyl-biphenyl-4-v1}- 1 H-imidazol-2-v1]-4-

methvl-pyrrolidine-1 -carbonvl}-2-methvi-t

Following the procedure of Example 1 at the 0.24 mmol scale, substituting
{28,5R)-4-[5+(4-Bromo-2-chlore-5-trifluoromethyi-phenylcarbamoyl)-pyridin-2-y1}-2,5-
dimethyl-piperazine- 1 -carboxylic acid rers-buty! ester for (28,5R)-4-{5-(4-bromo-2-
chloro-5-trifluoromethoxy-phenylcarbamoyl)-pyridin.2-y1]-2, 5-dimethyl-piperazine-1 -
carboxylic acid rerr-butyl ester, the iri-TFA salt of the title intermediate was prepared
(116 mg, 54 % vield). (m/z): IM+H]" caled for CooHuCIFNO, 795.33 found 795.4.

(b) [(8)-1-((28.45)-2-{4-[5"-Chioro-4"- ({6-[(2R.55)-4-(1 H-imidazole-4-carbony()-2.5-

dimethyl-piperazin-i-vij-pvridine-3-carbonyl} -amino)-2-triflucromethvl-biphenvi-4-

vij-LiH-imidazol-2-v1} -d-methyl-pvrrolidine- 1 -carbonyl)-2-methvl-nropyll-carbamic

acid methyl ester

To a solution of the product of the previous step (12 mg, 0.013 mmol) and N.V-
diisopropylethylamine (23 pl., 4.13 mmol) dissoived in DMA (6.5 mL) was added
imidazol-4-carboxylic acid (1.5 mg, 0.013 mmol) and HATU (7.6 mg, 0.02 mmol) and
the i'cacfcion mixture was stirred at 50 °C for 2 hours, concentrated and dissolved n 1:1
acetic acidiwater (1.5 mL) and purified by reverse phase HPLC to provide the tri-TFA
salt of the title compound (5 mg). (m/z): [M+H] caled for CoHeCIFN,0: 889.35 found
389.6.
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Example 4: Methyl {(§)-1-((5)-8-(4-(4"-(6-((R)~4~-((5)-2,2-
dimethyleyclopropanecarbeonyl-2-methylpiperazin-1-ylinicotinamide)-2'-
(triftuoromethexy)biphenyl-4-yh-1H-imidazel-2-y1)-1,4-dioxa-7-azaspiro[4.4|nonan-
Tuyl)-3-methyl-1-oxobutan-2-ylcarbamate

JCFs =,

G ') =N VY O
- O I o
POV
d NI‘(

H
0

To a solution of {(5)-1-{{(3-8-[4-(4"- Amino-2'-trifluoromethoxy-biphenyl-4-yl)-
1 H-imidazol-2-yl]-1,4-dioxa-7-aza-spiro[4.4 Jnonane-7-carbonyl} -2-methyl-propyl)-
carbamic acid methyl ester 2 HCL (92.0 mg, .136 mumol; Preparation 9) in DCM
(1.36 mL) and DMA (0.14 mlL.) at RT was added N,N-ditsopropylethylamine (94,7 ul.,
0.54 mmol) and 2-flucropyridine-5-carbonyt chioride (228 mg, .143 mmol), The
reaction mixture was stirred for 30 min at RT and concentrated.

The residue from the previous step was dissolved in DMSO (2.0 mL) and treated
with (R)-3-methyi-piperazine-1-carboxyiic acid rerr-butyl ester (136 mg, (.680 mmol)
and N, N-diisopropyiethylamine (0.237 mi., 1.36 mmol) at 120 °C overnight.

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

To a maxture of ($)-(-+)-2,2-dimethylcyclopropane carboxylic acid (1.75 mg,

20 0.015 mmol) in DMA (0.5 mL) at RT was added the product of the previous step (3-TFA

salt form) (16 mg, 0.614 mmol) and N N-ditsopropylethylamine (12.1 pL, ¢.070 mmol)
and the reaction mixture-was stirred at RT overmight, dissolved in 111 acetic acid:water
(1.5 mL), filtered and purified by reverse phase HPLC to provide the di-TFA salt of the
title compound (6 mg). (m/2): [M+H]" caled for C,HeF.NO; 903.39 found 904.0.
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Example 5; (§)-2-{(R}-4-[5-{4"-{2-[(25.45)-4-Hydroxy-1-{{$)-2-
methozycarbenyl-amine-3-methyl-butyryl-pyrrelidin-2-yi]-1H-imidazel-4-yI}-
bipheryl-d-ylearbameoyh-pyridin-2-yl]-Z-methyl-piperazine-l-carbonyil-Z-methyl-

pyrrolidine-1-carboxylic acid methyl ester

o /N P i\
i N N -
=N

HN 'r
"

(a) {8)-1-{(25.45)-4-Hydroxy-2-[4-(4"- {] 6-((R}-2-methvi-piperazin- 1 -yl }-pyridine-3-

-1 H-amidazol-2-v-nvrrolidine- 1 -carbony]t-2-

methvi-propyD-carbamic acid methy] ester

A solution of (B)-4-(3-carboxy-pyridin-2-y[}-3-methyl-piperazine-1-carboxylic
10 acid tert-butyl ester (130 mg, 0.42 mmol), EDC (120 mg, 0.63 mmol) and HOAt (86 mg,
0.63 mmol) dissolved in DMA (3.9 m1.) was stirred at room temperature for 30 min and
then ((5)-1-{(25,48)-2-14-(4"-Amino-biphenyl-4-y- 1 H-imidazol-2-y1]-4-hydroxy-
pyrrolidine- 1-carbonyl} -2-methyi-propyl)-carbamic acid methyl ester (200 mg,
(.40 mmol; Preparation 10) was added followed by N N-diisopropylethylamine (0.18 ml.,
15 1.0 mmoi). The reaction mixture was stirred at RT over the weekend, and extracted with
EtOAc and water. The organic layer was dried over sodium suifate, fiitered and
evaporated under vacuum.
The brown oil from the previous step was treated with 4 M HCl in 1,4-dioxanc
(3.1 mL} and HCI (1.15 mL) and stirred at room temperature for 1 h. The reaction
20 mixture was concentrated and evaporated with ethyl acetate (2 x) to produce a brown oil.
The oil was dissolved in i:1 acetic acid:water (4 mL) filtered, and purified by reverse
phase HPLC to produce the tri-TFA salt of the desired product (276 mg). (m/z): [M+H]
caled for CyHuNO; 681,34 found 681.4.
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~2-methoxyearbonyl-aming-3-

methyl-butvryD-pyvrrolidin-2 -vil- L H-imidazol-4-v1 -biphenvl-4-vicarbamoyl)-

pvridin-2-vii-3-methvl-piperazine-1-carbonvl} -2 -methyl-pyrrolidine- 1 -carboxvlic

acid methy! ester
5 The product of the previous step (20.0 mg, 0.029 mmol) was dissolved in DMA (1

mL) and N, N-diisopropylethylamine (0.015 mi, 0,088 nunol) was added. To the reaction
mixture was added 0.5 M (§)-2-methyl-pyrrolidine-1,2-dicarboxylic acid 1-methy! ester
in DMA (70.5 pL, 0.035 mmol) followed by HATU (13 mg, 0.635 mmol). The reaction
mixture stirred at RT overnight, concentrated, dissolved in 1:1 acetic acidiwater (1.5 mi)

10 and purified by reverse phase HPLC to provide the di-TFA salt of the title compound
(16.8 mg, 56 % vield). (m/z): [M+H]" caled for CisHssNoO;5 850.42 found 850.4.

Example 6; ((§)-1-{(2545)-2-{4-{4'-{[6-{(R)-4-Cyclopropanecarbonyl-2-
methyl-piperazin-I-yh-pyridine-3-carbonyl]-amine}-biphenyl-4-yl)-1Li-imidazel-2-
yH~d-dimethylamino-pyrrolidine-i-carbonyl}-2-methyl-propyi)-carbamic acid

15 methy! ester

%

I's) =N 7N O
WN N%
NN e
N 0]

HN (

\‘GAO
(a) ((S)-1-{{25.48)-4-Dimethvlaming-2-[4-(4"- {{6-((R-2-methyi-piperazin-1-yl}-

carbonvl}-2-methvi-propvl}-carbamic acid methvl ester

20 A solution of {((5)-1-{{28,45)-2-{4-(4-bromo-pheny|)- L H-imidazol-2-yl]-4-
dimethylamino-pyrrolidine- i -carbonyl}-2-methyl-propyl)-carbamic acid methy! ester
(135 mg, 0.27 mmol; Preparation 12) and (R)-3-methyl-4-{5-[4-(4.4,5,5tetramethyi-
1,3, 2-dioxaborolan-2-y1-phenylcarbamoyll-pyridin-2-yi} -piperazine- 1 -carboxyhic acid
tert-butyl ester (140 mg, 0.27 mmol; Preparation 13} dissolved in 1,2-dimethoxyethane

25 {2.85 mL) and water {0.99 mL)} was sparged under nitrogen. Sodium bicarbonate {86.4
mg, 1.03 mmol} was added, followed by tetrakis(triphenylphospiine)palladium(0) (48

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

The yellow oil from the previous step was treated with 4 M HCl in 1,4-dioxanc
{3 mL) and stirred at RT for I h, concentrated, dissolved in 1:1 acetic acid:water (4 mL)
and purified by reverse phase HPLC fo produce the tri-TFA salt of the title intermediate
(100 mg, 30 % vield). (m/z); [M+H]" caled for CyHN, O, 708.39 found 708.9.
(0) {($)-1-1(28 48)-2-T4-(4- 1 [6-({R)-4-Cyclopropanecarbonyl-2-methyl-piperazin-1-vl)-

nvridine-3-carbonvit-amino  -biphenvi-4-v-1 H-imidazol-2-vii-4-dimethylamino-

pyrroiidine- 1 -carbonvl}-2-methvl-propvl -carbarnic acid methy] ester

To a solution of the product of the previous step (10 mg, 0.01 mmol} and N, N-
diisopropylethylamine (8.3 pl, 0.048 mmol} dissclved in DMA (0.3 mL) was added
cyclopropanecarbonyi chioride (0.86 pL, 0.0095 mmol} and the reaction mixture was
stirred at RT overnight, concentrated, dissolved in 1:} acetic acidrwater (1.5 mi.) and
purified by reverse phase HPLC to provide the tri-TFA salt of the title compound
(6.9 mg). (m/zy [M+H]" caled for CoH, N0, 776.42 found 776.4.

Exampie T: ((S)-l—{(ES,4S)—2-[4-(4'-—{6-E(ZR,S.S')»4~((S}~2,2—Dimethyl-
eyclopropanecarbonyl)-2,5~-dimethyl-piperazin-1-ylj-pyridin-3-ylcarbamoyi}-2'-
trifluoromethoxy-biphenyl-4-yl)-1 H-imidazel-2-yl-4~-methyl-pyrrolidine-i-

carbonyl}-2-methyi-propylj-carbamic acid methyl ester

O,c;=3 . /__\ o
=N @
O

s

HNT

N0 g

(2) {(8)-1-[(25.45)-2-(4-14'-[6-((2R,58)-2.5-Dimethvl-piperazin-1-yl}-pyridin-3-

yicarbamovl]- 2’trifiuoromethoxy-biphenyl-4-yl}-1H-imidazol-2-vI-4-methvl-

pyrrolidine-1-carbonyil-2-wmethvi-propyil-carbamicacid methyi ester

To a mixture of 4-{2-{(28,45-1-((5)-2-methoxvearbonylamino-3 ~methyi-
butyryl)-4-methyb-pyrrolidin-2-yl]- 1 H-imidazol-4-y1} -2-triftuoromethoxy-biphenyl-4-
carboxylic acid TFA (80 mg, 0.11 mmol; Preparation 15) and (28,3R)-4-(5-amino-
pyridin-2-y1)-2, 5-dimethyl-piperazine-1-carboxylic acid zer-butyl ester (416 mg,

(.14 mmol; Preparatton 16) in DMF (1 mL) at RT was added HATU (56,8 mg, 0.15
99
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mmol} followed by N, N-diisopropylethylamine (0.12 mL, 0.68 mmol). The reaction
mixture was stirred at RT overnight, and partitioned between EtOAc (10 mL) and water
(3 mL}. The organic layer was washed with water (3 mL), dried over sodium sulfate,
filtered and concentrated to give a brownish red oil.
5 The oily residue from previous step was treated with 4 M HCl in 1,4-dioxane

{1.0 mL) at RT for 30 min. The reaction mixture was concentrated, evaporated with
FtOAc (3 x 3 mL) dissolved in a mixture of ACN and water and freeze dried to give the
tri-HC] salt of the title intermediate {124 mg) as a reddish solid. (m/z): [IM+H] caled for
CapHyFaNgOs 777.36 found 777,

10 (b) {{8)-1-1{25485)2-[4-(4"- {6-[(2R 55)-4-((5)-2.2-Dimethyl-cyclopropanecarbonyl)-2.5-

dimethvl-niperazin-1-v1]-pyridin-3-vlcarbamovl} -2'-triflucromethoxy-biphenyi-4-vi)-

1H—imidazol—Z-vH—4—meth.vi—nv1‘rolidine- l-carbonvi}-2-methvl-propyi-carbamic acid

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

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

20 (m/zy [MHH] caled for CoHsFiNyO, 873,42 found 873.8.

Example 8: ((S-1-{(25,482-[4-(4'-{6-[(R)-4-((8}-2,2-Dimethyl-
cyclopropanecarbonyl)- 2-methyl-piperazin-i-yij-pyridin-3-ylcarbamoyl}-2'-
triflusremethoxy-biphenyl-4-yD)-1 H-imidazol-2-yl]-4-methyi-pyrrolidine-1-
carbonyll-2-methyl-prepyl)- carbamic acid methyl ester

O/CFS = 0
— i\ 7

HN{)—N N—4
OO o
=N ]

N N‘To

.,

25 O’L*O

HN

-

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

{m/z); [IM+HT" caled for CuHanF3N;O, 859,40 found 859.4.

Example &1 ((8)-1-{(25,48)-2-[4-(4"-{6~|(R)-4-{(§)-2,2~D¥imethyl-
eyclepropanecarbonyl)-2-methyl-piperazin-1-ylj-pyridin-3-ylcarbameoyl}-2'-
triflueromethexy-biphenyl-4-y1)-1 H-imidazel-2-yl}-4-methylsulfanyl-pyrrelidine-1-

carbonyll-2-methyl-propyli-carbamic acid methyl ester

LF3 %
9 =N_ /™ 9
- OO
=N [@]
HN (
~N0
{a) {($)-2-Methyl-1-[(285.45)-2-(4-{4'-[6-((R)-2-methvl-piperazin-t-v])-pyridin-3-
vicarbamovll-2"-trifluoromethoxv-biphenvl-4-v1l - L H-imidazol-2-v1)-4-

methvisulfanvl-pyrrolidine-1 -carbonvl-propyl} -carbamic acid methv] ester

To a mixture of 4'- {2-[(25,45)-1-((S)-2-methoxycarbonylaminoe-3-methyl-
butyryl}-4-methylsulfanyl-pyrrofidin-2-y13}- L H-imidazol-4-y1} -2-wrifluoromethoxy-
biphenyl-4-carboxylic acid TFA (37 mg, (.05 mmol; Preparation 21} and (R)-4-(3-amino-
pyridin-2-y1}»-3-methyl-piperazine-1-carboxyiic acid rerr-butyl ester (16 mg, 0.06 mmol)
in DMF (0.5 mL) at RT was added HATU {21 mg, 0.06 mmol) followed by NN~
Diisopropylethylamine (44.3 uL, 6.25 mmol). The resulting mixture was stirred at RT
overnight. The reaction mixture was partitioned between EtOAc (5 mL) and water
(2 mL). The organic layer was washed with water (2 mL), dried over sodium sulfate,
filtered and concentrated to give a brownish red oil,

The otly residue from previous step was treated with 4 M of HCl in 1,4-
dioxane(1.0 mL)at RT for 30 min. The reaction mixture was concentrated, evaporated
with EtOAc (3 x 2 mL.), dissolved in a mixture of ACN and water, and freeze dried to
give the tri-HCl salt of the title intermediate (57 mg) as a brownish solid. (m/2): M+H]"
caled for CHaFNz0.8 891,38 found 891.
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() ((8)-1-4(28.45)-2-F4-(4- 1 6-[( R}-4-((5)-2.2-Dimethvl-cvclopropanecarbony]}-2-

methyl-piperazin-1-vl]-pyridin-3-vlcarbamovl} -2 -trifluoromethoxyv-biphenvl-4-y1-

1 H-imidazel-2-vll-4-methvisulfanyl-pvrrolidine- 1 -carbonyl } -2-methvl-propyv])-

carbamic acid methyl ester

5 To a mixture of {(§)-(+)-2,2-dimethyleyciopropane carboxylic acid (2.7 mg,
0.023 mmol) and HATU (8.8 mg, .023 mmol) in DMF (0.5 mL) at RT was added the
product of the previcus step (19.1 mg, 0.021 mmol) followed by N, N-
diisopropylethylamine (18.4 uL, 0.11 mmol). The reaction mixiure was stirred at RT
overnight, concentrated, dissolved in i:1 acetic acidiwater (1.5 mL) and purified by

10 reverse phase HPLC to provide the di-TFA salt of the title compound (11 mg).
(m/z): [M+H]" calcd for Cos s, F:N:O.S 891.38 found 891.

Example 10: [(§}-1-({25,45)-2-{4-[5"-Chloro-4"-{{6-[(R)-4-(2,2-dimethyl-
propionyl)-2-methyi-niperazin-I-yi-pyridine-3-carbonyl}-amine)-2'-
trifiuoromethoxy-biphenyl-4-yl]-1H-imidazel-2-yl}-4-methyl-pyrrolidine-1 -

15 carbonyl)-2-methyl-prepyll-carbamic acid methyl ester

z

O/CFB N 5 o
- O K
._C/L\”
Ci

NTO
HIN (
e

(a) (R)-4-{3-(5-Chlorg-4'- {2-1{25.48)- 1 ((8}-2-methoxvecarbonylamino-3-methyi-butvrvl -

4-methyi-pyrrolidin-2-vil-LH-imidazol-4-v1} -2-trifluoromethoxy-biphenyl-4-

iperazine-1-carboxvlic acid fert-butyl ester

20 To 2 solution of [(8)-2-methyl-1-((25,45)-4-methyl-2- {4-[4-(4 4,5 S-tetramethy}l-

1,3,2-dioxaborolan-2-yij-phenyl]- 1 H-imidazoi-2-y1 }-pyrrolidine- I -carbonyl-propyl]-
carbamic acid methyl] ester (155 mg, (.30 mmol) and (#)-4-[5-(4-bromo-2-chlore-5-
irifluoromethoxy-phenyicarbamoyly-pyndin-2-y1}-3-methyl-piperazine- 1 -carboxylic acid
terr-butyl ester (180 mg, 0.30 mmol, Preparation 1) dissolved in toluene (1.9 ml.) and

25 water (0.33 mL) was added potassium carbonate (210 mg, 1.52 mmo!l). The reaction
mixture was sparged under nitrogen. Tetrakis(triphenyiphosphine)palladium(C) (42 mg,
0.036 mumol) was added and the reaction mixture was sparged with nitrogen and heated at

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

(b)Y {{5)-1-{(28.45)-2-[4-(5'-Chloro-4'- { [ 6-({R}-2-methyl-piperazin-1 -yl}-pyridine-3-

carbonyl}- amino}-2'-wrifluoromethoxv-biphenyi-4-v)-1H-imidazol-2-yt]-4-methyl-

pyrrolidine- 1 -carbonyl }-2-methvl-propvl)-carbamic acid methyl ester

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

{c) [{8)-1-((28.45)-2-{4-[5"-Chloro-4"-({6-1(R)-4-(2 2-dimethyl-propiony])-2-methyl-

niperazin:1-vll-pyridine-3-carbonyl

imidazot-2-v1}-4-methvl-pvrrolidine- L-carbonv])-2-methvl-propvl]-carbamic acid

methvl ester
To a solution of the product of the previous step (12 mg, 0.014 mmol) in
DMF (0.5 mL)was added N, N-diisopropylethylamine (0.024 mL, 0.14 mmol) followed by
2,2-dimethylpropanoyl chloride (1.7 L, 0.014 mmol}. The reacticn mixture was stirred
at RT for 30 min, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL.) and purified .
by reverse phase HPLC te provide the di-TF A sali of the title compound (7 mg).
(m/z) [M+H]" caled for CoHaCIFN,Os 881.37 found 881.8.

Example 11; [($)-1-({25,45)-2-{4-[4'-({6-[(R}-4-(2,2-Dimethyl-propionyl)-2-
methyl-piperazin-1-yi}-pyridine-3-carbonvl}-amine)-5'-fiuore-2 -triflusromethoxy-
biphenyl-4-yl|-LH-imidazol-2-yI}-4-methyl-pyrrelidine-i-carbonyl)}-Z-methyl-

propyl}-carbamic acid methyl ester

ALFs Z
a o =N . D
NN
HNW N 'g<
m/:?\ F
N._s0
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5-(5-Fluoro-4'-{2-[(28 48)-1-

4.methyl-pyrrolidin-2-vi]- 1 H-imidazol-4-vi}-2-trifluoromethoxyv-biphenyl-4-

vicarbamov]-pyridin-2-v1]-3-methyl-piperazine-1 -carboxvlic acid feri-butvi gster
To a solution of [($)-2-methyl-1-((28,48)-4-methyl-2- {4-[4-(4,4,5,5-tetramethyl-
5 1,3,2-dioxaborolan-2-yl-phenyl}-1H-imidazol-2-y1} -pyrrolidine- 1 -carbonyl)-propylj-

carbamic acid methyl ester (170 mg, .33 mmol) and {R)-4-[5-(4-bromo-2-fluore-5-
trifluoromethoxy-phenylearbamoyly-pyridin-2-y1}-3-methyl-piperazine- 1 -carboxylic acid
tert-butyl ester (192 mg, 0.33 mmol, Preparation 24) dissolved in toluene (2.1 mL) and
water (0.8 mL) was added potassium carbonate (230 mg, 1.67 mmol). The reaction
10 mixture was sparged with nitrogen, Pd(dppDHCLCH,Cl, (25 mg, 0.03 mmaol) was added
and the reaction mixture was sparged with nitrogen and heated at 90 °C ovemight. The
reaction mixture was cooled to RT, filtered through a pad of Celite® and silica gel and
washed with BtOAc. The filtrate was washed with water and brine to produce a brownish
colored oil. The residue was purified by sitica gel chromatography (24 g, 40% to 100%
15 EtOAc/hexanes) to produce the title intermediate as a yeltowish solid (227 mg, 78 %
vield)., (m/z); [M+HT caled for CoHoFN:O, 881.39 found 881.4.
(b ((8)-1-1(25.48)- 2-[4-(5"-Fluorg-4"- {[6-{(R)-2-methvl- piperazin-1-yl)-pyridine-3-
carbonvll- amino} -2'-trifluoromethoxy-biphenyl-4-vh-1 H-imidazol-2-y1i-4-methyl-

pyrrelidine-1-carbonyl}-2-methyi- propvi-carbamic acid methyl ester

20 The solid from the previous step (227 mg) was treated with 4 M HCl in {4~
dioxane (1.67 mL) and FIC1 (0.51 mL) and the reaction mixture wasg stirred at RT for I h.
The reaction mixture was concentrated and evaporated with ethyl acetate (2 x) to produce
the #ri-HCT salt of the title intermediate as a yellow solid. (237 mg, 80 % yield).
(m/z): [Mﬂ{f caled for CieHaFaNOs 781.34 found 781.3.

25 (e} [(8)-1+(285.482-14-T4"-( {6-[(R}-4-(2.2-Dimethvi-propionyl}-2-methvl-piperazin-1-

vil-pyridine-3-carbonyl}-amino}-5'-fluoro-2' -triflucromethoxv-biphenvyl-4-yi]- LH-

imidazol-2-vl} -4d-methvi-nyrrolidine--carbonyly-2-methvl-propvli-carbamic acid

methyl ester
To the product of the provious step (15 mg, 0.017 mmol} dissolved in DMA
30 (1 mL)was added N N-diisopropylethylamine (14.4 uL, 0.083 mmol} followed by 2,2-
dimethylpropanoy! chloride (24 mg, 0.020 mmol) and the reaction mixture was stirred at
RT overnight, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by
reverse phase HPLC to provide the di-TFA salt of the title compound (15 mg, 81 %
yield). (m/z): [M+H]" caled for CoHsFN:O, 865.39 found 865.8.
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Example 12: ((§)-1-{(25,48)-2-|53-Chloro-d4~(4'-{6-[(R)-4-(2,2-dimethyl-
propienyl)-2-methyl-piperazin-t-ylj-pyridin-3-yicarbamoyl}-2'-triflueromethoxy-
biphenyl-4-yl)-1 H-irnidazel-2-yl]-4-methyl-pyrrolidine-1-carbonyl}-2-methyl-

propyl}-carbamic acid methyl ester
JCF; %,
Cl Q =N~ 0
N N N
A BSOS AN
=N &
NTO

HN (
s \“GAO
(a)y {(5)-1-1(25.48} 2-(5-Chlore-4-14"- [6-((R)-2-methvl-piperazin-1-v1) -pvridin-3-

vicarbamovil- 2'-rifluoromethexy-biphenvi-4-v1i-1 F-imidazol-2-v1) -4-methvl-

pyrrolidine-1-carbonvll-2-methyl-propvl} -carbamic acid methy] ester
To a mixture of 4'- {5-chioro-2-{{25,49)-1-((S)-2-methoxycarbonylamino-3-

10 methyl-butyryD-4-methyl-pyrrolidin-2-yi}- 1 H-imidazol-4-y1[}-2-trifluoromethoxy-
biphenyl-4-carboxylic acid TFA (48 mg, 0.06 mmol; Preparation 255 and HATU (27 mg,
0.07 mmol) in DMF (1 mL) at RT was added 4-(5-amino-pyridin-2-y1)-3-methyi-
piperazine-1-carboxylic acid rerr-butyl ester (21 mg, 0.07 mmol followed by N.N-
diisopropylethylamine (67.6 ul, 0.39 mmol). The reaction mixture was stirred for 1 h,

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

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

20 (1.0 mL) at RT for 30 min. The reaction mixture was concentrated, evaporated with
EtOAc (2 x 2 mL) and dried under vacuum to give the tri-HCl salt of the title
intermediate (47 mg) as a light yellowish solid. (m/z}): [M+H]" caled for CyH,ClF N0
797.31 found 797.
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methy] ester
To amixtore of the product of the previous step (12 mg, 0.013 mmol) and N.N-

diiscpropylethylamine (13.6 ul, 0.078 mmolyin DMF (4.5 mL) at RT was added 2,2-
dimethylpropanoy! chloride (1.92 ul., 0.016 mmol). The reaction mixture was stirred at
RT for 1 h, concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by
reverse phase HPLC to provide the di-TFA salt of the title compound (6 mg).

(m/zy: [M+HY caled for CuHaCIEN,O, 881.37 found RR1.8.

Example 13: ((5-1-{(25.45)-2-[4-(4"-{|6-((R)-4-tert-Butyl-2-methvl-piperazin-
t-yl)-pyridine-3-carbonyl}-amino}-5"-chloro-2'-trifiueromethoxy-biphenyl-4-y1)-14-
imidazol-2-ylj-4-methexy-pyrrolidine-i-carbonyi}-2-methyl-propyl}-carbamic acid

CFs =
o] ') =N P
N/ N N
O
\N -
Cl
/O NTO

o~ "0
To a solution of ({S)-1-{(25,45)-2-[4-(5"-chloro-4'- {{6-({ R)-2-methyl-piperazin-1-
yl-pyridine-3-carbonyl]-amino } -2'-trifiuoromethoxy-biphenyl-4-y1)- 1 H-imidazol-2-v11-

methyl ester

HN

.

4-methoxy-pyrrolidine- I -carbonyl }-2-methyl-propyl)-carbamic acid methyl ester tri-HCl
{10 mg, 0.01 mmol; Preparation 28) in DMA (1 mL.) was added N, N-
ditsopropylethylamine (%.44 gL, 0.05 mumol) followed by 2,2-dimethylpropanoy] chloride
(1.31 mg, 0.01 mmol). The reaction mixture wag gtirred at RT overnight, concentrated by
rotary evaporation, dissolved in 111 acetic acidiwater (1.5 mL) and purified by reverse
phase HPLC 1o provide the di-TFA salt of the title compound (7 mg, 51 % yield)

(m/zy. [M+H]" cated for CuHsCIFNO, 897.36 found 897.8,
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Example 144: [(83-2-((28,45)-2-{4-[5'-Chloro-4'-{{6-{(K)-4-(2,2-dimethyl-
propignyi)-2-methyi-piperazin-i-yl|-pyridine-3-carbenyi}-aminoj-2'-
triffusromethoxy-biphenyi-d-yl]-1 H-imidazol-2-yl}-4-methyl-pyrrelidin-1-yl)--2-
oxo—I-(tetrahydro-pyran-4-yh-ethylj-carbamic acid methyl ester

-
=

LCFs .
9} 0 =N =\ O
N
WNu AS/\
= ]
Cl

N

O
OOW{:(

&

To a solution of (8)-methoxycarbonylamino-(tetrahydro-pyran-4-yij-acetic acid
(9.4 mg, 0.046 mmol; Preparation 29} in DMA (5 ml.) was added HATU (45.3 mg,
0.12 mmol). The reaction mixture was stirred at RT for 15 min, and N-{35-chloro-4'-[2-
{(25,48)-4-methyl-pyrrolidin-2-y1)-1 H-imidazol-4-y1]-2-trifluoromethoxy-biphenyl-4-
vy -6-[(R)-4-(2,2.dimethyl-propiony]}-2-methyl-piperazin- -yl}-nicotinamide tri-HCl
(30.0 mg, 0.036 mmol; Preparation 31 was added followed by DIPEA (86.4 ulL,0.50
mmol). The reaction mixture was stirred at RT overnight, concentrated by rotary
evaporation, dissolved in ;1 acetic acid:water (1.5 mL) and purified by reverse phase
HPLC to provide the di-TFA salt of the title compound (14 mg, 37 % yield).

(m/z), [M+H] caled for CacllsaCIFsNsGy 923.38 found 923.8.

‘Example 14B: [(5)-2-((25,45)-2-{4-]5"-Chloro-4'-({6-{(R)-4-(2,2-dimethy}-
propionyD-2-methyl-piperazin-1-ylj-pyridine-3-carbonyl}-aming)-2°-
trifluoromethoxy-biphenyil-4-yl}-1 H-imidarol-2-yl}-4-methoxy-pyrrolidin-1-yi)--2-
oxo-1-(tetrahydro-pyran-d-yl}-ethyl}-carbamic acid methyl ester
(2) {28 48)-teri-butyl 2-{4-(5'-chloro-4'-(6-(({ R)-2-mmethryl-4-pivaloyipiperazin-i-

ylinicotinamido}-2'-(triflucromethoxy-[1.1"-biphenvyl |-4-y1}-1 H-imidazol-2~y1})-4-

methylpvrrolidine-1 -carboxviaic

To a round bottom flask was added (25,45 -tert-butyl 2-(4-(4-bromophenyl)-1H-
imidazol-2-y1)-d-methylpyrrolidine- 1 -carboxylate (10 g, 24.61 mmol)}, (R)-(5-chioro-4-
{6-(2-methyl-d-pivaloylipiperazin-1-yDnicotinamido)-2-{iriffuoromethoxy)phenyDboronic
acid {14.16 g, 26.1 mmol), sodium bicarbonate (7.24 g, 86 mmol), bis(di-rer-butyl(4-
dimethylaminophenyDphosphineidichloropalladiurma(Il) (0,17 g, 0.246 mmol), 2-
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methyltetrahydrofuran (120 mL) and water (44.3 mL) to give 2 suspension. The reaction
mixture was degassed with nitrogen for 10 min then heated at 70 °C overnight. Water (60
mL) was added and the layers were separated. The organic layer was washed with brine,
dried over Nap,SQ,, and evaporated to give crude product (27.3 g). The crude product was
purified by fiash chromatography (300 g silica gel, 20-100 % EtOAc (50 min), ther 100
% EtOAc (20 min)) to give the title intermediate (18.8 g; 93 % vield) HPLC Method B:
Retention time 14.99 min.

(b} N-(5-chloro-4'-(2-({25.45} 4-methvipvrrolidin-2-y[)-1H-imidazol-4-y1)-2-

(triftuoromethoxy)-[1. I'-biphenvil- 4d-vI}-0-({R-2-methvi-4-pivalovipniperazin-1-

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

mL) was cooled to 5 °C and then TFA (26.4 mL) was added. The reaction mixture was
stirred overnight and concentrated. To the reaction mixture was added MTBE (300 mi. ),
1 N HCI {200 mL), and water (100 mL). The organic phase was extracted with 0.5 N HCl
(100 mL). The combined aqueous phase was basified with 50 % NaOH aqueous solution
(17 mL), and extracted with isopropyt acetate (500 mL). The organic layer was dried over
Nay S04 and evaporated to give the title intermediate (13.6 g, 82 % vield)). HPLC Method
B: Retention time 11.75 min. _

(©) [{5)-2-((28.45)-2-{4-15"-Chloro-4'-{ {6-[{ R)+4-(2.2-dimethvl-propionyl}-2-methyi-

piperazin-1-vll-opvridine-3-carbonvi} -amino -2 -trifluoromethoxv-biphenyi-4-v1l-1H-

mmidazol-2-v1}-4-methvi-pyrrolidin- L-vD)-2-0x0-1 -(tetrahydro-pyran-4-vij-ethvii-

carbamic acid methv] ester
A solution of the product of the previous step (10 g, 13.81 mmol), (5)-2-

{{methoxycarbonyhamino)-2-(tetrahydro-2 H-pyran-4-yljacetic acid (3.15 g, 14.50 rmmol)
and DMF (120 mL) was cooled to 0-10 °C and then HCTU (6.00 g, 14.50 mmol) was
added, followed by DIPEA (4.82 ml, 27.6 mmol). The reaction mixture was stirred at RT
overnight. Ethyl acetate (250 mL) and water {150 mL) were added; the organic layer was
washed with sat. Na,COs {100 mL) and brine, dried over Na,50,, and evaporated to give
a first crude product {23.7 g). To the first crude product was added methanol (85 ml,) and
2N LiOH (7 mL). After 45 min, the reaction mixture wag dried over NapS0, and
gvaporated to give a second crude product which was purified by flash chromatography
{300 g silica gel, 1-8 % methanol/DCM over 30 min then 8 % over 20 min} to give a solid
product (7.7 g}. To the solid product was added THF (30 mL) and the resulting sclution

was added dropwise to hexane (165 mL). The resulting mixture was filtered and dried
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under vacuum overnight to provide the title compound (6.48 g, 49 % yield) as a solid.
HPLC Mcthod B: Retention time 14.47 min,

Example 15A: [(8)-2-((28,45)-2-{4-{5'-Chloro-4"-({6-[(R)-4~(2,2-dimethyl-
propienyl)-2-methyl-piperazin-i-yl}-pyridine-3-carbonyl}-aming)-2'-
trifluoromethexy-biphenyl-4-yi}-1 H-imidazel-2-yi} -4-methoxy-pyrrolidin-1-yi)=2-

oxo-1-{tetrahydro-pyran-4-yi}-ethyli-carbamic acid methyl ester

=

CFy ]
g o) =N 0
N N
S /2 ?M/ \_/
-..N —
\O \ Cl
0
OO’{

&

To a solution of (S)-methoxycarbonylamino-{tetrahydro-pyran-4-yl}-acetic acid
(9.4 mg, 0.046 mmol; Preparation 29) in DMA (1 mL) was added HATU (6.4 mg,
0.017 mmo}). The reaction mixture was stirred at RT for 15 min, and N-{5-chloro-4'-[2-
((28,48)-4-methoxy-pyrrolidin-2-yI)- 1 H-imidazol-4-y1]-2-triflucromethoxy-biphenyl-4-
y1}-6-[(R)-4-(2,2-dimethyl-propionyl)-2-methyl-piperazin-1-y1]-nicotinamide tri-HC]
(12.0 mg, 0.014 mmol; Preparation 32) was added followed by DIPEA (12.3uL., 0.G7
mmol). The reaction mixture was stirred at RT ovemight, concentrated by rotary
evaporation, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by reverse phase
HPIL.C to provide the di-TFA salt of the title compound (9 mg, 56 % yield).
(m/z): IM+HT" caled for Caebls2CIF:NzOs 939.37 found 939.8.

Example 15B: [($)-2-((25,45)-2-{4-{5'-Chlero-4'-({6-[(R)-4-(2,2-dimethyl-
propienyl)-2-methyl-piperazin-1-yl]-pyridine-3-carbonyl}-amine)-2'-
trifluoromethoxy-biphenyl-4-yij-1 H-imidazol-2-yl} -4-methoxy-pyrrolidin-1-yh)--2-
exo-1-(tetrahydro-pyran-d-yi)-ethyli-carbamic aci¢ methyl ester
(a) (28,48)-2-14-15'-Chloro-4"-({6-[(R) -4-(3-hvdroxy-2.2-dimethyl-propionyl)-2-methyl-

miperazin--vil-pyridine-3-carbonvlt -amino -2 -trifluoromethoxv-biphenvl-4-vlj-1H-

imidazol-2-v1}-4-methoxy-pyrrolidine- | -carboxviic acid rert-buty} ester
To around bottom flask was added (25,45} 2-[4~(4-bromo-phenyl)- 1 H-imidazol-

2-yl]-4-methoxy-pyrrolidine-I-carboxylic acid sert-butyl ester (5.0 g, 11.8 mmol) and
(R)-5-chloro-4-(6-(2-methyl-4-pivaloylpiperazin-1-yljnicotinamido)-2-
109
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{(trifluoromethoxy)phenyiboronic acid {6.75 g, 12.4 mmol; Preparation 44}, potassium
carbonate (5.73 g, 41.4 mmol), and bis{(di-terr-butyl{4-dimethylaminophenyl)-
phosphine)dichloropalladium(It) {0.092 g, 0.130 mmol), followed by degasscd
tetrahydrofuran (50 mL) and water (1.28 mL). The rcaction mixture was degassed with
nitrogen for S min then heated at 65 °C for4 b, and cooled to RT. Water (100 mL) was
added and the reaction mixture was extracted with EtOAc (200 mL.). The organic layer
was washed with NaOH {2 x100 mL), water (2 x 200 mL) and brine, dried over Na, 80,
and evaporated to give crude product (12.25 g3, The crude product was purified by flash
chromatography (150 g silica gel, 50-100 % EtOAc (10 min), then 100 % EtOAc (30
min))} to give the title intermediate (4.2 g; 41 % yield) HPLC Method B: Retention time
15,29 min.

by N-{5-Chloro-4'-12-((28.45)-4-methoxv-pymolidin-2-v1)- 1 H-imidazol-4-y1]-2-

2 2-dimethvl-propiony)-2-methvl-

piperazin-L-ylj-nicotinamide
A solution of the product of the previous step {4.2 g, 5.00 mmol} and DCM

{18.01 mL) was cooled te 5 °C and then TFA (5.78 ml.) was added. The reaction mixture
was stirred overnight and concentrated. Ethyl acetate (80 mL) was added; the reaction
mixture was washed with 1 N NaOH (2 x 80 mL), water, and brine; dried over Na;SO,,
and evaporated to give the title intermediate (3.56 g, 96 % yield}}. HPLC Method B:
Retention time 12.33 min. ‘
fcy [(S1-2-((285.45)-2-{4-[3'-Chloro-4'-{ {6-F(R1+-4-(2 2-dimethyl-propionyh)-2-methyl-

viperazin-1-yvi-pvridine-3-carbonylt -amino)-2'-trifluoromethoxv-biphenyl-4-vi1- 1 H-

1midazol-2-v1} -4-methoxy-pyrrolidin- 1-vD--2-ox0-1-{tetrahvdro-pvran-4-yD-ethyl]-

carbamic acid methvl ester

A solution of the product of the previous step (3.56 g, 4.81 mmol), (53-2-
{{methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-ylacetic acid (1.097 g, 5.05 mmol}
and DMF (43 mL) was cooled to 0-10 °C and then HCTU (2.089 g, 5.05 mmel) was
added, followed by DIPEA (1.68 ml, 9.62 mmol). The reaction mixture was stirred at
RT for 3 h. Ethiyl acetate (150 mL) and water (100 mL)} were added; the organic layer
was washed with sat. Na:COs (100 mL) and brine, dried over Na S04, and svaporated 10
give the crude produet (5.4 g), which was purified by flash chromatography (133 g gilica
gel, EtOAc to 10% MeOH/EtOAc (15 min) then 10% MeOH/ECAc (15 min)) to give the
title compound (2.8 g, 61 % vield) which was dried under vacuum overnight. HPLC
Method B: Retention time 13.70 min.
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Example 16: [(3)-2-((285,45)-2-{4-[5'-Chloro-4"-({6-[(R)-4-(3-hydroxy-2,2-
dimethyl-propionyl)-2-methyl-piperazin-t-vi]-pyridine-3-carbonyl}-amino)-2'-
trifluoremethoxy-biphenyl-4-yi}-1 H-imidazol-2-yl}-4-methoxy-pyrrolidin-i-yi}--2-
oxo—I-(tetrahydro-pyran-4-yl}-ethyll-carbamic acid methyl ester

CF;
0 O N 7N O
N N
HN Q O W N %OH
=N
ol ¢
G
OQ'{H

070
5 l

To a solution of (S)-methoxycarbonylammo-(tetrahydro-pyran-4-yi)-acetic acid
(37.6 mg, 0.17 mmol) in DMA (1 mL) was added HATU (65.9 mg, 0.17 mmol). The
reaction mixture was stirred for 15 min and N-{5-chloro-4'-[2-((28.45)-4-methoxy-
pyrrolidin-2-y1)-1 H-imidazol-4-y1]-2-triflnoromethoxy-biphenyl-4-y1} -6-[ (R }-4-(3-

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

15 sajt of the title compound (65.2 mg) as a white powder. Impure fractions were
lyophilized, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by reverse phase
HPLC to provide additional di-TFA salt of the title compound (75 mg total, 55 % vield).
(m/z): IMHH]" caled for CueHuCIFINLO, 955.37 found 955.8.
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Example 17: (R)-4-[5-(8-Chloro-4'-{2-{(258,45)-4-cyano-1-((S)-2-
methoxyearbonylamino-3-methyl-butyryl}-pyrrolidin-2-yi-1H-imidazol-4-yl}-2-
triflueromethoxy-biphenyl-4-ylcarbamevl}-pyridin-2-yl}-3-methyi-piperazine-1-

carbexylic acid feri-butyl ester

*c(“ Oy

A solution of [(8)-1-4(28,48)-4-cyano-2- {4-14-(4,4,5, 5-tetramethyl-
{1,3,2]dioxaborotan-2-y1-phenyl]-1 H-imidazol-2-y1} pyrrolidine-1 ~carbonyl)-2-methyl-
propyl}-carbamic acid methyl ester (0.10 g, 0.19 mmol), (R}-4-{5-(4-bromo-2-chloro-5-
trifluoromethoxy-phenylcarbamoyD-pyridin-2-yi}-3-methy]-piperazine-1-carboxylic acid

10 rer-butyl ester (113.9 mg, .19 mmo!) and potassium carbonate (119.3 mg, 0.86 mmol)
in toluene (0.46 mL} and water (0.24 mL, 13.36 mmol) was degassed with nitrogen for 20
min and then Pd{dppHCLCH,Cl (6.27 mg, 0.0076 mmol) was added and the reaction
was degassed with nitrogen for 15 min, The reaction mixture wag heated at 100 °C for 12
h, concentrated under vacuum, and purified by reverse phase HPLC . The pure fractions

15 were combined and concentrated under vacuum to afford the di-TFA salt of the title
compound (13 mg, 6 % yield). (m/2) [M+H] caled for CuHapCIFN,O, 908.34 found
908.7.

Example 18: {{(8)-1-((2545)4-Carbamoyl-2-{4-[5"-chloro-4'-({6-[(K)-4-{2,2-
dimethyi-propionyl}-2-methyl-piperazin-1-ylj-pyridine-3-carponyl}-amine}-2'-
20 triffeeromethoxy-biphenyl-d-vl}-1 Heimidazol-2-yil-pyrrolidine-I-carbonyl)-2-
methyl-propyl]-carbamic acid methyl ester
CF3 %

g 0. =N 0
- ) }—@—N N
HNT, Q O N -
OW o “
HoN NT
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(2 ((§)-1-{(25,454-Carbamoyl-2-[4-(5'-chlorg-4'- {[6-{(R)-2-methy]l-piperazin~1-vii-
-biphenvl-4-y1)- 1 H-imidazol-2-v1]-

ridine-3-carbonyl -2 trifluoromethox

pyrrolidine-1 -carbonvl }-Z2-methvl-nropyl-carbamic acid methvl ester
A solution of (R)-4-[5-(5-chlore-4'-{2-[(28,48)-4-cyanc-} -({S)-2-

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

10 CupHaCIF.N:Os 826.30 found 826.5.

(b) ((8)-1-((25485)-4-Carbamov]-2- {4-{5'chioro-4'-( {6-[(R)-4-(2.2-dimethy]-propionyl)-

Z-methyl-piperazin-1-vl-pyridine-3-carbonyl} -aminoc

4-vI}-1 H-imidazol-2-v1} -pyrrolidine-1 -carbonyl)-2-methyl-propyl]-carbamic acid
methy!l ester
15 The product of the previous step was dissolved 1n DMA (0.28 mL., 2.99 mmol),
and 2,2-dimethylpropanoy] chioride (0.68 pL, 0.0655 mmol) and DIPEA (4.83 pL, 0.028

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

under vacuum, dissolved ina 1:1 acetic acid: ACN solution (1.5 ml.), and purified by

reverse phase HPLC to provide the di-TFA salt of the title compound (4 mg, 57 % vield).
20 (msE): [M+H] caled for CuHs CIFN,O, 910.36 found 910.8.

Example 19: Methyl ((5)-2-{((25 A8)-2-(4-(5'-chlore-4"((6-({ R)-2-methyi-4-
pivalovipiperazin-1-yipyridin-3-yDearbamoyl-2'-(trifluoromethexy)-11,1'-
biphenyij-4-y1)-1 A-imidazol-2-yl}- 4-methylpyrrolidin-1-y})}-2-oxe-1-(tetrahydro-2H-
pyran-4-vljethyl)carbamate

CF,
] == /"——\ O
; HMN N N
Nave ) L
,,_C'\/hm °
Ci
M
G
Og’g-l

oo
25 i
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{a) (R)-teri-butyl 4-(5-{5-Chloro-4'-(2-({25.48)-1-((5}-2«({methoxycarbonyDamino)-2-
{tetrahvdro-25-pyvran-4-vDacetvl-4d-methvlpvrrolidin-2-v)- LH-imidazol-4-y1)-2-

{trifluoromethoxy)-[ 1. 1-biphenvyl]-d-vilcarboxamidopyridin-2-vi}-3-

methylpiperazine-1-carboxviate
To a mixture of toluene {1 ml.) and water ((.4 mL) was added methy] ((5)-2-

((25,48)-4-methyl-2-(5-(4-(4,4,5 5+tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}- 1 H-
imidazol-2-yDpyrrelidin-1-yH-2-oxo~ I~(tetrahydro-2H-pyran-4-yDethyDcarbamate (90
mg, 0.16 mmol; Preparation 460), (R)-tert-butyl 4-(5-(4-bromo-2-chloro-5-
(triftuoromethoxy)benzamido)pyridin-2-vi)-3-methyipiperazine- i -carboxylate {97 mg,
0.16 mmol; Preparation 49) and potassium carbonate (118 mg, 0.86 mmol). The reaction
mixture was sparged under nitrogen, Pd{dppfNCh (7.17 mg, 9.77 umol) was added and
the reaction mixture was sparged under nitrogen, sealed, heated at 20°C overnight, and
extracted with ethy! acetate, water, and brine. The organic layer was dried over sodium
sulfate, filtered, concentrated, and purified by silica gel chromatography (12 g column, 0-
100% ethy] acetate:hexanes) to produce the title intermediate (70.3 mg, 45.9 % yield) as a
yellow solid. (m/z): IM+H]™ caled for CheHauCIFsNgOg 939.37 found 939.30.
(b) Methyl {($)-2-((25.45}-2-(4-(5'-chloro-4'-((6-((R)-2-methvlpiperazin-1-ylipyridin-3-
yhcarbamoyD-2"-(friftuoromethoxy)-[ 1,1 -biphenvli]-4-y1)-1H-imidazol-2-y1)-4-

methvipyrrolidin-1-vD-2-ox0-1-(tetrahydro-2H-pyran-4-yDethvhecarbamate

The product of the previous step (70.3 mg, 0.075 mmeol) was treated with 4 M HCI
in dioxane (1 mL, 0.075 mmol) and stirred at RT for I h. The reaction mixture was
congentrated and evaporated with ethyl acetate (2 x) to produce the tri-HCl salt of the title
intermediate (70.5 mg, 99 % vield) as a yellow solid. (m/z): [M+HI' caled for
CuHuisCIEsNgOs 839.32 found 839.20.

(¢} Methyl (($)-2-((28.48)-2-(4-(5'-chloro-4'-{(6-((R)-2-methyl-4-pivaloylpiperazin-1 -
yhipvridin-3-vicarbamoyD-2'-(trifluoromethoxy)-[ 1.1 -biphenyl |-4-v1)- 1 H-imidazol-

2-vh)- 4-methylpyrrolidin-1-vD)-2-oxo-1-(tetrahvdro-2 H-pvran-4-vDethvlcarbamate

To a selution of the product of the previous step (70.5 mg, 6.474 mmol) and
DIPEA (0.091 ml, 0.52 mmol) dissolved in DMF (0.5 1al} was added pivaloy! chloride
(9.0 mg, 0.075 mmol). The reaction mixture was stirred at RT for 30 min. The reaction
mixture was concentrated, dissolved in 1:1 acetic acid:water (1.5 mL) and purified by
reverse-phase HPLC. Fractions containing desired product were freeze dried to produce
the di-TFA salt of the title compound as a white powder (32.0 mg, 37.2 % yield).

(m/z). IM+H]" caled for C,HsCIFaNzO7 923.38 found 923.30.
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Example 26: Methyl ((8)-2-((25,48)-2-(4-(2'-chloro-4'-{{(6-({ B)-2-methyl-4-
pivaleylpiperazin-i~ylpyridin-3-ylcarbamoyl) ~6'~{triflusromethoxy)-{1,1'-
biphenyli-4-vl)-1 H-imidazel-2-vl) -4-methylpyrrolidin-1-yh-2-ox6-1-(tetrahydre-2H4-
pyfan~4—‘y1)ethyi)carbamate

/CF3 =
O =N 7, o
N N
SN Ve e
Ci
N
0
OQ’{%
o 0

(&) (28.48)-tert-butyl 2-(4-(2'-chioro-4'-( (6-((R}-2-methyi-4-pivalovipiperazin-1-

vhpyridin-3-vDicarbamoy)-6'-Criflucomethoxy)-[ 1,1 -biphenvl]-4-y1)-1 H-imidazol-2 -

vI-4-methvlpvrrolidine-1-carboxvlate

To a mixture of (R)-4-bromo-3-chlore-N-(6-(2-methvi-4-pivaloyipiperazin-1-
ylpyridin-3-y1}-5-(trifluoromethoxy)benzamide (80.3 mg, 0.14 mmol; Preparation 51)
and (25,48 fert-butyl demethyl-2-(4.{4-(4 4 5 S-tetramethvl-1,3,2-dioxaborolan-2-
yl)phenyli-1 H-imidazol-2-yDpyrrolidine- I -carboxylate (63.0 mg, 0.14 mmol} ina
mixture of toluene (0.9 mL) and water (0.3 mL) was added potassium carboante (86 mg,
0.63 mmel) . The reaction mixture was flushed with pitrogen, PACL{dppD (6.1 mg, 8.34
rmol) was added. The reaction mixturewas capped, heated at 100°C overnight, cooled to
RT and partitioned between EtQAc(S mlL) and water (2 mi). The organic layer was
dried over sodium sulfate, filtered and concentrated to give a brown oif, which was
purified by silica gel chromatography (12 g silica gel, 0-100 % EtOAc/hexanes). Desired
fractions were combined and concentrated to give the title intermediate (58.1 myg, 51 %
vield) as a yellowish oil. (m/z): [M-i-H]+ caled for CaHaClFN,Os 824.34 found 824.
(b)) 2-chloro-N-{6-({R)-2-methvi-4-pivalovipiperazin-1-v1) pyridin-3-y1)-4"'-(2-((25 4.5)- 4-

methylpyrrolidin-2-vh-1H-imidazol-4-v1)-6-(irifluoromethoxv)-[ 1, '-bivhenyvl}- 4-

carboxamide
To the produet of the previous step (58.1 mg, 0.07 mmol} was added 4.0 N HCl in
dioxane (0,18 mL, 0.70 mmol}). Afier 30 min, the reaction mixture was concentrated and
evaporated with BtOAc (3 x 3 mL) to give the di-HCl salt of the title intermediate as a
yellowish sofid. (m/z): [M+H] caled for Cy7H4CIFaN7Os 724.29 found 724.
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(¢} Methyl ({$)-2-((25.45)-2-(4-(2"-chlorg-4'-({(6-{(R}-2-methvl-4-pivaloylpiperazin-1 -

vhnyridin-3-yDearbamoy]) -6'-(trifluoromethoxy)-[ 1, 1'-biphenyti-4-v1)- | H-tmidazol-

2-v1) ~4-methvlpyrrolidin-1-y1-2-0x%0-1-(tetrahvdro-2H-pyran-4-vDethvlcarbamate

To a mixture of the product of the previous step {65.8 mg, 0.083 mmol) and (5)-2-

5 ((methoxycarbonylamine)-2-{tetrahydro-2H-pyran-4-yhacetic acid (19.7 mg, 0.091
mmol) in DMA (0.5 ml) at RT was added HATU (34.5 mg, 0.091 mmol) and DIPEA
(0.043 mL, 0.248 mmol). The reaction mixiure was stirred at RT overnight, concentrated,
dissolved ir: 1:1 acetic acid;water (1.5 mL), filtered and purified by reverse phase HPLC.
Desirred fractions were combined and freeze dried to give the di-TFA salt of the title

10 compound (38.9 mg, 37 % yield) as a white solid. (/z): [M+H]" calcd for

CasHsCIF N0, 923,38 found 923.6.

Example 21 Methyl ((5)-2-((25,45)-2-(4-(3"-fluore-4"-{(6-((R)-2-methyl-4-
pivalovl-piperazin-1-ylipyridie-3-ylearbamoyl)}-Z'-(trifluoremethoxy)- 1,1~
biphenyl}j-d-yi) -1 F-imidazel-2-yi}-4-methyipyrrolidin-i-yl}-2-exo-i-{tetrahydro-2 H-

15 pyran-d-yDethyljcarbamate

,CF3 A
@ -
N

0
0 NH

O)\?

(a) (2848 -tert-butyl 2-(4-(3"-fluoro-4'-((6-(¢, R)-2-methyl-4-pivaloylpiperazin-1-
vlpvridin-3-vcarbamoyh-2'-(trifluoromethoxv)-[ 1,1 -biphenvl-4-v1}- 1 H-imidazol-

2-yD-d-methvipyrrolidine- 1-carboxviate
20 To a solution of (25,48)-reri-buty! 4-methyl-2-(4-(4-(4,4,5 S-tetramethyl-1,3,2-
dioxaborolan-2-yDphenyl)-1 H-imidazol-2-yl)pyrrolidine- I -carboxylate (68.6 mg, 0.15

mmol) and {R}-4-bromo-2-fluoro-N-{6-(2-methyl-4-pivaloylpiperazin-1-ypyridin-3-yl)-
3-(trifluoromethoxy)benzamide (85 mg, 0.15 mmol, Preparation 52) and potassium
carbonate (110 mg, 0.80 mmol) in a nrixture of toluene (1.8 mL) and water (0.6 mL.} was
25  added PACl{dppf) (6.7 mg, 9.08 umol). The mixture was sparged under nitrogen for 2
min and heated at 100 °C overnight and extracted with EtOAc and water. The organic

layer was dried over sodium sulfate, filtered, concentrated, and purified by silica gel
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chromatography (12 g silica, 0-100% EtOAc:hexanes over 20 min), to provide the title

intermediate (86.9 mg, 71 % yicld) as a vellow solid. {(m/z): [M+H] caled for

CapHaoFyN7Os 808.37 found 808.7.

() 3-fluoro-N-{6-({R)-2-methyl-4-pivatovipiperazin-1-vDipyridin-3-vD-4'-(2-((25 45)-4-
methylpyvreolidin-2-vD -1 H-imidazol-4-vD-2{wrifluoromethoxy)-! 1.1 -bipheny!]-4-

carboxamide
To the product of the previous step (86.9 mg, 0.11 mmol} wag added 4 N HCl in

dioxane (2 mL, 8.00 mmol). The reaction mixture was stirred at RT for | b, concentrated,
and evaporated with EtOAg (2 x) to produce the di-HCI salt of the title intermediate (83
mg, 99 % vield) as a yellow solid. (m/z): [M+H]" caled for C37Hy FaN7Os 708.32 found
708.3.
{c) Methvl ((§)-2-({25,45)-2-(4-(3'-fluoro-4'-({6-({ R)-2-methyl-4-pivalovi-piperazin-1-

yhpyridin-3-ylcarbamoy)-2'-(trifluoromethoxy)- 1. I'-biphenyl}-4-v1) - [H-imidazol-
2-y)-4-methyl

rrolidin-1-v)-2-ox0-1-(etrahyvdro-2 H-pyran-4-vDethvDcarbamate

To a solution of the product of the previous step (83 mg, 0.11 mmob) ané DIPEA
(0.094 mL, 0.54 mmotl) in DMF (! mL) was added (S)-2-({methoxycarbonyDamino)-2-
{(tetrahydro-2 H-pyran-4-yhacetic acid (23 mg, 0.108 mmol) and HATU (51 mg, 0.14
mmol). The reaction mixture was stirred at RT for 1 h, concentrated, dissolved in 1:1
acetic acid:water (1.5 mL) and purified by preparative HPLC to provide the di-TF A salt
of the title compound (67.1 mg). (mzx [M+HT caled for Cuta FN,O, 907.41 found

907.6.

Using syﬁthctié methods similar to those exemplified above, the cdmpounds of
Examples 22-24 may be prepared.

Example 22; Methyl (8)-2-((25,48)-2-(4-(5"-chloro-4'-(6~((K}-2-methyi-4-
pivaloylpiperazin-1-yl}nicotinamido)-2'-(triflueromethoxy)biphenyl-4-yD-1H-
imidazol-Z-yD-4-methyipyrrelidin-1-y)-1-((15,68)-2,6-dimethyltetrashydro-2H-
pyran-d-yi)-2-oxgethylcarbamate

] o) ==N /—*\ O
N N ,\?}r QN\M_/N‘%
o
Ci
N
o
oé\o
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Example 23; Methyl (5)-2-((2845)-2-(4-(5'-chloro-4"-(6-((R)-2-methyl-4-
pivaloylpiperazin-l-yhpyridin-3-ylcarbamoyi}-2'-(trifleoromethoxy)biphenyl-4-yi)-
1H-imidazol-2-yl}-d-methylpyrrelidin-1-yD-1-((25,65)-2,6-dimethyltetrahydro-2£-
pyran-4-yi)-2-oxeethylcarbamate

CF; K
Q =N D
N N
N et a'd
_,_Ce&w )
Cl
N
O

e BH
S o
5 |
Example 24: Methyl (5)-2-{(28,55)-2-(4-(3'-fluore-4'-(6-{(R)-2-methyl-4-
pivaloylpinerazin-1-yDpyridin-3-vicarbamaoyl)-2'-(irifluoremethoxy)biphenyl-4-yl}-
1 H-imidazol-2-y-S-methyipyrrelidin-i-yh-2-exe-1-{tetrahydro-2 H-pyran-4-
yhethylcarbamate
[CF4 2
O F =N N P
HNN‘@-N\_,/N‘%
=N 0
N
0]
o NH
o7 "o
10 E

Also using similar synthetic methods, the compounds of Tables 1-29 were
prepared where a blank in any column denotes hydrogen and the symbol (R) or ($) in any

column denoctes the orientation of the corresponding chiral carbon atom.
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R’ o =N _40
O
=N R
N0 R

o0
T 7¢ 2 9 _ Cale Faupd
ExNo. | R R B R Formula IVIHH]T | [MET
-1 [OCF; | ¥ NHCH; CarHerF NGOy 83836 | 83838
12 |OCF | F (2) CoHeFaNwOs | 104948 | 10502
13 lock | ¥ \7 CasHasF N Og 849.36 | $50.0
1-4 CF, F {B.) CSQH.(y.lFAN‘[OOS 1033.4R 1032.6
15 |CF | F ( SM CasHsaF NOs 861.40 | 860.6
6 ICF | F |CH (@) CssHeFiNipOs | 1047.50 | 1046.6
7 CR | F | CH ( sb( CagHsFNOs 875.42 | 874.6
4 CR | F |CH, NHCH; CanFlisFaNoOs 836.38 | 8356
19 |CF, | F NHCH; CarHFaNoOs 82236 | 821.6
1110 OCF; | F Byl CoHuFNOs | 87739 | 877
1 ek | a | o (gw( CoHuCIFNGDs | 89139 | 8916
12 (CE | | cH NHCH; CoHuCIFNGOs | 85235 | 8526
113 |OCFs | F |CH; ( SM CagHsiFeNsOx 89141 | 890.6
¥4 N
1-14  |OCF; | F | CH; E’ Y CyaHasF N 10Og 889.37 | 888.6
N
H
115 |ocr | Fo|on, v CasHsoF N;Os 86338 | 8626
116 | OCF, | F | CHs NHCH; CpHasFNoOsg 85237 | 8516
1117 | OCF; | C NHCH; CullyCIFNOs | 85433 | 854.6
NN
1-18 | OCF; | Cl E P CaHaCIFsNwOs | 891.32 | 8916
N
H
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T 14 2a (F) 9 Calc Found
ExNo, | R R R 24 Formuia MERT | (M
r’ N
1-19 | OCF; | C1 | CH, E) CuHysCIF;NOs | 98534 | 905.6
N
120 | OCF; | Cl | CH, (gb( CiHoCIFNOs | 90738 | 907.6
NN
121 | CFy F | (CH, \(\ CasHagF N 10Os 87337 | 873.6
N
H
O
~ )&\ Vs
122 | OCF | ¢l N | CoHsCIFsNpO; | 9654 | 966.0
(SN H
0
_— )L Va
i-23 | OCF; | Cl |CH; @r@ N | CullsCIFND, | 97941 | 980.0
Q
~a )\\ v
124 |OCF, | F | CHa éj@ N | CyHssFeNwO; 963.44 | 963.6
P N
1-25 | OCF; | F » CasHaeF Ny 87535 | 8758
N
o %
1-26 | OCFy | F (S)O)\ o CsoHeF:NoOy $92.46 | 993.0
fn,,_;‘
1-27 | OCFy | F (S} TNH CissHsyFalNoOg 892.41 | 8928
0
. )LN/
128 | OCF: | F éj@ N | CoBlsFaNioO; | 94943 | 9496
Y
129 | CF F E)B CusFaeF 1005 859.36 | 838.8
N
H
130 CR | Cl NHCH; CaHaCIFNOs | 83833 | 83838
131 | CF, | C (:SIM CosHaCIFN:Os | 87737 | 8778
f" N
132 | CFs Cl E\) CusHaCIFsN;gOs | 87533 | 8758
N
H
133 | OCF; | €l =\ CaHaCIFNOe | 90534 | 905.8
N-:;:/Nn—
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) % 7d g () ) Calc Found
ExNo. | R R R R Formula (MHHTT | (v
N
-3¢ | OCF; | I \QI»—— CasHyCIFNQs | 90534 | 905.8
N
H
_ JAVEY ‘

135 | OCF; | ClI H}:,) CoHuCIFNOs | 89132 | 891.8
136 | OCFs | Cl ’N’i\i CauHyCIFsNOs | 90534 | 9058
0]

o
1-37 | OCF; | CI (’)JkN CaHs:CIF N0y | 952.37 | 9528
0
\ - N
1-38 1 OCF; | Cl (’)}__N H CasHsCIF3 N0, 1 95138 | 952.0

v O\“é{’]
139 | OCF; | RN CeHsCIFNOS | 97234 | 9728
N
1-40 | OCF, | Ct I\ CauHuCIFsN;Ce | 90534 | 905.8
N
NN
1-41 | OCF; | Cl /N% CasHuCIFN;O | 89337 | 8938
H
-2 |OCFs | a v CoHuCIFNGOs | 86533 | 865.8
143 |OCF, | ¢ | CH, v CuHsCIRNOg | 87935 | §79.8
Q
e )L 4
1-44  |OCF; | CI |CH, o H | ColisCIFNGO, | 96540 | 966.0
A O\\S-'{P
i-45 | OCF, | Cl |CH: (RSN | CasHsCIFNOsS | 98635 | 9868
O
e )\\o/
1-46 | OCF; | Cl | CHs (RSN CyHssCIFNgOs | 966.38 | 966.8
o
1-47 | OCF; | Cl (é)’}w}\ CiHsCIENGD, | 93637 | 93638

121
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Ta 7d 8 (8 9 F Calc Found
ExNo. | R R R R Formuia M+H] | [M+E]
@}
148 | OCFy | € N CoHasCIFNO; | 95039 | 9508
g
A"
149 | OCF; | Cl (R;)}_,N/L{ CoHsCIFsNO, | 96440 | 965.0
0
1-50 i OCF, | Cl (RN CesHssCIEINGO; | 97842 | 979.0
0
151 | OCF; | ¢ (N CaHssCIFNGD, | 96239 | 963.0
152 CF, | F v CastlasFaNeOs 83337 | 8338
]-53 : CF 13 MNP CusHaeF N:O 869.35 | 869.8
A \V<F 43kigel 6iNgUs
154 lcE | @ V’ CoHLsCIFsNgOs | 84934 | 849.8
1-55 |CR- | (I \\7<§ CullaCIFN:Os | 88532 83538
J (b}
1-56 OCF; Cl ¢ v<0§ C43H4GC'13F3NSOG 93326 934 8
’ Cl
- by
1-57 | OCF; | Cl A Gl CusHseCLF;NOs | 93326 | 9348
Cl
1-58 | CRy F 74 CasHFNgOs 84940 | 8498
159 | OCF, | Cl NP CoHlyCLENG, | 91729 | 917.8
3 VC! 4arlggiadp e Ngllg ;
1.60 [ OCF, | F A F CaHaCIFNgDs | 90132 | 901.8
3 vm 43H4sC1F sNgOs
161 |CR | 74 CuHoCIFN:Os | 86537 | 863.8
162 | CRs (SM CasHssFsNGOs 84341 | 8438
1-63 | CF 71\ CoaHsyFyNeOs 83141 | 8318
1-64 | CPs N(CHa) CupHsoF sNeOs 81839 | 8188
165 | CF; V CasHagFsNeOs 81538 | 8158
166 | OCF, | Cl CH; CuyHaCIF:N:Os | 839.32 | 839.8
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Ex No. | B™ R | gH® r Formula []\gﬁ;r Ei;f;;?
1-67 | ocr | a WL CasHsiCIFsNsOs | 89538 | 895.8
1-68 | OCFy | C P CoHgCIF:N:Os | 86735 | 867.8
169 | OCF | @ @l’\ CuHoCIFN:Os | 88137 | 88138
1-70 | OCF; | Cl q\ CasHsCIFNsOg | 879.35 | 879.8
171 | OCE | PN CuHaCIF:N:Os | 88137 | 88138
1-72 | OCF; | CI :«’HJ\ CasHsiCIFsNOs | 88236 | 8823
173 | ock | P CaHLuCIFsNsOs | 85333 | 853.8
1-74 | OCF, (SM CasHLssF3N:Og $59.40 | 859.6
1-75 | OCF; 74 CasHssEsNgOs 84740 | 847.5
76 la | F ‘SM CuBoCIFNGGs | 82737 | 8278
177 Cl F B o CaoHuCLFNG; | 86726 | 8678
178 1 Cl F 7< CaHuCIFNOs | 81537 | R15.8
179 | OCF, | F 2{ CaaHsoFNsOg 86338 | 863.8
180 | OCFs | €l K CasHsoCIFNsOs | 87935 | 8798
18t | F F (S) CasHyFNsOs 8§11.40 | 8118
1-82 | F F 74 CarHeaF,N5Os 79940 | 799.8
183 | F F v CaHisFaNgOs 78337 | 7838
184 |l F % CubsCIFNOs | 82536 | 8258
1-85 | OCF; | Cl {3) NL CoHssCIF NGO, | 92239 | 9228
1-86 | OCF; | Cl ;’?’\ CuHuCIFNOs | 88137 | 8818
187 | OCE; | Cl v@ CoHxCIFsNGOs | 89135 | 8918
1-88 | OCFs | F vd C4sHsoFNgOp 87538 | 875.8
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; Tu 2 8a (%) 9 Cale Found
ExNe. | R B 24 R Formula {M'+Hi+ IM+H]+
129 |CF, | C A CosHaCIENGO: | 87535 | 875.8
190 | F F \7Q CaaHsoFN:Os 86939 | $09.8
91 | OCE, | j:( CsHoCIFNGOs | 89337 | 893.8

(b)
1-92 QOCF, F ’ CD; CusHaeDFalisOg 883.44 883.8
CDs
193 | CF, ’ gga CosHeDFNgOs | 849.45 | 849.8
3
R e
1.94 | OCE. | €I ‘.‘*E'N\ CoHsCiFaNGOs | 88336 | 8%3.8
{ N N/
1‘95 OCF3 ; F ll\"[if; ~ C42H50F4N]QO(, 867.39 8678
.96 | OCF | €I 74 CuHwCIFNOs | 88534 | 285.8
F'
R_F
97 | ocr, | A CoHuCIFEN:0, | 92330 | om8
HO
i-98 | OCF; | CI " CauHsoCIFsNgOs | 879.35 | 879.8
F
. F
1-99 | OCF; | Ci 2 f(p CuHCIFNOs | 93332 | 9338
00 | a | F o ‘ SES CuHeCIDFN;Os | 83042 | 8338
3
1101 | OCF: | F ’><\0H CuHoF N, | 88139 | 8818

E, . 9
()L SN
{a) CN/& W/O\
8

{b) Sterecisomers separated but unassigned

(#) Forall compounds, when the substitutent R™ is present, the orentation of

the chiral carbon atom bearing the substitutent R* is (S).
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Table 2

-
%

R0 R o /=N 7™\ _/(0
N N
O
N
R?c
8]

HN
A\
/N NT

HN

PCT/US2012/063181

Ta e 9 10 Cale Found
Ex No. 24 R R R Formula VT | IMEET
R
2-1 E» CasHsi Ny Os o241 | 802.4
N
0
2.2 e CaHaoN1Os 861.47 | 861.4
(84N
2.3 ('SM CsHsNoOs 804.45 | 805.4
2-4 CH, & CasHiyNsOs 81846 | 818.4
2-5 CH; NHCH, CpHsN o5 77943 | 779.4
26 OCF; | Cl R CoHssCIF NGO | 92239 | 922.8
2.7 OCF, | CI 7< CusHssCIFsNsOs | 910,39 | 910.8
2-8 OCK;, 1C1 | (&) Cl CaoHsClFsNOg | 95635 | 957.8

125




WG 2013/667267

PCT/US2812/0663181
Table 3
G oL /N N P
Va e
O
=N
F
NTO
MN '(
5‘0/&0
9 Cale Found
ExNo. | R Formula [MAH]" {M+H}+
3] <§3v< CuHsFuNOs | 87542 | 8746

-
l"'— - 8
3.2 {S&NJ&NTO\ CsaHasF aN160s 1,047.50 | 1046.6
O
3.3 V CaaHsoF N5Os 84738 | 846.8
3-4 NHCH, CpHasFNoOs 836.3% | 835.6
Table 4

-

R10 R =N P
’ HN—( )N N—< .
O =,
"‘“N = O RB(ﬁ
. R'Fd
N @]

f‘,’

HN (
oo
ExNo. |[R” | R™ ge® | g R | Formula fljvaifﬂp ?l\‘f)ili];%+
4] (SM CasHsNeOs 77542 | 775.4
L 9
42 (S&N S)N\”/O\ CaHaNigOs | 947.51 | 947.6
o
ool
43 | OCF, S I o CsHasFaNpOo | 1031.49 | 10314
O
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. T e sq (H) g 10 Cailc Found
ExiNe. | R j 14 )4 14 B Formula I'M-E-Hr EM+H§+
0
. O—
44 | OCF, ( S)@ CaHsxFsNgOs | 946,44 | 943.6
0 J\
4-5 QOCF; {gj@\i)\o CeHenFiINgOg 960,45 959.6
O
- N/ o
46 | OCFs ( :,):)'v-/ v N CoHuFiNGO; | 93144 | 930.6
., 0
vl R .
47 | OCF & NJ{}N N CoHlesFsNuOs | 103149 | 1,030.6
. O
o
. O~
48 | OCF, CH, , §j@ CaoHeoFsNgQg | 960.45 | 960.8
o
— )L Vs
4.9 | OCF; CH: N CuHoFsNuOs | 945.45 | 946.0
(814N
410 | OCF. CHy | S}VQ Cl | CaHouCFNgGs | 907.38 | 907.8
411 | OCF, CH; V Cl | CauHoCiFNDs | 879.35 | 879.8
412 | OCF, CH, | NHCH, Cl | CuHeCENGD, | 86835 | 868.8
413 | OCF, CH, v_ Cl | CsHuCIFNOs | 89337 | 893.8
414 | OCF, CH, | NHCH, CoFsoFsNeOs | 834.38 | 834.8
415 | OCF, CH; 7< CusHssFaNgOs | 86142 | 861.8
416 | OCF, CH; \7 CoFigFsNsO¢ | 84539 | 845.8
417 | OCF; CH; \V“ CoHulNOg | 8594 | 859.8
0
418 | OCF, cH | R)U }\V ColaFiNgO, | 942.44 | 643.0
0
419 | OCF, CH, | R)U)\\I?H CoHaFNgO, | 93144 | 932.0




WO 2013/067267 POT/US2012/663181
; 72 7 sa () % 1" Caic Found
Ex No. | R R 24 R jitd Formula M +H!+ (MAHT
@]
420 | OCF4 CH; AT NH CagHgi FaN o 95647 | 960.0
e )\
0
4-21 | OCF; CH; @@% CallsF:NsO7 | 930.44 | 9310
\I’
4.22 | OCFs CH, ’ i CaaFlaoF N 881,37 | 881.8
425 | OCF, cH, |~ g: CasHaoCLFNsOg | 913.31 | 913.8
424 | OCF, CH, Xﬁ—q CauHsFiNgOs | 860.40 | 860.8
4.25 | OCF; CHs hN~< CuHaFsNgOs | 86242 | 862.8
4-26 | OCF; CH, >< Cl | CesHsyCIFNgOs | 895.38 | 895.8
L. O
427 | OCF, CH, 7KN)1\ CocHlaF NGO, | 90443 | 9048
H
L. O
428 | OCF; cH | AL CosHuF NG, | 89041 | 891.0
F
429 | OCFs @M Cl | CusHaCIENGD, | 89337 | 893.8
430 | OCF, vgi Cl | CaluCLFNOs | 93326 | 933.8
431 | OCF, v Cl | CoHuCIFNOs | 86533 | 865.8
432 | OCF vg: CaHCLE N O | 89930 | 899.8
433 | OCF, N(CH:} CoHsFsNOs | 83438 | 834.8
434 | OCF, NHCH, CaFlaFsNaOs | 82037 | 820.8
435 | OCF, \V CuHafiN:Oe | 83137 | 831.8
436 | OCF, 74 | CuHoFiNO, | 847.40 | 847.8
\x’ OH
437 | OCF, CHs ‘ Cl | CHluCIFNO | 92338 | 9238
(R)
\J" OH
438 | OCF; CH; (;?;f7< CaelssFaN:O- | 889.41 | 890,06
e O
439 | OCF; CH, %NJ\W ColaFNO; | 93044 | 9310
H
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ExNo. | R™ R | g™ g R" | Formuia ﬁ:/;i(':ﬁr ?}\?{TE—?]“’
4-40 | OCF;, CH, ( R;}L\—N)OJ\V CarH sgF3s Ny 916.43 917.0

H
4-41 |OCF; | F 7< CauHynFaNsOs | 86539 | 865.8
4.42 | OCF,; ;JI7< F CaqH 5 F s NOs 865.39 865.8
4-43 | OCF; | F (EM CasH s FalNgOs 877.39 877.8
444 OCFy, | F (\'S'-M Cl1 CasHs:ClF NGO | 91136 911.8
445 | OCF; | F ;f>< Ci CasHs)CIFNwOg | 899.36 §99.8
4-46 | OCF; | C1 7< CauHnCIFNOs | 88137 | $81.8
4-47 | OCF; | €1 ;{% Cl 1§ CuHs CLENGs | 91533 9158
(#) For all compounds, when the substitutent R* is present, the orientation of the chiral

carbon atom bearing the substitutent R¥is (S).
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Table 5
Cale Found
Ex No. Formula By | v
%5 o HN’{\
HNMNH \ / N/ %
5-1 >C(\ CsHasFaNygOny | 1075.48 | 10762
d 9]
A
o
/CFg Ie}
d o ==t },J
O
e
.2 O><jg<\0 C,s,gﬂnggNng 99(.43 984.6
0
HNT"'(
\.O (s}
O,c& o - o
HNW NS
=N
5-3 e NTO c CuHaCIENOS | 91334 | 9138
HN 'i/
\O 0
CFa .
Iy o, /=N 2
]
HNW N v<
=N
34 B N D o CasHsyCIFNOS 925.34 9238
g
HNJ '(
~ S0
O’CFR a =k
O e
== 3
5-5 ._Cff o o CatluCIDeFsN:Os | 8733 | 8858
HN) (
\O o)
Ci Q, =
™% W -
X
5-6 NTO CaHsCIFNGOs | 81537 | 815.8
HNT e
e
<:»’CF’J &) =N,
-
51 Nfo o CuHsoFiNeOs | 86338 | 8638
T
~g
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Cale Found
k|
Ex Ne, Formula M+HT" | [M+H]"
CFy
F o =N O
i
5-8 ...{:{ . G CaHuCIFNO, | 89936 | 8998
wa'(
~p
AFs
d o, /=N P
Hﬂm m{f‘iwm
59 vcﬁ%i a CuHuCIENO, | 91239 | 9128
O
O;CFR ) e o
HNWN\MJN&
==
5-10 @CNCN(: i e CsiHsCIFNgOs | 984,41 | 9848
Hr\)(
o0
o Y
H’Y'\—Q—QNH W%
= .
5-11 @C(“ . o CaslnCIFNGOy | 92536 | 925.8
¢ Nf
b ’l/
~"0
HO), CFy A
o Q =N N O
NYAYe Ul
=N
5-12 NTO @ CuHuCIFNO; | 91138 | 9116
HNT
\()’j%o ( '
o o o N P
- ==y
5-13 ,_d% . o CysHsCIFNO; | 927.37 | 927.6
N
o
’CFS "’4_
o_ ¢ O%NMN 2
O
5-14 o cl CuHsClFaNgOs | 91533 | 9154
-

HN
A
._QN]/
4l

e
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. Calc | Found
Ex Neo. Formula [V+H] | [MAH]
;CFS ‘-".
G g, /~MN /P
HNW N\__/NJ§<
=
o
5-15 - N “ CotaCIFNO, | 95339 | 9536
o7
- iy
. g’ oy_<=—;'\'>_ f‘““\"N 0
v TN
FHNTR NH e p— .§<
5-16 5 ! F CasHa FaNOs 939.40 939.8
O
o)‘ci)
HO /CFB N %, o
O, Q. ma N
N N
HN "y Q O m p— QK
=N
5-17 \O Vo Ci CasH3CIFNzOg 943.37 943.6
HNT{
~" %0
o G’CF3 0@ o
NN
W%
-
5-18 \O“'C{\O al CasHs,CIF3NeOg 927.37 927.6
leif/
O/CF3 o N 8]
b
HNW N/ ‘§<
s
5-19 \Ou_d‘ . o CauflCIFNO; | 897.36 © 897.6
s
e
NN
-
ol
5-20 o CK CaHuCIENDy | 93937 | 9396
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Table 6
Cale Found
Ex Mo. Formuia IMAHT" | M+
=N ‘:;W'““\ O
ot
HNY .__H O HN—<\_-_/)'N\__1N \7<
== (4]
6-1 ["d o CusHsNsO5 819.41 | 8200
7
4
\O 0
5=
2 HN—,
el W £ OWO
OO
6-2 o = e CarHasN1oOs 775.36 | 7754
C Rl
~g 0
o
E N
= 05 ©
” @NUN#:’S‘”
6-3 \ = ° CsFigeNi Og 976.53 | 9710
M Nfo
Hi (
~op
4
oy OO
| o]
6-4 e CisHesNaOs 77642 1 T76.6
HNI’(
\0 8}
e o]
HN: X A N\—/N
HNO <
6-5 \N {\\E o C45H57N905 804.45 804.6
-
HN ’(
\O D
==
O/CF:A, e . o 4] HN—'&O
HN—Q)—N\__JNW
6-6 =N 9 CssHaFsNeOs | 1045.50 | 1044.6
N 0
HNTr
\O 4]
DICFE @F—\ 4 a
HN N N
HNRy AN %tN)
OO
6-7 Lo CaoHgoFsNoOs 56045 | 959.6
HN]‘//"'(
0




WG 2013/007267 PCE/US2012/063181
. Cale | Found
Ex Ne. Formaia (M+H]* | [MeE]
o HN—C}—waJO
HN Nl
SO0 <
6-8 N o CasHssFiNgGe 873.42 872.8
HN\f"’!/
o
o=
O,CFB o B o0 HN"&O
‘ HN—~<\:/)—‘N N N
HNRY Q O s
6-9 N ° CsabesFsNiOeS | 1063.46 | 1063.6
A0
T,
Hiy l/
\0 0
CFs 5, o) -
o N 9
HN—@—N N of
HNTRy N
>0~ |
6-10 s Vo CagHssFalNgOsS 97841 978.6
Y
HN""'(
OrCFa —N /o
PN O O Hiy % A N\..—/N—<m/
G
6-11 CaHsoFalNgOy 860.4 #60.8
N\?O
HN) '(/
o°F N =, o
-HN & A N\_,JN o,
O <
6-12 NTO CagHssF3NgOs 8990 44 900.0
HN
oL
o g
LFy % o & -
N }J
N N\—/N%
HNTRY
OO | |
6-13 oo CatHeFsNoOs 986.47 987.0
HNI/"'
o
5=
JFy N K " O 0 HN‘QO
HNWUN\_JN%
6-14 = © CssHﬁgFgN;oOg 1071.52 1672.0
NTO
KN '(
\OAO 1
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Calc Found
Ex No. Formula IM+H' EM+H]+
o N
OO
=2 o}
6-15 S..C(L CuHsFaNgOS | 879.38 | 8798
- NTO
s
~o" =g
o N P OY\O/L
A e S v ATASET
6-16 N © " Cs3HesF3MNeOe 103049 ) 10312
N\fo
H
vl
~¢=0
Ct O,CH =l ‘/"—\ JO
M .{\ . . HN{/)‘N \_-JN gga
=N o} 3
6-17 i Vo CigHaoClDaFNoOs | 928.43 928.8
C T
i._,lr
o =N ”'}-W\ Vs
N .\ . . N 5 / N\__/N .., :
) =N 0
6-18 % CasHs3 F3Ng 045 907.37 907.8
-~ NTO
HNT
2
O,CFa - /w_\ o
G = o
6-19 % CuH3F3NO-8 895.37 895.8
-~ NTO
W
~o7 =0
O’CFS ~CN)—I\’I;’—\NJO
1. \H . HSN L AN/ "'\;7503
o =N © s :
6-20) /“5 CusHyrDFaNO-S | 90132 ¢+ 9138
AN
e,
g l(
\OAO
CEy =
o} w=h 0
. N—4
NI
- Y
6-21 Q\S.,,.C#O CuHaFsNOsS | 92337 | 9238
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Cale Found
Ex No. Formuila MEHT | (M
o,CFa {N)_/__\ o}
HN ™ 5
NI
%
6.22 /‘lo, | CauaH s FsNaOsS 911.37 911.8
W N:/(O
H
~S0
o =N N;—\N o)
HN:
X
NS
SO0
6-23 Nj&o CasHssFaNOp 861.42 861.8
HN (
\o/&o
. ¢ =N\ P
HN N
Wt
N
6-24 fd S o CasHnFaN:O, | 89330 | 893.6
HN)//"'(
o0
o =N P
HN Yy H_< O PN_s N\M,_JN'%DH
= s}
625 | CusHoENgOs | 90938 | 9096
N O
T
HN (
\O/EO
o0
HN NN
W%
MY
OO0
6-26 ol ¢ CuHoCIFNOs | 88137 | 8814
HNf"'(
g G p
H, .. . HéN " N\,,N_/N_g(
=N O
6-27 ,DC(L c CsHuCTFNO, | 91138 | 9116

—0
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Calc Found
Ex No. Formula M | el
CFg '
9] =N VN O i
Hp NN
HN % @ pw— _474
050
6-28 ol
N o CagHsCIFNRD7 | 923.38 923.6
oé‘c';
CE, K
o F =N N/"“\N o
HNN_@- Nt J§<
=N o}
6-20 CarHseF NOy 93742 | 9376
W
r
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Table 7
H} Ay
3 Q O - g
R2- N
R3
Ex 1 - 2 3 Cale Found
No. R R R Formula PM+AT | MEE]
0
7-1 7< (5 \,U\O, CuHsuCIFNGGs | 882.36  882.8
o .
7-2 “7< (R) . ()/ CasH 5 CIF3NoOe 882.36 882.8
~ O - ]
7-3 \V () 3o CoHpClFaNgOs | 866.33 | 866.8
v O
7-4 N~ (S) ;\%I\O/\/\ CasHssCIFNGOs | 91039 | 910.8
~ O
7-5 7\ (S P ,f\ CaH5ClFsNoOs | 89638 | 896.8
)
7.6 ,\]\ (S) e O/% CasH7CIFNOs 1 92441 9248
o)
7-7 T‘ (S) ;\%LO/\ CyHsCIFNoOs | 882.36 | 882.8
~ o
7-8 : (5) N ’\'ko/\/ Codll5sCIFsNsOs | 896.38 | 896.8
N 7 N
- o (5 Jo CoHwCIF;NgO, | 88434 | 884.8
I} >0
% 9
710 @ &) S CoMaCIFNO, | 88236 | 882.8
i
7-11 D (Ry | CH: | CH;, CusHyCIFNGO, | 872.36 | 872.8
7-12 @ (R) | CoHs | CoHs CoHsCIFNG, | 90039 | 900.8
o]
713 | CoHs (& \,U\O,, CaHaCIFNgOs | 85433 | 854.8
O
7-14 | CHa Sy | CHs \J\O/ CaHarCIFsNgOs | 834.33 | 854.8
* O
7-15 | 20N | (R o CaHaCIENGGGS | 8863 | 886.8




A
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Ex i " 3 3 Cale Found
Ne. R R R Formuia [MAHT" | [MAH]"
P 0
7-16 U (5 - CaHisCIFNGOS | 90829 | 908.8
2O 0
T7-17 N \ / (R) . O/ CoaHaeCIFNgO 906.32 906.8
Table &
R72 0 =N 0
HNTN, Q O N ./ R
=N
7o
Lo R _
S T
HN (

! 7a 7e 9 ) Cale Feund
Ex Mo, R B R Formula MHHE | (ML
1 lock Lo {SM CasHaCIEN:Os | 89135 | 8918
82 OCF; | Ci 7< CuHlsCIFNOs | 879.35 | 879.8
8-3 CF;, | Ql \7 CuHuCIFNOs | 84732 | 847.8

8-4 CF; Cl ( CasHsoClFaNgOs | 875.35 875.8

8-6 CF; Cl CasHasCiFNgOs | §73.34 873.8

.,SM
8-5 CFy, | Cl 74 CaHsCIFNgOs | 863.35 | 863.8
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Table 9

R-m R?E

HN
-0
SN ANL 20
A1l

"
"

{‘}NCN

PCT/US2012/063181

8]

4

RQ

HNT
2 ) 1 Cale Found
Ex No. R R R Formula (VEHHT | VET
9-1 OCF; 74 Cl | CuHsCIFNGO, | 87935 | 8798
9.2 OCF; 7{ CullsFsNeOs | 84539 | 8458
\:I
9-3 OCFs | (&) CosHsFsNOg | 85739 | 857.8
9-4 OCF (SM Ol | CsHaCIFNGOg | 89135 | 8918
9-5 OCF; VQ CisHsFiN:Os | 85537 | 8558
Fable 18
o my e g
HN N N
AR oS A ARAS
Y
/ NTO
HN ‘/

. . 9 10 Cale Found
Ex Ne. R 24 R Formula E] | [MH]
10-1 OCF, (QM CaHscFsNgOg | 888.43 | 889.0
10-2 OCF; | NHCH; CoHsFiNOs | 84939 | 849.8
10-3 OCF; >4 Gl | CuHssCIFNGDs | 91039 | 910.8
10-4 OCF; | N(CH3) Cl | CuHaCIFNGOs | 897.37 | 897.8
10-5 OCF; (gb/\ O | CaHuCIFNGOg | 92239 | 9228
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Table 11
O
N—4
RQ
RBU'

ExNe. | R" | R® | gu® R’ R Formula ;ﬁfiici]* g‘ﬁ_‘;&
11-1 OCF, CH; \7<g: CaulsCLFaNsO: | 92031 | 929.8
112 OCF, CH, | NHCH, CoFsFiNeO, | 85038 | 850.8
113 OCF, CH, (SM Cl | CoHuCIFNGD, | 92338 | 9238
11-4 OCFs CH, \\7<g*| Cl | CuHaClLENO; | 96327 | 9638
11-5 OCF; CH, v._ Cl | CeHnCIENO, | 90936 | 909.8
11-6 OCF, CH; v G | CuHCIE:NGD, | 89534 | 8958
117 ' OCF, CHa >< Cl | CsHaCIFNGG, | 91138 [ 9118
11-8 OCF; CH, | NHCH: C1 | CoHuCIE:NGD, | 88434 | 8848
119 OCF; CH; | N(CHs) Cl | CoHaCIENGO; | 898.36 | 898.8

<
1-10 | OCF ( :SM Cl | CHgCIFNO, | 90936 | 9098
11-11 OCF, 7( Q| CuHuCIFNO, | 897.36 | 897.8
11-12 OCF; \74 Cl | CuHyCIENO, | 997.34 | 907.8

{(#) For all compounds, when the substitutent R is present, the orientation of the chiral
carbon atom bearing the substitutent R™ is (S).
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Table 12
CF =
O/ 3 o —N m 0
N /N [
HN Q ) O N ./ R
=N
NTO cl
) g Cale Found
Ex No. 114 Formula [M+H}+ {M’+H}+
., O _
121 f?i ™~ CoHwCIFNGO, | 88434 | 8848
A0 o
12-2 A CisHssCIFNsOy | 95438 | 954.8
0
12-3 BC\ CpHoCIFNG, | 93941 | 9308
0™
12-4 'ZCOH CosHaCIFN:O; | 92737 | 9278
OH
\,’S
12-5 NS C 4B s4ClF N O+ 911.38 9i1.8
HO
12-6 @O CusHuCIEND, | 937.37 | 937.8
HaN
12-7 P CasHiCIENsOs | 90233 | 9028
Nz
12-8 W o CuHaCIENG, | 89736 | 897.8
‘v’ NH2
12-9 \@< CasHaCIFaNgGs | 908.38 | 908.8
|
\J N"—h.
12-16 r’\v C4,5H53C1F3N905 908,38 G08.R%
LY
12-11 \L CasHaoCIFNeOsS | 912.32 | 912.8
S
H
H
12-12 (3% CusHs CIFsNGOs | 90636 | 906.8
\\\\. N
N H
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3 Cale Found
Ex MNe. 14 Formula [(MEH] | [MEH]
, H
o N H
12-13 1ON CagHsCIFsNaOs | 92038 | 9208
12-14 gsﬂ\/f} CasHs,CIF N | 90636 | 906.8
o~ b
H
N
12-15 q:) CagHssCIFNOs | 92230 | 9228
IOH
12-16 N CaHsCIFNOs | 92837 | 9288
OH
=
A= ] _
12-17 0 CasHyCIF:N;Op | 92533 | 925.8
O
NN
12-18% HN—N O CuaHanCIF N1 (O 925.37 9258
12-19 ';jN—N P CaHoCIFNO:S | 97333 | 9738
| %0 4411 571 N0 O . .
’ N/
1220 X ~ CasHssClRNgOg | 910,39 | 9108
1221 ’ E< CusHaCIF N, | 907.38 | 907.8
12-22 b N/\ CusHssCIFNoO; 910139 910.8
|
12.23 ‘:\/I\N/ CouHCIENGO, | 896,38 | 896.8
|
12-24 “HIN CuHaClENGOs | 89638 | 896.8
12.25 ’ \6 CoHuCIF NG | 9214 | 9218
_ o
12-26 XN\) CoHCIRNG, | 95240 | 952.8
12-27 ’ \Q) CouHoCIENG, | 90936 | 909.8
12.28 ’\’\@ CoHuCIENGO, | 92338 | 9238
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( g - Cale Found
Ex MNo. 24 Formuia IMEHT [M-I-I-I]*

L Roo
Y ~
12-29 ST
- o CusHsCIFsN,Oy | 996,39 1 996.8
0
(R)
12-30 ‘:‘Q;;CO C@gHsoCiFgNgO-; $07.34 908.8
(R)
(S)
12-31 ’: " O C45H50€iF3N3(—)7 §07.34 907.6
(R)
{R)
12-32 NN CasHuCIENO; | 01138 | 9118
H
12-33 /X/NWO\ CasHaCIFNO, | 99639 | 9966
0 O
H
12-34 ,X/NY\/\H/GH CaHuCIFNG, | 101041 | 10108
0 o)
H
12-25 ></N\ﬂ/\OH CagHssCIPNOg | 95438 | 9346
0
1 2"36 ‘\ N H2 CMHSE,C}F;:,NQOG 896.3 8 8966
>N
12-37 ¥ CuHeCIFN,O, | 964.40 | 96416
0O
>N
12-38 v, CuHaCIFN,O, | 98043 | 980.6
0
H
v C.
12-39 ’></NT ~ C46Hssch3N903 954.38 954.6
8]
H H
12-40 «X/NYN\ CasHsCIF NGO, | 95340 | 9534
O
H
12-41 B</N\(\ CoHaClF:NoO, | 952.40 | 952.6
O
SN
12-42 \IT/ CugHaCIFsNGO, | 93836 | 9386
O
12-43 ;XO/ CuHaCIF NG, | 89736 | 8976
12-44 :\Q ,O\ C43H52C1F3N307 909,36 9.6
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Cale Found
9
Ex No. B Formula M LA | MEH]
12-45 \Q/O CuHluCIFNG, | 92338 | 9236
/“ S~
H
12-46 :></N~§’;O CoHusCIFNO5S | 97435 | 9746
12-47 ﬂ\ CoHuCIENG, | 89534 | 8956
OH
12-48 7’\6@ CuaCIFsN:O; | 89534 | 8956
12-49 N\ CuHaCIENO; | 88133 | 8816
0
12-50 "&/OH CuHuCIFNG, | 92136 | 9216
12-51 s H40CIF; NGO 80.35 | 8%0.6
t\NH CaaHoCIF NG 8 Y
12:52 O CuMsCIFNO; | 89436 | 8946
NH,
b
o N
12-53 '(R)[j CoHisCIFsNO; | 91036 | 9106
0
R
12-54 (g',\)[j CuHyCIFNO, | 91036 | 910.6
o
12-55 "B\/OH CisHuCIFNG; | 909.36 | 909.6
o,
12-56 (R)[j ColyCIFNO, | 91036 | 9106
N
H
7, O
12-57 (5[] CauHsiCIFsNO, | 01036 | 9106
N
H
. o
12-58 ’><ff CoH CIFNOs | 91134 | 9126
0O
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Table 13
CF =,
¢ o N P
\ /N N
NN N
DCN
RTC
Neg
Te 9 Caic Found
Ex Mo, & R R Formula [MABT | (VeHE
O '
JEeo ur
13-1 5 l >< CsoHssCIFNGD, | 92541 | 9258
\/’
13-2 CN“, (S)O 1 ;’7< Ca7H ssCIFN:O, 861,42 891.8
3
N/“\ o)
13-3 \_m_/N C1 4 74 CisH 5sCIF NGOy 926.4 026.8
%
0 s
)\N/“\ 0 K
9 u
‘.\ N O\ ~.r'
13-5 e ¢l 74 CoHuCIENG, | 897.36 | 897.8
e
HO
13-6 s " N Cl 74 CuHoCIFND; | 883.34 | 8838
(s
HO" ©
O(R}*‘*
13-7 L N\H/O\ Cl 7( CasHsoClPNO6S | 899.32 | 899.8
o)
13-8 CaHoCIFNO; | 897.36 | 879.8
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e g Cale Found
Ex Me. G R R Formula [MEH] | (MR
0
H
AN o o
13-9 -~ (R}\n’ Cl ‘ CaeHssCIFsNDy | 94139 | 9414
/O\/\O 0
O
JGR_o
13-10 T | a 7< CHsiCIF:NGO; | 882.36 | 882.8
o
HoN
O(S)H
13-11 NI @ 74 CoHoCIFNGD, | 86835 | 868.8
HoN o
o
H
e (N ’
13-12 o 74 CusHissFsNO; | 889.41 | 889.8
0
13-13 Tt 7( CuHsiFsNgQ; | 84938 | 8498
s |
HO‘.K 0
13-14 ey 7< CaaH53FaNzO, 863.4 | 863.8
~a S/ o
0
N._O
13-15 ST Y Y 7< CuHs:FsNgO; | 8634 | 863.8
O
HO
1316 5o i cl 3'7<,OH CaHuCIFNO; | 91336 | 913.8
o)
HO
13-17 S5 1 74,014 CaHsoCIFs NGy | 899.34 | 899.8
s
hor & o
13-18 Lt Cl ,74/{%{ CablnClEsNgQs | 91336 | 913.8
~g s o
O
3!
(S) N\n’o\ ,
13-19 O C ?’7@0H CaHsCIFaNGOs | 93937 | 939.8
o
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Te 9 Cale Found
Ex Neo. G R R Formula [MEE | [MHHT
13-20 Y F >< CusHisoFaNO: | 86737 | 867.8
S
i & O
o . ,
1321 SO e F 3 CullsFNgO, | 88139 | 8818
(s)
gt 5) 0
O\
O
BCHEN
13-22 \[o( F 74 CalaBFaNQy | 907.41 | 907.8
0
13-23 g\\n/ ™ F ?'74,@-1 CuHsFNgOs | 89738 | 8978
0
HO
2
e N O\ -,
13-24 e F 7( CuHoFaN:Or | 88139 | 8818
o
HO
13-25 \/L}SW;T ™~ F "74,054 CuHsFiNgOg | 897.38 | 89738
~g e
L Ko :
13-26 H&EY ™~ F '7<,OH CaHsoFNeOg | 88337 | 8838
e
HO'
o)
H
. (S) ero\ ,
13-27 & F 7'74/0H CosHsaFNsOs | 9234 | 9233
0
Q el
e N O\ - ;
13-28 “y {S) \n/‘ ! %/OH CMHEF]N}}OS 87939 879.8
o
HO
2 H
13-29 oy O :’></ow CuHsFNO: | 86340 | 863.8
o
9 H
13-30 ety O HoH | CaHGFNO, | 86538 | 8658
g I
HO"
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o 9 Cale Found
Ex No. G R R Formula [MAHT | [MH]
i ﬁ O :
13-31 —\\\ (S \[( ~ "></OH CoHuFaNO, 879.39 879.8
~ & 0
O\
o)
JeH o
)\ . 7
13-32 \g/ ‘7</OH CuHssFaNeOs | 90541 | 905.8
o)
0
(S)H ‘
1 N N O o
13-33 - \Ir ~ | 1 7< CasHissCIFNgGs | 910,39 1 910.8
MHoN O
o)
(a) \\ ﬁ O\
13-34 \g/ 1 7< CoHsCIFNO, | 93739 | 937.8
o}
o (a)
e e
13-35 o cl 7< CoHuCIENGG, | 93538 | 9358
0
a
o (a)
N\H/O\
13-36 0 cl 7( CacFloCIFSN:O:S | 971.3¢ | 9714
S
\Y
d%
0
(R
N\n/O\ )
13-37 % ) Cl 74 CaeHsCIFsN:O, | 92338 | 9238
0
0 y (&
el '
13-38 5 cl 7< CisHsCIFNGO, | 92338 | 9243
o]
O
S
Y N\rro\ ,
13-39 g Cl 7< CoHsCIFNGO, | 921,40 | 921.6
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Ex Ne. G Rr™ R’ Formuia fiéjﬂir Iﬁ’fﬁ?+
O
Gk
PO '
13-40 z O Cl ‘ % C47H56C1F3N305 621.46 921.6
0
(S) H
‘)\ N O\ o
13-41 \g/ Cl 7( CaHsCIFNOs | 90738 | 907.6
13-42 Ct 7( CyHaCIENG, | 95140 | 9516
13-43 ) 74 CogHuCIFNgO; | 95141 | 9516
13-44 1 7< CoullCIRNO; | 89534 | 895.4
O
9
13-45 X3 N\g/O\ Cl ?’74,0}4 CuHsoCIFNO; | 91134 | 9126

{(a) Stereoisomers separated but unassigned
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Table 14
RBb
CF
G ? Q. =N / 9:( Y
\ / N N"(
O
=
¥
R NTO R
HN (
. é 7o & Bh 4 .\ Calc Found
Ex Nuo. R R B 14 Formula IMEH] IMEHT
14-1 | CHs C (®) | CH,OH 74 CouHeCIFNGO; | 89736 | 897.8
142 | CH: Cl () | CHOH 7/\ CuHoCIF N, | 89736 | 89738
143 | CH; Cl (R) | CHOH ?'74,0H CauHnCIFsNOg | 91336 | 913.8
144 | CH, cl 8y | CH0H 3’7<,OH CubBaCIENGO; | 91336 | 9138
14-5 | OCH; F ($) | CH,OH ;></OH CoHoFNgOg | 91338 | 9138
14-6 | OCH; F ) | cH.08 ?’7<,0H CalloFNgOs | 91338 | 913.8
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Table 15
CF =,
o Y e
- O T
=N
HN (
) ; | _ ic | Found
ExNe. |R’ R’ Formula El\fl:ig]* {]\/;:-I;;T
15-1 | N~ 74 CaeHseCIFsNgOg | 94139 1 9418
o L,
15-2 Né 74 CarHoCIF Ny O, | 96338 | 9638
|
/N /
H2N \\’ _I/
15-3 * '%/OH C44H5]CIF3N903 926.35 926.8
0
SN %
15-4 g N | B CogHls-CIFNGy | 96440 | 964.8
SN
15-5 O N-- 74 CoHanCIENO, | 95240 | 952.8
/
15-6 //N»; 7< CasHsCIFNgOg | 92441 | 924.8
[
15.7 \r N 54 ! >< CoH5CIF N | 938.42 938.8
N/ :
15-8 X >< CugHssCIFNOg | 939.42 | 9398
HoN
15-9 { N 74 CiHuCIFN,Og | 93641 | 9368
HoN ¥
15-1¢ : ,"o+ CuHgCIFNOs | 92635 | 926.8
O
15-11 NS 74 CuHuCIFNOg | 89235 8928
15-12 NE=—- ?’74,% CauHuCIFNGO, | 908.34 | 908.8
15-13 PeNpY; 7< CasHsCIE NG, | 91138 | 9116
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Table 16
CF 2
g o AN NP
- W
- O
=N
R?d
M
o
R*I
NH
02\0"
Ex No. R ® R R Formula {ﬂ(fiﬁgf {Ejt‘;‘]l
1 4
16-1 K Cl 74 CaHnCIFN:Gs | 91336 | 913.8
OH
16-2 */gi{ Ct 7< CuHxCIFsNOs | 89934 | 899.8
16-3 -;—{gi cl 7( CauHuCIF NGO | 91336 | 913.8
16-4 “/gé F 74 CisHsoFN:Og | 883.37 | 883.8
16-5 -:—'«fgf)_ F ?4 CuHgpFNOs | 897.38 | 897.8
16-6 -%' F 74 CuHsFiNsOs | 89738 | 8978
OH
16-7 —/g!){ i ;><,OH CosHsoCIFsNgOy | 91533 | 9158
z_/ o
16-8 o ‘,,g)_ Cl ’></OH CugH 5 CIFNgOg 92935 929.8
16-9 1 cl ?'7<,OH CuHuCIFNOs | 92935 | 9298
OH
i o
16-10 - ',Igii ’% CaaHe F2NgOy 865.38 865.8
16-11 -;_{g;;_ >< CuHsFiN:Ox | 87939 1 879.8
16-12 —/%‘é P ?’PL,OH CasHioFNgOy 899.36 | 899.8
16-13 '34& . :*74/(3?.; CuHoFNeDs | 91338 | 913.8
16-14 i F 7’74,03-1 CaaHspFNyOy 913.38 | 913.8
OH
16-15 -i_{:ésil-{ ;’7</OH CosH o FaNGOs 881,37 R&1.8
16-16 ~:~{g}_ ?’7<JOH CuHsFaNgQs | 89539 | 895.8
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‘ Cale Found
1 (¥} 7d %
Ex No. R R R Formula M+H[ | [MEH]
16-17 -: ;’7410?{ C;;4H53F3Ng09 80539 895.8
OH
16-18 | 7< CuHaFiNO; | 87939 | 879.3
OH
(#) For all compounds, the orientation of the chiral carbon bearing the substituent R’ is ($)
Tabie 17
R o =N\
4
./ R
Ia 9 . Cale Found
Ex Ne. R R Formula MHT | VR
17-1 | CF; ( SM CosHaCIFN;Os | 877.37 | 877.8
172 | CF, 74 CuHuCIFN:Os | 86537 | 865.8
173 | OCF, 74 CuHaCIFNOe | 88137 | 8818
174 | OCF oA CisHuCIFNOs | 89337 | 8938
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Table 18

PCTMIS2012/063181

-

R10 R?a ~=N J'/_—‘\ _40
M N
O O
=N O
} o R?d

BN TR!
Ex ol 7a 7d 9 | Cale Found
No. R R R jid R Formula pvi+H] | [(M+R]
18-1 —< OCF; ( SM Cl | CusHsCIFNOs | 89337 | 893.8
18-2 —< OCF, 5 74 Cl | CuHsCIFNgOg | 88137 | 881.8
183 _< OCF, ('SM CisHissTaN:Os | 85940 | 839.8
18-4 w< OCF, 7/\ CuHsFiN:O, | 84740 | 847.8
183 —:Co OCF, | (I 74 CoeHsCIENGO, | 92338 | 923.6
(R
156 | - O | OCFy| Cl >< CisHsCIENGO, | 95141 | 951.6
(S)
(#) For all compounds, the orientation of the chiral carbon bearing the substiiuent R'is (5
Tabie 19
—N o
N N4
O
! . Calc Found |
1 g 4 : 9 ;
Ex No. R R ; R Formula IMH] | [MH] |
; O Y
19-1 —;Cs’\(o (2) | CH; ’7</OH CaeHuCIFNOgS | 97134 | 9714
i .,’
19-2 w:—Co ()| CHs 74 CacHssCIFNO, | 907.38 | 906.6
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1 % 4 9 Calc Found
Ex No. R R 24 Formuia (MAR] | [VRE]
19-3 —:—O (R)| CH, 7< CuHiscCIFaNGOs | 90540 | 904.6
194 ":CO (| CHy ?’74/014 CugHssCIFNGD, | 923.38 | 9226
19-5 ,_:_<:> (R)| CH, 7'7</OH CoHlseCIFsNOe 1 92140 | 920.6
i //O - -.-’
159-6 - St (&) | CH, ' CagHsCIFNO,8 | 95535 | 9555
O
19-7 —:O ($)| CHy 3'?4,0% CaHsCIFINGD | 92140 | 921.6
19-8 —:O (S)| CH; 74 CoHlsgCIFNGDs | 90540 | 905.6
(R
19-9 - o) (S} CH, 74 CasHsCIFNGOs | 935.41 | 935.6
(S)
(R
19-16 - 0 (Ry| CHa 7< CasHssCIFNGQe | 935.41 | - 935.6
{5)
19-11 —EO (5| CH, 74 CagHssCIFsNSOs | 891.39 | 891.6
, e _
19-12 —;Cs\\ {a) | OCH, '74.,01-% CacllssCIFNGLS | 98734 | 987.2
O
19-13 —gCo (5) | OCH, 3’><,ou CagHsCIFNDs | 93937 | 939.6
19-14 —:-<:> (Ry| OCH; 77<,OH CorHlsCIFNGG, | 93739 | 937.6
19-15 —:—O (S) | OCH; 77@0&1 CaHlseCIFNGO, | 937.39 | 937.6
19-16 —:Co (S) | OCH, 74 CagHsCIFND, | 923.38 | 923.6
19-17 w:—o (S) | OCH; >< CarHseCIFNgOs | 92140 | 921.6
1 ,o;,o 5”
19-18 - < (a) | OCH; | - CagHsCIFNGO:S | 97134 | 9715
O
() Stereoisomers separated but unassigned
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Table 2¢
B
cE RBa R
R0 o ? 0 —N w O
O
=
cl
N
o
0 NH
o’/’{\o
[ ;
| ExNo. | R | = R # R R Formula {E{gﬁ;}* [};gf;}
i H
(S
SN oo
i
20-1 T oms H R o} CsoHsoCIF:NoOye | 1038.40 | 1038.8
O
202 cHy | (B 74 CH,OH | CoHsCIFNGDg | 95330 | 9538
20-3 | CH, | (R) 77</OH CHLOH | CyHsCIFNOs | 969.38 | 969.4
20-4 1 CH: () 7< CaHsCIF NGO, | 92338 | 9236
20-5 CHy, | (9 74 CoHuCIFNGD, | 92338 | 9236
20‘6 CH3 (R) :’74 C46H54CIF3NSO7 92338 923.6
20-7 CHLOCH, | () 74 CoHsClF:NOg | 95339 | 953.6
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Table 21
K 0 ez /—-\ O
WN\_/N
-0
Ve
F
N D
*
HNT TR
\‘OAO

Cale Found
Ex No. [MHHT | iMEHT

R]
211 —:~<:> (R) | CuHsFaNgOs | 83943 | 838.8

: 0
212 w:-CS:(O CusHsFaNsO-S | B89.38 | 888.6

21-3 -:Co ($) | CusHsFNOs | 84141 | 8406

21-4 —:O ($) | CusFNgOs | 83943 | 8396

* Formuia
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RA

o
Q NH

N

Table 22

R0 R7a —N ,,__\
N
N OIS
_C#QN e
R

PCT/US2012/063181

8]

o7 O
ExNe. | R® | R” | R R’ R Formulz [§f§}+ {i};;)f;}z?‘
22-1 CH; 74 CoHNsOs | 80543 | 8058
22 | cn, (\SM CiHsNeOg | 81743 | 817.8
223 CH; | OCF; 74 CogHssFsNO, | 889.21 | 889.8
22-4 CH: | OCF; (S}VQ CoHssFaNgO- | 901,41 | 90L.8
25 | cH, |OCF,| Cl ‘SM CoHuCIFNGD; | 935.38 | 9358
226 | CH, | OCF; 74 Ol | CallaaCIFN:O; | 92338 | 923.8
22-7 CH; [OCF;| Cl 7< Cl | CaHsnCLFNGG, | 95734 | 957.8
228 | cH. | OCFy ?'174,% Cl | CoHaCTFNO; | 93037 | 9398
229 | cH; | ocE | Cl ?"74/054 Cl | CoHxCLENGOs | 97333 | 973.8
22-100 ) oy, 7( Ql CaHssCINGDs | 839.39 | 8386
2-11 | cHy (5}74 Cl | CalssCING; | 85139 | 850.6
212 | ocH, | OCF, 74 CasHssFsNGOs | 905.41 | 905.8
2213 | oc, 74 CollsNsO; | 82143 | 8218
214 | ocw, | ocr, 7’74,0}1 CiHssFsN:Oy | 92140 | 9216
2-15 | ocH, (\SM CaHsoNeO; | 833.43 | 8336
216 | ocm locr | 7< CLHuCIFs NGy | 93937 | 939.6
22-17 | OCH; | OCE; | € 7[ _OH CatIsaCIFNO | 955.37 | 955.6
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Tabie 23

CF 3

o s =N /—-"\ _—(O

HN N N
O
N._.0 Cl
w
HNT TR
Ex No. * r’ Formula Cale | Found

IM-HI" | [MAHL

23-1 = (R ’ CasHssCiFsNgO, | 851,41 951.6

.
.
7<

23-2 i (5} ! CisHszCIF:NO5 951.41 951.6

CoHaeCIFNOg | 92140 | 9216

e

L

e

A -

O )
a Aa ———
LA NR L N8

N
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Table 24

PCT/US2012/063181

&b
CF R% R
Of 3 N H o
. HN N N
HINX Q O _@' - _j><
= o
-~ cl

N
0, NH
N
gf; R | gh oo RrY # Formula [1%%;]* ﬁli;f;;?q.
24-1 CH; (&) 1 CHy | (5 CasHsaCiFaNgO- | 92338 923.6
24-2 CH; &Yy | CH: | (&) CasHsCIF N7 | 92338 923.6
24-3 CH, () CH, | (B)| CuHoCIFND, | 92338 | 923.6
24-4 CH;s (5) CH,OCH; | (RY | CoBseCIFyN0Og | 95336 053.6
24-5 CH; Ry 1iCH: | (B) CacBssCIFaNgOy | 92338 923.6
246 CH,OCH; (5) | CH; i (R CyHsCIFsNOg | 953.39 §33.6
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Table 25

-
”r

O

R Rb —N /_.\
HN_@'N N—g<
PUsLrcovee

HNT TR

~rSo
Cale | Found
Ex Ne. R # R R™ [R™ Formula .
PVI+H] MAH]
2%.1 —< ()| CH;, | OCR | F | CuHoFN:O | 86539 | 865.6
350 "i‘CO (&) CH, QCF, | F CaHsaFaNsO7 ¢ 907.41 | 907.6
253 “:‘CO Ay CH, OCF, | Cl | CaeHsCIFNgO, | 92338 | 9236

25-4 ‘:“< Ry CHas OCF; | Cl | CuHCIFaNDs | 88137 | B84

25.5 —:Co S| CH, OCHF, CusHssFoNgO7 | 871,42 | 8716
>

25.7 { () | CH,0CH: | OCF; | €1 | CoHuCIENG, | 91138 | 911.6
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Table 26

PCENIS2012/063181

-
)

R 0 =N /"’“\ 8]
N M
HNTY, Q O N/ \W_JJ<R9
R?d
O

HO—* )
’ Cale Found
L () % Ta 74 s
Ex Ne. B R R R Formula IM+HT |[M+H]
0
] s \
26-1 . (R) éj@ C CusHsNoO | 85042 | 850.4
; N
26-2 —< ) E» CaHaNyOs | 77536 | 775.4
N
+H
26-3 —< ) NHCH; CyHaNOe | 73837 | 7382
264 < (S} @94 CuHuNOs | 777.40 | 7774
26-5 —< (%) @M CoFlaNuOs | 775.36 | 7752
26-6 »< (S) |OCF; | F 7< CuHxFN:O, | 867.37 | 867.8
26-7 —< (S) |OCF, | F I'7</oa~s CoHsoFsNeOy | 88337 | 8838
26-8 —< $) |ocr, | ¢ 74 CoHaCIFNO, | 88334 | 883.8
26-9 -< (s) locF; | ¢ 77LOH CasHsoCIF:sNOz | 899.34 | 899.8
| o
26-10 m:—Co 8y |oCE, | ¢ 7< CusHsCIFNgO: | 925.36 | 925.8
26-11 —:Co Sy lOCF, | ¢l ?'7<,OH CesHoCIFsNO, | 941.35 | 941.8

(#) For all compounds, the orientation of the chiral carbon bearing the substituent R* 18 ()
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Table 27

CFy
O O =N
O
N
7d
o R

S
fn,:

PCTAIR2012/063181

-
.

"
N N
h—

4

O
RQ

HiN (
~N0
Ex Ne. r™ Rr’ Formula g}\f[:»ii;]* @;’Eﬁ?
27-1 al {8}94 CuHaCIFNG; | 909.36 | 9098
27-2 cl ;/7</OH CuHuCIFNGD; | 91336 | 913.8
27-3 i3 7/\ CuHgoFN:O; | 88139 | 881.8
27-4 F (SM CoHuFiNeO, | 89339 | 8938
27-5 l {Sﬁ{f‘} CysHaCIFNGOD, | 92236 | 9228
* H
276 F ;'%,OH CuHuFN©O; | 897.38 | 897.8
277 ?%OH CuMsFsNOy | 87939 | 879.8
27.8 74 CauHsnFsNeO, | 86340 | 8638
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Table 28

\N?TQ

0 NH
o//j\o
|
7d Bai(H) ¢ 10 Cale Fetmd‘
Ex No. 23 B R R Formula v +H]+ [M-+HT
2%1 | F 74 CaHsFaNOg | 92340 | 9238
28.2 74 CacHssFsNOs | 905.41 | 905.8
28-3 F ?’7<,OH CasHsFiNeOy | 93940 | 939.8
28-4 . ;174/01-1 CaHssFsNgOs | 92140 | 9218
285 | Cl | CH, 3’7<,OH CaHsCIE NGOy | 969.38 | 969.8
286 | 1| cH ("}V( CaHscCIE NGO | 965.39 | 965.8
287 | C1 | CHs 7< CoHsCIFsNGOe | 953.39 | 953.8
288 | Cl | CH; NHCH; CoHlsiCIFsNGOs | 926,35 | 926.8
-t
28-9 Cl CH; / % CyrHCIF N Oy 968.40 968.8
\;’
2810 C | CH; \V CasHCIF N | 937.36 | 937.8
2811 | Cl ‘Sb‘/\ CoHuCIFNGy | 95137 | 9518
. H
212 | ¢l / N7/\ CaellssCIF NGO | 954.38 | 954.8
28-13 | Cl NHCH, CoHasCIFNGOg | 91233 | 912.8
H
28-14 | Cl K N7L CisHsoCIF;NgOg | 92334 | 023.8
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7d Ba(H) 9 o Cale Found
Ex No. R R R R Formuia M+HT | [MHT
2815 | Cl 74 CHOH | CoHseCIFsN:Oo | 969.38 | 969.8
28-16 Cl ;’7/\,OH CH,OH | Ci7HCIFNODs | 985.38 985.8
C O
28-17 Cl CHs (gj@!)\/ CsiHg ClIFiNgOy | 1,052.42 1053.0
[}
. .. TF- )\\O/ .
28-18 Cl | CH; (gj’b CsoHsoCIFaNgO e | 1,038.40 | 1039.0
Q
. “F- )\/N\f
28-19 Cl i CH; (g}c\! CsHgClFN O | 1,065.45 | 10666.0
28-20 Ci :></O\ CusHs:CIFsNgOs | 955.37 895356
28.21 i :‘y RNy CyHCIF N | 967.37 967.6
28-22 Ci ‘Q/O CagHssCIF NGy | 981,38 981.5
- ~
s> _OH ,
28-23 Cl ’><fr CasHpCIF;NgOre | 969.35 969.6
0]

(#) When the substituent R* is other than hydrogen, the orientation of the chiral carbon
bearing the substituent R* is ($)
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Table 29
ICF3 E
Q 0 =N — O
WaWn
O
=
Fuo Ci
N
0
R1
NH
o;\o”
. i 9 Calc Feund
Ex No. 14 4 Formula (VEHH] | (MH]
. b ‘.'l‘
20-1 —:Co )4 CosHs:CIF NG, | 92735 | 9276
29.2 :—< 74 CoHaCIEN:Os | 88534 | 8854
29-3 { ?'7<_,OH CaHgCIENO, | 90134 | 9016
29.4 -:Co ;I7</OH CusH5 CIENsOs | 943.35 | 943.6

Biological Assavs

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 demeonstrated inhibidon of HCV replication in one or more

10 of the following HCV replicon assays.

Assay 1t HCV Genotype 1b Replicon Assay
The HCV genotype 1b replicon cell line was obtained from Apath LLC
{(Brookly, NY) (APC144; Huh7 cell background). This subgenomic replicon contains the
15 N-terminus of the HCV core protein fused to the neomycin-resistance selectable marker.
The EMCV IRES lies downstream and drives expression of humanized Renilla huciferase
fused to the non-structural proteins NS3-NS3B. This cell Hine was used to determine
compound potency using the luciferase activity readout as a measurement of compound

inhibition of replicon levels.
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Cells were grown at 37°C in a 5% CO; humidified incubator in DMEM
{Invitrogen) with 1¢% FBS (HyClone), ix NEAA (Invitrogen), Ix Pen-Strep
{Invitrogen), and 500ug/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 dituted another 200 x i 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 BCsp values were determined from a 4-parameter robust it model with
the GraphPad Prism software package (GraphPad Software, Inc., San Diego, CA).
Results are expressed as the negative decadic logarithm of the ECsp value, pECso.

Test compounds having a higher pECsp value in this assay show greater inhibition
of HCV genotype 1b replication. Compounds of the invention tested in this assay

typically exhibited pECsy values between about 7 and about 12.

Assay Z: HCV Genotype 12 Replicon Assay

The HCV genotype 1a replicon cell line was obtained from Apath LLC (APC39;
Huh7.5 cell background). This subgenomic replicon contains the N-terminus of the HCV
core protein Tused to the neomycin-resistance selectable marker. The EMCV TRES lies
downstream and drives expression of the non-structural proteins NS3-NS5B. Compound
potencies were determined using the NS3-specific protease activity in lysates as a
measurement of compound inhibition of replicon levels.

Cells were grown at 37°C in a 5% CO, humidified incubator in DMEM
{Invitrogen) with 10% FBS (HyClone), 1x NEAA (Invitrogen), 1x Pen-Strep
{Invitrogen), and 850pg/ml. G418 (Invitrogen). On day 1 of the assay, cells were plated
at 15,000 cells/well in black 96-well tissue culture plates (Costar) in 200ul. media lacking
(G418. Four howrs later, once the cells had adhered, the media was remioved and replaced
with media (no G418) confaining dose-responses of test compounds. Corapounds were
initially diluted in DMSO and then diluted another 200x in media to bring the final

DMSO concentration down to 0.5%. The cells were incubated with test compounds for 48
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or 72 hours, At the end of the incubation period, media and compound were removed
from the plates.

To determine the NS3-specific protease activity in lysates, the colls were lysed at
room temperature in S0uL/well of 50mM Hepes pH 7.5, 150mM Na(l, 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 81 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 fo a timepoint at which the protease activity is still in the linear phase.
Protease activity was determined by measuring fluorescence (Excitation: 340 nm;
Emission: S09nm).

To analyze the data, the fluorescence was plotted vs. the compound concentration,
and BECS0 values were determined from a 4-parameter robust fit model using GraphPad
Prism software. Compounds of the invention tested ir this assay typically exhibited

pECso values between about 6 and about 11.5.

Assay 3: Replicon Assays Against Resistant Mutants

To create replicon cells with resistant mutations of interest, the mutation was first
introduced into the parental plasmid by site-directed mutagenesis. Mutations in
genotype 1b included 131V, 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
electroporation, and new cell lines were selected with 506pg/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 genotype la
Y930, Y93H, M28T, Q30E, Q30K, L31M, and Y93N. The mutation was first introduced
into the parenta! plasmid by site-directed mutagenesis. The replicon plasmid was then
linearized and in vitro transcribed to RNA. The RINA was used to transiently transfect
Huh-LUNET cells (obtained from ReBLilkon GmbH, Schriesheim, Germany) by
electroporation, and the potencies of test compounds against the mutants were determined

as previously described.
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Assay 4: Replicon Assays Against NS5A Sequences of Other Genotypes

Potencies of test compounds against N35A sequences of other genotypes were
determined by creating intergenotypic chimeras. The entire NS5A gene from genotypes
2a, 2b, 34, da, 5a, and 6a, or the nucleotide sequence encoding amino acids 11-118 of
NS5A, was subcloned into a genotype b replicon.  Forgenotype 2a, intergenotypic
chimeras with both the JFH and the J6 strain were created. In general, NS5A inhibitors
have been shown to exhibit significantly weaker potency against the J6 strain due to the
presence of a naturally occurring L31M sequence variant. Since the majority of genotype
2a sequences in public databases contain the L31M sequence variant, the use of the J6
genotype 2a sequence may better reflect the antiviral potency of NSSA inhibitors.

These chimeric replicon plasmnds were then linearized and in vitro transcribed fo
RNA. The RNA was used to transiently or stably transfect Huh-LUNET celis by
electroporation, and the potencies of test compounds against the chimeras were

determined as previously described.

Assay 5: Colony Formation Assays

Colony formation assays were used to compare test compounds with respect to
their overall genetic barrier to resistance. Genotype 1b and genotype 1a replicon cells
were grown in the presence of various concentrations of test compounds and 500 pg/mL
or 850 pg/mL geneticin selection, respectively, Medie, including test compound, was
replaced twice per week. After 3-4 weeks, most cells had been killed and resistant
colonies were visualized by staining with erystal violet. Compounds with enhanced
potency against the key resistant mutants showed significantly fewer colonies, consistent

with an improved overall genetic barrier to resistance.

Assay Results

All of the compounds of Examples 1 10 21 and Tables 1 to 29 were tested in one
or more of the assays described above. Representative results for the compounds of
Examples 1 to 21 in the HCV genotype 1a, 1b, 2a (J6 strain), 3a, and the resistant nmrtant
la Y93H replicon assays, as well ag results for the HCV genotype 1a and 1b replicon
assays for the compounds of Tables 1 to 29 are given below. In the following tables, A
represents a pECsq value between 6 and 8 (ECse between 1 M and 10 nM}, B represents
pECsp between 8 and 9 (ECs, between 1 and 10 M), C represents pECs; between and 9
and about 10, (BCse between 1 nM and 0.1 nM]}, and D represents pECse >18 (ECs0 < 0.1
nM ).
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CLAIMS

1. A compound of formula (I):
R10 _
HN = =N NP
5 N. 0 (R7)a (R8)y,
RS f
RE-N

R‘i

R

ey

wherein

R! is selected from C;.salkyl, Cisalkoxy, phenyl, Cygcycloalkyl, heterocycle, and
heteroaryl, wherein C,.salkyl is optionally substituted with ~OR” amino, —SR*, heterocycle, or
heteroaryl, Cy.¢alkoxy is optionally substituted with ~OR", and heterocycle is optionally
substituted with ~OR? amino, or ~C{O)OC;.alkyl, or with one or two C;_salkyl,

R? is selected from hydrogen and Cyealkyl;

R is selected from hydrogen, Cy_galkyl, -C(O)YOC;.
salkyl, -C(O)NR™R", -C(O)C;5.qcycloalkyl, and -S(0),Cy_zalkyl;

or R? and R? together with the nitrogen atom to which they are attached form a
heterocycle;

R* is selected from Cjalkyl, -NR"R®, -ORY, -SR*, -$(0)C3alkyl,
-5(0)2C1alkyl, -CN, -C(O)NR’R", heterocycle, heteroaryl, and halo, and R and R® are
hydrogen;

or R* and R® are independently C,.galkyl or halo and R® is hydrogen;

or R* and R” taken together form —(CHy),~, wherein nis 2, 3, 4, or 5 and R® is hydrogen;

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

or R is hydrogen and R’ and R® taken together form —(CHy)u—, wherein m is 1, 2, 3, or 4;

or R* and R? are each hydrogen and R’ is C) galkyl,

R’ is selected from halo, Csalkyl, and Cyaalkoxy wherein Czalkyl and Cyzalkoxy are

optionally substituted with one, two, three, four, or five halo;
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R®is Ci.salkyl, optionally substituted with -ORh;
_ R’ is selected from Cgalkyl, Cigeycloalkyl, Cigalkoxy, -NRng, heteroaryl, heterocycie,
and —CH,-heteroaryl;
wherein:
- Cygalkyl is optionally substituted with one or two substituents independently
selected from ~OR", -NR'R¥, -NHC(O)C salkyl, -NHC(O)YOC;.
salkyl, -NHC(O)Csgeyceloalkyl, Cigseycloalkyl, and halo;
C.salkoxy is optionally substituted with —OR™
any Cygcycloalkyl 1s optionally substituted with one, two, or three substituents
independently selected from C,salkyl, halo, -NR'R", — OR”, and -CD;, wherein any
C\aalkyl is optionally substituted with one, two, or three halo;
any heterocycle is optionally substituted with one, two, or three substituents
independently selected from C;.;alkyl, halo, -C(O)OC,.
salkyl, ~-C(O)Cy.ealkyl, ~-C(O)Csgeycloalkyl, ~C(ONHC,.
salkyl, ~C{OYNHC;scycloalkyl,—S(00nC;ealkyl, and -C{O)NH;;
wherein any —C(O)Csalkyl 1s optionally substituted
with -NHC(0)OC,.salkyl, -OR", -NR'R¥, or heterocycle,
any -C{0)Csgcycloalkyl is optionally substituted with one or two
Cysalkyl, and
any ~C{O)NHC salkyl is opticnally substituted with ~OR" or
Ciscycloalkyl;
any heteroaryl is optionally substituted with one or two Cy.zalkyl;
R* R R® R" R/, RX R™ and R™ are each independently hydrogen or Cysalkyl;
R®is hydrogen or Cysalkyl, wherein Cj.galkyl is optionally substituted with ~OR® or
amino;
RY is hydrogen or Cygalkyl, wherein C)¢alkyl is optionally substituted with ~OR" or
with heteroaryl optionally substituted with Cj.aalkyl;
Rlis hydrogen or Cygalkyl, wherein C¢alkyl is optionally substituted with —ORh;
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RE is selected from hydrogen, C.¢alkyl, Csalkoxy, Cigeycloalkyl, NR*R®, and
heterocycle, wherein Cgalkyl is optionally substituted with ~OR” and heterocycle is optionally
substituted with =0,

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

Ay, 18 ~NHC(O)- or -~C(O)NH-

ais 0, 1, or 2; and

bis(, 1 or2;

or a pharmaceutically-acceptable salt or stereoisomer thereof.
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2. The compound of Claim 1 wherein R!is selected from Cy.zalkyl, phenyl,
Cs.seycloalkyl, and heterocycle, wherein Cy.salkyl is optionally substituted with —OR”", and any

heterocycle has six ring atoms and is optienally substituted with one or two Cy.aalkyl.

3. The compound of Claim 1 wherein R* is selected from C.salkyl and -OR%; and R’

and R® are each hydrogen.

4. The compound of Claim I wherein R” is selected from Cr.ealkyl, Cageycloalkyl,
NR'R®, wherein R and RE are independently hydrogen or C;.salkyl, heteroaryl, and heterocycle,
wherein Ci.4alkyl is optionally substituted with -OR", Csecycloalkyl is optionally substituted

with one or two Cy_salkyl or halo, any heteroaryl has
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five or six ring atoms, and any heterocycle has five ring atoms and is optionally substituted with
one or two substituents selected from C;aalkyl, -C{O)OC ;alkyl , -C(O)Csalkyl,
and -C{O)NHC, salkyl

5. The compound of Claim 1, wherein:

R! is selected from Cyaalkyl, phenyl, Csecycloalkyl, and heterocycle, wherein Cysalkyl
is optionally substituted with ~OR", and any heterocycle has six ring atoms and is optionally
substituted with one or two Ci.saltkyl;

R’ is —C(OYOC . qalkyl:

R* is selected from Ciaalkyl and ~0Rd;

R’ and R® are each hydrogen;

R’ is selected from halo, Ci.aalkyl, and C, salkoxy wherein Cisalkyl and C; ;alkoxy are
substituted with two or three halo;

R’ is selected from C).salkyl, Cyecyeloalkyl, NR'RE, wherein Rf and RE are independently
hydrogen or C;salkyl, heteroaryl, and heterocycle, wherein Ci.¢ alkyl is optionally substituted
with - OR", Cy.¢cycloalkyl is optionally substituted with one or two Cj.salkyl or halo, any
heteroaryl has five or six ring atoms, and any heterocycle has five ring atoms and is optionally
substituted with one or two substituents selected from Cj.aalkyl,

-C(OYOCaalkyl, -C{O)YC, 4alkyl, and -C(O)NHC, 4alkyl,

R is hydrogen or C.salkyl, wherein C).salkyl is optionally substituted with ~ORY,

aislor2;and

bislor2.
6. The compound of Claim 5 wherein A, is -NHC(O)-.
7. The compound of Claim 5 wherein Ay, 1s -C{O)NH-.

8. The compound of Claim 1 wherein the compound is a compound of formula (IV):

184



{# MNWNW e

R2-N R1
R3

av)

wherein:

R’ is selected from C.galkyl, optionally substituted with hydroxy or methoxy, and
tetrahydropyran;

R? is hydrogen;

R? is -C{O)OC salkyl;

R* is methyl or methoxy;

R’ is selected from fiuoro, chloro, -CF; and —-OCFs;

R® is independently methyl or hydroxymethyl,

R’ is selected from -NHCH; cyclopropyl, 2,2-dimethyleyclopropyl, teri-butyl,
3-hydroxy-2,2-dimethylpropyl, and imidazolyl;

R'% is hydrogen or hydroxymethyl;

ais | or 2; and '

bistor2;

or a pharmaceutically-acceptable salt thereof.

9. The compound of Claim 1 wherein the compound is a compound of formula (V):
HN
W .@ \_i_/
R2- N R"
RB
V)
wherein:
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R’ is selected from Cy_galkyl, optionally substituted with hydroxy or methoxy, and
tetrahydropyran;

R” is hydrogen;

R’ is -C(O)OC, galkyl;

R* s methyl or methoxy;

R is selected from fluoro, chloro, -CF3, and —~OCF;;

R is independently methyl or hydroxymethyl;

R’ is selected from ~NHCH;, eyclopropyl, 2,2-dimethyleyclopropyl, feri-butyl,
3-hydroxy-2,2-dimethylpropyl, and imidazolyl;

R'" is hydrogen or hydroxymethyl;

ais ] or?2;and

bisior2;

or a pharmaceutically-acceptable salt thereof.

18, The compound of Claim 1 wherein the compound is selected from
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and pharmaceutically-acceptable salts thercof.

1. The compound of Claim 10 wherein the compound is selected from
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and pharmaceutically-acceptable salts thereof.

1 2. The compound of claim 1, which is:
o N 0
o, /=N /T
_‘N s
__C\/L ci
N
o
PN

%

or a pharmacentically acceptable salt thereof.

13, A pharmaceutical composition comprising a compound as claimed in any one of Claims

I 10 12 and a pharmaceutically-acceptable carrier.

14, The pharmaceutical composition of Claim 13 further comprising one or more other

therapeutic agents useful for treating hepatitis C viral infections.
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15. The pharmaceutical composition of Claim 14 wherein the one or more other therapeutic
agents is selected from HCV NS3 protease inhibitors, and HCV NS5B nucleoside and non-nucleoside

polymerase inhibitors.

ié. A process for prepariag a compound of formula (1-5)
o N P O
/NN N
HNN — RY
== H
4 N (RE
R (R7) 4 b
RSN -NG
g © 1-5
where G represents the group
O R
\}\ <N_R2
R®  and

wherein R, R?, R?, RY, R, R®, R™, RY, R®, g, and b are defined as in Claim 1, or a pharmaceutically-
acceptable salt or stereoisomer thereof, the process comprising:

{a) reacting a compound of formula 3-3

with a compound of formula 3-4
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O N N—Pg
\ < > \_/ -
NH \—1—/
(R7), (R
3-4

wherein Pg is an amino-protecting group,

to provide a protected intermediate 1-3

AN
( RY)

4
R (R7 5 b
RS NN
b © 1-3 _
(b deprotecting intermediate 1-3 to provide a deprotected intermediate 1-4;
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and

{c) reacting intermediate 1-4 with a carboxylic acid or carboxylic acid chloride:
0 0
BEL IS
cl” "R®  HOT TR®

to provide a compound of formula (1-5) or a pharmaceutically-acceptable salt or stereoisomer thereof.
17. The process of Claim 16, wherein R'is C,.salkyi or tetrahydropyranyl, R” is hydrogen, R’
is -C{O)OC,salkyl, R" is methyl or methoxy, R® and R® are both bydrogen, R is fluoro, chloro, or ~OCF;,

R® is methyl, R’ is fert-butyl or 3-hydroxy-2,2-dimethylpropyl, ais 1 or 2, and b is 1.

I8, A compound of formula 3-4:

@] ° =N N/——\N P
\ N\ / —Pg
NH
T -
( R7) ( RS) b
3.4

wherein Pg is an amino-protecting group, R’ is fluoro, chloro, or ~OCFs, R* is methyl, R” is zert-butyl or

3-hydroxy-2,2-dimethylpropyl, ais 1 or 2, and b is 1.
19. A compound as claimed in any one of Claims 1 to 12 for use in therapy.

20. A compound as claimed in any one of Claims 1 to 12 for use in the treatment of a

hepatitis C viral infection in a mammal.
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21, The compound of Claim 20 for use in the treatment of a hepatitis C viral infection

in a mammal in combination with one or more other therapeutic agents.

22, The compound of Claim 21 wherein the one or more other therapeutic agents is
selected from HCV NS3 protease inhibitors, HCV NS5B nucleoside and non-nucleoside
polymerase inhibitors, interferons and pegylated interferons, cyclophilin inhibitors, HCV NS5A

inhibitors, and ribavirin and related nucleoside analogs.

23. A compound as claimed in any one of Claims 1 to 12 for use in inhibiting

replication of the hepatitis C virus in a mammal.

24.  The compound of Claim 23 for use in inhibiting replication of the hepatitis C
virus in a mammal in combination with one or more other therapeutic agents selected from HCV
NS3 protease inhibitors, HCV NS3B nucleoside and non-nucleoside polymerase inhibitors,

- interferons and pegylated interferons, cyclophilin inhibitors, HCV NS5A inhibitors, and ribavirin

and related nucleoside analogs.

25, Use of a compound as claimed in any one of Claims 1 to 12 for manufacture of a

medicament for the treatment of hepatitis C viral infections in a mammal.
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