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(57) Abstract: A class of macrocyclic compounds of formula (I), wherein R!, R®, RY, R%, R®, A, B, Z, M, W and n are defined
herein, that are usetul as inhibitors of viral proteases, particularly the hepatitis C virus (HCV) NS3 protease, are provided. Also
provided are processes for the synthesis and use of such macrocyclic compounds for treating or preventing HCV infection.
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TITLE OF THE APPLICATION
THERAPEUTIC COMPOUNDS

FIELD OF THE INVENTION

The present invention relates to macrocyclic compounds that are useful as
inhibitors of the hepatitis C virus (HCV) NS3 protease, their synthesis, and their use for treating

or preventing HCV infection.

BACKGROUND OF THE INVENTION

Hepatitis C virus (HCV) infection is a major health problem that leads to chronic

liver disease, such as cirrhosis and hepatocellular carcinoma, in a substantial number of infected
individuals, estimated to be 2-15% of the world’s population. According to the World Health
Organization, there are more than 170 million infected individuals worldwide, with at least 3 to 4
million people being infected each year. Once infected, about 20% of people clear the virus, but
the rest harbor HCV the rest of their lives. Ten to twenty percent of chronically infected
individuals eventually develop liver-destroying cirthosis or cancer. The viral disease is
transmitted parenterally by contaminated blood and blood products, contaminated needles, or
sexually and vertically from infected mothers or carrier mothers to their offspring.

Current treatments for HCV infection, which are restricted to immunotherapy
with recombinant interferon-a alone or in combination with the nucleoside analog ribavirin, are
of limited clinical benefit. Moreover, there is no established vaccine for HCV. Consequently,
there is an urgent need for improved therapeutic agents that effectively combat chronic HCV
infection.

Several virally-encoded enzymes are putative targets for therapeutic intervention,
including a metalloprotease (INS2-3), a serine protease (NS3), a helicase (NS3), and an RNA-
dependent RNA polymerase (NS5B). The NS3 protease is located in the N-terminal domain of
the N'S3 protein, and is considered a prime drug target because it is responsible for an
intramolecular cleavage at the NS3/4A site and for downstream intermolecular processing at the
NS4A/4B, NS4B/5A and NS5A/5B junctions. Previous research has identified classes of
peptides, such as hexapeptides as well as tripeptides discussed in U.S. Patent Application
Publication Nos. US 2005/0020503, US 2004/0229818, and US 2004/00229776, showing
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degrees of activity in inhibiting the NS3 protease. The aim of the present invention is to provide
further compounds that exhibit activity against the HCV NS3 protease.

Macrocyclic compounds that exhibit activity against the HCV NS3 protease have
already been disclosed in International Patent Application Publication Nos. WO 2006/119061,
WO 2007/015855 and WO 2007/016441.

SUMMARY OF THE INVENTION

Thus, in one aspect, there is provided the compound of formula (I):
(Wh, R

M \”Z
N R’
O%H)\g )V
o N

RZ

M

or a pharmaceutically acceptable salt thereof,
wherein:

nis 0,1 or2;

R is selected from the group consisting of CO,R'®, CONRSO,R®,
CONR'SO,NR*R’ and tetrazolyl;

R? is selecied from the group consisting of Cysalkyl, Cosalkenyl and
Ca.geycloalkyl, wherein said R? alkyl, alkenyl or cycloalkyl is substituted with 0 to 3 halogens;

R’ is selected from the group consisting of Cj_galkyl, Cs.gcycloalkyl,
Cs.seyeloatkyl(Cyre)alkyl, aryl(Cyg)alkyl and Het, wherein said R® alkyl, cycloalkyl, or aryl is
substituted with 0 to 3 substituents selected from the group consisting of halogen, OR'?, SR,
N(R ™), N(C1alky))O(Cy.6alkyl), C1.salkyl, C;ghaloalkyl, Cyghaloalkoxy, NO,, CN, CF;,
SO4(Ci.salkyl), S(O)C.ealkyl), NRSO.RE, SON(R®),, NHCOOR®, NHCOR®, NHCONHR®,
CORY, C(O)R'® and CONR'"),;

Het is a 5- to 6-membered saturated cyclic ring having 1 or 2 heteroatoms selected
from the group consisting of N, O and S, wherein said ring is substituted with 0 to 3 substituents
selected from the group consisting of halogen, ORIO, SR, N(Rw)z, N(Cy.6alkylYO(C, ¢alkyl),
C1.¢alkyl, Cyghaloalkyl, {C).¢haloalkoxy), NO,, CN, CF;3, SOy(Cy.galkyl), S(O)}Cisalkyl),
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NR¥SO,R?, SON(R®),, NHCOOR®, NHCOR®, NHCONHR?, CO,R'®, C(O)R', and
CON(R',;

R* is selected from the group consisting of H, halogen, OH, C;.salkoxy, C;.¢alkyl,
CN, CF3, SRIO, SOy(Cy.ealkyl), Csgcycloalkyl, Csgeycloalkoxy, Ci.ghaloalkyl, N(R7)2, aryl,
heteroaryl and heterocyclyl; wherein said R* aryl, heteroaryl, heterocyclyl, cycloalkyl,
cycloalkoxy, alkyl or alkoxy is substituted with 0 to 4 substituents selected from the group
consisting of halogen, OR™, SR™, N(R"), N(C1.6alky)O(C;.galkyl), Cy.salkyl, Cy.shaloalkyl,
Cy.shaloalkoxy, Cs.scycloalkyl, Ca.gcycloalkoxy, NO,, CN, CFs, SOx(Cisalkyl), NR'*SO.RS,
SON(R®),, S(OXC1salkyl), NHCOOR®, NHCOR®, NHCONHR®, CO;R", C(O)R" and
CON(R'®),; wherein the 2 adjacent substituents of said R* cycloalkyl, cycloalkoxy, aryl,
heteroaryl or heterocyclyl are optionally taken together to form a 3- to 6-membered cyclic ring
containing 0 to 3 heteroatoms selected from the group consisting of N, O and S;

each R® is independently selected from the group consisting of Cy.¢alkyl,
Cs.scycloalkyl, Csgcycloalkyl(Cys)alkyl, aryl, aryl(Ci.4)alkyl, heteroaryl, heteroaryl(Cy.4alkyl),
heterocyclyl and heterocyclyl(C.zalkyl), wherein said R® alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyelyl is substituted with 0 to 2 Q substituents;

each Q is independently selected from the group consisting of halogen, OR',
Cy.galkyl, CN, CFs, NO;, SR™, COR', CONR'®);, C(OIR™, N(R™)C(O)R', S0,(C;alkyl),
S(O)Cy.salkyl), Cs.geycloalkyl, Csgeveloalkoxy, Cighaloalkyl, N(R'®),,
N(C16alkyl)O(C)galkyl), (Cyshaloalkoxy), NR'’SO,R’, SON(R'®),, NHCOOR ",
NHCONHR'?, aryl, heteroaryl and heterocyclyl,

each R’ is independently selected from the group comsisting of H, Cjgalkyl,
Cs.¢eycloalkyl, Cs.geycloalkyl(Cr.s)alkyl, aryl, aryl(C;.4)alkyl, heteroaryl, heteroaryl(C.qalkyl),
heterocyclyl and heterocyclyl(Ci.galkyl), wherein said R’ alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl is substituted with 0 to 2 Q substituents;

R® is selected from the group consisting of C;.galkyl, Cascycloalkyl,
Cs.gcycloalkyl(Cy.salkyl), aryl, aryl(C,.qalkyl), heteroaryl, heterocyclyl, heteroaryl(C.qalkyl) and
heterocyclyl(Csalkyl), wherein said R® alkyl, cycloalkyl, aryl, heteroaryl or heterocyclyl is
substituted with 0 to 4 substituents selected from the group consisting of aryl, Cs.scycloalkyl,
heteroaryl, heterocyclyl, Cigalkyl, Cj.ghaloalkoxy, halo, OR™, SR' N(R!%,,
N(Cy6alkyD)O(Cralkyl), Cr.alkyl, C(O)R™®, C;ghaloalkyl, NO,, CN, CFs, SOx(Cyalkyl),
S(O)(C.calkyl), NR'SO,R®, SON(R®),, NHCOOR®, NHCORS, NHCONHR®, CO,R'® and

-3



10

15

20

25

30

WO 2009/108507 PCT/US2009/033859

C(O)N(Rm)z', wherein the 2 adjacent substituents of said R® cycloalkyl, cycloalkoxy, aryl,
heteroary! or heterocyclyl are optionally taken together to form a 3- to 6-membered cyclic ring
containing 0 to 3 heteroatoms selected from the group consisting of N, O and S;

R’ is selected from the group consisting of C;_galkyl, Ca.scycloalkyl,
Cj.gcycloalkyl(Crsalkyl), Crsalkoxy, Csscycloalkoxy, aryl, aryl(Cy.4alkyl), heteroaryl,
heterocyclyl, heteroaryl(Cy.salkyl) and heterocyclyl(Cy.salkyl), wherein said R? alkyl, cycloalkyl,
alkoxy, cycloalkoxy, aryl, heteroaryl or heterocyclyl is substituted with 0 to 4 substituents
selected from the group consisting of aryl, Cs.scycloalkyl, heteroaryl, heterocyclyl, Cy.salkyl,
C¢haloalkoxy, halo, OR'®, SR, N(R'%),, N(C.alky)O(C).¢alkyl), Cy galkyl, C(O)R™,
Cy.shaloalkyl, NO,, CN, CF3, SO»(Cyealkyl), S(O)(C1.satkyl), NR¥SORE, SON(R,,
NHCOOR®, NHCOR®, NHCONHR®, CO.R'® and C(OYN(R%),; wherein the 2 adjacent
substituents of said R’ cycloalkyl, cycloalkoxy, aryl, heteroaryl or heterocyclyl are optionally
taken together to form a 3- to 6-membered cyclic ring containing 0 to 3 heteroatoms selected
from the group consisting of N, O and §;

or R® and R are optionally taken together, with the nitrogen atom to which they
are attached, to form a 4- to 8-membered monocyclic ring containing 0 to 2 additional
heteroatoms selected from the group consisting of N, O and S;

each R' is independently selected from the group consisting of H and C.galkyl;

7 is Cjealkylene, Cop.salkylene-O-, Cowsalkylene—NRw—, C,.alkenylene,
C,.salkenylene-O-, Cg-salkenylene—NRw—, Co.galkynylene, Cysalkynylene-O-,
CzﬂsalkynyleneuNRw-, Co.salkylene-C(O)O-, Co_galkyleneu(I(O)-»NRm—,
Cosalkylene-O-C(0)-NRY- and Cyalkylene-NR'-C(0)0-, each substituted by 0 to 2 Cyqalkyl;

ring B is selected from the group consisting of N-linked 4- to 9-membered
heterocycles containing one N atom, containing 0 or 1 additional heteroatom selected from N, O
and S, and substituted by 010 2 R

each W is independently selected from the group consisting of halogen, ORY,
Cy.galkyl, CN, NO,, CFs, CO,R', CONR'"),, COR", NR’C(O)R'®, aryl and heteroaryl;

M is selected from the group consisting of Cs.ealkylene, Csoalkenylene and
Cs.salkynylene, substituted by 0 to 3 substituents selected from the group consisting of Cy.ealkyl,
(CH,)o3Cs.scycloalkyl and (CHy)gsaryl, and containing 0 or 1 member selected from the group
consisting of O, S and NR'® group; and
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ring A is selected from the group consisting of 8- to 14-membered fused carbobi-

and carbotricyclic ring systems, containing 0 to 4 heteroatoms selected from N, O and S.

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment of the present invention, nis 0 or 1. Preferably, nis 0.

In another embodiment, R! is CONR'’SO,R® or CONR'’SO,NR’R’ where R®, R”,
R’ and R'? are as hereinbefore defined. Preferably, Rlis CONR’SO,R® where R® and R'? are as
hereinbefore defined. More preferably, R'is CONI—ISOZR6 where R® is as hereinbefore defined.
Especially, R' is CONHSO,-Cs.scycloalkyl. More especially, R! is CONHSO,—C;s scycloalkyl.
Most especially, R is CONHSO,~cyclopropyl. Other substitutents are as defined in the
summary.

Tn another embodiment, R” is C|galkyl or C;.salkenyl, optionally substituted with
1 to 3 fluoro or chloro. Preferably, R” is Cjaalkyl or Co4alkenyl, optionally substituted with 1 to
3 fluoro. More preferably, R* is Cyalkyl or C;aalkenyl. Most preferably, R? is ethyl or ethenyl.
Other substituents are as defined in the summary or as provided in the above embodiment.

In another embodiment, R% is Cr.salkyl, (CHy)3Csscycloalkyl, (CHy)g.zaryl or
Het, optionally substituted by halo, OR® SR'®, N(R*®);, Cy.galkyl, NO,, CN, CF;, NR''SO.R®,
SO,N(R®),, NHC(O)OR®, NHC(O)R®, NHC(O)NHR®, COR"?, C(O)R'® and C(O)N(R'%),, where
R® and R' are as hereinbefore defined. Preferably, R? is Cp.salkyl or (CH,)p-3Cs-scycloalkyl,
optionally substituted by halo, OR'" or Cy.¢alkyl, where R' is as hereinbefore defined. More
preferably, R? is Cpalkyl or (CHy)e.sCsgeycloalkyl. Most preferably, R?is Cj.4alkyl or
Ci.¢cycloalkyl. Especially, R? is Cs4alkyl or Cs.¢cycloalkyl. More especially, R’ is tert-butyl,
cyclopentyl or cyclohexyl. Other substituents are as defined in the summary or as provided in
the above embodiments.

In another embodiment, each W is independently halo, ORm, Cy.satkyl, CN, NO,,
CF3, CO.R" or CON(RIU)Z, where R'? is as hereinbefore defined. Preferably, each W is
independently halo, OCy.galkyl, Cisalkyl, CN, NO; or CF;. More preferably, each W is
independently OC.qalkyl or Cysalkyl. Most preferably, W is OC;.alkyl or Cy.palkyl.
Especially, W is methoxy or methyl. Other substituents are as defined in the summary or as
provided in the above embodiments.

In another embodiment, Z is Cyp.salkylene-O-, Co_salkylene—NRlo-,
C,salkenylene-O-, Cg-sa]kenylene»NRm-, Ca.salkynylene-O-, Cz_salkynylene—Nwa or

-5
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Cy.zalkylene-C(Q)-0-, optionally substituted by C;_4alkyl, where R is as hereinbefore defined.
Preferably, Z is Co.salkylene-O-, C@.salkylen@NRmu, C,.salkenylene-O-, Cz_salkenyieneuNRm- or
Co.zalkylene-C(O)-O-, where R is as hereinbefore defined. More preferably, Z is
Cg.salkylene-O-, C,.salkenylene-O- or Cy.salkylene-C(0)-O-. Most preferably, Z is
Coaalkylene-O-, Cysalkenylene-O- or Cy.palkylene-C(O)-O-. Especially, Z is Cpsalkylene-O- or
Cy.;alkylene-C(0)-O-. More especially, Z is ~CH,-O-, O or C(O)0. Most especially, Z 1s O or
C(0)O. Other substituents are as defined in the summary or as provided in the above
embodiments.

In one embodiment, ring B is a N-linked 4- to 8-membered heterocycle containing
one N atom, optionally containing one further heteroatom selected from N or O, and optionally
substituted by R'™® where R is as hereinbefore defined. Preferably, ring B is a N-linked 4- to
7-membered heterocycle containing one N atom, optionally containing one further N atom, and
optionally substituted by Cy.qalkyl. More preferably, ring B is a N-linked 4- to 6-membered

heterocycle. Examples of suitable B groups are:

§—CN—"§’ " s Nxf » CNﬂg and E—CN_M% Other substituents are as defined in

the summary or as provided in the above embodiments.

In one embodiment, M is Cs_salkylene, Cs.galkenylene or Cy.galkynylene,
optionally substituted by Cy.salkyl, and optionally containing one O atom or one NR' group,
where R'V is as hereinbefore defined. Preferably, M is Csqalkylene or C;.jalkenylene, optionally
substituted by C;4alkyl, and optionally containing one O atom. More preferably, M is
Cs.¢alkylene or C;_salkenylene, optionally substituted by Cj.palkyl, and optionally containing one

O atom. Most preferably, M is Cssalkylene or Cs.salkenylene, optionally containing one O

A

»

B
B
atom. Examples of suitable M groups are: butylene, Al

B
0/\\‘///\\‘55}6‘ 55:\0/\/\/ 5&’\0/\\/\\\/‘2?— \O/\/\/‘??—

B
}3‘5&\ e f&\ P N B A

o A 0 Wy SO~ and
B A

5 o
O Other substituents are as defined in the summary or as provided in the

above embodiments.
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In another embodiment, ring A is a 8- to 14-membered fused carbobi- or
carbotricyclic ring system, containing 0 to 3 heteroatoms selected from N and O, and optionally
substituted by R, where R*is as hereinbefore defined. Preferably, ring A is a 8- to
14-membered fused carbobi- or carbotricyclic ring system, containing 0 or 2 N atoms, and

5  optionally substituted by R*, where R* is as hereinbefore defined. Examples of suitable A

groups, optionally substituted by R* are:

SNy 0y Oy
| R ™ EN
= N N
- o e
Z Z Z z z M Z M N Z. M Z M Z
» s » ’ 3 3 » )

>

CO O 0 O
N
MONF Nz Mz M z. MONTz z z z z
2 » 3 k] 2 b 3 >
/l /Nl N/I /N% /iN /l
NS VS YAV N NS B S S I\N
f |
M M Mka VO A LV VLR LS
z z z z z z z z
H ? 2 > 2
= \ \ -O\N*' N\ N\
i ! D R ]
M M\"’ e MY M | M Z N
10 z z z z z z
? 2 3
= M WN S
N N N\ N
Mm A EQ x - -l IQ
z o, z z M Z M Z M N™ "z m” N z,
\)\ 7

Q S}_é ;M(S HN-NH HN-NH
N N~ N N~ .
MTENAZ MTNTZ M z,M Az and Y 2, which may be

Z M
2

b

substituted as indicated above. Other substituents are as defined in the summary or as provided

15  in the above embodiments.
In another embodiment of the present invention, the compound of formula (I) is a

compound of formula (Ia):
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(W)
b ; N\ R4
M Sy Z

N R®
S
o R
O NA
o H R2

or a pharmaceutically acceptable salt thereof, wherein RLR? R, R*, W, n, Z,M and ring B are

as defined in relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

5  of formula (1) is a compound of formula (Jaa):

(Wi N RS
=
O 7
N osd
O>\ N)\'I/ N a ?\{H
i 2
© N
o R
Rr?

or a pharmaceutically acceptable salt thereof, wherein R% R®, R?, W, M and ring B are as defined

{laa)

in relation to formula (1) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

10 of formula (1) is a compound of formula (Ib):
W),

A

Rdi\l

N
" &

(1o}
B Q,
R3
At

or a pharmaceutically acceptable salt thereof, wherein RI, R% R®, R*, W, n, M and ring B are as
defined in relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

15 of formula (I) is a compound of formula (Iba):
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(Wig
{lba)
[o]
O] ,
NTORR O df
N

or a pharmaceutically acceptable salt thereof, wherein R, R®, W, M and ring B are as defined in
relation to formula (I) or the above embodiments.
In another embodiment of the present invention, there is provided the compound

5  of formula (I) is a compound of formula (Ic):
W)y

Y'Y

B Q {ic)
N RS
g N "R
0
N
o H RZ

or a pharmaceutically acceptable salt thereof, wherein R, R% R®, R*, W, n, M and ring B are as
defined in relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

10 of formula (I) is a compound of formula (Ica):

N, R*
5,
h
o] (lea)
6\5 3 [s) /O
;\ ’R'H/N O \\73/ :;
d Y N

or a pharmaceutically acceptable salt thereof, wherein R% R®, RY, M and ring B are as defined in

relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

15  of formula (I) is a compound of formula (1d):
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(Wi
&
N7
o

i
M i
Gy, "
B
NSO
O)\{E/J\Y(N .
© N~ X
o "

or a pharmaceutically acceptable salt thereof, wherein RYR% R*, RY, W, n, M and ring B are as

{d)

defined in relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

5  of formula (I) is a compound of formula (Ida):
W

NS
L

5 {ida)
" e of
N R %,
S
iy P LV

or a pharmaceutically acceptable salt thereof, wherein R% R®, W, M and ring B are as defined in
relation to formula (I) or the above embodiments.
In another embodiment of the present invention, there is provided the compound

10 of formula (1) is a compound of formula (Ie):

;
M)Y N
B
R3
SN

N -
!

N

o R

RZ
or a pharmaceutically acceptable salt thereof, wherein RL,R* R?, W, n, M and ring B are as
defined in relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

15 of formula (1) is a compound of formula (Iea):

- 10 -
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N R Oy, S/"/
N Q <7
o ﬁ/'\’r N/H
0
o

N
H
R2
or a pharmaceutically acceptable salt thereof, wherein R?, R*, M and ring B are as defined in
relation to formula (I) or the above embodiments.
In another embodiment of the present invention, there is provided the compound

5  of formula (I) is a compound of formula (If):

(if)

RZ
or a pharmaceutically acceptable salt thereof, wherein R R% R, RY, W, n, M and ring B are as
defined in relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

10 of formula (I) is a compound of formula (Ifa):

M {Ifa}

ab
NN
/
o]

Ghi\j e O\\‘sﬂo
O)EJWOFN Q ,\{H\V
N

RZ
or a pharmaceutically acceptable salt thereof, wherein R* R’, W, M and ring B are as defined in
relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

15 of formula (I) is a compound of formula (Ig):

-11 -
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{lg}

or a pharmaceutically acceptable salt thereof, wherein R, R* R, R4, W, n, M and ring B are as
defined in relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

5  of formula (I) is a compound of formula (Iga):

R" O'\*S”
2 ?le

or a pharmaceutically acceptable salt thereof, wherein R% R, M and ring B are as defined in
relation to formula (1) or the above embodiments.
In another embodiment of the present invention, there is provided the compound

10 of formula (I) is a compound of formula (Th):
(W}, Ft

/\f/o

(ih)
Ef % ﬁ )

or a pharmaceutically acceptable salt thereof, wherein R1 , RQ, R3, R*, W, n, M and ring B are as
defined in relation to formula (T} or the above embodiments.

In another embodiment of the present invention, there is provided the compound

15 of formula (I) is a compound of formula (Iha):

-12-



WO 2009/108507 PCT/US2009/033859

(Iha)
q !
N

hd \l/LN 5 0\3,70
" %N{‘ v

N

H

R2
or a pharmaceutically acceptable salt thereof, wherein R* R®, M and ring B are as defined in
relation to formula (I) or the above embodiments.
In another embodiment of the present invention, there is provided the compound

5  of formula (I} is a compound of formula (Ii):

(W /Rd
= X
=N

Y

¥
N R?
A A
H

U XK

H =

or a pharmaceutically acceptable salt thereof, wherein RY, R% R?, R*, W, n, M and ring B are as
defined in relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

10 of formula (I) is a compound of formula (Tia):

Who.e

N
M ZN
@ Q o (tia)
W RS O:;:g
)\NJTM o |
s}

or a pharmaceutically acceptable salt thereof, wherein R* R®, W, M and ring B are as defined in
relation to formula (I) or the above embodiments.

In another embodiment of the present invention, there is provided the compound

15  of formula (I) is a compound of formula (Ij):
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or a pharmaceutically acceptable salt thereof, wherein R® R*, W, n, M and ring B are as defined
in relation to formula (I) or the above embodiments.

When any variable occurs more than one time in formula (I} or in any substituent,
its definition on each occurrence is independent of its definition at every other occurrence.

In another embodiment of the invention, the compound of the invention is
selected from the exemplary species depicted in Examples 1 through 45 shown below.

Other embodiments of the present invention include the following:

(a) A pharmaceutical composition comprising an effective amount of a
compound of formula (I) and a pharmaceutically acceptable carrier.

(b)  The pharmaceutical composition of (a), farther comprising a second
therapeutic agent selected from the group consisting of HCV antiviral agents,
immunomodulators, and anti-infective agents.

(c) The pharmaceutical composition of (b), wherein the HCV antiviral agent
is an antiviral selected from the group consisting of HCV protease inhibitors and HCV NS5B
polymerase inhibitors.

(d) A pharmaceutical combination which is (i) a compound of formula (1) and
(ii) a second therapeutic agent selected from the group consisting of HCV antiviral agents,
immunomodulators, and anti-infective agents; wherein the compound of formula (1) and the
second therapeutic agent are each employed in an amount that renders the combination effective
for inhibiting HCV NS3 protease, or for treating HCV infection and/or reducing the likelihood or
severity of symptoms of HCV infection.

(e The combination of (d), wherein the HCV antiviral agent is an antiviral
selected from the group consisting of HCV protease inhibitors and HCV NSSB polymerase
inhibitors.

§3) A method of inhibiting HCV NS3 protease in a subject in need thereof

which comprises administering to the subject an effective amount of a compound of formula (I).
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(g) A method of treating HCV infection and/or reducing the likelihood or
severity of symptoms of HCV infection in a subject in need thereof which comprises
administering to the subject an effective amount of a compound of formula ().

(h) The method of (g), wherein the compound of formula (I} is administered
in combination with an effective amount of at least one second therapeutic agent selected from
the group consisting of HCV antiviral agents, immunomodulators, and anti-infective agents.

(i) The method of (h), wherein the HCV antiviral agent is an antiviral
selected from the group consisting of HCV protease inhibitors and HCV NS5B polymerase
inhibitors.

6} A method of inhibiting HCV NS3 protease in a subject in need thereof
which comprises administering to the subject the pharmaceutical composition of (a), (b}, or (¢) or
the combination of (d) or (e).

(k) A method of treating HCV infection and/or reducing the likelihood or
severity of symptoms of HCV infection in a subject in need thereof which comprises
administering to the subject the pharmaceutical composition of (a), (b), or (c) or the combination
of (d) or (e).

In the embodiments of the compound provided above, it is to be understood that
each embodiment may be combined with one or more other embodiments, to the extent that such
a combination provides a stable compound and is consistent with the description of the
embodiments. It is further to be understood that the embodiments of compositions and methods
provided as (a) through (k) above are understood to include all embodiments of the compounds,
including such embodiments as result from combinations of embodiments.

The present invention also includes a compound of the present invention for use
(i) in, (ii) as a medicament for, or (iil) in the preparation of a medicament for: (a) inhibiting HCV
NS3 protease, or (b) treating HCV infection and/or reducing the likelihood or severity of
symptoms of HCV infection. In these uses, the compounds of the present invention can
optionally be employed in combination with one or more second therapeutic agents selected
from HCV antiviral agents, anti-infective agents, and immunomodulators.

Additional embodiments of the invention include the pharmaceutical
compositions, combinations and methods set forth in (a)-(k) above and the uses set forth in the
preceding paragraph, wherein the compound of the present invention employed therein is a

compound of one of the embodiments, aspects, classes, sub-classes, or features of the
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compounds described above. In all of these embodiments, the compound may optionally be used
in the form of a pharmaceutically acceptable salt or hydrate as appropriate.

As used herein, all ranges are inclusive, and all sub-ranges are included within
such ranges, although not necessarily explicitly set forth. In addition, the term "or," as used
herein, denotes alternatives that may, where appropriate, be combined; that is, the term "or”
includes each listed alternative separately as well as their combination.

As used herein, the term "alkyl” as a group or part of a group refers to any linear
or branched chain alkyl group having a number of carbon atoms in the specified range. Thus, for
example, "C).qalkyl" refers to all of the hexyl alkyl and pentyl alkyl isomers as well as n-, 1s0-,
sec- and tert-butyl, n- and iso-propyl, ethyl and methyl. As another example, "C;4alkyl" refers
to n-, iso-, sec- and fer-butyl, n- and iso-propyl, ethyl and methyl.

The term "alkoxy" represents any linear or branched chain alkyl group having a
number of carbon atoms in the specified range and attached through an oxygen bridge.

Examples of suitable alkoxy groups include methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy,
sec-butoxy, iso-butoxy and fers-butoxy.

The term "alkenyl" as a group or part of a group refers to any linear or branched
chain alkyl group containing at least one double bond, which may occur at any point along the
chain, and having a number of carbon atoms in the specified range. E- and Z-forms are both
included, where applicable. Examples of suitable alkenyl groups include vinyl, allyl, butenyl
and pentenyl.

The term "alkynyl" as a group or part of a group refers to any linear or branched
chain alkyl group containing at Jeast one triple bond, which may occur at any point along the
chain, and having a number of carbon atoms in the specified range. Examples of suitable alkynyl
groups include ethynyl, propynyl, butynyl and pentynyl.

The term "cycloalkyl" refers to any cyclic alkyl ring having a number of carbon
atoms in the specified range. Examples of suitable cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl.

The terms "alkylene", "alkenylene" and alkynylene"as a group or part of a group
refer to the groups "alkyl", "alkenyl" and "alkynyl" respectively, when they are divalent, i.e.
attached at two atoms.

The term "halogen” or "halo" means fluorine, chlorine, bromine and iodine

(alternatively referred to as fluoro, chlore, bromo and iodo, respectively).
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The term “aryl” as a group or part of a group means phenyl or naphthyl.

The term "heteroaryl” as a group or part of a group means a 5- or 6-membered
aromatic ring having 1, 2 or 3 heteroatoms selected from N, O and S, attached through a ring
carbon or nitrogen. Examples of such groups include pyrrolyl, furanyl, thienyl, pyridyl,
pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazinyl, pyrimidinyl,
pyridazinyl, triazolyl, oxadiazolyl, thiadiazolyl, triazinyl and tetrazolyl.

The term "heterocyclyl” as a group or part of a group means a 5- to 7-membered
saturated or unsaturated non-aromatic ring having 1, 2, 3 or 4 heteroatoms selected from N, O
and S, attached through a ring carbon or nitrogen.

Unless expressly stated to the contrary, all ranges cited herein are inclusive. For
example, a heteroaryl ring described as containing from "1 to 3 heteroatoms” means the ring can
contain 1, 2, or 3 heteroatoms. | |

Where a compound or group is described as “optionally substituted,” the
compound or group may be unsubstituted or one or more substituents may be present.
Furthermore, optional substituents may be attached to the compounds or groups which they
substitute in a variety of ways, either directly or through a connecting group such as amine,
amide, ester, ether, thioether, sulfonamide, sulfamide, sulfoxide, urea, thiourea and urethane. As
appropriate, an optional substituent may itself be substituted by another substituent, either
directly to the former or through a connecting group such as those exemplified above.

Specific compounds within the scope of this invention include those named in the
Examples and Tables hereinbelow and their pharmaceutically acceptable salts.

For use in medicine, the salts of the compounds of formula (I) will be non-toxic
pharmaceutically acceptable salts. Other salts may, however, be useful in the preparation of the
compounds according to the invention or of their non-toxic pharmaceutically acceptable salts.
Suitable pharmaceutically acceptable salts of the compounds of this invention include acid
addition salts which may, for example, be formed by mixing a solution of the compound
according to the invention with a solution of a pharmaceutically acceptable acid such as
hydrochloric acid, fumaric acid, para-toluenesulfonic acid (p-toluenesulfonic acid), maleic acid,
succinic acid, acetic acid, citric acid, tartaric acid, carbonic acid, phosphoric acid or sulfuric acid.
Salts of amine groups may also comprise quaternary ammonium salts in which the amino
nitrogen atom carries a suitable organic group such as an alkyl, alkenyl, alkynyl or aralkyl

moiety. Furthermore, where the compounds of the invention carry an acidic moiety, suitable
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pharmaceutically acceptable salts thereof may include metal salts such as alkali metal salts, e.g.
sodium or potassium salts; and alkaline earth metal salts, ¢.g. calcium or magnesium salts.

The salts may be formed by conventional means, such as by reacting the free base
form of the product with one or more equivalents of the appropriate acid in a solvent or medium
in which the salt is insoluble, or in a solvent such as water which is removed in vacuo or by
freeze drying or by exchanging the anions of an existing salt for another anion on a suitable ion
exchange resin.

The present invention includes within its scope prodrugs of the compounds of
formula (I) above. In general, such prodrugs will be functional derivatives of the compounds of
formula (I) which are readily convertible in vivo into the required compound of formula (1).
Conventional procedures for the selection and preparation of suitable prodrug derivatives are
described, for example, in Design of Prodrugs (I1. Bundgaard ed., Elsevier 1985).

A prodrug may be a pharmacologically inactive derivative of a biologically active
substance (the "parent drug” or "parent molecule") that requires transformation within the body
in order to release the active drug, and that has improved delivery properties over the parent drug
molecule. The transformation in vive may be, for example, as the result of some metabolic
process, such as chemical or enzymatic hydrolysis of a carboxylic, phosphoric or sulfate ester, or
reduction or oxidation of a susceptible functionality.

As used herein, the term "prodrug" is intended to encompass an inactive drug
form or compound that is converted into an active drug form or compound by the action of
enzymes, chemicals or metabolic processes in the body of an individual to whom it is
administered.

The term "administration" and variants thereof (e.g., "administering” a
compound) in reference to a compound of the invention mean providing the compound or a
prodrug of the compound to the individual in need of treatment. When a compound of the
invention or a prodrug thereof is provided in combination with one or more other active agents
(e.g., antiviral agents useful for treating HCV infection), "administration” and its variants are
each understood to include concurrent and sequential provision of the compound or salt (or
hydrate) and other agents.

As used herein, the term "composition” is intended to encompass a product
comprising the specified ingredients, as well as any product which results, directly or indirectly,

from combining the specified ingredients.
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By "pharmaceutically acceptable" is meant that the ingredients of the
pharmaceutical composition must be compatible with each other and not deleterious to the
recipient thereof.

The term "subject" (alternatively referred to herein as "patient") as used herein
refers to an animal, preferably a mammal, most preferably a human, who has been the object of
{reatment, observation or experiment.

The term "effective amount" as used herein means that amount of active
compound or pharmaceutical agent that elicits the biological or medicinal response in a tissue,
system, animal or human that is being sought by a researcher, veterinarian, medical doctor or
other clinician. In one embodiment, the effective amount is a "therapeutically effective amount”
for the alleviation of one or more symptoms of the disease or condition being treated. In another

embodiment, the effective amount is a "prophylactically effective amount" for reduction of the
severity or likelihood of one or more symptoms of the disease or condition. The term also
includes herein the amount of active compound sufficient to inhibit HCV NS3 protease and
thereby elicit the response being sought (i.e., an "inhibition effective amount”). When the active
compound (i.e., active ingredient) is administered as the salt, references to the amount of active
ingredient are to the free acid or free base form of the compound.

The present invention includes within its scope solvates of the compounds of
formula (¥) and salts thereof, for example, hydrates; reference to "compounds” includes
complexes such as hydrates.

The present invention also includes within its scope any enantiomers,
diastereomers, geometric isomers and tautomers of the compounds of formula (I). Itis to be
understood that all such isomers and mixtures thereof are encompassed within the scope of the
invention.

Some preferred compounds of the present invention will have the stereochemistry
as shown in formula (Ik):

W)y, R4
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(k)
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The present invention further provides a compound of formula (I) or a
pharmaceutically acceptable salt thereof for use in therapy.

The present invention also provides a compound of formula (I) or a
pharmaceutically acceptable salt thereof for use in the treatment or prevention of infection by
hepatitis C virus in a human or animal.

In another aspect, the invention provides the use of a compound of formula (I) as
defined above, or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament for treatment or prevention of infection by hepatitis C virus in a human or animal.

A further aspect of the invention provides a pharmaceutical composition
comprising a compound of formula (I} as defined above, or a pharmaceutically acceptable salt
thereof, in association with a pharmaceutically acceptable carrier. The composition may be in
any suitable form, depending on the intended method of administration. It may for example be
in the form of a tablet, capsule or liquid for oral administration, or of a solution or suspension for
administration parenterally.

The pharmaceutical compositions optionally also include one or more other
agents for the treatment of viral infections such as an antiviral agent, or an immunomodulatory
agent such as a-, B- or y-interferon

In a further aspect, the invention provides a method of inhibiting hepatitis C virus
protease and/or of treating, preventing or reducing the likelihood or severity of an illness due to
hepatitis C virus, the method involving administering to a human or animal (preferably
mammalian) subject suffering from the condition a therapeutically or prophylactically effective
amount of the pharmaceutical composition described above or of a compound of formula (1) as
defined above, or a pharmaceutically acceptable salt thereof.

For the purpose of inhibiting HCV NS3 protease and treating HCV infection
and/or reducing the likelihood or severity of symptoms of HCV infection, the compounds of the
present invention, optionally in the form of a salt or a hydrate, can be administered by any means
that produces contact of the active agent with the agent's site of action. They can be
administered by any conventional means available for use in conjunction with pharmaceuticals,
either as individual therapeutic agents or in a combination of therapeutic agents. They can be
administered alone, but typically are administered with a pharmaceutical carrier selected on the
basis of the chosen route of administration and standard pharmaceutical practice. The

compounds of the invention can, for example, be administered orally, parenterally (including
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subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion
techniques), by inhalation (such as in a spray form), or rectally, in the form of a unit dosage of a
pharmaceutical composition containing an effective amount of the compound and conventional
non-toxic pharmaceutically-acceptable carriers, adjuvants and vehicles. Liquid preparations
suitable for oral administration (e.g., suspensions, syrups, elixirs and the like) can be prepared
according to techniques known in the art and can employ any of the usual media such as water,
glycols, oils, alcohols and the like. Solid preparations suitable for oral administration (e.g,
powders, pills, capsules and tablets) can be prepared according to techniques known in the art
and can employ such solid excipients as starches, sugars, kaolin, lubricants, binders,
disintegrating agents and the like. Parenteral compositions can be prepared according to
techniques known in the art and typically employ sterile water as a carrier and optionally other
ingredients, such as solubility aids. Injectable solutions can be prepared according to methods
known in the art wherein the carrier comprises a saline solution, a glucose solution or a solution
containing a mixture of saline and glucose. Further description of methods suitable for use in
preparing pharmaceutical compositions of the present invention and of ingredients suitable for
use in said compositions is provided in Remington's Pharmaceutical Sciences, 18™ edition (ed.

A. R. Gennaro, Mack Publishing Co., 1990).

The dosage rate at which the compound is administered will depend on a variety
of factors including the activity of the specific compound employed, the metabolic stability and
length of action of that compound, the age of the patient, body weight, general health, sex, diet,
mode and time of administration, rate of excretion, drug combination, the severity of the
particular condition and the host undergoing therapy. Suitable dosage levels may be of the order
of 0.02 to 5 or 10 g per day, with oral dosages two to five times higher. For instance,
administration of from 10 to 50 mg of the compound per kg of body weight from one to three
times per day may be in order. Appropriate values are selectable by routine testing. The
compound may be administered alone or in combination with other treatments, either
simultaneously or sequentially. For instance, it may be administered in combination with
effective amounts of antiviral agents, immunomodulators, anti-infectives or vaccines known to
those of ordinary skill in the art. It may be administered by any suitable route, including orally,
intravenously, cutaneously and subcutaneously. It may be administered directly to a suitable site
or in a manner in which it targets a particular site, such as a certain type of cell. Suitable

targeting methods are already known.
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An additional aspect of the invention provides a method of preparation of a
pharmaceutical composition, involving admixing at least one compound of formula (I) as defined
above, or a pharmaceutically acceptable salt thereof, with one or more pharmaceutically
acceptable adjuvants, diluents or carriers and/or with one or more other therapeutically or
prophylactically active agents.

As noted above, the present invention also relates to a method of inhibiting HCV
NS3 protease, inhibiting HCV replication, or preventing or treating HCV infection with a
compound of the present invention in combination with one or more therapeutic agents and a
pharmaceutical composition comprising a compound of the present invention and one or more
therapeutic agents selected from the group consisting of a HCV antiviral agent, an
immunomodulator, and an anti-infective agent. Such therapeutic agents active against HCV
include ribavirin, levovirin, viramidine, thymosin alpha-1, interferon-p, interferon-a, pegylated
interferon-o. (peginterferon-), a combination of interferon-o and ribavirin, a combination of
peginterferon-o. and ribavirin, a combination of interferon-o. and levovirin, and a combination of
peginterferon-o and levovirin. Interferon-o includes recombinant interferon-a2a (such as
ROFERON interferon available from Hoffmann-LaRoche, Nutley, NT), pegylated interferon-o2a
(PEGASY?S), interferon-02b (such as INTRON-A interferon available from Schering Corp.,
Kenilworth, NT), pegylated interferon-02b (PEGINTRON), a recombinant consensus interferon
(such as interferon alphacon-1), and a purified interferon-u product. Amgen’s recombinant
consensus interferon has the brand name INFERGEN. Levovirin is the L-enantiomer of ribavirin
which has shown immunomodulatory activity similar to ribavirin. Viramidine represents an
analog of ribavirin disclosed in WO 01/60379. In accordance with the method of the present
invention, the individual components of the combination can be administered separately at
different times during the course of therapy or concurrently in divided or single combination
forms.

For the treatment of HCV infection, the compounds of the present invention may
also be administered in combination with an agent that is an inhibitor of HCV NS3 serine
protease. HCV NS3 protease inhibitors are disclosed in WO 98/22496, WO 98/46630,

WO 99/07733, WO 99/07734, WO 99/38888, WO 99/50230, WO 99/64442, WO 00/09543,
WO 00/59929, GB-2337262, WO 02/48116, WO 02/48172, and U.S. Patent No. 6,323,180,
Ribavirin, levovirin, and viramidine may exert their anti-HCV effects by

modulating intracellular pools of guanine nucleotides via inhibition of the intracellular enzyme
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inosine monophosphate dehydrogenase (IMPDH). Thus, inhibition of IMPDH represents
another useful target for the discovery of inhibitors of HCV replication. Therefore, the
compounds of the present invention may also be administered in combination with an inhibitor
of IMPDH, such as VX-497, disclosed in WO 97/41211 and WO 01/00622; another IMPDH
inhibitor, such as that disclosed in WO 00/25780; or mycophenolate mofetil. See A.C. Allison
and E.M. Eugui, 44 (Suppl.) Agents Action 165 (1993).

For the treatment of HCV infection, the compounds of the present invention may
also be administered in combination with the antiviral agent amantadine (1-aminoadamantane).
For a comprehensive description of this agent, see I. Kirschbaum, 12 Anal. Profiles Drug Subs.
1-36 (1983).

The compounds of the present invention may also be combined for the treatment
of HCV infection with antiviral 2’-C-branched ribonucleosides disclosed in R. E. Harry-O’Kuru
et al., 62 J. Org. Chem. 1754-59 (1997); M. S. Wolfe et al., 36 Tet. Lett. 7611-14 (1995);

U.S. Patent No. 3,480,613; and International Patent Application Publications WO 01/90121,
WO 01/92282, WO 02/32920, WO 04/002999, WO 04/003000 and WO 04/002422; the contents
of each of which are incorporated by reference in their entirety. Such 2’-C-branched
ribonucleosides include, but are not limited to, 2°-C-methyl-cytidine, 2°-C-methyl-uridine,
2’-C-methyl-adenosine, 2’-C-methyl-guanosine, and 9-(2-C-methyl-B-D-ribofuranosyl)-2,6-
diaminopurine, and the corresponding amino acid ester of the ribose C-2’, C-37, and C-5’
hydroxyls and the corresponding optionally substituted cyclic 1,3-propanediol esters of the
5’-phosphate derivatives.

The compounds of the present invention may also be combined for the treatment
of HCV infection with other nucleosides having anti-HCV properties, such as those disclosed in
International Patent Application Publications WO 02/51425, assigned to Mitsubishi Pharma
Corp.; WO 01/79246, WO 02/32920, WO 02/48165 and W02005/003147 (including R1656,
(2’R)-2’-deoxy-2’-fluoro-2’-C-methylcytidine, shown as compounds 3-6 on page 77);

WO 01/68663; WO 99/43691; WO 02/18404 and WO 2006/021341, and U.S. Patent Application
Publication US 2005/0038240, including 4’-azido nucleosides such as R1626, 4’-azidocytidine;
U.S. Patent Application Publications US 2002/0019363, US 2003/0236216, US 2004/0006007
and US 2004/0063658; and International Patent Application Publications WO 02/100415,

WO 03/026589, WO 03/026675, WO 03/093290, WO 04/011478, WO 04/013300 and

WO 04/028481; the content of each is incorporated herein by reference in its entirety.
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For the treatment of HCV infection, the compounds of the present invention may
also be administered in combination with an agent that is an inhibitor of HCV NS5B polymerase.
Such HCV NS5B polymerase inhibitors that may be used as combination therapy include, but
are not limited to, those disclosed in International Patent Application Publications
WO 02/057287, WO 02/057425, WO 03/068244, WO 2004/000858, WO 04/003138 and
WO 2004/007512; U.S. Patent No. 6,777,392 and U.S. Patent Application Publication
TS 2004/0067901; the content of each is incorporated herein by reference in its entirety. Other
such HCV polymerase inhibitors include, but are not limited to, valopicitabine (NM-283; Idenix)
and 2°-F-2’-beta-methylcytidine (see also WO 2005/003147).

The compounds of the present invention may also be combined for the treatment
of HCV infection with non-nucleoside inhibitors of HCV polymerase such as those disclosed in
WO 01/77091; WO 01/47883; WO 02/04425; WO 02/06246; WO 03/062211;

WO 2004/087714; WO 2004/110442;, WO 2005/034941; WO 2005/023819; WO 2006/029912;
WO 2006/008556; WO 2006/027628; GB 2430621; W02006/046030; W02006/046039,

WO 2006/119975;, WO 2007/028789; WO 2007/029029; WO 2007/054741; WO 02/20497;
WO 2005/016927 (in particular JTK003); WO 2005/080399; WO 2006/020082; and

WO 2004/041201.

The present invention also provides a process for the preparation of compounds of
formula (I).

According to a general process (a), compounds of formula (I) may be prepared by

the coupling of the ester of formula (II) with the amine of formula (III):

(Wi :R“
M Z
o R’
O, A
)-n\’/it &
a IR HH]
HOLC

i

where R, R2, R®, R*, M, W, 1, Z, ring A and ring B are as defined in relation to formula (I). The
reaction is conveniently carried out in the presence of a coupling reagent, such as TBTU or
HATU, and a base, such as diisopropylethylamine or triethylamine, in a solvent. Suitable

solvents include DMF and dichloromethane.
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The compound of formula (If) where M has 4 or more carbon atoms in the tether
and one or more double bonds may be prepared by the internal ring closure of the diene of

formula (IV):
{Wy, R4

K (V)
M. Q
O—(MN
B
I COP'

where R®, R*, W, n, Z, ring A and ring B are as defined in relation to formula (I), P! is a suitable
protecting group, such as Cyalkyl, particularly methyl, and M' is a suitable precursor to group
M. The reaction is conveniently carried out in the presence of a metathesis catalyst, such as
Zhan catalyst (dichloro(5-chloro-2-isopropoxybenzylidene)(1,3-dimethylimidazolidin-2-
ylidene)ruthenium), preferably at raised temperature, in a suitable solvent such as 1,2-
dichloroethane. The resultant ring double bond may be hydrogenated to give a further
compound of formula (II). The hydrogenation is preferably carried out in the presence of a
suitable catalyst, such as palladium on carbon, in a suitable solvent, such as methanol/ethyl
acetate mixture

Compounds of formulae (I1), (IIT) and (IV) may be prepared by conventional
methodology well known to one of ordinary skill in the art using, for instance, procedures
described in the accompanying Schemes and Examples, or by alternative procedures that will be
readily apparent.

Further details of suitable procedures will be found in the accompanying Schemes
and Examples. For instance compounds of formula (I) can be converted into other compounds of
formula (1) using synthetic methodology well known in the art.

Thus, for instance, the compound of formula (I) where M is unsaturated may be
converted into the compound of formula (1) where M is saturated by hydrogenation, preferably in
the presence of a suitable catalyst, such as palladium on carbon, in a suitable solvent, such as
methanol/ethyl acetate mixture.

The compounds of the present invention may be synthesized as outlined in the
following general schemes below.

During any of the described synthetic sequences, it may be necessary and/or
desirable to protect sensitive or reactive groups on any of the molecules concerned. This may be

achieved by means of conventional protecting groups such as those described in Profective
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Groups in Organic Chemistry (JF.W. McOmie ed., Plenum Press 1973); and T.W. Greene &
P.G.M. Wuts, Protective Groups in Organic Synthesis (John Wiley & Sons, 3 ed. 1999). The
protecting groups may be removed at a convenient subsequent stage using methods known from
the art.

The compounds of the present inventions are useful in the inhibition of HCV
protease (e.g., HCV NS3 protease) and the treatment prevention or reduction of the likelihood or
severity of infection by HCV. For example, the compounds of this invention are useful in
treating infection by HCV after suspected past exposure to HCV by such means as blood
transfusion, exchange of body fluids, bites, accidental needle stick, or exposure to patient blood
during surgery.

The compounds of this invention are useful in the preparation and execution of
screening assays for antiviral compounds. For example, the compounds of this invention are
useful for isolating enzyme mutants, which are excellent screening tools for more powerful
antiviral compounds. Furthermore, the compounds of this invention are useful in establishing or
determining the binding site of other antivirals to HCV protease, e.g., by competitive inhibition.
Thus, the compounds of this invention are commercial products to be sold for these purposes.

The HCV NS3 protease inhibitory activity of the present compounds may be
tested using assays known in the art. One such assay is HCV NS3 protease time-resolved

fluorescence (TRF) assay described as follows:

HCV NS3 protease time-resolved fluorescence (TRF) assay

~ The NS3 protease TRF assay was performed in a final volume of 100pl in assay
buffer containing 50 mM HEPES, pH 7.5, 150 mM NaCl, 15% glycerol, 0.15% TRITON X-100,
10 mM DTT, and 0.1% PEG 8000. The NS3 protease was pre-incubated with various
concentrations of inhibitors for 10-30 minutes. The peptide substrate for the assay is
Ac-C(Eu)-DDMEE-Abu-[COO-XSAK(QSY7)-NH; (SEQ ID NO. 1) g65, where Eu is an
europium-labeled group, Abu is 1-aminobutanoic acid which connects an ester linkage with
2-hydroxy propanoic acid (X). Hydrolysis of the peptide by NS3 protease activity causes in
separation of the fluorophore from the quencher, resulting in an increase in {luorescence.
Activity of the protease was initiated by adding the TRF peptide substrate (final concentration
50-100 nM). The reaction was quenched after 1 hour at room temperature with 100 ul of 500
mM MES, pH 5.5. Product fluorescence was detected using either a VICTOR V2 or FUSION
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fluorimeter (Perkin Elmer Life and Analytical Sciences) with excitation at 340 nm and emission
at 615 nm with 50-400 ps delay. Testing concentrations of different enzyme forms was selected
with a signal to background ratio of 10-30. The inhibition constants were derived using a four-
parameter fit.

Another suitable assay is the cellular Replicon or rheplisa assay described as

follows:

Cell-based HCV Replication Assay

Cell clones that stably maintain subgenomic HCV replicon were obtained by
transfecting Huh-7 cells with an RNA replicon identical to Iyyneo/NS3-3’/wt described by
V. Lohmann ef al., 285 SCIENCE 110 (July 2, 1999) (EMBL-GENBANK No. AJ242652),
followed by selection with neomycin sulfate (G418). Viral replication was monitored by
measuring the expression of the NS3 protein by an ELISA assay performed directly on cells
grown in 96-well rﬁicrotiter plates (Cell-ELISA) using the anti-NS3 monoclonal antibody
10E5/24 (as described in International Patent Application Publication WO 02/59321). Cells
were seeded into 96 well plates at a density of 10" cells per well in a final volume of 0.1 ml of
DMEM/10% FCS. Two hours after plating, 50 pl of DMEM/10% FCS containing a 3x
concentration of inhibitor were added, cells were incubated for 96 hours and then fixed for
10 minutes with ice-cold isopropanol. Each condition was tested in duplicate and average
absorbance values were used for calculations. The cells were washed twice with PBS, blocked
with 5% non-fat dry milk in PBS + 0.1% TRITON X-100 -+ 0.02% SDS (PBSTS) and then
incubated o/n at 4° C with the 10E5/24 mab diluted in Milk/PBSTS. After washing 5 times with
PBSTS, the cells were incubated for 3 hours at room temperature with Fe-specific anti-mouse
IgG conjugated to alkaline phosphatase (Sigma), diluted in Milk/PBSTS. After washing again as
above, the reaction was developed with p-nitrophenyl phosphate disodium substrate (Sigma) and
the absorbance at 405/620 nm read at intervals. For calculations, we used data sets where
samples incubated without inhibitors had absorbance values comprised between 1 and 1.5. The
inhibitor concentration that reduced by 50% the expression of NS3 (ICsq) was calculated by
fitting the data to the Hill equation,

Fraction inhibition = 1-(Ai-b)/(Ae-b) = [1]" / ({I}" + ICsc)

where:
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- Al = absorbance value of HBI10 cells supplemented with the indicated
inhibitor concentration.

- Ag = absorbance value of HBI10 cells incubated without inhibitor.

- b = absorbance value of Huh-7 cells plated at the same density in the same
microtiter plates and incubated without inhibitor.

- n = Hill coefficient.

The tested compounds of the present invention were active in the cell based HCV
replication assay with activities <50pM, and especially <SuM.

Other examples of such assays are described in e.g., International Patent
Application Publication WO 2005/046712. Compounds useful as HCV NS3 protease inhibitors
would have a Ki less than 50 uM, more preferably less than 10 pM, most preferably less than
1 uM, especially less than 100 nM, and more especially less than 50 nM.

The following examples serve to illustrate the invention and its practice.

'H NMR spectra were recorded on BRUKER AM series spectrometers operating
at (reported) frequencies between 300 and 600 MHz. Chemical shifts (8) for signals
corresponding to non-exchangeable protons (and exchangeable protons where visible) are
recorded in parts per million (ppm) relative to tetramethylsilane and are measured using the
residual solvent peak as reference. Signals are tabulated in the order: multiplicity (s, singlet; d,
doublet; t, triplet; q, quartet; m, multiplet; b, broad, and combinations thereof); coupling
constant(s) in Hertz (Hz); number of protons. Mass spectral (MS) data were obtained on a
PERKIN ELMER API 100, or WATERS MICROMASS ZQ, operating in negative (ES’) or
positive (ES") ionization mode and results are reported as the ratio of mass over charge (m/z).
Preparative scale HPLC separations were catried out on a WATERS MICROMASS System
incorporating a 2525 pump module, a MICROMASS ZMD detector and a 2767 collection
module, under FRACTION LINX software or on a SHIMADZU preparative system.

List of Abbreviations

AcOH Acetic acid

BOP | Benzotriazole-1-yl-oxy-tris-(dimethylamino)-phosphonium
hexafluorophosphate

Brosyl chloride 4-Bromobenzenesulfonyl chloride

Buli Butyl lithium

_28 -



10

15

20

25

30

WO 2009/108507

CDCl;
CH;CN
mCPBA
CsCOs
DABCO
DBU
DCC
DCE
DCM
DEAD
DIEA
DIPEA
DMAP
DMF
DMSO
DPPF (also dppf)
EDC
Et,O
EtOAc
EtOH

h
HATU

HBr
HCl1
H;0,
HOAc
HOAt
KHSO4
LiOH
MeCN
MeOH

PCT/US2009/033859

Deuterio-trichloromethane
Acetonitrile

m-Chloroperbenzoic acid

Cesium carbonate
1,4-Diazabicyclo[2.2.2}octane
1,8-Diazabicyclof5.4.0Jundec-7-ene
Dicyclohexylcarbodiimide
1,2-Dichloroethane
Dichloromethane

Diethyl azodicarboxylate
Diethylamine
Ditsoproylethylamine
4-Dimethylaminopyridine
Dimethylformamide

Dimethyl sSulfoxide
1,1-bis(Diphenylphosphino)ferrocene
N-(3-Dimethylaminopropyl)-N -ethylcarbodiimide hydrochloride
Diecthyl ether

Ethyl acetate

Ethanol

hour(s)

O-(7-Azabenzotriazol-1-y1}-N, N, N’ N -tetramethyluronrum
hexafluorophosphate

Hydrobromic acid

Hydrochloric acid

Hydrogen peroxide

Acetic acid

1-Hydroxy-7-azabenzotriazole

Potassium bisulfate

Lithium hydroxide

Acetonitrile

Methanol
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MgS0Oy4
min
MTBE
NapS04
Na;SO;
NaHCOs
NaOH
NH,(Cl
NH4OH
Nle
NMP
pPd/C

PACl(dppf)-CH,Cl, adduct

PE
PhMe
P20s
POBr;
PPh;
RT
Ru/C
TBAF
TBTU

TEA

PCT/US2009/033859

Magnesium sulfate
minute(s)

Methyl teri-butyl ether
Sodium sulfate
Sodium sulfite
Sodium bicarbonate
Sodium hydroxide
Ammonium chloride
Ammonium hydroxide
Norleucine

N-Methyl pyrrolidinone

Palladium on carbon

1,1%-bis(diphenylphosphino)ferrocene-palladium(I)dichloride

dichloromethane complex
Petroleum ether

Toluene

Phosphorus pentoxide (P4O;9)
Phosphoryl tribromide
Triphenylphosphine

Room temperature
Ruthenium on carbon
Tetrabutylammonium fluoride
O-Benzotriazol-1-yI-N,N,N’ N’-tetramethyluronium
tetrafluoroborate
Triethylamine

Tetrahydrofuran
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EXAMPLE 2 &

Svnthesis of Intermediates

5
Synthesis of Intermediates A
Intermediate # | Structure Name Literature Reference
0 Qo (1R,2.5)-1-Amino-N-
My S : A
Al 2 2 N7 ((_:yclopropylsulfonyl) 2 _ US 6,995,174
: vinylcyclopropanecarboxamide
HC! hydrochloride
o Ethyl (1R,25)-1-amino-2-
A2 vinylcyclopropanecarboxylate US 6,323,180
HC hydrochloride
Intermediate A3: (1R.2R)-1-Amino-N-(cyclopropylsulfonyl)-2-ethylcyclopropanecarboxamide
hydrochloride
10

Step 1: tert-Butyl (IR, 2R)-1-{[(cyclopropylsulfonyl)amino] carbonyl}-2-
ethyleyclopropyl)carbamate
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A hydrogenation vessel was charged with a MeOH (1000 mL) slurry of terz-butyl
(1R 28)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-vinyleyclopropyl)carbamate (164 g,
0.50 mol) (US 6,995,174) and 5% Ru/C (dry, 7.5 wt%, 12.4 g) and set sturing. The vessel was
placed under nitrogen (20 psig) and vented to atmospheric pressure three times to remove
residual oxygen. The vessel was then placed under hydrogen (50 psig). After 20 b, the vessel
was vented to atmospheric pressure. The reaction slurry was then transferred out of the reaction
and filtered through SOLKA FLOK (34 grams, wetted with 100 mL MeOH) to yield a clear,
light brown solution. The SOLKA FLOK was rinsed with MeOH (200 mL x 2). The combined
MeOH solutions were concentrated under reduced pressure to yield crude product as a white
solid (153 g). The crude product was slurried in EtOAc (800 mL), warmed to 40°C and aged for
30 min. The solution was then seeded, aged for 30 min, and heptane (500 mL) was added via
addition funnel over 30 min. The partially crystallized solid was cooled to RT and aged
overnight after which additional heptane (500 mL) was added. After 1 h, additional heptane
(250 mL) was added via addition funnel, and the white sturry aged for 1 h. The solution was
filtered, and the solid was rinsed with heptane/EtOAc (500 mL, 4:1) and dried under reduced
pressure to give fert-butyl ((1R,2R)-1-{[(cyclopropylsulfonyl)amino]jcarbonyl}-2-
ethylcyclopropyl)carbamate (125.9 g).
Step 2. (IR, ZR)-1 -Amino-N-(cyclopropylsulfonyl)-2-ethylcyclopropanecarboxamide
hydrochloride (Intermediate A3)

o Q0

HaN. N’\‘Slj\v
o H
HCI
A solution of the product from step 1 above (92 g, 0.28 mol) in DCM (1200 mL)
was cooled to 0°C, and HC1 was bubbled through the solution. After 10 min, the cooling bath
was removed, and the reaction mixture was stirred for 2 h. Nitrogen was bubbled through the
reaction mixture for 5 min, and the volatiles evaporated. The residue was azeotroped with DCM

(x3) to give an off white powder (75 g). LRMS (M+H)" Caled. = 233; found 233.
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Synthesis of Intermediates B
Intermediate B1: (28)-({[(3RU3S)-3-(Allyloxy)piperidin-1-yl]carbonyl} amino)cyclohexyl)

acetic acid
IONt
*\;/\O NG N y
T

Step 1. tert-Butyl (3R)(3S)-3-(allyloxy)piperidine-1-carboxylate (2)

OH

XOEOOM )

An oven-dried 3-neck 1L round-bottom flask under nitrogen was charged with
N-BOC-(3R)(35)-3-hydroxypiperidine (10.0 g, 49.7 mmol) and DMSO (100 mL). Potassium
tert-butoxide (5.58 g, 49.7 mmol) was added in a single portion. The reaction mixture was
stirred at RT for 0.5 h, after which allyl bromide (4.30 mL, 49.7 mmol) in DMSO (50 mL) was
added dropwise via an addition funnel. After 20 h, the contents of the reaction flask were poured
into 5% KHSO4and extracted three times with Et;O. The combined organic portions were
washed with brine, dried with anhydrous MgSQy, filtered and evaporated. The crude product
was subjected to flash column chromatography (90/10, hexanes/EtOAc). Evaporation of
fractions containing product gave the title compound as a colorless oil. LRMS (M+1)=242.3.
Step 2: (3R)(3S)-3-(Allyloxy)piperidine (3)

A 500mL round-bottom flask was charged with tert-butyl (3R)(3.5)-3-
(allyloxy)piperidine-1-carboxylate (9.60g, 39.8 mmol) and EtOAc (150 ml) then cooled in an ice
bath under nitrogen. The reaction solution was saturated with HCI (g) and stirred 1 h with
cooling, then 2 h at RT. Evaporation under reduced pressure gave a white solid, which was
triturated with Ft,O and isolated. The solid was poured into 10M NaOH(aq) and extracted three
times with DCM, dried with anhydrous MgSOs, filtered and rotary evaporated to give the title
compound as a colorless oil,

Step 3: Methyl (28)-cyclohexyl(isocyanato)acetate (5)
‘\N@)J\O/
D
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A 500mL round-bottom flask was charged with saturated NaHCO; (80mL) and
DCM (80 ml) and cooled in an ice bath with vigorous stirring. Methyl (25)-
amino(cyclohexyl)acetate hydrochloride (4.0 g, 19.26 mmol) was added followed by triphosgene
(1.886 g, 6.36 mmol). The contents of the reaction flask were stirred for 1 hr with cooling, then
poured into a separatory funnel. The layers were separated, and the aqueous layers were
extracted with 20mL DCM. The combined organic portions were dried with anhydrous MgSOs,
filtered and evaporated to give the title compound as a colorless oil. 'H NMR (CDCls): 83.90
(d,J 4, 1H), 3.81 (s, 3H), 1.88-1.83 (m, 1H), 1.79-1.76 (m, 2H), 1.69-1.62 (m, 2H), 1.54-1.48
(m, 1H), 1.29- 1.11 (m, SH) ppm.
Step 4: Methyl(2S)-({[(3R)(3S)-3-(allyloxy)piperidin-1-yl] carbonyl}amino)(cyclohexyl) acetate
(6)

e
ok,
6
Sy

A 500 mL round-bottom flask was charged with methyl (25)-
cyclohexyl(isocyanato)acetate (3.80g, 19.27 mmol) and THF (50 ml). (3R)(35)-3-
(allyloxy)piperidine (3.80g, 19.27 mmol) was added, and the resulting solution stirred 24 h at
RT. Evaporation followed by flash column chromatography (60 hexane/40 EtOAc) gave the title
compound as a colorless oil. LRMS (M+1) =339.3.
Step 5: (28)-({{(3R)(3S)-3-(Allyloxy)piperidin-1-yl] carbonyl}amino)(cyclohexyl)acetic acid
(Intermediate BI)

A 500mL round-bottom flask was charged with methyl (25)-({[(3R)(35)-3-
(allyloxy)piperidin-1-ylJcarbonyl }amino)(cyclohexybacetate (7.00g, 20.68 mmol), MeOH
(20 m}), and THF (20 ml). LiOH (1M, 62.0 ml, 62.0 mmol) was added. The resulting solution
was stirred at RT for 18 h. The organic solvents were removed under reduced pressure, and the
remaining aqueous was poured into 5% KHSO4. The mixture was extracted three times with
EtOAc, the combined organic portions dried with anhydrous MgSQy, filtered and rotary
evaporated to give the title compound as a white foam/oil. LRMS (M+1) = 325.3.
Step 6: (28)-({{(3S) or (3R)-3-(Allyloxy)piperidin-1-yl] carbonyl}amino)(cyclohexyl) acetic acid
(Intermediate Bla) (28)-({[(3R) or (3S)-3-(allyloxy)piperidin-1-yl] carbonyl}amino) (cyclohexyl)
acetic acid (Intermediate B1b)
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tod e o]
O O
The mixture of diastereomers, (25)-({[(3R)}(3S)-3-(Allyloxy)piperidin-1-

yl]carbonyl} amino)(cyclohexyl)acetic acid (4.00g, 12.33 mmol), was resolved by preparative

chiral SFC using the following conditions:

Column: CHIRALPAK AD, 2 x 25cm, 10p
Mobile Phase: 80% CO; / 20% MeOH

Flow: 70 ml./min

Detector: A = 214nm

Evaporation of like fractions gave the title compounds as colorless oils:

First eluting diastereomer.

(28)-({[(3S) or (3R)-3~(Allyloxy)piperidin-1-yl]carbonyl } amino)(cyclohexyl) acetic acid (1-6)
LRMS (M+1) = 325.3.

Second eluting diastereomer:

2S)-({{(3K) or (35)-3-(allyloxy)piperidin-1-ylJcarbonyl} amino)(cyclohexyl) acetic acid (1-7)
LRMS (M+1) = 325.3.

The following Intermediates B were prepared according to the procedures

described for Intermediate B1 using appropriate amine.

Intermediate | Amino Acid Amine Structure Name
B2 L-tert-Butyl- 3 N-[(2-But-3-en-1-

glycine ylpyrrolidin-1-

{ ﬁ\/?L yhcarbonyl]-3-methyl-L-
T o | valine
4\

B3 L-cyclohexyl- N-Boc-(35)- g/ (28)-({[(35)-3-

glycine pyrrolidin-3-ol d (Allyloxy)pyrrolidin-1-

'CL H\)OLOH yl]carbonyl}amino)

T O (cyclohexyl)acetic acid
B4 L-cyclohexyl- N-Boc-(3R)- gf Q2R)-({1(38)-3-
glycine pyrrolidin-3-ol g (Allyloxy)pyrrolidin-1-

t‘ i yl]carbonyl}amino)
Yo (cyclohexyl)acetic acid
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Intermediate | Amino Acid Amine Structure Name
B5 L-cyclohexyl- tert-Butyl 3-but- - (25)-{{(3-But-3-en-1-
glycine 3-en-1- ylpiperidin-1-
ylpiperidine-1- WL yl)carbonyl]amino}
carboxylate I O | (cyclohexylacetic acid
B6 L-cyclopentyl- N-Boc-piperidin- d (28)-Cyclopentyl({{(3-
glycine 3-ol (pent-4-en-1-
7 yloxy)piperidin-1-
erﬁ\/ﬁ\m ¥1] (éarbonyl} amino)acetic
o A aci
O
B7 L-cyclopentyl- N-Boc-piperidin- f 25)-({[3-
glycine 3-0l b (Allyloxy)piperidin-1-
(il}rﬂyjiOH yllcarbonyl}amino)
o A (cyclopentyl)acetic acid
O yclop
B8 L-cyclopentyl- N-Boc-(35)- / (28)-Cyclopentyl({[(35)-
glycine pyrrohidin-3-ol 3-(pent-4-en-1-
g yloxy)pyrrolidin-1-
Lonf yl]carbonyl}amino)acetic
il N\)J\OH
H} (i) acid
B9 L-cyclopentyl- N-Boc-(3R)- 4 (28)-Cyclopentyl{ {[(3K)-
glycine pyrrolidin-3-ol 3-(pent-4-en-1-
g yloxy)pyrrolidin-1-
b " \)OL ylicarbonyl}amino)acetic
N._-N .
Yoy od | acid
K
@
B10 L-cyclopentyl- N-Boc-(35)- §/ (2.5)-({[(3S)-3-
glycine pyrrolidin-3-ol d (Allyloxy)pyrrolidin-1-
C\N H \j\ yl]carbonyl}amino)
j)r O od | (cyclopentyhacetic acid
B11 L-cyclopentyl- N-Boc-(3R)- g/ 28-({[(3R)-3-
glycine pyrrolidin-3-ol d (Allyloxy)pyrrolidin-1-
0o 9 yl]carbonyl}amino)
d‘p}’%“ (cyclopentyl)acetic acid
Bi2 L-cyclopentyl- | N-Boc-(2R)- f/ (28)-[({(2R)-2-
glycine pyrrolidin-2- g [(Allyloxy)methyl]
ylmethanol S 0 pyrrolidin-1-
<:LE§N§)LOH yl}carbonylyamino]
% (cyclopentyl)acetic acid
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Intermediate

Amino Acid

Amine

Structure

Name

B13

L-cyclopentyl-
glycine

N-Boc-(25)-
pyrrolidin-2-
ylmethanol

CS({2S)2-
[(Allyloxy)methyl]
pyrrolidin-1-
yl}carbonyl)amino]
(cyclopentyl)acetic acid

B14

L-cyclopentyl-
glycine

(35)-Pyrrolidin-
3-ylmethanol

FONESEE
[(Allyloxy)methyl]
pyrrolidin-1-
yl}carbonyl)amino]
(cyclopentyh)acetic acid

B15

L-cyclohexyl-
glycine

N-Boc-piperidin-
4-0l

(25)-Cyclohexyl({[4~
(pent-4-en-1-
yloxy)piperidin-1-
yl]carbonyl}amino)acetic
acid

B16

L-cyclohexyl-
glycine

N-Boc-azetidin-
3-01

(28)-Cyclohexyl({[3-
(pent-4-en-1-
yloxy)azetidin-1-
yl]carbonyl}amino)acetic
acid

B17

L-cyclohexyl-
glycine

N-Boc-(35)-
pyrrolidin-3-ol

(28)-Cyclohexyl({[(3.5)-
3-(pent-4-en-1-
yloxy)pyrrohdin-1-
yljcarbonyl }amino)acetic
acid

Intermediate B18: tert-Butvl 3-but-3-en-1-ylpiperidine-1-carboxvlate

H\/\O
NBoc

A 500mL Parr hydrogenation bottle was charged with 3-Pyridinepropanol (10.0 g,
72.9 mmol), platinum(IV)oxide hydrate (Adam's Catalyst) (500 mg), AcOH (30 mL), and HCI,
37% (1 mL). Contents of the bottle were hydrogenated at 47 psi for three days. FtOH and water
were added, and the reaction mixture was filtered through CELITE. NaOH (10 N) was added

Step 1: 3-Piperidin-3-ylpropan-1-ol

and the mixture was extracted with methylene chloride, dried with anhydrous MgSO,, filtered

and concentrated. The product was concentrated from PhMe and used without further
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purification. 'H NMR (CD;0OD): &3.55 (t,J=5 Hz, 2H), 3.05 2.95 (m, 2H), 2.55 2.45 (m,
1H), 2.23 (t,J= 10 Hz, 1H), 1.89 1.86 (m, 1H), 1.70 1.66 (m, 1H), 1.60 1.44 (m, 4H), 1.28
1.22 (m, 2H), 1.06 1.00 (m, 1H) ppm.

Step 2. tert-Butyl 3-(3-hydroxypropyl)piperidine-1-carboxylate

0
HO/\/\O\JJLO/J<

A 500 mL round-bottom flask was charged with 3-piperidin-3-ylpropan-1-ol
(10.5 g, 73.1 mmol) and DCM (150 mL), and the mixture was cooled in an ice bath under
nitrogen. BOC-Anhydride (18.67 ml, 80 mumol) and DMAP (8.93 mg, 0.073 mmol) were added,
and the reaction mixture was warmed to RT and stirred for 18 h. The reaction mixture was
poured into 5% KHSO, and extracted with methylene chloride. The organic layers were washed
with 2.5% NaHCO; and brine, dried with anhydrous MgSOs, filtered and concentrated.
Purification by silica gel chromatography (50 hexane/50 EtOAc) gave the title compound.
LRMS (M+H)™ = 244.3.
Step 3: tert-Butyl 3-(3-oxopropyl)piperidine-1-carboxylate

0 0
HJKAO,ALOk

An oven-dried 3-neck 1L round-bottom flask under nitrogen was charged with
DCM (100 mL) and oxaly! chloride (1.98 mL, 22.6 mmol) and cooled to -60°C. DMSO
(3.21 mL, 45.2 mmol) was added dropwise, and the reaction mixture was stirred for 5 min. A
solution of fert-butyl 3~(3—hydroxypropyi)piperidine—1—carb0xy1ate (5.00 g, 20.6 mmol) in DCM
(100 mL) was added via addition funnel, and the reaction mixture was stirred for 20 min. TEA
(14.3 mL, 103 mmol) was added, and the reaction mixture was warmed slowly to RT. The
reaction mixture was poured into 2.5% NaHCO; and extracted with methylene chloride. The
combined organic layers were washed with 5% KHSO, then brine, dried with anhydrous MgSOs,
filtered and concentrated. The product was purified by silica gel chromatography
(80 hexane/20 FtOAc). LRMS (M+H)" = 242.3.
Step 4: tert-Butyl 3-but-3-en-1-ylpiperidine-1-carboxylate

A 1L oven-dried round-bottom flask was charged with
methyltriphenylphosphonium bromide (9.30 g, 26.0 mmol) and THF (250 mL) and cooled to
-70°C. A solution of BuLi (2.5 M in hexanes, 10.4 mL, 26.0 mmol) was added dropwise, and
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the reaction mixture was stirred for 1 h. A solution of fert-butyl 3-(3-oxopropyDpiperidine-1-
carboxylate (4.19 g, 17.4 mmol) in THF (15 mL) was added, and the reaction mixture was
slowly warmed to RT and stirred for 3 days. The reaction mixture was quenched with water and
concentrated to remove THF. The mixture was extracted with EtOAc and the combined organic
layers were washed with brine, dried with anhydrous MgSQq, filtered and concentrated. The
residue was purified by silica gel chromatography (95 hexane/S EtOAc) to give the title
compound as a colorless oil. ' NMR (CDCL): § 5.83 - 5.77 (m, 1H), 5.04 4.95 (m, 2H), 3.92
3.88 (m, 2H), 2.77 (s, br, 1H)), 2.60 2.35 (m, 1H), 2.1 1 2.07 (m, 2H), 1.81 (m, 1H), 1.64 1.58
(m, 1H), 1.50 1.20 (m, 13H), 1.25 1.00 (m, 1H) ppm.

Synthesis of Intermediates C

Intermediate C1: Methyvl (4R)-4-[(7-methoxy-2-phenyl-6-vinviguinolin-4-yhoxv]-L-prolinate

hydrochloride

Step 1: Ethyl 3-(methylamino)-3-phenylacrylate
Ph\(\coza
Me’NH

Acetic acid (44.7 mL, 780 mmol) was added to a solution of ethyl benzoylacetate
(30 g, 156 mmol) and methyl amine (2M in THF, 390 mL, 780 mmol) in EtOH (150 mL). The
reaction mixture was heated to reflux and stirred for 15 h. The reaction mixture was
concentrated and partitioned between DCM and 1M HCL. The layers were separated, and the
organic layer was dried over Na,SOy, filtered and concentrated to give the title compound (32 g,
99% yield) which was used with no further purification.
Step 2: Ethyl 3-[(4-bromo-3-methoxyphenyl)amino]-3-phenylacrylate

Ph\(\cozm
MaO. NH
ST

PPTS (38.3 g, 152 mmol) was added to a solution of the product from Step 1
(31.3 g, 152 mmol) and 4-bromo-3-methoxyaniline (28 g, 139 mmol) in DCM (700 mL). The
mixture was heated to reflux and stirred for 20 h. The mixture was cooled, and the solids were

removed by filtration and washed with DCM. The filtrate was concentrated and purified on
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silica gel (gradient elution 10% to 50% DCM in hexanes) to give the title compound (49 g, 94%
yvield). LRMS (M+H)" Caled.: 376.0; found 376.2.
Step 3: 6-Bromo-T7-methoxy-2-phenylquinolin-4(1H)-one

H

N

MeO. £n
| ]
Br

o}

DOWTHERM A (450 mL) was heated to reflux (~300 C). A mixture of the
product from step 2 (49g, 130 mmol) in DOWTHERM A (50 mL) was added to the heated
DOWTHERM A solution portionwise. The mixture was stirred at reflux for 30 min after the
addition was complete. The mixture was cooled RT, and hexane (400 mL) was added. The
mixture was stitred for 30 min and filtered, and the solids were washed with hexane to give the
title compound (38 g, 88% vield). LRMS (M-+H)" Caled.: 330.0; found 330.2.

Step 4: I-tert-Butyl 2-methyl (28,45)-4-{{(4-bromophenylsulfonyl] oxy}pyrrolidine-1,2-

dicarboxylate

Boc

A sohution of brosy! chloride (3.14 g, 12.3 mmol) in PhMe (5 mL) was added to a
solution of 1-tert-butyl 2-methyl (25,45)-4-hydroxypyrrolidine-1,2-dicarboxylate (2.15 g,
8.76 mmol) and DABCO (1.57 g, 14.0 mmol) in PhMe (10 mL) at RT. A white precipitate
formed; the reaction mixture was stirred for 20 min and filtered. The filtrate was partitioned
between EtOAc and saturated aqueous NaHCO;. The layers were separated, and the organic
layer was washed with 1 M HCI, water and brine, dried over Na;SOs, filtered and concentrated.
The title compound (4.0 g, 98% yield) was then used without further purification. LRMS
(M-+Na)" Caled.: 488; found 488.
Step 5: 1-tert-Butyl 2-methyl (28,4R)-4-{(6-bromo-7-methoxy-2-phenylquinolin-4-
yloxy]pyrrolidine-1,2-dicarboxylate

MeO. N, _-Ph

Br
Z—)YO
N
Boc OMe
Cs,COs (20.0 g, 61.3 mmol) was added to a solution of the product from step 4
(19.4 g, 41.7 mmol) and the product from step 3 (13.5 g, 40.9 mmol) in N-methylpyrrolidine
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(200 mL). The reaction mixture was heated to 45°C, stirred for 15 h and cooled. The reaction
mixture was poured onto EtOAc and water, and the white solids were removed by filtration. The
layers were separated, and the organic layer was washed with saturated aqueous NaHCO;, water
and brine, dried over Na;SQ,, filtered and concentrated. The residue was purified on silica gel
(gradient elution 10% to 50% EtOAc in hexanes) to give the title compound (21.0 g, 92% yield)
as a pale yellow solid. LRMS (M+H)" Caled.: 557.1; found 557.3.

Step 6: I-tert-Butyl 2-methyl (2S,4R)-4-[(7-methoxy-2-phenyl-6-vinylquinolin-4-
yljoxy]pyrrolidine-1,2-dicarboxylate

MeQ N\ Ph
T ‘ £
Q,

[N)\(o
éoc OMe

Potassium vinyltrifluoroborate (5.05 g, 37.7 mmol), TEA (5.25 mL, 37.7 mmol)
and PdClLy(dppf)-CH,Cl, adduct (1025 mg, 1.26 mmol) were added to a solution of the product
from step 5 (14.0 g, 21.5 mmol) in EtOH (300 mL). The mixture was then heated to reflux for
1.5 h, at which time LC-MS revealed the disappearance of starting material. The reaction
mixture was cooled and concentrated and partitioned between EtOAc and water. The layers
were separated, and the organic layer was dried over NaySOy, filtered and concentrated. The
residue was purified on silica gel (gradient elution 10% to 80% EtOAc in hexanes) to give the
title compound (10.4 g, 82% yield). LRMS (M+H)" Caled.: 505.2; found 505.5.

Step 7: Methyl (4R )-4-[(7-methoxy-2-phenyl-6-vinylquinolin-4-yljoxy]-L-prolinate
hydrochloride (Intermediate CI)

A solution of the product from step 6 (10.4 g, 20.6 mmol) in dioxane (300 mL)
was cooled to 0°C. HC! gas was bubbled through the solution for 20 min. The reaction mixture
was warmed to RT and stirred for 2 h. The reaction mixture was concentrated and Et,;O
(150 mL) was added, and the mixture was stirred for 1 h. Filtration gave the title compound
(9.0 g, 99% vield) as a yellow solid, which was used without further purification. LRMS
(M+H)" Caled.: 405.2; found 405.3.

Intermediate C2: (3R.55)-5-(MethoxvcarbonvDpyrrolidin-3-yl 4-vinvl-1,3-dihydro-2.H-

isoindole-2-carboxylate Hydrochloride
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Step 1. I-Bromo-2,3-bis(bromomethyl)benzene

Br

Br Br

A suspension of 3-bromo-o-xylene (196 g, 1.06 mol), N-bromosuccinimide
(377 g, 2.15 mol) and benzoyl peroxide (0.26 g, 1.0 nunol) in carbon tetrachloride (1800 mL)
was heated to reflux under nitrogen for 15 h. The contents of the reaction flask were cooled and
filtered, and the filtrate evaporated. The crude material was distilled under high vacuum; the
major fractions were distilled between 88°C and 152°C. From these distillates, 108 g of pure
material was recovered, and 182 g of slightly crude material, which could be used in the
following reaction, was also recovered. 'H NMR (CDCl) & 7.56 (d, /= 8.0 Hz, 1 H), 7.31 (d, J
=8.0 Hz, 1 H), 7.26 (s, 1 H), 7.16 (1, J= 8.0 Hz, 1 H), 4.84 (s, 2 H), 4.64 (s, 2 H) ppm.

Step 2: 2-Benzyl-4-bromoisoindoline
)

KHSO4 (204 g, 2.04 mol) was suspended in CH3CN (12 L), and the mixture was
heated to 80°C. Solutions of 1-bromo-2,3-bis(bromomethyl)benzene (280 g, 0.82 mol in 500 mL
CH3CN) and benzylamine (87.5 g, 0.82 mol in 500 mI. CH;CN) were added concurrently via
addition funnels over 1 h. The reaction mixture was stirred at 77°C for 16 h. The contents of the
reaction flask were cooled and filtered, and the solvent was removed by evaporation. The
reaction was partitioned between 1M K,CO; and EtOAc. The organics were washed with brine,
dried with anhydrous Na;SQy, filtered and evaporated. Flash column chromatography (gradient
elution: heptane to 10% EtOAc in heptane) gave, after evaporation, the title compound as a pale
oil. 'HNMR (CDCl3) & 7.41-7.39 (m, 2 H), 7.37-7.34 (m, 2 H), 7.32-7.27 (m, 2 H), 7.10-7.03
(m, 2 H), 4.02 (s, 2 H), 3.97 (s, 2 H), 3.91 (5,2 H). LRMS (ESI) m/z 289 [(M+H)"; caled. for
CysHysBrN: 2897

The product was converted to HCI salt in HCMeOH by the addition of MTBE
and filtration of the solid to give 118 g of product as the HCI salt.
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N
o
A solution of 2-benzyl-4-bromoisoindoline (16.7 g, 58.0 mmol) and

tributyl(vinyl)tin (20.3 mL, 69.6 mmol) in PhMe (400 mL) was degassed by bubbling nitrogen
gas through the solution for 0.25 h. Tetrakis(triphenylphosphine)palladium (0) (1.30 g,

Step 3: 2-Benzyl-4-vinylisoindoline

1.16 mmol) was added, and the resulting solution heated in a 100°C oil bath under nitrogen for
24 h. The contents of the reaction flask were cooled, evaporated and subjected fo flash column
chromatography eluting with hexane/EtOAc 95/5 to give after evaporation the title compound as
a pale oil that turned pink on standing. LRMS (ESI) m/z 236 [(M+H)"; caled for Cy7H;sN: 236].
Step 4. 4-Vinylisoindoline

NH

/

A solution of 2-benzyl-4-vinylisoindoline (58 mmol) in 1,2-dichloroethane
(150 mL) was placed in a 1L round-bottom flask under nitrogen. An addition funnel containing
a solution of 1-chloroethyl chloroformate (7.51 mL, 69.6 mmol}) in 1,2-dichloroethane was
attached to the reaction flask. The reaction flask was cooled in an ice bath, and the contents of
the addition funnel were added dropwise over 20 min, keeping the internal reaction temperature
<5°C. After the addition was complete, the reaction flask was allowed to warm to RT, then
heated to reflux for 45 min. The contents of the reaction flask were cooled to RT, then the
solvent was removed by evaporation. MeOH (200 mL) was added, and the contents of the
reaction flask were heated to reflux for 30 min. The reaction flask was cooled, and the solvent
removed by evaporation. Water (200 mL) was added, and the resulting mixture washed with
EtOAc (2 x 250 mL). The aqueous layer was made basic with 2N NaOH then extracted with
methylene chloride (4 x 250 mL). The combined organic extracts were dried with anhydrous
Na,SOq, filtered and the filtrate evaporated. The remaining residue was subjected to flash
column chromatography eluting with methylene chloride/MeOH/NH,OH 97/3/0.3 to 95/5/0.5.
Evaporation of fractions gave the title compound as a brown oil, 6.00g (41.4 mmol, 71% yield
for two steps). LRMS (ESI) m/z 146 [(M+H)"; caled for CioH;poN: 146].
Step 5: 1-tert-Butyl 2-methyl (28,4R )-4-{[(4-vinyl-1,3-dihydro-2H-isoindol-2-
ylycarbonyl] oxy}pyrrolidine-1, 2-dicarboxylate
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ﬂ\ Q‘COQCHE,
o’l\\o

A solution of 1-tert-butyl 2-methyl (2S,4R)-4-hydroxypyrrolidine-1,2-
dicarboxylate (10.1 g, 41.4 mmol) in DMF (90 mL) under nitrogen was cooled to 0°C. Solid
1,1-carbonyldiimidazole (6.70 g, 41.4 mmol) was added to the reaction. The contents of the
reaction flask were warmed to RT, and, after 2 h, a solution of 4-vinylisoindoline (6.00 g,

41.4 mmol) in DMF (10 mL) was added. The reaction was heated in a 60°C oil bath for 2 h,
then cooled and poured into water and 5% KHSO,. The resulting mixture was extracted with
EtOAc (4 x 250 mL). The combined organics were washed with brine, dried with anhydrous
Na,SOy, filtered and evaporated. Flash column chromatography eluting with hexane/EtOAc
70/30 gave the title compound as a white foam, 13.9 g (33.4 mmol, 81% yield). LRMS (ESI)
m/z 417 [(M+H)"; caled for CoorFleN,Og: 417).

Step 6: (3R, 5S)-5-(Methoxycarbonyl)pyrrolidin-3-yl 4-vinyl-1,3-dihydro-ZH-isoindole-2-
carboxylate hydrochloride (Intermediate C2)

A solution of 1-ter-Butyl 2-methyl (25,4R)-4-{[(4-vinyl-1,3-dihydro-2H-
isoindol-2-yl)carbonyl]oxy}pyrrolidine-1,2-dicarboxylate (13.9 g, 33.4 mmol) in EtOAc
(700 mL) was cooled in an ice bath the saturated with HCI gas. The reaction flask was sealed
and allowed to warm to RT. After 3.5 h, the solvent was removed by evaporation to give the title
compound as a gray solid, 11.2 g, 95% yield). TH NMR (500 MHz, CD;0D) & 7.47-7.45 (m, 1
H), 7.32-7.31 (m, 1 H), 7.26-7.21 (m, 1 H), 6.79-6.73 (m, 1 H), 5.79 - 5.73 (m, 1 H), 546 (s, 1
H), 5.41 - 5.38 (m, 1 H), 4.80 - 4.72 (m, 4 H), 3.91 (s, 3 H), 3.74 - 3.63 (m, 2 H), 2.77 - 2.71(m,
1 H), 2.51 -2.46 (m, 1 H). LRMS (ESI) m/z 317 [(M+H)"; caled for Ci7H,N;O4: 3171,

Intermediate C3: Ethvl (4R)-4-[(6-methoxy-7-vinylisoguinolin-1-yl)oxy]-L-prolinate

hydrochloride

v L pcog
H

Step 1. (2E)-3-(4-Bromo-3-methoxyphenylacrylic acid

Br
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Acrylic acid (9.61 g, 133 mmol), TEA (37.2 mL, 267 mmol) and palladium
acetate (719 mg, 3.2 mmol) were added to a solution of 1-bromo-4-iodo-2-methoxybenzene
(US 2004/0254159) (33.45 g, 107 mmol) in MeCN (100 mL). The reaction mixture was heated
to 90°C for 40 min, cooled to RT and poured into 2.4 L 1M HCI. After stirring for 30 min, the
solid was filtered, heated to reflux in EtOH (230 mL)}, allowed to cool to RT and stirred
overnight. The solid was filtered and washed with 1:1 EtOH:hexanes (50 mL) to give desired
product. LRMS EST" (M+H)" 257.0.

Step 2: 7-Bromo-6-methoxyisoquinolin-1(2H)-one

A portion of the product from step 1 [(2F)-3-(4-bromo-3-methoxyphenyl)acrylic
acid] (12.5 g, 48.6 mmol) was azeotroped with benzene, suspended in benzene (94 mL) with
TEA (9.49 mL, 68.1 mmol) was added diphenylphosphoryl azide (10.48 mL, 48.6 mmol), and
the reaction mixture stirred at RT for 1 h. The mixture was filtered through a pad of silica and
eluted with ~1 L of PhMe; the volatiles were evaporated; the residue was resuspended in
diphenylmethane (94 mL); and the mixture was heated to reflux for three hours (internal
temperature 250°C). The reaction mixture was allowed to cool to RT, stirred overnight and
filtered, and the solid washed with hexanes (100 mL) to give tan solid (7.4 g). LRMS EST
(M+H)" 254.1.

Step 3: 7-Bromo-I1-chloro-6-methoxyisoquinoline

A mixture of the product from step 2 (7-bromo-6-methoxyisoquinolin-1(2H)-one)
(4.7 g, 18.5 mmol) in phosphorus oxychloride (30 mL) was heated to reflux. After 2 h, the
mixture was cooled to RT; the volatiles were evaporated, and the residue was partitioned
between 3M NaOH and DCM. The organic phase was dried over Na;SOy; solvent was
evaporated; and the solid was triturated with Et;O (20 mL) and filtered to give a solid (3.75 g).
LRMS ESI" (M+H)" 274.0.
Step 4: (4R )-4-[(7-Bromo-6-methoxyisoquinolin-1-yl)oxy]-1-(tert-butoxycarbonyl)-L-proline
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Q‘coza
Boc

Potassium fert-butoxide (14.1 g, 125 mmol) was added to a solution of trans 4~
hydroxy L-BOC-proline (9.67 g, 41.8 mmol) in DMSO (180 mL) at RT. The reaction mixture
was stirred at RT for 30 min and cooled to 15°C. The product from step 3 (11.4 g, 41.8 mmol)
was added to the reaction mixture as a solution in DMSO (45 mL); the reaction mixture was
allowed to warm to RT and stirred for 30 min. The reaction mixture was quenched with ice-cold
10% citric acid solution and partitioned with EtOAc. The organic layer was washed with
aqueous citric acid solution, water and brine, and the aqueous phases were back-extracted with
EtOAc. The combined organic phases were dried over anhydrous NaySOy, and the solvent was
evaporated. LRMS ESI” (M+H-tBu)" 411.2.
Step 5: (4R)-1-(tert-Butoxycarbonyl)-4-[(6-methoxy-7-vinylisoquinolin-1-yloxy] -L-proline

MeO. o

2 =N

9

&cozw

N
Boc

TEA (0.24 mL, 1.70 mmol) was added to a solution of (4R)-4-{(7-bromo-6-
methoxyisoquinolin-1-yhoxy]-1-(tert-butoxycarbonyl)-L-proline (560 mg, 1.13 mmol} in EtOH
(30 mL). Potassium vinyltrifluoroborate (227 mg, 1.70 mmol) and PdCly(dppf)-CHCl, adduct
(46 mg, 0.06 mmol) were then added, and the reaction mixture was stirred at 100°C for 18 h.
The reaction mixture was worked up with EtOAc and water, and the layers were separated. The
organic layer was washed with brine, dried over MgSQ,, filtered and concentrated. The crude
material was purified on silica (40% EtOAc/hexanes) to yield the title compound as an oil.
LRMS (M+H)" = 443 4.

Step 6: Ethyl (4R)-4-[(6-methoxy-7-vinylisoquinolin-1-yljoxy]-L-prolinate hydrochloride
{Intermediate C3)

The product from step 4 (41.8 g, 89 mmol) was dissolved in EtOH (400 mL), and
the mixture was cooled to 0°C. HC! was bubbled through the solution, until the solution was
saturated. The reaction mixture was then stirred at RT for 60 h, and the volatiles were

evaporated under reduced pressure. The solid was triturated in Et,O (300 mL) and EtOH
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(50 mL) and filtered to give the title product (33.0 g, 85% yield) as a gray solid. LRMS ESI"
(M+H)" 395.2. '

Intermediate C4: Methvl (4R)-4-[(2-ethoxy-7-methox y-6-vinvlquinolin-4-vljoxyl-L-prolinate

hydrochloride
e N\ O._~
o =
O"

POCI; (5.07 ml, 54.4 mmol) was added to a mixture of 4-bromo-3-
methoxyaniline (10 g, 49.5 momol) and malonic acid (5.15 g, 49.5 mmol) with thorough mixing,
and the solution was then heated to 105°C. After 5 min, the reaction began to bubble vigorously
and eventually formed a hard foam, and heating was continued for 1 h. After cooling, water
(200 mL) was added, and the mixture was stirred for 30 min. The solid was filtered off and
washed with water. 2N NaOH (300 mL) was added to the solid, and stirring was continued
overnight. The remaining solid was filtered off. EtOH (5 mL) was then added to the filtrate, and
the basic layer was then acidified with concentrated HCI to pH 2. The resulting solid was then
filtered off and washed with water. The solid was then transferred to a flask, and the remaining
water was removed by stripping off EtOH (200 mL x 2). The solid was then further dried under
high vacuum for 15 h to yield 8.75 g (66%)) of the title compound as an off-white solid. LRMS
ESI" (M+H)™ 270.2/272.2.

Step 2: I-tert-Butyl 2-methyl (2S,4R)-4-f (6-bromo-7-methoxy-~2-oxo-1, 2-dihydroquinolin-4-
yDoxy]pyrrolidine-1,2-dicarboxylate
o N._0
T
o,

QCOzMe
Boc

Cs,COs (8.42 g, 25.8 mmol) was added to a solution of 1-tert-butyl 2-methyl
(25,45)-4- {[(4-bromophenyl)sulfonylJoxy} pyrrolidine-1,2-dicarboxylate (4 g, 8.61 mmol) and
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the product from step 1 (3.49 g, 12.92 mmol) in NMP (86 ml) under nitrogen. The mixture was
then heated to 60°C. After 6.5 h, the reaction was extracted with water and EtOAc. The organic
Jayer was extracted with water and brine and dried over MgSO4. The solvent was then removed
in vacuo. The crade product (6.5 g) was purified on silica (gradient elution, 0-100%
EtOAc/hexanes, and then 0-5% MeOH/DCM) to yield 2.26 g (53%) of the title compound.
LRMS ESI' (M-Boc)+H)" 397.3/399.3.
Step 3: 1-tert-Butyl 2-methyl (28,4R)-4-[(7-methoxy-2-ox0-6-vinyl-1,2-dihydroquinolin-4-
ylloxy]pyrrolidine-1,2-dicarboxylate
o N_o
0
0,
[[;)‘COZNIe
Boc
Potassium vinyltrifluoroborate (0.913 g, 6.82 mmol), TEA (0.950 mL,
6.82 mmol), and PACly(dppH)-CH,Cl, adduct (0.186 g, 0.227 mmol) were added to a solution of
the product from step 2 (2.26 g, 4.54 mmol) in EtOH (45.4 mL). The mixture was then heated to
reflux for 1 h. The FtOH was removed in vacuo, and the residue was taken up in EtOAc and
extracted with water. The organic layer was dried over MgSOs, and the solvent was removed in
vacuo. The crude material was purified on silica gradient elution, 0-5% MeOH/DCM) to yield
2.0 g (99%) of the title compound. LRMS EST" ((M-Boc)+H)" 345.3.
Step 4. 1-tert-Butyl 2-methy! (25,4R)-4-[ (2-ethoxy-7-methoxy-6-vinylquinolin-4-
yl)oxy]pyrrolidine-1, 2-dicarboxylate

e, Ny O~
e L
o,
QLCOgMe
Boc

Triethyloxonium tetrafluoroborate (1.28 g, 6.75 mmol) was added to a solution of
the product from step 3 (2.0 g, 4.5 mmol) in DCM (41 mL). DIEA (0.236 mL, 1.35 mmol) was
then added after 15 min. After 45 additional min, the reaction mixture was worked up with
NaHCO; and DCM. The organic layer was then dried over MgSQy, and the solvent was
removed in vacuo. The crude material was then purified on silica (gradient elution, 10-60%

EtOAc/hexanes) to yield the title compound as an oil. LRMS (M+H)" = 473.4.
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Step §: Methyl (4R)-4-[(2-ethoxy-7-methoxy-6-vinylquinolin-4-yljoxy] -L-prolinate hydrochloride
(Intermediate C4)

HC] gas was bubbled through a solution of the product from step 4 (5 g,
10.6 mmol) in DCM (105 mL) for 10 min, and then the mixture was stirred for 1 h. The solvent
was then removed in vacuo to vield the title compound as a white solid. LRMS (M+H)" =373.4,

Intermediate C5: Methvl (4R)-4-[(3-vinvlguinolin-2-vDoxv}-L-prolinate hydrochloride

| AN
S =N
0,
HC
QCOzME
M

Intermediate C5 can be prepared according to the procedure described for

Intermediate C6 using 3-bromoquinoline instead of 3-bromo-7-methoxyquinoline in step 1.

Intermediate C6: Methyl (4R)-4-{(7-methoxy-3-vinvlguinolin-2-yDoxy]-L-prolinate

hydrochloride
0\
S
Ry l P
0,
" g)‘cogMe
H
Step 1. 3-Bromo-7-methoxyquinoline 1-oxide
D\
B i /N:O'

mCPBA (2.9 g, 16.8 mmol) was added to a solution of 3-bromo-7-
methoxyquinoline (2.0 g, 8.40 mmol) in DCM (42 mL) at RT, and the reaction mixture was
stirred at RT for 1 h. A second portion of mCPBA (2.9 g, 16.8 mmol) was then added, and the
reaction mixture was stirred at RT for 18 h. The reaction mixture was poured onto 10% aqueous
Na,SO; and DCM, and the layers were separated. The organic layer was washed with NaHCO;,
dried over MgSOy, filtered and concentrated. The resulting product was used with no further
purification. LRMS (M+H)" = 254.2.
Step 2: 3-Bromo-7-methoxyquinolin-2(1H)-one
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|

Br hH

Q
p-Toluenesufonyl chloride (1.68 g, 8.83 mmol) was added to a solution of
3-bromo-7-methoxyquinoline 1-oxide (2.04 g, 8.03 mmo}) in EtOAc (50 mL) and 15% aqueous
K,CO; (15 mL) at RT. The reaction mixture was stirred vigorously at RT for 18 h, at which time
the product was collected by filtration and washed with EtOAc. The solid was dried under
vacuum and used with no further purification. LRMS (M+H)" = 254.1.
Step 3: 1-tert-Butyl 2-methyl (2S,4R)-4- (3-bromo-7-methoxyquinolin-2-yl)oxy] pyrrolidine-1,2-
dicarboxylate
S

N
Br &
G

Q‘C%Me

Boc

Cs,CO3 (2.11 g, 6.46 mmol) was added to a solution of 3-bromo-7-
methoxyquinolin-2(1H)-one (1.31 g, 5.17 mmol) and 1-fert-butyl 2-methyl (25.45)-4-{[(4-
bromophenyl)sulfonyl]oxy} pyrrolidine-1,2-dicarboxylate (2.0 g, 4.31 mmol) in NMP (21.5 mL),
and the reaction mixture was stirred for 40 h at 40°C. An additional portion of 1-fers-butyl 2-
methyl (28,48)-4- {[(4-bromophenyl)sulfonyljoxy}pyrrolidine-1,2-dicarboxylate (1.0 g,
2.16 mmol) was added, and the reaction mixture was stirred at 40°C for 16 h. The reaction
mixture was cooled and poured onto a mixture of EtOAc and water, and the layers were
separated. The organic layer was washed with water twice, NaHCO; twice and brine, dried over
Mg,SO, filtered and concentrated. The product was used with no further purification. LRMS
(M+H-Boc)" =381.2.
Step 4. 1-tert-Butyl 2-methyl (25,4R)-4-[( 7-methoxy-3-vinylguinolin-2-yl)oxy]pyrrolidine-1,2-
dicarboxylate

O

s
=N
Q.

QCOgM@

Bo¢

|

S

TEA (0.87 mL, 6.23 mmol) was added to a solution of 1-fert-butyl 2-methyl
(28 4R)-4-[(3-bromo-7-methoxyquinolin-2-yloxy]pyrrolidine-1,2-dicarboxylate (2.0 g,
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4.2 mmol) in EtOH (30 mL). Potassium vinyltrifluoroborate (0.84 g, 6.23 mmol) and
PACL(dppf)-CH,CY, adduct (0.17 g, 0.21 mmol) were then added, and the reaction mixture was
stirred at 100°C for 2 h. The reaction mixture was worked up with EtOAc and water, and the
layers were separated. The organic layer was washed with brine, dried over MgSOs, filtered and
concentrated. The crude material was purified on silica (gradient elution, 0-40%
EtOAc/hexanes) to vield the title compound as an oil. LRMS (M+H-tBu)" = 373.3.
Step 5: Methyl (4R)-4-[(7-methoxy-3-vinylquinolin-2-yl)oxy] -L-prolinate hydrochloride
(Intermediate C6)

A solution of 1-fert-butyl 2-methyl (25,4R)-4-[(7-methoxy-3-vinylquinolin-2-
yDoxy]pyrrolidine-1,2-dicarboxylate (0.85 g, 1.98 mmol) in 4M HCl in dioxane (10 mL) was
stirred at RT for 2 h. The reaction mixture was concentrated, and the product was used with no

further purification. LRMS (M+H-tBu)” = 329.3.

Intermediate C7: Methvl (4R)-4-[(2-chloroquinolin-3-vl)oxyl-L-prolinate hydrochloride

N =
|
S

0,

wa O‘COZMe

N
Ead

N™ ™=
!
N

OH

Step 1: 2-chloroquinolin-3-ol

A suspension of 2-chloroquinoline-3-boronic acid (15 g, 72.3 mmol) and NH,Cl
(7.16 g, 134 mmol) in EO:Ho0 (600 mL) was treated dropwise with aqueous H>O; (30%,
62 mL, 709 mmol). The mixture was stirred for 16 h. Then, the precipitate was filtered, washed
with water and Et,0, and dried at 60°C over P,Os to afford the title compound (11.5 g, 89%).
LCMS (ES+) m/z 180 (M+H)".
Step 2. I-tert-Butyl 2-methyl (28,4R)-4-[(2-chloroquinolin-3-yl)oxy/pyrrolidine-1,2-
dicarboxylate
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A solution of the 2-chloroquinolin-3-01 (4.00 g, 22.27 mmol), 1-fert-butyl 2-
methyl (25,45)-4-hydroxypyrrolidine-1,2-dicarboxylate (5.74 g, 23.38 mmol) and PPhs (7.01 g,
26.7 mmol) in anhydrous THF (250 mL) was cooled to 0°C and treated drdpwise with DEAD
(4.65 g, 26.7 mmol). The mixture was stirred for 3 h at 20°C, then treated at 0°C with further
PPhs (1.75 g, 6.67 mmol) and DEAD (1.16 g, 6.67 mmol). After stirring for 3 h at 20°C, the
mixture was concentrated, and the residue was purified on silica column (15% EtOAc in
petroleum ether) to furnish the title compound (5.08 g, 56 %) as a white solid. LCMS (ES+) m/z
307 (M+H-Boc)".
Step 3: Methyl (4R)-4-[(2-chloroguinolin-3-yl)oxy]-L-prolinate hydrochloride

NE\
o

o,

HEI
Q‘COQMG:

H

A solution of 1-fert-butyl 2-methyl (25,4R)-4-[(2-chloroquinolin-3-
yloxy]pyrrolidine-1,2-dicarboxylate (8.9 g, 21.9 mmol) in HCl/dioxane (4 N, 80 ml.) was
prepared at 0°C. The mixture was stirred for 1 h at 0°C, then at 20°C for 2 h. Further
HCVdioxane (4 N, 10 mL) was added, and the mixture was stirred for another 1 h. Removal of
the volatiles and trituration of the residue with Et,O afforded the title compound (7.19 g, 96 %)
as a solid that was used directly in subsequent steps. LCMS (ES+) m/z 307 (M+H)".

Intermediate C8: (25.4R)-4-[(2-bromo-6-methoxvquinolin-3-vhoxy]-2-

(methoxycarbonyvl)pyrrolidinium chloride

Hel QCOZMe
H
Step 1: 2-Bromo-G-methoxyquinoline
O\
N7
’ P

Br
6-Methoxyquinolin-2(1H)-one (6.81 g, 38.9 mmol) was carefully added to POBr;
(18.9 g, 66.1 mmol) at 60°C, and the resulting solution was stirred at 140°C for 2.5 h. The

reaction mixture was cooled and poured onto crushed ice, and the solid was collected by
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filtration. Purification of this material on silica gel (gradient elution from 5 to 12% EtOAc in
petroleum ether) afforded the title compound (4.57 g, 49.3 %) as a solid. LCMS (ES+) m/z 238,
240 (M+H)".

Step 2: (2-Bromo-6-methoxyquinolin-3-yl)boronic acid

O
NS
|

Br &

HD’B\OH

n-Buli (1.6 N in hexanes, 14.4 mL, 23.0 mmol) was added at -78°C to a solution
of 2,2,6,6-tetramethylpiperidine (3.11 g, 22.05 mmol) in anhydrous THF (59 mL), and the
mixture was then warmed to 0°C for 0.5 h.. The mixture was cooled back to -78°C and treated
with a solution of 2-bromo-6-methoxyquinoline (4.57 g, 19.17 mmol) in THF (14 mL). After
stirring for 1 h, a solution of trimethy] borate (2.46 mL, 22.05 mmol) in THF (14 mL) was
added, and the mixture was maintained at -78°C for a further 2 h. A mixture of THF (14 mL)
and H,0 (3.5 mL), were added then the solution was warmed to -10°C and treated with water
(70 mL) and Et,0 (70 mL). Aqueous NaOH (1 N, 75 mL) was added, and the aqueous layer was
separated and acidified to pH 4 with aqueous HCI (3 N). The aqueous phase was extracted with
Et,0, and the combined extracts were washed with brine and dried over Na;SOy. Filtration and
removal of the volatiles afforded the title compound (4.64 g, 86 % yield) as an oily solid that was
used directly in the subsequent step. LCMS (ES+) m/z 282, 284 (M+H)".

Ol
N7 Ry
I
Br #

OH

Step 3: 2-Bromo-6-methoxyquinolin-3-ol

Aqueous H,0; (30%, 32.8 mL, 321 mmol) was added dropwise to a stirred
solution of (2-bromo-6-methoxyquinolin-3-yl)boronic acid (4.64 g, 16.45 mmol} and NH4Cl
(3.29 g, 61.5 mmol) in E,O (82 mL) and water (82 mL). After 13 h, NH4CI (3.29 g, 61.5 mmol)
and aqueous H,0, (30%, 32.8 mL, 321 mmol) were added, and the mixture was stirred for 48 h.
The precipitate was collected and washed with water, then dried at 50°C to afford the title
compound (4.18 g, 100 %) as a solid that was used directly in the subsequent step. LCMS (ES+)
m/z 254, 256 (M+H)".

-54 -



10

15

20

WO 2009/108507 PCT/US2009/033859
Step 4: I-tert-Butyl 2-methyl (28,4R)-4-[ (2-bromo-6-methoxyquinolin-3-yl)oxy] pyrrolidine-1,2-

O\
N7
I
Br &

L

kigj\}

dicarboxylate

O
COMe

Cs,CO; (10.7g, 32.9 mmol) was added to a stirred mixture of 1-fert-butyl 2-
methyl (28,4S)-4- {[(4-bromophenyl)sulfonylJoxy}pyrrolidine-1,2-dicarboxylate (8.78 g,
18.9 mmol) and 2-bromo-6-methoxyquinolin-3-of (4.18 g, 16.45 mmol) in NMP (46 mL). The
resulting mixture was stirred at S0°C for 3 h, then cooled and diluted with EtOAc. The organics
were washed with saturated aqueous NaHCOs, water and brine then dried over NaySOs.
Filtration and removal of the volatiles gave a residue, which was purified by column
chromatography on silica gel (gradient elution: 1 to 100% EtOAc in petroleum ether) to give the
title compound (5.56 g, 70.2 %). LCMS (ES+) m/z 481, 483 (M+H)".
Step 5: (2S,4R)-4-[(2-Bromo-6-methoxyquinolin-3-yl)oxy] -2-(methoxyearbonyl)pyrrolidinium

chloride
O\
N
Br 1 =

£

HaN
+
ar COMe

A solution of 1-feri-butyl 2-methyl (25,4R)-4-[(2-bromo-6-methoxyquinolin-3-
yhoxylpyrrolidine-1,2-dicarboxylate (5.01 g, 10.40 mmol) in HCV/dioxane (4 N, 31 ml) was
prepared at 0°C and the mixture was stirred at 20°C for 40 min. The volatiles were evaporated
and the residue was triturated with Et;O to afford an approximately 1:1 mixture of the title
compound and (25,4R)-4-[(2-chloro-6-methoxyquinolin-3-ylyoxy]-2-(methoxycarbonyl)
pyrrolidinium chloride (4.34 g) as a solid that was used directly in subsequent steps. LCMS
(ES+) my/z 381, 383 (M+H)".

Intermediate C9: Methvl (4R)-4-1(3-allyl-1-methyl-3H-pyrrolol2.3-clquinolin-4-vDoxv]-L-

prolinate
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7 1 o=
N =N
\’—j O,
{P~coume
H

Step 1: 1-Nitro-2-{2-nitroprop-1-en-1-yl] benzene

N

NO,

A solution of 2-nitrobenzaldehyde (5.0 g, 33.1 mmol ) and ammonium acetate
(2.55 g, 33.1 mmol) in AcOH (20 mL) was treated dropwise at 20°C with nitroethane (2.84 mL,
39.7 mmol). The resulting solution was heated under reflux for 2 h, then cooled and diluted with
EtOAc. The organic layer was washed with saturated aqueous NaHCOj; solution and brine, then
dried over Na;SQy. Filtration and removal of the volatiles gave a residue that was purified on
silica gel (gradient elution, 0-40% EtOAc/hexanes) to give the title compound as an oil (2.3 g,
33%). LCMS (ES+) m/z 209 (M+H)".
Step 2: Ethyl 4-methyl-3-(2-nitrophenyl)-1H-pyrrole-2-carboxylate

2

HN / NG,

da

A solution of 1-nitro-2-[2-nitroprop-1-en-1-yllbenzene (4.1 g, 19.7 mmol) in a
mixture of THF (131 mL) and fert~-BuOH (66 mL) was treated with DBU (4.45 mL, 29.5 mmol)
and ethyl isocyanoacetate (2.67 g, 2.58 mL) added. The resulting solution was stirred for 1 h,
then heated to 70°C for 4 h. The mixture was cooled and concentrated in vacuo to give a residue
that was taken up in FtOAc and aqueous HCI (1 N). The organic layer was separated and
washed with brine, then dried over NapSOy. Filtration and solvent removal afforded a residue
that was purified on silica gel (gradient elution, 0-40% EtOAc/hexanes) to afford the title
compound (3.2 g, 59%) as solid. LCMS (ES+) m/z 275 (M+H)"
Step 3: 1-Methyl-3H-pyrrolo[2,3-c]quinolin-4-ol

=
=N

7]
i
OH

A solution of ethyl 4-methyl-3-(2-nitrophenyl)-1H-pyrrole-2-carboxylate (3.2 g,

11.67 mmol) in AcOH (117 mL) was treated at 20°C with iron dust (6.52 g, 117 mmol). The
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reaction mixture was heated at 100°C for 3 h. The white precipitate was removed by filtration,
and the filtrates were concentrated to give a residue that was purified on silica gel (gradient
elution, 50-100% MeOH/acetone) to afford the title compound (2.0 g, 86%) as a solid. LCMS
(BS+) m/z 199 (M+H)".

Step 4. 3-Allyl-1-methyl-3H-pyrrolo[2, 3-c] quinolin-4-ol

/i\
N /N

}om

A solution of 1-methyl-3H-pyrrolo[2,3-c]quinolin-4-ol (1.2 g, 6.05 mmol) in a
mixture of THF (30 mL) and NMP (60 m1) was treated with Cs,CO; (2.95 g, 9.08 mmol). Allyl
bromide (0.524 mL, 6.06 mmol) was added dropwise, and the resulting mixture was stirred at
40°C for 12 h. The mixture was cooled and quenched with aqueous HCI (1 N) and EtOAc. The
organic layer was separated, washed with aqueous HCI (1 N), brine, and dried over NapSOx.
Filtration and removal of the volatiles gave a residue that was triturated with Et,O to give the
title compound (0.78 g, 54 %) as a solid. LCMS (ES+) m/z 239 (M+H)".

Step 5: 1-tert-Butyl 2-methyl (28,4R)-4-[(3-allyl-1-methyl-3H-pyrrolof2,3-c]quinolin-4-
yhoxy]pyrrolidine-1,2-dicarboxylate

=

.

0. o
e

Cs,CO; (8.20 g, 25.20 mmol) and 1-fert-butyl 2-methyl (2.5,45)-4-{[(4-

bromophenyl)sulfonyljoxy} pyrrolidine-1,2-dicarboxylate (3.80 g, 8.18 mmol) were added in
sequence to a solution of 3-allyl-1-methyl-3H-pyrrolo[2,3-c]quinolin-4-ol (1.50 g, 6.29 mmol) in
NMP (42 mL). The mixture was heated at 60°C for 12 h, then cooled and diluted with EtOAc
and aqueous HC1 (1 N). The organic layer was separated, washed with brine and dried over
Na,S0y4. Filtration and removal of the volatiles gave a residue that was purified on silica gel

(gradient elution, 20-100% EtOAc/petrol ether) to afford the title compound (1.30 g, 44%) as a
solid. LCMS (ES+) m/z 466 (M+H)".
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Step 6: Methyl (4R)-4-[(3-allyl-1-methyl-3H-pyrrolof2,3-c] quinolin-4-yljoxy]-L-prolinate

/'\‘
N/

N

. O
e

TFA (3 mL) was added to a solution of 1-fert-butyl 2-methyl (25,4R)-4-[(3-allyl-

1-methyl-3H-pyrrolo[2,3-c]quinolin-4-yloxylpyrrolidine-1,2-dicarboxylate (1.30 g, 2.79 mmol)
in DCM (20 mL). The mixture was stirred for 4 h, then diluted with PhMe and concentrated
under reduced pressure. The residue was taken up in EtOAc and washed with saturated aqueous
NaHCO; and brine. The organic phase was dried over Na;SOq4 and concentrated to give the title

compound (1.02 g, 98%) as an oil that was used without further purification in subsequent steps.
LCMS (ES+) m/z 366 (M+H)",

Intermediate C10:; (25.4R)-4-[(3-Chloroguinoxalin-2-vl)oxv]-2-(methoxvcarbonyl)pyrrolidinium

chloride

&COEMe

Ho N

Step 1: 1-tert-Butyl 2-methyl (28,4R )-4-[(3-chloroquinoxalin-2-yl)oxy] ‘pyrrolidine-1,2-
dicarboxylate

(5
N {:OQME
Boc

A solution of 3-chloroquinoxalin-2-ol (1.44 g, 7.97 mmol) and 1-tert-butyl 2-
methyl (25,45)-4-hydroxypyrrolidine-1,2-dicarboxylate (2.05 g, 8.37 mmol) in THF (190 mi)
was cooled to 0°C, then treated with PPhz (2.51 g, 9.57 mmol). DIAD (1.86 ml, 9.57 mmol) was
added dropwise, and the mixture was stirred at 20°C for 1 h. After evaporation of the volatiles,
the residue was purified on silica gel (gradient elution, 0-70% EtOAc/petroleum ether) to afford
the title compound (2.5 g, 77 %). LCMS (ES+) m/z 408 (M+H)",
Step 2: (2S,4R)-4-[(3-Chloroguinoxalin-2-yl)oxy] -2-(methoxycarbonyl)pyrrolidinium chloride
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O‘COZMe

hot N
A solution of 1-tert-butyl 2-methyl (2.5,4R)-4-[(3-chloroquinoxalin-2-
yhoxylpyrrolidine-1,2-dicarboxylate (1.05 g, 2.57 mmol) in HCl/dioxane (4 N, 5 mL) was
prepared at 0°C, then stirred for 2 h at 20°C. The reaction mixture was concentrated to afford a
residue that was triturated with Et,O to afford the title compound (0.88 g, 98%) as a white solid

that was used directly in subsequent reactions. LCMS (ES+) m/z 308 (M+H)".

Intermediate C11: 1-fer-Butvl 2-methvl (25.4R)-4-[(2-ethoxy-6-vinylquinazolin-4-

vDoxvipyrrolidine-1.2-dicarboxylate hydrochloride
S
0,

O‘COZMB

N
H

HCI
Step 1: 2-Chloro-6-iodoquinazolin-4-ol
N\\rO\V/
=N
c

A solution of 2,4-dichloro-6-iodoquinazoline (10 g, 30.8 mmol) in THF (8 ml)

|

and water (8 ml) was treated with aqueous NaOH (1 N, 4 ml). The solution was stirred for 1 h,
then diluted with aqueous HCI (1 N) and EtOAc. The organic phase was separated and washed
with brine then dried over Na,SO;4. Filtration and removal of the volatiles afforded the title
compound (9.4 g, 100 %) as a solid. LCMS (ES+) m/z 307 (M-+H)".
Step 2. 2-Ethoxy-6-iodoquinazolin-4-ol

i

OH

2-Chloro-6-iodoquinazolin-4-ol (3.5 g, 11.42 mmol) was suspended in EtOH and

treated with an ethanolic solution of NaOFEt (21%, 12.8 ml, 34.3 mmol). The mixture was
irradiated at 150°C in a microwave for 2 h, then was cooled to 20°C. The precipitated product

was collected by filtration, and washed with aqueous HC1 (1 N) and water. After drying under
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vacuum, the title compound (3.04 g, 84%) was obtained as a yellow solid. LCMS (ES+) m/z 317
(M+H)".
Step 3: 1-tert-Butyl 2-methyl (28,4R )-4-[(2-ethoxy-6-vinylquinazolin-4-yl)oxy[pyrrolidine-1,2-
dicarboxylate
pi
o,,mo

o] \ /O

N
A solution of 2-ethoxy-6-iodoguinazolin-4-ol (2.94 g, 9.30 mmol) and 1-tert-butyl
2-methyl (25,48)-4-hydroxypyrrolidine-1,2-dicarboxylate (2.28 g, 9.30 mmol) in THF (150 ml)
was cooled to 0°C and treated with PhsP (2.93 g, 11.16 mmol). DEAD (4.42 m], 11.16 mmol)
was added dropwise, and the mixture was stirred at 20°C for 4 h. After evaporation of the
volatiles, the residue was purified on silica gel (gradient elution, 0-5% EtOAc/(EtOAc:DCM =
5:95)) to furnish a 6:4 mixture of 1-fers-butyl 2-methyl (25,4R)-4-[(2-ethoxy-6-iodoquinazolin-4-
yDoxy]pyrrolidine-1,2-dicarboxylate and 1-tert-butyl 2-methyl (25,4R)-4-(2-ethoxy-6-iodo-4-
oxoquinazolin-3(4H)-yl)pyrrolidine-1,2-dicarboxylate (3.8 g) LCMS (ES+) m/z 544 (M+H)",
This material was dissolved in EtOH (40 mL) and treated with TEA (0.83 mlL, 5.98 mmol).
Potassium vinyltrifluoroborate (0.80 g, 5.98 mmol) and PdCl,(dppf)-CH,Cl; adduct (0.32 g,
0.399 mmol) were added, and the mixture was stirred at 90°C for 2 h. The mixture cooled,
diluted with EtOAc and washed with aqueous HC1 (1 N) and brine. The organic phase was dried
over NaySQy, filtered and concentrated to give a residue that was purified on silica (gradient
elution, 0-20% EtOAc/DCM) to yield the title compound as an oil (1.38 g, 33%). LCMS (ES+)
m/z 444 (M+H)".
Step 4: Methyl (4R)-4-[(2-ethoxy-6-vinylquinazolin-4-yDoxy]-L-prolinate
i

L.
O

N
H 9]

A solution of 1-fert-butyl-2-methyl-(25,4R)-4-[(2-ethoxy-6-vinylquinazolin-4-
yloxy]pyrrolidine-1,2-dicarboxylate (1.44 g, 2.20 mmol) in HCl/dioxane (4 N, 5 mL} was
prepared at 0°C and stirred at 20°C for 1.5 h. The mixture was diluted with EtOAc, then washed

with saturated aqueous NaHCO; and brine, and dried over Na;SO;4. Filtration and removal of the
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volatiles afforded the title compound (0.59 g, 53%) as a solid. This material was used without
further purification. LCMS (ES+) m/z 344 (M+H)",

Intermediate C12: Methyl (4R)-4-[(3-vinyl-2-naphthy)oxv]-L-prolinate hydrochloride

i

0,

Hal [—)‘cone

N
H

Intermediate C12 can be prepared according to the procedure described for
Intermediate C6, steps 3-5 using 3-bromo-2-naphthol (Edward R. Biehl et al., SYNTHESIS 885
(September 1993); Radoslaw S. Laufer & Gary 1. Dmitrienko, 124(9) J. AM. CHEM. SocC. 1854
(2002)) instead of 3-bromo-7-methoxyquinolin-2(1H)-one in step 3.

EXAMPLE 1
(3R.55.85.155)-8-Cyclohexyl-N-((1R,25)-1- {[(cyclopropylsulfonylaminojcarbonyl } -2-
vinvieyclopropyl)-25-ethoxy-2 1 -methoxy-7,10-diox0-2.16-dioxa-0.9,11.24-

tetraazapentacycio[18.6.2.1 36 11115 02327100 conta-1(27).20,22.23 .25 2 7-hexaene-5-carboxamide

O~

Q.
Or., (8) ﬁ@(N /A
N@/& O ¥ O

Step 1: Methyl (4R)-1-[(28)-2-({[(3S)-3-(allyloxy)piperidin-1-yl] carbonyl}amino)-2-
cyclohexylacetyl]-4-[(2-ethoxy-T7-methoxy-6-vinylquinolin-4-yl)oxy|-L-prolinate (7)

P N_O_~
= /
R
(5}
,O y CO,Me
S
S & NYNM{)
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A 100mL round-bottom flask was charged with Intermediate Bla (291 mg,
0.898 mmol), Intermediate C4 (400 mg, 0.898 mmol), HATU (512 mg, 1.347 mmol), DMF
(5.00 ml), DIPEA (0.627 ml, 3.59 mmol), and DMAP (54.9 mg, 0.449 mmol). The reaction
solution was stirred at RT for 18 hours, then poured into 2.5% NaHCO;. The mixture was
extracted thrice with FtOAc, and the combined organic portions were washed with brine, dried
with anhydrous MgSQq, filtered and rotary evaporated. Flash column chromatography
(60 EtOAc/40 hexane) gave the title compound as a white foam. LRMS (M+1) = 679.3.
Step 2: Methyl (3R, 58,8S,158S, 18E)-8-cyclohexyl-25-ethoxy-21-methoxy-7,10-dioxo-2,1 6-dioxa-
6,9,11,24-tetraazapentacyclof18.6.2. 1% 1" P 0°*¥ Jtriaconta-1(27),18,20,22,23,25,27-heptaene-
S-carboxylate (8)

A 500mL round-bottom flask was charged with the product from step 1 (500 mg,
0.737 mmol) and DCE (150 ml), and the resulting solution degassed with nitrogen for 0.5 h.
Dichloro(1,3-dimesitylimidazolidin-2-ylidene) { 5-[ (dimethylamino)sulfonyl]-2-isopropoxy
benzylidene }ruthenium catalyst (54.0 mg, 0.074 mmol) was added, and the mixture was heated
in a 70°C oil bath under nitrogen. After 1 h, an additional portion of dichloro(1,3-
dimesitylimidazolidin-2-ylidene) { 5-[(dimethylamino)sulfonyl]-2-isopropoxy
benzylidene}ruthenium catalyst (54.0 mg, 0.074 mmol) was added. After 18 h, the reaction
mixture was cooled, evaporated and subjected to flash column chromatography (60 EtOAc/40
hexanes) to give the title compound as a foam. LRMS (M+1) = 651.3.
Step 3: Methyl (3R, 58,88, 158 )-8-cyclohexyl-25-ethoxy-21-methoxy-7,10-dioxo-2,1 6-dioxa-
6,9,11,24-tetraazapentacyclof18.6.2.1 36 1B 0P 1 viaconta-1(27),20,22,23,25,27-hexaene-5-
carboxylate (9)
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O, (S / {5)
o
NTN@/&O
O
9
A 100 mL round-bottom flask was charged with the product from step 2 (120 mg,

0.184 mmol) and MeOH (25 mL). 10% Pd/C (34 mg, 0.319 mmol) was added, and the reaction

mixture was hydrogenated using a balloon for 48 h. The reaction mixture was filtered through

CO,CH,

CELITE, and the filtrate evaporated to afford the title compound as a tan foam. LRMS (M+1) =
653.3.

Step 4: (3R,5S,8S,158)-8-Cyclohexyl-25-ethoxy-21-methoxy-7,10-dioxo-2, 16-dioxa-6,9,11,24-
tetraazapentacyclof18.6.2.1 36 LB 0B 1iaconta-1(27),20,22,23,25, 27-hexaene-5-carboxylic
acid (10)

A 100 mL round bottom flask was charged with the product from step 3 (119 mg,
0.182 mmol), MeOH (5.00 mL), THF (5.00 mL), and LiOH (1M, 1.822 mL, 1.822 mmol). The
reaction solution was stirred at RT for 48 h, poured into 5% KHSO, and extracted with thrice
with EtOAc. The combined organic portions were washed with brine, dried with anhydrous
MgS0Qy, filtered and rotary evaporated to give the title compound as a foam. LRMS (M+H) T =
639.3.
Step 5: (3R, 58,88, 158)-8-Cyclohexyl-N-((IR, 28)-1-{[(cyclopropylsulfonyljamino] carbonyl}-2-
vinylcyclopropyl)-25-ethoxy-21-methoxy-7,10-dioxo-2,16-dioxa-6,9,11,24-
tetraazapentacyclof18.6.2.1 36 1118 0B 1priaconta-1(27),20,22,23,25,27-hexaene-5-
carboxamide (EXAMPLE 1)

A 100 mL round-bottom flask with was charged with the product from step 4
(106 mg, 0.166 mmol), Intermediate A1 (66.4 mg, 0.249 mmol), DMF (2.00 ml), HATU (95 mg,
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0.249 mmol), DIPEA (0.087 ml, 0.498 mmol), and DMAP (10.14 mg, 0.083 mmol). The
contents of the reaction flask were stirred at RT for 3 h, then subjected to Gilson reverse-phase
preparative chromatography using a 0.15% trifluoracetic acid/CH3CN gradient and a WATERS
SUNFIRE PREP C;3 ODB 5um 30 x 100mm column. Evaporation of fractions containing
5  product gave the title compo‘und as a white foam. "H NMR (CD30OD): 6 9.36 (s, 1H), 7.92 (5,
1H), 7.10 (s, 1H), 6.84 (s, 1H), 5.81-5.74 (m, 2H), 5.29 (d, J= 16Hz, 1H), 5.12 (d, J = 12Hz,
1H), 4.75 (d, J = 12Hz, 1H), 4.66-4.62 (m, 2H), 4.45-4.41 (m, 1H), 4.34 (d, J = 8Hz, 1H), 4.09-
"4.06 (m, 1H), 4.01 (s, 3H), 3.85-3.82 (m, 1H), 3.68-3.65 (m, 1H), 3.60-3.55(m, 1H), 3.47-3.43
(m, 1H), 3.39 (s, br, 1H), 3.10-3.05 (m, 1H), 2.97-2.88 (m, 3H), 2.77-2.65 (m, 2H), 2.42-2.35 (m,
10 1H),2.222.16 (m, 1H), 1.92-1.57 (m, 14H), 1.45-0.99 (m, 11H) ppm. LRMS (M+H)" = 852.
Cell-based HCV Replication Assay: ICsy 4 nM.

EXAMPLE 2
(2R.48.75.135 18 E)-7-Cyclopentyl-N-((1.R.28)-1-{{{cyclopropylsulfonyl)amino]carbonyl } -2~
15  vinvieyvelopropyl)-6.9-dioxo-3.4,6.7.8,9.12.13.16.17-decahydro-2H.11H,15H-2.5:10,13-

dimethano[1,14.5.7.10]dioxatriazacyclohenicosino[15,16-blquinoxaling-4-carboxamide

N7 \;
R "N
Q
. -
o, (o g
/ yo N K &
N.__N 0 X
1SS

O

Step 1: Methyl (4R)-4-[(3-chloroquinoxalin-2-yl)oxy]-1-[(25)-2-cyclopentyl-2-({{(3S5)-3-(pent-
4-en-1-yloxy)pyrrolidin-1-yl] carbonyl}aminojacetyl] -L-prolinate (11)

=0

o

o}

15}
N~ TCO,CH,
WO@O\IYH“@A@
D 3
20 @ 11
Following the procedure described in example 1, step 1, treatment of a DMF

solution of Intermediates B8 (0.2 g, 0.581 mmol) and C11 (0.207 g, 0.639 mmol) with HATU
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(0.287 g, 0.755 mmol) and DIPEA (0.304 mL, 1.74mmol) afforded the title compound (0.357 g,
59%) as a solid. LCMS (ES+) m/z 615 (M+H) "

Step 2: Methyl (4R)-1-[(28)-2-cyclopentyl-2-({[(3S)-3-(pent-4-en-1-yloxy)pyrrolidin-1-
yl]carbonyl}amino)acetyl]-4-[(3-vinylquinoxalin-2-yl)oxy]-L-prolinate (12)

LN COCH;
WO{S) N NM{)

Potassium trifluoro(vinyl)borate (68 mg, 0.513 mumol), TEA (0.071 mL,
0.513 mmo}) and PACl(dppf)-CH,Cl, adduct (28 mg, 0.034 mmol) were added in sequence to a
solution of methyl (4R)-4-[(3-chloroquinoxalin-2-yl)oxy}-1-[(25)-2-cyclopentyl-2-({[{35)-3-
(pent-4-en-1-yloxy)pyrrolidin-1-yl]carbonyl }amino)acetyl]-L-prolinate (210 mg, 0.342 mmol) in
FtOH (4 mL). The resulting mixture was refluxed for 1 I, then concentrated under reduced
pressure to give a residue that was purified on silica gel (gradient elution from 10% to 50 %
AcOFt in petroleum ether) to afford the title compound (163 mg, 79%) as a solid. LCMS (ES+)
m/z 606 (M+H)".
Step 3: (2R, 4S,78,138,18E)-7-Cyclopentyl-N-((IR,25)-1-
{[{cvclopropylsulfonyl)amino]carbonyl}-2-vinyleyclopropyl)-6,9-dioxo-3,4,6,7,8,9,12,13,16,17-
decahydro-2H,11H,15H-2,5:10,13-dimethano[1,14,5,7,10] dioxatriazacyclohenicosino[15,16-
b]quinoxaline-4-carboxamide (EXAMPLE 2)

N7 \/\;
|

SN

o )

O, [—)YN .8
ON ﬁ\/t o W Hev
TYe |

Subjecting methyl (4R)-1-[(28)-2-cyclopentyl-2-({[(35)-3-(pent-4-en-1-
yioxy)pyrrolidin-1-yl]carbonyl } amino)acetyl]-4-{(3-vinylquinoxalin-2-yl)oxy]-L-prolinate
(110 mg, 0.181 mmol) to the procedures described in EXAMPLE 1, steps 2, 4 and 5, afforded
the title compound (22 mg, 15%) as a solid. TH NMR (DMSO-dg) 8 10.45 (s, 1H), 9.06 (s, 1H),
7.95 (d, J=7.6 Hz, 1H), 7.80 (d, /= 7.8 Hz, 1H), 7.69 (t,./= 7.8 Hz, 1H), 7.62 (, /= 7.6 Hz,
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1H), 7.08-7.00 (m, 1H), 6.63 (d, J=15.7 Hz, 1H), 6.12 (d, J = 8.3 Hz, 1H), 6.06-6.02 (m, 1H),
5.68-5.55 (m, 1H), 5.24 (d,J=16.7 Hz, 1H), 5.11 (d, /= 11.4 Hz, 1H), 4.99 (d, /= 11.6 Hz,
1H), 435 (dd, J = 10.6 Hz, J = 6.8 Hz, 1H), 4.23 (t, J = 9.6 Hz, 1H), 3.92-3.85 (m, 1H), 3.45-
3.39 (m, 2H), 3.33-3.27 (m, 1H), 3.25-3.18 (m, 1H), 2.99-2.92 (m, 2H), (1H under DMSO),
2.45-2.37 (m, 2H), 2.35-2.27 (m, 2H), 2.25-2.10 (m, 2H), 2.03-1.90 (m, 2H), 1.88-1.41 (m, 10H),
1.32-1.27 (m, 1H), 1.22-1.12 (m, 2H), 1.11-1.01 (m, 4H); LCMS (ES+) m/z 776 (M+H)".

The following EXAMPLES were prepared according to the appropriate
procedures described in EXAMPLE 1 and EXAMPLE 2 using the appropriate Intermediates A,

B and C.
CeH based
Intermediates HCV
Ex. Structure Name é{i&‘é@ and Replication
Procedure Assay — ICyy
(nM)
3 Y (1R,12E,165238,265)-23-tert- Al,B2,C2 16
05820 butyl-N-((1R,25)-1- EXAMPLE 1,
L {[(cyclopropylsulfonyl)amine] Steps 1,2,4 and
Mg carbonyl}-2- 5.
O < vinyleyclopropyl)-3,21,24- Separate
X QAO \ trioxo-2-oxa-4,20,22,25- diastercomers.
s ’):0 tetraaza engacyc;ée;o
Al 123.2.1.1%7.0%'1.01%2%
G 40 /< nonacosa-6,8,10,12-tetraene-
26-carboxamide
4 (1R,12E,16R 235,265)-23-tert- 751 Al,B2,C2 260
butyl-N-({1R,25)-1- EXAMPLE 1,
{{(cyclepropylsulfonylamine] Steps 1,2,4 and
carbonyl}-2- 5.
vinyleyclopropyD)-3,21,24- Separate
trioxo-2-0xa-4,20,22.25- diastereomers.
tetraazapentacyclo
[23.2.1.1%7.0%1 0152
nonacosa-6,8,10,12-tetraene-
26-carboxamide
5 V (1R,16R,238,268)-23-tert- Al B2, C2 170
0m5=0 butyl-N-{(1R,28)-1- EXAMPLE 1.
O O, NH {[{cyclopropylsulfonyl)amino} ' Separate
0 Ojg o carbonyl}-2- dastereomers.
. - vinyleyclopropyl)-3,21,24-
} o | trioxo-2-0xa-4,20,22,25-
o
HINet, tetraazapenGte}?ycié%O
- 4,7 16, A
g, A [23.2.1.1%7.051 1620

nonacosa-6,8,10-triene-26-
carboxamide
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Cell based
Intermediates HCV
Ex. Name (II\"',{%_I\I/_IDSJ, and Replication
Procedure Assay —~ ICs
(M)
6 (3R,55,85,153)-8-cyclohexyl- 882 Al, B5, Cl1 24
N-{(1R,25)-1- EXAMPLE 1.
{[(cyclopropylsulfonyl)amino] Separate
carbonyl}-2- diastereomers.
vinyleyclopropyl)-21-
methoxy-7,10-dioxo-25-
phenyl-2-0xa-6,9,11,24-
tetraazapentacyclo
[18.6.2.1%0 11115 927]
triaconta-1(27),20,22,23,25,27-
hexaene-5-carboxamide
7 (3R,35,858,15K)-8-cyclohexyl- 882 Al, BS, Cl 8
N-((1R,25)-1- EXAMPLE 1.
{{(cyclopropyisulfonyl)amino] Separate
carbonyl}-2- diastereomers.
vinylcyclopropyl)-21-
methoxy-7,10-dicxo-25-
phenyl-2-oxa-6,9,11,24-
tetraazapentacyclo
[18.6.2.1%.1111% 07327
triaconta-1(27),20,22,23,25,27-
hexaene-3-carboxamide
8 (3R,55,85,15R)-8-cyclohexyl- 884 Al, B1,Cl 5
N-((1R25)-1- EXAMPLE 1.
{[(cyclopropylsulfonylamino} Separate
carbonyl}-2- diastereomers.
vinyleyclopropyl)-21-
methoxy-7,10-dioxo-25-
phenyl-2,16-dioxa-6,9,11,24-
tetraazapentacyclo
[18.6.2.1%¢.1111 07
triaconta-1(27),20,22,23,25,27-
hexaene-5-carboxamide
9 (3R,55,85,155)-8-cyelohexyl- 884 Al,B1, Cl 7
N-((1R285})-1- EXAMPLE 1.
{[{cyclopropylsulfonyl)amino) Separate
carbonyl}-2- diastereomers.
vinylcyclopropyl)-21-
methoxy-7,10-dioxo-25-
phenyl-2,16-dioxa-6,9,11,24-
tetraazapentacyclo
[18.6.2. 138 118 o727)
triaconta-1{27),20,22,23,25,27-
hexaene-5-carboxamide

-67 -




WO 2009/108507 PCT/US2009/033859
Cell based
Intermediates HCV
Ex. Structure Name (II\J/I%\I/I{? and Replication
Procedure Assay — 1C;,
(nM)
10 e SN (3R,55,85,155)-8-cyclohexyl- 807 Al BL,C3 7
e N-((1R,25)-1- EXAMPLE 1.
i o, " o o A {[{cyclopropylsulfonyl)amino] _ Separate
" " oo cartbonyl}-2- diastereomers.
QYHY&OO ﬁ” ° vinylcyclopropyl)-21-
o O ! methoxy-7,10-dioxo-2,16-
dioxa-6,9,11,26-
tetraazapentacyclo
[18.6.2.135.1115 327y
triaconta-1(26),20,22,24 27-
pentaene-5-carboxamide
11 O S {3R,55,85,15R)-8-cyclohexyl- 807 Al,B1,C3 6
H N-((1R28)-1- EXAMPLE 1.
%, o o A {[{cyclopropylsulfonyDamine] Separate
OE) y g / N,“gb carbonyl}-2- diasterecmers,
N}ﬁ\é/’%o ; " vinyleyclopropyl)-2 1-
G O methoxy-7,10-dioxo-2,16-
dioxa-0,9,11,26-
tetraazapentacyclo
[18.6.2.1%° 11115 o7
triaconta-1(26),20,22,24 27 -
pentaene-S-carboxamide
12 -0 Mg O (3R,58,85,15R)-8-cyclohexyl- 852 Al,Bl1,C4 4
/m N-((1R,25)-1- EXAMPLE 1.
9, o {[(cyclopropylsulfonylarmino] Separate
Ob ., Q\rﬂ o NO“;A carbonyl}-2- diastereomers.
N\I(N\E/&OO \E " vinyleyclopropyl)-25-ethoxy-
o A 21-methoxy-7,10-dioxo-2,16-
O dioxa-6,9,11,24-
tetraazapentacyclo
[18.6.2.1%0 11115 7327
triaconta~1(27),20,22,23,25,2'7-
hexaene-5-carboxamide
13 | w0 Ny OBt (3R,55,85,145,1'1E)-8- 8353 Al,B3,C4 9
e cyclohexyl-N-{{1R,25)-1- EXAMPLE 1,
‘ ) {[{cyclopropylsulfonyl)amino] Steps 1,2,4 and
% (;)‘(D aq A carbonyl} -2~ 5.
O\. ] A Nf‘Sb vinyleyclopropyl)-24-ethoxy-
T3 A 20-methoxy-7,10-dioxo-2,15-
O dioxa-6,9,11,23-
tetraazapentacyclio
[17.6.2.13¢ 11114 0752
nonacosa-
1025),17,19,21,23 26-hexaene-
5-carboxamide
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Cell based
Intermediates HCV
Ex. Structure Name é‘{il\é? and Replication
Procedure Assay — ICgy
(nM)
14 (45,75,9R,21E 27R)-4- 789 Al, B6, C7
Ovﬁ\ﬂﬁ cyclopentyl-N-((1R,25)-1- EXAMPLE 2
CS ™ ] {H{cyclopropylsulfonyi)amino] Steps 1-2
e carbonyl}-2- EXAMPLE 1
e 7 ’L}H 7% vinylcyclopropyl)-2,5-dioxo- Steps 2, 4, 5
O FRYY 10.26-dioxa-1,3,6,19-
p tefraazapentacyclo
[25.3.1.1%7 9120 o121
dotriaconta-
11(201,12,13,15,17,18,21-
heptaene-7-carboxamide
15 (3R,58,85,18 E)-8-cyclopentyl- 828 Al,B7,C9 5
@ N-({1R,25)-1- EXAMPLE 1,
P o .2 | {[{cyclopropylsulfonylamino] Steps 1,2, 4
J) 0"0“? Q carbonyl}-2- and 5.
] LN %] vinylcyelopropyl)-23-methyl-
CN‘(N © 7,10-dioxo-2,16-dioxa-
9 O 6,9,11,21,31-
ventaazahexacyclo
{19.10.1.13’6.1“’15.024’32.025'39]
tetratriaconta-
1431),18,22,24(323,25,27,29-
heptaene-5-carboxamide
16 {45,75.9R,275)-4-cyclopentyl- 791 Al, Be, C7
QV\’\E NA(1R,285)-1- EXAMPLE 2
O ) {[{eyclopropylsulfonyl)amino] Steps 1-2
P e carbonyl}-2- FXAMPLE 1
¢ e Y vinylcyclopropyl)-2,5-dioxo- Steps 2-5
O Y 10.26-dioxa-1,3,6,19-
P tetraazapentacyclo
[25.3.1.1%%.0"1% p1>1%)
dotriaconta-
11(2),12,13,15,17,18-
hexaene-7-carboxamide
17 (1R,13£,195,255,285)-25- 305.5 Al, B8, Co 4
cyclopentyl-N-((1R,25)-1- EXAMPLE 1,
{[(cyclopropylsulfonyl)amino] Steps 1,2,4 and
carbonyl}-2- 5.
vinyicyclopropyl)-7-methoxy-
23,26-dioxo-2,18-dioxa-
4,22,24 27 -tetraazapentacyclo
125.2.1.11922 g2 g319]
hentriaconta-
3(12),4,5,7,9,10,13-heptaene-
28-carboxamide
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Ex.

Structure

Name

LRMS
(VEHHY

Cell based
HCV
Replication
Assay — ICsg
(»M)

Intermediates
and
Procedure

18

O

(1R,195258,285)-25-
cyclopentyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino]
carbonyl}-2-
vinylcyclopropyl)-7-methoxy-
23,26-dioxo-2,18-dioxa-
4,22 24 27-tetraazapentacyclo
[25 ‘2' 1. 1 39,22.03, 12'05,10]
hentriaconta-3(12},4,5,7,9,10-
hexaene-28-carboxamide

807.4

Al,B8, C6 7
EXAMPLE 1.

i9

(1R,13E,198,258,288)-25-
cyclopentyl-N-{(1R,2R)-1-
{{(cyclopropylsulfonylaminoe]
carbonyl}-2-ethyleyclopropyl)-
7-methoxy-23,26-dioxo-2,18-
dioxa-4,22 .24 27-
tetraazapenfacyclo
[25.2.1.11922.0%% %1
hentriaconta-
3(12),4,5,7,9,10,13-heptaene-
28-carboxamide

807.5

A3, B8, Ce 4
EXAMPLE 1,
Steps 1,24 and

5.

20

{1R,195,255,285)-25-
cyclopentyl-N-((1R,2R)-1-
{[{cyclopropylsulfonylamino]
carbonyl}-2-ethylcyclopropyl)-
7-methoxy-23,26-dioxo-2,18-
dioxa-4,22,24,27-
tetraazapentacyclo
[252.1.19% 0% 01
hentriaconta-3(12),4,5,7,9,10-
hexaene-28-carboxamide

809.4

A3, B8, Co 15

EXAMPLE 1.

21

{1R,13E,19R 258,285)-25-
cyclopentyl-NV-((1R,25)-1-
{I(cyclopropylsulfonyl)amino]
carbonyl}-2-
vinylcyclopropyl)-7-methoxy-
23,26-dioxo-2,18-dioxa-
4,22 24.27-tetraazapentacyclo
[2521 .1 19,22}03,1?05,29]
hentriaconta-
3(12),4,5.7,9,10,13-heptaene-
28-carboxamide

3054

Al,B9,C6 20
EXAMPLE 1,
Steps 1,2.4 and

5.
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Cell based
Intermediates HCV
Ex. Structure Name é:/[m“l“vli)san and Replication
Precedure Assay — ICg
(nM)
22 | w0 Ny -0t {3R,55,85,145,17E)-8- g21.4 Al,B10, C4 11
= cyclopentyl-N-((1R,2.5)-1- EXAMPLE 1,
! G, {{(cyclopropylsulfonyl)amino] Steps 1,2,4 and
8 y oo A carbonyl}-2- 5.
@ LN N vinylcyclopropyl)-24-ethoxy-
TEe wn?® 20-methoxy-7,10-dioxo-2,15-
O dioxa-6,9,11,23-
tetraazapentacyclo
[17.6.2.1%%,111:14 o723
nonacosa-
1(25),17,19,21,23 26-hexaene-
5-carboxamide
23 | MeC Ny Ot (3R,55,85,145,17E)-8- 8232 A3,B10,C4 7
# cyclopentyl-N-({1R,2K)-1- EXAMPLE 1,
! G, {{(cyclepropylsulfonyl)amine] Steps 1,24 and
Q [N‘)\(O o0 A carbonyl}-2-ethyloyclopropyl)- 5.
O\‘ q A Nf‘a\o 24-ethoxy-20-methoxy-7,10-
T LB dioxo-2,15-dioxa-6,9,11,23-
O tetraazapentacyclo
[}.7.6.2.13’6.1“’;4.022‘26]
NORACOSA~
1(25),17,19,21,23 26-hexaene-
5-carboxamide
24 (2R .45,75,138)-7T-cyclopentyl- 778 Al, Bg, C10
fﬁ@ N-((1R,285)-1- EXAMPLE 2
; {[(cyclopropylsutfonyljamino] Steps 1-2
i (—)ﬁl’ﬁ 8 carbonyl}-2- EXAMPLE 1
@ ﬁ\/i ) ﬁﬁ 87 | vinylcyclopropyl)-6,9-dioxo- Steps 2-5
Ty ! 34,6,7,89,12.13,16,17,18,19-
Y dodecahydro-2H,11H,15H-
2,5:10,13-
dimethanof1,14,5,7,10]
dioxatriazacyclohenicosino
[15,16-blguinoxaline-4-
carboxamide
25 o (1R,185,245,275)-24- 793 Al,B14,C8 7
/\)NSI cyclopentyl-N-({1R,25)-1~ EXAMPLE 2
il {[{cyclopropylsulfonylamino} Steps 1-2
7 %, a 99 carbonyl}-2- EXAMPLE 1
" S Q\LFNQLQ i~y | vinylcyclopropyl)-7-methoxy- Steps 2-5
e 22,25-dioxo-2,16-dioxa-
© 0] 11,21,23,26-tetraazapentacyclo
124.2.1.11%% o> 71
triaconta-3(12),4,5,7,9,10-
hexaene-27-carboxamide
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Ex. Structure

Name

LRMS
M+H)'

Intermediates
and
Procedure

Cell based
HCV
Replication
Assay — 1Cs
(nM)

27 N OE

(2R 45,75,138)-7-cyclopentyl-
N-((1R,28)-1~
{{(cyclopropylsulfonylamino]
carbonyl}-2-
vinyleyclopropyl)-23-
methoxy-6,9-dioxo-
3,4,6,7,8,9,11,12,13.14,16,17,1
8,19-tetradecahydro-2H-
2,5:10,13-
dimethano[1,15,5,8,10}
dioxatriazacyclohenicosino
[20,21-h]quincline-4-
carboxamide

806

Al,B12,Cl11
EXAMPLE 1
Steps 1,2,4, 5

28 Mg, -OE
X
Q,

(6R,85,118,17aR)-11-
cyclopentyl-N-({1R,25)-1-
{I{cyclopropylsulfonylamino]
carbonyl}-2-
vinyleyclopropyl)-3-ethoxy-
10,13-dioxo-
7.8,10,11,12,13,16,17,17a,18,2
0,21 -dodecahydro-6H,15H-
1,22-{ethanediylidene)-6,9-
methanopyrimido [4,5-x]
pyrrolo{2,1-¢][1,13,4,6,9]
dioxatriazacyclononadecine-8-
carboxamide

808

Al B12,C11
EXAMPLE 1.

20 Ny Ot

(6R,85,115,17a5,20E)-11-
cyclopentyl-N-((1R,25)-1-
{[{cyclopropylsulfonyl)amino]
carbony}}-2-
vinyleyclopropyl)-3-ethoxy-
10,13-dioxo-
7,8,10,11,12,13,16,17,17a,18-
decahydro-6H,15H-1,22-
{ethanediylidene)-6,9-
methanopyrimido[4,5-#)
pymrolo[2,1-¢1[1,13,4,6,9]
dioxatriazacyclononadecine-8-
carboxamide

806

Al,B13,Cl11
EXAMPLE 1
Steps 1,2,4,5

38 N, OBt
2N
01_

{6R,85,115,17a8)-11-
cyclopentyl-N-((1.R,25)-1-
{{(cyclopropylsulfonyl)amino]
carbonyl}-2-
vinyleyclopropyl)-3-ethoxy-
10,13-dioxo-
7,8,10,11,12,13,16,17,174,18,2
0,21-dodecahydro-6H,15H-
1,22-(ethanediylidene)-6,9-
methanopyrimido[4,5-n]
pyrrolo[2,1-¢1i1,13,4,6,9]
dioxatriazacyclononadecine-8-
carboxamide

808

Al,B13,C11
EXAMPLE 1.
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Cell based
Intermediates HCV
Ex. Structure Name &Rﬁdp and Replication
Procedure Assay — ICs
(nM)
31 (4F,85,145,175,19R)-14- 314 Al,B10,C8 7
(\ﬁ; cyclopentyl-N-({1R,25)-1- EXAMPLE 1.
N % .8 | {[{cyclopropylsulfonyl)amino] Steps 1, 2, 4,
{/’I Oﬂ‘g A carbonyl}-2- 5.
Q oo ) vinylcyclopropyl)-1-methyl-
CN*\(E\{E ° 12,15-dioxo-
o O 3,6,9,10,12,13,14,15,18,19-
decahydro-85,17H-
8,11:16,19-dimethano-7,20-
dioxa-2a,11,13,16,21-
pentaazabenzolg]
cyclohenicosa[1,2,3-
cdlindene-17-carboxamide
32 - My O (3R,55,85,19E)-8-cyclohexyl- §78.3 Al,B15,C4 10
KVF@\C/I " N-((1R,25)-1- EXAMPLE 1.
2 o {cyclopropylsulfonylyamino} Steps 1,2, 4,
O\O y [N}ﬁrn 7 ;Sg& carbonyl}-2- 3.
NYNEAOO i vinyleyclopropyl)-26-ethoxy-
° O 22-methoxy-7,10-dioxo-2,15-
dioxa-6,9,11,25-
tetraazapentacyclo
[19.6.2.2111% 136 0**%¥)
dotriaconta-
1(21,19,21,23,25,28-hexaene-
5-carboxamide
33 O (1R,185,245,275)-24- XX Al, B8, Cl10 >100
./\jg o cyclopentyl-N-((1R,28)-1- EXAMPLE 2
o & a 3‘5?‘7 {{cyclopropylsulfonyljamino] Steps 1-2
e carbonyl}-2- EXAMPLE 1
Q\r"’N Ao vinyleyclopropyD)-7-methoxy- Steps 2, 4, 5.
5 M ; 22,25-digxo-2,16-dioxa-
O 11,21,23 26-tetraazapentacyclo
[24.2.1.11%2 g 310
triaconta-3(12),4,5,7,9,10-
hexaene-27-carboxamide
34 A Mgy Onr (3R,55,85)-8-cyclohexyl-N- 880.3 EXAMPLE 7
& ((1R,25)-1- 45, starting
£ o q {[(cyclopropylsulfonyl)amino] with
O\O y [;)YE o “3\5{& carbonyl}~2- EXAMPLE
“jr”g/&oo 3 vinylcyclopropyl}-26-ethoxy- 32.
° O 22-methoxy-7,10-dioxo-2,15-
dioxa-6,9,11,25-
tetraazapentacyclo
[19.6.2.2114 136 92428
dotriaconta-1(27),21,23,25,28-
pentaene-S-carboxamide
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Cell based
Intermediates HCY
Ex. Structure Name ({\’E\g+ and Replication
Procedure Assay - ICq
(M)
35 {45,75,9R,21 E)-4-cyclohexyl- 834.1 Al,B15,C6
N-((}1R28)-1- EXAMPLE 1.
{[{cyclopropylsulfonyl)amino] Steps 1, 2, 4,
carbonyl}-2- 5.
vinylcyclopropyl)-15-
methoxy-2,5-dioxo-10,26-
dioxa-1,3,6,12-
tetraazapentacyclo
[25.2.2.1%° 91120 p131%
dotriaconta-
11(20),12,13,15,17,18,21-
heptaene~7~carboxamide
36 (1R, 13E,245,275)-24- 8053 Al,B16,Co
cyclohexyl-N-{(1R,25)-1- EXAMPLE 1.
{I{cyclopropylsulfonylyamino] Steps 1, 2, 4,
carbonyl}-2- 5.
vinyleyclopropyl)-7-methoxy-
22,25-dioxo0-2,18-dioxa-
4,21,23,26-tetraazapentacyclo
[24.2.1.11%21 o*12 >0
riaconta-3(12),4,5,7,9,10,13-
heptaene-27-carboxamide
37 ‘ (1R,13E,1985,255.288)-25- T774.0 Al,BE,Cl12 4
O cyclopentyi-N-((1R,2.5)-1- EXAMPLE 1.
{[(cyclopropylsulfonylamino] Steps 1, 2, 4,
. carbonyl}-2- 3.
vinylcyclopropyl)-23.26-
dioxo-2,18-dioxa-22,24,27-
triazapentacyclo
[25.2.1.119% p* %1%
hentriaconta-
3(12),4,5,7,9,10,13-heptaene-
28-carboxamide
38 ‘ {1R,198,255,285)-25- 776.0 EXAMPLE
0 cyclopentyl-N-((1R,25)-1- 45, starting
{[{cyclopropylsulfonyhamino] with
o carbonyl}-2- EXAMPLE
[‘)\( vinylcyclopropyl)-23,26- 37.
[ dioxo-2,18-dioxa-22,24,27-
: triazapentacyclo
o] O [25_2'1-119,22.03,§2.05,10}
hentriaconta-3(12),4,5,7,9,10-
hexaene-28-carboxamide .
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Cell based
Intermediates HCV
Ex. Structure Name (II\J/iRj\I/-II;S* and Replication
Procedure Assay — ICqy
(nMp
39 -0 MO (3R,55,85,18E)-8-cyclohexyl- 850.3 Al Bl6,C4 19
N O/ N-({(1R,25)-1- EXAMPLE 1.
g o {[{cyclopropylsutfonyllamino] Steps 1,2, 4,
AN, [N}\r” e ,?f&f carbonyl}-2- 5.
My o "[ vinylcyclopropyl)-25-ethoxy-
2 O 21-methoxy-7,10-dioxo-2,14-
dioxa-6,9,11,24-
tetraazapentacyclo
[18.6.2. 136 q1n13 02327]
triaconta-1(26),18,20,22,24,27-
hexaene-5-carboxamide
40 Mo O (3R,55,85,148)-8-cyclopentyl- XX Al,B10, Cll
S N-({(1R,25)-1- EXAMPLE 2
> % 3 ‘}gﬂq {[{cyclopropylsulionylamino] Steps 1-2
A er”w% " carbonyl}-2- EXAMPLE 1
N\,r"‘\.:/l*oo y. vinyleyclopropyl)-24-ethoxy- Steps 2, 4, 5.
© Q 7,10-dioxo-2,15-dioxa-
6,9,11,23,25-
pentaaza %Jentacyclo
[17.6.2.1%0,1}114 52226
nonacosa-
1(25),17,19,21,23,26-hexaene-
S-carboxamide
41 d (3R.55,85,149)-8-cyclopentyl- XX Al,B19,C11 94
r® N-((1R,28)-1- EXAMPLE 2
gl; ) o O“,s"o {[(cyclopropylsulfonyhamino] Steps 1-2
o mw LY carbonyl}-2- EXAMPLE 1
@ Ly vinyleyclopropyl)-24-ethoxy- Sieps 2- 5.
ig R 7,10-dioxo-2,15-dioxa-
@, 6,9,11,23,25-
pentaaza })entacyclo
[17.6.2.136 1114 022267
ncnacosaml(ZS) 19,21,23.26-
pentaene-S-catboxamide .
42 (1R,13E,195,255,285)-25- 819.0 Al,B17,C6 3
cyclohexyl-N-((1.R,25)-1~ EXAMPLE L.
{[{cyclopropylsulfonyl)amino] Steps 1,2, 4,
carbonyl}-2- 5.
vinylcyclepropyl)-7-methoxy-
23,26-dioxo-2,18-dioxa-
4,22 .24 27-tetraazapentacyclo
125.2.1.11%% 0> o319
hentriaconta-
3(12),4,5,7,9,10,13-heptacne-
28-carboxamide
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23,26-dioxo-2,18-dioxa-
4,22 24 27-tetraazapentacyclo
[25.2.1.1'%% g>12 0>19]
hentriaconta-3(12),4,5,7,9,10-
hexaene-28-carboxamide

WO 2009/108507 PCT/US2009/033859
Cell based
Intermediates HCV
Ex. Structure Name &Ehg+ and Replication
Procedure Assay — ICqg
(nM)
43 (1R,195,255,285)-25- 821.0 EXAMPLE
cyclohexyl-N-((1R,25)-1- 45, starting
{[(evclopropylsulfonyl)amino} with
carbonyl}-2- FXAMPLE
vinyleyclopropyl)-7-methoxy- 42,

EXAMPLE 44

(3R.55.85.17E)-8-Cyclohexyl-N-((1R.2.5)-1 - {[{cyclopropylsulfonylamino]carbonyl }-2-

vinvicyelopropyh-24-ethoxy-20-methoxy-7.10-dioxo0-2,14-dioxa-60.9,11.23-

5  tetraazapentacvclo[17.6.2. 136 11513 072 onacosa-1(25),17,19.21.23 26-hexaene-3-

carboxamide

The title compound was isolated from the reaction mixture containing

EXAMPLE 39. This ring contracted byproduct was formed during the ring-closing metathesis
10 reaction described in EXAMPLE 1, step 3. LRMS (M+H)" = 835.3. Cell-based HCV

Replication Assay: ICse 6 nM.
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EXAMPLE 45
(3R.55.85)-8-cyclohexvI-N-{(1R,285)-1-{[{cyclopropylsulfonyDamino]carbonyl } -2-

vinvicvclopropyl)-24-ethoxv-20-methoxv-7,10-dioxo0-2,14-dioxa-6,9,11,23-
136 111,13 (2226

fetraazapentacvelo[17.6.2. Tnonacosa-1(25).19.21.23.26-pentaene-5-carboxamide

L0 Ny O~

O,
-
g Oﬁrﬁ/&
B
|

N

Bismuth(III)chloride (0.015 mL, 0.222 mmol) was added to a solution of
EXAMPLE 44 (37.0 mg, 0.044 mmol) in EtOH (10 mL} under nitrogen, and the reaction
mixture was cooled in an ice bath. Sodium borohydride (84 mg, 2.216 mmol) was then added,
and the reaction mixture was heated to 50°C oil bath and stirred for 1 h. The reaction mixture
was cooled to 0°C and carefully quenched with 1M HCI dropwise. The mixture was filter
through CELITE, rinsed with EtOH and concentrated to a white solid. Water and HCI were
added to adjust to pH ~4.5, and the mixture was extracted with EtOAc, dried with anhydrous
MgSQy, filtered and concentrated. Purification by reverse-phase chromatography (0.15%
trifluoracetic acid/CH;CN gradient and a WATERS SUNFIRE PREP C;3 ODB 5um 30 x
100 mm column) gave the title compound as a white foam. LRMS (M+H)" = 837.3. Cell-based
HCV Replication Assay: ICso 6 nM.

It will be appreciated that various of the above-discussed and other features and
functions, or alternatives thereof, may be desirably combined into many other different systems
or applications. Also that various presently unforeseen or unanticipated alternatives,
modifications, variations or improvements therein may be subsequeritly made by those skilled in

the art which are also intended to be encompassed by the following claims.
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WHAT IS CLAIMED IS:

1. A compound of formula (I):

W R?
M 2

R3
H
12
or a pharmaceutically acceptable salt thereof,
wherein:

nis{, 1or2;

R} is selected from the group consisting of CO.R'® CONR!?SO,RS,
CONR!’SO,NR®R? and tetrazolyl,

R? is selected from the group consisting of Cysalkyl, Cysalkenyl and
Cs.geycloalkyl, wherein said R? alkyl, alkeny! or cycloalkyl is substituted with 0 to 3 halogens;

R? is selected from the group consisting of C_galkyl, C.scycloalkyl,
Cy.seycloalkyl(Cy.g)alkyl, arvl(C; g)alkyl and Het, wherein said R® alkyl, cycloalkyl, or aryl is
substituted with 0 to 3 substituents selected from the group consisting of halogen, OR'%, SR,
N(R'%),, N(C1.6alkyDO(Calkyl), C1galkyl, Cighaloalkyl, C;.shaloalkoxy, NO,, CN, CFs,
SOK(Cygalkyl), S(0)(Crealkyl), NRI’SO,RS, SON(R®),, NHCOOR®, NHCOR®, NHCONHR®,
CORY, C(O)R' and CON(R')y;

Het is a 5- to 6-membered saturated cyclic ring having 1 or 2 heteroatoms selected
from the group consisting of N, O and S, wherein said ring is substituted with 0 to 3 substituents
selected from the group consisting of halogen, OR'®, SR, NR™),, N(C1.6alky))O(Csalkyh),
C).galkyl, Cy.¢haloalkyl, Cyghaloalkoxy, NOy, CN, CFs3, SOy(Cy.galkyl), S(O)Cr.salkyl),
NR'°SO,R®. SO,N(R®),, NHCOOR®, NHCOR®, NHCONHR®, CO,R", C(O)R™, and
CONR')y;

R* is selected from the group consisting of H, halogen, OH, Cj.¢alkoxy, Cy.¢alkyl,
CN, CF;, SRm, SO.(Cygalkyl), Cs.scycloalkyl, Ciygeycloalkoxy, Cj.ghaloalkyl, N(R7)2, aryl,
heteroaryl and heterocyclyl, wherein said R* aryl, heteroaryl, heterocyclyl, cycloalkyl,
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cycloalkoxy, alkyl or alkoxy is substituted with 0 to 4 substituents selected from the group
consisting of halogen, OR™, SR’ N(R"),, N(C 1salky1)O(C .alkyl), Cy.salkyl, Cy.¢haloalkyl,
C)ghaloalkoxy, Cs¢cycloalkyl, Cageycloalkoxy, NOs, CN, CFs, SOx(C).ealkyl), NR'SO,RS,
SO,N(R,, S(0)Cy.galkyl), NHCOOR®, NHCOR®, NHCONHR®, CO,R", C(O)R™ and
CON(RIO)Z; wherein the 2 adjacent substituents of said R* cycloalkyl, cycloalkoxy, aryl,
heteroaryl or heterocyclyl are optionally taken together to form a 3- to 6-membered cyclic ring
containing 0 to 3 heteroatoms selected from the group consisting of N, O and S;

each R® is independently selected from the group consisting of Cysalkyl,
C;.scycloalkyl, Csgeycloalkyl(Ci.5)alkyl, aryl, aryl(Ci.4)alkyl, heteroaryl, heteroaryl(C;.salkyl),
heterocyclyl and heterocyclyl(C,.galkyl), wherein said R® alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl is substituted with 0 to 2 Q substituents;

each Q is independently selected from the group consisting of halogen, OR'®,
Crgalkyl, CN, CF3, NO;, SRI®, CO,R'®, CON(R'®),, C(OIR™, NR'HC(OIR', SOLC_galkyl),
S(OXC,.galkyl), Cigeycloalkyl, Csgscycloalkoxy, Ci¢haloalkyl, NR',,
N(C1salkyD)O(Csalkyl), Chaloalkoxy, NR?SO,R, SON(R'),, NHCOOR', NHCONHR ",
aryl, heteroaryl and heterocyclyl;

each R’ is independently selected from the group consisting of H, Cy_¢alkyl,
Cs.scycloalkyl, Cigcycloalkyl(Cys)alkyl, aryl, aryl(Ci.4)alkyl, heteroaryl, heteroaryl(C,salkyl),
heterocyelyl and heterocyclyl(C; galkyl), wherein said R’ alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl is substituted with 0 to 2 Q substituents;

R? is selected from the group consisting of Cygalkyl, C; gcycloalkyl,
Cygeycloalkyl(Ch.salkyl), aryl, aryl(Cy.4atkyl), heteroaryl, heterocyclyl, heteroaryl(Ci.4alkyl) and
heterocyclyl(Cgalkyl), wherein said R® alkyl, cycloalkyl, aryl, heteroaryl or heterocyclyl is
substituted with 0 to 4 substituents selected from the group consisting of aryl, Cygcycloalkyl,
heteroaryl, heterocyclyl, Cygalkyl, Cighaloalkoxy, halo, ORIO, SRw, N(Rw)z,
N(C1.6alkyD)O(Cygalkyl), Cisalkyl, C{OIR'®, Cyghaloalkyl, NO,, CN, CF3, SO»(C 1.salkyl),
S(O)(Cygalkyl), NR¥SO.R®, SON(R®),, NHCOOR®, NHCOR®, NHCONHR®, CO;R' and
C(O)N(Rw)g; wherein the 2 adjacent substituents of said R® cycloalkyl, cycloalkoxy, arvl,
heteroaryl or heterocyclyl are optionally taken together to form a 3- to 6-membered cyclic ring
containing 0 to 3 heteroatoms selected from the group consisting of N, O and S;

R’ is selected from the group consisting of Csalkyl, Csscycloalkyl,
Cs5.goycloalkyl(Cy_galkyl), Cy.galkoxy, Cayscycloalkoxy, aryl, aryl(Ci.q4alkyl), heteroaryl,
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heterocyclyl, heteroaryl(Cy.salkyl) and heterocyclyl(Ci_galkyl), wherein said R’ alkyl, cycloalkyl,
alkoxy, cycloalkoxy, aryl, heteroaryl or heterocyclyl is substituted with 0 to 4 substituents
selected from the group consisting of aryl, Csscycloalkyl, heteroaryl, heterocyclyl, C;alkyl,

C; shaloalkoxy, halo, OR', SR'’, N(R'%),, N(Csalkyl)O(C.salkyl), C; alkyl, C(O)R",
Cy.¢haloalkyl, NO,, CN, CF3, SOx(Cysalkyl), S(O)C1.¢alkyl), NR''SO.R®, SONR®),,
NHCOOR®, NHCOR®, NHCONHR®, CO,R" and C{O)N(R'®),; wherein the 2 adjacent
substituents of said R cycloalkyl, eycloalkoxy, aryl, heteroaryl or heterocyclyl are optionally
taken together to form a 3- to 6-membered cyclic ring containing 0 to 3 heteroatoms selected
from the group consisting of N, O and S;

or R® and R? are optionally taken together, with the nitrogen atom to which they
are attached, to form a 4- to 8-membered monocyclic ring containing 0 to 2 additional
heteroatoms selected from the group consisting of N, O and S;

each R'%is independently selected from the group consisting of H and Cj_galkyl;

Z is Cygalkylene, Cy.salkylene-O-, CG_5alkylene-NRm—, C,¢alkenylene,
C,.salkenylene-O-, Cz_saikenylene-NRzo-, Cssalkynylene, Co salkynylene-O-,
Cysalkynylene-NR'%-, Cy salkylene-C(0)O-, Cosalkylene-C(O)-NR'"-,
Co-gaikyiene~O—C(O)—NR19— and Cg-gaikyiene—NRm—C(O)O—, each substituted by 0 to 2 Cjqalkyl;

ring B is selected from the group consisting of N-linked 4- to 9-membered
heterocycles containing one N atom, containing 0 or 1 additional heteroatom selected from N, O
and S, and substituted by 0 to 2 R

each W is independently selected from the group consisting of halogen, ORY,
Cy.¢alkyl, CN, NO,, CF3, CO,R™, CON(R'®),, COR™, NR*C(O)R", aryl and heteroaryl;

M is selected from the group consisting of Cs.ealkylene, Cs.oalkenylene and
Cs.galkynylene, substituted by 0 to 3 substituents selected from the group consisting of Cy.¢alkyl,
(CHy)o3Csscycloalkyl and (CHy)o.saryl, and containing O or 1 member selected from the group
consisting of O, S and NR'® group; and

ring A is selected from the group consisting of 8- to 14-membered fused carbobi-

and carbotricyclic ring systems, containing 0 to 4 heteroatoms selected from N, O and S.

2. The compound according to Claim 1, whereinnis 0 or 1.
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3. The compound according to Claim 1 or Claim 2, wherein R! is selected
from the group consisting of CONR’SO,R® and CONR'’SO,NR*R’.

4. The compound according to any one of Claims 1 to 3, wherein R is
selected from the group consisting of Cy.¢alkyl and C,.salkenyl, substituted with 0 to 3 halogens

selected from the group consisting of fluoro and chioro.

5. The compound according to any one of Claims 1 to 4, wherein R’ is
selected from the group consisting of Cy.galkyl, (CHz)o1Cs.gcycloalkyl, (CHy)ozaryl and Het,
substituted by 0 to 3 substituents selected from the group consisting of halo, ORIO, SR'?, N(Rio)z,
Cysalkyl, NO,, CN, CF3, NRSO,R®, SO,N(R®),, NHC(O)OR®, NHC(O)R®, NHC(O)NHR®,
CO,RY, C(O)R'® and C(LONR*),.

6. The compound according to any one of Claims 1 to 5, wherein each W is
independently selected from the group consisting of halo, ORY, Cygalkyl, CN, NO,, CF3,
CO.R'® or CON(R),.

7. The compound according to any one of Claims 1 to 6, wherein Z is
selected from the group consisting of Cy.salkylene-O-, Co.salkylene-NR'V-, Cy.salkenylene-O-,
Cg-salkenylene—NRm-, Cysalkynylene-O-, Cgmsaikynylene—NRm» and Cg_salkylene-C(0)-O-,
substituted by 0 to 2 Cy4alkyl.

8. The compound according to any one of Claims 1 to 7, wherein ring B is
selected from the group consisting of N-linked 4- to 8-membered heterocycles containing one N
atom, containing 0 or 1 further hetercatom selected from the group consisting of N or O, and

substituted by 0 to 2 R,

9. The compound according to any one of Claims 1 to 8, wherein M is
selected from the group consisting of Cs.galkylene, Cs.salkenylene and C; zalkynylene,
substituted by 0 to 2 C)salkyl, and containing 0 or 1 group selected from the group consisting of
O atom and NR'® group.
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10.  The compound according to any one of Claims 1 to 9, wherein ring A is
selected from the group consisting of 8- to 14-membered fused carbobi- and carbotricyclic ring

systems, containing 0 to 3 heteroatoms selected from the group consisting of N and O, and

substituted by 0 to 4 R*.
5
11.  The compound according to any one of Claims 1 to 10, wherein RYis
selected from the group consisting of halo, hydroxy, Ci.salkyl, Ci.salkoxy, CN, Cs.gcycloalkyl,
N(RT)Z, aryl and heteroaryl, substituted by 0 to 4 halo or C;_salkyl.
10 12, The compound according to Claim 1, wherein the compound of
formula (I) is a compound of formula (Ia):
WV){ N R
A R
S l A
M
@ 4 (1)
N7 R}
e
© o NA
H R2
or a pharmaceutically acceptable salt thereof.
15 13.  The compound according to Claim 1, wherein the compound of
formula (I} is a compound of formula (Ib):
(Wi
v
R4 | s i
M #N
{Ib)
B
N R?
£
R2
or a pharmaceutically acceptable salt thereof.
20 14.  The compound according to Claim 1, wherein the compound of

formula (I} is a compound of formula (Ic):
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or a pharmaceutically acceptable salt thereof.

15.  The compound according to Claim 1, wherein the compound of

5  formula (I) is a compound of formula (Id):

(W
&
N
i
M & R
NT R
o N N R
© N
G H R2

or a pharmaceutically acceptable salt thereof.

16.  The compound according to Claim 1, wherein the compound of

10 formula (I) is a compound of formula (Ie):
)%N
v o
5 )
R
N
(o]
&

or a pharmaceutically acceptable salt thereof.

17.  The compound according to Claim 1, wherein the compound of

15 formula (1) is a compound of formula (If):



WO 2009/108507 PCT/US2009/033859

]

or a pharmaceutically acceptable salt thereof.

18.  The compound according to Claim 1, wherein the compound of

5 formula (I) is a compound of formula (Ig):

c {lg}
ng
N

or a pharmaceutically acceptable salt thereof.

19.  The compound according to Claim 1, wherein the compound of

10 formula (D) is a compound of formula (Th):

{“N)\n R"' o
2 | /N
Ty
0
M (hy
B w9
YN
0 RE R
& N/q
H

or a pharmaceutically acceptable salt thereof.

-84 -



WO 2009/108507 PCT/US2009/033859

20.  The compound according to Claim 1, wherein the compound of

formula (I) is a compound of formula (Ii).

(W)n

)ﬁv/

or a pharmaceutically acceptable salt thereof.

5
21.  The compound according to Claim 1, wherein the compound of
formula (1) is a compound of formula (Ij):
(W) RS
é NG o
ENH
or a pharmaceutically acceptable salt thereof.
10

22.  The compound according to Claim 1, wherein the compound is selected

from the group consisting of:

(3R,5S,85,155)-8-cyclohexyl-N-((1R,25)-1-

{[(cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-25-ethoxy-21-methoxy-7,10-
15  dioxo-2,16-dioxa-6,9,11,24-tetraazapentacyclo{18.6.2.1 3611 §’15.023’27]t1*iac0nta-
1(27),20,22,23,25 27-hexaene-5-carboxamide,

(2R ,AS,75,138,18E)-7-cyclopentyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)aminolcarbonyl}-2-vinylcyclopropyl)-6,9-diox0-3,4,6,7,8,9,12,13,16,17-
decahydro-2H,11H,15H-2,5:10,13-dimethano[1,14,5,7,10]dioxatriazacyclohenicosino[15,16-

20 blquinoxaline-4-carboxamide,
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(1R,12E,165,235,265)-23-tert-butyl-N-((1R,28)-1-
{I{cyclopropylsulfonyl)amino]carbonyl }-2-vinyleyclopropyl)-3,21,24-trioxo-2-0xa-4,20,22 2.5~
tetraazapentacyclof23.2.1. 147,05 0'%®1nonacosa-6,8,10,12-tetraene-26-carboxamide,

(1R,12E,16R 238,268)-23-tert-butyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)aminojcarbonyl}-2-vinyleyclopropyl)-3,21,24-triox0-2-0xa-4,20,22,25-
tetraazapentacyclo[23.2.1.1 47 81 01620
(1R,16R,238,265)-23-tert-butyl-N-((1R,285)-1-

{{(cyclopropylsulfonyl)amino]carbonyl } -2-vinylcyclopropyl)-3,21,24-trioxo-2-0xa-4,20,22 25-

nonacosa-6,%8,10,12-tetraene-26-carboxamide,

tetraazapentacyclo[23.2.1. 17081 .Olé’ze}nonacosaé,&l O-triene-26-carboxamide,
(3R,55,85,158)-8~cyclohexyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl}-2-vinyleyclopropyl)-21-methoxy-7,10-dioxo-25-

161 1’15.023’27]triaconta—

phenyl-2-o0xa-6,9,11,24-tetraazapentacyclo[18.6.2.
1(27),20,22,23,25,27-hexaene-5-carboxamide,

(3R,55,85,15R)-8-cyclohexyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl}amino}carbonyl } -2-vinyleyelopropyl)-21-methoxy-7,10-dioxo-25-
phenyl-2-0xa-6,9,11,24-tetraazapentacyclo[18.6.2.1 36 1115 2327
1(27),20,22,23,25,27-hexaene-5-carboxamide,

(3R,55,85,15R)-8-cyclohexyl-N-((1R,25)-1-
{{(cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-21-methoxy-7,10-diox0-25-
phenyl-2,16-dioxa-6,9,11,24-tetraazapentacyclo{ 18.6.2.1 36 “’15.023’27}tﬂa00nta~
1(27),20,22,23 25 27-hexaene-5-carboxamide,

(3R,5S,85,158)-8-cyclohexyl-N-((1R,25)-1-

{[{cyclopropylsulfonylamino]carbonyl }-2-vinylcyclopropyl)-21-methoxy-7,10-dioxo-25~

Jtriaconta-

phenyl-2,16-dioxa-6,9,11,24-tetraazapentacyclo[ 18.6.2.1 36 11615 0P eriaconta-
1(27),20,22,23,25,27-hexaene-5-carboxamide,

(3R,55,85,155)-8-cyclohexyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl} -2-vinyleyclopropyl)-21-methoxy-7,10-dioxo-2,16-
dioxa-6,9,11,26-tetraazapentacyclo[18.6.2.1 36 11115 02 riaconta- 1(26),20,22,24,2 7-pentaene-
5-carboxamide,

(3R,55,85,15R)-8-cyclohexyl-N-((1R,2.5)-1-
{[{cyclopropylsulfonyl)amino]carbonyl}-2-vinyleyclopropyl)-2 1-methoxy-7,10-dioxo-2,1 6~
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dioxa-6,9,11,26-tetraazapentacyclo[18.6.2.1 361 11’15.023’27]t1*ia00nta—1 (26),20,22,24,277-pentaene-
S-carboxamide,

(3R,55.85,15R)-8-cyclohexyl-N-((1R,25)-1-
{[{cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-25-ethoxy-21-methoxy-7,10-
dioxo-2,16-dioxa-6,9,11,24-tetraazapentacyclof 1 8.6.2.13% 1141 022 traconta-
1(27),20,22,23,25,27-hexaene-5-carboxamide,

(3R,55,8S,14S,17E)-8-cyciohexyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)aminojcarbonyl}-2-vinylcyclopropyl)-24-ethoxy-20-methoxy-7,10-
dioxo-2,15-dioxa-6,9,11,23-tetraazapentacyclo[17.6.2.1 36 1114 (2226
1(25),17,19,21,23,26-hexaene-5-carboxamide,

(45,75,9R 21 E,27TR)-4-cyclopentyl-N-((1R,25)-1~
{{{cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-2,5-dioxo-10,26-dioxa-1,3,6,19-
tetraazapentacyclo[25.3.1. 16’9.011’20.013’18]60‘{riac0nta— 11(20),12,13,15,17,18,21-heptaene-7-

Inonacosa-

carboxamide,

(3R,55,85,18F)-8-cyclopentyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)aminojcarbonyl }-2-vinylcyclopropyl)-23-methyl-7,10-dioxo-2,16-dioxa-
6,9,11,21,31-pentaazahexacyclo]19.10.1.1 361! §’15.024’32.Ozs’so}tetratriaconta-
1(31),18,22,24(32),25,27,29-heptaene-5-carboxamide,

(48,78,9R,278)-4-cyclopentyl-N-((1R,25)-1-
{{(cyclopropylsulfonyl)amino]carbonyl} -2-vinylcyclo propyl)-2,5-dioxo-10,26-dioxa-1,3,6,19-
tetraazapentacyclo[25.3.1. 15°.0"% 0¥ dotriaconta-11(20),12,13,15,17,18-hexaene-7-
carboxamide,

(1R,13E,198,258,285)-25-cyclopentyl-N-((1 R,25)-1-
{[(cyclopropylsulfonyl}amino]carbonyl }-2-vinylcyclopropyl)-7-methoxy-23,26-dioxo-2,18-
dioxa-4,22,24,27-tetraazapentacyclo[25.2.1.1%.0*12.0° ¥ hentriaconta-3(12),4,5,7,9,10,13-
heptaene-28-carboxamide,

(1R,198,258,288)-25-cyclopentyl-N-((1R,285)-1-
{{(cyclopropylsulfonyl)amino]carbonyl } -2-vinyleyclopropyl)-7-methoxy-23,26-dioxo-2,18-
dioxa-4,22 24 27-tetraazapentacyclo[25.2.1.1%% 02, 0° " hentriaconta-3(12),4,5,7,9,10-
hexaene-28-carboxamide,

(1R,13E,198,255,285)-25-cyclopentyl-N-((1R,2R)-1-
{[(cyclopropylsulfonyl)amino]carbonyl}-2-ethylcyclopropyl)-7-methoxy-23,26-dioxo0-2,18-
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dioxa-4,22,24.27-tetraazapentacyclo[25.2.1.17%.0*'%.0°*Thentriaconta-3(12),4,5,7,9,10,13-
heptaene-28-~carboxamide,

(1R,198,255,28S5)-25-cyclopentyl-N-((1R,2R)-1-
{[(cyclopropylsulfonyl)amino]jcarbonyl }-2-ethylcyclopropyl)-7-methoxy-23,26-dioxo-2,18-
dioxa-4,22,24,27-tetraazapentacyclo[25.2.1.1 19’22.0332.05’1°]hentriaconta-3(1 2),4,5,7,9,10-
hexaene-28-carboxamide,

(1R,13E,19R,25S,285)-25-cyclopentyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl }-2-vinylcyclopropyl)-7-methoxy-23,26-dioxo-2,1 8-
dioxa-4,22,24,27-tetraazapentacyclo[25.2.1.1%% 0*12 0¥ hentriaconta-3(12).4,5,7,9,10,13-
heptaene-28-carboxamide,

(3R,55,85,14S8,17E)-8-cyclopentyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-24-ethoxy-20-methoxy-7,10-
dioxo-2,15-dioxa-6,9,11,23-tetraazapentacyclo[17.6.2.1 36 11114 %2613 0nacosa-
1(25),17,19,21,23,26-hexaene-5-carboxamide,

(3R,55,85,148,17E)-8-cyclopentyl-N-((1R,2R)-1-
{[(cyclopropylsulfonyl)amino]carbonyl } -2-ethylcyclopropyl)-24-ethoxy-20-methoxy-7,10-
dioxo-2,15-dioxa-6,9,11,23-tetraazapentacyclo[17.6.2.1 1 11’24.922’26}1101’1%10083—
1(25),17,19,21,23,26-hexaene-5-carboxamide,

(2R A8,75,138)-7-cyclopentyl-N-((1R,25)-1-{[{cyclopropylsuifonyl)
amino]carbonyl }-2-vinylcyclopropyl)-6,9-dioxo-3,4,6,7,8,9,12,13,16,17,18,19-dodecahydro-

2H,11H,15H-2,5:10,13-dimethano[1,14,5,7,10]dioxatriazacyclohenicosino[15,16-b]quinoxaline-

4-carboxamide,
(1R,1885,248.275)-24-cyclopentyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl }-2-vinylcyclopropyl)-7-methoxy-22,25-dioxo-2,16-

dioxa-11,21,23,26-tetraazapentacyclo[24.2.1.1 18.21 o312 o ’zo]triaconta—B( 12),4,5,7,9,10-hexaene-

27-carboxamide,

(2R,45,75,138)-T-cyclopentyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl } -2-vinylcyclopropyl)-23-methoxy-6,9-dioxo-
3,4,6,7,8,9,11,12,13,14,16,17,18,19-tetradecahydro-2H-2,5:10,13-
dimethano[1,15,5,8,10]dioxatriazacyclohenicosino[20,21-b]quinoline-4-carboxamide,

(6R,85,115,17aR)-11-cyclopentyl-N-((1R,25)-1-
{{{cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-3-ethoxy-10,13-dioxo-
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7,8,10,11,12,13,16,17,17a,18,20,21-dodecahydro-6H,15H-1,22-(ethanediylidene)-6,9-
methanopyrimido[4,5-n]pyrrolo]2,1-¢][1,13,4,6,9]dioxatriazacyclononadecine-8-carboxamide,

(6R,8S5,115,17aS,20E)-11-cyclopentyl-N-((1R,2.5)-1-
{[(cyclopropylsulfonyl}amino]carbonyl }-2-vinyleyclopropyl)-3-ethoxy-10,13-dioxo-
7,8,10,11,12,13,16,17,17a,18-decahydro-6 H,15H-1,22-(ethanediylidene)-6,9-methano
pyrimido[4,5-r]pyrrolo[2,1-c][1,13,4,6,9]dioxatriazacyclononadecine-8-carboxamide,

(6R,85,115,17a8)-11-cyclopentyl-N-((1R,25)-1-
{{(cyclopropylsulfonyl}amino]carbonyl }-2-vinylcyclopropyl)-3-ethoxy-10,13-dioxo-
7,8,10,11,12,13,16,17,17a,18,20,21-dodecahydro-6H,1 5H-1,22-(ethanediviidene)-6,9-
methanopyrimido[4,5-n]pyrrolo[2,1-¢][1,13,4,6,9]dioxatriazacyclononadecine-8-carboxamide,

(4E.85,148,175,19R)-14-cyclopentyl-N-((1R,2.5)-1-
{[(cyclopropylsulfonyl)amino]carbonyl }-2-vinylcyclopropyl)-1-methyl-12,15-dioxo-
3,6,9,10,12,13,14,15,18,19-decahydro-8 4,17 H-8,11:16,19-dimethano-7,20-dioxa-
2a,11,13,16,21-pentaazabenzo]g]cyclohenicosal1,2,3-cdindene-17-carboxamide,

(3R,55,85,19E)-8-cyclohexyl-N-((1R,2S5)-1-
{[{cyclopropylsulfonyl)aminolcarbonyl }-2-vinylcyclopropyl)-26-ethoxy-22-methoxy-7,10-
dioxo-2,15-dioxa-6,9,11,25-tetraazapentacyclio[ 1 0.6.2.2!114 1 3’6.024’28}d0tﬁaconta~
1(27),19,21,23,25,28-hexaene-5-carboxamide,

(1R,185,245,275)-24-cyclopentyl-N-((1R,2.5)-1-
{[(cyclopropylsuifonyl)amino]carbonyl }-2-vinylcyclopropyl)-7-methoxy-22,25-diox0-2,16-
dioxa-11,21,23,26-tetraazapentacyclo[24.2.1.1 18.21 .03’12.05’1G]triaconta-3(l 2),4,5,7,9,10-hexaene-
27-carboxamide,

(3R,5S,85)-8-cyclohexyl-N-((1R,25)-1- {[{cyclopropylsulfonyl)amino]carbonyl } -
2-vinylcyclopropyl)-26-ethoxy-22-methoxy-7,10-dioxo-2,15-dioxa-6,9,11,25-
tetraazapentacyclo[1 9.6.2.21114 13’6.024’28}d0triacontaw 1(27),21,23,25,28-pentaene-5-
carboxamide,

(4S,75,9R,21 E)-4-cyclohexyl-N-((1R,25)-1-
{[(cyclopropylsulfonylyaminojcarbonyl } -2-vinylcyclopropyl)-15-methoxy-2,5-dioxo-10,26-
dioxa-1,3,6,12-tetraazapentacyclo[25.2.2.1%°.0M%.0"* ¥ dotriaconta-11(20),12,13,15,17,18,21-
heptaene-7-carboxamide,

(1R,13E,245,2775)-24-cyclohexyl-N-((1R,25)-1-
{{{cyclopropylsulfonyl)amino]carbonyl } -2-vinylcyclopropyl)-7-methoxy-22,25~diox0-2,1 8-
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dioxa-4,21,23 26-tetraazapentacyclo[24.2.1.1%% 0>12 0°triaconta-3(12),4,5,7.9,10,13-
heptaene-27-carboxamide,

(1R, 13F,195,258,285)-25-cyclopentyl-N-{(1R,25)-1-
{[(cyclopropylsulfonyl)aminojcarbonyl }-2-vinylcyclopropyl)-23,26-dioxo-2,18-dioxa-22,24,27-
triazapentacyclo{25.2.1.1 19'22.03’12.Os’lo]hentriaconta-f%( 12),4,5,7,9,10,13-heptaene-28-
carboxamide,

(1R,198,255,285)-25-cyclopentyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl }-2-vinylcyclopropyl)-23,26-dioxo-2,18-dioxa-22,24,27-
triazapentacyclo[25.2.1.1 %9’22.03’12.05’10]hen’£riacon’za—3(1 2),4,5,7.9,10-hexaene-28-carboxamide,

(3R,55,8S,18E}-8-cyclohexyl-N-((1R,25)-1-
{I{cyclopropylsulfonyl)amino]carbonyl }-2-vinylcyclopropyl)-25-ethoxy-2 1 -methoxy-7,10-
dioxo-2,14-dioxa-6,9,11,24-tetraazapenta cyclo[18.6.2.1 36 q1! ’13.023’27}triaconta—
1(26),18,20,22 24 27-hexaene-5-carboxamide,

(3R,58,88,145)-8-cyclopentyl-N-((1R,25)-1-
{{(cyclopropylsulfonyl)amino]carbonyl }-2-vinylcyclopropyl)-24-ethoxy-7,10-dioxo-2,15-dioxa-
6,9,11,23,25-pentaazapentacyclo[17.6.2.13°.1'11* 02| nonacosa-1(25),17,19,21,23,26-hexaene-
5-carboxamide,

(3R,55,85,145)-8-cyclopentyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)aminojcarbonyl }-2-vinyleyclopropyl)-24-ethoxy-7,10-dioxo-2,15-dioxa-
6,9,11,23,25-pentaazapentacyclof17.6.2. 1% 1’14.022’26]11011&005&—1 (25),19,21,23,26-pentaene-5-
carboxamide,

(1R,13E,195,255,285)-25-cyclohexyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl }-2-vinyleyclopropyl)-7-methoxy-23,26-diox0-2,18-
dioxa-4,22,24,27-tetraazapentacyclo[25.2.1.1'%%2.0*'2.0> " hentriaconta-3(12).4,5,7.9,10,13-
heptaene-28-carboxamide,

(1R,198,258,288)-25-cyclohexyl-N-((1R,25)-1~
{[(cyclopropylsulfonyl)amino]carbonyl }-2-vinyleyclopropyl}-7-methoxy-23,26-dioxo-2,18-
dioxa-4,22,24,27tetraazapentacyclo[25.2.1.1 19’22.0332.05’10]hentn'aconta—3(1 2),4,5,7,9,10-
hexaene-28-carboxamide,

(3R,5S,85,17E)-8-cyclohexyl-N-((1R,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl }-2-vinylcyclopropyl)-24-ethoxy-20-methoxy-7,10-
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dioxo-2,14-dioxa-6,9,11,23-tetraazapentacyclo[17.6.2.1 261 LB 0% nonacosa-
1(25),17,19,21,23,26-hexaene-5-carboxamide,
(3R,58,85)-8-cyclohexyl-N-((1R,25)-1-{[(cyclopropylsulfonylyamino]carbonyl } -
2-vinylcyclopropyl)-24-ethoxy-20-methoxy-7,10-dioxo-2,14-d1oxa-6,9,11,23-
tetraazapentacyclo[17.6.2.1%°.1'1% 0”*inonacosa-1(25),19,21,23 ,20-pentaene-5-carboxamide,

and pharmaceutically acceptable salts thereof.

23.  The compound according to any one of Claims 1 to 22 or a

pharmaceutically acceptable salt thereof for use in therapy.

24.  The compound according to any one of Claims 1 to 22 ora
pharmaceutically acceptable salt thereof for use in the treatment or prevention of infection by

hepatitis C virus in a human or animal.

25.  Use of a compound of any one of Claims 1 to 22, or a pharmaceutically
acceptable salt thereof, for the manufacture of a medicament for treatment or prevention of

infection by hepatitis C virus in a human or animal.

26. A pharmaceutical composition comprising a compound of any one of
Claims 1 to 22, or a pharmaceutically acceptable salt thereof, in association with a

pharmaceutically acceptable carrier.

27.  The pharmaceutical composition as claimed in Claim 26, further
comprising one or more other agents for the treatment of viral infections such as an antiviral

agent, or an immunomodulatory agent such as o-, B~ or y-interferon.

28. A method of inhibiting hepatitis C virus protease and/or of treating or
preventing an illness due to hepatitis C virus, the method involving administering to a human or
animal subject suffering from the condition a therapeutically or prophylactically effective
amount of the pharmaceutical composition as claimed in Claim 26 or Claim 27 or of a compound

of any one of Claims 1 to 22, or a pharmaceutically acceptable salt thereof.
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