TI TLE OF THE APPLI CATI ON MACROCYCLI C QUI NOXALI NE COVPOUNDS AS HCV NS3
PROTEASE | NHI Bl TORS FI ELD OF THE | NVENTI ON The present invention relates to
macr ocyclwo 20mmpoisnds t hat are useful as inhibitors of wrhe/Use@atsiins C
virus (HCV) NS3 protease, the synthesis of such conpounds, and the use of
such conmpounds for treating HCV infection and/or reducing the |ikelihood or
severity of HCV infection. BACKGROUND OF THE | NVENTI ON Hepatitis C virus
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t r eat mapk o bath dogpouidsefot trontingaveVvhskeotisH ariigseduding tha éikeilidodoe séverity of
refer enﬁ@ iiP%%LUdi ng Bal sano, M ni Rev. Med. Chem 57:307-318, 2008, Rdnn
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et al. HO%opics in Medicinal Chenmistry 5:533-562, 2008, Shel don et
al ., Expert Opin. Investig. Drugs 16(8) 171-1 181, 2007, and De Francesco

et al, ﬁﬂbk\d @bN%aé I%l@ II@@E?STT}@N 2003. _ SUVWWARY OF THE | NVENTI ON The
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containing a Several virally-encoded enzymes are putative targets for therapeutic intervention,
including a metalloprotease (NS2-3), 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 NS3 protein. NS4A provide a cofactor for NS3 activity.

Potential treatments for HCV infection have been discussed in the different
references including Balsano, Mini Rev. Med. Chem. 8(4):307-318, 2008, Ronn ef al., Current
Topics in Medicinal Chemistry 8:533-562, 2008, Sheldon et al., Expert Opin. Investig. Drugs
16(8):1171-1181, 2007, and De Francesco et al., Antiviral Research 58:1-16, 2003.

SUMMARY OF THE INVENTION
The present invention relates to a macrocyclic compound of formula (I) and

pharmaceutically acceptable salts thereof. The compound and its salts are HCV NS3 protease
inhibitors. The compound and its salts have therapeutic and research applications.
Thus, a first aspect of the present invention describes a compound of formula (),

or a pharmaceutical acceptable salt thereof:




compound of the present invention and nethods of preparing such

phar maceuti cal conpositions. The present invention further includes nethods
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As pharmaceutical composition ingredients, the compounds and salts may be the

primary active therapeutic agent. When appropriate, the compound may be combined with other
therapeutic agents including but not limited to other HCV antivirals, anti-infectives,
immunomodulators, antibiotics or vaccines.

NS3 inhibitors are also useful in the preparation and execution of screening assays
for antiviral compounds. For example, such compounds can be used to isolate enzyme mutants,
which are excellent screening tools for more powerful antiviral compounds. Furthermore, the
compounds may be used to establish or determine the binding site of other antivirals to HCV
protease, e.g., by competitive inhibition.

As further described in Example 2 the formula (I) compound was compared to the
compound of Examples 110 and 118 of WO 2008/057209, and has several advantages. WO
2008/057209 is not admitted to be prior art to the claimed invention.

1. Compositions and Methods

Different embodiments 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), further comprising a second
therapeutic agent selected from the group consisting of HCV antiviral agents,

immunomodulators, and anti-infective agents.



D fferent enbodinents include the follow ng: (a) A pharnmaceuti cal
conposition conprising an effective anmount of a conpound of forrmula (1) and
a phar mmoeotoaliiss6accept abl e carrier. (b) The phar mace®CiraskoooosPesi ti on
of (a), further conprising a second therapeutic agent selected fromthe
group consisting of HCV antiviral agents, inmunonodul ators, and
anti-infective agents. (c) The pharnmaceutical conposition of (b), wherein
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wherein the HCV a{' t)I Vi Ar&anlaetﬁg(? (r)]ft trea%ng@{(w t1r|1f¥ct1on and/or reducing the likelihood or
severity of ICV infection in a subject in need thereof which comprises administering to the
subject an effective amount of a compound of formula (I).

(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.

M 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. _

() 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 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).

L A compound of formula (I) for use in medicine, for use in prevention or
treatment of HCV infection, or for use (i) in, (ii) as a medicament for, or (iii) 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 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.



selected fromthe group consisting of HCV protease inhibitors and HCV NS5B
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hydrate. A "stable" conpound is a conpound whi ch can be prepared and
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infection), "administration" and its variants are each understood to include concurrent and
sequential provision of the compound or salt and other agents.

The compounds of the present invention may be administered in the form of
pharmaceutically acceptable salts. The term "pharmaceutically acceptable salt" refers to a salt of
the parent compound which has activity and which is not biologically or otherwise undesirable
(e.g., is neither toxic nor otherwise deleterious to the recipient thereof). Suitable salts include
acid addition salts which may, for example, be formed by mixing a solution of a compound with
a solution of a pharmaceutically acceptable acid such as hydrochloric acid, sulfuric acid, acetic
acid, trifluoroacetic acid, or benzoic acid. Compounds carrying an acidic moiety can be mixed
with suitable pharmaceutically acceptable salts to provide, for example, alkali metal salts (e.g.,
sodium or potassium salts), alkaline earth metal salts (e.g., calcium or magnesium salts), and
salts formed with suitable organic ligands such as quaternary ammonium salts. Also, in the case
of an acid (-COOR) or alcohol group being present, pharmaceutically acceptable esters can be
employed to modify the solubility or hydrolysis characteristics of the compound.

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.

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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therapeutxc 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.

Compounds can, for example, be administered by one or more of the following
routes: orally, parenterally (including 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 guidance for methods
suitable for use in preparing pharmaceutical compositions of the present invention and of



The term "subject” (alternatively referred to herein as "patient"”) as used
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combination treatment involving one or more additional therapeutic agents. Additional

therapeutic agents include those also targeting HCV, targeting a different disease causing agent,
or those enhancing the immune system. Agents enhancing the immune system include those
generally enhancing an immune system function and those producing a specific immune
response against HCV. Additional therapeutic agents targeting HCV include agents targeting
NS3 and agents targeting other HCV activities such as NS5A and NS5B, and agents targeting
host cell activities involved in HCV replication.

Different HCV inhibitors are described in different publications. Macrocyclic
compounds useful as inhibitors the HCV protease inhibitors are described in WO 06/119061,
WO 7/015785, WO 7/016441, WO 07/148135, WO 08/051475, WO 08/051477, WO 08/051514,
WO 08/057209. Additional HCV NS3 protease inhibitors are disclosed in International Patent
Application Publications 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, WO 02/48116, WO
02/48172, British Patent No. GB 2 337 262, and U.S. Patent No. 6,323,180.

Additional examples of therapeutic agents that may be present in a combination
include ribavirin, levovirin, viramidine, thymosin alpha-1, interferon-, interferon-a, pegylated
interferon-o. (peginterferon-a), a combination of interferon-a and ribavirin, a combination of
peginterferon-g, and ribavirin, a combination of interferon-a and levovirin, and a combination of
peginterferon-o and levovirin. Interferon-o includes recombinant interferon-o2a (such as
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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 J. Kirschbaum, 12 Anal. Profiles Drug Subs.
1-36 (1983).

For the treatment of HCV infection, the compounds of the present invention may
also be administered in combination with the antiviral agent polymerase inhibitor R7128
(Roche).

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
etal., 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-3’, and C-5’
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WO 2004/007512; U.S. Patent No. 6,777,392 and U.S. Patent Application Publication
US2004/0067901; 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).

In one embodiment, nucleoside HCV NS5B polymerase inhibitors that are used in
combination with the present HCV NS3 protease inhibitors are selected from the following
compounds: 4-amino-7-(2-C-methyl-p-D-arabinofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine; 4-
amino-7-(2-C-methyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-djpyrimidine; 4-methylamino-7-(2-C-
methyl-B-D-ribofuranosyl)-7H-pyrrolo]2,3-d}pyrimidine; 4-dimethylamino-7-(2-C-methyl-B-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-cyclopropylamino-7-(2-C-methyl-B-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-C-vinyl-B-D-ribofuranosyl)-7H-
pyrrolo[2,3-d|pyrimidine; 4-amino-7-(2-C-hydroxymethyl-B-D-ribofuranosyl)-7H-
pyrrolof2,3-d|pyrimidine; 4-amino-7-(2-C-fluoromethyl-p-D-ribofuranosyl)-7H-
pyrrolo[2,3-d]pyrimidine; 4-amino-5-methyl-7-(2-C-methyl-B-D-ribofuranosyl)-7 H-
pyrrolof2,3-d|pyrimidine; 4-amino-7-(2-C-methyl-p-D-ribofuranosyl)-7H-
pyrrolo|2,3-d]pyrimidine-5-carboxylic acid; 4-amino-5-bromo-7-(2-C-methyl-p-D-
ribofuranosyl)-7H-pyrrolof2,3-d]pyrimidine; 4-amino-5-chloro-7-(2-C-methyl-B-D-
ribofuranosyl)-7H-pyrrolof2,3-d]pyrimidine; 4-amino-5-fluoro-7-(2-C-methyl--D-
ribofuranosyl)-7 H-pyrrolof2,3-d|pyrimidine; 2,4-diamino-7-(2-C-methyl-f-D-ribofuranosyl)-
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36 Tet. , and Internatlonal

Pat ent ms}?wl éé?“rléﬂﬁw}?ﬂ’%ﬂﬁ aﬁgo 198 Depyyapdine vwrel_fw&z gee-meybbil2920, WO
04/ 0029900 fu¥¥Ac¥)-OBBHREbISNE- ﬂﬁ&lﬁ@%&mlﬁhﬁ(mi @Q’h )HEi B@ﬁ@lhofﬁfraﬂdﬁﬂf}‘—h are
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9-(2-C of uranosyl ) - 2, 6- di am nopurine, and the corresponding
am no a%@%}&e@?éq@to Féo?e ri bose C—2 , G3', and C5' hydroxyls and the
correspondi ng opt Tenetmyoundpef the presentdyvantien mag aftodscasstiesid fos thertesament he

5" - phogphatenfehidy althWea-nucleoside inhibitors of HCV polymerase such as those disclosed in
International Patent Application Publications WO 01/77091; WO 01/47883; WO 02/04425;
WO 02/06246; WO 02/20497;, WO 2005/016927 (in particular JTK003); the content of each is
incorporated herein by reference in its entirety; and HCV-796 (Viropharma Inc.).

In one embodiment, non-nucleoside HCV NS5B polymerase inhibitors that are
used in combination with the present HCV NS3 protease inhibitors are selected from the
following compounds: 14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-0x0-5,6,7,8-
tetrahydroindolof2,1-a][2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-(2-morpholin-
4-ylethyl)-5,6,7 8-tetrahydroindolo]2,1-¢][2,5|benzodiazocine-1 1 -carboxylic acid; 14-
cyclohexyl-6-[2-(dimethylamino)ethyl]-3-methoxy-5,6,7,8-tetrahydroindolo[2,1-a]
[2,5]benzodiazocine-1 1-carboxylic acid; 14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-
tetrahydroindolo[2,1-4][2,5]benzodiazocine-1 I-carboxylic acid; methyl ({[(14-cyclohexyl-3-
methoxy-6-methyl-5,6,7,8-tetrahydroindolo{2,1-a}{2,5]benzodiazocin-11-
ylcarbonyl]amino} sulfonyl)acetate; ({[(14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-
tetrahydroindolo[2,1-a][2,5]benzodiazocin-11-yl)carbonyljamino } sulfonyl)acetic acid; 14-
cyclohexyl-N-[(dimethylamino)sulfonyl]-3-methoxy-6-methyl-5,6,7,8-tetrahydroindolo{2,1-4]
[2,5]benzodiazocine-11-carboxamide; 3-chloro-14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-
0%0-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine 11-carboxylic acid; N'-(11-carboxy-14-
cyclohexyl-7,8-dihydro-6 H-indolo[1,2-e][1,5]benzoxazocin-7-y1)-N,N-dimethylethane-1,2-
diaminium bis(trifluoroacetate); 14-cyclohexyl-7,8-dihydro-6H-indolo[1,2-¢][1,5]
benzoxazocine-11-carboxylic acid; 14-cyclohexyl-6-methyl-7-0x0-5,6,7,8-tetrahydroindolo
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The conpounds of the present invention nmay al so be conbined for the
treatnent of HCV infection with other nucl eosi des having anti-HCV
properti esp28wah1ws t hose di sclosed in International PaPemuSApplos@asi on
Publ i cati ons WO 02/ 51425, WO 01/79246, WD 02/32920, WD 02/48165 and
W02005/ 003147 (including R 656,
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are not 2964y Glpﬁ’fyl’tqﬁ “&ﬂ@é‘l&%‘% Y 7Tcﬁ<t°e¥ 7' Q}Py%ﬁﬁpgﬂf) 266! i cati on
gl‘i ;)lolog ilpi,ijbmz\ﬁﬂ)aﬁﬂﬁxﬁbs TR8adboxyNicGRId) 37428 0hE1-63]1 &ﬁ&ﬂﬁl@ip;ﬂﬂrﬂ@@ﬂ)#’ﬂ@%SS , WO
' Ly | Rat ent
Applica =.§8§g1%&%ﬁ“§§i?‘?§§%@§8ﬁ%§€?‘@%%{ ﬁi;q%%ﬁ?éﬁlt% aggi’ égggd%sléﬁy}\@gr por at ed
her ei n Kginretfydareimoisuifanylf-3-axetG-(lepiperidinteylediybr’, HO3-wordsriadeoiZahirhi t or s
R e e o o B et
-2 - a- ) ) | )
nucl eosi(gigatslaiiss “HBPXAETOA‘@&SH%‘"’SW [dzoipgelp #—gﬁaéi‘&n? RO5HeREE i on wi t h
the pr e@@l_ﬂwﬁxa&ﬂ@é; N$Zyplopease-[R(dinfitydisinafethydV-ogb-&ch,7 8 aatrdtyedrdinddl s Ing]
FE pyr ol lbe BN h AR b sk 15 AR A R g ey ) - 7
vr nl ot 2[235 Paywilisvatiine] 1 -4anvexylid @id; heal 71l 2-c@olehérpll-3-betBoxy-H & (18-anosyl ) - 7
H pyrro =.<j | mdiche. ol hil_ais L2 G b Prirx)
fur anoskﬁwlﬁﬁ}%@g’%ﬁﬁﬁ‘?ﬁ@%@ [ %e%%i/% Iaé%lf 334' ;SF (té%%%n}l}g%? F%(’ 2- C- et hyl -
b-Drir xg:iimethylammo)ethy -5,6,7,8~tetrahydromdolof2,1- H ,S]benzocgazocme-l1-carb0xyhc acid;
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-5,6,7,8-tetrahydroindolo[2,1-4][2,5]benzodiazocine-
11-carboxylic acid; 13-cyclohexyl-5-methyl-4,5,6,7-tetrahydrofuro{3',2":6,7]{1,4]diazocino| 1,8~
alindole-10-carboxylic acid; 15-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-0x0-6,7,8,9-
tetrahydro-5 H-indolo[2,1-a][2,6]benzodiazonine-12-carboxylic acid; 15-cyclohexyl-8-oxo-
6,7,8,9-tetrahydro-5H-indolo[2,1-a][2,5]benzodiazonine-12~carboxylic acid; 13-cyclohexyl-6-
ox0-6,7-dihydro-5H-indolo[1,2-d][ 1,4]benzodiazepine-10-carboxylic acid; and pharmaceutically
acceptable salts thereof.

IV. Compound Evaluation

Compounds described herein can be evaluated for different activities such as the
ability to inhibit HCV NS3 activity, HCV replicon activity, and HCV replication activity using
techniques well-known in the art. (See, for example, Carroll ef al., J. Biol. Chem. 278:11979-
11984, 2003.)

One such assay is HCV NS3 protease time-resolved fluorescence (TRF) assay as
described below and in Mao et al., Anal. Biochem. 373:1-8, 2008 and International Patent
Application Publication WO 2006/102087. A NS3 protease assay can be performed, for
example, in a final volume of 100 pl 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. NS3 and
NS4A protease is pre-incubated with various concentrations of inhibitors in DMSO for 30
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Other methods for preparing compounds of the invention will be readily apparent to the person

di ne; 4-am no-7-{2-Cvnyl -
-d] pyri m di ne;
[

of ordinary skill in the art in light of the following reaction schemes and examples. Unless
otherwise indicated, all variables are as defined above. The following reaction schemes and
examples serve only to illustrate the invention and its practice,

Olefin metathesis catalysts include the following Ruthenium based species: F.
Miller et al., 118 J. AM. CHEM. Soc. 9606 (1996); G. Kingsbury et al., 121 J. Am. Chem. Soc.
791 (1999); H. Scholl et al., 1 ORG. LETT. 953 (1999); U.S. Patent Application Publication
US2002/0107138; K. Furstner et al., 64 J. ORG. CHEM. 8275 (1999). The utility of these catalysts
in ring closing metathesis is well known in the literature (e.g. Trnka and Grubbs, 34 Acc. CHEM.
REs. 18 (2001).

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

examples are not to be construed as limitations on the scope or spirit of the invention.

List of Abbreviations

List of Abbreviations

DCM / CH,Chy dichloromethane
DCE 1,2-dichloroethane
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WD 02/ 06246; WD 02/ 20497; WD 2005/016927 (in particular JTKO03); the
content of each is incorporated herein by reference inits entirety; and
HCV- 796 (Woropmdaissa I nc.). I n one enbodi nent, non-nucl e@sTAS206Q050ME5B
pol ynerase inhibitors that are used in conbination with the present HCV NS3
protease inhibitors are selected fromthe foll ow ng conpounds:
34; cy(r:];];he?(ylj- I6 % g I{ di rrﬁ gyclﬁiagl no) et hyl ] -7- oi<0-15 >6b7, 8|—_ »

etra ndolo[ 2,1 - a : e- - carboxylic acid,
14-cycl o{%wl - 6- { 2- nor phol :adtls %ﬁz/’fg yl hg 6, 7, 8-t etrahydroi ndol of 2, | -
][ 2, 5] H&¥Fodi azoci ne-1 1- caB§RylipEneIdg: 14-
cyi:l ngyy/jg(ﬁ- [ (21_- (di nenyl fimlﬂﬁl)eg%rhydlqu%grep goxy- 5,6, 7, 8-tetrahydroi ndol of 2, |
- : enzodi azoci ne- CAr boxyl i ¢ %m :
14- cycl'df&¥xyl - 3- met hoxy- 6- n@PW%‘ gphjnggerrocene
t et r ahyldle©i ndol o[ 2, | -t f] [ 2, §ptheketbeti azoci ne-1 1-carboxylic acid; methyl
({[ (14-gygel ohexyl - 3- nmet hoxys.- | - ~AN-tetrahydroi ndol o™l -
e L R ) g

EXy--ITE Oxy'= cAli= = - :

a] [ 2, 5] benzckiiazocm | | - ylp&anhehpdshastt no} sul fonyl ) acetic acid; 14-
cycl ohexyl -i V-[ (di et hyl am no) sul f on - 3- et hoxy- 6-net hyl -5, 6, 7, 8-t etrahyd
r oi ndol%f%é, |- a] [2,5]benzod O Het Y 1- car boxani de;
g- tchIt orpvisd f:ygl Ioh/e\i(yl J’E\SS\[J 2cKIdiotE hﬂlly_&i:ihﬂiui) et hyl] - 7|—_ 0X0- Sd (1

-tetr oi ndol o”l - zodi.azoci ne 11scarboxylic acid; .V-
1-car bgf(%‘gizm- cycl ohexyl - ?f%l:agglﬁ@zaal’%mgmml%W&d%[ 1, 2-¢€]
[ 1, 5] bedkbMazoci n- 7-yl ) - 7v Divadhytemnd mtridense- 1, 2- di ami ni um
bis(tri oacetate); 14-c | -7,8-di hydro-6 Hindolo[ 1,2-e 1,5

BRI Aty
benzoxazoci ne-1 1-carboxylic acid;
%?Zcéfl)g@kgl - 6- et hy: - I ox@;@?ﬁ?, 8-t .eéi am/dr o: nﬁol OI[ 2,SI -
: zodi azoci ne- - CappRAaNk 6n edibeh cycl ohexyl - S- net hoxy-
-nmet hyl - T-oxo- 5,6, 7, 8-te?i§ hydr ai n ql q[ﬁy\} - ﬁ]{ Zhgl]e%epzodi azoci ne- |
1- carbok§iHc acid; 14-cycl oﬁ%@émf@‘-’f -L-yENNN N etfamethyluronium
(di met hyl am no) et hyl ] - 3- et eoafucfelorates, 6, 7, 8-t et rahydroi ndol o[ 2,1 -<i ][ 2, 5]
benzodi cine- 11-carboxyljg e AT
14- cyclgﬁgxyl -6-[3-(di met hyﬁrglrlﬁ%ﬁogg%t%%?ﬁl?- 7-0xo0-5, 6, 7, 8-tetrahydroi ndol o
[2,1- ]THF5]b di [ fetrabysafiraxy| i id Y
- enzodi azoci ne- ylic acid,

14- cycl phgxdhrofa-RoRafint 2- P P&t hishh BidWEd Horizon using silica gel cartridge and
5,6,7,8-tet rléﬁ?y(??ag?@& o[ 2?&{5;1 21% Sble%Zin%a 8%?Or?elislmgls-1(1:(§r eo>C<&;/Iri1 cgeéa(r:li d;
14- cycl ohexyl - 6- (2- mof hol $AsSHIeY bRl Phase-gg3de™, 63, 8-t et r ahydr oi ndol of 2, | -
a] [ 2, 5] geneodi azoci ne- | | - cantawydd Baser IV dfcered togteparformBnee liquid

[2-(diethylam no)ethyl] - 7'%8&1%0@5@%5( usglhtg %Ei&%?e%%gbﬁ%%k?hbz gra&iéf’la’t]s as

mobile phase
MHz Megahertz

Svyrthesis of Intermediates

Intermediates A

Intermediate #  Structure Name Lit. Reference
Al (1R,25)-1-Amino-N- Wang et al,
(cyclopropylsulfonyl)-2- US 6,995,174
vinylcyclopropanecarboxamide
hydrochloride

212 .



[ 2, 5] benzodi azoci ne-1 1-carboxylic acid;
14- cycl ohexyl - 6- (1 -rnet hyl pi peri di n-4-yl)-7-o0xo-
5,6, 7, 8- twoOnatwdisssndol o[ 2,1 - a] [ 2, 5] benzodi azoci ne-| 1Pcamiseooplos@iuci d;
14-cycl ohexyl -/ 1/- [(di met hyl am no) sul fonyl ] -7-o0xo0-6-(2-pi peridi n-
1-ylethyl)-5,6,7, 8-tetrahydroi ndolo[2, 1-a] [2,5]benzodi azoci ne-|
1- car boxam de; 14 cycl ohexyl 6-[ 2- (di net hyl am no)ethyl]- -

[ f

_- tf qh%cvc (I)];]r%%lvﬂ[;xﬂcarbonvl)-b

14- cycl@ tyI 6- [2 (d| rrethyl am no)ethyl] 7-0x0-5 >6,7
>8-t et rahydroi ndoI o[ 2, % a]0[2 5] benzodi azoci ne-1 1-carboxylic acid;

14-cycl ohexyl -5, 6, 4. 8- ydr oi ndol o[ 2 >l ] [2,5]benzodi azoci ne-|

1-car bow 6- IyI’: 1#2Ycycl ohexyl - 3- rret hoxy-5, 6, 7, 8- tetrahydroi ndo
lo [2, ] [2, 5] benzdli aZpei ne-1 1-carboxylic acid; 14-cycl opent yl - 6- [ 2-
(di met hyl am no~t hyl J-S. -tetrahydroindol oP,! - ][2,5]benzodi azoci ne-|

1- carboxylic acid,

14- cyclgxegxy[(iﬁ)_-hﬁ&qﬂ&meﬂglwg}@ glethyhbidne6, 7, 8-t et rahydr oi ndol of 2, | -

al[2,5] ge@\qg[%gm ne- 11-carboxylic acid; \ 3 gc\ ohexy\-5-nt y\ ,5,6
c\ xBhy<kof uwy, [\,4] azocmo[\, "- a]lndol e- 10-carboxylic aci d
15-cycl ohexyl - 6- [2-’{d| net hyl ami no) et hyl ] - 7-oxo-6, 7,8,9- tetrahydro-5
H i ndol o[ 2, 1- a] [2 6] benzodi azoni ne- 12-carboxylic acid;

adi cycl onexyl -8 oxqo 0ol & 001 ShAN BBy R ARRAU2H TPL] 2.5) Bbfeated a
-i ndol of78@ mﬁu)(Fw(I)M)SMmi@@ﬁ azh@ﬂdrié Catt b@x Whﬁmamr@waamred for 10 min
phar mactgluﬁ g%@ih{zé!%gﬁﬁﬁ ¥ 30bRiSAl dgy b THEREL @ IeA{) mm@pwa@ dadaalval hefch that

Conpounds _ descr | erein _can bé eval uaf ed different activitles
as t he @BintEmpl EERPpIRkreremaiesd a0 1 Gi e reﬂévng BEKUEOWangiTedi At y/8 An Ty HCV
repl i cat h@Renaedatediwivh e RO GRAMOURE Wil Hexk Waftérteddhéngiobm teS@eratfr@the

! i esdreBeg st PaSin g B2 4 B kg dldugt %3%%&55 108 EhEs SUeh

descri bedsHed |l OwinasdvitinH M andthealwith biinel ThBicoganannyS7&as dtiedl an@ 0@8vodatiles

I nter na&&%r}g}lmﬁgc# t%;éﬁméc??fé'fsfdﬁ@ttﬂa(? QraF thllg@'ﬁﬁc&p re\é]Q &g@@ésﬁp@@%ﬁbﬁ e fREQsEase

assay can be assa
buf f er _edleeiailig B 96 0C shniaEREShe §ike Gonmoungd (5§ as a colorless liquid. Pr MR 30

MHz, CDCL) 8 6.19 (d, J = 11.6 Hz, 1H), 5.85-5.75 (m, 1H), 5.02-4.92 (m, 3H), 2.08-2.02 (m,
2H), 1.94-1.88 (m, 2H), 1.46-1.38 (m, 2H), 0.18 (s, 9H).

Step 2: frans-2-pent-4-en-1-vicyclopropanol
OH

/«\/\/Do

A solution (0.45 M) of the preceding compound in hexane was treated with a
solution (15%) of EtzZn (1.2 eq) in toluene and the resulting solution was cooled in an ice bath.
Diiodomethane (1.2 eq) was added dropwise then the solution was stirred for 1 h before being
warmed to 20 °C. Pyridine (6 eq) was added and the shurry was stirred for 15 min then poured
onto petroleum ether. The mixture was filtered repeatedly through CELITE until a fransparent
solution was obtained. This mixture was concentrated at 100 mbar and the solution which
remained (that contained trimethyl{[(frans)-2-pent-4-en-1-ylcyclopropyl]oxy} silane, toluene and
pyridine) was further diluted with THF. The mixture was cooled to 0 °C then treated dropwise
with a solution (1 M) of TBAF (1.2 eq) in THF. After 10 min the mixture was allowed to warm
to 20 °C, and after a further 1 h was poured into H,O. The aqueous phase was extracted with
EtOAc and the combined organic extracts were washed with brine then dried. Removal of the
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NaCl, 15 % glycerol, 0.15 % TRITON X-100, 10 nM DTT, and 0.1 % PEG 8000.
NS3 and NS4A protease is pre-incubated with various concentrations of

i nhi bi t orwoi2n10DVES6f or 30m nutes. The reaction is initiacedskysasdihg t he
TRF peptide substrate (final concentration 100 nM. NS3 nedi ated hydrol ysis
of the substrate is quenched after 1 hour at roomtenperature with 100 mni
of 500 mM MES, pH 5.5. Product fluorescence is detected using either a

St o Yftaflks SRR, [LHOLORACLEIRE AL (T RIH helnlBLrabl g%%@o%@‘ ytical

Sci ence em SsSi a 400 ns

del ay. Feetnetglevorkan rafurmsisthetitgicomppent (7ébia pae coloriss ligued. SBITéMFe@Of)o
resul t ppRAcH@ENA 5. 8515%0(!&9 eyrelod éidl 9=(13/ B) @tz 11@1}3@ 94l6r & J\Aai@l@ﬂzam

derived_using a’s da e 0.t he
dortved U5 A2 4 u%ﬁaéﬁagﬁmq‘mm@pwm%fr@é Il f9<a,m>81 /
KV , Eons(lg7, (mwhene0.pSD.879nt, heD cnbossr al, 110 031 (spisdm al &£~ pSeIDszH{) n the
reaction and KMis the Mchaelis constant. See P. Gallinari et al., 38
Bl OCHEM 5620 32(1999) P. Galli narl et aI , 72 J . ViROL. 6758-69 (1998);

] 1,3-peq BEDTEE aligile (1996); Mao et al, Analytical
Bi ochemogtry 3'03 1-8, 2008 V Gener aI Corrpound Pr oducti on The pr esent

i nventi oncah ncl udes processes for making conpounds of formula (I). The
conpounds of ThePpresent invention can be readily prepared according to the
foll owi ng reastion schenes and exanpl es, or nodifications thereof, using

readily available starting materials, reagents and conventi onal synt hesi s

procedures. Int hﬁ%ﬁhﬂﬁﬂ?@ B9'R®oﬂrﬁethﬁ 3axln§ﬁ)1 PQ%‘I;Q&@ 1&92%&1&1&%%1‘ intm\é@erd' ants
whi ch are thenselves known |nar v rihs art. Oher
T

met hodsaEPuNapGals Agd Q&aﬁbmﬁ@@ﬁg han ﬁcﬁ éﬁwe ﬁ“W‘# ra BIPISIUEESFAS ent
to the perspRithirighodsd@(§.45 k) in dnd poltionait thawekilghg naktutdwad @irfed\/ﬂ)ﬂ‘l@s h.

ti h th i_abl
o o s B ARG amoVE TR GGl T it oS Eranbel G bl e
only t oeittaciedtwitt €HpGle themtbatorohinethdrghniss prlemcw:its@ed withéfring ané tldeh eBemoval
t al t I
RTINS o A i g R
Soc. mbar) then used directly in the subsequent step. MR ( 00 MHz, CDCIg) 83.79 (s, SH)
3.75 (s, 1H), 1.00 (s, 9H).

Step 4: methvl 3-methyl-N-({[{1R.2R)-2-pent-4-en-1-ylcyclopropylloxy}carbonyl)-L-valinate
and methyl 3-methvl-N-({[(1S,25)-2-pent-4-en-1-vicyclopropylloxycarbonyl)-L-valinate

0
%\/\/D\\‘O\\gﬁ\::)ko/
A~
A solution (0.45 M) of trans-2-pent-4-en-1-ylcyclopropanol in toluene was
treated with methyl 3-methyl-N-(oxomethylene)-L-valinate (1.1 eq) and then DMAP (1 eq). The
resulting mixture was heated under reflux for 12 h then cooled to 20 °C. H,0 and EtOAc were

added and the organic layer was separated and washed with IN HCl, brine and dried. Removal
of the volatiles afforded a residue that was purified twice by flash chromatography (eluent 0-30%
Et;O/petroleum ether). The first fractions contained methyl 3-methyl-N-({{(1R,2R)-2-pent-4-en-
1-ylcyclopropyljoxy}carbonyl)-L-valinate (38%) as an oil. MS (ES™) m/z 298 (M+H)"

The later fractions contained methyl 3-methyl-N-({{(1S5,25)-2-pent-4-en-1-
ylcyclopropyljoxy}carbonyl)-L-valinate (28%) as an oil. MS (ES™) m/z 298 (M+H)"
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791 (1999); H Scholl et al., 1 ORG LETT. 953 (1999); U S. Patent
Application Publication US2002/0107138; K. Furstner et al., 64 J . ORG
CHEM 82A50(0B¥A)566The utility of these catalysts in ri RGTAISO®OMEI1S
metathesis is well known in the literature (e.g. Trnka and G ubbs, 34 Ace.
CHEM RES. 18 (2001). The follow ng exanples serve only to illustrate the
invention and its practice. The exanples are not to be construed as
limtatj o ] : Lis rAbbrewatlons
Li st of2 SHEPEM 2 TE B3

1, 2-di chl or oet haneDI i i sopr opyl et hyI am ne DIVF d| met hyl for mam de DMSO

d| met hy i d\WEgEQf @i phenyl phosphi nof errocene Et2q di ethyl ether El OAc
et hyl acetate HATU <W7 azabenzotri azoI Uyl)-NN N "', N -tet rarret hyl ur oni um

hoxat ot opn2 S e Y P BB SN AP B o 1 ame, T
MeOH neyihmimroﬁﬂ@y@aarba@ﬂhhﬁmﬁnﬁailbhri TiBfE GF hbﬁ)iﬁﬂlz@azmltpeated with
1-y\-N, ﬂ@ﬂlﬁ}b’(ﬁ%ﬁf ATEHEY ha QI W ebf 31! UPLIRRMAL Gas cooled and concentrated to

half volume then diluted with EtOAc and acidified with aqueous HCI (1 N). The organic layer

was separated and washed with brine then dried. Removal of the volatiles afforded the title

compound (98%) as an oil. MS (ES") m/z 284 (M-+H)"*

Intermediates C

Intermediate C1: methyl (4R)-4-](3-chloro-7-methoxvguinoxalin-2-yloxy]-L-prolinate

hvdrochloride

Step 1: 6-methoxyquinoxaline-2,3-diol

O\.
N ™

Ho/ﬁ\f'\'

OH

A suspension of 4-methoxybenzene-1,2-diamine dihydrochloride in diethyl
oxalate (8 eq) was treated with Et;N (2 eq) and then heated at 150 °C for 2 h. The mixture was
cooled and filtered, and then the collected solid was washed with H,O and EtOH. The residue
was dried to give the title compound (69%). MS (ES™) m/z 193 (M+H)"

Sten 2: 3-chloro-6-methoxyauinoxalin-2-ol

-15-



TFA trifluoroacetatic acid THF tetrahydofuran Fl ash Chromat ography
Purification using Biotage Horizon using silica gel cartridge and specified
nobi | e psieeogradicent HPLC Aut omat ed mass or UV tri gger @dThisginopswvidr mance
l'i quid chromat ography using acidified MeCN and H20O gradi ents as nobile
phase MHz Megahertz Synthesis of Internediates Internediates A Internedi ate
# Structure Nane Lit. Reference Al ( | ,25>-Am no-iV- Wang et al,

(cycl opropyl sul f Oﬂysl%m%? é{@ %)90%%:%2&10%&&)){1'1&%%99 @Ocﬂéﬂﬁ%’rh?%%fﬂe‘lf‘ed with

hydr ochl ori del nt er e

3- met hvSOLU-({ lepi) niddmatediat hERTC A Afier {45 dvibe sqsetipry Mo wasrdoelpdmnd wanied ntst ep
1 [ (] E&Q?f&oﬁsaHél 1dN)°~ nﬂl;e MY GlebipfBic VS HediBarf waihed R Hz@ a'éldl\mz@f"rhe

but enyl n SI um mde i.n s treated

cu( 1) Br drig (cenf@z;w@@yedgﬁan%wmbf( tz&@zw%s@un Raarintr Bilids otirred for 10
mdg Ejhexfileﬁlos mnﬁox@nnf %;Bt -1 ofd E&ﬂﬂihﬁjlrﬁ—&m&theﬂ%qtﬂmﬂiaﬂ%qmg Blgl&ﬁr)ai WBSG isfdrelgcwas
adde suc a rNa rature remai ned bel ow - :
The resﬁlfﬁaiﬁénmefflg?e@u‘\?’l%g egtqu@? g’{z’/zjfgr@%l or 2 hthen treated with

excess Et N and diluted with hexane. After reaching roomtenperature the

, gr d H9Rne-

TWaS W rine.” The
or gani cl Qﬁi&@ﬁfb@/?ﬁ"’catﬂrl ed and the volatiles were renoved to gi ve a residue
that was distilled un Peduced pressure (20 nbar). The fraction collected
at 80-86 0OC containe title conpound (58% as a colorless liquid. | H

NVR (400 Mz, cbd 3) d 6.19 (d, J = 11.6 Hz, IH), 5.85-5.75 (m |H),
5.02-4.92 (m 3H) c-2-¢8-2.02 (m
0,

L~
e Ky

A solution (0.35 M) of 3-chloro-6-methoxyquinoxalin-2-ol in NMP was treated
with Cs;CO; (1.5 eq) and 1-fert-butyl 2-methyl (28,48)-4-{[(4-
bromophenyl)sulfonyl]oxy}pyirolidine-1,2-dicarboxylate (1.1 eq). The resulting mixture was
stirred at 50 °C for 18 h then a further portion (0.1 eq) of 1-tert-butyl 2-methyl (25,45)-4-{[(4-
bromophenyl)sulfonyl]oxy}pyrrolidine-1,2-dicarboxylate was added. After stirring for 2 h the

CO,Me

mixture was cooled and diluted with H,O and EtOAc. The organic phases were washed with
aqueous HCI (1 N), saturated aqueous NaHCOs and brine. The dried organic phase was
concentrated to a residue that was purified by flash-chromatography (0-60% EtOAc/petroleum
ether) to give the title compound (35% for two steps) as a solid. MS (ES”) m/z 438 (M+H)"

Step 4: methyl (4R)-4-[(3-chloro-7-methoxyquinoxalin-2-yloxvi-L-prolinate hyvdrochloride

A solution (0.62 M) of 1-fert-butyl 2-methyl (25,4R)-4-[(3-chloro-7-
methoxyquinoxalin-2-yl)oxyjpyrrolidine-1,2-dicarboxylate in CH,Cl, was treated with a solution
(4 M) of HC1 in dioxane (5 eq). The mixture was stirred at 20 °C for 2 h then treated with a
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2H), 1.94-1.88 (m 2H), 1.46-1.38 (m 2H), 0.18 (s, 9H). Step 2:
/ro/lty-2-pent-4-en-1-ylcyclopropanol A solution (0.45 M of the preceding
conpound WO 2bxEmn®sewas treated with a solution (15% O BCTArS2402/0209¢%) in
toluene and the resulting solution was cooled in an ice bath. Diiodonethane
( 1.2 eq) was added dropw se then the solution was stirred for 1 h before
being warnmed to 20 0C. Pyridine (6 eq) was added and the slurry was stirred
for 15 n.th o) . opt o rIe The m xture.was fjltered

t opeat g dab RENP oGP TS 0 MRS e reotlh Wik biebL S DRl Andehe 1

m Xt ur emidsre GaR contehatied uaﬂerk@@mﬁ@resand Theresolue twae tritwhitahwitk kRiChedzita hat
cont ai 4 yg@hopropyl ] oxy}sil ane,

t ol uengt%an pyr%)gllyrlﬁi{e(%g@ §F$%§3§{Bﬁ % F. The m xture was cool ed

to 0 OC then treated dropvmse vvlth a solution ( 1 M of TBAF ( 1.2 eq) in

THE. Affeim] ﬂﬁ@%@ ﬂo@ m&gug{@mﬁ&lﬁﬁsg@
' S extracte Et OAc

further
“ne then dri ed.

and t hedieselils ; vl 3y 25l

Renoval m@fhatnhesv&é;ﬁ*obhas 1@ﬁmgmohadid@ofaasazdu@ldﬁmawﬁo wRthladidoxafih-&s h
Q- her fu nlshthetltle

chromatra f

conpoun¥{ ’5 RO E s - ¥ £d 5.85-5J5
(m IH, 5.00Cd:| , 1. , IH) 4.94(br : :10.4Hz, IH), 3.20
(apparent dt, J = 6.4, 2 , IH), 2.10-2.04 (m 2H), 1.52-1.44 (m 2H),
1.29-1.19 (m IH), 1.15-i, (m IH), 0.95-0.87 (m IH), 0.71-0.66 (mIH),

0. 31 (apparent g, J 6. Step 3: nethyl 3-nethyl

-1 /- (oxomet hyl eneVL- aI| u‘t'u@n (0.39 M of nethyl
3-nmethyl-L-valinatgin a Tsat urated aqueous NaHCO and CH2d 2
was cooled in an [ @ath aH t;s%%\‘*rapl dly. The mixture was treated with
tri phosgene (0. 45 e@ gortioen and the resulting m xture was stirred
for 0.5 h. The reactio iluted with CH2C 2 and the | ayers were

separated. The aqueous pha was extracted with CH2A 2 then the conbi ned
organi cs were washed with brine and dried. Renoval of the sol vent gave the

title cg{gngund !ai%cl &R ﬁlzt“wahgug_ fenm%tn i ,_nbar)
then us f

\
(s, 3H)(4R3-47B3{ckh nethox) i -L-prolinate

/

’RBMOR
H N Y

A solution (0.2 M) of methyl (4R)-4-[(3-chloro-7-methoxyquinoxalin-2-yloxy]-
L-prolinate hydrochloride in DMF was treated with 3-methyl-N-({[(1R,2R)-2-pent-4-en-1-
ylcyclopropyl]oxy }carbonyl)-L-valine (1.1 eq), DIEA (5 eq) and HATU (1.2 eq). The resulting
mixture was stirred at 20 °C for 3 h then diluted with EtOAc. The organic layer was separated
and washed with aqueous HCI (1 N), saturated aqueous Nal{CO; and brine. The dried organic
phase was concentrated under reduced pressure to give a residue that was purified by flash
chromatography (eluent 10-30% EtOAc/petroleum ether) to furnish the title compound (96%,) as
an oil. MS (ES™) m/z 604 (M+H)"
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Step 4 : nethyl 3-nethyl - -(If(I ?

2J7?)-2-pent-4-en-1-ylcvcl opropyl ] oxy) carbonyl)-L-valinate and net hyl

3- et hyl -Woo10iq11566 2SV2- pent - 4- en- 1-yl cycl opr opyl | oxy} pcanuseonplosioival i nat e
A solution (0.45 M of /r<ns-2-pent-4-en-|-yl cycl opropanol in toluene was
treated with nethyl 3-nethyl-N (oxonethylene)-L-valinate (1.1 eq) and then
DVAP (1 eq) The resul ting mxture was heated under reflux for 12 h then
cool ed 0.9 ) |

separ at&8R2-4nd ' j 6 & tte=vol ati | es
af f or de(dRa~4F{é‘snmﬂ&)xwmv1nm1mahri L’Ze/di)okvq beard)iwaftet ash chr onat ogr aphy (el uent
0- 30% Et 20 petrol eum et her). fDI\I’St fractions contai ned nethyl

3-methyl -N-({[(li?,2i?)-2-pent enl - yl cycl opropyl ] oxy}carbonyl >L-val i nate
(38% as an oil. M (ESt) 298 (M+H) + The |l ater fractions contained

met hyl 3-nmethyl -N-( ( | , -pent-4-en- 1-

yl cycl opropyl ] oxy} carbonyl)-lLavalinate (28% as an oil. M5 (ES') mz 298
(MtH) +Step 5: 3- “N-([( J?V2-pent -4-en- 1-ylcvcl opropyl | oxy
carbonvD- L-val i ngg;h—'ys%tl on, (@ of methyl 3-nethyl-LK{[(I/7?,2
>2-pent-4-en-1ylcyclop NO }owbonyl) L-valinate in 2:1 m xture of
MeOH H20 was treated vmth KPO (4 eq) and then heated at 60 C for 4 h

The m xture was cool ed and entrated to half volune then diluted with
Et OAc and acidified with aqueous HC ( 1 N). The organic |ayer was
separated and washed with brine then dried. Renoval of the voI atiles

af f or ded the titl& sebyien(hd Nlbsbmethyl %W@&WN MECIRER )y 2-ent-2 8o 1 ¢ Mk H) +

22}?)5” ZE k EI)EVI EﬁFﬁﬂﬁ}-Eﬁ@ yl- (ﬂ@)—h‘é{ 3-chloro- %methoxyqumoxalm— Doxy] ‘LF;I g
0 O- et nol nJnoxal, C oride

St o 1 DiSTAE MO IH O SO ES L ROk pERED RS caf b el 2fing

4- et hgé@yﬁJ&DZ%e-rés,uRﬂ@irﬁimtmev&sﬁyghsm&dhﬂmnl?déﬂj(dpm) EHhY1, addalt40.¢ e(Bwas) Was

treate

cool ed % F? 8}%&1 gn&jtﬁgge]reggﬁi%gt lggle& %801%1 {&{Ooai &ng g&%g‘ﬁﬁi‘g{é&e
Et OH. Thiéh &é@i a:ndéztﬁm éﬁheémgatn@c pflage wah sepatatede V@@hﬁﬁdumwém briggsthepgaipd, n1 z
193 (M-pllonhi &R ufe vo?ratﬁég a(}‘f“&d&t arﬁ%iaaé Yy wans@ﬂlﬁé&%f ﬂésﬁ Hebithtb@apkl BB of

6- met hoxyqui noxal i ne- 2, 3-di ol DMF was treat
E &Ac/petroleum ether) to gwe the title compound as a yeﬁow\%ﬂoam that was used directly in the

subsequent step. MS (ES") m/z 595 (M+H)"

Step 3: methyl (1aR.55.8S.10R,18E.22aR)-5-tert-butyl-14-methoxy-3.6-dioxo-
1.1a,3.4,5.6,9.10.,20.21.22 22a-dodecahydro-8H-7.10-
methanocyclopropal18.19111.10.3.6]1dioxadiazacyclononadecino{11,12-blquinoxaline-8-

carboxylate

A solution (0.02 M) of methyl 3-methyl-N-({[(1R,2R)-2-pent-4-en-1-
yleyclopropyljoxy}carbonyl)-L-valyl-(4R)-4-{(7-methoxy-3-vinylquinoxalin-2-yhoxy]-L-
prolinate in DCE was heated to 80 °C then treated with Zhan 1 catalyst (0.15 eq). The resulting
mixture was stirred at 80 °C for 1 h then cooled to room temperature and concentrated under
reduced pressure. The residue was purified by flash chromatography (20-50% EtOAc/
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S 2 ( 1 eq) and heated at 110 C. After 1.5 h the reaction m xture was
cool ed and poured into aqueous HO ( 1 N). The resulting precipitate was
filteredwodowzdhsd wit h H20 and Et 20 The dried solid ®OmMUS2000M50915

predom nantly the title conmpound as a m xture with 6-

met hoxyqui noxal i ne-2, 3-di ol and 2, 3-di chl or o- 6- net hoxyqui noxal i ne. This
material was used directly in the subsequent step. M5 (ESt) mz 2 11 (MH) +

Ste o
( 25, amypdielt oo e TR S srmona G A S TR gL PPN (L v 567

, 2-di c@dHdXyl ate A solution (0.35 M of 3-chl oro-6- met hoxyqui noxal i n- 2- ol
|n NVP was treated with Cs2C33 (1.5 eq) and 1-terr-butyl 2-methyl

(2S,4S>4-{[ (4- bronophe g;l&sul f.on I]oxy} pyrrol i d| ne- 1, 2-di carboxyl ate
(1.1 eq¥tep Fhmehyb(laRi 180 R 42eR hnerersbity}- sdtmethox 8018 h then a further

portiong (93 £6h. 19f18h9rw21-M%Lte§ad@§1mdr0182197 4@) 4 {[(4-
adde After

br omophenyT ) sul f onyl g:&t é[gg
stlrrlrﬁé—ééw—{ﬂﬂl% t OAc. The

or gani ccaphas®ae were washed with aqueous HC1 (1 N) saturat ed agueous
NaHCO3 and brine. The dried organic phase was concentrated to a residue
that was purified by flash-chromatography (0-60% Et OAc/ petroleumether) to
give the title conpound ( or two steps) as a solid. Ms (ES) mz 438
(MtH) + Step 4: methyl ( 3-chl oro- 7- met hoxyqunoxdi n- 2-

| )oxy[-L-prolinate hydroghlpride A solution (0.62 M of 1-terf-butyl
2-methyl (2S, 4R) - 4/7(3*Ch 7or o- 7-

met hoxyqui noxal i n{2-yl ) oxy] pyrrolidine-I,2-dicarboxylate in CH2O 2 was
treated with a solwution ( of HO in d| oxane (5 eq). The m xture was
stirred at 20 C f @ated with asolution (4 M of HO in dioxane
(2 eq). After 5 hith& rgactli ommeas judged conplete and the mixture was
concentrated under reduced pressure. The residue was triturated with Et20
to give the title compouwfd (95% as a solid. MS (ES) miz 338 (M+H)+
Exanpl e 1; Potassium

(r(rrus>- I-((KI arR'S, 8S. 101 L22aR>- S-tert-butyl - 14-met hoxy-3 6- dioi QI ,l a

.4 .6 9.10.18.19 3%0%10320 DRaf} ErhabEqas g8 BSSIHR(1 SH)22aR )-5-tert-butyl-14~
met haDocy

r,o
5 6101 oRAUrRPACT ROk foLA0 A2 b2 diers S T4% bon g
| }am nomeﬂrambayxtloq;gapa[t&g,‘rﬁjtﬂgl(] 3.6 fii d(vad iplz ey inopadspinb 1 lglﬂ—blqngpaalam&le
carboxylate in MeOH/dioxane (1:1 ratio) was treated with Pd/C (8% in weight). The resulting
mixture was stirred under atmosphere of hydrogen for 4 h. The catalyst was filtered off and the

filtrate was concentrated under reduced pressure to give the title compound (98%) as a solid. MS
(ES) m/z 569 (M+H)"

Step 5: (1aR.55.88.10R 22aR)-5-tert-butyl-14-methoxy-3,6-dioxo-
1,12.3.4.5.6.9.10.18.19.20.21.22 .2 2a-tetradecahydro-8H-7,1 0-
methanocyclopropal18.191{1.10.3.61dioxadiazacyvclononadecino]11,12-b]auinoxaline-8§-

carboxylic acid
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Step 1: nethyl

3-nmethyl -N- ({[(I R 2R) - 2- pent - 4-en-1| -yl cvcl opropyl | oxyl car faonyl >-L-val yl -
(4R) - 4- [ (\Sochicameseé- net hoxyqui noxal m 2-yl ) oxyl-L-prol i maTas2omsobests on (0. 2
M of nethyl (4R)-4-[(3-chloro-7-nmethoxyquinoxalin-2-yl)oxy]- L-prolinate
hydrochl oride i DMF was treated with

3-methyl -N-({[(I R 2R) - 2- pent-4-en-|yl cycl opropyl] oxy}carbonyl)-L-valine
(1.1 eq), D EA (5 eq) and HATU (1.2 eq). The resulting m xture was stirred
at 20 Cfor 5 h then diluted with Et OAc. The organic |ayer was separated
and washed with a#uebtion CL M) of mhthyldheR58188d! ORRiaBIS - IREHO0 difdmbibiong 3,.6The
dri ed Oélggggﬁa%h@i% SRELEANSERE, Q@%@QE@@@@@&&@L@%@ jpressure to give a

resi due {g)r ronat ogr a ﬁel uent 10-30%
ARSI AR B U I L o T
(ES) ndagp td M) ShigRureof HE{DHHF was freated with LIOH.H;0 (3 eq). The resulting

e kb on SRR e St o, .
M of nef0nd. Bh Jmu: phbse (s |sEpaRRpd, 2vshat wmuaqudo;asm|(mprmpmq brine then
OXy} Car%%g[‘ygs f/ﬁl iﬁghré gfgf%reg ML ngﬁagagw £ox 1 g@gﬁg s§5pr ol

inate i eatred Wt assium |ny orat

and tri@dhi)am ne (1 5 eq). The resulting nmixture was degassed, then

PdC 2(dppf) - CH2A 2 adduct (0.1 eq) was added. The m xture was heated under
refluxfor 1 h_then cooledto roomte f ; vmthHOand
Bt OAc. SB 65(aR1SSHEMR 32 8RS N B 2Skda , |

dri ed. &Wj ZQEH‘,IIMIO&J)ML b&ﬁne@f&x@(ﬂ@dm&oﬂ%& 31@6 6,91&0 1&&9 mmmm by
];lofr;gucr Oet n 5 L7, _u s.‘o :3;5._;: ] gr())(alzag'nnctl i f 12-
(ES+) nibub®sal arbStamdsd: et hyl
ri aR 5S. 8S. 10R. 18E. 22aRV5%ut yl - 14- met hoxy- 3. 6-di oxol, la.3 L

C

5,6.9.10.20"1. 22. 22a- dodeg dro-8H 7, 10-

met hanocycl opr opa[ 18J9i nT 0y 3, 6] di oxadi azacvcl ononadeci no[ |

| J2- b1qui noxal i ne-8- ca V¥l ate A solution (0.02 M of methyl
3- net hyl - N-({[(I R 2R>2-'pert, - 4- en: Iyd)ccycj)opropyl]

oxy}car bonyl ) - L- val yli- (4Ry=@=\{ 7N 0\6%3 vi nyl qui noxal i n- 2-yl ) oxy] - Lprol i
® %N%oo i

A solution (0.1 M) of (1aR,58S,88,10R,22aR)-5-tert-butyl-14-methoxy-3,6-dioxo-
1,1a,3,4,5,6,9,10,18,19,20,21,22,22a-tetradecahydro-8H-7,10-
methanocyclopropa[18,19][1,10,3,6]dioxadiazacyclononadecino[11,12-b]quinoxaline-8-
carboxylic acid in CH,Cl, was treated with (1R,28)-1-{[(cyclopropylsulfonyl)amino]carbonyl} -
2-vinylcyclopropanaminium chloride (1.3 eq), DIEA (3 eq), DMAP (1.5 eq) and TBTU (1.45
eq). The resulting mixture was stirred at 20 °C for 18 h and then diluted with EtOAc. The
solution was washed with aqueous HCI (0.2 M), saturated aqueous NaHCOj3 and brine. The
organic phases were dried and concentrated to give a residue that was purified by flash-
chromatography (eluent 2.5% MeOH/CH,Cl) to give the title compound (89%) as a solid. °C
NMR (100 MHz, DMSO-dg) 8 172.32, 170.63, 169.04, 159.86, 156.95, 154.74, 148.10, 140.41,
133.55 (2 signals), 128.94, 118,21, 117.58, 105.89, 74.88, 59.75, 58.71, 55.68, 54.13, 54.01,
40,13, 34.49, 34.04, 33.76, 32.68, 30.71, 30.43, 28.55, 27.69, 27.28, 26.38, 21.98, 18.49, 10.67,
5.69, 5.46; MS (ES") m/z 767 (M+H)"
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in DCE was heated to 80 OC then treated with Zhan 1 catalyst (0.15 eq). The
resulting mxture was stirred at 80 Cfor 1 h then cooled to room

t enper at Wwe 2ardbicacent rat ed under reduced pressure. TheCrasz@O50925
purified by flash chromat ography (20-50% Et QAc/ petrol eumether) to give the
title conpound (25%for 2 steps) as a foam M (ESt) mz 567 (MtH)+ Step 4
. methyl a aR 5S. 8S. 10R 22aRV5-tert-butyl - 14- net hoxy- 3. 6- di oxol .
Ia34569101892. 2 rearo-H—.O-
rrethan ’:."' asclatl LS '\. S"’ ‘* '5: \; ‘!..“ ANV A i!".!

12- b] CIUIJ@Xﬁlﬂ,@%8,189&1@@@21 ma&eﬁ?acﬁaﬁhmtdt@BH(’m(QS M of et hy|
0 Onr : Az nonad i

Il.

2- b]qU|noxaI|ne 8 carboxy 3 -*4n N@C}leoxane (1 1 ratlo) was treated W th
Pd/C (8% in weight). The r lting mxture was stirred under atnosphere of
hydrogen for 4 h. The ca¥alyst was filtered off and the filtrate was
concentrated under red pressure to give the title conpound (98% as a
solid. M5 (ES+) mlz 5 (NHFD+ Shepo o ol | aR SS.8S 101 22aRVS-tert

- but gl - 14- et hoxy- 3. 8- di oxgt— -4

la.3.4.5.6.9.10J8,¥970"NU2" i1 @%H\ﬂ?o 8H 7. 10- net hanocycl opr opaf
18.19 1f1.10,3 . I oRadi az é dﬂo adeci nof 11,1 2-blqui noxal i ne- 8-

car boxylic aci dA solut é%gg met hyl

(I aR, 5S, 8S, 10R, 22aR ) - Q-térkrbutyl 14 nmet hoxy-3 6- dioxo- 1,1a,3 ,4,5,6,9,
10, 18, 19, 20,2 1, 22, 22a-tetradecahydro-8H 7, 10- nethanocyclopropa[ 18,19] [
1, 10, 3, 6]d|oxad|azacyclononadeC|no[I 1, 12- b]qU|noxaI|ne 8- carboxylate in a

1:1 mxture O H @H&ﬁemg\& F8RHETWAN kerkh OO 43 tﬁa}esulmg sbRSiBh (0.02

and. G | bR Gt GPRIRd . AT t&ndgﬁﬁﬁwﬂa%rg sk s Sl B RER bt
aqueoustohted fdrBraBolbi @@?cllpttme Thbexixaid @ds stiRadow a0 °Offot teeh viedhahé el vedsf or ded
the tit] colleé t%%y%tratgon ?}us mataerialowas Waslgsd (NEE[S{@‘[OH FndPRRd W l_xpe the title

compound (93%) as a white crystalline solid. MS (ES") m/z 767 (M+H)"

Example 2: Comparison of Different Compounds

The compound of Example 1 was compared to the compound of Examples 110
and 118 of WO 2008/057209. . The results are shown in Tables I and 2 below. As illustrated in
the tables and the discussion of the results, the compound of formula (I) appears to have several
advantageous properties compared to both the WO 2008/057209 Example 118 compound and
the WO 2008/057209 Example 110 compound.
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Step 6:

| aR 5S.8S. 10R*2aRV 5-tert-butyl

[ (cvcl opropyl sul f onvnam nol

car bonvU-wovnrwdicisel opr opyl >- 14- net hoxy- 3. 6- di oxo- |
N1n272at et radecahydro- 8H- 7,

-N-(f 1RI2SVI-

QJ"| di oxadi azacvcl ononadeci nof 11.12- bi qui noxal i ne-8-carbo cam de A

solution (0.1 M of (laR 5S, 8S, 10R 22aR)-5-tert-butyl

1,1a,3,4,5,6,9, 10,18, 19, 20,2 1,22, 22a-tetradecahydro-8H 7, 10-
met hanocycl opropal 18,19] [1, 10, 3, 6] faxédi azacycl ononadeci noJ |

1,12-b]quinoxa|ine 8-

carboxylic acid in CH2A 2 was treated wth

| a. BCH[B2@995m05 18J9, 20
10- met hanocvcl opropaf 18. 191 LI

- 14- met hoxy- 3, 6- di oxo-

um

nd
Of

(I R 29—+ -(eyet-optapy-st H-ant-n nytF=—2=vimnyl a1
chl oriide (1.3 eq), %p%g ? Z%;‘?{y F&éﬁﬁéigg) and TBTU Pf%S‘/”f‘iB#
resul ti-pg—mi-xt-ure % ed-at ”“ ’)C for-18 h ane-thei tiited i
Et OAc.| SHRET®0| uti gn was was d with aqueous (0.2 M d aqueou
NaHCOiand brine. The o phases »w%mmwand con et to give a
residye that was pucsTied fl ashchr y (el uept/ 2. OH CHz2d 2
to give the title|co 8% . as a §6H (OO Mtz . DVBQ-£2) d
172.32, 170.63, 169. %QN 156. 95 %% | 12611 YMEEYRE (2
si gnal s) 128.94, 118.21, 117358, 105. 89 74.889 59 58. 71, 55368,
54. 13, R 14033, 34749,34:04,3%: 3276830771 3043, 28.55;
27. 69, Igi]:bé% 26. 38, 21.98, 18.49, 1(.67, 5.69, 5.46; M5 (ES+) mz 767
( M+H) 4 ot 4ss4 <
UIR 2 é é@'%@lﬁ%ZaRVS- tert- t?uot'{g/llé-n:%- nct f aoxyr 30%}}%}1151)(0_
1. 1la. ”‘. 19202 1-2222atefgadecahvdro=8 0=
met han% Tonpr opa[ 1@?19] [1,10,3 . jlc?Ii f(’)ﬂgadi azacycl onong ]e\%.l nof
11. 12- nocal i{n-8- vicarbonyl am no) 2-vinyl cycI opropyl ] carbonyl
(cycl | oul fGi"yraLalli de—The—precedt ug materiat—wasT takenmup i ErOH 7]
there dt.j,qn .025 M was toOOC A on(O 02 M
erf- E *tgkq) |8% E{ was added ng%d* ng to the for §'gtulwo‘n of a
preC|pu HER P4 e "'he A-u-e—was—sti-F-etat—20—8€-For—18—hi-then—the—solid-—was
coIIec B’ f||trat|on This materi al washed vmthE% and dried to
gi ve t %W(QS% as a wWhi 2t7§a ystal line sofPd™ M5 (ES+) m z
761 (I\pros) 2: Comparison of Different Conpounds
Dog Plasima
AUC 3@5_mpk 10.9 uM.h 48.6 uyM.h 1.0 uM.h
per o8
Dog Liver
Concentration Not Available 120 uM 33 uM
@ 24h (Smpk
eros)
Covalent Rat @ 6h Rat @ 6h Rat @ 6h
Protein Binding | plasma =BLQ, plasma=1L0Q, plasma = BLQ,
In Vivo' liver=30+3pmol/mg protein | liver = LOQ liver = BLQ
Physical Potassiom salt does not Potassium salt does not Potassium salt
properties’ disproportionate in solution. | disproportionate in disproportionates to
solution. crystalline neutral form in
solution

Ki: Inhibition constant, reference to < 0.016 nM indicates that the observed activity is less than 0.016
nM, the exact amount less than 0.016 nM was not determined by the assay; EC50: Effective
concentration achieving 50% viral replication suppression; gt: Genotype; AUC: Area Under the
plasma concentration/time curve; LOQ: Limit of quantitation (3 pmol/mg); BLQ: Below limit of

quantitation.

Formula (I) Compound Compared to WO 2008/057209 Example 110
Advantageous properties of the formula (I) compound versus the WO
2008/057209 Example 110 compound are the following:
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The conpound of Exanple 1 was conpared to the conpound of Exanples 110 and
118 of WO 2008/ 057209. The results are shown in Tables 1 and 2 bel ow. As
i1l ustratwo 20n/aiindset abl es and the di scussi on of the resecrasS2abeseesrpound
of formula (1) appears to have several advantageous properties conpared to
both the WD 2008/ 057209 Exanple 118 conpound and the WD 2008/ 057209 Exanpl e
110 conpound. Ki: Inhibition constant, reference to < 0.016 nM i ndi cat es

e N
concentrati o) bhineacokigebOptodila ialrats éplldvaiag ladmzrsﬂmmoeeﬁ ﬂmrpotegszunmﬁomybe;
AUC. Al U t /t L Limt of
guant i [:'?l o%egléﬁ%@ggb%ﬁﬂ%sv : |Onm tI g;a aﬂ;xfl tatalgon | rI?or m(jl a (1)
Conmpound Conpar edTlﬂQ)dl WPWS@&W@@@W%%@&U@@6?1@3Péﬁttqnes of
tﬂe ]folraltﬂal aenﬁhl)strmp RElforRhsUE) %&@Mﬁd%@%&%g@ﬁ{é \E@ammlst 053160 Emgf anqlo are
e follown ropert.ies i.S orti n for
ConpourtPPAoudy e HeR o] pott B BRangtisn 1Re De copruR I eopowi bR st s
adm ni séft a8 bbbt tthwLtha“sm ofiths dldmpoand oBExi:mplerl iatveatgre tAlthoggim)hed&kpeadur e.
e HFRERIREWRIIRERED BRaAEE ARCLEBMAT hat AMARhAGRANS shlbutIB 7

f ormul ati’on and admi ni ion the

WD 2008m@57120 heRommoniad g dissplyed drdpromléwnat@ktqgwe apws@aiwmﬁmqm&ﬁ%n
for theyhh ;ﬁ'aé ﬁm(é ueﬁmﬁt gg@feb%g%gs @h@tléc‘krbf(ﬂhs %e&vq@/fm thefc

salt formo ound ter. u}%J t he K+ salt form
of the Ydsr0uBs & seaw@cae @ z%m&mﬁdt gyl eRPABREDSes ol ubi ity
(9.7 ”}Jédﬁqhistﬁdﬁ&l Qxﬁiﬁé@fﬂt&d?ﬁﬂﬂpﬁ)v&ﬁ §ﬁa3hme@k1ﬂ¢tﬁ:mr@mnés asrrlaiﬁ?sedn@ Tgbled (@lasma
crystall tterionic.for i s_J ow agueous sol ubi |

ol i 3. Arhenfler Sroiiedon g Ab] G157 EPET peSa AP 1T SaP S et ol s0ths an
unexpecisedvatdageotiaipe thaseldcsion of sai¢ atd dhicioousplracniae ese inche tredmen ot ration
and resb%&{% in inmproved pharnmacokinetic properties as reported in Table 1

(pl asne and 1iver exposure for rat and dog). High plasnma and |iver
exposure in preclinical species is advantageous for the selection of safe

and ef f FGAGIQYE ARSI Conpesed D WOHS0DSBS B xaipldpld ent s.
An observed advantage of the compound of formula (I) compared to
WO02008/057209 Example 118 is its resistance profile against different mutant enzymes. In line

with data from clinical studies with antiviral agents from related classes (e.g. HIV protease
inhibitors), and also from studies with HCV NS3 protease inhibitors (e.g., VX-950, telaprevir), it
is expected that viral resistance may develop in response to treatment with the current
compounds. The compound of Example 1 showed improved enzyme affinity (Ki) against
different mutant enzymes that are known to confer resistance to HCV NS3 protease inhibitors.
Table 2 summarizes activity against different mutant enzymes. Thus, an advantage of
compound 1 may be an increased barrier to the development of resistant virus when administered
to patients. It also provides the potential advantage to treat patients who have failed other
therapies because of the development of resistance, since compound 1 may inhibit this resistant

VIrus.
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Formula (I) Conpound Conpared to WO 2008/ 057209 Exanple 118 An observed
advant age of the conpound of fornula (I) conpared to WX008/ 057209 Exanpl e
118 is itwornesvEtsmice profile against different nutant eoTyUse®9/05091%i ne
with data fromclinical studies with antiviral agents fromrel ated cl asses
(e.g. HTV protease inhibitors), and also fromstudies with HCV NS3 protease
inhibitors (e.g., VX-950, telaprevir), it is expected that viral resistance
may devel op in response qenq Wt h the curre t. conpounds. The
conmpound of Exanple 1 shkewed Fedie i y—€ Ki ) agai nst

di fferent nutant enzynes that are known to confer resi stance to HCV NS3

2&255@2?' 'Tﬁl%'ss%fxﬁ;id% ageDRe o haee | Ohes gD TR e ises Tollbsdy | o
the deve ﬁgnt} Z A e(? §tc1ntg‘}i§rus %gn adtm')gl stegﬁg o) Qﬁﬁ ent sg 1ht Al so

provi des ad\ nts who h:nln f-ai-l-ed-et-her

t her api es &gﬁ@y@e qf Gh@ devekgpnent). 19f re@;_ja,§tcmcg555| ncelgorrpouo_d,zl may

i nhi bit thts—+teststiant—vitus—1tConparattve dataicottected—Tn—thesanme—tun of
the enzyne assays Hurther |expected advantageousg properties of [the formula
(I') conpound versuy tTheé 20087057209 txang)l €110 conpound Tncl ude the

f ol | owi ng; 1L$HIBAW i |nAV&D | cOVAPENt ABPOYI NG 5dhd BY SR gh Tol B8hal BddoNi ver
exposure,| The form ) |co und s fiou to have very, od c | ent
bi ndi ng mEW ¢dh rgQ:é isti’¢s ahd phar ma@&li ﬁﬂ? rbperties g\nﬁpd on
observed ¢ i Navj vo ar ohln tg c propeartiles t he
Exanple 1 8}{“&“““ ﬂnﬂwgu WO 2008/ ug.,_ 9 @gwp' eq4918 :srrggu.. - *O%fg f-or mul a
(1) conpoundldwipaﬁatgmdﬁua@ahédt@d ingh¢ eameé rnunwifilee @oymkeesdaybi ndi ng
characteristics and pharmacokinetic properties . Conpounds which covalently
bind to proteins, or which formnetabolites that subsequently becone

coval ent|y bound Futher otpsicied adpotagsoiapiopergiey ef the sermuda o vemnpeungwenius than

pat | entwephedy @0 EARbRY63bmbBHCinkh a8 1BMIaLAM: by antibody responses to
t he drug-pr ot el.n conj ugat her 1diosyncratic toxicities. (See Chem

Res. Toxi coll) bowsnr vivp, cogal’%t l)lndmg, and
2) High plasma and liver exposure.

The formula (I) compound was found to have very good covalent binding irn vivo
characteristics and pharmacokinetic properties. Based on observed covalent binding ir vive and
pharmacokinetic properties of the Example 1 compound and the WO 2008/057209 Example 118
compound, the formula (I) compound has significantly better in vivo covalent binding
characteristics and pharmacokinetic properties .

Compounds which covalently bind to proteins, or which form metabolites that
subsequently become covalently bound to proteins, potentially give rise to adverse events in
patients such as immunological toxicities mediated by antibody responses to the drug-protein
conjugate, and other idiosyncratic toxicities. (See Chem. Res. Toxicol. 2004, 17, 3-16.)

The compound of Example 1 showed undetectable binding to plasma proteins
following oral administration of a single 20 mg/kg dose to rats. (See Table 1.) Under analogous
conditions, the WO 2008/057209 Example 118 compound demonstrated detectable binding to rat
‘liver proteins (see Table 1), and therefore may be considered a less advantageous compound for
administration to human subjects than the compound of formula (I).

Table 3 provides some additional ir vive covalent binding data observed for
related compounds from WO 2008/057209 that contain the (R,R)-trans-2-alkylcyclopentanol
moiety incorporated in Example 118.
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The conpound of Exanple 1 showed undetectable binding to plasnma proteins
followng oral admnistration of a single 20 ng/ kg dose to rats. (See Table
1.) Underwarnaloogoiss conditions, the WD 2008/ 057209 ExampCea/ubi@0smpdund
denonstrated detectable binding to rat |liver proteins (see Table 1), and
therefore may be considered a | ess advant ageous conpound for adm nistration
to human subjects than the conpound of forrmula (lI). Table 3 provides sone
additional in vivo coval ent binding data observed for rel ated conpounds
from WD 2008/ 057209 that contain the -trans- 2-al kyl cycl opent ano

noi ety incorporated in Exanple 118.1t @ge dvant ageous to have hi gh plasma
and |iver exposure in preclinical species to effectively denonstrate that

t he potEential drug Gayshmai£g9es not Kg& dR/gsnegsi Ted E@@Iz@bgmgﬁzoglt 'S

al so nore Iikely t maleclggpound t hat 1@? Iver an Qﬁ;ﬁéﬁ@ exposure in

ani TTB.| S g.H, EtB dyb Llle SAdlifte D avil Ofr T manr tirran e L[ld aoes TI0L For—s Ch
a conpqu d’ the r equi red et, aci ous iexposurey man can be reaghked with a
| ower dose, advantla *h for the Mase of Mng t he
drug, but al so potje |aI on |.DWEI‘I ng tih Ilkel od of a erseo Ofrects

Tar get |organ exposur 71’ pr ecll pr ov al e
that hiigh target organ achi ev ‘orrpo % nts,
and high liver exposure |n bot rat and dog aI I o for confi dent eval uatji on
of precladfLieal toxu@dt@rgh H gh T1ver ex;{)@@rsie I'S especl aRad@amvant ageous f or
HCV sinNcgofeld S 1S thnaar gsqimmﬁl arplisha =Cth§iﬁbi ed. hﬁ% pReEnd 6@fhoFxpmRl @ 1

S§

had a vegysgood ratiRla VEr (ExRes i 2 iVE S §33imd] by/ig
exposurle,was’at a | evel greater than for WO 008/ 057209 conpound 118 and

conmpound™ITO " (See Tabl € I) Based on these resul'ts and on testing Several
di fferent conpounds from WO 2008/ 057209 by oral adm nistration to both rat
(25npk) and dog (Briaﬂdt@vantaganﬁwhmtdglofﬂaﬁmwmhve(rle)cpba&mﬁhﬂﬂeﬂm@tbtsmldsmo

have gl BRI R G FRIR. RS R R A
| nhi bi t @symaet likdly thahasompewrdthatdds aghdem: ancheddsthme:gosticon apivial Ghapayrilie
Eval uat ;00 ShRBr in ARIHNROnEthafloesN3R! FE QENETRARING, the required efficacious

exposure in man can be reached with a lower dose, advantageous both for the cost and ease of

manufacturing the drug, but also potentially lowering the likelihood of adverse effects. Target
organ exposure in multiple preclinical species provides a rationale that high target organ
exposure is achievable for the compound in patients, and high liver exposure in both rat and dog
allows for confident evaluation of preclinical toxicity. High liver exposure is especially
advantageous for HCV since this is the target organ for the drug.

The compound of Example 1 had a very good rat plasma and liver exposure. The
observed rat liver exposure was at a level greater than for WO 2008/057209 compound 118 and
compound 110. (See Table 1) Based on these results and on testing several different compounds
from WO 2008/057209 by oral administration to both rat (25mpk) and dog (5mpk), the
compound of formula (I) is also expected to have dog liver exposures greater than
W02008/057209 compound 118 and compound 110.

Methods

NS 3/4A Inhibitory Activity’ (Ki): NS 3/4A Inhibitory Activity was determined
as described in Section IV. Compound Evaluation supra., and Mao ef al., Anal Biochem 373:1-
8, 2008.
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8, 2008. Rcplicon Activity 2 ECs : Replicon Activity was determ ned using
the procedures described in Carroll et al, J. Biol. Chem 278:\ 1979-1
1984, 20080ant/idixen et al., ArU M crob. Agents 4S-. 392¢TA82®9/02002. Rat
Plasma AUC (a). 25npk per 0s3 : Test conmpounds were dissolved in a suitable
dosing vehicle for iv admnistration (e.g. 20% 60% 20% DVSO PEG400: Wat er)

or per os admnistration (e.g., 10% POLYSORBATES80: 90% Water or 100%

PEG400). Ani mal s r.e_adm.ni.s ed S n
for non-rodents. @%M‘E—bﬁ% E(‘epé%?l? AgﬁV1&p%?S Ef%nom a/ﬁ?%g %’gg\}/{\%cgﬁ%fg
m nut esdesmmobedldn Carrolired ab, oh'[ﬁ@czlnﬂ'M@VHSSI 13éy-¢l 188461068 ned QisﬁnRPaHP{_f@ Midgrobr
sanpl es ée4g3 44e§g5§d2(§{9§t mortemin rat and follow ng anesthesia (0.5 h
pri or to | Opsy og Li ver sampl es were wei ghed, honogenized, and

di | uted using techailgamae AHSWA 2330018 @55 kT 9st %canpqpn@h@egﬁ 155045 1%6%’%@

Ie?/ells m&@b&@i&é fﬂr%ﬁdrﬁﬂndﬁﬁhﬁ’h@ %%mmwammmmtwmr)\w ér os
cal Cul a

{ t |

NOL %rg@%”%ﬁeﬂﬁ?éﬁ%%@ ooRal A& 8 SRR AT et
GN
guant i taimmme(rm@ Bensngs siogsvedr siudadasegnobr Gon-Felensr BllasrAhJ@rmslbs waJtel on, the
first B -'
Lowest TERY Ef i phlHs SERELTR iRRESEAMIE ol KSR LS, SRty
wer e asBPGHEAC aLivgr sranples were colieeipdipgsd nwﬁ@mm@mndé@ﬂ%wq@araaf»ﬁéheéras@@_lp
?:/gisiulg (la(glrtb%\i ﬁ H{%\’%f %Ee‘;eclraya}:m?le/g E}S?SV m%%—({&nﬁ@m Zréeit%rma ezo?ddugiﬁ It%o\é\e; gr
ascendi KEMEBYS PPRdS Bioge SH Wéﬁ?@a g9 g%%r Y54 ?'Eﬁmlﬂ%fL‘@é ing
concentHatrons. In-Vivo Coval ent Binding : Test conpounds were suitably
radi ol abel ed (3 d 20 t 25-75 nCi [ rat urit
N e i
evapor atedlysis(gigousing ¥ ATSONEK VEINoLine®). Prbdase shnteahretiovmshativesobeled thalimit
dosi .
agfnl Elgsiﬁeciulag I%I’gg E@ %ei[eos[s 1%1%(1 zgﬁalé?gf[ (Iﬁ“rrfgﬁ' bed 'A(Ut’z &ﬁﬁ'@aﬁ%‘%ﬁﬁ)ﬁrgtgﬁg Value
liver wirtke @@mrr@ép%@em givaR A Vﬁ%f@‘ﬁﬁlé‘? b/ﬂédwéﬁst LiggeOh Slugpiatatipm whiles

Count i ngyRéqicheyathastheSBMRhEISThall RER a85i2RQA dRaldd 6N SlardBrdphdBnidokinetic

scinti '{;ﬁ&h&%m CLp, Vdss, halflife (only for IV), % F, Coax Tusass AUCo1ast; AUC-iafinity Were

calculated. AUC values were calculated using linear trapezoidal method for ascending

concentrations and the log trapezoidal method for descending concentrations.
In-Vivo Covalent Binding®: Test compounds were suitably radiolabeled (3H) and

a 20 mg/kg dose containing 25-75 mCi/rat (purity >98.5%) radioactivity was prepared by
combination of the cold compound and evaporated radiotracer stock solution. This mixture was
dissolved in a dosing vehicle suitable for per os administration (see above) then administered
orally to rat (n = 3 per timepoint, 2h, 6h, 24h). Plasma and liver were collected and flash
frozen/stored at -80°C before analysis.

Counting of the plasma samples: Place a 200 uL aliquot in a 20 mL scintillation
vial. Add 500 uL of SOLVABLE™ and incubate at 1 h with shaking at 55°C. Remove, allow to
cool prior to the addition of 15 mL scintiilation cocktail, and count. Plasma samples (200 pL
aliquot) were then processed as described below for liver proteins.

Tissue homogenization: Weighed liver samples were diluted with 2 vol 100 mM
phosphate buffer (pH 7.4) and homogenized on ice.

Counting of the liver homogenate: Aliquots were placed in a 20 mL scintillation
vial, diluted with 1 mL of SOLVABLE™ and incubated for 1 h with shaking at 55°C. After
removal from the incubator and cooling 15 mL scintillation cocktail and 30% H,0, were added
and the radioactivity counted.
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vial. Add 500 nL o f SOLVABLE(tm and incubate at 1 h with shaking at 55C.
Renove, allow to cool prior to the addition of 15 nL scintillation

cockt ai | ,wearrdiognusss. Pl asma sanpl es (200 nlL aliquot) weP€TiUsIPs@EESSed as
descri bed below for liver proteins. Tissue honogenization: Wighed |iver
sanples were diluted with 2 vol 100 nmM phosphate buffer (pH 7.4) and
honogeni zed on ice. Counting of the |iver hom)genate Al i quots were placed

ina 20 nmL scintillation vi.al CLVABLE( t

i ncubat ed for h}]’\ﬁ“f”ﬂpé@?éﬁl{aﬁ@” lrlag%%% *\ﬁﬁlag?luql% ?WB%H“FW@CE‘??BHB%@ and

cool i ngeohipouhd mwpedtdchiﬂ}ﬁﬂe mCicﬂlanhtyaﬂdce’s&%rHB Qn‘ﬁﬂfeﬁsﬁddﬁﬁhe@rﬂﬂ: seleeted),

radi oact iyl Lyg %81%{'1@ %ng)(%()exlf:?fo%% Bscglja the %%r %.?a%tm‘ aliquot, add 1:8
At & & otn d

honbgenat €-"acet’oni 'S 'suspec 0 ‘have | ow solubility in
acetonitrile, anoPtessingotoptee resyspesigrs| Satiedion (wanimekinkmdity.ehd séchagé (3500

rcf forv&gxﬁ% nfihgie%ggpcrhﬁglegﬂp@%%m 20k @Lgln precipitate resuspension:

Soni cat1 on tensit vortexing until the pellet

crunbl es in 80% M sz‘é%’wﬁéwﬁ%@rﬁ WJ qgn%o MieOHEi %‘ﬁel If ggededy rgmpye 8§: 20
MeOH:  wal &if thd s‘ups@;a@ad add emeoflscthtiMatioh cddr@ibandaionat aldntinadeh Jashthe of

till t d t t | I.et til
" oact P Bt FarinRtil o e tonrey BBSTET DERESEES § BBy or e
t han 20@otentharod¥emubohyweutiasiveshes.Di ssol uti on of the fi naI peI let: 1mL of 1N
Na CH SOLVABLE
di ssolo\r/ed Count f%mml]u h{bﬁgﬁ?&ﬁ%@ezz?;?q[%ﬁ Efrlr}h%ﬂ S)Pg{s)ro dA‘ BLeI I’ e%&ﬁ)%f}{n{
sci nti | &6 Q)ﬁr!’é@*@@almﬂ f(qmplémbtdﬁ%ﬁplvsf@ ntillation cocktail other than ULTI MA

GOLD( t n) i's used, cpgis to[%yfﬁﬁgme&mwgf@zmm Rt 35 Rg ddhdidibn c88dail
count . otel n con ent RAD kit using

nal
BSA as @ aosifdariatiliassmtop ﬁﬁﬁwagél%a Gp%'f %e&eﬁww BAYESCcktai |, in
dupl i catietraguichiudighgdl NHE), dm&m@ltsol ution: Count a known vol une of the

dosing sol ution | Brotein concentration of the final pellet: BCA or BIO-RAD kit using BSA as a
standard.

Counting blank samples: 15 mL scintillation cocktail, in duplicate.

Counting of the dosing solution: Count a known volume of the dosing solution in
triplicate.

Data Analysis: Average the radioactivity counts (DPM) of the dosing solution
and calculate the specific activity of the dosing solution in uCi/mol. Average the radioactivity
counts of the blank samples. Subtract the counts of the averaged blank sample from the counts
obtained from each liver and plasma pellet. Calculate the amount of radioactivity (uCi) per unit
volume (L) for each liver and plasma pellet. Calculate the concentration of radioactivity in each
plasma and liver pellet by dividing the value obtained above (uCi/L) by the specific activity
(uCi/mol). Calculate the amount of covalently bound radioactivity to protein in pmol/mg
protein.

Counting blank samples: 15 mL scintillation cocktail, in duplicate.

Counting of the dosing solution: count a known volume of the dosing solution in

triplicate.

Physical properties’; The crystalline test compounds (potassium salt, ca. 5 mg)

was weighed in a glass vial and water or aqueous buffer was added (100 pL). The slurry
obtained was stirred for 24 h at room temperature. After centrifuging, the supernatant was
analyzed by reversed-phase HPLC and the equilibrium solubility determined by comparison with
a calibration curve. The solid material was in part transferred onto an XRPD plate, dried and
then analyzed by X-Ray Powder Diffraction. The XRPD pattern was compared with positive

-27 -



triplicate. Data Analysis: Average the radioactivity counts (DPM of the
dosing solution and calculate the specific activity of the dosing solution
in nCi/ noWO 20u08riagye t he radi oactivity counts of the bl amkTamaomse91Bubt r act
the counts of the averaged bl ank sanple fromthe counts obtained from each
liver and plasma pellet. Calculate the amobunt of radioactivity (nC) per
unit volume (L) for each liver and plasma pellet. Calculate the

concentrati of radioactivity in each, plas and. liver pellet.by diyiding
he va RpBrar b g R el oo 2Ry ROich i fFPpRes fof o1 e

Cal cul ats conpoambustfurier deoteahmatidny obibanalt ool wasoabitaingd/from ameotrsi poriion of
pnol / i . i : Ly i il, in
Gupl 1 cApE SOk ertWich s BB a3 R 0BT AR PR LSRRI EREL
dosi ng @MS&%AHM&R pRficira aveee commRased il PosHBepPRirels deseripptbakovgst al | i ne t est
conmpounds (pot assNuB §hé refé8aced dBTLY bY@ Shr¥@IHBNEGe pResentGippBsativhake anshieat er
or aqueoys bhuffer S addgd %100 m.). The slurry obtained was stirred for
24 h at®© Séﬁﬁﬂof%ﬁﬁ%ﬁ%tcﬁﬁ‘@? BYe8P%ent ri fugi ng, the supernatant was anal yzed
by rever sed- phaseOtiet &nbntimiche aegwithintithe fullosdhgitbinmst YWHBE srverah eshbbyiments

conpari,son,w t cal, [ ! e, ' ' Si.lL.:Rart:

Cr anor drreduhisRar e it dra il Fog MRS Rty BELFLL St uebilube Bty

Di f f r actpirdrand FhepexPB: prasang myenid@n. conpared with positivecontrols for
crystalline K+ salt, crystalline zwitterionic (or acidic) and anorphous
forms of the test conpound. A further determ nation of the salt formwas
obt ai ned froma second portion of the solid material which was anal yzed by
400 MHz NMR (Bruker) follow ng dissolution in DMSO-~ 6- |IH NVMR spectra were
conpared to positive controls descri bed above. None of the references
descri bed throughout the present application are admtted to be prior art
to the clained invention. Other enbodinents are within the foll ow ng
clainms. Wile several enbodi ments have been shown and descri bed, various
nodi fications may be made wi thout departing fromthe spirit and scope of
the present invention. WHAT IS CLAI MED | S:
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1. A conpound of fornmula (1), or a pharmaceutically acceptable salt
thereof: 2. A pharmaceutical conposition conprising an effective anmount of
t he conpowoadowfoitieai m 1 and a pharnaceuti cal |y accept ablPeTaseevmsao18. The
phar maceuti cal conposition of claim?2, further conprising a second

t herapeutic agent selected fromthe group consisting of a HCV protease

i nhi bitor and a HCV NS5B pol ynerase inhibitors. 4. The conmpound of claiml
for use in nedicine. 5. The conpound of claiml1 for use in prevention or
treatment of HCV infection. 6. Use of the conmpound or conposition according
to anyoWslaT ITCEMMER B:in the preparation of a nedicament for inhibiting
HCV NS3 protease activity in a subject in need thereof. 7. Use of the

conmpound or conposition according to.anyone of clai 1-3 jn the
preparation of a ﬁe‘éiC(?gW@H‘E‘?‘Pg‘!Pr FaBnt % %Wa?er"é‘é@%ﬁ@“?ﬂ? splbHePTHOY i n
a subject in need thereof. 8y thod of treating a patient infected with
HCV conprising the step of Rd nistering to said patient an effective

anount of the conpound oercoositi on of anyone of clains 1-3.

ey

2. A pharmaceutical composition comprising an effective amount of the
compound of claim 1 and a pharmaceutically acceptable carrier.

3. The pharmaceutical composition of claim 2, further comprising a second
therapeutic agent selected from the group consisting of a HCV protease inhibitor and a HCV
NS5B polymerase inhibitors.

4. The compound of claim 1 for use in medicine.

5. The compound of claim 1 for use in prevention or treatment of HCV infection.

6. Use of the compound or composition according to anyone of claims 1-3 in the
preparation of a medicament for inhibiting HCV NS3 protease activity in a subject in need

thereof.

7. Use of the compound or composition according to anyone of claims 1-3 in the
preparation of a medicament for preventing or treating infection by HCV in a subject in need
thereof.

8. A method of treating a patient infected with HCV comprising the step of
administering to said patient an effective amount of the compound or composition of anyone of
claims 1-3.
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