
TITLE OF THE APPLICATION MACROCYCLIC QUINOXALINE COMPOUNDS AS HCV NS3
PROTEASE INHIBITORS FIELD OF THE INVENTION             The present invention relates to
macrocyclic compounds that are useful as inhibitors of the hepatitis C virus (HCV) NS3 protease, the
synthesis of such compounds, and the use of such compounds for treating HCV infection and/or
reducing the likelihood or severity of 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. Current
treatments for HCV infection include immunotherapy with recombinant interferon-a alone or in
combination with the nucleoside analog ribavirin.             Several virally-encoded enzymes are putative
targets for therapeutic intervention, including a metalloprotease (NS2-3), a serine protease (NS3), a
helicase (1453), 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, Rolm et al., Current Topics in Medicinal Chemistry 8:533-562,
2008, Sheldon et al., Expert Opin. Investig. Drugs 16(8,1:1171-1181,2007, and De Francesco et at,
Antiviral Research 58:1-16, 2003, SUMMARY  The present disclosure 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 disclosure describes a compound of formula (I),
or a pharmaceutical acceptable salt thereof:   



The present disclosure also includes pharmaceutical compositions containing a compound of the
present disclosure and methods of preparing such pharmaceutical compositions.              In a second
aspect, there is provided a pharmaceutical composition comprising an effective amount of the
compound as defined above and a pharmaceutically acceptable carrier. The present disclosure further
includes methods of treating or reducing the likelihood or severity of HCV infection. In a third aspect,
there is provided the compound as defined above for use in medicine.               In a fourth aspect,
there is provided the compound as defined above for use in prevention or treatment of HCV infection.
In a fifth aspect, there is provided use of the compound or composition as defined above in the
preparation of a medicament for inhibiting HCV NS3 protease activity in a subject in need thereof.
In a sixth aspect, there is provided use of the compound or composition as defined above in the
preparation of a medicament for preventing or treating infection by HCV in a subject in need thereof.
Other embodiments, aspects and features of the present disclosure are either further described in or
will be apparent from the ensuing description, examples and appended claims. DETAILED
DESCRIPTION OF THE INVENTION              The present invention includes a compound of formula
(I), and pharmaceutically acceptable salts thereof. The compound and its pharmaceutically acceptable
salts are useful in the inhibition of HCV NS3 protease, the treatment of HCV infection and/or the
reduction of the likelihood or severity of an HCV infection. Prophylactic applications include, for
example, treatment 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.
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. 



I. 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,
munomodulators, and anti-infective agents.  WO 2010/011566PCT/US2009/050915              (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 (I) and (ii) a second therapeutic agent
selected from the group consisting of HCV antiviral agents, mmunomodulators, and anti-infective
agents; wherein the compound of formula (I) 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 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 NS5B polymerase inhibitors.              (f) A method of inhibiting HCV NS3 protease
in a subject in need thereof which comprises adistering to the subject an effective amount of a
compound of formula (I).              (g) 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
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.              (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
polyrnerase 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 (c) or the combination of (d) or (e). (k)A
method of treating HCV infection and/or reducin.g the likelihood or severity of HCV infection i.n 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).             (1)A compound of formula (I) for use in
medicine, for use in prevention or treatment of IICV 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.  WO
2010/011566PCT/US2009/050915             In an of these embodiments, the compound may optionally
be used in the form of a pharmaceutically acceptable salt.             The term "or," as used herein,
denotes alternatives that may, where appropriate, be combined. Thus, the term "or" includes each
listed alternative separately as well as their combination if the combination is not mutually exclusive.
Reference to a compound also includes stable complexes of the compound such as a stable hydrate.
A 'stable" compound is a compound which can be prepared and isolated and whose structure and
properties remain or can be caused to remain essentially unchanged for a period of time sufficient to
allow use of the compound for the purposes described herein (e.g., therapeutic or prophylactic
administration to a subject). IL Administration and Compositions             The term "administration" and
variants thereof (e.g., "administering" a compound) means 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 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 (-COOH) 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.  WO
2010/011566PCT/US2009/050915             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
treatment, observation or experiment.             The term "effective amount" indicates a sufficient
amount to exert a therapeutic or prophylactic effect. For a patient infected with FICV, an effective
amount is sufficient to achieve one or more of the following effects: reduce the ability of FICV to
replicate, reduce FICA/ load, and increase viral clearance. For a patient not infected with HCV, an
effective amount is sufficient to achieve one or more of the following: a reduced susceptibility to HCV
infection,and a reduced ability of the infecting virus to establish persistent infection for chronic disease.
For the purpose of inhibiting HCV NS3 protease and treating FICV 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, can be administered by means that produces contact of the active agent with the
agents site of action. They can be administered by 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.
Compounds can, for example, be administered by one or more of the following routes: orally,
parenterally (including subcutaneous injections, intravenous, intramuscular, intrastemal 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  WO 2010/011566PCT/US2009/1150915 ingredients suitable for use in said
compositions is provided in Remington's Phamiaceutical  Sciences, 201h edition (ed. A. R. Gennaro,
Mack Publishing Co., 2000).              The compounds of this invention can be administered orally in a
dosage range of 0.001 to 1000 mg/kg of mammal (e.g., human) body weight per day in a single dose
or in divided doses. One dosage range is 0.01 to 500 mg/kg body weight per day orally in a single
dose or in divided doses. Another dosage range is 0.1 to 100 mg/kg body weight per day orally in
single or divided doses. For oral administration, the compositions can be provided in the form of
tablets or capsules containing 1.0 to 500 mg of the active ingredient, particularly 1, 5, 10, 15, 20, 25,
50, 75, 100, 150, 200, 250, 300, 400, 500, and 750 mg of the active ingredient for the symptomatic
adjustment of the dosage to the patient to be treated. The specific dose level and frequency of dosage
for any particular patient may be varied and will depend upon a variety of factors including the activity
of the specific compound employed, the metabolic stability and length of action of that compound, the
age, 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. Combination
Treatment 



The quinoxaline macrocyclic compounds described herein can be used in a 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 FICV. Additional therapeutic agents
targeting HCV include agents targetin.g 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-3, interferon-a, pegylated
interferon-a (peginterferon-a), a combination of interferon-a and ribavirin, a combination of
peginterferon-a and ribavirin, a combination of interferon-a and levovirin, and a combination of
peginterferon- and levovirin. Interferon-a includes recombinant interferon-a2a. (such as  WO
2010/011566PCT/11S2009/050915 ROFERON interferon available from Hoffmann-LaRoche, Nutley,
NJ), pegylated interferon-a2a (PEGASYS), interferon-a2b (such as 1NTRON-A interferon available
from Scherinz Corp., Kenilworth, NJ), pegylated interferon-a2b (PEG1NTRON), a recombinant
consensus interferon (such as interferon alphacon-1), and a purified interferon-a product. Amgen's
recombinant consensus interferon has the brand name 1NFERGEN. Levovirin is the L-enantiomer of
ribavirin which has shown immunomodulatory activity similar to ribavirin. Virarnidine represents an
analog of ribavirin disclosed in WO 01/60379. 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.              Ribavirin, levovirin, and viramidine may exert their anti-HCV effects
by modulating intracellular pools of guanine nucleotides via inhibition of the intracellular enzyme
inosine monophosphate dehydrogenase (IMPDH). IMPDH is the rate-limiting enzyme on the
biosynthetic route in de nova guanine nucleotide biosynthesis. Ribavirin is readily phosphorylated
intracellularly and the monophosphate derivative is an inhibitor of IMPDH. Thus, inhibition of IMPDH
represents another useful target for the discovery of inhibitors of FICV replication. Therefore, the
compounds of the present invention may also be administered in combination with an inhibitor of
IMPDH, such as VX-497, which is disclosed in International Patent Application Publications 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-aminoadarnantane). For a comprehensive
description of this agent, see J. Kirschbaum, 12 Anal, Profiles DFUE Subs.  1-36 (1983).             For
the trearnient 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'Kuni et al., 62 J. Org. Chem. 1754-59
(1997); M. S. Wolfe et al., 36 TeL 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, 21-C-methyl-cytidine,
21-C-inethyl-uridine, 2 '-Cmethyl-adenosine, 2'-C-methyl-guanosine, and
9-(2-C-methy1-P-D-riboluranosyl)-2,6- diaminopurine, and the corresponding amino acid ester of the
ribose C-2% C-3', and C-51  WO 2010/011566PCT/US20091050915 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, WO 01/79246, WO 02/32920, WO 02/48165 and
W02005/003147 (including R1656, (2R)-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 NV02006/021341, 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.             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 FICV NS5B polymerase. Such HCV NS5B polyrnerase
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; T.J.S. Patent No. 6,777,392 and U.S. Patent
Application Publication 1152004/0067901; the content of each is incorporated herein by reference in
its entirety. Other such IICV polymerase inhibitors include, but are not limited to, valopicitabine
(NM-283; Idenix) and T-F-T-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-arabinefuranosyl)-7H-pyrrolo[2,3-dlpyrimidine; 4-
amino-7-(2-C-methyl-P-D-ribofuranosy1)-7H-pyrrolo[2,3-olpyrimidine;
4-methylamino-7-(2-Cmethyl-P-D-ribofuranosyl)-7H-pyrrolo[2,3-cOpyrimidinc;
4-dimetlaylamino-7-(2-C-methy141-Dribofuranosy0-7H-pyrrolo[2,3-09pyrimidinc;
4-cyclopropylarnino-7-(2-C-methyl-P-Dribofuranosy0-7H-pyrrolo[2,3-a]pyrimidine;
4-amino-742-C-vinyl-P-D-ribofuranosyl)-7[L pyrrolo[2,3-d]pyrimidine;
4-amino-7-(2-C-hydroxymethyl-f3-D-ribofuranosy-1)-7Hpyrrolo[2,3-d]pyrimidine;
4-amino-7-(2-C-fluoromethyl-P-D-ribofuranosyl)-7Hpyrrolo[2,3-4pyrimidine;
4-amino-5-methy1-7-(2-C-methy1-f-D-ribofuranosy1)-7Hpyrrolo[2,3-cfpyrimidine;
4-amino-7-(2-C-methyl-J3-D-ribefuranosyl)-711- pyrrolo[2,3-djpyrimidine-5-carboxylic acid;
4-arnino-5-bromo-7-(2-C-methyl-P-Dribofuranosy1)-7H-pyrrolo[2,3-cipyrimidine;
4-amino-5-chloro-7-(2-C-methyl-p-Dribofuranosy1)-7H-pyrrolo[2,3-a]pyrimidine;
4-amino-5-fluoro-7-(2-C-methyl43-Dribofuranosyl)-711-pyrrolo[2,3-4pyrimidine;
2,4-diamino-7-(2-C-methy1-13-D-ribofuranosyl)-  WO 2010/011566PCT/US2009/050915
711-pyrrolo[2,3-d]pyrimidine; 2-arnino-742-C-methy1-(1-D-ribofuranosyl)-711-
pyrrolo[2,3-dJpyrimidine;
2-amino-4-cyclopropy1amino-7-(2-C-methyl-ii-D-ribofuranosyl)-7Hpyrrolo[2,3-d]pyrimidine;
2-arnino-7-(2-C-inethyl-fi-D-ribofuranosyl)-7/1- pyrrolo[2,3-d]pyrimidin-4(3H)-one;
4-amino-7-(2-C-ethy1-3-D-ribofuranosyl)-7Hpyrrolo[2,3-d]pyrimidine;
4-amino-7-(2-C,2-0-dimethyl-f34o-ribofuranosyl)-7Hpyrrolo[2,3-d]pyrimidine;
7-(2-C-methy1-1)-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidin-4(3 H)- one; 2-amino-5-methyl-7-(2-C,
2-0-dimethy1-3-D-ribofuranosyl)-7H-pyrro1o[2,3-arpyrimidin4(31-1)-orie;
4-amino-7-(3-deoxy-2-C-methyl-P-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
4-amino-743-deoxy-2-C-methyl-P-D-arabinofuranosyl)-7.11-pyr-rolo[2,3-d]pyrimidine; 4-amino2-11
uoro-7-(2-C-rnethyl-fi-D-ribofuranosyl)-7121-pyrrolo [2,3-d]pyrimidine;
4-amino-7-(3-Crnethyl-P-D-ribofiranosy0-7H-pyrrolo[2,3-d]pyrimidine;
4-amino-7-(3-C-inethyl-II-Dxylofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
4-arnino-7-(2,4-di-C-inethyl-HD-ribofuranosyl)- 7H-pyrrolo[2,3-d]pyrimidine;
4-amino-7-(3-cleoxy-3-fluoro-2-C-methyl-3-D-ribofuranosyl)-7127- pyrrolo[2,3-d]pyrimidine; and the
corresponding 5'-triphosphates; or a pharmaceutically acceptable salt thereof.             The compounds
of the present invention may also be combined for the treatment of HCV infection with non-nucleoside
inhibitors of FICV 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 PICV NS5B polymerase
inhibitors that are used in combination with the present HCV NS3 protease inhibitors are selected from
the following compounds: 14-cyclohexy1-6-[2-(dimethylamino)ethyll-7-oxo-5,6,7,8-
tetrahydroindolo[2,1 -a] [2,5]berizodiazocine-11-carboxylic acid;
14-cyclohexy1-6-(2-morpholin4-ylethyl)-5,6,7,8-tetrahydroindolo [2,1 -a]
[2,5]benzodiazocine-11-carboxylic acid; I 4- cyclohexy1-6- [2-(dimethylamino)ethyl] -3
-metlioxy-5,6,7,8-tetrahydroinciolo [2, I -a] [2,5]benzodia2ocine-1 I -carboxylic acid; I
4-cyclohexy1-3-methoxy-6-methyl-5,6,7,8- tetrahydro ind ol o I 2,1 -a] {2,5j benzod
iazocine-11-carboxyli c acid; methyl ({ [(14-cyclohexyl -3 - methoxy-6-methyl-5,6,7,8-tetrahydroind o lo
[2,1 -a] [2,5]benzodiazocin-11- yl)earbonyliamino}sulfonyl)acetate;
({[(14-cyclohexy1-3-methoxy-6-methy1-5,6,7,8- tetrahydroindolo[2,1 -a]
[2,5]benzodiazocin-11-yOcarbonylJamino}sulfonyljacetic acid; 14-
cyclohexyl-N-[(dimethylamino)sulfony1]-3-metlaoxy-6-methy1-5,6,7,8-tetrahydroindolopo -a]
[2,5]benzodiazocine-11-carboxamide; 3-chloro-14-cyclohexy1-642-(dimethylamino)ethy11-7-
oxo-5,6,7,8-tetrahydroindolo [2,1 -a] [2,5J benzodiazoeine 11-carboxylic acid; All-(1 I -carboxy-1 4- cyc
I ohexy1-7,8-dihyciro-6H-indolo11,2-el[1,51benzoxazocin-7-y1)-N,N-dimethylethane-1,2- diamini um
bis(tritluoroacetate); 14-cyclohexyl-7,8-dihydro-6H-indolo[1,2-e][1,5] benzoxazocine-11-carboxylic
acid; 14-cyclohexy1-6-methyl-7-oxo-5,6,7,8-tetrahydroindolo  WO 2010/011566PCPUS2009/050915 



[2,1-a][2,5]benzodiazocine-11-carboxylic acid; 14-cyclohex y1-3-methox
y-6-methy1-7-oxo5,6,7,8-tetrahydroindolof 2,1-a] [2,5]benzodiazocine-11-carboxylic acid;
14-eyclohexy1-642- (dimethylamino)ethy1]-3-methoxy-7-oxo-5,6,7,8-tetrahydroindolo [2,I
-a][2,5]benzodiazocine11-carboxylic acid;
14-cyclohexy1-6-[3-(dimethylamino)propy1]-7-oxo-5,6,7,8-tetrahydroindolo 2i-11-carboxyli c acid,
14-cyclohexy1-7-oxo-6-(2-piperidin-l-ylethyl)-
5,6,7,8-tetrahydroindo1o[2,1-a][2,5]berizodiazocinc-11-carboxylic acid; 14-cyclohexy1-6-(2-
morpholin-4-ylethyl)-7-oxo-5,6,7,8-tetrahydroinciolo[2,1-a][2,5]benzodiazocine-11-carboxylic acid; I
4-cyc lohexyl-642-(diethylamino)ethyl)-7-oxo-5,6,7,8-tetrahydroindolo [2,1-a] [2,5]benzodiazoeine-1
1-carboxylic acid; 14-cyclohexy1-6-0 -methylpiperidin-4-y1)-7-oxo5,6,7,8-tetrahydroindolo [2,1-a]
[2,5]benzodiazocine-11-carboxylic acid;
14-cyclohexyl-N[(dimethylamino)sulfony1)-7-oxo-6-(2-piperidin-3-ylethyl)-5,6,7,8-tetrabydroindoio[2,1-
a] [2,5]benzodiazocine-11-carboxamide; I
4-eyclohexy1-6-[2-(dimethylarnino)ethyl]-N[(dimethylamino)sulfony1]-7-oxo-5,6,7,8-tetrahydroindolo
[2,1 -al[2,5]benzodiazocine-11- carboxamide; 14-cyclopenty1-6- [2-(dimethylamino)eth
y1]-7-oxo-5,6,7,8-tetrahydroindolo [2,1-a] [2,5]benzodiazocine-I 1-carboxylic acid;
14-cyclohexy1-5,6,7,8-tetrahydroindolo[2,1-a] [2,5]benzocliazocine-11-carboxylic acid;
6-ally1-14-cyclohexy1-3-methoxy-5,6,7,8- tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic
acid; 14-cyclopenty1-6-12-
(dimethylamino)ethyll-5,6,7,8-tetrahydroindolo[2,1-a][2,51benzodiazocine-11-carboxylic acid;
14-cyclohexyl -612-(dirnethylamino)ethyll
-5,6,7,8-tenahydroindolo[2,1-a][2,51benzocliazocine11-carboxylic acid;
13-cyclohexy1-5-methy1-4,5,6,7-retrabydrofuro[3',2':6,7][1,4]diazocino[1,8- cdindole-10-carboxylic
acid; 15-cyclohexy1-6-[2-(dimethylamino)ethyl)-7-oxo-6,7,8,9-
tetrahydro-5H-indolo[2,1-a][2,6]benzodiazonine-12-carboxylic acid;
15-cyclohexy1-8-oxo6,7,8,9-tetrahydro-5H-indolo[2,1-a][2.5]benzodiazonine-12-carboxylic acid;
13-cyclohexyl -6- oxo-6,7-dihydro-5H-indolo[ 1,2-d][1,41benzodiazepine-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 EICY NS3 activity, FICV
replicon activity, and HCV replication activity using techniques well-known in the art. (See, for
example, Carroll ez al., J. Biol. Chew. 278:11979-- 11984, 2003.)              One such assay is HCV N83
protease time-resolved fluorescence (TRY) assay as described below and in Mao et al., Anal.
Blocher-rt, 373:1-8, 2008 and International Patent Application Publication WO 2006/102087, A N83
protease assay can be performed, for example, in a final volume of 100 assay buffer containing 50 mM
HEPES, pH 7.5, 150 m1v1 NaC1, 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  WO 2010/011566PCl/U52009/050915         The reaction is initiated by adding the TRF peptide
substrate (final concentration 100 n1V1). NS3 mediated hydrolysis of the substrate is quenched after 1
hour at room temperature with 100 tfl. of 500 miVI MRS. pH 5.5. Product fluorescence is detected
using either a VICTOR V2 or FUSION nuorophotometer (Perkin Elmer Life and Analytical Sciences)
with excitation at 340 nm and emission at 615 nm with a 400 us delay. Testing concentrations of
different enzyme forms are selected to result in a signal to background ratio (S/B) of 10-30. IC50
values are derived using a. standard four-parameter fit to the data KH values are derived from 1050
values using the following formula, IC50 =K1 (1 + [S] / Km),Eqn (1),              concentration of substrate
peptide in the reaction and Km is the Michaelis constant. See P. Gallinari et czl., 38 BIOCHEM.
5620-32(1999); P. Gallinari et al., 72 J. VIROL. 6758-69 (1998); M. Taliani et al., 240 ANAL,
BIOCHEM. 60-67 (1996); Mao et al., Analytical Biochemistry 373: 1-8, 2008. V. General Compound
Production             The present invention also includes processes for making compounds of formula
(I). The compounds of the present invention can be readily prepared according to the following
reaction schemes and examples, or modifications thereof, using readily available starting materials,
reagents and conventional synthesis procedures. In these reactions, it is also possible to make use of
variants which are themselves known to those of ordinary skill in this art. Other methods for preparing
compounds of the invention will be readily apparent to the person 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 5. Am. Chem. Soc. 791 (1999);
H. Scholl et al., 1 ORG. LEFT. 953 (1999); U.S. Patent Application Publication U52002/0107138; K.
Furstner et al., 64 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 Delvl / CH2C12dichioromethane DCF,1 2 dichloroethane
WO 2010/011566PCT/1JS2009/050915 DIEAdiisopropylethylamine DIVIFdimethyllonnamide
DIVISOdimethyl sulfoxide Dppfdiphenylphosphinoferrocene Et20diethyl ether Et0Acethyl acetate
HATU0- (7-azabenzotriazol-1N ,N '-tetramethyluronium hexafluorophosphate MCIhydrochloric acid 



TMSC1Chlorotrirnethylsilame TBAFTetra-butyl ammonium fluoride DMAPDimethylarnino pyridine
MeCNacetonitrile Me0Hmethanol Pd/Cpalladium on carbon
nit0-benzotriazol-1-yl-AT,N,N',N'-tetramethyluroni urn tetralluoroborate TEAtrifluoroacetatic acid
THFtetrahydofuran Flash ChromatographyPurification using Biotage Horizon using silica gel cartridge
and specified mobile phase gradient HPLCAutomated mass or UV triggered high performance liquid
chromatography using acidified MeCN and H20 gradients as mobile phase 



MHzMegahertz Synthesis of Intermediates Intermediates A  Intermediate #Structure AIQ C?P  Name
(1R,25)-1-Amino-N(cyclopropylsu1fony0-2- vinyleyelopropanecarboxamide hydrochloride  WO
2010/011566PCT/US2009/050915 Intermediate B 1UZ2R)-2-QL4-eo-1-vIcvc1opropvJloxy}carhonyIL..



valine    Step[(1E)-hepta-1,6-dien-1-y1oxv'1  (E) 0, si              A solution (0.5 M) of butenyl magnesium
bromide in THF (1.4 eq) was treated at -78C with Cu(1)Br,SMe2 (0.05 eq) and FIMPA (2.4 eq). The
mixture was stirred for 10 min then a solution (1 M) of acrolein (1 eq) and INISCI (2 eq) in TI-if was
added over 1 h such that the internal temperature remained below -68 C. The resulting mixture was
stirred at -78 C for 2 h then treated with excess Et3N and diluted with hexane. After reaching room
temperature the mixture was treated with a small portion of 120 and filtered through CEIATE. The
filtrate was washed 10 times with H20 and then with brine. The organic layer was dried and the
volatiles were removed to give a residue that was distilled under reduced pressure (20 mbar), The
fraction collected at 80-86 C contained the title compound (58%) as a colorless liquid. H NMR (400
MHz, CDC13) 66.19 (d, J= 1.6 Hz, IH), 5,85-5.75 (m, 1H), 5.02-4.92 (m, 311), 2.08-2.02 (m, 2H),
1.94-1.88 (m, 2H), 1.46-1.38 (in, 2H), 0,18 ts, 9H). Step 2: trans-2-pent-4-en-1-vIcyc1onropano1 ,014
A solution (0,45 M) of the preceding compound in hexane was treated with a solution (15%) of Et2Zn
(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 slurry was stirred for 15 nun then poured onto petroleum ether. The mixture was filtered
repeatedly through CEL1TE until a transparent solution was obtained. This mixture was concentrated
at 100 mbar and the solution which remained (that contained
trimethyl{ktrans)-2-pent-4-en-1-ylcyclopropylloxy}silane, toluene and pyridine) was further diluted with
THE'. The mixture was cooled to 0 C then treated dropwise with a solution (1 M) of TBAE (1.2 eq) in
THE. After 10 mm the mixture was allowed to warm to 20 C, and after a further 1 h was poured into
H20. The aqueous phase was extracted with Et0Ac and the combined organic extracts were washed
with brine then dried. Removal of the  WO 2010/011566PCT/US2009/050915 



volatiles afforded a residue that was purified by flash chromatography (eluent 0-66% Et20/petroleurn
ether) to furnish the title compound (71%) as a colorless liquid. 'H NMR (400 MHz, CDC13) 65.85-5.75
(m, 111), 5.00 (dd, I= 17.1, 1.6 Hz, 11-1), 4.94 (br (1, ../-= 10.4 Hz, 1H), 3.20 (apparent dt, f= 6.4, 2.5
Hz, 1H), 2.10-2.04 (m, 2H), 1.52-1.44 (m, 2H), 1.291.19 (m, 111), 1.15-1.07 (m, 1H), 0.95-0.87
(m,0.71-0.66 (m,1H), 0.31 (apparent q, J=r 6.0 Hz, 1H). Step 3: methyl
3-methyl-N-(oxoinethylene)-L-yalinate 0 0 Th              A solution (0.39 M) of methyl
3-methy1-L-valinate in a 2:1 mixture of saturated aqueous NaHCO3 and CH2C12 was cooled in an ice
bath and stirred rapidly. The mixture was treated with triphosgene (0.45 eq) in one portion and the
resulting mixture was stirred for 0.5 h. The reaction was diluted with CH2C12 and the layers were
separated. The aqueous phase was extracted with CH2C12 then the combined organics were washed
with brine and dried. Removal of the solvent gave the title compound as clear oil that was kept for 12 h
under vacuum (0.1 mbar) then used directly in the subsequent step. lti NNIR (400 MHz, CDCT) 5 3.79
(s, 3H), 3.75 (s, 11-1), 1.00 (s, 91-1). Step 4: methyl 3-methyl-N-({1(1R2R)-2-pent-4-en-l-vlcvelopropyl
oxy}carbony1)-L-valinate and methyl 3-m em
yl-N-({V1S,2S)-2-ment-4-en-1-ylcyclopropvIloxy}carbony1)-L-valinate H ----NeisvA              A solution
(0.45 M) of trans-2-pent-4-en-l-yleyclopropanol in toluene was treated with ethyl
3-methyl-N-(oxomethylene)-L-valinate (1.1 eq) and then DMA? (I eq). The resulting mixture was
heated under reflux for 12 h then cooled to 20 'C. H20 and Et0Ac were added and the organic layer
was separated and washed with 1N HC1, brine and dried. Removal of the volatiles afforded a residue
that was purified twice by flash chromatography (eluent 0-30% Et20/petroleum ether). The first
fractions contained methyl 3-methyl-N-({ R1R,2R)-2-pent-4-enI -yleyelopropylioxylcarbony1)-L-valinate
(38%) as an oil. MS (ES') tri/z 298 (M+H)+              The later fractions contained methyl
3-methyl-N-({[(1 5,25)-2-pent-4-en-lyleyclopropylloxy}carbony1)-L-valinate (28%) as an oil. MS (ES-)
tn,/z 298 (M+1-0'  WO 2010/011566PCT/US2009/050915 Step 5: 3-rnethvl-N-(;
[(1.R.2R1-2-pent-4-en-l-vIcyclopropyl]omIcarbonv1)-L-valine o OH 



o             A solution (ftl M) of methyl 3-methyl-N-( [(1R,2R)-2-pent-4-en-1- ylcyclopropylloxy}
carbony1)-L-valinate in 2:1 mixture of Me0H/I-120 was treated with Li0H.L120 (4 eq) and then heated
at 60 C for 4 h. The mixture was cooled and concentrated to half volume then diluted with Et0Ac and
acidified with aqueous 1-1C1 (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.) miz 284 (M-1-H)*
Intermediates C Intermediate Cl: methyl (4R)-4-chloro-7-hoxyoultioxalin-2-v1)oxyl-L-nrolinate
hydrochloride  aN a, ,N-"CO2Me HCI Step 1: 6-methoxvouinoxaline-2,3-dic NLT-- pi Ho---?*N 1 OH
A suspension of 4-methoxybenzene-1,2-diarnine dittydrochloride in diethyl oxalate (8 eq) was treated
with Et3N (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.,(,) and Et0Fi. The residue was dried to give the title compound
(69%). MS (Est) ink, 193 (MH)* 



Step 2: 3-ehloro-6- ethoxyquinoxalin-2-ol   WO 2010/011566PCT/US2009/050915             A solution
(1.53 M.) of 6-methoxyquinoxaline-2,3-diol in DMF was treated with SOC12 (1 eq) and heated at 110
C. After 1.5 h the reaction mixture was cooled and poured into aqueous HCI (1 N). The resulting
precipitate was filtered and washed with 1120 and Et.20. The dried solid, contained predominantly the
title compound as a mixture with 6- methoxyquinoxaline-2,3-diol and
2,3-dichloro-6-methoxyquinoxaline. This material was used directly in the subsequent step. MS (ES+)
m/z 211 (y1+H)* Step 3: 1 -t en-butyl 2-methyl (2
S,4R.)-4-l(3-chloro-7-tnethoxyquinoxalin-2-yfloxylpyrrol idinecarboxylate  o, 0 e [N             A solution
(0.35 M) of 3-chloro-6-methoxyquinoxalin-2-ol in NMP was treated with Cs2CO3 (1.5 eq) and
1-ten-butyl 2-methyl (2S,4S)-4-{[(4- bromophenyl)sulfenylioxy}pyrrolidine-1,2-dicarboxy-late (1.1 eq).
The resulting mixture was stirred at 50C for 18 h theta a further portion (0.1 eq) of 1-tert-butyl 2-methyl
(2S,4S)-4-{[(4- bromophenyl)sulfonyljoxy}pyrrolidinc-1,2-dicarboxylate was added. After stirring for 2 h
the mixture was cooled and diluted with H20 and Et0Ac. The organic phases were washed with
aqueous HC1 (1 N), saturated aqueous NaHCO3 and brine. The dried organic phase was
concentrated to a residue that was purified by flash-chromatography (0-60% Et0Actpetroleum ether) to
give the title compound (35% for two steps) as a solid. MS (ESt) m/z 438 (M+E)+ Step 4: methyl
(4R)-4-1(3-chloro-7-inetboxyquinoxalin-2-Y0oxyl-L-pro1inate hydrochloride ir 



N)y le" co2me Ha H             A solution (0.62 M) of 1-tert-butyl 2-methyl (25,4R)-4-[(3-chloro-7-
methoxyquinoxalin-2-yl)oxy]pyrrolidine-1,2-dicarboxylate in CH2C12 was treated with a solution (4 M)
of HO in dioxane (5 eq). The mixture was stirred at 20 C for 2 h then treated with a  WO
2010/011566PCT/US2009/050915 solution (4 M) of FIC1 in dioxane (2 eq). After 5 h the reaction wa.s
judged complete and the mixture was concentrated under reduced pressure, The residu.e was
triturated with Et20 to give the title compound (95%) as a solid. MS (ES') m/17338 (M-11711+
Example 1: Potassium (1(1R,25)-14{I(lalt,5S,8S.1012,22aR)-5-iert-butyl-14-methoxv-396-
dioxo-1,1a,3,4,5,6,9,10,18,19.20,21,22,222-tetradecahydro-81-1-7,10-
methanocyclopropa118,19111,10,3,61dioxadiazaevelononadeeino(11,12-blquinoxalin-8-
vliearbonvlIamino}-2-vinvleyelopropyllearbouvrneyelopropylsulfouvflazauide  I[ I N    



Step I: methyl 3 -methyl -N-(1 [(1R2R)-2-pent-4-en-l-ylcyclopromilloxylearbonyl)- valsd -
(4R1-4-[(3-chloro-7-methoxyquirtoxalin-2-yl)oxv]-L-nrolinate                A solution (0.2 M) of methyl
(4R)-4-[(.3-chloro-7-methoxyquinoxalin-2-ypoxyl11,-pmlinate hydrochloride in DMF was treated with
3-methyl-N-({[(1R,2R)-2-pent-4-en-lylcyclopropyljoxylcarbony1)-L-valine (1.1 eq), DIEA (5 eq) and
IlATU (1.2 eq). The resulting mixture was stirred at 20 C for 5 h then diluted with Et0Ac. The organic
layer was separated and washed with aqueous HO (1 N), saturated aqueous Nal-ICO3 and brine. The
dried organic phase was concentrated under reduced pressure to give a residue that was purified by
flash chromatography (eluent 10-30% Et0Acipetrolcum ether) to furnish the title compound (96%) as
an oil. MS (ES) m/z 604 (MH.)+  WO 2010/011566PCT/US2009/050915 Step 2: methyl 3-meth
N(1R,210-2- nt-4-encarbonv1)- valyl- (4R)-44(7-methoxv-3-quinoxalin-2-yl)oxY1-11,-prolinate   A
solution (0.1 M) of methyl 3-methyl-N-({[(1R,2R)-2-pent-4-en-1- ylcycl opropyl oxy } carbony1)-L-val
yl-(412)-4- [(3-chloro-7-methoxyquinoxalin-2-yl)oxy]-1.- prolinate in Et0H was treated with potassium
trifluoro(vinyl)borate (1.5 eq) and triethylamine (1.5 eq). The resulting mixture was degassed, then
PdC12(dppf)-CH2C12 adduct (0.1 eq) was added. The mixture was heated under reflux for 1 h then
cooled to room temperature and diluted with H20 and Et0Ac. The organic phase was separated,
washed with H20 and brine then dried. Removal of the volatiles afforded a residue that was purified by
flash chromatography (20-30% Et0Ac/petroleum ether) to give the title compound as a yellow foam
that was used directly in the subsequent step. MS (E.S1) nilz 595 (M+.1-11' Step 3, methyl (lak  5S 8S
IOR 18E
22aR)-5-tert-butv1-14-methoxv-3,6-dioxo1.1a,3,4,5.6,9.10,20.21,22,22a-dodecahydro-8H-7,10-
methanocyclopropar18,19111.10,3,61clioxadiazacyclononadecino111,12-b I  carboxylate  frr OMe 0
A solution (0.02 M) of methyl 3-rnethyl-N-(a(1R,2R)-2-pent-4-en-1yleyclopropylloxy)
carbony1)-L-valy1-(4R)-4-[(7-metboxy-3-vinylquinoxalin-2-ypoxy]-Lprolinate in DCE was heated to 80
C then treated with Than 1 catalyst (0.15 eq). The resulting mixture was stirred at 80 C for 1 b then
cooled to room temperature and concentrated under reduced pressure. The residue was purified by
flash chromatography (20-50% Et0Ac/ 



WO 2010/011566PCT/US2009/050915 petroleum ether) to give the title compound (25% for 2 steps)
as a foam. MS (EST) n/z 567 (M+H)+ Step 4: methyl
(laR,5S.85,10R.22aR)-5-tert-buty1-14-methoxv-3.6-dioxo1 1a3.4,5.6 9,10.1
8,19.20.2122,22a-tetradecahvdro-8H-7.10- methartocyclopropal 18,19111,10.3,61d
ioxadiazacyclononad ecino[11,12-blquinoxaline-8- carboxylal e               A solution (0.05 M) of methyl
(1aR,58,8S,10R,18E,22aR)-5-tert-buty1-14-
methoxy-3,6-dioxo-1,1a,3,4,5,6,9,10,20,21,22,22a-dodecallydro-8H-7,10-
methanocyclopropa[18,191[1,10,3,61dioxadiazacyclononadecino[1 1,1 2-bici uinoxaline-8. carboxylate
in Me01-11dioxane (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 (EST) raiz 569 (M+1-11' Step
5:
(laR.5S,8S,10R.22aR)-5-tert-buty1-14-methoicy23.6-dioxo1,1a.3,4.5.6,9,10.18.1920,21,22,22a-tetrade
cahvdro-8H-7,10-  methanocyclopropal18,1911 1.10
3.61dioxadiazacyclononadecino111,12-bjauinoxaline carboxylic acid   HN, 0 \ii-NNTA. OH   



WO 2010/011566PCT/LIS2009/050915              A solution (0.1 M) of methyl
(laR,55,8S,10R,22aR)-5-tert-buty1).14-metboxy-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]quinoxaiine-8- carboxylate in
a 1:1 mixture of H20/THIF was treated with Li0H.H20 (3 eq). The resulting mixture was stirred at 20 00
for 18 h, acidified with aqueous HCI (0.2 M) and diluted with Et0Ac. The organic phase was separated,
washed with aqueous 1-IC1 (0.2 M) and brine then dried. Removal of the volatiles afforded the title
compound (98%) as a solid. MS (ES') nviz 555 (M-F1-1)" Step 6: (1aR.55,85,10R_22a
R)-5-tert-butyl-N41R,251-1- ClicyclopronylsulfonyHami 11 ol  carbonyl ) -2-vinylcyclopronvl
)-14-methoxv-3,6-dioxo-1,10,18.19.20,21.22,22a-
tetradecahydro-81-1-7.10-metha.nocyclopropa118,19111,10.3,61dioxadiazac_ye1ononad ec ino [1, 1
12- biouinoxaline-8-carboxamide                A solution (0.1 M) of (laR,55,85,1
0R,22aR)-5-tert-buty1-14-methoxy-3,6-dioxo1,1a,3,4,5,6,9,10,18,19,2021,22,22a-tetradecahydro-8H-7
,10- methanocyclopropa[18,19] [1,10,3,6Jdioxadiazacyclononadecino [11,12-b]q u inoxal in.e-8-
carboxylic acid in CH2C12 was treated with (1R,25)-1-{[(cyclopropylsulfonyl)arnino]carbonyl)-
2-vinyleyclopropanaminium chloride (1.3 eq), DIEA (3 eq), DMA? (1.5 eq) and THTL1 (1.45 eq), The
resulting mixture was stirred at 20 C, for 18 h and then diluted with Et0Ac. The solution was washed
with aqueous HO! (0.2 M), saturated aqueous NaHCO3 and brine. The organic phases were dried and
concentrated to give a residue that was purified by flash-chromatography (eluent 2.5% Me0H/CH2012)
to give the title compound (89%) as a solid. DC NMR (100 MHz, DMSO-d6) 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") in/z 767 (114+H)l-  WO
2010/011566PCT/1JS2009/050915 Step 7:  potassium fr(11k2S)-1-fl
VlaR,5S.8S,10R,22aR)-5-tert-butv1-14-methoxv
6-dioxo1,1a.3,4,5,6,9,10,18,1920.21.22,22a-tetradecahydro-8H-7,10-
methanocvcionropal18,19111,10,3,61dioxadiazacyclononadecino[11.12-blquinoxa  vlj carbonyl
lamino)-2-vinvIcycl opropvIlcarbonv11(cyclopropyl sulfonypazanid e   0'H4 



The preceding material was taken up in Et0H and the resulting solution (0.025 M) was cooled to 0 C. A
solution (0.02 M) of tert-SuOK (1.5 eq) in Et0H was added leading to the foimation of a precipitate. The
mixture was stirred at 20 C for 18 h then the solid was collected by filtration. This material was washed
with EtOH and dried to give the title compound (93%) as a white crystalline solid. MS (ES) in/z 767
(1V1+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 1 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.  NE 3/4-A Inhibitory
Activity (Ki) lb Replieon Activity2 EC50gtlb      Rat Liver Concentration @ 2411(25 tripk per  Dog
Plasma AUC p, 5rnok per or  Dog Liver Concentration @ 24h (5mpk per osi   



Covalent Protein ,Binding In Vivo' Physical properties5  Rat @ 6hRat @ 611Rat @ 6h plasma = BLQ
,plasma = LOQ ,plasma -- BLO, liver=303pmol/mg protein liver = LOQliver = BLQ  Potassium salt does
notI Potassium salt does notPotassium salt disproportionates to crystalline neutml form solution  Ki.
Inhibition constant, reference to < 0.016 nM indicates that the observed activity is less than 0.016 nivi,
the exact amount less than 0.016 riM, 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:
WO 2010/011566PCT/US2009/050915 1) Physical properties (no salt dispropoitionation for the
Compound of formula (I)); 



2) Pharrnacokinetic profile in rats following administration of the potassium salt; and 3) Liver (target
organ) exposure.             The differences in properties are particularly advantageous for the
formulation and administration of the formula (I) compound compared to the WO 2008/057209
Example 110 compound. The lack of salt disproportionation for the formula (I) compound enables
dissolution of 1.8 mg/ml of the K4 salt form of the Compound of Example 1 in water. Although the K4
salt form of the WO 2008/057209 Example 110 compound has improved aqueous solubility (9.7
mg/mL), the compound thus dissolved disproportionates to give a crystalline zwitterionic form which
has low aqueous solubility (<0.009 mg/m1). The lack of this behavior for the Compound of Example 1
provides an unexpected advantage in its formulation for pharmaceutical administration and results in
improved pharmacokinetic properties as reported in Table 1 (plasma AUC and liver exposure for rat
and dog). High piasma and liver exposure in preclinical species is advantageous for the selection of
safe and efficacious doses for use in the treatment of patients. Formula (I) Compound Compared to
WO 2008/057209 Example 118             An observed advantage of the compound of formula (I)
compared to W02008/057209 Example I I 8 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 TIM/ 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.  WO 2010/011566PCT/US2009/050915 Table 2 Ki values
vs. lb mutant enzyme (nIv1) lb SHIFTD168T D168A D168E D1680 1 



D 68VD168YD168Q ' Example 10.18 0.43 0.04 0.080.140.22 0.12 cmp 118 a 0.86 0.12 0.45 0.651.5
0.42  



lb SHIFTA156S A156T i A156V R155K R155Q R1550 R155 Example 1 



0.05 5.211 0.07 0.43 0.63 0.13 crnp 118 0.10 1415 0.081.9 2.3 0.56  mparative data collected in the
same run of the enzyme assays 



Further expected advantageous properties of the formula (I) compound versus the WO 2008/057209
Example 110 compound include the following: 1) Low in vivo covalent binding; and 2) High plasma and
liver exposure.              The formula (I) compound was found to have very good covalent binding in
vivo characteristics and pharmacokinetic properties. Based on observed covalent binding in vivo 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 phannacokinetic properties .              Compounds which covalent, 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 in vivo covalent binding
data observed for related compounds from WO 2008/057209 that contain the
(R,R)-trans-2-alkylcyclopentanol moiety incorporated in Example 118.  WO
2010/011566PCT/US2009/050915 Table 3 . CovalentRat 64:1, 6hRat @ 6hRat @ 611 Proteinplasma
- 15 pmol eq./mgplasma = 6 pmol eulingplasma = 6 pmol eq./rag Bindingliver = 38 pmol eq./mgliver 24
ptnol eq./mgIiver= 63 pmol eqiing 



In Vivo'              It is advantageous to have high plasma and liver exposure in preclinical species to
effectively demonstrate that the potential drug candidate does not elicit undesired toxicities. It is also
more likely that a compound that has high liver and plasma exposure in animals displays the same
behavior in man than one that does not. For such a compound, 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 I 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 Inhibitors, Activity' (Kil: NS 3/4A Inhibitory Activity was
determined as described in Section IV. Compound Evaluation supra, and Mao et at, Anal Biochern
373:1- 8, 2008.  WO 2010/011566PCT/US2009/050915             Rep(icon Activitv2 ECsQ: Rephem)
Activity was detennined using the procedures described in Carroll et al., J.  Biol. Chem.
278:11979-11984,2003 and Olsen et al., Anti Microb. Agents 48:3944-3953, 2004.             Rat Plasma
AUC (12), 25mp_k per os3: Test compounds were dissolved in a suitable dosing vehicle for iv
administration (e.g. 20%:60%:20% DMSO:PEG400:Water) or per os administration (e.g., 10%
POLYSORBATE80: 90% Water or 100% PEG400). Animals were administered (n = 3) using a
crossover study design for non-rodents: Plasma samples were collected at time points between 2
minutes and. 24 h, and compound levels were determined by RP-HPLC. Liver samples were collected
post mortem in rat and following anesthesia (0.5 h prior to biopsy) in dog. Liver samples were
weighed, homogenized, and diluted using techniques known to those skilled in the art, and compound
levei.s were determined by RPHPLC.             Phannacokinetic parameters were calculated based on
non-compartmental analysis (e.g. using Vv'AisoN(r), WINNoutie). Predose concentrations that were
below the limit of quantitation (BLQ) were assigned a value of 0. For oral AUC estimation, the first
13LO value in the terminal phase were given a value equal to 1/2 Lowest Limit Of Quantitation, while
subsequent values in the terminal phase were assigned a value of 0. Standard phannacokinetic
parameters CLp, Vdss, half-life (only for iv), % F, CTELC:Trna,,AU/CO-111SL AUCO-infirlity were
calculated. AUC values were calculated using linear trapezoidal method for ascending concentrations
and the log trapezoidal method for descending concentrations.            in-Vivo Covalent Binding4: Test
compounds were suitably radiolabeled (3H) and a 20 mg/kg dose containing 25-75 mCiirat (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 (a = 3 per timepoint, 2h, 6h, 24h). Plasma and liver were
collected and flash frozen/stored at -80C before analysis.              Counting of the plasma samples:
Place a 200 ti.L aliquot in a 20 nil_ scintillation vial. Add 500 4. of SOLVABLETm and incubate at 1 h
with shaking at 55C. Remove, allow to cool prior to the addition of 15 mi., scintillation cocktail, and
count. Plasma samples (200 ML 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 SOLVABLETm and incubated for 1 h with shaking at 55C. After removal from the incubator and
cooling 15 ml, scintillation cocktail and 30% H202 were added and the radioactivity counted.  WO
2010/011566PCIMS2009/050915             Protein precipitation: Take 500 uL aliquot, add I :8
homogenate:aceton rile (if compound is suspected to have low solubility in acetonitrile, another solvent
may be selected), vortex and centrifuge (3500 ref for 20 min). Discard the supernatant.             Protein
precipitate resus,oension: Sonication (minimal intensity, -t, 5 sec) and yortexing until the pellet
crumbles in 80% Ivie0I-I:20% water.             Wash of the protein pellet: 2-5 mL 80:20 Me01-1: water. If
needed, remove 1.0 mL of the supernatant, add 15 mt, of scintillation cocktail and count. Continue to
wash the protein pellet until radioactivity in supernatant is <200 DPhil or DP1'../is cease to decrease by
more than 200 in consecutive washes.             Dissolution of the final pellet: I mL of 1 N NaOH or
SOLVABLETm, incubated at 50C overnight or until completely dissolved.             Counting of the final
pellet: 1 mL of dissolved pellet, 15 rat, scintillation cocktail (if another scintillation cocktail other than
ULTIMA 001-1)Tm is used, pellet may require neutralization using 1 N HO), and count, Protein
concentration of the final pellet: 13CA or Sio-RAD kit using BSA as a standard. Counting blank
samples: 15 ink scintillation cocktail, in duplicate. Counting at' the dosing solution: Count a known
volume of the dosing solution in triplicate.              Data Analysis: Average the radioactivity counts
(DPIVI) of the dosing solution and calculate the specific activity of the dosing solution in uCihnol.
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 (nen) by the specific
activity 



Cilmol.). 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 properties5: The crystalline test compounds
(potassium salt, ca. 5 mg) was weighed in a glass vial and water or aqueous buffer was added (100
tiL). The slurry obtained was stirred for 24 b 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 XR_PD pattern was compared with positive  WO
2010/011566PCT/US2009/050915 controls for crystalline K+ salt, crystalline zwitterionic (or acidic)
and amorphous forms of the test compound. A further determination of the salt form was obtained from
a second portion of the solid material which was analyzed by 400 MHz NIVIR (Broker) following
dissolution in DMSO-d6. 1H-NMR spectra were compared to positive controls described above.
None of the references described throughout the present application are admitted to be prior art to the
claimed invention.             Other embodiments are within the following claims. While several
embodiments have been shown and described, various modifications may be made without departing
from the spirit and scope of the present invention.  WHAT IS CLAIMED IS: 1. A compound 01 formula
(I), or a pharmaceutically acceptable salt thereof: 5 



2. A pharmaceutical composition comprising an effective amount of the compound of claim 1 and a
pharmaceutically acceptable carrier. 103. 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 I for use in medicine. 15
5. The compound of claim 1 for use in prevention or treatment of FICV 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 20thereof.              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 25 


