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MacrocycLIC CARBOXYLIC ACIDS AND ACYLSULFONAMIDES
AS INHIBITORS OF HCV REPLICATION

FIELD OF INVENTION
- The present invention relates to compounds, processes for their synthesis, composiﬁons
and methods for the treatment of hepatitis C virus (HCV) iﬁfection. In particular, the present
invention provides novel peptides analogs, pharmaceutical compositions containing such

analogs and methods for using these analogs in the treatment of HCV infection.

BACKGROUND OF INVENTION _

Hepatitis C virus (HCV) infection is the most common chronic blood boxinek infection in
the United States. Although the numbers of new infections have declined, the burden of
chronic infection is substantial, with Centers for Disease Control estimates of 3.9 million
(1.8%) infected persons in the United States. Chronic liver disease is the tenth leading cause of.
death among adults in the United States, and accounts for approximately 25,000 deaths
annually, or épproximately 1% of all deaths. Studies indicate that 40% of chronic liver disease
is HCV-related, resulting in an estimated 8,000-10,000 deaths each year. HCV-associated end-
stage liver disease is the most frequent indication for liver transplantation among adults.

~ Antivira] therapy of chronic hepatitis C has evolved rapidly over the last decade, with
significant improvements seent in the efficacy of treatment. Nevertheless, even with
combination therapy using pegylated IFN-o plus ribavirin, 40% to 50% of patients fail therapy,
i.e., are nonresponders or relapsers. These patients currently have no effective therapeutic
alternative. In particular, patients who have advanced fibrosis or cirrhosis on liver biopsy are
at significant risk of developing complications of advanced liver disease, including ascites,
jaundice, variceal bleeding, encephalopathy, ahd progressive liver failure, as well as a
markedly increased risk of hepatocellular carcinoma.

The high prevalence of chronic HCV infection has important public healﬂl implications
for the future burden of chronic liver disease in the United States. Data derived from the
National Health and Nufrition Examination Survey (NHANES 11I) indicate that a large’
increase in the rate of new HCV infections occurred from the late 1960s to the early 1980s,
particularly among persons between 20 to 40 years of age. It is estimated that the number of
persons with long-standing HCV infection of 20 years or longer could more than quadruple -
from 1990 to 2015, from 750,000 to over 3 million. The proportional increase in persons
infected for 30 or 40 years would be even greater. Since the risk of HCV-related chronic liver
disease is related to the duration of infection, with the risk of cirrhosis progressively increasing
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for personsinfected for longer than 20 years, this will result in 2 substantial increase in
cirrhosis-related morbidity and mortality among patients infected between the years of 1965-
1985. \ | '

HCYV is an enveloped positive strand RNA virus in the Flaviviridae family. The single
s‘;r’and HCV RNA genome is approximately 9500 nucleotides in lingth and has a single open
reading frame (ORF) encoding a single large polyprotein of about 3000 amino acids. In
infected cells, this 'polyprotein is cleaved at multiple sites by cellular and viral proteases to
produce the structufal and non-structural (NS) proteins of the virus. In the case of HCV, the
generation of mature nonstructural proteins (NS2, NS3, NS4, NS4A, NS4B, NS5A, and NS5B)
is effected by two viral proteases. The first viral protease cleaves at the NS2-NS3 junction of
the polyprotein. The second viral protease is serine protease contained within the N-terminal
region of NS3 (herein referred to as “NS3 protease”). NS3 protease mediates all of the
subsequent cleavage events at sites downstream relative to the position of NS3 iﬁ the
polyprotein (i.e., sites located between the C-terminus of NS3 and the C-terminus of the
polyprotein). NS3 protease exhibits activity both in cis, dt the NS3-NS4 cleavage site, and in
trans, for the remaining NS4A-NS4B, NS4B-NS5A, and NSSA-NSSB sites. The NS4A
protein is believed to serve multiple functions, acting as a cofactor for the NS3 protease and
possibly assisting in the membrane localization of NS3 and other viral replicase components.
Apparently, the formation of the complex between NS3 and NS4A is necessary for NS3-
mediated processing events and enhances proteolytic efficiency at all sites recognized by NS3.
The NS3 protease also exhibits nucleoside triphosphatase and RNA helicase activities. NS5B
is an RNA-dependent RNA polymerase involved in the replication of HCV RNA.,
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SUMMARY OF INVENTION

~ Included in the scope of the invention are compounds of the formula I:

R1a
A TR
AT :

1
ROT ok

@

wherein:

(a) R!is each independently H; halo, cyano, nitro, hydroxy, Ci.s alkyl, Cs.7 cycloalkyl, Cy.19
alkylcycloalkyl, Cy.5 alkenyl, Cy.¢ alkoxy, hydroxy-Cy.¢ alkyl, Cy.s alkyl optionally
substituted with up to 5 fluoro, Cy.6 alkoxy optionally substituted with up to 5 fluoro, Csor
10 aryl, pyridal, pyrimidal, thienyl, furanyl, thiazolyl, oxazolyl, phenoxy, thiophenoxy,
SO,NR’R®, NHC(O)R®, NHC(O)NR®RS, NHC(S)NRRE, NR°R¢, C(O)R®, C(0)OR’,
C(O)NR’R®, SOR®, NHSO,R?; said thienyl, pyrimidal, furanyl, thiazoly! and oxazolyl in .
the definition of R™ and R are optionally substituted by up to two halo, cyano, nitro,
hydroxi/, CI.g éﬂcyl, Cs cycloalkyl, Cy.10 alkyleycloalkyl, Cs.¢ alkenyl, Cy.4 alkoxy,
hydroxy-Ci.¢ alkyl, Ci. alkyl optionally substituted with up to 5 fluoro, C,.s alkoxy -
optionally substituted with up to 5 fluoro; said Cg o 19 aryl, pyridal, phenoxy and
thiophenoxy in the definition of R* are optionally substituted by up to three halo, cyano,
nitro, hydroxy, C,.¢ alkyl, Cs.7 cycloalkyl, Ca.10 alkyleycloalkyl, Cy¢ alkenyl, Cy.¢ alkoxy,
hydroxy-Ci.¢ alkyl, Cy. alkyl optionally substituted with up to 5 fluoro, Ci alkoxy
optionally substituted with up to 5 fluoro;

() R¥isH, Cig alkyl, Cs.7 cycloalkyl, C4.19 alkylcycloalkyl or phenyl, said phenyl optionally
substituted by up to three halo, cyano, nitro, hydroxy, C.¢ allyl, Cs.7 cycloalkyl, Cy.1
alkylcycloalkyl, Cy.¢ alkenyl, Cy.¢ alkoxy, hydroxy-C.¢ alkyl, C,.¢ alkyl optidhally
substituted with up to 5 fluoro, C,.¢ alkoxy optionally substituted with up to 5 fluoro;

(c) R® is H, Cy.6 alkyl, -C(O)R®, €(O)OR®, C(O)NR'R’, C(S)NR’R’, S(0):R’;
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(d) R® and RS are each independently H, Ci. alkyl, Cs.7 cycloalkyl, Cs.io alkyleycloalkyl or
phenyl, said phenyl optionally substituted by up to three halo, cyano, nitro, hydroxy, C1.¢
alkyl, Cs. cycloalkyl, Cy.1 alkylcycloalkyl, Cy.¢ alkenyl, hydroxy-C.¢ alkyl, Ci.s alkyl

) dption_ally substituted with up to 5 fluoro, C,.¢ alkoxy optionally substituted with up to 5
fluoro; ‘

(€) Y is a sulfonimide of the formula ~C(O)NHS(O)RY, where R* is Cy.¢ alkyl, s
cycloalkyl, Cy.10 alkylcycloalkyl, which are all optionally substituted from one to three
times with balo, cyano, nitfo, C-¢ alkoxy, amido or phenyl, or R*is Cgor 1o aryl which is
optionally substituted by up to three halo, cyano, nitro, hydroxy, C;.¢ alkyl, Cs.7 cycloalkyl,
Cy-10 alkyleycloalkyl, Ca. alkenyl, C.¢ alkoxy, hydroxy-Ci.¢ alkyl, Cy.¢ alky! optionally
substituted with up fo 5 fluoro, C1.¢ alkoxy optionally substituted with up to 5 fluoro; or Y
is a carboxylic acid or pharmaceutically acceptable salt or ester thereof:

® m=0,1,0r2;

(g) X=0,NH or NR; and

(h)Z=0orS. V

[0008] Included within the scope of the invention isa pharmaceutical composition comprising
an NS3 inhibitor that is a compound of formula I (e.g., formulas I-VII), or a therapeutically
acceptable salt or ester thereof, in admixture with pharmaceutically acceptable carrier. Also
included is any pi]armaceutically acceptable prodrug derivative of a.compound of formula I

v (e.g., formulas I-VIT), where the prodrug is capable of providing increased gastrointestinal or
liver absorption. ‘

[0009] Also provided is a method of treating a patient having a hepatitis C viral infection,
comprising administering to the patient a therapeutically effective amount of a compound of
formula I, or a therapeutically acceptable salt or ester thereof, of a pharmaceutical composition

- as described above.

[0010] Further provided is a method of treating a patient having a hepatitis C viral infection,
comprising administering to the patient an amount of a compound of formula 1, or a
therapeutically acceptable salt or ester thereof, or a pharmaceutical composition comprising the
compound of formula I, in combination with an amount of one or more additional antiviral

o ageni(s), effective to achieve a sustained viral response in the patient. -
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4 DEFINITIONS
[0011] As used herein, the term “hepatic fibrosis,” used interchangeably herein with “liver
fibrosis,” refers to the growth of scar tissue in the liver that can occur in the context of a
chronic hepatitis infection.

[0012] The terms “individual,” “host,” “subject,” and “patient” are used interchangeably

A%}

herein, and refer to a mammal, including, but not limited to, primates, including simians and
humans. ‘

[0013] As used herein, the term “liver function” refers to a normal function of the liver,
including, but not limited to, a synthetic function, including, but not limited to, synthesis of
proteins such as serum proteins (e.g., albumin, clotting factors, alkaline phosphatase,

5 aminotransferases (e.g., alanine transaminase, aspartate transaminase), 5’-nucleosidase, -

glutaminyltranspeptidase, etc.), synthesis of bilirubin, synthesis of cholesterol, and synthesis of
-bile acids; a liver metabolic function, including, but not limited to, carbohydrate metabolism,
amino acid and ammonia metabolism, hormone m_efabolism, and lipid metabolism,;
detoxification of exogenous drugs; a hemodynamic function, including splanchnic and portal

[ hemodynamics; and the like.

[0014] The term “sustained viral response” (SVR; also referred to as a “sustained response” or
a “durable response™), as used herein, refers to the response of an individual to a treatment
regimen for HCV infection, in terms of serum HCV titer. Generally, a “sustained viral
response” refers to no detectable HCV RNA (e.g., less than abqut 500, less than about 200, or

Y less than about 100°genome copies per milliliter serum) foﬁnd':liﬂx:the patient’s serum for a

period of at least about one month, at least about two months, at least about three months, at

least about four months, at least about five months, or at least about six months following

cessation of treatment.
[0015] "Treatment failure patients" as used herein generally refers to HCV-infected patients

S

Who failed to respond to previous therapy for HCV (referred to as "non-responders”) or who
initially responded to previous therapy, but in whom the therapeutic response was not
maintained (referred to as "relapsérs"). The previous therapy generally can includé treatment
with [FN-a monotherapy or IFN-a combination therapy, where the combination therapy may
include administration of IFN-o. and an antiviral agent such as ribavirin,

30 [0016] As used herein, the terms “treatment,” “.treaﬁng,” and the like, refer to obtaining a
desired pharmacologic and/or physiologic effect. The effect may be prophylactic in terms of
completely or partially preventing a disease or symptom thereof and/or may be therapeutic in

terms of a partial or complete cure for a disease and/or adverse affect atiributable to the

6
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dieis.. “Treatment,” as used herein, covers any treatment of a disease in a inammal,

_particularly in a human, and includes: (a) preventing the disease from occurring in a subject
which may be predisposed to the disease but has not yet been diagnosed as having it; (b)
inhibiting the disease, i.e., arresting its develépment; and (c) relieving the disease, i.¢., causing
regression of the disease. - |

[0017] The terms “individual,” “host,” “subject,” and “patient” are used interchangeably
herein, and refer to a mammal, including, but not limited to, murines, simiahs, humans,
mammalian farm animals, mammalian sport animals, and mammalian pets.

[0018] A “specific pirfenidone analog,” and all grammatical variants thereof, refers to, and is
limited to, each and every pirfenidone analog shown in Table 1. '

[0019] As used herein, the term “a Type [ interferon receptor agonist” refers to any naturally
occurring or non-naturally occurring li gand of human Type [ interferon receptor, which binds

- to and causes signal transduction via the receptor. Type I interferon receptor agonists include
interferons, including naturally-occurring interferons, modified _ir;tgrferons, synthetic
interferons, pegylated interferons, fusion proteins comprising an interferon and a heterologous
protein, shuffled interferons; antibody specific for an interferon receptor; non-peptide chemical
agonists; and the like, ' '

[0020] As used herein, the term “Type II interferon receptor agonist” refers to any naturally
occurring or non-naturally occurring Hgand of human Type II interferon receptor that binds to
and causes signal transduction via the receptor. Type II interferbn receptor agonists include
native human interferon-y, recombinant IFN-y species, glycosylated IFN-y species, pegylated
IFN-y species, modified or variant IFN-y species, IFN-y fusion proteins, antibody agonists
specific for the receptor, non-peptide agonists, and the like. -

[06021] As used herein, the term “a Type II interferon receptor agonist” refers to any naturally
occurring or non-naturally occurring ligand of humanIL-28 receptor o (“IL-28R™), the amino
acid sequence of which is described by Sheppard, et al., infra,, that binds to and causes signal

4 fransduction via the receptor.

[0022] As used herein, the term “interferon receptor agonist” refers to any Type I interferon
receptor agonist, Type II interferon receptor agonist, or Type Il interferon receptor agonist.

[0023] The term "dosing event" as used herein refers to administration of an antiviral agent to
a patient in need thereof, whidh event may encompass one or more releases of an antiviral
agent from a drug dispensing device. Thus, the term “dosing event,” as used herein, includes,

but is not limited to, installation of a continuous. delivery device (e.g., 2 purmp or other
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contr'dlled release injectible system); and a single subcutaneous injection followed by
installation of a continuous delivery system.

[0024] "Continuous delivery" as used herein (e.g., in the context of "continuous delivery of a
substance to a tissue") is meant to refer to movement of drug to a delivery site, e.g., into a
tissue in a fashion that provides for delivery of a desired amount‘of substance into the tissue
over a selected period of time, where about the same quantity of drug is received by the patient
each minute during the selected period of time.

[0025] "Controlled release" as used herein (e.g., in the context of "controlled drug release") is
meant to encompass release of substance (e.g., a Type I or Type Hi interferon receptor agonist,
e.g., IFN-0) at a selected or otherwise controllable rate, interval, and/or amount, which is not
substantially influenced by the environment of use. "Controlled release" thus encompasses,
‘but is not necessarily limited to, substantially continuous delivery, and patterned delivery (e.g.,
intermittent delivery over a period of time that is interrupted by regular or irregular time
intervals).

10026] "Patterned" or "temporal" as used in the context of drug delivery is meant delivery of
drug in a pattern, generally a substantially regular pattern, over a pre-selected period of time
(e.z., other than a period associated with, for example a bolus injection). "Patterned" or
“temporal" drug delivery is meant to encompass delivery of drug at an increasing, decreasing,
substantially constant, or pulsatile, rate or range of rates (e.g., amount of drug per unit time, or
volume of drug formulation for.a unit time), and further encompasses delivery that is
continuous or substantially co‘ntinﬁous, or chronic. o

[0027] The term "controlled drug delivery device" is meant to encompass any device wherein
the release (e.g., rate, timing of release) of a drug or other desired substance contained therein
is controlled by or determined by the device itself and not substantially influenced by the
environment of use, or releasing at a rate that is reproducible within the environment of use.

[0028] By "substantially continuous" as used in, for example, the context of "substantially
continuous infusion" or "substantially continuous delivery" is meant to refer to delivery of drug
in a manner that is substantially uninterrupted for a pre-selected period of drug delivery, where
the quantity of drug received by the patient during any 8 hour interval in the pre-selected
period never falls to zero. Furthermore, "substantially continuous” drug delivery can also
encompass delivery of drug at a substantially constant, pre-selected rate or range of rates (e.g.,
amount of drug per unit time, or volume of drug formulation for a unit time) that is

substantially uninterrupted for a pre-selected period of drug delivery.
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By “substantially steady 'staté” as used in the context of a i)iological parameter that may
vary as a function of time, it is meant that the biological parameter exhibits a substantially
constant value over a time course, such that the area under the curve defined by the value of
the biological parameter as a function of time for-any 8 hour period during the time course
(AUCShr) is no more than about 20% above or about 20% below, and preferably no more than
about 15 %‘ above or about 15% below, and more preferably no more than about 10% above or
about 10% below, the average area under the curve of the biological parameter over an 8 hour
period during the time coﬁrse (AUCBhr average). The AUCShr average is defined as the
quotient (q) of the area under the curve of the biological parameter over the entirety of the time
course (AUCtotal) divided by the number of 8 hour intervals in the time course (ttotall/3days),
1.e., q = (AUCltotal)/ (ttotal1/3days). For example, in the context ofe serum concentration of a
drug, tﬁc serum concentration of the drug is maintained at a substantially steady state during a
time course when the area under the curve of serum concentration of the drug over time for any
8 hour period during the time course (AUC8hr) is no more than aiaout 20% above or about
20% below the average area under the curve of serum concentration of the drug over an 8 hour
period in the time course (AUC8hr average), i.e., the AUCShr is no more than 20% above or |

20% below the AUCShr average for the serum concentration of the drug over the time course.

Before the present invention is further described, it is to be understood that this
invention is not limited to particular embodiments described, as such may, of course, vary. It
s also to be understood that the terminology-used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting, since the scope of the present
invention will be limited only by the appended claims.

‘Where a range of values is provided, it is understood that each intervening value, to the
tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the
upper and ldwer limit of that range and any other stated or intervening value in that stated
range is encompassed within the invention. The upper and lower'limits of these smaller ranges
may independently be included in the smaller ranges is also encompassed within the invention,
subject to any specifically excluded limit in the stated range. Where the stated range includes
one or both of the limits, ranges excluding either both of those included limits are also included

in the invention. ) ,
Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs. Although any methods and materials similar or equivalent to those described herein

9
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can also be used in the practice or testing of the present invention, the preferred methods and
materials are now described. All publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or materials in connection with which the
publications are cited. ‘ 4 : B
[0033] It must be noted that as used herein and in the appended claims, the singular forms “a,”
“and,” and “the” include plural referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a method” includes a plurality of such methods and reference to r“a"_‘
dose” includes reference to one or more doses and equivalents thereof known to those skilled e
in the art, and so forth, |
[0034] The publications di,scussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that
- the present invention is not entitled to antedate such publication by virtue of prior invention.

Further, the dates of publication provided may be different from the actual publication dates

which may need to be independently confirmed.

5 DETAILED DESCRIPTION OF THE INVENTION
[0035] The present invention provides compounds of formula I, as well as pharmaceutical
compositions and formulations comprising any compound of formula I, A subject compound
is useful for treating HCV infection and other disorders,' as discussed below.

CoMPOSITIONS
“U[0036) The present invention provides compounds having the general formula I:

wherein:
(a) R' and R? are each independently H, halo, cyano, nitro, hydroxy, Cy.s alkyl, C34
cycloalkyl, Cs.10 alkyleycloalkyl, Cy.¢ alkenyl, Ci.¢ alkoxy, hydroxy-C,.¢ alkyl, Cy.¢ alkyl

10
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optionally substituted with up to 5 fluoro, C,.¢ alkoxy optionally sqbstituted with up to5
fluoro, Cg or 19 aryl, pyridal, pyrimidal, thienyl, furanyl, thiazolyl, oxazolyl, phenoxy,
thiophenoxy, S(0)NRR’, NHC(O)NRR’, NHC(S)NR'R’, C(O)NR'R’, NR°R’, C(O)R?,
C(0)OR®, NHC(O)R®, NHC(O)OR?, 8O,,R®, NHS(0),R®, OCH,NR®R’, or OCH,R'S
where R* is imidazolyl or pyrazolyl; said thienyl, pyrimidal,.furanyl, thiazolyl and
oxazolyl in the definition of R' and R? are optionally substituted by up to two halo, cyano,
nitro, hydroxy, C;.¢ alkyl, Cs.7 cycloalkyl, Ca.10 alkyleycloalkyl, Co alkenyl, Cy.¢ alkoxy,
hydroxy-Cy.¢ alkyl, Cy.¢ alkyl optionally substituted with up to 5 fluoro, Cy.4 alkoxy

optionally substituted with up to 5 fluoro; said Cy o 10 aryl, pyridal, phenoxy and
thiophenoxy in the definition of R and R? are optionally substituted by up to three halo,
cyano, nitro, hydroxy, Cy. alkyl, Cs.; cycloalkyl, Cy.10 alkylcycloalkyl, Cy.¢ alkenyl, C1.6
alkoxy, hydroxy-C,.¢ alkyl, Cy.¢ alkyl optionally substituted with up to 5 fluoro, C.¢ alkoxy
optionally substituted with up to 5 fluoro; ’

(B)m=20,1,0r2; v

(©) RYisH, Cig alkyl, Cs-7 cycloalkyl, C;lg alkylcycloalkyl phenyl or benzyl, said phenyl or
benzyl optidnally substituted b)} up to three halo, cyano, nitro, hydroxy, Ci.¢ alkyl, Cs.7
cycloalkyl, Cs. alicyleycloalkyl, Cag ailcenyl, Ci. alkoxy, hydroxy-C,.¢ alkyl, C,.¢ alkyl
optionally substituted with up to 5 fluoro, Cy.¢ alkoxy optionally substituted with up to 5
fluoro; |

(d) R®is Cy.¢ alkyl, COINR’R, C(S)NR'R’, C(O)R?, C(O)ORS, S(O)R®, or

~ (CO)CHR*NH(CO)R%; )

(¢) R® and R” are each independently H, Cy.¢ alkyl, Cs.7 cycloalkyl, Ca.19 alkylcycloalkyl or
phenyl, said phenyl optionally substituted by up to three halo, cyano, nitro, hydroxy, Ci.s
alkyl, Cs7 cycloalkyl, Cy.10 alkyleycloalkyl, Co.¢ alkenyl, hydroxy-Ci.g alkyl, Cr.5 alkyl
optionally substituted with up to 5 fluoro, Cy.5 alkoxy optionally substituted with up to 5
fluoro; or R® and R’ are taken to gether with the nitrogen to which they are attached to form
indolinyl, pyrrolidinyl, piperidiny!, piperazinyl or morpholinyl;

) R is C1.¢ alkyl, Cs.7 cycloalkyl, Cs-10 alkyleycloalkyl, which are-all optionally substituted

- from one to three times with halo, cyano, nitro, hydroxy, C,.¢ alkoxy, or phenyl; or R? is Cg
or 10 aryl which is optionally substituted by up to three halo, cyano, nitro, hydroxy, C;.¢
alkyl, Cs.; cycloalkyl, Cq4.10 alkylcycloalkyl, Co.¢ alkenyl, Cy.¢ alkoxy, hydroxy-C,.s alkyl,
Ci.6 alkyl optionally substituted with up to 5 fluoroe, C,. alkoxy optionally substituted with

~up to 5 fluoro; or R® is C; ¢ alkyl optionally substituted with ﬁp to 5 fluoro groups; or R® is

11
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a tetrahydrofuran ring linked throught the C; or Cq position of the tetrahydrofuran ring; or
R® is a tetrapyranyl ring linked through the C4 position of the tetrapyranyl ring;

(@) Y is a sulfonimide of the formula ~C(O)NHS(O);R’, where R’ is Cy.¢ alkyl, Cs.7
cyeloalkyl, Cq.io alkyleycloalkyl, which are all opﬁonally»substitutgd from one to three
times with halo, cyano, nitro, hydroxy, Ci alkoxy, or phenyl, or R is Csorro aryl which is
optionally substituted by up to three halo, cyano, nitro, hydroxy, Ci.6 alkyl, C3.7 cycloalkyl,
Ca-10 alkylcycloalkyl, Ca.¢ alkenyl, Cy.¢ alkoxy, hydroxy-Ci. alkyl, C1.6 alkyl optionally
substituted with up to 5 fluoro, Cy. alkoxy optionally substituted with up to 5 fluoro, or R’
is a Cy.¢ alkyl optionally substituted With up to 5 fluoro groups, NR§R7, or (CO)OH, or R’
is a heteroaromatic ring optionally substituted up to two times with halo, cyano, nitro,
hydroxyl, or Cy.¢ alkoxy; or Y is a carboxylic acid or pharmaceutically acceptable salt,
solvate, or prodrug thereof;

() R and R are cach independently H, C;.¢ alkyl, Cs.7 cycloalkyl, Ca.j0 alkylcycloalkyl, Ce
or 10 a1l hydroxy-C.g alkyl, Ci.¢ alkyl optionally substituted with up to 5 fluoro,
(CH,).NR'R’, (CHz)nC(O)Oi{“ where R is H, Cy. alkyl, Cs.7 cycloalkyl, Ca.19
alkylcycloalkyl, which are all optionally substituted from one to three times with halo,
cyano, nitro, hydroxy, Cy.¢ alkoxy, or phenyl; or R™ is Cg o7 10 aryl which is optionally
substituted by up to three halo, cyano, nitro, hydroxy, C1.s alkyl, Cs.7 cycloalkyl, Cu.10

_alkylcycloalkyl, Ca.g élkenyl, C1.6 alkoxy, hydroxy-C,.¢ alkyl, C).¢ alkyl optionally
substituted with up to 5 fluoro, Cy.¢ alkoxy optionally substituted with up to 5 fluoro; said
Cs or 10 aryl, in the definition of R and RM is optionally substituted by up to three halo,
cyano, nitro, hydroxy, Cy.s alkyl, Cs.7 cycloalkyl, Cq.1¢ alkylcycloalkyl, Co.5 alkenyl, Ci.6
alkoxy, hydroxy-Ci.¢ alkyl, Cy.¢ alkyl optionally substituted with up to 5 fluoro, Cy.¢ alkoxy
optionally substituted with up to 5 fluoro; or R and RM are taken together with the carbon
to which they are attached to form cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl; or
R" and R™ are combined as O; ‘

(i) p=00r1;

6} R* and R are each independently H, Cy.¢ alkyl, Cs.7 cycloalkyl, C4.10 alkylcycloalkyl, Cg
or 10 ary1, hydroxy-C.¢ alkyl, Cy:s alkyl optionally substituted with up to 5 fluoro,
(CH)NR'R’, (CH),C(O)OR™ where R™ is H, Cy.¢ alkyl, Cs. cycloalkyl, Ca.
alkylcycloalkyl, which are all optionally substituted from one to three times with halo,
cyano, nitro, hydroxy, Cj.¢ alkoxy, or phenyl; or R is Cs or 10 aryl which is optionally
substituted by ﬁp to three halo, cyano, nitro, hydroxy, Cy.¢ alkyl, C3.7 cycloalkyl, Ca.10
alkylcycloalkyl, Ca.¢ alkenyl, Cy. alkoxy, hydroxy-Cy.¢ alkyl, Cy.¢ alkyl optionally

12
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- substituted with up to 5 fluoro, Cy.¢ alkoxy optionally substituted with up to 5 fluoro; said
Cé or 10 aryl, in the definition of R™ and R is optionally substituted by up to three halo,
cyano, nitro, hydroxy, Ci.¢ alkyl, Cs.; cycloalkyl, Cy.1o alkylcycloalkyl, Cp. alkenyl, C;.g
alkoxy, hydroxy-C,.¢ alkyl, Cy.s alkyl optionally substituted with up to 5 fluoro, C,.¢ alkoxy
optionally substituted with up to 5 fluoro; or R¥ and R® are taken together with the carbon
to which they are attached to form cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl, or
R* and R* are each independently Cj.¢ alkyl optionally substituted with (CH,),OR%,

(k) R* is H, Cy. alkyl, Cs.; cycloalkyl, Ca.zo alkyleycloalkyl, Cs or 10 aryl, hydroxy-Cy. alkyl,
Cy.5 alkyl optionally substituted with up to 5 fluoro, (CHp):NRR’, .(CHz)nC(O)OR“ where
R"™isH, Cr alkyl, Cs.7 cycloalkyl, Cq.19 alkylcycloalkyl, which are all optionally
substituted from one to three times with halo, cyano, nitro, hydroxy, Ci.s alkoxy, or phenyl;
or R is Cs or 10 aryl which is optionally substituted by up to three halo, cyano, nitro,
hydroxy, Ci.6 alkyl, Cs.7 cycloalkyl, C4.10 alkyleycloalkyl, C,.5 alkenyl, C,.¢ alkoxy,
hydroxy-Cy.¢ alkyl, Cy.¢ alkyl optionally substituted with up to 5 fluoro, Cy alkoxy -
optionally substituted with up to 5 fluoro; said Cs o 10 aryl, in the definition of R™ and R
is optiénally substituted by up to three halo, cyano, nitro, hydroxy, Cig alkyl, Cy4
cyeloalkyl, Cy.1p alkyleycloalkyl, Cs.6 alkenyl, Cy. alkoxy, hydroxy-Ci.s alkyl, Ci.¢ alkyl
optionally substituted with up to 5 ﬂuoro,‘ C1.6 allkoxy optionally substituted with up to 5
fluoro; ' | A

(1) n=0-4;

(m)V is selected from O, S, or NH;

(n) when Vis O or S, W is selected from O, NRIS, or CRIS; when V is NH, W is selected frdm
NR' or CR", where R™ is H, Cy. alkyl, Ca.7 cycloalkyl, Cy.10 alkyleycloalkyl or Cyug alkyl
optionally substituted withupto 5 fluoro;

(o) the dashed line represeﬁts an optional double bond,; .

P) R¥isCrs alkyl, Cy.7 cycloalkyl, Cy.1p alkylcycloalkyl, which are all optionally substituted

~ from one to three times with halo, cyano, nitro, hydroxy, Ci.s alkoxy, Ci.¢ alkyl optionally
substituted with up to 5 fluoro, or phenyl; or R* is Céor 10 aryl which is optionally
substituted by up tobthree halo, cyano, nitro, hydroxy, Ci.¢ alkyl, Cs; cycloalkyl, Cq.10
alkyleycloalkyl, Cy.¢ alkenyl, C. alkoxy, hydroxy-C,.¢ alkyl, C;.¢ alkyl optionally
substituted with up to 5 fluoro, C;. alkoxy optionally substituted with up to 5 fluoro; or or
R* is pyridal, pyrimidal, pyrazinyl, thienyl, furanyl, thiazolyl, oxazolyl, phenoxy, .
thiophenoxy; and '

13
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(q) R* is C1.6 alkyl, Cs.7 cycloalkyl, Cy.10 alkylcycloalkyl, which are all optionally substituted
from one to three times with halo, cyano, nitro, hydroxy, Cy.¢ alkyl optionally substituted
with up to 5 fluoro, or phenyl. '

[0037]  The present invention provides compounds having the general formula II:

5 " wherein:
(a) R! and R? arc cach independently H, halo, cyano, hydroxy, C,.; alkyl, Cy.3 alkoxy
(b) R is, C(O)NR“R’, C(O)R®, C(O)OR?;
(c) R® and R’ are each independently H, Cy. alkyl, Cs.7 cycloalkyl, Cs.10 alkyleycloalky! or
phenyl; . | o
(d) R® is Cy.¢ alkyl, Cs cycloalkyl, C4.1q alkylcycloalkyl or 3-tetrahydofuryl.

10 () Y is a sulfonimide of the formula ~C(O)NHS(0);R’, where R’ is Cy.3 alkyl, C37
cycloalkyl, or phenyl which is optionally substituted by up to two halo, cyano, nitro,
hydroxy, C1.3 alkyl, C;.; cycloalkyl, Cy.3 alkoxy, or Y is a carboxylic écid or
pharmaceutically acceptable salt, solvate, or prodrug thereof;

) R™and R are each independently H, C;.3 alkyl, or R and R are taken together with the

5 carbon to which they are attached to form cyclopropyl, cyclobutyl, cyclopentyl, or
cyclohexyl,

{(g) W is selected from O or NH; and
(h) the dashed line represents an optional double bond.

[6038] The present invention provides compounds having the general formula I11:

14
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wherein: ‘

(2) R! and R? are each independently H, halo, cyano, hydroxy, C,.; alkyl, C,.; alkoxy

O R*isH '

(©) R®is, CO)NR®R’, C(O)R®, C(O)OR?;

(d) R®is Cp.¢ alkyl, C3.7 cycloalkyl, Ca.10 alkylcycloalkyl or 3-tetrahydofuryl.

(e) Y is a sulfonimide of the formula ~C(O)NHS(O),R’, where R’ is C, 3 alkyl, C37
cycloalkyl, or phenyl which is optionally substituted by up to two halo, cyano, nitro,
hydroxy, Cy.3 alkyl, Cs.7 cycloalkyl, Cy alkoxy, or Y is a carboxylic acid or
pharmaceutically acceptable salt, solvate, or prodrug thereof;

() W is selected from O or NH

(g) the dashed line represents an optional double bond.

15
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[0039] The present invention provides compounds having the general formula IV:
1
- R" R. )
R -‘-_‘S
Y/
N
0:< -
0 o
0N %
NH ., W, S
RS j/ N R
\N "4, 6 O
/ 3
H ] %14
12 "
13
10 1" .
v
wherein:

(a) R! and R? are each independently H, halo, cyano, hydroxy, Cy.; alkyl, C, alkoxy;

(b) R® is C(O)OR® or C(O)NHR?Y; '

(¢) R? is Cy. alkyl, Cs. cycloalkyl, or 3-tetra]1ydof{n'y1; o

d R’ is Cy3 alkyl, C3.4 cycloalkyl, or phenyl which is optionally substituted by up to two

halo, cyano, hydroxy, Ci.; alkyl, C;.; alkoxy;

(e) R and RY arc each independently H, Cy.3 alkyl, or R and R are taken together with the

carbon to which they are attached to form cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl;
- () W is selected from O or NH; and

(g) the dashed line represents an optional double bond.

‘ [0040] The present invention provides compounds having the general formula V:
R1

m c 00
O, N J \\//
NH &N, -85
S S R
;\J ’z, 8 o]
"oy %

wherein:



1

T

013315

(a) R! and R® are each independenﬂy H, halo, cyano, hydroxy, Ci.3 alkyl, Ci3 alkoxyb

(b) R® is C(O)OR? or C(O)NHR®

©) R¥is Cig alkyl, Cs.¢ cycloalkyl, or 3-tetrahydofuryl.

(@ R®is Cy3 alkyl, Cs.s cycloalkyl, or phenyl which is optionally substituted by up to two
halo, cyano, hydroxy, Cy3 alkyl, Ci.3 alkoxy ‘

(e) R and R" are each independently H, C,.3 alkyl, or Ca.5 cycloalkyl.

(f) W is selected from O or NH

(g) the dashed line represents an optional double bond.

The present invention provides compounds having the general formula VI:

» R‘
RY ={=
N
o=
0

.0 0\ o
o] N IJ\ \Vy/
NH o 1N
RS 1 R
N “, \ o
! ",
H ] {714

12 A

0 1 "
V1
wherein: ‘ ‘
(2) R and R? are each independently H, chloro, ﬂﬁbro, cyano, hydroxy, Ci.3 alkyl, C;.3 alkoxy
(b) R® is C(O)OR® or C(O)NHR® '
(0) R®is C;.¢ allkyl, Cs.s cycloalkyl
@ R’ is Cy.4 alkyl, C3.4 cycloalkyl, or phenyl which is optionally substituted by up to two
halo, cyano, hydroxy, Ci.s alkyl, Ci.; alkoxy )
(e) R and R* are each independently H, Cy.5 alkyl, or RY and R are taken together with the
carbon to which they are attached to form cyclopropyl, cyclobutyl.

(f) the dashed line represents an optional double bond.
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[0042) The present invention provides cormpounds having the general formula VII:
R1

Q
[0} N NH J o\l/o
RS j/ N R
\}\j "I,B 0]
H 9 ;’ 14
'I

wherein:

(a) R' and R? are each independently H, chloro, fluoro, cyano, hydroxy, C;.; alkyl, C,3 alkoxy

(b) R® is C(O)OR® or C(O)NHR?

(c) R® is C, alkyl, Cs.¢cycloalkyl

@R isCs alkyi, Cs.4 cycloalkyl, or phenyl which is optionally substituted by up to two
halo, cyano, hydroxy, Ci.; alkyl, Cy3 alkoxy

(¢) the dashed line represents an optional double bond.

[0043] The present invention provides compounds having the general formula VIII:
R‘H
R0 R!
R0 )p , {j
NTNX

wherein:

(a) R" and R? are each independently H, halo, cyano, hydroxy, C1.3 alkyl, C1.3 élkoxy;
®) R*is H; '

() R®is, C(O)NRR’, C(O)R®, C(O)OR%;

(d) R® is Cy1¢ alkyl, Cs.7 cycloalkyl, Cy.i0 alkyleycloalkyl or 3-tetrahydofuryl;

18
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" (e) Y is a sulfonimide of the formula —C(O)NHS(O)2R9 , where R’is C13 alkyl, C34
cycloalkyl, or phenyl which is optionally substituted by up to two halo, cyano, nitro,
hydroxy, Ci3 alkyl, Cs.7 cycloalkyl, C, alkoxy, or Y is a carboxylic acid or
pharmaceutically acceptable salt, solvate, or prodrug thereof; ‘

) RY and RM are each independently H, C,.3 alkyl, or R and Rr1 are taken together with the
carbon to which they are attached to form cyclopropyl, cyclobutyl, cyclopentyl, or
cyclohexyl;

(2) R¥ is H, Cy. alkyl, Cs.7 cycloalkyl, Ca.1o alkylcycloalkyl, Cs o 10 aryl, hydroxy-Cys alkyl,
Cy.6 alkyl optionally substituted with up to 5 fluoro, (CH),NR°R’, (CH)sC(O)OR™ where
RY is H, Cy.¢ alkyl, Cs.7 cycloalkyl, Cy.19 alkylcycloalkyl, which are all optionally
substituted frbm one to three times with halo, cyano, nitro, hydroxy, Ci.¢ alkoxy, or phenyl;
or R is Csarro aryl which is optionally substituted by up to three halo, cyano, nitro,
hydroxy, C1.s alkyl, Cs.7 cycloalkyl, Ca.1 alkylcycloalkyl, Cy.s alkenyl, Cy. alkoxy,
hydroxy-Ci.¢ alkyl, Cy. alkyl optionally substituted with up to 5 fluoro, C;.¢ alkoxy
optionally substituted with up to 5 fluoro; said Cg or 10 aryl, in the definition of R and R¥

s optionally substituted by up to three halo, cyano, nitro, hydroxy, C.¢ alkyl, C3
cycloalkyl, C4.10 alkyleycloalkyl, Cy.¢ alkenyl, Cy.6 alkoxy, hydroxy-Cy.s alkyl, Cy.¢ alkyl
optionally substituted with up to 5 fluoro, C;.¢ alkoxy optionally substituted with up to 5
fluoro;

(h) W is selected from O or NH;

(i) ‘the dashed line represents an optional double bond.

[0044] The present invention prdvides compounds having the general formula IX:

R R\1

wherein:
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(a) R! and R? are each independently H, halo, cyano, hydroxy, Ci3 alkyl, Ci.s alkoxyg

() R*is H; '

(©) R® is, C(O)NR'R’, C(O)R?, C(O)OR®,

(d) R® is Cu. alkyl, Ca.5 cycloalkyl, Ca.y0 alkyleycloalkyl or 3-tetrahydofuryl;

(e) Y is a sulfonimide of the formula ~C(O)NHS(O),R’, where R?is Cy.3 alkyl, Ca
cycloalkyl, or phenyl which is optionally substituted by up to two halo, cyano, nitro,
hydroxy, Cy.3 alkyl, Cs.7 cycloalkyl, Cy.3 alkoxy, or Y is a carboxylic acid or
pharmaceutically acceptable salt, solvate, or prodrug thereof;

(f) R and R™ are each independently H, C, 3 alkyl, or R and R™ are taken together with the
carbon to which they are attached to form cyclopropyl, cyclobutyl, cyclopentyl, or -

~ cyclohexyl; ' : o

(g) R® is H, Cy.5 alkyl, Cs.7 cycloalkyl, Ca.10 alkylcycloatkyl, Cgor 10 aryl, hydroxy-Ci.¢ alkyl,
C1.6 alkyl optionally substituted with up to 5 fluoro, (CH;):NR’R’, (CH,),C(O)OR™ where
R i§ H, Cy.6 alkyl, Cs cycloélkyl, Ciy.10 alkydcycloalkyl, which are all optionally '
substituted from one to three times with halo, cyano, nitro, 11};d1'oxy, Cj.¢ alkoxy, or phenyl;
or R* is Cg or 10 aryl which is optionally substituted by up to three halo, cyano, nitro,
hydroxy, Cy.¢ alkyl, Cs7 cycloatkyl, Cy.10 alkylcycloalkyl, Cy.¢ alkenyl, Cy alkoxy,
hydroxy-C).6 alkyl, Cy.¢ alkyl optionally substituted with up to 5 fluoro, Cy.¢ alkoxy
optionally substituted with up to 5 fluoro; said Cg o 10 aryl, in the definition of R" and R®
is optionally substituted by up to three halo, cyano, nitro, hydroxy, C1.5 alkyl, Cs.
cycloalkyl, Cs.10 alkylcycloalkyl, Cp. alkenyl, Ci.¢ alkoxy, hydroxy-Cy.s allyl, Cy.6 alkyl
optionally substituted with up to 5 fluoro, Cy. alkoxy optiohally substituted with up to 5
fluoro;

(h) W is selected from O or NH;

(i) the dashed line represents an optional double bond; and

(j) where Z is a fused or appended ary! heteroary! ring system.

The present invention further provides compositions, including pharmaceutical
compositions, comprising compounds of the general formulas I-VII, and salts, esters, or other
derivatives thereof. A subject pharmaceutical composition comprises a subject compound; and
a pharmaceutically acceptable excipient. A wide variety of pharmaceutically acceptable
excipients are known in the art and need not be discussed in detail herein. Pharmaceutically
acceptable excipients have been amply described in a variety of publications, including, for
example, A. Gennaro (2000) “Remington: The Science and Practice of Pharmacy,” 20th

edition, Lippincott, Williams, & Wilkins; Pharmaceutical Dosage Forms and Drug Delivery
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Systems (1999) H.C. Ansel et al., eds., 7" ed. Llpplncott, Williams, & Wilkins; and Handbook
of Pharmaceutical Exclpxents (2000) A.H. Kibbe et al., eds., 3™ ed. Amer. Pharmaceutical
Assoc.

[0046] The pharmaceutically acceptable excipients, such as vehicles, adjuvants, carriers or
diluents, are readily available to the public. Moreover, pharmaceutically acceptable auxiliary
substances, such as pH adjusting and buffering agents, tonicity adjusting agents; stabilizers,
wetting agents and the like, are readily available to the public.

[0047] In many embodiments, a subject compound inhibits the enzymatic activity of a hepatitis
virus C (HCV) protease NS3. Whether a subject compound inhibits HCV NS3 can be readily
determined using any known method. Typical methods involve a determination of whether an
HCV polyprotein or other polypeptide comprising an NS3 recognition site is cleaved by NS3
in the presence of the agent. In many embodimerits, a subject compound inhibits NS3
enzymatic activity by at least about 10%, at least about 15%, at least about 20%, at least about
25%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about-80%, or at least about 90%, or more, compared to the enzymatlc
activity of NS3 in the absence of the compound. '

" [0048] In many embodiments, a subject compound inhibits enzymatic activity of an HCV NS3
protease with an ICso of less than about 50 pM, e.g., a subject compound inhibits an HCV NS3
protease with an ICsg of less than about 40 uM, less than about 25 M, less than about 10 uM,
less than about 1 uM, less than about 100 aM, less than about 80 nM, less than about 60 nM,,
less than about 50 nM, less than about 25 1M, less than about 10 nM, or less than about 1 oM,
or less. _

{0049] In many embodiments, a subject compound inhibits HCV viral replication. For
example, a subject compound inhibits HCV viral replicdtion by at least about 10%, at least
about 15%, at least about 20%, at least about 25%, at least about 30%, at least about 40%, at
least about 50%, at least about 60%, at least about 70%, at least about 80%, or at least about
90%, or more, compared to HCV viral replication in the absence of the compound. Whether a
subject compound inhibits HCV viral replication can be determined using methods known in
the art, including an in vitro viral replication assay.

TREATING A HEPATITIS VIRUS INFECTION

[6050] The methods and compositions described herein are generally useful in treatment of an
of HCV infection, » .
[0051] Whether a subject method is effective in treating an HCV infection can be determined

by a reduction in viral load, a reduction in time to seroconversion (virus undetectable in patient
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serum), an increase in the rate of sustained viral response to therapy, a reduction of morb1d1ty
or mortahty in clinical outcomes, or other indicator of disease response.

[0052] In general, an effective amount of a compound of formula I, and optlonally one or more
additional antiviral agents is an amount that is effective to reduce viral load or achieve a
sustained viral response to therapy.

[0053] Whether a subject method is effectwe in treating an HCV infection can be determined
by measuring viral load, or by measuring a parameter associated with HCV mfectwn
including, but not limited to, liver fibrosis, elevations in serum transaminase levels, and
necroinﬂannnatory activity in the liver. Indicators of liver fibrosis are discussed in detail
below.

[0054] The method involves administering an effective amount of a compound of formula I,
bptionally in combination with an effective amount of one or more additional antiviral agents.
In some embodiments, an effective amount of a compound of formula I, and optionally one or
more additional antiviral agents, is an amount that is effective to reduce viral titers to
undetectable levels, e.g., to about 1000 to about 5000, to about 500 to about 1000, or to about
100 to about 500 genome copies/mL serum. In some embodiments, an effective amount of a
compound of formula I, and optionally one or .more additional antiviral agents, is an amount
that is effective to reduce viral load to lower than 100 genome copies/mL serum.

[0055] | In some embodiments, an effective amount of a compound of formula I, and optionally
one or more additional antiviral agents, is an amount that is effective to achieve a 1. 5-log, a 2-
log a2.5-log, a 3-log, a 3.5-log, a 4-log, 2 4.5-log, or a 5- log reductlon in viral titer in the
serum of the individual.

[0056] In many embodiments, an effective amount of a compound of formula I, and optionally
.one or more additional antiviral agents, is an amount that is effective to achieve a sustained
viral response, e.g., no detectable HCV RNA (e.g., less than about 500, less than about 400,
less than about 200, or less than about 100 genome copies per milliliter serum) is found in the
paﬁeu’c’s serum for a period of at least about one month, at least about two months, at least
about three months, at least about four months, af least about ﬁve‘months, or at least about six
months following cessation of therapy. _

[0057) As noted above, whether a'subject method is effective in treating an HCV infection can
be determined by measuring a parameter associated with HCV infection, such as liver fibrosis.

~ Methods of determining the extent of liver fibrosis are discussed in detail below. In some

embodiments, the level of a serum marker of liver fibrosis indicates the degree of liver fibrosis.
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As one non-limiting example, levels of serum alanine aminotransférase (ALT) are
measured, uéing standard assays. In general, an AL T level of less than about 45 international
units is considered normal. In some embodiments, an effective amount of a compound of
formula I, and optionally one or more additional antiviral agents, is an amount effective to |
reduce ALT levels to less than about 45 [U/ml serum. _

A therapeutically effective amount of a compound of formula I, and optionally one or
more additional antiviral agents, is an amount that is effective to reduce a serum level of 5
marker of liver fibrosis by at least about 10%, at least about 20%, at least about 25 %, at least
about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at
least about 55%, at least about 60%, at least about 65 %, at leést about 70%, at least about 75%,
or at least about 80%, or more, compared to the level of the marker in an untreated individual,
or o a placebo-treated individual, Methods of ineasuring serum markers include
immunological-based methods, e.g,, enzyme-linked immunosorbent assays (ELISA),
radioimmunoassays, and the like, using antibody specific for & given serum marker.

In many embodiments, an effective amount of a compound of formula I and an
additional antiviral agent is synergistic amount. As used herein, a “synergistic combination” or
a “synergistic amount” of a compound of formula I and an additional antiviral agentisa
combined dosage that is more effective in the therapeutic or prophylactic treatment ofan HCV
infection than the incremental improvement in tfeatment outcome that could be predicted or
expected from a merely additive combination of (i) the therapeutic or prophylactic benefit of
the compound of formula I when administered at that same dosage asa monotherapy and (ii)
the therapeutic or prophylactic benefit of the additional antiviral agent when administered at
the same dosage as a monotherapy.

In some embodiments of the invention, a selected amount of 2 compound iof formula I
and a selected amount of an additional antiviral agent are effective when used in combination
therapy for a disease, but the selected amount of the compound of formula I and/or the selected
amount of the additional antiviral agent is ineffective when used in monotherapy for the
disease. Thus, the invention encompasses (1) regimens in which a selected amount of the
additional antiviral agent enhances the therapeutic benefit of a selected amount of the
compound of formula I when used in combination therapy for a disease, where the selected
amount of the additiona) antiviral agent provides no therapeutic benefit when used in
monotherapy for the disease (2) regimens in which a selected amount of the compound of
formula I enhances the therapeutic benefit of a selected amount of the additional antiviral agent

when used in combination therapy for a disease, where the selected amount of the compound
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of formula I provides no therapeutic benefit when uséd in monotherapy for the disease and (3)
regimens in which a seiected amount of the compound of formula I and a selected amount of
the additional antiviral agent provide a therapeutic benefit when used in combination therapy
for a disease, where each of the selected amounts of the compound of formula I and the '
additional antiviral agent, respectively, provides no therapeutic benefit when used in
monotherapy for the disease. As used herein, a “synéfgistically effective amount” of a
compound of formula I and an additional antiviral agent, and its grammatical equivalents, shall
be understood to include any regimen encompassed by any of (1)-(3) above.
Fibrosis R

[0062] The instant invention provides methods for treating liver fibrosis (including forms of
liver fibrosis resulting from, or associated with, HCV infection), generally involving |
administering a therapeutic amount of a compound of formula I, and optionally one or more
additional antiviral agents, Effective amounts of compounds of formula I, with and without
one or more additional antiviral agents, as well as dosing regimens, are as discussed below.

[0063] « Whether treatment with a compound of formula I, and optionally one or more
additional antiviral agents, is effective in reducing liver fibrosis is determined by any of a
number of well-established techniques for measuring liver fibrosis and liver function. Liver
fibrosis reduction is determined by analyzing a liver biopsy sample. An analysis of a liver
biopsy comprises assessments of two major components: necroinflammation assessed by
“grade” as a measure of the severity and ongoing disease activity, and the lesions of fibrosis
and parenchymai or vascular remodeling as assessed by “stage” as being reflective of long-
term disease progression. See, e.g., Brunt (2000) Hepatol. 31:241-246; and METAVIR (1994)
Hepatology 20:15-20. Based on analysis of the liver biopsy, a score is assigned. A number of
standardized scoring systems exist which provide a quantitative assessment of the degree and
severity of fibrosis. These include the METAVIR, Knodell, Scheuer, Ludwig, and Ishak
scoring systems. o

[0064] The METAVIR scoring system is based on an analysis of various f@gﬁnes of a liver
biopsy, including fibrosis (portal fibrosis, centrilobular fibrosis, and cirrhosis); necrosis
(piecemeal and lobular necrosis, acidophilic retraction, aﬁd bellooning degeneration);
inflammation (portal tract inflammation, portal lymphoid aggrcgates, and distribution of portal
inflammation); bile duct changes; and the Knodell index (scores of periportal necrosis, lobular
necrosis, portal inflammation, fibrosis, and overall disease activity). The definitions of each

stage in the METAVIR system are as follows: score: 0, no fibrosis; score: 1, stellate
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enlargement of portal tract but without septa formation; score: 2, enlargement of portal tract
with rare septa formation; score: 3, numerous septa without cirrhosis; and score: 4, cirrhosis;

[0065] Knodell's scoring system, also called the Hepatitis Activity Index, classifies specimens
based on scores in four categories of histologic features; I. Periportal and/or bridging necrosis;
II, Inﬁalobular degeneration and focal necrosis; II1. Portal inflammation; and IV. Fibrosis. In
the Knodell staging system, scores are as follows: score: 0, no fibrosis; score: 1, mild fibrosis
(fibrous portal expansion); score; 2, moderate fibrosis; score: 3, severe fibrosis (bridging
fibrosis); and score: 4, cirrhosis. The higher the score, the more severe the liver tissue damage.
Knodell (1981) Hepatol. 1:431.

[0066] In the Scheuer scoring system scores are as follows: score: 0, no fibrosis; score: 1,
enlarged, fibrotic portal tracts; score: 2, periportal or portal-portal septa, but intact architecture;
score: 3, fibrosis with architectural distortion, but no obvious cirrhosis; score: 4, probable or
definite cirrhosis. Scheuer (1991) J. Hepatol. 13:372.

[0067] The Ishak scoring system is described in Ishak (1995) 7. Hepatol. 22:696-699. Stage 0,
No fibrosis; Stage 1, Fibrous expansion of some portal areas, with or without short fibrous
septa; stage 2, Fibrous expansion of most portal areas, with or without short fibrous septa;
stage 3, Fibrous expansion of most portal areas with occasional portal to portal (P-P) bridging;
Stage 4, Fibrous expansion of portal areas with marked bridging (P-P) as well as portal-central
(P-Cy; stage 5, Marked bridging (P-P and/or P-C) with occasional nodules (incomplete
cirrhosis); stage 6, Cirrhosis, probable or definite.

[0068] The benefit of anti~fibrotic therapy can also be measured and assessed by using the
Child-Pugh scoring system which comprises a multicomponent point system based upon
abnormalities in serum bilirubin level, serum albumin level, prothrombin time, the presence
and severity of ascites, and (1;he presence and severity of encephalopathy. Based upon the

o8 presence and severity of abnormality of these parameters, patients may be placed in one of
three categories of increasing severity of clinical disease: A, B, or C.

[0069] - In some embodiments, a therapeutically effective amount of a compound of formula L
and optionally one or more additional antiviral agents, is an amount that effects a change of
one unit or more in the fibrosis stage based on pre- and post-therapy liver biopsies. In

b particular embodiments, a therapeutically effective amoﬁnt of a compound of formula I, and
optionally one or more additional antiviral agents, reduces liver fibrosis by at least one unit in
the METAVIR, the Knodell, the Scheuer, the Ludwig, or the Ishak scoring system.

[0070] Secondary, or indirect, indices of liver function can also be used to evaluate the

éfﬁcacy of treatment with a compound of formula I. Morphometric computerized semi-
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automated assessment of the quantitative degree of liver fibrosis based upon specific staining |
of collagen and/or serum markers of liver fibrosis can also be measured as an indication of the
efficacy of a subject treatment method. Secondary indices of liver function include, but are not
limited to, serum transaminase levels, prothrombin time, bilirubin, platelet count, portal
pressure, albumin level, and assessment of the Chlld-Pugh score. o v

Au effective amount of a compound of formula I, and optlonally one 01 more add1t10na1
antiviral agents, is an amount that is effective to increase an index of liver fimction by at least
about 10%, at least about 20%, at léast about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%,
at least-about 65%, at least about 70%, at least about 75%, or at least about 80%, or more,
compared to the index of liver function in an untreated individual, orto a placebo-treated
individual. Those skilled in the art can readily measure such indices of liver function, using
standard assay methods, many of which are commercially available, and are used routinely in
clinical settings.

Serum markers of liver fibrosis can also be measured as an indication of the efficacy of
a subject treatment method. Serum markers of liver fibrosis include, but are not limited to,
hyaluronate, N-terminal procollagen III peptide, 7S domain of type IV collagen, C-terminal
procollagen I peptide, and laminin, Additional biochemical markets of liver fibrosis include a-
2-macroglobulin, haptoglobin, gamma globulin, apolipoprotein A; and gamma glutamyl
transpeptidase.

A therapeutically effective amount of a compound of formula I, and optionally one or
more additional antiviral agents, is an amount that is effective to reduce a serum level ofa -
marker of liver fibrosis by at least about 10%, at least about 20%, at least about 25%, at least
about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at
least about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%,

or at least about 80%, or more, compared to the level of the marker in an untreated individual,

. or to a placebo-treated individual, Those skilled in the art can readily measure such serum

markers of liver fibrosis, using standard assay methods, many of which are commercmlly
avallable, and are used routmely in clinical settings. Methods of measuring serum markers
include immunological-based methods, e.g., enzyme-linked immunosorbent assays (ELISA),
radioimmunoassays, and the like, using antibody specific for a given serum marker.

| Quantitative tests of functional liver reserve can also be used to assess the efficacy of
treatment with an interferon receptor agonist and pirfenidone (or a pirfenidone analog), These

include: indocyanine green clearance (ICG), galactose elimination capacity (GEC),
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aminopyrine breath test (ABT), antipyrine clearance, monoethylglycine-xylidide (MEG—X)

clearance, and caffeine clearance.

[0075] As used herein, a “complication associated with cirthosis of the liver” refers to a

disorder that is a sequellae of decompensated liver disease, i.e., or occurs subsequently to and
as a result of development of liver fibrosis, and includes, but it not limited to, development of -
ascites, variceal bleeding, portal hypertension, jaundice, progressive liver insufficiency,
encephalopathy, hepatocellular carcinoma, liver failure requiring liver transplantation, and
liver-related mortality.

A therapeutically effective amount of a compound of formula I, and optionally one or
more additional antiviral agents, is an amount that is éffective in reducing the incidence (e.g.,
the likelihood that an individual will develop) of a disorder associated with cirrhosis of the
liver by at least about 10%, at least about 20%, at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at
least about 60%, at least about 65%, at lleast about 70%, at least about 75%, or at least about
80%, or more, compared to an untreated individual, or to a placebo-treated individual. -

Whether treatment with a compound of formula I, and optionally one or more
additional antiviral agents, is effective in reducing the incidence of a disorder agsociated with
cirrhosis of the liver can readity be determined by those skilled in the art.

Reduction in liver fibrosis increases liver function. Thus, the invention provides
methods for increasing liver function, generally involving administering a therapeutically
effective amount of a compound of formula I, and optionally one or more additional antiviral
agents. Liver functions include, but are not limited to, synthesis of proteins such as serum
proteins (e.g., albumin, clotting factors, alkaline phosphatase, aminotransferases (e.g., alanine
transaminase, aspartate transaminase), 5’-nucleosidase, y-glutaminyltranspeptidase, etc.),
synthesis of bilirubin, synthesis of cholesterol, and synthesis of bile acids; a liver metabolic
function, including, but not limited to, carbohydrate metabolism, amino acid and ammonia
metabolism, hormone metabolism, and lipid metabolism; detoxification of exogenous drugs; a
hemodynamic function, including splanchnic and portal hemodynamics; and the like.

* Whether a liver function is increa;ed is readily ascertainable by those skilled in the art,
using well-established tests of liver function. Thus, synthesis of markers of liver function such
as albumin, alkaline phosphatase, alanine ﬁansaininase, aspartate trahsaminase, bilirubin, and
the like, can be assessed by measuring the level of these markers in the Serum, using standard

immunological and enzymatic assays. Splanchnic circulation and portal hemodynamics can be
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measured by portal wedge pressure and/or resistance using standard methods. Metabolic
functions can be measured by measuring the level of ammonia in the serum.

[0080] _Whetﬁer serum proteins normally secreted by the liver are in the normal range can be
determined by measuring the levels of such proteins, using standard immunological and
enzymatic assays. Those skilled in the art know the normal ranges for such serum proteihs.
The following are non-limiting examples. The normal level of alanine transaminase is about
45 TU per milliliter of serum. The normal range of aspartate transaminase is from about 5 to
about 40 units per liter of serum. Bilirubin is measured using standard assays. Normal
bilirubin levels are usually less than about 1.2 mg/dL. Serum albumin levels are measured
using standard assays. Normal levels of serum albumin are in the range of from about 35 to
about 55 g/L. Prolongation of prothrombin time is measured using standard assays. Normal
prothrombin time is less than about 4 seconds longer than control.

[0081] A therapeutically effective amount of a compound of formula I, and optionally one or

’ more additional antiviral agents, is one that is effective to increase liver function by at least
about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, or more. - For example, a
therapeutically effective amount of a coxﬁpound of formula I, and éptionally one or more
additional antiviral agents, is an amount effective to reduce an elevated level of a serum marker
of liver function by at least about 10%, at least about 20%, at least about 30%, at least about
40%, at least about 50%, at least about 60%, at least about 70%; at least about 80%, or more,
or to reduce the level of the serum marker of liver function to within a normal range. A
therapeutically effective amount of a compound of formula I, and optionally one or more
additional antiviral agents, is also an amount effective to increase a reduced level of a serum
marker of liver function by at least about 10%, at least about 20%, at least about 30%, at least
about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, cr
more, or to increase the level of the serum marker of liver function to within a normal range.
Type I interferon receptor agonists

[0082] In any of the above-described methods, in some embodiments a Type I interferon
receptor agonist is administered. Type I interferon receptor agonists include an 1FN—a; an IFN-
B; an IFN-tau; an JFN-; antibody agonists specific for a Type I interferon receptor; and any
other agonist of Type [ interferon receptor, including non-polypeptide agonists.

Interferon-Alpha

0083 Any known IFN-o can be used in the instant invention. The term "interferon-alpha” as
[0083] y p

“used herein refers to a family of related polypeptides that inhibit viral replication and cellular
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proliferation and modulate immune response. The term “IFN-a” includes naturally occurring
IFN-q; synthetic [FN-o; derivatized IFN-u (e.g., PEGylated IFN-q, glycbsylate’d IFN-q, and
the like); and analogs of naturally occurring or synthetic IFN-o; essentially any IFN-o. that has
antiviral properties, as described for naturally occurring IFN-q.

Suitable alpha interferons include, but are not limited to, nattufally-occlu'fing IFN-o
(including, but not limited to, naturally occurring IFN-02a, IFN-02b); recombinant interferon
alpha-2b such as Intron-A interferon available from Schering Corporation, Kenilworth, N.J.;
recombinant interferon alpha-2a such as Roferon interferon available from Hoffmann-La
Roche, Nutley, N, J.; recombinant interferon alpha-2C such as Berofor alpha 2 interferon
available from Boehringer Ingetheim Pharmaceutical, Inc., Ridgefield, Conn.; interferon alpha-
nl, a purified blend of natural alpha interferons such as Sumiferon available from Sumitomo,

Japan or as Wellferon interferon alpha-nl (INS) available from the Glaxo-Wellcome Ltd.,

‘London, Great Britain; and interferon alpha-n3 a mixture of natural alpha interferons made by

» Interferqn Sciences and available from ihe Purdue Frederick Co., Norwalk, Conn., under the

Alferon Tradename.
The term “IFN-o” also encompasses consensus IFN-o.. Consensus IFN-a (also referred

to as “CIFN” and “IFN-con” and “consensus interferon”) encompasses but is not limited to the
amino acid sequences designated IFN-conl, IFN-con2 and IFN-con3 which are disclosed in
U.S. Pat. Nos. 4,695,623 and 4,897,471, and consensus interferon as defined by determinatioﬁ
of a consensus sequence of naturally occurring interferc;n z;lphas ('e. g., Infergen®, InterMune,
Inc., Brisbane, Calif.). IFN-conl is the consensus interferon agent in the Infergen® alfacon-1
product. The Infergen® consensus interferon product is referred to herein by its brand name
(Infergen®) or by its generic name (interferon alfacon-1). DNA sequences encoding IFN-con
may be synthesized as described in the aforementioned patents or other standard methods. Use
of CIFN is of particular interest.

Also suitable for use in the present invention are fusion polypeptides comprising an
IFN-a and a heterologous polypeptide. Suitable IFN-a fusion polypeptides include, but are not
limited to, Albuferon-alpha™ (a fusion product of human albumin and IFN-o; Human Genome
Sciences; see, e.g., Osborn et al. (2002) J. Pharmacol. Exp. Therap. 303:540-548). Also
suitable for use in the present invention are gene-shuffled forms of IFN-0.. See., e.g., Masciet -
al. (2003) Curr. Oncol. Rep. 5:108-113.

PEGylated Interferon-Alpha
The term “IFN-0” also encompasses derivatives of IFN-u that are derivatized (e.g., are

chemically modified) to alter certain properties such as serum half-life. As such, the term
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“IFN-0” includes glycosylated IFN-o; IFN-a derivatized with polyethylene glycol (“PEGylated
IFN-a); and the like. PEGylated IFN-a, and methods for making same, is discussed in,e.g,
U.S. Patent Nos. 5,382,657; 5,981,709; and 5,951,974. PEGylated IFN-o encompasses
conjugates of PEG and any of the above-described IFN-a molecules, including, but not limited

- to, PEG conjugated to interferon alpha-2a (Roferon, Hoffinan La-Roche, Nutley, N.J.),
interferon alpha 2b (lmtron, Schering-Plough, Madison, N.J.), interferon alpha-2¢ (Berofor
Alpha, Boehringer Ingelheim, Ingelheim, Germany); and consensus interferon as defined by
determination of a consensus sequence of naturally occurring interferon alphas (Infergen®,
InterMune, Inc., Brisbane, Calif)). \ '

* [0088] Any of the above-mentioned IFN-a polypeptides can be modified with one or more
polyethylene glycol moieties, i.e., PEGylated. The PEG moleéule of a PEGylated IFN-a.
polypeptide is conjugated to one or moré amino acid side chains ;)f the IFN-o polypeptide. In
some embodiments, the PEGylated IFN-o contains a PEG moiety on only one amino acid. In
other embodiments, the PEGylated I[FN-u contains a PEG moiety on two or more amino acids,
e.g., ﬁhe IFN-o0. contains a PEG moiety attached to two, three, four, five, six, seven, eight, nine,
or ten different amino acid residues.

[0089] IFN-a may be coupled directly to PEG (i.e., without a linkihg group) through an amino
group, a sulfhydryl group, a hydroxyl group, or a carboxyl group.

[0090] * In some embodiments, the PEGylated IFN-a. is PEGylated at or near the amino
terminus (N-terminus) of the JFN-o polypeptide, e.g., the PEG moiety is conjugated to t}l1e
IFN-u polypeptide at one or more amino acid residues from amino acid 1 through amino acid
4, or from amino acid 5 through about 10. '

[0091] In other embodiments, the PEGylated IFN-o, is PEGylated at one or more amino acid

- residues from about 10 to about 28. |

{0092] In other embodiments, the PEGylated IFN-a is PEGylated at or near the carboxyl _
terminus (C-terminus) of the IFN-o, polypeptide, e.g., at one or more residues from amino acids
156-166, or from amino acids 150 t0 155,

[0093] In other embodiments, the PEGylated IFN-a is PEGylated at one or more amino acid
residues at one or more residues from amino acids 100-114,

[0094] The polyethylene glycol derivatization of amino acid residues at or near the receptor-
binding and/or active site domains of the JFN-c protein can disrupt the funétiom'ng of these
domains. In certain embodiments of the invention, amino acids at which PEGylation is to be
avoided include amino acid residues from amino acid 30 to amino acid 40; and amino acid

residues from amino acid 113 to amino acid 149,
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[0095] In some embodiments, PEG is attached to IFN-0. via a linking group. The linking
group is any biocompatible linking group, where "biocompatible" indicates that the compound
or group is non-toxic and may be utilized in vitro or in vivo without causing injury, sickness,
disease, or death. PEG can be bonded to the linking group, for example, via an ether bond, an
ester bond, a thiol bond or an amide boﬁd. Suitable biocompatible linking groups include, but
are not limited to, an ester group, an amide group, an imide group, a carbamate group, a
carboxyl group, a hydroxyl group, a carbohydrate, a succinimide group (including, for
example, succinimidyl succinate (SS), succinimidyl propionate (SPA), succinimidyl butanoate

' (SBA), succinimidyl carboxymethylate (SCM), succinimidy] succinamide (SSA) or N-hydroxy
succinimide (NHS)), an epoxide'group, an dxycarbonylimidazolc group (including, for
example, carbonyldimidazole (CDI)), avm'tro phenyl group (including, for example, nitrophenyl
carbonate (NPC) or trichlorophenyl carbonate (TPC)), & trysylate group, an aldehyde group, an
isocyanate group, a vinylsulfone group, a tyrosine group, a cysteine group, a histidine‘ group or
a primary amine.

[0b96] Methods for making succinimidyl propionate (SPA) and succinimidyl butanoate (SBA)
ester-activated PEGs are described in U.S. Pat. No. 5,672,662 (Harris, et al.) and WO
97/03106.

[0097] Methods for attaching a PEG to an IFN-u polypeptide are known in the art, and any
known method can be used. See, for example, by Park et al, Anticancer Res., 1:373-376
(1981); Zaplipsky and Leg, Polyethylene Glycol Chemistry: Biotechnical and Biomedical
Applications, J. M. Harris, ed., Plenum Press, NY, Chapter 21 (1 992): U.S. Patent No.
5,985,265; U.S. Pat. No. 5,672,662 (Har:ris, et al.) and WO 97/03 106.

[0098] Pegylated IFN-u, and methods for making same, is discussed in, e.g., U.S. Patent Nos.
5,382,657, 5,981,709; 5,985,265; and 5,951,974. Pegylated IFN-o, encompasses conjugates of
PEG and any of the above-described IFN-o molecules, including, but not limited to, PEG
conjugated to interferon alpha-2a (Roferon, Hoffman LaRoche, Nutley, N.JI.), where
PEGylated Roferon is known as Pegasys (Hoffiman LaRoche); interferon alpha 2b (Intro,
Schering-Plough, Madison, N.J.), where PEGylated Intron is known as PEG-Intron (Schering-
Plough); interferon alpha-2c (Berofor Alpha, Bochringer Ingetheim, Ingelheim, Germany); and
consensus interferon (CIFN) as defined by determination of a consensus sequence of naturatly
occﬁrring interferon alphas (Infergen®, InterMune, Inc., Brisbane, Calif.), where PEGylated
Infergen is referred to as PEG-Infergen.

[06099] In many embodiments, the PEG is a monomethoxyPEG molecule that reacts with

primary amine groups on the IFN-o polypeptide. Methods of modifying polypeptides with
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monomethoxy PEG via reductive alkylation aré known in the art. See, €.g., Chamow et al.
(1994) Bioconj. Chem. 5:133-140.

[00100] In one non-limiting example, PEG is linked to IFN-a via an SPA linking group. SPA
esters of PEG, and methods for making same, are described in U.S. Patent No. 5,672,662. SPA
linkages provide for linkage to frec amine groups on the IFN-a. polypeptide. ‘

[00101] For example, a PEG molecule is covalently attached via a linkage that comprises an
amide bond between a propibnyl group of the PEG‘moiety and the epsilon amino group of a
surface-exposed lysine residue in the IFN-o. polypeptide. Such a bond can be formed, e.g., by
condensation of an o-methoxy, omega propanoic acid activated ester of PEG (mPEGspa).

{00102} As one non-limiting example, one monopegylated CIFN conjugate preferred for use
herein has a linear PEG moiety of about 30 kD attached via a covalent linkage to the CIFN
polypeptide, where the covalent linkage is an amide bond between a propionyl group of the
PEG moiety and the epsilon amino group of a surface-exposed lysine residue in the CIFN
polypeptide, where the surface-exposed lysine residue is chosen from lys*!, lys™, lys”’, lys®,
lys'?, 1ys'®, lys'**, lys', and lys'®, and the amide bond is formed by condensation of an a-
methoxy, omega propanoic acid éctivated ester of PEG.

Polvethylene glycol

[00103] Polyethylene glycol suitable for conjugation to an IFN-a polypeptide is soluble in water
at room temperature, and has the general formula R(0O-CH;-CH;),0-R, where R is hydrogen or
a protective group such as an alkyl or an alkanol group, and where n is an integer from 1 to
1000. Where R is a protective group, it generally has from 1 to 8 carbons.

[00104] In many embodiments, PEG has at least one hydroxyl group, e.g., a terminal hydroxyl
group, which hydroxyl group is modified to generate a functional group that is reactive with an
amino group, e.g., an epsilon amino group of a lysine residue, a free amino group at the N-
terminus of a polypeptide, or any other amino group such as an amino group of asparagine,
glutamine, arginine, or histidine.

[00105] In other embodiments, PEG is derivatized so that it is reactive with free carboxyl
groups in tﬁe IFN-0, polypeptide, e.g., the free carboxyl group at the carboxyl terminus of the
IFN-o polypeptide. Suitable derivatives of PEG that are reactive with the free carboxyl group
at the carboxyl-terminus of IFN-d include, but are not limited to PEG-amine, and hydrazine
derivatives of PEG (e.g., PEG-NH-NH>).

- [00106] In other embodiments, PEG is derivatized such that it comprises a terminal

thiocarboxylic acid group, -COSH, which selectively reacts with amino groups to generate

amide derivatives. Because of the reactive nature of the thio acid, selectivity of certain amino
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groups over others is achieved. For example, -SH exhibits sufficient leaving group ability in
reaction with N-terminal amino group at appropriate pH conditions such that the e-amino
groups in lysine residues are protonated and remain non-nucleophilic. On the other hand,
reactions under suitable pH conditions may make some of the accessible lysine residues to
react with selectivity. '

[00107] In other embodiments, the PEG comprises a reactive ester such as an N-hydroxy
succinimidate at the end of the PEG chain. Such an N-hydroxysuccinimidate-containing PEG
molecule reacts with select amino groups at particular pH conditions such as neutral 6.5-7.5.
For example, the N-terminal amino groups may be selectively modified under neutral pH
conditions. However, if the reactivity of the reagent were extreme, accessible-NH; groups of
lysine may also react. _

[00108] - The PEG can be conjugated directly to the IFN-o. polypeptide, or through a linker. In
some embodiments, a linker is added to the IFN-o polypepﬁde, forming a linker-modified IFN-
o polypeptide. Such linkers provide various fu.nctionaliticé, e.g., reactive groups such
sulthydryl, amino, or carboxyl groups to couple a PEG reagent to the linker-modified IFN-
polypeptide. 7

[00109] In some embodiments, the PEG conjugated to the IFN-o, polypeptide is linear. In other
embodiments, the PEG conjugated to the IFN-o polypeptide is branched. Branched PEG
derivatives such as those described in U.S. Pat, No. 5,643,575, "star-PEG's" and multi-armed
PEG's such as those described in Shearwater Polymers, Inc. catalog "Polyethylene Glycol
Derivatives 1997-1998." Star PEGs are described in the art including, e.g., in U.S. Patent No.
6,046,305,

{00110] PEG having a molecular weight in a range of ffom about 2 kDa to about 100 kDa, is
generally used, where the term "about,” in the context of PEG, indicates that in preparations of
polyethylene glycol, some molecules will weigh more, some less, than the stated molecular
weight. For example, PEG suitable for conjugation to IFN-a has a molecular weight of from .
about 2 kD_a to about 5 kDa, from about 5 kDa to about 10 kDa, from about 10 kDa to about 15
kDa, from about 15 kDa to about 20 kDa, from about 20 kDa to about 25 kDa, from about 25
kDa to about 30 kDa, from about 30 kDa to about 40 kDa, from about 40 kDa to about 50 kDa,
from about 50 kDa to about 60 kDa, from about 60 kDa to about 70 kDa, from about 70 kDa to

about 80 kDa, from about 80 kDa to about 90 kDa, or from about 90 kDa to about 100 kDa.
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Prepating PEG-IFN-a comucates

[00111] As discussed above, thie PEG m01ety can be attached, directly or via a linker, to an
amino acld residue at or near the N-terminus, internally, or at or near the C-terminus of the
IFN-a polypeptide. Conjugation can be catried out in solution or in the solid phase.

N-terminal linkage

e

{00112] Methods for attaching a PEG moiety to an amino acid residue at or near the N-terminﬁs
of an IFN-a polypeptide are known in the art. See, e.g., U.S. Patent No. 5,985,265.

[060113] In some embodiments, known methods for selectively obtaining an N-terminally
chemically modified IFN- are used. For example, a method of protein modification by
reductive alkylation which exploits differential reactivity of different types of primary amino

1 groups (lysine versus the N-terminus) available for derivatization in a particular protein can be

used. Under the appropriate reaction conditions, substantially selective derivatization of the
protein at the N-terminus with a carbonyl group containing polymer is achieved. The reaction
is performed at pH which allows one to take advantage of the pK, differences between the &-
amino groups of the lysine residues and that of the a-amino group of the N-terminal residue of

2 the protein. By such selective derivatization attachment of a PEG moiety to the IFN-g, is

controlled: the conjugation with the polymer takes place predominantly at the N-terminus of

the IFN-a and no significant modification of other reactive groups, such as the lysine side
chain amino groups, occurs.

C-terminal linkage

Yo [00114) N-terminal-specific coupling procedures such as described in U.S. Patent No.
5,985,265 provide predominantly monoPEGyIated products. However, the purification
procedures aimed at removing the excess reagents and minor multiply PEGylated products
remove the N-terminal blocked polypeptides. In terms of therapy, such processes lead to

significant increases in manufacturing costs. For example, examination of the structure of the

w5

well-characterized Infergen® Alfacon-1 CIFN polypeptide amino acid sequence reveals that
the clipping is approximate 5% at the carboxyl terminus and thus there is only one major C-
terminal sequence. Thus, in some embodiments, N-terminally PEGylated IFN-q is not used;
instead, the IFN-a polypeptide is C-terminally PEGylated.

[00115) An effective synthetic as well as therapeutic approach to obtain mono PEGylated

b Infergen product is therefore envisioned as follows:

[00116] A PEG reagent that is selective for the C-terminal can be prepared with or without

' spacers. For example, polyethylene glycol modified as methyl ether at one énd and having an-

amino function at the other end niay be used as the starting material.
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[00117) Preparing or obtaining a water-soluble carbodiimide as the condensing agent can be

[00118

[00119

(00120

carried out. Coupling IFN-a (e.g., Infergen® Alfacon-1 CIFN or consensus interferon) witha
water-soluble carbodiimide as the condensing reagent is generally carried out in agueous
medium with a suitable buffer system at an optimal pH to effect the amide linkage. A high
Iholecular weight PEG can be added to the protein covalently to increase the molecular weight.
] The reagents selected will depend on process optimization studies. A non-limiting
example of a suitable reagent is EDAC or 1-ethyl-3- (3-dimethylaminopropyl) carbodiimide.
The water solubility of EDAC allows for direct addition to a reaction without the need for prior
organic solvent dissolution. Excess reagent and the isourea formed as the by-product of the
cross-linking reaction are both water-soluble and may easily be removed by dialysis or gel
filtration. A concentrated solution of EDAC in water is prepared to facilitate the addition of 2
small molar amount to the reaction. The stock solution is prepared and used immediately in
view of the water labile nature of the reagent. Most of the synthetic protocols in literature -
suggest the optimal reaction medium to be in pH range between 4.7 and 6.0. However the
condensation reactions do proceed without significant losses in yields up to pH 7.5. Water may
be used as solvent. In view of the contemplated use of Infergen, preferably the medium will be
2-(N-morpholino)ethane sulfonic acid buffer pre-titrated to pH between 4.7 and 6.0. However,
0.1M phosphate in the pH 7-7.5 may also be used in view of the fact that the product is in the
same buffer. The ratios of PEG amine to the IFN-0. molecule is optimized such that the C-
terminal carboxyl residue(s) are selectively PEGylated to yield monoPEGylated derivative(s).

] Even though the use of PEG amine has been mentioned above by name or structure,
such derivatives are meant to be exemplary only, and other groups such as hydrazine
derivatives as in PEG-NH-NH, which will also condense with the carboxyl group of the IFN-a
protein, can also be used. In addition to aqueous phase, the reactions can also be conducted on
solid phase. Polyethylene glycol can be selected from list of compounds of molecular weight
ranging from 300-40000. The choice of the various polyethylene glycols will also be dictated
by the coupling efficiency and the biological performance of the purified derivative in vitro
and in vivo i.e., circulation times, anti viral activities etc.

] Additionally, suitable spacers can be added to the C-terminal of the protein. The
spacers may have reactive groups such as SH, NH; or COOH to couple with appropriate PEG
reagent to provide the high molecular weight IFN-o derivatives. A combined solid/solution
phase methodology can be devised for the preparation of C-terminal pegylated interferons. For
example, the C-terminus of IFN-q is extended on a solid phase using a Gly-Gly-Cys-NH,

spacer and then monopegylated in solution using activated dithiopyridyl-PEG reagent of
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appropriate molecular weights. Since the coupling at the C-terminus is independent of the

blocking at the N-terminus, the énvisidned‘processcs and products will be beneficial with

respect to cost (a third of the protein is not wasted as in N-terminal PEGylation methods) and
contribute to the economy of the therapy to treat virus infection. N '

- [00121] There may be a more reactive carboxyl group of amino ac-id residues elsewhere in the
molecule to react with the PEG reagent and lead to monoPEGylation at that site or lead to
multiple PEGylations in addition to the -COOH group at the C-terminus of the IFN-o. It is
envisioned that these reactions will be minimal at best owing to the steric freedom at the C-
terminal end of the molecule and the steric hindrance imposed by the carbodiimides and the
PEG reagents such as in branched chain molecules, It is therefore the preferred mode of PEG
modification for Infergen and similar such proteins, native or expressed in a host system,
which may have blocked N-termini to varying degrees to improve efficiencies and maintain
higher in vivo biological activity,

[00122] Another method of achieving C-terminal PEGylation is as follows. Selectivity of C-
terminal PEGylation is achieved with a sterically hindered reagent which excludes reactions at
carboxyl residues either buried in the helices or internally in IFN-0. For example, one such
reagent could be a branched chain PEG ~40kd in molecular weight and this agent could be
synthesized as follows: '

[00123] OH3C-(CH,CH,0)n-CH,CH,NH, + Glutamic Acid i.e., HOCO-CH,CH,CH(NH2)-
COOH is condensed with a suitable agent e.g., dicyclohexyl carbodiimide or water-soluble
EDC to provide the branched chain PEG agent OH;C-(CH,CH,0),-
CH;CHZNHCOCH(NHZ)CHgOCHg-(CH;CHZO),,-CH2CH2NHCOCH2.

0
H3C-0-(CHyCH,,0),-CHyCH N+ HO C-CH,CH,CH-COOH
CHNI,
EDAC l
H3C-O-(CH;CHA0),- CH;CH,NH-CO

CHNH,

|

(CHa)a
H3C-0-(CH;CH:0),-CH,CH,NH-CO

[00124] This reagent can be used in excess to couple the amino group with the free and flexible

carboxyl group of IFN-q to form the peptide bond,
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[00125] If desired, PEGylated IFN-. is separated from unPEGylated IFN-c using any known
' method, including, but not limited to, ion exchange chromatography, size exclusion
chromatography, and combinations thereof, For example, where the PEG-IFN-q conjugate is a
monoPEGylated IFN-o, the products are first separated by ion exchange chromatography to
obtain material having a charge characteristic of monoPEGylated material (othef multi-
- PEGylated material having the same apparent charge may be present), and then the
monoPEGylated materials are separated using size exclusion chromatography.
IFN-B

[00126] The term interferon-beta (“IFN-B”) includes IFN-B polypeptides that are naturally
occurring; non-naturally-occurring IFN-f polypeptides; and analogs of naturally occurring or
non-naturally occurring IFN-B that retain antiviral activity of a parent naturally-occurnng or
‘non-naturally occurring IFN-B.

[00127] Any of a variety of beta interferons can be delivered by the continuous delivery method
of the pr‘esént invention. Suitable beta interferons include, but are not limited to, naturally-
occurrihg IFN-B; IFN-B1a, e.g., Avonex® (Biogen, Inc.), and Rebif® (Serono, SA); IEN-B1b
(Betaseron@ ; Berlex); and the like. |

[00128] The IFN- formulation may comprise an N-blocked species, wherein the N-terminal
amino acid is acylated with an acyl group, such as a formyl group, an acetyl group, a malonyl
group, and the like. Also suitable for use is a consensus IFN-p. |

[00129] IFN-B polypeptides can be produced by any known method. DNA sequences encoding
IFN-B may be synthesized using standard methods. In many embodiments; IFN-B
polypeptides are the products of expression of manufactured DNA sequences transformed or
transfected into bacterial hosts, e.g., E. coli, or in eukaryotic host cells (e.g., yeast; mammalian
cells, such as CHO cells; and the like). In these embodiments, the IFN- is “recombmant IFN-
B.” Where the host cell is a bacterial host cell, the IFN—B is modified to comprise an N-
terminal methionine.

[00130§ It is to be understood that IFN-P as described herein may comprise one or more
modified amino acid residues, e.g., glycosylations, chemical modifications, and the like.

[00131] The terny interferon-tau includes IFN-tau polypeptides that are naturally occurring; non-
haturally-occurring IFN-tau polypeptides; and analogs of naturally occurring or non-naturally
occurring IFN-tau that retain antiviral activity of a parent naturally-occurring or non-naturally

occurring IFN-tau.
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" [00132] Suitable tau interferons include, but are not limited to, naturally-occurring IFN-tau;
Tauferon® (Pepgen Corp.); and the like.
{00133] IFN-tau may comprisé an'amino acid sequence as set forth in any one of GenBank

Accession Nos. P15696; P56828; P56832; P56829; P56831; Q29429; Q28595; Q28594;
S08072; Q08071; Q08070; Q08053; P56830; P28169; P28172; and P28171. The sequence of
any known IFN-tau polypeptide may be altered in various ways known in the art to generate
targeted changes in sequence. A variant polypeptide will usually be substantially similar to the
sequences provided herein, 7.e. will differ by at least one amino acid, and may differ by at least
two but not more than about ten amino acids. The sequence changes may be substitutions,

" insertions or deletions. Conservative amino acid substitutions typically include substitutions
within the following groups: (glycine, alanine); (valine, isoleucine, leucine); (aspartic acid,
glutamic écid); (asparagine, glutamine); (éerinc, threonine); (iysine, arginine); or
(phenylalanine, tyrosine). 4

[00134]’ Modifications of interest that may or may not alter the primary amino acid sequence
include chemical detivatization of polypeptides, e.g., acetylation, or carboxylation; changes in
amino acid sequence that introduce or remove a glycosylation site; changes in amino acid
sequence that make the protein susceptible to PEGylation; and the like. Also included are
modifications of glycosylation, e.g. those made by modifying the glycosylation patterns of a
polypeptide during its synthesis and processing or in further processing steps; e.g. by exposing
the polypeptide to enzymes that affect glycosylation, such as mammalian glycosylating or
deglycosylating enzymes. Also embraced are sequences that have phosphorylated amino acid
residues, e.g. phosphotyrosine, phosphoserine, or phosphothreonine.

[00135] The IFN-tau formulation may comprise an N-blocked species, wherein the N-terminal
amino acid is acylated with an acyl group, such as a formy! group, an acetyl group, a malonyl

» group, and the like. Also suitable for use is a consensus IFN-tau.

i [00136] IFN-tau polypeptides can be produced by any known method. DNA sequences ‘
encoding IFN-tau may be synthesized using standard methods. In many embodiments, IFN-taﬁ
polypeptides are the products of expression of manufactured DNA sequences transformed or
transfected into bacterial hosts, e.g., E. coli, or in eukaryotic host cells (e.g., yeast; mammalian

B cells, such as CHO cells; and the like). In these embodiments, the IFN~tau'is “recombinant

. IFN-tau.” Where the host cell is a bacterial host cell, the IFN-tau is modified to comprise an

N-terminal methionine.

[00137] It is to be understood that [FN-tau as described herein may comprise one or more

modified amino acid residues, e.g., glycosylations, chemical modifications, and the like.
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IFN-a
[00138] The term interferon-omega (“IFN-0”) includes [FN-o polypeptides that are naturally

occurring; non-naturally-occurring IFN-w polypeptides; and analogs of naturally occurring or
non-naturally occurring IFN-w that retain antiviral activity of a parent naturally-occurring or
non-naturally occurring IFN-@.

[00139] Any known omega interferon can be delivered by the continuous delivery method of
the present invention. Suitable IFN-o include, but are not limited to, naturaﬂybccurring IFN-
®; recombinant IFN-co,ve.g., Biomed 510 (BioMedicines); and the like. »

[00140] IFN-» may comprise an amino acid sequence as set forth in GenBank Accession No.
NP_002168; or AAA70091. The sequence of any known IFN-w polypeptide may be altered in
various ways known in the art to generate targeted changes in sequence. A variant polypeptide
will usually be substantially similar to the sequences provided herein, i.e. will differ by at least
one amino acid, and may differ by at least two but not more than about ten amino acids. The
sequence changes may be substitutions, iﬁsertions or deletions. Conservative amino acid
substitutions typically include substitutions within the following groups: (glycine, alanine);
(valine, isoleucine, leucine); (aspartic acid, glutamic acid); (asparagine, glutamine); (serine,
threonine); (lysine, arginine); or (phenylalanine, tyrosine).

{00141] Modifications of interest that may or may not alter the primary amino acid sequence
include chemical derivatization of polypeptides, e.g., acet}}lation, or carboxylation; changes in
amiino acid sequence that introduce or remove a glycosylation site; changes in amino acid
sequence that make the protein susceptible to PEGylation; and the like. Also included are
modifications of glycosylation, e.g. those made by modifying the glycosylation patterns of a
polypeptide during its synthesis and processing or in further processing steps; e.g. by exposing
the polypeptide to enzymes that affect glycosylation, such as mammalian giycosylating or

" deglycosylating enzymes. Also embraced are sequences that have phosphorylated amino acid
residues, e.g. phosphotyrosine, phosphoserine, or phosphothreonine.

[00142] The IFN-w formulation may comprise an N-blocked species, wherein the N-terminal
amino acid is acylated with an acyl group, such as a formyl group, an acetyl group, a malonyl
group, and the like. Also sﬁitable for use is a consensus IFN-o.

[00143] IFN-o polypeptides can be produced by any known method. DNA sequences encoding
IFN-o may be synthesized using standard methods. In many embodiments, IFN-@
polypeptides are the products of expression of manufactured DNA sequences transformed or
transfected into bacterial hosts, e.g., £. coli, or in eukaryotic host cells (e.g., yeast; mammalian

cells, such as CHO cells; and the like). In these embodiments, the IFN- is “recombinant IFN-
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®.” Where the host cell is a bacterial host cell, the IFN-o is modified to comprise an N-
terminal methionine.

[00144] It is to be understood that IFN-o as described herein may comprise one or more
modified amino acid residues, e.g., glycosylations, chemical modiﬁcatiohs, and the like.

Type LI interferon receptor agonists
[00145] In any of the above-described methods, the interferon receptor agonist is in some

embodiments an agonist of a Type III interferon receptor (e.g., “a Type III interferon agonist™).
Type Il interferon agonists include an 1L-28b polypeptide; and I1.-28a polypeptide; and IL-29
polypeptide; antibody specific for a Type III interferon receptor; and any other agonist of Type
I interferon receptor, including non-polypeptide agonists.

[00146] IL-28A, IL-28B, and IL-29 (referred to herein collectively as “Type HII interferons™ or
“Type III IFNs™) are described in Sheppard et al. (2003) Noture 4:63-68. Each polypeptide |
binds a heterodimeric receptor consisting of IL-10 receptor P chain and an IL-28 receptor o.
Sheppard et al. (2003), supra. The amino acid sequences of IL-28A, IL-28B, and IL.-29 are
found under GenBank Accession Nos. NP_742150, NP_742151, and NP_742152, respectively.

[00147] The amino acid sequence of a Type ITI IFN polypeptide may be altered in various ways
known in the art to generate targeted changes in sequence. A variant polypéptide will usually
be substantially similar to the sequences provided herein, 7.e. will differ by at least one amino
acid, and may differ by af least two but not more than about ten amino acids. The sequence
changes may be substitutions, insertions or deletions. Scanning mutations that systematically
introduce alanine, or other residues, may be used to determine key amino acids. Specific
amino acid substitutions of interest include conservative and non-conservative changes.
Conservative amino acid substitutions typically include substitutions within the following
groups: (glycine, alanine); (véline, isoleucine, leucine); (aspartic acid, glutamic acid);
(asparagine, glutamine); (serine, threonine); (ysine, arginine); or (phenylalanine, tyrosine).

[00148] Modifications of interest that may or may not alter the primary amino acid sequence
include chemical derivatization of polypeptides, e.g., acetylation, or carboxylation; changes in
amino acid sequence that introduce or remove a glycosylation site; changes in amino acid
sequence that make the protein susceptible to PEGylation; and the like. Also included are
modifications of glycosylation, e.g. those made by modifying ﬁxe glycosylation patterns of a
polypeptide during its synthesis and processing or in further processing steps; e.g. by exposing
the polypeptide to enzymes that affect glycosylation, such as mammalian glycosylating or
deglycosylating enzymes. Also embraced are sequences that have phosphorylated amino acid

residues, e.g. phosphotyrosine, phosphoserine, or phosphothreonine.
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[00149] Included in the subject invention are polypeptides that have been modified using

ordiriary chemical techniques so as to improve their resistance to proteolytic degradation, to
optimize solubility properties, or to render them more suitable as a therapeutic agent. For
examples, the backbone of the peptide may be cyclized to enhance stability (see Friedler et al.
(2000) J. Biol. Chem. 275:23783-23789). Analogs may be used that include residues other
than naturally occurring L-amino acids, e.g. D-amino acids or non-naturally occurring
synthetic amino acids. The protein may be pegylated to enhance stability. The polypeptides
may be fused to albumin.

[00150] The polypeptides may be prepared by in vifro synthesis, uéi‘ng conventional methods as

known in the art, by recombinant methods, or may be isolated from cells induced or naturally
producing the protein. The particular sequence and the manner of preparation will be
determined by c'onveniencé, economics, purity required, and the like. If desired, various
groups may be introduced into the polypeptide during synthesis or during expression, which
allow for linking to other molecules or to a surface. Thus cysteines can be used to make
thioethers, histidines for linking to a metal ion complex, carboxyl groups for forming amides or
esters, amino groups for forming amides, and the like. -

Type II Interferon receptdr agonists

[00151] Type II interferon receptor agonists include any naturally-occurring or non-naturally-

occurring ligand of a human Type 11 interferon receptor which binds to and causes signal
transduction via the receptor. Type II interferon i‘eceptor agonists include interferons,

including naturally-occurring interferons, modified interferons, synthetic interferons; pegylated
interferons, fusion proteins comprising an interferon and a heterologous protein, shuffled
interferons; antibody specific for an interferon receptor; non-peptide chemical agonists; and the

like.

[00152] A specific example of a Type II interferon receptor agonist is IFNy and variants

thereof, While the present invention exemplifies use of an IFN-y polypeptide, it will be readily

~ apparent that any Type Il interferon receptor agonist can be used in a subject method.

Interferon-Gamma

[00153] The nucleic acid sequences encoding IFN-y polypeptides may be accessed from public

databases, e.g., Genbank, journal publications, etc. While various mammalian IFN-y
polypeptides are of interest, for the treatment of human disease, generally the human protein
will be used. Human IFN-y coding sequence may be found in Genbank, accession numbers

X13274; V00343; and NM_000619. The corresponding genomic sequence may be found in
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Genbank, accession numbers J00219; M37265; and V00536. See, for example. Gray et al.
(1982) Nature 295:501 (Genbank X13274)';.and Rinderknecht et al. (1984) J.B.C. 258:6790.

[00154] - IFN-ylb (Actimmune®; human interferon) is a single-chain polypeptide of 140 amino

acids. It is made recombinantly in E.coli and is unglycosylated. Rinderknecht et-al. (1984) J.
Biol. Chem. 259:6790-6797. Recombinant IFN-y as discussed in U.S. Patent No. 6,497,871 is

also suitable for use herein.

[00155] The IFN-y to be used in the methods of the present invention may be any of natural

IFN-ys, recombinant [FN-ys and the derivatives thereof so far as they have an IFN-y activity,
particularly human IFN-y activity. Human IFN-y exhibits the antiviral and anti-proliferative
properties characteristic of the interferons, as well as a number of other immunomodulatory
activities, as is known in the art. Although IFN-y is based on the sequences as provided above,
the production of the protein and proteolytic processing can result in processing variants
thereof. The unprocessed sequence provided by Gray et al., supra, consists of 166 amino acids
(aa). Although the recombinant IFN-y produced in . coli was originally bélieved to be 146
amino acids, (commencing at amino acid 20) it was subsequently found that native human
IFN-y is cleaved after residue 23, to produce a 143 aa protein, or 144 aa if the terminal
methionine is present, as required for expression in bacteria. During purification, the mature
protein can additionally be cleaved at the C terminus after reside 162 (referring to the Gray et
al. sequence), resulting in a protein of 139 amino acids, or 140 amino acids if the initial
methionine is present, e.g. if required for bacterial expression. The N-terminal methionine is
an artifact encoded by the mRNA translational “start” signal AUG that, in the particular case of
E. coli expression is not processed away. In other microbial systems or eukaryotic expression

systems, methionine may be removed.

[00156] For use in the subject metho.ds, any of the native [FN-y peptides, modifications and

variants thereof, or a combination of one or more peptides may be used. IFN-y peptides of
interest include fragments, and can be variously truncated at the carboxyl terminus relative to
the full sequence. Such fragments continue to exhibit the characteristic properties of hurman
gamma interferon, so long as amino acids 24 to about 149 (numbering from the residues of the
unprocessed polypeptide) are present. Extraneous sequences can be substituted for the amino
acid sequence following amino acid 155 without loss of activity. See, for example, U.S. Patent
No. 5,690,925. Native IFN-y moieties include molecules variously extending from amino acid
residues 24-150; 24-151, 24-152; 24- 153, 24-155; and 24-157. Any of thése variants, and

other variants known in the art and having IFN-y activity, may be used in the present methods.
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. [00157] The sequence of the IFN-y polypeptide may be altered in various ways known in the art

to generate targeted changes in sequence. A variant polypeptide will usually be substantially
similar to the sequences provided herein, i.e., will differ by at least one amino acid, and may
differ by at least two but not more than about ten amind acids. The sequence changes may be
substitutions, insertions or deletions. Scanning mutations that systematically introduce alanine,
or other residues, may be used to determine key amino acids. Specific amino acid substitutions
of interest include conservative and non-conservative dhanges. Conservative amino acid |
substitutions typically include substitutions within the following groups: (glycine, alanine);
(valine, isoleucine, leucine); (aspartic acid, glutamic acid); (asparagine, glutamine); (serine,

threonine); (lysine, arginine); or (phenylalanine, tyrosine).

[00158] Modifications of interest that may or may not alter the primary amino acid sequence

include chemical derivatization of polypeptides, e.g., acetylation, or carboxylation; changes in
amino acid sequence that introduce or remove a glycosylation site; changes in amino acid

sequence that make the protein susceptible to PEGylation; and the like. In one embodiment,

. the invention contemplates the use of IFN-y variants with one or more non-naturally occurring

glycosylation and/or pegylation sites that are engineered to provide glycosyl- and/or PEG-

derivatized polypeptides with reduced serum clearance, such as the IFN- y polypeptide variants

' deséribed in International Patent Publication No. WO 01/36001. Also included are

modifications of glycosylation, e.g., those made by modifying the glycosylation patterns of a
polypeptide during its synthesis and processing or in further processing steps; e.g., by exposing
the polypeptide to kenzymes that affect glycosylation, such as mammalian glycosylating or
deglycosylating enzymes. Also embraced are sequences that have phosphorylated amino acid

residues, e.g., phosphotyro'sine; phosphoserine, or phosphothreonine.

[00159] Included in the subject invention are polypeptides that have been modified using

ordinary chemical techniques so as to improve their resistance to proteolytic degradation, to
optimize solubility properties, or to render them more suitable as a therapeutic agent. For
examples, the backbone of the peptide may be cyclized to enhance stability (see Friedler ef al.
(2000) J. Bz‘bl. Chem. 275:23783-23789). Analogs may be used t'hat include residues other

‘than naturally occurring L-amino acids, e.g., D-amino acids or non-naturally occurring

synthetic amino acids. The protein may be pegylated to enhance stability.

[00160] ~ The polypeptides may be prepared by in vitro synthesis, using conventional methods as

known in the art, by recombinant methods, or may be isolated from cells induced or naturally
producing the protein. The particular sequence and the manner of preparation will be

determined by convenience, economics, purity required, and the like. If desired, various
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‘groups mayvbe introduced into the polypeptide during synthesis or during expression, which
allow for linking to other molecules or to a surface. Thus cysteines can be used to make
thioethers, histidines for linking to a metal ion complex, carboxyl groups for forming amides or -
A esters, amino groups for forming amides, and the like. _
= [00161] The polypeptides may also be isolated and purified in accordance with conventional
methods of recombinant synthesis. A lysate may be prepared of the expression host and the
lysate purified using HPLC, exclusion chromatography, gel electrophoresis, affinity
- chromatography, or other purification technique. For the most part, the compositions which
are used will comprise at least 20% by weight of the desired product, more usually at least
. about 75% by weight, preferably at least about 95% by weight, and for therapeutic purposes,
usually at least about 99.5% by weight, in relation to contaminants related to the method of
preparation of the product ?.nd its purificatior.. Usnally, the percentages will be based upon
. total protein.

Pirfenidone and Analogs Thereof

'l [00162] Pirfenidone (5-methyl-1-phenyl-2-(1H)-pyridone) and specific pirfenidone analogs are
disclosed for the treatment of fibrotic conditions. A “fibrotic condition” is one that is

amenable to treatment by administration of a compound having anti-fibrotic activity.

Pirfenidone
Me Ph
Z N/
\ .

LA B
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Descriptions for Substituents R;, Ry, X
[00163] Ri:  carbocyclic (saturated and unsaturated), heterocyclic (saturated or unsaturated),
alkyls (saturated and unsaturated). Examples include phenyl, benzyl, pyrimidyl, naphthyl,
indolyl, pyrrolyl, furyl, thienyl, imidazolyl, cyclohexyl, piperidyl, pyrrolidyl, morpholinyl,
5 cyclohexenyl, butadienyl, and the like. A _ v
5 [00164) R, can further include substitutions on the carbocyclic or heterocyclic moieties with
substituents such as halogen, nitro, amino, hydroxyl, alkoxy, carboxyl, cyano, thio, alkyl, aryl,
heteroalkyl, héteroaryl and combinations thereof, for example, 4-nitrophenyl, 3-chlorophenyl,
2,5-dinitrophenyl, 4-methoxyphenyl, S-methyl-pyrrolyl, 2, S-dichlorocyclohexyl, guanidinyl-
10 © cyclohexeny! and the like.
[00165] Ry:  alkyl, carbocylic, aryl, heterocyclic. Examples include: methyl, ethyl, propyl,
| isopropyl, phenyi, 4-nitrophenyl, thienyl and the like.
[00166]' X may be any number (from 1 to 3) of substituents on the carbocyclic or
heterocyclic ring. The substituents can be the same or different. Substituents can include
5 hydrogen, alkyl, heteroalkyl, aryl, heteroaryl, halo, nitro, carboxyl, hydroxyl, cyano, amino,
thio, alkylamino, haloaryl and the like.
[00167] The substituents may be optiona]ly further substituted with 1-3 substituents from the
group consisting of alkyl, aryl, nitro, alkoxy, hydroxyl and halo groups. Examples include: -

methyl, 2,3-dimethyl, phenyl, p-tolyl, 4-chlorophenyl, 4-nitrophenyl, 2,5-dichlorophenyl, furyl,

20 thienyl and the like.
[00168] Specific Examples include the compounds listed in Table 1:
- Tablel

IA IIB
5-Methyl-1-(2'-pyridyl)-2-(1H) pyridine, 6-Methyl-1-phenyl-3-(1H) pyridone,
6-Methyl-1-phenyl-2-(1H) pyridone, 5-Methyl-1-p-tolyl-3-(1H) pyridone,
5-Methyl-3-phenyl-1-(2'-thienyl)-2-(1H) 5-Methyl-1-(2'-naphthyl)-3-(1H) pyridone,
pyridone, ,
5-Methyl-1-(2'-naphthyl)-2-(1H) pyridone, | 5-Methyl-1-phenyl-3-(1H) pyridone,
5-Methyl-1-p-tolyl-2-(1F) pyridone, 5-Methyl-1-(5'-quinoly])-3-(1H) pyridone,
5-Methyl-1-(1'naphthyl)-2-(1H) pyridone, 5-Ethyl-1-pheny!l-3-(1H) pyridone,
5-Ethyl-1-phenyl-2-(1H) pyridone, 5-Methyl-1-(4'-methoxyphenyl)-3-(1H) pyridone,

5-Methyl-1-(5'-quinolyl)-2-(1H) pyridone, | 4-Methyl-1-phenyl-3-(1H) pyridone,
5-Methy!-1-(4-quinolyl)-2-(1H) pyridone, _| 5-Methyl-1-(3'-pyridyl)-3-(1H) pyridone,
5-Methyl-1-(4'-pyridyl)-2-(1H) pyridone, 5-Methyl-1-(2'-ThienyD)-3-(1H) pyridone,

3-Methyl-1-phenyl-2-(1H) pyridone, 5-Methyl-1-(2'-pyridyl)-3-(1H) pyridone,
5-Methyl-1-(4"-methoxyphenyl)-2-(1H) 5-Methyl-1-(2'-quinolyl)-3-(1H) pyridone,
pyridone,

1-Phenyl-2-(1H) pyridone, 1-Phenyl-3-(1H) pyridine,
1,3-Diphenyl-2-(1H) pyridone, 1-(2'-Furyl)-5-methyl-3-(1H) pyridone,

1,3-Diphenyl-5-methyl-2-(1H) pyridone, 1-(4'-Chlorophenyl)-5-methy)-3-(1H) pyridine.
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5-Methyl-1-(3 -trifluoromethylphenyl)-2-
(1H)-pyridone,
3-Ethyl-1-phenyl-2-(1H) pyridone,
5-Methyl-1-(3"-pyridyl)-2-{1H) pyridone,
5-Methyl-1-(3-nitrophenyl)-2~(1H)
yridone,
3-(4'-Chlorophenyl)-5-Methyl-1-phenyl-2-
1H) pyridone,
5-Methyl-1-(2'-Thienyl)-2-(1H) pyridone,
5-Methyl-1-(2'-thiazoly)-2-(1H) pyridone,
3,6-Dimethyl- 1 -phenyl-2-(1H) pyridone,
1-(4'Chlorophenyl)-5-Methyl-2-(1H)
pyridone,
1-(2'-Imidazolyl)-5-Methyl-2-(1H)
pyridone,
1-(4'-NitrophenyD-2-(1H) pyridone,
1-(2"-Furyl)-5-Methyl-2-(1H) pyridone,
1-Phenyl-3-(4'-chlorophenyl)-2-(1H)
pyridine.

[00169] U.S. Pat. Nos. 3,974,281, 3,839,346; 4,042,699; 4,052,509; 5,310,562; 5,518,729;

5,716,632; and 6,090,822 describe methods for the synthesis and formulation of pitfenidone
and specific pirfenidone analogs in pharmaceutical compositions suitable for use in the
methods of the present invention,

Thymosin-o

[00170) Thymosin-o. (Zadaxin™; available from SciClone Pharmaceuticals, Inc., San Mateo,

CA) is a synthetic form of thymosin alpha 1, a hormone found naturally in the circulatioﬁ and
produced by the thymus gland. Thymosin-c increases activity of T cells and NK cells.- -
Zadaxin™ formulated for subcutaneous injection is a purified sterile Iyophilized preparation of
chemically synthesized thymosin alpha 1 identical to human thymosin alpha 1. Thymosin
alpha 1 is an acetylated polypeptide with the following sequence: Ac - Ser - Asp - Ala - Ala-
Val - Asp - Thr - Ser - Ser - Glu - lle - Thr - Thr - Lys - Asp - Leu - Lys - Glu-Lys - Lys - Glu
- Val - Val-Glu - Glu - Ala - Glu- Asn - OH, and having a molecular weight of 3,108 daltons.
The lyophilized preparation contains 1.6 mg synthetic thymosin-o, 50 mg mannitol, and
sodium phosphate buffer to adjust the pH to 6.8.

Ribavirin

[00171) Ribavirin, 1-p-D-ribofuranosyl-1H-1,2,4-triazole-3-carboxamide, is a nucleoside

anaiog available from ICN Pharmaceuticals, Inc., Costa Mesa, Calif,, and is described in the
Merck Index, compound No. 8199, Eleventh Edition. Its manufacture and formulation is
described in U.S. Pat. No, 4,211,771, The invention also contemplates use of derivatives of
ribavirin (see, e.g., U.S. Pat. No. 6,277,830). The ribavirin may be administered orally in

capsule or tablet form. Of course, other types of administration of ribavirin, as they become
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available are contemplated, such as by nasal spray, transdermally, by suppository, by sustained
release dosage form, etc. Any form of administration will work so long as the proper dosagesi
are delivered without destroying the active ingredient.

[00172] Ribavirin is generally administered in an amount ranging from about 400 mg to about
1200 mg, from about 600 mg to about 1000 mg, or from about 700 to about 900 mg per day.
In some embodiments, ribavirin is administered throughout the entire course of NS3 inhibitor
therapy.
Levovirin

[00173] Levovirin is the L_-enantiomer of ribavirin, and exhibits the property of enhancing a
Th1 immune response over a Th2 immune response. Levovirin is manufactured by ICN
Pharmaceuticals.

[001 74], Levovirin has the following structure:

[}

H,N)TN\>

N\\N

HO oH ’
Viramidine
[00175) Viramidine is a 3-carboxamidine derivative of ribavirin, and acts as a prodrug of
15 ribavirin. Itis efficiently converted tb ribavirin by adenosine deaminases.

[00176] Viramidine has the following structure:

NEt '
N
N
\N

HO

/O
HO 01t
Nucieoside Analogs
[00177) Nucleoside analogs that are suitable for use in a subject combination therapy include,

but are not limited to, ribavirin, levovirin, viramidine, isatoribine; an L-ribofuranosyl
20 nucleoside as disclosed in U.S. Patent No. 5,559,101 and encompassed by Formula [ Qf uU.s.
Patent No. 5,559,101 (e.g., 1-B-L-ribofuranosyhwacil, 1--L-ribofuranosyl-5-fluorouracil, 1-f-
L-ribofuranosylcytosine, 9-3-L-ribofuranosyladenine, 9-8-L-ribofuranosylhypoxanthine, 9-B-
47 R
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L-ribofuranosylguanine, 9-p-L-ribofuranosyl-6-thioguanine, 2-amino-o-L-
ribofuranl[1°,2’:4,5]oxazoline, Oz,Oz-anhydro-l -g-L-ribofuranosyluracil, 1-a-L-
ribofuranosyluracil, 1-(2,3,5-tri-O-benzoyl—a—ribofuranosyl)-4-thiouraci1, 1-0-L-
ribofuranosylcytosine, 1-a-L-ribofuranosyl-4-thiouracil, 1-a-L-riboﬁlranosyl—S-ﬂuorduracil,'2-
amino-p-L-arabinofurano[1°,2":4,5]oxazoline, 0%,0-anhydro-p-L-arabinofuranosyluracil, 2’-
deoxy-B-L-uridine, 3°5’-Di-O-benzoyl-2’ deoxy-4-thio B-L-uridine, 2’-deoxy-p-L-cytidine, 2’-
deoxy-f-L-4-thiouridine, 2’-deoxy--L-thymidine, 2'-deoxy-p-L-5-fluorouridine, 2°,3’-
dideoxy-B-L-uridine, 2’-deoxy-B-L-5-fluorouridine, and 2’-deoxy-p-L-inosine); a compound as
disclosed in U.S. Patent No. 6,423,695 and encompassed by Formula I of U.S. Patent No.
6,423,695; a compound as disclosed in U.S. Patent Publication No. 2002/0058635, and
encompassed by Formula 1 of U.S. Patent Publication No. 2002/0058635; a nucleoside analog
as disclosed in WO 01/90121 A2 (Idénix); a nucleoside analog as disclosed in WO 02/069903
A2 (Biocryst Pharmaceuticals Inc.); a nucleoside analog as disclosed in WO 02/057287 A2 or
WO 02/057425 A2 (both Merck/Isis); and the like.

TNF Antagonists

[00178] In some embodiments, a subject method comprises administering an effective amount

" of 2 NS3 inhibitor and an effective amount of a tumor necrosis factor-o (TNF-) antagonist.
Suitable TNF-o. antagonists for use herein include agents that decrease the level of TNF-o.
synthesis, agents that block or inhibit the binding of TNF-a to a TNF-o receptor (TNFR), and
agents that block or inhibit TNFR-mediated signal transduction. Unless otherwise expressly
stated, every reference to a “TNF-o, antagonist” or “TNF antagonist” herein will be understood

to mean a TNF-o antagonist other than pirfenidone or a pirfenidone analog.

[00179] As used herein, the terms "TNF receptor polypeptide" and "TNFR polypeptide" refer to

polypeptides derived from TNFR (from any species) which are capable of binding TNF. Two
distinet cell-surface TNFRs have described: Type II TNFR (or p75 TNFR or TNFRII) and
Type I TNFR (or p55 TNFR or TNFRI). The mature full-length human p75 TNFR is 2
glycoprotein having a molecular weight of about 75-80 kilodaltons (kD). The mature full-
length human p55 TNFR is a glycoprotein having a molecular weight of about 55-60 kD.
Exemplary TNFR polypeptides are derived from TNFR Type I and/or TNFR type II. Soluble
TNFR includes p75 TNFR polypeptide; fusions of p75 TNFR with heterologous fusion

partners, e.g,, the Fo portion of an immunoglobulin.

[00180] TNFR polypeptide may be an intact TNFR or a suitable fragment of TNFR. U.S. Pat.

No. 5,605,690 provides examples of TNFR polypeptides, including soluble TNFR

polypeptides, appropriate for use in the present invention. In many embodiments, the TNFR
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polypeptide comprises an extracellular domain of TNFR. In some embodiments, the TNFR
polypeptide is a fusion polypeptide comprising an extracellular domain of TNFR linked to a
constant domain of an immunoglobulin molecule. In other embodiments, the TNFR
polypeptide is a fusion polypeptide comprising an extrace‘liu_lar domain of the p75 TNFR
linked to a constant domain of an'IgGl molecule. In some embodiments, when administration
to humans is contemplated, an Ig used for fusion proteins is human, e.g., human IgG1.

[00181] Monovalent and multivalent forms of TNFR polypeptides may be used in the present
invention. Muitivalent forms of TNFR polypeptides possess more than one TNF binding site.
In some embodiments, the TNFR is a bivalent, or dimeric, formr of TNFR. For example, as
described in U.S. Pat. No. 5,605,690 and in Mohler et al., 1993, J. Immunol., 151:1548-1561, a
chimeric antibody polypeptide with TNFR extracellular domains substituted for the variable
domains of either or both of the immunoglobulin heavy or light chains would provide a TNFR
polypeptide for the present invention. Generally, whch such a chimeric TNFR:antibedy
polypeptide is produced by cells, it forms a bivalent molecule through disulfide linkages
between the immunoglobulin domains. Such a chimeric TNFR :antibody polypeptide is referred
to as TNFR:Fc.

[00182] In one embodiment, a subject method involves administration of an effective amount of
the soluble TNFR ENBREL®. ENBREL® is a dimeric fusion protein consisting of the
extracel[ulaf ligand-binding portion of the human 75 kilodalton (p75) TNFR linked to the Fc
portion of human IgG1. The Fc component of ENBREL® contains the CH2 domain, the CH3
domain and hinge region, but not the CHI domain of IgG1. ENBREL® is produced in a
Chinese hamster ovary (CHO) mammalian cell expressiori system. It consists of 934 amino
acids and has an apparent molecular weight of approximately 150 kilodaltons. Smith et al.
(1990) Science 248:1019-1023; Mohler et al. (1993) J. Immunol. 151:1548-1561; U.S. Pat. No.
5,395,760; and U.S. Pat. No. 5,605,690.

[00183] Aiso suitable for use are monoclonal antibodies that bind TNF-o.. Monoclonal
antibodies include “humanized” mouse monoclonal antibodies; chimeric antibodies;
monoclonal antibodies that are at least about 8§0%, at least about 90%, at least about 95%, or
100% human in amino acid sequence; and the like. See, e.g., WO 90/10077;, WO 90/04036;‘
and WO 92/02190. Suitable monoclonal antibodies include antibody fragments, such as Fv,
F(ab’), and Fab; synthetic antibodies; artificial antibodies; phage display antibodies; and the
like.

[00184] Examples of suitable monoclonal antibodies include Infliximab (REMICADE®,
Centocor); and Adalimumab (HUMIRA™, Abbott). REMICADE® is a chimeric monoclonal
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anti-TNF-a antibody that includes about 25% mouse amino acid sequence and about 75%
human amino acid sequence. REMICADE®comprises a variable region of a mouse
monoclonal anti-TNF-a antibody fused to the constant region of a human IgG1. Elliott et al.
(1993) Arthritis Rheum. 36:1681-1690; Elliott et al. (1994) Lancet 344:1105-1110; Baert et al.
(1999) Gastroenterology 116:22-28. HUMIRA™ is a hurnan, full-length IgG1 monoclonal

" antibody that was identified using phage display technology. Piascik (2003) J. Am. Pharm.
Assoc. 43:327-328.

[00185] Also included in the term “TNF antagonist,” and therefore suitable for use in a subject
method, are stress-activated protein kinase (SAPK) inhibitors. SAPK inhibitors are known in
the art, and include, but are not limited to 2-alkyl imidazoles .disciosed in U.S. Patent No.
6,548,520; 1,4,5-substituted imidazole compounds disclosed in U.S. Patent No. 6,489,325;
1,4,5-substituted imidazole compounds disclosed in U.S. Patent No. 6,5 69,871;.héteroary1
aminophenyl ketone compounds disclosed in Published U.S, Patent Application No.

-2003/0073832; pyridyl imidazole compounds disclosed in U.S. Patent No. 6,288,089; and
heteroaryl aminobenzophenones disclosed in U.S. Patent No. 6,432,962. Also of interest are
compounds disclosed in U.S. Patent Application Publication No. 2003/0149041; and U.S.
Patent No. 6,214,854, A stress-activated protein kinase is & member of a family of mitogen-
activated protein kinases which are activated in response to stress stimuli. SAPK include, but
are not limited to, p38 (Lee et al. (1994) Nature 372:739) and c-jun N-terminal kinase (INK).

[00186] Methods to assess TNF antagonist activity are known in the art and exemplified herein.

~ For example, TNF antagonist activity may be assessed with a cell-based competitive binding
assay. In such an assay, radiolabeled TNF is mixed with serially diluted TNF antagonist and
cells expressing cell membrane bound TNFR. Portions of the susioension are centrifuged to
separate free and bound TNF and the amount of radioactivity in the free and bound fractions
determined. TNF antagonist abtivity is assessed by inhibition of TNF binding to the cells in the
presence of the TNF antagonist.

[00187] As another example, TNF antagonists may be analyzed for the ability to neutralize TNF
activity in vitro in a bioassay using cells susceptible to the cytotoxic activity of TNF as target |
cells. In such an assay, target cells, cultured with TNF, are treated with varying amounts of
TNF antagonist and subsequently are examined for cytolysis. TNF antagoniét activity is
assessed by a decrease in TNF-induced target cell cytolysis in the presence of the TNF

antagonist.
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NS 3B Inhibitors

[00188] In some embodiments, the invention provides a method comprising administering an

effective amount of a subject NS3 inhibitor and an effective amount of an HCV non-structural
protein-5 (NS5; RNA-dependent RNA polymerase) inhibitor to an HCV patient in need
thereof. Suitable NS5B inhibitors include, but are not limited to, a compound as disclosed in
U.S. Patent No. 6,479,508 (Boehringer-Ingelheim); a compound as disclosed in any of
International Patent Application Nos. PCT/CA02/01127, PCT/CA02/01 128, and
PCT/CA02/01 129, all filed on July 18, 2002 by Boehringer Ingelheim; a compound as
disclosed in U.S. Patent No. 6,440,985 (V. irdPharma) ; @ compound as disclosed in WO
01/47883, e.g., JTK-003 (Japan Tobacco); a dinucleotide analog as disclosed in Zhong et al.
(2003) Antimicrob. Agents Chemother. 471:2674-2681; a benzothiadiazine compound as

| diéplosed in Dhanak et al. (2002) J. Biol Chem. 277(41):38322-7; an NS5B inhibitor as
disclosed in WO 02/100846 A1 or WO 02/100851 A2 (both Shiré); an NS5B inhibitor as
discloseci in WO 01/85172 Al or WO 02/098424 A1 (both Glaxo SmithKline); an NS5B
inhibitor as disclosed in WO 00/06529 or WO 02/06246 Al (both Merck); an NS5B inhibitor
as disclosed in WO 03/000254 (Japan Tobacco); an NS5B inhibitor as disclosed in EP 1
256,628 A2 (Agouron); JTK-002 (J apah Tobacco); JTK-109 (Japan Tobacco); and the like,

[00189] Of particular interest in many embodiments are NSS inhibitors that are specific NS5

inhibitors, €.g., NS5 inhibitors that inhibit NS5 RNA-dependent RNA polymerase and that lack
significant inhibitory effects toward other RNA dependent RNA polymerases and toward DNA
dependent RNA polymerases.

Additional antiviral agents

[00190] Additional antiviral therapeutic agents that can be administered in combination with a
subject NS3 inhibitor compound include, but are not limited to, inhibitors of inosine
monophosphate dehydro genaée (IMPDH); ribozymes that are complementary to viral
nucleotide sequences; antisense RNA inhibitors; and the like.

IMPDH Inhibitors ,

[00191] IMPDH inhibitors that are suitable for use in a subject combination therapy include, but
are not limited to, VX-497 ((S)-N-3-[3-(3-methoxy-4-oxazol-5-yl-phenyl)-ureido]-benzyl-
carbamic acid tetrahydrofuran-3-yl-ester); Vertex Pharmaceuticals; see, e.g., Markland et al.
(2000) Antimicrob. Agents Chemother. 44:859-866); ribavirin; levovirin (Ribapharm; see, e.g.,
Watson (2002) Curr Opin Investig Drugs 3(5):680-3); viramidine (Ribapharm); and the %ike.
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Ribozyme and Antisense

[00192] Ribozyme and antisense antiviral agents that are suitable for use in a subject

combination therapy include, but are not limited to, ISIS 14803 (ISIS Phamiaceu'tica]s/Elan
Corporation; see, e.g., Witherell (2001) Curr Opin Investig Drugs. 2(11):1523-9);
Heptazyme™; and the like. '

[00193] In some embodiments, an additional antiviral agent is administered during the entire

course of NS3 inhibitor compound treatment. In other embodiments, an additional antiviral
agent is administered for a period of time that is overlapping with that of the NS3 inhibitor
compound treatment, e.g., the additional antiviral agent treatment can begin before the NS3
inhibitor compound treatment begins and end before the NS3 inhibitor compound treatment
ends; the additional antiviral agent treatment can begin after the NS3 inhibitor compound
treatment begins and end after the NIS3 inhibitor compound treatment ends; the additional

antiviral agent treatment can begin after the NS3 inhibitor compound treatment begins and end

. before the NS3 inhibitor compound treatment ends; or the additional antiviral agent treatment

can begin before the NS3 inhibitor compound treatment begins and end after the NS3 inhibitor

compound treatment ends.

DOSAGES, FORMULATIONS, AND ROUTES OF ADMINISTRATION

100194] In the subject methods, the active agent(s) (e.g., compound of formula I, and optionally

one or more additional antiviral agents) may be administered to the host using any convenient
means capable of resulting in the desired therapeutic effect. Thus, the agent can be
incorporated into a variety of formulations for therapeutic administration. More particularly,
the agents of the present invention can be formulated into pharmaceutical compositions by
combination with appropriate, pharmaceutically acceptable carriers or diluents, and may be
formulated into preparations in solid, semi-solid, liquid or gaseous forms, such as tablets,
capsules, powders, granules, ointments, solutions, éuppositories, injections, inhalants and
aerosols. |

Formulations

[00195] The above-discussed active agent(s) can be formulated using well-known reagents and

methods. Compositions are provided in formulation with a pharmaceutically acceptable
excipient(s). A wide variety of pharmaceutically acceptable excibients are known in the art
and need not be discussed in detail herein. Pharmaceutically acceptable excipients have been
amply described in a variety of publications, including, for example, A. Gennaro (2000)
“Remington: The Science and Practice of Pharmacy,” 20th edition, Lippincott, Williams, &
Wilkins; Pharmaceutical Dosage Forms and Drug Delivery Systems (1999) H.C. Ansel etal,,
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eds., 7" ed., Lippincott, Williams, & Wilkins; and Handbook of Pharmaceutical Excipients
(2000) A.H. Kibbe et al., eds., 3" ed. Amer. Pharmaceutical Assoc.

[00196] The pharmaceutically acceptable excipients, such as vehicles, adjuvants, carriers or

diluents, are readily available to the public. Moreover, pharmaceutically acceptable auxiliary v
substances, such as pH adjusting and buffering agents, tonicity adjusting agents, stabilizers,

wetting agents and the like, are readily available to the public.

[00197) In some embodiments, an agent is formulated in an aqueous buffer. Suitable aqueous

buffers include, but are not limited to, acetate, succinate, citrate, and phosphate buffers varying
in strengths from SmM to 100mM. In some embodiments, the aqueous buffer includes
reagents that provide for an isotonic solution. Such reagents include, but are not limited to,
sodium chloride; and sugars e.g., mannitol, dextrose, sucrose, and the like. In some
embodiments, the aqueous buffer further includes a non-ionic surfactant such as polysorbate 20 '
or 80. Optionally the formulations may further include a preéervative. Suitable preservatives
include, but are not limited to, a benzyl alcohol, phenol, chlorobutanol, benzalkonium chloride,
and the like. In many cases, the formulation is stored at about 4°C. Formulations may also be
lyophilized, in which case they generally include cryoprotectants such as sucrose, trehalose,
lactose, maltose, mannitol, and the like. Lyophilized formulations can be stored over extended

periods of time, even at ambient temperatures.

[00198] As such, administration of the agents can be achieved in various ways, including oral,

buccal, rectal, parenteral, intraperitoneal, intradermal, subcutaneous, intramuscular,
transdermal, intratracheal,etc., administration. In many embodiments, administration is by

bolus injection, e.g., subcutaneous bolus injection, intramuscular bolus injection, and the like.

[60199] The pharmaceutical compositions of the invention can be administered orally,

 parenterally or via an implanted reservoir. Oral administration or administration by injection

are preferred.

[00200] Subcutaneous administration of a pharmaceutical composition of the invention is

accomplished using standard methods and devices, e.g., needle and syringe, a subcutaneous
injection port delivery system, and the like. See, e.g., U.S. Patent Nos. 3,547,119; 4,755,173,
4,531,937: 4,311,137; and 6,017,328.‘ A combination of a subcutaneous injection port and a

- device for administration of a pharmaceutical composition of the invention to a patient through
the port is referred to herein as “a subcutaneous injection port delivery system.” In many

embodiments, subcutaneous administration is achieved by bolus delivery by needle and

syringe.
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[00201] In pharmaceutical dosage forms, the agents may be administered in the form of their "
pharmaceutically acceptable salts, or they may also be used alone or in appropriate association,
as well as in combination, with other pharmaceutically active compounds. The following
methods and excipients are merely exemplary and are in no way limiting,

[00202] For oral preparations, the agents can be used alone or in combination with appropriate
additives to make tablets, powders, granules or capsules, for example, with conventional
additives, such as lactose, mannitol, corn starch or potato starch; with binders, such as
crystalline cellulose, cellulose derivatives, acacia, corn starch or gelatins; with disintegrators,
such as corn starch, potato starch or sodium carboxymethylcellulose; with lubricants, such as
talc or magnesium stearate; and if desired, with diluents, buffering agents, moistening agents,
preservatives and flavoring agents.

[00203] The agents can be formulated into preparations for injection by dissolving, suspending
or emulsifying them in an aqueous or nonaqueoué solvent, such as vegetable or other similar
oils, synthetic aliphatic acid glycerides, esters of higher aliphatic acids orrpropylene glycol;
and if desired, with conventional additives such as solubilizers, isotonic agents, suspending
agents, emulsifying agents, stabilizers and preservatives.

[00204] Furthermore, the agents can be made into suppositories by mixing with a variety of
bases such as emulsifying bases or water-soluble bases. The compounds of the present
invention can be administered rectally via a suppository. The suppository can include vehicles
such as cocoa butter, carbowaxes and polyethylene glycols, which melt at body temperature,
yet are solidified at room témperature.

[00205] Unit dosage forms for oral or rectal administration such as syrups, elixirs, and
suspensions may be provided wherein each dosage unit, for example, teaspoonful, '
tablespoonful, tablet or suppository, contains a predetermined amount of the composition
containing one or more inhibitors. Similarl&, unit dosage forms for injection or infravenous
administration may comprise the inhibitor(s) in a composition as a solution in sterile water,
notmal saline or another pharmaceutically acceptable carrier.

[00206] The term “unit dosage form,” as used herein, refers to physically discrete units suitable
as unitéry dosages for human and animal subjects, each unit containing a predetermined
quantity of compounds of the present invention calculated in an amount sufficient to produce
the desired effect in association with a pharmaceutically acceptable diluent, carrier or vehicle.
The specifications for the novel unit dosage forms of the present invention depend on the
particular compound employed and the effect to be achieved, and the pharmacodynamics

associated with each compound in the host.
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[00207) The pharmaceutically acceptable excipients, such as vehicles, adjuvants, carriers or-
diluents, are readily available to the public. Moreover, pharmaceutically acceptable aux‘iliary’ .
substances, such es pH adjusting and buffering agents, tonicity adjusting agents, stabilizérs,
wetting agents and the like, are i‘eadily available to the public.

Other antiviral agents

[00208] As discussed above, a subject method will in some embodiments be carried out by
administering an NS3 inhibitor that is a compound of formula I, and optionally one or more
additional antiviral agent(s).

[00209] In some embodiments, the method further includes administration of one or more
interferon receptor agonist(s). Interferon receptor agonists are described above.

[00210] In other embodiments, the method further includes administration of pirfenidone or a
pirfenidone analog. Pirfenidone and pirfenidone analogs are described above.

[00211] Additional antiviral agents that are suitable for use in combiﬁation therapy include, but

A aré not limited to, nucleotide and nucleoside analogs. Non-limiting examples include
azidothymidine (AZT) (zidovudine), and analogs and derivatives thereof; 27,3°-dideoxyinosine
(DDI) (didanosine), and analogs and derivatives thereof, 2°,3’-dideoxycytidine (DDC)
(dideoxycytidine), and analogs and derivatives thereof; 2’3, -didehydro-2*,3-
dideoxythymidine (D4T) (stavudine), and analogs and derivatives thereof; combivir; abacavir;
adefovir dipoxil; cidofovir; ribavirin; ribavirin analogs; and the h'ke,‘

[00212] In some embodiments, the method further includes administration of ribavirin.
Ribavirin, 1-B-D-ribofuranosyl-1H-1,2,4-triazole-3-carboxamide, available from ICN
Pharmaceuticals, Inc., Costa Mesa, Calif,, is described in the Merck Index, compound No.
8199, Eleventh Edition. Its manufacture and formulation is desctibed in U.S. Pat. No.
4,211,771, The invention also contemplates use of derivatives of ribavirin (see, e.g., U.S. Pat.
No. 6,277,830). The ribavirin may be administered orally in capsule or tablet form, or in the
same or different administration form and in the same or different route as the interferon
receptor agonist. Of course, other types of administration of both medicaments, as they
become available are contemplated, such as by nasal spray, transdermally, intravenously, by
suppository, by sustained release dosage form, etc. Any form of administration will work so
long as the proper dosages are delivered without destroying the active ingredient.

[00213] In some embodiments, an additional antiviral agent is administered during the entire
course of NS3 inhibitor compound treatment. In other embodiments, an additional antiviral
agent is administered for a period of time that is overlapping with that of the NS3 inhibitor

compound treatmé;nt, ¢.g., the additional antiviral agent treatment can begin before the NS3
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inhibitor compound treatment begins and end before the NS3 inhibitor compound treatment
ends; the additional antiviral agent treatment can begin after the NS3 inhibitor compound
treatment begins and end after the NS3 inhibitor compound treatment ends; the additional
antiviral agent treatment can begin after the NS3 inhibitor compound treatment begins and end
before the NS3 inhibitor compound treatment ends; or the additional antiviral agent treatment
can begin before the NS3 inhibitor compound treatment begins and end after the NS3 inhibitor
compound tfreatment ends. ' |
METHODS OF TREATMENT
Monotherapies

[00214] The NS3 inhibitor compound of the invention can be used in acute or chronic therapy
for HCV disease. In many embodiments, the NS3 inhibitor compound is administered for a
period of about 1 day to about 7 days, or about 1 week to about 2 weeks, or about 2 weeks to
about 3 weeks, or about 3 weeks to about 4 weeks, or about 1 month to about 2 months, or
about 3 mounths to about 4 months, or about 4 months to about 6 months, or about 6 months to
about 8§ months, or about 8 months to about 12 months, or at least one year, and may be
administered over longer periods of time. The NS3 inhibitor compound can be administered 5
times per day, 4 times per day, tid, bid, qd, qod, biw, tiw, qw, qow, three times per month, or
once monthly. In other embodiments, the NS3 inhibitor compbﬁnd is administered as a
continuous infusion. |

[00215] In many embodiments, an NS3 inhibitor compound of the invention is administered
orally.

[00216] In connection with the above-described methods for the treatment of HCV disease in a
patient, an NS3 inhibitor compound of the invention can be administered to the patient at a
dosage from about 0.01 mg to about 100 mg/kg patient bodyweight per day, in 1 to 5 divided
doses per day. In some embodiments, the NS3 inhibitor compounci is administered at a dosage

~ of about 0.5 mg to about 75 mg/kg patient bodyweight per day, in 1 to 5 divided doses per day.

[00217] The amount of active ingredient that may be combined with carrier materials to
producé a dosage form can vary depending on the host to be treated and the particular mode of
administration. A typical pharmaceutical preparation can contain from about 5% to about 95%
active ingredient (w/w). In other embodiments, the pha.nnaceuﬁcgl preparation can contain
from about 20% to about §0% acﬁv§ ingredient.

[00218] Those of skill will readily appreciate that dose levels can vary as a function of the
specific NS3 inhibitor compound, the severity of the symptoms and the susceptibility of the

subject to side effects. Preferred dosages for a given NS3 inhibitor compound are readily

56



4

40

or

2

013315

determinable by those of skill in the art by a variety of means. A preferred means is to
measure the physiological potency of a given interferon receptof agonist. -

[00219] In many embodiments, multiple doses of NS3 inhibitor compound are administered.
For example, an NS3 inhibitor compound is administered once per month, twice per month,
three times per month, every other week (qow), once per week (qw), twice per week (biw),
three times per week (tiw), four times per week, five times per week, six times per week, every
other day (qod), daily (qd), twice a day (qid), or three times a day (tid), over a period of time
ranging from about one day to about one week, from about two weeks to about four weeks,
from about one month to about two months, from about two months to about four months,
from about four months to about six months, from about six months to about eight months,
from about eight months to about 1 year, from ab«.;ut 1 year to about 2 years, or from about 2
years to about 4 years, or more. '

Combination therapies with ribavirin

- [00220] In some embodiments, the methods provide for cbmbina’tion therapy comprising

administering an NS3 inhibitor compound as described above, and an effective amount of
ribavirin. Ribavirin can be administered in dosages of about 400 mg, about 800 mg, about
1000 mg, or about 1200 mg per day.
[00221] In one embodiment, the invention provides any of the above-described methods
- .modiﬁed to include co-administering .to the patieht a therapeutically effective amount of
ribavirin for the duration of the desired course of NS3 inhibitor compound treatment,

[00222] In another embodiment, the invention provides any of the-above-described methods
modified to include co-administering to the patient about 800 mg to about 1200 mg ribavirin
orally per day for the duration of the desired course of NS3 inhibitor compound treatment.

[00223] In another embodiment, the invention provides any of the above-described methods
modified to include co-administering to the patient (a) 1000 mg ribavirin orally per day if the
patient has a body weight less than 75 kg or (b) 1200 mg ribavirin orally per day if the pétient
has a body weight greater than or equal to 75 kg, where the daily dosage of ribavirin is
optionally divided into to 2 doses for the duration of the desired course of NS3 inhibitor
compound treatment.

Combination therapies with levovirin

[00224] In some embodiments, the methods provide for combination therapy comprising
administering an NS3 inhibitor compound as described above, and an effective amount of
levovirin. Levovirin is generally administered in an amount ranging from about 30 mg to

about 60 mg, from about 60 mg to about 125 mg, from about 125-mg to about 200 mg, from
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about 200 mg to about 300 gm, from about 300 mg to about 400 mg, from about 400 mg to
about 1200 mg, from about 600 mg to about 1000 mg, or from about 700 to about 300 mg per
day, or about 10 mg/kg body weight per day. In some embodiments, levovirin is administered
orally in dosages of about 400, about 800, about 1000, or about 1200 mg per day for the
desired course of NS3 inhibitor compound treatment. »

Combination therapies with viramidine

[00225] In some embodiments, the methods provide for combinatioﬁ therapy comprising
administering an NS3 inhibitor compound as described above, and an effective amount of
viramidine. Viramidine is generally administered in an amount ranging from about 30 mg to
about 60 mg, from about 60 mg to about 125 mg, from about 125 mg to about 200 mg, from
about 200 mg to about 300 gm, from about 300 mg to about 400 mg, from about 400 mg to
about 1200 mg, from about 600 mg to about 1000 mg, or from ab'out,700 to about 900 mg per
day, or about 10 mg/kg body weight per day. In some embodiments, viramidine is v
administered orally in dosages of about 800, or about 1600 mg per day for the desired course
of NS3 inhibitor compound treatment.

Combination therapies with thymosin-a

[00226] In some embodiments, the methods provide for combination therapy comprising
administering an NS3 inhibitor compound as described above, and an effective amount of
thymosin-o.. Thymosin-o. (Zadaxin™) is generally administered by subcutancous injection.
Thymosin-o can be administered tid, bid, qd, qod, biw, tiw, qw, qow, three times per month,
once monthly, substantially continuously, or continuously for the desired course of NS3
inhibitor compound treatment. In many embodiments, thymosin-o is administered twice per
week for the desired course of NS3 inhibitor compound treatment.

[00227] Effective dosages of thymosin-o range from about 0.5 mg to about 5 mg, e.g., from
about 0.5 mg to about 1.0 mg, from about 1.0 mg to about 1.5 mé, from about 1.5 mg to about
2.0 mg, from about 2.0 mg to about 2.5 mg, from about 2.5 mg to about 3.0 mg, from about 3.0
mg to about 3.5 mg, from about 3.5 mg to about 4.0 mg, from about 4.0 mg to about 4.5 mg, or
from about 4.5 mg to about 5.0 mg. In particular embodiments, thymosin-c. is administered in
dosages containing an amount of 1.0 mg or 1.6 mg.

[00228] Thymosin-o can be administered over a period of time ranging from about one day to
about one week, from about two weeks to about four weeks, from about one month to about
two months, from about two months to about four months, from about four months to about six
months, from about six‘ months to about eight months, from about eight months to about 1

year, from about 1 year to about 2 years, or from about 2 years to about 4 years, or more. In
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one emobidment, thymosin-o. is administered for the desired course of NS3 inhibitor
compound treatment.

Combination therapies with interferon(s)

[00229] In many embodiments, the methods provide for combination therapy cdmprising

administering an NS3 inhibitor compound as described above, and an effective amount of an
interferon receptor agonist. In some embodiments, a compound of formula I and a TypeIor

IIT interferon receptor agonist are co-administered in the treatment methods of the invention.

‘Type I interferon receptor agonists suitable for use herein include any interferon-o (IFN-¢). In

certain embodiments, the interferon-o is a PEGyla{ed interferon-a. In certain other

“embodiments, the interferon-o is a consensus interferon, such as INFERGEN® interferon

alfacon-1. In still other embodiments, the interferon-a is a monoPEG (30 kD, linear)-ylated

consensus interferon. -

[00230] Effective dosagés of an IFN-o range from about 3 g to about 27 pg, from about 3 MU

to about 10 MU, from about 90 pg to about 180 pg, or from about 18 pg to about 90 pg.
Effective dosages of Infergen® consensus IFN-a include about 3 g, about 6 ug, about 9 g,
about 12 pg, about 15 pg, about 18 pg, about 21 pg, about 24 pg, about 27 g, or about 30 He,
of drug per dose. Effective dosages of IFN-a2a and IFN-a2b range from 3 million Units (MU)
to 10 MU per dose. Effective dosages of PEGASYS®PEGylated IFN-02a contain an amount
of abouf 90 ug to 270 pg, or about 180 pg, of drug per dose. Effective dosages of PEG-
INTRON®PEGylated IFN-a2b contain an amount of about 0.5 pg to 3.0 pg of drug per kg of
body weight per dose. Effective dosages of PEGylated conscnéus interferon (PEG-CIFN)
contain an amount of about 18 pg to about 90 pg, or from about 27 pg to about 60 pg, or about
45 pg, of CIFN amino acid weight per doss of PEG-CIFN. Effective dosages of monoPEG (30
kD, linear)-ylated CIFN contain an amount of about 45 g to about 270 pg, or about 60 pg to
about 180 g, or about 90 pg to about 120 pg, of drug per dose. IFN-¢ can be administered
daily, every other day, once a week, three times a week, every other week, three times per

month, once monthly, substantially continuously or continuously.

[00231] In many embodiments, the Type I or Type III interferon receptor agonist and/or the

Type Il interferon receptor agonist is administered for a period of about 1 day to about 7 days,
or about 1 week to about 2 weéks, or about 2 weeks to about 3 weeks, or about 3 weeks to
about 4 weeks, or about 1 month to abou’; 2 months, or about 3 months to about 4 months, or
about 4 months to about 6 months, or about 6 months to about 8 months, or about 8 months to
about 12 months, or at least one year, and may be administered over longer periods of time.

Dosage regimens can include tid, bid, qd, qod, biw, tiw, qw, qow, three times per month, or
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monthly administrations. In some embodiments, the invention provides any of the above-
described methods in which the desired dosage of IFN-a, is administered subcutanedusly to the
patient by bolus delivery qd, qod, tiw, biw, qw, qow, three times per month, or monthly, or is
administered subcutaneously to the patient per day by substantially continuous or continuous
delivery, for the desired treatment duration. In other embodiments, the invention provides any
of the above-described methods in which the desired dosage of PEGylated [FN-0, (PEG-IFN-0)
is administered subcutaneously to the patient by bolus delivery qw, qow, three times per
month, or monthly for the desired treatment duration.

[00232] In other embodiments, an NS3 inhibitor corripound and a Type II interferon receptor
agonist are co-administered in the treatment methods of the invention. Type Il interferon
receptor agonists suitable for use herein include any interferon-y (IFN-y).

[00233] Effective dosages of IFN-y can range from about 0.5 pg/m? to about 500 ug/m?, usually
from about 1.5 pg/m? to 200 pg/m’, depending on the size of the patient. This activity is based
on 10° international units (U) per 50 pg of protein. IFN-y can be administered daily, every
other day, three times a week, or substantially continuously or continuously.

[00234] In specific embodiments of interest, IFN-y is administered to an individual in a unit

’ dosage form of from about 25 pg to about 500 pg, from about 50 pg to about 400 pg, or from
about 100 pg to about 300 pg. In particular embodiments of interest, the dose is about 200 pg
IFN-y. In many embodiments of interest, IFN-y1b is administered.

[00235] Where the dosage is 200 pg IFN-y per dose, the amount of IFN-y per body weight
(assuming a range of body weights of from about 45 kg to about 135 kg) is in the range of from
about 4.4 pg IFN-y per kg body weight to about 1.48 pg IFN-y per kg body weight.

[00236] The body surface area of subject individuals generally ranges from about 1.33 m? to
about 2,50 m%, Thus, in many embodiments, an IFN-y dosage ranges from about 150 pg/m? to
about 20 pg/m’. For example, an IFN-y dosage ranges from about 20 pg/m? to about 30 pg/m?,
from about 30 pg/m? to about 40 pg/m?, from about 40 pg/m? to about 50 pg/m?, from about 50
ugfm® to about 60 pg/m?, from about 60 pg/m? to about 70 pg/m?, from about 70 pg/m? to
about 80 pg/mz, from abéut 80 pg/m? to about 90 ug/m’, from about 90 pg/m” to about 100
pg/m?, from about 100 peg/m?to about 110 pg/m?, from about 110 u'g/m2 to about 120 pg/m?,
from about 120 pg/m? to about 130 pg/m?, from about 130 ng/m® to about 140 pg/m?, or from
about 140 pg/m? to about 150 pg/m?. In some embodiments, the dosage groups range from
about 25 pg/m? to about 100 pg/m?. In other embodiments, the dosage groups range from
about 25 pg/m? to about 50 pg/m®.
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{00237] In some embodiments, a Type I or 2 Type I inferferon receptorvagonist is administered
in a first dosing regimen, followed by a second'dosing regimen. The first dosing regimen of
Type I or a Type III interferon receptor agonist (also referred to as “the induction regimen )
generally involves adminisiration of a higher dosage of the Type I or Type III interferon

* receptor agonist. For example, in the case of Infergen® consensus IFN-a (CIFN), the first

dosihg regimen comprises administering CIFN at about 9 ug, about 15 pg, about 18 g, or
about 27 ug. - The first dosing regimen can encompass a single dosing event, or at least two or
more dosing events. The first dosing regimen of the Type I or Type III interferon receptor
agqm'st can be administered daily, every other day, three times a week, every other week, three

times per month, once monthly, substantially continuously or continuously.

[00238] The first dosing regimen of the Type I or Type III interferon receptor agonist is

administered for a first period of time, which time period can be at least about 4 weeks, at least
about 8 weeks or at least about 12 weeks.
[00239] The second dosing regimen of the Type I or Type III interferon receptor agonist (also
~ referred to as “the maintenance dose™) generally involves administration of a lower amount of
the Type I or Type Il interferon receptor agonist. For example, in the case of CIFN, the
second dosing regimen comprises administering CIFN at a dose of at ]east about 3 pg, at least
about 9 g, at least about 15 pg, or at least about 18 pg. The second dosing regimen can

encompass a single dosing event, or at least two or more dosing events.

[00240] The second dosing regimen of the Type I or Type III interferon receptor agonist can be

administered daily, every other day, three times a week, every other week, three times per
month, once monthly, substantially continuously or continuously.

[00241] In some embodiments, where an “induction”/”maintenance” dosing regimen of a Type I
or a Type Il interferon receptor agonist is administered, a “priming” dose of a Type II
interferon receptor agonist (e.g., IFN-y) isincluded. Inthese embodiments, IFN-y is
administered for a period of time from about 1 day to about 14 days, from about 2 days to
about 10 days, or from about 3 days to about 7 days, before the beginning of treatment with the
Type I or Type 111 interferon receptor agonist. This period of time is referred to as the
“priming” phase.

[00242] In some of these embodiments, the Type II interferon reéeptor agonist treatment is
continued throughout the entire period of treatment with the Type I or Type III interferon
receptor agonist. In other embodiments, the Type Il interferon receptor agonist treatment is
discontinued before the end of treatment with the Type I or Type III interferon receptor

agonist. In these embodiments, the total time of treatment with Type II interferon receptor
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agonist (including the “priming” phase) is from about 2 days to about 30 days, from about 4
days to about 25 days, from about 8 days to about 20 days, from about 10 days to about 18

- days, or from about 12 days to about.l 6 days. In still other embodiments, the Type II
interferon receptor agonist treatment is discontinued once Type I or a Type 11 interferon
receptor agonist treatment begins.

[00243] In other embodiments, the Type I or Type III interferon receptor agonist is administered
in single dosing regimen. For example, in the case of CIFN, the dose of CIFN is generally in a
range of from about 3 pg to about 15 pg, or from about 9 pg to about 15 ug. The dose of Type
I or a Type Il interferon receptor agonist is generally administered daily, every other day,
three times a week, everf( other week, three times pér month, once monthly, or substantially
continuously. The dose of the Type I or Type I interferon receptor agonist is administered
fora period of time, which period can be, for example, from at least about 24 weeks to at least
about 48 weeks, or longer. | '

[00244] In some embodiments, where a single dosing regimen of a Type I or a Type III
interferon receptor agonist is administered, a “priming” dose of a Type II interferon receptor
agonist (e.g., IFN-y) is included. In these embodiments, IFN-y is administered for a period of
time from about 1 day to about 14 days, from about 2 days to about 10 days, or from about 3
days to about 7 days, before the beginning of treatment with the Type I or Type III interferon
receptor agonist. This peﬁod of time is referred to as the “priming” phase. In some of these
embodiments, the Type Il interferon receptor agonist treatment is continued throughout the
entire period of treatment with the Type I or Type III interferon receptor agonist. In other
embodiments, the Type Il interferon receptor agonist treatment is discontinued before the end
of treatment with the Type I or Type II1 interferon receptor agonist. In these embodiments, the
total time of treatment with the Type II interferon receptor agonist (inclﬁding the “priming”
phase) is from about 2 days to about 30 days, from about 4 days to about 25 days, from about 8
days to about 20 days, from about 10 days to about 18 days, or from about 12 days to about 16
days. In still other embodiments, Type II interferon receptof agonist treatment is discontinued
once Type I or a Type Il interferon receptor agonist treatment begins.

[00245] In additional embodiments, an NS3 inhibitor compound, a Type I or Il interferon
receptor agonist, and a Type II interferon receptor agonist are co-administered for the desired
~duration of treatment in the methods of the invention. In some embodimerits, an NS3 inhibitor

compound, an interferon-u, and an interferon-y are co-administered for the desired duration of

treatment in the methods of the invention.
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[00246] In some embodiments, the invention provides methods using an amount of a Type I or

Type III interferon receptor agonist, a Type II interferon receptor agonist, and an NS3 inhibitor
compound, effective for the treatment of HCV infection in-a patient. In some embodiments,
the invention provides methods using an effective amount of an IFN-a, IFN-y, and an NS3
inhibitor compound in the treatment of HCV infection in a patient. In one embodiment, the
invention provides a method using an effective amount of a consensus IFN-a, IFN-y and an

NS3 inhibitor compound in the treatment of HCV infection in a patient.

[00247] In general, an effective amount of a consensus interferon (CIFN) and IFN-y suitable for

use in the methods of the invention is provided by a dosage ratio of 1 pg CIFN: 10 pg IFN-y,
where both CIFN and IFN-y are unPEGylated and unglycosylated species.

[00248] In one embodiment, the invention provides any of the above-described methods

modified to use an effective amount of INFERGEN®consensus IFN- and IFN-y in the
treatment of HCV infection in a patient comprising administering to the patient a dosage of
INFERGEN® containing an amount of about 1 pg to about 30 pg, of drug per dose of
INFERGEN®, subcutaneously qd, god, tiw, biw, qw, qov;', three times per mohth, once
monthly, or per day substantially continuously or continuously, in combination with a dosage
of IFN-y containing an amount of about 10 pg to about 300 pg of drug per dose of IFN-y,
subcutaneously qd, god, tiw, biw, qw, qow, three times per month, once monthly, or per day
substantially continuously or contmuously, for the desired duration of treatment with an NS3

inhibitor compound.

[00249] In another embodiment, the invention provides any of the above-described methods

modified to use an effective amount of INFERGEN®consensus IFN-a and IFN-y in the
treatment of virus infection in a patient comprising administering to the patient a dosage of
INFERGEN® éontaining an amount of about 1 pg to about 9 pg, of drug per dose of
INFERGEN®, subcutaneously qd, qod, tiw, biw; qw, qow, three times per month, once
monthly, or per dasz substantially continuously or continuously, in combination with a dosage
of IFN-y containing an amount of about 10 pg to about 100 ug of drug per dose of IFN-y,
subcutaneously qd, qod, tiw, biw, gw, qow, three times per month, once monthly, or per day
substantially continuously or continuously, for the desired duration of treatment with an NS3

inhibitor compound.

[00250] In another embodiment, the invention provides any of the above—descnbed methods

modified to use an effective amount of INFERGEN®consensus IFN-0, and IFN-y in the
treatment of virus infection in a patient comprising administering to the patient a dosage of

INFERGEN® containing an amount of about 1 pg of drug per dose of INFERGEN®,
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subcutaneously qd, god, tiw, biw, qw, qow, three times per month, once monthly, or per day
substantially continuously or continuously, in combination with a dosage of IFN~y containing
an amount of about 10 pg to about 50 pg of drug per dose of IFN-y, subcutaneously qd, qod,
tiw, biw, qw, gqow, three times per manth, once monthly, or per day substantially continuously
or continuously, for the desired duration of treatment with an NS3 ighibitor compound.

- [00251] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of INFERGEN®consensus IFN-0, and IFN-y in the
treatment of a virus infection in a patient comprising administering to the patient a dosagel of
INFERGEN® containing an amount of about 9 ug of drug per dose of H\IFERGEN®, ﬁ |
subcutaneously qd, god, tiw, biw, qw, qow, three times per month, once monthly, or per day -
.substantially continuously or continuously, in combination with a dosage of IFN-y containing
an amount of about 90 pg to about 100 pg of drug per dose of IFN-y, subcutaneously qd, qod,
tiw, biw, qw, qow, three times per month, once monthly, or per day substantially continuously
or continuously, for the desired duration of treatment with an NS3 inhibitor compound.

[00252] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of INFERGEN®consensus IFN-o and IFN-y in the
treatment of a virus infection in a patient comprising administering to the patient a dosage of
INFERGEN® containing an amount of about 30 yg of drug per dose of INFERGEN®,
subcutaneously qd, qod, tiw, biw, qw, qow, three times per month, once monthly, or per day
substantially continuously or continuously, in combination with a dosage of IFN-y containing
an amount of about 200 pg to about 300 pg of drug per dose of IFN-y, subcutaneously qd, god,
tiw, biw, qw, qow, three times per inonth, once monthly, or per day substantially continuously
or continuously, for the desired duration of treatment with an NS3 inhibitor compound.

[00253] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of PEGylated consensus IFN-o and IFN-y in the treatment
of a virus infection in a patient comprising administering to the patient a dosage of PEGylated
consensus IFN-a (PEG-CIFN) containing an amount of about 4 pg to about 60 pg of CIFN
amino acid weight per dose of PEG-CIFN, subcutaneously gw, qow, three times per month, or
monthly, in combination with a total weekly dosage of IFN-y containing an amount of about 30
g to about 1,000 pg of drug per week in divided doses administered subcutaneously qd, god,
tiw, biw, or administered substantially continuously or continuously, for the desired duration of
treatment with an NS3 inhibitor compound.

[00254] In another embodiment, the invention provides any of the‘above~described methods

modified to use an effective amount of PEGylated consensus [FN-a and IFN-y in the treatment
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of a virus infection in a paﬁent comprising administering to the patient a dosage of PEGylated
consensus IFN-o (PEG-CIFN) containing an amount of about 18 pg to about 24 ug of CIFN
amino acid weight per dose of PEG—CIFN, subcutaneously qw, qow, three times per month, or
monthly, in combination with a total weekly dosage of IFN-y containing an amount of about
100 pg to about 300 pg of drug per week in divided doses administered subcutaneously qd,
qod, tiw, biw, or substantially continuously or continuously, for the desired duration of
treatment with an NS3 inhibitor compound.

[00255] In general, an effective amount of IFN-o 2a or 2b or 2¢ and IFN-y sﬁitable for use in
the methods of the invention is provided by a dosage ratio of 1 million Units (MU) IFN-«a 2a or
2b or 2¢ : 30 pg IFN-y, where both IFN-o 2a or 2b or 2¢ and IFN-y are unPEGylated and
unglycosylated species. ] ' . )

{00256} In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of IFN-0 22 or 2b or 2¢ and IFN-y in the treatment of a
virus infection in a patient comprising administering to the patient a dosage of IFN-a. 2a, 2b or
2¢ containing an amount of about 1 MU to about 20 MU of drug per dose of [FN-a. ‘2a, 2bor2c
subcutaneously qd, qod, tiw, biw, or per day substantially continuously or continuously, in
combination with a dosage of IFN-y containing an amount of about 30 pg to about 600 pg of
drug per dose of IFN-y, subcutancously qd, qod, tiw, biw, or per day substantially continuously
or continuously, for the desired duration of treatment with an NS3 inhibitor commpound.

[00257] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of IFN-o 2a or 2b or 2¢ and IFN-y in the treatment of a

~ virus infection in a patient comprising administering to the patient a dosage of IFN-a 2a, 2b or
2¢ containing an amount of about 3 MU of drug per dose of IFN-a 2a, 2b or 2¢ subcutaneously
qd, qod, tiw, biw, or per day substantially continuously or continyously, in combination with a
dosage of IFN-y containing an arhount of about 100 pg of drug per dose of IFN-y,
subcutaneously qd, qod, tiw, biw, or per day substantially continuously or continuously, for the
desired duration of treatment with an NS3 inhibitor compound.

[00258] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of [FN-o 2a or 2b or 2¢ and IFN-y in the treatment of a
virus infection in a patient comprising administering to the patient a dosage of IFN-a 2a, 2b or
2¢ containing an amount of about 10 MU of drug per dose of IFN-a 2a, 2b or 2¢
subcutaneously gd, god, tiw, biw, or per day substantially continuously or continuously, in

combination with a dosage of IFN-y containing an amount of about 300 pg of drug per dose of
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IF N-y; subcutanebusly qd, qod, tiw, biw, or per day substantially continuously or continuously,
for the desired duration of treatment with an NS3 inhibitor cbinpound.

[00259] In another embodinient, the invention provides any of the above-described methods
modified to use an effective amount of PEGASYS®PEGylated IFN-a2a and IFN-y in the
treatment of a virus infectionin a patieﬁt comprising administering to the patient a dosage of
PEGASYS® containing an amount of about 90 g to about 360 g, of drug per dose of
PEGASYS®, subcutaneously qw, gow, three times per month, or monthly, in combination
with a total weekly dosage of IFN-y containing an amount of about 30 ug to about 1,000 ug, of
drug per week administered in divided doses subcutaneously qd, god, tiw, or biw, or
administered substantially continuously or continuously, for the desired duration of treatment
with an NS3 inhibitor compound.

[00260] In another embodiment, the invention provides any of the above-described metho&s
modified to use an effective amount of PEGASYS®PEGylated IFN-02a and IFN-y in the
treatment of a virus infection in a patient comprising administering to the patient a dosage of

! PEGASYS® containing an amount of about 180 pg of drug per dose of PEGASYS®,
subcutaneously qw, gow, three times per month, or monthly, in combination with a total
weekly dosage of IFN-y containing an amount of about 100 pg to about 300 ug, of drug per
week administered in divided doses subcutaneously qd, god, tiw, or biw, or administered .
substantially continuously or continuously, for the desired duration of treatment with an NS3
inhibitor compound.

[00261] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of PEG-INTRON®PEGylated IFN-02b and IFN-y in the
treatment of a virus infection in a patient comprising adfninistering to the patient a dosage of
PEG-INTRON® containing an amount of about 0.75 g to about 3.0 pg of drug per kilogram
of body weight per dose of PEG-INTRON®, subcutaneously qw, gow, three times per month,
or monthly, in combination with a total weekly dosage of IFN-y containing an amount of about
30 pg to about 1,000 pg of dﬁig per week administered in divided doses subcutaneously qd,
qod, tiw, or biw, or administered substantially continuously or continuously, for the desired
duration of treatment with an NS3 inhibitor compound. .

[00262] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of PEG-INTRON®PEGylated IFN-a2b and IFN-y in the

treatment of a virus infection in a patient comprising administering to the patient a dosage of

-

PEG-INTRON® containing an amount of about 1.5 ug of drug per kilogram of body weight
per dose of PEG-INTRON®, subcutaneously qw, gow, three times per month, or monthly, in
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combination with a total weekly dosage of IFN-y containing an amount of about 100 pg to
about 300 pg of drug per week administered in divided doses subcutaneously qd, qod, tiw, or
biw, or administered substantially continuously or continuously, for the desired duration of
treatment with an NS3 inhibitor compound.

[00263) In one embodiment, the present invention provides any of the above-described methods

modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 9 pg INFERGEN® consensus IFN-g
administered subcutaneously qd or tiw, and ribavirin administered orally qd, where the
duration of therapy is 48 weeks. In this embodiment, ribavirin is administered in an amount of
1000 mg for individuals weighing less than 75 kg, and 1200 mg for individuals weighing 75 kg

Or more.

[00264] In oﬁ_e embodiment, the present invention provides any of the above-described methods

modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 9 ug INFERGEN® consensus IFN-q
administered subcutaneously qd or tiw; 50 pg Actimmune® human IFN-y1b administered
sﬁbcutaneously tiw; and ribavirin administered orally qd, where the duration of therapy is 48 ‘
weeks. In this embodiment, ribavirin is administered in an amount of 1000 mg for individuals

weighing less than 75 kg, and 1200 mg for individuals weighing 75 kg or more.

[00265] In one embodiment, the present invention provides any of the above-described methods

modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 9 pg INFERGEN® consensus IFN-o.
administered subcutaneously qd or tiw; 100 pug Actimmune® human IFN-y1b administered
subcutaneously tiw; and ribavirin administered orally qd, where the duration of therapy is 48
weeks. In this embodiment, ribavirin is administered in an amount of 1000 mg for individuals

weighing Jess than 75 kg, and 1200 mg for individuals weighing 75 kg or more.

[00266] In one embodiment, the present invention provides any of the above-described methods

modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 9 pg INFERGEN® consensus IFN-g
-administered subcutaneously qd or tiw; and 50 pg Actimmune® human IFN-y1b administered

subcutaneously tiw, where the duratior of therapy is 48 weeks.

[00267] In one embodiment, the present invention provides any of the above-described methods

modified to comprise administering to an individual having an HCV infection an effective

amouut of an NS83 inhibitor; and a regimen of 9 pg INFERGEN® consensus IFN-a
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administered subcutaneously qd or tiw; and 100 pg Actimmune® human IFN-y1b administered
subcutaneously tiw, where the duration of therapy is 48 weeks.

[00268] In one embodiment, the present invention provides any of the above-described methods
modified to comprise administering to an individual having an HCV infection an effective

~ amount of an N'S3 inhibitor; and a regimen of 9 pg INFERGEN® consensus IFN-u

administered subcutanéousiy qd or tiw; 25 pg Actimmune® human [FN-y1b administered
‘suBcutaneously tiw; and ribavirin administered orally qd, where the duration of therapy is 48
weeks. In this embodiment, ribavirin is administered in an amount of 1000 mg for individuals

weighing less than 75 kg, and 1200 mg for individuals weighing 75 kg or more.

*[00269] In one embodiment, the present invention provides any of the above-described methods

modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 9 ug INFERGEN® consensus IFN-u
administered subcutaneously qd or tiw; 200 pg Actimmune® human IFN-y1b administered
subcutaneously tiw; and ribavirin administered orally qd, where the duration of therapy is 48
weeks. In this embodiment, ribavirin is administered in an amount of 1000 mg for individuals
weighing less than 75 kg, and 1200 mg for individuals weighing 75 kg or more.

[00270] In one embodiment, the present invention provides any of the above-described methods
modified to comprise administering to an individual having an ﬁCV infection an effective
amowunt of an NS3 inhibitor; and a regimen of 9 g INFERGEN® consensus IFN-o.
administered subcutaneously qd or tiw; and 25 pg Actimmune® human IFN-y1b administered
subcutaneouslyAtiw, where the duration of therapy is 48 weeks.

[00271] In one embodiment, the present invention provides ény of the above-described methods
modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 9 pg INFERGEN® consensus [FN-o
administered subcutaneously qd or tiw; and 200 pg Actimmune® human IFN-y1b administered
subcutaneously tiw, where the duration of therapy is 48 weeks.

[00272] In one embodiment, the present invention provides any of the above-described methods
modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and regimen of 100 pg monoPEG(30 kD, linear)-ylated
consensus IFN-o administered subcutaneously every 10 days or gw, and ribavirin administered
orally qd, where the duration of therapy is 48 weeks. In this embodiment, ribavirin is
administered in an amount of 1000 mg for individuals weighing less than 75 kg, and 1200 mg

for individuals weighing 75 kg or more.
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[00273] In one embodiment, the present invention provides any of the above-described methods
modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 100 pg monoPEG(30 kD, linear)-ylated

- consensus I[FN-o. administered subcutaneously every 10 days or qw; 50 pg Actimmune®
‘ - human IFN-y1b administered subcutaneously tiw; and ribavirin administered orally qd, where
the duration of therapy is 48 weeks. In this embodiment, ribavirin is administered in an
amount of 1000 mg for individuals weighing less than 75 kg, and 1200 mg for individuals
weighing 75 kg or more. '

[00274] In one embodiment, the present invention provides any of the above-described methods

1. modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 100 pg monoPEG(30 kD, linear)-ylated
consensus IFN-a administered subcuteneously every 10 days or qw; 100 pg Actimmune®
human IFN-y1b administered subc{itaneously tiw; and ribavirin administered orally qd, where
the duration of therapy is 48 weeks. In this embodiment, ribaviri;l is administered in an

~ amount of 1000 mg for individuals weighing less than 75 kg, and 1200 mg for individuals
weighing 75 kg or more.

[00275] In one embodiment, the present invention provides any of the above-described methods
modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 100 pg monoPEG(30 kD, linear)-ylated

P

consensus I[FN-o administered subcutaneously every 10 days or qw; and 50 ug Actimmune®
human IFN-y1b administered subcutaneously tiw, where the duration of therapy is 48 weeks.
[00276) Inone embodiment, the present invention provides any of the above-described methods
modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 100 pg moanEG(30 kD, linear)-ylated
& ~ consensus [FN-g administered subcutaneously every 10 days or qw; and 100 pg Actimmune®
human IFN-y1b administered subcutaneously tiw, where the duration of therapy is 48 weeks.
[00277] In one embodiment, the present invention provides any of the above-described methods
modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 150 ug monoPEG(30 kD, linear)-ylated
Iv consensus [FN-o administered subcutaneously every 10 days or qw, and ribavirin administered
orally qd, where the duration of therapy is 48 weeks. In this embodiment, ribavirin is
adminiétefed in an amount of 1000 mg for individuals weighing less than 75 kg, and 1200 mg

for individuals weighing 75 kg or more.
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[00278] In one embodiment, the present invention providés any of the above-described methods

modified to comprise administering to an individual having an HCV infection an effective -
amount of an N3 inhibitor; and a regimen of 150 pg monoPEG(30 kD, linear)-ylated
consensus IFN-o administered subcutaneously every 10 days or gw; 50 pig Actimmune®
human IFN-y1b administered subcutaneousty tiw; and ribavirin administered orally qd, where
the duration of therapy is 48 weeks. In this embodiment, ribavirin is administered in an
amount of 1000 mg for individuals weighing less than 75 kg, and 1200 mg for individuals

weighing 75 kg or more.

[60279] In one embodiment, the present invention provides any of the above-described methods

modified to comprise administering to an individual having an HCV infection an effective

- amount of an NS3 inhibitor; and a regimen of 150 ug monoPEG(30 kD, linear)-ylated

consensus IFN-a administered subcutaneously every 10 days or qw; 100 pg Actimmune®
human IFN-y1b administered subcutaneously tiw; and ribavirin administered orally qd, where
the duration of therapy is 48 weeks. In this embodiment, ribavirin is administered in an
amount of 1000 mg for individuals weighing less than 75 kg, and 1200 mg for individuals

weighing 75 kg or more.

[00280] In one embodiment, the present invention provides any of the above-described methods

modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 150 pg monoPEG(30 kD, linear)-ylated
consensus IFN-o administered subcutaneously every 10 days or qw; and 50 pg Actimmune®

human IFN-y1b administered subcutaneously tiw, where the duration of therapy is 48 weels.

[00281] In one embodiment, the present invention provides any of the above-described-methods

modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 150 pg monoPEG(30 kD, linear)-ylated
consensus IFN-a administered subcutaneoxisly every 10 days or qw; and 100 pg Actimmune®

human IFN-y1b administered subcutaneously tiw, where the duration of therapy is 48 weeks.

[00282] In one embodiment, the present invention provides any of the above-described methods

modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a fegimen of 200 ug monoPEG(30 kD, linear)-ylated
consensus IFN-o administered subcutaneously every 10 days or qw, and ribavirin administered
orally qd, where the duration of therapy is 48 weeks. In this embodiment, ribavirin is
administered in an amount of 1000 mg for individuals weighing less than 75 kg, and 1200 mg

for individuals weighing 75 kg or more.
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[00283]  Inone embodiment, the present invention provides any of the above-described methods
modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 200 pg monoPEG(30 kD, linear)-ylated
consensus IFN-« administered subcutaneously every 10 days or qw; 50 pg Actimmune®
human IFN-y1b administered subcutaneously tiw; and ribavirin administered orally qd, where
the duration of therapy is 48 weeks. In this embodiment, ribavirin is administered in an
amount of 1000 mg for individuals weighihg less than 75 kg, and 1200 mg for individuals

| weighing 75 kg or more.

[00284] In one embodiment, the present invention provides any of the above-described methods
modified {o comprise administering to an individual having an HCV infcction an effective
amount of an NS3 inhibitor; and a regimen of 200 pg monoPEG(30 kD, linear)-ylated

_consensus IFN-o. administered subcutaneously every 10 days or qw; 100 pg Actimmune®
human IFN-y1b administered subcutaneously tiw; and ribavirin administered orally qd, where
the duration of therapy is 48 weeks. In this embodiment, ribavirin is administered in an
amount of 1000 mg for individuals weighing less than 75 kg, and 1200 mg for rindividuals
weighing 75 kg or more.

[00285] In one embodiment, the present invention provides any of the above-described methods
modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimenAof 200 pg monoPEG(30 kD, Iincaf)-ylated
consensus IFN-o administered subcutaneously every 10 days or gw; and 50 pg Actimmune®
human IFN-y1b administered subcutaneously tiw, where the duration of therapy is 48 weeks.

[00286] In one embodiment, the present invention provides any of the above-described methods
modified to comprise administering to an individual having an HCV infection an effective
amount of an NS3 inhibitor; and a regimen of 200 ug monoPEG(30 kD, linear)-ylated
consensus IFN-a administered subcutaneously every 10 days or qw; and 100 pg Actimmune®
human IFN-y1b administered subcutaneously tiw, where the duration of therapy is 48 weeks.

[00287] Any of the above-described methods involving administering an NS3 inhibitor, a Type
1 interferon receptor agonist (e.g., an IFN-a), and a Type II interferon receptor agonist (e.g., an
IFN-y), can be augmented by administration of an effective amount of 2 TNF-0 antagonist
(e.g., 2 TNF-0 antagonist other than pirfenidone or a pirfenidone analog). Exemplary, non-
limiting TNF-0 antagonists that are suitable for use in such combination therapies include
ENBREL®, REMICADE®, and HUMIRA™,

[00288] In one embodiment, the invention provides a method using an effective amount of

ENBREL®; an effective amount of IFN-q; an effective amount of IFN-y; and an effective
, . ,
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amount of an NS3 inhibitor in the treatment of an HCV infection in a patient, comprising
administering to the patient a dosage ENBREL® containing an amount of from about 0.1 pg to
about 23 mg per dose, from about 0.1 pg to about 1 pg, from about 1 pg to about 10 pg, from
about 10 pg to about 100 pg, from about 100 pg to about 1 mg, from about 1 mg to about 5
mg, from about 5 mg to about 10 mg, from about 10 mg to about 15 mg, from about 15 mg to
about 20 mg, or from about 20 mg to about 23 mg of ENBREL®, subcutaneouslyqd, qod, tiw,
biw, qw, qow, three times per month, once monthly, or once every other month, or per day

substantially continuously or continuously, for the desired duration of treatment.

[00289]  Inone embodiment, the invention provides a method using an effective amount of

REMICADE®, an effective amount of IFN-q; an effective amount of IFN-y; and an effective

amount of an NS3 inhibitor in the treatment of an HCV infection in a patient, comprising

' administering to the patient a dosage of REMICADE® containing an amount of from about 0.1

mg/kg to about 4.5 mg/kg, from about 0.1 mg/kg to about 0.5 mg/kg, from about 0.5 mg/kg to
about 1.0 mg/kg, from about 1.0 mg/kg to about 1.5 mg/kg, from about 1.5 mg/kg to about 2.0

- mg/kg, from about 2.0 mg/kg to about 2.5 mg/kg, from about 2.5 mg/kg to about 3.0 mg/kg,

from about 3.0 mg/kg to about 3.5 mg/kg, from about 3.5 mg/kg to about 4.0 mg/kg, or from
about 4.0 mg/kg to about 4.5 mg/kg per dose of REMICADER®, intravenously gd, god, tiw,

biw, qw, gow, three times per month, once monthly, or once every other month, or per day

substantially continuously or continuously, for the desired duration of treatment.

[00290] In one embodiment, the invention provides a method using an effective amount of

HUMIRA™, an effective amount of IFN-o; an effective amount of IFN~y; and an eﬂ:ective
amount of an NS3 inhibitor in the treatment of an HCV infection in a patient, comprising
adrhinistering to the patient a dosage of HUMIRA™ containing an amount of from about 0.1
pg to about 35 mg, from about 0.1 ug to about 1 pg, from about 1 pug to about 10 pg, from
about 10 ug to about 100 pg, from about 100 pg to about I mg, from about 1 mg to about 5
mg, from about 5 mg to about 10 mg, from about 10 mg to about 15 mg, from about 15 mg to
about 20 mg, from about 20 mg to about 25 mg, from about 25 mg to about 30 mg, or from
about 30 mg to about 35 mg per dose of a HUMIRA™, subcutaneously qd, qod, tiw, biw, qw,
qow, three times per month, once monthly, or once every other month, or per day substantially

continuously or continuously, for the desired duration of treatment,

Combination therapies with pirfenidone

[00291] In many embodiments, the methods provide for combination therapy comprising

administering an NS3 inhibitor compound as described above, and an effective amount of

pirfenidone or a pirfenidone analog. In some embodiments, an NS3 inhibitor compound, one
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or more interferon receptor agonist(s), and pirfenidone or pirfenidone analog are co-
administered in the treatment methods of the invention. In certain embodiments, an NS3
inhibitor compound, a Type I interferon recepfor agonist, and pirfenidone (or & pirfenidone
analog)-are co-administered. In other embodiments, an NS3 inhibitor compound, a Type I
iﬁterferon receptor agonist, a Type II interferon receptor agonist, and pirfenidone (or a
pirfenidone analog) are co-administered. Type I interferon receptor agonists suitable for use
herein include any IFN-o, such as interferon alfa-2a, interferon alfa-2b, interferon alfacon- 1,
and PEGylated IFN-a’s, such as peginterferon alfa-2a, peginterferon alfa-2b, and PEGylated
consensus interferons, such as monoPEG (30 kD, linear)-ylated consensus interferon. Type I
interferon receptor agonists suitable for use herein include any interferon-y.

[00292] Pirfenidone or a pirfenidone analog can be administered once per month, twice per
morth, three times per month, once per week, twice per week, three times per week, four times
per week, five times per week, six times per week, daily, or in divided daily doses ranging
from once daily to 5 times daily over a period of time ranging from about one day to about one
week, fram about two weeks to about four weeks, from about one montl to about two months,
from about two months to about four months, from about four months to about six months,
from about six months to about eight months, from about eight months to about 1 year, from
about 1 year to about 2 years, or from about 2 years to about 4 years, or more,

[00293] Effective dosages of pirfenidone or a spéciﬁc pirfenidone analog include a weight-
based dosage in the range from about 5 mg/kg/day to about 125 mg/kg/day, or a fixed dosage
of about 400 mg to about 3600 mg per day, or about 800 mg to about 2400 mg per day, or
about 1000 mg to about 1800 mg per day, or about 1200 mg to about 1600 mg per day,

. administered orally in one to five divided doses per day. Other doses and formulations of
pirfenidone and specific pirfenidone analogs suitable for use in the treatment of fibrotic
diseases are described in U.S. Pat. Nos., 5,310,562; 5,518,729; 5,716,632; and 6,090,822,

[00294] In one embodiment, the invention provides any of the above-described methods
modified to include co-administering to the patient a therapeutically effective amount of
pirfenidone or a pirfenidone analog for the duration of the desired course of NS3 inhibitor
compound treatment.

Combination therapies with TNF-¢ antagonists .

[00295) In many embodiments, the methods provide for combination therapy comprising
administering an effective amount of an NS3 inhibitor compound as described above, and an
effective amount of TNF-o antagonist, in combination therapy for treatment of an HCV

infection.
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[00296] Effective dosages of a ’INF—(x éntagbiﬁst range from 0.1 pig to 40 mg per dose, e.g.,
from about 0.1 pg to about 0.5 ug per dose, from about 0.5 pg to about 1.0 pg per dose, from
about 1.0 g per dose to about 5.0 pg per dose, from about 5.0 pg to about 10 ug per dose,
from about 10 ug to about 20 pg per dose, from about 20 pg per dose to about 30 pg per dose,
from about 30 ug per dose to about 40 ug per dose, from about 40 pg per dose to about 50 pg
per dose, from about 50 g per dose to about 60 g per dose, from about 60 pg per dosé to
about 70 pg per dose, from about 70 pg to about-80 ug per dose, from about 80 pg per dose to
about 100 pig per dose, from about 100 pg to about 150 pg per dose, from about 150 pg to
about 200 pg per dose, from about 200 pg per dose to about 250 pg per dose, from about 250
pg to about 300 pug per dose, from about 300 pg to about 400 pg per dose, from about 400 pg
to about 500 pg per' dose, from about 500 g to about 600 pg per dose, from about 600 pg to
about 700 g per dose, from about 700 pg to about 800 pg per dose, from about 800 pgto -
about 900 pg per dose, from about 900 pg to about 1000 pg per dose, from about 1 mg to about =
10 mg per dose, from about 10 mg to about 15 mg per dose, from about 15 mg to about 20 mg
per dose, from about 20 mg to about 25 mg per dose, from about 25 mg to about 30 mg per
dose, from about 30 mg to about 35 mg per dose, or from about 35 mg to about 40 mg per
dose.

[00297] In some embodiments, effective dosages of a TNF-o. antagonist are expressed as mg/kg
body weight. In thése embodiments, effective dosages of a TNF-o antagonist are from about |
0.1 mg/kg body weight to about 10 mg/kg body weight, e.g., from about 0.1 mg/kg body
weight to about 0.5 mg/kg body weight, from about 0.5 mg/kg body weight to about 1.0 mg/kg
body weight, from about 1.0 mg/kg body weight to about 2.5 mg/kg body weight, from about
2.5 mg/kg body weight to about 5.0 mg/kg body weight, from about 5.0 mg/kg body weight to
about 7.5 mg/kg body weight, or from about 7.5 mg/kg body weight to about 10 mg/kg body
weight. ,

_[00298] In many embodiments, a TNF-o antagonist is administered for a period of about 1 day
to about 7 days, or about 1 week to about 2 weeks, or about 2 weeks to about 3 weeks, or about
3 weeks to about 4 weeks, or about 1 month to about 2 months, or about 3 months to about 4
months, or about 4 months to about 6 months, or about 6 months to about 8 months, or about 8
months to about 12 months, or at least one year, and may be administered over longer periods
of time.- The TNF-o antagonist can ‘be administered tid, bid, qd, god, biw, tiw, qw, gow, three
times per month, once monthly, substaﬁtially continuously, or continuously.

[00299] In many embodiments, multiple doses of a TNF-o antagonist are administered. For

exaniple, a TNF-o. antagonist is administered once per month, twice per month, three times per
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month, every other week (qow), once per week (qw), twice per week (biw), three times per
week (tiw), four times per week, five times per week, six times per week, every other day
(qod), daily (qd), twice a day (bid), or three times a day (tid), substantially continuously, or
continuously, over a period of time ranging from about one day to about one week, from about
two weeks to about four weeks, from about one month to about two months, from about two
months to about four months, from about four months to about six months, from about six
months to about eight months, from about eight months to about 1 year, from about 1 year to

about 2 years, or from about 2 years to about 4 years, or more.

[00300] A TNF-o antagonist and an NS3 inhibitor are generally administered in separate

formulations. A TNF-o antagonist and an NS3 inhibitor may be administered substantially
simultaneously, or within about 30 minutes, about 1 hour, about 2 hours, about 4 hours, about
8 hours, about 16_ hours, about 24 hours, about 36 hours, about 72 hours, about 4 days, about 7 .

days, or about 2 weeks of one another.

[00301] In one embodiment, the invention provides a method using an effective amount of a

TNF-0, antagonist and an effective amount of an NS3 inhibitor in the treatment of an HCV
infection in a patient, comprising administering to the patient a dosage of a TNF-o antagonist
containing an amount of from about 0.1 pg to about 40 mg per dose of a TNF-u antagonist,
subcutaneously gd, qod, tiw, or biw, or per day substantially continuously or continuously, for

the desired duration of treatment with an NS3 inhibitor compound.

[00302] In one embodiment, the invention provides a method using an effective amount of

ENBREL® and an effective amount of an NS3 inhibitor in the treatment of an HCV infection
in a patient, comprising administering to the patient a dosage ENBREL® containing an amount
of from about 0.1 ug to about 23 mg per dose, from about 0.1 pg to about 1 ug, from about 1
Lg to about 10 g, from about 10 pg to about 100 pg, from about 100 pg to about 1 mg, from
about 1 mg to about 5 mg, from about 5 mg to about 10 mg, from about 10 mg to about 15 mg,
from about 15 mg to about 20 mg, or from about 20 mg to about 23 mg of ENBREL®,
subcutaneously qd, qod,‘ tiw, biw, qw, qow, three times per month, once monthly, or once
gvery other monih, or per day substantially continuously or continuously, for the desired

duration of treatment with an NS3 inhibitor compound.

[00303] In one embodiment, the invention provides a method using an effective amount of

REMICADE® and an effective amount of an NS3 inhibitor in the treatment of an HCV
infection in a patient, comprising administering to the patient a dosage of REMICADE®
containing an amount of from about 0.1 mg/kg to about 4.5 mg/kg, from about 0.1 mg/kg to
about 0.5 mg/kg, from about 0.5 mg/kg to about 1.0 mg/kg, from about 1.0 mg/kg to about 1.5
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mg/kg, from about 1.5 mg/kg to about 2.0 mg/kg, from about 2.0 mg/kg to about 2.5 mg/kg,
from about 2.5 mg/kg to about 3.0 mg/kg, from about 3.0 mg/kg to about 3.5 mg/kg, from
about 3.5 mg/kg to about 4.0 mg/kg, or from about 4.0 mg/kg to about 4.5 mg/kg per dose of
REMICADE®, intravenously qd, qod, tiw, biw, qw, qow, three times per month, once
monthly, or once every other month, or per day substantially continuously or continuously, for
the desired duration of treatment with an NS3 inhibitor compound.

[00304] In one embodiment, the invention provides a method using an effective amount of

HUMIRA™ and an effective amount of an NS3 inhibitor in the treatment of an HCV infection
in a patient, comprising administering to the patient a dosage of HUMIRA™ éontaining an
amount of from about 0.1 pug to about 35 mg, from about 0.1 pg to about | pg, from about 1 pg
to about 10 pg, from about 10 pg to about 100 pg, from about 100 pg to about 1 mg, from
about 1 mg to about 5 mg, from about 5 mg to about 10 mg, from about 10 mg to about 15 mg,
from about 15 mg to about 20 mg, from about 20 mg to about 25 mg, from about 25 mg to
about 30 mg, or from about 30 mg to about 35 mg per dose of a HUMIRA™, subcutaneously
qd, qod, tiw, biw, qw, qow, three times per month, once monthly, or once every other month,
or per day substantially continuously or continuously, for the desired duration of treatment
with an NS83 inhibitor compound.

Combination therapies with thymosin-o.

[00305] In many embodiments, the methods provide for combination therapy comprising

administering an effective amount of an NS3 inhibitor compound as described above, and an

effective amount of thymosin-o, in combination therapy for treatment of an HCV infection.

[00306] Effective dosages of thymosin-o range from about 0.5 mg to about 5 mg, e.g., from

about 0.5 mg to about 1.0 mg, from about 1.0 mg to about 1.5 mg, from about 1.5 mg to about
2.0 mg, from about 2.0 mg to about 2.5 mg, from about 2.5 mg to about 3.0 mg, from about 3.0
mg to about 3.5 mg, from about 3.5 mg to about 4.0 mg, from about 4.0 mg to about 4.5 mg, or
from about 4.5 mg to about 5.0 mg. In particular embodiments, tbymosin—a is administered in

dosages containing an amount of 1.0 mg or 1.6 mg,

[00307] In one embodiment, the invention provides a method using an effective amount of

ZADAXIN™ thymosin-o, and an effective amount of an NS3 inhibitor in the treatment of an
HCV infection in a patient, comprising administering to the patient a dosage of ZADAXIN™
containing an amount of from about 1.0 mg to about 1.6 mg per dose, subcutaneously twice per

week for the desired duration of treatment with the NS3 inhibitor compound.
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Combination therapies with a TNF-q antagonist and an interferon

{00308] In some embodiments, the present invention provides a method of treating an HCV
infection in an individual having an HCV infection, the method comprising administering an
effective amount of an N'S3 inhibitor, and effective amount of a TNF-o. antagonist, and an
effective amount of one or more interferons.

[00309] In one embodiment, the invention provides any of the above-described methods
modified to use an effective amount of IFN-y and an effective amount of a TNF-a antagonist in
the treatment of HCV infection in a patient comprising administering to the patient a dosage of
IFN-y containing an amount of about 10 pug to about 300 pug of drug per dose of IFN-y,
subcutancously qd, qod, tiw, biw, qw, gow, three times per month, once monthly, or per day
substantially continuously or continuously, in combination with a dosage of a TNF-¢
antagonist containing an amount of from about 0.1 pg to about 40 mg per dose of a TNF-o,
antagonist, subcutaneously qd, qod, tiw, or biw, or per day substantially continuously or
continuously, for the desired duration of treatment with an NS3 inhibitor compound.

[00310] In one embodiment, the invention provides any of the above-described methods
modified to use an effective amount of IFN-y and an effective amount of a TNF-o. antagonist in
the treatment of HCV infection in a patient comprising administeting to the patient a dosage of
IFN-y containing an amount of about 10 pg to about 100 pg of drug per dose of IFN-y,
subcutaneously qd, qod, tiw, biw, qw, qow, three times per month, once monthly, or per day
substantially continuously or continuously, in combination with a dosage of a TNF-a
antagonist containing an amount of from about 0.1 ug to about 40 mg per dose of a TNF-a
antagonist, subcutaneously qd, qod, tiw, or biw, or per day substantially continuously or
continuously, for the desired duration of treatment with an NS3 inhibitor compound.

[00311] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of IFN-y and an effective amount of 2 TNF- antagonist in
the treatment of a virus infection in a patient comprising administering to the patient a total
weekly dosage of IFN-y containing an amount of about 30 pig to about 1,000 pg of drug per
week in divided doses administered subcutaneously qd, qod, tiw, biw, or administered
substantially continuously or continuously, in combination with a dosage of a TNF-o.
antagonist containing an amount of from about 0.1 pg to about 40 mg per dose of a TNF-o,
antagonist, subcutaneously qd, qod, tiw, or biw, or per day substantially continuously or
continuously, for the desired duration of treatment with an NS3 inhibitor compound.

{00312] In another embodiment, the invention provides any of the above-described methods

modified to use an effective amount of IFN-y and an effective amount of a TNF-¢ antagonist in
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the treatment of a virus infection in a patient comprising administering to the patient a total
weekly dosage of IFN-y containing an amount of about 100 pg to about 300 pg of drug per
week in divided doses administered subcutaneously qd, qod, tiw, biw, or administered
substantially continuously or continuously, in combination with a dosage of a TNF-o
antagonist containing an amount of from about 0.1 ug to about 40 mg per dose of a TNF-o
antagonist, subcutaneously qd, qod, tiw, or biw, or per day substantially continuously or

continuously, for the desired duration of treatment with an NS3 inhibitor compound.

[00313] In one embodiment, the invention provides any of the above-described methods

modified to use an effective amount of INFERGEN® consensus IFN-o and a TNF-a antagonist
in the treatment of HCV infection in a patient comprising administering to the patient a dosage
of INFERGEN® containing an amount of about 1 pg to about 30 ug, of drug per dose of
INFERGEN®, subcutaneously qd, qod, tiw, biw, qw, qow, three times per month, once
monthly, or per day substantially continuously ot continuously, in combination with a dosage
of a TNF-o. antagonist containing an amount of from about 0.1 ug to about 40 mg per dose of a
TNF-a antagonist, subcutaneously qd, qod, tiw, or biw, or per day substantially continuously

or continuously, for the desired duration of treatment with an NS3 inhibitor compound.

[00314] In .Olle embodiment, the invention provides any of the above-described methods

modified to use an effective amount of INFERGEN® consensus [FN-o and a TNF-o antagonist
in the treatment of HCV infection ina patient comprising administering to the patient a dosage
of INFERGEN® containing an amount of about 1 pg to about 9 ug, of drug per dose of
INFERGEN®, subcutaneously qd, god, tiw, biw, qw, qow, three times per month, once
monthly, or per day substantially continuously or continuously, in combination with a dosage
of a TNF-a antagonist containing an amount of from about 0.1 pg to about 40 mg per dose of a
TNF-0, antagonist, subcutancously qd, qod, tiw, or biw, or per day substantially continuously

or continuously, for the desired duration of treatment with an NS3 inhibitor compound.

[00315] In another embodiment, the invention provides any of the above-described methods

modified to use an effective amount of PEGylated consensus IFN-o and an effective amount of
a TNF-o antagonist in the treatment of a virus infection in a patient comprising administering
to the patient a dosage of PEGylated consensus IFN-u, (PEG-CIFN) containing an amount of
about 4 g to about 60 pg of CIFN amino acid weight per dose of PEG-CIFN, subcutaneously
qW, qow, three times per month, or monthly, in combination with a dosage of a TNF-o.
antagonist containing an amount of from about 0.1 pg to about 40 mg per dose of a TNF-a
antagonist, subcutaneously qd, qod, tiw, or biw, or per day substantially continuously or

continuously, for the desired duration of treatment with an NS3 inhibitor compound.
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[00316] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of PEGylated consensus [FN-o. and an effective amount of
a TNF-o antagonist in the treatment of a virus infection in a patient comprising administering
to the patient a dosage of PEGylated consensus IFN- (PEG-CIFN) containing an amount of
& about 18 pg to about 24 pg of CIFN amino acid weight per dose of PEG-CIFN, subcutaneously
qw, gow, three times per month, or monthly, in combination with a dosage of a TNF-q.
antagonist containing an amount of from about 0.1 ug to about 40 mg per dose of a TNF-a
antagonist, subcutaneously qd, qod, tiw, or biw, or per day substantially continuously or
continuously, for the desired duration of treatment with an NS3 inhibitor compound.
40 [00317] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of IFN-a 2a or 2b or 2¢ and an effective amount of a TNF-
o, antagonist in the treatment of a virus infection in a patient comprising administering to the
patient a dosage of IFN-0 2a, 2b or 2¢ containing an amount of about 1 MU to about 20 MU of
drug per dose of IFN-« 2a, 2b or 2¢ subcutaneously qd, qod, tiw, biw, or per day substantially
¥ continuously or continuously, in combination with a dosage of a TNF-0, antagonist containing
an amount of from about 0.1 pg to about 40 mg per dose of a TNF-a antagonist,
subcutaneously qd, qgod, tiw, or biw, or per day substantially continuously or continuously, for
the desired duration of treatment with an NS3 inhibitor compound.
[00318] In another embodiment, the invention provides any of the above-described methods
ne modified to use an effective amount of IFN-0. 2Za or 2b or 2¢ and an effective amount of a TNF-
o antagonist in the treatment of a virus infection in a patient comprising administering to the
patient a dosage of IFN-a 2a, 2b or 2¢ containing an amount of about 3 MU of drug per dose of
IFN-0, 2a, 2b or 2c subcutaneously qd, qod, tiw, biw, or per day substantiglly continuously or
continuously, in combination with a dosage of a TNF-q antagonist containing an amount of
o from about 0.1 pg to about 40 mg per dose of a TNF-a antagonist, subcutaneously qd, qod, tiw,
or biw, or per day substantially continuously or continuously, for the desired duration of
treatment with an NS3 inhibitor compound.
[00319] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of IFN-a 2a or 2b or 2¢ and an effective amount of a TNF-
R o antagonist in the treatment of a virus infection in a patient comprising administering to the
patient a dosage of IFN-a 2a, 2b or 2¢ containing an amount of about 10 MU of drug per dose
of IFN-a 2a, 2b or 2¢ subcutaneously qd, qod, tiw, biw, or per day substantially continuously
or continuously, in combination with a dosage of 2 TNF-a antagonist containing an amount of

from about 0.1 pg to about 40 mg per dose of a TNF-a antagonist, subcutaneously gd, qod, tiw,
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or biw, or per day substantially continuously or continuously, for the desired duration of
treatment with an NS3 inhibitor compound.

[00320] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of PEGASYS®PEGylated IFN-02a and an effective

W |

amount of a TNF-0 antagonist in the treatment of a virus infection in a patient comprising
administering to the patient a dosage of PEGASYS® contaim'ﬁg an amount of about 90 ug to
about 360 g, of drug per dose of PEGASYS®, subcutaneously qw, qow, three times petr
month, or monthly, in combination with a dosage of a TNF-o. antagonist containing an amount
of from about 0.1 pg to about 40 mg per dose of a TNF-0. antagonist, subcutaneously qd, qod,
0 tiw, or biw, or per day substantially continuously or continuously, for the desired duration of
treatment with an NS3 inhibitor compound.
[00321] Inanother embodiment, the invention provides any of the above-described methods
modified to use an effective amount of PEGASYS®PEGylated IFN-¢2a and an effective

amount of a TNF-o. antagonist in the treatment of a virus infection in a patient comprising

A

administering to the patient a dosage of PEGASYS® containing an amount of about 180 pg, of
drug per dose of PEGASYS®, subcutaneously qw, qow, three times per month, or monthly, in
combination with a dosage of a TNF-¢ antagonist containing an amount of from about 0.1 pg
to about 40 mg per dose of a TNF-o antagonist, subcutaneously qd, qod, tiw, or biw, or per day
subsfantially continuously or continuously, for the desired duration of treatment with an NS3
- inhibitor compound.

[00322] In another embodiment, the invention provides any of the above-described methods
modified to use an effective amount of PEG-INTRON®PEGylated IFN-02b and an effective
amount of a TNF-a antagonist in the treatment of a virus infection in a patient comprising
administering to the patient a dosage of PEG-INTRON® containing an amount of about 0.75

i) ug to about 3.0 pg of drug per kilogram of body weight per dose of PEG-INTRON®,
subcutaneously qw, gow, three times per month, or monthly, in combination with a dosage of a
TNF-a antagonist containing an amount of from about 0.1 pg to about 40 mg per dose of a
TNF-a antagonist, subcutaneously qd, qod, tiw, or biw, or per day substantially continuously
or continuously, for the desired duration of treatment with an NS3 inhibitor compound.

17 [00323] In another embodiment, the invention provides any of the above-described methods

modified to use an effective amount of PEG-INTRON®PEGylated IFN-2b and an effective

amount of a TNF-a antagonist in the treatment of a virus infection in a patient comprising

administering to the patient 2 dosage of PEG-INTRON® containing an amount of about 1.5 pg

of drug per kilogram of body weight per dose of PEG-INTRON®, subcutaneously qw, qow,
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three times per month, or monthly, in combination with a dosage of a TNF-a. antagonist
containing an amount of from about 0.1 pg to about 40 mg per dose of a TNF-a antagonist,
subcutaneously qd, qod, tiw, or biw, or per day substantially continuously or continuously, for

the desired duration of treatment with an NS3 inhibitor compound.

Combination therapies with other antiviral agents

[00324] Other agents such as inhibitors of HCV NS3 helicase are also attractive drugs for

combinational therapy, and are contemplated for use in combination therapies described
herein. Ribozymes such as Heptazyme™ and phosphorothioate oligonucleotides which are
complementary to HCV protein sequences and which inhibit the expression of viral core

proteins are also suitable for use in combination therapies described herein,

[00325] In some embodiments, the additional antiviral agent(s) is administered during the entire

course of treatment with the NS3 inhibitor compound of the invention, and the beginning and
end of the treatment periods coincide. In other embodiments, the additional antiviral agent(s)
is administered for a period of time that is overlapping with that of the N'S3 inhibitor
compound treatment, e.g., treatment with the additional antiviral agent(s) begins before the
NS3 inhibitor compound treatment begins and ends before the NS3 inhibitor compound
treatment ends; treatment with the additional antiviral agent(s) begins after the NS3 inhibitor
compound treatment begins and ends after the NS3 inhibitor comi:ound treatment ends;
treatment with the additional antiviral agent(s) begﬁs after the NS3 inhibitor compound
treatment begins and ends before the NS3 inhibitor compound treatment ends; or treatment
with the additional antiviral agent(s) begins before the NS3 inhibitor compound treatment
begins and ends after the NS3 inhibitor compound treatment ends.

[00326] The NS3 inhibitor compound can be administered together with (i.e., simultaneously in

separate formulations; simultaneously in the same formulation; administered in separate
formulations and within about 48 hours, within about 36 hours, within about 24 hours, within
about 16 hours, within about 12 hours, within about 8 hours, within about 4 hours, within about
2 hours, within about 1 hour, within about 30 minutes, or within about 15 minutes or less) one

or more additional antiviral agents.

[00327] As non-limiting examples, any of the above-described methods featuring an IFN-q

regimen can be modified to replace the subject IFN-o regimen with a regimen of monoPEG
(30 kD, linear)-ylated consensus IFN-o comprising administeriné a dosage of monoPEG (30
kD, linear)-ylated consensus IFN-o. containing an amount of 100 pg of drug per dose,
subcutaneously once weekly, once every 8 days, or once every 10 days for the desired

treatment duration with an NS3 inhibitor compound.
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[00328] As non-limiting examples, any of the above-described methods featuring an IFN-g,
regimen can be modified to replace the subject IFN-o regimen with a regimen of monoPEG
(30 kD, linear)-ylated consensus IFN-0 comprising administering a dosage of monoPEG (30
kD, linear)-ylated consensus [FN-o. containing an amount of 150 pg of drug per dose,
subcutaneously once weekly, once every § days, or once every 10 days for the desired
treatment duration with an NS3 inhibitor compound.

[00329] As non-limiting examples, any of the above-described methods featuring an IFN-o,
regimen can be modified to replace the subject [FN-o regimen with a regimen of monoPEG
(30 kD, linear)-ylated consensus IFN-o comprising administering a dosage of monoPEG (30
kD, linear)-ylated consensus [FN-o containing an amount of 200 ug of drug per dose,
subcutaneously once weekly, once every 8 days, or once every 10 days for the desired
treatment duration with an NS3 inhibitor compound.

[00330] As non-limiting examples, any of the above-described methods featuring an IFN-g,

regimen can be modified to replace the subject IFN-a regimen with a regimen of INFERGEN® -

interferon alfacon-1 comprising administering a dosage of INFERGEN® interferon alfacon-1
containing an amount of 9 pg of drug per dose, subcutaneously once daily or three times per
week for the desired treatment duration with an NS3 inhibitor compound.

[00331] As non-limiting examples, any of the above-described methods featuring an IFN-a
regimen can be modified to replace the subject IFN-a regimen with a regimen of INFERGEN®
interferon alfacon-1 comprising administering a dosage of INFERGEN® interferon alfacon-1
containing an amount of 15 pg of drug per dose, subcutaneously once daily or three times per
week for the desired treatment duration with an NS3 inhibitor compound.

[00332] As non-limiting examples, any of the above-described methods featuring an IFN-y
regimen can be modified to replace the subject IFN-y regimen with a regimen of IFN-y
comprising admiﬁistering a dosage of IFN-y containing an amount of 25 pg of drug per dose,
subcutaneously three times per week for the desired treatment duration with an NS3 inhibitor
compound,

[00333] As non-limiting examples, any of the above-described methods featuring an IFN-y
regimen can be modified to replace the subject IFN-y regimen with a regimen of IFN-y
comprising administering a dosage of IFN-y containing an amount of 50 ug of drug per dose,
subcutaneously three times per week for the desired treatment duration with an NS3 inhibitor
compound.

[00334] As non-limiting examples, any of the above-described methods featuring an IFN-y

regimen can be modified to replace the subject IFN-y regimen with a regimen of IFN-y
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comprising administering a dosage of IFN-y containing an amount of 100 g of drug per dose,
subcutaneously three times per week for the desired treatment duration with an NS3 inhibitor
compound.

[00335] As non-limiting examples, any of the above-described methods featuring an IFN-o and
IFN-y combination regimen can be modified to replace the subject IFN-0. and IFN-y
combination regimen with an IFN-a and IFN-y combination regimen comprising: (a)
administering a dosage of monoPEG (30 kD, linear)-ylated consensus IFN-o containing an
amount of 100 pg of drug per dose, subcutaneously once weekly, once every 8 days, or once
every 10 days; and (b) administering a dosage of IFN-y containing an amount of 50 pg of drug
per dose, subcutaneously three times per week; for the desired treatment duration with an NS3
inhibitor compound. .

[00336] As non—limitii_lg examples, any of the above-described methods featuring a TNF
antagonist regimen can be modified to replace the subject TNF antagonist regimen with a TNF
antagonist regimen comprising administering a dosage of a TNF antagonist selected from the
group of: (a) etanercept in an amount of 25 mg of drug per dose subcutaneously twice per
weel, (b) infliximab in an amount of 3 mg of drug per kilogram of body weight per dose
intravenously at weeks 0, 2 and 6, and every 8 weeks thereafter, or (¢) adalimumab in an
amount of 40 mg of drug per dose subcutaneously once weekly or once every 2 weeks; for the
desired treatment dure.ation with an NS3 inhibitor compound.

[00337] As non-limiting examples, any of the above-described methods featuring an IFN-¢ and
IFN-y combination regimen can be modified to replace the subject IFN-a and IFN-y
combination regimen with an IFN-o and IFN-y combination regimen comprising: (2)
administering a dosage of monoPEG (30 kD, linear)-ylated consensus IFN-0, containing an
amount of 100 pg of drug per dose, subcutaneously once weekly, once every 8 days, or once
every 10 days; and (b) administering a dosage of IFN~y containin.g an amount of 100 pg of
drug per dose, subcutaneously three times per week; for the desired treatment duration with an
NS3 inhibitor compound.

[00338] As non-limiting examples, any of the above-described methods featuring an IFN-o and
[FN-y combination regimen can be modified to replace the subject IFN-o and IFN-y
combination regimen with an IFN-o and IFN-y combination regimen comprising: (a)
administering a dosage of monoPEG (30 kD, linear)-ylated consensus IFN-¢ containing an
amount of 150 pg of drug per dose, subcutaneously once weekly, once every 8 days, or once

every 10 days; and (b) administering a dosage of IFN-y containing an amount of 50 pg of drug
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per dose, subcutaneously three times per week; for the desired treatment duration with an NS3

inhibitor compound.

[00339] As non-limiting examples, any of the above-described methods featuring an IFN-o and

IFN-y combination regimen can be modified to replace the subject IFN-c. and TFN-y
combination regimen with an IFN-o and IFN-y combination regimen comprising: (a)
administering a dosage of monoPEG (30 kD, linear)-ylated consensus IFN-a containing an
amount of 150 pg of drug per dose, subcutaneously once weekly, once every 8 days, or once
every 10 days; and (b) administering a dosage of IFN-y containing an amount of 100 pg of
drug per dose, subcutaneously three times per week; for the desired treatment duration with an

NS3 inhibitor compound.

[00340] As non-limiting examples, any of the above-described methods featuring an IFN-¢ and

IFN-y combination regimen can be modified to replace the subject [FN-o and IFN-y
combination regimen with an IFN-u and JFN-y combination regimen éomprising: (2)
administering a dosage of monoPEG (30 kD, linear)-ylated consensus IFN-0. containing an
amount of 200 pg of drug per dose, subcutancously once weekly, once every 8 days, or once
every 10 days; and (b) administering a dosage of IFN-y containing an amount of 50 pg of drug

per dose, subcutaneously three times per week; for the desired treatment duration with an NS3

inhibitor cornpound.

[00341] As non-limiting examples, any of the above-described methods featuring an IFN-o and

IFN-y combination regimen can be modified to replace the subject IFN-o. and IFN-y
combination regimen with an IFN-¢ and IFN-y combination regimen comprising: (a)
administering a dosage of monoPEG (30 kD, linear)-ylated consensus IFN-o, containing an
amount of 200 pg of drug per dose, subcutaneously once weekly, once every 8 days, or once
every 10 days; and (b) administering a dosage of [FN-y containing an amount of 100 pg of
drug per dose, subcutaneously three times per week:; for the desired treatment duration with an

NS3 inhibitor compound.

[00342] As non-limiting examples, any of the above-desctibed methods featuring an IFN-o. and

IFN-y combination regimen can be modified to replace the subject [FN-a and IFN-y
combination regimen with an IFN-a and IFN-y combination regimen comprising: (a)
administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 9 pg of
drug per dose, subcutaneously three times per week; and (b) administering a dosage of IFN-y
containing an amount of 25 pg of drug per dose, subcutancously three times per week; for the

desired treatment duration with an N'S3 inhibitor compound.
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[00343] As non-limiting examples, any of the above-described methods featuring an IFN-a and

IFN-y combination regimen can be modified to replace the subject IFN-o, and IFN-y
combination regimen with an IFN-q and IFN-y combination regimen comprising: (a)
administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 9 pg of
drug per dosg, subcutaneously three times per week; and (b) administering a dosage of [FN-y
containing an amount of 50 ug of drug per dose, subcutaneously three times per week; for the

desired treatment duration with an NS3 inhibitor compound.

[00344]  As non-limiting examples, any of the above-described methods featuring an IFN-¢. and

[FN-y combination regimen can be modified to replace the subject IFN-a. and IFN-y
combination regimen with an IFN-« and IFN-y combination regimen comprising: (a)
administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 9 pug of
drug per dose, subcutaneously three times per week; and (b) administering a dosage of IFN-y
containing an amount of 100 pg of drug per dose, subcutaneously three times per week; for the

desired treatment duration with an NS3 inhibitor compound.

.[00345] As non-limiting examples, any of the above-described methods featuring an IFN-0. and

IFN-y combination regimen can be modified to replace the subject IFN-a and IFN-y
combination regimen with an IFN-o and IFN-y combination regimen comprising: (a)
administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 9 pg of
drug per dose, subcutaneously once daily; and (b) administering a dosage of IFN-y containing
an amount of 25 pg of drug per dose, subcutaneously three times per week; for the desired

treatment duration with an NS3 inhibitor compound.

[00346] As non-limiting examples, any of the above-described methods featuring an IFN-o. and

[FN-y combination regimen can be modified to replace the subject IFN-¢ and IFN-y
combination regimen with an IFN-o and IFN-y combination regimen comprising: (a)
administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 9 ug of
drug per dose, subcutaneously once daily; and (b) administering a dosage of IFN-y containing
an amount of 50 pg of drug per dose, subcutaneously three times per week; for the desired

treatment duration with an NS3 inhibitor compound.

[00347] As non-limiting examples, any of the above-described methods featuring an IFN-o and

IFN-y combination regimen can be modified to replace the subject IFN-o, and IFN-y
combination regimen with an IFN-0. and IFN~-y combination regimen comprising: (a)
administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 9 pg of

drug per dose, subcutaneously once daily; and (b) administering a dosage of IFN-y containing
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an amount of 100 pg of drug per dose, subcutaneously three times per week; for the desired

treatment duration with an NS3 inhibitor compound.

[00348] As non-limiting examples, any of the above-described methods featuring an IFN-a and

IFN-y combination regimen can be modified to replace the subject IFN-o and IFN-y
combination regimen with an IFN-o and IFN-y combination regimen comprising: (a)
administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 15 pg of
drug per dose, subcutaneously three times per week; and (b) administering a dosage of [FN-y
containing an amount of 25 pg of drug per dose, subcutaneously three times per week; for the

desired treatment duration with an NS3 inhibitor compound.

;v [00349] As non-limiting examples, any of the above-described methods featuring an IFN-o and

i

IFN-y combination regimen can be modified to replace the subject IFN-o and IFN-y
combination regimen with an IFN-a and IFN-y combination regimen comprising: (a)

administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 15 ug of

_ drug per dose, subcutaneously three times per week; and (b) administering a dosage of IFN-y

containing an amount of 50 pg of drug per dose, subcutaneously three times per week; for the

desired treatment duration with an NS3 inhibitor compound.

[00350] As non-limiting examples, any of the above-described methods featuring an IFN-o and

IFN-y combination regimen can be modified to replace the subject IFN- and IFN-y
combination regimen with an IFN-o and IFN-y combination regimen comprising: ()
administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 15 pg of .
drug per dose, subcutaneously three times per week; and (b) administering a dosage of IFN-y
containing an amount of 100 pg of drug per dose, subcutaneousl); three times per week; for the

desired treatment duration with an NS3 inhibitor compound.

[00351] As non-limiting examples, any of the above-described methods featuring an IFN-o and

IFN-y combination regimen can be modified to replace the subject IFN-a and [FN-y
combination regimen with an [FN-o and IFN-y combination regimen comprising: (a)
administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 15 pg of
drug per dose, subcutaneously once daily; and (b) administering a dosage of IFN-y containing
an amount of 25 g of drug per dose, subcutaneously three times per week; for the desired

treatment duration with an NS3 inhibitor compound.

[00352] As non-limiting examples, any of the above-described methods featuring an IFN-c. and

IFN-y combination regimen can be modified to replace the subject IFN-0, and IFN-y
combination regimen with an [FN-a and JFN-y combination regimen comprising: (2)

administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 15 pg of
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drug per dose, subcutaneously once daily; and (b) administering a dosage of IFN-y containing
an amount of 50 pg of drug per dose, subcutaneously three times per week; for the desired

treatment duration with an NS3 inhibitor compound.

[00353] As non-limiting examples, any of the above-described methods featuring an IFN-a and

IFN-y combination regimen can be modified to replace the subject IFN-o. and IFN-y
combination regimen with an IFN-c and IFN-y combination regimen comprising: (a)
administering a dosage of INFERGEN® interferon alfacon-1 containing an amount of 15 pg of
drug per dose, subcutaneously once daily; and (b) administering a dosage of IFN-y containing
an amount of 100 pg of drug per dose, subcutaneously three times per week; for the desired

treatment duration with an NS3 inhibitor compound.

[00354] As non-limiting examples, any of the above-described methods featuring an IFN-a,

IFN-y and TNF antagonist combination regimen can be modified to replace the subjecf IFN-q,
IFN-y and TNF antagonist combination regimen with an IFN-o, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of monoPEG (30 kD, linear)-
ylated consenéus IFN-o containing an amount of 100 pg of drug per dose, subcutaneously once
weekly, once every 8 days, or once every 10 days; (b) administering a dosage of IFN-y
containing an amount of 100 pg of drug per dose, subcutaneously three times per week; and (c)
administering a dosage of a TNF antagonist selected from (i) etanercept in an amount of 25 mg
subcutaneously twice per week, (ii) infliximab in an amount of 3 mg of drug per kilogrém of
body weight intravenously at weeks 0, 2 and 6, and every 8 weeks thereafter or (jii)
adalimumab in an amount of 40 mg subcutaneously once weekly or once every other week; for

the desired treatment duration with an NS3 inhibitor compound.

[00355] As non-limiting examples, any of the above-described methods featuring an I[FN-q,

IFN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-u,
IFN-y and TNF antagonist combination regimen with an IFN-¢, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of monoPEG (30 kD, linear)-
ylated consensus IFN-¢. containing an amount of 100 pg of drug per dose, subcutaneously once
weekly, once every 8 days, or once every 10 days; (b) administering a dosage of IFN-y
containing an amount of 50 pg of drug per dose, subcutaneously three times per week; and (c)
administering a dosage of a TNF antagonist selected from (i) etanercept in an amount of 25 mg
subcutaneously twice per week, (ii) infliximab in an amount of 3 mg of drug per kilogram of
body weight intravenously at weeks 0, 2 and 6, and every 8 weeks thereafter or (iii)
adalimumab in an amount of 40 mg subcutaneously once weekly or once every other week; for

the desired treatment duration with an NS3 inhibitor compound.
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[00356] As non-limiting examples, any of the above-described methods featuring an IFN-q,

IFN-y and TNF antagonist combination regimen can be modiﬁed_to replace the subject IFN-o,
IEN-y and TNF antagonist combination regimen with an IFN-a, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of monoPEG (30 kD, linear)-
ylated consensus IFN-a containing an amount of 150 ug of drug per dose, subcutaneously once
weekly, once every § days, or once every 10 days; (b) administering a dosage of IFN-y
containing an amount of 50 pg of drug per dose, subcutaneously three times per week; and (c)
administering a dosage of a TNF antagonist selected from (i) etanercept in an amount of 25 mg
subcutaneously twice per week, (if) infliximab in an amount of 3 mg of drug per kilogram of
body weight intravenously at wecks 0, 2 and 6, and every 8 weeks thereafter or (iif)
adalimumab in an amount of 40 mg subcutaneously once weekly or once every other week; for

the desired treatment duration with an NS3 inhibitor compound.

[00357] As non-limiting examples, any of the above-described methods featuring an IFN-o,

IFN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-o,
IFN-y and TNF antagonist combination regimen with an [FN-o, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of ﬁonoPEG (30 kD, linear)-
ylated consensus IFN-¢ containing an amount of 150 pg of drug per dose, subcutaneously once
weekly, once every 8 days, or once every 10 days; (b) administering a dosage of IFN-y
containing an amount of 100 g of drug per dose, subcutaneously three times per week; and (c)
administering a dosage of a TNF antagonist selected from (i) etanercept in an amount of 25 mg
subcutaneously twice per week, (if) infliximab in an amount of 3 mg of drug per kilogram of
body weight intravenously at weeks 0, 2 and 6, and every 8 weeks thereafter or (iii)
adalimumab in an amount of 40 mg subcutaneously once weekly or once every other week; for

the desired treatment duration with an NS3 inhibitor compound.

[00358] As non-limiting examples, any of the above-described methods featuring an IFN-o,

IFN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-a,
IFN-y aud TNF antagonist combination regimen with an [FN-a, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of monoPEG (30 kD, linear)-
ylated consensus IFN-o containing an amount of 200 pg of drug I;er dose, subcutaneously once
weekly, once every 8 days, or once every 10 days; (b) administering a dosage of IFN-y
containing an amount of 50 pg of drug per dose, subcutaneously three times per week; and (c)
administering a dosage of a TNF antagonist selected from (i) etanercept in an amount of 25 mg
subcutaneously twice per week, (if) infliximab in an amount of 3 mg of drug per kilogram of

body weight intravenously at weeks 0, 2 and 6, and every 8 weeks thereafter or (iif)
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adalimumab in an amount of 40 mg subcutaneously once weekly or once every other week; for

the desired treatment duration with an NS3 inhibitor compound.

[00359] As non-limiting examples, any of the above-described methods featuring an [FN-q,

IFN-y and TNF antagonist combination regimen can be modified to replace the subject [FN-a,
IFN-y and TNF antagonist combination regimen with an [FN-c, [FN~y and TNF antagonist
combination regimen comprising: (a) administering a dosage of monoPEG (30 kD, linear)-
ylated consensus IFN-a containing an amount of 200 pg of drug per dose, subcutaneously once
weekly, once every 8 days, or once every 10 days; (b) administering a dosage of IFN-y
containing an amount of 100 pg of drug per dose, subcutaneously three times per week; and (c)
administering a dosage of 2 TNF antagonist selected from (i) etanercept in an amount of 25 mg
subcutaneously twice per week, (ii) infliximab in an amount of 3 mg of drug per kilogram of
body weight intravenously at weeks 0, 2 and 6, and every 8 weeks thereafter or (jii)
adalimumab in an amount of 40 mg subcutaneously once weekly or once every other week; for

the desired treatment duration with an NS3 inhibitor compound.

[00360] As non-limiting examples, any of the above-described methods featuring an IFN-o,

IFN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-c,
IFN-y and TNF antagonist combination regimen with an IFN-o, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of INFERGEN® interferon
alfacon-1 containing an amount of 9 pg of drug per dose, subcutaneously three times per week;
(b) administering a dosage of IFN-y containing an amount of 25 pg of drug per dose,
subcutaneously three times per week; and (c) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)
infliximab in an amount of 3 mg of drué per kilogram of body weight intravenously at weeks
0,2 and 6, and every 8 weeks thereafter or (iif) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

an NS3 inhibitor compound.

{00361} As non-limiting examples, any of the above-described methods featuring an IFN-a,

IFN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-a,
[EN-y and TNF antagonist combination regimen with an IFN-o, [FN~y and TNF antagonist
combination regimen comprising: (a) administering a dosage of INFERGEN® interferon
alfacon-1 containing an amount of 9 pg of drug per dose, subcutaneously three times per week;
(b) administering a dosage of IFN-y containing an amount of 50 ug of drug per dose,
subcutaneously three times per week; and (c) administering a dosage of a TNF antagonist

selected from (i) etanercept in an amount-of 25 mg subcutaneously twice per week, (ii)
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infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0,2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with
an NS3 inhibitor compound.

3 [00362] As non-limiting examples, any of the above-described methods featuring an IFN-q,

b Yo
b

[FN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-a,
IFN-y and TNF antagonist cotnbination regimen with an IFN-o, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of INFERGEN® interferon
alfacon-1 containing an amount of 9 pg of drug per dose, subcutaneously three times per week;
(b) administering a dosage of IFN-y containing an amount of 100 pg of drug per dose,
subcutaneously three times per week; and (c) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)
infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0,2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

an NS3 inhibitor compound.

[00363] As non-limiting examples, any of the above-described methods featuring an IFN-c,

IFN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-o,
IFN-y and TNF antagonist combination regimen with an IFN-a, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of INFERGEN® interferon
alfacon-1 containing an amount of 9 pg of drug per dose, subcutaneously once daily; (b)
administering a dosage of [FN-y containing an amount of 25 pg of drug per dose,
subcutaneously three times per week; and (c¢) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)
infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0,2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

an NS3 inhibitor compound.

[00364] As non-limiting examples, any of the above-described methods featuring an IFN-q,

IFN-~y and TNF antagonist combination regimen can be modified to replace the subject IFN-a,
IFN-y and TNF antagonist combination regimen with an IFN-o, IFN-y and TNF antagonist
combination regimen comprising: (2) administering a dosage of INFERGEN® interferon
alfacon-1 containing an amount of 9 ug of drug per dose, subcutaneously once daily; (b)

administering a dosage of IFN-y containing an amount of 50 pg of drug per dose,
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subcutaneously three times per week; and (c) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)
infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0, 2 and 6, and every § weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

an NS3 inhibitor compound.

[00365] As non-limiting examples, any of the above-described methods featuring an IFN-a,

IFN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-a,
IFN-y and TNF antagonist combination regimen with an [FN-a, [FN-y and TNF antagonist
combination regimen comprising: (2) administering a dosage of INFERGEN® interferon
alfacon-1 containing an amount of 9 ug of drug per dose, subcutaneously once daily; (b)
administering a dosage of IFN-y containing an amount of 100 pg of drug per dose,
subcutaneously three times per week; and (¢) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (i)
infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0, 2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

an NS3 inhibitor compound.

[00366] As non-limiting examples, any of the above-described methods featuring an IFN-a,

IFN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-a,
JFN-y and TNF antagonist combination regimen with an IFN-a, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of INFERGEN® interferon
alfacon-1 containing an amount of 15 pg of drug per dose, subcutaneously three times per
week; (b) adrhinistering a dosage of IFN-y containing an amount of 25 ug of drug per dose,
subcutaneously three times per week; and (c) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)
infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0,2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

an NS3 inhibitor compound.

[00367] As non-limiting examples, any of the above-described methods featuring an IFN-q,

IFN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-a,
IFN-y and TNF antagonist combination regimen with an IFN-a, [FN-y and TNF antagonist

combination regimen comprising: (a) administering a dosage of INFERGEN® interferon
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alfacon-1 containing an amount of 15 g of drug per dose, subcutancously three times per
weel; (b) administering a dosage of IFN-y containing an amount of 50 pg of drug per dose,
subcutaneously three times per week; and (c) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)

5 infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0, 2 and 6, and every 8 weeks thereafter or (iii) adalimumab in ‘an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with
an NS3 inhibitor compound.

[00368] As non-limiting examples, any of the above-described methods featuring an IFN-a,

1 IFN~y and TNF antagonist combination regimen can be modified to replace the subject IFN-a,
IFN-y and TNF antagonist combination regimen with an IFN-q, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of INFERGEN® interferon
alfacon-1 containing an amount of 15 pg of drug per dose, subcutaneously three times per
weelk; (b) administering a dosage of IFN-y containing an amount of 100 ug of drug per dose,

1 subcutaneously three times per week; and (c) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)
infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0, 2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount gf 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

20 an NS3 inhibitor compound.

[00369] As non-limiting examples, any of the above-described methods featuring an IFN-a,
IFN-y and TNF antagonist combination regimen can be modified to replace the subject IFN-o,
IFN-y and TNF antagonist combination regimen with an IFN-o, IFN-y and TNF antagonist
combination regimen comprising: (a) administering a dosage of INFERGEN® interferon
23 alfacon-1 containing an amount of 15 pg of drug per dose, subcutaneously once daily; (b)
administering a dosage of IFN-y containing an amount of 25 ug of drug per dose,
subcutaneously three times per week; and (c) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)
infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
30 0,2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once :every other weel; for the desired treatment duration with
an NS3 inhibitor compound.
[00370] As non-limiting examples, any of the above-described methods featuring an IFN-a,
IFN~-y and TNF antagonist combination regimen can be modified to replace the subject IFN-g,

92



et
D

24

30

013315

IFN-y and TNF antagonist combination regimen with an IFN-a, IFN-y and TNF antagonist
combination regimen comprising: (a) adrninistering a dosage of INFERGEN® interferon
alfacon-1 containing an amount of 15 pg of drug per dose, subcutaneously once daily; (b)
administering a dosage of IFN-y containing an amount of 50 pg of drug per dose,
subcutaneously three times per week; and (c) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)
infliximab in an amount of 3 mg of drug per kilogram of body wéight intravenousty at weeks
0,2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

an NS3 inhibitor compound.

{0037 1] As non-limiting examples, any of the above-described methods featuring an IFN-a,

[FN-y and TNF antagonist combination regimen can be modified to replace the subject [FN-a,
IFN-y and TNF antagonist combination regimen with an IFN-o., IFN-y and TNF aritagonist
combination regimen comprising: (a) administering a dosage of INFERGENR® interferon
alfacon-1 containing an amount of 15 pg of drug per dose, subcutancously once daily; (b)
administering a dosage of IFN-y containing an amount of 100 ug of drug per dose,
subcutaneously three times per week; and (c) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)
infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0,2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

an NS3 inhibitor compound.

[00372] As non-limiting examples, any of the above-described methods featuring an IFN-o. and

TNF antagonist combination regimen can be modified to replace the subject [FN-o and TNF
antagonist combination regimen with an IFN-¢ and TNF antagonist combination regimen
comprising: (a) administering a dosage of monoPEG (30 kD, linear)-ylated consensus IFN-a
containing an amount of 100 pg of drug per dose, subcutaneously once weekly, once every 8
days, or once every 10 days; and (b) administering a dosage of a TNF antagonist selected from
(i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii) infliximab in an
amount of 3 mg of drug per kilogram of body weight intravenously at weeks 0, 2 and 6, and
every 8 weeks thereaﬁér or (iii) adalimumab in an amount of 40 mg subcutaneously once

weekly or once every other week; for the desired treatment duration with an NS3 inhibitor

compound.
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[00373] As non-limiting examples, any of the above-described methods featuring an IFN-o and
TNF antagonist combination regimen can be modified to replace the subject IFN-a and TNF
antagonist combination regimen with an IFN-a and TNF antagonist combination regimen
comprising: (2) administering a dosage of monoPEG (30 kD, linear)-ylated consensus IFN-q.

containing an amount of 150 g of drug per dose, subcutaneously once weekly, once every 8

AR

days, or once every 10 days; and (b) administering a dosage of a TNF antagonist selected from
(i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii) infliximab in an
amount of 3 mg of drug pet kilogram of body weight intravenously at weeks 0, 2 and 6, and
every 8 weeks thereafter or (iif) adalimumab in an amount of 40 mg subcutaneously once

115 weekly or once every other week; for the desired treatment duration with an NS3 inhibitor
compound.

[00374] As non-limiting examples, any of the above-described methods featuring an [FN-a and
TNF antagonist combination regimen can be modified to replace the subject [FN-o and TNF
antagonist combination regimen with an [FN-o-and TNF antagonist combination regimen

i | comprising: (2) administering a dosage of monoPEG (30 kD, linear)-ylated consensus IFN-o.
containing an amount of 200 pg of drug per dose, subcutaneously once weekly, once every 8
days, or once every 10 days; and (b) administering a dosage of a TNF antagonist selected from
(i) etanercept in an amount of 25 mg subcutaneously twice per week, (if) infliximab in an
amount of 3 mg of drug per kilogram of-body weight intravenously at weeks 0, 2 and 6, and

20 every 8 weeks thereafter or (iif) adalimumab in an amount of 40 mg subcutaneously once
weekly or once every other week; for the desired treatment duration with an NS3 inhibitor
compound.

[00375] As non-limiting examples, any of the above-described methods featuring an IFN-a and
TNF antagonist combination regimen can be modified to replace the subject IFN-o and TNF

25 antagonist combination regimen with an IFN-o. and TNF antagonist combination regimen
comprising: (a) administering a dosage of INFERGEN® interferon alfacon-1 confaining an
amount of 9 pg of drug per dose, subcutaneously once daily or three times per week; and (b)
administering a dosage of a TNF antagonist selected from (i) etancrcept in an amount of 25 mg
subcutaneously twice per week, (ii) inﬂixifnab in an amount of 3 mg of drug per kilogram of

0 body weight intravenously at weeks 0,2 and 6, and every 8 weeks thereafter or (iii)

at

adalimumab in an amount of 40 mg subcutaneously once weekly or once every other week; for
the desired treatment duration with an NS3 inhibitor compound.
[00376] As non-limiting examples, any of the above-described methods featuring an IFN-0 and

TNF antagonist combination regimen can be modified to replace the subject IFN-a. and TNF
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antagonist combination regimen with an IFN-0, and TNF antagom:st combination regimen
comprising: (a) administering a dosage of INFERGEN® interferon alfacon-1 containing an
amount of 15 pg of drug per dose, subcutaneously once daily or three times per week; and (b)
administering a dosage of a TNF antagonist selected from (i) etanercept in an amount of 25 mg
subcutaneously twice per week, (ii) infliximab in an amount of 3 mg of drug per kilogram of
body weight intravenously at weeks 0, 2 and 6, and every 8 weeks thereafter or (iii)
adalimumab in an amount of 40 mg subcutaneously once weekly or once every other week; for

the desired treatment duration with an NS3 inhibitor compound.

[00377] As non-limiting examples, any of the above-described methods featuring an IFN-y and

TNF antagonist combination regimen can be modified to replace the subject IFN-y and TNF
antagonist combination regimen with an IFN-y and TNF antagonist combination regimen
comprising: (a) administering a dosage of IFN-y containing an amount of 25 pg of drug pef
dose, subcutaneously three times per week; and (b) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneousl'y twice per week, (ii)
infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0, 2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

an NS3 inhibitor compound.

[00378] As non-limiting examples, any of the above-described methods featuring an IFN-y and

TNF antagonist combination regimen can be modified to replace the subject [FN~y and TNF
antagonist combination regimen with an IFN-y and TNF antagonist combination regimen
comprising: (a) administering a dosage of IFN-y containing an amount of 50 ug of drug per
dose, subcutaneously three times per week; and (b) administering a dosage of a TNF antagonist
selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)
infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks

0, 2 and 6, and every 8 weeks thereafter or (iii) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with

an NS3 inhibitor compound.

[00379] As non-limiting examples, any of the above-described methods featuring an IFN-y and

TNF antagonist combination regimen can be modified to replace the subject IFN-y and TNF
antagonist combination regimen with an IFN-y and TNF antagonist combination regimen
comptising: (a) administering a dosage of IFN~y containing an amount of 100 pg of drug per
dose, subcutaneously three times per week; and (b) administering a dosage of a TNF antagonist

selected from (i) etanercept in an amount of 25 mg subcutaneously twice per week, (ii)

95



013315

infliximab in an amount of 3 mg of drug per kilogram of body weight intravenously at weeks
0,2 and 6, and every 8 weeks thereafter or (iif) adalimumab in an amount of 40 mg
subcutaneously once weekly or once every other week; for the desired treatment duration with
an NS3 inhibitor compound.

[060380] As non-limiting examples, any of the above-described methods that includes a regimen

N

of monoPEG (30 kD, linear)-ylated consensus IFN-a can be modified to replace the regimen of
monoPEG (30 kD, linear)~ylated consensus IFN-o with a regimen of peginterferon alfa-2a
comprising administering a dosage of peginterferon alfa-2a containing an amount of 180 ug of
drug per dose, subcutaneously once weekly for the desired treatment duration with an NS3

10 inhibitor compound.

[00381] As non-limiting examples, any of the above-described methods that includes a regimen
of monoPEG (30 kD, linear)-ylated consensus IFN-a can be modified to replace the regimen of
monoPEG (30 kD, linear)-ylated consensus IFN-o with a regimen of peginterferon alfa-2b
comprising administering a dosage of peginterferon alfa-2b containing an amount of 1.0 pg to

15 1.5 pg of drug per kilogram of body weight per dose, subcutaneously once or twice weekly for
the desired treatment duration with an NS3 inhibitor compound.

[00382] As non-limiting examples, any of the above-described methods can be modified to
include administering a dosage of ribavirin containing an amount of 400 mg, 800 mg, 1000 mg
or 1200 mg of.drug orally per day, optionally in two or more divided doses per day, for the

20 desired treatment duration with an NS3 inhibitor compound.

[00383] As non-limiting examples, any of the above-described methods can be modified to
include administering a dosage of ribavirin containing (i) an amount of 1000 mg of drug orally
per day for patients having a body weight of less than 75 kg or (ii) an amount of 1200 mg of
drug orally per day for patients having a body weight of greater than or equal to 75 kg,

optionally in two or more divided doses per day, for the desired treatment duration with an

n
(N3]

NS3 inhibitor compound.

[00384] As non-limiting examples, any of the above-described methods can be modified to
replace the subject NS3 inhibitor regimen with an NS3 inhibitor regimen comprising v
administering a dosage of 0.01 mg to 0.1 mg of drug per kilogram of body weight orally daily,

30 optionally in two or more divided doses per day, for the desired treatment duration with the
NS3 inhibitor compound.

[00385] As non-limiting examples, any of the above-described methods can be modified to

replace the subject NS3 inhibitor regimen with an NS3 inhibitor regimen comprising

administering a dosage of 0.1 mg to 1 mg of drug per kilogram of body weight orally daily,
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optionally in two or more divided doses per day, for the desired treatment duration with the
NS3 inhibitor compound.

[00386] As non-limiting examples, any of the above-described methods can be modified to
replace the subject NS3 inhibitor regimen with an NS3 inhibitor regimen comprising
administering a dosage of 1 mg to 10 mg of drug per kilogram of body weight orally daily,
optionally in two or more divided doses per day, for the desired treatment duration with the
NS3 inhibitor compound. _

[00387] As non-limiting examples, any of the above-described methods can be modified to
replace the subject NS3 inhibitor regimen with an NS3 inhibitor regimen comprising
administering a dosage of 10 mg to 100 mg of drug per kilogram of body weight orally daily,
optionally in two or more divided doses per day, for the desir'ed treatment duration with the
NS3 inhibitor compound. '

[00388] As non-limiting examples, any of the above-described methods featuring an NS5B
inhibitor regimen can be modified to replace the subject NS5B inhibitor regimen with an NS5B
inhibitor regimen comprising administering a dosage of 0.01 mg to 0.1 mg of drug per
kilogram of body weight orally daily, optionally in two or more divided doses per day, for the
desired treatment duration with an NS3 inhibitor compound.

[00389] As non-limiting examples, any of the above-described methods featuring an NS5B
inhibitor regimen can be modified to replace the subject NSSB inhibitor regimen with an NS5B
inhibitor regimen comprising administering a dosage of 0.1 mg to 1 mg of drug per kilogram
of body weight orally daily, optionally in two or more divided doses per day, for the desired
treatment duration with an NS3 inhibitor compound.

[00390] As non-limiting examples, any of the above-described methods featuring an NSSB
inhibitor regimen can be modified to replace the subject NSSB inhibitor regimen with an NS5B
inhibitor regimen comprising administering a dosage of 1 mg to 10 mg of drug per kilogram of
body weight orally daily, optionally in two or more divided doses per day, for the desired
treatment duration with an NS3 inhibitor compound.

[00391] As non-limiting examples, any of the above-described methods featuring an NS5B
inhibitor regimen can be modified to replace the subject NS5B inhibitor regimen with an NS5B
inhibitor regimen comp'rising administering a dosage of 10 mg to 100 mg of drug per kilogram
of body weight orally daily, optionally in two or more divided doses per day, for the desired

treatment duration with an NS3 inhibitor compound.

97



13

"t
sy
O

Patient Identification

[00392] In certain embodiments, the specific regimen of drug therapy used in treatment of the
HCV patient is selected according to certain disease parameters exhibited by the patient, such
as the initial viral load, genotype of the HCV infection in the patient, liver histology and/or
stage of liver fibrosis in the patient.

[00393] Thus, in some embodiments, the present invention provides any of the above-described
methods for the treatment of HCV infection in which the subject method is modified to tréat a
treatment failure patient for a duration of 48 weeks.

[00394] In other embodiments, the invention provides any of the above-described methods for
HCV in which the subject method is modified to treat a non-responder patient, where the
patient receives a 48 week course of therapy.

[00395] In other embodiments, the invention provides any of the above-described methods for
the treatment of HCV infection in which the subject method is modified to treat a relapser
patient, where the patient receives a 48 week course of therapy.

[00396] In other embodiments, the invention provides any of the above-described methods for
the treatment of HCV infection in which the subject method is modified to treat a naive patient
infected with HCV genotype 1, where the patient receives a 48 week course of therapy.

[00397] In other embodiments, the invention provides any of the above-described methods for
the treatment of HCV infection in which the subject method is modified to treat a nafve patient
infected with HCV genotype 4, where the patient receives a 48 week course of therapy.

[00398] In other embodiments, the invention provides any of the above-described methods for
the treatment of HCV infection in which the subject method is modified to treat a naive patient
infected with HCV genotype 1, where the patient has a high viral load (HVL), where “HVL”
refers to an HCV viral load of greater than 2 x 10% HCV genome topies per mL serum, and
where the patient receives a 48 week course of therapy.

[00399] In one embodiment, the invention provides any of the above-described methods for the
treatment of an HCV infection, where the subject method is modified to include the steps of (1)
identifying a patient having advanced or severe stage liver fibrosis as measured by a Knodell
score of 3 or 4 and then (2) administering to the patient the drug therapy of the subject method
for a time period of about 24 weeks to about 60 weeks, or about 30 weeks to about one year, or
about 36 weeks to about 50 weeks, or about 40 weeks to about 48 weeks, or at least about 24
weeks, or at least about 30 weeks, or at least about 36 weeks, or at least about 40 weeks, or at

least about 48 weeks, or at least about 60 weeks.
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[00400] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having advanced or severe stage liver fibrosis as measured by a
Knodell score of 3 or 4 and then (2) administering to the patient the drug therapy of the subject

5 method for a time period of about 40 weeks to about 50 weeks, or about 48 weeks,

[00401] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having an HCV genotype 1 infection and an initial viral load of
greater than 2 million viral genome copies per ml of patient serum and then (2) administering

10 to the patient the drug therapy of the subject method for a time period of about 24 weeks to
about 60 weeks, or about 30 weeks {o about one year, or about 36 weeks to about 50 weeks, or
about 40 weeks to about 48 Weéks, or at least about 24 weeks, or at least about 30 weeks, or at
least about 36 weeks, or at least about 40 weeks, or at least about 48 weeks, or at least about 60
weeks. '

15 [00402] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having an HCV genotype 1 infection and an initial viral load of
greater than 2 rhillion viral genome copies per ml of patient serum and then (2) administering
to the patient the drug therapy of the subject method for a time period of about 40 weeks to

20 about 50 weeks, or about 48 weeks. '

(00403] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having an HCV genotype 1 infection and an initial viral load of
greater than 2 million viral genome copies per ml of patient serum and no or early stage liver

25 fibrosis as measured by a Knodell score of 0, 1, or 2 and then (2) administering to the patient
the drug therapy of the subject method for a time period of about 24 weeks to about 60 weeks,
or about 30 weeks to about one vear, or about 36 weeks to about 50 weeks, or about 40 weeks
to about 48 weeks, or at least about 24 weeks, or at least about 30 weeks, or at least about 36
weeks, or at least about 40 weeks, or at least about 48 weeks, or at least about 60 weeks.

30 [00404] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having an HCV genotype 1 infection and an initial viral load of
greater than 2 million viral genome copies per ml of patient serum and no or early stage liver

fibrosis as measured by a Knodell score of 0, 1, or 2 and then (2) administering to the patient
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the drug therapy of the subject method for a time period of about 40 weeks to about 50 weeks,
or about 48 weeks.

[00405] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps

5 of (1) identifying a patient having an HCV genotype 1 infection and an initial viral load of less
than or equal to 2 million viral genome copies per ml of patient serum and then (2)
administering to the patient the drug therapy of the subject method for a time period of about
20 weeks to about 50 weeks, or about 24 weeks to about 48 weeks, or about 30 weeks to about
40 weeks, or up to ahout 20 weeks, or up to about 24 weeks, or up to about 30 weeks, or up to

16 about 36 weeks, or up to about 48 weeks.

[00406] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having an HCV genotype 1 infection and an initial viral load of less
than or equal to 2 million viral genome copies per ml of patient serum and then (2)

15 administering to the patient the drug therapy of the subject method for a time period of about
20 weeks to about 24 weeks.

[00407] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient.having an HCV genotype 1 infection and an initial viral load of less

20 than or equal to 2 million viral genome copies per ml of patient serum and then (2)
administering to the patient the drug therapy of the subject method for a time period of about
24 weeks to about 48 weeks.
[00408] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
25 of (1) identifying a patient having an HCV genotype 2 or 3 infection and then (2) administering
to the patient the drug therapy of the subject method for a time period of about 24 weeks to
about 60 weeks, or about 30 weeks to about one year, or about 36 weeks to about 50 weeks, or
about 40 weeks to about 48 weeks, or at least about 24 weeks, or at least about 30 weeks, or at
least about 36 weeks, or at least about 40 weeks, or at least about 48 weeks, or at least about 60

30 weeks.

[00409] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having an HCV genotype 2 or 3 infection and then (2) administering
to the patient the drug therapy of the subject method for a time period of about 20 weeks to
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about 50 weeks, or about 24 weeks to about 48 weeks, or about 30 weeks to about 40 weeks, or
up to about 20 weeks, or up to about 24 weeks, or up to about 30 weeks, or up to about 36
weeks, or up to about 48 weeks.
[00410] In another embodiment, the invention provides any of the above-described methods for
5 the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having an HCV genotype 2 or 3 infection and then (2) administering
to the patient the drug therapy of the subject method for a time period of about 20 weeks to
about 24 weeks.
100411] In another embodiment, the invention provides any of the above-described methods for
10 the treatment of an HCV infection, where the éubj ect method is modified to include the steps
of (1) identifying a patient having an HCV genotype 2 or 3 infection and then (2) administering
to the patient the drug therapy of the subjéct method for a time period of at least about 24
weeks.
[00412] In another embodiment, the invention provides any of the above-described methods for
1 the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having an HCV genotype 1 or 4 infection and then (2) administering
to the patient the drug therapy of the subject method for a time period of about 24 weeks to
about 60 weeks, or about 30 weeks to about one year, or about 36 weeks to about 50 weeks, or
abbut 40 weeks to about 48 weeks, or at least about 24 weeks, or at least about 30 weeks, or at
20 least about 36 weeks, or at least about 40 weeks, or at least about 48 weeks, or at least about 60
weeks.
[00413] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having an HCV infection characterized by any of HCV genotypes 5,
25 6,7, 8 and 9 and then (2) administering to the patient the drug therapy of the subject method
for a time period of about 20 weeks to about 50 weeks.
[00414] In another embodiment, the invention provides any of the above-described methods for
the treatment of an HCV infection, where the subject method is modified to include the steps
of (1) identifying a patient having an HCV infection characterized by any of HCV genotypes 5,
30 6,7, 8 and 9 and then (2) administering to the patient the drug therapy of the subject method
for a time period of at least about 24 weeks and up to about 48 weeks.
SUBJECTS SUITABLE FOR TREATMENT
[00415] Any of the above treatment regimens can be administered to individuals who have been
diagnosed with an HCV infection. Any of the above ireatment regimens can be administered
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to individuals who have failed previous treatment for HCV infection (“treatment failure
patients,” including non-responders and relapsers).

[00416] Individuals who have been clinically diagnosed as infected with HCV are of particular
interest in many embodiments. Individuals who are infected with HCV are identified as

5 having HCV RNA in their blood, and/or having anti-HCV antibody in their serum. Such
individuals include anti-HCV ELISA-positive individuals, and individuals with a positive
recombinant immunoblot assay (RIBA). Such individuals may also, but need not, have
elevated serum ALT levels.

[00417] Individuals who are clinically diagnosed as infected with HCV include naive

10 individuals (e.g., individuals not previously treated for HCV, particularly those who have not
previously received IFN-a-based and/or ribavirin-based therapy) and individuals who have
failed prior treatment for HCV (“treatment failure” patients). Treatment failure patients
include non-responders (i.e.; individuals in whom the HCV titer was not significantly or
sufficiently reduced by a previous treatment for HCV, e.g., a previous IFN-o monotherapy, a

15 previous IFN-q and ribavirin combination therapy, or a previous pegylated [FN-u and ribavirin
combination therapy); and relapsers (i.., individuals who were previously treated for HCV,
e.g., who received a previous IFN-o monotherapy, a previous IFN-o and ribavirin combination
therapy, or a previous pegylated IFN-a and ribavirin combination therapy, whose HCV titer
decreased, and subsequently increased). .

20 [00418] In particular embodiments of interest, individuals have an HCV titer of at least about
10°, at least about 5 x 10°, or at least about 10°, or at least about 2 x 10°, genome copies of
HCV per milliliter of serum. The patient may be infected with any HCV genotype (genotype
1, including la and 1b, 2, 3, 4, 6, etc. and subtypes (e.g., 2a, 2b, 3a, etc.)), particularly a
difficult to treat genotype such as HCV genotype 1 and particular HCV subtypes and

25 quasispecies.

[00419] Also of interest are HCV-positive individuals (as described above) who exhibit severe
fibrosis or early cirrhosis (non-decompensated, Child’s-Pugh class A or less), or more
advanced cirrhosis (decompensated, Child’s-Pugh class B or C) due to chronic HCV infection
and who are viremic despite prior anti-viral treatment with IFN-o-based therapies or who

30 cannot tolerate [FN-a-based therapies, or who have a contraindication to such therapies. In
particular embodiments of interest, HCV-positive individuals with stage 3 or 4 liver fibrosis
according to the METAVIR scoring system are suitable for treatment with the methods of the
present invention. In other embodiments, individuals suitable for treatment with the methods

of the instant invention are patients with decompensated cirthosis with clinical manifestations,
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including patients with far-advanced liver cirrhosis, including those awaiting liver
transplantation. In still other embodiments, individuals suitable for treatment with the methods
of the instant invention include patients with milder degrees of fibrosis including those with
early fibrosis (stages 1 and 2 in the METAVIR, Ludwig, and Scheuer scoring systems; or
stages 1, 2, or 3 in the Ishak scoring system.).
PREPARATION OF NS3 INHIBITORS

[00420] The compounds of formula I can be synthesized according to the methods described
below. .
Methodology

Preparation of Compounds with General Structure I

[00421] Two methods were used in preparing compounds with general structure I. In both
methods, intermediates 1 and 4 were prepared according to the procedures disclosed in
International Application PCT/CA00/00353 (Publication No. WO 00/59929). Intermediate 4
was also purchased from RSP Amino Acids.

Example 1-1: Synthesis of Compound# 101 (Compound AR00220042) by Method A:

Compound #101 (Compound AR00220042)
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F:

Method A:
; OH |
; NR1R2 NR R;
/ oH Boety 2 1) COi,DCM T
HCH H N + b HATU, DIEA {0 ,,) o “
g e BocN DMF sk b2 RngNH BoeN
) /<0 N y
HO' . ] 0
1 2
1:1 (1R, 28)/ (15, 2R)
(1R, 28) (s, 2R)
0\ NR{R;
NR{Rz
NR1R2 T
Nolan's calalyst
1) 4N HC! (dioxane) (30 moi%)
et e e i
Bm:N 2yHATU, DIEA, OMF  DosHNe DCE, 50C
0
(1R, 25) \
OYNRiRZ
LIOH-H20
BocHN. }=D
THF:MeOH:H20
(2:1:1) ’

Step 1: Synthesis of 2S-(1-Ethoxycarb0nyl-Z-vinyl-cyclopropylcarbamoyl)-4R-hydroxy—

pyrrolidine-1-carboxylic acid tert-butyl ester 3)
OH

Her HZ”’SJ Bw\’:i _HATU, DIEA _ BDCQNZ -
g H o
1 3 7
1:1 (1R, 28)/ (1S, 2R)
[00422] To a flask charged with ethyl-(1R, 25’)((15’, 2R)-1-amino-2-vinylcyclopropyl
carboxylate (1, 1.0 g, 5.2 mmol), trans-N-(tert-Butoxycarbonyl)-4-hydroxy-L-proline (2, 1.3 g,
3 1.1 equiv), and HATU (2.7 g, 1.1 equiv) were added 30 mL DMF to make a solution. It was
cooled to 0 oC in an ice-water bath, followed by slow addition of solution of DIEA. (4.4 mL,
4 equiv) in DMF (15 mL) while stirring. The reaction was allowed to warm up to rt and stirred
overnight
[00423] After 16 h, the reaction was complete as monitored by HPLC. It was diluted with
10 EtOAc (100 mL), washed with water (3 x 40 mL), sat. NaHCOs (2 x 40 mL), and brine (2 x 40

mL), then dried over NazSO and concentrated down to give a dark copper colored oil. The
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crude was purified on silica gel (eluent: acetone/hexanes 3:7), giving pure 3 as tan foamy
powder (770 mg, 32 %).

Step 2: Syntheses of 3,4-Dihydro-1H-isoquinoline-2-carboxylie acid 1-tert-
butoxycarbonyl—S—(lR-ethoxycarbonyI-ZS-vinyl-éyclopropylcarbamoyl)-pyrrolidin-SR-yl

A8} )

ester (5), and 3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 1-tert-butoxycarbonyl-5-
(1S-ethoxycarbonyl-2R-vinyl-eyclopropylcarbamoyl)-pyrrolidin-3R-yl ester (6)

St 63 é?

\

y./O 0

o 2) m BocN BocN 2.
7 N1P°

o

BocN

Q
DCM, 1t

5(1R, 23) 6 (18, 2R)

[00424] The dipeptide 3 (300 mg, 0.81 mmol) was dissolved in DCM (8 mL), followed by
addition of CDI (163 mg, 1.2 equiv) in one portion, The reaction was stirred at rt overnight.
After 15 h, the reaction was complete as monitored by TLC (DCM/MeOH 9:1). 1,2,3,4-
10 tetrahydroisoquinoline (0.32 mL, 3 equiv) was added to the reaction portion-wise, and the
reaction was stirred at rt for overnight.
[00425]} After 22h, TLC showed reaction complete. The reaction was diluted with DCM (15
mL) and washed with IN ag. HCI (15 mL), brine (15 mL), dried (Na,SOy), and concentrated
15 down. The crude was purified on silica gel (eluent: DCM/Et;O/acetone 30:10:1). The top spot
isolated (5) was white foamy powder (169 mg, 40 %), and the bottom spot (6) was white solid
(156 mg, 38 %). MS m/e 550 (M"+Na).

Step 3: Synthesis of 3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 1-(2S-tert-
butoxycarbonylamino-non-8-enoyl)-5-(1R-ethoxycarbonyl-2S-vinyl-
20 cyclopropylcarbamoyl)-pyrrolidin-3R-yl ester (7)

{:@ OJgo OT“(D

N,

0 _< OH 1) 4N HCI (dioxane) 3\\ N |
R o) | T
* iy
o 2) HATU, DIEA, DMF j\\ N PR
" \=20 "o
o

Y )
5 ¢ \ 7
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[00426] The top isomer 5 (118 mg, 0.22 mmol) was dissolved in 4N HCI (dioxane, 8 mL) and
left at 1t for 90 min to remove the BOC protective group. It was then concentrated down, taken
up in acetonitrile and concentrated down again twice. To this light brownish residue was
added 4 (66.8 mg, 1.1 equiv) and HATU (93.5 mg, 1.1 equiv), followed by 2 mL DMF under

2 nitrogen. The reaction was cooled on ice-water bath for 15 min, after which a 0.5 mL. DMF
solution of DIEA (0.13 mL, 4 equiv) was added to the reaction drop-wise while stirring. The
ice bath was left to slowly rise to 1t and the reaction stirred for overnight.

[00427] After 24h, the reaction has turned dark brownish. Its aliquot TLC shows reaction
complete. The reaction was diluted with EtOAc (30 mL) and washed with water (3 x 15 mL),

10 sat. NaHCOs (2 x 15 mL), brine (15 mL), dried (Na;SOy), and concentrated to give 7 as an
orange oily residue (156 mg). It was directly used in the next step without further purification.
MS m/e 703 (M'+Na).
Step 4: Synthesis of (15, 4R, 6S, 14S, 18R)-14-tert-Butoxycarbonylamino-18-(3,4-
dihydro—lH-isoquinoline—Z-carbonyloxy)—Z,lS-diox0-3,16—diaia-tricyclo[14.3.0.0

’5 “Inonadec-7-ene-4-carboxylic acid ethyl ester (8)
G
0 T
Os N T
Y T
o M } il
o " \ (30 moi%)
N0
/&\ C H 0 DCE, 50 C

[00428] The crude 7 (135 mg, 0.2 mmol) was dissolved in 20 mL DriSolve DCE to make a
solution, followed by addition of the Nolan's catalyst (5 mg, 0.3 equiv) at rt under nitrogen.
The solution turned purplish. The reaction was put on a pre-heated oil bath (50 C) and stirred
for overnight.

20 100429] After 10 h, the reaction had turned dark brownish. TLC (DCM/EtOAc 1:1) showed
clean conversion to a new spot with slightly lower R¢. The reaction was concentrated down
and purified on silica gel (eluent: DCM/EtOAC gradient from 5:1 to 2:1), giving product 8 asa
tan foamy powder (75 mg, 58 %). MS m/e 653.1 (M"+1).
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Step 5: Synthesis of (1S, 4R, 65, 14S, 18R)-14-tert-Butoxycarbonylamino-18-(3,4-
dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0

“*|nonadec-7-ene-4-carboxylic acid (Compound# 101)
o A0
Y
o

LIOH-H20

THF:MeOH:H20 )V

(2:1:1)

8 Compoundi 101

[00430] The macrocyclic ester 8 (60 mg, 0.092 mmbl) was dissolved in 0.9 mL of a mixed

solvent (THF/MeOH/H20 2:1:1), followed by addition of LiOH-H,0 (23 mg, 6 equiv). The
mixture was stirred at 1t for overnight. After 18h, TLC (DCM/MeOH 9:1) showed a clean new
spot with a lower Rf. The reaction was concentrated down to almost dryness and partitioned
between 1N aq. HCI (15 mL) and DCM (20 mL). The aqueous layer was extracted with DCM
(2x 10 mL). The organic layers were combined, dried over Na;SO4 and concentrated down,
giving compound# 101 as a light brownish foamy powder (50 mg, 87 %). 'H NMR (CDs0D, |
400 MHz) 6 1.20-1.67 (m, 21H), 1.70-1.83 (i, 1H), 1.88-2.10 (m, 1H), 2.12-2.58 (m, 4H),
2.82 (m, 2H), 3.60-3.80 (m, 2H), 3.86 (m, 1H), 4.20 (m, 1H), 4.35 (m, 1H), 4.54 (s, 7H), 4.58
(t, 3H), 5.29-5.41 (m, 2H), 5.57 (m, 1H), 7.0-7.24 (m, 4H). MS m/e 625.1 (M'+1).

Example 1-1a:

Compound AR00220122

[00431] (18, 45, 6R, 145, 18R)-14-tert-Butoxycarbonylamino-18-(3,4-dihydro-1H-

isoquincline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 “Slnonadec-7-ene-4-
carboxylic acid (Compound AR00220122) was prepared similarly according to procedures
described in Example 1-1, substituting compound 5 with 6 in Step 3. MS m/e 625 (M*+1).
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Example 1-2: Synthesis of Compound# 101 (Compbund AR00220042) by Method B:

Method B:
oH |
HCF HzN,i—/ HATU.OEA gl 2 1) 4N HCI (dioxane)
BocN N ; 0 2) HATU, DlEA1 DMF BocHNu:,
0
07 BocHN,,.
(1R, 28) -
1 3
8
\
Os_NR{Rz
Nolan's catalyst 0 ‘0 H T }
or Hoveyda's Catalyst (8 %) o] ’ o
M \__ 1) CDI, DCM {
BocHN. = "~ Q q
N =0
DCE, 50 C o u1> 2) RyRoNH 3 §
N>
,//
10
LIOH-H20
THFMeOH:Hzo ~ BooHNw

11

[00432] Compound# 101 was also prepared according to the above procedure. The synthesis of
the macrocyclic intermediate 10 described here is similar to that described in International

5 Application PCT/CA00/00353 (Publication No. WO 00/59929).

Step 1: Synthesis of 2S-(1-Ethoxycarbonyl-2-vinyl-cyclopropjrlcarbamoyl)-4R-hydroxy-

pyrrolidine-1-carboxylic acid tert-butyl ester 3)
OH

)

2,
Her HZN'E Bochl _HATU, DIEA Bachl Y »
(9] N O\]
3
1:1 (1R, 28)/ (18, 2R)
To a flask charged with ethyl-(1R, 28)/(15, 2R)-1-amino-2-vinylcyclopropyl
carboxylate (1, 1.0 g, 5.2 mmol), trans-N-(tert-Butoxycarbonyl)-4-hydroxy-L-proline (2, 1.3 g,

1
[00433]

10 1.1 equiv), and HATU (2.7 g, 1.1 equiv) were added 30 mL DMF to make a solution. It was
cooled to 0 °C in an ice-water bath, followed by slow addition of a solution of DIEA (4.4 mL,
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4 equiv) in DMF (15 mL) while stirring. The reaction was allowed to warm up to rt and stirred
overnight.

[00434] After 16 h, the reaction was complete as monitored by HPLC.' It was diluted with
EtOAc (100 mL), washed with water (3 x 40 mL), sat. NaHCO; (2 x 40 mL), and brine (2 x 40
mL), then dried over Na;SO, and concentrated down to give a dark copper colored oil. The
crude was purified on silica gel (eluent: acetone/hexanes 3:7), giving pure 3 as tan foamy
powder (770 mg, 32 %).
Step 2: Synthesis of 1R-{[1-(2S-tert-Butoxycarbonylamino-non-8-enoyl)-4R-hydroxy-
pyrrolidine~2S-carbonyl]-aminu}-ZS-vinyl-cyclopropanecarboxylic acid ethyl ester (9)

1) 4N HCI ({dioxane)
BocHN,
2) HATU, DIEA, DMF
Q

10 [00435] Compound 3 (2.85 g, 7.7 mmol) was dissolved in 10 mL 4N HCI (dioxane) and left at
1t for 90 min to remove the Boc protective group. It was then concentrated down, taken up in
acetonitrile and concentrated down again twice. To this light brownish residue was added 4
(2.2 g, 8.1 mmol) and HATU (3.2 g, 8.5 mmol), followed by 80 mL DMF under nitrogen. The

reaction was cooled on ice-water bath for 15 min, after which a 5 mL DMF solution of DIEA

v (5.4 mL, 30.9 mmol) was added to the reaction drop-wise while stirring. The ice bath was left
to slowly rise to rt and the reaction stirred for overnight.
[00436] After 18h, TLC showed reaction complete. The reaction was diluted with EtOAc (300
mL) and washed with water (3 x 150 mL), sat. NaHCO3 (2 x 150 mL), brine (150 mL), dried
20 (N23S0y), and solvent removed. The crude was purified by silica gel flash chromatography on

Biotage 40M (eluent =3 % to 5 % MeOH in DCM) to give 9 as a brownish foamy solid (3.5 g,
87 %).

Step 3: Synthesis of (1S, 4R, 6S, 14S, 18R)-14-tert-Butoxycarbonylamino-18-hydroxy-
2,15-diox0-3,16- diaza—tricyclo[14 3.0.0 *S|nonadec-7-ene-4-carboxylic acid ethyl ester (10)

Nolan's catalyst
BocHN. or Hoveyda's Catalyst (51030 %) BocHN®.
g DCE 50C
\ 9 10
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[00437] Compound 9 (2.6 g, 5.0 mmol) was dissolved in 500 mL DtiSolve DCE ina 1 L round-
bottomed flask to make a solution. It was degassed by bubbling nitrogen through for 1 h. Then
the Hoveyda catalyst (0.25 equiv) was added at rt under nitrogen. The reaction was put on a
pre-heated oil bath (50 C) and stirred for overnight. After 16 b, the reaction had turned dark
5 | brownish. TLC (DCM/EtOAc 1:1) showed clean conversion to a new spot with slightly lower
Ry The reaction was concentrated down and purified on silica gel (Biotage 40 M, eluent =
DCM/EtOAc gradient from 1:1 to 1:2), giving product 10 as a tan foamy powder (0.64 g, 52
%). "HNMR (CDCl;, 400 MHz) § 1.21 (t, /= 7.0 Hz, 3H), 143 (3, 9H), 1.20-1.50 (m, 6H),
1.53-1.68 (m, 2H), 1.83-1.96 (m, 2H), 1.98-2.28 (m, 4H), 2.60 (m, 1H), 3.13 (brs, 1H), 3.68
10 (m, 1H), 3.94 (m, 1H), 4.01-4.19 (m, 2H), 4.48 (m, 1H), 4.56 (brs, 1H), 4.79 (m, 1H), 5.26 (¢, J
=94 Hz, 1H), 5.36 (d, J="7.8 Hz, 1H), 5.53 (m, 1H), 7.19 (brs, 1H). MS m/e 494.0 (M'+1).
Step 4: Synthesis of (LS, 4R, 68, 145, 18R)-14-tert-Butoxycarbonylamino-18-(3,4-
dibydro-1H-isoquinoline-2-carbonylexy)-2,15-dioxe-3,16-diaza-tricyclo[14.3.0.0

4’G]nonadec-7—¢-:ne-4—carboxylic acid ethyl ester (11)

o °j(

Q q
1) cOI, DCM
N y
BocHN, 2 =0 — N
d H(Dé Bqd‘lNu.
H o}

2)
jRNee)
15 [00438] The macrocyclic intermediate 10 (110 mg, 0.22 mmol) was dissolved in DCM (2.2

"8

<
Q.

_}=o
/:

10 1

mL), followed by addition of CDI (45 mg, 0.27 mmol) in one portion. The reaction was stirred
at rt overnight. After 15 h, the reaction was complete as monitored by TLC (DCM/MeOH
9:1). 1,2,3,4-tetrahydroisoquinoline (0.14 mL, 1.1 mmol) was added to the reaction drop-wise,
and the reaction was stirred at rt for overnight. After 22h, TLC showed reaction complete.

=0 The reaction was diluted with DCM (6 mL) and washed with 1N aq. HCI (2 x 2 mL), sat.
sodium bicarbonate (2 mL), brine (2 mL), dried (Na;SOs), and concentrated down. The crude
was purified on silica gel (Biotage 408, eluent: 2 to 4 % MeOH in DCM), giving 11 as a pale
yellowish foamy powder (131 mg, 90 %).
Step 5: Compound 11 was hydrolyzed in the same fashion as described in the Step 5 of

23 Example 1-1 to give compound# 101.

[00439] The following compounds were also prepared according to Method B describedr above,

with 1,2,3,4-tetrahydroisoquinoline being substituted by various other secondary amines. Most
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of these amines were either purchased from commercial sources, or are known literature
compounds, therefore were prepared using the procedures listed here (1. Stokker, G E.
Tetrahedron Lett. 1996, 37(31), 5453-5456. 2. Chan, N W. Bioorganic & Medicinal
Chemistry 2000, 8, 2085-2094. 3. Vecchietti, V. et al, J. Med. Chem. 1991, 34, 2624-2633.)

2 Tor those amine inputs that were not directly prepared according to literature procedures, or the
specific input has not been reported in literature before at our best knowledge, their syntheses
are given within each example.

Example 1-3:

Compound AR00226824
10 [00440] (1S, 4R, 6S, 14S, 18R)-14-tert-Butoxycarbonylamino-18-(6,7-dimethoxy-3,4-

dihydro-IH-isoquinolinc-Z-carb0nyloxy)—2,15—dioxo-3,16-diaza-tricyclo[14.3.0.0
“%Inonadec-7-ene-4-carboxylic acid (c?mpound AR00226824) was syhthesized according to
Method B, except 6,7-dimethoxy-1,2,3,4-tetrahydro-isoquinoline was used in Step 4 instead.
MS m/e 585.2 (M'+1-100).

15 Example 1-4:

-4

Q 0
q.. N’} }—OH
kel
s
Compound AR00226825
[00441] (1S, 4R, 6S, 148, 18R)-14-tert-Butoxycarbonylamino-Z,15-di0xo~18—(1,3,4,9-
tetrahydro-b-carboline-2-carbonyloxy)-3,16-diaza-tricyclo [14.3.0.0 ““|nonadec-7-ene-4-
carboxylic acid (compound AR00226825) was synthesized according to Method B, except
20 2,3,4.9-Tetrahydro-1H-b-carboline was used in Step 4 instead. MS m/e 564.2 (M"+1-100).
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Example 1-3:

Compound AR00291871

[00442] (1S, 4R, 65, 14S, 18R)-14-tert-Butoxycarbonylamino-18-(1,3-dihydro-iseindole-2-
carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 “$1nonadec-7-ene-4-carboxylic acid
(compound AR00291871) was synthesized according to Method B, except 2,3-Dihydro-1H-
isoindole was used in Step 4 instead. "H NMR (CDCls, 500 MHz) § 1.21-1.44 (m, 8H), 1.32
(s, 9H), 1.54-1.62 (m, 2H), 1.78-1.88 (m, 21}, 2.04-2.13 (m, 1H), 2.16-2.23 (m, 1H), 2.24-2.36
(m, 2H), 2.66-2.74 (m, 1H), 3.87-3.90 (m, 1H), 4.15 (d, J= 11.0 Hz, 1H), 4.37-4.43 (m, 1H),
4.61-4.77 (m, 5H), 5.18 (t, J= 10.3 Hz, 1H), 5.24-5.31 (m, 1H), 5.40-5.45 (m, 1H), 5.58-5.66
(m, 1H), 7.11-7.30 (m, 4K). MS m/e 611.0 (M"+1). |

Example 1-6:
OZKJ_VO
““0 NE HO};O
9! i L
X L
Compound AR00291875

[00443] (1S, 4R, 6S, 145, 18R)-14-tert-Butoxycarbonylamino-18-(2,3-dihydro-indole-1-
carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 4’6]nonadec-7-ene-4-carboxylic acid
(compound AR00291875) was synthesized according to Method B, except 2,3-Dihydro-1H-
indole was used in Step 4 instead. MS m/e 610.9 (M™+1).

Example 1-7.

Compound AR00294382
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[06444] (1S, 4R, 68, 14S, 18R)-14-tert-Butoxycarbonylamino-2,15-diexo-18-(8-
trifluoromethyl-3 4-dihydro-1H-isoquinoline-2-carbonyloxy)-3,16-diaza-tricyclo[14.3.0.0
*$Inonadec-7-ene-d-carboxylic acid (compound AR00294382) was synthesized according to
Method B, except 8-Trifluoromethyl-1,2,3 ,4-.tetrahydro-isoquinoline was used in Step 4

5 instead. MS m/e 693.0 (M)
Example 1-8:

Compound AR00294383
[00445] (LS, 4R, 6S, 14S, 18R)-14-tert-Butoxycarbonylamino-2,15-dioxo-18-(6-

trifluoromethyl-3,4-dihydro-1H-isoquineline-2-carbonyloxy)-3,16-diaza-tricyclo[14.3.0.0

10 “Inonadec-7-ene-4-carboxylic acid (compound AR00294383) was syﬁthesized according to
Method B, except 6-Trifluoromethyl-1,2,3,4-tetrahydro-isoquinoline was used in Step 4
instead. 'H NMR (500 MHz, CDCls): § 7.46-7.38 (m, 2H), 7.26-7.18 (m, 1H), 6.98 (s, 1H),
5.62 (q, LH), 5.42 (s, 1H), 5.21-5.15 (m, 2H), 4.78-4.60 (m, 3H), 4.40 (s, 1H), 4.16-4.00 (m,
1H), 3.92-3.81 (m, 1H), 3.80-3.60 (m, 2H), 3.00-2.85 (m, 2H), 2.72-2.64 (br s, 1H), 2.40-1.18

15 (m, 20H). MS: m/e 693.0 (M").
Example 1-9:

Compound AR00294384
[00446] (LS, 4R, 65, 145, 18R)-14-tert-Butoxycarbonylamino-18-(5-fluore-3,4-dibydro-1H-
isoquinoline-2-carbonyloxy)—2,15-dioxo-3,16-diaza—tricyclo[14.3.0.0 “®Inonadec-7-ene-4-
20 carboxylic acid (compound AR00294384) was synthesized according to Method B, except 5-
fluoromethyl-1,2,3 4-tetrahydro-isoquinoline was used in Step 4 instead. 'H NMR (500 Mz,
CDCls): § 7.19-7.11 (m, 1H), 7.05 (m, 1H), 6.91 (¢, 2H), 5.62 (g, 1H), 5.40 (s, 1H), 5.24 (d,
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1H), 5.20 (t, 1H), 4.78 (s, 1H), 4.644.56 (i, 2H), 4.42 (5, 1H), 4.12-4.02 (m, 1H), 3.92-3.81
(m, 1H), 3.78-3.61 (m, 2H), 2.84-2.80 (m, 2H), 2.74-2.64 (m, 1H), 2.36-2.18 (m, 2H), 1.91-
1.81 (m, 2E), 1.64-1.54 (m, 2H), 1.48-1.10 (m, 15H). MS: m/e 643.0 (M)

Example 1-10;

Compound AR00301745

[00447] (1S, 4R, 65, 14S, 18R)-18-(5-Amino-3,4-dihydro-1H-isoquinoline-2-carbonyloxy)-

14-tert-butoxycarbonylamino-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 4’6]mmadec-7-ene—4-
carboxylic acid (compound AR00301745) was synthesized according to Method B, except 3-
amino-1,2,3 4-tetrahydro-isoquinoline was used in Step 4 instead. MS: m/e 640.1 (M)

Example 1-11:

Compound AR00301749

[00448] (1S, 4R, 6S, 14S, 18R)-18-(7—-Amino-3,4~dihydro-lH-isoquinoline-2-carbonyloxy)-

14-tert—butoxycarbonylamino—Z,lS-dioxo-S,l6-diaza-tricyclo[14.3.0.0 4’6]nonade(:-7-ene—4-
carboxylic acid (compound AR00301749) was synthesized according to Method B, except 7-
amino-1,2,3 4-tetrahydro-isoquinoline was used in Step 4 instead. MS: m/e 640.1 (M), 641.1
(M'+1)

Example 1-12:

Compound AR00304000
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[00449] (LS, 4R, 6S, 14S, 18R)-14-tert-Butoxycarbonylamino-2,15-dioxo-18-(2-
phenylamino-6,7-dihydro-4H-thiazolo[5,4-c]pyridine-S-carbonyloxy)-3,16-diaza-
tricyclof14.3.0.0“°jnonadec-7-ene-4-carboxylic acid (compound AR00304000) was
synthesized according to Method B, except Phenyl-(4,5,6,7-tetrahydro-thiazolo[$5,4-cJpyridin-

5 2-yl)-amine was used in Step 4 instead. MS m/e 721.2 (M-1).
Example 1-13:

Compound ARD0304062
[00450] (18, 4R, 65, 14S, 18R)-14-tert-Butoxycarbonylamino-18-(7-chloro-3,4-dihydro-1H-
isoquinoline—2—carbonyloxy)—2,15-diox0—3,16-diaza-tricyclo[14.3.0.0 “CInonadec-7-ene-4-
10 carboxylic acid (compound AR00304062) was synthesized according to Method B, except 7-
Chloro-1,2,3,4-tetrahydro-isoquinoline was used in Step 4 instead. MS m/e 659.0 (M), 661.0
(M2) |
Example 1-14:

Compound AR00304063

15  [00451] (1S, 4R, 6, 145, 1SR)-14—tert-Butoxycarbonylamino-18-(6-f_luoro-3,4—dihydro-1H—
isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 4’6]nonadec-7-ene-4-
carboxylic acid (compound AR00304063) was synthesized according to Method B, except 6-
fluoro-1,2,3,4-tetrahydro-isoquinoline was used in Step 4 instead. MS m/e 643.0 (M"), 644.0

(M+1)
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o=(N

o

o
j‘i\?\ N Yo

O OSO ﬁ/b_

Compound AR00304065

[00452] (1S, 4R, 6S, 14S, 18R)-14-tert-Butoxycarbonylamino-18-(4,4-spirocyclobutyl-3,4-
dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-

5 tricyclo[14.3.0.04’6]nonadec-7-ene-4-carboxylic acid (compound AR00304065) was
synthesized according to Method B, except 4,4-siprocyclobutyl-1 ,2,3,4-tetrahydro-isoquinoline
was used in Step 4 instead. 'H NMR (400 MHz, ds-acetone) 8 7.99 (d, 1H), 7.57-7.66 (m, 1H),
7.27 (t, 1H), 7.09-7.22 (m, 2H), 5.99 (bs, 1H), 5.56 (dd, 1H), 5.42 (bs, 1H), 5.19-5.30 (m, 1H),
4.52-4.70 (m, 1H), 4.27-4.42 (m, 1H), 4.17-4.27 (m, 1H), 3.91 (dd, 1H), 3.63-3.82 (m, 2H),

10 2.22-2.51 (m, 6H), 1.93-2.20 (m, 3H), 1.79-1.91 (m, 1H), 1.52-1.66 (m, 1H), 1.16-1.50 (m,
19H). MS m/z 665.1 (M'+1)

Example 1-15a.
Preparation of 4,4-siprocyclobutyl-1,2,3,4-tetrahydro-isoquinoline:

» LiAH, MeOCOCI
NG ————> HN -  MeO. H
THF TEA, THF h e
A B 0
PPA . LiAlH,
150°C  HN THF HN
o D

Cc

[00453] A: To a solution of 1-phenyl-1-cyclopropane carbonitrile (2.00 g, 12.7 mmol) in 100
5 ml THF was added a 1.0 M solution of LiAIH (19.1 ml, 19.1 mmol) dropwise at r.t. The
reaction was stirred at r.t. for 15 hours, then quenched slowly at 0C with 10 ml H20 and then
10 ml 1.0N NaOH and stirred at r.t. for 1.5 hours. The solution was filtered, and the THF was
removed by rotary evaporation. The aqueous was exiracted with EtOAc, and the organic
exiract was washed with H20 and brine, dried over Na2S04, and concentrated to give 0.70 g
20 (34%) of a clear oil which was used in the next step without further purification.
[00454] B: To a solution of C-(1-Phenyl-cyclobutyl)-methylamine (0.70 g, 4.34 mmol) and

TEA (0.67 ml, 4.78 mmol) in 40 m! THF at 0°C was added methyl chloroformate dropwise.
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The reaction was stirred at r.t. for 15 hours. The next day water and EtOAc were added and
the organic layer was separated and washed with 1IN HCI and brine, dried over Na2804,
concentrated to an oil, and used directly in the next step without further purification.
[00455] C: A mixture of (1-Phenyl-cyclobutylmethyl)-carbamic acid methyl ester (0.95 g, 4.34

5 mmol) and PPA (20ml) were added to a sand bath preheated to 150°C. After 30 minutes the
reaction was cooled to room temperature (r.t.). After cooling, water was added dropwise and
the solution was extracted twice with DCM. The organic extracts were washed with brine,
dried over Na2S04, and concentrated to a clear oil which was used directly in the in the next
step without further purification.

10 [00456] D: To a solution of the 3,4-dihydro—2H~isoqumolin-l-one'(0.406 g, 2.17 mmol) in 20
m! THF at 0°C was added a 1.0 M solution of LiAIH (3.26 ml, 3.26 mmol) dropwise. The
reaction was allowed to warm to 1.t. and was stirred for 15 hous, then quenched slowly at 0C
with § ml H20 and then 5 ml 1.0N NaOH and stirred at r.t. for 1.5 hours, The solution was
filtered, and the THF was removed by rotary evaporation. The aqueous was extracted with

15 EtOAc, and the organic extract was washed with H20 and brine, dried over Na2304, and

concentrated to give 0.21 g (56%) of 2 clear oil which was used in the next step without further

purification.
Example 1-16:
=<N:/<
o
0
K ) q
HN.., N/i }\—QH
; /5
Compound AR00304066

<0 {00457] (18, 4R, 6S, 148, 18R)-14-tert-Butoxycai'bouylamino-l8-(4,4-dimethyl-3,4-dihydro—
[H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 **Jnonadec-7-ene-
4-carboxylic acid (compound AR00304066) was synthesized according to Method B, except
4,4-Dimethyl-1,2,3,4-tetrahydro-isoquinoline was used in Step 4 instead. 'H NMR (400 MHz,
dg-acetone) § 7.98 (d, 1H), 7.39 (bs, 1H), 7.09-7.24 (m, 3H), 5.99 (bs, 1H), 5.57 (dd, 1H),
5.37-5.46 (bs, 1H), 5.24 (dd, 1H), 4.55-4.69 (m, 1H), 4.26-4.36 (m, 1H), 4.16-4.26 (m, 1H),
3.90 (dd, 1H), 3.40-3.49 (m, 1H), 2.28-2.50 (m, 4H), 1.98-2.09 (2H), 1.79-1.92 (m, 1H), 1.52-
1.65 (m, 3H), 1.16-1.51 (m, 22H). MS m/z 653.0 (M"+1) '
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Example 1-16a:

l_‘ )
— HN

[00458] 4,4-dimethyl-1,2,3,4-tetrahydroisoquinoline was prepared following the experimental
of steps A throughD in Example 1-152, 2-Methyl-2-phenyl-propionitrile (prepared according
to Caron, S.; Vazquez, E.; Wojcik, J. M. J. Am. Chem. Soc. 2000, 122, 712-7 13) was converted

to the title compound.

5 Example 1-17:

Compound AR00304067
[00459] (1S, 4R, 65, 14S, 18R)-14-tert-Butoxycarbonylamino-18-(4-methyl-3,4-dihydro-

1H-isoquinoline-Z-carbonyloxy)—Z,l5-dioxo-3,16-diaza—tricyclo[14.3.0.0 4’6]nomuiec-7-ene-
4-carboxylic acid (compound AR00304067) was synthesized according to Method B, except

10 4-methyl-1,2,3,4-tetrahydro-isoquinoline was used in Step 4 instead. 'H NMR (400 MHz, d¢-
acetone) & 7.93-8.03 (m, 1H), 7.04-7.28 (m, 4H), 6.02 (bs, 1H), 5.56 (dd, 1H), 5.40 (m, 1H),
5.23 (dd, 1H), 4.66-4.85 (m, 1H), 4.54-4.64 (m, LH), 4.34-4.54 (m, 1H), 4.17-4.34 (m, 1H),
3.91 (dd, 1H), 3.57-3.78 (m, 1H), 3.42-3.57 (m, 1H), 2.26-2.52 (m, 4H), 1.96-2.09 (m, 2.0),
1.77-1.92 (m, 1.0), 1.50-1.64 (m, 3.0), 1.13-1.50 (m, 17h). MS m/z 639.0 (M'+1)

45 Example 1-17a:

[00460] 4-methyl-1,2,3,4-tetrahydroisoquinoline was prepared from 2-phenyl-propylamine
according to Grunewald, G. L.; Sall, D. J.; Monn, J. A.J. Med, Chem. 1988, 31,433-444.

Example 1-18:

Compound AR00304103
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[00461] (1S, 4R, 6S, 14S, 18R)-14-tert-Butoxycarbonylamino-18-(2-tert-butylamino-6,7-
dihydro-4H-thiazolo[5,4-¢]pyridine-S-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0
“%|nonadec-7-ene-4-carboxylic acid (compound AR00304103) was synthesized ‘according to
Method B, except tert-Butyl-(4,5,6,7-tetrahydro-thiazolo [5,4-c]p}'!ridin-2-y1)-amjne was used

5 in Step 4 instead. MS m/e 731.2 (M*+1).
Example 1-19:

Compound AR00304154
| [00462] (1S, 4R, 68, 148, 18R)-18~(2-Amino-6,7-dihydro-4H-thiazolo[5,4-c]pyridine-5-
carbonyloxy)-14-tert-butoxycarbonylamino-2,15-dioxo-3,16-diaza-
e tricyclo[14.3.O.04'6]nonadec«?-ene—4-carboxylic acid (compound AR00304154) was
synthesized according to Method B, except 4.5,6,7-Tetrahydro-thiazolo[5,4-c]pyridin-2-
ylamine was used in Step 4 instead. MS m/e 675.1 (M™+1).

Example 1-20:

Compound AR00304158
13 [00463] (18, 4R, 68, 145, 18R)-14-tert-Butoxycarbomylamino-18-(2-methyl-6,7-dihydro-4H-
thizzolo[5, 4-c]pyridine-S-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0*|nonadec-7-
ene-4-carboxylic acid (compound AR00304158) was synthesized according to Method B,
except 2-Methyl-4,5,6,7-tetrahydro-thiazolo[5,4-c]pyridine was used in Step 4 instead. MS m/e

546.2 (M'+1-100).
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Example 1-21;

Compound AR00304183 ‘
[00464] (1S, 4R, 68, 148, 18R)-14-tert-Butoxycarbonylamino-18-(7,8-dihydro-5H-pyrido[4,3-
d]pyrimidine-6-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 *5Inonadec-7-ene-4-
5 carboxylic acid (Compound AR00304183) was synthesized according to Method B, except
5.6,7,8-Tetrahydro-pyrido[4,3-d]pyrimidine was used in Step 4 instead. MS m/e 625.2 (M-1).
Example 1-22;

‘ Compound AR00312023
[00465] (1S, 4R, 68, 14, 18R)-14-tert-Butoxycarbonylamino-18-(3,4-dihydro-1H-isoquinoline-
1w 2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo{14.3.0.0 “6Inonadecane-4-carboxylic acid

(Compound AR00312023) was synthesized according to Method B, except that the ring-
closing metathesis product 10 from step 3 was further reduced with Hy / Rh-Al, O3 before the

next coupling step (WO 0059929, p.p. 76-77). MS m/e 625.3 (M-1).
Example 1-23:

© ' Compound AR00314578
[00466] (1S, 4R, 68, 14S, 18R)-18-(6-Amino-3 ,A-dihydro-1H-isoquinoline-2-carbonyloxy)-14-
tert-butoxycarbonylamino-2,15-dioxo-3,16-diaza-tricyclo[14.3.0 .0*¥]nonadec-7-ene-4-
carboxylic acid (Compound AR00314578) was synthesized according to Method B, except
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1,2,3,4-Tetrahydro-isoquinolin-6-ylamine was used in Step 4 instead. MS (POS ESI) nv/z
540.2 [parent, (M'+1)-100 (Boc group)].
Example 1-24;

o 0
qerad

Oy N H
XA I

Compound AR00314685
5 [00467] (LS, 4R, 68, 145, 18R)-18-(2-Acetylamino-6,7-dihydro-4H-thiazolo[5,4-c]pyridine-5-
carbonyloxy)- 14-tert-butoxycarbonylamino-2,1 5-dioxo-3,16-diaza-
tricyclo[14.3.0.04'6]nonadcc-7-cnc-4-carboxylic acid (Compound AR00314685) was
synthesized according to Method B, except N-(4,5,6,7-Tetrahydro-thiazolo[5,4~c]pyridin-2-yl)-
acetamide was used in Step 4 instead. MS m/e 589.2 (M'+1-100).
10 Example 1-25:

\N/

Compound AR00315997
[00468] (1S, 4R, 6S, 148, 18R)-14-tert-Butoxycarbonylamino-18-(5-dimethylamino-3,4-
dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0. 0*¥Jnonadec-
7-ene-4-carboxylic acid (Compound AR00315997) was synthesized according to Method B,
L) except Dimethyl-(1,2,3,4-tetrahydro-isoquinolin-3-yl)-amine (Example 1-25 a) was used in
Step 4 instead. MS m/e 668.0 (M).

Example 1-25a
NMes

NH
[00469] The synthesis of dimethyl-(1,2,3,4-tetrahydro-isoquinolin-5-yl)-amine is described in

the following scheme:
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1) Boc, O, NaOH
NHy 2) NaH, Mel NMe; *
3) TFA, DCM

NH NH

[00470] To a solution of 5-aminotetrahydroisoquinoline (3.68 g, 24.8 mmol) in 1,4-dioxane

(100 mL) was added 3 N NaOH (8.27 mL, 24.8 mmol). After cooling to 0 °C, Bock0 (5.42 g,
24.8 mmaol) in 1,4-dioxane (10 mL) was added drop-wise and stirred for overnight at room
temperature. The reaction mixtute was poured into water and extracted with EtOAc (2x). The
combined organic layers was washed with sat. aq. NaHCOs solution, water, and brine, then
dried and concentrated. The residue was purified by silica gel column chromatography to give
5.44 g (88%) of the desired Boc-protected product as a white solid.

[00471] To a solution of the product from the previous step described above (0.2 g, 0.81 mmol)

- in THF (5 mL) was added NaH at 0 °C, After 15 minutes, CHsI was added and the stirring
continued for overnight at room temperature. After completion the reaction mixture was
quenched with ice water, extracted with EtOAc (25 mL), dried (Na;S0x) and concentrated.
The Boc group was removed with 60% TFA-DCM (2 mL) at 0 °Cto give 110 mg (77.5%) of

' the final product as a light greenish solid. MS: 177.1 (MH).

Example 1-26:

Compound AR00315998
[00472] (1S, 4R, 6S, 14S, 18R)-14-tert-Butoxycarbonylamino-1 8-(5-chloro-1,3~dihydro-

isoindole-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 “$Inonadec-7-ene-4-
carboxylic acid (Compound AR00315998) was synthesized according to Method B, except 5-
Chloro-2,3-dihydro-1H-isoindole was used in Step 4 instead. 'H NMR (400 MHz, CDCL): §
7.24-7.02 (m, 3H), 6.82 (s, 1H), 5.68-5.51 (m, 1H), 5.36 (s, 1H), 5.11-4.96 (m, 2H), 4.67-4.44
(m, SH), 4.29-4.20 (m, 1H),4.20-4.11(m, 1H), 3.82-3.74 (m, 1H), 2.69-2.55 (m, 1H), 2.31-2.15
(m, 1H), 2.14-2.06 (m, 1H), 2.03 (s, 1H), 2.01-1.86 (m, 1H), 1.86-1.24 (m, 11H), 1.22 (s, 9H).
MS: m/e 644.9 (M), 646.9 (M+2)
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Example 1-27:

Compound AR00315999

[00473] (15, 4R, 685, 148, 1SR)-14—tex’t—Bu’coxycarbonylamino-l8-(5,6-dichloro-1,3-dihydro-

isoindole-2-carbonyloxy)-2,15-dioxo-3,16-djaza-tricyclo[14.3.0.0 *#Inonadec-7-ene-4-
carboxylic acid (Compound AR00315999) was synthesized according to Method B, except
5,6-Dichloro-2,3-dihydro-1H-isoindole was used in Step 4 instead. 'H NMR (400 MHz,
CDCl): §7.29 (s, 1H), 7.22 (s, 1H), 7.06 (s, 1H), 5.57-5.50 (m, 1H), 5.33 (s, 1H), 5.23-5.09
(m, 2H), 4.73-4.65 (m, 1H), 4.64-4 .48 (m, 5H), 4.33-4.29 (m, 1H), 4.11-4.02 (m, 1H), 3.82-
3.74 (m, 1H), 2.73-2.61 (m, 1H), 2.29-2.08 (m, 3H), 2.01 (s, 1), 1.83-1.65 (m, 2H), 1.63-1.46
(m, 2H), 1.40-1.12 (m, 15H). MS: m/e 678.9 (M"), 681 (M'+2) .

Example 1-28:

Compound AR00320122

[00474] (1S, 4R, 65, 148, 18R)-14-tert-Butoxycarbonylamino-1 8-(4R-methyl-3 [A-dihydro-1H-

isoquino1ine-2-carbonyloxy)-2,15-dioxo-3,16-diaza—tricyclo[14.3.0.0 “$1nonadec-7-ene-4-
carboxylic acid (Compound AR00320122) was synthesized according to Method B, except 4R-
Methyl-1,2,3,4-tetrahydro-isoquinoline was used in Step 4 instead. *H NMR (400 MHz,
CD;0D) § 7.02-7.24 (m, 3H), 5.59 (dd, 1H), 5.30-5.44 (m, 2H), 4.66-4.81 (m, 1H), 4.14-4.64
(m, 3H), 3.83-3.92 (m, 1H), 3.58-3.81 (m, 1H), 3.44-3.56 (m, 1H), 2.86-3.86 (m, 1H), 2.23-
2.58 (m, 4H), 1.87-2.13 (m, 2H), 1.70-1.87 (m, 1H), 1.50-1.70 (m, 3H), 1.07-1.51 (m, 19H),
0.80-0.96 (m, 2H). MS m/z 639.0 (M'+1)



Example 1-29:

Compound AR00320123
[00475] (1S, 4R, 68, 14S, 18R)-14-tert-Butoxycarbonylamino-18-(4S-methyl-3,4-dihydro-1H-
isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 *“$)nonadec-7-ene-4-

A1}

carboxylic acid (Compound AR00320123) was synthesized according to Method B, except 45-
Methyl-1,2,3,4-tetrahydro-isoquinoline was used in Step 4 instead. 'HNMR (400 MHz,
CD;0D) § 7.01-7.23 (m, 3H), 5.58 (dd, 1H), 5.32-5.45 (m, 2H), 4.66-4.82 (m, 1H), 4.12-4.64
(m, 3H), 3.86-3.94 (m, 1H), 3.52-3.74 (m, 1H), 3.43-3.56 (m, 1H), 2.88-3.85 (m, 1H), 2.24-
2.60 (m, 4H), 1.87-2.15 (m, 2H), 1.71-1.87 (m, 1H), 1.52-1.70 (m, 3H), 1.07-1.52 (m, 19H), -
0.80-0.96 (m, 2H). MS m/z 639.0 M +1)

Example 1-30:

Compound AR00320576
[00476] (18, 4R, 6S, 145, 18R)-14-tert-Butoxycarbonylamino-18-[4-(2-methoxy-phenyl)-
piperidine-1-carbonyloxy]-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 4'6]n011adec-7-ene-4-
carboxylic acid (Compound AR00320576) was synthesized according to Method B, except 4-
(2-Methoxy-phenyl)-piperidine was used in Step 4 instead. MS m/e 583.3 (M"+1-100).
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Example 1-31:

Compound AR00320577
[00477] (18, 4R, 65, 148, 18R)-14-tert-Butoxycarbonylamino-18-(6-methoxy-1,3,4,9-
tetrahydro-b-carboline-2-carbonyloxy)-2,15 -dioxo-3;16-diaza-tricyclo[14.3.0.04'6]nonadec-7-
ene-4-carboxylic acid (Compound AR00320577) was synthesized according to Method B,
except 6-Methoxy-2,3,4,9-tetrahydro-1H-b-carboline was used in Step 4 instead. MS m/e
594.2 (M*+1-100).
Example 1-32:

Compound AR00301383

[00478] (18, 4R, 68, 148, 18R)-14-tert-Butoxycarbonylamino-2,15-dioxo-1 8-(1-piperidin-1-
ylmethyl-3,4-dihydro-1H-isoquinoline-2-carbonyloxy)-3, 16-diaza-
tricyclo[l4.3.O.04’6]nonadcc-7-enc-4-carboxy1ic acid (Compound AR00301383) was
synthesized according to Method B, except 1-Piperidin-1-ylmethyl-1,2,3,4-tetrahydro-
isoquinoline was used in Step 4 instead. 'H NMR (500 MHz, CD3;0D) & 7.33 — 7.24 (m, 4H),
7.20 (br s, 1H), 6.61 (br s, 1H), 5.75 - 5.52 (m, 2H), 5.50 - 5.33 (m, 2H), 4.63 — 4.43 (m, 2H),
4.42 — 4,07 (m, 4H), 3.96 (br s, 1 H), 3.67 - 3.11 (m, 5H), 3.06-2.88 (m, 2 H), 2.86 ~2.74 (m,
2 H), 2.56 - 2.35 (m, 3H), 2.23 (q, 1H), 2.04 ~ 1.90 (m, 2H), 1.89 - 1.52 (m, 10H), 1.51 - 1.32
(m, 12H); MS (POS APCI) m/z 722.3 (M*+1).
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Example 1-33:

Compound AR00333842
[00479] (1S, 4R, 685, 148, 18R)-14-tert-Butoxycarbonylamino-18-(6-methoxy-1-
methoxymethyl-3,4-dihydro-1H-isoquinoline-2- carbonyloxy)-2,1’5-dioxo-3,16-diaza-

5 tricyclo[l4.3.0.04'6]nonadec-7-enc~4-carboxylic acid (Compound AR00333842) was
synthesized according to the procedures described in Example -2, except that 6-methoxy-1-
methoxymethyl-1,2,3,4~tetrahydro-isoquinolinium chloride was used to replace 1,2,3,4-
Tetrahydro-isoquinoline in Step 4 instead. MS (APCL-): m/z 697.2 (M-1).

Example 1-34:
10
Compound AR00365349
[00480] (1S, 4R, 68, 148, 18R)-l4-tert-Butoxycarbonylamino-18-(5-ﬂuoro-1-methoxymethyl—

3,4-dihydro-1 H-isoquinoline-2-carbonyloxy)-2,15 -dioxo-3,16-diaza-
tricyclo[l4.3.O.04'6]nonadeo-7-ene—4—carboxylic acid (Compound AR00365349) was
synthesized according to the procedures described in Example 1-2, except that 5-fluoro-1-
iz methoxymethyl—1,2,3,4-tetrahydro~isoqu'1nolinimn chloride was used to replace 1,2,3,4-
Tetrahydro-isoquinoline in Step 4 instead. MS (APCI-): m/z 685.3 (M-1).
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Example 1-35:

Compound AR00333224
[00481) (18, 4R, 6S, 14S, 18R)-14-tert-Butoxycarbonylamino-18-(1-dimethylaminomethyl-3,4-

dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3 .0.0*Inonadec-
3 7-ene-4-carboxylic acid (Compound AR00333224) was synthesized according to the
procedures described in Example 1-2, except that dimethyl-(1,2,3,4-tetrahydro-isoquinolin-1-
ylmethyl)-amine (synthesized according to Example 1-35a) was ysed to replace 1,2,3,4-
Tetrahydro-isoquinoline in Step 4 instead. MS (APCI+): m/z 582.3 (MH"-Boc).

l
N\
0

10 [00482] Dimethyl-(1,2,3 ,4-tet1‘ah}"dro-isoquinolin- 1-ylmethyl)-amine was synthesized by a
' similar fashion as shown in Example 3-76a, except that in Step 1, phenethylamine was used to

replace 2-(3-methoxy-pheny!)-ethylamine, and that in the first part of Step 3, dimethyl-amine

Example 1-35a:

was used to replace sodium methoxide as the nucleophile. The crude product was used directly

in the next coupling step without further purification.

5 Example 1-36:
(\o
o M
oy
o] @/H 0
0 N,
XO/U\NI, o] A OH
H
Compound AR00333225
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[00483] (18, 4R, 65, 145, 18R)-14-tert-Butoxycarbonylamino-18-(1-morpholin-4-ylmethyl-3,4-

dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,1 6-diaza-tricyclo[1 4.3.0.0"}nonadec-
7-ene-4-carboxylic acid (Compound AR00333225) was synthesized according to the

procedures described in Example 1-2, except that [-morpholin-4-ylmethyl-1,2,3,4-tetrahydro- , .
isoquinoline (synthesized according to Example 1-36a) was used to replace 1,2,3,4-

Tetrahydro-isoquinoline in Step 4 instead. MS (APCI-): m/z 722.3 (M-1).
Example 1-36a:

W

£

[00484] 1-Morpholin-4-ylmethyl-1,2,3 4-tetrahydro-isoquinoline was synthesized by a similar

fashion as shown in Example 3-7.6a, except that in Step 1, phenethylamine was used to replace
2-(3-methoxy-phenyl)-cthylamine, and that in the first part of Step 3, morpholin was used to
replace sodium methoxide as the nucleophile. The crude product was used directly in the next

coupling step without firther purification.

Example 1-37:

Compound AR00333248
[00485] (18, 4R, 68, 148, I8.R)-14-tcrt-Butoxycarbonylamino-18—(6—methoxy-1-piperidin—1-

ylmethyl-3,4-dihydro- 1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-
tricyclo[l4.3.0.04’6]nonadec-7-ene-4—carboxylic acid (Compound AR00333248) was
synthesized according to the procedures described in Example 1-2, except that 6-methoxy-1-
piperidin-1-ylmethyl-1,2,3,4-tetrahydro-isoquinoline (synthesized according to Example 1-
37a) was used to replace 1,2,3,4-Tetrahydro-isoquinoline in Step 4 instead. MS (APCI-): m/z
750.4 (M-1). -



013315

Example 1-37a:

|
"L
o/

[00486] 6-Methoxy-1-piperidin-1-ylmethyl-1,2,3 4-tetrahydro-isoquinoline was synthesized by
a similar fashion as shown in Example 3-76a, except that in the first part of Step 3, piperidine
was used to replace sodium methoxide as the nucleophile. The crude product was used directly

5 in the next coupling step without further purification.

Example 1-38:

Compound AR00333276
[00487] (1S, 4R, 65, 148, 18R)-14-te11—Butoxycarbonylamino-18-(6-meﬂloxy-1-mo:pholin-4-
ylmethyl-3,4-dihydro-1 H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-
tricyclo[l4.3.0.04'5]nonadec—7-cnc-4-ca1'boxylic acid (Compound AR00333276) was

synthesized according to the procedures described in BExample 1-2, except that 6-methoxy-1-
morpholin-4-ylmethyl-1,2,3 4-tetrahydro-isoquinoline (synthesized according to Example 1-
384) was used to replace 1,2,3,4-Tetrahydro-isoquinoline in Step 4 instead. MS (APCI-): m/z
750.3 (M-1).

15 Example 1-38a:

9

HN

[00488] 6-Methoxy-1-morpholin-4-ylmethyl-1,2,3,4-tetrahydro-isoquinoline was synthesized
by a similar fashion as shown in Example 3-76a, except that in the first part of Step 3,
morpholin was used to replace sodium methoxide as the nucleophile. The crude product was

used directly in the next coupling step without further purification.
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Example 1-39:

Compound AR00333277
[00489] (1S, 4R, 65, 14S, 18R)-14-tert-Butoxycarbonylamino-18-( 1-dimethylaminomethyl-6-

methoxy-3,4-dihydro-1H-isoquinoline-2-carb onyloxy)-2,15-dioxo-3,16-diaza-
tricyclo[14.3.O.04‘6]nonadec-7-eue—4-carboxylic acid (Compound AR00333277) was
synthesized according to the procedures described in Example 1-2, except that (6-methoxy-
1,2,3,4—tetrahydro-isoquinolin—1-ylmethyl)-di111et11yl-amine (synthesized according to Example
1-39a) was used to replace 1,2,3,4-Tetrahydro-isoquinoline in Step 4 instead. MS (APCI+):
m/z 712.3 (MH").

16 Example 1-3%a:

[00490] (6-Methoxy-1,2,3,4 tetrahydro-isoquinolin-1-ylmethyl)-dimethyl-amine was
ynthes1zed by a similar fashion as shown in Example 3-76a, except that in the first part of
Step 3, dimethylamine was used to replace sodium methoxide as the nucleophile. The crude

product was used directly in the next coupling step without further purification.

15 Example 1-40:

Compound AR00365369
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[00491] (18, 4R, 68, 148, 18R)-14-tert-Butoxycarbonylamino-18-(4-fluoro-1,3-dihydro-
isoindole~2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0 .Q4’6]nonadec—7-ene-4—
carboxylic acid (Compound AR00365369) was synthesized according to the procedures
described in Example 1-2, except that 4-fluoro-2,3-dihydro-1H-isoindole (synthesized
according to Example 3-55a) was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4
instead. 'H NMR (500 MHz, DMSO) & 12.21 (br s, 1 H), 8.66 (br s, 1 H), 7.35 (g, 1 H), 7.19
(d, 1 H), 7.11 (g, 2 H), 7.03 (brs, 1 H), 5.51 (q, 1 H), 533 -5.21 (m, 2 H), 4.66 (s, 4 H), 4.22
(q, 1 H), 424 (t, 1 H),3.99—3.89 (m, 1 H), 3.73 - 3.64 (m, 1 H), 2.65-2.55(m, 1 H),2.28 -
2.08 (m, 3 H), 1.77 - 1.61 (m, 2 H), 1.54 - 1.42 (m, 1 H), 142 - 1.03 (m, 16 H); MS (APCI-):
m/z 627.3 (M-1).

Example 1-41

Compound AR00371946
[00492] (15, 4R, 68, 148, 18R)-14-tert-Butoxycarbonylamino-1 8-[5-(2-morpholin-4-yl-ethoxy)-
1,3-dihydro-isoindole-2-carbonyloxy]-2,1 5-dioxo-3,16-diaza-tricyclo[14.3 .0.04’6]n0nadec-7-
ene-4-carboxylic acid (Compound AR00371946) was synthesized according to the procedures

described in Example 1-2, except that 5 -(2~Morpholin-4-y1-ethoxy)-2,3-dihydro-1H—isoindole
(prepared according to the procedures described in J. Med. Chem. 2002, Vol. 45, No. 26, 5771,
preparation method D, and in Bioorg. Med. Chem. Lett. 11 (2001) 685-688. For the N-Boc
protected amine input: 'H NMR (500 MHz, CDCl3) § 7.13 (dd, 1ﬂ), 6.85 —6.74 (m, 2H), 4.61
(t, 4H), 4.10 (t, 2H), 3.73 (¢, 4H), 2.81 (¢, 2H), 2.61 - 2.54 (m, 4H), 1.51 (s, 9H); MS (APCI+):
m/z 349.1 (M+1)) was used to replace 1,2,3 4-tetrahydro-isoquinoline in Step 4 instead. MS
(APCI+): m/z 640.3 [(M+1)-Boc].
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Compound AR00371947
[00493] (1S, 4R, 6S, 148, 18R)-14-tert-Butoxycarbonylamino- 18-[5-(2-dimethylamino-ethoxy)-
1,3-dihydro-isoindole-2-carbonyloxy]-2,15-dioxo-3,16-diaza-trieyclo[ 14.3.0.0**]nonadec-7-

ene-4-carboxylic acid (Compound AR00371947) was synthesized according to the procedures

described in Example 1-2, except that [2-(2,3-Dihydro-1H-isoindol-5-yloxy)-ethyl]-dimethyl-
amine (prepared according to the procedures described in J. Med. Chem. 2002, Vol. 45, No.
26, 5771, preparation method D, and in Bioorg. Med. Chem. Lett. 11 (2001) 685-688. For the
N-Boc protected amine input: 'H NMR (500 MHz, CDCls) § 7.14 (dd, 1H), 6.88 — 6.76 (m,

10 2H), 4.61 (t, 4H), 4.04 (¢, 2H), 2.72 (t, 2H), 2.34 (s, 6H), 1.50 (s, 9H); MS (APCL+): mv/z 307.1
(M+1)) was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 instead. MS (APCIH):
m/z 698.2 (M+1). '
Example 1-43

S

0,

{

3
N

OJ\O

HN
[

Compound AR00371943
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[00494] (1S, 4R, 685, 14S, 18R)-14-tert-Butoxycarbonylamino-18-[5-(2-isopropylamino-ethoxy)-

1,3-dihydro-isoindole-z-carbonyloxy]-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.04'6]nonadec-7—
ene-4-carboxylic acid (Compound AR00371948) was synthesized according to the procedures
described in Example 1-2, except that {2-(2,3-Dihydro-1H-isoindol-S-yloxy)-ethyl]-isopropyl-
amine (prepared according to the procedures described in J. Med. Chem. 2002, Vol. 45, No.
26, 5771, preparation method D, and in Bioorg. Med. Chem. Lett. 11 (2001) 685-688. For the
N-Boc protected amine input:' "H NMR (500 MHz, CDCl3) § 7.13 (dd, 1H), 6.86 — 6.75 (m,
2H), 4.62 (t, 4H), 4.06 (t, 2H), 2.99 (t, 2H), 2.88 (septuplet, 1H), 1.62 (br s, 1H), 1.51 (5, 9H),
1.10 (4, 6H); MS (APCI+): m/z 321.2 (M+1)) was used to replace 1,2,3,4-tetrahydro-
isoquinoline in Step 4 instead. MS (APCI-): m/z 710.3 (M-1).

2. Preparation of Compounds with General Structure ITI
OTNR;Rz ’

Q M °\__0 4N HC (dioxane)
BocHN.. I L H

OTNR1R2

}=o
o ﬁ'1>
/E

RaX

RyHN.»

o\/

(o]

[ X = OC(O)CI, NCO, COC |

LIOH-H,0
THF/MeOHHZ0

i

[00495] Compounds with general structure I were prepared according to the general scheme
shown above. A compound with structure Ia was first removed of its Boc protective group,
followed by nucleophillic attack of the amino group on an electrophile, to form a carbamate,

amide, or urea.

Example 2-1:

Compound AR00247310
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Step 1: Preparation of (1S, 4R, 6S, 14S, 18R)-14-Amino-18-(3,4-dikydro-1H-isoquinoline-
2-carbonyloxy)-2,15-dioxc-3,16-diaza-tricyclo[14.3.0.0 “$1nonadec-7-ene-4-carboxylic
acid ethyl ester.

4N HCI {Dioxane)
[00496] The N-Boc protected starting material (102 mg, 0.16 mmol) was dissolved in 6 mL 4N
5 HCI (dioxane), and left at rt for 90 min. HPLC showed complete removal of the Boc

protective group. The reaction mixture was then concentrated down, taken up in acetonitrile

and concentrated down again twice. The resulting light brownish foamy powder was carried

out to the next step.

Step 2: Preparation of (1S, 4R, 65, 14S, 18R)-14-Cyclopentyloxycarbonylamino-18-(3,4-
1 dihydro-1H-isoquinoline-2-carb onyloxy)-z,15-dioxo-3,16-diaia— '

tricyclo[14.3.0.04’6]nonadec-7-ene—4-carboxylic acid ethyl ester.

VOGN, o 4D
I | 7
2 A o
HaNo. 9 0 O RIAL O)LN"'
HC! g ﬂ’b ] é

[00497] To a solution of cyclopentanol (42 mg, 0.48 mmol) in THF (16 mL), a toluene solution

of phosgene (0.42 mL, 1.9 M, 0.80 mmol) was added drop-wise. The mixture was stirred at rt
for 2 h to form the cyclopentyl chloroformate reagent. The reaction was then concentrated

15 down to about half the volume. It was then diluted with DCM to the original volume, and
concentrated down again to half the volume, in order to completely remove excess phosgene.
This solution of the cyclopentyl chloroformate was further diluted with THF (16 mL), cooled
to 0 °C, and added to the solid residue (0.16 mmol) from Step 1 above at 0 °C. TEA (0.11 mL,
0.81 mmol) was then added to-the reaction mixture, and the reaction was stirred at 0 °C for 2 h.

20 The reaction was complete by HPLC. It was concentrated down, taken up in EtOAc (15 mL),
and then washed with water, sat. sodium bicarbonate, water, and brine (10 mL each), dried

over Na;SO4 and concentrated down. The crude yellowish thick oil residue was purified by
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flash chromatography on Biotage 40S (eluent = hexanes/EtOAc 1:1), giving the desired
product as a white crispy foamy powder (65.2 mg, 63 %). MS (MH" 665.2)

Step 3: Preparation of (1S, 4R, 6S, 145, 18R)-14-Cyclopentyloxycarbonylamino-18-(3,4-
dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-

5 tricyclo[14.3.0.0*|nonadec-7-ene-4-carboxylic acid (Compound AR00247310).
Nee o L
) y
0 Q, g LiOH, THFAMeOH/H,O
Y o T
Q W p -
0] H

Followed the same hydrolysis procedures as in Step 5 of Examplé 1-1.

[00498] The following compounds were also prepared following the same procedures as
aforementioned in Example 2-1, with either the cyclopentyl chloroformate being substituted by
other electrophiles, and/or the P2-tetrahydroisoquinoline being substituted by other amine

10 inputs as illustrated in Step 4 of Method B in Example 1-2.

Example 2-2:

Compound AR00294376 .
[00499] - (1S, 4R, 6S, 145, 18R)-18-(3 ,4-Dihydro-1H-isoquinoline-2-carbonyloxy)-14-
methoxycarbonylamino-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 “$1nonadec-7-ene-4-
15 carboxylic acid (Compound AR00294376) was synthesized according to the procedures

described in Example 2-1, except that methyl chloroformate was used in Step 2 instead.
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Example 2-3:

Compound AR00304074
[00500] (1S, 4R, 65, 14S, 18R)-14-Cyclopentyloxycarboriylamino-18-(5-fluoro-3,4-dihydro-1H-

isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 **Jnonadec-7-ene-4-
5 carboxylic acid (Compound AR00304074) was synthesized according to the procedures
described in Examples 1-2 and 2-1, except that 5-Fluoro-1,2,3,4-tetrahydro-isoquinoline was

used instead in Step 4 of Example 1-2. MS m/e 583.2 (M™+1).
Example 2-4:

Compound AR00304075
10 [00501] (18, 4R, 68, 14S, 18R)-14-Cyclopentyloxycarbonylamino-2,15-dioxo-18-(8-
trifluoromethyl-3,4-dihydro-1H-isoquinoline-2-carbonyloxy)-3,16-diaza-tricyclo[14.3.0.0
“51nonadec-7-ene-4-carboxylic acid (Compound AR00304075) was synthesized according to
the procedures described in Examples 1-2 and 2-1, except that 8-trifluoromethyl-1,2,3 ,4-
tetrahydro-isoquinoline was used instead in Step 4 of Example 1-2, MS m/e 705.1 M+1).
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Example 2-5:

Compound AR00304076
[00502] (18, 4R, 6S, 14S, 18R)-14-Cyclopentyloxycarbonylamino-18-(1,3-dihydro-isoindole-2-
carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 *$]nonadec-7-ene-4-carboxylic acid

5 (Compound AR00304076) was synthesized according to the procedures described in Examples
1-2 and 2-1, except that 2,3-Dihydro-1H-isoindole was used instead in Step 4 of Example 1-2.
MS m/e 623.2 (M+1).

Example 2-6:
=<Nj
0
o
o ;
Q
NOYHM}N ‘_}‘OH
F L o H,b
y
Compound AR00304125

10 [00503) (1S, 4R, 68, 145, 18R)-18-(3 ,4-Dihydro-1H—iéoquinoline—Z-carbonyloxy)-14-(2-ﬂuoro—
cthoxycarbonylamino)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0 “®Inonadec-7-ene-4-carboxylic
acid (Compound AR00304125) was synthesized according to the-procedures described in
Example 2-1, except that 2-fluoroethanol was used to form the chloroformate reagent in Step 2

instead of cyclopentanol. MS m/e 615.1 (M™+1).

15 Example 2-7:
Nj
o~
o
. ﬂ 0\ N? O\\_
s} ' 3-OH
) N
L__/s
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Compound AR00304126
[00504] (1S, 4R, 65, 14S, 18R)-18-(3,4-Dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-
14-(tetrahydro-furan-3S-yloxycarbonylamino)-3,16-diaza-tricyclo[ 14.3. 0.0%]nonadec-7-ene-4-
carboxylic acid (Compound AR00304126) was synthesized according to the procedures
described in Example 2-1, except that tetrahydro-furan-3S-ol was used to form the
chloroformate reagent in Step 2 instead of cyclopentanol. MS m/e 639.2 M+1).

Example 2-8:

Compound AR00304127
[00505] (1S, 4R, 6S, 145, 18R)-18-(3,4-Dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-
14-(tetrahydro-furan-3 R-yloxycarbonylamino)-3,16-diaza-tricyclo[14.3.0. 04’6]nonadec-7 -ene-
4-carboxylic acid (Compound AR00304127) was synthesized according to the procedures

described in Example 2-1, except that tetrahydro-furan-3R-ol was used to form the

10

chloroformate reagent in Step 2 instead of cyclopentanol. MS m/e 639.2 (M'+1).
Example 2-9:

Compound AR00320002
(1S, 4R, 685, 1485, 18R)-18-(3,4-Dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-

-
N

[00506]
14-(tetrahydro-pyran-4-yloxycarbonylamino)-3,16-diaza-tricyclo[14.3 .0.0*nonadec-7-ene-4-

carboxylic acid (Compound AR00320002) was synthesized according to the procedures
described in Example 2-1, except that tetrahydro-pyran-4-ol was used to form the

o chloroformate reagent in Step 2 instead of cyclopentanol. MS m/e 653.2 M+1).

e
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Example 2-10:

Compound AR00320074

[00507] (1S, 4R, 68, 145, 18R)-18-(1,3-Dihydro-isoindole-2-carbonyloxy)-2,15-dioxo-14-

(tetrahydro-furan-3 R-yloxycarbonylamino)-3,16-diaza-tricyclo[14.3 .0.0“*Inonadec-7-ene-4-
carboxylic acid (Compound AR00320074) was synthesized according to the procedures
described in Examples 1-2 and 2-1, except that 2,3-Dihy'dro-1H-isoindole was used instead in
Step 4 of Example 1-2, and that tetrahydro-furan-3R-ol was used to form the chloroformate
reagent in Step 2 of Example 2-1 instead of cyclopentanol. MS m/e 625.2 (M'+1).

Example 2-11:

Compound AR00320075

[00508] (18, 4R, 68, 14S, 18R)-1 8-(1,3-Dihydro-isoindole-2-carbonyloxy)-2,15-dioxo-14-

(tetrahydro-furan-3S-yloxycarbonylamino)-3,16-diaza-tricyclo[14.3 .0.0*6Jnonadec-7-ene-4-
carboxylic acid (Compound AR00320075) was synthesized according to the procedures
described in Examples 1-2 and 2-1, except that 2,3-Dihydro-1H-isoindole was used instead in
Step 4 of Example 1-2, and that tetrahydro-furan-3S-ol was used to form the chloroformate
reagent in Step 2 of Example 2-1 instead of cyclopentanol. MS m/e 625.2 (M*+1).
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Example 2-12:

N

Compound AR00320076
[00509] (1S, 4R, 65, 14S, 18R)-18-(1,3-Dihydro-isoindole-2-carbonyloxy)-2,15-dioxo-14-
(tetrahydro-furan-3S-yloxycarbonylamino)-3,16-diaza-tricyclo[ 14.3.0.0*¢]nonadec-7-ene-4-
5 carboxylic acid (Compound AR00320076) was synthesized according to the procedures
described in Examples 1-2 and 2-1, except that 2,3-Dihydro-1H-isoindole was used instead in
Step 4 of Example 1-2, and that 2-fluoroethanol was used to form the chloroformate reagent in
Step 2 of Example 2-1 instead of cyclopentanol. MS m/e 601.1 (M'+1).

Example 2-13;

10 Compound AR00320077
[00510] (15, 4R, 68, 14S, 18R)-18-(1,3-Dihydro-iscindole-2-carbonyloxy)-2,15-dioxo-14-
(tetrahydro-pyran-4-yloxycarbonylamino)-3,16-diaza-tricyclo[ 14.3.0.0*6|nonadec-7-ene-4-
carboxylic acid (Compound AR00320077) was synthesized according to the procedures
described in Examples 1-2 and 2-1, except that 2,3-Dihydro-1H-isoindole was used instead in
Step 4 of Example 1-2, and that tetrahydro-pyran-4-ol was used to form the chloroformate
15 reagent in Step 2 of Example 2-1 instead of cyclopentanol. MS m/e 601.1 (M™+1),
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Example 2-14;

Compound AR00320445
[00511] (1S, 4R, 68, 14S, 18R)-18-(5,6-Dichloro-1,3-dihydro-isoindole-2-carbonyloxy)-2,15-
dioxo-14-(tetrahydro-furan-3R-yloxycarbonylamino)-3,16-diaza-tricyclo[ 14.3 .0.0%]nonadec-
7-ene-4-carboxylic acid (Comp.ound AR00320445) was synthesized according to the
procedures described in Examples 1-2 and 2-1, except that 5,6-dichloro-2,3-dihydro-1H-
isoindole was used instead in Step 4 of Example 1-2, and that tetrahydro-furan-3R-ol was used
to form the chloroformate reagent in Step 2 of Example 2-1 instead of cyclopentanol. MS: m/e

693.0 (MM, 695.1 (M*+2).
Example 2-13:

Compound AR00320448
[00512] (1S, 4R, 68, 145, 18R)-18-(5-Chloro-1,3-dihydro-isoindole-2-carbonyloxy)-2,15-dioxo-
14-(tetrahydro-furan-3 R-yloxycarbonylamino)-3, 1 6-diaza-tricyclo[ 14.3.0.0*¢Jnonadec-7-ene-
4-carboxylic acid (Compound AR00320448) was synthesized according to the procedures
described in Examples 1-2 and 2-1, except that 5-dichloro-2,3-dihydro~1H-isoindole was used
instead in Step 4 of Example 1-2, and that teumydrOQMm-3R—ol was used to form the
chloroformate reagent in Step 2 of Example 2-1 instead of cyclopentanol. 'H NMR (500 MHz,
CD;0D): § 7.38 (s, 1H), 7.32-7.28 (m, 2H), 7.22 (d, 1H), 7.10 (br s, 1H), 5.56-5.50 (g, 1H),
5.42-5.38 (1, 1H), 5.35 (br 5, 1H), 4.80-4.48 (m, 6H), 4.44 (m, 1H), 4.16 (d, 1H), 3.84 (dd, 1H),

26 3.78-3.69 (m, 1H), 3.68-3.60 (m, 1H), 3.50 (t, 1H), 2.55-2.36 (m, 3H), 2.21-2.12 (m, 1H),

1.98-1.85 (m, 1H), 1.72-1.62 (m, 2H), 1.61-1.51 (m, 2H), 1.50-1.20 (m, 9H). MS: m/e 659.1
M), 661.1 (M'+2)
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Example 2-16:
AR00248689
[00513] Synthesis of (15, 4R, 6S, 148, 18R)-14-(Cyclopentanecarbonyl-amino)-18-(3,4-

dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[1 4.3.0.0“%]nonadec-
7-ene-4-carboxylic acid (Compound AR248689)

[00514] Cyclopentyl carboxylic acid was first loaded on PS-TFP resin (purchased from
Argonaut Technologies) to form an active ester. The activated ester on resin (26 mg, 1.16
mmol/g, 0.03 mmol) was swelled in 0.5 mL chloroform first, followed by addition of MP-
carbonate resin (purchased from Argonaut Technologies, 300 mg, 2.5 mmol/g, 0.75 mmol).

) To this resin mixture was then added 0.5 M chloroform solution of the macrocyclic material

(15 mg, 0.02 mmol), and the reaction was shaken for overnight at rt. The reaction was
complete by HPLC after 16h. It was then filtered and concentrated down, giving clean N-
acylated product. [t was then hydrolyzed following the same hydrolysis procedures as in Step
5 of Example 1-1, giving the desired product AR248689 as a white solid (12.5 mg, 88 %). MS
15 (APCI+): m/z 621.3 (MH").
| Example 2-17;

Compound AR00248687
[00515] (18, 4R, 6S, 14S, 18R)-18-(3,4-Dihydro-1H-isoquinoline-2-carbonyloxy)-14-(2,2-
dimethyl-propionylamino)-2,15-dioxo-3,16-diaza-tricyclof14.3.0, 0*%]nonadec-7-ene-4-

oy carboxylic acid (Compound AR00248687) was synthesized following the same procedures as
described in Example 2-16, except that tert-butyl carboxylic acid was first loaded on PS-TFP
resin instead. MS (APCI+): m/z 609.3 (MH").

142



Example 2-18:

Compound AR00248688
{00516] (1S, 4R, 68, 148, 18R)-1 8-(3,4-Dihydro-1H-isoquinoline-2-carbonyloxy)-14-
isobutyrylamino-2,15-dioxo-3,16-diaza-tricyclo[14.3 .0.04’6]nonadec-?-ene-4-carboxylic acid
(Compound AR00248688) was synthesized following the same procedures as described in
Example 2-16, except that isopropyl carboxylic acid was first loaded on PS-TFP resin instead.
MS (APCI+): m/z 595.3 (MH).

Example 2-19:

Compound AR00298989
Synthesis of (1S, 4R, 65, 145, 18R)-14-(2-tert-Butoxycarbonylamino-3-methyl-
butyrylamino)-18-(3,4-dihyd1'o-lH-isoquinoline-Z-carbonyloxy)-z,l5-dioxo—3,16-diaza-
tricyclo[14.3.0.04’6]nouadec-7-ene-4-carboxylic acid (Compound AR298989)

[00517] 14-Amino-18-(3,4-dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-
tricyelo[14.3.0.04,6]nonadec-7-ene-4-carboxylic acid ethyl ester (120 mg, 217 umol) and N-c.-
t-Boc-L-valine N-hydroxysuccinamide ester (96 mg, 300 umol) were stirred together in 1.1 mL

dichloromethane for 14 hours. The solvent was removed in vacuo and 1 mL each of water and
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ethyl acetate were added. The phases were separated and the aqueous layer was washed twice
with 500 uL of ethyl acetate. The combined organics were dried over MgS04 and the solvents

removed in vacuo to provide the desired compound as a white solid (132 mg, 81%). MS m/z

752.2 (MH).
Ni

Example 2-20:
o=
. b
\/ \ \
i N -
N ~ $—OH
@)\N ° [ oD
N
L

Compound AR00301338
[00518] (18, 4R, 65, 148, 18R)-18-(3,4-Dihydro-1H-isoquinoline-2-carbonyloxy)-14-{3-
methyl-2-[(pyrazine-2-carbonyl)-amino}-butyrylamino}-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0*|nonadec-7-ene-4-carboxylic acid (Compound AR00301338) was
synthesized following the same procedures as described in Example 2-19, except that 3-
methyl-2-[(pyrazine-2-carbonyl)-amino]-butyric acid 2,5-dioxo-pyrrolidin-1-yl ester was used
to replace N-o-t-Boc-L-valine N-hydroxysuccinamide ester instead. MS m/e 730.3 (M*+1).

Example 2-21:

Compound AR00304072
[00519] (18, 4R, 68, 14S, 18R)-18~(3 4-Dihydro-1H-isoquinoline-2-carbonyloxy)- 14-{2-[(6-
dimethylamino-pyridine-3-carbonyl)-amino]-3-methyl-butyrylamino}-2,15-dioxo-3,16-diaza-
tricyclo[14.3,O.04’6]nonadec—7-ene-4-carboxylic acid (Compound AR00304072) was

synthesized following the same procedures as described in Example 2-19, except that 2-[(6-

Dimethylamino-pyridine-3-carbonyl)-amino]-3-methyl-butyric acid 2,5-dioxo-pyrrolidin-1-yl

ester was used to replace N-a-t-Boc-L-valine N-hydroxysuccinamide ester instead. 'H NMR

(CD;0D, 500 MHz): & 8.69 (s, 1 H), 8.46 (s, | H), 8.37-8.39 (m, 1 H), 8.14-8.21 (m, 2 H),

7.07-7.18 (m, 5 H), 5.63 (g, | H), 5.36-5.42 (m, 2 H), 4.49-4.56 (m, 3 H), 4.42-4.45 (m, 1 H),
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4.31-4.32 (m, 1 H), 3.92-3.95 (m, 1 H), 3.65-3.72 (m, 2 H), 2.85-2.91 (m, 2 H), 2.33-2.55 (m, 4
H), 1.93-2.03 (m, 3 H), 1.61-1.68 (m, 3 H), 1.27-1.52 (m, 12 H), 0.86-0.96 (m, 8 H). MS m/e
770.4 (M-1).

Example 2-22:

“A

Compound AR00304073
{00520] (18, 4R, 65, 14S, 18R)-18-(3,4-Dihydro-1H-isoquinoline-2-carbonyloxy)-14-{3-
methyl-2-[(pyridine-3-carbonyl)-amino}-butyrylamino}-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.04’6]nonadec-7-ene—4~carboxylic acid (Compound AR00304073) was
synthesized following the same procedures as described in Example 2-19, except that 3-
(& Methyl-2-[(pyridine-3-carbonyl)-amino]-butyric acid 2,5-dioxo-pyrrolidin-1-yl ester was used -
to replace N-ai-#-Boc-L-valine N-hydroxysuccinamide ester instead. MS m/e 729.2 M'+1).
Example 2-23: '

Corapound AR00298990
[00521] (1S, 4R, 68, 145, 18R)-14-(2-Amino-3-methyl-butyrylamino)-18-(3,4-dihydro-1H-

D isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3.0. 0*“Inonadec-7-ene-4-

carboxylic acid (Compound 298990) was prepared by following the same procedures as the
Step 1 of Example 2-1. MS m/e 624.2 (M'+1).
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Example 2-24:

Compound AR00294378
Synthesis of (LS, 4R, 65, 145, 18R)-14-(3-Cyclopentyl-ureido)-18-(3,4-dihydro-1H-
isoquinoline—2—carbonyloxy)—2,15-dioxo-3,16-diaza-tricyclo[14.3.0.04’6]n0nadec—7-ene-4—

5  carboxylic acid (Compound AR294378)

o

N
o= Q _NCO
- R

0 DIEA, DCM
N
N 2 LoH

[00522] 14-Amino-2,15-dioxo-18-(8-trifluoromethyl-3,4-dihydro-1H-isoquinoline-2-
carbonyloxy)-3,16-diaza-tricyclo[14.3 .0.04,6]nonadec-7-ene-4-carboxylic acid ethyl ester

hydrochloride salt (49 mg, 74 umol), diisopropylethylamine (29 mg, 222 umol), and
cyclopentyl isocyanate (25 mg, 222 umol) were taken up in 375 uL dichloromethane and

10 stirred at 19 C for 1 hour. The reaction was loaded directly onto a C18 flash column and eluted
with water/acetanitrile (10 to 100 %) containing 0.1% TFA to provide the title product as a

white solid (42 mg, 77%). MS m/z 732.2 (MHH).

Example 2-25:

N.._—/<

o=

O

H ] \ Q

3 N")N N -oH

e Ppe

(o] o Ir:}(b

7T

Compound AR00294377
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[00523] (18, 4R, 6S, 148, 18R)-14-(3-tert-Butyl-ureido)-18-(3,4-dihydro-1H-isoquinoline-2-
carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3 0.0“%Inonadec-7 -ene-4-carboxylic acid
(Compound AR00294377) was synthesized according to the procedures described in Examples
1-2 and 2-24, except that tert-butyl isocyanate was used to replace cyclopentyl isocyanate in

5 the Example 2-24 procedures. MS m/e 624.1 (M'+1).
Example 2-26:

, Compound AR00304077
[00524] (1S, 4R, 65, 148, 18R)-14-(3-Cyclopentyl-ureido)-18-(5-fluoro-3,4-dihydro-1H-

isoquinoline-2-carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[ 14.3.0.0*Jnonadec-7-ene-4-

10 carboxylic acid (Compound AR00304077) was synthesized according to the procedures
described in Examples 1-2 and 2-24, except that 5-Fluoro-1,2,3,4-tetrahydro-isoquinoline was
used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of Example 1-2. MS m/e 654.2
(M'+1).
Example 2-27:

s
A

Compound AR00304078
[00525] (18, 4R, 68, 148, 18R)-14~(3-Cyclopentyl-ureido)-2,15-dioxo-18-(8-trifluoromethyl-
3,4~dihyd:o-1H—'Lsoquinoline-z-carbonyloxy)-3,16-diaza-tricyclo[l4.3.0.04'6]nonadec—7-ene-4-

carboxylic acid (Compound AR00304078) was synthesized according to the procedures
described in Examples 1-2 and 2-24, except that 8-trifluoromethyl-1,2,3,4-tetrahydro-

§3
o

isoquinoline was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of Example 1-2. MS
m/e 704.1 (M'+1).
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Example 2-28:

Compound AR00304079
[00526] (1S, 4R, 68, 145, 18R)-14-(3-Cyclopentyl-ureido)-18-(1,3-dihydro-isoindole-2-
carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3 .0.04’6]nonadec-7-ene—4—carboxylic acid
5 (Compound AR00304079) was synthesized according to the procedures described in Examples
1-2 and 2-24, except that 2,3-dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-
isoquinoline in Step 4 of Example 1-2. MS m/e 622.2 (M+1).

Example 2-29:

Compound AR00320078

10 [00527] (1S, 4R, 68, 145, 18R)-14-(3-tert-Butyl-ureido)-18-(1 ,3-dihydro-isoindole-2-
carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[1 4.3.0.0%%)nonadec-7-ene-4-carboxylic acid
(Compound AR00320078) was synthesized according to the procedures described in Examples
1-2 and 2-24, except that 2,3-dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-
isoquinoline in Step 4 of Example 1-2, and that tert-butyl isocyanate was used to replace

5 cyclopentyl isocyanate in the Example 2-24 procedures. MS m/e 610.1 (M+1).

148



613315

Example 2-30:

Compound AR00320221
[00528] (1S, 4R, 6, 14S, 18R)-18+(3,4-Dihydro-1H-isoquinoline-2-carbonyloxy)-2,15-dioxo-
14-[3-(tetrahydro-furan-3-yl)-ureido]-3,16-diaza-tricyclo[14.3.0. 0*¢]nonadec-7-ene-4-
carboxylic acid (Compound AR00320221) was synthesized according to the procedures

L% 1)

described in Examples 1-2 and 2-24, except that 3-isocyanato-tetrahydro-furan was used to
replace cyclopentyl isocyanate in the Example 2-24 procédures. MS m/e 638.2 (M"+1).

Example 2-31;

Compound AR00320449
10 [00529] (18, 4R, 68, 148, 18R)-14-(3-tert-Butyl-ureido)-18-(5-chloro-1,3-dihydro-isoindole-2-
carbonyloxy)-2,15-dioxo-3,16-diaza-tricyclo[14.3 .0.04'6]nonadec-7-ene-4-carboxy1ic acid
(Compound AR00320449) was synthesized according to the procedures described in Examples

'1-2 and 2-24, except that 5-chloro-2,3-dihydro-1H-isoindole was used to replace 1,2,3,4-
tetrahydro-isoquinoline in Step 4 of Exam?le 1-2, and that tert-butyl isocyanate was used to
19 replace cyclopentyl isocyanate in the Example 2-24 procedures. 'H NMR (500 MHz,
CD;0D): § 7.34 (s, 1H), 7.28-7.25 (m, 2H), 7.24 (s, 1H), 7.20 (s, 1H), 5.51 (m, 2H), 5.40 (s,
1H), 4.73-4.60 (m, 3H), 4.53 (t, LH), 4.38 (d,"1H), 4.28 (d, 1H), 3.98 (dd, 1 H), 2.43 (m, 2H),
2.38-2.30 (m, 1H), 2.12-2.00 (m, 2H), 1.81-1.70 (m, 1H), 1.64-1.56 (m, 3H), 1.48-1.20 (m,
8H), 1.18 (s, 9H). MS: m/e 644.0 (M), 645.9 (M™+2)
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Example 2-32;

Compound AR00320450

[00530] (1S, 4R, 65, 145, 18R)-14-(3-tert-Butyl-ureido)-18-(5,6-dichloro-1,3-dihydro-isoindole-
2-carbonyloxy)-2,1 5—dioxo-3, 16-diaza-tricyclo[14.3 .O.04'6]nonadec-7-ene-4-carboxylic acid
(Compound AR00320450) was synthesized according to the procedures described in Examples
1-2 and 2-24, except that 5,6-dichloro-2,3-dihydro-1H-isoindole was used to replace 1,2,3,4-

i

tetrahyydro-isoquinoline in Step 4 of Example 1-2, and that tert-butyl isocyanate was used to
replace cyclopentyl isocyanate in the Example 2-24 procedures. "H NMR (500 MHz,CD;0D):
. 87.50 (s, 1H), 7.38 (s, 1H), 5.56 (g, 1H), 5.42-5.38 (m, 2H), 4.72-4.61 (m, 4H), 4.55 (¢, 1H),
10 4.34 (dd, 1H), 4.28 (d, 1H), 3.92 (dd, 1H), 2.45-2.32 (m, 2H), 2.32-2.18 (m, 1H), 2.08-2.00 (m,
1H), 1.75-1.68 (m, 1H), 1.63-1.54 (m, 3H), 1.50-1.22 (m, 8H), 1.18 (s, 9H). MS: m/e 678.0
(M), 680.0 (M'+2).
Example 2-33

Compound AR00365381
13 [00531] (1S, 4R, 68, 145, 18R)-14-Cyclopentyloxycarbonylamino-18-(5-fluoro-1-
methoxymethyl-3 ,4-dihydro-1H-isoquinoline-Z-éarbonyloxy)-Z,15-dioxo-3,16-diaza—
trieyclo[14.3.0.0%%]nonadec-7-ene-4-carboxylic acid (Compound AR00365381) was

synthesized according to the procedures described in Examples 1-2 and 2-1, except that 5-
fluoro-1-methoxymethyl-1,2,3 4-tetrahydro-isoquinolinium chloride was used to replace
20 1,2,3,4-Tetrahydro-isoquinoline in Step 4 of Example 1-2 instead. MS (APCI-): m/z 697.4 (M-

D).
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3. Preparation of Compounds with General Structure [V

1. CDI, DMF
HO, Mt
R 2. RySO,NH,

[00532] Compounds with general structure [V were prepared according to the scheme shown
above (1. Khan et al, Bioorg. & Med. Chem. Lett., 1997, 7 (23), 3017-3022. 2. International
Application PCT/US02/39926, WO 03/053349).

5 Example 3-1: .
Os N
Yoo
9 O o ‘9—<}
3
c»)\ml O§_NIH
o) " 3

Compound ARC0261408
Synthesis of (1S, 4R, 6S, 145, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 14-tert-
butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-

tricyclo[l4.3.0.04’6]nonadec-7-en-18—yl ester (AR00261408)

Oﬁzm °Ym

Q
1. CDI, DMF, 40.C $ 0.8
—_— Q 9 o <
2.DBU, 40C L NNH
un >
0. .0 0 H ;

‘\S”
7 N )V

10 [00533] The macrocyelic acid compound# 101 (7 mg, 0.011 mmol) was dissolved in 0.1 mL
DMF, followed by addition of CDI (1.8 mg, 0.011 mmol). The mixture was stirred in a 40 C
oil bath for 1 h. Then cyclopropylsulfonamide (2.0 mg, 0.017 mmol) was added to the
reaction, followed by DBU (1.7 mg, 0.011 mmol). The reaction was stirred at 40 C for
overnight. After 14h, LCMS showed reaction complete. The reaction was cooled to rt,
partitioned between 2 mL EA and 2 mL 5 % HCI (aq). The organic layer was washed with
water, bicarb (2 mL ea), then dried (Na;SO4). The crude was flashed on Biotage 12M (eluent =

-
N
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DCM:MeQH 20:1), giving AR00261408 (4.2 mg, 52 %) *H NMR (CDCls, 500 MHz):

5 0.80-2.10 (m, 25H), 2.20-2.27 (m, 1H), 2.37-2.59 (m, 3H), 2.84 (m, 1H), 3.60-3.70 (m, 1H),
3.82-3.90 (m, 1H), 4.20-4.30 (m, 2H), 4.45-4.70 (m, SH), 4.95-5.05 (m, 2H), 5.30-5.48 (m,
2H), 5.74 (m, 1H), 6.74 (m, 1H), 7.0-7.23 (m, 4H). MS m/e 728.0 (M'+H).

Example 3-2:

Compound AR00261407
[00534] (18, 4R, 65, 148, 18R)-3 ,4-Dihydro-1I-I—isoquinolinc-z-cafboiyﬁc acid 14-tert-

butoxycarbonylamino-2,15 -dioxo-4-(propane-2—sulfonylaminooarbonyi)—3 ,16-diaza-
tricyclo[14.3.0.04’6]n0nadec-7-en-18-yl ester (Compound AR00261407) was synthesizéd
according to the procedures described in Example 3-1, except that isopropy! sulfonamide was

used to replace cyclopropy! sulfonamide in the coupling step. MS m/e 728.4 (M-1).
oSO
Y
9

C o O*,s'(')——
N NN
7N

Compound AR00254906

Example 3-3:

[00535] (15, 4R, 63, 1485, l8R)-3,4-Dihyd1'o-lH-isoquiuoline-Z-cérboxylic acid 14-tert-

butoxycarbonylamino-4-methanesulfonylaminocarbonyl-2,15-dioxo-3,1 6-diaza-
tricyclo[14.3.0.04’6]nonadec-7-en-18-yl ester (Compound AR00254906) was synthesized
according to the procedures described in Example 3-1, except that methy! sulfonamide was
used to replace cyclopropyl sulfonamide in the coupling step. 'H NMR (CDCl;, 500 MHz):

§ 1.20-1.52 (m, 16H), 1.54-1.98 (m, SH), 2.20-2.30 (m, 1H), 2.38-2.46 (m, 1H), 2.47-2.59 (m,

'3H), 2.84 (m, 1H), 3.18 (s, 3H), 3.56-3.70 (m, 1H), 3.82-3.90 (m, H), 4.22-4.33 (m, 2H),

4.47-4.68 (m, 4H), 4.90-5.10 (m, 2H), 5.47 (brs, 1H), 5.74 (m, 1H), 6.74 (m, 1H), 7.03-7.23
(m, 4H). MS m/e 701.9 (M), 602.2 (parent, MH"-Boc group).
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Example 3-4:

Compound AR00261409
[00536] (18, 4R, 68, 148, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 4-(butane-1-
sulfonylaminocarbonyl)- 14-tert-butoxycarbonylamino-2,15-dioxo-3 ,16-diaza-
tricyclo[14.3.0.0%)nonadec-7-en-18-yl ester (Compound AR00261409) was synthesized

according to the procedures described in Example 3-1, except that n-butyl sulfonamide was

i

used to replace cyclopropy! sulfonamide in the coupling step. 'H NMR (CDCl3, 500 MHz):

6 0.80-1.03 (m, 7H), 1.20-2.10 (m, 22H), 2.20-2.60 (m, 4H), 2.84 (m, 1H), 3.20 (m, 1H), 3.44

(m, 1H), 3.65 (m, 1H), 3.80-3.95 (m, 1H), 4.20-4.34 (m, 2H), 4.50-4.65 (m, 4H), 4.95-5.05 (m,
10 1H), 5.30-5.39 (m, 1H), 5.44-5.49 (m, 1H), 5.74 (m, 1H), 6.74 (m, 1H), 7.0-7.23 (m, 4H). MS

m/e 743.3 (M, APCL).

Compound AR00282131
[00537] (18, 4R, 68, 148, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 14-
15 cyclopentyloxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-z,1 5-dioxo-3,16-diaza-
tricyclo[14.3.0.0* Jnonadec-7-en-18-yl ester (Compound AR00282131) was synthesized
according to the procedures described in Examples 2-1 and 3-1. MS m/e 738.4 (M-1).
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Example 3-6;

Compound AR00294381
[00538] (1S, 4R, 65, 14S, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-4—cyclopropanesulfonylamjnocarbony1-2, 15-dioxo-3,16-diaza-
tricyclo[14.3.0.0%%]nonadec-7-en-1 8-yl ester (Compound AR00294381) was synthesized
according to the procedures described in Examples 1-5 and 3-1. 'HNMR (CDCl3, 500 MHz):
5 0.89-2.08 (m, 25H), 2.21-2.28 (m, 1H), 2.41-2.49 (m, 1H), 2.51-2.61 (m, 2H), 2.91 (m, 1H),
3.83 (m, 1H), 4.21 (m, 1H), 4.40 (d, J=11.7 Hz, 1H), 4.53-4.80 (i, SH), 4.95-5.04 (m, 2H),
5.47 (brs, 1H), 5.72 (m, 1H), 6.77 (m, 1H), 7.16 (i, 1H), 7.23-731 (m, 3H). MS m/e 712.3
10 (APCI-, M-H).
Example 3-7:

Nt

, Compound AR00298996
[00539] (1S, 4R, 68, 148, 18R)~5-Fluoro-3,4-dihydro-1H-is9quinoline-2~cm'boxylic acid 14-tert-
butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
15 tricyclo[ 14.3.0.04'6]nonadec-7-en-l 8-yl ester (Compound AR00298996) was synthesized

according to the procedures described in Examples 1-2 and 3-1, except that 5-Fluoro-1,2,3,4~

tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2. 'HNMR (400 MHz, CDCl): $10.05 (s, 1H), 8.12 (5, 1H), 7.04 (s, 1H), 6.84-
6.73 (m, 2H), 6.70 (s, 1H), 5.65 (q, 1H), 5.40 (s, 1H), 4.59 (m, 2H), 4.54-4.40 (m, 3H), 4.30-

2y 4.10 (m, 2H), 3.82-3.74 (m, 1H), 3.72-3.51 (m, 2H), 2.92-2.68 (m, 3H), 2.55-2.30 (m, 3H),
2.21-2.15 (m, 1H), 2.00-1.60 (m, 3H), 1.40-0.75 (m, 18H). MS: m/e 746.0 o).
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Example 3-8:

Compound AR00298997
[00540] (18, 4R, 65, 145, 18R)-8-Trifluoromethyl-3,4-dihydro-1H-isoquinoline-2-carboxylic
acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-
diaza-tricyclo[14.3.0.0* nonadec-7-en-18-yl ester (Compound AR00298997) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that 8-trifluoromethyl-

A5

1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2. "HNMR (500 MHz, CD;0D): & 7.55 (dd, 1H), 7.42 (dd, [H), 7.35 (¢, 1H), 5.71-
5.61 (m, 1H), 5.40 (m, 1H), 4.60 (s, 1H), 4.52 (m, 1H), 4.42 (m, 1H), 4.15 (m, 1H), 3.91 (m,
10 1H), 3.78-3.62 (m, 2H), 3.00-2.82 (m, 3H), 2.58-2.52 (m, 3H), 2.51-2.32 (m, 2H), 1.86-1.56
© (m, 3H), 1.41 (m, 2H), 1.32-1.21 (m, 5H), 1.04-0.98 (m, 14H). MS: m/e 795.9 (M").

Example 3-9:

Compound AR00301746
[00541] (18, 4R, 65, 14S, 18R)-7-Chloro-3,4-dihydro-1H-isoquinoline-2-carboxylic acid 14-

15 tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0*%|nonadec-7-en-18-1 ester (Compound AR00301746) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that 7-chloro-1,2,3,4-
tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2. 'H NMR (400 MHz, CDCl): 5 10.10 (5, 1H), 7.08 (d, 1H), 7.02-6.96 (m, 2H),
6.60 (d, 1H), 5.64 (q, 1H), 5.40 (s,1H), 4.92-4.41 (m, 2H), 4.55-4.40 (m, 3H), 4.28-4.12 (m,
2H), 3.82-3.75 (m, 1H), 3.65-3.46 (m, 3H), 2.88-2.80 (m, 1H), 2.78-2.56 (m, 2H), 2.52-2.42
(m, 1H), 2.38-2.30 (m, 1H), 2.21-2.12 (g, 1H), 1.82-1.74 (m, 2H), 1.45-1.12 (m, 16H), 1.10-
0.98 (m, 2H), 0.90-0.75 (m, 2H). MS m/e 761.9 (M")

B
[«
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Example 3-10:

- Compound AR00301747
[00542] (15, 4R, 68, 145, 18R)-6-Trifluoromethyl-3,4-dihydro-1H:isoquinoline-2-carboxylic
acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-
5 diaza-tricyclo[14.3.0,04'5]n0nadec-7-en-l 8-yl ester (Compound AR00301747) was synthesized

according to the procedures described in Examples [-2 and 3-1, except that 6-trifluoromethyl-

1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2, 'H NMR (500MHz, CD;0D): § 7.4 (m, 2H), 7.38-7.30 (m, 1H), 7.28-7.24 (m,
1H), 5.65 (q, 1H), 5.40 (m, 1H), 5.08 (m, 1H), 4.56 (brs, 2H), 4.60-4.50 (m, 1H), 4.48 (m, 1H),
10 4.15 (d, 1H), 3.88 (d, 1H), 3.75-3.67 (m, 2H), 2.93-2.82 (m, 3H), 2.66-2.54 (m, 1H), 2.52-2.44
(m, 1H), 2.42-2.40 (m, 2H), 1.91-1.76 (m, 2H), 1.74-1.70 (dd, 1H), 1.64-1.58 (m, 1H), 1.54-
1.36 (m, 4H), 1.34-1.25 (m, 12H), 1.50-1.20 (m, 2H), 1.00-0.70 (m, 1H), 0.52-0.34 (m, 1H).
MS: m/e 795.9 (M)
Example 3-11:

15 Compound AR00301751

[00543] (1S, 4R, 68, 148, 18R)-6-Fluoro-3,4-dihydro-1H-isoquinoline-2-carboxylic acid 14-tert-
butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[l4.3.0.04’6]nonadec-7-en-18-yl ester (Compound AR00301751) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that 6-fluoro-1,2,3,4-

20 tetraliydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of

Example 1-2. "H NMR (500 MHz, CD;0D): § 7.21-7.02 (m, 1H), 6.92 (m, 2H), 6.92 (m, 2H),
5.68 (q, 1H), 5.40 (m, 1H), 5.08 (¢, 1H), 4.58 (m, 2H), 4.45 (m, 1H), 4.12 (d, 1H), 3.88 (d, LH),
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3.78-3.60 (m, 3H), 2.86-2.72 (m, 3H), 2.71-2.61 (m, 1H), 2.52-2.42 (m, 1H), 2.41-2.34 (m,
1H), 1.88-1.76 (m, 2H), 1.74-1.70 (m, 1H), 1.64-1.58 (m, 1H), 1.56-1.38 (m, 2H), 1.37-1.24
(m, 14HD), 1.13-1.04 (m, 2H), 1.02-0.89 (m, 1H), 0.88-0.82 (m, 1H). MS: /e 746.0 (M"). MS
m/e 757.2 (M'+1).

Example 3-12:

Sl

Compound AR00304080
[00544] 4 (LS, 4R, 65, 148, 18R)-5-Fluoro-3,4-dihydro-1H-isoquinoline-2-carboxylic acid 14-(3-
cyclopentyl-ureido)-4-cyclopropanesulfonylaminocarbonyl-2, 1 5-dioxo-3,1 6-diaza-
tricyclo[14.3.0.04’5}nonadec>-7-en-18-y1 ester (Compound AR00304080) was synthesized
10 according to the procedures described in Examples 1-2, 2-24 and 3-1, except that 5-fluoro-
1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2. '

Compound AR00304081
15 [00545] (1S, 4R, 68, 148, 18R)-8-Trifluoromethyl-3,4-dihydro-1H-isoquinoline-2-carboxylic

acid 14-(3-cyclopentyl-ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0%Inonadec-7-en-18-y! ester (Compound AR00304081) was synthesized
according to the procedures described in Examples 1-2, 2-24 and 3-1, except that 8-
trifluoromethyl-1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-

20 isoquinoline in Step 4 of Example 1-2. MS m/e 807.2 (M'+1).
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Example 3-14:

Compound AR00304082

[00546] (18, 4R, 68, 14S, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-(3-cyclopentyl-
ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0*%|nonadec-7-en-18-yl ester (Compound AR00304082) was synthesized
according to the procedures described in Examples 1-2, 2-24 and 3-1, except 2,3-Dihydro-1H-
isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of Example 1-2. MS
m/e 725.2 (M™+1).
Example 3-15;

Compound AR00304161
[00547] (18, 4R, 68, 14S, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 4-

cyclopropanesulfonylaminocarbonyl-14-(2-fluoro-ethoxycarbonylamino)-2,15-dioxo-3,16-
diaza-tricyclo[14.3.0.04’6]nonadec-7-en-18-yl ester (Compound AR00304161) was synthesized
according to the procedures described in Examples 1-2, 2-1 and 3-1, except that 2-

fluoroethanol was used to form the chloroformate reagent in Step 2 of Example 2-1, instead of

cyclopentanol. MS m/e 718.1 (M +1).
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Example 3-16:

Compound AR00304162
[00548] (1S, 4R, 68, 14S, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-(tetrahydro-furan-3-yl oxycarbonylamino)-
3,16-diaza-tricyclo[14.3.0.0*“Inonadec-7-en-18-yl ester (Compound AR00304162) was
synthesized according to the procedures described in Examples 1-2, 2-1 and 3-1, except that
tetrahydro-furan-35-ol was used to form the chloroformate reagent in Step 2 of Example 2-1,
instead of cyclopentanol. MS m/e 742.1 (M*+1).

Example 3-17:

Compound AR00304163
[00549] (1S, 4R, 68, 148, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-(tetrahydro-furan-3R-

yl oxycarbonylmﬁno)~3,16-diaza—tricyclo[14.3.0.04'6]nonadec-7-en-18-yI ester (Compound
AR00304163) was synthesized according to the procedures described in Examples 1-2, 2-1 and
3-1, except that tetrahydro-furan-3R-ol was used to form the chloroformate reagent in Step 2 of
Example 2-1, instead of cyclopentanol. . "H NMR (d°-Benzene, 500 MHz): § 10.53 (s, 1 H),
6.78-6.96 (m, 4 H), 5.83-5.90 (m, 1 H), 5.66 (q, 1 H), 5.18-5.21 (m, 1 H), 5.13 (brs, 1 H), 5.04
(brs, 1 H), 4.41-4.87 (m, 3 H), 3.85-4.05 (m, 4 H), 3.67-3.74 (m, 1 H), 3.46-3.53 (m, 3 H),
3.23-3.34 (m, 1 H), 2.80-2.85 (m, 1 H), 2.34-2.59 (m, 4 H), 1.84-1.99 (m, 4 H), 0.98-1.60 (m,
14 H), 0.42-0.47 (m, 1 H), 0.27-0.32 (m, 1 H). MS m/e 741.2 (M-1).
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Example 3-18:

Compound AR00311814 ‘
[00550] (1S, 4R, 65, 14S, 18R)-2-Phenylamino-6,7-dihydro-4H-thiazolo[5,4-c]pyridine-5-
carboxylic acid 14-teri-butoxycarbony! amino-4-cycldpropancsulfonylaminocarbonyl—Z, 15-

5 dioxo-3,16-diaza-tricyclo[14.3.0.0*nonadec-7-en-1 8-yl ester (Compound AR00311814) was
synthesized according to the procedures described in Examples 1-2 and 3-1, except that
phenyl-(4,5,6,7-tetrahydro-thiazolo[5,4-c]pyridin-2-yl)-amine was used to replace 1,2,3,4-
tetrahydro-isoquinoline in Step 4 of Example 1-2. MS m/e 826.2 (M*+1).

Example 3-19:

10 Compound AR00311815
[00551] (15, 4R, 68, 14S, 18R)-1-Piperidin-1-ylmethyl-3,4-dihydro-1H-isoquinoline-2-
carboxylic acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-
dioxo-3,16-diaza-tricyclo[14.3.0.0*%|nonadec-7-en-1 8-yl ester (Compound AR00311815) was
synthesized according to the procedures described in Examples 1-2 and 3-1, except that 1-

145 Piperidin-1-ylmethyl-1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-
isoquinoline in Step 4 of Example 1-2. 'H NMR (500 MHz, CD,;0D) 4 8.94 (d, 1H), 7.59 (s,
1H), 7.31 -7.23 (m, 3H), 7.22 - 7.15 (m, 2H), 5.74-5.64 (m, 2H), 5.47 (br s, 1H), 5.06 (t, 1H),
4.54 (dt, 1H), 4.40—4.17 (m, 4H), 4.11 - 4.04 (m, 1H), 3.96 —3.88 (m, 1H), 3.75 - 3.40 (m,

: SH), 3.14 - 2.32 (m, 7H), 2.05 (dd, 1H), 1.99 - 1.68 (m, 5H), 1.65 ~ 0.95 (m, 24H); MS (POS

L) ESI) m/z 825.4 (M").
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Example 3-20:

Compound AR00312024
[00552] (1S, 4R, 6S, 14S, 18R)-4,4-Spirocyclobutyl-3,4-dihydro-1 H-isoquinoline-2-carboxylic
acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-
b diaza—tricyclo[14.3.0.04'6]nonadec-7—en-1 8-yl ester (Compound AR00312024) was synthesized

according to the procedures described in Examples 1-2 and 3-1, except that 4,4-
spirocyclobutyl-1,2,3,4-tetrahydro-isoquinoline was used to replape 1,2,3,4-tetrahydro-
isoquinoline in Step 4 of Example 1-2. 'H NMR (400 MHz, CD;0D) § 7.54-7.60 (m, 1H),
7.26 (dd, 1H), 6.97-7.21 (m, 1H), 5.66 (dd, 1H), 5.37-5.48 (m, 1H), 5.11 (dd, 1H), 4.58 (s, 2H),
10 4.39 (t, 3H), 4.11-4.26 (m, 1H), 3.77-3.96 (m, 1H), 3.87 (t, 3H), 3.60-3.70 (m, 1H), 2.83-2.93
(m, 1H), 2.23-2.68 (m, 6H), 1.70-2.23 (m, 7H), 1.18-1.69 (m, 18H), 0.81-1.12 (m, 3H). MS
m/z 767.9 (M'+1) .
Example 3-21:

Compound AR00312025 )
15 [00553] (1S, 4R, 68, 14S, 18R)-4,4-Dimethyl-3,4-dihydro- 1 H-isoquinoline-2-carboxylic acid
14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0%]nonadec-7-en-18-yl ester (Compound AR00312025) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that 4,4-dimethyl-
1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2. '"H NMR (400 MHz, CD;0D) § 7.31-7.40 (m, 1H), 6.97-7.23 (m, 3H), 5.67 (dd,
1H), 5.34-5.49 (m, 1H), 5.09 (dd, 1H), 4.64 (s, 1H), 4.50-4.61 (m, 1H), 4.33-4.44 (m, 3H),

FiN]
Lw]
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4.11-4.24 (m, 1.0), 3.82-3.95 (m, 3H), 3.36-3.55 (m, 2H), 2.84-2.94 (m, 1H), 2.25-2.69 {m,
4H), 1.68-2.24 (m, 4H), 1.15-1.68 (m, 23H), 0.81-1.15 (m, 3H). MS m/z 756.0 (M'™+1)
Example 3-22:

Compound AR00312026
5 [00554] (18, 4R, 68, 14S, 18R)-4-Methyl-3,4-dihydro- 1 H-isoquinoline-2-carboxylic acid 14-

tert-butoxycarbonylamino-4—cyclopropanesulfonylaminocarbonyl-2,l 5-dioxo-3,16-diaza-
tricyclo[14.3.0.04'6]nonadec-7-en-1 8-yl ester (Compound AR00312026) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that 4-methyl-1,2,3,4-
tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro—isoquinolins'in Step 4 of

10 Example 1-2. "H NMR (400 MHz, CD;0D) § 7.76 (s, 1H), 6.98-7.24 (m, 3H), 5.67 (dd, 1H),
5.2-5.51 (m, 1H), 5.04-5.15 (dd, 1H), 4.28-4.63 (m, 5H), 4.10-4.24 (m, 1H), 3.81-3.96 (m, 3H),
3.37-3.78 (m, 2H), 2.83-3.06 (m, 2H), 2.54-2.71 (m, 1H), 2.25-2.54 (m, 3H), 1.69-1.94 (m,
3H), 1.16-1.69 (m, 20H), 0.81-1.15 (3H). MS m/z 742.0 (M"+1)
Example 3-23:

LY Compound AR00314635
[00555] (1S, 4R, 65, 148, 18R)-4,4-Spirocyclobutyl-3,4-dihydro-1H-isoquinoline-2-carboxylic
acid 4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-1 4~(tetrahydro-furan-3-
yloxycarbonylamino)-3,16-diaza-tricyclo(14.3.0.0*Jnonadec-7-en-18-yl ester (Compound
AR00314635) was synthesized according to the procedures described in Examples 1-2, 2-1 and
20 3-1, except that 4,4-spirocyclobutyl-1,2,3 4-tetrahydro-isoquinoline was used to replace
1,2,3,4-tetrahydro-isoquinoline in Step 4 of Example 1-2, and tetrahydro-furan-3R-ol was used

to replace cyclopentanol in Step 2 of Example 2-1 to form the chloroformate reagent. 'H NMR
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(500 MHz, CDCl) § 10.24-10.29 (s, 1H), 7.49-7.55 (m, 1H), 7.24 (dd, 1H), 7.14 (dd, 15),
7.04 (dd, 1H), 6.81 (d 1H), 5.71 (d, 1H), 4.95 (dd, 1H), 4.90 (bs, 1H), 4.48-4.59 (m, 3H),
4.17-4.30 (m, 2H), 3.51-3.74 (m, 3H), 3.51-3.72 (6H), 2.80-2.86-(m, 1H), 2.36-2.54 (m, 3H),
2.10-2.33 (m, 4H), 1.80-2.10 (m, 6H), 1.24-1.80 (m, 7H), 0.65-1.24 (m, 10H). MS m/z 7412

(M1
N':j

Example 3-24:
o~
o}

§ \ Q O*é?
gty
°<j o / oyt
Compound AR00314654

[00556] (15, 4R, 68, 148, 18R)-4,4-Dimethyl-3,4-dihydro-1H-isoquinoline-2-carboxylic acid 4-

cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-(tetrahydro-furan-35-
yloxycarbonylamino)-3,16-diaza-tricyclo{14.3 .0.0*¥Inonadec-7-en-18-y1 ester {Compound
AR00314654) was synthesized according to the procedures described in Examples 1-2, 2-1 and
3-1, except that 4,4-dimethyl-1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-
tetrahydro-isoquinoline in Step 4 of Example 1-2, and tetrahydro-furan-3S-ol was used to
replace cyclopentanol in Step 2 of Example 2-1 to form the chloroformate reagent, 'HNMR
(500 MHz, CD,Cly) 6 8.51-8.64 (bs, 1H), 7.26-7.36 (1, 1H), 7.09-7.19 (m, 2H), 6.98-7.08 (m,
1H), 5.70 (dd, 1H), 4.95 (dd, 1H), 4.83 (d, 1H), 4.44-4.72 (m, 3H), 4.17-4.30 (m, 2H), 3.25-
3.91 (m, 9H), 2.80-2.86 (m, 1H), 2.35-2.55 (m, 4H), 2.13-2.34 (m, 4H), 1.91-2.07 (m, 2H),
1.80-1.90 (m, 2H), 1.66;1.80 (m, 2H), 1.51-1.63 (m, 2H), 1.30-1.51 (m, 2H), 0.96-1.15 (m,
3H), 0.65-0.95 (m, 9H). MS m/z 770.1 (M'+1)

Example 3-25:
N_/

o~

o

.
R N}
X@io 7

e
Compound AR00314656

N
H

Q O*é(?{]
Nk
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[00557] (1S, 4R, 68, 14S, 18R)-4-Methy!-3,4-dihydro-1H-isoquinoline-2-carboxylic acid 14~(3-

tert-butyl-ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0“Inonadec-7-en-18-y1 ester (Compound AR00314656) was synthesized
according to the procedures described in Examples 1-2, 2-24 and 3-1, except that 4-methyl-
1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2, and t-butyl isocyanate was used to replace cyclopentyl isocyanate in Example 2-
24. "H NMR (500 MHz, CD,Cly) & 7.60-7.72 (m, 1H), 7.06-7.48 (m, 4H), 5.73 (dd, 1H), 5.39-
5.48 (m 1H), 5.18-5.27 (bs 1H), 4.98 (dd, 1H), 4.79-4.90 (bs, 1H), 4.30-4.72 (m, 4H), 3.40-
3.77 (m, 5H), 2.97 (d, 1H), 2.83-2.90 (m, 1H), 2.37-2.58 (m, 3H), 2.17-2.30 (dt, 1H), 2.22-2.35
(dt, 1H), 1.97-2.07 (m, 1H), 1.82-1.95 (m, 2H), 1.68-1.79 (m, 1H), 1.55-1.66 (m, 2H), 1.05-
1.55 (m, 15H), 0.83-0.98 (m, 3H). MS m/z 741.2 (M'+1)

Example 3-26: .

Compound AR00314719

[00558] (18, 4R, 65, 14S, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 14-tert-

butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.04'6]nonadec-l8-yl ester (Compound AR00314719) was synthesized according
to the procedures described in Examples 1-22 and 3-1. MS m/e 630.2 (M*+1-100).

Example 3-27:

Compound AR00320001
[00559] (18, 4R, 685, 148, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 14-(3-tert-butyl-

ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0*%]nonadec-7-en-18-yl ester (Compound AR00320001) was synthesized
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according to the procedures described in Examples 1-2, 2-24 and 3-1, exeept that t-butyl
isocyanate was used to replace cyclopentyl isocyanate in Example 2-24. MS m/e 725.7 M-1).

Example 3-28:

Compound AR00320073
5 [00560] (1S, 4R, 65, 145, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 4-
cyclopropa.nesulfonylaminocarbonyl-14-(2-fluoro-ethoxycarbonylamino)-z,15-dioxo-3,16~
diaza-tricyclo[14.3.0.04’6]11onadec-7-en- 18-y1 ester (Compound AR00320073) was synthesized

according to the procedures described in Examples 1-2, 2-1 and 3-1, except that 2,3-dihydro-
1H-isoindole was used to replace 1,2,3,d-tetrahydro-isoquinoline in Step 4 of Example 1-2, and

10 2-fluroethanol was used to replace cyclopentanol in Step 2 of Example 2-1 to form the
chloroformate reagent. MS m/e 704.0 (M*+1).

Example 3-29:

Compound AR00320079
[00561] (1S, 4R, 68, 1485, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 4-
15 cyclopropanesulfonylaminocarbonyl-2,15-dioxo-1 4-~(tetrahydro-furan-3-yloxycarbonylamino)-

3,16-diaza-tricyclo[14.3.0.0%%|nonadec-7-en-1 §-y1 ester (Compound AR00320079) was
synthesized according to the procedures described in Examples 1-2, 2-1 and 3-1, except that
2,3-dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2, and tetrahydro-furan-3R-0l was used to replace cyclopentanol in Step 2 of

20 Example 2-1 to form the chloroformate reagent. MS m/e 728.1 (M™+1).
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Example 3-30;

g@

o=
o \\—NH

q T 7 N’I>
Compound AR00220080

[00562] (18, 4R, 65, 145, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-(tetrahydro-furan-3S-
5 yloxycarbonylamino)-3,16-diaza-tricyclo[14.3.0.0*Jnonadec-7-en-1 8-yl ester (Compound
ARO00320080) was synthesized according to the procedures described in Examples 1-2, 2-1 and
3-1, except that 2,3-dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline
in Step 4 of Example 1-2, and tetrahydro-furan-3S-ol was used to replace cyclopentanol in Step
2 of Example 2-1 to form the chloroformate reagent. MS m/e 728.1 (M*+1).

10 Example 3-31;

Compound AR00320081
[00563] (1S, 4R, 65, 148, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 4-

cyclopropanesulfonylaminocarbonyl-2,15-dioxo- 14-(tetrahydro-pyran-4-yloxycarbonylamino)-
3,16-diaza—tricyclo[l4.3.0.04’6]nonadec-7—en-1 8-yl ester (Compound AR00320081) was

15 synthesized according to the procedures described in Examples 1-2, 2-1 and 3-1, except that
2,3-dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2, and tetrahydro-pyran-4-ol was used to replace cyclopentanol in Step 2 of
Example 2-1 to form the chloroformate reagent. MS m/e 742.1 (M'+1),
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Example 3-32:

Compound AR00320082
[00564] (15, 4R, 6S, 148, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-2,15-dioxo-1 4-(tetrahydro-pyran-4-yloxycarbonylamino)-
5 3,16-diaza-tricyclo[14.3.0.0**|nonadec-7-en-1 8-yl ester (Compound AR00320082) was
synthesized according to the procedures described in Examples 1-2, 2-1 and 3-1, except that
tetrahydro-pyran-4-ol was used to replace cyclopentanol in Step 2 of Example 2-1 to form the
chloroformate reagent. MS m/e 756.1 (M'+1).

Example 3-33:

10 Compound AR00320119
[00565] (1S, 4R, 68, 148, 18R)-5-Chloro-1,3-dihydro-isoindole-2-carboxylic acid 14-tert-

butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[l4.3.0.04’6]nonadec-7-en-18-yl ester (Compound AR00320119) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that 5-chloro-2,3-

15 dihydro-1H-isoindole was used to replace 1,2,3 4-tetrahydro-isoquinoline in Step 4 of Example
1-2. 'HNMR (500 MHz, CD;0D):d 7.36 (s, 1H), 7.30 (s, 1H), 7.28 (s, 1H), 7.22 (s, 1H),
7.12-7.20 (m, 1H), 6.64 (br s, 1H), 5.72-5.64 (m, 1H), 5.41 (s, 1H), 5.14-5.04 (m, 1H), 4.80-
4.62 (m, 2H), 4.61-4.56 (t, 1H), 4.54-4.48 (m, 1H), 4.10 (d, 1H), 3.85 (d, 1), 2.90 (m, 1H),
2.65 (br s, 1H), 2.54-2.48 (m, 1H), 2.46-2.32 (i, 2H), 1.91-1.72 (m, 2H), 1.64-1.56 (m, 2H),

20 1.56-1.21 (m, 8H), 1.18 (5, 9H), 1.12-1.05 (m, 1H) 1.00 (m, 1H), 0.94-0.82 (m, 2H). MS m/e
747.9 (M)
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Lxampie 3-34.

Compound AR00320120
[00566) (15, 4R, 68, 148, 18R)-S-Dimethylamino-3,4-dihydro—IH-isoquinolme-Z-carboxylic
acid 1 4-tert-butoxycarbonylamino-4-cyclopropanesulfonylamiuoca.rbonyl—Z,1 5-dioxo-3,16-

5 diaza-tricyclo[ 14.3.0.04’6]nonadec-7-en-18—yl ester (Compound AR00320120) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that dimethyl-(1,2,3,4-
tetrahydro-isoquinolin—S-yl)—arnine (Example 1-25a) was used to replace 1,2,3 4-tetrahydro-
isoquinoline in Step 4 of Example 1-2. 'H NMR (400 MHz, CDCls): § 10.08 (s, 1H), 7.13-
7.05(m, 1H), 6.88-6.81 (d, 1H), 6.77 (d, 1H), 6.68 (d, 1H), 6.61-6.53 (s, 1H), 5.71-5.60 (q,

10 1H), 5.40 (s, 1H), 5.00-4.88 (m, 2H), 4.55-4.38 (m, 3H), 4.24-4.16 (m, 2H), 3.88-3.77 (4, 1H),

3.64-3.41 (m, 3H), 2.91-2.69 (m, 3H), 2.61 (s, GH), 2.53-2.41 (m, 2H), 2.40-2.39 (m, 1H),

2.22-2.11 (m, 1H), 1.89-1.72 (m, 1H), 1.61-1.22 (m, 10H), 1.18 (s, 9H), 1.09—0.97.(111, 2H),
0.91-0.76 (m, 2H). MS: 771.1 M, 772.1 (M'™+1), 773.1 M*+2)

Example 3-35:

15 Compound AR00320121
[00567) (15, 4R, 68, 148, 18.R)—5,6-Dichloro-1,3-dihydro-isoindoIe-2—carboxylic acid 14-tert-
butoxycarbonylamino-4-cyclopropanesulfonylammocarbonyl-2, 15-dioxo-3,16-diaza-
tricyclo[14.3.0.0*Jnonadec-7-en-18-yl ester (Compound AR00320121) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that 5,6-Dichloro-2,3-
e . dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of Example
1-2. '"HNMR (500 MHz, CD30OD): §7.52 (s, 1H),7.38 (s, 1H), 6.61 (br s, 1H), 5.72-5.65 (g,

1H), 540 (s, 1H), 5.08 (t, 1H), 4.78-4.62 (m, 3H), 4.63-4.57 (t, 1H), 4.50 (d, 1H), 4.20 (d, 1H),
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3.65 (d, 1H), 2.90 (m, 1H), 2.55 (m, 1H), 2.52-2.45 (m, 1H), 2.46-2.31 (m, 2H), 1.91-1.75 (m,
3H), 1.67-1.60 (m, 1H), 1.58-1.25 (m, 8H), 1.18 (s, 9H), 1.12-1.05 (m, 2H), 1.04-0.81 (m, 2E).
MS: m/e 781.9 (M")
Example 3-36:

5 . Compound AR00320220
[00568] (LS, 4R, 68, 145, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-(3-tert-butyl-

ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0%¢]nonadec-7-en-18-yl ester (Compound AR00320220) was synthesized
according to the procedures described in Examples 1-2, 2-24 and 3-1, except that 2,3-Dihydro-

1Y 1H-isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of Example 1-2, and

that t-butyl isocyanate was used to replace cyclopentyl isocyanate in Example 2-24, MS m/e

713.1 (M*+1).

Example 3-37:

Compound AR00320222
15  [00569] (18, 4R, 68, 145, 18R)-3,4-Dihydro-1H-isoquinaline-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-{3-(tetrahydro-furan-3-yl)-ureido}-3,16-
diaza-tricyclo[14.3.0.0*Jnonadec-7-en-18-yl ester (Compound AR00320222) was synthesized
according to the procedures described in Examples 1-2, 2-24 and 3-1, except that 3-Isocyanato-

tetrahydro-furan was used to replace cyclopentyl isocyanate in Example 2-24. MS m/e 740.8
20 M+,
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Example 3-38:

Compound AR00320403
[00570] (1S, 4R, 6S, 14S, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 14-(3-
cyclopentyl-ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
O tricyclo[14.3.0.04’6]nonadec—7-en—18—y1 ester (Compound AR00320403) was synthesized
according to the procedures described in Examples 1-2, 2-.24 and 3-1. MS m/e 739.2 M+1).

Example 3-39;

Compound AR(G0320446
[00571] (18, 4R, 68, 14S, 18R)-5-Chloro-1,3-dihydro-isoindole-2-carboxylic acid 14-(3-tert-

10 butyl-ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.04'6]nonadec-7~en-1 8-yl ester (Compound AR00320446) was synthesized
according to the procedures described in Examples 1-2, 2-24 and 3-1, except that 5-chloro-2,3-
Dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2, and that t-butyl isocyanate was used to replace cyclopentyl isocyanate in

15 Example 2-24. 'H NMR (500 MHz, CD;OD): §7.35 (s, 1H), 7.28 (s, 1H), 7.26 (s, 1H), 7.02 (s,
1H), 7.18 (s, 1H), 5.65-5.72 (g, 1H), 5.45 (s, 1H), 5.06 (t, 1H), 4.74-4.60 (m, 4H), 4.56 (1, 1H),
4.46 (m, 1H), 4.22 (d, 1H), 3.87-3.91 (dd, 1H), 2.86-2.94 (m, 1H), 2.65-2.54 (m, 1H), 2.52-
2.45 (m, 1H), 2.42-2.34 (m, 2H), 1.92-1.83 (m, 1H), 1.78-1.70 (m, 2H), 1.62-1.56 (m, 1H),
1.54-3.92 (m, 4H), 1.39-1.23 (m, 7H), 1.12 (5, 9H), 1.02-0.98 (m, 1H), 0.94-0.86 (m, LII).

20 MS: m/e 747.1 (M"), 749.1 (M™+2)
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Example 3-40:
cl
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Compound AR00320447
[00572) (18, 4R, 68, 145, 18R)-5,6-Dichloro-1,3-dihydro-isoindole-2-carboxylic acid 14-(3-tert-
butyl-ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15 -dioxo—_3,16—diaza- ,

5 tricyclo[14.3l0.04’6]nonadec—7-en-18-y1 ester (Compound AR00320447) was synthesized
according to the procedures described in Examples 1-2, 2-24 and 3-1, except that 5,6-dichloro-
2,3-Dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2, and that t-butyl isocyanate was used to replace cyclopentyl isocyanate in
Example 2-24. MS: m/e 781.1 (M"). 783.1 (M'+2)

10 Example 3-41:

Compound AR00320506
[00573] (1S, 4R, 65, 148, 18R)—1—Piperidin—1-ylmethy1—3,4-dihydr6-lH—isoquinoline-Z-
carboxylic acid 14-cyclopentyloxycarbonylamino-4-cyclopropanesulfonylaminocarbonyi-2,15-
dioxo-3,16-diaza-tricyclo[14.3.0.0“¢|nonadec-7-en-18-yl ester (Compound AR00320506) was
15 synthesized according to the procedures described in Examples 1-2, 2-1 and 3-1, except that 1-

Piperidin-1-ylmethyl-1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-
isoquinoline in Step 4 of Example 1-2. MS (POS ESI) m/z 837.4 (M").

171



013315

Example 3-42;
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Compound AR00320547
[60574] (1S, 4R, 65, 14S, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 4-

benzenesulfonylaminocarbonyl-14-tert-butoxycarbonylamino-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0%%]nonadec-7-en-18-yl ester (Compound AR00320547) was synthesized

w0

according to the procedures described in-Examples 1-2 and 3-1, except that
benzenesulfonamide was used to replace cyclopropylsulfonamide in the coupling step of
Example 3-1. MS m/e 762.3 (M-1).

Example 3-43:

10 Compound AR00320548
[00575] (1S, 4R, 65, 1485, 18R)-3,4-Dih§dro-1H—isoquinoline-2~carboxy1ic acid 14-tert-
butoxycarbonylamino-4-(4-methoxy-benzenesulfonylaminocarbonyl)-2,15-dioxo-3,16-diaza-
tricyclo{14.3.0.0**Inonadec-7-en-18-yl ester (Compound AR00320548) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that 4-methoxy-
15 benzenesulfonamide was used to replace cyclopropylsulfonamide in the coupling step of
Example 3-1. MS m/e 792.3 (M-1).

Example 3-44:

Compound AR00320549
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{00576] (1S, 4R, 65, 14S, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 14-tert-
butoxycarbonylamino-2,15-dioxo-4-(toluene-4-sulfonylaminocarbonyl)-3,16-diaza-
tricyclo[14.3.0.0*Jnonadec-7-en-18-yl ester (Compound AR00320549) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that 4-methyl-

5 benzenesulfonamide was used to replace cyclopropylsulfonamide in the coupling step of
Example 3-1. MS m/e 776.3 (M+1).

Example 3-45:

Compound AR00320556
[00577] (LS, 4R, 65, 148, 18R)-1-Piperidin-1R-ylmethyl-3,4-dihydro-1H-isoquinoline-2-

10 carboxylic acid 14-cyclopentyloxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-
dioxo-3,16-diaza-tricyclo[ 14.3.0.0%Jnonadec-7-en-18-yl ester (Compound AR00320556) was
synthesized according to the procedures described in Examples 1-2, 2-1 and 3-1, except that 1-
Piperidin-1R-ylmethyl-1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrah'ydro-
isoquinoline in Step 4 of Example 1-2. "H NMR (500 MHz, CDsOD) 6 8.99 (br s, 1H), 7.34 —

5 7.13 (m, 6H), 5.75 - 5.65 (1, 2H), 5.44 (br s, 1H), 5.06 (t, 1H), 4.60 (t, 1H), 4.51 (d, 1H), 4.44
—4.16 (m, 2H), 4.12 -3.97 (m, 2H), 3.86 (d, 1H), 3.75 - 3.38 (m, 2H), 3.07 (t, 2H), 2.96 - 2.86
(m, 1H), 2.78 (d, 1H), 2.66 (brs, 1H), 2.56 — 2.26 (m, 3H), 2.06 (d, 1H), 1.99 — 1.66 (m, 10H),
1.65 - 1.21 (m, 18H), 1.15 — 0.95 (1, 3H); MS (POS BSI) m/z 837.4 (M),

Example 3-46:
e

0 ‘
qer
Oj,N H
Q NG
o4, < ,
20 Compound AR00320557

[00578] (1S, 4R, 68, 14S, 18R)-1-Piperidin-15-ylmethyl-3,4-dihydro-1 H-isoquinoline-2-

carboxylic acid 14-cyclopentyloxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-

o]
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dioxo-3,16-diaza-tricyclo[14.3.0.0*¢Jnonadec-7-en~18-yl ester (Compound AR00320557) was
synthesized according to the procedures described in Examples 1-2, 2-1 and 3-1, except that 1-
Piperidin-15-ylmethyl-1,2,3,4-tetrahydro-isoquinoline was used to replace 1,2,3,4-tetrahydro-
isoquinoline in Step 4 of Example 1-2. 'H NMR (500 MHz, CD;0D) § 7.32 - 7.14 (m, 6H),
6.87 (brs, 1H), 5.72 - 5.60 (m, 2H), 5.47 ~ 5.39 (m, 1H), 5.11 (brs, 1H), 4.58 (1, 1H) 4.53 -
3.86 (m, 8H), 3.67 — 3.40 (m, 2H), 3.08 - 2.85 (m, 1H), 2.78 (d, 1H), 2.65 — 2.24 (m, 4H), 2.10
~1.22 (m, 27H), 1.19 (dt, 1H), 1.10 - 1.02 (m, 2H), 1.01 - 0.93 (m, 1H), 0.89 (g, 1H); MS
(POS ESI) m/z 837.4 (M.

Example 3-47:

LR

10 . Compound AR00320574
[60579] (15,4R, 65, 148, 18R)-5-Chloro-1,3-dihydro-isoindole-2-carboxylic acid 14-(3-

cyclopentyl-ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0%%Inonadec-7-en-18-yl ester (Compound AR00320574) was synthesized
according to the procedures described in Examples 1-2, 2-24 and 3-1, except that 5-chloro-2,3-

15 Dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2. MS: m/e 759.1 (M), 761.1 (M"+2)
Example 3-48:

Compound AR00320575
[00580] (1S, 4R, 68, 148, 18R)-5,6-Dichloro-1,3-dihydro-isoindole-2-carboxylic acid 14-(3-

20 cyclopentyl-ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3 .0.04'6]nonadec—7-en-1 8-yl ester (Compound AR00320575) was synthesized
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according to the procedures described in Examples 1-2, 2-24 and 3-1, except that 5,6-dichlo;'o-
2,3-Dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline in Step 4 of
Example 1-2. MS: m/e 793.1 (M") . .
Example 3-49:

> Compound AR00320578 -

[00581] (1S, 4R, 68, 148, 18R)-3,4-Dihydro-1H—isoquinoline-2-ca;fboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-(2,2,2-trifluoro-ethoxycarbonylamino)-
3,16-diaza-tricyclo[14.3.0.04’6]nonadec-7-en-l 8-yl ester (Compound AR00320578) was
synthesized according to the procedures described in Examples 1-2, 2-1 and 3-1, except that

10 2,2 2-trifluoro-ethanol was used to replace cyclopentanol in Step 2 of Example 2-1 to form the
chloroformate reagent. MS m/e 754.0 (M'+1).

Example 3-50:

Compound AR00320579
[00582] (18, 4R, 68, 148, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 4-

15 cyclopropanesulfonylaminocarbonyl-14-(2,Z-diﬂuoro-cthoxycarbonylamjno)—2,15-dioxo-.3,16-
diaza-tricyclo[l4.3.0.04'6]nonadec~7-en-1 8-yl ester (Compound AR00320579) was synthesized
according to the procedures described in Examples 1-2, 2-1 and 3-1, except that 2,2-Difluoro-
ethanol was used to replace cyclopentanol in Step 2 of Example 2-1 to form the chloroformate

reagent. MS m/e 736.0 (M'+1).
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Example 3-51:

Compound AR00320580
[00583] (1S, 4R, 68, 145, 18R)-3,4-Dihydro- 1H-isoquinoline-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-14-(2-fluoro-1-fluoromethyl-ethoxycarbonylamino)-2,15-
dioxo-3,16—diaza—tricyclo[14.3.0.04’6]nonadec—7~en-i 8-yl ester (Compound AR00320580) was

L% ]

synthesized according to the procedures described in Examples 1-2, 2-1 and 3-1, except that
1,3-Difluoro-propan-2-ol was used to replace cyclopentano! in Step 2 of Example 2-1 to form
the chloroformate reagent. MS m/e 750.1 (M™+1).

Example 3-52:

10 Compound AR00320581
[00584] (18, 4R, 68, 145, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-(2,2,2-trifluoro-1-methyl-
ethoxycarbonylamino)-3,16-diaza-tricyclo[14.3.0.0*“Inonadec-7-en-1 8-yl ester (Compound
AR00320581) was synthesized according to the procedures described in Examples 1-2, 2-1 and
15 3-1, except that 1,1,1-Trifluoro-propan-2-ol was used to replace cyclopentanol in Step 2 of

Example 2-1 to form the chioroformate reagent. MS m/e 768.1 M+1).
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Example 3-53:

Compound AR00320582
[00585] (1S, 4R, 6S, 148, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 4-

cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-(2,2,2-trifluoro-1, 1-dimethyl-

5 ethoxycarbonylamino)-3,16-diaza-tricyclo[14.3.0.0**]nonadec-7-en-1 8-yl ester (Compound
AR00320582) was synthesized according to the procedures described in Examples‘ 1-2,2-1 and
3-1, except that 1,1,1-Trifluoro-2-methyl-propan-2-ol was used to replace cyclopentanol in
Step 2 of Example 2-1 to form the chloroformate reagent. MS m/e 782.1 (M'+1).

160 Example 3-54:
oA
s

0]
1

{0y
g

N} O\}—N’H—<]
N

10 Compound AR00324375
[00586] (15, 4R, 68, 148, 18R)-3,4-Dihydro-1H-isoquinoline-2-carboxylic acid 14~
cyclopentyloxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2, 1 5-dioxo-3,16-diaza-
tricyclo[14.3.0.0*¢|nonadec-18-y! ester (Compound AR00324375) was synthesized according
to the procedures described in Examples 1-22, 2-1 and 3-1. MS m/e 740.5 (M'+1).
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Example 3-55

Compound AR00334191

[00587] (1S, 4R, 6S, 14S, 18R)-4-Fluoroe-1,3-dihydro-isoindole-2-carboxylic acid 14-tert-

butoxycarbonylamino-4—cyclopropancsulfonylvaminocarbonyl-Z,lS-dioxo-3,16-diaza-
tricyclo[14.3.0.04,6]nonadec-7-en-18-y! ester (Compound AR00334191) was synthesized
according to the procedures described in Examples 1-2 and 3-1, except that in Step 4 of
Example 1-2, 4-Fluoro-2,3-dihydro-1H-isoindole was used in substitution of 1,2,3,4-
Tetrahydro-isoquinoline. 'H NMR (500 MHz, dg-acetone) 3 10.70 (br s, 1 H), 8.34 (d, 1 H),
739-7.33(m,1H),7.20(d, 1 H), 7.10-7.02 (m, 2 H), 6.13 (d, 1 H), 5.70 (g, | H), 5.44 (br
s, 1 H), 4.99 (t, 1H), 4.78 — 4.59 (m, 5 H), 4.18 — 4.08 (m, | H), 3.88 - 3.81 (m, 1 H), 2.86 — _
2.78 (m, 3 H), 2.71 =2.60 (m, 1 H), 2.52 ~2.35 (m, 3 H), 1.92 - 1.81 (m, 2 H), 1.75 (¢, 1 H),
1.61~1.14 (m, 17 H), 1.04 - 0.95 (m, 2 H); - APCI MS m/z 730.4 (M-1).

Example 3-55a
4-Fluoro-2,3-dihydro-1H-isoindole used in Example 3-55 was prepared in the following two

steps:
Step 1:
F o F oo
Formamide, 125 C
o [ T
3%
o} o
[00588] The best result occurs when the starting material is run 0.5 M in formamide and heated

to 125 °C for 1 to 5 h depending on scale. Starting material is not soluble in formamide until
the temperature is > 60 °C. Upon completion of reaction as monitored by LC/MS (apcineg),

the heat is removed and 3 times the volume of the reaction of water is added. Next, the reaction
is allowed to warm to room temperature and stirred until a pale yellow precipitate has formed.
The yellow solid product is filtered off and washed with water before drying overnight to give
yields between 70 - 77 %. '
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Step 2:
Fooo ‘ F
BHy-THE
©:$NH reflux, 18 h ©:\NH
0
[00589] To the starting material in a round bottom flask was added 4 equivalents of 1 M BH;-

THF drop wise using an addition funnel to form a golden solution which upon heating and

stirring turned copper in color. The reaction was then heated at reflux for 18 h.

[00590] . The reaction is then cooled to room temperature (1t) and then to 0 °C in an ice bath, 4

equivalents of MeOH are added drop wise and the ice bath removed so quenched reaction can

warm to rt. Reaction color turns dark during this warming process. Next, 6 N HCI was added

* drop wise at rt until pH paper showed reaction to be acidic and the reaction refluxed (63 °C)

for1h The reaction was then cooled to rt. At this point the reaction was concentrated and

washed with Et,O (2x) and DCM (2x). The aqueous layer was then brought to pH = 11 with

_ NaOH pellets. More water was added and the aqueous layer was extracted with ether (4x). The

combined extracts were dried over Na,;SO,4 and concentrated to give a light tan colored oil
product, which was used directly. Mass recovery is always slightly higher than theoretical, but

material is used crude like this to give > 80 % yield in the next step.

' Example 3-56

Compound AR00333833
[00591] (1S, 4R, 65, 148, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-

butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-

tricyclo[14.3.0.04,6Jnonadec-18-yl ester (Compound AR00333833) was synthesized according
to Examples 1-2 and 3-1, excépt that in the analogous Example 1-2 steps, 2,3-Dihydro-1H-
isoindole was used in Step 4 instead, and the ring-closing metathesis product 10 from step 3 of
Example 1-2 was further reduced with H, / Rh-A1;0; before the next coupling step according
to a literature procedure (WO 0059929, p.p. 76-77). 'HNMR (400 MHz, CD3SOCD;3) 8 11.11

(s, 1H), 8.89 (s, 1H), 7.16-7.29 (m, 4H), 6.95 (d, 1H), 5.25 (bs, 1H), 4.50-4.60 (bs, 4H), 4.40
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(dd, 1H), 4.23 (d, 1H), 3.93 (m, 1H), 3.68 (d, 1H), 2.92 (m, 1H), 2.32 (dd, 1H), 2.11 (. 1H),
1.40-1.68 (m, 2H), 0.92-1.40 (m, 19H). MS m/z 717.0 (M+1).
Example 3-57

Compound AR00334286
5 [00592] (LS, 4R, 68, 148, 18R)-5-Amino-1,3-dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0Jnonadec-7-en-18-yl ester (Compound AR00334286) was synthesized

according to the procedures shown in the following scheme.

o Q.
TIPSC! N, N% o\\—OEt
H o N(D

Step 1 Ny

Stepd

COl, DCE, 1t

HN

Step §

[00593] Step 1. Synthesis of (15, 4R, 68, 14S, 18R)-14-tert-Butoxycarbonylamino-2,15-dioxo-

10 18-triisopropylsilanyloxy-3,16-diaza-tricyclo[14.3 .O.04'6]nonadec-7-ene-4—carboxylic acid
ethyl ester. To a solution of the free hydroxymacrocycle intermediate (compound 10 of
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Example 1-2, 5.0 g, 10.1 mmol) in DtiSolve DCM (30 ml) was added imidazole (827 mg, 1.2
equiv) and TIPSCI (2.15 g, 1.1 equiv). The reaction mixture was stirred at RT for 18h. TLC
(5% MeOH-DCM) showed considerable amount of SM still remaining. To this reaction
mixture was added more imidazole (410 mg), TIPSCI (1 g) and DMAP (121 mg). After stirring
for overnight, reaction mixture showed small amount of SM left. - The reaction mixture was
washed with water (2 x 25 ml). The combined aqueous layer was backwashed with DCM (25
ml). The combined otganic layers was dried and concentrated to give a light yellowish oil. The

crude material was used in the next step without further purification.

[00594] Step 2. Synthesis of (1S, 4R, 65, 14S, 18R)-14-tert-Butoxycarbonylamino-2,15-dioxo-

18-triisopropylsilanyloxy-3,16-diaza-tricyclo[14.3.0.0“*Inonadec-7-ene-4-carboxylic acid.

The ester SM from Step 1 was first dissolved in a mixture of THF (20 ml) and MeOH (20 ml).
To this mixture was then added LiOH-H,0 (2.1 g, 50 mmol) in water (10 ml) and stirred for 12
hatRT. LCMS showed reaction complete. The reaction mixture was concentrated to almost>
dryness. The solid residue was then dissolved in 50 mL water, acidified with 2N HC], and
extracted with EtOAc (2 x 50 ml). The combined organic layers was dried over anhydrous

NayS0, and concentrated. The crude material was used in the next step without further

purification.

[00595] Step 3. Synthesis of (1S, 4R, 6S, 14S, 18R)-(4-Cyclopropanesulfonylaminocarbonyl-

2,15-dioxo-18-triisopropylsilanyloxy-3,16-diaza-tricyclo[14.3.0.0**]nonadec-7-en-14-y1)-
carbamic acid tert-butyl ester. The acid SM from Step 2 above was first dissolved in 25 mL
DriSolvel,2-dichloroethane. To this solution was added CDI (2.2 g, 13.8 mmol) in one portion
and the reaction was stirred at 50 °C for 3h. Then cyclopropyl sulfonamide (3.3 g, 27.5 mmol)
was added to the reaction, followed by DBU (4.2 g, 27.5 mmol), and the reaction was stirred at
50 °C for 4h. LCMS showed reaction complete. For work-up, the reaction mixture was
washed with water (2 x 50 mL), and the organic layer was dried (anhyd. Na;SOQq) and
concentrated. The crude material was used in the next step without further purification.

[00596] Step 4. Synthesis of (15, 4R, 65, 145, 18R)-(4-Cyclopropanesulfonylaminocarbonyi-

18-hydroxy-2,1 5-dioxo-3,16-diaza—tricyclo[l4.3.0.04'6]nonadec-7-en-14—y1)-carbamic acid tert-
butyl ester. The crude product from Step 3 above was first dissolved in THF (40 mL). To this
solution was then added TBAF (3.6 g, 13.7 mmol, 1.5 equiv) and stirred for 2h at RT. TLC
showed reaction complete. The reaction mixture was then concentrated down to dryness, re-
dissolved in EtOAc and washed with water. The organic layer was dried (anhyd. Na;SO4) and
concentrated. For purification, the crude product was dissolved in DCM (50 mL) and washed
with 3N NaOH solution. The aq. layer was neutralized with 2N HCI and extracted with DCM
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(2 x 25 mL). The combined organic layers was dried (Na,SO+) and concentrated to give pure
white solid (2.4 g, 46 %). MS m/z (APCI+) 469.1 (MH"-Boc,.

[00597] Step 5. Synthesis of (1S, 4R, 6S, 148, 18R)-5-Amino-1,3-dihydro-isoindole-2-
carboxylic acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-

5 dioxo-3,16-diaza—tricyclo[14.3_.0.04'6]nonadec-7~en-1 8-yl ester (Compound AR00334286). To
a DCE solution of the product from Step 4 above (19 mg, 33 pmol) was added CDI (7Tmg, 1.3
equiv), and the reaction was stired at RT for overnight. LCMS indicated reaction complete.
2,3-Dihydro-1H-isoindol-5-ylamine (18 mg, 4 equiv) was then added. After4hatRT, LCMS
showed reaction complete. The reaction mixture was directly loaded onto silica gel and eluted

10 with 1 to 5 % methanol/DCM. The pure product was isolated as a white solid. MS m/z
(APCI+): 629.2 (MH'-Boc).
Example 3-58

Compound AR00334385
[00598] (LS, 4R, 65, 148, 18R)-4-Amino-1,3-dihydro-isoindole-2-carboxylic acid 14-tert-
15 butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-

tricyclo[14.3.0.0*%Inonadec-7-en-1 8-yl ester (Compound AR00334385) was synthesized by a
similar fashion as that described in Example 3-57, substituting 2,3-Dihydro-1H-isoindol-5-
ylamine in Step 5 with 2,3-Dihydro-1H-isoindol-4-ylamine instead. Also, the final product
purification was carried out on reverse phase column chromatography (eluent = 5 to 100 %

20 acetonitrile in water), yielding the final product as a beige foamy solid. MS m/z (APCI-):
728.2 (M.
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Example 3-59

Compound AR00340479
[00599] (18, 4R, 68, 148, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-2,15-dioxo-4-triflucromethanesulfonylaminocarbonyl-3,16-diaza-
tricyclo[14.3.0.0%¢|nonadec-7-en-18-y] ester (Compound AR00340479) was synthesized

according to the procedures described in Example 3-6, except that trifluoro-

methenesulfonamide was used to replace cyclopropanesulfonamide. 'H NMR (400 MHz, d°-
Acetone): § 7.98 (brs, 1 H), 7.23-7.35 (m, 4 H), 6.13 (brd, 1 H), 5.70 (q, 1 H), 5.44 (brs 1 H),
4.98-5.02 (m, 1 H), 4.61-4.72 (m, 5 H), 4.49 (d, 1 H), 4.16-4.18 (m, 1 H), 3.87-3.90 (m, 1 H),
2.57-2.59 (m, 2 H), 2.38-2.51 (m, 2 H), 1.82-1.92 (m, 2 H), 1.72-1.79 (m, 2 H), 1.21-1.59 (m, 8
H), 1.21 (s, 9 H). MS nvz (APCI-): 741.1 (M").

Example 3-60

Compound AR00365387

[00600] - - (1S, 4R, 65, 14S, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-4-(4-carboxy-benzenesulfonylaminocarbonyl)-2,15-dioxo-3,16-diaza-
tricycio[l4.3 0.0%%Inonadec-7-en-18-yl ester (Compound AR00365387) was synthesized
according to the procedures described in Example 3-6, except that 4-sulfamoyl-benzoic acid
was used to replace cyclopropanesulfonamide. MS m/z (APCI-): 792.3 (M-1).
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Example 3-61

Compound AR00365388

{00601] (1S, 4R, 68, 14S, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-
| butoxycarbonylamino-4-(5-carboxy-2-chloro-benzenesulfonylaminocarbonyl)-2, 1 5-dioxo-
3,16-diaza-tricyclo[14.3.0.0*Jnonadec-7-en-18-yl ester (Compound AR00365388) was
synthesized according to the procedures described in Example 3-6, except that 4-chloro-3-

sulfamoyl-benzoic acid was used to replace cyclopropanesulfonamide. MS m/z (APCI-):

826.2 (M-2).
Example 3-62
o! N: §:
T o
\ Osd’ s/ ~OH
S QL 0
Lo it
Compound AR00365425

[00602] (1S, 4R, 68, 145, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-4-(3-carboxy-4-methoxy-benzenesulfonylaminocarbonyl)-2,15-dioxo-
3,16-diaza-tricyclo[14.3.0.0**Jnonadec-7-en-18-y1 ester (Compound AR00365425) was
synthesized according to the procedures described in Example 3-6, except that 2-methoxy-5-

sulfamoyl-benzoic acid was used to replace cyclopropanesulfonamide. MS m/z (APCI-):
822.3 (M-1).
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Compound AR00365426
[00603] (18, 4R, 6S, 14S, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-4-(5-carboxy-4-chloro-2-fluoro-benzenesul fonylaminocarbonyl)-2,15-
5 dioxo-3,16-diaza-tricyclo[14.3.0. 04’6]nonadec-7~en—1 8-yl ester (Compound AR00365426) was

synthesized according to the proécdures described in Example 3-6, except that 2-chloro-4-
fluoro-5-sulfamoyl-benzoic acid was used to replace cyclopropanesulfonamide. MS m/z
(APCI-): 844.2 (M-2). '
Example 3-64

10 . Compound AR00365572
[00604] (15, 4R, 68, 145, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-4-(4-dimethylamino-benzenesulfonylaminocarbonyl)-2,15-dioxo-3,16-
diaza—tricyclo[14.3‘0.04’6]nonadec-7-en-18-yl ester (Compound AR00365572) was synthesized
according to the procedures described in Example 3-6, except that 4-dimethylamino-

105 benzenesulfonamide was used to replace cyclopropanesulfonamide. MS m/z (APCIL-): 791.3
(M-1).
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Example 3-65

Compound AR00333801
[00605] (18, 4R, 68, 148, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14~tert-
butoxycarbonylamino-2,1 5-dioxo-4-(propane-2-sulfonylaminocarbonyl)-3,16-diaza-
5 tricyclo[14.3.0.04'6]nonadec-7~en-1 8-yl ester (Compound AR00333801) was synthesized
according to the procedures described in Example 3-6, except that propane—2-sulfonic acid

amide was used to replace cyclopropanesulfonamide. MS m/z (APCI-): 714.4 (M-1).
Example 3-66

Compound AR00333802
¢ [00606] (18, 4R, 68, 148, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 4-
benzenesulfonylaminocarbonyl-14-tert-butoxycarbonylamino-2,15-dioxo-3,16-diaza-

tricyclo[14.3 .0.04’6]n0nadec-7-en- 18-yl ester (Compound AR00333802) was synthesized
according to the procedures described in Example 3-6, except that benzenesulfonamide was

used to replace cyclopropanesulfonamide. MS m/z (APCI-): 748.3 (M-1).
15 Example 3-67

Compound AR00333803
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[00607] (1S, 4R, 68, 148, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-

butoxycarbonylamino-4-methanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza~
tricyclo[14.3.0.0““Inonadec-7-en-18-y1 ester (Compound AR00333803) was synthesized
according to the procedures described in Example 3-6, except that methanesulfonamide was
used to replace cyclopropanesulfonamide. MS m/z (APCI-): 686.4 (M-1).

Example 3-68

Compound AR00334188

[00608] . (1S,4R,6S, 145, 18R)-1,3-Dihydro—isoindole-Z;carboxylic acid 14-tert-

butoxycarbonylamino-4-(5-chloro-thiophene-2-sulfonylaminocarbonyl)-2,15-dioxo-3,16-
diaia-tricyclo[14.3.0.04’6]nonadec-7-en-18-y1 ester (Compound AR00334188) was synthesized
according to the procedures described in Example 3-6, except that 5-chloro-thiophene-2-
sulfonic acid amide was used to replace cyclopropanesulfonamide. MS m/z (APCI-): 788.3
(M-2).

Example 3-69

Compound AR00334247
[00609] (18, 4R, 68, 148, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 4-(S-acetylamino-

[1,3,4]thiadiazole-2-sulfonylaminocarbonyl)-14-tert-butoxycarbonylamino-2,15-dioxo-3,16-

diaza-tricyclo[14.3.0.0%¢nonadec-7-en-18-yl ester (Compound AR00334247) was synthesized

according to the procedures described in Example 3-6, except that N-(5-Sulfamoyl-

[1,3,4]thiadiazol-2-yl)-acetamide was used to replace cyclopropanesulfonamide. 'H NMR

(400 MHz, d®-Acstone): § 7.24-7.31 (m, 4 H), 5.96 (brd, 1 H), 5.42 (brs 1 H), 5.28 (m, 1 H),
187 '
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5.15 (m, 1 H), 4.68 (m, 6 H), 4.49 (m, 1 H), 4.14 (m, 2 H), 2.60 (m, 1 H), 2.25-2.36 (m, 5 H),

1.70-2.19 (m, 8 H), 1.19-1.48 (mm, 4 H), 1.30 (5, 9 H). MS m/z (APCI-): 813.3 (M-1).
Example 3-70

o i \_7
hah
Og 7
9 0§}‘_Nﬁ;\Q\\N
L
Y
Compound AR00334248

[00610] (1S, 4R, 6S, 14S, 18R)-l,3-Dihydro-isoindqle~2-carboxylic acid 14-tert-

butoxycarbonylamino-4-(4-cyano-benzenesulfonylaminocarbonyl)-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0*Jnonadec-7-en-18-yl ester (Compound AR00334248) was synthesized
according to the procedures described in Example 3-6, except that 4-cyano-
benzenesulfonamide was used to replace cyclopropanesulfonamide. *H NMR (400 MHz, dé
Acetone): § 11.32 (brs, 1 H), 8.36 (brs, 1 H), 8.04-8.15 (m, 4 H), 7.22-7.35 (m, 4 H), 6.12 (brd,
1 H), 5.47 (brs 1 H), 5.28 (q, 1 H), 4.60-4.72 (m, 5 H), 4.48-4.54 (m, 2 H), 4.14-4.17 (m, 1 H),
3.86-3.90 (m, 1 H), 2.37-2.52 (m, 4 H), 1.72-1.85 (mn, 2 H), 1.59-1.62 (m, 1 H), 1.20-1.55 (m, 8
H), 1.20 (s, 9 H). MS m/z (APCIL-): 773.3 (M-1).

Example 3-71

Compound AR00334249

[00611] (1S, 4R, 68, 145, 18K)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-

butoxycarbonylamind-4-(4-m'tro—benzenesulfonylaminocarbonyl)-2, 15-dioxo-3,16-diaza-

tricyclo[14.3.0.0%¢]nonadec-7-en-18-yl ester (Compound AR00334249) was synthesized

according to the procedures described in Example 3-6, except that 4-nitro-benzenesulfonamide

was used to replace cyclopropanesulfonamide. 'H NMR (400 MHz, d°-Acetone): § 11.39 (brs,

1 H), 8.46 (d, 2 H), 8.35 (brs, 1 H), 8.23 (d, 2 H), 7.23-7.36 (in, 4 H), 6.11 (brd, 1 H), 5.47 (brs

1H),5.23 (g, | H), 4.59-4.72 (m, 5 H), 4.49-4.54 (m, 2 H), 4.15 (m, 1 H), 3.86-3.90 (m, 1 H),
' 188
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2.40-2.53 (m, 4 H), 1.72-1.85 (m, 2 H), 1.59-1.62 (m, 1 H), 1.20-1.56 (m, 8 H), 1.20 (s, 9 H).
MS m/z (APCI-): 793.3 QM-1).
Example 3-72

Compound AR00334250
5 [00612] (18, 4R, 65, 145, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-4-(4-chloro-benzenesulfonylaminocarbonyl)-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0%%)nonadec-7-en-1 8-yl ester (Compound AR00334250) was synthesized
- according to the procedures described in Example 3-6, except that 4-chloro-

benzenesulfonamide was used to replace cyclopropanesulfonamide. 'H NMR (400 MHz, d°-

10 Acetone): § 11.16 (brs, 1 H), 8.34 (brs, 1 H), 7.96 (d, 2 H), 7.65 (d, 2 H), 7.22-7.36 (m, 4 H),
6.13 (brd, 1 H), 5.46 (brs 1 H), 5.27 (g, 1'H), 4.59-4.71 (m, 5 H), 4.48-4.54 (m, 2 H), 4.14-4.18
(m, 1 H), 3.87-3.89 (m, 1 H), 2.35-2.52 (m, 4 H), 1.75-1.85 (m, 2 H), 1.58-1.61 (m, 1 H), 1.20-
1.53 (m, 8 H), 1.20 (s, 9 H). MS m/z (APCI-): 782.3 (M-?.).v
Example 3-73

i5 - Compound AR00334341
{00613] (1S, 4R, 68, 148, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-

butoxycarbonylamino-4-(4-methoxy-benzenesulfonylaminocarbonyl)-2,15-dioxo-3,1 6-diaza-
tricyclo[14.3.0.0%%]nonadec-7-en-1 8-yl ester (Compound AR00334341) was synthesized
according to the procedures described in Example 3-6, except that 4-methoxy-

20 benzenesulfonamide was used to replace cyclopropanesulfonamide. "H NMR (400 MHz, d°-
Acetone): § 8.26 (brs, 1 H), 7.84 (4,2 H), 7.19-7.32 (m, 4 H), 7.05 (d, 2 H), 6.08 (brd, 1 H),
5.43 (brs 1 H), 5.25 (g, | H), 4.55-4.67 (m, 5 H), 4.48 (q, 2 H), 4.10-4.14 (m, 1 H), 3.87 (s, 3
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H), 3.82-3.87 (m, 1H), 2.29-2.47 (m, 4 H), 1.74-1.84 (m, 2 H), 1.51-1.55 (g, 1 H), 1.37-1.47
(m, 4 H), 1.20-1.32 (m, 5 H), 1.17 (s, 9 H). MS m/z (APCL): 779.1 (M-1).

Example 3-74

Compound AR00364266

5 [00614] (185, 4R, 68, 148, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-4-(5-carboxy-1-methyl-1 H-pyrrole-2-sulfonylaminocarbonyl)-2,15-
dioxo-3,16-diaza-tricyclo[14.3.0.0*%Inonadec-7-en-18-yl ester (Compound AR00364266) was
synthesized according to the procedures described in Example 3-6, except that 1-methyl-5-

sulfamoyl-1H-pyrrole-2-carboxylic acid was used to replace cyclopropanesulfonamide. 'H

"'NMR (400 MHz, d°-Acetone): § 10.84 (brs, 1 H), 8.27 (brs, 1 H), 7.59 (d, 1 H), 7.24-7.35 (m,

4H),7.18(d, L H), 6.10 (brd, 1 H), 5.50 (br, 1 H), 5.46 (m 1 H), 5.36 (q, 1 H), 4.59-4.71 (m, 6
H), 4.48 (d, 1 H), 4.13-4.17 (m, 1 H), 4.00 (s, 3 H), 3.85-3.89 (m, 1H), 2.35-2.59 (m, 4 H),
1.71-1.90 (m, 2 H), 1.62-1.65 (m, 1 H), 1.20-1.51 (m, 8 H), 1.20 (s, 9 H). MS m/z (APCI-):
795.4 (M-1).

Example 3-75

Compound AR00365427

[00615] (1S, 4R, 65, 14S, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-2,15-dioxo-4-(thiophene-2-sulfonylaminocarbonyl)-3,16-diaza-
tricyclo[14.3.0.0“nonadec-7-en-18-yl ester (Compound AR00365427) was synthesized

according to the procedures described in Example 3-6, éxcept that thiophene-2-sulfonic acid
amide was used to replace cyclopropanesulfonamide. MS m/z (APCL-): 754.4 (M-1).
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Example 3-76

Compound AR00334339
[00616] (1S, 4R, 65, 148, 18R)—6~Methoxy-l-methoxymethyl-3,4-dihydro-lH-'isoquinolinerZ-
carboxylic acid 14-tert-bntoxycarbonylamino-4-cyclopropanesulfonylanﬁnocarbonyl-2, 15-
dioxo-3,16-diaza-tricyclo[14.3.0.0%%|nonadec-7-en-1 8-yl ester (Compound AR00334339) was
synthesized according to the procedures described in Example 3-6, except that 6-methoxy-1-
methoxymethyl-1,2,3,4-tetrahydro-isoquinoline (for synthesis see Example 3-76a) was used to
replace 2,3-dihydro-1H-isoindole. MS m/z (APCI-): 800.5 M-1).

Example 3-76a
_0
mHEC"

Q
I

The synthesis of 6-Methoxy—1-methoxymethyl-1,2,3,4-tetrahydro-isoquinolinium chloride is
depicted in the following scheme:
0 .
Cl H ' (o)
O NH; CI/LK/ /OO/VNY\C( P03, Xylenes | e \@j/;‘w+cr
[ j TEA, DOM o) 140 °C
ol

-78°C
Step 1 . Step 2

e
1. TEA, NaOMe, Nal, MeOH
NHZ*CI'
2. NaBHg, MeOH
Step3 7

[00617] Step 1: Synthesis of 2-Chloro-N-[2-(3-methoxy-phenyl)-ethyl]-acetamide. The

amine, 2-(3-Methoxy-phenyl)-ethylamine, was taken up as a 0.6 M solution in DCM, followed
by addition of TEA (2 equiv.). The mixture was then cooled in an IPA/dry ice bath. When the
reaction temperature reached - 60 °C, a solution of chloroacetylchloride in DCM (2.6 M) was

added dropwise so as to keep the temperature below - 60 °C. After compiete addition, the
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reaction was stirred at -60 °C for 1 h. The reaction was then warmed to - 20 °C and filtered
over GF filter paper to remove some of the TEA - HCI salt. The filtrate was warmed the rest of
the way to rt and transferred to a separatory funnel where it was washed with 1 N HCI (2x) and
brine. The organic layer was dried over MgSOy and concentrated to give a dark purple solid.

This crude product was directly used in the next step without further purification.

[00618] Step 2: Synthesis of 1-Chloromethyl-6-methoxy-3,4-dihydro-isoquinelinium

chloride. Two equiv. of P,0s (12.9 g) was boiled in xylenes (180 mL) ag a 0.25 M solution.
The crude product from Step 1 above was also first boiled in xylenes (45 mL) to make a 0.5 M
solution, and it was.then added dropwise via an addition funnel to the P,0s solution, The
mixture was stirred and heated at reflux for 1h. The reaction was then cooled to RT and the
xylenes decanted off at this point. The flask was then placed in an ice bath and stirred while
ice, water, EtOAc, and finally 4 M NaOH were added carefully until the pH > 12, Reaction
was kept <25 °C until pH = 12 was reached. The reaction was then extracted with EtOAc (3x).
The combined organic extracts were dried over MgSO, and concentrated to give a dark
solution. This was cooled in an ice bath while 400 mL of cold Et,O was added followed by 100
mL of cold HCV Et;0. A precipitate formed and was filtered away, washing with Et;O0. The
solid was immediately placed on high vac for 2 h to give the target product as a colored foamy

solid. This crude product was directly used in the next step without further purification.

[00619] Step 3: Synthesis of 6-Methoxy-1-methoxymethyl-1,2,3,4-tetrahydro-

=0

a5
23

isoquinolinium chloride. The crude product from Step 2 above was added in one portion to

" TEA (5 equiv.) and Nal (0.1 equiv.) in MeOH at 0 °C. Next, 2.2 equiv. of NaOMe was added

and the homogeneous reaction became turbid. The reaction was then stirred at 0 °Cfor 1 h.

LC/MS showed the imine completely freebased.

[60620] The reaction was then cooled again to 0 °C in an ice bath and NaBHj (1.5 equiv.) was

added carefully. The reaction was then warmed to RT again and stirred for 2 h. After the
reaction reached completion as monitored by LC/MS, it was concentrated, treated with 1 N
NaOH and extracted with EtOAc. The organic layer was dried over MgSO4 and concentrated.
The resulting residue was taken up in MeOH and cooled in an ice bath. HCI gas was bubbled
through it for 10 min. The reaction mixture was concentrated and re-dissolved in MeOH. After
concentrating a second time the reaction was put on the high vac‘ for overnight. The crude
material was then triturated with EtOAc (3x) to give the product as a brownish foamy solid
upon sitting overnight on the high vac. This crude product was directly used in the next step
without further purification. MS m/z (POSESI): 208.1 (MH").
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Example 3-77

Compound AR00365193
[60621] (1S, 4R, 685, 14S, 18R)-5-Fluoro-1-methoxymethyl-3,4-dihydro-1H-isoquinoline-2-

carboxylic acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-
dioxo-3,16-diaza-tricyclo[14.3.0.0*Inonadec-7-en-18-yl ester (Compound AR00365193) was

S5

synthesized according to the procedures described in Example 3-76, except that 5-fluoro-1-
methoxymethyl-1,2,3,4-tetrahydro-isoquinolinium chloride (for synthesis see Example 3-77a)
was used to replace 6-methoxy-1-methoxymethyl-1,2,3,4-tetrahydro-isoquinolinium chloride.
_ 'H NMR (500 MHz, CD;0D) & 8.99 — 8.91 (m, 1H), 7.23 - 7.15 (m, 1H), 7.13 - 6.99 (m, 2H),
™ 6.99 — 6.90 (m, 1H), 5.68 (q, 1H), 5.41 (br's, 1H), 5.35 - 5.21 (m, 1H), 5.06 (t, 1H), 4.60 —
4,31 (m, 3H), 4.30 - 4.05 (m, 3H), 3.96 - 3.81 (m, 1H), 3.80 — 3.56 (m, 3H), 3.35 (d, 3H), 2.98
~2.30 (m, 9H), 1.91 - 1.68 (m, 4H), 1.64 - 0.95 (m, 16H); MS (APCL") m/z 788.3 (M-1).

Example 3-77a

F
NHp*CI
7
[00622] Synthesis of 5-fluoro-1-methoxymethyl-1,2,3,4-tetrahydro-isoquinolinium chloride was
15 carried out in a similar fashion as depicted in Example 3-76a, except that in Step 1, 2-(2-

Fluoro-phenyl)-ethylamine was used to replace 2-(3-Methoxy-phenyl)-ethylamine.
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Example 3-78

Compound AR00365438
[00623] (15, 4R, 6S, 14S, 18R)-4-Fluoro-1,3-dihydro-isoindole-2~carboxylic acid 14-tert-

butoxycarbonylamino-4-(4-carboxy-benzenesulfonylaminocarbonyl)-2,15-dioxo-3,16-diaza-

5 tricyclo[l4.3.0.04’6]nonadec-7—en—l 8-yl ester (Compound AR00365438) was synthcsiicd
according to the procedures described in Example 3-55, except that 4-sulfamoyl-benzoic acid
was used to replace cyclopropanesulfonamide. 'H-NMR (500 MHz, CD;QOD) 6 8.92 (d, 1H),
8.25—8.19 (m, 1H), 8.15 (d, 2H), 8.04 (d, 2H), 7.36 — 7.27 (m, 1H), 7.14 (d, 1H), 7.05 - 6.95
(m, 2H), 5.42 (br s, 1H), 5.26 (q, 1H), 4.82 — 4.50 (m, 8H), 4.10 - 4.00 (m, 1H), 3.85 (d, 1H),

8 3.75-3.69 (m, 1H), 2.60 — 2.39 (m, 4H), 2.26 (p, 2H), 1.89 — 1. 84(rn IH) 1.81 - 1.05 (m,

15H); MS (APCI-): m/z 810.2 (M-1).
Example 3-79

Compound AR00340303
[00624] Synthesis of (1S, 4R, 68, 14S, 18R)-4-Fluoro-1,3-dihydro-isoindole-2-carboxylic acid
15 14-{2-cyclohexyl-2-[(pyrazine-2-carbonyl)-amino]-acetylamino } -4~
cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-tricyclo[14.3.0 .04’6]nonadec-7-en-
18-yl ester (Compound AR00340303).
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' N
1) 50 % TFA (DCM), t, 1h
X oo
0 9 2) ACN, DIEA, HATU, D Cto it \ A
. . N (/ .
29 Ly
0 H N .
° N(j)/ﬁ [\N]\er\)LOH N “\/IL '
o NH,_P o i N

=0 o

A O O

[00625] The starting material (AR00334191, Example 3-55, 10 mg, 13.7 pmol) was dissolved
in 1 mL of 50 % TFA (DCM) and stirred at RT for 1 h. The reaction mixture was then
concentrated to dryness, taken up in acetonitrile and concentrated again. Repeat the above
process once more to remove any excess TFA. The resulting solid residue was then dissolved
in DCE~(137 pL), cooled to 0 °C in an ice bath, followed by addition of the amino acid,
cyclohexyl-[(pyrazine-2-carbonyl)-amino]-acetic acid (1.05 equiv), HATU (10 mg) and DIEA
(4 drps). The mixture was let slowly warm up to RT and stir for overnight. For work-up, the

reaction mixture was directly loaded onto a C-18 column and purified with reverse-phase

~olimn chromatography, giving the target compound as a white solid. MS (APCI-): m/z 876.1

Compound AR00340122
[00626] (LS, 4R, 68, 148, 18R)-4-Fluoro-1,3-dihydro-isoindole-2-carboxylic acid 14-(2-
acetyl amino-2-cyclohexyl-acetylamino)-4-cyclo_propanesulfonylaminocarbonyl-Z,1 5-dioxo-
3,16-diaza-tricyclo[14.3.0.0%%|nonadec-7-en-1 8-yl ester (Compound AR00340122) was

synthesized according to the procedures described in Example 3-79, except that acetylamino-

cyclohexyl-acetic acid was used to replace cyclohexyl-[(pyrezine-2-carbonyl)-amino}-acetic
acid. MS (APCI-): m/z 811.3 (M-1).
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Example 3-81

Compound AR00340156
[00627] Synthesis of (1S, 4R, 63, 145, 18R)—4-F1uor6-1,3-dihydro-isoindolc—2-carboxylic acid

4-cyclopropanesulfonylaminocarbony!-14-[2-(4-methoxy-phenyl)-acetylamino}-2,15-dioxo-

5 3,16-diaza-tricyclo[14.3 .0.04’6]nonadec-7~en~1 8-yl ester (Compound AR00340156).
F
;NE
1.50 % TFAICHCLp 1h . 02\0
2. DCE, DIEA '
Q
\ A\ Cl

[00628] . The starting material (AR00334191, Example 3-55, 10 mg, 13.7 pmol) was dissolved -
in 1 mL of 50 % TFA (DCM) and stirred at RT for 1 h. The reaction mixture was then
concentrated to dryness, taken up in acetonitrile and concentrated again, Repeat the above
process once more to remove any excess TFA. The resulting solid residue was then dissolved

10 in DCE (137 uL), followed by addition of the acid chloride, (4-Methoxy-phenyl)-acetyl
chloride (2 drps) and DIEA (4 drps). The mixture was stirred ar RT for overnight. After
completién, the reaction was diréctly loaded onto a C-18 column and purified with reverse-
phase column chromatography. The compound was further purified on normal phase silica gel
chromatography (eluent = 40 % EtOAc/hexanes with 1 % formic acid) to give the target |

15 compound as a white solid. 'H NMR (500 MHz, CD;OD) § 7.33 (p, 1H), 7.15(d, 1H), 7.05 -
6.92 (m, 3H), 6.65 (dd, 2H), 5.68 (q, 1H), 5.40 (br's, 1H), 5.09 (t, 1H), 4.78 — 4.46 (m, 7H),
4.43 - 4.24 (m, 2H), 3.89 - 3.80 (m, 1H), 3.68 (d. 3H), 3.21 (d, 1H), 2.69 — 2.57 (m, 1H), 2.52
~2.30 (m, 5H), 2.06 — 0.80 (m, 15H); MS (APCI-): n/z 778.3 (M-1).
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Example 3-82

- Compound AR00340178
[00629] (15, 4R, 68, 145, 18R)-4-Fluoro-1,3-dihydro-isoindole-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-14-[2-(3-methoxy-phenyl)-acetylamino]-2,15-dioxo-3,16-

diaza-tricyclo[14.3.0.0*“Inonadec-7-en-18-y! ester (Compound AR00340178) was synthesized
according to the procedures described in Example 3-81, except that (3-Methoxy-phenyl)-acetyl
chioride was used to replace (4-Methoxy-phenyl)-acetyl chloride. 'HNMR (500 MHz,
CD;0D) 8 7.32 (p, 1H), 7.14 (d, 1H), 7.05 - 6.92 (m, 3H), 6.76 ~ 6.58 (m, 2H), 5.68 (q, 1H),
5.41 (brs, 1H), 5.09 (t, 1H), 4.76 — 4.46 (m, TH), 4.43 — 4.26 (m, 2H), 3.91 —3.82 (m, 1H),
-3.69 (d, 3H), 2.94 - 2.85 (m, 1H), 2.70 - 2.57 (m, 1H), 2.52 —2.30 (m, 5H), 2.06 — 0.80 (m,
15H); MS (APCI-) mv/z 778.3 (M-1). '
Example 3-83

Compound AR00340188
[00630] (185, 4R, 68, 148, 18R)-4-Fluoro-1,3~dihydro-isoindole-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-phenylacetylamino-3,16-diaza-
tricyclo[14.3.0.0%6]nonadec-7-en-18-yl ester (Compound AR003401 88) was synthesized
according to the procedures described in Example 3-81, except that phenyl-acetyl chloride was

used to replace (4-methoxy-phenyl)-acetyl chloride. MS (APCI-) m/z 748.4 (M-1).
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Example 3-84

Compound AR00334314

[00631] (18, 4R, 65, 14S, 18R)-5-Methoxy-1,3-dihydro-isoindole-2-carboxylic acid 14-tert-

butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.04’6]nonadec-7-en-18-yi ester (Compound AR00334314) was synthesized
according to the procedures described in Example 3-6, except that 5-methoxy-2,3-dihydro-1H-
isoindole (prepared by a similar fashion as described in: JOC, Vol. 53, No. 22, 1988, pp.5381-
5383) was used to replace 2,3-dihydro-1H-isoindole. MS m/z (APCI-): 742.3 (M-1).
Example 3-85

Compound AR00334399
[00632) (18, 4R, 6S, 145, 18R)-4,7-Difluoro-1,3-dihydro-isoindole-2-carboxylic acid 14-tert-

. butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-

tricyclo[14.3 .0.04’6]n0nadec-7-en-1 8-yl ester (Compound AR00334399) was synthesized
according to the procedures described in Example 3-6, except that 4,7-Difluoro-2,3-dihydro-

- 1H-iscindole (prepared by a similar fashion as described in: JOC, Vol. 53, No. 22, 1988,

pp.5381-5383) was used to replace 2,3-dihydro-1H-isoindole. 'H NMR (500 MHz, CD;0D)
8 8.97 (s, 1H), 6.99 — 6.85 (m, 2H), 5.69 (q, 1H), 5.42 (br's, 1H), 5.07 (t, 1H), 4.83 —4.57 (m,
6H), 4.51 (d, 1H), 4.13 - 4.02 (m, 1H), 3.85 (1, 1H), 2.94 - 2.86 (m, 1H), 2.73 -~ 2.59 (m, 1H),
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255~2.28 (m, 4H), 1.89~ 1.70 (m, 3H),1.65-1.22 (m, 10H), 1.18-0.96 (m, 10H), MS mv/z
(APCL-): 746.1 (M-1).
- Example 3-86

Compound AR00338066
5 [00633] (15, 4R, 6S, 148, l8R)—4—Fluoro-1,3-dihydro-isoindole-2—carboxyl§c acid 14-(3-tert-
butyl-ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-

. tricyclo[14.3.0.04’6]nonadec-7-en-18~yl ester (Compound AR00338066) was synthesized
according to the procedures described in Example 3-36, except that 4-fluoro-2,3-dihydro-1H-
isoindole was used to replace 2,3-dihydro-1H-isoindole. ‘H NMR (500 MHz, CD;0D) & 7.38 —

1C 7.28 (m, 1H), 7.13 (d, 1H), 7.01 (p, 1H), 5.69 (g, 1H), 5.45 (br s, 1H), 5.07 (t, 1H), 4.83 - 4.66
(m, 4H), 4.59 (q, 1 H), 4.49 (d, 1H), 437 - 4.17 (m, 2 H), 3.94 - 3.84 (m, 1 H), 3.72 (t, 1H),
2.95-2.87 (m, 1H), 2.68 - 2.29 (m, 5 H), 2.09 - 1.22 (m, 1 H), 1.12 - 0.95 (m, 12H); MS
(APCL-): m/z 729.3 (M-1), '

Example 3-87

15 Compound AR00338070 ’

[00634] (1S; 4R, 65, 148, 18R)-4-Fluoro-1,3-dihydro-isoindole-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-14-(3,3-dimethyl-butyrylamino)-2,15-dioxo-3,1 6-diaza-
tricyclo[14.3.0.0|nonadec-7-en-18-yl ester (Compound AR00338070) was synthesized
according to the procedures described in Example 3-81, except that 3,3-dimethyl-butyryl
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chloride was used to replace (4-methoxy-phenyl)-acetyl chloride. MS (AP‘CI-) m/z 728.3 (M-

1.
Example 3-88
F
iN/
. oél\g
3 00 %/H i
0
F)F(\)L”\%S 6] NH'S"=O
] A
Compound AR00338071
5 [00635) (15, 4R, 68, 148, 18R)-4-Fluoro-1,3-dihydro-isoindole-2-carboxylic acid 4-

10

15

cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-(4,4,4-trifluoro-butyrylamino)-3,16-diaza-
tricyclo[14.3.0.04’6]nonadec-7-en-18-yl ester (Compound AR00338071) was synthesized
according to the procedures described in Example 3-81, except that 4,4,4-trifluoro-butyryl
chloride was used to replacle (4-methoxy-phenyl)-acetyl chloride. MS (APCL-) m/z 754.3 (M-
D.

Example 3-89

Compound AR00341649

[00636] (15, 4R, 68, 148, 18R)-5-Isopropylamino-1,3-dihydro-isoindole-2-carboxylic acid 14-

tert-butoxycafbonylamino-4-oyclopropanesulfonylammo carbonyl-2,15-dioxo-3,16-diaza-

tl‘icyclo[14.3.0.04’6]n0nadec-7—en-18-y1 ester (Compound AR00341649) was synthesized

according to the procedures described in Example 3-6, except that (2,3-Dihydro-1H-isoindol-5-

yD)-isopropyl-amine (prepared by a similar fashion as described in: Org. Letters, 2003, Vol. 3,

No. 6, 793-796.) was used to replace 2,3-dihydro-1H-isoindole. 'H NMR (500 MHz, CD30D)

5 8.94 (brd, 1H), 7.52 (s, 1H), 7.48 (d, 1H), 7.41 - 7.32 (m, 2H), 7.32 - 7.24 (m, 2H), 5.69 (q,
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1H), 5.41 (br's, 1H), 5.07 (t, 1H), 4.82 - 4.66 (m, 3H), 4.60 (t, 1H), 4.52 (t, 1H), 4.08 (d, 1H),
3.85 (d, 1H), 3.80 - 3.68 (m, 1H), 2.94 — 2.87 (m, 1H), 2.71 —2.59 (m, 1H), 2.5 - 2.45 (m,
1H), 2.45 - 2.30 (m, 3H), 1.88 - 1.69 (m, 3H), 1.61 (t, 1H), 1.58 — 0.94 (m, 25H); MS (APCI-
) mz 770.1 (M-1).

Example 3-90
HO

3

N

0%\9
00 N(%rg 2 O\go '
/

A

Compound AR00364936

[00637] (1S, 4R, 65, 14S, 18R)-5-Hydroxy-1,3-dihydro-isoindole-2-carboxylic acid 14-tert-

butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0**Inonadec-7-en-18-y! ester (Compound AR00364936) was synthesized
according to the procedures described in Example 3-6, except that 2,3-Dihydro-1H-isoindol-5-
ol (prepared by a similar fashion as described in: JOC, Vol. 53, No. 22, 1988, pp.5381-5383)
was used to replace 2,3-dihydro-1H-isoindole. MS m/z (APCI-): 728.2 (M-1).

Example 3-01

Compound AR00365083

[00638] (18, 4R, 68, 148, 18R)-1,3-Dihydro-isoindole-2,5-dicarboxylic acid 2-(14-tert-

butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.04’6]nonadec-7-en~18-yl) ester S-methyl ester (Compound AR00365083) was
synthesized according to the procedures described in Example 3-57, except that 2,3-dihydro-

1H-isoindole-5-carboxylic acid methyl ester (prepared as shown in Example 3-91a) was used
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to replace 2,3-dihydro-1H-isoindol-5-ylamine in Step 5 instead. MS m/z (APCI+): 672.2
(MH*-Boc). '

Example 3-91a

MeO,C N
o
S

[00639] 2,3-Dihydro-1H-isoindole-5-carboxylic acid methyl ester was synthesized according to

5. the following scheme:
Pd(OA),, DPPP, TEA

Br\©:>NB°c CO, MeOH:DMSO (1:1) M602C\©:>NBDC M Me020\©:>NH

[00640] A mixture of 5-bromo-1,3-dihydro-isoindole-2-carboxylic acid tert-butyl ester (200 mg,
0.67 mmol), Pd(OAc), (30 mg, 0.2 equiv), DPPP (55 mg, 0.2 equiv), TEA (0.93 mL, 10 equiv)
and MeOH:DMSO (1:1, 4 mL) was stirred for 16 h under CO (balloon) at 80 °C. LC-MS and
TLC (20% EtOAc-Hexane) showed completion of the reaction. The Reaction mixture was

1; concentrated to remove MeOH and diluted with EtOAc (10 mL), and washed with water (2 x

25 mL). The organic layer was dried (Na;SOy), concentrated and purified by silica gel column
chromatography (eluent = 20% EtOAc-Hexane), giving pure 1,3-dihydro-isoindole-2,5- '
dicarboxylic acid 2-tert-butyl ester 5-methyl ester (150 mg, 81 %). MS (APCI+): m/z 178.1
(MH'-Boc). '

1 [06641] The product above was removed of the protective group by treating with 50% TFA-

W

DCM for 1h at 0°C - RT. The reaction mixture was concentrated to dryness, re-dissolved in
DCM, and neutralized with sat. NaHCOj solution. The organic layer was separated, dried and
concentrated to give the target compound as a free base, which was directly used in the next

coupling step without further purification.

20 Example 3-92

Compound AR00333831
[00642] (18, 4R, 68, 14S, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid 14-
cyclopentyloxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3 .0.04’6]nonadec-7-en- 18-yl ester (Compound AR00333831) was synthesized
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according to the procedures described in Example 3-5, except that 2,3-dihydr6-1H~isoindole
was used to replace 1,2,3,4—tef1'ahydro-isoq11inolme instead. "HNMR (400 MHz, CD;0D): &
7.36-7.22 (m, 3H), 7.21-7.16 (m, 1H), 5.74-5.60 (m, 1H), 5.40 (s, 1E), 5.20-5.03 (mn, 1E),
4.80-4.54 (m, 6H), 4.38-4.28 (m, 1H), 4.18 (m, 1H), 3.90-3.80 (m, 1H), 2.96-2.85 (m, 1H),
2.70-2.31 (m, 4H), 1.92-0.98 (m, 24 H). MS m/z (APCIL-): 724.4 (M-1).

Example 3-93 '

Compound AR00340494

[00643) (1S, 4R, 65, 145, 18R)-5-Morpholin-4-yl-1,3-dihydro-isoindole-2-carboxylic acid 14-

tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0*Inonadec-7-en-18-y1 ester (Compound AR00340494) was synthesized
according to the procedures described in Example 3-6, except that 5-morpholin-4-yl-2,3-
dihydro-1H-isoindole (prepared by a similar fashion as described in: J. Org. Chem. 2000, 65,
1144-1157) was used to replace 2,3-dihydro-1H-isoindole. lHNMR (400 MHz, DMSO—dé): 3
7.80-7.22 (m, 1H), 7.22-7.15 (m, 1H), 7.00-6.81 (m, 2H), 5.45-(m, 1H), 5.26 (m, 1H), 4.62-
4.50 (m, 4H), 4.42 (m, 1H), 4.28-4,10 (m, 2H), 3.98 (m, 1H), 3.76 (m, 4H), 3.12 (m, 4H), 2.71-
2.60 (m, 1H), 2.40-1.45 (m, 3H), 1.40-1.21 (m, 10H), 0.98-0.61 (m, 4H). MS m/z (APCI+):
699.2 (MH"-Boc). "

Example 3-94

Compound AR00365082
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[00644) (1S, 4R, 68, 14S, 18R)-5-Cyano-1,3-dihydro-isoindole-2-carboxylic acid 14-tert-
butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza~
tricyclo[14.3.0.04’6}nonadec-7-en-1 8-yl ester (Compound AR00365082) was synthesized
according to the procedures described in Example 3-6, except that 2,3-dithydro-1H-isoindole-5-

5 carbonitrile (prepared by a similar fashion as described in: J. Org. Chem. 1998, 63, 8224-8228)
was used to replace 2,3-dihydro-1H-isoindole. MS m/z (APCI+): 639.1 (MH'-Boc).

Example 3-95

Corapound AR00365252 ‘
[00645] (1S, 4R, 68, 14S, 18R)-5-Ethylcarbamoy!-1,3-dihydro-isoindole-2-carboxylic acid 14-

10 tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyc]o[14.3.0.04’5]nonadec-7~en-18-yl ester (Compound AR00365252) was synthesized

according to the procedures described in the following scheme:

1) LIOH-H;0, THF-MeOH

Compound AR00365083
2) EtNHgZ, HOAT, HATU, DIEA, DMF

o)
B

th

rz

[00646] Cornpound AR00365083 (70 mg, 91 pmol), of which the synthesis was described
15 earlier in this d'ocumént, was dissolved in a THF: MeOH (2:1, 3 mL) mixture, followed by
addition of 1 mL aq. solution of LiOH-H;0. The reaction was stirred for 1h atrt. LC-MS
indicated complete hydrolysis, the reaction was let continue for another 30 min before it was
concentrated, neutralized with 0.1N HCI and extracted with S mL of EtOAc. The organic layer

was dried (Na;80y4), concentrated and purified with silica gel column chromatography (eluent
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=5~7 % MeOH-DCM) to givé the hydrolysis product as a white solid, MS (APCI+): m/z
658.1 (MH"-Boc).

[00647] The product from the above step (23 mg, 30 pmol) was first dissolved in anhydrous

DMF (2 mL), followed by addition of ethylamine (3 equiv), HOAT (3 equiv), and HATU €]
equiv), and finally DIEA (6 equiv) was added dropwise. The reaction mixture was stirred at
RT for overnight. LC-MS showed completioﬁ of the reaction. The reaction mixture was
dituted with BtOAc (5 mL) and washed with water (2 x 10 mL). The organic layer was dried,
concentrated and the crude product was purified by preparative TLC, MS (APCI+): 685.2
(MH"-Boc),

Example 3-96

Compound AR00334218
[00648] (1S, 4R, 68, 14S, 18R)-5-Chloro-1,3-dihydro-isoindole-2-carboxylic acid 14-

cyclopentyloxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0**Jnonadec-7-en-18-yl ester (Compound AR00334218) was synthesized
according to the procedures described in Example 3-5, except that 5-chloro-2,3-dihydro-1H-
isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline instead. 'H NMR (400 MHz,
CD3CN) & 7.55 (bs, 1H), 7.19-7.33 (m, 3H), 5.63-5.73 (m, 2H), 5.27-5.34 (m, 1H), 4.98 (t,
1H), 4.52-4.72 (m, 5H), 4.48 (t, 1H), 4.34-4.44 (in, 1H), 4.06-4.15 (m, 1H), 2.77-2.90 (m, 2H),
2.54 (bs, 1H), 2.24-2.44 (m, 3H), 1.64-1.75 (m, 2H), 1.13-1.57 (m, 18H), 0.91-1.09 (m, 4H).
MS m/z 759.9 (M+1).
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Example 3-97

Compound AR00334220

[00645] (1S, 4R, 68, 14S, 18R)-5-Chloro-1,3-dihydro-isoindole-2-carboxylic acid 4-
cyclopropanesulfonylaminocarbonyl-2,15-dioxo-14-(tetrahydro-furan-3 -yloxycarbonylamino)-
3,16-diaza-tricyclo[14.3.0.0%%]nonadec-7-en-1 8-yl ester (Compound‘AR00334220) was

synthesized according to the procedures described in Example 3-16, except that 5-chloro-2,3-
dihydro-1H-isoindole was used to replace 1,2,3,4-tetrahydro-isoquinoline instead. "H NMR |
(400 MHz, CDsCN) 8 7.57 (bs, 1H), 7.20-7.34 (m, 3H), 5.87-5.93 (m, 1H), 5.65 (q, 1H), 5.31
(bs, 1H), 5.23-5.29 (m, 1H), 4.98 (t, 1H), 4.44-4.71 (m, 5H), 4.29-4.39 (m, 1H), 4.07-4.18 (m,
1H), 3.70-3.87 (m, 4H), 3.61-3.70 (m, 1H), 3.44-3.55 (m, 2H), 3.30-3.42 (m, 1H), 2.76-2.89
(m, 2H), 2.54 (bs, 1H), 2.36-2.46 (m, 1H), 2.24-2.36 (m, 2H), 1.69-1.76 (m, 1H), 1.59-1.69 (m,
1H), 1.13-1.56 (m, 8H), 0.90-1.10 (m, 4H). MS m/z 762.0 (M+1)

Example 3-98

Compound AR00334222

[00650] (15, 4R, 6S, -14S, 18R)-5-Chloro-1,3'-dihydro-isoindole-2-carboxy1ic acid 4-

cyclopropanesulfonylaminocarbonyl-14-(2-fluoro-ethoxycarbonylamino)-2,15-dioxo-3,16-
diaza-tricyclo[14.3.0.04’6]nonadec-7~cn~l8-y1 ester (Compound AR00334222) was synthesized
according to the procedures described in Example 3-28, except that 5-chloro-2,3-dihydro-1H-

isoindole was used to replace 2,3-dihydro-1H-isoindole instead. 'H NMR (400 MHz, CDsCNy

§ 7.53 (bs, 1H), 7.20-7.33 (m, 3H), 5.93 (d, 1), 5.67 (q, 1H), 5.32 (bs, 1H), 4.93-5.05 (m,
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1H), 4.52-4.72 (m, 5H), 4.47 (1, 1), 439 (t, 1H), 4.25-4.36 (m, 2H), 4.12-4.25 (mm, 2H), 3.65-
3.96 (m, 2H), 2.76-2.89 (m, 2H), 2,54 (bs, 1H), 2.22-2.44 (m, 3H), 1.67-1.76 (m, 1H), 1.13-
1.60 (m, 10H), 0.91-1.13 (m, 4H).. MS m/z 737.9 (M+1)

Example 3-99
Cl

Compound ARC0334225
[00651] (15, 4R, 68, 14S, 18R)-5-Chloro-1,3-dihydro-isoindole-2-carboxylic acid 4-

cyclopropanesulfonylaminocarbonyl-14-(3,3-dimethyl-butyrylamino)-2, 1 5-dioxo-3,16-diaza-
tricyclo[14.3.0.0%¢]nonadec-7-en-18-yl ester (Compound AR00334225) was synthesized
according to the procedures described in Example 3-81, except that 3,3-dimethyl-butyryl
chloride was used to replace (4-Methoxy-phenyl)-acetyl chloride, and that 5-chloro-2,3-
dihydro-1H-isoindole was used to replace 4—ﬂuoro—2,3»—dihydro—1H—isoindole instead. 'H
NMR (400 MHz, CD3CN) & 7.60 (bs, 1H), 7.15-7.33 (m, 3H), 6.54-6.65 (m, 1H), 5.63-5.73
(m, 1H), 5.33 (bs, 1H), 4.93-5.02 (m, 1H), 4.53-4.65 (m, 3H), 4.39-4.48 (m, 2H), 4.28-4.38 (m,
1H), 3.74-3.83 (m, 2H), 2.77-2.89 (m, 1H), 2.54 (bs, 1H), 2.23-2.44 (m, 3H), 1.68-1.91 (m,
4H), 1.12-1.54 (m, 11H), 0.91-1.11 (m, 4H), 0.76-0.90 (m 9H) MS m/z 746.2 (M+1)

Example 3-100
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[00652] (1S, 4R, 65, 148, 18R)-5-Chloro-1,3-dihydro-isoindole-2-carboxylic acid 14-(2-
cyclopentyl—acetylamino)—4¥cyc1opropanesulfonylaminocarbonyl-2, 15-dioxo-3,16-diaza-
tricyclo[14.3.0.0**nonadec-7-en-1 8-yl ester (Compound AR00334226) was synthesized
according to the procedures described in Example 3-81, except that cyclopentyl-acetyl chloride

5 was used to replace (4-Methoxy-phenyl)-acetyl chloride, and that 5 ~chloro-2,3-dihydro-1H-
isoindole was used to replace 4-ﬂuoro—2,3—dihydro-IH-isoindole instead. 'H NMR (400 MHz,
CDCls) 8 10.85 (bs, lH)., 6.95-7.30 (m, 3H), 5.87-6.02 (m, 1H), 5.63-5.79 (m, 1H), 5.43-5.52
v(m, 1H), 4.93-5.08 (m, 1H), 4.52-4.85 (m, 5H), 4.31-4.52 (m, 1H), 3.79-3.95 (m, 1H), 3.60-
3.75 (m, 2H), 3.14 (q, 1H), 2.90 (bs, 1H), 2.37-2.63 (m, 3H), 2.14-2.29 (m, 1H),1.73-2.12 (m,

10 6H), 1.16-1.74 (m, 13H), 0.96-1.16 (m, 4II) 0.68-0.96 (m, 9H). MS m/z 758.2 (M+1).
Exarnple 3-101

Ci
' ( ;
N
\~'I

A

Compound ARO00340173
[00653) (18, 4R, 68, 148, 18R)-5-Chloro-1,3-dihydro-isoindole-2-carboxylic acid 14-tert-
- butoxycarbonylamino-4-(5-chloro-thiophene-2-sulfonylaminocarbonyl)-2,15-dioxo-3,16-
15 diaza-tricyclo[14.3.0.0**Inonadec-7-en-18-yl ester (Compound AR00340173) was synthesized
v according to the procedures described in Example 3-6, except that 5-chloro-thiophene-2-
sulfonic acid amide was used to replace cyclopropanesulfonamide, and that 5-chloro-2,3-
dihydro-1H-isoindole was used to replace 2,3-dihydro-1H-isoindole instead. 'H NMR (400
MHz, CD3CN) 8 8.07 (d, 1H), 7.50 (d, 1H), 7.16-7.32 (in, 3H), 698 (d, 1H), 5.86 (bs, 1H),
0 5.27-5.39 (m, 2H), 4.81-4.92 (m, 1H), 4.58-4.64 (m, 2H), 4.51-4.58 (m, 2H), 4.44 (t, 1H), 4.33
(d, 1H), 4.10-4.20 (m, 1H), 3.73-3.81 (m, 1H), 2.47 (bs, 1H), 2.16-2.41 (m, 3H), 1.63-1.77 (m,
2H), 1.47-1.57 (m, 2H), 1.07-1.47 (m, 17H). MS m/z 724.1 (M+1-Boc)
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Compound AR00340526
[00654] 1S, 4R, 65, 148, 18R)-5-Bromo-1,3-dihydro-isoindole-2-carboxylic acid 14-tert-

butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-

5 tricyclo[14.3.0.0%Inonadec-7-en-18-yl ester (Compound AR00340526) was synthesized
according to the procedures described in Example 3-6, except that 5-bromo-2,3-dihydro-1H-
isoindole was used to replace 2,3-dihydro-1H-isoindole instead. "H NMR (400 MHz, CDCls)
8 10.31 (bs, 1H), 7.36-7.44 (m, 1H), 6.99-7.32 (m, 3H), 5.70 (q, 1H), 5.42-5.49 (m, 1H), 5.06-
5.13 (m, 1H), 4.99 (1, 1H), 4.52-4.78 (m, 5H), 4.32-4.44 (m, 1H), 4.16-4.27 (m, 1H), 3.78-3;89

3¢ (m, 1H), 3.33-3.42 (m, 1H), 2.85-2.94 (m, 1H), 2.40-2.64 (m, 3H), 2.20-2.32 (m, 111),1.68-
1.97 (m, 4H), 1.17-1.67 (m, 16H), 1.01-1.17 (m, 3H), 0.80-0.98 (m, 2H). MS m/z 694.0
(M+1-Boc). |
Example 3-103

Compound AR00333462
15 100655] (18, 4R, 68, 148, 18R)-4R-Methyl-3,4-dihydro-1H-isoquinoline-2-carboxylic acid 14-

tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[l4.3.0.04'6]nonadec-7-en-1 8-yl ester (Compound AR00333462) was synthesized
according to the procedures described in Example 3-1, except that 4R-methyl-1,2.3,4-

tetrahydro-isoquinoline (prepared according to similar procedures as in Example 1-17a, except
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that enantiomerically pure starting material was used instead of racemic one) was used to
replace 1,2,3,4-tetrahydro-isoquinoline instead. MS m/z 642.2 (M+1-Boc).
Example 3-104

Compound AR00333463
[00656] (1S, 4R, 68, 14S, 18R)-4S-Methyl-3,4-dihydro-1H-isoquinoline-2-carboxylic acid 14- .
tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0*%Inonadec-7-en-18-yl ester (Compound AR00333463) was synthesized

according to the procedures described in Example 3-1, except that 4S-methyl-1,2,3,4-

tetrahydro-isoquinoline (prepared according to similar procedures as in Example 1-17a, except
that enantiomerically pure starting material was used instead of racemic one) was used to |

replace 1,2,3,4-tetrahydro-isoquinoline instead. MS m/z 642.2 (M+1-Boc).
Example 3-105
»
N
o=

0

§
3

N
o

9
0O QﬁH Q Q0
SAT TS
N |

L/

v Compound AR00345032
[00657] (1S, 4R, 65, 148, 18R)-5-[2-(Morpholine-4-carbonyloxy)-ethoxy]-1,3-dihydro-
isoindole-2-carboxylic acid 14-tert-butoxycarbonylamino-4-

cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3, 16—diaza—tricyélo[1 43 .0.04’6]nonadeof7-en-
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18-yl ester (Compound AR00345032) was synthesized according to the procedures described

in Example 3-6, except that morpholine-d-carboxylic acid 2-(2,3-dihydro-1H-isoindol-5-

yloxy)-ethyl ester (prepared according to the procedures described in J. Med. Chem. 2002, Vol.

45, No. 26, 5771, preparation method D, and in Bicorg. Med. Chem. Lett. 11 (2001) 685-688)
5 was used to replace 2,3-dihydro-1H-isoindole instead. MS (APCI-): m/z 885.4 (M-1),

Example 3-106

Compound AR00345075
[00658] (1S, 4R, 65, 145, 18R)-5~(3-Morpholin-4-yl-propoxy)-1,3-dihydro-isoindole-2-

carboxylic acid 14-tert-butoxycarbonylamino-4-cyclopropanesuifonylaminocarbonyl-2,15-

g8 dioxo-3,16-diaza-tricyclo[14.3.0.04Inonadec-7-en-18-yl ester (Compound AR00345075) was
synthesized according to the procedures described in Example 3-6, except that 5-(3-Morpholin-
4-yl-propoxy)-2,3-dihydro-1H-isoindole (prepared according to the procedures described in J.
Med. Chem. 2002, Vol. 45, No. 26, 5771, preparation method D, and in Bioorg. Med. Chem.
Lett. 11 (2001) 685-688) was used to replace 2,3-dihydro-1H-isoindole instead. MS (APCI-):

15 m/z 855.6 (M-1). '
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Example 3-107

Compound AR00345090

[00659] (1S, 4R, 68, 148, 18R)- 5-(2-Morpholin-4-yl-ethoxy)-1,3-dihydro-isoindole-2-
carboxylic acid 14-tert—butoxycarbonylamjno-4-cyclopropanesulfonylanﬁnocarbonyl—Z,1 5-

5 dioxo-3,16-diaza-tricyclo[14.3.0.0*|nonadec-7-en-18-yl ester (Compound AR00345090) was
synthesized according to the procedures described in Example 3-6, except that 5-(2-Morpholin-
4-yl-ethoxy)-2,3-dihydro-1H-isoindole (prepared according to the procedures described in J.
Med. Chem. 2002, Vol. 45, No. 26, 5771, preparation method D, and in Bioorg. Med. Chem.

/ Lett. 11 (2001) 685-688) was used to replace 2,3-dihydro-1H-isoindole instead. MS (APCI-):
10 m/z 841.5 (M-1).
Example 3-108

Compound AR00345094
[00660] (18, 4R, 68, 1485, 18R)-5-(2-Isopropylamino-ethoxy)-1,3-dihydro-isoindole-2-
carboxylic acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-
dioxo-3,1 6-diaza—tricyclo{14.3.0.04’6]n0nadec-7-en-1 8-yl ester (Compound AR00345094) was

&
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~ synthesized according to the procedures described in Example 3-6, except that [2-(2,3-

Dihydro-1H-isoindol-5-yloxy)-ethyl}-isopropyl-amine (prepared according to the procedures
described in J. Med. Chem. 2002, Vol. 45, No. 26, 5771, preparation method D, and in Bioorg.
Med. Chem. Lett, 11 (2001) 685-688) was used to replace 2,3-dihydro-1H-isoindole instead.

MS (APCI-): m/z 813.5 (M-1).

Example 3-109

Compound AR00345095

[00661] (1S, 4R, 68, 14S, 18R)~5-(2-Dimethylamino-ethoxy)- 1>,3—dihydro-isoindole-2-

carboxylic acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-
diox0-3,16-diaza—tricyclo[14.3.0.04’6]n0nadec-7-en-18~y1 ester (Compound AR00345095) was
synthesized according to the procedures described in Example 3-6, except that [2-(2,3-
Dihydro-1H-isoindol-5-yloxy)-ethyl]-dimethyl-amine (prepared according to the procedures
described in J. Med. Chem. 2002, Vol. 45, No. 26, 5771, preparation method D, and in Bioorg.
Med. Chem. Lett. 11 (2001) 685-688) was used to replace 2,3-diﬁydro—1H—isoindole instead.
MS (APCI-): m/z 799.5 (M-1).
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Example 3-110

Compound AR00345096
[00662] (185, 4R, 65, 145, 18R)-5-(2-Imidazol-1-yl-ethoxy)~1,3-dihydro-isoindole-2-carboxylic
acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-

5 diaza-tricyclo[14.3.0.0%]nonadec-7-en-18-yl ester (Compound AR00345096) was synthesized
according to the procedures described in Example 3-6, except that 5-(2-Imidazol-1-yl-ethoxy)-
2,3~dihydro-1H-isoindole (prepared according to the procedures described in J, Med. Chem.
2002, Vol. 45, No. 26, 5771, preparation method D, and in Bioorg. Med. Chem. Lett. 11
(2001) 685-688) was used to replace 2,3-dihydro-1H-isoindole instead. MS (APCI-): m/z

10 822.5 (M-1).
Example 3-111

Compound AR00364924
[00663] (1S, 4R, 68, 14S, 18R)-5~(2-Pyrazol-1-yl-ethoxy)-1,3-dihydro-isoindole-2-carboxylic
an acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-

diaza-tricyclo[14.3.0.0*%Inonadec-7-en- 18-yl ester (Compound AR00364924) was synthesized
214
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according to the procedures described in Example 3-6, except that 5+(2-Pyrazol-1-yl-ethoxy)-
2,3-dihydro-1H-isoindole (prepared according to the procedures described in J. Med. Chem.
2002, Vol. 45, No. 26, 5771, preparation method D, and in Bioorg. Med. Chem. Lett, 11
(2001) 685-688) was used to replace 2,3-dihydro-1H-isoindole instead. MS (APCI-): m/z
742.1 [(M-100)+18]. ’
Example 3-112

~ Compound AR00340495

~ [00664] (18, 4R, 65, 14S, 18R)-3-(4-Methyl-piperazin-1-y1)-1,3-dihydro-isoindole-2-carboxylic
acid 14-tert-butoxycarbonylamino-4-cyclopropanesutfonylaminoearbonyl-2,15-dioxo-3,16-
diaza—tricyclo[14.3.0.04’6]nonadec-7-en-1 8-y1 ester (Compound AR00340495) was synthesized

by a similar fashion as that described in Example 3-57, substituting 2,3-Dihydro-1H-isoindol-
S-ylamine in Step 5 with 5-(4-Methyl-piperazin-1-yl)-2,3-dihydro-1H-isoindole (prepared by a
similar fashion as described in: J. Org. Chem. 2000, 65, 1144-1157) instead. "H-NMR (400
MHz, DMSO0-d®): 7.72-7.40 (m, 1H), 7.22-7.05 (m, 1H), 6.95-6.70 (m, 2H), 5.55-5.45 (m, 1H),
5.35-5.22 (m, 2H), 4.62-4.50 (m, 4H), 4.40 (m, 1H), 4.30-4.08 (m, 2H), 4.0-3.89 (m, 1H), 3.10
(m, 3H), 2.65 (m, 1H), 2.42 (m, 3H), 2.33-2.20 (m, 6H), 1.85-1.50 (m, 5H), 1.42-1.0 (m, 14H),
0.82-0.55 (m, 4H). MS (APCI+): 712.3 (MH' - Boc)

Example 3-113

Compound AR00365084
215
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[00665] (15,4R, 68, 148, 18R)-1,3-Dihydro-isoindole-2,5-dicarboxylic acid 2-(14-tert-
butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
tricyclo[14.3.0.0**Jnonadec-7-en-18-y1) ester (Compound AR00365084) was synthesized
according to similar procedures described in Example 3-91, except that the product

5 AR00365083 from that example was further hydrolyzed with LiOH in a mixture of THF-
‘ MeOH-H,0 to give AR00365084, MS: 658 (M — Boc).

Example 3-114

Compound AR00364989 7
[00666] (15, 4R, 65, 1485, 18R)-5-(2-Methyl-thiazol-4-yl)-1,3-dihydro-isoindole-2-carboxylic
10 acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-

diaza-tricyclo[14.3.0.0*Jnonadec-7-en-18-y1 ester (Compound AR00364989) was synthesized

by a similar fashion as that described in Example 3-57, substituting 2,3-Dihydro-1H-isoindol-

S-ylamine in Step 5 with 5-(2-Methyl-thiazol-4-y1)-2,3-dihydro- Iﬁ—isoindole instead. 'H

NMR (400 MHz, CD3COCD3) & 10.69 (bs, lH) 8.32 (bs, 1H), 7.94 (d, 1H) 7.88 (d, 1H) 7.70
13 (d, 1H) 7.34 (dd, 1H) 6.08-6.16 (m, 1H), 5.69 (q, 1H) 5.45 (bs, 1H) 5.00 (t, 1H) 4.58-4.81 (m,

5H), 4.44-4.53 (m, 1H), 4.12-4.21 (m, 1H), 3.83-3.91 (m, 1H), 2.86-2.97 (m, 1H), 2.57-2.71

(m, 1H), 2.33-2.54 (m, 3H), 1.81-1.96 (m, 2H), 1.75 (dd, 1H) 1.17-1.63 (m, 20H), 1.06-1.17

(m, 1H), 0.94-1.06 (m, 2H). MS m/z 711.2 (M+1-100). |

Example 3-114a '

N\:{S

o~

<L [00667] The synthesis of 5-(2-Methyl-thiazol-4-yl)-2,3-dihydro-1H-isoindole was prepared
following the experimental of steps A through F in Example 3-115a, utilizing thioacetamide in
step E instead.
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‘ Compound AR00365019
[00668] - (1S, 4R, 68, 1485, 18R)-5—(2~Isopropylamino-thiazol-4—y1)—'1,3-dihydro-isoindole—Z-
carboxylic acid 14-tert-butoxycarbonylamino-4-cyclopropanesulfonylaminocarbonyl-2,15-
dioxo-3,16-diaza-tricyclo[14.3.0.0*“Inonadec-7-en-18-yl ester (Compound AR0036501 9) was
synthesized by a similar fashion as that described in Example 3-57, substituting 2,3-Dihydro-
1H-isoindol-5-ylamine in Step 5 with [4-(2,3-Dihydro-1H-isoindol-5-yl)-thiazol-2-y1]-
isopropyl-amine instead. 'H NMR (400 MHz, CD;COCD;) 6 10.69 (bs, 1H), 8.27-8.36 (m,
1H), 7.28-7.50 (m, 2H) 7.01-7.20 (m, 1H), 6.08-6.15 (m, 1H), 5.70 (q, 1H) 4.45 (bs, 1H) 4.94-
10 5.05 (m, 1H), 4.68-4.76 (m, 4H), 4.59-4.64 (m, 1H) 4.45-4.53 (m, 1H), 4.10-4.20 (m, 1H),
3.81-3.90 (m, 1H) 3.65-3.76 (m, 1H), 2.86-2.98 (m, 1H), 2.63 (bs, 1H), 2.32-2.54 (m, 3H),
1.80-1.94 (m, 2H), 1.70-1.79 (m, 1H) 1.05-1.65 (m, 19H) 0.95-1.05 (m, 2H). MS m/z 754.2
(M+1-100). '
Example 3-115a

W

15 [00669] The synthesis of [4-(2,3-Dihydro-1H-isoindol-5-y!)-thiazol-2-yl]-isopropyl-amine is

depicted in the following scheme:
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[00670] A. To a solution of 4 ml THF and 1ml ethyl vinyl ether at -78C, was added #-BuLi
(0.79 ml, 1.34 mmol) dropwise. The solution was warmed to r.t. and stirred for 30 minutes. A
0.5 M solution of ZnCl, in THF (3.02 ml, 1.51 mmolj was added dropwise and the reaction
was stirred at r.t. for 30 minutes. This mixture was used without further purification.
5 [00671] B. To solution of the aryl bromide (0.200 g, 0.67 mmol) and Pd(PPhs)s (39 mg, 0.33
mmol) dissolved in THF under N, was cannulated the crude vinyl zinc species from step A.
The reaction was heated at 50°C for 36 hours, and the then filtered through a plug of Al,O3
with aid of EtOAc and concentrated to give an oil which was used without further purification.
[00672] C. The crude oil from step B was dissolved in THF (2 ml) and 1.0N HCl (2ml) and
10 stirred for one hour. The reaction was taken up in EtOAc and separated, and the organic layer
was washed with saturated NaHCOs and brine, and dried over Na,SO; and concentrated to an
orange oil. This oil was chromatographed with 5:1 hex:EtOAc to give a white solid (95 mg,
54%)
[00673] D. To a solution of 1.0 M LiHMDS (4.0 ml, 4.0 mmol) under N; at -78C, was added
15 TMSCI (3.38 ml, 26.6 mmol) dropwise. To this solution was added the ketone from step C in
3ml THF. The reaction was stirred at —78°C for 30minutes and warmed to 0°C. The PTTB
(1.10g, 2.93 mmol) was added and the reaction was stirred for 30 minutes at 0°C, concentrated

to a solid, and taken up in EtOAc and water. The organic was washed with water and brine,
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aﬁd dried over NaySO; and concentrated, and the oil was purified with 5:1 Hex:EtOAc to give
a yellow solid (0.64g, 71%).
[00674] E. A slury of the bromoketone (75 mg, 0.22 mmol), Na,CO; (37 mg, 0.44 mmol) and
1-isopropyl thiourea (26 mg, 22 mmol) in EtOH was heat at reflux for 30 minutes. The
5 reaction was taken up in EtOAc and separated, and the organic layer was washed with
saturated NaHCO; and brine, and dried over Na;SQ4 and concentrated a yellow oil. The oil
was purified with'3:1 Hex:MTBE to give a clear oil (77 mg, 97%).
[00675] F. The Boc-amine from step E stirred in 4N HCl/dioxane (2.0 ml) for one hour and
concentrated to a white solid. Tlﬁs solid was taken up in 0.1N HCI and washed with DCM.
(1% The aqueous layer was basified with 1.0N NaOH and extracted with DCM, dried, and
concentrated and used without further purification.

4, Preparation of Macrocyelic Aminoproline Intermediate:

Example 4-1:
Synthesis of (18, 4R, 65, 145, 18R)-18-amino-14-feri-butoxycarbonylamino-2,15-dioxo-
15 3,16-diaza-tricyclo[14.3.0.04’6]nonadec—7—ene—4-carboxylic acid ethyl ester.
NH, 1. TEA, DCM NHTeoc
H ° 2. PdiC :
+ TS TN Y O Hz MeOH HQ
b’ N coge 70%(2 steps) COyMe
'!HTGOC . . NHTeoc
*HCY
HATU 9 HATU O N “ 9
DIEA, DMF K%r HaN, DIEADCM a ..
foam j\ )L j/ ' e j\oLNj:, 0 =
“thenLIOH <_/_\ c A -
50% (2 steps) A\ N \
B
v
1. g‘}éam‘;%}:dca 1st generation cat, ﬂ\ i Oj,%/nt. 0 o
2 TBAF THF o Ny 0 )

D

[00676] A. To a solution of (28, 4R)-4-amino-1-[benzyloxycarbonyl]pyrrolidine-2-
methylcarboxlate hydrochloride (2.00 g, 2.34 mmol) in methylene chloride (25 ml) was added
2-(trimethyl silyl)ethyl p-nitrophenyl carbonate(1.98 g, 6.99 mmol) and triethylamine (1.81 ml,
13.34 mmol). The reaction was stirred for 3 days, placed onto silica gel and the product eluted
=G with 40% EtOAc/hexanes to give a colorless oil. The oil was dissolved in methanol (20 ml)
and stirred with 10% palladium on carbon under a balloon of hydrogen gas. Afer stirring for 4

h, the reaction was filtered and concentrated. The resulting solid was dissolved in IN aqueous
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013315

HCI (75 ml) and extracted with methylene chloride (75 ml). The aqueous layer was made
basic by the addition of sodium hydroxide and again extracted with methylene chloride
(100ml). Both organic extractions were combined, concentrated, and the resulting residue
purified by silica gel chromatography eluting with 10% methanol/methylene chloride to give a
brownish solid (1.29 g, 70%). LCMS=289(H-+).

carboxylic acid methyl ester (1.29 g, 4.50 mmol), 2(S) -fert-butoxycarbonylamino-non-8-enoic
acid (1.22 g, 4.51 mmol), HATU (2.06 g, 5.41 mmol) and diisopropylethylamine ( 1.18 ml,
6.76 mmol) in dimethylformamide (10 ml) was stirred overnight.. The reaction was diluted
with ethyl acetate (150 ml), washed with IN aqueous HCI (2 x 100 ml), dried over magnesium
sulfate and concentrated. Silica gel chromatography gave an oil which was stirred with lithium
hydroxide (0.28 g, 6.76 mmol) in methanol (5 ml) for 2 h. The reaction was diluted with
methylene chloride and washed with IN aqueous HC], dried over magnesium sulfate and

concentrated to give 1.2 g (49%) of the product.

15 [00678] C To 1(R)-tert-butoxycarbonylamino-2(S)-vinyl-cyclopropanecarboxylic acid

2

30

25 .

ethyl ester (0.70 g, 2.75 mmol) was added 4N HCl/dioane solution (2.87 ml, 11.46 mmol).
After stirring for 2 b, the reaction was concentrated to give a solid. To this solid was added 1-
(2(S)-tert-butoxycarbonylamino-non-8-enoyl)-4(R)-(2-trimethylsilylethyl carbonylamino)-
pyrrolidine—Z(S)-cérboxylic acid (1.21 g, 2.29 mmol), HATU (1.05 g, 2.75 mmol) and
diisopropylethylamine (1.60 ml, 9.17 mmol) and methylene chloride (10 ml) and the reaction
was stirred for 18 h at room temperature. The reaction was placed onto silica gel and eluted

with a solution of 50% ethyl acetate/hexanes to give the product as a colorless oil (1.27 g,

83%). 665(H+)

[00679] D A solution of 1-{[1-(2(S) -tert-butoxycarbonylamino-non-8-enoyl)-4(R)-(2-

triméthylsilyleﬂlyl carbonylamino)-pyrrolidine-2(S)-carbonyl]-amino}-2(S)-vinyl-
cyclopropane-1-(R)-carboxylic acid ethyl ester (1.27 g, 1.91 mmol) in methylene chloride (195
ml) was degassed for 1 h by bubbling N throught the solution, Dichloro(o-isopropoxyphenyl-
methyene)(tricyclohexylphosphine)ruthenium (II) (0.057 g, 0. 096 mmol) waé added and the
reaction stirred at 40°C for 16h. The reaction was concentrated, placed onto silica gel and
eluted with 50% ethyl acetate/hexanes. The resulting oil was treated with TBAF (1.0 M in
THF, 2.87 ml) and heated to 50°C for 4 h. The reaction was placed onto silica gel and eluted
with 20% methanol/methyene chloride to give a tan solid (0.65 g, 69%). "H NMR (CDCls, 400
MHz): 8 1.06-1.66 (m, 17 H), 1.85-1.95 (m, 2H), 2.0-2.1 (m, 1H), 2.1-2.2 (m, 1H), 2.2-2.3 (m,
1H), 2.65-2.75 (M, 1H), 3.40 (m, 1H), 3.73-3.83 (m, 2H), 4.08-4.19 (1, 2H), 4.56 (m, 1H),
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478 (d, J=5.5 Hz, 1H), 5.20 (t, ]=8.1 Hz, 1H), 5.34 (d, J=8.1 Hz, 1H), 5.47 (dt, J=4.5, 10.8 Hz,
1H), 7.08 (s, 1H). 493(H+). ‘
5. Preparation of Compounds with General Structure V

JOL .
R.
NH, 0 NH

A-Z

1. R, M
l;l Cl , DIEA, DMAP, DCM o H O

O N R
ﬂx?iié% T iﬁuiﬁ"“
H

\

Example 5-1:

o)
CO s
o N, Qﬁ'ﬂ OH
T
0
V4
Compound AR00287262
5 [00680] Synthesis of (LS, 4R, 65, 145, 18R)-14-tert-butoxycarbonylamino-18-[(3,4-dihydro-~
1H-isoquinoline-2-carbonyl)-amino}-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.0* jnonadec-7-
ene-4-carboxylic acid (Compound AR00287262)

0 Ni'NH
ooy

NH
o 1 N’LCI
: @:\)  DIEA, DMAP, DOM ) o
o N Y oM\ R
>L j,\ j/ A7 %R T low >L j\ T O
e, 3 "q (o]
0N 0 N

[00681] A solution of 3,4-dihydro-1H-isoquinoline-2-carbonyl chloride (0.030 g, 0.152 mmol),
(15,4R,6S,14S,18R)-18-amino-14-tert-butoxycarbonylamino-2,15-dioxo-3,16-diaza-

10 tricyclo[14.3,0.04’6]nonadec-7-ene-4-c:irboxylic acid ethyl ester (0.025 g, 0.050 mmol), DIEA
(0.027 ml, 0.153 mmol) and a catalytic amount of DMAP were stirred together in methylene
chloride (0.3 ml) for 18h. The reaction was placed onto silica gel and the product eluted with
40% acetone/hexanes and isolated as a white solid. The solid was dissolved in methanol and
treated with lithium hydroxide (0.011 g, 0.254 mmol) and 1 drop of water. After stirring for 5

15 h, the reaction was diluted with methylene chloride (30 ml), washed with 1IN aqueous HCI (30
ml), brine (30 m1), dried over magnesium sulfate and concentrated to give the title compound

as a white solid. LCMS =624 (MII+).
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[00682] The following compound was also prepared using the procedure described in Example
5-1, substituting 1,3-dihydro-isoindole-2-carbonyl chloride for 3,4-dihydro-1H-isoquinoline-
2~carbony] chloride. LCMS=610(H+)

Example 5-2:
. , o
NJLI;JH
{ ; 0
H
oK, Q(N OH
Rt
0
Y
5 Compound AR00298980

[00683] (LS, 4R, 6S, 14S, 18R)-14-tert-Butoxycarbonylamino-18-[(1,3-dihydre-iseindole-2-
carbonyl)-amino] -2,15-dioxo-3,16-diaza-tricyclo[14.3.0.04’6]11onadec-7-ene—4-carboxylic
acid (Compouhd AR00298980) was prepared aécording to the procedures described in
Example 5-1, subsﬁtuting 3,4-Dihydro-1H-isoquinoline-2-carbonyl chloride with 1,3-Dihydro-

1Y isoindole-2-carbonyl chloride. MS m/e 608.2 (M-1).
Example 5-3:

0
o N, Qf“ OH
>f bl o O
o
7
Compound AR00304160
[00684] (18, 4R, 6S, 14S, 18R)-14—tert-Butoxycarbonylamino—18-[(3,4¥'clihydro-2H-
quinoline—l-carbonyl)-amino]-2,15-diox0—3,16-diaza-tricyclo[14.3.0.04’6]n0nadec-7-ene-4-
15 carboxylic acid (Compound AR00304160) was prepared according to the procedures
described in Example 5-1, substituting 3,4-Dihydro-1H-isoquinoline-2-carbonyl! chloride with
3,4-Dihydro-2H-quinoline-1-carbonyl chloride. MS m/e 524.3 (M*+1-100).
6. Preparation of Compounds with General Structure V1

1. thiocarbonyt diimidazole, then R,

-2, LioH
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ooy
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OH
V4
Compound AR00304010
[00685] (1S, 4R, 65, 14S, 18R)-14-tert-Butoxycarbonylamino-18-[(3,4-dihydro-1H-
isoquinoline-2-carbothioyl)-amino]-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.04’6] nonadec-7-
ene-4-carboxylic acid (Compound AR00304010) was prepared using the same procedure
described in Step 4 of example 1-2, except that carbonyl diimidazole was substituted by
thiocarbonyl diimidazole. LCMS=640(H+). MS m/e 640.1 (M'+1).

7. Preparation of Compounds with General Structure VII
Xﬁ/Rz

1. CDI, DMF

2. R3SO,NH;

Vi

Example 7-1: -

Compound AR00287266
1G  [00686] Synthesis of (1S, 4R, 6S, 14S, 18R)-{4-Cyclopropanesulfonylaminocarbonyl-18-
[(3,4-dihydro-1H-isoquinoline-2-carbonyl)-amine]-2,15-dioxo-3,16-diaza-~
tricyclo[14.3.0.04"]n0nadec-7-en-14~yl}-carbamic acid tert-butyl ester (Compound
AR00287266) was prepared according to the same procedures as described in Example 3-1,

starting from the acid prepared from the procedures described in Example 5-1. MS m/e 727.0

15 M'+1),
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Example 7-2:

Compound AR00304008
[00687] (1S, 4R, 65, 14S, 18R)-{4-Cyclopropanesulfonylaminocarbonyl-18-[(1,3-dihydro-
isoindole-2—carbonyl)—amino]-2,15—dioxo-3,l6-diaza-tricyclo[14.3.0.04’6]nonadec-7-en-14-
yl}-carbamic acid tert-butyl ester (Compound AR00304008) was prepared according to the
5 same procedures as described in Example 3-1, starting from the acid prepared from the
procedures described in Example 5-2. MS m/e 613.2 (M*+1-100). 4

Example 7-3:

Compound AR00304014
[00688] (1S, 4R, 6S, 145, 18R)-1,3-Dihydro-isoindole-2-carboxylic acid [14-(3-cyclopentyl-
ureido)-4-cyclopropanesulfonylaminocarbonyl-2,15-dioxo-3,16-diaza-
10 tricyclo[14.3.0.04’6]n0nadec-7—en-1S)l-yl]-amide (Compound AR00304014) was prepared

according to the same procedures as described in Exarmple 2-24, starting from the
acylsulfonamide prepared from the procedures described in Example 7-4. MS m/e 724.2

M+1).

Example 7-4:
s
CO
H
N N
n q( 4,
el

Compound AR00304012
D [00689] (1S, 4R, 6S, 14S, 18R)-{4-Cyclopropanesulfonylaminocarbonyl-18-[(3,4-dihydro-
o 1H-isoquinoline-2-carbothioyl)—amino]-2,15-dioxo-3,16-diaza-tricyclo[14.3.0.04’6]nonadec-
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_ 7-en—14?yl}-carbamic acid tert-butyl ester (Compound AR00304012) was prepared
according to the same procedures as described in Example 3-1, starting from the acid prepared
from the procedures described in Example 6-1. MS m/e 743.0 M'+1).

Example 8 "
NS3-NS4A protease assay

NS3 complex formation with NS4A-2
[00690] Recombinant E. coli or Baculovirus full-length NS3 was diluted to 3.33 uM with assay

buffer and the material transfered to an eppendorf tube and place in water bath in 4°C
refrigerator. The appropriate amount of NS4A-2 to 8.3mM in assay buffer was added to equal
the volume of NS3 in step 2.1.1 (conversion factor - 3.8mg/272 pL assay buffer). The material
was transferred to an eppendorf tube and placed in a water bath in a 4°C refrigerator.

[00691] | After equilibration to 4°C, equal volumes of NS3 and NS4A-2 solutions were
combined in an eppendorf tube, mixed gently with a manual pipettor, and the mixture
incubated for 15 minutes in the 4°C water bath. Final concentrations in the mixture were 1.67
UM NS3, 4.15mM NS4A-2 (2485-fold molar excess NS44-2).

[00692] After 15 minutes at 4°C, the NS3/NS4A-2 eppendorf tube was removed and placed in 2
room temperature water bath for 10 minutes, NS3/NS4A-2 was aliquoted at appropriate
volumes and store at -80°C (E. colf NS3 run at 20M in assay, aliquot at 25 pL.. BV NS3 run at
3nM in assay, aliquot at 30 pL).

NS3 inhibition assay

[00693] Step 2.2.5. Sample compounds were dissolved to 10mM in DMSO then diluted to
2.5mM (1:4) in DMSO. Typically, compounds were added to an assay plate at 2.5mM
concentration, yielding upon dilution a starting concentration of 50 microM in the assay
inhibition curve. Compounds were serial diluted in assay buffer to provide test solutions at
lower concentrafions.

[00694] Step 2.2.6. The E. coli NS3/NS4A-2 was diluted to 4nM NS3 (1:417.5 of 1.67 uM
stock ~ 18 pL 1.67 uM stock + 7497 pL assay buffer). ‘

[00695] The BV NS3/NS4A-2 was diluted to 6nM NS3 (1:278.3 of 1.67 uM stock — 24 pL 1.67
UM stock + 6655 pL assay buffer). '

[00696] Step 2.2.7. Using the manual multichannel pipettor, and being careful not to introduce
bubbles into the plate, 50 pL assay buffer was added to wells A01-HO1 of a black Costar 96-

well polypropylene storage plate.
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[00697] Step 2.2.8. Using the manual multichannel pipettor, and being careful not to introduce
bubbles into the plate, 50 uL of diluted NS3/NS4A-2 from step 2.2.6 was added to wells A02-
HI12 of plate in step 2.2.7.

[00698] Step 2.2.9. Using the manual multichannel pipettor, and being careful not to intréduce
bubbles into the plate, 25 pL of the wells in drug dilution plate in step 2.2.5 were fransferred to
corresponding wells in assay plate in step 2.2.8. The tips on multichannel pipettor were
changed for each row of compounds transferred.

[00699] Step 2.2.10. Using the manual multichannel pipettor, and being careful not to introduce
bubbles into the plate, the wells from the assay plate in step 2.2.9 were mixed by aspirating and
dispensing 35 pL of the 75 pL in each well five times. The tips on multichannel pipettor were
changed for each row of wells mixed.

[00700] Step 2.2.11. The plate was covered with a polystyrene plai:e lid, and the plate from step

. 2.2.10 containing NS3 protease and sample compounds was pre-incubated 10 minutes at room
temperature.

[00701] While the plate from step 2.2.11 was pre-incubating, the RETS1 substrate was diluted
in a 15mL polypropylene centrifuge tube. The RETS1 substrate was diluted to 8 uM (1:80.75
of 646 UM stock - 65 uL 646 UM stock + 5184 uL assay buffer).

[00702] After the plate in step 2.2.11 was done pre-incubating, and using the manual
multichatinel, 25 uL of substrate was added to all wells on the plate. The contents of the wells
were quickly mixed, as in step 2.2.10, but mixing 65 pL of the 100 pL in the wells.

[00703] The plate was read in kinetic mode on the Molecular Devices SpectraMax Gemini XS
plate reader. Reader settings: Read time: 30 minutes, Interval: 36 seconds, Reads: 51,
Excitation A: 335nm, Emission X: 495nm, cutoff: 475nm, Automix: off, Calibrate: once, PMT:
high, Reads/well: 6, Vmax pts: 21 or 28/51 depending on length of linearity of reaction.

[00704] ICss were determined using a four parameter curve fit eqﬁaﬁom and converted to Ki's

using the following Km’s:

Full-length £, coli NS3 —2.03 uM
Full-length BV NS3 - 1.74 uyM

where Ki =ICs/(1+[S}/Km))
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Quantitation by ELISA of the selectable marker protein, Neomycin phosphotransferase II
(NPTII) in the HCV Sub-Genomic Replicon. G84.3

[00705] The HCV sub-genomic replicon (1377/N S3-3‘, accession Nd. AJ242652), stably

maintained in HuH-7 hepatoma cells, was created by Lohmenn et al. Science 285: 110-113
(1999). The replicon-containing cell culture, designated GS4.3, was obtained from Dr, - = -
Christoph Seeger of the Institute for Cancer Research, Fox Chase Cancer Center, Philadelphia,

Pennsylvania.

[00706] GS4.3 cells were maintained at 37°C, 5%CO;, in DMEM (Gibco 11965-092)

supplemented with L-glutamine 200mM (100X) (Gibco25030-081), non-essential amino acids
(NEAA)(Biowhittaker 13-114E), heat-inactivated (HI) Fetal Bovine Serum(FBS)(Hyclone
SH3007.03) and 750 pg/ml geneticin (G418)(Gibco 10131-035). Cells were sub-divided 1:3
or 4 every 2-3 days.

[00707] 24 hours prior to the assay, GS4.3 cells were collected, counted, and plated in 96-well

plates (Costar 3585) at 7500 cells/well in 100p] standard maintenance medium (above) and
incubated in the conditions above. To initiate the assay, culture mediom was removed, cells
were washed once with PBS (Gibco 10010-023) and 90l Assay Medium (DMEM, L-
glutamine, NEAA, 10% HI FBS, no G418) was added. Inhibitors were made as a 10X stock in
Assay Medium, (3-fold dilutions from 10 pM to 56pM final concentration, final DMSO

concentration 1%), 10 pl were added to duplicate wells, plates were rocked to mix, and

incubated as above for 72h.

[00708] An NPTII ELISA kit was obtained from AGDIA, Inc. (Compound direct ELIS4 test

system for Neomycin Phosphotransferase II, PSP 73000/4800). Manufacturer’s instructions
were followed, with some modifications. 10X PEB-1 lysis buffer was made up to include
500uM PMSF (Sigma P7626, 50mM stock in isopropanol). After 72h incubation, cells were
washed once with PBS and 150u] PEB-1 with PMSF was added per well. Plates were agitated
vigorously for 15 minutes, room temperature, then frozen at ~70°C. Plates were thawed,
lysates were mixed thoroughly, and 100p1 were applied to an NPTII Elisa plate. A standard
curve was made. Lysate from DMSO-treated control cells was pooled, serially diluted with
PEB-1 with PMSF, and applied to duplicate wells of the ELISA plate, in a range of initial
lysate amount of 150ul-2.5ul. In addition, 100u! buffer alone was applied in duplicate as a
blank. Plates were sealed and gently agitated at room temperature for 2h. Following capture
incubation, the plates were washed 5X 300pl with PBS-T (0.5% Tween-20, PBS-T was
supplied in the BELISA kit). For detection, a 1X dilution of enzyme conjugate diluent MRS-2

(5X) was made in PBS-T, into which 1:100 dilutions of enzyme conjugates A and B were
' 227



10

15

013315

added, as per instructions. Plates were resealed, and incubated with agitation, covered, room
temperature, for 2h. The washing was then repeated and 100ul of room temperature TMB
substrate was added. After approximately 30 minutes incubation (room temperature, agitation,

covered), the reaction was stopped with 50pl 3M sulfuric acid. Plates were read at 450nm on a

3 Molecular Devices Versamax plate reader. _

[00709] Inhibitor effect was expressed as a percentage of DMSO-treated control signal, and
inhibition curves were calculated using a 4-parameter equation: y=A+((B-A)/(1+((C/x)"D))),
where C is half-maximal activity or ECsg,

EXAMPLES OF ACTIVITY:

[00710] Wherein: ‘_

[00711] A indicates an IC50 or EC50, as indicated, of less than 50 pM

[00712] B indicates an 1IC50 or EC50, as indicated, of less than 10 pM

[00713] .C indicates an IC50 or EC50, as indicated, of less than 1 uM

[00714] and D indicates an IC50 or EC50, as indicated, of less the 0.1 pM
Table 2

Compound | NS3-NS4A | Replicon | Compound | NS3-NS4A | Replicon
ICso ECsy 1Cso ECsg
AR00220042 C B AR00301383 B N/A
AR00220122 | A N/A AR00301745 C B
AR00226824 B N/A ARO00301746 D D
AR00226825 B N/A ARO00301747 D D
AR00247310 C N/A AR00301749 C B
AR00248687 C N/A ARO00301751 D D
AR00248688 B N/A ARO00304000 C B
AR00248689 C N/A ARO00304008 D D
AR00254906 D C ARO00304010 C B
AR00261407 D - C AR00304012 D Cc
AR00261408 D D AR00304014 D D
AR00261409 D B AR00304062 B N/A
AR00282131 D D AR00304063 C B
AR00287262 B N/A AR00304065 C B
AR00287266 D C AR00304066 C B
AR00291871 D C AR00304067 C B
AR00291875 C B AR00304072 C B
AR00294376 B N/A  -| AR00304073 C B
AR00294377 C B AR00304074 C B
AR00294378 C B ARQ0304075 C B
AR(0294381 D D AR00304076 D -C
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Compound NS3-NS4A | Replicon | Compound | NS3-NS4A | Replicon
ICso ECso ICSO ECSO
AR00294382 C N/A ARO00304077 D B
AR00294383 ‘B N/A AR00304078 D C
AR00294384 C B AR00304079 D C
AR00294980 B N/A AR00304080 D D
AR00298989 B N/A AR00304081 D C
AR00298990 B N/A AR00304082 D D
AR00298996 D D AR00304103 B B
AR00298997 D D AR00304125 C B
AR00301338 D B AR00304126 C B
AR00304183 A N/A AR00304127 C B
AR00311814 D B AR00304154 B N/A
AR00311815 D C AR00304158 A N/A
AR00312023 C N/A AR00304160 A N/A
AR00312024 D D AR00304161 D D
AR00312025 D D AR00304162 D D
AR00312026 D D AR00304163 D D
AR00314578 Cc N/A AR00320123 C B
AR00314635 D D AR00320220 D D
AR00314654 D D AR00320221 C N/A
ARO00314656 D D AR00320222 D B
AR00314685 A N/A AR00320403 D C
AR00314719 D D AR00320445 B N/A
AR00315997 C B AR00320446 D D
AR00315998 C B AR00320447 | D C
AR00315999 C B AR00320448 C B
AR00320001 D D AR00320449 D B
AR00320002 C B AR00320450 C B
AR00320073 D D AR00320506 D D
AR00320074 D B AR00320547 D D
AR00320075 C B AR00320548 D D
AR00320076 C B AR00320549 D D
AR00320077 C B AR00320556 D D
AR00320078 D B AR00320557 D D
AR00320079 D D AR00320574 D D
AR00320080 D C AR00320575 D C
AR00320081 D D AR00320576 B N/A
AR00320082 D D AR00320577 C B
AR00320119 D D AR00320578 D D
AR00320120 D D AR00320579 D D
AR00320121 D D AR00320580 D D
AR00320122 C B. AR00320581 D D
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Compound | NS3-NS4A | Replicon | Compound | NS3-NS4A | Replicon
‘ICsp ECsp ICso ECs
AR00324375 C C AR00320582 D D
AR00334286 D D AR00320774 D C
AR00334385 D D AR00333833 D D
AR00365387 D D AR00334191 D D
AR00365425 D N/A AR00340479 D D
AR00365572 D D AR00365388 | D N/A
AR00333802 D D AR00365426 j3) B
| AR00334188 D C AR00333801 D D
AR00334248 D C AR00333803 | - D C
AR00334250 D D AR00334247 D C
AR00364266 D C AR00334249 D C
AR00334339 D D AR00334341 D D
AR00365438 D D AR00365427. D D
AR00365349 C C AR00365193 D D
AR00340303 D c AR00333842 C B
AR00340156 D C AR00365381 C C
AR00340188 D C AR00340122 D C
AR00334399 D D AR00340178 D D
AR00338070 D D AR00334314 D D
AR00341649 D D AR00338066 D D
AR00333224 B N/A AR00338071 D D
AR00333248 B N/A AR00364936 D C
AR00333277 B N/A AR00333225 B N/A
AR00365083 D D AR00333276 B N/A
AR00340494 D D AR00365369 D C
AR00365252 D C AR00333831 D D
AR00334220 D C AR00365082 D C
AR00334225 D C AR00334218 D D
AR00340173 D B AR00334222 D D
AR00333462 | D D AR00334226 D D
AR00333463 D D AR00340526 D D
AR00345032 D D AR00345075 D C
AR00345090 D D AR00345094 D D
AR00345095 D D AR00345096 D - D
AR00364924 D D AR00371946 D N/A
AR00371947 c N/A AR00371948 D N/A
AR00340495 D D AR00365084 D B
AR00364989 D D AR00365019 D D
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Specificity Assays

[00715] 7 When the compounds were evaluated in specificity assays, the compounds of Formula I

were found to be selective in that they do not show significant inhibition in Cathepsin B,
Chymotrypsin, Throﬁlbin, or Leukocyte Elastase.

Example 9: Pharmacokinetic analysis of cdmpounds

Methods

[00716]  Compounds were initially synthesized and tested for potency (ICsq) in a fluorogenic

NS3/4 protease assay and cell-based HCV replicon system as described in Example 8 above.
Plasma pharmacokinetic analysis in Rartus sp. following IV administration was then used in
conjunction with in vitro human liver microsome (HLM) and hepatocyte stability studies to
direct the design of metabolically stable compounds from compounds with <20 nM potency.
These leads were then further optimized for drug-like physical prbperties and administered in

oral doses in Ratfus sp. to assess liver, heart and plasma concentrations.

[00717] Compounds were tested for liver clearance over time following & single 3 mg/kg oral

dose in rats. For any compound found to exhibit a concentration in liver at 8 hours post-

" administration that is at least 100-fold more than the concentration of the compound effective

to inhibit 50% of maximum inhibition in the replicon assay (replicon ECsy), additional

toxicological assessments were performed in rats using dosages of up to 30 mg/kg oralty BID

“for seven days.

Results

[00718] Compounds AR294381, AR261408, AR333833 and AR334191 yielded replicon ECsg

values of approximately 2 nM and exhibited stability in vifro in rat, dog and human hepatocyte
incubation assays, which data would predict low to moderate rates of clearance from liver. In
addition, these compounds displayed a high degree of selectivity against a panel of other serine

proteases, and no significant inhibition of Cytochrome P450 isoforms or hERG channel
activity at even the highest concentrations tested (10 pM). '

[00719] For compounds AR294381, AR261408, AR333833 and AR334191, a single 30 mg’kg

oral dose in Rattus sp. yielded concentrations in liver at 24 hours post dose that were at least

200-fold more than their respective replicon ECsg values.

[00720] Compound AR334191 yielded heart and plasma levels up to two orders of magnitude

lower than, and correlated kinetically with, liver concentrations in the same animals. At a
clinically more reasonable oral dose (3 mg/kg), compound AR334191 yielded a concentration
in liver at 8 hours post dose that was over 100-fold more than the replicon ECso value of the

compound, After exposure to compound AR334191 at a dosage of 30 mg/kg orally BID for 7
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days, no mortality, change in weight, or abnormalities in clinical chemistries were observed in
treated animals.
Conclusion
[00721] - Potent, metabolically stable, orally available small molecule inhibitors of the HCV NS3
5 protease have been developed. At modest oral dosing concentrations (3 mg/kg) these

compounds display high liver levels (100-fold greater than their respective replicon EC50
values) at 8 hours post dose. Exposure to plasma and heart is up to two orders of magnitude
below that observed in liver, and such low concentrations minimizes any potential systemic
toxicological issues. »

10 [00722] .  Compound AR334191 did not display toxicity in Rattus sp. when dosed for seven days
at 30 mgrkg BID, providing at least a 10-fold safety margin above the presumptive efficacious
dose (3 mg/kg) that yields liver concentrations 100-fold in excess of the replicon ECs; value of

the compound.
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CLAIMS
What is claimed is:
1. A compound having the formula L, II, or TII:

RM RH R Ri

\
R10 —‘— R1? R? » Z— ~R,
R20 ) b \ ‘l>\ Rz RZOM/j ‘ ‘z—\/
N 13 N ’\/ ‘ Np—-é R

V;’———‘( R12R V R? V=< R12

0 N [o} N
j/ NH j/ NH, y
R4R5N H RARSN u RRN C_>

wherein:
(a) R* and R? are each independently H, halo, cyano, nitro, hydroxy, C.¢ alkyl, Cs.7
5 cycloalkyl, Cy.10 alkyleycloalkyl, Cs.6 alkenyl, Cy.¢ alkoxy, hydroxy-Ci¢ alkyl,

. C,.4 alkyl optionaily substituted with up to 5 fluoro, Cy.6 alkoxy optionally
substituted with up to 5 fluoro, Cé or 10 aryl, pyridal, pyrimidal, thienyl, furanyl,
thiazolyl, oxazolyl, phenoxy, thiophenoxy, S(0);NR’R’, NHC(O)NR‘R’,
NHC(S)NR'R, C(O)NR'R’, NR°R’, C(O)R®, C(O)OR’, NHC(O)R?,

10 NHC(O)OR®, SO,R®, NHS(0),R®, CHiNR’R", OCHL.NRR’, or OCH,R’ where
R’ is imidazoly] or pyrazolyl; said thienyl, pyrimidal, furanyl, thiazolyl and
oxazolyl in the definition of R’ and R are optionally substituted by up to two
halo, cyano, nitro, hydroxy, Cy.¢ alkyl, Cs.7 cycloalkyl, Ca.i alkyleycloalkyl, Ca6
alkenyl, Cy. alkoxy, hydroxy-Ci.s alkyl, Cy.¢ alkyl optionally substituted with up

15 to 5 fluoro, C.s alkoxy optionally substituted with ﬁp to 5 fluoro; said Ce or 10
aryl, pyridal, phenoxy and thiophenoxy in the definition of R" and R® are
optionally substituted by up to three halo, cyano, nitro, hydroxy, Cy.s alkyl, Cs.7
cycloalkyl, Ca.so alkylcycloalkyl, Ca. alkenyl, Ci.6 alkoxy, hydroxy-Cy.s alkyl,
C).¢ alkyl optionally substituted with up to 5 fluoro, C1.¢ alkoxy optionally

20 substituted with up to 5 fluoro; '

() m=0,1,or2;
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(c) RYisH, Cis alkyl, Cs.7 cycloalkyl, C4.19 alkylcycloalkyl phenyl or benzyl, said
phenyl or benzyl optionally substituted by up to three halo, cyano, ﬁitro,\hydroxy,
Ci.¢ alkyl, Cs.7 cycloalkyl, Cy.10 alkylcycloalkyl, Cy.6 alkenyl, Cy. alkoxy,
hydroxy-C;.s alkyl, C,.¢ alkyl optionally substituted with up to 5 fluoro, Cy.6
alkoxy optionally substituted with up to 5 fluoro;

(d) R® is Cy.¢ alkyl, C(O)NR'R’, C(S)NR'R’, C(O)R’, C(O)OR’, S(O);R’, or
(CO)CHR*NH(CO)R®; »

(¢) R® and R’ are each independently H, Cy.¢ alkyl, Cs.7 cycloalkyl, Cy.19
alkylcjrcloalkyl or phenyl, said phenyl optionally substituted by up to three halo,
cyano, nitro, hydfoxy, Ci. alkyl, C3.7 cycloalkyl, Ca.1g alkyleycloalkyl, Co-¢
alkenyl, hydroxy-C,.¢ alkyl, Cy.s alkyl optionally substituted with up to 5 fluoro,
C).s alkoxy optionally substituted with up to 5 fluoro; or R® and R’ are taken
together with the nitrogen to which they are attached to form indolinyl,

* pyrrolidinyl, piperidinyl, piperazinyl or morpholinyl;

(f) R® is Cy.6 alkyl, Ca.; cycloalkyl, Ca.10 alkylcycloalkyl, which are all optionally
substituted from one to three times with halo, cyano, nitro, hydroxy, C;.s alkoxy,
or phenyl; or R® is Cg or 10 aryl which is optionally substituted by up to three halo,
cyano, nitro, hydroxy, C;.¢ alkyl, Cs.7 cyclodkyl, Cs10 alkylcydloalkyl, Ca
alkenyl, Ci.¢ alkoxy, hydroxy-C,.¢ alkyl, C;.s alkyl optionally substituted with up
to 5 fluoro, C,.¢ alkoxy optionally substituted with up to 5 fluoro; or R¥isCi
alkyl optionally substituted with up to 5 fluoro groups; or R® is a tetrahydrofuran
ring linked throught the Cs or C4 position of the tetrahydrofuran ring; or R®is a
tetrapyranyl ring linked through the C4 position of the tetrapyranyl ring;

(@) Y is a sulfonimide of the formula ~C(O)NHS(O),R’, where R’ is Cy.6 alkyl, Cs.7
cycloalkyl, C4.10 alkyleycloalkyl, which are all optionally substituted from one to
three times with halo, cyano, nitro, hydroxy, C,.¢ alkoxy, or phenyl, or R®is Cgor
10 aryl which is optionally substituted by up to three halo, cyano, nitro, hydroxy,
C1.6 alkyl, C3; cycloalkyl, Ca.10 a]kylcycloalicyl, C, alkenyl, C¢ alkoxy,
hydroxy-C.¢ alkyl, C1.s alkyl optionally substituted with up to 5 fluoro, Cy.
alkoxy optionally substituted with up to 5 flucro; or'R9 is a Cy.¢ alkyl optionally
substituted with up to'5 fluoro groups, NR®R’, or (CO)OH, or Rlisa
heteroaromatic ring optionally substituted up to two times with halo, cyano, nitro,
hydroxyl, or Cy.¢ alkoxy; or Y is a carboxylic acid or pharmaceutically acceptable

salt, solvate, or prodrug thereof;
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(h) R*® and R are each independently H, Cy.¢ alkyl, C3.7 cycloalkyl, Cq.10

alkyléycloalkyl, Cg or 10 aryl, hydroxy-Ci.¢ alkyl, Cy.¢ alkyl optionally substituted
with up to 5 fluoro, (CHz).NRR’, (CH2),C(Q)OR™ where R is H, C,.4 alkyl,
Cs.y cycloalkyl, Ca.1 alkylcycloalkyl; which are all optionally substituted from
one to three times with halo, cyano, nitro, hydroxy, C.¢ alkoxy, or phenyl; or R™
is Cg or 10 aryl which is optionally substituted by up to three halo, cyano, nitro,
hydroxy, Ci.s alkyl, Cs.7 cycloalkyl, Cs.19 alkylcycloalkyl, Cz.5 alkenyl, Cy.6
alkoxy, hydroxy-Cy.¢ alkyl, Cy¢ alkyl optionally substituted with up to 5 fluoro,
C1.¢ alkoxy optionally substituted with up to 5 fluoro; said Cs or 10 aryl, in the
definition of R and R is optionally substituted by up to three halo, cyano,
nitro, hydroxy, Ci.¢ alkyl, Cs.7 cycloalkyl, Cs.10 alkyleycloalkyl, Co6 alkenyl, Cy.6
alkoxy, hydroxy-Cy.¢ alkyl, Cy. alkyl optionally substituted with up to 5 fluoro,
C1.6 alkoxy optionally substituted with up to 5 fluoro; or R' and R" are taken
together with the carbon to which they are attached to form cyclopropyl,

cyclobutyl, cyclopentyl, or cyclohexyl; or R and R" are combined as O,

- ({)p=0orl;
(i) R™ and R™ are each independently H, C1.¢ alkyl, Cs.7 cycloalkyl, Ca-10

alkylcycloalkyl, Cg or 1 aryl, hydroxy-Ci.6 alkyl, Cy.s alkyl optionally substituted
with up to 5 fluoro, (CHp).NR'R’, (CH,).C(O)OR™ where R is H, Cy.¢ alkyl,
C3.7 cycloalkyl, Cy.y alkyleycloalkyl, which are all optionally substituted from
one to three times with halo, cyano, nitro, hydroxy, Ci.¢ alkoxy, or phenyl; or RY
is Cg or 10 aryl which is optionally substituted by up to three halo, cyano, nitro,

‘hydroxy, Cy.s alkyl, Cs.; cycloalkyl, Ca.10 alkylcycloalkyl, Co.s alkenyl, Ci

alkoxy, hydroxy-Cy.s alkyl, Cy. alkyl optionally substituted with up to 5 fluoro,
C1.¢ alkoxy optionally substituted with up to 5 fluoro; said Cg or 10 aryl, in the
definition of R™ and R® is optionally substituted by up to three halo, cyano,
nitro, hydroxy, Cy.¢ alkyl, Cs7 cycloalkyl, Cy.19 alkylcycloalkyl, Co¢ alkenyl, C;.
alkoxy, hydroxy-C.¢ alkyl, Ci.¢ alkyl optionally substituted with up to 5 fluoro,
C1.¢ alkoxy optionally substituted with up to 5 fluoro; or R and R are taken
together with the carbon to which they are attached to form cyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl; or R™ and R* are each independently C;.
¢ alkyl optionally substituted with (CH,),OR®;

(&) R is H, Cy.¢ alkyl, Ca.7 cycloalkyl, Cy.1q alkylcycloalkyl, Cgor 10 2ryl, hydroxy-

Cy.¢ alkyl, C1.6 alkyl optionally substituted with up to 5 fluoro, (CHz)nNRGR7,
235
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(CHy).C(O)OR™ where R! is H, C, alkyl, C;.; cycloalkyl, Ca.1
alkylcycloalkyl, which are all optionally substituted from one to three times with
halo, cyano, nitro, hydroxy, C;.¢ alkoxy, or phenyl; or R is Coor 10 aryl which is
optionally substituted by up to three halo, cyano, nitro, hydroxy, C.¢ alkyl, Cs
cycloalkyl, Cs.9 alkylcycloalkyl, Cy¢ alkenyl, C,.¢ alkoxy, hydroxy-Cj.¢ alkyl,
Ci6 alkyl optionally substituted with up to 5 fluoro, Cy.¢ alkoxy optionally
substituted with up to 5 ﬂﬁoro; said Cg o 10 aryl, in the definition of R and R is
optionally substituted by up to three halo, cyano, nitro, hydroxy, C;.¢ alkyl, Cs.
cyclqa.lkyl, Cy.10 alkyleycloalkyl, C,.6 alkenyl, C,.¢ alkoxy, hydroxy-C, . alkyl,
Ci allkyl optionally substituted with up to 5 fluoro, Cy.¢ alkoxy optionally
substituted with up to 5 fluoro;

®n=14

(m) V is selected from O, S, or NH;

(n) when V is O or S, W is selected from O, NR™, or CR™; when V is NH, W is
selected from NR* or CR™, where R" is H, Cy.5 alkyl, Cs; cycloalkyl, Ca.10
alkyleycloalkyl or Cy.g alkyl optionally substituted with up to 5 fluoro;

(o) the dashed line represents an optional double bond,;

() R%is Cig alkyl, C3.; cycloalkyl, Cy.19 alkylcycloalkyl, which are all optionally
substituted froxﬁ one to three times with halo, cyano, nitro, hydroxy, Ci.s alkoxy,
C1. alkyl optionally substituted with up to 5 fluoro, or phenyl; or R* is Cgor 10
aryl which is optionally substituted by up to three halo, cyano, nitro, hydroxy, C;.
¢ alkyl, C37 cycloalkyl, C4 19 alkylcycloalkyl, Cy.g alkenyl, Ci.g alkoxy, hydroxy-
C1. alkyl, Cy.¢ alkyl optionally substituted with up to 5 fluoro, Cy.¢ alkoxy
optionally substituted with up to 5 fluoro; or or R* is pyridal, pyrimidal,
pyrazinyl, thienyl, furanyl, thiazolyl, oxazolyl, phenoxy, thiophenoxy; and

(qQ R* is Cy.4 alkyl, C3 cycloalkyl, C4.10 alkyleycloalkyl, which are all optionally
substituted from one to three times with halo, cyano, nitro, hydroxy, C,.¢ alkyl
optionally substituted with up to 5 fluoro, or phenyl. .

2. A compound having the formula II:

236



wherein: _
“ (a) R! and R? are each independently H, halo, cyano, hydroxy, C,.; alkyl, C; alkoxy
(b) R® is, C(O)NR'R’, C(O)R?, C(O)OR?;
(¢) R® and R’ are each independently H, Cy.¢ alkyl, Cs-; cycloalkyl, Cy-10
5 alkylcycloalkyl or phenyl; :

(d) R® is Cy alkyl, Cs.7 cycloalkyl, Cq.1 alkylcycloalkyl or 3-tetrahydofuryl.

(e) Y is a sulfonimide of the formula ~C(0)NHS(O)2R9, where R’ is Cy.3 alkyl, Cs7
cycloalkyl, or phenyl which is optionally substituted by up to two halo, cyano,
nitro, hydroxy, C;.3 alkyl, C37 cycloalkyl, Cy.3 alkoxy, or Y is a carboxylic acid

10 or pharmaceutically acceptable salt, solvate, or prodrug thereof;,

(R and RM are each independently H, C,.3 alkyl, or R and R are taken
together with the carbon to which they are attached to form cyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl;

(g) W is selected from O or NH; and

1 (h) the dashed line represents an optional double bond.
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3. A compound of the general formula III:

R

wherein:
(2) R! and R? are each independently H, halo, cyano, hydroxy, C1.3 alkyl, C.3 alkoxy
() R*isH
- (©) R®is, CO)NR'R’, C(O)R®, C(O)OR?,

(d) R®is Cy.6 alkyl, Cy.7 cycloalkyl, Ca.1 alkylcycloalkyl or 3-tetrahydofuryl.

(€) Y is a sulfonimide of the formula —C(O)NHS(O),R’, where R’ is Cy3 alkyl, C35
cycloalkyl, or phenyl which is optionally substituted by up to two halo, cyano,
nitro, hydroxy, Ci.; alkyl, Cs7 cycloalkyl, C,.3 alkoxy, or Y is a carboxylic acid
or pharmaceutically acceptable salt, solvate, or prodrug thereof;

(f) W is selected from O or NH; and ‘

(g) the dashed line represents an optional double bond.
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4. A compound having the general formula IV:

1
11 R
R10 —‘j
/
v
N
o=
w
0O O
O N | v
A s T
\N ‘s 8 0
I 5
H B4
12 !
]
13
Y
v

wherein:
(2) R! and R? are each independently H, halo, cyano, hydroxy, C,.3 alkyl, Ci alkoxy
(®) R® is C(O)OR® or C(O)NHR®
5 | (c) R®is Cy. alkyl, Cs. cycloalkyl,'or 3-tetrahydofuryl.

(d) R’ is C,.3 alkyl, Cs.4 cycloalkyl, or phenyl which is optionally substituted by up to
two halo, cyano, hydroxy, Ci.3 alkyl, Cy.; alkoxy

(¢) R™ and R" are each independently H, Cy3 alkyl, or R and RM are taken
together with the carbon to which they are attached to form cyclopropyl,

10 cyclobutyl, cyclopentyl, or cyclohexyl;
(f) W is selected from O or NH
(g) the dashed line represents an optional double bond.
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5, A compound having the general formula V:

w
(o]
C, N J c\)\/,0
NH | ~SQ
RS, 1 d ﬁ Rg
~ “ O
N e .
H [} ;" 14
’l

wherein:

(a) R! and R? are each independently H, halo, cyano, hydroxy, C.3 alkyl, Cy.3 alkoxy

(») R® is C(O)OR? or C(O)NHR®

(c) R is Cy.¢ alkyl, Cs.¢cycloalkyl, or 3-tetrahydofuryl.’

(d) R is Cy3 alkyl, Ca. cycloalkyl, or phenyl which is optionally substituted by up to
two halo, cyano, hydroxy, Cy. alkyl, C1.3 alkoxy '

() R' and R" are each independently H, Cy.3 alkyl, or Cys cycloalkyl.

(f) W is selected from O or NH :

(g) the dashed line represents an optional double bond.

6. A compound having the general formula VI:

R11 R1
R -\3
/)
N .
o=
0
O Oo .
%NH \\”\ /\g/\
1o N Rg
H
. 8

o]
{
- H 9 7114
7
13

10 "

VI

wherein:
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(a) R" and R? are each independently H, chloro, fluoro, cyano, hydroxy, C, alkyl,
C)3 alkoxy '

(b) R® is C(O)OR® or C(O)NHR®

(©) R%is Cpg alkyl, Cs.scycloalky!

5 () R’ isC3 alkyl, Cs4 cycloalkyl, or phenyl which is optionally substituted by up to

two halo, cyano, hydroxy, C; alkyl, Cy.3 alkoxy

() R™ and R™ are each independently H, C,.; alkyl, or R and R™ are taken
together with the carbon to which they are attached to form cyclopropyl,
cyclobutyl. -

10 (f) the dashed line represents an optional double bond.

7. A compound having the general formula VII:

R!

A
R
[~
N
o=
2
o 0
Oj/N NH,, d ”/\g/\R
R5\ 7 © 9
ALY
H 9 ? 14
12 !
13
10 11
viI
wherein:
(a) R! and R? are each independently H, chloro, fluoro, cyano, hydroxy, C;.; alkyl,
C1.3 alkoxy
(b) R% is C(O)OR® or C(O)NHR®
15 ~ (¢) R%is Cy.6 alkyl, Cs.scycloalkyl

(@) R’ is Cy.3 alkyl, Cs.4 cycloalkyl, or phenyl which is optionally substituted by up to
* two halo, cyano, hydroxy, Ci.3 alkyl, C;3 alkoxy; and
(e) the dashed line represents an optional double bond.

8. A pharmaceutical composition comprising:
20 a) a composition of any one of claims 1-7; and

b) a pharmaceutically acceptable carrier.
241
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9. Use of a composition of any one of claims 1-7 in the manufacture of a
medicament for treating a hepatitis C virus infection in an individual.

10.  The use of claim 9, wherein a sustained viral response is achieved.

11.  Use of a composition of any one of claims 1- 7 in the manufacture of a
medicament for treating liver fibrosis in an individual.

12.  Use of a composition of any one of claims 1-7 in the manufacture of a
medicament for increasing liver function in an individual having a hepatitis C virus
infection.

13.  The use of claim 9,11, or 12, wherein an amount of a nucleoside analog is
present in the medicament. '

14.  The use of claim 13, wherein the nucleoside analog is selected from
ribavirin, levovirin, viramidine, an L-nucleoside, and isatoribine.

15.  The use of claim 9,11, or 12, wherein pirfenidone or a pirfenidone analog is
present in the medicament in an amount of from about 400 mg to about 3600 mg.

16.  The use of claim 9,11, or 12, wherein an amount of an NS5B RNA-
dependent RNA polymerase inhibitor in present in the medicament.

17.  The use of claim 9,11, or 12, wherein an amount of a tumor necrosis factor
antagonist selected from the group consisting of etanercept, infliximab, and
adalimumab is present in the medicament.
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18.  The use of claim 9,11, or 12, wherein an amount of thymosin-a is present

in the medicament.

19.  The use of claim 18, wherein the thymosin-o. is in an amount of from about
1.0 mg to about 1.6 mg.

20. The use of claim 9,11, or 12, wherein an amount of interferon-gamma (IFN-
Y) is present in the medicament.

21.  The use of claim 20, wherein the lFN-y is in an amount of from about 10ug
to about 300ug.

22.  The use of claim 9,11, or 12, wherein an amount of interferon-alpha (IFN-a)

is present in the medicament.

23.  The use of claim 22, wherein the IFN-a is monoPEG (30kD, linear) ylated
consensus IFN-a is for administration at a dosing interval of every 8 days to every
14 days.

24.  The use of claim 22, wherein the IFN-a is monoPEG (30 kD, linear)-ylated
consensus IFN-a is for administration at a dosing interval of once every 7 days.

25.  The use of claim ‘22, wherein the IFN-a is INFERGEN consensus IFN-qa.

26. The use of claim 9,11, or 12, wherein said medicament includes an agent
selected from 3'-azidothymidine, 2', 3'-dideoxyinosine, 2', 3'dideoxycytidine, 2-,3-
didehydro-2', 3'-dideoxythymidine, combivir, abacavir, adefovir dipoxil, cidofovir,
and an inosine monophosphate dehydrogenase inhibitor.
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27.  The compound of Claim 1 having the formula:

28.

29. The use of Claim 9, comprising administering an effective amount of a
compound having the formula;

& 2
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30. The use of an effective amount of a compound having the formula:

in the manufacture of pharmaceutical compositions for treatment of liver fibrosis in an
individual.

31. The use of an effective amount of a compound having the formula;

N

O N 9

in the manufacture of pharmaceutical compositions for increasing liver function in an individual

o9

N Y

having a hepatitis C virus infection.
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