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lll̂ (54) Title: MACROCYCLIC COMPOUNDS AS ANTIVIRAL AGENTS

(57) Abstract: The present invention relates to jnacrocvclic 
compounds of formula (I): wherein W, n, R , R , R , R , R , M, 
Z, ring A and ring B are defined herein, and pharmaceutically 
acceptable salts thereof, pharmaceutical compositions 
comprising them, and their use for the treatment or prevention 
of infection by hepatitis C virus.

(I)
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Macrocyclic compounds as antiviral agents

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

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

disease, such as cirrhosis and hepatocellular carcinoma, in a substantial number of infected 
individuals, estimated to be 2-15% of the world’s population. According to the World Health 
Organization, there are more than 170 million infected individuals worldwide, with at least 3 to 4

10 million people being infected each year. Once infected, about 20% of people clear the virus, but 
the rest harbor HCV the rest of their lives. Ten to twenty percent of chronically infected 
individuals eventually develop liver-destroying cirrhosis or cancer. The viral disease is transmitted 
parenterally by contaminated blood and blood products, contaminated needles, or sexually and 
vertically from infected mothers or carrier mothers to their offspring.

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

Several virally-encoded enzymes are putative targets for therapeutic intervention,
20 including a metalloprotease (NS2-3), a serine protease (NS3), a helicase (NS3), and an RNA- 

dependent RNA polymerase (NS5B). The NS3 protease is located in the N-terminal domain of 
the NS3 protein, and is considered a prime drug target since it is responsible for an intramolecular 
cleavage at the NS3/4A site and for downstream intermolecular processing at the NS4A/4B, 
NS4B/5A and NS5A/5B junctions. Previous research has identified classes of peptides, such as

25 hexapeptides as well as tripeptides discussed in U.S. patent applications US2005/0020503, 
US2004/0229818, and US2004/00229776, showing degrees of activity in inhibiting the NS3 
protease. The aim of the present invention is to provide further compounds which exhibit activity 
against the HCV NS3 protease.

Thus, in one aspect, there is provided the compound of formula (I):
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or a pharmaceutically acceptable salt thereof,
wherein:

n is 0, 1 or 2;
R1 is CO2R5, CONR5SO2R5, CONR5SO2N(R5)2 or tetrazolyl;
Ra is C2_6alkylene-R2;
Rb is hydrogen;
or Ra and Rb, together with the carbon atom to which they are attached, form a 

C3-6cycloalkyl group, optionally substituted by R2;
R2 is Ci-6alkyl, C2-6alkenyl or C3-8cycloalkyl, wherein said alkyl, alkenyl or cycloalkyl is 

optionally substituted with 1 to 3 halo;
R3 is Ci_6alkyl, (CH2)0_3C3-8cycloalkyl, (CH2)o_3aryl or (CH2)0_3Het, optionally substituted 

by halo, OR5, SR5, N(R5)2, Ci_6alkyl, NO2, CN, CF3, NR5SO2R5, SO2N(R5)2, NHCO2R5, 
NHCOR5, NHCONHR5, CO2R5, C(O)R5 or CON(R5)2;

R4 is hydrogen, halo, hydroxy, Ci_6alkyl, Ci_6alkoxy, CN, NO2, C3-8cycloalkyl, N(R5)2, aryl 
or heteroaryl, optionally substituted by 1 to 8 halo or Ci^alkyl;

each R5 is independently hydrogen, Ci_6alkyl or C3-8cycloalkyl;
each W is independently halo, OR5, Ci_6alkyl, CN, NO2, CF3, CO2R5, CON(R5)2, COR5, 

NR5C(O)R5, aryl or heteroaryl;
Z is a bond or C=O;
M is C2_i2alkylene or C2_i2alkenylene, optionally substituted by Ci_6alkyl, 

(CH2)o_3C3-8cycloalkyl or (CH2)o_3aryl, and optionally containing one O or S atom;
ring A is a 8- to 10-membered fused heterobicyclic ring system containing 1 to 4 

heteroatoms selected from N, O and S; and
ring B is a C-linked 5- or 6-membered heteroaromatic ring containing 1 to 4 heteroatoms 

selected from N, O and S.
In one embodiment of the present invention, n is 0 or 1. Preferably, n is 0.
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In another embodiment, R1 is CONR5SC>2R5 or CONR5SC>2N(R5)2 where R5 is as 
hereinbefore defined. Preferably, R is CONR5SC>2R5 where R5 is as hereinbefore defined. More 
preferably, R1 is CONHSO2R5 where R5 is as hereinbefore defined. Especially, R1 is 
CONHSO2-C3-8cycloalkyl. More especially, R1 is CONHSO2-C3-6cycloalkyl. Most especially, R1 
is CONHSO2-cyclopropyl.

In another embodiment, Ra is C2-5alkylene-R2 where R2 is as hereinbefore defined. 
Preferably, Ra is C2-4alkylene-R2 where R2 is Ci_6alkyl, optionally substituted with 1 to 3 halo.
More preferably, Ra is C2-3alkylene-R2 where R2 is Ci^alkyl, optionally substituted with 1 to 3 
fluoro or chloro. Most preferably, Ra is ethylene-R2 where R2 is Ci^alkyl, optionally substituted 
by 1 to 3 fluoro. Especially, Ra is ethylene-R2 where R2 is difluoromethyl or trifluoromethyl.

In another embodiment, Ra and Rb, together with the carbon atom to which they are 
attached, form a C3-5cycloalkyl group, optionally substituted by R2, where R2 is Ci_6alkyl or 
C2-6alkenyl. Preferably, Ra and Rb, together with the carbon atom to which they are attached form 
a C3-4cycloalkyl group, substituted by Ci_4alkyl or C2-4alkenyl. More preferably, Ra and Rb, 
together with the carbon atom to which they are attached, form a cyclopropyl group, substituted 
by-CH=CH2.

In another embodiment, R3 is Ci-6alkyl, or (CH2)o-3C3-8cycloalkyl, optionally substituted by 
halo, OR5 or Ci_6alkyl, where R5 is as hereinbefore defined. Preferably, R3 is Ci_6alkyl or 
(CH2)o-3C3-8cycloalkyl. More preferably, R3 is Ci_4alkyl or C3-6cycloalkyl. Most preferably, R3 is 
C3-4alkyl or C5-6cycloalkyl. Especially, R3 is 'propyl, sbutyl, 'butyl, cyclopentyl or cyclohexyl.

In another embodiment, R4 is hydrogen, halo, hydroxy, Ci_6alkyl, Ci_6alkoxy,
C3-8cycloalkyl or aryl. Preferably, R4 is hydrogen, iodo, Ci_4alkyl, Ci_4alkoxy or phenyl. Most 
preferably, R4 is hydrogen, iodo, ethyl, methoxy or phenyl.

In another embodiment, each W is independently halo, OR5, Ci_6alkyl, CN, NO2, CF3, 
CO2R5 or CON(R5)2, where R5 is as hereinbefore defined. Preferably, each W is independently 
halo, OCi_6alkyl, CN, NO2 or CF3. More preferably, each W is independently OCi_4alkyl. Most 
preferably, W is methoxy.

In another embodiment, Z is a bond when A is pyridinyl.
In another embodiment, Z is C=O when A is pyrrolidinyl. Preferably, Z is attached to the 

nitrogen atom of the pyrrolidinyl moiety.
In another embodiment, M is C2-salkylene or C2-salkenylene, optionally substituted by 

Ci^alkyl or C3_6cycloalkyl, and optionally containing one O atom. Preferably, M is C3_6alkylene or 
C3_6alkenylene, optionally substituted by Ci^alkyl, and optionally containing one O atom. More 
preferably, M is C4_5alkylene or C4_5alkenylene, optionally substituted by Ci^alkyl, and optionally 
containing one O atom. Examples of suitable M groups include butylene, pentylene,
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5 In another embodiment, A is a 9- or 10- membered fused heterobicyclic ring system
containing 1 to 3 heteroatoms selected fromN and O. Preferably, A is a 9- or 10- membered 
fused heterobicyclic ring system containing 1 or 2 N atoms. More preferably, A is quinolinyl, 
isoquinolinyl, isoindolyl or imidazo[l,2-a]-pyridinyl.

In another embodiment, B is a C-linked 5-membered heteroaromatic ring containing 2 or 3
10 heteroatoms selected fromN, O and S. Preferably, B is oxazolyl, isoxazolyl, thiazolyl, 

isothiazolyl, furazyl or oxadiazolyl. More preferably, B is thiazolyl or 1,3,4-oxadiazolyl.
In another embodiment of the present invention, there is provided the compound of 

formula (la):

15 or a pharmaceutically acceptable salt thereof,
wherein R1, R2, R3, R4 and M are as defined in relation to formula (I).

Preferably, R1 is C(O)NR5SO2R5 where R5 is as defined in relation to formula (I). More 
preferably, R1 is C(O)NHSO2R5 where R5 is as defined in relation to formula (I). Most 
preferably, R1 is C(O)NHSO2-C3-6cycloalkyl. Especially, R1 is C(O)NHSO2-cyclopropyl.

20 Preferably, R2 is C2-6alkenyl. More preferably, R2 is -CH=CH2.
Preferably, R3 is Ci_6alkyl or (CH2)o-3C3-8cycloalkyl. More preferably, R3 is Ci^alkyl or 

C3-6cycloalkyl. Most preferably, R3 is C2-4alkyl or C5-6cycloalkyl. Especially, R3 is 'propyl, sbutyl, 
'butyl, cyclopentyl or cyclohexyl.

Preferably, R4 is hydrogen, halo, hydroxy, Ci_6alkyl, Ci_6alkoxy, CXxcycloalkyl or aryl.
25 More preferably, R4 is hydrogen, Ci_6alkyl or CAxcycloalkyl. Most preferably, R4 is hydrogen.
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Preferably, M is C2-8alkylene or C2-8alkenylene, optionally substituted by Ci_6alkyl. More 
preferably, M is C3_6alkylene or C3_6alkenylene, optionally substituted by Ci_4alkyl. Most 
preferably, M is C^alkylene or C^alkenylene, optionally substituted by Ci_2alkyl. Especially, M 
is butylene, pentylene,

10 In another embodiment of the present invention, there is provided the compound of
formula (lb):

or a pharmaceutically acceptable salt thereof,
wherein R1, R2, R3, R4 and M are as defined in relation to formula (I).

15 Preferably, R1 is C(O)NR5SO2R5 where R5 is as defined in relation to formula (I). More
preferably, R1 is C(O)NHSO2R5 where R5 is as defined in relation to formula (I). Most 
preferably, R1 is C(O)NHSO2-C3-6cycloalkyl. Especially, R1 is C(O)NHSO2-cyclopropyl.

Preferably, R2 is C2_6alkenyl. More preferably, R2 is -CH=CH2.
Preferably, R3 is Ci_6alkyl. More preferably, R3 is C3_4alkyl. Most preferably, R3 is 'propyl. 

20 Preferably, R4 is hydrogen, halo, hydroxy, Ci_6alkyl, Ci-6alkoxy, C3_8cycloalkyl or aryl.
More preferably, R4 is hydrogen, Ci_6alkyl or aryl. Most preferably, R4 is hydrogen or phenyl. 
Especially, R4 is phenyl.

When R4 is other than hydrogen, preferably it is attached to the 2-position of the pyridyl
moiety.
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Preferably, M is C2-i2alkylene or C2-i2alkenylene. More preferably, M is C2-salkylene or 
C2-8alkenylene. Most preferably, M is C2-8alkylene. Especially, M is C3_6alkylene. More 
especially, M is butylene.

In another embodiment of the present invention, there is provided the compound of 
formula (lc):

(lc)

or a pharmaceutically acceptable salt thereof,
wherein R1, R2, R3 and M are as defined in relation to formula (I).

Preferably, R1 is C(O)NR5SO2R5 where R5 is as defined in relation to formula (I). More
preferably, R1 is CfOjNHSCfR5 where R5 is as defined in relation to formula (I). Most 
preferably, R1 is C(O)NHSO2-C3-6cycloalkyl. Especially, R1 is C(O)NHSO2-cyclopropyl.

Preferably, R2 is Cj^alkyl or C2-4alkenyl. More preferably, R2 is Cj^alkyl or -CH=CH2. 
Most preferably, R2 is ethyl or -CH=CH2.

Preferably, R3 is Ci_6alkyl or (CH2)o-3C3-8cycloalkyl. More preferably, R3 is Ci_4alkyl or 
C3-6cycloalkyl. Most preferably, R3 is C3-4alkyl or C5-6cycloalkyl. Especially, R3 is 'propyl, sbutyl, 
'butyl, cyclopentyl or cyclohexyl.

Preferably, M is C2-i2alkylene or C2-i2alkenylene, optionally substituted by Ci_6alkyl, and 
optionally containing an O atom. More preferably, M is C2-8alkylene or C2-salkenylene, optionally 
substituted by Ci^alkyl, and optionally containing an O atom. Most preferably, M is C3_6alkylene 
or C3_6alkenylene, optionally substituted by Ci_2alkyl, and optionally containing an O atom. 
Especially, M is C4_5alkylene or C4_5alkenylene, optionally substituted by methyl, and optionally 
containing an O atom. More especially, M is pentylene,

or
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In another embodiment of the present invention, there is provided the compound of 
formula (Id):

R2

or a pharmaceutically acceptable salt thereof,
5 wherein R1, R2, R3, R4, Z, M and A are as defined in relation to formula (I).

Preferably, R1 is C(O)NR5SO2R5 where R5 is as defined in relation to formula (I). More 
preferably, R1 is C(O)NHSO2R5 were R5 is as defined in relation to formula (I). Most preferably, 
R1 is C(O)NHSO2-C3-6cycloalkyl. Especially R1 is C(O)NHSO2-cyclopropyl.

Preferably, R2 is C2_6alkenyl. More preferably, R2 is -CH=CH2.
10 Preferably, R3 is Ci_6alkyl or (CH2)0-3C3-8cycloalkyl. More preferably, R3 is Ci_4alkyl or

C3-6cycloalkyl. Most preferably, R3 is C3-4alkyl or C5-6cycloalkyl. Especially, R3 is 'propyl, 
cyclopentyl or cyclohexyl.

Preferably, R4 is hydrogen, halo, hydroxy, Ci_6alkyl, Ci_6alkoxy, C3-8cycloalkyl or aryl. 
More preferably, R4 is hydrogen, Ci_6alkyl or halo. Most preferably, R4 is hydrogen, ethyl or

15 iodo.
When R4 is other than hydrogen, preferably A is pyridinyl.
Preferably, M is C2_i2alkylene or C2_i2alkenylene. More preferably, M is C2_8alkylene or 

C2_8alkenylene. Most preferably, M is C3_6alkylene or C3_6alkenylene. Especially, M is 
C4_5alkylene or C^alkenylene. More especially, M is butylene, pentylene or

Preferably, A is a 9- or 10- membered fused heterobicyclic ring system containing 1 or 2 
heteroatoms selected from N and O. More preferably, A is a 9- or 10- membered fused 
heterobicyclic ring system containing one N atom. Most preferably, A is quinolyl, isoquinolyl or 
isoindolyl.

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

(Ie):
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or a pharmaceutically acceptable salt thereof, wherein R1, Ra, Rb, R3 and M are as defined in 
relation to formula (I).

Preferably, R1 is C(O)NR5SO2R5 where R5 is as defined in relation to formula (I). More 
preferably, R1 is C(O)NHSO2R5 where R5 is as defined in relation to formula (I). Most 
preferably, R1 is C(O)NHSO2-C3_6cycloalkyl. Especially, R1 is C(O)NHSO2-cyclopropyl.

Preferably, Ra is C2_4alkylene-R2 and Rb is hydrogen, where R2 is Ci_6alkyl optionally 
substituted by 1 to 3 halo. More preferably, Ra is ethylene-R2 and Rb is hydrogen, where R2 is Ci 
4alkyl substituted by 1 to 3 fluoro. Examples of suitable R2 groups include difluoromethyl and 
trifluoromethyl.

Preferably, Ra and Rb, together with the carbon atom to which they are attached, form a 
C3_4cycloalkyl group, substituted by R2, where R2 is Ci_6alkyl or C2_6alkenyl. More preferably, Ra 
and Rb, together with the carbon atom to which they are attached, form a cyclopropyl group, 
substituted by R2, where R2 is Ci_4alkyl or C2_4alkenyl. Examples of suitable R2 groups include 
methyl, ethyl and ethenyl.

In another embodiment of the present invention, there is provided the compound of 
formula (If):
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or a pharmaceutically acceptable salt thereof, wherein R1, R2, R3, R4, M and W are as defined in 
relation to formula (I);

X is N when Y is CH; and
X is CH when Y is N.
Preferably, R1 is C(O)NR5SC>2R5 where R5 is as defined in relation to formula (I). More 

preferably, R1 is C(O)NHSO2R5 where R5 is as defined in relation to formula (I). Most 
preferably, R1 is C(O)NHSO2-C3-6cycloalkyl. Especially, R1 is C(O)NHSO2-cyclopropyl.

Preferably, R2 is C2-6alkenyl. More preferably, R2 is -CH=CH2.
Preferably, R3 is Ci_6alkyl or (CH2)o-3C3-8cycloalkyl. More preferably, R3 is Ci_4alkyl or C3- 

6cycloalkyl. Most preferably, R3 is C2-4alkyl or C5-6cycloalkyl. Especially, R3 is sbutyl, cyclopentyl 
or cyclohexyl.

Preferably, R4 is hydrogen, halo, hydroxy, Ci_6alkyl, Ci-6alkoxy, C3-8cycloalkyl or aryl. 
More preferably, R4 is hydrogen, Ci_6alkyl, Ci_6alkoxy or aryl. Most preferably, R4 is hydrogen, 
Ci_4alkyl, Ci_4alkoxy or phenyl. Especially, R4 is hydrogen, Ci_2alkyl, Ci_2alkoxy or phenyl. More 
especially, R4 is hydrogen, ethyl, methoxy or phenyl.

Preferably, M is C2-8alkylene or C2-8alkenylene, optionally substituted by Ci_6alkyl. More 
preferably, M is C3-6alkylene or C3-6alkenylene, optionally substituted by Ci_4alkyl. Most 
preferably, M is CXalkylene or CXalkenylene, optionally substituted by Ci^alkyl. Especially, M 
is butylene,

Preferably, W is halo, OR5, Ci_6alkyl, CN, NO2, CF3, CO2R5 or CON(R5)2, where R5 is as 
defined in relation to formula (I). More preferably, W is fluoro, chloro, OCi_6alkyl, CN, NO2 or 
CF3. Most preferably, W is fluoro, chloro or OCi_4alkyl. Especially, W is methoxy.

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

As used herein, the term "alkyl" as a group or part of a group refers to any linear or 
branched chain alkyl group having a number of carbon atoms in the specified range. Thus, for 
example, "Ci_6alkyl" refers to all of the hexyl alkyl and pentyl alkyl isomers as well as η-, iso-, sec- 
and t-butyl, n- and iso-propyl, ethyl and methyl. As another example, "Ci^alkyl" refers to η-, iso-, 
sec- and t-butyl, n- and iso-propyl, ethyl and methyl.

The term "alkoxy" represents any linear or branched chain alkyl group having a number of 
carbon atoms in the specified range and attached through an oxygen bridge. Examples of suitable 
alkoxy groups include methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy, i-butoxy and 
t-butoxy.
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The term "alkenyl" as a group or part of a group refers to any linear or branched chain 
alkyl group containing at least one double bond, which may occur at any point along the chain, 
and having a number of carbon atoms in the specified range. E- and Z- forms are both included, 
where applicable. Examples of suitable alkenyl groups include vinyl, allyl, butenyl and pentenyl.

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

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

The term "halogen" or "halo" means fluorine, chlorine, bromine and iodine (alternatively 
referred to as fluoro, chloro, bromo and iodo, respectively).

The term “aryl” as a group or part of a group means a carbocyclic aromatic ring.
Examples of suitable aryl groups include phenyl and naphthyl.

The term "Het" as a group or part of a group means a 5- to 7-membered saturated or 
unsaturated non-aromatic ring having 1 to 4 heteroatoms selected from N, O and S.

The term "heteroaryl" as a group or part of a group means a 5- to 10-membered 
heteroaromatic ring system containing 1 to 4 heteroatoms selected from N, O and S. Examples of 
such groups include pyrrolyl, furanyl, thienyl, pyridyl, pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, 
thiazolyl, isothiazolyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazolyl, oxadiazolyl, thiadiazolyl, 
triazinyl, tetrazolyl, indolyl, benzothienyl, benzimidazolyl, benzofuryl, quinolyl and isoquinolyl.

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

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

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

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

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

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

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

The present invention includes within its scope solvates of the compounds of formula (I) 
and salts thereof, for example, hydrates.

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

The preferred compounds of the present invention will have the stereochemistry as shown 
in formula (Ig):
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The present invention further provides a compound of formula (I) or a pharmaceutically 
acceptable salt thereof for use in therapy.

In another aspect, the invention provides the use of a compound of formula (I) as defined 
5 above, or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for

treatment or prevention of infection by hepatitis C virus in a human or animal.
A further aspect of the invention provides a pharmaceutical composition comprising a

compound of formula (I) as defined above, or a pharmaceutically acceptable salt thereof, in 
association with a pharmaceutically acceptable carrier. The composition may be in any suitable

10 form, depending on the intended method of administration. It may for example be in the form of a 
tablet, capsule or liquid for oral administration, or of a solution or suspension for administration 
parenterally.

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

15 β-or γ-interferon.
In a further aspect, the invention provides a method of inhibiting hepatitis C virus protease 

and/or of treating or preventing an illness due to hepatitis C virus, the method involving 
administering to a human or animal (preferably mammalian) subject suffering from the condition a 
therapeutically or prophylactically effective amount of the pharmaceutical composition described

20 above or of a compound of formula (I) as defined above, or a pharmaceutically acceptable salt
thereof. “Effective amount” means an amount sufficient to cause a benefit to the subject or at 
least to cause a change in the subject’s condition.

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

25 observation or experiment.
The dosage rate at which the compound is administered will depend on a variety of factors 

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

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

As noted above, the present invention also relates to a method of inhibiting HCV NS3 
protease, inhibiting HCV replication, or preventing or treating HCV infection with a compound of 
the present invention in combination with one or more therapeutic agents and a pharmaceutical 
composition comprising a compound of the present invention and one or more therapeutic agents 
selected from the group consisting of a HCV antiviral agent, an immunomodulator, and an anti
infective agent. Such therapeutic agents active against HCV include ribavirin, levovirin, 
viramidine, thymosin alpha-1, interferon-β, interferon-α, pegylated interferon-α (peginterferon-a), 
a combination of interferon-α and ribavirin, a combination of peginterferon-α and ribavirin, a 
combination of interferon-α and levovirin, and a combination of peginterferon-α and levovirin. 
Interferon-α includes recombinant interferon-a2a (such as Roferon interferon available from 
Hoflfinann-LaRoche, Nutley, NJ), pegylated interferon-a2a (Pegasys™), interferon-a2b (such as 
Intron-A interferon available from Schering Corp., Kenilworth, NJ), pegylated interferon-a2b 
(Peglntron™), a recombinant consensus interferon (such as interferon alphacon-1), and a purified 
interferon-α product. Amgen’s recombinant consensus interferon has the brand name Infergen®. 
Levovirin is the L-enantiomer of ribavirin which has shown immunomodulatory activity similar to 
ribavirin. Viramidine represents an analog of ribavirin disclosed in WO 01/60379 (ICN 
Pharmaceuticals). In accordance with the method of the present invention, the individual 
components of the combination can be administered separately at different times during the course 
of therapy or concurrently in divided or single combination forms.
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For the treatment of HCV infection, the compounds of the present invention may also be 
administered in combination with an agent that is an inhibitor of HCV NS3 serine protease. HCV 
NS3 protease inhibitors are disclosed in WO 98/22496, WO 98/46630, WO 99/07733, WO 
99/07734, WO 99/38888, WO 99/50230, WO 99/64442, WO 00/09543, WO 00/59929, GB- 
2337262, WO 02/48116, WO 02/48172, and U.S. Patent No. 6,323,180.

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

For the treatment of HCV infection, the compounds of the present invention may also be 
administered in combination with the antiviral agent amantadine (1-aminoadamantane) [see J. 
Kirschbaum, Anal, Profiles Drug Subs. 12: 1-36 (1983)].

The compounds of the present invention may also be combined for the treatment of HCV 
infection with antiviral 2’-C-branched ribonucleosides disclosed in R. E. Harry-O’kuru, et al., T 
Qrg, Chem,, 62: 1754-1759 (1997); M. S. Wolfe, et al., Tetrahedron Lett,, 36: 7611-7614 
(1995); U.S. Patent No. 3,480,613; WO 01/90121; WO 01/92282; WO 02/32920; WO 
04/002999; WO 04/003000; and WO 04/002422. Such 2’-C-branched ribonucleosides include 
2’-C-methyl-cytidine, 2’-C-methyl-uridine, 2’-C-methyl-adenosine, 2’-C-methyl-guanosine, and 9- 
(2-C-methyl-3-D-ribofuranosyl)-2,6-diaminopurine, and the corresponding amino acid ester of the 
ribose C-2’, C-3’, and C-5’ hydroxyls and the corresponding optionally substituted cyclic 1,3- 
propanediol esters of the 5’-phosphate derivatives.

The compounds of the present invention may also be combined for the treatment of HCV 
infection with other nucleosides having anti-HCV properties, such as those disclosed in WO 
02/51425 (Mitsubishi Pharma Corp.); WO 01/79246, WO 02/32920 and WO 02/48165 
(Pharmasset, Ltd.); WO 01/68663 (ICN Pharmaceuticals); WO 99/43691; WO 02/18404 
(Hoflmann-LaRoche); U.S. 2002/0019363; WO 02/100415; WO 03/026589; WO 03/026675;
WO 03/093290; US 2003/0236216; US 2004/0006007; WO 04/011478; WO 04/013300; US 
2004/0063658; and WO 04/028481.

For the treatment of HCV infection, the compounds of the present invention may also be 
administered in combination with an agent that is an inhibitor of HCV NS5B polymerase. Such 
HCV NS5B polymerase inhibitors that may be used as combination therapy include those 
disclosed in WO 02/057287, US 6,777,395, WO 02/057425, US 2004/0067901, WO 03/068244, 
WO 2004/000858, WO 04/003138 and WO 2004/007512. Other such HCV polymerase
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inhibitors include valopicitabine (NM-283; Idenix) and 2’-F-2’-beta-methylcytidine (see also WO 
2005/003147, assigned to Pharmasset, Ltd.).

The compounds of the present invention may also be combined for the treatment of HCV 
infection with non-nucleoside inhibitors of HCV polymerase such as those disclosed in WO

5 01/77091 (Tularik, Inc.); WO 01/47883 (Japan Tobacco, Inc.); WO 02/04425 (Boehringer
Ingelheim); WO 02/06246, WO 03/062211, WO 2004/087714, WO 2004/110442, WO 
2005/034941, WO 2005/023819, W02006/029912, WO 2006/008556 and WO 2006/027628 (all 
Istituto di Ricerche di Biologia Moleculare P. Angeletti S.p.A.); WO 02/20497; WO 
2005/016927 (in particular JTK003), and WO 2005/080399 (Japan Tobacco, Inc.); WO

10 2006/020082 (Bristol-Myers Squibb Company); and HCV-796 (Viropharma Inc.).
The present invention also provides a process for the preparation of compounds of

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

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

where n, R1, Ra, Rb, R3, R4, M, W, X, Z, and rings A and B are as defined in relation to formula 
(I) and P1 is Ci_6alkyl, such as methyl. The reaction is conveniently carried out in the presence of 
a coupling reagent, such as TBTU or HATU, and a base, such as diisopropyiethylamine or 
triethylamine, in a solvent. Suitable solvents include DMF and dichloromethane.

20 The compound of formula (II) where M has 4 or more carbon atoms in the tether and one
or more double bonds may be prepared by the internal ring closure of the diene of formula (IV):
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where n, R3, R4, W, X, Z, and rings A and B are as defined in relation to formula (I) and P1 is as 
defined in relation to formula (II). The reaction is conveniently carried out in the presence of a 
metathesis catalyst, such as Zhan catalyst [dichloro(5-chloro-2-isopropoxybenzylidene)(l,3-

5 dimethylimidazolidin-2-ylidene)ruthenium], preferably at raised temperature, in a suitable solvent 
such as 1,2-dichloroethane. The resultant ring double bond may be hydrogenated to give a 
further compound of formula (II). The hydrogenation is preferably carried out in the presence of 
a suitable catalyst, such as palladium on carbon, in a suitable solvent, such as methanol/ethyl 
acetate mixture.

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

Further details of suitable procedures will be found in the accompanying Schemes and
15 Examples. For instance compounds of formula (I) can be converted into other compounds of 

formula (I) using synthetic methodology well known in the art.
Thus, for instance, the compound of formula (I) where M is unsaturated may be converted 

into the compound of formula (I) where M is saturated by hydrogenation, preferably in the 
presence of a suitable catalyst, such as palladium on carbon, in a suitable solvent, such as

20 methanol/ethyl acetate mixture.
The compounds of the present inventions are useful in the inhibition of HCV protease 

(e.g., HCV NS3 protease) and the prevention or treatment of infection by HCV. For example, 
the compounds of this invention are useful in treating infection by HCV after suspected past 
exposure to HCV by such means as blood transfusion, exchange of body fluids, bites, accidental

25 needle stick, or exposure to patient blood during surgery.
The compounds of this invention are useful in the preparation and execution of screening 

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

5 General Description of Synthesis:
The compounds of the present invention may be synthesised as outlined in the general 

Schemes 1, 2, 3, 4 and 5.

1) Boc-AA, TBTU 
'Pr2NEt

2) HCI

10

CO2Me

6) Zhan RCM 
catalyst

CO2Me

(Μ1)
X

1-4

(M,) μ H N 
N N

., **CO2Me

CO2Me

7) H2, Pd/C

O

CO2Me

O
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Scheme 1 depicts the synthesis of (3R,5S,8S)-N-((1R,2S)-1-
{[(cyclopropylsulfonyl)amino]carbonyl}-2-ethenylcyclopropyl)-7-oxo-2-oxa-ll-thia-6,9,24,27-
tetraazapentacyclo[16.6.2.13’6.l10’13.021’25]octacosa-l(24),10(27),12,18,20,22,25-heptaene-5-

5 carboxamides 1-9 and related compounds. Peptide coupling of (25,45)-2-(methoxycarbonyl)-4- 
[(7-vinylisoquinolin-l-yl)oxy]pyrrolidinium chloride 1-1 with a Boc-protected aminoacid and 
subsequent BOC removal afforded dipeptide 1-2, which in turn was converted into thiourea 1-3 
by reaction with FMOC-isocyanate followed by treatment with piperidine. Upon treatment with 
an appropriate oc-halogenmethylketone 1-4, the thiazole derivative 1-5 was obtained. Ring

10 closing metathesis, hydrogenation of the resulting macrocyclic alkene mixture 1-6, ester 
hydrolysis and coupling with the amine 1-8 afforded the required compound 1-9.

SCHEME 2

2-315



WO 2007/131966 PCT/EP2007/054594

- 19-

Scheme 2 describes the synthesis of (1R,22S,25S)-N-((1R,2S)-1-
{[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)-3,23-dioxo-2-oxa-19-thia- 
4,21,24,28-tetraazapentacyclo[22.2.1.14’7.l17’2°.06’11]nonaacosa-6,8,10,17,20(28)-pentaene-25-

5 carboxamide 2-6 and related compounds. These compounds were prepared following the same 
synthetic sequence described in Scheme 1, by using (37?,55)-5-(methoxycarbonyl)pyrrolidin-3-yl- 
4-vinyl-l,3-dihydro-277-isoindole-2-carboxylate hydrochloride (2-1, see Intermediate 7 below) as 
starting material.

10 SCHEME 3
O

OH
NH2NHBoc

EDCI
3-1

O

3-2

OCN^cOOMe 

R3 34 N N^COOMe POCI3

O R3
3-5Dioxane, rt

O

NHNHBoc

(M‘) N-N R3
X N OH

O

COOMe

TBTU
ROM

Ί \ Η N
i/m·.

R3
3-7
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Scheme 3 depicts the synthesis of (35,55,85)-7V-((15,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl}-2-ethenylcyclopropyl)-8-isopropyl-7-oxo-2,27-dioxa- 
6,9,11,12,24-pentazapentacyclo[16.6.2.13’6.l10’13.021’25]octacosa-l(24), 10,12,18,20,22,25

5 heptaene-5-carboxamide and related compounds. Peptide coupling of (25,45)-2-
(methoxycarbonyl)-4-[(7-vinylisoquinolin-l-yl)oxy]pynOlidinium chloride 1-1 with an oxadiazole 
derivative 3-7, obtained in five steps from the carboxylic acid 3-1, afforded dipeptide 3-8. Ring 
closing metathesis, hydrogenation of the resulting macrocyclic alkene mixture 3-9, ester 
hydrolysis and coupling with the amine 1-8 afforded the required compound 3-12.

10
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SCHEME 4 (describing Entries 6-13, Table 3)

1-8 4-9
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SCHEME 5 (describing Entry 16, Table 3)

5 During any of the above synthetic sequences, it may be necessary and/or desirable to
protect sensitive or reactive groups on any of the molecules concerned. This may be achieved by 
means of conventional protecting groups such as those described in Protective Groups in Organic 
Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and T.W. Greene & P.G.M. Wuts, 
Protective Groups in Organic Synthesis, John Wiley & Sons, 3rd ed., 1999. The protecting

10 groups may be removed at a convenient subsequent stage using methods known from the art.
The HCV NS3 protease inhibitory activity of the present compounds may be tested using

assays known in the art. One such assay is HCV NS3 protease time-resolved fluorescence (TRF) 
assay described as follows:

15 HCV NS3 protease time-resolved fluorescence (TRF) assay
The NS3 protease TRF assay was performed in a final volume of ΙΟΟμΙ in assay buffer containing 
50 mM HEPES, pH 7.5, 150 mM NaCl, 15 % glycerol, 0.15 % Triton X-100, 10 mM DTT, and
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0.1% PEG 8000. The NS3 protease was pre-incubated with various concentrations of inhibitors 
for 10-30 minutes. The peptide substrate for the assay is Ac-C(Eu)-DDMEE-Abu-[COO]- 
XSAK(QSY7)-NH2, where Eu is an europium-labeled group, Abu is 1-aminobutanoic acid which 
connects an ester linkage with 2-hydroxy propanoic acid (X). Hydrolysis of the peptide by NS3 
protease activity causes in separation of the fluorophore from the quencher, resulting in an 
increase in fluorescence. Activity of the protease was initiated by adding the TRF peptide 
substrate (final concentration 50-100 nM). The reaction was quenched after 1 hour at room 
temperature with 100 μΐ of 500 mM MES, pH 5.5. Product fluorescence was detected using 
either a Victor V2 or Fusion fluorimeter (Perkin Elmer Life and Analytical Sciences) with 
excitation at 340 nm and emission at 615 nm with 50-400 ps delay. Testing concentrations of 
different enzyme forms was selected with a signal to background ratio of 10-30. The inhibition 
constants were derived using a four-parameter fit.

Another suitable assay is the cellular Replicon or rheplisa assay described as follows:
Cell based HCV Replication Assay
Cell clones that stably maintain subgenomic HCV replicon were obtained by transfecting Huh-7 
cells with an RNA replicon identical to I377neo/NS3-3’/wt described by Lohmann et al. (1999) 
(EMBL-genbank No. AJ242652), followed by selection with neomycin sulfate (G418). Viral 
replication was monitored by measuring the expression of the NS3 protein by an ELISA assay 
performed directly on cells grown in 96 wells microtiter plates (Cell-ELISA) using the anti-NS3 
monoclonal antibody 10E5/24 (as described in published International patent application WO 
02/59321). Cells were seeded into 96 well plates at a density of 104 cells per well in a final 
volume of 0.1 ml of DMEM/10% FCS. Two hours after plating, 50 μΐ of DMEM/10% FCS 
containing a 3x concentration of inhibitor were added, cells were incubated for 96 hours and then 
fixed for 10 minutes with ice-cold isopropanol. Each condition was tested in duplicate and 
average absorbance values were used for calculations. The cells were washed twice with PBS, 
blocked with 5% non-fat dry milk in PBS + 0.1% Triton X100 + 0.02% SDS (PBSTS) and then 
incubated o/n at 4° C with the 10E5/24 mab diluted in Milk/PBSTS. After washing 5 times with 
PBSTS, the cells were incubated for 3 hours at room temperature with Fc specific anti-mouse 
IgG conjugated to alkaline phosphatase (Sigma), diluted in Milk/PBSTS. After washing again as 
above, the reaction was developed with p-nitrophenyl phosphate disodium substrate (Sigma) and 
the absorbance at 405/620 nm read at intervals. For calculations, we used data sets where 
samples incubated without inhibitors had absorbance values comprised between 1 and 1.5. The 
inhibitor concentration that reduced by 50% the expression of NS3 (IC5o) was calculated by 
fitting the data to the Hill equation,

Fraction inhibition = l-(Ai-b)/(Ao-b) = [I]n / ([I]n + IC5o)
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where:
- Ai = absorbance value of HBI10 cells supplemented with the indicated inhibitor concentration.
- Ao = absorbance value of HBI 10 cells incubated without inhibitor.
- b = absorbance value of Huh-7 cells plated at the same density in the same microtiter plates 

and incubated without inhibitor.
- n = Hill coefficient.

The compounds of the present invention were active in the cell based HCV replication assay with 
activities <50μΜ, and especially <5μΜ.

Other examples of such assays are described in e.g., International published patent 
application W02005/046712. Compounds useful as HCV NS3 protease inhibitors would have a 
Ki less than 50 μΜ, more preferably less than 10 μΜ, most preferably less than 1 μΜ, especially 
less than 100 nM, and more especially less than 50 nM.

In a first aspect of the invention, there is provided a compound of formula (I):

5 or a pharmaceutically acceptable salt thereof, 

wherein:

n is 0, 1 or 2;
R* is CONR5SO2R5or CONR5SO2N(R5)2;

Ra and Rb, together with the carbon atom to which they are attached, form a 

io cyclopropyl group, substituted by -CH=CH2;

R3 is Ci.6alkyl, (CH2)o.3C3.8cycloalkyl, (CHflojaryl or (CH2)0.3Het, optionally substituted 
by halo, OR5, SR5, N(R5)2, C.^alkyl, NO2, CN, CF3, NR5SO2R5, SO2N(R5)2, NHCO2R5,
NHCOR5, NHCONHR5, CO2R5, C(O)R5 or CON(R5)2;

R4 is hydrogen, halo, hydroxy, Chalky I, Ci ^alkoxy, CN, NO2, C3-8cycloalkyl, N(R5)2, aryl 

or hcteroaryl, optionally substituted by 1 to 8 halo or Ci^alkyl;
each R5 is independently hydrogen, Chalky 1 or C3-8cycloalkyl;

6826446_1JIN
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each W is independently halo, OR5, C^alkyl, CN, NO2, CF3, CO2R5, CON(R5)2, COR5, 
NR5C(O)R5, aryl or heteroaryl;

Z is a bond or C=O;
M is C2.i2alkylene or C2.)2alkenylene, optionally substituted by Chalky!, 

(CH2)o-3Cj.gcycloalkyl or (CH2)0.3aryl, and optionally containing one 0 or S atom;
ring A is a 8- to 10-membered fused heterobicyclic ring system containing 1 to 4 

heteroatoms selected from N, O and S; and

ring B is a C-linked 5- or 6-membered heteroaromatic ring containing 1 to 4 

heteroatoms selected from N, 0 and S.

In a further aspect of the invention, there is provided a compound according to 

5 the first aspect of the invention or a pharmaceutically acceptable salt thereof for use in

therapy.

In a further aspect of the invention, there is provided use of a compound 

according to the first aspect of the invention, or a pharmaceutically acceptable salt 

thereof, for the manufacture of a medicament for treatment or prevention of infection by

io hepatitis C virus in a human or animal.

In a further aspect of the invention, there is provided a pharmaceutical 

composition comprising a compound according to the first aspect of the invention, or a 

pharmaceutically acceptable salt thereof, in association with a pharmaceutically 

acceptable carrier.

15

The following examples serve to illustrate the invention and its practice.
'H NMR spectra were recorded on Bruker AM series spectrometers operating at

(reported) frequencies between 300 and 600 MHz. Chemical shifts (δ) for signals corresponding 
to non-exchangeable protons (and exchangeable protons where visible) are recorded in parts per 
million (ppm) relative to tetramethylsilane and are measured using the residual solvent peak as 
reference. Signals are tabulated in the order: multiplicity (s, singlet; d, doublet; t, triplet; q, 
quartet; m, multiplet; b, broad, and combinations thereof); coupling constant(s) in Hertz (Hz); 
number of protons. Mass spectral (MS) data were obtained on a Perkin Elmer API 100, or 
Waters MicroMass ZQ, operating in negative (ES ) or positive (ESQ ionization mode and results 
are reported as the ratio of mass over charge (m/z). Preparative scale HPLC separations were 
carried out on a Waters Micromass System incorporating a 2525 pump module, a Micromass 
ZMD detector and a 2767 collection module, under Fraction Linx software or on a Shimadzu 
preparative system.

6225382 l.DOC.JIN
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The following abbreviations are used in the examples, the schemes and the tables:
AcOH: acetic acid; dioxan(e): 1,4-dioxane; DIPEA or 'Pr2 NEt2: diisopropylethylamine; DCE: 
1,2-dichloroethane; DCM: dichloromethane; DMF: Λζ/V-dimethylformamide; DMSO: 
dimethylsulfoxide; Et2O: diethyl ether; EtOAc: ethyl acetate; eq.: equivalent(s); h: hour(s);
HATU: 0-(7-azabenzotriazol-l-yl)-/V,/V,/V’,/V’-tetramethyluronium hexafluorophosphate; MeCN: 
acetonitrile; MeOH: methanol; min: minutes; MS: mass spectrum; PE: petroleum ether 30/60; 
quant.: quantitative; RP-HPLC: reversed phase high-pressure liquid chromatography; RP-MS- 
HPLC: mass-guided reversed phase high-pressure liquid chromatography; RT: room temperature; 
sat. aq.: saturated aqueous; TBTU: O-benzotriazol-l-yl-N,N,N’,N'-tetramethyluronium 
tetrafluoroborate; THF: tetrahydrofuran.

6225382 1 JIN
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Intermediate 1: (25,47?)-2-(methoxycarbonyl)-4-r(7-vinylisoquinolin-1 -vDoxylpyrrolidinium
chloride

5

10

15

20

25

30

35

Step 1: I-tert-butyl 2-methyl (25,47?)-4-r(7-bromoisoquinolin-l-vl)oxv1pyrrolidine-l ,2-
dicarboxylate
To a 0.2 mM solution of trans 4-hydroxy L-BOC-proline (1 eq) in DMSO at RT was added 
'BuOK (3 eq) in a single portion. The reaction mixture was stirred at RT for 30 min, cooled to 
10°C and 7-bromo-1 -chloroisoquinoline was added (1 eq). The resulting mixture was allowed to 
warm to RT and stirred overnight. The organic layer was washed with sat. aq. citric acid 
solution, water and brine and the aqueous phases were back extracted with EtOAc. The 
combined organic phases were dried (Na2SO4) and the solvent evaporated under reduced pressure 
to give a dark solid. The solid was dissolved in MeOH and to the stirred solution an excess (4 eq) 
of 2.0 M trimethylsilyldiazomethane in hexanes was added dropwise at 15 °C. The resulting 
mixture was stirred for 15 min after gas evolution has ceased. Volatiles were removed by rotary 
evaporation and the residue was purified by flash chromatography (SiO2, PE / EtOAc 8/2 v/v as 
eluent) to give title product as a solid. MS (ES) C20H23BrN2O5 requires 451, found: 452 
(M+H+).

Step 2: l-/gr/-butyl 2-methyl (25,47?)-4-r(7-vinylisoquinolin-l-vl)oxv1pyrrolidine-l,2-
dicarboxylate
Aryl bromide from Step 1 was dissolved in toluene (about 0.15 mM solution) and treated with 
tributylvinyltin (1.5 eq) and [Ph3P]4Pd(0) (0.05 eq). The reaction mixture was stirred at 100°C 
under N2 atmosphere for 2 h. After cooling to RT, the reaction mixture was poured into EtOAc 
and washed with brine. The organic phase was separated, dried (Na2SO4) and concentrated under 
reduced pressure. The residue was purified by flash chromatography (SiO2, PE / EtOAc 8/2 v/v 
as eluent) to give the title compound as a viscous oil. MS (ES+) C22H26N2O5 requires 398, found: 
399 (M+H+).

Step 3: (25,47?)-2-(methoxvcarbonvl)-4-r(7-vinylisoquinolin-l-vDoxylpyrrolidinium  chloride
Carbamate from Step 2 was dissolved in a 4.0 M HCI solution in dioxane. The resulting mixture 
was stirred at RT for 0.5 h, during which time the product precipitated. The title compound was 
filtered off and washed with hexane / EtOAc 1/1 v/v. MS (ES+) Ci7Hi8N2O3 requires 298, found: 
299 (M+H+).

Intermediate 2: (17?,25)-l-amino-/V-(cvclopropylsulfonvl)amino-2-ethvlcvclopropane carboxamide
hydrochloride
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Step 1: tert-butyl ffl5,25)-l-!rfcvcloDroDvlsul(bnvl)aminolcarbonyll-2-
ethylcvclopropyDcarbamate
A hydrogenation vessel was charged with a solution of ter/-butyl ((15,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)carbamate (prepared as described in 
WO 03/099274) followed by Ru/C (7.5 wt%). The vessel was placed under N2 (20 psig) and 
vented to atmospheric pressure three times to remove residual oxygen. The vessel was then 
placed under H2 (50 psig) and the reaction was complete in <5 h based on H2 consumption. After 
20 h, the vessel was vented to atmospheric pressure. The reaction slurry was then transferred out 
of the reaction vessel, filtered and evaporated to a yellow oil which was brought to the following 
step without further purification. MS (ES+) Ci4H24BN2O5S requires 332, found: 333 (M+H+).

Step 2: (15,25)-l-amino-A-(cvclopropvlsulfonvl)amino-2-ethylcvclopropane carboxamide
hydrochloride
A 0.33 M solution of carbamate from Step 1 in 4N HCl/dioxane was stirred at RT for 12 h. The 
volatiles were then removed under reduced pressure to give the title compound as a pale yellow 
solid that was used directly in the next step. Y NMR (300 MHz, DMSO-d6) δ 8.83 (bs, 2H), 
3.03 (m, 1H), 1.71-1.37 (m, 5H), 1.16-1.09 (m, 4H), 0.97 (t,77.3, 3H).

Intermediate 3: 1-bromohex-5-en-2-one
A solution of 4-pentenoyl chloride in Et2O was added portionwise to a freshly prepared solution 
of diazomethane (2.5 eq) in Et2O at 0°C. The resulting reaction mixture was stirred for 30 min at 
0°C and for a further 12 h at RT in an open flask. After cooling at 0°C, HBr (48% aq., 1.3 eq) 
was added dropwise and the resulting reaction mixture was stirred at RT for 15 min, after which 
time the gas evolution had ceased. The ethereal solution was then washed with sat. aq. NaHCCf, 
brine, dried (Na2SO4) and concentrated under reduced pressure to give the title compound as a 
pale yellow oil. Y NMR (300 MHz, CDC13) δ 5.80 (m, 1H), 5.06 (dd, J 17.5, 1.3, 1H), 5.01 
(dd, J 10.5, 1.2, 1H), 3.88 (s, 2H), 2.76 (t, 77.3, 2H), 2.37 (m, 2H).

Intermediate 4: l-bromo-3,3-dimethylhex-5-en-2-one
To a solution of 2,2-dimethylpent-4-enoic acid and DMF (0.1 eq) in DCM at 0°C was added 
dropwise oxalylchloride (2M in DCM, 1.5 eq) and the resulting mixture was stirred at RT for 1.5 
h. The volatiles were then removed under reduced pressure and the crude acyl chloride was 
progressed according to the same procedure described for Intermediate 3 to give the title 
compound as a pale yellow oil. Y NMR (300 MHz, CDC13) δ 5.68 (m, 1H), 5.08 (m, 2H), 4.14 
(s, 2H), 2.30 (d, 77.3, 2H), 1.22 (s, 6H).
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Intermediate 5: l-bromohept-6-en-2-one
The title compound was prepared according to the procedure described for Intermediate 4, using 
5-hexenoic acid in place of 2,2-dimethylpent-4-enoic acid. *H NMR (300 MHz, CDCf) δ 5.77 
(m, 1H), 5.05-4.98 (m, 2H), 3.87 (s, 2H), 2.66 (t, /7.3, 2H), 2.89 (m, 2H), 2.09 (m, 2H).

Intermediate 6: l-(allyloxv)-3-chloroacetone

Step 1: ethyl (allyloxv)acetate
Ethyl hydroxyacetate was added dropwise to a slurry ofNaH (1.1 eq) in DMF at 0°C and the 
resulting mixture was stirred at RT for 2 h. After cooling to 0°C, allylbromide (1.1 eq) was added 
dropwise via syringe and the reaction mixture was stirred at RT for 2 h, quenched by careful 
addition of sat. aq. NH4C1 and partitioned between Et2O and brine. The organic layer was dried 
(Na2SO4) and concentrated under reduced pressure to give the title compound as pale yellow oil. 
*HNMR (300 MHz, CDC13)6 5.91 (m, 1H), 5.30 (dd, J 17.2, 1.5, 1H), 5.24 (dd, J 10.6, 0.6,
1H), 4.23 (q, /2.1, 2H), 4.10 (d, /5.7, 2H), 4.08 (s, 2H), 1.29 (t, /7.08, 3H).

Step 2: l-(allyloxv)-3-chloroacetone
To a solution of 'Pr2Net (3.1 eq) in THF at -78 °C was added dropwise BuLi (1.4 M. in hexanes, 
3.1 eq). The resulting mixture was stirred at 0 °C for 15 min, cooled again to -78 °C and added 
via cannula to a solution of ethyl (allyloxy)acetate from Step 1 (leq) and iodochloromethane (2.5 
eq) in Et2O at -78 °C. After stirring 30 min at -78 °C, a solution of AcOH (25eq.) in THF was 
added dropwise and the resulting mixture was stirred at RT for 15 min and partitioned between 
Et2O and brine. The organic layer was washed with sat. aq. NaHCCf, brine, dried (Na2SC>4) and 
concentrated under reduced pressure. The crude residue was purifired by SiO2 gel 
chromatography (hexane / Et2O = 9/1) to give the title compound as a colourless oil. 3H NMR 
(300 MHz, CDCh) δ 5.90 (m, 1H), 5.35-5.25 (m, 2H), 4.30 (s, 2H), 4.24 (s, 2H), 4.07 (d, /5.5, 
2H).

Intermediate 7: (35,55)-5-(methoxycarbonyl)pyrrolidin-3-vl-4-vinvl-1,3-dihydro-277-isoindole-2-
carboxylate hydrochloride

Step 1: l-bromo-2,3-bis(bromomethyl)benzene
A suspension of 3-bromo-o-xylene (196 g, 1.06 mol), A-bromosuccinimide (377 g, 2.15 mol) and 
benzoyl peroxide (0.26 g, 1.0 mmol) in CCI4 (1800 mL) was heated to reflux under nitrogen for 
15 h. The contents of the reaction flask were cooled, filtered, and the filtrate evaporated. The 
crude material was distilled under high vacuum. Major fractions were distilled between 88 °C and 
152 °C. 108 g pure material was recovered. 182 g slightly crude material was recovered which
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could be used in the following reaction. *H NMR (CDC13) δ (ppm) 7.56 (d, J 8.0, 1H), 7.31 (d, J 

8.0, 1H), 7.26 (s, 1H), 7.16 (t,78.0, 1H), 4.84 (s, 2H), 4.64 (s, 2H).

Step 2: 2-benzyl-4-bromoisoindoline
Potassium bicarbonate (204 g, 2.04 mol) was suspended in MeCN (12 L) and the mixture was 
heated to 80 °C. Solutions of l-bromo-2,3-bis(bromomethyl)benzene (280 g, 0.82 mol in 500 mL 
MeCN) and benzylamine (87.5 g, 0.82 mol in 500 mL MeCN) were added concurrently via 
addition funnels over 1 h. The reaction mixture was stirred at 77 °C for 16h. The contents of the 
reaction flask were cooled, filtered and the solvent removed by evaporation. The reaction was 
partitioned between 1M K2CO3 and EtOAc. The organics were washed with brine, dried with 
anhydrous Na2SO4, filtered, and evaporated. Flash column chromatography (gradient elution: 
heptane to 10% EtOAc in heptane) gave after evaporation the title compound as a pale oil. *H 
NMR (CDCh) δ (ppm) 7.41-7.39 (m, 2H), 7.37-7.34 (m, 2H), 7.32-7.27 (m, 2H), 7.10-7.03 (m, 
2H), 4.02 (s, 2H), 3.97 (s, 2H), 3.91 (s, 2H). LRMS (ESI) m/z 289 [(M+H)+; calcd for 
Ci5H15BrN: 289],
Converted to HCI salt in HCl/MeOH by adding MTBE and filtering solid to give 118 g of product 
as the HCI salt.

Step 3: 2-benzvl-4-vinylisoindoline
A solution of 2-benzyl-4-bromoisoindoline (16.7 g, 58.0 mmol) and tributyl(vinyl)tin (20.3 mL,
69.6 mmol) in toluene (400 mL) was degassed by bubbling nitrogen gas through the solution for 
0.25h. Tetrakis(triphenylphosphine)palladium(0) (1.30 g, 1.16 mmol) was added and the 
resulting solution heated in a 100 °C oil bath under nitrogen for 24h. The contents of the reaction 
flask were cooled, evaporated and subjected to flash column chromatography eluting with 
hexane/EtOAc 95/5 to give after evaporation the title compound as a pale oil that turned pink on 
standing. LRMS (ESI) m/z 236 [(M+H)+; calcd for Ci7Hi8N: 236].

Step 4: 4-vinylisoindoline
A solution of 2-benzyl-4-vinylisoindoline (58 mmol) in DCE (150 mL) was placed in a IL round 
bottom flask under nitrogen. To this was attached an addition funnel containing a solution of 1- 
chloroethyl chloro formate (7.51 mL, 69.6 mmol) in DCE. The reaction flask was cooled in an ice 
bath and the contents of the addition funnel were added dropwise over 20 min keeping the 
internal reaction temperature <5 °C. After the addition was complete the reaction flask was 
allowed to warm to RT then heated to reflux for 45 min. The contents of the reaction flask were 
cooled to RT then the solvent removed by evaporation. Methanol (200 mL) was added and the 
contents of the reaction flask were heated to reflux for 30 min. The reaction flask was cooled and 
the solvent removed by evaporation. Water (200 mL) was added and the resulting mixture
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washed with EtOAc (2x250 mL). The aqueous layer was made basic with 2N sodium hydroxide 
then extracted with DCM (4x250 mL). The combined organic extracts were dried with 
anhydrous sodium sulfate, filtered and the filtrate evaporated. The remaining residue was 
subjected to flash column chromatography eluting with DCM/MeOH/ammonium hydroxide 
97/3/0.3 to 95/5/0.5. Evaporation of fractions gave the title compound as a brown oil, 6.00g 
(41.4 mmol, 71% yield for two steps). LRMS (ESI) m/z 146 [(M+H)+; calcd for Ci0Hi2N: 146].

Step 5: l-/er/-butyl 2-methyl (25,47?)-4-ir(4-vinyl-l,3-dihvdro-277-isoindol-2-
yl )carbonylloxy I pyrrolidi nc-1,2-dicarboxy late
A solution of l-/er/-butyl 2-methyl (25,45)-4-hydroxypyrrolidine-l,2-dicarboxylate (10.1 g, 41.4 
mmol) in DMF (90 mL) under nitrogen was cooled to 0 °C. Solid Ι,Γ-carbonyldiimidazole (6.70 
g, 41.4 mmol) was added to the reaction. The contents of the reaction flask were warmed to RT 
and after 2h a solution of 4-vinylisoindoline (6.00 g, 41.4 mmol) in DMF (10 mL) was added. 
The reaction was heated in a 60 °C oil bath for 2h then cooled and poured into water and 5% 
potassium bisulfate. The resulting mixture was extracted with EtOAc (4x250 mL). Combined 
organics were washed with brine, dried with anhydrous sodium sulfate, filtered and evaporated. 
Flash column chromatography eluting with hexane/EtOAc 70/30 gave the title compound as a 
white foam, 13.9 g (33.4 mmol, 81% yield). LRMS (ESI) m/z 417 [(M+H)+; calcd for 
C227H29N2O6: 417].

Step 6: (35,55)-5-(methoxvcarbonvl)pyrrolidin-3-vl 4-vinyl-l ,3-dihydro-2//-isoindolc-2-
carboxylate hydrochloride
A solution of l-/er/-butyl 2-methyl (25,45)-4-{[(4-vinyl-l,3-dihydro-27/-isoindol-2- 
yl)carbonyl]oxy(pyrrolidine-1,2-dicarboxylate (13.9 g, 33.4 mmol) in EtOAc (700 mL) was 
cooled in an ice bath then saturated with hydrogen chloride gas. The reaction flask was sealed 
and allowed to warm to RT. After 3.5h the solvent was removed by evaporation to give the title 
compound as a gray solid, 11.2 g, 95% yield). rH NMR (500 MHz, ppm, CD3OD) δ 7.47-7.45 
(m, 1H), 7.32-7.31 (m, 1H), 7.26-7.21 (m, 1H), 6.79-6.73 (m, 1H), 5.79-5.73 (m,l Η), 5.46 (s, 
1H), 5.41-5.38 (m, 1H), 4.80-4.72 (m, 4H), 3.91 (s, 3H), 3.74-3.63 (m, 2H), 2.77-2.71(m, 1H), 
2.51-2.46 (m, 1H). LRMS (ESI) m/z 317 [(M+H)+; calcd for Ci7H2iN2O4: 317],

EXAMPLE 1 (Table 1, Entry 1)
(37?,55,85)-A-(( 17?,25)-1 -1Γ (cyclopropylsulfonyDaminol carbonyl} -2-vinvlcvclopropyl)-8-
isopropyl-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacvclo|T6.6.2.13’6.l10’13.021’25loctacosa-
1 (24), 10(27), 12,18,20,22,25-heptaene-5-carboxamide

Step 1: Methyl A-(/gr/-butoxvcarbonvl)-L-valyl-(45)-4-r(7-vinvlisoquinolin-1 -yl)oxyl-L-prolinate
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To a solution of Intermediate 1 in DMF was added Boc-(L)-Val (1.05 eq), followed by 'Pr2NEt 
(3.5 eq) and TBTU (1.05 eq). The resulting reaction mixture was stirred 12 h at RT and 
partitioned between EtOAc and IN aq. HCI. The organic layer was further washed with sat. aq. 
NaHCO3, brine, dried (Na2SO4) and concentrated under reduced pressure. The residue was 
purified by SiO2 gel chromatography (hexane / EtOAc = 7/3) to give the title compound as a 
colourless oil. MS (ES+) C27H35N3O6 requires: 497, found: 498 (M+H+).

Step 2: Methyl L-valvl-(47?)-4-l(7-vinvlisoquinolin-l-yl)oxv1-L-prolinate hydrochloride
A 0.27 M solution of carbamate from Step 1 in 4N HCl/dioxane was stirred at RT for 2 h. The 
volatiles were then removed under reduced pressure to give the title compound as an off-white 
solid that was used directly in the next step. MS (ES+) C22H27N3O4 requires: 397, found: 398 
(M+H+).

Step 3: Methyl A-(aminocarbonothiovl)-L-valyl-(47?)-4-l(7-vinvlisoquinolin-1 -yl)oxy1-L-prolinate
'Pr2NEt (2 eq) was added to a suspension of hydrochloride from Step 2 in DCM at 0°C, and the 
resulting clear solution was immediately added to a solution of FMOC-isothiocyanate (1.1 eq) in 
DCM at 0°C. The resulting mixture was stirred at RT for 30 min and then treated with a 20% 
solution of piperidine in MeOH. After 3 h, the volatiles were removed under reduced pressure 
and the residue was purified by SiO2 gel chromatography (gradient elution, hexane / EtOAc = 8/2 
to DCM / MeOH = 95/5) to give the title compound as a pale yellow foam. MS (ES+) 
C23H28N4O4S requires: 456, found: 457 (M+H+).

Step 4: Methyl A-(4-but-3-en-l-vl-l,3-thiazol-2-vl)-L-valvl-(47?)-4-l(7-vinylisoquinolin-l-
vDoxvl-L-prolinate
A solution of thiourea from Step 3 and Intermediate 3 (1.5 eq) in dioxane was stirred at 65 °C for 
1 h. The volatiles were then removed under reduced pressure and the residue was purified by 
SiO2 gel chromatography (DCM / MeOH = 98/2) to give the title compound as a pale brown oil. 
MS (ES+) C29H34N4O4S requires: 534, found: 535 (M+H+).

Step 5: Methyl (37?,55,85,16A or Z)-8-isopropyl-7-oxo-2-oxa-ll-thia-6,9,24,27-
tetraazapentacycloll 6.6.2.13’6,! 10’13.021’251octacosa-1(24), 10(27), 12,18,20,22,25-heptaene-5-
carboxylate
To a 0.05 M solution of olefin from Step 4 in DCE at 85 °C was added dichloro(5-chloro-2- 
isopropoxybenzylidene)(l,3-dimethylimidazolidin-2-ylidene)ruthenium (Zhan ruthenium 
metathesis catalyst RC-301, 0.15 eq) and the resulting reaction mixture was stirred at 85 °C for 2 
h. The volatiles were then removed under reduced pressure and the residue was purified by SiO2
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gel chromatography (PE / EtOAc = 1/1) to give the title compound as a mixture of E- and Z- 
olefins as a pale brown glass. MS (ES+) C27H30N4O4S requires: 506, found: 507 (M+H+).

Step 6: Methyl (37?,55,85)-8-isopropyl-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo
ri6.6.2.13’6.l10’13.021’25loctacosa-l(24),10(27),12,18,20,22,25-heptaene-5-carboxylate 
To a solution of olefin from Step 5 in MeOH / EtOAc (1/1 v/v) was added 10% Pd/C (10% w/w) 
and the resulting reaction mixture was stirred at RT under an atmosphere of H2 for 2 h. The 
catalyst was filtered off, replaced with a fresh aliquot (10 mg) and the reaction mixture was stirred 
in the above conditions for a further period of time. The process was repeated as previously 
described until complete conversion to product was observed (typically 36 h, 3 fresh aliquots of 
catalyst). After filtering off the catalyst, the volatiles were removed under reduced pressure to 
give the title compound as a pale brown oil. MS (ES+) C27H32N4O4S requires: 508, found: 509 
(M+H+).

Step 7: (37?,55,85)-A-(( 17?,25)-1 - ! Γ(cvclopropylsulfonyDaminolcarbonyl) -2-vinvlcvclopropyl)-8-
isopropyl-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo|T6.6.2.13’6.l10’13.021’25loctacosa-
1 (24), 10(27), 12,18,20,22,25-heptaene-5-carboxamide
To a solution of ester from Step 6 in THF/H2O (1/1 v/v) was added LiOH (10 eq). The resulting 
reaction mixture was stirred at RT for 2 h and then treated with IN aq. HCI until pH= 2 was 
reached. The volatiles were removed under reduced pressure, the residue was azeotroped with 
toluene several times to give the desired acid as intermediate [MS(ES+) C26H30N4O4S requires: 
494, found: 495 (M+H+)]. The crude acid was then dissolved in DMF and to this solution was 
added (17?,27?)-1 -amino-A-(cyclopropylsulfonyl)-2-vinylcyclopropanecarboxamide hydrochloride 
(prepared as described in WO 03/099274, 1.09 eq) followed by 'Pr2NEt (3.5 eq) and TBTU (1.09 
eq). The resulting reaction mixture was stirred for 12 h at RT and purified directly by reverse 
phase HPLC to give the title compound as an off white solid. 3H NMR (300 MHz, DMSO-de) δ 
10.69 (s, 1H), 8.85 (s, 1H), 8.01 (d,J6.0, 1H), 7.95 (bs, 1H), 7.87 (d,J8.4, 1H), 7.65 (d,J8.4, 
1H), 7.43 (d, J5.7, 1H), 6.53 (bs, 1H), 6.01 (bs, 1H), 5.62 (m, 1H), 5.25 (d, J 18.3, 1H), 5.13 (d, 
J 11.7, 1H), 4.87 (m, 1H), 4.46 (m, 1H), 4.30 (m, 1H), 3.99 (dd, J 11.4, 3.0, 1H), 2.99-2.89 (m, 
2H), 2.75-2.45 (m, 4H), 2.39-2.12 (m, 3H), 1.77-1.56 (m, 5H), 1.33 (dd, J9.3, 5.3, 1H), 1.14
1.07 (m, 7H), 0.98 (d, J 6.9, 3H); MS (ES+) C35H43N6O6S2 requires: 706, found: 707 (M+H+).

EXAMPLE 2 (Table 1, Entry 17)
(37?,55,85,165)-A-(( 17?,25)-1-17 (cvclopropylsulfonyDaminolcarbonvl) -2-vinvlcvclopropyl)-8-
isopropyl-14,14-dimethvl-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo
|T6.6.2.13’6.l10’13.021’251octacosa-l(24),10(27),12,16,18,20,22,25-octaene-5-carboxamide
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Step 1: Methyl/V-r4-(l,l-dimethvlbut-3-en-l-vl)-l,3-thiazol-2-vll-L-valyl-(47?)-4-r(7-
vinylisoquinolin-1 -vDoxyl-L-prolinate
The title compound was prepared according to the procedure described for Example 1, Step 4, 
using Intermediate 4 in place of Intermediate 3. MS (ES+) C31H38N4O4S requires: 562, found:
563 (M+H+).

Step 2: Methyl (35,55,85.165)-8-isopropvl-14,14-dimethvl-7-oxo-2-oxa-ll-thia-6,9,24,27-
tetraazapentacyclor 16.6.2.13’6,! 10’13.021’25loctacosa-1(24), 10(27), 12,16,18,20,22,25-octaene-5-
carboxylate
The title compound was prepared using olefin from Step 1, according to the procedure described 
for Example 1, Step 5. The crude product was purified by SiO2 gel chromatography (gradient 
elution, PE / EtOAc= 1/1 to DCM / MeOH= 95/5). MS (ES+) C29H34 N4O4S requires: 534, 
found: 535 (M+Ef).

Step 3: (3R, 55, 85, 16O-/V- ((IR, 25)-l-ir(cvclopropylsulfonvl)aminolcarbonvn-2- 
vinvlcvclopropvl)-8-isopropyl-14,14-dimethvl-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo
ri6.6.2.13’6.l10’13.021’25loctacosa-l(24),10(27),12,16,18,20,22,25-octaene-5-carboxamide
The title compound was prepared using ester from Step 2, according to the procedure described 
for Example 1, Step 7. 3H NMR (400 MHz, DMSO-d6) δ 10.51 (s, 1H), 8.96 (s, 1H), 7.97 (d, J 

6.1, 1H), 7.89 (bs, 1H), 7.84 (d,78.3, 1H), 7.64 (d,78.6, 1H), 7.39 (d, 75.8, 1H), 6.46 (d,7 
16.0, 1H), 6.34 (bs, 1H), 5.81-5.73 (m, 2H), 5.62 (m, 1H), 5.23 (d, 7 17.9, 1H), 5.11 (d, 7 10.4, 
1H), 4.41 (d, 7 11.1, 1H), 4.32 (dd,710.4, 7.3, 1H), 4.10-4.01 (m, 2H), 2.99 (m, 1H), 2.67-2.58 
(m, 2H), 2.21-2.09 (m, 3H), 1.74 (dd,77.6, 5.3, 1H), 1.38 (s, 3H), 1.33-1.05 (m, 16H); MS 
(ES+) C37H44N6O7S2 requires: 732, found: 733 (M+H+).

EXAMPLE 3 (Table 1, Entry 20)
(35,55,85)-5- ((15,25)-1 -1Γ(cyclopropylsulfonyDaminolcarbonyl) -2-vinvlcvclopropyl)-8-
isopropyl-14,14-dimethvl-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo
ri6.6.2.13’6.l10’13.021’25loctacosa-l(24),10(27),12,18,20,22,25-heptaene-5-carboxamide

Step 1: Methyl (3/?,55,85)-8-isopropyl-14,14-dimethvl-7-oxo-2-oxa-ll-thia-6,9,24,27-
tetraazapentacyclor 16.6.2.13’6,! 10’13.021’25loctacosa-1(24), 10(27), 12,18,20,22,25-heptaene-5-
carboxylate
The title compound was prepared using ester from Example 2, Step 2 according to the procedure 
described for Example 1, Step 6. MS (ES+) C25H33N3O55 requires: 536, found: 537 (M+H+).
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Step 2: (37?,55,85)-A-(( 17?,25)-l-}r(cvclopropvlsulfonvl)amino1carbonvl}-2-vinvlcvclopropyl)-8-
isopropyl-14,14-dimethvl-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo
ri6.6.2.13’6.l10’13.021’25loctacosa-l(24),10(27),12,18,20,22,25-heptaene-5-carboxamide
The title compound was prepared using ester from Step 1, according to the procedure described 
for Example 1, Step 7. A NMR (400 MHz, DMSO-d6) δ 10.67 (s, 1H), 8.92 (s, 1H), 7.99 (d, J 

5.8, 1H), 7.83 (d, 78.3, 1H), 7.61 (d,78.3, 1H), 7.42 (d, 75.86, 1H), 6.26 (bs, 1H), 5.93 (bs, 
1H), 5.63 (m, 1H), 5.26 (d, J 16.9, 1H), 5.13 (d, J 10.1, 1H), 4.43 (m, 1H), 4.20 (d, J 11.9, 1H), 
4.01 (d, 79.8, 1H), 2.97 (m, 1H), 2.75 (m, 2H), 2.62 (m, 1H), 2.27-2.12 (m, 4H), 1.76 (m, 2H), 
1.54 (m, 1H), 1.42-1.35 (m, 3H), 1.26 (s, 3H), 1.14-1.02 (m, 12H), 0.97 (d, 76.6, 3H); MS (ES+) 
C37H46N6O6S2 requires: 734, found: 735 (M+H).

EXAMPLE 4 (Table 1, Entry 11)
(17?, 125,,225,255)-22-cyclohexyl-N-(( 1 R,2S)-1 - ! Γ (cyclopropylsulfonyDaminol carbonyl} -2-
vinvlcvclopropyl)-3,23-dioxo-2-oxa-19-thia-4,21,24,28-
tetraazapentacyclor22.2.1.14’7.l17’20.06’111nonacosa-6,8,10,12,17,20(28)-hexaene-25-carboxamide

Step 1: (37?,55)-1 -}(25)-2-r(/gr/-butoxycarbonyl)amino1-2-cvclohexylacefyl}-5-
(methoxvcarbonvl)pvrrolidin-3-vl-4-vinyl-l,3-dihvdro-2H-isoindole-2-carboxvlate
The title compound was prepared according to the procedure described for Step 1, Example 1, 
using Intermediate 7 in place of Intermediate 1 and Boc-Chg in place of Boc-Val. MS (ES ) 
C30H41N3O7 requires: 555, found: 556 (M+H+).

Step 2: (37?,55)-1 - }(25)-2-amino-2-cvclohexylacefyl}-5-(methoxvcarbonvl)pyrrolidin-3-vl-4-
vinyl-1,3-dihydro-2H-isoindole-2-carboxylate hydrochloride
The title compound was prepared using carbamate from Step 1, according to the procedure 
described for Example 1, Step 2. MS (ES+) C25H33N3O55 requires: 455, found: 456 (M+H+).

Step 3: (37?,55)-1 - }(25)-2-r(aminocarbonothiovl)amino1-2-cvclohexylacefyl}-5-
(methoxvcarbonvl)pvrrolidin-3-vl-4-vinyl-l,3-dihvdro-2H-isoindole-2-carboxvlate
The title compound was prepared using hydrochloride from Step 2, according to the procedure 
described for Example 1, Step 3. MS (ES+) C26H34N4O5S requires: 514, found: 515 (M+H+).

Step 4: (37?,55)-1 - }(25)-2-cyclohexyl-2-r(4-pent-4-en-1 -yl-1,3-thiazol-2-vl)amino1acetyl}-5-
(methoxvcarbonvl)pvrrolidin-3-vl-4-vinyl-l,3-dihvdro-2H-isoindole-2-carboxvlate
The title compound was prepared using thiourea from Step 3 and Intermediate 5 in place of 
Intermediate 3, according to the procedure described for Example 1, Step 4. MS (ES+) 
C33H42N4O5S requires: 606, found: 607 (M+H+).
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Step 5: methyl (15,12£,22>S',25>S)-22-cvclohexvl-3,23-dioxo-2-oxa-19-thia-4,21,24,28-
tetraazapentacvclor22.2.1.14’7.l17’20.06’11lnonacosa-6,8,10,12,17,20(28)-hexaene-25-carboxylate
The title compound was prepared using olefin from Step 4, according to the procedure described 
for Example 1, Step 5. MS (ES+) C31H38N4O5S requires: 578, found: 579 (M+EE).

Step 6: (15,12£,225,255)-22-cvclohexyl-N-(Y 1 R,2S)-1 -1Γf cyclopropylsnl fonyl jaminolcarbony 11 -
2-vinvlcvclopropyf)-3,23-dioxo-2-oxa-19-thia-4,21,24,28-tetraazapentacvclo
Γ22.2,1.14’7,117’20 Q6’11inonacosa-6,8,10,12,17,20(28)-hexaene-25-carboxamide
The title compound was prepared using ester from Step 5, according to the procedure described 
for Example 1, Step 7. Ή NMR (400 MHz, DMSO-d6) δ 10.64 (s, 1H), 8.80(s, 1H), 7.32-7.20 
(m, 3H), 6.40 (bs, 1H), 6.36 (d, J 16.2, 1H), 6.05 (m, 1H), 5.6 (m, 1H), 5.3 (bs, 1H), 5.23 (d, J 
16.9, 1H), 5.11 (d, J 11.1, 1H), 4.79 (d, J 14.6, 1H), 4.65 (m, 4H), 4.29 (t, 78.6, 1H), 4.16 (m, 
1H), 3.97 (m, 1H), 2.9 (m, 1H), 2.66-2.36 (m, 4H), 2.35-2.09 (m, 9H), 1.90-1.59 (m, 7H) 1.34
0.99 (m, 7H); MS (ES+) C39H48N6O7S2 requires: 776, found: 777.0 (M+H+).

EXAMPLE 5 (Table 1, Entry 12)
(15,225,255)-22-cyclohexyl-N-(( 1 R,2S)-1 -1Γ (cyclopropylsulfonyDaminol carbonyl) -2-
vinvlcvclopropyl)-3,23-dioxo-2-oxa-19-thia-4,21,24,28-
tetraazapentacyclor22.2.1.14’7,117’2°.06’11lnonacosa-6,8,10,17,20(28)-pentaene-25-carboxamide

Step 1: methyl (15,225,255)-22-cvclohexyl-3,23-dioxo-2-oxa-19-thia-4,21,24,28-
tetraazapentacyclor22.2.1.14’7,117’2°.06’11lnonacosa-6,8,10,17,20(28)-pentaene-25-carboxylate
The title compound was prepared using ester from Example 4, Step 5 according to the procedure 
described for Example 1, Step 6. MS (ES+) C31H40N4O5S requires: 497, found: 581 (M+H+).

Step 2: (15,225,255)-22-cyclohexyl-N-(( 1 R,2S)-1 -1Γ(cyclopropylsulfonyDaminolcarbonyll -2-
vinvlcvclopropyl)-3,23-dioxo-2-oxa-19-thia-4,21,24,28-
tetraazapentacyclor22.2.1.14’7.l17’20.06’11lnonacosa-6,8,10,17,20(28)-pentaene-25-carboxamide
The title compound was prepared using ester from Step 1, according to the procedure described 
for Example 1, Step 7. MS (ES+) C39H5oN607 S2requires: 778, found: 779 (M+H+). Ή NMR 
(400 MHz, CDCh) δ 10.55 (bs, 1H), 7.23 (d,77.6, 1H), 7.11 (d,77.3, 1H), 7.05 (d,77.3, 1H), 
5.88 (bs, 1H), 5.77 (bs, 1H), 5.57 (s, 1H), 5.26 (d, J 16.9, 1H), 5.13 (d, J 10.9, 1H), 4.74 (m, 
2H), 4.46 (m, 3H), 4.22 (bs, 1H), 3.88, (d, J 10.1, 1H), 2.91 (m, 1H), 2.58 - 2.03 (m, 10H), 1.83 
- 1.58 (m, 9H), 1.44 - 1.03 (m, 14H); MS (ES+) C39H5oN607 S2requires: 778, found: 779 
(M+H+).
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EXAMPLE 6 (Table 1, Entry 16)
(17?, 12E,225,25X)-22-cyclohexyl-N-(( 1 R,2S)-1 -1Γf cyclopropylsul fonyl jaminolcarbonyl 1 -2-
ethylcvclopropyl)-3,23-dioxo-2-oxa-19-thia-4,21,24,28-
tetraazapentacvclor22.2.1.14’7.l17’2°.06’11lnonacosa-6,8,10,12,17,20(28)-hexaene-25-carboxamide
The title compound was prepared according to the procedure described for Example 4, Step 6, 
using Intermediate 2 in place of (17?,27?)-l-amino-A-(cyclopropylsulfonyl)-2- 
vinylcyclopropanecarboxamide hydrochloride. 'H NMR (400 MHz, DMSO-de) δ 10.60 (s, 1H), 
8.76 (s, 1H), 7.34-7.25 (m, 3H), 6.43-6.39 (m, 2H), 6.07 (m, 1H), 5.33 (bs, 1H), 4.84-4.62 (m, 
5H), 4.32 (bt, /8.3, 1H), 4.18 (d, J 11.4, 1H), 4.02 (dd, J 11.0, 3.7, 1H), 2.99 (m, 1H), 2.67
2.15 (m, 7H), 1.87-1.67 (m, 8H), 1.55 (m, 1H), 1.44-1.07 (m, 13H), 0.93 (t,/7.1, 3H); MS 
(ES+) C39H50N6O7 requires: 778, found: 779 (M+H+).

EXAMPLE 7 (Table 1, Entry 14)
(17?, 12E,225,25X)-A-(( 17?,2X)-1 -1Γf cyclopropylsul fonyl jaminolcarbonyl 1 -2-ethenylcvclopropyf)-
22-ΓΠ S)-1 -methvlpropyll-3,23-dioxo-2-oxa-19-thia-4,21,24,28-tetraazapentacyclo
Γ22.2,1.14’7,117’20 Q6’11inonaacosa-6,8,10,12,17,20(28)-hexaene-25-carboxamide

Step 1: methyl A'-(7e/7-butoxycarbonyl)-L-isolcucyl-f4/?)-4-irf4-vinyl-l ,3-dihydro-2//-isoindol-2-
vDcarbonylloxvl -L-prolinate
The title compound was prepared according to the procedure described for Step 1, Example 4, 
using Boc-Ile in place of Boc-Chg. MS (ES+) C28H39N3O7 requires: 529, found: 530 (M+H+).

Step 2: methyl L-isoleucyl-(47?)-4-ir(4-viuyl-l,3-dihvdro-277-isoindol-2-vl)carbonylloxvl-L-
prolinate hydrochloride
The title compound was prepared using carbamate from Step 1, according to the procedure 
described for Example 1, Step 2. MS (ES+) C23H31N3O5 requires: 429, found: 430 (M+H+).

Step 3: N-(aminocarbonothioyl)-L-isoleucvl-(47?)-4-1Γ(4-vinyl-1,3-dihydro-277-isoindol-2-
vDcarbonylloxvl -L-prolinate
The title compound was prepared using hydrochloride from Step 2, according to the procedure 
described for Example 1, Step 3. MS (ES+) C24H32N4O5S requires: 488, found: 489 (M+H+).

Step 4: methyl A-(4-pent-4-en-1,3-thiazol-2-yl)-L-isoleucyl-(47?)-4-lΓ(4-νίην1-1,3-dihydro-277-
isoindol-2-vl)carbonylloxvl-L-prolinate
The title compound was prepared using thiourea from Step 3 and Intermediate 5 in place of 
Intermediate 3, according to the procedure described for Example 1, Step 4. MS (ES+) 
C31H40N4O5S requires: 580, found: 581 (M+H+).
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Step 5: methyl (17?,12/?,225,255)-22-,Ygc-butvl-3,23-dioxo-2-oxa-19-thia-4,21,24,28- 
tetraazapentacvclol22.2.1.14’7.l17’20.06’11lnonacosa-6,8,10,12,17,20(28)-hexaene-25-carboxylate
The title compound was prepared using olefin from Step 4, according to the procedure described 
for Example 1, Step 5. MS (ES+) C29H36N4O5S requires: 552, found: 553 (M+H+).

Step 6: (17?, 125,225,255)-/5-((15,25)-1-il(cvclopropvlsulfonyl)aminolcarbonvB-2-
ethenylcvclopropyl)-22-l(l S)-1 -methvlpropyll-3,23-dioxo-2-oxa-19-thia-4,21,24,28- 
tetraazapentacvclol22.2.1.14’7.l17’2°.06’11lnonaacosa-6,8,10,12,17,20(28)-hexaene-25-carboxamide
The title compound was prepared using ester from Step 5, according to the procedure described 
for Example 1, Step 7. Ή NMR (400 MHz, DMSO-d6) δ 10.63 (s, 1H), 8.86(s, 1H), 7.34-7.25 
(m, 3H), 6.43-6.39 (m, 2H), 6.07 (m, 1H), 5.64 (m, 1H), 5.32 (bs, 1H), 5.27 (d, J 16.9, 1H), 5.14 
(d, J 11.4, 1H), 4.83 (bd, J 14.6, 1H), 4.75-4.62 (m, 4H), 4.33 (t,78.3, 1H), 4.20 (d, J 11.1,
1H), 4.02 (bd, 78.1, 1H), 2.97 (m, 1H), 2.66-2.15 (m, 9H), 1.96-1.74 (m, 4H), 1.53 (m, 1H),
1.35 (dd, 79.2, 4.9, 1H), 1.22 (m, 1H), 1.13-1.03 (m, 7H), 0.90 (t, 77.33, 3H); MS (ES+) 
C37H46N6O7S2 requires: 750, found: 751 (M+H+).

EXAMPLE 8 (Table 2, Entry 1)
(37?,55,85)-A-(( 17?,25)-1 - ! I (cyclopropylsulfonyDaminol carbonyl} -2-vinvlcvclopropyl)-8-
isopropyl-7-oxo-2,27-dioxa-6,9,l l,12,24-pentazapentacyclo|T6.6.2.13’6.l10’13.021’25loctacosa-
1 (24), 10,12,18,20,22,25-heptaene-5-carboxamide

Step 1: tert-butyl 2-pent-4-enovlhvdrazinecarboxylate
To a solution of pent-4-enoic acid 0.1 M in DCM, tert-butyl carbazate (2 eq) was added followed 
by l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.02 eq) and the mixture was 
allowed to stir at RT overnight. DCM was added and the organic solution was washed 
sequentially with saturated aq. NaHCO/; followed by saturated aq. NaCl and then dried over 
Na2SO4. Removal of the solvent in vacuo yielded the title compound as colorless oil. This 
material was used in the next step without further purification. 1H NMR (300 MHz, DMSO-de) 
δ: 7.33 (bs, 1H), 6.51 (bs, 1H), 5.88-5.75 (m, 1H), 5.10-4.99 (m, 2H), 2.43-2.38 (m, 2H), 2.32 (t, 
76.8, 2H), 2.03 (s, 9H).

Step 2: pent-4-enohydrazide
Butyl 2-pent-4-enoylhydrazinecarboxylate (from Step 1) was cooled to 0°C and 

trifluoroacetic acid was added through a dropping funnel. The mixture was allowed to warm to 
RT over 1 h. NaHCO} was added to the mixture until it reached pH 7. The product was 
extracted with DCM, the organic layer was dried over Na2SO4, and the solvent removed in vacuo
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yielding title compound as a pale yellow oil. *H NMR (400 MHz, DMSO-d6) δ:. 8.95 (bs, 1H), 
5.84-5.74 (m, 1H), 5.04 (dd, J 17, 1.6, 1H), 4.97 (d, J 10, 1 H), 4.26 (bs, 2H), 2.45-2.23 (m,
2H), 2.12-2.08 (m,2H).

Step 3: methyl A-r(2-pcnt-4-cnovlhvdrazino (carbonvH-L-valinatc
To a 1.6 M solution of pent-4-enohydrazide (from Step 2) in dioxane, 1 eq. of methyl N- 
(oxomethylene)-L-valinate, (prepared as described in J. Het. Chem 1990, 739) was added. After 
stirring at RT for 3h, volatiles were removed in vacuo, to obtain the title compound. 3H NMR 
(400 MHz, DMSO-de) δ: 9.55 (d, J2.1, 1H), 7.86 (d, J2.2, 1H), 6.48 (d,/8.1, 1H), 5.86-5.76 
(m, 1H), 5.04 (dd, 717.2, 1.5, 1H), 4.96 (d, J 18.2, 10.3, 1H), 4.09 (dd, J8.7, 5.7, 1H), 3.64 (s, 
3H), 2.32-2.24 (m, 2H), 2.22-2.15 (m, 2H), 2.08-1.90 (m, 1H), 0.94 (d, J3.9, 3 H), 0.92 (d, J 
3.9, 3 H). MS (ES ) C12H21N3O4requires: 271 found: 272 (M+H+).

Step 4: methylX-(5-but-3-en-l-vl-l,3,4-oxadiazol-2-yl)-L-valinate
Methyl X-[(2-pent-4-enoylhydrazino)carbonyl]-L-valinate (from Step 3) was heated at 80 °C for 
2 h in POCI3 (0.1 M solution). The mixture was cooled at 0 °C and water was carefully added. 
Solid NaHCCb was added until the mixture reached pH 7, then the mixture was extracted with 
EtOAc and the organic layer dried over Na2SO4 to obtain a pale yellow oil. 3H NMR (400 MHz, 
DMSO-de) δ: 8.42 (d, J 15.7, 1H), 5.88-5.78 (m, 1H), 5.08 (d, J 17.2, 1H), 5.01 (d, J 10.3, 1H), 
4.04 (dd, JIA, 14.2, 1H), 3.64 (s, 3H), 2.75 (t, 77.3, 2H), 2.39 (m, 2H), 2.13-2.06 (m, 1H),
0.94 (d, 73.9, 3H), 0.92 (d, 73.9, 3H). MS (ES+) C12H19N3O3 requires: 253 found: 254 (M+H+).

Step 5: A-(5-but-3-cn-l-yl-E3,4-oxadiazol-2-yl)-L-valinc
To a 0.18 M solution of methyl X-(5-but-3-en-l-yl-l, 3,4-oxadiazol-2-yl)-L-valinate (from Step 4) 
in H2O/THF (1/1 v/v), LiOH (2 eq.) was added at RT. The resulting reaction mixture was stirred 
for 1 h at RT and then treated with HC1 IN until pH = 2 was reached. The aqueous phase was 
extracted with EtOAc and the organic layer dried over Na2SO4 to obtain a pale yellow solid. MS 
(ES+) Ci 1H17N3O3 requires: 239 found: 240 (M+H+).

Step 6: methyl A-(5-but-3-en-1 -yl-1,3,4-oxadia/ol-2-yl )-L-valyl-4-r(7-vinylisoquinolin-1 -yl)oxyl-
L-prolinate
To a solution of intermediate 1 in DMF was added X-(5-but-3-en-l-yl-l,3,4-oxadiazol-2-yl)-L- 
valine (from Step 5, 1.05 eq), followed by 'Pr2NEt (3.5 eq) and TBTU (1.05 eq). The resulting 
reaction mixture was stirred for 12 h at RT and partitioned between EtOAc and brine. The 
organic layer was dried (Na2SO4) and concentrated under reduced pressure. The residue was 
purified by SiO2 gel chromatography (Hex/EtOAc = 1/1) to give the title compound as a 
colourless oil. MS (ES+) C28H33N5O5 requires: 519, found: 520 (M+H+).
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Step 7: methyl (35,55,85,16£ or Z)-8-isopropyl-7-oxo-2,27-dioxa-6,9,ll,12,24-
pentaazapentacvclo|T6.6.2.13’6.l10’13.021’25loctacosa-l(24),10,12,16,18,20,22,25-octaene-5-
carboxylate
To a 0.01 M solution of olefin methyl 7V-(5-but-3-en-l-yl-l,3,4-oxadiazol-2-yl)-L-valyl-4-[(7- 
vinylisoquinolin-l-yl)oxy]-L-prolinate (from Step 6) in DCE at 85 °C was added dichloro(5- 
chloro-2-isopropoxybenzylidene)(l ,3-dimethylimidazolidin-2-ylidene)ruthenium (Zhan ruthenium 
metathesis catalyst RC-301, 0.15 eq) and the resulting reaction mixture was stirred at 85 °C for 2 
h. The volatiles were then removed under reduced pressure and the residue was purified by SiO2 
gel chromatography (ΡΕ/EtOAc = 3/7) to give the title compound as a mixture of E- and Z- 
isomers as a pale yellow oil. MS (ES+) C26H29N5O5 requires: 491, found: 492 (M+H+).

Step 8: methyl (35,55,85)-8-isopropyl-7-oxo-2,27-dioxa-ll-thia-6,9,ll,12,24-
pentaazapentacyclolT 6.6.2.13’6,! 10’13.021’25loctacosa-1(24), 10,12,18,20,22,25-heptaene-5-
carboxylate
To a solution of methyl (35,55,85,165 or Z)-8-isopropyl-7-oxo-2,27-dioxa-6,9,ll,12,24- 
pentaazapentacyclo[16.6.2.13’6.l10’13.021’25]octacosa-l(24),10,12,16,18,20,22,25-octaene-5- 
carboxylate (from Step 7) in EtOH was added 10% Pd/C (10% w/w) and the resulting reaction 
mixture was stirred at RT under an atmosphere of H2 for 2 h. The catalyst was filtered off and 
volatiles were removed under reduced pressure to give the title compound as a colorless oil. MS 
(ES+) C26H3iN5O5 requires: 493, found: 494 (M+EC).

Step 9: (35,55,85)-8-isopropyl-7-oxo-2,27-dioxa-6,9,11,12,24-pentaazapentacyclo
Γ 16.6.2,13’6, l10’13,021’25loctacosa-1(24), 10,12,18,20,22,25-heptaene-5-carboxylic acid
To a solution of methyl (35,55,85)-8-isopropyl-7-oxo-2,27-dioxa-l l-thia-6,9,11,12,24- 
pentaazapentacyclo[16.6.2.13’6.l10’13.021’25]octacosa-l(24), 10, 12, 18,20, 22, 25-heptaene-5 - 
carboxylate (from Step 8) in THF/H2O (1/1 v/v) was added LiOH (4 eq). The resulting reaction 
mixture was stirred at RT for 2 h and then treated with IN aq. HCI until pH= 2 was reached. 
Aqueous phase extracted with EtOAc and the organic layer dried over Na2SO4 to obtain a white 
solid. MS (ES+) C25H29N5O5 requires: 479, found: 480 (M+H+).

Step 10: (35,55,85)-7V-(( 15,25)-1 - ! Γ(cyclopropylsulfonyDaminolcarbonyl)-2-vinvlcvclopropyl)-
8-isopropyl-7-oxo-2,27-dioxa-6,9,11,12,24-pentazapentacyclolT 6.6.2,13’6, l10’13,021’25loctacosa-
1 (24), 10,12,18,20,22,25-heptaene-5-carboxamide
(3R,5S,8S)-8-isopropyl-7-oxo-2,27-dioxa-6,9,11,12,24-pentaazapentacyclo
[16.6.2.13’6.l10’13.021’25]octacosa-l(24),10,12,18,20,22,25-heptaene-5-carboxylic acid (from Step 
9) was dissolved in DMF and to this solution was added (15,25)-l-amino-7V-
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(cyclopropylsulfonyl)-2-vinylcyclopropanecarboxamide hydrochloride (prepared as described in 
WO 03/09927, 1.09 eq) followed by 'Pr2NEt (3.5 eq) and TBTU (1.09 eq). The resulting 
reaction mixture was stirred for 12 h at RT and purified directly by reverse phase HPLC to give 
the title compound as an off white solid. 3H NMR (400 MHz, DMSO-de) δ 10.34 (s, 1H), 8.93 
(s, 1H), 7.97-7.92 (m, 2H), 7.78 (d,/8.3, 1H), 7.68 (s, 1H), 7.60 (d,/8.3, 1H), 7.36 (d,/5.7, 
1H), 5.76 (bs, 1H), 5.62-5.56 (m, 1H), 5.21 (d, <717.1, 1H), 5.08 (d,/10.7, 1H), 4.90 (d,/11.3, 
1H), 4.25-4.16 (m, 2H), 3.97 (d,/8.6, 1H), 2.96-2.89 (m, 4H), 2.86-2.58 (m, 2H), 2.19-2.07 (m, 
3H), 1.75-1.62 (m, 5H), 1.42-1.40 (m, 1H), 1.29 (m, 1H), 1.10-1.05 (m, 3H), 1.01 (d,/6.6, 3H), 
0.96 (d, /6.6, 3 H). MS (ES+) C34H41N7O7S requires: 691, found: 692 (M+H+).

EXAMPLE 9, (Table 1, Entry 3)
(35,55,85)-N-(( 15,25)-1-11 (cyclopropylsul fonyl)amino1 carbonyl1- -2-ethenylcvclopropyl)-8-( 1 -
methylethvl)-7-oxo-23-phenyl-2-oxa-l l-thia-6,9,22,27-tetraazapentacycloll6.6.2.13’6,110,13,021,251
octacosa-1 (24), 10(27), 12,18,20,22,25-heptaene-5-carboxamide
The title compound was prepared as described for Example 1, using in Step 1 methyl (25,45)-4- 
[(2-phenyl-6-vinylquinolin-4-yl)oxy]pyrrolidine-2-carboxylate hydrochloride (prepared as 
described in W02006/119061) instead of Intermediate 1. MS (ES+) C4oH47N606S2 requires: 782, 
found: 783 (M+H+).

EXAMPLE 10 (Table 2, Entry 3)
(15,225,255)-22-cyclo hexyl-A-(( 15,25)-1-11 cyclopropylsulfonyDaminol carbonyl} -2-
ethenvlcvclopropyl)-3,23-dioxo-2,28-dioxa-4,18,19,21,24-
pentaazapentacvclol22.1.14’7.l17’2°.06’111nonacosa-6,8,10,17,19-pentaene-25-carboxamide
The title compound was prepared as described for Example 8, using in Step 1 hex-5-enoic acid 
instead of pent-4-enoic acid and in Step 6 Intermediate 7 instead of Intermediate 1. MS (ES ) 
C38H49N7O8S requires: 763, found: 764 (M+H+).

EXAMPLE 11 (Table 2, Entry 4)
(15,12E, 22S, 255)-22-cyclo hexyl-A-(( 15,25)-1-11 cyclopropylsul fonyl)amino1 carbonyl1 -2-
ethenvlcvclopropyl)-3,23-dioxo-2,28-dioxa-4,18,19,21,24-
pentaazapentacvclol22.1.14’7.l17’2°.06’111nonacosa-6,8,10,12,17,19-hexaene-25-carboxamide
The title compound was prepared as described for Example 8, using in Step 1 hex-5-enoic acid 
instead of pent-4-enoic acid and in Step 6 Intermediate 7 instead of Intermediate 1; the 
hydrogenation Step 8 described in Example 8 was not performed. MS (ES+) C38H47N7O8S 
requires: 761, found: 762 (M+H+).
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EXAMPLE 12 (Table 2, Entry 5)
(35,55,85)-A-((15,25)-l-fr(cvclopropvlsulfonvl)amino1carbonvn-2-ethenvlcvclopropyl)-23-iodo-
8-isopropyl-7-oxo-2,28-dioxa-6,9,11,12,25-pentazapentacyclo |T7.6.2.13’6.l10’13.021’261nonacosa-
1 (25), 10,12,19,21,23,26-heptaene-5-carboxamide

Step 1: methyl (35,55,85)-8-isopropyl-7-oxo-2,28-dioxa-6,9,l 1,12,25-pentaazapentacyclo
ri7.6.2.13’6.l10’13.022’26lnoncosa-l(25),10,12,19,21,23,26-heptaene-5-carboxylate
The title compound was prepared as described for Example 8, Steps 1-8, using in Step 1 hex-5- 
enoic acid instead of pent-4-enoic acid. MS (ES+) C27H33N5O5 requires: 507, found: 508 
(M+H+).

Step 2: methyl (35,55,85)-23-iodo-8-isopropvl-7-oxo-2,28-dioxa-6,9,ll,12,25-
pentaazapentacyclolT 7.6.2.13’6,! 10’13.022’26lnoncosa-1(25), 10,12,19,21,23,26-heptaene-5-
carboxylate
To a 0.3 M solution of methyl (35,55,85)-8-isopropyl-7-oxo-2,28-dioxa-6,9,ll,12,25- 
pentaazapentacyclo[17.6.2.13’6.l10’13.022’26]noncosa-l(25),10,12,19,21,23,26-heptaene-5- 
carboxylate (from Step 1) in dry DCM was added triflic acid (2 eq) and N-iodosuccinimide (2 eq) 
and the mixture was stirred under N2 for 16 h. An additional portion of N-iodosuccinimide (2 eq) 
was added and the reaction was stirred for additional 24 h. The reaction mixture was poured into 
saturated NaHCOi and extracted with DCM (2x). The combined organic layers were washed 
with brine, dried over Na2SO4, filtered and concentrated. The resulting crude compound was 
purified on silica gel (20% to 40% EtOAc in PE) to yield the compound as a yellow solid. MS 
(ES+) C27H32IN5O5 requires: 633, found: 634 (M+H+).

Step 3: (35,55,85)-23-iodo-8-isopropyl-7-oxo-2,28-dioxa-6,9,11,12,25-pentaazapentacyclo
Γ 17.6.2.13’6,! 10’13.022’261nonacosa-1(25), 10,12,19,21,23,26-heptaene-5-carboxylic acid
To a solution of methyl (35,55,85)-23-iodo-8-isopropyl-7-oxo-2,28-dioxa-6,9,ll,12,25- 
pentaazapentacyclo[17.6.2.13’6.l10’13.022’26]noncosa-l(25),10,12,19,21,23,26-heptaene-5- 
carboxylate (from Step 2) in THF/H2O (1/1 v/v) was added LiOH (4 eq). The resulting reaction 
mixture was stirred at RT for 2 h and then treated with IN aq. HCI until pH= 2 was reached. 
Aqueous phase extracted with EtOAc and organic layer dried over Na2SO4 to get a white solid. 
MS (ES+) C26H3oIN505 requires: 619, found: 620 (M+H+).

Step 4: (35,55,85)-A-((15,25)-1-fr(cvclopropvlsulfonvl)amino1carbonvn-2-ethenvlcvclopropyl)-
23-iodo-8-isopropyl-7-oxo-2,28-dioxa-6,9,11, 12,25-pentazapentacyclor 17.6.2.13’6,110,13.021,26]
nonacosa-1 (25), 10,12,19,21,23,26-heptaene-5-carboxamide



WO 2007/131966 PCT/EP2007/054594

5

10

15

20

25

30

35

-41 -

(35,55,85)-23-Iodo-8-isopropyl-7-oxo-2,28-dioxa-6,9,ll,12,25-pentaazapentacyclo
[17.6.2.13’6.l10’13.022’26]noncosa-l(25),10,12,19,21,23,26-heptaene-5-carboxylic acid (from Step 
3) was dissolved in DMF and to this solution was added Intermediate 2 (1.09 eq) followed by 
'Pr2NEt (3.5 eq) and TBTU (1.09 eq). The resulting reaction mixture was stirred 12 h at RT and 
purified by reverse phase HPLC to give the title compound as an off-white solid. ‘H NMR (600 
MHz, DMSO-de) δ 10.364 (s, 1H), 8.96 (s, 1H), 8.36 (s, 1H), 8.00 (d,79.1, 1H), 7.80 (d,78.4, 
1H), 7.74 (d, J 10.8, 1H), 7.73 (s, 1H), 5.80 (s, 1H), 5.61 (m,lH), 5,21 (d, J 17.7, 1H), 5.08 (d, J 
11.8, 1H), 4.95 (d, J11.6, 1H), 4.24 (dd, 711.0, 6.7, 1H), 4.05 (t, J9.6, 1H), 4.0 (dd, 711.6,
3.5, 1H), 2.96-2.89 (m, 2H), 2.72 (m, 1H), 2.62 (m, 1H), 2.55-2.49 (m, 2H), 2.19-2.08 (m, 3H), 
1.80 (m,lH), 1.73-1.64 (m, 3H), 1.59 (m,lH), 1.44-1.39 (m, 2H), 1.28 (dd,79.4, 5.1, 1H), 1.ΙΟ
Ι.03 (m, 4H), 1.00 (d, 76.7, 3H), 0.96 (d, 76.7, 3H). MS (ES+) CssH^INvOS requires: 831, 
found: 832 (M+H+).

EXAMPLE 13 (Table 3, Entry 10)
(35,55,85,165,)-8-cyclohexyl-N-(( 15,25)-1 - IΓ (cyclopropylsulfonyDaminol carbonyl) -2-
vinvlcvclopropyl)-19-methoxy-14,14-dimethyl-7-oxo-23-phenyl-2-oxa-11 -thia-6,9,22,27-
tetraazapentacyclor 16.6.2.13,5.110,13.021,251octacosa-1(24), 10(27), 12,16,18,20,22,25-octaene-
5-carboxamide
The title compound was prepared as described for Example 2, employing in Step 1 methyl 
(2S,4R)-4-[(7-methoxy-2-phenyl-6-vinylquinolin-4-yl)oxy]-pyrrolidine-2-carboxylate 
hydrochloride (prepared as described in W02006/119061) instead of Intermediate 1, and Boc- 
(L)-cyclohexylglycine instead of Boc-(L)-Val. 1H NMR (400 MHz, DMSO-d6) δ 10.56 (s, 1H), 
8.94 (s, 1H), 8.18 (d, 75.8, 2H), 7.86 (s, 1H), 7.82-7.73 (m, 4H), 7.67 (s, 1H), 6.72 (d, J 16.4, 
1H), 6.48 (s, 1H), 5.97 (bs, 1H), 5.84 (m, 1H), 5.61 (m, 1H), 5.23 (d, J 16.9, 1H), 5.13 (d, J 
10.1, 1H), 4.54 (d, J 12.6, 1H), 4.31 (m, 1H), 4.20 (d, J 10.6, 1H), 4.06 (s, 3H), 2.98 (m, 1H), 
2.74 (m, 2H), 2.62 (m, 2H), 2.39-2.26 (m, 2H), 2.14-1.58 (m, 7H), 1.40 (s, 3H), 1.35-1.00 (m, 
14H); MS (ES+) C47H54N6O7S2 requires: 879, found: 880 (M+H+).

EXAMPLE 14 (Table 3, Entry 11)
(35,55,85,165,)-8-cyclohexyl-N-(( 15,25)-1 - IΓ (cyclopropylsulfonyDaminol carbonyl) -2-
vinvlcvclopropyl)-19-methoxy-14,14-dimethyl-7-oxo-2-oxa-11 -thia-6,9,24,27-
tetraazapentacyclor 16.6.2.13,5.110,13.021,251octacosa-1(24), 10(27), 12,16,18,20,22,25-octaene-
5-carboxamide
The title compound was prepared as described for Example 13, employing in Step 1 methyl 
(2S,4R)-4-[(6-methoxy-7-vinylisoquinolin-1 -yl)oxy]-pyrrolidine-2-carboxylate hydrochloride 
(prepared as described in W02006/119061) instead of methyl (25,45)-4-[(7-methoxy-2-phenyl-6- 
vinylquinolin-4-yl)oxy]-pyrrolidine-2-carboxylate hydrochloride. ‘H NMR (400 MHz, DMSO-de)
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δ 10.50 (s, 1H), 8.93 (s, 1H), 7.91 (d, 75.8, 1H), 7.78 (s, 1H), 7.31 (bs, 3H), 6.66 (d, J 16.4,
1H), 6.33 (s, 1H), 5.65 (m, 3H), 5.23 (d, 7 17.4, 1H), 5.11 (d, 7 10.6, 1H), 4.38 (d, 7 12.4, 1H),
4.27 (m, 1H), 4.01 (m, 1H), 3.96 (s, 3H), 2.99 (m, 1H), 2.66 (m, 2H), 2.22-2.08 (m, 3H), 1.97
1.69 (m, 6H), 1.36 (s, 3H), 1.33-1.08 (m, 14H); MS (ES+) C4iH50N6O7S2requires: 803, found: 
804 (M+H+).

EXAMPLE 15 (Table 3, Entry 13)
(37?,55,85,16E,)-8-cyclohexyl-N-(( 17?,25)-1 - ! Γ f cyclopropylsul fonyl )aminolcarbonyl j -2-
vinvlcvclopropyl)-19,23-dimethoxy-14,14-dimethyl-7-oxo-2-oxa-11 -thia-6,9,22,27-
tetraazapentacyclor 16.6.2.13,5.110,13.021,251octacosa-1(24), 10(27), 12,16,18,20,22,25-octaene-
5-carboxamide
The title compound was prepared as described for Example 13, employing in Step 1 methyl 
(25,47?)-l-[(25)-2-amino-2-cyclohexylacetyl]-4-[(2,7-dimethoxy-6-vinyl-quinolin-4-yl)oxy]- 
]pyrrolidine-2-carboxylate hydrochloride (Intermediate 8, synthetic procedure described below) 
instead of methyl (2S,4R)-4-[(7-methoxy-2-phenyl-6-vinylquinolin-4-yl)oxy]-pyrrolidine-2- 
carboxylate hydrochloride. 'H NMR (400 MHz, DMSO-d6) δ 10.52 (s, 1H), 8.91 (s, 1H), 7.59 
(s, 1H), 7.11 (s, 1H), 6.66 (d, 7 16.2, 1H), 6.43 (s, 1H), 6.33 (s, 1H), 5.67-5.51 (m, 2H), 5.46 (s, 
1H), 5.22 (d, 716.7, 1H), 5.11 (d, 711.6, 1H), 4.41 (d, 712.1, 1H), 4.21 (dd,710.2, 6.9, 1H), 
4.03 (d, 79.6, 1H), 3.98 (s, 3H), 3.93 (s, 3H), 2.98 (m, 1H), 2.63 (m, 2H), 2.18-2.08 (m, 3H), 
1.97-1.62 (m, 6H), 1.36 (s, 3H), 1.31-1.07 (m, 14H); MS (ES+) C42H52N6O7S2requires: 833, 
found: 834 (M+H+).

Intermediate 8: Methyl (25,47?)-l-r(25)-2-amiuo-2-cvclohexvlacetyll-4-r(2,7-dimethoxv-6-viuvl-
quinolin-4-vl)oxvl-lpyrrolidiue-2-carboxylate hydrochloride

Step 1: Methyl (25,45)-4-r((4-bromophenvl)sulfonvl)oxvlpyrrolidine-2-carboxvlate hydrochloride
To a 0.22 M solution of I -/e/Y-butyl 2-methyl (25, 45)-4-[((4-bromophenyl)sulfonyl)oxy] 
pyrrolidine-1,2-dicarboxylate (prepared as described in W02006/119061) in Et2O at 0°C was 
added dropwise a 4M solution of HCI in dioxane (25 eq.) and the resulting mixture was stirred at 
RT for 16 h, after which time a solid product was formed. The suspension was filtered and the 
filter cake was washed with cold Et2O. The solid product was dried in vacuo and the product 
used without further purification. MS (ES+) Ci2Hi4BrNO5S requires: 363, found: 364, 365 
(M+H+).

Step 2: Methyl (25,45)-4- Γ((4-bromophenvf)sulfonyf)oxvl -1 - Γ(25)-2- Γ(tert-

butoxvcarbonvl)aminol-2-cvclohexvlacetvllpyrrolidine-2-carboxvlate
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To a solution of proline derivative from Step 1 in DMF was added Boc-(L)-cyclohexylglycine 
(1.05 eq), followed by 'Pr2NEt (3.5 eq) and TBTU (1.05 eq). The resulting reaction mixture was 
stirred 12 h at RT and partitioned between EtOAc and IN aq. HCI. The organic layer was further 
washed with sat. aq. NaHCO3, brine, dried (Na2SO4) and concentrated under reduced pressure. 
The residue was purified by SiO2 gel chromatography (hexane / EtOAc = 75/25) to give the title 
compound as an off-white foam. MS (ES+) C25H35BrN2O8S requires: 603, found: 603,605 
(M+H+).

Step 3: 6-Bromo-4-hvdroxv-7-methoxvquinolin-2(lH)-one
The title compound was prepared from 4-bromo-3-methoxyaniline according to the procedure 
reported by K. Faber, H. Steininger and T. Kappe, J. Het. Chem. 1985, 22 (4), 1081. MS (ES+) 
Ci0H8BrNO3 requires: 270, found: 270, 272 (M+H+).

Step 4: Methyl (25,45)-4-r(6-bromo-7-methoxv-2-oxo-l,2-dihvdroquinolin-4-vl)oxy1-l-r(25)-2-
r(ter/-butoxvcarbonvl)amino1-2-cvclohexvlacetvl1pvrrohdine-2-carboxylate
To a 0.27 M solution of hydroxyl-quinolinone from Step 3 (1 eq.) and brosylate from Step 2 
(leq.) in N-methyl-2-pyrrolidinone was added cesium carbonate (1.5 eq.) and the resulting 
mixture was heated at 60 °C for 16 h. The mixture was cooled to RT and partitioned between 
water and EtOAc. The organic phase was washed with brine, dried (Na2SO4) and the volatiles 
were removed under reduced pressure. The residue was purified by SiO2 gel chromatography 
(eluting with 50% EtOAc/Hex and then 0-5% MeOH/DCM) to yield the title compound. MS 
(ES+) C29H38BrN3O8 requires: 637, found: 636, 638 (M+H+).

Step 5: Methyl (25,45)-1 -Γ(25)-2- Γf/gr/-butoxycarbonyl jaminol-2-cyclohcxylacctyll-4-Γ(7-
methoxv-2-oxo-6-vinvl-l,2-dihvdroquinolin-4-vl)oxv1-1pvrrolidine-2-carboxylate
To a 0.25 M solution of arylbromide from Step 4 in EtOH was added potassium vinyl- 
trifluoroborate (1.1 eq.), Et3N (1.5 eq.) and PdCl2(dppf)-CH2Cl2 adduct (0.05 eq.). The resulting 
mixture was heated at 90 °C for 2.5 h. Two further aliquots of potassium vinyl- trifluoroborate 
(0.5 eq.), Et3N (0.6eq.) and the Pd catalyst (0.05 eq.) were added every 3.5 h in order to drive the 
reaction to completion. The mixture was cooled to RT and partitioned between water and 
EtOAc. The organic phase was washed with brine, dried (Na2SO4) and the volatiles were 
removed under reduced pressure. The residue was purified by SiO2 gel chromatography (eluting 
with DCM/MeOH = 95/5) to give the title compound as a pale orange foam. MS (ES ) 
C3iH4iN3O8 requires: 583, found: 584 (M+H+).

Step 6: Methyl (25,45)-l-r(25)-2-r(/gr/-butoxvcarbonvl)aminol-2-cvclohexvlacetvf|-4-r(2,7-
dimethoxv-6-vinvl-quinohn-4-vl)oxv1-1pyrrolidine-2-carboxvlate
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To a 0.04 M solution of intermediate from Step 5 in DCM was added trimethyloxonium 
tetrafluoborate (1.05 eq.) and the resulting mixture was stirred 16 h at RT. The mixture was 
partitioned between ss NaHCCf and DCM. The organic phase was washed with brine, dried 
(Na2SO4) and the volatiles were removed under reduced pressure. The residue was purified by 
SiO2 gel chromatography (eluting with PE/AcOEt=7/3 to 6/4) to give the title compound as a 
colourless oil. MS (ES+) C32H43N3O8 requires: 597, found: 598 (M+Ef).

Step 7: Methyl (25,47?)-l-r(25)-2-amino-2-cvclohexvlacetvl1-4-r(2,7-dimethoxv-6-vinyl-quinolin-
4-vl)oxv1-1pyrrolidine-2-carboxvlate hydrochloride (Intermediate 8)
A 0.09 M solution of Boc-protected intermediate from Step 6 in 4M HCI in dioxane was stirred at 
RT for 2 h. The volatiles were then removed under reduced pressure and the residue (white solid) 
was used without any further purification. MS (ES+) C27H35N3O6 requires: 497, found: 498 
(M+H+).

EXAMPLE 16 (Table 3, Entry 3-14)
(17?,225,255)-22-cyclopentyl -7V-(( 17?,25)-1 - ! ΓcyclopropylsulfonyDaminolcarbonyl) -2-
ethenvlcvclopropyl)-3,23-dioxo-2,28-dioxa-4,18,19,21,24-pentaazapentacyclor22.1.
I4’7.117’20.06 11lnonacosa-6,8,10,17,19-pentaene-25-carboxamide
The title compound was prepared as described for Example 8, using in Step 1 hex-5-enoic acid 
instead of pent-4-enoic acid and in Step 6 Intermediate 7 instead of Intermediate 1. MS (ES ) 
C37H47N7O8S requires: 749, found: 750 (M+H+).

EXAMPLE 17 (Table 3, Entry 15)
(17?, 1 2E, 22S, 255)-22-cyclopentyl-7V-(( 17?.25)-1 -) Γ cvclopropylsulfonyDaminolcarbonyl) -2-
ethenvlcvclopropyl)-3,23-dioxo-2,28-dioxa-4,18,19,21,24-pentaazapentacvclor22.1.
l4’7.li7’20.06’ii'|nonacoSa-6,8,10,12,17,19-hexaene-25-carboxamide
The title compound was prepared as described for Example 8, using in Step 1 hex-5-enoic acid 
instead of pent-4-enoic acid and in Step 6 Intermediate 7 instead of Intermediate 1; the 
hydrogenation Step 8 described in Example 8 was not performed. MS (ES+) C37H45N7O8S 
requires: 747, found: 748 (M+H+).

EXAMPLE 18 (Table 3, Entry 16)
(37?,55,85)-7V-(( 17?,25)-1 -) Γ (cvclopropylsulfonyDaminolcarbonyl) -2-vinvlcvclopropyl)-22-ethvl-
8-isopropyl-7-oxo-2,27-dioxa-6,9,11,12,24-pentaaza pentacvclo|T6.6.2.13’6.l10’13.021’25loctacosa-
1 (24), 10,12,18,20,22,25-heptaene-5-carboxamide
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Step 1: methyl (37?,55,85)-8-isopropvl-7-oxo-22-vinvl-2,27-dioxa-6,9,ll,12,24-
pentaazapentacvcloll6.6.2.13’6.l10’13.021’251octacosa-l(24),10,12,18,20,22,25-heptaene-5-
carboxylate
To a 0.1 M solution of methyl (37?,55,85)-22-iodo-8-isopropyl-7-oxo-2,27-dioxa-6,9,ll,12,24- 
pentaazapentacyclo[16.6.2.13’6.l10’13.021’25]octacosa-l(24),10,12,18,20,22,25-heptaene-5- 
carboxylate (Example 12, Step 2) in dry toluene was added
tetrakis(triphenylphosphine)palladium(0) (0.05 eq.). N2 was bubbled through the reaction mixture 
for 5 minutes and tributylethenylstannane (1.5 eq) was added. The mixture was stirred at 100 °C 
for 1 h, allowed to cool to RT, diluted with EtOAc and washed with brine. The organic layer was 
separated, dried over Na2SO4, filtered and concentrated. The residue was purified on silica gel 
(20% to 40% EtOAc/PE) to give the compound as a white solid. MS (ES+) CAH33N5O5 requires: 
519, found: 520 (M+H+).

Step 2: methyl (37?,55,85)-22-ethvl-8-isopropyl-7-oxo-2,27-dioxa-6,9,11,12,24-
pentaazapentacyclol 16.6.2.13’6,110’13.021’251octacosa-1 (24), 10,12,18,20,22,25-heptaene-5-
carboxylate
To a 9 mM solution of methyl (37?,55,85)-8-isopropyl-7-oxo-22-vinyl-2,27-dioxa-6,9,l 1,12,24- 
pentaazapentacyclo[ 16.6.2. l3’6.l10’13.021’25]octacosa-l(24),10,12,18,20,22,25-heptaene-5- 
carboxylate (from Step 1) in EtOH was added 10% Pd/C (0.1 eq) and the resulting reaction 
mixture was stirred at RT under H2 atmosphere for 2 h. The catalyst was filtered off through a 
pad of celite and the volatiles were removed under reduced pressure to give the title compound as 
a colorless oil. MS (ES+) C28H35N5O5 requires: 521, found: 522 (M+H+).

Step 3: (37?,55,85)-22-ethvl-8-isopropyl-7-oxo-2,27-dioxa-6,9,l 1,12,24-pentaazapentacyclo
116.6.2.13’6.l10’13.021’251octacosa-l(24),10,12,18,20,22,25-heptaene-5-carboxylic acid
To a solution of methyl (37?,55,85)-22-ethyl-8-isopropyl-7-oxo-2,27-dioxa-6,9,ll,12,24- 
pentaazapentacyclo[16.6.2.13’6.l10’13.021’25]octacosa-l(24),10,12,18,20,22,25-heptaene-5- 
carboxylate (from Step 2) in THF/H2O (1/1 v/v) was added LiOH (4 eq). The resulting reaction 
mixture was stirred at RT for 2 h and then treated with IN aq. HCI until pH= 2 was reached. The 
aqueous phase was extracted with EtOAc, the organic layer was separated, dried over Na2SO4, 
filtered and concentrated to give a white solid. MS (ES+) CAH33N5O5 requires: 507, found: 508 
(M+H+).

Step 4: (37?,55,85)-A-(( 17?,25)-l-ll(cvclopropvlsulfonvl)amino1carbonvfi-2-vinvlcvclopropyl)-
22-ethvl-8-isopropyl-7-oxo-2,27-dioxa-6,9,l l,12,24-pentaazapentacycloll6.6.2.13’6.l10’13.021’251
octacosa-1 (24), 10,12,18,20,22,25-heptae ne-5-carboxamide
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(35,55,85)-22-ethyl-8-isopropyl-7-oxo-2,27-dioxa-6,9,11,12,24-pentaazapentacyclo 
[16.6.2.13’6.l10’13.021’25]octacosa-l(24),10,12,18,20,22,25-heptaene-5-carboxylic acid (from Step 
3) was dissolved in DMF and to this solution was added Intermediate 2 followed by 'Pr2NEt (3.5 
eq) and TBTU (1.09 eq). The resulting reaction mixture was stirred 12 h at RT and purified by

5 reverse phase HPLC to give the title compound as a white solid. 1 El NMR (600 MHz, DMSO-de) 
δ 10.33 (s,lH), 8.92 (s, 1H), 7.96 (d, /9.7, 1H), 7.87 (d, /8.6, 1H), 7.78 (s, 1H), 7.71 (s, 1H), 
7.63 (dd,/8.6, 1.5, 1H), 5.71 (s, 1H), 5.59 (m, 1H), 5.20 (d,/17.2, 1H), 5.08 (d,/10.2, 1H), 
4.88 (d,/10.8, 1H), 4.20 (dd, J 11.3, 7.2, 1H), 4.17 (t,/9.6, 1H), 3.96 (dd, J 11.4, 3.4, 1H), 
2.94-2.86 (m, 4H), 2.76 (m, 1H), 2.64 (m, 1H), 2.18-2.09 (m, 3H), 1.75-1.69 (m, 3H), 1.67-1.62

10 (m, 2H), 1.39-1.36 (m,2H), 1.29-1.24 (m, 4H), 1.10-1.08 (m, 2H), 1.04-1.03 (m, 2H), 1.00 (t, /
6.6, 3H), 0.96 (d, /6.6, 3H). MS (ES+) CaeH^NvOvS requires: 719, found: 720 (M+H+).

The following tables list specific compounds of the present invention. The tables provide 
the structure and name of each compound and the mass of its molecular ion plus 1 (M+l) as

15 determined via ES-MS. The synthetic scheme employed to prepare the compound is indicated in 
the last column.

Table 1

Entry Compound name Structure M+l Preparative
method

1-1 (35,55,85)-/5-((15,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl

rG
ύν

707 Scheme 1

} -2-ethenylcyclopropyl)-8-( 1 - 0
0 0

methylethyl)-7-oxo-2-oxa-11 -thia- 'G-n
II

JG G.
G N

6,9,24,27-tetraazapentacyclo it /—N\G ° / o G7
[16.6.2.13’6.110’13.021’25]octacosa- h5c

0
ch2

1(24),10(27),12,18,20,22,25- 
heptaene-5 -carboxamide

ch3

1-2 (35,55,85)-/5-((15,25)-1- 
{[(cyclopropylsulfonyl)amino]carbonyl

..O:
g^n

721 Scheme 1

} -2-ethenylcyclopropyl)-8-( 1 - 0
0 0

methylethyl)-7-oxo-2-oxa-11 -thia- Ά"' II II
A /S.

G N \G—7

6,9,25,28-tetraazapentacyclo [| fy-NxG 0
[17.6.2.13’6.110’13.022’26]nonacosa- S 7

h3c^
0

ch2

1(25),10(28),12,19,21,23,26- 
heptaene-5 -carboxamide

ch3
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1-3 (35,55,85)-N-((15,25)-1- 
{[(cyclopropylsulfonyl)amino]carbonyl 
} -2-ethenylcyclopropyl)-8-( 1 - 
methylethyl)-7-oxo-23 -phenyl-2-oxa- 
11 -thia-6,9,22,27-tetraazapentacyclo 
[16.6.2.13’6.110’13.021’25]octacosa- 
1(24),10(27),12,18,20,22,25- 
heptaene-5 -carboxamide

A-N

[i y^'·
xx

h3c^

/N. Jx>. J

O

X O-: 0
ch3

0

CH

O
II

"N \Α-χ
0 V

2

783 Scheme 1

1-4 (35,55,85,165)-/5-((15,25)-1 - ^x 719 Scheme 1
{[(cyclopropylsulfonyl)amino]carbonyl χΝ

1 H 0

χ
X o

} -2-ethenylcyclopropyl)-8-( 1,1- 
dimethylethyl)-7-oxo-2-oxa-11 -thia- \ /N

—s

χ-
-lx?

6,9,24,27-tetraazapentacyclo "x xo X
ch2

[16.6.2.13’6.110’13.021’25]octacosa- 
1 (24), 10(27), 12,16,18,20,22,25- 
octaene-5-carboxamide

H3C
h3c^ch3

1-5 (35,55,85,16Z)-/V-(( 15,25)-1 - 
{[(cyclopropylsulfonyl)amino]carbonyl

IX
γΝ

H 0 X 0
719 Scheme 1

} -2-ethenylcyclopropyl)-8-( 1,1- 
dimethylethyl)-7-oxo-2-oxa-11 -thia- \ /N

tx -A

6,9,24,27-tetraazapentacyclo χ X^

—s
A 0 \

ch2

[16.6.2.13’6.110’13.021’25]octacosa- 
1 (24), 10(27), 12,16,18,20,22,25- 
octaene-5-carboxamide

H,C--
h3U^ch3

1-6 (35,55,85)-/5-((15,25)-1- ^x 721 Scheme 1
{[(cyclopropylsulfonyl)amino]carbonyl χΝ

1 H 0

χ
X o

} -2-ethenylcyclopropyl)-8-( 1,1- 
dimethylethyl)-7-oxo-2-oxa-11 -thia- \ /N x- -vA

6,9,24,27-tetraazapentacyclo 1 an
—S

A^xo X
ch2

[16.6.2.13’6.110’13.021’25]octacosa- 
1 (24), 10(27), 12,16,18,20,22,25- 
octaene-5-carboxamide

H3C
h3c^ch3

1-7 (15,125,215,245)-/5-((15,25)-1- \ 0
Ν-χΧ 723 Scheme 2

{[(cyclopropylsulfonyl)amino]carbonyl 
} -2-ethenylcyclopropyl)-21-(1-

AA O
XX

methylethyl)-3,22-dioxo-2-oxa-18- 
thia-4,20,23,27-tetraazapentacyclo

X“~

ynA

A x 0 v
[21.2.1.14’7.l16’19.06’11]octacosa- 
6,8,10,12,16,19(27)-hexaene-24- 
carboxamide

HgC ch3
CH2
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1-8 (17?, 127/,225,255)-57-(( 17?, 25)-1 - 
{[(cyclopropylsulfonyl)amino]carbonyl 
} -2-ethenylcyclopropyl)-22-( 1 - 
methylethyl)-3,23-dioxo-2-oxa-19- 
thia-4,21,24,28-tetraazapentacyclo 
[22.2.1. l4’7.117’2°.06’11]octacosa- 
6,8,10,12,17,20(28)-hexaene-25- 
carboxamide

Υ^ΥγΛ °
N^/Z 737 Scheme 2

0

I Nvv-n—Vy

YY 1 0 o
S HjC^CHj

0

CH

0
II

Υγ
0

2

1-9 (17?,225,255)-57-(( 17?,25)-1- if 0
°\ 0 753 Scheme 2

{[(cyclopropylsulfonyl)amino]carbonyl k 0,...,___ _ >YY
} -2-ethenylcyclopropyl)-22-( 1,1 - 7 7(1
dimethylethyl)-3,23-dioxo-2-oxa-19- / O X
thia-4,21,24,28-tetraazapentacyclo s H3C-1.

[22.2.1. l4’7.117’2°.06’11]nonaacosa-
6,8,10,17,20(28)-pentaene-25-
carboxamide

H3C CH3

1-10 (17?, 12£,225,255)-57-(( 17?,25)-1- (Y /0 751 Scheme 2
{[(cyclopropylsulfonyl)amino]carbonyl k 0

0 A ,O

} -2-ethenylcyclopropyl)-22-( 1,1- 
dimethylethyl)-3,23-dioxo-2-oxa-19- (., 'ey-y V-n A 0

Y~Y7

<
thia-4,21,24,28-tetraazapentacyclo 1—s . o

H3C->A
ch2

[22.2.1. l4’7.117’2°.06’11]nonaacosa- 
6,8,10,12,17,20(28)-hexaene-25- 
carboxamide

h3c ch3

1-11 (17?, 127/,225,255)-22-cyclohexenyl-57- XX \ O 777 Scheme 2
((17?,25)-1 - {[(cyclopropylsulfonyl) N—-Y

0 Y /0

amino]carbonyl} -2- 
ethenylcyclopropyl)-3,23-dioxo-2-oxa-

L >Y

ΤΥΝ·Υ0 0

YY
Z

19-thia-4,21,24,28-tetraazapentacyclo
'ch2

[22.2.1. l4’7.117’2°.06’11]nonaacosa- 
6,8,10,12,17,20(28)-hexaene-25- 
carboxamide

0

1-12 (17?,225,255)-22-cyclo hexyl-57- fY /0 779 Scheme 2
((17?,25)-1 - {[(cyclopropylsulfonyl) YY /NYΓ \ H 0 Ύ /0

amino]carbonyl} -2- 
ethenylcyclopropyl)-3,23-dioxo-2-oxa-

k fyy
ΥΥΎ0 0

YY
Z

19-thia-4,21,24,28-tetraazapentacyclo
'ch2

[22.2.1. l4’7.117’2°.06’11]nonaacosa-
6,8,10,17,20(28)-pentaene-25-
carboxamide

0
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1-13 (3R,5S,SS)-S-cyciohexyi-N-((lR,2S)- 
1 - {[(cyclopropylsulfonyl)amino] 
carbonyl} -2-ethenylcyclopropyl)-7- 
oxo-2-oxa-l l-thia-6,9,24,27- 
tetr aazap entacyclo [16.6.2.13’6.110’13. 
021’25]octacosa-
1(24), 10(27), 12,18,20,22,25- 
heptaene-5 -carboxamide

\ /N X"

—s

n

X

Λ, 0; 0
0

0 \\^>
e

ch2

747 Scheme 2

1-14 (1R, 12E, 22S, 255)-A-(( 1R, 25)-1- 751 Scheme 2
{[(cyclopropylsulfonyl)amino]carbonyl Oz

—\ 0 O „

} -2-ethenylcyclopropyl)-22- [(1R)-1 -
methylpropyl]-3,23-dioxo-2-oxa-19- erN'A

thia-4,21,24,28-tetraazapentacyclo
h2c

[22.2.1. l4’7.117’2°.06’11]nonaacosa- 
6,8,10,12,17,20(28)-hexaene-25- 
carboxamide

CH3

l-14a (1R,12£, 225,255)-A-((lR, 25)-1- 751 Scheme 2
{[(cyclopropylsulfonyl)amino]carbonyl 0.’■/—\ 0
} -2-ethenylcyclopropyl)-22-[( 1S)-1 - ‘/"'A

methylpropyl]-3,23-dioxo-2-oxa-19- H>

thia-4,21,24,28-tetraazapentacyclo
H2C

[22.2.1. l4’7.117’2°.06’11]nonaacosa- 
6,8,10,12,17,20(28)-hexaene-25- 
carboxamide

CH3

1-15 (3R, 5S, 85,16E)-N-((1R,2S)-1 - |f 719 Scheme 1
{[(cyclopropylsulfonyl)amino]carbonyl \\
} -2-ethenylcyclopropyl)-8-[( 1R)-1 - oz

/ \ N JL v°

methylpropyl]-7-oxo-2-oxa-11 -thia-
N W

6,9,24,27-tetraazapentacyclo R ° H.C

[16.6.2.13’6.110’13.021’25]octacosa-
1 (24), 10(27), 12,16,18,20,22,25- 
octaene-5-carboxamide

ch3

l-15a (3R, 5S, 85,16E)-N-((1R,2S)-1 - |f 719 Scheme 1
{[(cyclopropylsulfonyl)amino]carbonyl \\
} -2-ethenylcyclopropyl)-8-[( 1S)-1 - \\ oz

/ \ N
O O
X V

methylpropyl]-7-oxo-2-oxa-11 -thia-
N AS'

6,9,24,27-tetraazapentacyclo / N,''rA 7
R ° H.C

[16.6.2.13’6.110’13.021’25]octacosa- h3c'" η
1 (24), 10(27), 12,16,18,20,22,25- 
octaene-5-carboxamide

ch3
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1-16 (IR, 125,225,255)-22-cyclohexyl-75- 
((15,25)-1 - {[(cyclopropylsulfonyl) 
amino]carbonyl}-2-ethylcyclopropyl)- 
3,23-dioxo-2-oxa-19-thia-4,21,24,28- 
tetraazapentacyclo[22.2.1. l4’7.117’20.06’ 
n]nonaacosa-6,8,10,12,17,20(28)- 
hexaene-25 -carboxamide

ί I?NZ

Z Z'Y

Z /NYN-Zv

1 - o
0

ζ

H3C

?. P

V

779 Scheme 2

1-17 (35,55,85,165)-75-((15,25)-1 - 
{[(cyclopropylsulfonyl)amino]carbonyl

733 Scheme 1

} -2-ethenylcyclopropyl)-14,14- H3C>| zz 0 0

dimethyl-8-( 1 -methylethyl)-7-oxo-2- 
oxa-11 -thia-6,9,24,27-tetraazapenta

Z-N ZH,C iZ W
Υ-γ 5 "Z II

"Zv

cyclo[l 6.6.2.13’6.110’13.021’25]octacosa- 
1(25),10(27),12,16,18,20,21,23,25- 
nonaene-5 -carboxamide

CH,

1-18 (15,125,225,255)-22-cyclohexenyl-7V- ZZy 779 Scheme 2
((15,25)-1 - {[(cyclopropylsulfonyl)

ZZny°

amino]carbonyl} -2-ethenylcyclo
/ /z

propyl)-3,23-dioxo-2,15-dioxa-19- 
thia-4,21,24,28-tetraazapentacyclo

V* >'Y 
if"A 5 '■

II

IZz

[22.2.1. l4’7.117’2°.06’11]nonaacosa- 
6,8,10,12,17,20(28)-hexaene-25- 
carboxamide

“ΰ N
ch2

1-19 (15,225,255)-22-cyclohexenyl-75- //° 781 Scheme 2
((15,25)-1 - {[(cyclopropylsulfonyl) ΖγΖ\/ Q

J I—\ 0 ° O

amino]carbonyl}-2-ethylcyclopropyl)-
z ^ηζZ”

"Z7
3,23-dioxo-2-oxa-19-thia-4,21,24,28- Z ayZ 0

^-Z 1 : 0

tetraazapentacyclo
[22.2.1. l4’7.117’2°.06’11]nonaacosa-
6,8,10,17,20(28)-pentaene-25-
carboxamide

Z-S Ξ
0

1-20 (35,55,85)-75-((15,25)-1- 
{[(cyclopropylsulfonyl)amino]carbonyl 
} -2-ethenylcyclopropyl)-14,14- ;. A 0

735 Scheme 1

dimethyl-8-( 1 -methylethyl)-7-oxo-2- 
oxa-1 l-thia-6,9,24,27- ■z II

^Zv

tetraazapentacyclo [16.6.2.13’6.110’13.021 
’25]octacosa-

H3C"YH3
II
ch2

1 (25), 10(27), 12,18,20,21,23,25- 
octaene-5-carboxamide
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Table 2

Entry Compound name Structure M+l Preparative
method

2-1 (35,55,85)-/5-((15,25)-1-
{[(cyclopropylsulfonyl)amino]carbonyl 
}-2-ethenylcyclopropyl)-8-isopropyl- 
7-oxo-2,27-dioxa-6,9,11,12,24- 
pentazapentacyclo[16.6.2.13’6.l10’13. 
021’25]octacosa-1 (24), 10,12,18,20,22,
25-hep taene-5-carboxamide

J O
l ΓΊ H 9 9
FV n\NYY'oV

» N N>-+0 5

692 Scheme 3

2-2 (55 85)-/V-(( 15,25)-2-ethenyl-1 - 
{[cyclopropylsulfonyl)amino]carbonyl 
} -2-ethenylcyclopropyl)-8-( 1 - 
methylethyl)-7-oxo-2,28-dioxa- 
6,9,11,12,25-pentaazapentacyclo 
[17.6.2.13’6.110’13.022’26]nonacosa- 
1 (25), 10,12,19,21,23,26-hep taene-5 - 
carboxamide

\ vYa

n-n

706 Scheme 3

2-3 (15,12E, 225,255)-22-cyclohcxyl-A- 
((15,25)-1 - {[cyclopropylsulfonyl) 
amino]carbony 1} -2-
ethenylcyclopropyl)-3,23-dioxo-2,28- 
dioxa-4,18,19,21,24- 
pentaazapentacyclo[22.1. l4’7.1 ^θ.θ6’11 
]nonacosa-6,8,10,12,17,19-hexaene- 
25-carboxamide

O=S=O
O °^N

/ VfyY

n-n

762 Scheme 3

2-4 (15,225,255)-22-cyclohexyl-7V- 
((15,25)-1 - {[cyclopropylsulfonyl) 
amino]carbony 1} -2-
ethenylcyclopropyl)-3,23-dioxo-2,28- 
dioxa-4,18,19,21,24- 
pentaazapentacyclo[22.1. l4’7.1 ^θ.θ6’11 
]nonacosa-6,8,10,17,19-pentaene-25- 
carboxamide

ΟΥΝΎ°

< YY

N'N

764 Scheme 3

2-5 (35,55,85)-/5-((15,25)-1- 
{[(cyclopropylsulfonyl)amino]carbonyl 
}-2-ethenylcyclopropyl)-23-iodo-8- 
isopropyl-7-oxo-2,28-dioxa- 
6,9,11,12,25-pentazapentacyclo 
[17.6.2.13’6.110’13.021’26]nonacosa- 
1 (25), 10,12,19,21,23,26-hep taene-5 - 
carboxamide

pA γ
0^^3=0

v'irNY*°
N-N

832 Scheme 3
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Table 3

Entry Compound name Structure M+l Preparative
method

3-1 (1R, 12E,22S ,25 S)-22-cyclopentyl-N- 
((1 R,2S)-1 - {[(cyclopropylsulfonyl) 
amino]carbonyl}-2-vinylcyclopropyl)- 
3,23-dioxo-2-oxa-19-thia-4,21,24,28- 
tetraazapentacyclo[22.2.1.14,7.117,2 
0.06,ll]nonacosa-6,8,10,12,17,20 
(28)-hexaene-25-carboxamide

CPh° ο

T-V"-/ Ο X-NH

w
764

Scheme 2

3-2 (1R, 12E,21S ,24S)-21 -cyclohexyl-N- 
((1 R,2S)-1 - {[(cyclopropylsulfonyl) 
amino]carbonyl}-2-vinylcyclopropyl)- 
15,15-dimethyl-3,22-dioxo-2-oxa-18- 
thia-4,20,23,27-tetraazapentacyclo 
[22.2.1.14,7.116,19.06,1 l]octacosa- 
6,8,10,12,16,19(27)-hexaene-24- 
carboxamide

TT'nT

0 „ s0■ = 0-!·

ο

792

Scheme 2

3-3 (3R,5S,8S,16E)-8-cyclopentyl-N- 
((lR,2S)-l-{ [(cyclopropylsulfonyl) 
amino]carbonyl}-2-vinylcyclopropyl)- 
7-oxo-2-oxa-l l-thia-6,9,24,27- 
tetraazapentacyclo
[16.6.2.13,5.110,13.021,25]octacosa- 
1 (24), 10(27), 12,16,18,20,22,25- 
octaene-5-carboxamide

J oz Ο o p
Γ n , Vn s^! 
tl 0 v

0

731

Scheme 1

3-4 (1R, 12E,21S ,24S)-21 -cyclopentyl-N- 
((1 R,2S)-1 - {[(cyclopropylsulfonyl) 
amino]carbonyl}-2-vinylcyclopropyl)- 
15,15-dimethyl-3,22-dioxo-2-oxa-18- 
thia-4,20,23,27-tetraazapentacyclo 
[22.2.1.14,7.116,19.06,1 l]octacosa- 
6,8,10,12,16,19(27)-hexaene-24- 
carboxamide

αχ

X N H
TrN'X ° Ρ H 0 s 0 1

777

Scheme 2
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3-5 (3R,5S,8S,16E)-N-((1R,2S)-1- 
{[(cyclopropylsulfonyl)amino] carbon 
yl}-2-vinylcyclopropyl)-8-isopropyl- 
7-oxo-2-oxa-l l-thia-6,9,24,27- 
tetr aazap entacyclo [16.6.2.13,5.110,1 
3.021,25]octacosa-
1(24),10(27),12,16,18,20,21,23,25- 
nonaene-5 -carboxamide

o
,s.N "E—7Η Ο V

706

Scheme 1

3-6 (3R,5S,8S,16E)-8-cyclopentyl-N- 
((lR,2S)-l-{ [(cyclopropylsulfonyl)

n^a+A

oA

\ ' 0» NH

Scheme 4

amino]carbonyl}-2-vinylcyclopropyl)- [|^
19-methoxy-14,14-dimethyl-7-oxo- oz, 4

23-phenyl-2-oxa-l l-thia-6,9,22,27- H YY\ J 866
tetr aazap entacyclo [16.6.2.13,5.110,1 Γ>-Ν-Λο 0 <
3.021,25] octacosa- s

1 (24), 10(27), 12,16,18,20,22,25- 
octaene-5-carboxamide

o
3-7 (3R,5S,8S,16E)-8-[(lS-)-l- 

methylpropyl]-N-((l R,2S)-1 - 
{[(cyclopropylsulfonyl)amino]carbon

yA+A

O oΆ //

Scheme 4

yl} -2-vinylcyclopropyl)-19-methoxy- I °>,NH
14,14-dimethyl-7-oxo-23-phenyl-2- 
oxa-11 -thia-6,9,22,27-tetraazapenta \_ -N

/A /
cyA

ΜΉ O A
853

cyclo[16.6.2.13,5.110,13.021,25]octa 
cosa-1 (24), 10(27), 12,16,18,20,22,
25-octaene-5-carboxamide

S po

3-8 (3R,5S,8S,16E)-8-cyclopentyl N- 
((lR,2S)-l-{ [(cyclopropylsulfonyl)

yA+A

oA

, ' 0, NH

Scheme 4

amino]carbonyl}-2-vinylcyclopropyl)- A-
19-methoxy-7-oxo-23-phenyl-2-oxa-

83811 -thia-6,9,22,27-tetraazapentacyclo [ h A+Y
[16.6.2.13,5.110,13.021,25]octacosa- .Q ' 0 (
1 (24), 10(27), 12,16,18,20,22,25- s . o W
octaene-5-carboxamide o

3-9 (3R,5S,8S,16Z)-8-cyclopentyl N- 
((lR,2S)-l-{ [(cyclopropylsulfonyl) -N—AA

A

NH

Scheme 4

amino]carbonyl}-2-vinylcyclopropyl)- [|^
19-methoxy-7-oxo-23-phenyl-2-oxa- Q_ ό

83811 -thia-6,9,22,27-tetraazapentacyclo V-N
H Qa^A>

[16.6.2.13,5.110,13.021,25]octacosa-
1 (24), 10(27), 12,16,18,20,22,25- s ; Ό \\
octaene-5-carboxamide o



WO 2007/131966 PCT/EP2007/054594

-54-
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1 (24), 10(27), 12,16,18,20,22,25- 
octaene-5-carboxamide
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19,23-dimethoxy-14,14-dimethyl-7- 
oxo-2-oxa-l 1-thia-6,9,22,27- 
tetraazapentacyclo
[16.6.2.13,5.110,13.021,25]octacosa- 
1 (24), 10(27), 12,16,18,20,22,25- 
octaene-5-carboxamide
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3-14 (15,225,255)-22-cyclopentyl-7V- 
((15,25)-1 - {[cyclopropylsulfonyl) 
amino]carbonyl} -2- 
ethenylcyclopropyl)-3,23-dioxo-2,28- 
dioxa-4,18,19,21,24- 
pentaazapentacyclo[22.1. l4’7.117’20.06’
1 ^nonacosa-bY 10,17,19-pentaene- 
25-carboxamide
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3-16 (35,55,85)-/5-((15,25)-1- 
{[(cyclopropylsulfonyl)amino] carbon 
yl}-2-vinylcyclopropyl)-22-ethyl-8- 
isopropyl-7-oxo-2,27-dioxa- 
6,9,11,12,24-pentaazapentacyclo 
[16.6.2.13’6.110’13.021’25]octacosa- 
1 (24), 10,12,18,20,22,25-heptaene-5- 
carboxamide
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The claims defining the invention are as follows:

1. A compound of formula (I):

or a pharmaceutically acceptable salt thereof,

wherein:

n is 0, 1 or 2;

R1 is, CONR5SO2R5 or CONR5SO2N(R5)2;

Ra and Rb, together with the carbon atom to which they are attached, form a

cyclopropyl group, substituted by -CH=CH2;
R3 is Ci^alkyl, (CH2)o.3C3.8cycloalkyl, (CH2)n.3aryl or (CH2)0.3Het, optionally substituted 

by halo, OR5, SR5, N(R5)2, C,.6alkyl, NO2, CN, CF3, NR5SO2R5, SO2N(R5)2, NHCO2R5,
NHCOR5, NHCONHR5, CO2R5, C(O)R5 or CON(R5)2;

R4 is hydrogen, halo, hydroxy, Ci-ealkyl, Ci-ealkoxy, CN, NO2, C3.8cycloalkyl, N(R5)2, aryl 

or heteroaryl, optionally substituted by 1 to 8 halo or Cmalkyl;
each R5 is independently hydrogen, Cu,alkyl or C^cycloalkyl;
each W is independently halo, OR5, Ci^alkyl, CN, NO2, CF3, CO2R5, CON(R5)2, COR5,

NR5C(O)R5, aryl or heteroaryl;

Z is a bond or C=O;
M is C2_i2alkylene or C2.)2alkenylene, optionally substituted by Ci^alkyl, 

(CH2)o.3C3.8cycloalkyl or (CH2)o.3aryl, and optionally containing one O or S atom;
ring A is a 8- to 10-membered fused heterobicyclic ring system containing 1 to 4 

heteroatoms selected from N, O and S; and

ring B is a C-linked 5- or 6-membered heteroaromatic ring containing 1 to 4 

heteroatoms selected from N, O and S.

2. A compound as claimed in Claim 1 wherein n is 0 or 1.

6826489 GGG
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3. A compound as claimed in Claims 1 or 2 wherein R3 is Ci^alkyl or (CH2)o-3C3. 

scycloalkyl, optionally substituted by halo, OR5 or Ci^alkyl, where R5 is as defined in 

Claim 1.

4. A compound as claimed in any one of Claims 1 to 3 wherein R4 is hydrogen, halo, 

hydroxy, Ci_6alkyl, C|.6alkoxy, C3-gcycloalkyl or aryl.

5. A compound as claimed in any one of Claims 1 to 4 wherein each W is 
independently halo, OR5, Ci^alkyl, CN, NO2, CF3, CO2R5 or CON(R5)2, where R5 is as 

defined in Claim 1.

6. A compound as claimed in any one of Claims 1 to 5 wherein Z is a bond when A 

contains a pyridinyl.

7. A compound as claimed in any one of Claims 1 to 5 wherein Z is C=O when A 

contains a pyrrolidinyl.

8. A compound as claimed in any one of Claims 1 to 7 wherein M is C2-salkylene or 

C2-8alkenylene, optionally substituted by Ci^alkyl or C3^cycloalkyl, and optionally 

containing one O atom.

9. A compound as claimed in any one of Claims 1 to 8 wherein A is a 9- or 10

membered fused heterobicyclic ring system containing 1 to 3 heteroatoms selected from 

N and 0.

10. A compound as claimed in any one of Claims 1 to 9 wherein B is a C-linked 5

membered heteroaromatic ring containing 2 or 3 heteroatoms selected from N, O and S.

11. A compound as claimed in Claim 1 of formula (la):

6826489:GGG
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or a pharmaceutically acceptable salt thereof,
wherein R1, R3, R4 and M are as defined in Claim 1; and wherein R2 is Ci^alkyl, C2. 

6alkenyl or C3.gcycloalkyl, wherein said alkyl, alkenyl or cycloalkyl is optionally 

substituted with 1 to 3 halo.

12. A compound as claimed in claim 1 of formula (lb):

(lb)

or a pharmaceutically acceptable salt thereof,
wherein R1, R3, R4 and M are as defined in Claim 1; and wherein R2 is Ci^alkyl, C2. 

6alkenyl or Cj.ecycloalkyl, wherein said alkyl, alkenyl or cycloalkyl is optionally 

substituted with 1 to 3 halo.

13. A compound as claimed in claim 1, of formula (Ic):

6826489:GGG
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or a pharmaceutically acceptable salt thereof,

wherein R , R and M are as defined in Claim 1; and wherein and wherein R is Ci^alkyl, 

C2-6alkenyl or Cj.gcycloalkyl, wherein said alkyl, alkenyl or cycloalkyl is optionally 

substituted with 1 to 3 halo.

14. A compound as claimed in claim 1, of formula (Id):

or a pharmaceutically acceptable salt thereof,

wherein R1, R3, R4, Z, M and A are as defined in Claim 1; and wherein R2 is Ci^alkyl, C2. 

6alkenyl or Cj.gcycloalkyl, wherein said alkyl, alkenyl or cycloalkyl is optionally 

substituted with 1 to 3 halo.

15. A compound as claimed in claim 1, of formula (Ie):

6826489:GGG
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or a pharmaceutically acceptable salt thereof, wherein R1, Ra, Rb, R3 and M are as defined 

in Claim 1.

16. A compound as claimed in claim 1, of formula (If):

or a pharmaceutically acceptable salt thereof, wherein R1, R3, R4, M and W are as defined 

in Claim 1;

X is N when Y is CH; and
X is CH when Y is N; and wherein R2 is Ci^alkyl, C2^alkenyl or Cs-scycloalkyl, 

wherein said alkyl, alkenyl or cycloalkyl is optionally substituted with 1 to 3 halo.

17. A compound as claimed in Claim 1 selected from:

(35,55,85)-5-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)-8-( 1 - 
methylcthyl)-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapcntacyclo[16.6.2.13-6.l1013.021’25]octacosa- 

1 (24), 10(27), 12,18,20,22,25-heptaene-5-carboxamide,
(35,55,85)-5-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-etheny lcyclopropyl)-8-( 1 - 
methylethyl)-7-oxo-2-oxa-l l-thia-6,9,25,28-tetraazapentacyclo[17.6.2.13’6.ll0 13.022'26] 

nonacosa-1 (25), 10(28), 12,19,21,23,26-heptaene-5-carboxamide,

6826489:GGG
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(35.55.85) -N-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)-8-( 1 - 
methylethyl)-7-oxo-23-phenyl-2-oxa-11 -thia-6,9,22,27-tetraazapentacyclo 
[16.6.2.13’6.l10’13.021’25]octacosa-l(24),10(27),12,18,20,22,25-heptaene-5-carboxamide,
(35,55,85,165)-5-((15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)-8- 
(l,l-dimethylethyl)-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo[16.6.2.13’6.l10’13.021’25] 
octacosa-1 (24), 10(27), 12,16,18,20,22,25-octaene-5-carboxamide,
(35,55,85,16Z)-A-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)-8- 
(l,l-dimethylethyl)-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo[16.6.2.13’6.l10’13.021’25] 
octacosa-1 (24), 10(27), 12,16,18,20,22,25-octaene-5-carboxamide,
(35.55.85) -7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)-8-( 1,1- 
dimethylethyl)-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo[16.6.2.13’6.l10’13.021’25] 
octacosa-1 (24), 10(27), 12,16,18,20,22,25-octaene-5-carboxamide,
(15,125,215,245)-5-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)-
21- (l-methylethyl)-3,22-dioxo-2-oxa-18-thia-4,20,23,27-tetraazapenta
cyclo[21.2.1.14’7.l16’19.06’11]octacosa-6,8,10,12,16,19(27)-hexaene-24-carboxamide,
(15.125.225.255) -75-((15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)-
22- ( 1 -methylethyl)-3,23-dioxo-2-oxa-19-thia-4,21,24,28-
tetraazapentacyclo[22.2.1. l4’7.117’2°.06,11]octacosa-6,8,10,12,17,20(28)-hexaene-25- 
carboxamide,
(15.225.255) -7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)-22- 
(1,1 -dimethylethyl)-3,23-dioxo-2-oxa-19-thia-4,21,24,28-
tetraazapentacyclo[22.2.1. l4’7.117’2°.06’11]nonaacosa-6,8,10,17,20(28)-pentaene-25-carboxamide,
(15.125.225.255) -7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)- 
22-( 1,1 -dimethylethyl)-3,23-dioxo-2-oxa-19-thia-4,21,24,28- 
tetraazapentacyclo[22.2.1. l4’7.117’2°.06,11]nonaacosa-6,8,10,12,17,20(28)-hexaene-25- 
carboxamide,
(15.125.225.255) -22-cyclohexenyl-7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2- 
ethenylcyclopropyl)-3,23-dioxo-2-oxa-19-thia-4,21,24,28-tetraazapentacyclo
[22.2.1. l4’7.117’20 o6,11]nonaacosa-6,8,10,12,17,20(28)-hexaene-25-carboxamide,
(15.225.255) -22-cyclohexyl-7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2- 
ethenylcyclopropyl)-3,23-dioxo-2-oxa-19-thia-4,21,24,28-
tetraazapentacyclo[22.2.1. l4’7.117’2°.06’11]nonaacosa-6,8,10,17,20(28)-pentaene-25-carboxamide,
(35.55.85) -8-cyclohexyl-7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-
ethenylcyclopropyl)-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo[16.6.2.13’6.110,13.021,25] 
octacosa-l(24),10(27),12,18,20,22,25-heptaene-5-carboxamide,
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(17?, 12E,22S,25S)-N-((\R,2S)-1 - {[(cyclopropylsulfonyl)amino]carbonyl}-2-ethenylcyclopropyl)· 
22-[( 1R)-1 -methylpropyl]-3,23-dioxo-2-oxa-19-thia-4,21,24,28- 
tetraazapentacyclo[22.2.1.14,7.1 l7,2°.O6,1 ']nonaacosa-6,8,10,12,17,20(28)-hexaene-25- 

carboxamide,
(17?, 12E,22S,25S)-N-(( 1 R,2S)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)- 
22-[( 1S)-1 -methylpropyl]-3,23-dioxo-2-oxa-19-thia-4,21,24,28- 
tetraazapentacyclo[22.2.1.14,7.1 l7’20.06'll]nonaacosa-6,8,10)12,17)20(28)-hexaene-25- 

carboxamide,

(37?,55,85,16E)-N-(( 17?,2S)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)-8- 
[(1R)-1 -methylpropyl]-7-oxo-2-oxa-11 -thia-6,9,24,27-tetraazapentacyclo 
[ 16.6.2.13'6.1 l0,13.02l,25]octacosa-1 (24), 10(27), 12,16,18,20,22,25-octaene-5-carboxamide, 

(37?,55,85,16£)-7V-((17?,2S)-l-{[(cyclopropylsulfonyl)amino]carbonyl}-2-ethenylcyclopropyl)-8- 
[(lS)-l-methylpropyl]-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo[16.6.2.13’6.l'°l3.021’25] 

octacosa-1 (24), 10(27), 12,16,18,20,22,25-octaene-5-carboxamide,

(37?,55,85,16£)-7V-(( 17?,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-ethenylcyclopropyl)- 
14,14-dimethyl-8-( 1 -methylethyl)-7-oxo-2-oxa-11 -thia-6,9,24,27-tetraazapentacyclo 
[ 16.6.2.13'6.1 10,13.021,25]octacosa-1 (25), 10(27), 12,16,18,20,21,23,25-nonaene-5-carboxamide,

(17?, 12E,22S,25S)-22-cyclohexenyl-N-(( 1R,25)-1 - {[(cyclopropylsulfonyl) aminojcarbonyl} -2- 

ethenylcyclopropyl)-3,23-dioxo-2,15-dioxa-19-thia-4,21,24,28-tetraazapentacyclo 
[22.2.1 .l4·7.117,2°.0611]nonaacosa-6,8,10,12,17,20(28)-hexaene-25-carboxamide, 

(37?,55,85)-7V-((17?,25)-l-{[(cyclopropylsulfonyl)amino]carbonyl}-2-ethenylcyclopropyl)-14,14 
dimethyl-8-(l-methylethyl)-7-oxo-2-oxa-l l-thia-6,9,24,27-tetraazapentacyclo 
[ 16.6.2.13,6.110 13.021,25]octacosa-1 (25), 10(27), 12,18,20,21,23,25-octaene-5-carboxamide, 

(3/?,55,85)-5-((l/?,25)-l-{[(cyclopropylsulfonyl)amino]carbonyl}-2-ethenylcyclopropyl)-8- 
isopropyl-7-oxo-2,27-dioxa-6,9,11,12,24-pentazapentacyclo[ 16.6.2.13’6.110’13.02l,25]octacosa- 

1 (24), 10,12,18,20,22,25-heptaene-5-carboxamide,

(55,85)-7V-((17?,25)-2-ethenyl-l-{[cyclopropylsulfonyl)amino]carbonyl}-2-ethenylcyclopropyl)-  
8-(1 -mcthylethyl)-7-oxo-2,28-dioxa-6,9,11,12,25-pcntaazapentacyclo[ 17.6.2.13'6.110’13.022,26] 

nonacosa-1 (25),10,12,19,21,23,26-heptaene-5-carboxamide,

6223829 l.JIN
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(15,1 2E, 22S, 255)-22-cyclohexyl-7V-(( 15,25)-1 - {[cyclopropylsulfonyl)amino]carbonyl} -2- 
ethenylcyclopropyl)-3,23-dioxo-2,28-dioxa-4,18,19,21,24-
pentaazapentacyclo[22.1.14’7.l17’2°.06’11]nonacosa-6,8,10,12,17,19-hexaene-25-carboxamide,
(15.225.255) -22-cyclohexyl-7V-(( 15,25)-1 - {[cyclopropylsulfonyl) amino ]carbony 1} -2- 
ethenylcyclopropyl)-3,23-dioxo-2,28-dioxa-4,18,19,21,24-
pentaazapentacyclo[22.1.14’7.l17’2°.06’11]nonacosa-6,8,10,17,19-pentaene-25-carboxamide,
(35,55,85)-/V-((15,25)-l-{[(cyclopropylsulfonyl)amino]carbonyl}-2-ethenylcyclopropyl)-23- 
iodo-8-isopropyl-7-oxo-2,28-dioxa-6,9,ll,12,25-pentazapentacyclo[17.6.2.13’6.110’13.021,26] 
nonacosa-1 (25), 10,12,19,21,23,26-heptaene-5-carboxamide,
(15.125.225.255) -22-cyclopentyl-7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2- 
vinylcyclopropyl)-3,23-dioxo-2-oxa-19-thia-4,21,24,28-tetraazapentacyclo 
[22.2.1.14,7.117,20.06,ll]nonacosa-6,8,10,12,17,20(28)-hexaene-25-carboxamide,
(15,125,215,245)-21 -cyclo hexyl-7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2- 
vinylcyclopropyl)-15,15-dimethyl-3,22-dioxo-2-oxa-18-thia-4,20,23,27-tetraazapentacyclo 
[22.2.1.14,7.116,19.06,1 l]octacosa-6,8,10,12,16,19(27)-hexaene-24-carboxamide,
(35.55.85.165) -8-cyclopentyl-7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2- 
vinylcyclopropyl)-7-oxo-2-oxa-ll-thia-6,9,24,27-tetraazapentacyclo[16.6.2.13,5.110,13.021,25] 
octacosa-1 (24), 10(27), 12,16,18,20,22,25-octaene-5-carboxamide,
(15,125,215,245)-21 -cyclopentyl-7V-(( 15,25)-1 - {[(cyclopropylsulfonyl) amino ]carbony 1} -2- 
vinylcyclopropyl)-15,15-dimethyl-3,22-dioxo-2-oxa-18-thia-4,20,23,27-tetraazapentacyclo 
[22.2.1.14,7.116,19.06,1 l]octacosa-6,8,10,12,16,19(27)-hexaene-24-carboxamide,
(35.55.85.165) -7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2-vinylcyclopropyl)-8- 
isopropyl-7-oxo-2-oxa-ll-thia-6,9,24,27-tetraazapentacyclo[16.6.2.13,5.110,13.021,25] 
octacosa-1 (24), 10(27), 12,16,18,20,21,23,25-nonaene-5-carboxamide,
(35.55.85.165) -8-cyclopentyl-7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2- 
vinylcyclopropyl)-19-methoxy-14,14-dimethyl-7-oxo-23-phenyl-2-oxa-11 -thia-6,9,22,27- 
tetraazapentacyclo[16.6.2.13,5.110,13.021,25]octacosa-l(24),10(27),12,16,18,20,22,25- 
octaene-5-carboxamide,
(35.55.85.165) -8-[(15)-1 -methylpropyl]-7V-((15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} - 
2-vinylcyclopropyl)-19-methoxy-14,14-dimethyl-7-oxo-23-phenyl-2-oxa-11 -thia-6,9,22,27- 
tetraazapentacyclo[16.6.2.13,5.110,13.021,25]octacosa-l(24),10(27),12,16,18,20,22,25- 
octaene-5-carboxamide,
(35.55.85.165) -8-cyclopentyl 7V-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl} -2- 
vinylcyclopropyl)-19-methoxy-7-oxo-23-phenyl-2-oxa-11 -thia-6,9,22,27- 
tetraazapentacyclo[16.6.2.13,5.110,13.021,25]octacosa-l(24),10(27),12,16,18,20,22,25- 
octaene-5-carboxamide,
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(35,55,85,16Z)-8-cyclopenlyl N-(( 15,25)-1 - {[(eyclopropylsulfonyl)amino]carbony 1} -2- 
vinylcyclopropyl)-19-methoxy-7-oxo-23-phenyl-2-oxa-11 -thia-6,9,22,27- 
tetraazapentacyclo[ 16.6.2.13,5.110,13.021,25]octacosa-1 (24), 10(27), 12,16,18,20,22,25- 

octaene-5-carboxamide,
(35.55.85.165) -8-cyclohexy 1-7/-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl) -2- 
vinylcyclopropyl)-19-mcthoxy-14,14-dimcthyl-7-oxo-23-phcnyl-2-oxa-l l-thia-6,9,22,27- 
tetraazapentacyclo[ 16.6.2.13,5.110,13.021,25]octacosa-1 (24), 10(27), 12,16,18,20,22,25- 
octaene-5-carboxamide,
(35.55.85.165) -8-cyclohexyl-5-((15,25)-l-{[(cyclopropylsulfonyl)amino]carbonyl}-2- 
vinylcyclopropyl)-19-methoxy-14,14-dimethyl-7-oxo-2-oxa-11 -thia-6,9,24,27- 
tetraazapentacyclo[ 16.6.2.13,5.110,13.021,25]octacosa-1 (24), 10(27), 12,16,18,20,22,25- 
ociaene- 5 -carboxamide,
(35,55,85,16£)-8-cyclohexyl-5-(( 15,25)-1 - {[(eyclopropylsulfonyl)amino]carbony 1} -2- 
vinylcyclopropyl)-19-methoxy-7-oxo-2-oxa-11 -thia-6,9,24,27-tetraazapentacyclo 
[ 16.6.2.13,5.110,13.021,25]octacosa-1 (24), 10(27), 12,16,18,20,22,25-octaene-5-carboxamide, 
(35,55,85,16£)-8-cyclohexyhV-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl}-2- 
vinylcyclopropyl)-19,23-dimethoxy-14,14-dimethyl-7-oxo-2-oxa-11 -thia-6,9,22,27- 
tetraazapentacyclo[ 16.6.2.13,5.110,13.021,25]octacosa-1 (24), 10(27), 12,16,18,20,22,25- 

octaene-5-carboxamide,
(15.225.255) -22-cyclopenty 1-5-(( 15,25)-1 - {[cyclopropylsulfonyl)arnino]carbony 1} -2- 
ethenylcyclopropyl)-3,23-dioxo-2,28-dioxa-4,18,19,21,24-
pentaazapentacyclo[22.1.14’7.117'20.06,1 ‘]nonacosa-6,8,10,17,19-pentaene-25-carboxamide,

(15.125.225.255) -22-cyclopcnty 1-5-(( 15,25)-1 - {[cyclopropylsulfonyl)amino]carbonyl}-2- 
ethenylcyclopropyl)-3,23-dioxo-2,28-dioxa-4,18,19,21,24-
pentaazapentacyclo[22.1.14,7.117,20.061 ']nonaccisa-6,8,10,12,17,19-hexaene-25-carboxamide,

(35,55,85)-7/-(( 15,25)-1 - {[(cyclopropylsulfonyl)amino]carbonyl}-2-vinylcyclopropyl)-22-ethyl- 
8-isopropyl-7-oxo-2,27-dioxa-6,9,l 1,12,24-pentaazapentacyclo[l 6.6.2.13’6.l10'13.020 21 *’25]octacosa- 

1 (24), 10,12,18,20,22,25-heptaene-5-carboxarriide,
or a pharmaceutically acceptable salt thereof.

18. A compound as claimed in any one of Claims 1 to 17 or a pharmaceutically 

acceptable salt thereof for use in therapy.

19. Use of a compound as claimed in any one of Claims 1 to 17, or a pharmaceutically 

acceptable salt thereof, for the manufacture of a medicament for treatment or prevention 

of infection by hepatitis C virus in a human or animal.

20. A pharmaceutical composition comprising a compound as claimed in any one of

Claims 1 to 17, or a pharmaceutically acceptable salt thereof, in association with a

pharmaceutically acceptable carrier.
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21. The pharmaceutical composition as claimed in Claim 20 further comprising one or 

more other agents for the treatment of viral infections such as an antiviral agent, or an 

immunomodulatory agent such as α-, β- or γ-interferon.
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