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TITLE OF THE APPLICATION 

INHIBITORS OF HEPATITIS C VIRUS REPLICATION 

FIELD OF THE INVENTION 

5 The present disclosure relates to antiviral compounds that are useful as inhibitors 

of hepatitis C virus (HCV) replication. The compounds are expected to act on HCV NS5A (non­

structural 5A) protein. Compositions comprising such compounds, the use of such compounds 

for treating HCV infection and/or reducing the likelihood or severity of symptoms of HCV 

infection, methods for inhibiting the function of the NS5 A non- structural protein, and methods 

10 for inhibiting HCV viral replication and/or viral production are also provided. 

BACKGROUND OF THE INVENTION 

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

liver disease, such as cirrhosis and hepatocellular carcinoma, in a substantial number of infected 

15 individuals. Current treatments for HCV infection include immunotherapy with recombinant 

interferon-a alone or in combination with the nucleoside-analog ribavirin. 

Several vtrally-encoded enzymes are putative targets for therapeutic intervention, 

including a metalloprotease (NS2-3), a serine protease (NS3, amino acid residues 1-180), a 

helicase (NS3, full length), an NS3 protease cofactor (NS4A), a membrane protein (NS4B), a 

20 zinc metalloprotein (NS5A) and an RNA-dependent RNA polymerase (NS5B). 

One identified target for therapeutic intervention is HCV NS5A non-structural 

protein, which is described, for example, in Seng-Lai Tan & Michael G. Katze, How Hepatitis C 
Virus Counteracts the Interferon Response: The Jury Is Still Out on NS5A, 284 VIROLOGY 1-12 

(2001); and in Kyu-Jin Park et al, Hepatitis C Virus NS5A Protein Modulates c-Jun N-terminal 
25 Kinase through Interaction with Tumor Necrosis Factor Receptor-associated Factor 2, 278(33) 

J. Bio. CHEM. 30711 (2003). A non-structural protein, NS5A is an essential component for viral 

replication and assembly. Mutations in NS5 A at or near known sites of phosphorylation can 

affect the ability for high-level replication in cell-culture systems, suggesting an important role 

for NS5A phosphorylation in viral replication efficiency. Inhibitors of the phosphorylation of 

30 NS5A can lead to reduced viral RNA replication. 

NS5A is a zinc metalloprotein organized into three discreet domains. NS5A 

localizes to the membrane-associated site of RNA synthesis via an N-terminal amphipathic a-
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helix anchor. The crystal structure of domain 1 demonstrates that NS5A can exist as a dimer, 

with a large putative RNA binding groove located at the interface of the monomers. Timothy L. 

Tellinghuisen et al. , Structure of the zinc-binding domain of an essential component of the 
hepatitis C viral replicase> 435(7040) NATURE 374 (2005). Robert A, Love et al, Crystal 

5 Structure of a Novel Dimeric Form of NS5A Domain I Protein From Hepatitis C Virus, 89(3) J. 

VIROLOGY 4395-403 (2009). The interaction of NS5A with RNA is thought to be critical for the 

function of this protein in RNA replication. No structural information has yet been obtained for 

domains II or III. Recent genetic mapping has shown that although some residues in domain II 

are essential for RNA replication, many portions of domain II and all of domain III are 

10 dispensable. Timothy L. Tellinghuisen et al., Identification of Residues Required for RNA 
Replication in Domains II and III of the Hepatitis C Virus NS5A Protein, J. VIROLOGY 1073 

(2008). Mutations constructed within domain III result in virus that can maintain RNA 

replication but that produces lower titers of infectious virus in cell culture, demonstrating a 

second distinct role for NS5A after RNA replication has occurred. 'Timothy L. Tellinghuisen et 
15 al, Regulation of Hepatitis C Virion Production via Phosphorylation of the NS5A. Protein,4(3) 

PLOS PATHOGENS el 000032 (2008); Nicole Appel et al, Mutational Analysis of Hepatitis C 
Virus Nonstructural Protein 5A: Potential Role of Differential Phosphorylation in RNA 
Replication and Identification of a Genetically Flexible Domain, 79(5) J. VIROLOGY 3187 

(2005). NS5A., unlike the other non-structural proteins, can be trans-complemented, consistent 

20 with functions outside of the viral replicase. The interaction of NS5A with numerous host-

signaling pathways has been described (Michael J. Gale Jr. et al, Evidence That Hepatitis C 
Virus Resistance to Interferon Is Mediated through Repression of the PKR Protein Kinase by the 
Nonstructural 5A Protein, 230 VIROLOGY 217 (1997); Andrew Macdonald & Mark Harris, 

Hepatitis C virus NS5A: tales of a promiscuous proteins 85 J. GEN. VIROLOGY 2485 (2004).), 

25 suggesting this protein may modify the host cell environment to a state favorable for the virus, 

events that may require a form of NS5A dissociated from the replication complex. 

There is a clear and long-felt need to develop effective therapeutics for treatment 

of HCV infection. Specifically, there is a need to develop compounds that are useful for treating 

HCV-infected patients and compounds that selectively inhibit HCV viral replication. 
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SUMMARY OF THE INVENTION 
The present disclosure relates to novel compounds of formula (I) and/or 

pharmaceutical^ acceptable salts, hydrates, solvates, prodrugs or isomers thereof. These 

compounds are useful, either as compounds or their pharmaceutical^ acceptable salts (when 

5 appropriate), in the inhibition of HCV (hepatitis C virus) NS5A (non-structural 5A) protein, the 

prevention or treatment of one or more of the symptoms of HCV infection, the inhibition of 

HCV viral replication and/or HCV viral production, and/or as pharmaceutical composition 

ingredients. As pharmaceutical composition ingredients, these compounds, which includes 

reference to hydrates and solvates of such compounds, and their salts may be the primary active 

10 therapeutic agent, and, when appropriate, may be combined with other therapeutic agents 

including but not limited to other HCV antivirals, anti-infectives, immunomodulators, antibiotics 

or vaccines. 
More particularly, the present disclosure relates to a compound of formula (I): 

(R1),, (R2)v 

G-E-D—(A) (B)—D-E-G 

15 and/or a pharmaceutical!}' acceptable salt thereof, wherein: 

is chosen from the group consisting of 9-membered bicyclic aryl ring 

systems that contain from 0 to 4 heteroatoms independently chosen from the group consisting of 

N, O and S, and that are substituted on C or N atoms by u substituents R!, 
each R1 is independently chosen from the group consisting of hydrogen, 

20 halogen, -OR3", -CN, -(CH^CCOJR3, -C02R3a, -C(0)N(R3a)2, -SR3a, -S(0)R3a, -S(02)R3a, 

-(CH2)O-«N(R3B)2, -N(R3*)S02R3\ -N(R3a)C02R3a, -N(R3a)C(0)R3, -N(R3a)COR3a, 
-N(R3a)C(0)N(R3a), Ci-salkyl, C3^caibocycle containing from 0 to 3 heteroatoms chosen from N, 

0 and S, and phenyl, and the 

Ci-galkyl, Cs-gcaxbocycle and phenyl are substituted by from 0 to 3 substitutents independently 

25 chosen from the group consisting of hydrogen, halogen, -OR3a, -CN, -C02R3a, -C(0)N(R3a)2, 

-N(R3a)2j -N(R3a)C02R3a, -SR3a, -S(0)R3a, -S(02)R3a, -N(R3a)S02R3a; -N(R3a)C02R3a, 

-N(R3a)C(0)N(R3a), Ci^alkyl, -O-C^alkyl, -S-Ci-galkyl, and C3.8cycloalkyl, 

u is from 0 to 4, 
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each R3 is independently chosen from the group consisting of hydrogen, 

Ci.galkyl, -OH, -O-Ci^alkyl and Cs.gcycloalkyl, and 

each R3a is independently chosen from the group consisting of hydrogen, 

Cj-galkyl and C3„scycioalkyl; 

is a group chosen from the group consisting of 
(a) -CsC- and 

(b) aryl ring systems B! chosen from the group consisting of: 

(i) 5- to 7-membered monocyclic ring systems and 

(ii) 8- to 10-membered bicyclic ring systems, 

10 and the aryl ring systems B' containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, O and S, and substituted on C or N atoms 

by v substituents R2, 

each R2 is independently chosen from the group consisting of 

hydrogen, halogen, -OR4a; -CN, -C02R4a, -C(0)R4a, ~C(0)N(R4a)2, -N(R4a)2, ~N(R4a)COR4, 

15 -N(R4ft)C02R4as -N(R4a)C(0)N(R4a), -N(R4a)S02R4a, -SR4a, -S(0)R4a, -S(02)R4a5 C3.6alkyl 

substituted by from 0 to 4 R4 and Cj.gcycloalkyl substituted by from 0 to 4 R4, 

v is from 0 to 4, 

each R4 is independently chosen from the group consisting of 

20 each R4a is independently chosen from the group consisting of 

hydrogen, -OH, Chalky! and Cs-scycloalkyl; 

each R4a 1 

hydrogen, Ci^alkyl and C3-scycloalkyl; 

R1 and R2 may be taken together with C' and to form a 5- to 

9-membered carbocyclic ring containing 1 or 2 heteroatoms independently chosen from the 

group consisting of N, O and S; 

25 each D is a group independently chosen from the group consisting of: 

(a) a single bond, 

(b) -C(0)N(RsK 

(c) -N(Rs)C(0)-, and 

(d) a 5- or 6-membered aryl ring system D1 containing from 0 to 4 

30 heteroatoms independently chosen from the group consisting of N, O and S, and substituted on C 

or N atoms by from 0 to 2 substituents R5, 
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each R5 is independently chosen from the group consisting of 

hydrogen, halogen, -OR6, -CN, ~C02R6, ~C(0)N(R6)2, -N(R6)2, -N(R6)C0R6f -SR6, ~S(0)R6, 

-S(02)R6, ~N(R6)S02R6, -NCOsR6, -NC(0)N(R6)2, Cwjalkyl substituted by from 0 to 3 R6 and 

C3-8cycloalkyl substituted by from 0 to 3 R6, and 

5 each R6 is independently chosen from the group consisting of 

hydrogen, C^alkyl and C3.gcycloaikyl; 

each E is a group independently chosen from the group consisting of: 

(a) a single bond, 

(b) ~(C(R7)2)o~2NR7C(0)Oo.r, and 
10 (c) a pyrrolidinyl derivative chosen from the group consisting of: 

I is a bivalent group chosen from -0(0)-, -CO2- and 
-C(0)N(R7)-, 

J is a fused ring system chosen from the group consisting of 3- to 

15 7-membered carbocycles and 5- or 6-membered aryl rings containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, O and S, and substituted on C orN atoms 

by substituents R9, 

each R8a is independently chosen from the group consisting of 

hydrogen, halogen, -OHs -OCj-galkyl and Chalky!, or two R8a may be taken together to form 

20 oxo, 
each R8b is independently chosen from the group consisting of 

hydrogen, halogen, -OH, -OCi-galkyl and Ci^alkyL or two R8b may be taken together to form 

oxo, 

each R8C is independently chosen from the group consisting of 

25 hydrogen and Cualkyl, 

or any two groups selected from R8a, R8b and RSc may be taken 

together to form a spiro-bicyclic or bridged bicyclic ring; 

each R9 is independently chosen from the group consisting of 

hydrogen, halogen, C^alkyl, -O-Cj-salkyl, -S-Cj-salkyl, -NH-Ci^alkyl and -NHC(0)-C]^alkyl, 
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m 

each R is independently chosen from the group consisting of hydrogen, 

Ci^alkyl and phenyl, and the Q.&alkyl and phenyl are substituted by from 0 to 3 substitutents 

independently chosen from the group consisting of hydrogen, halogen, Ci-galkyl, -0-Ci_6alkyl 

and ~S-Ci.<$alkyl; and 
5 each G is independently chosen from the group consisting of: 

(a) hydrogen, 

(b) -OR101, 

(c> -CN, 

(d) -CO2R10a, 

10 (e) -C(O)N(R10)2, 

(f) -SRIOa, 

(g) -S(O)R,0a, 

(h) -S(02)Rlto, 

(i) -N(R'V 
15 0) -N(RI0)SO2R16", 

(k) -NC02Rltla, 

(1) -NC(O)N(R10)2, 

(m) C j -salkyl having 0 to 4 substituents R11, 

each Rn is independently chosen from the group consisting of: 

20 (i) -OH, 

(ii) -N(RI(,)2, 
(iii) =NR10, 

(iv) -0-C,.6alkyl, 

(v) -C(0)R10, 

25 (vi) -S-Ci-galkyl, . 

(vii) "SO2-C1 ̂ alkyl, 

(viii) 3- to 8-membered carbocycles containing from 0 to 

3 heteroatoms independently chosen from the group consisting of N, O and S, and having from 0 
12 12 to 3 substitutents R on N or C atoms, and each R is independently selected from the group 

30 consisting of hydrogen, halogen, Ci^alkyl having from 0 to 3 substituents chosen from R10, 
-O-C^alkyl, -S-Cj-galkyl, -OR103, -CN, -C(O)RI0f -CO2R10a, -C(O)N(R10)2; -SRIte, -S(O)R30a, 
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-S(G2)Ri0a, -N(R30)SO2R30a5 -NCO2R!0a, -NC(O)N(Ri0)2 and-N(Ri0)2, or two R12 are taken 
together to form oxo, and 

(ix) 5- or 6-membered aryl containing from 0 to 3 
heteroatoms independently chosen from the group consisting of N, O and S, and having from 0 

5 to 3 substitutents Ri3 on N or C atoms, and each R13 is independently selected from the group 

consisting of hydrogen, halogen, Ci^alkyl, -O-Ci^alkyl and 3- to 8-membered carbocycles 

containing from 0 to 3 heteroatoms independently chosen from the group consisting of N, O and 

S, 

(n) 3- to 8-membered carbocycles containing from 0 to 3 heteroatoms 

10 independently chosen from the group consisting of N, 0 and S, and having from 0 to 3 

substitutents R10 on N or C atoms; and 

(o) aryl ring systems G' chosen from the group consisting of: 
(i) 5- to 7-membered monocyclic ring systems and 

© 8- to 10-membered bicyclic ring systems, 

15 and the aryl ring systems G' containing from 0 to 4 heteroatoms 
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms 

by 0 to 3 substitutents R10; 

each Rlf> is independently chosen from the group consisting of 
(i) hydrogen, 

20 (ii) -CN, 

(iii) Ci.6alkyl, 

Civ) -O-Cwaikyi, 
(V) -S-Co^alkyl5 

(vi) Ci.6alkyl-0-RM, 

25 (vii) t O
 

O
 

(viii) -CO2R14, 
Ox) -SO2R14, 
(X) -N(RI4)2, 

(xi) -H(R,4)S02R14, 

30 (xii) -NCO2R14, 
(xi ii) -NC(0)N(R14)2, and 
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(xiv) 3- to 8-membered carbocycles containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and S> 

or two R10 may be taken together to form oxo; 
each RIOa is independently chosen from the group consisting of 

5 0) hydrogen, 

(ii) -CN, 

(iii) Ci^ailtyl, 
(iv) Ci-salkyl-O-R14, 
(V) -C(0)Rw, 

10 (vi) -CO2R14, 
(vii) ~SO2R14, 
(x) -N(Ri4)2, 

(xi) -N(R14)S02R14, 
(xii) -NCO2R14, 

15 (xiii) -NC(0)N<R14)2I and 

(xiv) 3- to 8-membered carbocycles containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and S, 

and two R10 or R10a groups can be taken together with the N to which they 

are attached to form a ring, which may be substituted by from 0 to 3 substituents R14, and 
20 each R14 is independently chosen from the group consisting of hydrogen, 

C3_6alkyi, C3-gcycIoalkyl5 -(CH^c-sCs^cycloalkyl and phenyl. 

The present invention also includes pharmaceutical compositions containing a 

compound of the present invention and methods of preparing such pharmaceutical compositions. 

25 The present invention further includes methods of treating or reducing the likelihood or severity 

of HCV infection, methods for inhibiting the function of the NS5A protein, and methods for 

inhibiting HCV viral replication and/or viral production. 
Other embodiments, aspects and features of the present invention are either 

further described in or will be apparent from the ensuing description, examples and appended 

30 claims. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention includes compounds of formula (I) above, and 

pharmaceutical!}' acceptable salts thereof The compounds of formula (I) are HCV NS5A 

inhibitors. 

5 A first embodiment of the invention relates to compounds having structural 

formula (I): 

(R')„ (R2)V 

G-E-D—(A) (B)—D-E-G 

and/or a pharmaceutical!}' acceptable salt thereof, wherein: 

is chosen from the group consisting of 9-membered bicyclic aryl ring 

10 systems that contain from 0 to 4 heteroatoms independently chosen from the group consisting of 

N, O and S, and that are substituted on C or N atoms by u substituents R1, 

each R3 is independently chosen from the group consisting of hydrogen, 

halogen, -OR3a, -CN, -C(0)R3, -COjR38, -C(0)N(R3a)2, -SR3a, ~S(0)R3a, -S(02)R3a, 

-(CH2)0-6N(R3S)2J -N(R3a)S02R3i', -N(R3a)C02R3*, -N(R3a)C(0)R3, -N(R3a)COR3a, 

15 -N(R3a)C(0)N(R3a), Ci-ealkyl, Cs-jcarbocycle containing from 0 to 3 heteroatoms chosen from N, 

O and S, and phenyl, and the C^alkyi, Cs-gcarbocycle and phenyl are substituted by from 0 to 3 

substitutents independently chosen from the group consisting of hydrogen, halogen, -OR38, -CN, 

-C02R3a, -C(0)N(R3a)2, -N(R3a)2, -N(R3a)C02R3a, -SR3a, -S(0)R3a, -S(02)R3a, -N(R3a)S02R3a, 

-N(R3a)C02R3a, -N(R3*)C(0)N(R3'), C,.6alkyl, -O-Ci^alkyl and -S-CMalkyl, 

20 u is from 0 to 4, 
each R3 is independently chosen from the group consisting of hydrogen. 

Chalky!, -OH, -O-Q^alkyl and C^-scycloalkyl, and 

each R3a is independently chosen from the group consisting of hydrogen, 

Cj^alkyl and Cs.gcycloalkyl; 

25 is a group chosen from the group consisting of 

(a) -C=C~ and 

(b) ary! ring systems B' chosen from the group consisting of: 

(i) 5- to 7-membered monocyclic ring systems and 

(ii) 8- to 10-membered bicyclic ring systems, 
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and the aryl ring systems B' containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, O and S, and substituted on C or N atoms 

by v substituents R2, 

each R is independently chosen from the group consisting of 

5 hydrogen, halogen, -OR4a, -CN, -C02R4a, -C(0)N(R4a)2, -NCR4"^, 

-N(R4a)COR4, -N(R4a)C02R4a, -NCR^CCOMR4"), -N(R4a)S02R4", -SR4", -S(0)R4a, 

-S(02)R4a, Ci-6alkyl substituted by from 0 to 4 R4 and Cj.gcycloaJkyl substituted by from 0 to 4 

R\ 

v is from 0 to 4, 

10 each R4 is independently chosen from the group consisting of 

hydrogen, -OH, Ci^alkyl and C^gcycloalkyl; 

each R4a is independently chosen from the group consisting of 

hydrogen, Ci^alkyl and C^cycloalkyl; 

R1 and R2 may be taken together with and 7 to form a 5- to 

15 9-membered carbocyclic ring containing 1 or 2 heteroatoms independently chosen from the 

group consisting of N, 0 and S; 
each D is a group independently chosen from the group consisting of: 

(a) a single bond, 

(b) -C(OJN(R5)-, 

20 (c) -N(Rs)C(0)-, and 

(d) a 5- or 6-membered aryl ring system D' containing from 0 to 4 

heteroatoms independently chosen from the group consisting of N, O and S, and substituted on C 

or N atoms by from 0 to 2 substituents R5, 

each R5 is independently chosen from the group consisting of 

25 hydrogen, halogen, -OR6, -CN, -C02R6, -C(0)N(R6)2, -N(R6)2, -N(R*)COR6( -SR6, -S(0)R6, 

-S(02)R6, -N(R6)S02R6, -NC02R6, ~NC(0)N(R6)2, C^aikyl substituted by from 0 to 3 R6 and 

Cs-gcycloalkyl substituted by from 0 to 3 R6, and 

each R6 is independently chosen from the group consisting of 

hydrogen, Ci^alkyl and C3^cycloalkyl; 

30 each E is a group independently chosen from the group consisting of: 

(a) a single bond, 
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(b) -(C(R7)2)o.2NR7C(0)Oo-r, and 

(c) a pyrrolidinyl derivative chosen from the group consisting of: 

DX /^Q 
-N 

R 

R80 R» , ^ ^ W , 

I is a bivalent group chosen from -C(O)-, -C02- and 

S -C(0)N(R7)-, 
J is a fused ring system chosen from the group consisting of 3- to 

7-membered carbocycles and 5- or 6-membered aryl rings containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, 0 and S, and substituted on C OT N atoms 

by substituents R9, 
10 each R8a is independently chosen from the group consisting of 

hydrogen, halogen, -OH, -0Ci-6alkyl and C^alkyL or two RSa may be taken together to form 

oxo, 
AL 

each R is independently chosen from the group consisting of 

hydrogen, halogen, -OH, -OCj^alkyl and C^alkyl, or two RSb may be taken together to form 

15 oxo, 
each R8C is independently chosen from the group consisting of 

hydrogen and Chalky!, 
or any two groups selected from RSa, R8b and RSc may be taken 

together to form a spiro-bicyclic or bridged bicyclic ring; 

20 each R9 is independently chosen from the group consisting of 

hydrogen, haiogen, Chalky], -O-C3.6alk.yl, -S-C).6alkyl, -NH-C^alkvl and -NHC(0)-Ci^salkyl, 

each R7 is independently chosen from the group consisting of hydrogen, 

C1-6alky 1 and phenyl, and the Cj^alkyl and phenyl are substituted by from 0 to 3 substitutents 
independently chosen from the group consisting of hydrogen, halogen, Cj^alkyl. -O-Cj-galkyl 

25 and -S-Q-galkyl; and 
each G is independently chosen from the group consisting of: 

(a) hydrogen, 

(b) -OR!0a5 

(c) -CN, 

30 (d) ~CO2Ri0a, 
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(e) -C(O)N(R10)2, 

(f) -SR10*, 
(g) -S(O)RI0a, 

(h) -S(02)RMa, 

5 (i) -N(R10)2, 

(j) -N(Rl0)SO2R10", 

(k) -NC02R1<)a, 

(1) -NC(0)N(R1<!)2, 

(m) C ] _6alkyl having 0 to 4 substituents R11, 
10 each R11 is independently chosen from the group consisting of: 

(i) -OH, 

(ii) -N(RrV 
(iii) =NR10, 

(iv) -OCi-salkyl, 

15 (v) -C(0)R10, 

(vi) -S-Ci-galkyi, 

(vii) -SOz-C^alkylj 

(viii) 3- to 8-membered carbocycles containing from 0 to 

3 heteroatoms independently chosen from the group consisting of N, O and S, and having from 0 

20 to 3 substitutents R12 on Nor C atoms, and each R12 is independently selected from the group 

consisting of hydrogen, halogen. Chalky! having from 0 to 3 substituents chosen from R50, 

-O-C^alkyL -S-Cs_6alkyl5 -OR10*, -CN, -C(O)R10> -CO2R10a, -C(O)N(R10)2, -SRIOa, -S(O)R10a, 
-S(O2)R10a( -N(R}°)SO2R10a, ~NCO2R10a, -NC(O)N(RI0)2 and-N(R50)2f or two R12 are taken 

together to form oxo, and 
25 (ix) 5- or 6-membered aryl containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and S, and having from 0 

to 3 substitutents R13 onN or C atoms, and each R13 is independently selected from the group 

consisting of hydrogen, halogen. Ci^alkyl, -O-Cj^alkyl and 3- to 8-membered carbocycles 

containing from 0 to 3 heteroatoms independently chosen from the group consisting of N, O and 

30 S, 
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(n) 3- to 8-membered carbocycles containing from 0 to 3 heteroatoms 

independently chosen from the group consisting of N, 0 and S> and having from 0 to 3 

substitutents R10 on N or C atoms; and 

(o) aryl ring systems G' chosen from the group consisting of: 

5 (i) 5- to 7-membered monocyclic ring systems and 

(ii) 8- to 10-membered bicyclic ring systems, 

and the aryl ring systems G' containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, 0 and S, and substituted on C orN atoms 

by 0 to 3 substitutents Rso; 

10 each R10 is independently chosen from the group consisting of 

© hydrogen, 

(ii) -CN, 

(iii) Q.galkyl, 

(iv) -O-Co-ealkyL 
(v) -S-Co-ealkyL, 
(vi) Ci-ealkyl-O-R", 
(vii) -C(0)Ri4, 

(viii) -CO2R'\ 
(ix) -SO2R14, 
(x) -N(R14)2, 

(xi) -N(R!4)S02RH, 

(xii) -NCO2R14, 
(xiii) -NC(0)N(R14)2J and 

(xiv) 3- to 8-membered carbocycles containing from 0 to 3 

25 heteroatoms independently chosen from the group consisting of N, O and S, 
or two R10 may be taken together to form oxo; 

each R10a is independently chosen from the group consisting of 

(i) hydrogen, 

(ii) -CN, 

30 (iii) Ci^alkyl, 

(iv) Ci-galkyl-OR14. 

(v) ~C(0)RI45 
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(vi) -C02R14, 

(vii) -S02R14, 
(x) -N(R14)2, 

(xi) -N(RI4)S02RM, 

5 (xii) -NC02R14, 

(xiii) -NC(0)N(Ri4)2, and 

(xiv) 3- to 8-membered carbocycles containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and S, 

and two R10 or Ri0a groups can be taken together with the N to which they 

10 are attached to form a ring, which may be substituted by from 0 to 3 substituents R14, and 

each R14 is independently chosen from the group consisting of hydrogen, 

Ci-galkyl, Cs-gcycloalkyl, -(CHz^-jCg.gcycloalkyl and phenyl. In this embodiment, all other 

groups are as provided in the general formula above. 

A 
In a second embodiment of the invention, v—•/ is chosen from the group 

15 consisting of "X Y ( where each X is independently chosen from the group 

Y CR3 NR1 N NR1 CR1 > K >. > > 
consisting of CR and N, Y is chosen from the group consisting of NR , CR f NR j N , 0 s 

N) °> N> , 
O and s , each R is independently chosen from the group consisting of hydrogen, 

halogen, -OR3", -CN, -C(0)R3, -C02R3a, -C(0)N(R3a)2, -SR3a, -S(0)R3a, -S(02)R3a, 

-(CH2)o-6N(R33)2, -N(R3a)S02R3a, -N(R3a)C02R5a, -N(R3a)C(0)R3, -N(R3a)C0R3a, 

20 -N(R3a)C(0)N(R3a), Ci-salkyl, Cj.gcarbooycle containing from 0 to 3 heteroatoms chosen from N, 

O and S5 and phenyl, and the Ct^alkyl, C3„gcarbocycle and phenyl are substituted by from 0 to 3 

substitutents independently chosen from the group consisting of hydrogen, halogen, -OR3a, -CN, 

-C02R3a5 "C(0)N(R3a>2, -N(R3a)2, -N(R3a)C02R3a, -SR3s; ~S(0)R3a, -S(Ch)R3as ~N(R3a)S02R3a, 

-N(R3a)C02R3; -N(R3a)C(0)N(R3a), Ci-6aikyl, -O-Cj^alkyl and -S-C^alkyl, each R3 is 

25 independently chosen from the group consisting of hydrogen, Chalky!, -OH, -O-Ci^alkyl and 

Cj.gcycloalkyl, and each R3a is independently chosen from the group consisting of hydrogen, 
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10 

Cj^alkyl and Cj-gcycloalkyl. In all aspects of this embodimentj all other groups axe as provided 

in the general formula above or in the first embodiment above. 

In a first aspect of the second embodiment of the invention, is chosen from 

/ 

the group consisting of 

'xiv, xcv> ̂  -co-
N 0 H R f H , R3 } 

VYVI VTVi VTVI "TTVI rr> 
^ o K , and , where is substituted 

by from 0 to 3 additional R3, which are as provided above. 

In a second aspect of the second embodiment, is chosen from the group 

A0& "CQH 'xxvi 'Xrvi 'trf, 
consisting of H , R3 , H , Rl , H » 

VrVs (A) 
R1 and , where is substituted by from 0 to 3 additional R1, 

A 

which are as provided above. In preferred instances of this aspect is &1 

where js substituted by from 0 to 3 additional R1, which are as provided above. 

(A) 
In a third aspect of the second embodiment, —^ is chosen from the group 

R! 

A 
consisting of 

/Y"r°> i c&) 
15 and , where is substituted by from 0 to 3 additional R1, which are as 

-15-



WO 2010/111483 PCT/US2010/028653 

A c IS provided above, In preferred instances of this aspect, is , where 

substituted by from 0 to 3 additional R1, which are as provided above. 

In further aspects of the second embodiment, each R1 is chosen from the group 

consisting of hydrogen, halogen, -CN and Chalky!. In particular, each R1 is chosen from the 

group consisting of hydrogen, fluorine and -CN. 

B 
In a third embodiment of the invention, v—^ is chosen from the group consisting 

of-OC-, phenyl, pyridinyl, pyrazinyl, pyrimidyl, 1,2,4-triazinyl, pyridazinyl, thiazyl and 9-

membered bicyclic ring systems that contain from 1 to 3 heteroatoms independently chosen from 

the group consisting of N, O and S, v is from 0 to 4, each R2 is indq>endently chosen from the 

group consisting of hydrogen, halogen, -OR4a, -CN, -C02R4a, -C(0)N(R4a)2, -N(R4a)2, 

-N(R4a)C02R4a, -SR4a, -S(0)R4a, -S(02)R4a, -N(R4a)S02R4a, -N(R4a)C02R4a, -N(R4a)C(0)N(R4a), 

Chalky! substituted by from 0 to 4 R4 and C3-gcycloalkyl substituted by from 0 to 4 R4, each R4 

is independently chosen from the group consisting of hydrogen, -OH, C^alkyl and 

Cs^cycloalkyl, and each R4a is independently chosen from the group consisting of hydrogen, 

B 
Ci^alkyl and Cs.scycloalkyl. In particular aspects of this embodiment, ^ is phenyl, v is from 

0 to 2, and each R2 is independently chosen from the group consisting of fluorine, chlorine, -OH, 

-CH3, -OCH3 and -CN. In all aspects of this embodiment, all other groups are as provided in the 

general formula above and/or in the first or second embodiments. 

B 
In a fourth embodiment of the invention, and , taken together with one 

substituent R1 and one substituent R2, are represented by a group chosen from the group 

consisting of: 
R1 

' '0-3 (R'Wi 
v—w 

Vr 
v—w 

V>(R%.3 (RVS. 
/ 

^ J (R!)0.3 
~/ (R^O-3 and , where W is 

chosen from the group consisting of -(CH2)t-3-> -(CH2)c-2NH(CH2)o-2-, 

-(CH2V2N(C^alkyl)(CH2)^2-, -(CH2)o.20(CH2)o-2- and -(CH2)0^C(O)(CH2)0.2-; where W is 
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substituted by from 0 to 4 Rw, where each Rw is independently selected from Chalky! and 

Cj^cycloalkyl; and V is chosen from the group consisting of -C(0)- and -CHr, and where V is 

-CH2-> V is substituted by from 0 to 2 Rv, where each Rv is independently selected from the 

group consisting of Chalky! and C3.gcycloaIkyL In a first aspect of this embodiment, and 

taken together with one substituent R3 and one substituent R2, are represented by a group 

/ \ 5 tK')o.2"r jj p \ ^ j 
(RVs-b JL V-\ }-* (R%S 

chosen from the group consisting of v-w 5and 

. In particular instances of this embodiment, and of the first aspect of 

this embodiment, W is chosen from the group consisting of -CH2-, -NH-, -N(Ci-6alkyl)~, -C(O)-, 

-CH2NH-f -CH2N(C^aIkylh -CH2CH2-5 -C(0)CH2- -CH2C(0>, -CH20-, -CH2CH2CH2-, 

10 -C(0)CH2CH2-, -CH2C(0)CHr, -CH2OCH2~, -CH2CH2C(OK -CH2CH20-; -CH2CH2NH~, 
-CH2CH2N(Ci-6alkyl)~> -CH2NHCH2-, -CH2N(C^alkyl)CH2-, -NHCH2CH2-, and 

-N(Cj-6alkyl)CH2CH2-. In all aspects of this embodiment, all other groups are as provided in the 

general formula above. 

In a fifth embodiment of the invention, each D is independently chosen from the 
H CH3 

5 5 15 group consisting of a single bond, -C(0)N(R )-. -NR C{0)-5 N f N „ 

h°r\ /-tV\ h°r\ fJr\ 
N ? N 5 N-N and N-N } where R is independently chosen from 

the group consisting of hydrogen, halogen -OR6, -CN, -C02R6; -C(0)N(R6)2, -N(R6)2, 

-N(R6)COR6, -SR6, -S(0)R6, -S(02)R6, -HCR^SOsR6, ~NC02R6, -NC(0)N(R6>2, Chalky! 

substituted by from 0 to 3 substituents R6 and C^gcycloalkyl substituted by from 0 to 3 

20 substituents R6, and each R6 is independently chosen from the group consisting of hydrogen, 

Ci-galkyl and C3-$cycloaIkyl. In particular aspects of this embodiment, each D is independently 

/^V\ /\V\ 
chosen from the group consisting of N and N . In this embodiment, all other 
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groups are as provided in the general formula above and/or in the first through fourth 

embodiments. 

In a sixth embodiment of the invention, each E is independently chosen from the 

group consisting of a single bond, ~CH2NHC(0)-s -CH2N(CH3)C(OK -C(CH3)HNHC(0)-, 

-C(CH3)HN{CH3)C(0)-5 -C(CH3)2NHC(0)-S ~C(CH3)2N(CH3)C(0)~; ~CH2NHC(0)(K 

-CH2N(CH3)C(0)0-, -C(€H3)HNHC(0)0-, -C(CH3)HN(CH3)C(0)0-5 -C(CH3)2NHC(0)0-, 

0 9\ D. ^-o » Vo \NN 
-C(CH3)2N(CH3)C(0)0-, s V and R,b where one of R8a and R8b is 

-OH or fluorine. In a first aspect of this embodiment, each E is independently chosen from the 

o \ y~~o 
P, KG DX JH, K\ Dx V-o ) N 

N r~*i 0 
R?a 

group consisting of a single bond, and R*b' Rib where one of R8a and 

10 R8b is -OH or fluorine. In all aspects of this embodiment, all other groups are as provided in the 

general formula above and/or in the first through fifth embodiments. 

In some embodiments, adjacent D and E groups each may be selected to be a 

single bond. In such embodiments, D and E are combined to be one single bond, and all other 
groups are as provided in the general formula above and/or in the first, second, third and fourth 

15 embodiments. That is, where D is a single bond and the adjacent E is a single bond, or 

B . 
is connected directly to G by one single bond. 

In a seventh embodiment of the invention, each G is independently chosen from 
the group consisting of: 

(a) Ci^alkyl having 0 to 4 substituents R11, 

20 (b) 3- to 8-membered carbocycles containing from 0 to 3 heteroatoms 

independently chosen from the group consisting of N, O and S, and having from 0 to 3 
substitutents R10 on N or C atoms; and 

(c) aryl ring systems G' chosen from the group consisting of: 

(i) 5- to 7-membered monocyclic ring systems and 

25 (ii) 8~ to 10-membered bicyclic ring systems, 
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and the aryl ring systems G' containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, 0 and S, and substituted on C or N atoms 

by 0 to 3 substitutents Ri0. In all aspects of the seventh embodiment. G is chosen such that 

stable compounds result. In all aspects of this seventh embodiment, all other groups are as 

5 provided in the general formula above and/or in the first through sixth embodiments. 
In an eighth embodiment, each G is independently chosen from the group 

consisting of: 
(a) hydrogen, 

(b) -CN, 

10 (c) Cj-salky! having 1 to 3 substituents R15, 

each R11 is independently chosen from the group consisting of -OH, -NH2, 

"NCH3H, -N(CH3)2, ~N(CH2CH3)2, =NH, =NCH3, -C(0)H, -C(0)0H, -C(0)CH3, -C(0)0CH3, 

-NHC(0)H, ~NHC(0)0H, -NHC(0)CH3> -NHC(O)0CH3l cyclopropyl, cyclobutyl, cyclopentyl, 

cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and oxacyclohexyl, phenyl, 

15 pyridinyl, pyrimidinyl and pyrrolyl, where 

the cyclopropyl, cyclobutyl, cyclopentyl, c-yciohexyl, pyranyl, 

pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2 

substitutents R on N or C atoms, and each R is independently selected from the group 

consisting of hydrogen, halogen, carboxy, Chalky!, -O-CVsalkyl and -S-Cj^alkyl; and 

20 the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0 

to 3 substitutents R13 on N or C atoms, and each R13 is independently selected from the group 

consisting of hydrogen, halogen, Cj^alkyl and 3- to 8-membered cycioalkyl containing from 0 to 

3 heteroatoms independently chosen from the group consisting of N, O and S, 
(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, 

25 piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R30 on N or C 

atoms, the R!i} independently selected from the group consisting of hydrogen, halogen, carboxy, 

Ci^alkyl, -0»Cj_6alkyl, -S-Ci-galkyl, phenyl and benzyl, and 

(e) aryl ring systems G' chosen from the group consisting of: phenyl, 

pyridinyl and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms 

30 independently chosen from the group consisting of N and O. 

In a first aspect of the eighth embodiment, G is independently chosen from the 

group consisting of C]-4alkyl having 1 to 2 substituents R11, wherein each Rn is independently 
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chosen from the group consisting of-OB, ~NH2, -NCHjH, -N(CH3)2, ~N(CH2CH3)2, -C(0)0CH3, 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, 

oxacyclopentyl, oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl arid pyrrolyl. In all aspects of the 

eighth embodiment, G is chosen such that stable compounds result. In all aspects of this eighth 

embodiment, all other groups are as provided in the general formula above and/or in the first 

through sixth embodiments. 

A 
In a ninth embodiment of the invention, is chosen from the group consisting 

(KV* ^ ;/ £ 
of "x Y , where 

each X is independently chosen from the group consisting of CR and N, 

y CR1 NR1 N m1 CR1 N Q 
> >, >, >« /> ) > > 

10 Y is chosen from the group consisting of NR 5 CR } NR > N t O ? o 9 N 

N> 
and S ; 

each R1 is independently chosen from the group consisting of hydrogen, halogen, 

-OR33, -CN, -C(0)R', -C02R3a, -C(0)N(R3a)2, -SR3a, -S(0)R3a, -S(02)R3a, -(CH2)o-6N(R3a)2, 

-N(R3a)S02R3a, -N(R3")C02R3a, -N(R3a)C(0)R3, -N(R3a)C0R3a, -N(RJa)C(0)N(R3a), C,.6alkyl, 

15 C3.gcarbocycle containing from 0 to 3 heteroatoms chosen from N, O and S, and phenyl, and the 

Cj^aJkyl, C3.§carbocycle and phenyl are substituted by from 0 to 3 substitutents independently 

chosen from the group consisting of hydrogen, halogen, -OR3a, ~CNS -C02R3a, -C(0)N(R3a>2, 

-N(R3a)2, -N(R3a)C02R3a, -SR3a, -S(0)R3a, -S(02)R3a, -N(R3a)S02R3a, -N(R3a)C02R3, 

-N(R3a)C(0)N(R3a), Ci-6alkyl, -0-Ci.6alkyl and -S-CMalkyl, 
20 each R3 is independently chosen from the group consisting of hydrogen, Chalky!, 

-OH, -O-Ci.galkyl and Cs-gcycloalkyl, and 
each R3a is independently chosen from the group consisting of hydrogen, Ci^alkyl 

and C3-8cycloalkyl; 

B , 
is chosen from the group consisting of -C-C-, phenyl, pyridinyl, pyrazinyl, 

25 pyrimidyl, 1,2,4-triazinyl, pyridazinyl, thiazyl and 9-membered bicyclic ring systems that 

contain from 1 to 3 heteroatoms independently chosen from the group consisting of N, 0 and S, 

v is from 0 to 4, 
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each R2 is independently chosen from the group consisting of hydrogen, halogen, 

~0R4a, -CN, -C02R4a, -C(G)N(R4a)2, -N(R43)2, ~N(R4a)€02R4a> -SR4s5 -S(0)R4a, -S(02)R4a, 

-N(R4a)S02R4a, -N(R4a)C02R4a, -N(R4a)C(0)N(R4a), Ci^alkyl substituted by from 0 to 4 R4 and 

C3.gcycloalkyl substituted by from 0 to 4 R4, 
5 each R4 is independently chosen from the group consisting of hydrogen, -OH, 

Ci-salkyl and C3.gcycloalkyl} and 
each R4a is independently chosen from the group consisting of hydrogen, C].6alkyl 

and C3.§cycloalkyl; 
wherein each D is independently chosen from the group consisting of a single 

H CH3 

/^V\ A{y\ Aty\ N°r\ 
10 bond, -C(0)N(R5)-, -NR C(0)-, ^ ^ ^ ^ , N™ 

/~WA 
and N-N , where 

R5 is independently chosen from the group consisting of hydrogen, 

halogen OR6, -CN, -C02R6, -C(0)N(R6)2, ~N(R6)2J -N(Re)COR6, ~SR6, -S(0)R6, -S(02)R6, 

-N(R6)S02R6, -NC02R6, -NC(0)N(R6)2J Ci-galkyl substituted by from 0 to 3 substituents R6 and 

15 Cs-gcycloalkyl substituted by from 0 to 3 substituents R6, and 
each R6 is independently chosen from the group consisting of hydrogen, 

Chalky! and C^gcycloalkyi; 
wherein each E is independently chosen from the group consisting of a single 

bond, -CH2NHC(0)-, -CH2N(CH3)C(0)-J -C(CH3)HNHC(0)-5 -C(CH3)HN(CH3)C(0)-? 

20 ~C(CH3)2NHC(0)-, -C(CH3>2N(CH3)C(0)-f -CH2NHC(0)0-, -CH2N(CH3)C(0)0-, 

-C(CH3)HNHC(0)0-, -C(CH3)HN(CH3)C(0)0-, -C(CH3)2NHC(0)0-> -C(CH3)2N(CH3)C(0)0-, 

1 D Vo 

and R-Kti where one of R8a and RSb is -OH or fluorine; 

wherein each G is independently chosen from the group consisting of 

(a) hydrogen, 

25 (b) -CN, 
(c) Ci-salkyl having 1 to 3 substituents R11, 

a H V. M -N V-N Q R' 
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each R31 is independently chosen from the group consisting of -OH, -NHfe, 

-NCHjH, -N(CH3>2, -N(CH2CH3)2; -NH, =NCH3, -C(0)H, -C(0)0H, ~C<0)CH3> -C(0)0CH3, 

-NHC(0)H, -NHC(0)0H, ~NHC(0)CH3I -NHC(0)0CH3, cyclopropyl, cyclobutyl, cyclopentyl, 

cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl. and oxacyclohexyl, phenyl, 

5 pyridinyl, pyrimidinyl and pyrrolyl, where 
the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, 

pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2 

substitutents R12 on N or C atoms, and each R32 is independently selected from the group 

consisting of hydrogen, halogen, carboxy, Ci^alkyl, -O-Cj-galkyl and -S-Cj-^aJkyl; and 

10 the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0 

to 3 substitutents R13 on N or C atoms, and each R13 is independently selected from the group 

consisting of hydrogen, halogen, Chalky! and 3- to 8-membered cycioalkyl containing from 0 to 

3 heteroatoms independently chosen from the group consisting of N, O and S, 
(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, 

15 piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R16 on N or C 

atoms, the R10 independently selected from the group consisting of hydrogen, halogen, carboxy, 

Ci-<$alkyl, -O-Ci-gaikyl, -S-C^alkyl, phenyl and benzyl, and 
(e) aryl ring systems G' chosen from the group consisting of: phenyl, 

pyridinyl and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms 

20 independently chosen fi-om the group consi sting of N and O. In all aspects of this embodiment, 

all other groups are as provided in the general formula above. 

A 
In a tenth embodiment of the invention, / is chosen from the group consisting 

R1 R1 

XXVi IB . wh^rp; ^ 1 J t— ^ A 4.- -> „ J J_.« ? T> 

A 
I II >~! 

where is substituted by from 0 to 3 additional R ; is phenyl; v is from 

25 0 to 2; each R2 is independently chosen from the group consisting of fluorine, chlorine, 

-OH, -CH3, -OCH3 and -CN; each D is independently chosen from the group consisting of 

; each E is independently chosen from the group consisting of a 
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10 

15 

D 
B G 

-N 

single bond. and RSb' R!b where one of R8a and. R8b is ~OH or fluorine; 

and each G is independently chosen from the group consisting of Chalky! having 1 to 2 

substituents Rn, wherein each Rn is independently chosen from the group consisting of -OH, 

-NHi, -NCH3H., -N(CH3)2, -N(CH2CHS)2, -C(0)0CH3, cyclopropyl, cyclobutyl, cyclopentyl, 

cyclohexyl pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, oxacyclohexyl, phenyl, pyridinyl, 

pyrimidinyl and pyrrolyl. In all aspects of this embodiment, all other groups are as provided in 

the general formula above or in the eighth embodiment. 

In an eleventh embodiment of the invention, the compound having structural 

formula (I) is a compound having structural formula (la): 
<R5W 

<R5W 

E-G 

\ 

(la) 

or a pharmaceutical^ acceptable salt thereof, wherein is substituted by u substituents 

R1, and Y is selected from the group consisting of O and NR1. In all aspects of this embodiment, 

all other groups are as provided in the general formula above or in any one of the first through 

tenth embodiments. 

In a twelfth embodiment of the invention, the compound having structural 
formula (la) is a compound having structural formula (lb): 

or a pharmaceutical^ acceptable salt thereof, wherein is substituted by « substituents 

R1, and Y is selected from the group consisting of 0 and NR1. In particular aspects of this 

20 embodiment, Y is substituted by u substituents R , Y is O, and both instances of G are 
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0 

H . In all aspects of this embodiment, all other groups are as provided in the general 

formula above or in the eleventh embodiment. 

In a thirteenth embodiment of the invention, the compound having structural 

formula (la) is a compound having structural formula (lb): 

or a pharmaceutical^ acceptable salt thereof, wherein said ^s-

\ 

Y is substituted by u 

substituents R1, and said Y and said V_/ 5 taken together with one substituent R1 and 

one substituent R2, are represented by a group chosen from the group consisting of 

N y-HRTw (Rl)o-3ir L /~~V * 
v—w ? and —,J (R*O.J , in 

10 particular aspects of this embodiment, 1^/^Y and said V_/, taken together with one 

substituent R5 and one substituent R2, are represented by 
RJ 

wherein V is -CH2-, W is -(CH2)o-20(CH2)o-2~P R is fluorine, and both v—w 
o 

instances of G are I H , In all aspects of this embodiment, all other groups are as 

provided in the general formula above or in the eleventh embodiment. 

15 In a fourteenth embodiment of the invention, and , taken together with 

one substituent R1 and one substituent Rz, are represented by a group chosen from the group 

consisting of: 
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W is chosen from the group consisting of-(CH2)i-r> -(CH2)o-2NH(CH2)o-2-> 

-(CH2)ft.2N(C,^kylXCH2)D.2-, '(CH2)o.20(CH2)o-2- and -(CH2)0.2C(O)(CH2)0.2- where W is 
5 substituted by from 0 to 4 Rw, where each Rw is independently selected from Chalky! and 

C^-scycloalkyl; and 
V is chosen from the group consisting of -C(O)- and -CH2-> and where V is 

-CH2-} V is substituted by from 0 to 2 Rv, where each Rv is independently selected from the 

group consisting of Ci^alkyl and C3_gcycloalkyl; 
10 each R1 is independently chosen from the group consisting of hydrogen, halogen, 

-OR3, -CN, -C(0)R3, -C02R3, -C(0)N(R3a)2, -SR3, -S(0)Rs, -S(02)R3, -N(R3a)2l 

-(CH2)O.6N(R38)2, -N(R3B)S02R3, -N(R3a)C02R3, -N(R3i)C0R3, -N(R3')C(0)N(R3,')J Cwalkyl, 

Q-gcarbocycle containing from 0 to 3 heteroatoms chosen from N. 0 and S, and phenyl, and the 

Cj^aJkyl, Cj-scarbocycle and phenyl are substituted by from 0 to 3 substitutents independently 

15 chosen from the group consisting of hydrogen, halogen, ~QR3a; -CN, ~C02R3a, -C(0)N(R3a)2, 

-N(R3a>2, -N(R3a)C02R3a, ~SR3a, -S(0)R3a, -S(02)R3a, -N(R3a)S03R3a! -N(R3a)Ct>2R3\ 

~N(R3a)C(0)N(R3a), Chalky!, -G-C^alkyl and-S-Cj^alkyl, 
each R3 is independently chosen from the group consisting of hydrogen, 

Ci.galkyl, -OH, -O-Ci-galkyl and Cs-gcycloalkyl, and 

20 each R3a is independently chosen from the group consisting of hydrogen, 

Cj-galkyl and C3.8cycloalkyl; 
each R2 is independently chosen from the group consisting of hydrogen, halogen, 

-OR4", -CN, -C02R4a. -C(0)N(R4a)2, -N(R4a)2, ~N(R4a)C02R4a, -SR4a, -S(0)R4a, -S(02)R4aa 

-N(R4a)S02R4as -N(R4a)C02R4a» -N(R4a)C(0)N(R4a), C^alkyl substituted by from 0 to 4 R4 and 

25 Cs.gcycloalkyl substituted by from 0 to 4 R4, 
each R4 is independently chosen from the group consisting of hydrogen, 

-OH, Cj.salkyi and C3-gcycloalkyl, and 
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each R4a is independently chosen from the group consisting of hydrogen, 

Cj-^alky] and Cj-jcycloalkyl; 

wherein each D is independently chosen from the group consisting of a single 
H CH3 

/^V\ A-£V\ A^V\ 
bond, -C(0)N(R)-, -NR 0(0)-, , N ( N-N 

AAA 
5 and N-N , where 

R5 is independently chosen from the group consisting of hydrogen, 

halogen -OR6, -CN, ~C02R6, -C(0)N(R6)2, -N(R6)3, -N(R6)C0R6; ~SR6s -S(0)R6, -S(02)R6, 

-N(R6)S02R65 -NC02R6, -NC(0)N(R6)2, Ci_6alkyl substituted by from 0 to 3 substituents R6 and 

Cs-gcycloalkyl substituted by from 0 to 3 substituents R6, and 

10 each R* is independently chosen from the group consisting of hydrogen, 

Ci^alkyl and C3-8C3rcloalkyl; 
wherein each E is independently chosen from the group consisting of a single 

bond, -CH2NHC(0)- -CH2N(CH3)C(0)-, -C(CH3)HNHC(0)-, -C(CH3)HN(CH3)C(0)-f 

-C(CH3)2NHC(0)-, -C(CH3)2N(CH3)C(0>; -CH2NHC(0)0-7 -CH2N(CH3)C{0)0-, 

15 -C(CH3)HHHC(0)0-, -C(CH3)HN(CH3)C(0)0-, -C(CH3)2NHC(0)0-, -C(CH3)2N(CH3)C(0)0~, 

o \ y~s 
r> )~-G \ /~~°> s /~NS H H 0 S-V 

^ and K8b R?b where one of R8a and R8b is -OH or fluorine; 

wherein each G is independently chosen from the group consisting of 

(a) hydrogen, 

(b) -CN, 
20 (c) Chalky! having 1 to 3 substituents Rn, 

each Ru is independently chosen from the group consisting of -OH, -NH2, 
-NCH3H, -N(CH3)2, -N(CH2CH3)2} =NH, -NCH3, -C(0)H, -C(0)0H; -C(0)CH3, -C(0)0CH3, 

-NHC(0)H, -NHC(0)0H, -NHC(0)CH3, -NHC(0)0CH3i cyclopropyl, cyclobutyl, cyclopentyl, 

cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and oxacyclohexyl, phenyl, 

25 pyridinyl, pyrimidinyl and pyrrolyl, where 

the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, 

pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2 
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substitutents R12 on N or C atoms, and each Ri2 is independently selected firom the group 

consisting of hydrogen, halogen, carboxy, Cj-galkyl, -0-Ci-$alkyl and -S-C stalky 1; and 

the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0 

to 3 substitutents R° on N or C atoms, and each R!3 is independently selected from the group 

5 consisting of hydrogen, halogen, Ci^alkyl and 3- to 8-membered cycioalkyl containing from 0 to 

3 heteroatoms independently chosen from the group consisting of N, 0 and S, 

(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, 

piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R30 on N or C 

atoms, the R10 independently selected from the group consisting of hydrogen, halogen, carboxy, 

10 Ci^alkyL -O-Ci-galkyl, -S-Ci^alkyl, phenyl and benzyl, and 
(e) aryl ring systems G' chosen from the group consisting of: phenyl, 

pyridinyl and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms 

independently chosen from the group consisting of N and O. In all aspects of this embodiment, 

all other groups are as provided in the general formula above. 

15 In another embodiment of the invention, the compound of the invention is 

selected from the exemplary species depicted in Examples 1 through 215 shown below, or 

pharmaceutical acceptable salts thereof. 
In another embodiment of the invention, for the compounds of formula (I), 

variables ®®, D, E, G, R1, R2, u, v, R3, R3a, R4, R4", R5, R6, R7,1, J, R8a, Rsb, R8c, R9, R10, 

20 R10a, Rn, R12. R13, W, Rw, V, and Rv, are selected independently from each other. 

Other embodiments of the present invention include the following: 

(a) A pharmaceutical composition comprising an effective amount of a 

compound of formula (I) and a pharmaceutical^ acceptable carrier. 

(b) The pharmaceutical composition of (a), further comprising a second 

25 therapeutic agent selected from the group consisting of HCV antiviral agents, 

immunomodulators, and anti-infective agents. 
(c) The pharmaceutical composition of (b)» wherein the HCV antiviral agent 

is an antiviral selected from the group consisting of HCV protease inhibitors and HCV NS5B 

polymerase inhibitors. 
30 (d) A pharmaceutical combination that is (i) a compound of formula (I) and 

(ii) a second therapeutic agent selected from the group consisting of HCV antiviral agents, 
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immunomodulators, and anti-infective agents; wherein the compound of formula (I) and the 

second therapeutic agent are each employed in an amount that renders the combination effective 

for inhibiting HCV NS5A activity, or for treating HCV infection and/or reducing the likelihood 

or severity of symptoms of HCV infection, or for inhibiting HCV viral replication and/or HCV 

5 viral production in a cell-based system. 

(e) The combination of (d), wherein the HCV antiviral agent is an antiviral 

selected from the group consisting of HCV protease inhibitors and HCV NS5B polymerase 

inhibitors. 

(f) A method of inhibiting HCV NS5A activity in a subject in need thereof, 

10 which comprises administering to the subject an effective amount of a compound of formula (I). 

(g) A method of treating HCV infection and/or reducing the likelihood or 

severity of symptoms of HCV infection in a subject in need thereof, which comprises 

administering to the subject an effective amount of a compound of formula (I). 

(h) The method of (g), wherein the compound of formula (I) is administered 

15 in combination with an effective amount of at least one second therapeutic agent selected from 

the group consisting of HCV antiviral agents, immunomodulators. and anti-infective agents. 

(i) The method of (h), wherein the HCV antiviral agent is an antiviral 

selected from the group consisting of HCV protease inhibitors and HCV NS5B polymerase 

inhibitors. 

20 (j) A method of inhibiting HCV viral replication and/or HCV viral production 

in a cell-based system, which comprises administering to the subject an effecti ve amount of a 

compound of formula (I). 

(k) The method of (j), wherein the compound of formula (I) is administered in 
combination with an effective amount of at least one second therapeutic agent selected from the 

25 group consisting of HCV antiviral agents, immunomodulators, and anti-infective agents. 

(1) The method of (k), wherein the HCV antiviral agent is an antiviral 

selected from the group consisting of HCV protease inhibitors and HCV NS5B polymerase 

inhibitors. 

(m) A method of inhibiting HCV NS5A activity in a subject in need thereof, 

30 which comprises administering to the subject the pharmaceutical composition of (a), (b), or (c) or 
the combination of (d) or (e). 

-28-



WO 2010/111483 PCT/US2010/028653 

(n) A method of treating HCV infection and/or reducing the likelihood or 

severity of symptoms of HCV infection in a subject in need thereof, which, comprises 

administering to the subject the pharmaceutical composition of (a), (b), or (c) or the combination 

of (d) or (e). 

5 (o) A method of inhibiting HCV viral replication and/or HCV viral production 

in a cell-based system, which comprises administering to the subject the pharmaceutical 

composition of (a), (b), or (c) or the combination of (d) or (e). 

In the embodiments of the compounds and salts provided above, it is to be 

understood that each embodiment may be combined with one or more other embodiments, to the 

10 extent that such a combination provides a stable compound or salt and is consistent with the 

description of the embodiments. It. is further to be understood that the embodiments of 

compositions and methods provided as (a) through (o) above are understood to include all 

embodiments of the compounds and/or salts, including such embodiments as result from 

combinations of embodiments, 

15 The present invention also includes a compound of the present invention for use 

(i) in, (ii) as a medicament for, or (iii) in the preparation of a medicament for: (a) inhibiting HCV 

NS5A activity, or (b) treating HCV infection and/or reducing the likelihood or severity of 

symptoms of HCV infection, or (c) inhibiting HCV viral replication and/or HCV viral production 

in a cell-based system, or (d) use in medicine. In these uses, the compounds of the present 

20 invention can optionally be employed in combination with one or more second therapeutic 

agents selected from HCV antiviral agents, anti-infective agents, and immunomodulators. 

Additional embodiments of the invention include the pharmaceutical 

compositions, combinations and methods set forth in (a)-(o) above and the uses set forth in the 

preceding paragraph, wherein the compound of the present invention employed therein, is a 

25 compound of one of the embodiments, aspects, classes, sub-classes, or features of the 

compounds described above. In all of these embodiments, the compound may optionally be used 

in the form of a pharmaceutical^ acceptable salt, or may be present in the form of a solvate or 

hydrate as appropriate. 

As used herein, all ranges are inclusive, and all sub-ranges are included within 

30 such ranges, although not necessarily explicitly set forth. In addition, the term "or," as used 

herein, denotes alternatives that may, where appropriate, be combined; that is, the term "or" 

includes each listed alternative separately as well as their combination. 
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As used herein, the term "alkyl" refers to any linear or branched chain alkyl group 

having a number of carbon atoms in the specified range. Thus, for example, "Ci-g alkyl" (or 

"C1-C6 alkyl") refers to all of the hexyl alkyl and pentyl alkyl isomers as well as n-> iso-, sec- and 

tert-butyl, n- and isopropyl, ethyl and methyl. As another example, "CM alkyl" refers to n-, iso-, 
5 sec- and tert-butyl, n- and isopropyl, ethyl and methyl. Where indicated, "Co" refers to 

hydrogen; thus, for example, "Co-6 alkyl" (or "Co-Q alkyl") refers to all of the hexyl alkyl and 

pentyl alkyl isomers as well as n-, iso-, sec- and tert-butyl, n- and fropropyl, ethyl, methyl and 

hydrogen. Alkyl groups may be substituted as indicated. 

The term "halogenated" refers to a group or molecule in which a hydrogen atom 

10 has been replaced by a halogen. Similarly, the term "haloalkyl" refers to a halogenated alkyl 

group. The term "halogen" (or "halo") refers to atoms of fluorine, chlorine, bromine and iodine 

(alternatively referred to as fluoro, chloro, bromo, and iodo), preferably fluorine. 

The term "alkoxy" refers to an "alkyl-O-" group, where alkyl is as defined above. 

Alkoxy groups may be substituted as indicated. 

15 The term "cycioalkyl" refers to any cyclic ring of an alkane or alkene having a 

number of carbon atoms in the specified range. Thus, for example, "C3-8 cycioalkyl" (or "C3-Cg 

cycioalkyl") refers to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and 

eyclooctyl. The term "cycloalkoxy" refers to a "cycloalkyl-O-" group, whre cycioalkyl is as 

defined above. Cycioalkyl groups may be substituted as indicated. 

20 The term "aryl" (or "aryl ring system") refers to aromatic mono- and poly-

carbocyclic or heterocyclic ring systems wherein the individual carbocyclic rings in the polyring 

systems are fused or attached to each other via a single bond. As used herein, the term aryl 

includes aromatic mono- and poly-carbocyclic ring systems that include from 0 to 4 heteroatoms 

(non-carbon atoms) that are independently chosen from N, 0 and S. Suitable aryl groups include 

25 phenyl, naphthyl, biphenylenyl, pyridinyl, pyrimidinyl and pyrrolyl, as well as those discussed 

below, Aryl groups may be substituted as indicated. Aryl ring systems may include, where 

appropriate, an indication of the variable to which a particular ring atom is attached. Unless 

otherwise indicated, substituents to the aryl ring systems can be attached to any ring atom, 

provided that such attachment results in formation of a stable ring system. 

30 The term "carbocycle" (and variations thereof such as "carbocyclic") as used 

herein, unless otherwise indicated, refers to (i) a C5 to C7 monocyclic, saturated or unsaturated 

ring, or (ii) a Cg to C10 bicyclic saturated or unsaturated ring system. Each ring in (ii) is either 
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independent of, or fused to, the other ring, and each ring is saturated or unsaturated. Carbocycle 

groups may be substituted as indicated. When the carbocycles contain one or more heteroatoms 

independently chosen from N, O and S, the carbocycles may also be referred to as 

"heterocycles," as defined below. The carbocycle may be attached to the rest of the molecule at 

5 any carbon or nitrogen atom that results in a stable compound. The fused bicyclic carbocycles 

are a subset of the carbocycles; i.e., the term "fused bicyclic carbocycle" generally refers to a Cg 

to Cio bicyclic ring system in which each ring is saturated or unsaturated and two adjacent 

carbon atoms are shared by each of the rings in the ring system. A fused bicyclic carbocycle in 

which both rings are saturated is a saturated bicyclic ring system. Saturated carbocyclic rings are 

10 also referred to as cycioalkyl rings, e.g., cyclopropyl, cyclobutyl, etc. A fused bicyclic 

carbocycle in which one or both rings are unsaturated is an unsaturated bicyclic ring system. 

Carbocycle ring systems may include, where appropriate, an indication of the variable to which a 

particular ring atom is attached. Unless otherwise indicated, substituents to the ring systems can 

be attached to any ring atom, provided that such attachment results in formation of a stable ring 

15 system. 
Unless indicated otherwise, the term "heterocycle" (and variations thereof such as 

"heterocyclic" or "heterocyclyl") broadly refers to (i) a stable 5- to 7-membered, saturated or 

unsaturated monocyclic ring, or (ii) a stable 8- to 10-membered bicyclic ring system, wherein 

each ring in (ii) is independent of, or fused to, the other ring or rings and each ring is saturated or 

20 unsaturated, and the monocyclic ring or bicyclic ring system contains one or more heteroatoms 

{e.g.. from 1 to 6 heteroatoms, or firom 1 to 4 heteroatoms) independently selected from N, O and 

S and a balance of carbon atoms (the monocyclic ring typically contains at least one carbon atom 

and the bicyclic ring systems typically contain at least two carbon atoms); and wherein any one 

or more of the nitrogen and sulfur heteroatoms is optionally oxidized, and any one or more of the 

25 nitrogen heteroatoms is optionally quaternized. Unless otherwise specified, the heterocyclic ring 

may be attached at any heteroatom or carbon atom, provided that attachment results in the 

creation of a stable structure. Heterocycle groups may be substituted as indicated, and unless 

otherwise specified, the substituents may be attached to any atom in the ring, whether a 

heteroatom or a carbon atom, provided that a stable chemical structure results. Representative 

30 examples include pyranyl, piperidinyl, piperazinyl, azepanyl, pyrrolidinyl, pyrazolidinyl, 

imidazolidinyl, oxazolidinvl, isoxazolidinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 

isothiazolidinyl, and tetrahydrofuryl (or tetrahydrofuranyl). Unless expressly stated to the 
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contrary, the term "heteroaryl ring system" refers to aryl ring systems, as defined above, that 

include from 1 to 4 heteroatoms (non-carbon atoms) that are independently chosen from N, O 

and S. In the case of substituted heteraromatic rings containing at least one nitrogen atom (e.g., 
pyridine), such substitutions can be those resulting in N-oxide formation. Representative 

5 examples of heteroaromatic rings include pyridyl, pyrrolyl, pyrazinyl, pyrimidinyl, pyridazinyl, 

thienyl (or thiopheayl), thiazolyl, furanyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, 

isooxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, and thiadiazolyl. Representative examples of 

bicyclic heterocycles include benzotriazolyl, indolyl, isoindolyl, indazolyl, indolinyl, 

isoindolinyl, qumoxalinyl. quinazolinyl, cinnolinyl, chromanyl, isochromanyl, 

10 tetrahydroquinolinyl, quinolinyl, tetrahydroisoquinoiinyl, isoquinolinyl 2,3-

dihydrobenzofuranyl, 23-dihydrobenzo-l,4-dioxinyl and benzo-l,3-dioxolyl. 

Unless otherwise specifically noted as only "substituted", alkyl, cycioalkyl, and 

aryl groups are not substituted. If substituted, preferred substituents are selected from the group 

that includes, but is not limited to, halo, C1-C20 alkyl, -CF3, -NH2. -N(CrQ alkyl)2s -NO2, oxo, 

15 -CN,-N3, -OH, »0(CrC6 alkyl), C3-C10 cycioalkyl, C2-Q alkenyl, C2-C6 alkynyl, (Co-Q alkyl) 

S(O)0-2-, aryl-S(0)o-2-, (Co-C6 alkyl)S(O)0-2(C0-C6 alkyl)-, (C0~C6 alkyl)C(0)NH-, H2N-C(NH)-3 

-0(CrC6 alkyl)CF3, (CrC6 alkyl)C(O)-, (Co-Ce alkyl)OC(O)-, (Co-C6alkyl)0(Ci-Ce alkyl)-, 

(Co-C6 alkyl)C(0)i.2(Co-C6 alkyl)-, (Ci-C6 alkyl)0C(0)NH-, aryl, aralkyl, heteroaryl, 

heterocycloalkyl, haio-aryl, halo-aralkyl, halo-heterocycle and halo-heterocycloalkyl. 
20 Unless expressly stated to the contrary, all ranges cited herein are inclusive. For 

example, a heteroaryl ring described as containing from "0 to 3 heteroatoms" means the ring can 

contain 0, 1,2, or 3 heteroatoms. It is also to be understood that any range cited herein includes 

within its scope all of the sub-ranges within that range. The oxidized forms of the heteroatoms N 

and S are also included within the scope of the present invention. 
1 A 

25 "When any variable (for example, R or R ) occurs more than one time in any 

constituent or in formula (I) or in any other formula depicting and describing compounds of the 

invention, its definition on each occurrence is independent of its definition at every other 

occurrence. Also, combinations of substituents and/or variables are permissible only if such 

combinations result in stable compounds. 
30 Unless expressly stated to the contrary, substitution by a named substituent is 

permitted on any atom provided such substitution is chemically allowed and results in a stable 

compound. A "stable" compound is a compound that can be prepared and isolated and that has a 
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structure and properties that remain or can be caused to remain essentially unchanged for a 

period of time sufficient to allow use of the compound for the purposes described herein (e.g., 

therapeutic or prophylactic administration to a subject). 
As used herein, the term "compound" is intended to encompass chemical agents 

5 described by generic formula (I) in all forms, including hydrates and solvates of such chemical 

agents. 

In the compounds of generic formula (I), the atoms may exhibit their natural 

isotopic abundances, or one or more of the atoms may be artificially enriched in a particular 

isotope having the same atomic number, but an atomic mass or mass number different from the 

10 atomic mass or mass number predominantly found in nature. The present invention is meant to 

include all suitable isotopic variations of the compounds of generic formula (I). For example, 

different isotopic forms of hydrogen (H) include protium (!H) and deuterium (2H or D). Protium 

is the predominant hydrogen isotope found in nature. Enriching for deuterium may afford 

certain therapeutic advantages, such as increasing in vivo half-life or reducing dosage 

15 requirements, or may provide a compound useful as a standard for characterization of biological 

samples. Isotopically-enriched compounds within generic formula (I) can be prepared without 

undue experimentation by conventional techniques well known to those skilled in the art or by 

processes analogous to those described in the Schemes and Examples herein using appropriate 

isotopically-enriched reagents and/or intermediates. 
20 As a result of the selection of substituents and substituent patterns, certain of the 

compounds of the present invention can have asymmetric centers and can occur as mixtures of 

stereoisomers, or as individual diastereomers, or enantiomers. All isomeric forms of these 
compounds, whether isolated or in mixtures, are within the scope of the present invention. 

As would be recognized by one of ordinary skill in the art, certain of the 

25 compounds of the present invention can exist as tautomers. For the purposes of the present 

invention a reference to a compound of formula (I) is a reference to the compound per se, or to 

any one of its tautomers per se, or to mixtures of two or more tautomers. 

The compounds of the present invention may be administered in the form of 

pharmaceutically acceptable salts. The term "pharmaceutically acceptable salt" refers to a salt 

30 that possesses the effectiveness of the parent compound and that is not biologically or otherwise 

undesirable (e.g., is neither toxic nor otherwise deleterious to the recipient thereof). Suitable 

salts include acid addition salts that may, for example, be formed by mixing a solution of the 
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compound of the present invention with a solution of a pharmaceutically acceptable acid such as 

hydrochloric acid, sulfuric acid, acetic acid, triffuoroacetic acid, or benzoic acid. Many of the 

compounds of the invention carry an acidic moiety, in which case suitable pharmaceutically 

acceptable salts thereof can include alkali metal salts (e.g., sodium or potassium salts), alkaline 

5 earth metal salts (e.g., calcium or magnesium sails), and salts formed with suitable organic 

ligands such as quaternary ammonium salts. Also, in the case of an acid (-COOH) or alcohol 

group being present, pharmaceutically acceptable esters can be employed to modify the 

solubility or hydrolysis characteristics of the compound. 
The term "administration" and variants thereof (e.g., "administering" a 

10 compound) in reference to a compound of the invention mean providing the compound or a 

prodrug of the compound to the individual in need of treatment. When a compound of the 

invention or a prodrug thereof is provided in combination with one or more other active agents 

(e.g., antiviral agents useful for treating HCV infection), "administration" and its variants are 

each understood to include concurrent and sequential provision of the compound or salt (or 

15 hydrate) and other agents. 
As used herein, the term "composition" is intended to encompass a product 

comprising the specified ingredients, as well as any product that results, directly or indirectly, 

from combining the specified ingredients. 
By "pharmaceutically acceptable" is meant that the ingredients of the 

20 pharmaceutical composition must be compatible with each other and not deleterious to the 

recipient thereof. 
The terms "subject" (alternatively referred to herein as "patient") as used herein, 

refer to an animal, preferably a mammal, most preferably a human, who has been the object of 

treatment, observation or experiment. 
25 The term "effective amount" as used herein means that amount of active 

compound or pharmaceutical agent that elicits the biological or medicinal response in a tissue, 

system, animal or human that is being sought by a researcher, veterinarian, medical doctor or 

other clinician. In one embodiment, the effective amount is a "therapeutically effective amount" 

for the alleviation of one or more symptoms of the disease or condition being treated. In another 

30 embodiment, the effective amount is a "prophylactically effective amount" for reduction of the 

severity or likelihood of one or more symptoms of the disease or condition. In another 

embodiment, the effective amount is a "therapeutically effective amount" for inhibition of HCV 
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viral replication and/or HCV viral production. The term also includes herein the amount of 

active compound sufficient to inhibit HCV NS5A and thereby elicit the response being sought 

(i.e., an "inhibition effective amount"). When the active compound (i.e., active ingredient) is 

administered as the salt, references to the amount of active ingredient are to the free acid or free 

5 ba se form of the compound. 

It is understood that claimed compounds cause inhibition in replicon assay testing. 

Thus, compounds described herein are useful for inhibiting HCV replication, specifically the 

NS5A protein. Compounds described herein have different uses, including the prevention or 

treatment of one or more of the symptoms of HCV infection, the inhibition of HCV viral 

10 replication and/or HCV viral production, and/or as pharmaceutical composition ingredients. 

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 identifying resistant HCV replicon cell lines harboring mutations within NS5A> which 

are excellent screening tools for more powerful antiviral compounds. Furthermore, the 

15 compounds of this invention are useful in establishing or determining the binding site of other 

antivirals to the HCV replicase. 
For the purposes of inhibiting HCV NS5A protein, treating HCV infection and/or 

reducing the likelihood or severity of symptoms of HCV infection and inhibiting HCV viral 

replication and/or HCV viral production, the compounds of the present invention, optionally in 

20 the form of a salt or a hydrate, can be administered by any means that produces contact of the 

active agent with the agent's site of action. They can be administered by one or more 

conventional means available for use in conjunction with pharmaceuticals, either as individual 

therapeutic agents or in a combination of therapeutic agents. They can be administered alone, 

but typically are administered with a pharmaceutical carrier selected on the basis of the chosen 

25 route of administration and standard pharmaceutical practice. The compounds of the invention 
can, for example, be administered by one or more of the following: orally, parenterally 

(including subcutaneous injections, intravenous, intramuscular, intrastemal injection or infusion 

techniques), by inhalation (such as in a spray form), or rectally, in the form of a unit dosage of a 

pharmaceutical composition containing an effective amount of the compound and conventional 

30 non-toxic pharmaceutically-acceptable earners, adjuvants and vehicles. Liquid preparations 

suitable for oral administration (e.g., suspensions, syrups, elixirs and the like) can be prepared 

according to techniques known in the ait and can employ any of the usual media such as water, 
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glycols, oils, alcohols and the like. Solid preparations suitable for oral administration (e.g., 
powders, pills, capsules and tablets) can be prepared according to techniques known in the art 

and can employ such solid excipients as starches, sugars, kaolin, lubricants, binders, 

disintegrating agents and the like. Parenteral compositions can be prepared according to 

5 techniques known in the art and typically employ sterile water as a carrier and optionally other 

ingredients, such as solubility aids. Injectable solutions can be prepared according to methods 

known in the art wherein the carrier comprises a saline solution, a glucose solution or a solution 

containing a mixture of saline and glucose. Further description of methods suitable for use in 

preparing pharmaceutical compositions of the present invention and of ingredients suitable for 

10 use in said compositions is provided in Remington's Pharmaceutical Sciences. 18th edition (ed. 

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

The compounds of this invention can be administered orally in a dosage range of 

0.001 to 1000 mg/kg of mammal (e.g., human) body weight per day in a single dose or in divided 

doses. One dosage range is 0.01 to 500 mg/kg body weight per day orally in a single dose or in 

15 divided doses. Another dosage range is 0.1 to 100 mg/ltg body weight per day orally in single or 

divided doses. For oral administration, the compositions can be provided in the form of tablets 

or capsules containing 1.0 to 500 mg of the active ingredient, particularly 1, 5, 10, 15,20,25, 50, 

75, 100,150,200, 250, 300,400, and 500 mg of the active ingredient for the symptomatic 

adjustment of the dosage to the patient to be treated. The specific dose level and frequency of 

20 dosage for any particular patient may be varied and will depend upon a variety of factors 

including the activity of the specific compound employed, the metabolic stability and length of 

action of that compound, the age, body weight, general health, sex, diet, mode and time of 

administration, rate of excretion, drug combination, the severity of the particular condition, and 
the host undergoing therapy. 

25 As noted above, the present invention also relates to a method of inhibiting HCV 

replicon activity, inhibiting HCV viral replication and/or HCV viral production, treating HCV 

infection and/or reducing the likelihood or severity of symptoms of 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 

30 therapeutic agents selected from the group consisting of a HCV antiviral agent, an 

immunomodu! ator, and an anti-infective agent. Such therapeutic agents active against HCV 

include, but axe not limited to, ribavirin, levovirin, viramidine, thymosin alpha-1, R7025 (an 
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enhanced interferon (Roche)), interferon-f, interferon-a, pegylated interferon-a 

(peginterferon-a). a combination of interferon-a and ribavirin, a combination of peginterferon-a 

and ribavirin, a combination of interferon-a and levovirin, and a combination of peginterferon-a 

and levovirin. The combination of peginterferon-a and ribaviron represents the current Standard 

5 of Care for HCV treatment The combination of one or more compounds of the present 

invention with the Standard of Care for HCV treatment, pegylated-interferon and ribaviron is 

specifically contemplated as being encompassed by the present invention. Interferon-a includes, 

but is not limited to, recombinant interferon-a2a (such as ROFERON interferon), pegylated 

interferon-a2a (PEGASYS), interferon-a2b (such as INTRON-A interferon), pegylated interferon-

10 a2b (PEGINTRON), a recombinant consensus interferon (such as interferon alphacon-1), albuferon 

(interferon-a bound to human serum albumin (Human Genome Sciences)), and a purified 
interferon-a 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 International Patent 

15 Application Publication WO 01/60379. In accordance with the method of the present invention, 

the individual components of the combination can be administered separately at different times 

during the course of therapy or concurrently in divided or single combination forms. 

Ribavirin, levovirin, and viramidine may exert their anti-HCV effects by 

modulating intracellular pools of guanine nucleotides via inhibition of the intracellular enzyme 

20 inosine monophosphate dehydrogenase (IMPDH). IMPDH is the rate-limiting enzyme on the 

biosynthetic route in de novo guanine nucleotide biosynthesis. Ribavirin is readily 

phosphorylated intracellularly and the monophosphate derivative is an inhibitor of IMPDH. 

Thus, inhibition of IMPDH represents another useful target for the discovery of inhibitors of 

HCV replication. Therefore, the compounds of the present invention may also be administered 

25 in combination with an inhibitor of IMPDH, such as those disclosed in International Patent 

Application Publications WO 97/41211, WO 01/00622 and WO 00/25780; or mycophenolate 

mofetil. See Anthony C. Allison and Elsie M. Eugui. Immunosuppressive and Other Anti-
Rheumatic Activities of Mychophenolate Mofetil, 44 (SUFFL.) AGENTS ACTION 165 (1993). 

For the treatment of HCV infection, the compounds of the present invention may 

30 also be administered in combination with the antiviral agent polymerase inhibitor R7128 

(Roche). 
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The compounds of the present invention may also be combined for the treatment 

of HCV infection with antiviral 2'-C-branched ribonucleosides disclosed in Rogers E. Harry-

O'lCuru et al, A Short, Flexible Route to 2'~C~Branched Ribonucleosides, 62 J. ORG. CHEM. 

1754-59 (1997); Michael S. Wolfe and Rogers E. Harry-O'Kuru, A Consise Synthesis of 2'-C-

5 Metkylribonucleosides, 36 TET. LETT, 7611-14 (1995); U.S. Patent No. 3,480,613; and 

International Patent Application Publications WO 01/90121, WO 01/92282.. WO 02/32920, 

WO 04/002999, WO 04/003000 and WO 04/002422; the contents of each of which are 

incorporated by reference in their entirety. Such 2'~C~branched ribonucleosides include, but are 

not limited to, 2'-C-methyl~cytidine, 2'»C-methyl-uridine, 2'-C-methyl-adenosine, 2'-C~methyl-

10 guanosine, and 9~(2-C-methyl-j3-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 l,3~propanediol esters of the 5'-phosphate derivatives. 
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 

15 protease. HCV NS3 serine protease is an essential viral enzyme and has been described to be an 

excellent target for inhibition of HCV replication. Exemplary substrate and non-substrate based 

inhibitors of HCV NS3 protease inhibitors are disclosed in International Patent Application 

Publications WO 98/22496, WO 98/46630, WO 99/07733, WO 99/07734, WO 99/38888, 

WO 99/50230, WO 99/64442, WO 00/09543, WO 00/59929, WO 02/48116, WO 02/48172, 

20 WO 2008/057208 and WO 2008/057209, in British Patent No. GB 2 337 262, and in U.S. Patent 

Nos. 6,323,180, 7,470,664, and 7,012,066 and in Ashok Axasappan et al, Discovery of 
Ncirlaprevir (SCH 900518): A Potent, Second Generation HCVNS3 Serine Protease Inhibitor, 

ACS MED. CHEM. LETT. DOI: 10J021/ml9G00276 (February 15,2010). 

The compounds of the present invention may also be combined for the treatment 

25 of HCV infection with nucleosides having anti-HCV properties, such as those disclosed in 

International Patent Application Publications WO 02/51425, WO 01/79246, WO 02/32920, 
WO 02/48165 and WO 2005/003147 (including R1656, (2,iO-2'~deoxy-2'-fluoro-2'-C-

methylcytidine, shown as compounds 3^6 on page 77); WO 01/68663; WO 99/43691; 

WO 02/18404 and WO 2006/021341, and U.S. Patent Application Publication 

30 US 2005/0038240, including 4'-azido nucleosides such as R1626,4'-azidocytidine; U.S. Patent 

Application Publications US 2002/0019363, US 2003/0236216, US 2004/0006007, 

US 2004/0063658 and US 2004/0110717; U.S. Patent Nos. 7,105,499, 7,125,855, 7,202,224; and 

-38-



WO 2010/111483 PCT/US2010/028653 

International Patent Application Publications WO 02/100415, WO 03/026589, WO 03/026675, 

WO 03/093290, WO 04/011478, WO 04/013300 and WO 04/028481; the content of each is 

incorporated herein by reference in its entirety. 
For the treatment of HCV infection, the compounds of the present invention may 

5 also be administered in combination with an agent that is an inhibitor of HCV NS5B polymerase. 

Such HCV NS5B polymerase inhibitors that may be used as combination therapy include, but 

are not limited to, those disclosed in International Patent Application Publications 

WO 02/057287, WO 02/057425, WO 03/068244, WO 2004/000858, WO 04/003138 and 

WO 2004/007512; U.S. Patent Nos, 6,777,392, 7,105,499,7,125,855, 7,202,224 and U.S. Patent 

10 Application Publications US 2004/0067901 and US 2004/0110717; the content of each is 

incorporated herein by reference in its entirety. Other such HCV polymerase inhibitors include, 

but are not limited to, valopicitabine (NM-283; Idenix) and 2' -F-2' -beta-methylcytidine (see also 

WO 2005/003147). 
In one embodiment, nucleoside HCV NS5B polymerase inhibitors that are used in 

15 combination with the present HCV inhibitors are selected from the following compounds: 4-

amino-7-(2-C-methyl-p-D-arabinofuranosyl)-7Jc/-pyrrolo[2.3-£/]pyrimidine; 4-amino-7-(2-C-

methyl-|3-D-ribofaranosyl)~7^pyn'o]o[2,3-rf|pyrimidine; 4-methylamino~7-(2-C-methyl-p-D~ 

ribofaranosyl)-7/?-pyrrolo[2,3-tfjpyrimidme; 4~dimethylamino-7-(2-C-methyl-P™D-

ribofuranosyl)-7F-pyrrolo[2,3^pyrimidine; 4-cycIopropylamino-7-(2-C-methyl-(3-D-

20 ribofuranosyl)-7F-pyrrolo[2,3-(flpyrimidine; 4-amino-7-(2-C-vinyl-p-D-ribofuranosyl)-7//-

pyrrolo[2,3^pyrimidine; 4-amino-7-(2-C-hydroxymethyl-p-D-ribofuranosyi)-7#-pyrrolo[2J3-

<2Jpyrimidine; 4-ammo-7~(2-C-fluoromethyl-p-D-ribofuranosyi)-7/f~pyrrolo[2,3-J]pyrimidine; 4-

amino-5-methyl-7-(2-C-methy]-P-D-ribofuranosyl)-7//-pyrroIo[2,3-i/]pyrimidine; 4-amino-7-(2-

C-methyl-p-D-ribofuranosyi)-7//~pyrrolo[2.3-^]pyriinidine-5-carb0xyIic acid: 4-amino~5-bromo~ 

25 7-(2-C-methyl~p4>ribofuranosyl)-7i7-pyrrolo[2,3-^pyrimidine; 4-ammo-5-chloro-7-(2-C-

methyl-$-D-ribofuxanosyl)-7tf-pyrrolo[2,3-^pyrimidme; 4-amino-5-fluoro-7-(2-C-methyl-(3-D-

ribofuranosyl)-7if-pyrrolo[2,3-iijpyrimidine; 2,4-diamino-7-(2-C-methy1-p-D-ribofuranosyl)-

7H-p>irrolo[2,3-i/Jpyrimidine; 2-amino-7-(2-C-methyl-g~D-rihofuranosyl)-7/-/-pyrrolo[2,3-

(i]pyrimidme; 2-amino-4-cyclopropylamino-7-{2-C-methyl-|3-D-ribofuranosyl)-7H-pyrrolo[2,3-

30 i/jpyrimidine; 2-ammo-7-(2-C-methyl-p-D-ribofuranosyl}-7H-pynolo[2,3-^pyrimidin-4(3/:Q-

one; 4-amino-7-(2-C-ethyl-p-D-ribofuranosyl)-7^-pyrrolo[2,3-(flpyrimidine; 4-amino-7-(2-C,2-

0-dimethyl-p-D~ribofuranosyl)-7#-pyTrolo[2,3-d]pyrimidine; 7-(2-C-methyl-p-D-
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ribofuranosyl)-7#-pyrrolo[253-J]pyrimidin-4(3tf)-one; 2-amino-5-methyl-7-(2-C, 2-O-dimethyl-

p-D-ribofuranosyl)-7i^-pyrro!o[2;3-^pyrimidin-4(3i^)-one; 4-amino-7-(3-deoxy-2-C-methyl-p-

D-riboiuranosyl)-7//-pyrrolo[2,3-^pyrimidme; 4-amino-7-(3-deoxy-2-C-methyl-|3-D-

arabmofuran.osyl)-7//-pyrrolo[2J3-(/|pyrimi.dme; 4-amino-2-fluoro-7-(2-C-methyl-p-D-

5 ribofuranosyl)-7#-pyrrolo[2,3-(i]pyrimidme; 4-amino-7-(3-C-methyl-P-D-ribofuranosyl)-7#-

pyrrolo[2,3-ii]pyrimidine; 4-ammo-7~(3-C-methyi-p-D-xylofuranosyl)-7//-pyrrok>[253-

^pyrimidine; 4-ammo-7-(2?4-di-C-methyl-p-D-ribofuranosyl)-7i7-pyLTolo[2;3-£/]pyrimidme; 4» 

amin.o~7-(3-deoxy-3-fluoro-2-C-methyl-p-D-ribofuranosyl)-7//-pyrrolo[2,3-^0pyrimidine; and 

the corresponding 5-triphosphates; or a pharmaceutically acceptable salt thereof. 

10 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 

U.S. Patent Applciation Publications US 2006/0100262 and US 2009-0048239; International 

Patent Application Publications WO 01/77091, WO 01/47883, WO 02/04425, WO 02/06246, 

WO 02/20497, WO 2005/016927 (in particular JTK003), WO 2004/041201, WO 2006/066079, 

15 WO 2006/066080, WO 2008/075103, WO 2009/010783 and WO 2009/010785; the content of 

each is incorporated herein by reference in its entirety. 

In one embodiment, non-nucleoside HCV NS5B polymerase inhibitors that are 

used in combination with the present HCV NS5A inhibitors are selected firom the following 

compounds: 14-cycl ohexyl-6- [2-(dimethylamino)ethy 1]-7-oxo-5,6,7,8 -tetrahydroindolo [2,1-

20 a][2,5]benzodiazocme-l 1-carboxylie acid; 14-eyclohexyl-6-(2-morpholin-4-ylethyl)-5,6/7,8-

tetrabydroindolo[2J 1 -a) [2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexy!-6-[2-

(dimethylamino)ethyl]-3-methoxy-5,6,7?8-tetraliydroindolo[2,l-^3 [2.5]benzodiazocine-H-

carboxylic acid; 14-cyclohexyl-3-methoxy-6-methyl-556}7,8-tetrahydroindolo[2,l-

a] [2,5]benzodiazocine-11 -carboxylic acid; methyl ({[(14-cyclohexyl-3-methoxy-6-methyl-

25 5,6,7,8-tetrahydroindolo[2,l-a][2,5]benzodiazocm-ll-yl)carbonyl]amino}sulfonyi)acetate; 

({[(14-cyclohexyl-3-methoxy-6-methyl-5,657J8-tetrahydroindolo[2,l-a] [2,5]benzodiazocin-ll-

yI)carbonyl]amino}sulfonyl)acetic acid; 14-cyclohexyl-Ar-[(dimethylamino)sulfonyl]-3-

methoxy-6-methyl-5,657,8-tetrahydromdolo[2,l-(3] [2,5]benzodiazocine-ll-carboxarmde; 3-

chloro-14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-oxo-5,657,8-tetrahydroindolo[2,l-
30 a][2,5]benzodiazocine 11-carboxylic acid; iV-(l l-carboxy-14-cyclohexyl-7f8-dihydro-6//-

mdolo[l,2-e][ls5]benzoxazocin-7-yl)-jV,AT-dimethylethane-l,2-diaminium bis(trifluoroacetate); 

14-cyclohexyl~7?8-dihydro-6i7-indolo[],2-e][1.5] benzoxazocine-11-carboxylic acid; 14-
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cyclohexyl-6-methyl-7-oxo-556?758-tetrahydroindolo [2,l-<3][2,5]benzodiazocine-l 1-carboxylic 

acid; 14-cyclohexyl-3-methoxy~6~methyl~7~oxo-5,657,8-tetrahydroindolo[2J}-

tf][2,5]benzodiazocine-l 1-carboxylic acid; 14-cycloh.exyl-6-[2-(dimethylamino)ethyl]-3-

methoxy-7-oxo-5,6 J,8-tetrahydroindolo[2,l -<23[2,5]benzodiazocine-l 1-carboxylic acid; 14-

5 cyclohexyl-6-[3-(dimetbylamino)propyI]-7~oxo-5?6,7,8-tetrahydroindoIo [2,1-

a][2,5]benzodiazocme-l 1 -carboxylic acid; 14-cyclohexyI~7-oxo-6-(2-piperidm~] -ylethyl)-

5.6.7.8-tetrahydroindolo[2s!-a][2,5]benzodiazocme-n-cafboxylic acid; 14-cyclohexyl-6-(2-

morpholin-4-ylethyl)-7-oxo-5,6,7,8-tetrahydroindolo[2,l -a][2,5]benzodiazocine-l 1 -carboxylic 

acid; 14-cyclohexyl-6-[2-(diethylamino)etbyl)-7-oxo-5>6,7>8-tetrahydroindolo[2,l-«] 

10 [2s5]benzodiazocine-ll-carboxylic acid; 14-cyclohexyl-6-(l-methylpiperidin-4-yl)-7-oxo-

5,6s7,8-tetrabydroindolo[2,l-a][2,5]ben2odiazocine-l 1-carboxylic acid; I4-cyclohexyl-V-

[(dimethylamino)sulfonyl]-7-oxo-6-(2-piperidm-l-ylethyl)-5,6,7,8-telrahydromdo}o[25l-<3] 

[2,5]benzodiazocine-ll-carboxamide; 14-cyclohexyl-6-[2-(dimethylamino)ethyl]-.V~ 

[(dimethylamino)sulfonyl]-7-oxo-5f6)7,8-tetrahydromdolo[2,l--t3][2,5]benzodiazocine~ll-

15 carboxaniide; 14-cyclopentyl~6-[2~(dimethylamino)ethyl]-7-oxo-5,6,7,8-tetrahydroindolo[2,l-<23 

[2,5]benzodiazocine-l 1-carboxylic acid; 14-cyclohexyl-5,6J,8-tetrahydroindoIo[2,l-<z] 

[2>5Jbenzodiazocme-l 1 -carboxylic acid; 6-allyl-14-cyclohexyl-3~methoxy-5,657}8-

tetrahydroindolo[2,1 -a][2,5]benzodiazocine-l 1 -carboxylic acid; 14-cyclopentyl-6-[2-

(dimethylamino)ethyl]-5,6,758-tetrahydroindolo[2,l -a][2,5]benzodiazocine-l 1-carboxylic acid; 

20 14-cycIobexyl-6-[2-(dimethylamino)ethyl)-5>6!7,8-tetrahydroindoIo[2J-a][2,5]benzodiazocine-

11-carboxvlic acid; 13-cyclohexyl-5-methyi-455,6,7-tetrahydrofuro[3,52'i6s7][l54]diazocmo[l>8-

a]indole-10-carboxylic acid; 15-cyclohexyl-6-[2-(dimethylamino)ethyl)-7-oxo-6,7,8,9-

tetrahydro-5H-indolo[2,l-a}[2,6]benzodiazomne-12-carboxylic acid; 15~cyclohexyl-8-oxo-

6.7.8.9-tetrahydro-5//-indolo[25l-tf][2,5]benzodiazonme-12-carboxylic acid; 13-cyclohexyl-6-

25 oxo-6,7-dihydro-5H-indolo[l}2-{fj[l,4]benzodiazepine-1.0~carboxylic acid; and pharmaceutically 

acceptable salts thereof. 

The HCV replicons and NS5 A inhibitory activity of the present compounds may 

be tested using assays known in the art. HCV inhibitors, such as those described in the 

Examples herein have activities in genotype lb, 2a and 1 a replicon assays of from about 1 pM to 

30 about 1 The assay is performed by incubating a replicon harboring cell-line in the presence 

of inhibitor for a set period of time and measuring the effect of the inhibitor on HCV replicon 

replication either directly by quantifying replicon RNA level, or indirectly by measuring 
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enzymatic activity of a co-encoded reporter enzyme such as luciferase or P-lactamase. By 

performing a series of such measurements at different inhibitor concentrations, the effective 

inhibitory concentration of the inhibitor (EC50 or EC90) is determined. See Jan M. Vrolijk et al, 
A replicons-based bioassayfor the measurement of interferons in patients with chronic hepatitis 

5 Cs 110 J. ViROLOGiCAL METHODS 201 (2003). Such assays may also be run in an automated 

format for high through-put screening. See Paul Zuck et al., A cell-based lactamase reporter 
gene assay for the identification of inhibitors of hepatitis C virus replication, 334 ANALYTICAL 
BIOCHEMISTRY 344 (2004). 

The present invention also includes processes for making compounds of 

10 formula (I). The compounds of the present invention can be readily prepared according to the 

following reaction schemes and examples, or modifications thereof, using readily available 

starting materials, reagents and conventional synthesis procedures. In these reactions, it is also 

possible to make use of valiants which are themselves known to those of ordinary skill in this art, 

but are not mentioned in greater detail. Furthermore, other methods for preparing compounds of 

15 the invention will be readily apparent to the person of ordinary skill in the art in light of the 

following reaction schemes and examples. Unless otherwise indicated, all variables are as 

defined above- The following reaction schemes and examples serve only to illustrate the 

invention and its practice. 

General Schemes 

20 Scheme A-l 

9 II I Hj,Pd-C •W HjN N' 

1 
H 

.N. Ta^-yCr 
RCOOH 

H2N^-N R" CI 

RCOOH iHATU 

25 

The synthesis of analogs containing the 4-azaindole core can be accomplished 

starting from a suitably protected 2-amino~5~nitropyridine 2, which can then be reduced by 

catalytic hydrogenation in order to convert the resulting free amino group to its hydrazine by the 

action of NaN02 and SnCk- The resulting pyridylhydrazine can be condensed with a ketone 
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then subjected to Fisher indole cyclization conditions to afford the indole 6. Acidic deprotection 

of the acetyl groups can be accomplished by using a strong acid to liberate the diamine, which 

can be selectively coupled on the more reactive aniline nitrogen using standard coupling agents, 

such as HATU. The aminopyridine group can then be acylated with a reagent, such as acetyl 

5 chloride or a carboxylic acid, in the presence of an amide bond-forming reagent. 

Scheme A-2 

6 

2-Bromo-3-aminopyridines can be coupled to a terminally substituted alkyne 

using standard Sonagashira coupling procedures to give inteimediates 5, which can undergo 

10 TFAA-mediated cyclization to provide the 4-azaindole compounds 6. Protecting groups can be 

removed with a strong acid, such as aqueous HC1, and the resulting amine can be acylated using 

an appropriately substituted carboxylic acid and an amide bond forming reagent, such as HATU. 

Scheme B 

e 

15 The synthesis of scaffolds B containing a 6-azaindole core can be accomplished 

by the metallation of the 4-methylpyridine analog 2 with a strong base, such as BuLi, and 

quenching the resulting anion with the acylating agent, such as 3. Intermediate 4 can be globally 

deprotected by the action of a strong acid, such as HBr, to give the diamino azaindole structure 5. 

Both amino groups can be acylated using an appropriately substituted carboxylic acid and an 
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amide bond forming reagent, such as HATU. Compounds 6 can be further functionalized at the 

C-3 indole position with electrophiles, such as NCS. 

°^Y^| l<l,K)Q3, H;S0„H20 Cul. WCWPPWaagl _ _V""\ 

t 10K W' HHj _Jf' 
3 

/=v VR HATU /^\ VR NCS. ^V^V^r-i /-\ VR 

iNXM>'NK T \XM>w • I INX>A>NH 

5 Iodo aminopyridines 2 can be coupled to a terminally substituted alkyne using 

standard Sonagashira coupling procedures to give intermediates 5, which can undergo a base-

mediated cyclization using a reagent, such as KOtBu, to provide the 7-azaindole compounds 4. 

Protecting groups can be removed with a strong acid, such as aqueous HC1, and the resulting 

amine can be acylated using an appropriately substituted carboxylic acid and an amide bond 

10 forming reagent, such as HATU. Compounds 6 can then be reduced using hydrogen and a 

catalyst then coupled a second time with a carboxylic acid and HATU to provide 8. Treatment 

of 8 with an electrophilic agent, such as NCS, provides the desired compounds. 

O 0 
NH2 ^ . 

H 
HBr, DMSO 

OjN ^ cyj 

1 2 

CICOOEl k .X-N \ _ N 
L O Z.CHjN, I 

R^o R-^-o 

or xxto* 

15 Compounds in the D series can be synthesized by reacting dicarbonyl 

intermediate 2 with a 2-aminopyrimidine derivative in the presence of a Lewis acid, such as 
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boron trifluoride etlierate. The resulting heterocycle can be alkylated with a bromoketone analog 

of an amino acid, such as proline, in the presence of a tertiary amine base. The nitro group can 

be reduced, and the resulting aniline can be acylated using an appropriately substituted 

carboxylic acid and an amide bond forming reagent, such as HATU, to give the final products, 

5 Scheme E-l 

Scaffold E-l can be prepared by the condensing a benzoic acid derivative, such as 

1, with a phenylenediamine counterpart 2 in the presence of a. dehydrating agent, such as 

polyphosphoric acid. The resulting aniline can be acylated using an appropriately substituted 

10 carboxylic acid, such as N-Boc-L-proiine, and an amide bond-forming reagent, such as HATU, 

and can then be subjected to acidic conditions to remove the Boc group. Compounds 4 can be 

coupled again with an appropriately substituted carboxylic acid and an amide bond-forming 

reagent, such as HATU. The nitro group in 5 can be reduced under catalytic hydrogenating 

conditions, and the resulting aniline can be further coupled with various amines to give the target 

15 compounds. 
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Scheme E-2 

NO* 

+ (j* HATU 

1 

NHj -W-». 
\_/~Y o 

RCOOH 

NHj 

HATU, DtPEA 
Pd/C 

Af> "TILA 
TEA (J*-™ 

10 

Scaffold E~2 can be prepared by the reacted with a benzoic acid derivative with a 

phenylenediamine analog and an amide bond-forming reagent, such as HATU, to give amides 3, 

which can be cyclodehydrated by heating with a reagent, such as HOAc. The resulting aniline 

can be acylated using an appropriately substituted carboxylic acid and an amide bond-forming 

reagent, such as HATU, to give intermediates 5. The nitro group can be reduced under catalytic 

hydrogenating conditions, and the resulting aniline can be sulfonylated with an appropriately 

substituted sulfonyl chloride and a tertiary amine base to give the targets. 

\\ /~NH* -0 KATU 

1 > 3oc o 

V9 

HATU 

Scaffold F can be prepared by the condensing a benzoic acid derivative, such as 1, 

with an amino phenol counterpart 2 in the presence of a dehydrating agent, such as 

polyphosphoric acid. The resulting aniline can be acylated using an appropriately substituted 

15 carboxylic acid, such as N-Boc-L-proline, and an amide bond-forming reagent, such as HATU, 

and can then be subjected to acidic conditions to remove the Boc group. Compounds 4 can be 

coupled again with an appropriately substituted carboxylic acid and an amide bond -forming 

reagent, such as HATU. 
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Scheme G-l 

4 5 

Compounds having the benzofuran structure G can be prepared by reacting an 

appropriately substituted salicylaldehyde with a benzyl halide, such as 4-nitrobenzyl bromide, in 

5 the presence of a tertiary amine base to give ethers 2. The benzylic ethers can be treated with a 

base, such as DBU, and heated to elevated temperatures to effect cyclization to the benzofurans 

3, The nitro groups in 3 can be reduced under catalytic hydrogenating conditions, and the 

resulting anilines can be coupled with various carboxylic acids to give the target compounds G-

1. 

10 Scheme G-2 

XX — WO-
NOj 

1 2 3 

6 

For differentially substituted compounds (R, R') having the benzofuran structure 

G, the synthesis can be modified by reacting an appropriately substituted bromo salicylaldehyde 

with a benzyl halide, such as 4-nitrobenzyl bromide, in the presence of a. tertiary amine base to 

15 give ethers 2. The benzylic ethers can be treated with a base, such as DBU, and heated to 

elevated temperatures to effect cyclization to the benzofurans 3. The aryl bromide can be 

converted to the aryl amine by reaction with LHMDS and a palladium catalyst to provide 4, 
which can be coupled to an appropriately substituted carboxylic acid to give 5. The nitro group 

in 5 can be reduced under catalytic hydrogenating conditions, and the resulting aniline can be 

20 coupled with a second carboxylic acid analog to give the target compounds G-2. 
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Scheme H 

4 

Appropriately substituted aminopyrimidines can be cyclodehydrated after 

acylation with an appropriately substituted ketone, such as 4'-nitro-2-bromobenzophenone> by 

5 heating in a solvent, such as MeOH, and an acid source, such as HBr. The resulting heterocyclic 

nitro compound can be converted to the aromatic amine by reduction with a reagent, such as 

SnCfe. The final compounds H can be obtained by reacting 4 with an appropriately substituted 

carboxylic acid and an amide bond-forming reagent such as HATU. 

Scheme I 

10 4 

Compounds in scheme I can be prepared by reacting the appropriately substituted 

aminopyridine with 4-nitro-2-bromobenzophenone by heating in a solvent, such as acetone, then 

effecting a cyclodehydration reaction using methanol and an acid source, such as HBr. The 

resulting heterocyclic nitro compound 3 can be converted to the aromatic amine by reduction 
15 with a reagent such as SnCJk The final compounds can be obtained by reacting 4 with an 

appropriately substituted carboxylic acid and an amide bond-forming reagent, such as HATU. 

Scheme J 

H H 
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Compounds in scheme J can be prepared by coupling indole boronic acids with an 

appropriately substituted 2-bromoindole, such as 2, under standard Suzuki conditions. The 

protecting groups can be removed with HCI, and the nitro group in 4 can be reduced under 

catalytic hydrogenation conditions. The penultimate diamine can be coupled with an 

appropriately substituted carboxylic acid and an amide bond-forming reagent, such as BOP, 

reagent to give compounds with the targeted central scaffold. 

Scheme K-l 

YCQ-O 
The synthesis of compounds with the indole core scaffold K can be prepared 

10 using standard Fisher indole synthesis protocol starting for an aryl hydrazine and a ketone such 

as 2. Conversion of the aryl bromide to the aryl amine 4 could be effected by the Pd-catalyzed 

reaction with LHMDS. The nitro group could be reduced and the diamine can be coupled with 

an appropriately substituted carboxylic acid and an amide bond-forming reagent, such as HATU, 

to give compounds with the targeted scaffold. 

15 Scheme K~2 
protect BuU/E(OMs)a 

Boo 

R\ 
O 

H H R\ 
,WS!X acylate W=X )= 

In an alternative procedure indoles IC can be prepared starting from a suitably 

protected and substituted aminoindole 3. Lithiation and quenching with a boronate ester affords 

key intermediate 4. which can be coupled to an appropriately substituted aryl or heteroaryl halide 

20 to provide targets 5. Hie Boc groups can be removed with acid., and the resulting aniline can be 
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coupled with an appropriately substituted carboxylic acid and an amide bond-forming reagent, 

such as HATU. The nitro group in 7 can be reduced and coupled in a second amide coupling 

reaction to give the desired compounds. 

Scheme L 

10% HAc/EtOH 
3 

5 
Tetracyclic indole scaffold L can be prepared as outline in the scheme above. 

Cyclization of a carboxy lic acid derivative 2 with PPA can provide the ketones 3, which can 

participate in a Fischer indole reaction with an appropriately substituted phenylhydrazine to give 

4. The acetamide groups can be deprotected under acidic conditions and the resulting aryl 

10 amines can be coupled with an appropriately substituted carboxylic acid and an amide bond-
forming reagent, such as HATU, to give compounds with the targeted scaffold. 

Scheme M-l 

R 

Scaffold M-l compounds can be prepared by coupling proline 2 to amino ketone 

15 1 using standard amide bond-forming procedures to provide 3, which can be cyclized upon 

heating with ammonium acetate at elevated temperatures. Intermediate 4 can be coupled to 
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indole boronic acids, such as using standard Suzuki-type conditions. The Boc groups can be 

removed with acid, and the resulting aniline can be coupled with an appropriately substituted 

carboxylic acid and an amide bond-forming reagent, such as HATU, The pyrrolidine protecting 

group can be removed under hydrogenating conditions, and the resulting amine can coupled in a 

5 second amide coupling reaction to give the desired compounds. 

Scheme M-2 

Scaffold M-2 compounds can be prepared by reacting proline 1 with an anion of 

4-ethynylbenzene to give intermediate ketone 2, which can be cyclized with hydrazine. 

10 Intermediate 3 can be coupled to indole boronic acids, such as using standard Suzuki-type 

conditions. Hie Boc groups can be removed with acid and the resulting aniline can be coupled 

with an appropriately substituted carboxylic acid, and an amide bond-forming reagent such as 

HATU. The pyrrolidine protecting group can be removed under hydrogenating conditions, and 

the resulting amine can coupled in a second amide coupling reaction to give the desired 

15 compounds. 

Scheme M-3 

CK* — cKy, 

-51-



WO 2010/111483 PCT/US2010/028653 

Thiazole analogs of scaffold M can be prepared from the cyclocondensation 

reaction of Z-proline thioamide 2 with an alpha-bromoacetophenone. Products 3 can be 

processed to the final compounds using methodology similar to that described in scheme M-2. 

Scheme M-4 
KH 

Imidazole analogs of scaffold M can be prepared from the cyclocondensation 

reaction of Z-proline bromomethyl ketone 1 with an aromatic amidine derivative. Products 3 can 

be processed to the final compounds using methodology similar to that described in scheme M-2. 

Scheme M-5 

_ HN~- . r-\ o 
i JL V couplfi C. / /=\ R ceptoiaq Ut/H /^\ ' H T I \—(. /V-NH 

I IK )rm ffcooH >=0 
o R' 

10 
Isomeric imidazoles can be prepared starting from a protected amino acid 

aldehyde, such as 3, and glyoxal in the presence of ammonia. Iialogenation of the resulting 

imidazole 2 with MBS can be followed by a Pd-catalyzed cross coupling reaction with a 

functionalized indole boronate ester, such as 4. Deprotection, reduction and coupling with an 

15 appropriately substituted carboxylic acid and an amide bond-forming reagent, such as HATU, 

can provide intermediate compounds 8. A second deprotection/amide-coupling procedure can 

provide the targeted M-5 scaffold. 
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Oxadiazole compounds can be prepared starting fi-om indole hydrazide 2 and 

coupling to an amino acid, such as Z-proline. Cyclodehydration of intermediate 3 can be 

5 effected with a reagent, such as TPP/iodine, to give the desired oxadiazole, which can be 

protected on the indole nitrogen with Boc anhydride. Introduction of the boronic acid functional 

group activates compound 6 for coupling with a substituted aryl halide 7 to give intermediate 8. 

Removal of the cbz and Boc groups afford the penultimate structure 1.0, which can be coupled 

with an appropriately substituted carboxylic acid and an amide bond-forming reagent to give the 

10 targets M-6. 

Scheme M-7 

Oxadiazole analogs of scaffold M can be prepared by cyclocondensation reactions 

of diacyihydrazines 2. Coupling to heterocyclic boronic acids using methodology similar to that 

15 described in scheme M-l can provide the targeted compounds. 
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Scheme M-8 

Double imidazole containing benzofuran compounds can be prepared starting 

from a protected amino acid aldehyde, such as 2, and glyoxal in the presence of ammonia. 

5 Halogenation of the resulting imidazole 3 with NBS can ultimately provide intermediate 5, 

which can be coupled to a functionalized boronate ester, such as 11, to provide 12, Deprotection 

and coupling with an appropriately substituted carboxylic acid and an amide bond-forming 

reagent, such as HATU, can provide the targeted M~8 scaffold. 

Scheme M-9 

An alternative synthesis of benzofurans can be realized starting from benzofuran 

1, which can be converted to boronate ester 2, which can then coupled to an appropriately 
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substituted aryl halide to afford 5. Intermediate 5 can subsequently be converted to a 

functionalized boronate ester and converted to the final products in a manner similar to that 

described in Scheme M~8, 

Scheme M-10 

Benzoxazoles 3 can be prepared starting from a suitable substituted benzoic acid 

and an aminophenol, such as 2, in the presence of polyphosphoric acid. Such products can be 

converted to the corresponding boronate esters using standard procedures- Intermediates 4 can 

subsequently be coupled to a heterocyclic halide in the presence of a Pd(II) catalyst to provide 

10 compounds 5. Deprotection and coupling with an appropriately substituted carboxylic acid and 

an amide bond-forming reagent, such as HATU, can provide the targeted M-10 scaffold. 

Scheme N-l 

The compounds in scheme N-l can be prepared by heating hydrazines 1 with 

15 ketones 2 in a microwave reactor in a polar aprotic solvent, such as NMP. The indole 

acetamides 3 can be deprotected with strong acid, such as HCl. The resulting aryl amines can be 

coupled with an appropriately substituted carboxylic acid, and an amide bond-forming reagent, 

such as HATU, to give compounds of the targeted scaffold. 
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Scheme N-2 

Iodo anilines 1 can be coupled to a terminally substituted alkyne using standard 

Sonagashira coupling procedures to give intermediates 2, which can undergo cyclization using a 

reagent, such as indium bromide, to provide the indole compounds 3. Protecting groups can be 

removed with a strong acid, such as aqueous HCl, and the resulting amine can be acylated using 

an appropriately substituted carboxylic acid and an amide bond-forming reagent, such as HATU. 

Compounds 5 can then be reduced using hydrogen and a catalyst, then coupled a second time 

with a carboxylic acid and HATU to provide the desired compounds. 

Cut, EW \ 

A io ^ NH, 

3N HC! 

.XXMJ' H H 
O 

NN-^ 
R 

In a slight variation of scheme N-2, iodo anilines 1 can be coupled to a terminally 

substituted alkyne using standard Sonagashira coupling procedures to give intermediates 2, 

which can undergo cyclization using a. reagent such as palladium chloride/ferric chloride to 

15 provide the indole compounds 3. Compounds 3 can then be reduced using H2, and the protecting 

group can be removed with a strong acid, such as aqueous HCl, and the resulting amines can be 

acylated using an appropriately substituted carboxylic acid and an amide bond-forming reagent, 

such as HATU. 
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Scheme O 
BIK^. .NH2 i} H 5 \ TY • °°up > BrwNv^N 

o 072 O Cfci 
^ NHj 

Scaffold O can be prepared by reacting a protected proline compound (such as 

Cbz) with a phenylenediamine analog and an amide bond-forming reagent, such as HATU, to 

5 give amides 3, which can be cyclodehydrated by heating with a reagent, such as HOAc. The 

resulting benzimidazole can be coupled to an indole boronic acid derivative using standard 

Suzuki conditions to provide 5. Removal of the Boc groups with acid provides 7, which can be 

acylated using an appropiiately substituted carboxylic acid, such as Boc~L~proline, and an amide 

bond-forming reagent, such as HATU, to give intermediates 7. The Cbz group can be reduced 

10 under catalytic hydrogenating conditions, and the Boc group can be deprotected with acid to 

provide penultimate compounds 9. Amide bond formation between 9 and carboxylic acids 

afford the targeted compounds. 

Scheme P-l 

15 

R*"V 0 

Heterocycles can be halogenated at C-3 by the action of electrophilic agents, such 

as N-halosuccinimides, to provide targets P-l. 

Scheme P-2 

N- v V V\ F \ l " I 1 5 (\ />—NH N O Bss 
SElECTFlUOR 

0 .'XI) \\ /~NH J 0**\ 

-57-



WO 2010/111483 PCT/US2010/028653 

Heterocycles can be fiuorinated at C-3 by the action of electrophilic fluorinating 

agents, such as SELECTFLUOR, to provide targets P-l. 

Scheme P-3 
CN 

CuCM/DMF , T ii 1 ̂  v. .r 
0 8yf^/ \ // 

5 C-3 halogenated compounds can be converted to the corresponding cyano analogs 

by cyanating agents, such as CuC'N. 

ZnCyMeMgBr 
O 

R.A0 

The compounds in scheme P-4 can be functionalized by the acylating indoles with 

10 Grignard reagents and zinc chloride. 

Scheme P-5 

R-H 

R>H 

a>° — feNXX>' 'VV\_n ̂  DMF 

NaC102, NaHjPOrt 02N r*\ " 
NHBoc msHhyt-2-butehe 

-NHBoc Boc 

15 

/ \ R-NH, y—\\ it—NHBoc — 
^ 'J couple 

Boc 
6 

H V-NH 
°yNyv( , , 

•NHBoc 2- HATU J,,, L 1 / \ >-NHCOR" 
acid, DIPEA ^>""H %— 

The compounds in scheme P-5 can be functionalized by deprotonating the indoles 

with a base such as ethylmagnesium bromide and treating the resulting intermediate with 

chlorosulfonyl isocyanate. Alternatively, the indoles 3 can be prepared using Vilsmeier-Haack 

conditions, which can subsequently be protected and coupled under Suzuki conditions to give 

20 intermediates 5. The aldehydes can be oxidized using standard methodology for carboxylic acid 
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formation. Indole carboxylic acids 6 can be coupled to amines using a reagent, such as HATU, 

to give 7, which can be further functionalized by reduction of the nitro group, deprotection of the 

Boc group and coupling of the anilines to an appropriately substituted carboxylic acid and an 

amide bond-forming reagent, such as HATU. 

9YV 
C-3 halogenated compounds can be coupled to a variety of alkyl and aryl boronic 

acids using standard Suzuki conditions. 

(ElCfi-jCO °'K base ^ | V....Q 

0^~OE( 

3 

OsN 

trifiale —. Pdcaupte NHAc reduce 'V-oTr pacouple. ' _ ,H 
VN ===__CHjNHAl. 

OEt _ >=o 
ElO 

/NHAc ««»» YXXf ~ ^ 
10 

Compounds of scheme Q can be prepared starting from the lactam 1. Reaction 

with ethyl chloroformate and treatment of the product with a mild base, such as ammonium 

carbonate, provides intermediate 3, which can be activated for coupling by conversion to the 

corresponding vinyl triflate 4. Sonagashira coupling provides compounds 5, which can be 

15 reduced with iron and ammonium chloride to provide aniline 6. Deprotection of the indole and 

coupling of the aniline to an appropriately substituted carboxylic acid and an amide bond-

forming reagent, such as HATU, provides the desired targets. 

E.V. 

20 Amide coupling of the aniline from scheme K-l with an appropriately substituted 

carboxylic acid and a coupling agent can provide intermediates 2, which can then be subjected to 

Pd-catalyzed cross-coupling reactions to provide the final targets R. 
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rr 
N 

ErCN 
NH 

cA> NO. 

H?N' 
Tl 
r^NO, 

heat 

OjN Cty™"' t-BuNOj 

CuBf, 

2 

0,N XXh Pd(H) 

(Boc^N 

Bos 

reduc* <Boc>>" 

H*N 

(Boc},N 

\ 
-N N' 

Boc 

N B(OHfe 

Boc 

deprolECl. 

NH, 

"NHa RCOOH Sr -a 
cn R 

Compounds in scheme S can be prepared by coupling indole boronic acids with 

an appropriately substituted 2-bromobenzoxazoles, such as 5, under standard Suzuki conditions. 

The nitro group in 6 can be reduced under catalytic hydrogenation conditions and the protecting 

groups can be removed with HCl. The penultimate diamine can be coupled with an 

appropriately substituted carboxylic acid and an amide bond-forming reagent, such as BOP, 

reagent to give compounds with the targeted central scaffold. 

Scheme T 

AcCl 

Br S* 

O 

A 
ASCl3 J 

HO' "Br 

HCl 
"WHi AcOH.EiOH 

gogrotag 

Compounds in scheme T can be prepared by starting from a suitably substituted 

phenol 3 and a hydrazine reagent, such as 4, using established Fisher indole conditions. The 

indole 3 position can then be functionalized or the indole NH can be cyclized onto the C-2 

aromatic ring using standard conditions to give tetracycles 8, which can subsequently be 

converted to the corresponding boronate esters using standard procedures. Intermediates 9 can 
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then be coupled to a heterocyclic halide in the presence of a Pd(II) catalyst to provide 

compounds 10. Deprotection and coupling with an appropriately substituted carboxylic acid and 

an amide bond-forming reagent, such as HATU, can provide the targeted T scaffold. 

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

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

List of Abbreviations 

AC2O 

B(OzPr)3, (fPrO)3B 
B(OMe)3 

BF5 

BOC, Boc, boc 
BOP 

BrCN 
BuLi n-BuLi 
CBZ, Cbz, cbz 
CDCI3 
CH3CN? MeCN 
Cs2C03 

CuBr2 

CuCN 
Cul 
DBU 
DCE 
DCM, CH2C12 

DIPEA, DIEA 
DMAP 

DMF 
DMSO 
DPPF, Dppf, dppf 
EDC, EDCI 
EtaO 

Acetic anhydride 
Tri/sopropyl borate 
Trimethyl borate 
Boron trifluoride 
?er?-Butyloxycarbonyl 
Benzotriazole-l-yl-oxy-tris-(dimethylamino)-

phosphonium hexafluorophosphate 
Cyanogen bromide 
Butyl lithium 
Benzyloxycarbonyl 
Deuterio-trichloromethane 
Acetonitrile 
Cesium carbonate 
Copper(H) bromide 
Copper(I) cyanide 
Copper iodide 
l,8»Diazabicyclo[5.4.0]undec-7-ene 
Dichloroethane 
Dichloromethane 
Dii sopropy lethylamine 
4-Dimethylamino pyridine 
Dimethylformamide 
Dimethyl sulfoxide 
1,1 r-bis(Diphenylphosphino)ferrocene 
A^-(3-Dimethylaminopropyl)-A^'-ethylcarbodiimide 
Diethyl ether 
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EtjN, TEA 
EtMgBr 
ElOAc 
EtOH 
FeCl3 

H2 

H2O 
I-I2SO4 

HATU 

HBr 
HCl 
HHO3 
HOACj HAc 
HOBT, HOBt 
HPLC 
InBr3 
iPr^NH 
K2CO3 

KI 

KOAc, AcOK 
KOH 
LDA 
LHMDS, LiHMDS 
MeMgBr 

MeOD 
MeOH, CH3OH 
MgS04 

MOC, Moc 
MS 
N2 

Na2C03 

PCT/US2010/028653 

Triethylamine 
Bromo(ethyi)magnesium or ethyl magnesium bromide 
Ethyl acetate 
Ethanol 
Ferric chloride or Iron(III) chloride 
Hydrogen or hydrogen atmosphere 
Water 
Sulfuric acid 
0-(J- Azabenzotriazol-1 -yVj-N^.N\N'-

tetramethyiuroniumhexafluorophosphate 
Hydrobromic acid 
Hydrochloric acid 
Nitric Acid 
Acetic acid 
1-Hydroxy benzotriazole 
High performance liquid chromatography 
Indium tribromide 
Di/sopropylamine 
Potassium carbonate 
Potassium iodide 
Potassium iodate 
Potassium acetate 
Potassium hydroxide 
Lithium diisopropylamide 
Lithium hexamethyldisilamide 
Bromo(methyl)magnesium or methy] magnesium 

bromide 
Methan(2H)ol 
Methanol 
Magnesium, sulfate 
Methoxy carbonyl 
Mass spectroscopy 
Nitrogen or nitrogen atomosphere 
Sodium carbonate 
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Na2S04 

NaClOa 
NaHfePO* 
NaHC03 

NaN02 

NaOH 
NBS 
NCS 
NH4OAc 
NMM 
NMR, !H-NMR 
NXS 
P2O5, P4O10 

Pd 
Pd(dppf)Cl2 

Pd(II) 
Pd(PPh3)aCl2, PdCl2(PPh3)2 

Pd(PPh3)4 

Pd;C, Pd-C 
Pd2(dba)3 

PdCi2 

PE 
Phg 
PhCHj, PhMe 
Piv 
PivCI 
POBr3 

PPA 
PPH3fTPP 
Pro 
Proc 
P'BU3 

Sodium sulfate (anhydrous) 
Sodium perchlorate 
Dihydrogen sodium phosphate 
Sodium hydrogen carbonate (sodium bicarbonate) 
Sodium nitrite 
Sodium hydroxide 
N -bromosuccinimide 
N-chlorosuccinimide 
Ammonium acetate 
Af-methylmorpholine 
Proton nuclear magnetic resonance spectroscopy 
N-halosuccinimide 
Phosphorus pentoxide 
Palladium 
Dichloro( 1,1 -bis(Diphenylphosphino)ferrocene) 

palladium(II) 
Pal)adium(II) 
Dichlorobis(triphenylphosphine)palladium(II) 
Tetrakis(triphenyiphosphine)palladium(0) 
Palladium on carbon 
Tris(dibenzylidene acetone)dipalladium(O) 
Palladium(H) chloride 
Petroleum ether 
Phenylglycine 
Toluene 
Pivaloyl 
Pivaloyl chloride 
Phosphorus oxybromide 
Polyphosphoric acid 
Triphenylphosphine 
Proline 
wo-Propylcarbamate 
Tri-terf-butyl phosphine 
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Py Pyradine 
PyBOP (Benzotriazole-1 -yl-oxy)~tripyrrolidmophosphonium 

hexafluorophosphate 
RPLC Reverse phase liquid chromatography 
RT, rt> r.t. Room temperature, approximately 25°C 
S1O2 Silica or silica gel 
SnCb Stannous chloride or Tin(Il) chloride 
SOCfe Thionyl chloride 
STP Standard temperature and pressure 
?~BuLi ferf-Butyl lithium 
£-BUN02 tert -Butyl nitrate 
?~BuOH tert -Butanol 
f-BuOK, K.Of-Bu Potassium tert -butoxide 
TFA Trifluoroacetic acid 
TFAA Trifluoroacetic anhydride 
THF Tetrahydrofuran 
TLC Thin layer chromatography 
ZnCk Zinc chloride 

EXAMPLES 
Example 1 - N~M-f5-facetvIammQ)-lli-pvrrQlof3.2-b}nvridiji-2-vljnhenvH~l~(phenvlacet\!I)~L-

nrolinamide 

To a suspension of 2-ammo-5-nitropyridme (25.0 g, 0.18 moi) and 0.5 gof 

DMAP in 200 mL of pyridine, Ac20 (37 g, 0.36 mol) was added drop wise at 0°C. The mixture 

10 was stirred at RT for 5 hours. The volatile was removed in vacuo. The residue was washed with 

EtOAc to yield an off-white solid (28 g, 86%). MS (ESI) m/e (M+H+): 182. 

-64-



WO 2010/111483 PCT/US2010/028653 

Step 2 

Xjy^xxr 
H H 

A heterogeneous mixture of 2-acetamido~5-nitropyridine (28 g, 0.15 mol) and 

10% Pd/C (2.8 g) in 300 inL of MeOH was stirred in 50 psi of H2 for 6 hours. The mixture was 

5 filtered through CELITE, and concentrated in vacuo to yield a solid (20.5 g). MS (ESI) m/e 

(M+H'): 152. 

Step 3 

I XJ 1.HCI.NaNQ2 0 ij^V NHJ 
N 2. SnC!2lHCi * 

H 

NaNOj (5.4 g, 78.2 mmol) was added slowly to a solution of 2-acetamido-5-

10 aminopyridine (9.0 g, 60 mmol) in 6 M aqueous HCl (300 mL) at 0°C and was stirred for 45 

minutes. A solution of SnCl2 (40.5 g, 180 mmol) in 15 mL of 6 M aqueous HCl was added, and 

the reaction mixture was allowed to warm to RT slowly while stirring for 16 hours. The reaction 

mixture was basified with 40 percent aqueous KOH, extracted with EtOAc (3x), and the organic 

layers are combined, dried over NajSO^ and concentrated in vacuo to give the desired compound 

15 (3.2 g). MS (ESI) m/e (M+H*): 167. 

Step 4 

t fr1^ • t rV^ B» 1 jV-Vi 1 
H H H H 

A suspension of the product from step 3 (3.32 g, 20 mmol) and iV-(4-

acetylphenyl)acetainide (3.54 g, 20 mmol) in 8 mL of EtOH was diluted with TEA to adjust the 

20 pH to about 9.5. The resulting reaction mixture was refluxed for 3 hours. The solvent was 

removed in vacuo, and the resulting residue was treated with 5 % aqueous citric acid to form a 

precipitate. The precipitate was filtrated, washed with water and dried in vacuo (3.2 g). MS 

(ESI) m/e (M+H+): 326, 

Step 5 

25 
A mixture of the product from step 4 above (0.6 g, 1.8 mmol) and PPA (5 mL) 

was heated to 90°C for 75 minutes under N2. After cooling to RT, the reaction mixture was 
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poured to an ice water, neutralized with solid NaOH, while maintaining the temperature of the 

mixture at or below RT. A solution of wo-propanol and DCM (1:3) was added to exact the 

organic. The combine organic phase was washed with brine, dried over Na2SC>4 and 
concentrated in vacuo. The residue was purified by preparative HPLC to yield a solid (280 mg). 

MS (ESI) m/e (M+rf> 309. 

Step 6 

A mixture of the 4-azalndole (280 mg, 0. 9 mmol) in 10 mL of 3 N HCl was 

refluxed for 2 hours. The solvent was removed in vacuo. The residue was purified by HPLC to 

yield a solid (120 rag). MS (ESI) m/e (M+H4"): 225. 

Step 7 

Hd N 
HATU H2NVN-

To a suspension of the product from step 6 (23 mg, 0.1 mmol), acid (23 mg, 

0.1 mmol) and DIPEA (20 mg, 0.15 mmol) in 1 mL of CH3CN was added HATU' (42 mg, 

0.12 mmol). The resulting mixture was stirred at RT overnight. After reaction completed, the 

mixture was purified by pre-HPLC (10 mg). MS (ESI) m/e (M+H4"): 440. 

Step 8 

. />—NH N" .psx'' ^ °<X) 
A mixture of product from step 7(10 mg, 0.023 mmol) and TEA (3 g, 0.03 mmol) 

in CH3CN (100 mL) was stilted at 0°C. Acetyl chloride (2 mg, 0-023 mmol) was added 

dropwise, and the resulting mixture was stirred at RT for 0.5 hour. The solvent was evaporated 

in vacuo, and the residue was purified by preparative HPLC to afford the desired product (5 mg). 

MS (ESI) m/e (M+H> 482. NMR (MeOD): 6 8.25 (d, J=8,4 Hz, 1H), 7.74 ~ 7.89 (m, 4H), 

7.26 ~ 7.32 (m, 5H), 7.00 ~ 7.02 (m, 2H), 4.63 -4.64 (m, 1H), 3.72 - 3.84 (m, 4H), 2.18 ~ 2.33 

(m, 2B)f 2.07-2.10 (m3 5H). 
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Examples 2-3 
The compounds of Examples 2 and 3 were prepared in a similar manner stalling 

from intermediate 7 in step 6. 
Example Structure MW Name 

2 

HA s xxy^y~mj r*\ 
0 H 

654.776 (2S)-1 -(pheny [acetyl)-/1/- {2-[4-
(CE(25)-1-

(phenylacetyi)pyrrolidin-2-
yl]carbonyl) amino)phenyI]-1H-

pyrroio[3 }2~£]pyridin-5-
yl}pyrro!idine-2-carboxamide 

3 OyVrvw^ rvx f I I J V\ N 

O 

6S6.774 benzyl (2£>2-[(2-{4-jX{(2S)-l-
[(benzyloxy)carbonyl]pyrro)idm-

2-yl} carbonyl)amino]pheByi} -
l//-pynt>lo[3£4>]pyrjdin-5-
y l)carbamoyl]pyrro] j dine-1-

carboxvlate 

5 Example 4 - tzrt-hutvl f{]$)-2-f{2$)-2-{[4~(5-bromo~JH~pvrrolof3.2-bIpvridin-2-

vl)ohenvllcarbamovBDvrrolidin-l-vll~2-oxo-l-vhenvlethvftcarbamate 

Step 1 
NB5 

Br N Br 

10 NBS (14.9 g, 84 mmol) was added portion wise to a solution of compound 3-

ammopyridine (14.9 gs 84 mmol) in DMSO (80 ml.) and water (20 mL) at 0°C, and the reaction 

was stirred at RT for 3 hours. The mixture was poured into ice-water (250 mL) and stirred for 30 

minutes. The precipitate was collected and dried to yield a solid (7.0 g). MS (ESI) m/e (M+H*): 

250. NMR (DMSO): 5 7.28 (d, J-7.6 Hz, 1H), 7.03 (d, J=7.6 Hz, 1H), 5.69 (s, 2H). 

15 Step 2 

— KO* 
H 

4-Ethynyla.cetanilide was prepared using the similar method shown in Example 1, 

step 1. MS (ESI) m/e (M+H+): 160. 

,NH2 
VNH2 O Pd;PPh3)2Ci3, Cul 

Step 3 

20 H Br 0 
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To a solution of 3-ammo-2,6-dibromopyridine (9.41 g, 37,5 mmol), 4-

ethynylacetanilide (4,77 g. 30 mmol) and Pd(PPh.3}2Cl2 (1.31 g, 1.9 mmol) in a mixture of 150 

mL of Et3K and 50 mL of DMF was added Cul (0.71 g, 0.4 mmol) under N2. The resulting 
mixture was stirred at RT overnight. The solvent was removed, and the residue was purified by 

chromatography (8.5 g). MS (ESI)m/e (M+B+): 331. 'HNMR (DMSO): 8 7.59 (d, J=8.8 Hz, 

2H), 7.54 (d, J=8.4 Hz, 2H), 7.21 (d, J-8.8 Hz, 2H), 7.07 (d, J=8.4 Hz, 2H), 2.12 (s, 3H). 

Step 4 

Br 

NH2 

\\ //"NH 

O' 

TFAA,Py 

1,4-tfioxane 

To a 0°C solution of the product from step 3 (8.5 g, 25.7 mmol) and pyridine (4.0 

g, 51.4 mmol) in 50 mL of 1,4-dioxane was added TFAA (10.8 g, 51.4 mmol). The resulting 
mixture was then heated to 100°C overnight. The mixture was cooled and poured into 200 mL 

of water, and the precipitate was filtered and washed by water then dried to give a solid (1.3 g). 

MS (ESI) m/e (M+H4): 333. 

Step 5 

Brv M 

The reaction was conducted similar to that describe in Example 1, step 6. MS 

(ESI)m/e(M+tf): 288. 

Step 6 

Br-^N. HATU 

BOC-NH 

To a suspension of the product from step 5 (0.1 mmol), N-Boc-L-Phg-L-Pro-OH 

(0.1 mmol) and DIPEA (20 mg, 0.15 mmol) in 1 mL of CH3CN was added HATU (42 mg, 0.12 

mmol). The resulting mixture was stirred at RT overnight, concentrated and purified by RPLC 

to give the desired compound. MS (ESI) m/e (M+H*): 619. *H NMR (MeOD 400) 5: 7.85 -

7.77 (m, 5 H), 7.43 - 7.36 (m, 6 H), 6.89 (s, 1 H), 5.50(ss 1H), 4.54 (d, J-8.0 Hz 1H), 3.93(t 1 

H), 2.10 - 1.87 (m, 4 H) 1.41 (s, 9 H). 
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Example 5 - (2$)^R-{3-chloro-2~[4-(tt(2§)-l~(Dkenvlacetvl)vvrrolidin-2-vUcarbonvBaminol 

f)henvll-lll-Dvrrolof23-£lDvridin-5-vtt-l-fohenvlacetv{)pvrr0lidine-2~carb0xamide 

N°2 HXlPdC NH2 

Step 1 

5 H2N 

A heterogeneous mixture of 2-amino-4-methyl-5-nitropyridine (4.15 g, 27 mmol) 

and 10% Pd/C (0.4 g) in 50 mL of THF was stirred in 50 psi of H2 for 3 hours. The mixture was 

filtered through CELLTE and concentrated to yield a yellow solid (3.20 g). MS (ESI) m/e 

(M+H+): 124. NMR (DMSO): 5 7.38 (s, 1 H), 6.16 (s, 1 H), 4.84 (s, 2 H)> 4.06 (s, 2 H), 1.96 

10 (s, 3 H). 

Step 2 

-m2 , ft • o 

A mixture of diamine from step 1 (3.20 g, 26 mmol), TEA (5.25 gf 52 mmol) and 

a catalytic amount of DMAP in THF (100 mL) was stirred at. 5-10°CJ then treated with pivaloyl 

15 chloride (3.74 g, 31 mmol). The resulting mixture was stirred at RT for 5 hours, diluted with a 

5% solution of citric acid, and extracted with EtOAc. The combined organic extracts were 

sequentially washed with water and brine, dried, filtered, and the filtrate was concentrated in 
vacuo to yield a residue. The residue was purified by column chromatography on silica gel to 

afford 7.4 g of the desired compound. MS (ESI) m/e (M+H*): 292. 'H NMR (CDC13): 5 8-77 (sf 

20 I H), 8.47 (s, 1 H), 8.20 (s, 1 H), 7.15 (s, I H), 2.24 (s, 3 H), 1.30-1.32 (m, IS H). 

Step 3 
o 

SOOIz . CI 

02N' ^ ^ 

To a cooled solution of 4-nitrobenzoic acid (12 g, 72 mmol) in 50 mL of PhMe 

was added 20 mL of SOCI2 drop wise. After the addition, the suspension was heated to reflux 

25 for 4 hours. The solvent was removed, and the residue was azeotroped with 50 mL of PhMe to 

afford 14.5 g of crude acid chloride. To a solution of TEA (101 g> 100 mmol), a catalytic 

amount of DMAP and O-dimethylhydroxylamine (5.3 g, 87 mmol) in 100 mL of DCM was 
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added drop wise 14.5 g of the freshly prepared acid chloride in 100 mL of DCM. The resulting 

mixture was stirred at RT for 5 hours, then di luted with a 5 % solution of citric acid, and 

extracted with DCM. The combined organic extracts were sequentially washed with water and 

brine, dried and filtered, and the filtrate was concentrated to yield a residue. The residue was 

purified, by column chromatography on silica gel to afford 7.0 g of the Weinreb amide. MS 

(ESI) m/e (M+HH): 211. *H NMR (CDCfe): S 8.25 (d, >8.8 Hz, 2 H), 7,82 (d, M9.6 Hz, 2 H), 

3.52 (s, 3 H), 3,82 (s, 3 H), 

Step 4 

fHr f H>,Pd"c , f 

10 A heterogeneous mixture of the nitro compound above and 10% Pd/C in THF was 

stirred at STP with a balloon of H2 for 3 hours. The mixture was filtered through CELITE, and 

concentrated to yield a yellow solid MS (ESI) m/e (M+H4"): 181. 

Step 5 

jCrV • 
15 The product from step 4 was pivaloylated using conditions described in step 2. 

MS (ESI) m/e (M+H4): 265. *H NMR (CDCfe): d 7.66 (d, J-8.4 Hz, 2 H), 7.56 (d, 7=8.8 Hz, 2 

H), 3.51 (s, 3 H), 3.32 (s, 3 H). 

Step 6 

o o 
S. J<r* .0 HN 

9 rw < 9 r'YYx BULI HNY 
— "• INN \ W W \ / 

NH 

N "" 

o=K , 
X 

20 A solution of compound isolated from step 2 above (2.2 g5 7.5 mmol) in 15 mL of 
THF was cooled to below -40°C. f-BuLi in hexane (15 mL, 2.5 M, 37.5 mmol) was added 

dropwise, and the resulting solution was stirred at -40°C for 1 hour. A solution of compound 

from step 5 (2.2 g, 8.25 mmol) in 10 mL of THF was added drop wise, and the resulting solution 

was continued to stir at this temperature for 30 minutes before being warmed to RT and stirred 

25 for 30 minutes again. An aqueous 5 % citric acid solution was added to quench the reaction, 

which was extracted with DCM (*3), and the combined organic layers were washed with water 
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and brine, dried over Na2S04 and concentrated in vacuo. The residue was purified by 

preparative HPLC to yield a solid (0,4 g), MS (ESI) m/e (M+H*): 495. *H NMR (CDCfe): 5 8.85 

(s, 1 H), 8.68 (s, 1 H), 8.26 (s, 1 H)s 8.03-8.05 (m, 3 H), 7.21 (d, J**8.8 Hz, 2 H), 7.53 (s, 1 H)s 

4.20 (s9 2 H), 1.33-1.29 (m, 27 H). 

5 7 

15 

20 

A solution of the product from step 6 (400 mg, 0.8 mmol) in 33% aqueous HBr 

(15 mL) was refluxed overnight. After cooling, the mixture was concentrated in vacuo. The 

residue was purified by preparative HPLC to give a solid (120 mg). MS (ESI) m/e (M+HT): 225. 

10 *H NMR (MeOD): 5 8.04 (s, 1 H)= 7.78 (d, 2 H), 7.04 (d, 2 H), 6.86 (s, 1 H), 6.71 (s, 1 H). 

Step 8 

The product from step 7 was coupled to 2 equivalents of AT-phenylacetyl-L-

proline using 2 equivalents of HATU and DIEA in a manner similar to that shown in Example 1, 

MS (ESI) m/e (M+H*): 687. *H NMR (MeOD): 5 8.49-8.57 (m, 1 H). 7.38-7.45 (m, 2 H), 7.72 

-7.80 (m, 2 H), 5,15-5.20 (m, 4 H), 4.42-4.50 (m, 2 H), 3.57-2.59 (m, 4 H), 2.31-2.42 (rn, 4 

H), 1.89-2.15 (m, 6 H). 

Step 9 

NCS 

25 

To a solution of product from step 8 (15 mg, 0.02 mmol) in 2 mL of dry THF was 

added NCS (2 mg, 0.015 mmol). The resulting mixture was stirred at RT for 30 minutes. The 

solvent was evaporated, and the residue was purified by prep HPLC to give 5 mg of the desired 
product. MS (ESI) m/e (M+H+): 689. fH NMR (MeOD): 6 8.53 (s, 1 H), 7.91 (d, 7=9.2 Hz, 2 

H), 1.11 (d, J-8.8 Hz, 2 H), 7,49-(s, 1 H), 7.20-7.23 (m, 10 H), 4.53-4.59 (m, 2 H), 3.64-3.79 

(m> 8 H). 1.98-2.25 (m, 8 H). 
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Example 6 - (2S)-N-f3-chloro-2-f4-({f(2S)-l-fohenvlacetvr)i}vrrolidin-2-vlIcarhonvl} 

amino}pkenvlI-lWL-vvrrolof2.3-bInvridin-5-vtt-l-fokenvlacetvl)Dvrrolidine-2~carboxamide 

Step 1 
0,N Kl, K)Os, HjSO* H20 02N 

^ 2 ,Q0C 

2-Amino-5~nitropyridine (7.00 g, 50.0 mmol) was dissolved in H2SO4 (2 Ms 100 

mL). Potassium iodate (4.28 g, 20 mmol) was added portion at RT with stirring. The solution 
was heated to 100°C under reflux. Potassium iodide (8.00 g, 48.2 mmol) was added drop wise 

over 1 hour as a solution in water (20 mL). A brown solution resulted, with solid iodine 

10 collecting in the reflux condenser. Keating at reflux was continued for 30 minutes, and the 

mixture was cooled to RT. The mixture was adjusted to pH 7 with the careful addition of solid 

NaHCC>3. The mixture was diluted with water (200 mL) and CH2CI2 (250 mL) was added. Solid 

sodium thiosulfate was added with vigorous stirring until the iodine coloration had been 

disappeared. A significant amount of yellowish solid remained out of solution, which was 

15 collected by filtration, washed with water and dried to give a yellow solid (10.5 g). The CH2CI2 

fraction was filtered through a silicone-treated filter paper and evaporated to give a yellow solid 

(2.4 g). The solids were combined to give the desired iodopyridine (12.7 g). MS (ESI) m/e 

(M+H+): 266. 'H NMR (DMSO): 5 8.89 (s, 1 H), 8.62 (s, 1 H), 7.75 (bs, 1 H). 

Step 2 
P °=V \ 
\ + | j' Col. PdCMPPfrfa, ElaN / v_N'H 

20 
A solution of the iodide (1.05 g, 4.8 mmol), 4-ethynylacetaniIide (636 mg, 4.0 

mmol) and Pd(PPh3)2Cl2 (76 mg, 0.4 mmol) in 10 mL of Et^N and 5 mL of DMF was stirred at 
RT over 17 hours under N2. The solvent was removed, and the residue was purified by column 

chromatography to give the product (0.9 g). MS (ESI) m/e (M+H*): 297. *H NMR (DMSO): 6 

25 10.11 (s, 1H), 8.80 (s, 1H), 8,22 (s, 1H), 7.59 (s, 1H)> 2.01 (s, 3H). 

Step 3 
A. w n 

0,N„ 
!-BuOK, DMF.70C 
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To a solution of the product from step 2 (730 mg, 2.5 mmol) in 3 mL of THF and 

6 mL of DMF was added f-BuOK (580 mg, 5.25 mmol). The resulting mixture was heated to 

70°C for 6 hours. The solvent was removed and 10 mL of DCM, 5 mL of water was added, and 

the resulting precipitate was filtered to give the desired product as a yellow solid (680 mg). MS 

5 (ESI) m/e (M+H1): 297. JHNMR (DMSO): 5 10.11 (s, 1 H), 8.96 (s,1 H), 8.65 (s, 1 H), 7.88 (d, 
8.8 Hzs 2 H)f 7.63 (d, >8.8 Hz, 2 H), 6.98 (s, 1 H), 2.02 (s, 3 H). 

Step 4 

HCl 

The synthetic method for the removal of the acetyl group was the same as used in 

10 Example 1, step 6. MS (ESI) m/e (M+H4"): 285. 

Step 5 

0lNrx>\ N Hz 
CM 

The synthetic method used for the coupling of the proline analog to the aniline 

prepared in step 4 was the same as used in Example 1, step 7. MS (ESI) m/e (M+H4-): 470. 

15 Step 6 

O2N 

>r y 
^ ^—NH H 

0 
l-l2,Pd-C \-i >^rv 

N 9 O 

A heterogeneous mixture of product from step 6 (20 mg, 0.04 mmoi) and 10% 

Pd/C in 5 mL of MeOH was stirred in 10 psi of H2 for 3 hours. The mixture was filtered through 

CELITE, and concentrated in vacuo to yield a yellow solid (17 g). MS (ESI) m/e (M+H"5): 440. 

20 Step 7 

-NH N 

O 

HATU VH N 
O \J " -

The product from step 6 was coupled to 3 equivalent of jV-phenylacetyl-L-proIme 

using 1 equivalent of HATU and DIEA in a manner similar to that shown in Example I. MS 

(ESI) m/e (M+H4): 655. 3H NMR (MeOD): 5 8.26 (s; 1 H)f 8.19 (s, 1 H), 7.30-7.51 (m, 3 H), 

25 7.18-7.27 (m, 1 H), 6.65 (s, 1 H), 4.51-4.56 (m, 2 H), 3.61-3.76 (m5 8 H), 1.95-2.15 (m, 8 H). 
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Step 8 

O ^ \ J/ "" J O M N v~"/ 

V 

To a solution of product from step 7 (30 mg, 0.04 mmol) in 4 mL of dry THF was 

added NCS (4 mg, 0,03 mmol). The resulting mixture was stirred at RT for 30 minutes. The 

5 solvent was evaporated, and the residue was purified by prep HPLC to give the desired product. 

MS (ESI) m/e (M+H4): 690. lH NMR (MeOD): 8 8.29 (s, I H), 8.20 (s> I H), 7.81-7.84 (m, 2 

H), 7.66-7.69 (m, 2 H), 7.18-7.29 (m, 10 H), 4.52-4.55 (m, 2H), 3.62-3.78 (m, 8 H), 1.90-2.29 

(m,8H). 
Example 7- N~f4-(3~oxo-7-"f2-oxo~2-f(2$)-I~fohenvfacetvHpvrrolidin-2~vlfefhvti-3,7-

10 dihvdroiMid.azofl,2-alDvra?Xn~2~vl)t>henvl]-l-(vhemlacetvl)-L-vroUnamide 

0 - ^ W f\ 
0 

o 
0 

HSf, DMSO 

0,N ^ OjM" 

To a stirred solution of 4-nitroacetophenone (20 g, 121 mmol) in 100 ml of 

15 DMSO was added slowly 42 ml of 48% aqueous HBr (363 mmol). The solution was stirred in 

m open flask at 55°C and the reaction was followed by TLC. When the starting material was 

consumed, the solution was poured into ice. The solid products were filtered, washed with 

water, and dried under vacuum at RT over P2O5. 

Step 2 

JOV- a" ̂  -03-0-
20 ° 

Arylglyoxal hydrate (5g, 27.8mmoI) was added in one portion over a slurry of the 

heterocyclic amine (2.773 g, 29.2 mmol) in methylene chloride (10 ml). The resulting 

suspension was treated with 1 drop of freshly distilled BFVEtiO and stirred until most of the 

amine was consumed. The reaction products were isolated as hydrates by filtration of the thick, 

25 intensely colored reaction mixture. The residue obtained by concentration is allowed to cool, 
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filtered with suction, washed twice with diethyl ether and dried under reduced pressure to give 

the desired product (4 g). MS (ESI) m/e (M+H4): 256, 

Step 3 

^ CVH- i-cic°°B> ^ 
UvJL 0 2-CH2N2 L 1 i 0 

5 The Ar-protected proline (10 g, 42.8 mmol) in dry ether (60ml) and THF (60ml) 

was stirred under argon at -25°C. TEA (42,8 mol, 4.08 ml) and ethyl chloroformate (42,8 mmol, 

2.6 4.14 ml) were added to this solution. The solution was stirred for further 30 minutes, the 

temperature then allowed to reach -10°C, and the diazomethane solution in ether (2-3 

equivalents) was added drop wise. The suspension was stirred for an additional 3 hours and 

10 allowed to reach ambient temperature. The triethylamine hydrochloride was then filtered off. 

and the filtrate was evaporated to half of its original volume. The resulting solution was washed 

with saturated aqueous NaHCOs (50 ml) and brine (50 ml). The organic layer was dried and 

evaporated to give a crude product, which was used without further purification. MS (ESI) m/e 

(M+H4): 258. 

15 Step 4 

^ Q^CHN2 HBr. HO* ^ UJo& 
To a solution of a-diazoketone (2 g, 7.78 mmol) in glacial HOAc (25ml) was 

treated with 48% HBr (2,8 ml) drop wise with stirring. After stirring for 1 hour, the reaction 

mixture was extracted with DCM and washed with water. Evaporation of the solvent and 

20 crystallization from ether-pet ether gave the pure product. MS (ESI) m/e (M+H4): 310. 

StepS 

The product from step 4 (420 mg, 1.35 mmol) and the heterocycle from step 2 

(347 mg, 1.35 mmol) in THF (2ml) were stirred at RT overnight with Et3N (0.3 mL), When the 

25 reaction was completed, the mixture was concentrated, and the residue was purified by RPLC to 

give the product (300 mg). MS (ESI) m/e (M+H4): 486. 
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iStep 6 

A solution of the product from step 5 (180 mg, 0.371 mmol) in absolute EtOH (3 

ml) was added to stannous chloride dihydrate (418.6 mg, 1.85 mmol), and the mixture was 

5 stirred at 70°C for 2 hours. The reaction mixture was cooled to RT and poured into ice/water (50 

ml), and the pH was made strongly alkaline by the addition of saturated NaOH (100 ml) before 

being extracted with EtOAc (2x). The organic phase was combined and washed with brine, 

dried by MgS04, filtered, and concentrated to yield the crude product (150mg). MS (ESI) m/z : 

(M+H"") 456. 

10 Step 7 

The mixture of the product from step 6 (30 mg, 0.066 mmol), TV-phenylacetyl-L-

proline (46.08 mg, 0.197 mmol), DIPEA (50.1 mg, 0.197 mmol) in CH3CN (2 mL) was stirred at 

RT for 5 minutes, then HATU (74.86 mg, 0.197 mmol) was added into the mixture. The mixture 

15 was stirred at RT overnight, concentrated, and the residue was purified by RPLC to give the 

desired compound (20mg). XH NMR (DMSO) 5: 9.26 (s, 1H), 8.84-8.86 (m, 2£I), 7.79-8.03 (m, 

4H), 7.11-7.3 l(m, 12H), 4.41-4.63 (m, 2H), 3.52-3.80 (m, 12H), 2.26-2,12 (m, 2H), L87-1.75 

(m, 6H). 
Example 8 - (2S)-l-(cvclobutvlcarbonvl)-N-(2-[4-{(!(2S)~l-(Dvridin-3-vlcarbonvl}m}rrolidin-2' 

20 vUcarbonvllamino)v)henvll-T^-be,m.miida7.ol-5-vUT)vrrolidme~2-carboxamide 

p-Aminobenzoic acid (0.200 g, 1,45 mmol) and nitrophenylene diamine (0.221 g, 

25 1.45 mmol) were added into PPA (30 mL). The mixture was stirred at 210°C for 20 minutes. 
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Then, it was poured into ice water and extracted with DCM, The organic layer was washed with 

brine, dried (NaSC>4)? filtered and concentrated to afford 200 mg of the desired compound. MS 

m/z: 255 (M+l). 

Step 2 

Compound from step 1 above (1.2 g, 4.7 mmol), A-Boc-proline (1.52 g, 7.07 

mmol), EDCI (1.8 g, 9.44 mmol), HOBT (1.27 g, 9.44 mmol) and DIPEA (2.4 g, 18.8 mmol) 

were taken in DMF (30 mL) and stirred for overnight at RT. DMF was removed under reduced 

pressure, and the residue was extracted with DCM/water. The organic layer was washed with 

10 brine, dried (NaSO*), concentrated and purified by column (DCM: MeOH/lOOT) to afford 1.2 g 

of Hie desired compound. *H NMR (MeOD) 5 8.49 (s, IH), 8.28-8.19 (m, 3H), 7.79-7,76 (d, /= 

4.4Hz, 2H), 7.72-7.65 (m, IH), 4.41-4.29 (t, 8.8Hz, IH), 3.59-3.51 (m, 2H), 2.18-1,95 (m, 

4H), 1.49 (s, 9H). 

Step 3 

Compound from step 2 (0.600 g, 1.06 mmol) was stirred in MeOH/HCl (10 mL) 

for 1 hour at RT, and solvent was removed under reduced pressure. The resulting compound was 

dried at high vacuum to afford 370 mg of desired compound. 

Step 4 

The product from step 3 (0.370 g, 1.052 mmol), pyridine-3-carboxylic acid (0.157 

g, 1.27 mmol), HATU (1.2 g„ 3.18 mmol) and DIPEA (0.814 g, 6.36 rnmol) were taken in DMF 

(10 mL) and stirred for overnight at RT. DMF was removed under reduced pressure, and the 

residue was extracted with DCM/water. The organic layer was washed with brine, dried. 

25 (NaS04), concentrated and purified by column (DCM: MeOH/lGO:l) to afford 300 mg of desired 

compound. NMR (MeOD) 5 ppm: 0.883 (s, IH), 0.87-0.85 (dsJ~ 4.4Hz, IH), 8.49 (s, IH), 
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8.21-8.18 (m, IH), 8.17-8.10 (m, 3H)} 7.98-7.95 (d, J= 8.8Hz, 2H), 7.73-7.68 (m, IH), 7.60-7.51 

(m, IH), 4.79-4.76 (t, J= 6Hz, IH), 3.77-3.73 (m, 2H), 3.27-3.19 (m, 2H), 2.19-2.12 (m, 2H). 

Step 5 

The product from step 4 (0.300 g, 0.657 mmol) was taken in MeOH (10 mL) and 

Fd/C (0.07 g) was added under N2. The reaction was stirred for overnight at RT under H2. The 

Pd/C was filtered through CELITE, and the filtrate was concentrated under reduced pressure to 

afford 234 mg of desired compound. 

Step 6 

rr 
Boc o 

•OH 

HOBt, DIPEA 
0 | j EDCI, DMF, RT 

The product from step 5 (0.370 g, crude), iV-Boc-prolme (0.157 g> 1.27mmol), 

HATU (1.2 g, 3.18 mmol) and DIPEA (0.814 g, 6.36 mmol) were taken in DMF (10 mL) and 

stirred for overnight at RT. DMF was removed under reduced pressure, and the residue was 

extracted with DCM/water. The organic layer was washed with brine, dried (NaSO<0s 

concentrated and purified by column (DCM: MeOH/lOO:!) to afford 300 mg of targeted 

compound. 

Step 7 

N .^1 

The product from step 6 (0-600 g, 1.06 mmol) was stirred in MeOH/HCl (15 mL) 

for 1 hour at RT, and the solvent was removed under reduced pressure. The compound was 

dried at high vacuum to afford 370 mg of desired compound, lH NMR (MeOD) 5: 9.39 (s, IH), 

9.18-8.82 (to, 2H), 8.39-8.38 (m, IH), 8.32-8.22 (m, IH), 8.21-8.10 (in, 2H), 8.09-7,98 (m, 2H), 

7.86-7.72 (m, IH), 7,71-7.65 (m, IH), 4.87-4.84 (t, J-8.8Hz, 2H), 3.51-3.34 (m, 8H), 2.49-2.38 

(m,4H). 
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Step 8 

The product from step 7 (0.100 g, 0.191 mmol), cyclobutanecarboxylic acid 

(0.018 mg, 0.183 mmol), HATU (0.116 g, 0.305 mmol) and DIPEA (0.059 g, 0.416 mmol) were 

5 taken in DMF (5 mL) and stirred for overnight at RT. DMF was removed under reduced 

pressure, and the residue was extracted with DCM/water. The organic layer was washed with 

brine, dried (NaSC^) and concentrated. The residue was purified by HPLC purification to afford 

12 mg of the fmai product. *H NMR (MeOD) 5: 8.91 (s, IH), 8,75 (s, IH), 8.41 (s, IH), 8.25 

(s?lH), 7.96-7.95 (d, J-5.2Hz, 4H), 7.73-7.67 (d, J= 3.2Hz? 2H), 7,52-7,51 (4 J= 3.2Hz, IH), 

10 4.54-4.82 (t, 3.6Hz, 2H), 3.63-3.46 (js, 4H), 2.48-2.46 (t, 2Hz, IH), 2.34-2.29 (m, 6H), 

2.18-2.10 (m, 4H). 2.08-2,02 (m, 4H). 

Examples 9-15 
Compounds of Examples 9-15 were prepared in a similar manner to Example 8. 

Example Structure MW Name 
9 

/SSS\_H O 0^° 
626.721 (25)-l-(phenylcarbonyl)-Ar-{4-

[5-({[(2iS>-]-
(phenylcarbonyi)pyirolidm-2-

yljcarbonyl} amino)-! H-
benziTnidazol-2-

yl]phenyI}pyrroIidine-2-
carboxamide 

10 

&'CK>ir9 
U H ° 

682.83 (2JS)-l-[(4Z,5Z}-4~ 
ethyJideneliept-5-enoy]l3-Ar-{2-

[4-({[(25)-l-(3-
phenylpropanoyl)pyrrolidm-2-

yl]carbonyl) amino)phenyl]-\H~ 
benzimidazoI-5-y)}pyxTolidine-

2-carboxamide 
n 682.83 C2S)-I-[(4Z,52)-4-

ethy lidenehept-5-enoy]}-,V- {2-
[3-({[(2S)-l-(3-

phenylpropanoyl)pyrrolidm-2-
yl]carbonyl}amino)phenyll-iH-
benzimidazol-5-yl}pyrro]idine-

2-carboxamide 
12 H 

C->o 
6H °<„OH 

0 

686.774 (25)-l-[(2JR)-2-hydroxy-2-
phenyteceiyl ]-N-{4- {5-[({(2S)~ 1 -

[(27?)-2-hydroxy"2-
phenylacetyl]pyirolidin-2-
yl }carbonyl)amino]-l H-

benzimidazol-2-
yl}phenyI)pyrroIidine-2-

carboxamide 
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Example Structure MW Name 
13 

H r\ 

6 " 0a% 
654.776 (25)-1 -(phenylacetyl)-AT- (4-[5-

({[(25)-1 -(phenylacetyl) 
pyrroiidin-2-yl]carbonyl} 

amino)-1 tf-benzimidazol-2-
yl]phenyi}pyiToiidine-2-

carboxamide 

14 

^NH H o ,N 

CHo-SAJ 
0 

<%o 

8SS.041 ferf-fcuiyl {(15)-2-[(26>2-({4-
E5-({[(2S)-I-{C25>2-{</^ 
butoxycarbonyl)ammo]-2-
phenylacetyl}pyrrolidin-2-
y]]carbony!}amino)-l//-

benzimjdazol-2-yl]phenyl} 
carbamoyl)pyrrolidm-l-yl3-2-
oxo-l-pheny)ethyl}caibamate 

15 

T 1JC 
•V-NH H O ,N 

CH3CHS HV° 

8S5.04I rerf-butyl {(Itf)-2-[(2,S>2-({4-
[5-({[(2S)-l-{(m-H(iert-
butoxycarbonyl)ammo]-2-
phenylacetyl}pyrroIidm-2-
yI]carbonyl} amino)-1H-

benzimida2ol-2-yl]pheny]} 
carbarnoyl)pyrro!idin-l-y]]-2-
oxo-1 -pheny lethyl) carbamate 

Example 16-Benzyl (2$}-2~{f4-(4-{f{4-methvlvhenvl)sulfonvl}amino}-lJ$.-benzimida7.ol-2-

vl)vhenvl}carbamovtivvrrolidine~l~carboxvlatc 

5 Step 1 

To a solution of jV-Boc~p-aminobenzoic acid (1.86 g, 7.84 mmol) in DMF, 3-

mtrophenyienediamine (1.0 g, 6.536 mmol), HOBt (0.875 g, 6.536 mmol) and EDCI (2.5 g, 

9.804 mmol) were added, and reaction was stirred for overnight at RT. The excess of solvent 

10 was removed under reduced pressure, and the residue was diluted with DCM. The organic layer 

was washed with brine, dried (NaSC>4), filtered, concentrated and purified by column to obtain 

400 mg of compound. MS m/z: 273 (M-H), 

Step 2 
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The compound from step 1 above (0.600 g, 1.611 mmol) and KOAc (0.158 g, 

1.609 mmol) were taken in HO Ac (9.3 raL). The reaction was stirred at 120°C for overnight, 

cooled to RT and poured into ice-water. The aqueous layer was extracted with DCM. The 

organic layer was washed with brine, dried (NaS04), filtered and concentrated to obtain 120 mg 

5 of the desired compound. MS m/z: 255 (M+l), 'H NMR (DMSO) 8; 11.44 (s, IH), 8,95-9.01 

<m, 2H), 8.81-8.83 (d, J~ 8.0Hz, 2H), 8.22-8.27 (m, IH), 8.22-8.27 (m, 2H), 4.97 (s, 2H). 

Step 3 

10 g, 0.865 mmol), DIPEA (0.302 g, 2.361 mmol) and HATU (0.329 g, 0.865 mmol) were added. 

The reaction was stirred for overnight. The excess of solvent was removed under reduced 

pressure, and the residue was diluted with DCM. The organic layer was washed with brine, 

dried (NaS04), filtered, concentrated and purified by column to obtain 150 mg of the desired. 

MS m/z: 452 (M+l). !H NMR (MeOD) 5: 8.70-8.73 (m, 2H)S 8.40-8.42 (d, 8Hz, 2H), 7.87-

15 7.89 (±J= 8Hzf IH), 7.50-7.53 (m,2H), 6.78-6.80 (d, 8Hz, IH), 3.83 (s, IH), 3.69-3.76 (m, 

2H), 3.56-3.60 (m, 4H), 1.37-1.43 (m, 9H). 

Step 4 

20 mg) was added under argon, and the reaction was stirred for 2 hours in H2. The Pd/C was 

filtered and washed with MeOH for several times. The solvent was evaporated to obtain 180 mg 

of desired compound. MS m/z: 422 (M+l). *H NMR (MeOD) 5: 9.51 (s, IH), 7.95-8.20 (m, 

IH), 7.5S-7.60 (m, IH), 7.19-7.48 (m, 2H), 6.78-6.87 (m, 2H), 6.38 (s, IH), 4.25-4.42 (m, IH), 

3.34-3.67 (m, 2H\ 1.79-2.20 (m, 4H), 1.17-1.41 (m, 9H). 

To a solution of the aniline (0.200 g, 0.787 mmol) in DMF, N-Boc-proline (0.186 

To a solution of compound from step 3 above (0.200 g, 0.443 mmol), Pd/C (10 

25 Step 5 

To a solution of the compound from step 4 above (0.196 g, 0.465 mmol) in THF, 
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TEA (0.070 g, 0.693 mmol) and 4-methylbenzene-l-sulfonyl chloride (0.088 g, 0.461 mmol) 
were added drop wise at 0°C. The reaction was stirred for overnight, and the solvent was 

removed under reduced pressure. The residue was diluted with DCM and washed with brine. 

The organic layer was dried (NaSO.*), filtered and concentrated. The residue was purified by 

5 preparative TLC to afford 110 mg of desired compound. MS m/z: 576 (M+l). *HNMR 

(MeOD) 5: 7.98-8.00 (d, J* 8.0Hz, 2H), 7.78-7.80 (d? J- 8.0Hz, 2H)> 7.66-7.68 (d, J- 8.0Hz, 

2H)> 7.26-7.28 (m, 1!H), 7.19-7.21 (d, 8.0Hz, 2H), 7.07-7.09 (m, 2H), 4.36-4.38 (m, IH), 

3.55-3.58 (m, 2H), 2.32-2.35 (m, 4H), 1.89-2.11 (ra, 3H), 1.50 (s, 9H). 

(5.0 mL) for 1 hour at RT. The solvent was removed under reduced pressure and dried at high 

vacuum. It was used directly without any further purification. The residue was taken in DMF, 

benzoic acid (0.042 g, 0.344 mmol), DIPEA (0.320 g, 2.504 mmol) and HATU (0.143 g, 0.375 

15 mmol) were added. The reaction was stirred for overnight at RT. The excess of solvent was 

removed under reduced pressure, and the residue was diluted with DCM, The organic layer was 

washed with brine, dried (NaS04), filtered, concentrated and purified by column to afford 40 mg 

of the final compound. MS m/z: 580 (M+l). *H NMR (MeOD) 5: 7.92-7.94 (d, J= 8,8Hz; 2H), 

7.23-7.68 (m, 14H), 6,81-6,83 (d, J= 10Hz, IH), 5.21 (s, 2H), 4.65-4.79 (m, IH), 3.52-3.89 (m, 

20 2H), 2.47-2.58 (m, IH), 2.43 (s, 3H),1.93-2.23 (m, 3H). 
Example 17-(2S)-l-(3-DhenvlDroi>anovl)-N-{4-[5-({f(2&}-l-(3-vhenvlDrovanovl)nvrrolidin-2-

vlIcarbonvUamino}-13-benzoxa7.ol-2~vtfvhenvBpvrroUdine-2-carboxamide 

Step 6 

10 
The product from step 5 above (0.180 g, 0.312 mmol) was stirred in MeOH/HCl 

Step 1 

xx 
25 
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p-Aminobenzoic acid (1.37 g, 10 mmol) and 2.4-diaminophenol (1.24 g, 10 

mmol) were combined under argon and treated with 12 mL of PPA. The resulting solution was 

heated at 200°C for 30 minutes. The black solution was poured onto ice, and the resulting 

yellow solid was collected (1.12 g). *H-NMR (DMSO) 5: 10.2-10.5 (s, 2H), 8.10-8.20 (m, 4H), 

7.10-7.80 (m, 3H). MS m/z: 226 (M+l), 

Step 2 

H»N 

The product from step 1 above (0.100 g, 0.236 mmol), A-Boc-proline (0.098 gf 

0.355 mmol), HATU (0.135 gs 0.355 mmol), TEA (0.100 gs 0.944 mmol) were taken in DCM 

(10 mL) and stirred overnight at RT. The reaction was diluted with DCM. and the organic layer 
was washed with water, brine, dried (NaSO-j), concentrated and purified by preparative TLC to 

afford 100 mg of desired compound. MS m/z: 620 (M+l). 

Step 3 

H : \ N\ /rvY 
0 Boc 

HCt/MeOH 

2HC! 

The product from step 2 above (0.100 g, 0.161 mmol) was stirred in MeOH/HCl 

(3.0 mL) for 1 hour at RT, and the solvent was removed under reduced pressure. The compound 

was dried at high vacuum to afford 80 mg of the desired compound. MS m/z: 420 (M+l). 

Step 4 

H HATU, DiPEA, DMF 
O J 

2HCI 

Compound from step 3 (0.080 g, 0.191 mmol), 3-phenylpropanoic acid (0.086 g, 

0.574 mmol), HATU (0.218 g, 0.574 mmol), DIPEA (0.146 g, 1.146 mmol) were taken in DMF 

(3 mL) and stirred for overnight at RT. DMF was removed under reduced pressure, and the 

residue was extracted with DCM/water. The organic layer was washed with brine, dried 

(NaSO«) and concentrated. The residue was purified by HPLC purification to afford 108 mg of 

target ]HNMR (DMSO) 5: 10.2-10.5 (s, 2H), 8.10-8.20 (m> 3H), 7.10-7.80 (m, 14H), 437-4.55 

(m, 2H), 3.32-3.58 (m, 4H), 2.67-2.85 (m, 7H), 1.80-2.4 (m, 9H). 
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Example 18 - (2$)~l-('3~pkenvtorot}anovl)~N~f4~f5-(ff(2S)-l~{3~phenvlprovanovl)pvrroiidin~2-

\i]carbonvBamino)~l-benzofimin-2~vllvhenvP(nvrroiidine-2-carhoxamide 

\ 

O N 

Ph 

Step / /=\ &• 
M-Y^-'>JO2 DI(S£A- fT^T 

5 O 03fa^^ H"H> 

To a solution of 5-nitrosalicylaldehyde (1.0 g, 5.90 mmol) in 1,4-dioxane (10 

mL), p-nitrobenzyl bromide (1.33 g> 6.15 mmol) and DIPEA (1.25 g, 9.70 mmol) were added, 

and the reaction was refluxed at I00°C for 2 hours. The reaction was cooled, and the solids were 

filtered, washed with EtOH and dried with high vacuum to afford the desired compound. MS 

10 m/z; 303 (M+l). 

Step 2 

02N, 
DBU, 1,4-<fiexane i 

-Q" 

C^N"" H^O 

To a solution of the target compound from step I (1.5 g, 4.96 mmol) in 1,4-

dioxane (5 mL), DBU (0.9 g, 6.45 mmol) was added. The reaction was heated to 100°C for 3 

15 hours, then cooled to RT, and the resulting solid was filtered off and sufficiently washed with 

EtOH to afford 927 mg of the desired compound. 3Ii NMR (MeOD) 8: 8.66 (s, IH), 8.37-8.39 
(d, j* 8.0Hz, 2H), 8.30-8.32 (d, > 8.0Hz, IH), 8.18-8.21 (d, J= 12Hz, 2H), 7.78-7.80 (d, J= 

8.0Hz, IH), 7.70 (s, IH). 

Step 3 
/»»\ u M 

^^-4, —NO? pe. HCi HsNs 

20 
To a solution of the product from step 2 above (0.050 g, 0.176 mmol) in 1,4-

dioxane (1.8 mL), water (1.8 mL), Fe (0.054 g) and HCl (1.1 uL) were added. The reaction was 

heated to 110°C for 3 hours. Then, the solid was filtered, and the organic layer was concentrated 

to afford 40 mg of the desired compound. ]H NMR (MeOD) 5: 8.01-8,05 (m, 2H), 7.90-7.96 (m, 

25 IH), 7.79 (s, IH), 7.46-7.51 (m, IH), 7.34 (s, IH), 7.17-7.21 (m, 2H). MS m/z: 225 (M+l). 
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Step 4 

DIPEA, HATU 

To a solution of the product from step 3 above (0.020 g3 0.089 mmol) in DCM (10 

mL) iVnBoc-proHne (0.042 g, 0.196 mmol) and DIPEA-(0.035 g, 0.267 mmol) were added. The 

5 reaction was stirred atRT for 5 minutes and then HATU (0.101 g7 0.267 mmol.) was added. The 

reaction was stirred overnight and poured into brine and extracted with EtOAc. The organic 

layer was dried (N&zSOt)* filtered and concentrated to afford 30 mg of the desired compound. 

MS m/z: 619 (M+l), 

Step 5 

for 1 hour. The solvent was removed at high vacuum to afford the desired proline compound, 

which was used directly to the next step without further purification. 3-Phenylpropanoic acid 

(0.428 gs 2.85 mmol) were taken in DCM (30 mL) was reacted with the proline compound 

15 (0.500 g, 0.96 mmol) and DIPEA (0.9 g, 7.1 mmol). The reaction wavs stirred at RT for 5 
minutes, and then. HATU (1.0 g, 2.85 mmol) was added. The reaction was stirred overnight and 

poured into brine and extracted with EtOAc. The organic layer was dried (Na2S04), 
concentrated and purified by HPLC to afford 30 mg of the desired compound. *H NMR (CDC13) 

5: 9.85-9.87 (d, > 8.0Hz, 2H), 7.86 (s, 1H), 7.42-7.44 (d, 8.8Hz, 2H), 7.46-7.48 (d, 8.8Hz, 

20 2H)> 7.03-7.31 (m, 9H), 6.90-6.99 (d, J= 3.6Hz, IH), 6.58 (s, IH), 4.71-4.82 (m5 2H), 3.62-3.71 

(m, m\ 3.43-3.50 (m, 2H), 2.95-3,05 (m, 4H), 2.63-2.88 (m, 4H), 2.21-2-43 (m, 4H), 1.87-2.14 

(m, 4H). MS m/z: 683 (M+l). 

10 'Ph 

The product from step 4 (0.70 g, 1.13 mmol) was stirred in MeOH/HCl (20 mL) 
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Example 19 - N~{2-[4-(acetvlamino)phenvn-l-benzofuran~5-vtt-l-{(ZR)-2-f(tert~ 

hiitoxvcarbQnvl)aminol-2-phenvlacetvtt-L-vrolinamide 

CUrYvrvV VV° U-oHr"" 
BocHlQ 

Step 1 

*xrjy 
OH 

5 
K-2CO3 (68 g, 0,497 mol) was added to a solution of bromosalicylaldebyde (50 g, 

0.248 mol) in DMF (300 ml). The resulting solution was stirred at RT for 1 hour, then to it was 

added compound 4-nitrobenzyl bromide (54 g. 0.25 mol). The reaction mixture was stirred for 

30 minutes, filtered, and the filtrate was poured into water and extracted with EtOAc (3x). The 

10 combined organic layers were dried and concentrated. The product was recrystailized from 
dioxane to afford a white solid (50 g). 3H NMR (CDCfe) 5: 10.43 (s,lH), 8.24 (d, ,/= 4H), 7.51-

7.58 (m, 2H), 7.37-7.42 (ms 4H), 7.31-7.36 (mf 6H), 5.52 (s, IH), 4.57 (s, 2H), 3.90 (s, 2H), 3.34 

(s, 2H)S 2.06-2.15 (m, 6H), LH6-IM (m, IH), 1.41 (d, 18H). 

Step 2 

u DBU 

15 
DBU (9 ml, 61.58 mmol) was added to a solution of the product firom step 1 (10 

g, 29.85 mmol) in dioxane (70 ml). The resulting solution was heated to reflux for 1 hour, 

cooled and filtered. The filter calce was washed with EtOAc and dried in air to afford a yellow 

solid (6.5 g). 

20 Step 3 

?!BUS (1.93 ml, 0.32 mmol) was added to a solution of the product from step 2 (2 

g, 6,3 mmol) and Pd2(dba)3 (0.29 g3 0.32 mmol) in THF (100 ml) under N2. Then a solution of 

LiHMDS (18.9 ml, 18.9 mmol) was added dropwise. The resulting solution was heated to reflux 

25 for 3 hours and then cooled to RT. The reaction mixture was adjusted to pH = 1 using 1M HCl, 

then stirred for 0.5 hour. The reaction mixture was basified to pH = 8-9 using aq. saturated 

NaHCOs, and extracted with EtOAc (3x). The combined organic layers were dried and 

concentrated. The residue was recrystailized from MeOH to afford the product as brown solid. 
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Step 

<0 

DIPEA, HATU 

PhvA0 0 
SocHN 

The mixture of the product from step 3 (500 mg, 2 mmol), R-Boc-Phg-L-Pro-OH 

(660 mg, 2.16 mmol), NMM (400 mg, 4 mmol) and DMF (30 ml) was stirred at RT for 30 

minutes, then to it was added HATU (1.13 g, 3 mmol). The resulting mixture was stirred at RT 

overnight The reaction mixture was diluted with water and filtered. The cake was washed with 

water and dried; the solid was used next step without purification. 

Step 5 

ClSL^ . -
IV Rartey Ni 

BocHN 

pw 
BocHN 

The product from step 4 (0.4 g, 1.3 mmol) in THF (10 ml) was hydrogenated 

using Raney Ni (0.2 mg) as the catalyst. After being stirred under H2 atmosphere at RT 

overnight, the reaction slurry was filtered through CELITE, and the filtrate was concentrated 

under reduced pressure to afford 0.33 g of the desired compound. 

Step 6 

f~~\ H 
ACyO . 

BocHN 

phy\ 0 
BDCHN 

AC2O (18 mg, 0.18 mmol) was added to a solution of the aniline from step 5 (50 

mg, 0,09 mmol) in THF (2 ml) at RT. The resulting solution was stirred at RT overnight, 

concentrated, and the residue was purified by RPLC to afford the desired product. JH NMR 

(acetone-d6) 5: 7.95 (s, 1 H,NH), 7.65-7.74 (m, 7 H, ArH), 7.40 -7.43 (m, 3 H, ArH), 7.30 -7.34 

(m, 2 H, ArH), 7.01 (s, 1 H, ArH), 5.64 (s, 1 H, CH), 4.56-4.59 (m, 1 H, CH), 3.93-.3.99 (m, 1 H, 

CH*), 3.27-3.42 (m, 2 H, CH2), 3.02-3.17 (m, 3 H, CH2)51.98 (s, 3H, CH3), 1.98- 1.95 (m, 4 H, 

CHj), 1-22 (t, J = 7.2 Hz, 6 H, CH3). 

Examples 20-36 
Compounds of Examples 20-36 were prepared in a similar manner as described in 

either Example 18 or Example 19. 
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Example Stj-ucture MW Name 

20 1 °° I ° 6 654.773 

(25)-1 -(pbenylacetyl)-A-{4~[5-
({[(2S)-l-(phenylacetyl) 

pyrrolidin-2-y{]carbonyl}ammo}-
l-benzofiiran~2-yl}phenyl} 
pyrrolidine-2-carboxamide 

21 
Q^OvolP CHX vNH > v O VHH> 

CHy"S 

8S5.039 

ferf-butyl {(IS)-2~[(2S)-2-({4-[> 
({[{2S)-l-{(2S)-2-f{^-

butoxycarbony!)amino]-2-
phenyJacetyl}pyrroJidin-2-

yl] carbony 1} amino)-1 -
benzofuran-2-yl]phenyl} 

C3rbamoyl)pyrro] i d in-1 -yI]-2-
oxo-1 -phenylethy 1) carbamate 

22 

O 0 r»f"? 
885.039 

tert-butyl {(li?)-2-[(25)-2-({4-[5-
(tlVSy-H&Kyz-Uterf-

butoxycarbonyl)ammo]-2-
phenylacetyl}pyrroJidin-2-yl] 

carbony 1} amino)-1 -benzofuran-
2-yl]pbenyI} carbamoyl) 
pyrrolidin-I-yl]-2-oxo-l-
phenylethyl) carbamate 

23 rS >~(ycH» 
4} CHS 

856.984 

propan-2-yl [(li?)-2-oxo-l-
phenyl-2-{(2iS)-2-[(4-{5-[({(25)-
1 -[(2i?)-2-pheny 1-2- {[(propan-2-
yIoxy)carbonyi]aramo}acet>'l) 

pyrrolidin-2-yl} carbonyl)amino]-
1 -benzofuran-2-yI}pbenyI) 
carbamoyljpyrrolidin- J -

yl} ethyllcarbamate 

24 
CVV^ND><>^„ 

O Q 6 CH' 
800.876 

methyl {(itf)-2-[(2S)-2-({4-[5-
({[(25}-}-{(2i?)-2-

[(methoxycarbonyl)amino]-2-
phenylacety]}pyrrolidin-2-

yl]carbonyl) amino)-! -
benzofuran-2-yl]phenyl) 

carbarnoyl)pyrro]idm-!-yl]-2-
oxo- J -phenylethyl) carbamate 

25 FH, 

o 5s* 740.91 

(25)-1 -[(2/J)-2-(diiriethy lamino)-
2-phenylacetyl]-Ar-(4-{5-[({(2S)-

1 -[(2i?)-2-(dimethylamino)-2-
phenylacetyljpyiroKdin-2-yl} 

carbonyl)araino]-1 -benzofuran-2-
y!}pheny))pyrroIidine-2-

carboxamide 

26 

CH3 /^l H <\ 

^vCrK'a>o-^"'r-
o cp" 797.019 

(2S)-1 -((2,K)-2-(diethylamino)-2-
phenylacetyl]-iV-(4-{ 5-[({(25)-l-

[(2i?)-2-(diethylamino)-2-
phenylacetyl)pyrrolidin-2-yl} 

carbonyl)amino3-l -benzofuran-2-
yI}phenyI)pyrroIidine-2-

carboxamide 
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Example Structure MW Name 

27 o Q rv*. 798.947 

propan-2-yl [(li?)-2-{(25)-2~[(4-
{5~[({(2S)~H(2R')-2-
(dimethylammo)-2-

phenylacetyl]pyiToIidin-2-yl} 
carbonyl)amino3-l -benzoforan-2-
yl}phenyl)carbamoyl]pyrrolidin-

l-yl}-2-oxo-l-
phenylethyllcarbamate 

28 482.587 

//-[2-(4-aminopheny 1)-1 -
benzofuran-5-y]]-l-[{2#)-2-

(diroethylamino)-2-
phenylacetyl]-L-prolinamide 

29 '^Ar,~aK>^.r>» ° o 853.127 

(25)-1 - {(2/?)-2-[metJiyl(3-
methylbutyl)amino]-2-

pheny lacetyl} ~N~ {4-[5 -({[(25)-1 -
{(2i?)-2-[methyl(3-

methylbuty})ainino]-2-
pheny lacety)} pyrrolidm-2-

y l]carbonyl}amino)-1 -
benzofuran-2-yl]phenyl} 

pyrcoHdine-2-carboxamide 

30 OJ^rSscxA" 552.679 

N- {2~[4-(acetylammo)pherty 1}-1 -
ben.zoforan-5-yI}-l-[(2i?)-2-

(d2ethylammo)-2-phenyiacetyl]-
L-prolinamide 

31 
C^MrV^ \-CH5 

649.797 

(2S)-l-acetyI-^-(2-{4-[({(2S)-l-
[(2tf)-2-(dietbylammo)~2~ 
phenylacetyl]pyrrolidm-2-

y1}carbony])amino]phenyl} -1 -
benzofuran-5-yI)pyrrolidine-2-

carboxamide 

32 °V-NH 
CHj / 

C»,CH> 

693.807 

fer/-buty! {(1 tf>2-[(25)-2-( {4-[S-
({[(25)-I-acetylpyrrolidin-2-

yljcarbonyl} amino)-!-
benzofuran-2-yl]phenyl) 

carbamoyI)pyrroHdin-I -yl] -2-
oxo-! -phenylethyl} carbamate 

33 i^!XXK>^ 621.743 

(25)-] -acetyl-Ar-(2-{4-[({(25)-1 -
[(2i?)-2-(drniethylamino)-2-
phenylacetyl]pyrroIidin-2-

y 1} carbonyl)ainino]phenyl}-1 -
benzofiiran-5-yl)pyrrol»dine-2-

carboxamide 

34 
\-NH 

cHCHa 

596.689 

A- {4-[5-(acetylammo)-l -
benzofbran-2-y ljpheny 1} -1-

{(2Ry2-({tert-
butoxycarbonyI)amina]-2-

pheny lacety 1} -L-proHnamide 
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Example Structure MW Name 

35 6 - 814.903 

methyl {(ltf)-2-[(2S)-2~({4-[5-
({E(2S)-l-{(2/f)-2-

[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidm-2~ 

yl]carbonyl}amino)-7-methyl-1-
bsnzoftu-aa^-yljphenyl} 

carbamoyl}pyitolidm-l-yl]-2-
DXO-1 -ph enyiethyl} carbamate 

36 0 CH>--KV--CH3 825.073 

(25)-1- {(2i?)-2-[ethyl(propyl) 
amino3-2-phenylacety 1} -N- {4-[5~ 
C{E(25)-l-{(2/?)-2"[ethyI(propyl) 

amino]-2-pheny lacety]} 
pyrrolidin-2-yl]carbonyl} amino)-

1 -benzofiiran-2-yIlpheBy 1} 
pyrrolidine-2-carboxamide 

Example 37- (2$)-l~fohemlacetvl)-l$-{4"f6~({f(2$>)~l-fohenvlacetvl}vvrrolidin-2-

vlkarbonvttamifto)imidazofl,2-afovrimidin-2-vl]j)henvlfovrrolidine~2~carboxamide 

5 Step 1 

H2 IT^V^O^CI "W,pyridine 
OJ-J-f V-NH2 HjN-f Y-MH2 + || f u u »~ 

\=N Pci/C \=N Oas.A/iN 

A suspension of pyrimidine (280 mg, 2 mmol), Pd/C (15 mg, 0.1 mmol) in 40 mL 

EtOH was hydrogenated under 30 psi for 1 hour. The mixture was then filtered, and the filtrate 

was then concentrated to give the product (200 mg). The residue was dissolved in 20 ml THF 

10 and CbzCl (375 mg, 2.19 mmol) and pyridine (1 ml) were added. The mixture was stirred at RT 

for 1 hour, then the mixture was concentrated in vacuo, and the residue was extracted with 

EtOAc (2x), washed with H2O (30 mL) and brine (30 mL), dried over anhydrous NaSO^ 

concentrated in vacuo to give the desired, compound as white powder (330 mg). MS (ESI) m/e 

(M+H"); 245. 

15 Step 2 
NOj H 

1) Acetone, reflux Cbz" 

2) HBr, methanol, reflux N W..Xr~V/~N°! 

A solution of the product from step 1 above (244 mg, 1.00 mmol) and 2-bromo-l-

(4-nitrophenyl)ethanone (244 mg5 1 mmol) in 40 mL of acetone was heated to reflux and stirred 

for 6 hours. Then, the mixture was cooled to RT and filtered, and the filtrate was then dissolved 
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in 30 ml MeOH, and 0.5 mi HBr was added, the mixture was heated to reflux for another 3 

hours; after that, the mixture was concentrated in vacuo to give the product as a pale yellow 

powder (120 mg). MS (ESI) m/e (M+H*): 390. 

Step 3 

SnClj Cbz"" /^X .... [ LH ^ L L.r-X /~NH2 

To the product from step 2 above (50mg, 0.128mmol) was dissolved in 10 mL 

CH3OH was added S11CI2 (144 mg, 0.64 mmol). The reaction mixture was stirred at RT for 30 

minutes and then heated to reflux for 3 hours. MeOH was removed in vacuo, and the residue 

was purified (DCM/MeOH =50:1) to afford the desired compound (35mg). MS (ESI) m/e 

10 (M+H1): 360. 

Step 4 
M 

AcOH,HBr HzNs 

NH2 

The compound from step 3 (35 mg, 0.1 mmol) was dissolved in 5 ml of HOAc, 

then HBr (1.5 ml) was added. The reaction mixture was heated to reflux and stirred for 6 hours, 

15 cooled and concentrated. The residue was extracted with EtOAc (2x), washed with aq. NaHC03 

and water (30 mL) and brine (30 mL), dried over anhydrous NaSo4. Concentration afforded the 

desired compound as a brown solid (16mg). MS (ESI) m/e (M+H*): 226. 

Step 5 

OL. 
N^COOH 

HTXK>-N N HATU.DJPEA 

20 A mixture of the diamine product from step 4 above (16 mg, 0.071 mmol), N-
phenylacetyl-L-proline (40mg, 0.170 mmol), DIPEA (36.9mg, 0.02 mmol) in CH3CN (5 mL) 

was stirred at RT for 10 minutes, then HATU (54 mg, 0.142 mmol) was added. The mixture 

was stirred at RT overnight then the mixture was concentrated, and the residue was purified to 

give compound (15 mg). MS (ESI) m/e (M-Hf): 657. !H NMR (MeOD) 5: 9.45(s, IH), 8.31(s, 

25 IH), 8.05(5, IH), 7.61-7.48 (m, 4H), 7.34-7.21 (m, 10H), 4.60-4.52 (m, 2H), 3.83-3.69 (m, 

8H), 2.24-1.97(m, 8H). 
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Example 38 - (2S\-l-fohenvlaeetvll-H-{4->(6-({f(2$\-l-(vhenvlacetvl)vvrrolidin-2-

vUcarbonvtiamino)imidazofl,2~afr>vridin~2~vllvhenvl}vvrrolidine-2-carboxamide 

Step 1 
^ -N ar 1>Acetone, reflux 

* Ll^i 2( HBr, methanol, ,GRUX V\>"N02 

5 0 

The mixture containing 2-amino-5-mtropyridme (1.39 g, 10 mmol) and p-nitro-

alpha-bromoacetophenone (2.42g, 10 mmol) in 100 mL of acetone was heated at reflux for 12 

hours. The solid was collected by filtration and then dissolved in 20 mL of MeOH and treated 

with a trace amount of HBr. The mixture was stirred at reflux for 1 hour, cooled and the solid 

10 was collected by filtration to give the desired (1.4 g). MS (m/z.): 285 (M+H)+, 

Step 2 

To a suspension of the product from step 1 above (0.7 g, 2.5 mmol) in MeOH (50 

mL) was added 0.1 g of Pd/C (20%), and the suspension was stirred under 25 psi of H2 at RT. 

15 After filtration, the filtrate was concentrated in vacuo to give the desired compound. MS (m/z): 

225 <M+H)+. 

Step 3 

rvi 
W 'OH 

PhCHj 
HATU 

The mixture of the diamine from step 2 above (225 mg, 1 mmol), N-
20 phenylacetylproline (I mmol), DIPEA (5 mmol) and HATU (380 mg, 1 mmol) in 10 mL of 

MeCN was stirred at RT for 1 hour. The reaction mixture was concentrated, and the residue was 

purified by column chromatography to give the desired compound. !H NMR (MeOD) 5: 9.3 (s, 

IH), 8.2 (s, IH), 7.5-7.1 (m, 16H), 4.6 (m, IH), 4.5 (m, IH), 3.8 (m, 8H), 2.3-LS (m, SH). 
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Example 39 - #S.2'S)-N.Nt-iH./rtl-2.2,-biindole-5.5,-divlbisfl~(Dhenvlacetvl)»vrrolidine~2-

carboxaniidel 

Step 1 
°2N"Y"^i—\ POBra OzN-

b H H 

To a suspension of the lactam (10.0 g, 56 mmol) in 200 ml of 1,2-dichloroethane, 

was added POBr3 (15.3g, 53.2 mmol) at RT. The resulting mixture was heated at reflux 

temperature in a 90°C oil bath for 0.5 hour (the reaction formed a copious amount of precipitate, 

and an oil bath was preferred over a heating mantle, as it provided gentle heating and avoided a 

10 darkening of the precipitate). The reaction was cooled just below reflux temperature, and 

imidazole (4.57 g, 62 mmol) was added in one portion. The resulting gummy suspension was 

heated at reflux temperature in an oil bath for another 2 hours. The reaction was cooled to RT, 

and 100 mL of ice-water was added. Solid NaHC03 (ca. 50 g) was added to the mixture until no 

further gas was evolved. The suspension was extracted with DCM (4x), and the combined DCM 

15 extracts were washed with 300 mL of brine. The DCM extracts were filtered through silica gel 

and concentrated to dryness to afford a crude product. The crude product was recrystallized 

from chloroform to give 5.41 g of the desired compound as a white solid. The filtrate was 

concentrated to dryness, and the residue was purified by flash column chromatography (30% 

EtOAc/Hex) to give an additional 2,6 g of desired product, MS (ESI) m/e (M+H"): 242. 

20 Step 2 

pd(dPPf}ci2 °^YVVjrY\NHBoc - WW 
The mixture of compound from step 1 above (602.6 mg, 2.5 mmol), the indole 

boronic acid (1.034 gf 2.75mmol), Pd(dppf)Cl2(183 mg, 0.25 mmol), Na2C03 ( 530 mg, 5.0 

mmol) in 5 mL dioxaae-HbO (5:1) was heated to reflux under K2 atmosphere overnight. When 

25 reaction was complete the mixture was poured into water and extracted with DCM. The organic 

phase was dried over Na2S04, concentrated, and the residue was purified to give compound the 

desired product. MS (ESI) m/e (M+H4): 493. 
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0,Ns , NHBoc 

Step 3 

The product from step 2 (600 mg, 1.3 mmol) was added into HCl (30 ml, 3M in 

MeOH). Then the mixture stixred at RT for 2-3 hours. When reaction was complete, the mixture 

was concentrated to give the crude product (400 mg). MS (ESI) m/e (M+H4): 293. 

Step 4 
0,N H ,H 

The product from step 3 (400 mg> 1.36 mmol) was dissolved in EtOAc and treated 

with Pd/C (100 mg, 20%). Then the mixture was stirred at RT overnight under H2 atmosphere. 

When the reaction was complete, the Pd/C was filtered off, and the resulting solution was 
concentrated to give the crude product (300 mg). MS (ESI) m/e (M+H4): 263. 

Step 5 

' RCOOH 

BOP 

A solution containing (131 mg, 0.5 mmol) of the product from step 4> RCOOH 

(256.608 mg, 1.1 mmol). DIPEA (390 mg, 1.5 mmol) in CH3CN (2 mL) was stirred at RT for 5 

minutes, then HATU (418 mg, 1.1 mmol) was added into the mixture. The mixture was stirred 

at RT overnight. When reaction was complete, the mixture was concentrated, and the residue 

was purified to give the desired product. 'H NMR (MeOD) 8: 7.15-7.75 (m, 18H), 4.51-4.59 (m, 

2H), 3.56-3.80 (m, 10H), 2.37 (s, 3H), 1.97-2.30 (m, 8H). MS (ESI) m/e (M+H4): 693. 

Example 40 - di-tvrt-butvl (1HJ rR-2.2'-hiindole-5.5f-divlbisicarbamovl/2S}Dvrrolidine-2J-
divlf(l~R}-2-oxo-l-r>henvlethane~2,l-divlPf)hi$carbamate 

° u cT" 
BocHN H H NHBoc 

This compound was prepared using the similar method as Example 39, step 5 

using N-Boc-R-Phg-L-Pro-OH. 3H NMR (MeOD) 5; 6,78-7.78 (m, 18H), 5.49 (m, 2H), 4.55-

4.58 (m3 2H), 3.94-3.97 (m, 3H), 2.37 (s, 3H), 1.87-2.14 (m, 8H), 1.40(s, 18H). MS (ESI) m/e 

(M+H+):924. 
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Example 41 - tert-butvl {(lH<}-2-oxo~l-nhenvl-2-f(2$i-'2~({2-f4~({((2§)-l~(vhenvlacetvD 

Dvrrolidin-2-vl]carbonvllamino)vhenvU~l'B-indol-S-vUcaFbatnovl)mrrolidin-l-

vlleih vUcarbamate 

5 Step 1 
VfW °!>=\ 

H f 

Br 

To a solution of 4-bromophenylhydrazine (2.5 g> 13.4 mmol) in acetic acid (19.5 
mL) and EtOH (14.5 mL), 4~nitroacetophenone (1.66 g, 10.0 mmol) was added. The reaction 

was refluxed for 5 hours, and water (35 mL) was added. The resulting mixture was stirred for 

10 another 1 hour, and the resulting solid was filtered, washed with water to afford 3.1 g of the 

desired compound, 5HNMR (MeOD) 5: 8.21-8.23 (d, ./= 8.0Hz, 2H), 8.01-8.03 (d, J~ 8,0Hz, 

2H), 7.34-7.36 (d, J** 8.0Hzs 2H), 7.20-7.22 (d, J= 8.0Hz, 2H), 2.03 (s, 3H). 

Step 2 
0, 

Brs \J 

15 The product from step 1 above (2.0 g, 6.0 mmol) was added into PPA (20 mL), 

and the mixture was stirred at 80°C for 1 hour before it was cooled in ice-bath, diluted with 

water/EtOAc (60/20 mL) and stirred for another 1 hour. The mixture was extracted with EtOAc 

and washed to yield the target. NMR (MeOD) S: 8.28-8.30 (d, 8.0Hz, 2H), 7.97-7.99 (d, J 
- 8.0Hz, 2H), 7.72 (a, IH), 7.33-7.35 (d, J- 8.0Hz, IH), 7.24-7.26 (d, y« 8.0Hz, IH), 7.02 (s, 

20 IH). 

Step 3 
8rNr^v-7\ /^x pciad&3)j | I y~4 _ —•, 

—' P'Buj, lithium Ois<tr!inefriyie%i)-
H amide, THF. reflux, 1h 

An oven-dried argon-cooled round-bottom flask was charged with the indole from 

step 2 (2.0 g, 6.31 mmol) and 0.05 equivalents of Pd2(dba)3 in THF (100 mL). A solution of tri-

25 /erf-butyl phosphine (10 wt %) in hexane (1.93 mL. 0.63 mmol) was added followed by lithium 
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hexamethyldisilazane (1.0 M in THF) (18.9 mL, 18.9 mmol). The dark solution was heated to 

reflux overnight then cooled to RT. This mixture was poured into ice-cold aq 1.0 M HCl (70 

mL) and stirred vigorously. Hexane was added, and stirring was continued for 30 minutes. The 

precipitate was filtered, washed with 20 mL of cold water and then 20 mL of THF:Hexanes 

5 (5:95) solution. The precipitate was washed with 200 mL of MeOH, and the filtrate was 

concentrated to give 1.5 g of the desired compound. MS m/z: 254 (M+l). 

Step 4 

To a solution of the product from step 3 above (1 g, 3.9 mmol) in acetonitrile (20 

10 mL) was added R-N-Boc-Phg-S-Pro-OH (1.4 g, 3.9 mmol), HATU (3 g, 7.8 mmol) and DIPEA 

(1 g, 7.8 mmol). The mixture was stirred at RT overnight. The solvent was distilled, and the 

residue was dissolved in EtOAc and washed with water. The organic layer was dried and 

concentrated in vacuo, and the residue was purified by column chromatography to give the 

desired compound (1.8 g). MS (ESI) m/e (M+ET): 584. 

15 Step 5 

To a solution of compound from step 4 (300 mg, 0.51 mmol) in MeOH (10 mL) 

was added Pd/C (50 mg, 0.28 mmol). The mixture was stirred under H2 atmosphere at RT for 1 

hour. The catalyst was filtered off, and the filtrate was concentrated in vacuo to give the desired 

20 compound (230 mg) as a yellow oil, which was used directly in next step. MS (ESI) m/e 

(M+H)+: 554. 

Step 6 

To a solution of the compound from step 5 (100 mg, 0.18 mmol) in acetonitrile (3 

25 mL) was added compound iV-phenylacetyl-L-proline (42 mg, 0.18 mmol), HATU (140 mg, 0.36 

mmol) and DIPEA (46 mg, 0.36 mmol). The mixture was stirred at RT overnight then 
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concentrated, and the residue was purified by RPLC to give (60 mg). lH NMR (CDCI3) 8:9.62 

(s, IH), 9.0B (s, IH), 7.84 (s; IH), 7.45-7.09 (m,15H), 6.52 (s, IH), 5.67 (s, IH), 5.49 (m, IH), 

4.72-4.51 (m, 2H), 3.82-3.48 (m, 5H), 3.20 (m, IH), 2.15-1.72 (ms 8H), 1.43 (s, 9H). MS (ESI) 

m/e (M+H4): 769. 
Example 42 - (2$)~l~(f)heml(tcetvl)~N-{2~f5~({f(2$)-l-(vhenvlacetvl)j}yrrolidm-2-

vllcarhoii\4himwo)'Jll-indol-2-vllDvrimidin-5-vlbvrrolidme~2-carhoxamide 

Step I 

WCI ^ v 

10 A mixture of 5-nitroindole (5 g„ 30.9 mmol), Fe (8.6 g( 154 mmol). NH4CI (16.5 

g, 309 mmol), EtOH (80 mL) and water (20 mL) was refluxed under N2 protection for 2 hours. 

The mixture was cooled to RTand filtered. The filtrate was concentrated and dissolved in water. 

The mixture was basified with Na2C03 and extracted with CH2C12 two times. The combined 

organic phases were combined, dried over Na2S04 and filtered. The filtrate was concentrated to 

15 yield the product (3.6 g). MS (ESI) m/e (M+H+): 133. 3HNMR(DMSO) 5:10.55 (s, 1H);7.£2-

7.06 (m5 2H), 6.68 (d, /-2.0 Hz, IH), 6.48 (dd, /=8.4 Hz, 2.0 Hz, IH% 6.12 (t, J-2.0 Hz, IH), 

4.39 (s,2H). 
Step 2 

BQC2O,DMAPI 

H Boc 

20 A mixture of 5-aminomdole (20 g, 76 mmol), DMAP (9.2 g, 38 mmol) THF (250 

mL) and CH3CN (100 mL) was cooled to 0°C Boc20 (132 g, 304 mmol) was slowly added to the 

mixture. The reaction mixture was allowed to warm to RT and stirred over the weekend. The 

mixture was poured into water and exacted with CH2CI2 three times. The organic phase was 

combined, dried over Na2S04 and filtered. The filtrate was concentrated, dissolved in CH2O2 

25 and poured into PE and filtered. The solid was purified by column chromatography 

(PE/EA-20/1) to yield the product (23 g). lH NMR (CDC13): 5 8.05 (d, J**8.0 Hz, IH), 7.56 (d, 

>3.2 Hz, IH), 7.28 (d, >2.4 Hz, IH), 7.03 (dd, 7-8.8 Hz, 1.6 Hz, IH), 1.63 (s, 9H), 1.36 (s, 

18H). 
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Step 3 
BocjN. BocHN. 

T iV-WHfe 
\i5^N 

Boc Boc 

A mixture of the product, from step 2 above (5.0 g, 11.6 mmol), (iPrO^B (17.5 

mL, 92.8 mmol) and dry THF (100 mL) was cooled to 0°C LDA (prepared from nBuLi and 

5 iP^NH in THF, about 116 mmol) was slowly added to the mixture at 0°C, The mixture was 

allowed to warm to RT and stirred for 2 hours. The mixture was quenched by the addition of IN 

HCl to pH^S and extracted with CH2CI2 three times. The combined organic phases were 

combined, dried over Na2SC>4 and filtered. The filtrate was concentrated and purified by column 

chromatography (PE/CH2Cl2=l/l to pure CH2CI2 to CH2Cl2/acetone=10/l to pure acetone) to 

10 afford the product (2.8g). !H NMR (DMSO) 5: 9,22 (s, IH), 8.10 (s, 2H), 7.84 (d, >9.2 Hz, 

IH), 7.65 (s, IH), 7.20 (dd, >9.2 Hz, 2.0 Hz, IH), 6.48 (d, IH), 1.53 (s, 9H), 1.41 (s, 9H). 

Step 4 

C1—4~—^ Ci—<f ™V~NH2 
N=/ N=/ 

A mixture of the pyrimidine compound (0.3 g, 2 mmol), Fe powder (560 mg, 10 

15 mmol), NH4CI (1.07 g, 20 mmol), EtOH (8 mL) and water (2 mL) was refluxed under N2 

overnight. The mixture was cooled to RT and filtered. The filtrate was concentrated and 

dissolved in water. The mixture was basified with Na2C03 and extracted with CH2CI2 two times. 

The combined organic phases were dried over Na2S04 and filtered. The filtrate was 
concentrated to yield the product (120 mg). MS (ESI) m/e (M+H4): 130. 3HNMR(DMSO)5: 

20 7.99 (s, 2H), 5.73 (s, 2H). 

Step 5 
p<j(dpr.f)C!-> 8ocHN-x"^r^ 

CI—f V-NHj * :1 j V-B(OH)2 I T V-NH2 

Boc BOC 

A mixture of the pyrimidine from step 4 (100 mg, 0.77 mmol), indole boronic 

acid from step 3 (290 mg, 0.77 mmol), Pd(dppf)Cl2 (56 mg, 0.077 mmol), Na2C05 (244 mg, 2.3 

25 mmol), THF (20 mL) and H^O (2 mL) was refluxed under N2 overnight. The mixture was 

poured into water and extracted with CH2CI2. The organic phase was combined, dried over 

Na2S04 and filtered. The filtrate was purified by prep TLC (CH2Cl2/MeOH=20/l) to afford the 

product MS (ESI) m/e (M+H4): 426. 
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Step 6 

A mixture of compound from step 5 above was added to a solution HCl in MeOH 

(4M) cooled with ice bath. The mixture was allowed to warm to RT and stirred overnight. The 

mixture was concentrated, dissolved in water, washed by CH2CI2 and concentrated. The residue 

was directly used in the next step without further purification. MS (ESI) m/e (M+H4): 226 

Step 7 

The product of step 6 above (0.22 mmol), Ar-phenylacetyl-L-prolme (51 mg, 0,22 

mmol), DIPEA (100 mg), and DMF (3 mL) was added HATU (84 mg, 0.22 mmol), and the 

mixture was stirred at RT overnight. The mixture was purified by RPLC to afford the product. 

MS (ESI) m/e (M+H*): 656. NMR (CDCfe) & 10.42 (s. IH), 10.01 (s, 1H),9.77 (s, IH), 8.32 

(s, IH), 7.34-7.27 (m511H), 7.05-7.00 (m, 2H), 6.58 (d, .7=8.0 Hz, IH), 4.63-4.53 (m, 2H), 3.84-

3,58 (m, 8H), 2,30-1.94 (m, 8H). 

Examples 43-87 
Compounds of Examples 43-87 were prepared in a. similar manner as described in 

either Example 41 or Example 42. 
Example Structure MW Name 

43 C«!;VKH H J;V O V* 
CH£HS 

884.054 

tert-butyl {(I/?)-2-[(2JS)-2-({4-[5-
({[(2^i-{(2i?)-2~[(rert-

butoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-

yI3carbonyl}ammo)-l#-mdo}-2-
yl]phenyl}carbamoyl)pyrrolidm-

l-yl)-2-oxo-l-
pbenylethyl} carbamate 

44 -A?TOK>^9B 0 J H 0 yw 0 3 ° * 799.891 

methyl {(li?)-2-[(2S)-2-({4-{5-
{mS)-\~{{2Ryi~ 

[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrroHdm-2-

yl]carbonyl) amino)-! #-indol-2-
y l]phenyl} carbaraoy !)pyrroI idin-

l-yl]-2-oxo-l-
phenylethyl} carbamate 

-99-



WO 2010/111483 PCT/ES2010/028653 

Example Structure MW Name 

45 
ill V4 /)~N N ^Jpo 0 oJyfJ 792.002 

(2JS)-I -[(2/?)-2-phenyl-2-
(pyrrolidin-1-yl)acetyl]-Ar-(4-{5-

[({(2S)-l-EC2^)-2-pheijyl-2-
(pyrro-Hdin-1 -yl)acetyl] 

pyrrolidin-2-yl}carbonyl)amino]-
\H-m&o\-2-y\}pheny\) 

pyrroiidine-2-carboxamide 

46 ^r^r'xz^O^ 848.023 

(2S)~1-{(2R)~2-
[(cyclopropylacetyl)amino]-2-

phenylacetyl} -//-{4-[5-( {[(25)-1 -
{(2R)-2-[(cyclopropylacetyl) 

ainino]-2-phenylacetyl} 
pyrrolidin-2-yl]carbonyl}amino> 

i//-mdol-2-yl]phenyl} 
pyrroiidine-2-carboxamide 

47 
chA J* • TTyO-^^ o,fX\* oy^CHs 

vJ r\ ° CH, 
852.055 

(2S)-1 - {(2 J?)-2-[{3~ 
methylbutanoyl)amino]-2-

phe&y!acetyI}-N-{4-[5-{{[(2S)-l-
{(2if)-2"{(3-methylbutaiioyl) 

amino]-2-phenylacetyl} 
pyrrolidin-2-yl]carbony 1} amino)-

lf/-indol-2-yl]phenyl} 
pyrrolidme-2-carboxamide 

48 ^I*X»0^0 824.001 

(25)-l-[(2^>2-(morpholm-4-yl)-
2-pbenylacelyl]-Ar-(4- (5-[({(25)-

1 -[(2 j?)-2-(morphoIiii-4-yl)-2-
phenylacetyljpyrrolidin-2-

yl} carbony l)amino]-l //-rndol-2-
yl}phenyl)pyrrolidine-2-

caiboxaniide 

49 Or^XXi-O^?^ 834.04 

(25)-1 -(2,3 -diphenylpropanoyl)-
A44-{5-({[(2S)-l-{2,3-

diphenylpropanoy])pyrrolidin-2~ 
y]]carbonyI} amino)-1 //-indol-2-

yl]phenyl}pyrro]idme-2-
carboxamide 

50 

CH* 

992.195 

(25)-1 -[(2i?)-2 - {[(4-
methy1pheny1)sulfoiiyl]amino}-2-
phenylacetyi]-iV-(4-{5-(({(25)-l-

[(2R)-2-{[(4-methylpbenyl) 
sulfonyljamino} -2-pheny lacety Ij 
pyr!-olidm-2-y]}carbonyl)amino]-

1 //-indol-2-y 1} phenyl) 
pyrroiidine-2-carboxamide 

51 ^i"rXH>\PSr0 904.132 

(2S)-l-((2R}-2-
[(cyclohexylcarbonyl)amino]'2~ 

phenylacetyl}-^-{4-[5-<{[(25)-I-
{(2K)-2-[(cyclohexylcarbonyl) 

ammoj-2-phenylacetyl} 
pyrrolidin-2-yl)carbonyl} amino)-

I F-indol-2-y Ijpheinyl} 
pyrrolidine-2-carboxamide 
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Example Structure MW Name 

52 553,623 

methyl {(ltf)-2-[(2S>2~({2~[4-
(acetylarnino)phenyl]-li/-indol-
5-yl) carbamoyi)pyirolidin-1 -yl]-
2-oxo-1 -phenylethy l}carbamate 

53 
TXXH>~p. " xW* L ) CH? 3 

595.704 

tert~bvty\ {(l/?)-2-[(2S)-2-({4-[5-
(acetyiamino)- l//-indol-2-

yljphenyl} carbamoyl)pyrroIidin-
l-y3]-2-oxo-l-

phenylethyl} carbamate 

54 
"=(t ° 

565.678 

Ar-{2-[4-(acetylamino)phenyI]-
1 AT-indol-5-yI J -1-[(2^?)-2-

(morphoiin-4-yl)-2-
phenylacetylJ-L-prolinamide 

55 581.677 

propais-2-yl {(l/e)-2-[(2S)-2-({2-
[4-(acetylamino)phenyI]-li7-

indol-5-y!} carbamoyl)pyrrolidin-
l-yl]-2-oxo-i-

phenylethyl} carbamate 

56 
, 9vtP-°>9 
X' A'1*0 817.953 

(2S)-l~{(2R)~2-
[(cyclopentylcarbamoyl)amsno]-
2-pheny lacety 1} -N-(4- {5 -{({(25)-

1 -[(2/?)-2-(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-

yl}carbonyl)ainmo]-l/f-indol-2-
yi}phenyi)pyrrolidme-2-

carboxamide 

57 

<r&t 
816.019 

?er*-butyl {(2^)-l-[(25)-2-({4-[5-
«[(2S)-l-{(M)-2-[(/art-

butoxycarbonyl)amino)-3-
methylbutanoyl}pyrrolidin-2-

yijcarbonyl} ammo)-l//-indol-2-
yL]phenyl}cai'bamoyl)pyiTolidin-

1 -yl}-3-methyl-1 -oxobutan-2-
yl} carbamate 

58 549.679 

Ar-{2-[4-(acetylamino)phenyl]-
IH-indol~5-yl}-l-[(2J?)-2-phenyl-

2-(pyrrolidm-1 -y I)acetyl]-L-
prolinamide 

59 

CH3^XrK^r^-. 

V-CHs CHSJ CH3 

CH3 CH3 

699.945 

{25>l-[(2J?)-2-(dimethylammo)~ 
4-methylpentanoyl]-jV-{4-{5-

[({(2S)-1 -[(2i?)-2-
(dimethylamino)-4-

methyIpentanoyI]pyrrolidin-2-
yl} carbortyl)amino]-1 H-m6o\-2-

yl}phenyl)pyrrolidme~2~ 
carboxamide (non-preferred 

name) 
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Example Structure MW Name 

60 rs 

O S 820.056 

(2S)-l-[(2*)-2-pheny)-2-
(piperidin-1 -yl)acelyl] -N-(4-{5~ 

E( {(25)-1 -[(2i?}-2-phenyI~2-
(piperidin-1 -yl)acetyljpyrrolidin-
2-yi}carbonyl)amino]-l//-indol-

2-yl}phenyl)pyrro}idine-2-
carboxamide 

61 f£ 785.914 

(25)-1 -[(2R)-2-( lff-imidazol-1 -
yl)-2-pbenylacetyl]-iV-(4-{5-

[{{(25)-l-[(2^)-2-(l^-imidazol-
1 -yl}-2-pheiiylacetyl]pyrro]idm-
2-yl}carbonyl)ammo]-l/f-indol-

2-yl}pheny])pyrrolidine-2-
carboxamide 

62 

C"3 d Jj 
CH^V\T XXMD-V r™* 6 " Q- 796.034 

(2»S)-l-I(2./2)-2-(diethylamino)-2-
phenylacetyl]-Ar-(4-{5-[( {(25)-l-

[(2/?)-2-(diethylamino)-2-
phenylacetyljpyrrolidin-2-

yl) carbonyl)amino]-l //-indol-2-
yl} phenyl)pyrro3idine-2-

carboxamide 

63 
rS ^\C„H-L § CHy"s 

692.822 

fer*-buiyl {(15)-2-f(2S)-2-({4-[5-
({[(25)-1 -acety ipyrrolidin-2-

yl]carbonyl}amino)-1 H-indol-2-
yljphenyl} carbamoyl Jpyrrolidin-

l-yl]-2-oxo-l-
phenyletky 1} carbamate 

64 O&'XXK^PH H °\.ni r. 
J Y°\~ CHS 

0 CR?5"1* 

692.822 

tert-butyl {(li?)-2-[(25>2-({4-[5-
({[(25)-I -acetylpyrrol idiil-2-

yl]carbonyl}amino)-l/3r-mdoI-•-2-
yl]phenyl} carbamoyl)pyirolidin-

l-yl]-2-oxo-l-
phenylethyl}carbamate 

65 

CHS H 

^HVOVW^ . q 5 Vv o 1 JTW^\ K"N-> u NJS^N 1/-N \._J 
O H HOH< 

CH3 

692 .S66 

ter/-butyl {{li?)-2-oxo-l-phenyl-
2- [(25)-2-( {2-[4-( {E(25)-1 -
(propan-2-yl)pyn"olidin-2-

yl]carbonyl}ammo)phenyl]~l//-
mdol-5-yl}carbamoyl)pyrrolidm-

1 -yl]ethyl} carbamate 

66 523.64 

iV-{2~[4-(acetylammo)phenyl)-
l//-indoI-5-yl}-l-[(2i?)-2-

(dimetbylaTnmo)-2-
phenylacetyl]-L-prolin amide 

67 Cv^rxsvo-^ <y • 563.706 

N- {2-[4-(acety lamino)phenyl]~ 
li7-indol-5-yl}-l-[(2/e)-2-phenyl-

2-(piper idin-1 -y l)acety 1]-L-
prolinamide 
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Example Structure MW Name 

68 o 5 8H.99 

tert-butyl [(1 J?)-2-{(2S)-2-[(2- (4-
[({(2S>H<2*)-2-

(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-

yl} carbony!)ammo]phenyi}-\H-
indol-5-yl)carbamoyl]pyrrolidin-

l-yl}-2-oxo-l-
pheny]ethyl]cai'bamate 

69 
?HaC^YNYVA /""x ^~~0 

o o 0>^H* 811.99 

rert-butyl f{l/?)-2~{(2S)-2-[(4-{5-
[({(2S)A-{(2R)-2-

(diinethylamino)-2-phenylacetyl] 
pyrroIidin-2-yl}carbonyl)amino]-

l//-indol-2-yl} phenyl) 
carbamoyl] pyrroiidin-l-y]}-2-
oxo-1 -phenylethyl]carbamate 

70 

H C^YNY^T\ /^\ *V~0 
/ CH3 

810.017 

(25)-l-[(2/?)-2-(dimethylamino)-
2-phenylacetyl]-//-{4-[5-({[{25)-

l-{(2i?)-2-E(3)3-
dimethylbutanoy])amino]-2-
phenyiacetyl) pyrrolidm-2-

y l]carbonyl} amino)-1 tf-indol-2 -
yl]phenyl} pyrrolidiBe-2-

carboxamide 

71 
*9fC&<>V? e^X ° A 660.823 

(25)-1 -(cyclopropy lacetyl)-/V-(4~ 
{5-[({(25>l-[(2A)-2-
(dimethylamino)-2-

pheny!acetyi]pyiToiidin-2-
yl} carbonyl)amino]-1 //-indol-2-

yl}phenyl)pyrrolidine-2-
carboxamide 

72 0^0 0 o=Yv 

0 
676.823 

(2x5)-1 -[(2/?)-2-(dimethylamino)-
2i>heny)acetyi]-A42-{4-[({(2£)-

1 - [(2/?)-tetrahydrofuran-2-
ylcarbonyl]pyrrolidm-2-

yi }carbonyl)amino]phenyl} -1H-
indol-5-yI)pyrrolidine-2-

carboxamide 

73 
•tY^^O^Z r> X >~v* 

CJ 0 ct^H3 
F V 

F 

920.035 

tert-butyl [(li?)-2-{(25)-2-[(4-{5~ 
[({(25)-l-E(2R).2-[{/erf-

butoxycarbonyI)amino]-2-(4-
fluorophenyl)acet>'l]pyn-o!idin-2-
y ] }carbony l)ammo]~ lf/-indol-2~ 
yl}pheny3)carbamoyI]pyrroIidm-

1 -y 1} -1 -(4-fhioropheriyI}-2-
oxoethyllcarbamale 

74 Tr-^f'^ccvo^. 
\J CHJ 

852.142 

(25)-l - {(2i?)-2~[methyl{3 -
methylbutyl)amino3-2-

pheny lacety 1} -N- (4-f 5-( {[(25)-1-
{(2/?)-2-[methyl(3-methylbutyl) 

amino]-2-phenylacetyl} 
pyrro!idin-2-yl]carbonyl}amino)-

1 H-indol-2-y l]phenyl} 
pyrrolidine-2-carboxamide 
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Example Structure MW Name 

83 1 ° H 0>VNX 

0 V CB' 
CIHj 

719.935 

7^Ar-dimetliyl-D-leucyI-Ar-{4-[5-
({1 -[{2i?)-2-(dimefhy]ammo)~2-
pheny lacetyI]-L-prolyl} amino)-

l/r-indol-2-yI]phenyl}-L-
prolinamide 

84 JL U H 577.733 

iV-(2-{4-[(cyclopentyIcarbonyI) 
ammojphenyl}-l//-indol-5-yl)-1 -

[(2^)~2-(dimethy!amino)-2-
phenylacetyl]-L-prolinamide 

85 XXhO^M^H. 6 652.8 

ferf-bulyl [(2S)-l-({4-[5-({l-
[(2/?)-2-<drmethylamino)-2-

phenylacetyl)-L-proly 1} araino)-
l//-indol-2-yi}pheny]}amino)-] -

oxopropan-2~y]]carbamate 

86 
0 * 

714.872 

fert-butyi [(lS)-2-({4-E5-({l~ 
[(2i?)-2-(dimethyiamino)-2-

phenyIacetyl]-L-pro!y!} atnino)-
l//-indol-2-yl]phenyl}amino)-2-
oxo-3 -phenylethy l]carbamate 

87 
/~\ °y^cp 

CH^^S Txy^y~m 
H CHj 

680.855 

rert-butyl [(2tf)~H{4~[5<{]-
[(2/?)-2-(dimefliyIamino)-2-

phenylacety Ij-L-proly]} amino)-
l//-irfdo)-2-yl]phenyl} amino}-3-

methyl-1 -oxobutan-2-
yllcarbainate 

Example 88 - (2§,2'Si~N.W~5.6>7J2~tetrahvdrobenzof6,7}cvcfoheDtafL2~bfindole-3.9~ 

divlbi$fl~fohetivlacetvl)Dvrrolidine-2-carboxamide/ 

5 Step 1 

HNO3/HJS04 

^Y^-^GOOH " °=H T ^ CC>OH 
0 

To a mixture of HNO^ (4 mL) and H2SO4 (2 mL) at 0°C was slowly added the 

above carboxylic acid (2 g, 10.4 mmol). The mixture was stirred under 0°C for 30 minutes. The 

resulting solution was poured into 20 mL of H2O at 0°C5 and the precipitate was filtered to give 

10 compound (2 g) as a yellow solid. MS (ESI) m/e (M+H*): 238. 

Step 2 

H2l Pd. HAc. AC2O 9 

COOH 
H 

To a mixture of HOAc (10 mL) and AC2O (3 mL) was added the nitro compound 

from step 1 (1 g, 4.3 mmol) and Pd/C (100 mg, 0,6 mmol). The mixture was stirred under H2 for 
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6 hours. The catalyst was filtered, and the filtrate was concentrated in vacuo to give the desired 

compound (1 g) as a brown solid. MS (ESI) m/e (M+H"1): 236. 

Step 3 

o 
A PPA 

COOH 

The compound from step 2 above (150 mg, 0.64 mmol) was slowly added to PPA 

(6 mL) at 100°C. The mixture was stirred for 3 hours. After cooling, the resulting solution was 

poured into 40 mL mixture of water and ice and extracted with DCM. The organic layer was 

concentrated to give the cyclic product (70 mg) as a brown solid. MS (ESI) m/e (M+H+): 218. 

Step 4 

A "NH2 
10% HAc/ EtOH 

To a solution of the ketone from step 3 (140 mg, 0.65 mmol) in 10% HOAc/EtOH 

(10 mL) was added 4-acetamidophenylhydrazine (144 mg, 0.72 mmol). The mixture was stirred 

at reflux for 4 hours. After cooling, the resulting solution was concentrated in vacuo, washed 

with water and extracted by EtOAc. The organic layer was concentrated in vacuo to give the 

desired compound (200 mg) as a brown solid. MS (ESI) m/e (M+fT): 348. 

Step 5 

To a solution of the product from step 4 above (200 mg, 0.57 mmol) in EtOH (10 

mL) was added 6N HCl (2 mL, 12 mmol). The mixture was stirred at reflux overnight and 

cooled, and the resulting solution was concentrated then purified by silica gel flash 

chromatography (petroleum ether / ethyl acetate~5:l) to give the desired compound (150 mg) as 

a brown solid. MS (ESI) m/e (M+H+): 264. 

Step 6 

» ^—NH — f *-

To a solution of the aniline from step 5 (40 mg, 0.15 mmol) in MeCN (5 mL) was 

added the proline analog (70 mg, 0,3 mol), HATU (250 trig, 0.6 mmol) and DIPEA (80 mg, 0,6 
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mmol). The mixture was stirred overnight. The resulting solution was purified by pre-HPLC to 

give the desired compound (10 mg) as a brown solid. jHTS!MR5: 7.62-7.20 (m, 16H), 4.58-4.54 

(m, 2H), 3.79-3.60 (m> 6H): 2.95 (ms 2H), 2.80 (m; 2H), 2.264.94 (m, 8H). MS (ESI) m/e 

(M+H+): 694. 

5 Examples 89-98 
Compounds of Examples 89-98 were prepared in a similar manner as described in 

Example 88. 
Example Structure MW Name 

89 679,826 
(25,2^-A^-6,n~diliydro-5tf-
benzo[a]carbazole-3 ?8-diylbis[ 1 -

(phenyiacetyl)pyrrolidine-2-
carboxamide] 

90 xXrrvi>NH w-1 
711.825 

dibenzyl (25,2,5}-2r2,-(6)l 1-
dihydro5//-benzo[a]carbazole-

3,8-diyldicarbamoyl) 
dipyrrolidine-3 -carboxylate 

91 'TrR>^£o 528.453 
A'-(S-bromo~6,l l-dihydro-Si1/-

beiizo[a]carbazol-3-yI)-l-
(phenyIacetyi)-L-prolinamide 

92 

° o 
910.092 

di-tert-butyl (6,1 l-dihydro-5//-
benzo[a]carbazole-3,8-diyJ.bis 

{carbamoyl(2<S')pyrrolidine-2, 1 -
diyl[( l£)-2-oxo-1 -phenylethane-

2,1 -diyl]} )biscarbamate 

93 
lil ° 

643,586 

tenr-buiyl [(l^)-2-{(25)-2-[(8-
brorao-6,1 l-dihydro-5//-
benzo{a]carbaz»]-3-yl) 

carbamoyl]pyrrolidin-l-y]}-2-
0X0-1 -phenylethy)]carbamate 

94 
, CVwO\ V-O 'UJuK>'X, 

o 
765.942 

(2S^S)~NfN'-6, \ !-dihydro-5H-
benzo[a]carbazo}e-3.8-di.yIbis{l-

[(2i?)-2-(dimethylammo)-2-
phenylacetyl3pyrrolidine-2* 

carboxaniide} 

95 O " N>~^" F ^ 779.968 

(2S^2'S)-N,N'-5,6j7,12-
tetrabydrobenzo[6,7]cyclohepta 

[ 1,2-b] indole-3,9-diy Ibis {1 -
[(2/?)-2-(dimethylamino)-2-
phenylacetyl3pyrroiidine-2~ 

carboxamide} 

96 
P H •+ oVr 

0 
562.718 

N~{6,11 -dihydro-5H-
benzo[a3carbazoI-3-yl)-1 - {(25)-

2-[{3,3-dimethy]butanoyl)ammo] 
-2-phenylacetyl}-L-prolmamide 

97 

O6 
564.69 

tert-butyl {(1#)~2-[(2S>2-(6,11-
dihydro-5/f-benzo[a]carbazol-3-
ylcarbamoyljpyrrolidin-1 -yl]-2-
oxo- 1-phenylethy]} carbamate 
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Example Structure MW Name 

98 5 (J) 924.119 

di-ferf-butyl (5,6.7,12-
tetrahydrobe»2o[6/7]cyclohepta[ 

1,2-b]indole-3,9-diyibis 
{carbamoy l(2S)pym>lidine-2, 1 -
diyl[(l£)-2-oxo-l-phenylethane-

2,1 -diyl]} )biscarbamate 

Example 99 - tert-butvl mm-24(2$)-2-(5~{445-(m2&)~l-{(2m~2~f(text-butoxv 

carbonvl)atninol'-2-Dhenvlacet\>Uvvrrolidin-2-'vllcarbonvttammo)-ll&-indol-2-vlh}kenvtt-ni-
imidazol-2-vl)Pvrrolidin-l-vlf-2-oxo-l-BkenvIethvlkarbamate 

''NHBoc 

Step 1 
o vO -25^ fVS* '« HTL 

HATU (20 g, 523 mmol) was added to a heterogeneous mixture of the amino 

ketone (12 g, 48.5 mmol) and L-Cbz-Pro (12.4 gf 50 mmol) in MeCN (156 mL). The mixture 

10 was cooled in an ice-water bath, and immediately afterward. DIPEA (27 mL, 155 mmol) was 

added dropwise. After the addition of the base, the cooling bath was removed, and the reaction 

mixture was stirred for an additional 50 minutes. The volatile component was removed, and 

water (125 mL) was added to the resulting crude solid and stirred for about 1 hour. The off-

white solid was filtered and washed with copious water, and dried in vacuo to provide the 
15 desired compound as a white solid (20.68 g). MS (ESI) m/e (M+H*): 446. 

Step 2 

A mixture of the product feom step 1 above (12.8 g, 31.12 mmol) and KH4O Ac 

(12.0 g, 155.7mmoI)inxylenes (155 mL)was heated inasealed tube at 160°C for 2 hours. The 

20 volatile component was removed in vacuo, and the residue was partitioned carefully between 

EtOAc and water, where by enough saturated NaH€03 solution was added so as to make the pH 

of the aqueous phase slightly basic after the shaking of the biphasic system. The layers were 
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20 

separated, and the aqueous layer was extracted with an additional EtOAc. The combined organic 

phase was washed with brine, dried, filtered, and concentrated in vacuo to yield a yellow solid. 

MS (ESI) m/e (M+H*): 426. *H NMR (CDCfe) 5: 7,31-7.52 (m, 9H), 7.17 (s, IH), 5.12 - 5.20 
(m, 2H), 5.00 ~ 5.01 (m, IH), 3.50 - 3.52 (m5 2H), 2.96 - 2.97 (m, IH), 1.97~ 2.17 (m, 3H). 

Se/? 5 

Pd(dppf)Clj 

Na^COj 

Cbz 

A mixture of the product from step 2 above (327 mg, 0.77 mmol), indole boronic 

acid from Example 42 (290 mg, 0.77 mmol), Pd(dppf)Cl2 (56 mg, 0.077 mmol), Na2C03 (244 

mg, 2.3 mmol), THF (20 mL) and H20 (2 mL) was refluxed under N2 overnight. The mixture 

10 was poured into water and extracted with CH2CI2. The organic phase was combined, dried over 

Na2S04 and filtered to give the desired compound, which was used directly in the next step. MS 

(ESI) m/e (M+tf): 678. 

Step 4 

Bex/" 

Cbz 

15 A solution of the product of step 3 inHCl/CHhOH (5 N) was stirred for 3 hours. 

Concentration in vacuo afforded the crude product. MS (ESI) m/e (M+H4"): 478. 

Step 5 

HzNv 
Boc-

r^\ i 
M-

"OH 

HATU Cbz 

This reaction was carried out using the standard HATU-mediated coupling 

procedure described in step 1 between Boc-L-Pro-OH and the product from step 4 above. MS 
(ESI) m/e (M+H4): 808. 3H NMR (MeOD) 6: 8.95 (bs, IH), 6.82 ~ 7.56 (m, 17H), 6.50 -6.62 

(m, IH), 5.74 (bs, IH), 5.38 - 5.39 (m, IH), 4.91 ~ 5.08 (m, 2H), 4.66 (bs, IH), 3.79 (bs, IH), 

3.40 ~ 3.54 (m, 2H), 3.19 (bs, IH), 1.93 -2.25 (m, 4H), 1.75-1.88 (m, 4H), 1.35 - 1.32 (m, 

9H). 
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Step 6 

To a solution of the product from step 5 (220mg, 0.3 mmol) in 20 mL of AcOH 

was added 3 mL of 48% HBr. The solution was heated to 80°C for 6 hours. The volatiles were 

5 removed in vacuo, and the residue was dissolved in DCM/i-PrQH (3:1), washed with saturated 

Na2C03 and brine, dried and concentrated in vacuo to give a solid, which was used in the next 

step directly. MS (ESI) m/e (M+H4): 441. 

Step 7 

10 A cooled solution containing HATU (0.6 mmol), the diamine from step 6 above 

(132 mg, 0.3 mmol) and R-Boc-Pro (129 mg. 0.6 mmol) in MeCH (3 mL)s was treated with 

DIPEA (2.4 mmol), added dropwise over 13 minutes. After the addition of the base was 

completed, the cooling bath was removed, and the reaction mixture was stirred for an additional 

30 minutes. The volatile component was removed in vacuo; water was added to the resulting 

15 crude solid and stirred for about 1 hour. The off-white solid was filtered, washed with water, and 

dried in vacuo to provide the desired, compound as a. white solid. MS (ESI) m/e (M+H+): 908. 
NMR (MeOD) 5: 7.66 ~ 7.84 (m, 6 H), 7.28 - 7.40 (m512H); 6.80 (s> IH), 5.40 - 5.45 (m, 

2H), 5.18 - 5.20 (m, IH), 3.70 - 4.02 (m, 4 H)s 1.80 ~ 2.12 (m, 8 H), 1.35 - 1.37 (m, 18 H). 

Examples 100-116 
20 Compounds of Examples 100-116 were prepared in a similar manner as described 

in Example 99. 
Example Structure MW Name 

100 o ^ 807-958 

benzyl (2S)-2-|5-(4~{5-Kl-
{(2i?)-2-[(te^butoxycarbonyl) 

aminoJ-2-pfreny3acetyl}~I,-
proly })amino]-1 #-indoI-2-
yl}phenyl)~l#-imidazoi-2-

yllpyrroiidine-l-carbox'ylate 
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Example Structure MW Name 

101 
CH3 .VrrvO^N ° OK) 
O mr~~Q CH3 

762.963 

l-((2/?}-2-(dimethyIamin.o)-2-
phenylacetyl]-.V-{2-[4-(2-{(25)-

l-[(2i?)-2-(dimethylamino)-2-
pheny lacety JJpyrrolidin-2-yl} -
l//-imidazol-5-yl)phenyl]-li/~ 

mdol-5-yl}-L-prolmaraide 

102 604.715 

(ert-butyl {(l^)-2-[(2S)-2-({2~ 
[4-(l//-imidazol-4-yl)phenyl]-

li/-mdol-5-yl}carbamoyl) 
pyrrolidin-1 -y l]-2-oxo-l -
phenylethy!} carbamate 

103 

0 CHTO CH3 ^ 

762.963 

l-[(25)-2-(dimethylammo)-2-
phenylacetyl]-N-{2-[4-(2-{(25)-

l-[(25)-2-{dimetiiylaraino)-2-
phenylacetyljpyrroIidm-2-yl}-
li/-imidazol-5-yl)phenyl]-ljy'-

mdol-5-vl} -L-prolinamide 

104 
S^VCQrCH?^ 

0 
791.958 

/erf-butyl {(l./?)-2-oxo-l-phenyl-
2-[(2S)-2» {[2-(4- {2-[(25)-l-

(phenylacetyI)pyrrolidm-2~yl]-
} H-imidazol-S-yl} pheayl)-!.#-

hidol-5-yl]carbamoyl}pyrroiidin-
1 -vllethyl} carbamate 

105 
c«T H i T / V/^N-VX 0 krfA-NH H J, ) 

0 o^N 

CJ CHS 
715.86 

/ert-b«tyH(li?)-2-[(25)-2-{[2-(4-
{2-[(25)- 3 -acetylpyrrolidin-2-
y 1]-1 H-im idazol -5 -y 1} phenyl)-

1 //-indol- 5 -yl}carbamoyl} 
pyrrolidin-1 -y fjj-2-oxo-1 -
phenylethyl} carbamate 

106 

c^-CHs <fl H Y^CT txvo^ 
793.931 

beazyl (2S)-2-(5-{4-[5-({1-
[(2ft)-2-phenyj-2-{[(propan-2~ 

yloxy)carbony]]amino} acetyl]-L-
prolyl}ammo)~l#-i;ndol-2-
yl]phenyl}-l//-imidazol-2-

yl)pyrrolidbie-l-carboxylate 

107 5 6k 835.027 

terM>utyl {(1 i?)-2-t(2S>2-( {2-
[4-(2- {(251)-1 »[(2R)-2-

(dimethylamino)-2-
phenylacetyl)pyrrolidin-2-yl}-
1J/-imidazol-5-yl)phenyl]-l#~ 

mdol-5-yl}carbamoyI)pyrrolidin-
1-y 11-2-oxo-l-

phenylethyl} carbamate 

30$ 

H 'CH* 

° oX 
CHT^ 

893.064 

propan-2-yl f(ii?)-2-{(25)-2-[l-
methyl-4-(4-{5-E({(2S)~l-[(2i?}-

2-phenyl-2- {[(propan-2-
yloxy)carbonyl3amino} acetyl] 

pyrroiidin-2-yI} carbony!)ammo]-
I/f-indol-2-y 1} phenyl)- i H-

imidazol-2-y Ijpyrrolidin-1 -yl} -2-
oxo-1 -pfeenyiethyljcarbamate 

- Ill -
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Example Structure MW Name 

109 

C^CH3 H 

V»vA JNT^CV/>TI 
O T 

701.833 

propan-2-yl {(li?>2-[(25>2-{[2-
(4- (2-[(2<S)-1 -acetylpyrrolidin-2-
yl]-l//-imidazol-5-y!}phenyl)-

1 /7-indo!-5-y!]carbamoyl} 
pyrroJidin-1 -yl]-2~oxo- 1 -
phenylethy 1} carbamate 

110 
0 

659.795 

propan-2-yl {(l/?)-2-oxo-l-
phenyl-2-[(2S)-2-{[2-(4-{2-
[(2S)-pyrrolidin-2-yl]-l//-

imidazol-5 -y i} phenyl)-1 //-indol-
5-yi}carbamoyl}pyrroIidm-l-

yljethy 1} carbamate 

in ^CH> 547.663 

propan-2-yI {(lV?)~2-[(2S)-2-{5-
[4<l/f-indol-2-yl)pbenyl]-Itf-

imidazoI-2-yl} pyrrolidin-1 -y l]-2-
oxo- \ -phenylethyl}carbamate 

112 axybf}^' o 489.626 

(2i?)-2-(dimethylamino)-l-[(25)-
2-{5-[4-(l/3T-mdo3-2-y!)phenyl}" 
l//-imidazol-2~yl}pyiTolidm-l-

yl)-2-phenylethanone 

113 OT° oY o 879.037 

propan-2-yl [(l/?)-2-oxo-l-
phenyl-2-{(25)-2-[5»(4-{5-
{({{2S}-1 -[(2/2)-2-phenyl-2-
{[(propan-2-y loxy)carbony 1] 
ammo}acet\'l]pyrroiidin-2-

yl}carbonyl)amino]-l//-mdol-2-
yl}phenylH//-imidazol-2-yl] 

pyrrolidin-1 -yHethyl]carbamate 

114 

f~n 

•n 821 

propan-2-yl {{li?)-2-[(2S)-2-({2-
[4-(2-{(25)-I~[(2i?)-2-

(dimethylamino)-2-phenylacetyl] 
pyrrolidin-2-yl}-l//-imidazol-5-

yl)phenylj- I//-indoI~5~ 
yl}carbarnoyI)pyrrolidin-l-yl]-2-

oxo-l-phenvlethyl} carbamate 

115 

CI f> CH3 

CH* 5S2.108 

propan-2-yI {(li?V2-f(2.S)-2-{4-
[4-(3-chloro-l//-indol-2-

yl)phenyl]-l//-imidazol-2-
yl}pyrrolidin-1 -yl]-2-oxo-l-

pheny lethyl} carbamate 

116 xi 754.894 

jV-(me?hoxycarbonyl)-L-valyl-i\f-
{2-[4-(2-{(25)-l-[Ar-

(meftioxycarbonyl)-L-
valyl]pyrrolidin-2-yl}-1H-

imidazol-5-yl)phenyl]-l/f-mdol-
5 -yl) -L-prolinamide ' 

-112-
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Example 117 - Propan-2-vl f(m)-2-oxo-l~phenvl-24(2S)-243-(4-{S4a(2^14(2m--2-phenvl-

2~{f(DroDan-2~vloxv)carbQnvUamMolacetvUDvrr0lidin-2-vftcarbonvl)amino]-IB.~indol-2-

vlbhenvD-lll-pvrazoI-S-vlJpviroIidm-l-vltethvlIcarbamate 

° Y 11 '^ru 

Cor, 

5 Step I 

o— 
A solution of 4-bromophenylacetylene (5.0g, 27.6mmol) in THF (lOOmL) at 0°C 

was treated a solution of EtMgBr (3M in THF, 9.84mL> 29.5mmol), After 10 minutes, the 

cooling bath was removed, and the mixture was allowed lo stir at RT for 3 hours. The reaction 

10 mixture was then cooled to 0°C and added to the Weinreb amide of Z-proline (6.1 Og, 20.9 mmol) 

in THF (50mL). The reaction mixture was warmed to RT for 48 hours. The reaction mixture 

was quenched with saturated NH4CI and diluted with EtQAc/HzO. The aqueous phase was back-

extracted with EtOAc (2x)> and the combined organic layers were washed (^O, brine), dried 

(Na2S04), and filtered. The solvent was removed, and the residue was purified by silica gel (PE: 

15 EA=10:1-4:1) to give the product (7.0g) as a cream-colored solid. *HNMR (CDCJ.3) 5: 7.37 -

7.47 (m, 2 H), 7.10 ~ 7.30 (m; 7 H)? 4.98 ~ 5.32 (m, 2 H), 4.32 - 4.47 (m, 1 H), 3.45 ~ 3.61 (m= 2 

H), 2.15 ~ 2.27 (m, 1 H), 2.03 - 2.12 (m, 1 H), 1.76 ~ 193 (m, 2 H). MS (ESI) m/e (M+H4): 

4J 3. 

Step 2 

NH2NH2 
—f ethanrt 

Cbz y~=s—Sr Ctii 

A mixture of the product from step 1 (7.0g, 17 mmol) and hydrazine hydrate 

(85%, 1.6 mL) in EtOH (50 mL) was heated at 80°C for 16 hours. The reaction mixture was 

cooled and concentrated to afford the desired product (6.7g). MS (ESI) m/e (M+H4"): 426. 

Step 3 

Ol (Bsc)2N- pd(#p1)ci2 C-X w°G 

< ifV * N I /—B(OHh THF/H20 J T\ /^\ / f^]\ ct* ft r\ /~Br Cto iLr~\ 25 « ^ reflux. 24 h N N—' 
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10 

15 

20 

25 

A mixture of the product from step 2 above (0.77 mmol), indole boronic acid 

from Example 42 (290 mg, 0.77 mmol)., Pd(dppf}Cl2 (56 mg, 0.077 mmol), NazCOa (244 mg, 2.3 

mmol), THF (20 mL) and H2O (2 mL) was refluxed under N2 overnight. The mixture was 

poured into water and extracted with CH2CI2, dried over Na2SC>4 and filtered to give the desired 

compound, which was used directly in the next step. MS (ESI) m/e (M+H1): 678. 

Step 4 

Cbz 

A solution of the product from step 3 above (339 mg, 0.5 mmol) was dissolved in 

3 mL of DCM and cooled to 0°C. After the addition of 3 mL of TFA, the reaction mixture was 

warmed to RT and stirred for 3 hours. Removal of the solvent left the desired product as an oil, 

which was used directly in the next reaction. MS (ESI) m/e (M+H*): 378. 

Step 5 

"Boc 

A solution containing PyBOP (0.3 mmol), the amine from step 4 above (132 mg, 

0.3 mmol) and N-Boc~L-Pro-OH (62 mg, 0.3 mmol) in DMF (2 mL) was treated with N-
methylmorpholine (1.2 mmol). The reaction mixture was stirred for 3 hours, diluted with EtOAc 

and washed with water (5x). The organic phase was dried and concentrated then 

chromatographed by RPLC to afford the desired compound. MS (ESI) m/e (M+H4"): 675. 

Step 6 

Cbz 

The product from step 5 (100 mg, 0.15 mmol) was dissolved in MeOH and treated 

with 20 mg of 20% Pd(OH)2 then hydrogenated at 45 psi for 4 hours. The catalyst was removed 

by filtration through CELITE, and the filtrate was evaporated to leave the desired product. MS 

(ESI) m/e (M+H*): 541. 

Step 7 

114-
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15 

20 

A solution of the product from step 6 above was dissolved in 2 mL of DCM and 2 

mL of TFA. The reaction mixture was stirred for 3 hours before the solvent was evaporated to 

give the desired product as an oil, which was used directly in the next reaction. MS (ESI) m/e 

(M+H*): 441. 

5 Step 8 

j 1v ,m PyBOP 

N^O 
H 

A solution containing PyBOP (0.6 mmol), the diamine from step 7 above (132 

mg, 0.3 mmol) and R-i-Proc-Phg-OH (125 mg, 0.6 mmol) in DMF (5 mL) was treated with N-
methylmorpholine (2.4 mmol). The reaction mixture was stirred for 3 hours, diluted with 20 mL 

of EtOAc and washed with water (5x). The organic phase was dried and concentrated then 

chromatographed by RPLC to afford the desired compound. *H NMR (MeOD) 8: 7.70 ~ 7.80(m, 

4H), 7.05 ~ 1.55(m, 14H)S 6.80 ~ 7.00(m, IH), 5.10 - 5.50(m, 3H)S 4.40 ~ 4,65(m, 2H), 3.25 -

4.00(m? 4H), 1.70 - 2.40(m, 9H), 1.05-1,20(ms 12H). MS (ESI) m / e (M+H4): 880. 

Example 118 - Propan-2-vl f(UD~2~0xo-l-Dftenvl-2-tf2S)-2~f5~(4-{5-fC{(2$)~l"f(2R)~2-phenvl~ 

2-{[(r)ronan-2-vloxv)carbonvUamino}acetvllnvrr0Udin-2-vttcarhonvl)aminoj-ll\-indol-2-
vUvkenvl)-1.3-thiazol-2-vlh}vrrolidin-l~vUetkvUcarbamate 

Step 1 

0"~i PH 
b 

o 
..A 

Cbz 
2>NH3, HZO 

(X 
Cbz 

Ethyl chloroformate (32 mL, 125 mmol) in 180 mL of THF was added drop-wise 

to a cooled solution (-5°C) of compound Z-Pro-OH (13.8 g, 55.5 mmol), TEA (7.71 mL, 55.5 

mmol). The resulting slurry was stirred for 20 minutes at -5°C before saturated NH4OH (15 mL) 

was added. The solution was stirred at RT for 18 hours, volatiles were removed, and the residue 

was taken up in EtOAc (180 mL). The undissolved white precipitate was filtered off and rinsed 
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with EtOAc (100 mL). The organic layers were dried over Na2SC>4 and concentrated in vacuo to 

give the desired product (13.5 g) as off-white amorphous solid. MS (ESI) m/e (M+H*): 249. 

Step 2 
j--*\ Lav/essen's reagens NH2 

-N o L y~ih 
cbz Cbz 

5 Lawesson's reagent (16.1 g, 39.9 mmol) was added to a stirred slurry of the amide 

(IS g, 72,6 mmol) in PhMe (200 mL) at RT. The reaction mixture was heated to I00°C for 3 

hours before the solvent was removed. The residue was purified by flash S1O2 chromatography 
(DCM/MeOH=l:0-20:l) to afford the product (18 g). MS (ESI) m/e (M+H4): 265. 

Step 3 

f\—<( 5 ^ //===\ eltianDl,reflux f"\—-f 

* Br—^ V-/~Br " 
10 GfeZ CBz 

A mixture of the thioamide from step 2 (10.0 g, 37.8 mmol) and the 

bromoacetophenone (10.0 g, 35.9 mmol) in EtOH (100 mL) was heated at 90°C for 150 minutes. 

The reaction mixture was cooled and concentrated, and the residue was purified by S1O2 

chromatography to afford the product (11 g). MS (ESI) m/e (M+H4): 444, 

15 Step 4 

a. 
Cbi 

The product from step 3 above can be converted to the fmal compounds using the 

same procedure as described in Example 117, steps 4-8. lH NMR (MeOD) 8: 7.00 - 8.10(m, 

19H), 5.40 ~ 5.60(m, 3H), 4.50 ~ 4,70(m, IH), 3.45 ~4.10(m> 4H), 3.35 - 3.40(m, IH), 1.80-

20 2.6(m, 9H), 3.05 - 1.30(m, 12H). MS (ESI) m/e (M+H*): 897. 
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Example 119 - movan-2-vl f(lR)-2-&xo~l-phenvt~2-f{2$)-2-f2-{4-/$~f{f(2S)-l~[(2R)~2~&henvl~ 

2~{[(vro&an-2-vl0xv)carbonvllamino}acetvlh)vrrolidin-2-vttcarb0nvl)aminol-l}l~indol-2-

vtivhenyl)-lJi''imidazol-5-vlfovrrolidin~l''VUethvl1carbamate 

5 Step 1 
NH 

LtBMDS 

HCl 

To a solution of 4-bromobenzonitrile (1.82 g, 10 mmol) in anhydrous THF (50 

mL) was added Li HMDS (2N, 15 mmol) under N2 atmosphere at RT, and the mixture was stirred 

for 1 how. After quenching with IN HCl, the reaction mixture was heated at reflux for 5 

10 minutes. The precipitate was collected by filtration and then dried in vacuo to give the desired 

compound (1.9 g). *H NMR (DMSO) 5: 7.74 (d, 2H, >8.2 Hz), 7.62 (d, 2H, >8.2 Hz) 6.43 (br, 

3H). 
Step 2 

O-f - A .0 cr 
NI QH Cbz 
Cbz 

.0 

Br 

15 To a solution of Cbz-Pro-GH (2.9986 g, 12.0 mmol) in THF (100 mL) was added 

TEA (1.7 mL, 12.2 mmol). The solution was cooled to -25°C and ethyl chloroformate (1.6 mL, 

12.3 mmol) was added. The resulting solution was stirred at RT for Ihour. The precipitate was 

removed by filtration, and the filtrate was used in next step without purification. A solution of 
0.5 M diazomethane was added to the above reaction mixture. The sample was stirred at -10°C 

20 for 1 hour. The reaction mixture was concentrated to one half of its original volume and washed 

once with saturated NaHC03 (50 ml.,). The organic layer was dried over MgS04 and filtered. 

The crude material was adsorbed onto silica gel and purified by flash chromatography (40 g 

SiQi, 0-50% ethyl acetate in hexanes) to give the diazoketotie (2.29 g). lH NMR (CDC13) 5: 

7.32 (m, 5H) 5.13 (m, 2H), 4,61 (m, IH), 3.81, 4.03, 4.17 (s, AB quartet, 2H, >4.0 Hz), 3.58 (m, 

25 2H), 1.88-2.09,2.17-238 (2, br m, 4H), 
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15 

20 

To a solution of the Ar-carbobenzyloxy-L-proline diazoketone (1.0 g, 3.6 mmol) in 

anhydrous diethyl ether (10 mL) was added a saturated solution of HBr in diethyl ether until N2 

evolution ceased. The solution was stirred for about 1 hour at about 25°C, then washed with 

saturated NaHC03, water and brine. The crude material was purified by silica gel column 

chromatography and eluted with 40% ethyl acetate in pentane to obtain the bromoketone (0.49 g) 

as clear oil. NMR (CDCI3; mixture of cis-trans amide rotamers) 6; 7.35 (m, 5H), 5.28 (t, IH), 

5.17 (m, 2H): 4.32 (m, IH), 3.58 (m, 2H), 1.84-2.30 (br m, 4H). 

Step 3 

Or< 
-N v—Br 
Ccz 

MH7 NaHCOj 

THr 

Toamixture of bromoketone (3.25 g, 10mmol)andtheamidine(l,97 g, lOmol) 

in THF (100 mL) was added NaHCC>3 (1.7 g, 20 mmol), and the suspension was stirred at reflux 

for 12 hours. The reaction was cooled, concentrated and chromatographed to give compound 7 

(0.425 g). MS (ESI) m/e (M+tf): 426,428. 

Step 4 

ct 
N /=\ 

The product from step 3 above can be converted to the final compounds using the 

same procedure as described in Example 117, steps 4-8. *H NMR (MeOD) S: 7.7-8.0 (m, 

5H), 7.3-7.5 (m, 10H), 6.9-7.1 (m, 3H), 6.8 (d,J=4.8Hz, 10H), 5.4-5.6 (mt 2H), 5.2-5.3 (m, 

IH), 4.8(s,2H), 4.5-4.7 (m, 10H), 4.0 (d, JKJ.4Hz, IH), 3.7 (d, J==4.84Hz, IH), 3.1-3.3 (m, 

IH), 2.3-2.5 (m, IH), 1.8-2.2 (m, IH), 1.1-1.4 (m, 12H). MS (ESI) m/e (M+ET): 880. 

Example 120 ~ l-l(2JH)-2-vhenvI-2~{f{broi}an-2-vloxv)carbonvliamino}acetvlI-N~{4-f5-(2-

((2S}-l-f(2'R)-2~i?henvl~2-if(propan-2-vloxv)carb0fivl!aminoh£etvlbvrrolidin-2-vtt-lB-

imjdaT.ol-5-vl)-l-bem.ofuran-2-vl}phenvti-L-nrolinamide 
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Step 1 
o 

Glyoxal (2.0 mL of 40% in water) was added dropwise to a MeOH solution of 

NH4OH (32 mL) and (S)-Boc~prolinal (8.564 g, 42.98 mmol), then the whole was stirred at 

5 ambient temperature for 19 hours. The volatile component was removed in vacuo, and the 

residue was purified by a flash chromatography (silica gel, ethyl acetate) followed by a 

recrystallization (ethyl acetate) to provide compound as a white fluffy solid (4.43 g). NMR 

(DMSO) 6: 11*68/11.59 (br s, IH), 6.94 (s, IH), 6.76 (s, IH), 4,76 (m, 1H)? 3.48 (m, IH), 3,35-

3.29 (m, IH), 2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H). 

(ice/water) CH2CI2 (20 mL) solution of imidazole (1.06 g, 4.50 mmol). The reaction mixture 

was stirred for 75 minutes and concentrated. The crude material was purified by RPLC to 

15 separate the mono bromide from its dibromo analog and the starting material. The HPLC elute 

was neutralized with excess NHs/MeOH, and the volatile component was removed in vacuo. 
The residue was partitioned between CH2CI2 and water, and the aqueous layer was extracted 

with water. The combined organic phase was dried (MgSO^, filtered, and concentrated to 

provide compound as a white solid (374 mg). *H NMR (DMSO) 5: 12.12 (br s, 1H)S 7.10 (m, 

20 IH), 4.70 (m, IH), 3.31 (m, IH; overlapped with water signal), 2.25-1.73 (m, 4H), 1.39/1,17 (s, 

3.SH + 5.2H), 

Step 3 

To a mixture of the benzofuran from Example 19, step 1 (15 g, 0.05 mol), 

25 bis(pinacolato)diboron (25.4 g, 0.1 mol), Pd(dppf)Cl2 (1 g), KOAc (0.1 mol) in dioxane (500 

mL) was stirred at reflux under N2 atmosphere for 2 hours. Concentration of the reaction 

mixture left a residue that was chromatographed to give the desired compound (12 g). ]H NMR 

10 Step 2 
i-i H 

NBS (838.4 mg, 4.71 mmol) was added in batches over 15 minutes to a cooled 
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10 

15 

20 

25 

(DMSO) 8; 8.28 (d, >8.8 Hz, 2H), 8.10 (s; IH), 7.95 (d, >8.8 Hz, 2H), 7.72 (d, >8.8 Hz, IH), 

7.43 (4 >8.8 Hz, IH), 7.05 (s, IH). 

Step 4 

—NO: 

rv-Br * AT# 
V-NBoc 

P<J/dppf)CI2 XK>-\N // NfljCOa 

This reaction was conducted in a similar manner to that described in Example 

117. MS (ESI) m/e (M+H4): 475. 

Step 5 

ryOi 
NBoc N 

Pd/C 

The product from step 4 (475 mg, 1.0 mmol) was dissolved in EtOH and treated 

with 20 mg of 10% Pd/C then hydrogenated over 5 hours. The catalyst was removed by 

filtration through CELITE. and the filtrate was evaporated to leave the desired product. MS (ESI) 

m/e (M+H*): 445. 

Step 6 

HATU I / \ 
NBoe ^ vo 

\\ //-NH N > ff Boc 

A solution containing HATU (1.0 mmol), the amine from step 5 above (445 mg, 

1.0 mmol) and iV-Boc-L-Pro-OH (215 mg, 1.0 mmol) in MeCN (lOmL) was treated with DIPEA 

(1.2 mmol). The reaction mixture was stirred for 3 hours, diluted with EtOAc and washed with 

water (5x). The organic phase was dried and concentrated then chromatographed by silica gel 

chromatography (EtOAc) to afford the desired compound. MS (ESI) m/e (M+H4"): 642. 

Step 7 

ry? TFA 

\ / -NH .iiu 

A solution of the product from step 6 above was dissolved in 2 mL of DCM and 2 

mL of TFA. The reaction mixture was stirred for 3 hours before the solvent was evaporated to 

give the desired product as an oil, which was used directly in the next reaction. MS (ESI) m/e 

(M+H1): 442. 
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Step 8 

A solution containing BOP reagent (222 mg? 0.5 mmol), the diamine from step 7 

above (112 mg, 0.25 mmol) and R-j-Proc-Phg-OH (125 mg, 0.6 mmol) in DMF (5 mL) was 

5 treated with iV-methylmorpholine (2.4 mmol). The reaction mixture was stirred for 3 hours, 

diluted with 20 mL of EtOAc and washed with water (5x). The organic phase was dried and 

concentrated, then chromatographed by RPLC to afford the desired compound. lU NMR 

(MeOD) 6: 6.8-7.9 (m, 19H)S 5.1-5.5 (m, 3H), 4.5 (m, 1H), 3.5-4.04 (m, 2H), 1.6-2.5 (m, 9H), 

0.9-1.3(m, 12H). MS (ESI) m/e (M+H+): 880. 
10 Example 121 - promn-2-vl {(lJ&)-2-!(2&)-2-(5-{2-f4-(acetvlamino)T)henvl]-lYi-indolS-vl}-

L3.4~(txadiazol-2-vl}pvrrolidin-l-vlI-2"Oxo-l-Dhenvlethvttcarbamciie 
M 

•Y 

Step 1 

HO'^Tl^V*^, NaHCOs 
hU T' T x MeVDMF 

15 A mixture of 5-carboxyindole (32.2 g, 0.2 mol), NaHC03 (53.36 g, 0.64 mol), 

methyl iodide (122.22 gs 0.86 mol) in 60 mL of DMF were stirred at RT for 2 days. Water and 

EtOAc are added, and the organic layer was washed with bicarbonate solution, dried and 

concentrated to obtain 5-(methoxycarbonyl)mdole. !H NMR (DMSO) 6: 11,44 (s, IH), 8.22 (s, 

IH), 7.68{d, J - 8.4 Hz, IH), 7.37 - 7.47 (m, 2 H), 6.56(d, J - 2.0 Hz, IH), 3.80 (s, 3H). MS 

20 (ESI) m/e (M+H4"): 176. 

Step 2 
o 

NH2NH2(B5%) 
efhanol r "7 

A / reflux. 72 h 

A mixture of the ester (28 g, 0.16 mmol) and NH2NH2 (85%, 50 mL) in ethanol 

(200 mL) was heated at reflux for 48 hours. The reaction mixture was concentrated, and the 
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residue was purified by column chromatography (5% MeOH / DCM) to give compound (25 g). 
"H NMR (DMSO) S: 11.27 (s, IH), 9.54 (s, IH), 8.06 (s, IH), 7.57 (d, J = 8.8 Hz, IH), 7.37 (d, 3 
= 8.8 Hz, 2H), 4.42 (s, IH), 6.48 (s, 2H), 3.32 (s, IH). MS (ESI) m/e (M+H+): 176. 

Step 3 

VVn . CV °Ye-N-NH> W L« W 
The product from step 3 above was coupled using a standard HATU amide bond 

forming procedure. MS (ESI) m/e (M+H"*): 407. 

Step 4 

10 To a suspension of the product from step 3 above (100 g, 0.25 mol), PPI13 (98.4 g, 

0.375 mol) and DIPEA (96.7 g, 0.75mol) in CH3CN (500 mL) at RT was added C2C16 (82.8 g, 

0.35 mol). The reaction was stin-ed at RT for 1.5 hours, and the solvent was removed, and the 

residue was portioned with EtOAc/H^O. The layers were separated, the aqueous phase was re-

extracted with EtOAc (2X), and the combined organic layers were removed in vacuo, and the 

15 residue purified by column chromatography (5% MeOH/DCM) to give compound 4 (55 g). MS 

(ESI) m/e (M+H*): 389 

Step 5 
BoCjO/DMAP . a ^=0 \\.ox /-O 

RT, 14 li c* 

Di-terf-bulyl dicarbonate (30.7 g, 142 mmol) was added drop wise to a solution of 

20 indole (55.0 gs 142 mmol), DMAP (2.0 g) and DIPEA (18.3 g, 142 mmol) in 50 mL of DCM at 
0°C. The reaction was allowed to stir to RT overnight before it was concentrated, and the 

residue purified by prep TLC (PE/EA-2:!). MS (ESI) m/e (M+H*): 489. 

Step 6 

LDA /-^ 9H 

BP-Pfo * -NA,O 
Cbz 'Boc -6C,Sh i/~(LrN'B0c 

25 A mixture of compound indole from step 5 (977 mg, 2 mmol), (zPrO^B (3.0 g, 16 

mmol) and dry THF (100 mL) was cooled to 0°C. LDA (prepared from n-BuLi and ?'Pr2NH in 

THF, about 8 mmol) was slowly added and the mixture was allowed to warm to RT over 2 hours. 
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The mixture was quenched by IN HCi to pH=3 and extracted with CH2CI2 three times. The 

combined organic phases were combined, dried over Na2SC>4 and filtered. The filtrate was 

concentrated and purified by column chromatography (PE/DCM-l/l to pure CH2CI2 to 

CH2C32/acetone=10/l to pure acetone) to afford the product 8 (0.5 g). 

Step 7 

Pd(dppf;Ci2 

x' J ... THF/l-frO . 
reflux, 24 h 

A mixture of the product from step 6 (0.3B mmol), indole boronic acid from 

Example 42 (145 mg, 0.38 mmol), Pd(dppf)Cl2 (28 mg, 0,038 mmol), Na2C03 (122 mg, 1.15 

mmol), THF (10 mL) and H2O (1 mL) was refluxed under N2 overnight. The mixture was 

poured into water and extracted with CH2CI2. The organic phase was combined, dried over 

Na2S04 and filtered to give the desired compound, which was used directly in the next step. MS 

(ESI) m/e (M+H+): 622. 

Step 8 

Cbz' jrt 

The product from step 7 (0.15 mmol) was dissolved in MeOH and treated with 20 

mg of 20% Pd(OH)2 then hydrogenated at 45 psi for 4 hours. The catalyst was removed by 

filtration through CELITE, and the filtrate was evaporated then dissolved in 1 mL of DCM then 

treated with 1 mL of TFA. After stirring for 2 hours, the mixture was evaporated, and the residue 

was used directly in the next reaction without further purification. MS (ESI) m/e (M+H*): 488. 

Step 9 

. V 
PyBOP 

RT. Hh 

A solution containing PyBOP (44 mg, 0.1 mmol), the amine from step 8 above 

(49 mg, 0.1 mmol) and R-i-Proc-Phg-OH (21 mg5 0.1 mmol) in DMF (1 mL) was treated with N-
methylmorpholine (0.6 mmol). The reaction mixture was stirred for 3 hours, diluted with EtOAc 

and washed with water (five times). The organic phase was dried and concentrated, then 

chromatographed by RPLC to afford the desired compound, EH NMR (MeOD): §7.90 ~ S.35(m, 
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IH), 7.70 ~ 7.85(mf 2H), 7.60 ~ 7.70(m5 2H), 7.20 ~ 7.52(111, 7H)S 6.55 ~ 7.20(m, IH), 5.50 -

5.60(m, IH), 5.30 ~ 5.50(m, IH), 4.75 - 4.85(mf IH), 3.70 ~ 4.10(ra; IH), 3.35 - 3.50(m, Hi), 
1.95 - 2.50(111, 7H), 1.10 ~ 1.30(m, 6H). MS (ESI) m / e (M+H®): 607. 

Example 122 - (2$)-l~(phenvlacetvl}~N-{3-f5-({f(2$)~l-(i>henvlacetvl)&vrr0lidin~2-

5 vlkarbonvttamin<))~lH-inctol~2-vUDhenvlfovrrolidMe~2-carboxamide 

10 

15 

25 

Step 1 

rci,. NHJJHCI 

A solution of the hydrazine (1 g, 5 mmol) and 3-acetylacetanilide (0.88 g, 5 

mmol) in NMF (5 ml) was heated at 150°C under microwave for 10 minutes. The solution was 

poured into water and extracted with EtOAc three times. The organic layer was washed with 

water, dried over sodium sulfate and then concentrated in vacuo, The residue was purified by 

RPLC to give the desired compound. MS (m/z): 308 (M+H)+. 

Step 2 

To aqueous HCl (4N, 5 mL) was added the product from step 1 above (300 mg. 1 

mmol), and the mixture was heated at reflux for 1 hour. The reaction mixture was cooled and 

concentrated, and the residue was purified by RPLC to give compound (200 mg). MS (m/z): 224 

(M+H)*. 

20 Step 3 

To a solution of the compound from step 2 above (35 mg, 0.148 mmol) in MeCN 

(5 mL) were added jV-phenylacetyl-L-proline (15 mg, 0.0673 mmol), DIPEA (26 mg, 0.202 

mmol) and HATU (56 mg, 0.148 mmol). The reaction was stirred overnight and concentrated, 

and the residue was purified by RPLC to give the desired product (15 mg). MS (ESI) m/e 
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(M+H*): 654. XH NMR (MeOD) 5: 8.0 (m5 IH), 7,7(m, IH), 7.6-7.1 (in, 14H), 6.7 (m, IH), 4.6 

(m, 2H), 3.9-3.5 (m, 9H), 2.4-1.7 (m, 8H). 

Example 123 ~ (2S)-l-(Dhenvlacetvl)S-{4-f6-({f(2S)-l~fohenvlacet\>lDvrrolidin~2-

vlkarbonvttamino)~l}i-indol-2-vlfohefivltDvrrolidine-2-carboxamidc 

Step 1 

rrV 
DCM.TEA 

To a stirred solution of 4-ethynylaniline (1 g, 8.5 mmol) in DCM (60 ml) was 

added acetyl chloride (0.8 g, 10 mmol) and TEA (1.7 g, 17 mmol). The mixture was stirred for 3 

10 hours. The resulting solution was washed with water, 1 N HCl and brine. The organic layer was 

concentrated in vacuo to give the desired product (900 mg), which was used in next step without 

purification. MS (ESI) m/e (M+H3*): 160. 

Step 2 

ij^V" y f^T"' Cul' ™ppil3}2C' 

OjN v NHj 

15 To a stirred solution of 4-ethynylacetaniIide (800 mg, 3.1 mmol) in anhydrous 

THF (6 ml) was added compound 2 (0.5 g, 3.1 mmol), PdC^fPPh)! (33 mg5 0.05 mmol), Cul (10 

mg, 0.05 mmol) and TEA (2 mL). The mixture was protected from light and stirred at RT 

overnight. The resulting solution was concentrated in vacuo, and the residue was washed with 

DCM to give the desired compound (300 mg) as a yellow solid. MS (ESI) m/e (M+H+): 296. 

20 Step 3 
H 

fVY 
0 inBrs 

To a stirred solution of compound from step 2 above (200 mg, 0.68 mmol) in 

toluene (2 ml) was added InBi3 (2 mg. 0.004 mmol). The mixture was stirred at reflux for 3 

hours. The resulting solution was washed with water and extracted with EtOAc. The combined 
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organic layers were dried over sodium sulfate, concentrated in vacuo to give the desired indole 

(170 mg) as a brown solid. MS (ESI) ra/e (M+H+): 296, 

Step 4 

0,N 

To a stirred solution of the product from step 3 above (100 mg, 0.34 mmol) in 

EtOH (5 mi) was added 3N HCl (1 mg). The mixture was stirred at reflux overnight. The 

resulting solution was concentrated in vacuo to give the desired aniline (80 mg) as a brown solid. 

MS (ESI) m/e (M+H4): 254, 

StepS 

o2H \ / -NH, HATU, DIPEA 

To a solution of the aniline from step 4 (50 mg, 0.2 mmol) in acetonitrile (5 mL) 

was added JV-phenylacetyl-L-proline (56 mg, 0.2 mol), HATU (167 mg, 0.4 mmol) and DIPEA 

(100 mg, 0.8 mmol). The mixture was stirred overnight. The resulting solution was purified by 

RPLC to give the desired compound (40 mg) as a brown solid. MS (ESI) m/e (M+H+): 469. 

Step 6 

H2, Pd/C 
H?N 

w/ VJ 
To a solution of the nitro compound (40 mg, 0.08 mmol) in THF (2 mL) was 

added Pd/C (20 mg, 0.1 mmol). The mixture was stirred under H2 atmosphere for 1 hour. After 

replacement of H2 with N2, the Pd/C was filtered off, and the filtrate was evaporated in vacuo to 

give the desired aminoindole (40 mg) as a brown solid. MS (ESI) m/e (M+H+): 439. 

Step 7 

HATU, DIPEA 
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To a solution of the product from step 6 above (40 mg, 0.1 mmol) in acetonitrile 

(5 mL) was added A'-phenylacetyLL-prolixie (23 mg, 0.1 mmol), HATU (70 mg, 0,2 mmol) and 

DIPEA (25 mg, 0.2 mmol). The mixture was stirred overnight. The resulting solution was 

purified by RPLC to give the desired compound (35 mg) as a brown solid. JH NMR (MeOD) 5: 

7.81 (m, IH), 7.70 (cl .7-8,6 Hz, 2H), 7.60 (d, J-8.4 Hz, 2H), 7.39 (m, IH), 7.30-7.28 (m, 10H), 

6.96 (m, IH), 6.69 (s, IH), 4.63-4.50 (m, 2H), 3.78-3.60 (m5 8H), 2.23-1.92 (m, 8H). MS (ESI) 

m/e (M+H"1): 654. 
Example 124 - (,2$}~l~(i>kenv£acetvl)~l$~f3-f6~({f(2S)-l-fohenvlacetvl)pvrr0lidin-2~ 

vlIcarbonvl^amino'hlll-indol-2-vlJnkenvlbvrrolidine~2-carhoxamide 

Step 1 

p] * x £11 

10 

^ x Cl E(3W ^ N sO 

To a solution of 3-ethynylaniline (1.17 g, 10 mmol) and 1.5mlEt3N in40 ml. 

DCM was added dropwise acetyl chloride (1 g,13 mmol). The reaction mixture was stirred at 

15 RT for 1 hour. After that, the solvents were evaporated, and the residue was extracted with 

EtOAc (100 mL), washed with water (50 mL) and brine (50 mL), dried over anhydrous NaS04, 

and concentrated in vacuo to afford 3-ethynylacetamli.de (1.5 g). MS (ESI) m/e (M+H4): 160. 

Step 2 
0aM^f.»H2 ^ ^ C;H,OH °^KS 

20 3-nitroamline (6.9 g, 0.05 mmol) was dissolved in 150ml ethanol, iodine chloride 

(8.1 g, 0.05 mmol) added with dropwise. The reaction mixture was stirred at RT for 4 hours. 

After that, the solvents were evaporated, and the residue was extracted with EtOAc (100 mL), 

washed with water (50 mL) and brine (50 mL), dried over anhydrous NaS04- After concentrated 

in vacuo, the residue was purified by column chromatography (PE/EtOAc —40:1—>20:1) to 

25 afford the desired product (8.9 g)> MS (ESI) m/e (M+H'1"): 265. 

Step 3 

NH HjN 
I MCMPPI^ / "V-* "'W J w &»N CJ ~ \_y~HOa 
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3-Ethynylacetanilide (480 mg, 3 mmol) and 2-iodo-5-introaniline (800 rag, 3 

mmol) were dissolved in anhydrous THF (30 mL), PdCfefPPbs^ (105 mg,0.15 mmol) and Cul 

(28.5 mg,0.15 mmol) EtsN(l ml) was added sequentially. The reaction mixture was protected by 

N2 and stirred at RT for overnight. After that, the solvents were evaporated, and the residue was 

5 extracted with EtOAc (50x2 mL), washed with water (40 mL) and brine (30 mL), dried over 

anhydrous NaS04. After concentrated in vacuo, the residue was purified by column 

chromatography (DCM/MeOH =50:1 ->20:1) to afford the desired product (620 mg). MS (ESI) 

m/e (M+H*): 296. 

Step 4 
o 

' f~\ >=\ PdCl2, FeClj 
10 ~ DCS. BOC °=N 

To a solution of the product from step 3 (295 mg, 1.0 mol) in DCE (15 mL) was 

added PdCk (9 mg, 0.05 mmol) and FeCl$ (8 mg> 0.05 mmol). The reaction mixture was heated 

at 80°C for 2 hours. The reaction was cooled, and the solvents were evaporated, and the residue 

was extracted with EtOAc (2x), washed with water (30 mL) and brine (30 mL), dried over 

15 anhydrous N&2SO4. After concentrated m vacuo, the residue was purified by Prep-TLC 
(DCM/MeOH =50:1) to afford the desired product (240 mg). MS (ESI) m/e (M+H*): 296. *H 

NMR (DMSO) 5: 0.12 (st 1 H), 8.25 (d, 8.0 Hz, 2 H), 7.45-7.94 (m, 6 H), 7.03 (s, 1 H)> 2.10 

(5, 3 H). 

Step 5 

2Q ^ ' HjN 

A suspension of the product from step 4 (200 mg, 0.67 mmol), Pd/C (10 mg, 

0.034 mmol) in 40 mL EtOH was under Hz protection and stirred for 1 hour. The mixture was 

then filtered, and the filtrate was then concentrated to give the product (160 mg). The residue 

was dissolved in 20 ml 3N HCl, the mixture was stirred at 80°C for 1 hour. It was cooled to RT, 

25 concentrated in vacuo and the residue was purified to give desired compound (120 mg) as a 

brown solid. MS (m/z) (M+H4): 224 
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Step 6 

The mixture of compound 10 (50 mgs 0.224' mmol), /V-phenylacetyl-L-proline 

(110 mg, 0.45 mmol). DIPEA (B&mg, 0.7 mmol) in GH3CN (5 mL) was stiiTed at RT for 5 

5 minutes, then HATU (82 mg, 0.54 mmol) was added to it. The mixture was stirred at RT 

overnight. When reaction completed, the mixture was concentrated in vacuo, the residue was 

purified by chromatography on silica gel to give the desired target (70 mg). MS (ESI) m/e 

(M+H*): 654 *HNMR (MeOD): $ 7.95 (d, */- 8.0 Hz, 2 H)s 7,86-7.21 (m, 13 H), 6.98 (d,J= 8.0 

Hz, I H), 6.72 (s, 1 H)> 4.57(m,2H), 3.53 (m, 3 H), 2.02-231 (m, 8 H). 
10 Example 125 — tert-butvl f(lR)-2-{f2Si-2-f(2-{2'f(2^)-l-U2K)-2-fftert-butoxvcarbonvf) 

ammol-2-nhenvlaceMhmrolMin-2-vl]-J3Ji~hem.imidazol--5-vl}-l}i-indQl-5-vl)carbaniovlJ 

vvrroUdin~l-vtt-2-oxi)"l~Dhen\iethvl]carbamate 

1 J'lHScc 

Step I 

' HATiJ ^YVV'V 
J 5 "HH, o ^bz Cbz 

The mixture of 4-bromo-1 ,2-phenylenedi amine (3.1 g, 16 mmol), L-proline (4.3 
g, 16 mmol), DIPBA (3 ml ) in MeCN (100 mL) was stirred at RT for 5 minutes, then HATU (6 

g, 17 mmol) was added. The mixture was stirred at RT overnight. When reaction completed, 

the mixture was concentrated, the residue was washed with water (100 mL) and extracted with 

20 EtOAc (three times), washed with brine (50 mL), dried over anhydrous Na2S04. The residue 

purified by was purified by column chromatography (DCM/MeOH - 100:1 —5-50:1) to afford the 

desired compound (5.0 g). MS (ESI) m/e (M+H*): (418,420). 

Step 2 

** « Cbz' 
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The product from step 1 (5 g, 7,2 mmol) was dissolved in 50 mL acetic acid .The 

reaction mixture was stirred at 100°C for 4 hours. The mixture was cooled, and the acetic acid 

was removed in vacuo. The residue was purified by column chromatography (DCM/MeOH = 

150:1—^100:1) to afford the desired compound (3.8 g). MS (ESI) m/e (M+H'): (400,402). 

5 Step 3 

A suspension of the product from step 3 (1.2 g, 3 mmol), l,5-bis-Boc-5-

aminomdole-2-boronic acid (1.2 g, 3 mmol), Pd(PPh3)4 (240 mg), Na2C03 (1 g, 9 mmol) and 

H20 (3 mL) in 30 mL of THF under N2 protection was reacted with refluxed at 75°C overnight. 

10 The mixture was filtered, and the filtrate was washed with 50 mL of water and extracted with 

100ml EtOAc and dried over anhydrous Na2S04. Removal of the solvent and column 

chromatography (CHsCl^MeOH - 250:1^200:1) afforded the desired compound (500 mg). 

MS (ESI) m/e (M+H+): 652 

Step 4 

The product from step 3 (500 mg, 0.9 mmol) was stirred in MeOH/HCl (20 mL) 

for 16 hours. The solvent was removed under reduced pressure and the residue was dried at high 

vacuum. M.S (ESI) m/e (M+H*): 452. 

Step 5 

The mixture of aniline from step 4 (450 mg. 1 mmol), (S)-N-Boc proline (215mg 

Immol), DIPEA (0,4 mL ) in CH3CN (10 mL) was stirred at RT for 10 minutes, then HATU 

(400 mg, 1.1 mmol) was added. The mixture was stirred at RT overnight, concentrated, and the 

residue was purified by column chromatography (CH2CI2 / MeOH - 250:1—>200:1). MS (ESI) 

25 m/e (M+H*): 649. 
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Step 6 

The product from step 5 (290 mg, 0.45 mmol) was dissolved in 5 mL of acetic 

acid and HBr (IraL) was added. The reaction mixture was heated to 70-80°C and stirred for 4 

5 hours. The mixture was cooled to RT and concentrated in vacuo. The residue was extracted 

with EtOAc (2x), washed with aq NaHCOj and water (30 mL) and brine (30 mL), dried over 

anhydrous sodium sulfate. Evaporation of the solvent afforded the desired compound as brown 

solid (160 mg). MS (ESI) m/e (M+H+): 415. 

Step 7 

mg, 0.48 mmol), DIPEA (0.4 mL) in CH3CN (10 mL) was stirred at RT for 10 minutes, then 

HATU (200 mg, 0.5 mmol) was added. The mixture was stirred at RT overnight then 

concentrated, and the residue was purified by RPLC to afford the desired compound (54 mg). 

15 MS (ESI) m/e (M+H4): 882. NMR (MeOD) 6: 7.96~7.69<m, 4H), 7.49-6.84(1^ 13H); 

5,50~5.40(m, 2H), 4.06-3.94 (m, 2H), 2.27-1.88 (m, 8H), 1.37 (s, 18H). 
Example 126 - (2§)-H~{4-f3~broM0-5~(tf{2$)-l-{t>hewlacetv!)t?vrrolidin~2-

vllcarboiivUamino)-lH~indol~2-ylMienvll-l-(vhenvlacetvl)vvrrolidine~2-carbQxamide 

20 To a solution of the indole (1 equiv) in 5 mL of THF was added NBS (278 mg, 1 

mmol) at RT, and the mixture was stirred for 1 hour. Concentration of the solvent and 

purification of the residue by RPLC afforded the targeted halogenated compounds. *H NMR 

(MeOD) 8:1.9-15 (m> 5H), 7.4-7.0 (m, 12H), 5.2-4.9 (ms 2H), 4.4 (m, 2H), 3.8-3.5 (m, 6H), 2.5-

1.8 (m, 8H). 

10 
H 

HATU 

A mixture of the product from step 6 (100 mg, 0.24 mmol), (iQ-N-Boc-Phg (120 
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Example 127- ten-butyl {(lS)-2-f(2&)-2-({2-f4-(acetvIamino)vhenvl1-3-fluoro-ll{-indol-5-

vl$carbamovl)vvrrolidin-l-vl]-2-oxo-l-i}henvlethvttcarbamate 

To a solution of the indole (1 equiv,) in acetonitrile/DMSO (5 ml, 1:1) was added 

SELECTFLUORO (1 equiv.) at 0°C. The mixture was stirred at RT for 3 3 hours before it was 

concentrated, and the residue purified with RPLC. JH NMR (MeOD) 5: 7.9-7x8 (m, 3H), 7.8-7.7 

(m, 2H), 7.5-7.3 (m, 6H), 7.3 (m, 1H), 5.5 (s, IH), 4.6-4.5 (m, 2H), 4,0-3.9 (m, IH), 3.8 (m, IH), 

3.7 (in, IH), 2.4-2,3 (m, IH), 2.2-2.1 (m, 7H), 2.1-2.0 (m, 3H), 2.0-1.9 (m, IH), 1.4 (in, 9H). 

MS (m/z): 711 (M+H)+. 

Examples 128-154 
Compounds of Examples 128-154 can be prepared by direct halogenation of the 

indole or benzofuran compounds in a similar manner as described in either Example 126 or 

Example 127. 
Example Structure MW Name 

128 T WO—0 688.233 

(2S)~N~ {4-[3-cbloro-5-({[(25)-1 -
(pheny!acetyl)pyrro!idin-2-

y l]carbonyl} amino)-1 #-indol-2-
yl]phenyl}~l -(phenylacetyl) 
pyrroIidine-2-carboxamide 

129 6° H 3 671.778 

(2S)-N- {4-[3~fiuoro-S-( {[(2 $)-l-
(phenyiacetyl)pyrrolidin-2-

y]}carboriyl}amino)-!//-radol-2-
yljpheny!) -1 -(phenylacetyl) 
pyrrolidme-2-carboxamide 

130 " °^Vo 
C<IHJ A f \J VCH> CH3CH3 

902.044 

tert-butyl {4-[5-
({[(2iS)-l-{(2S)-2-{{tert-

butoxycarbonyl)aimno]-2-
phenylacety1}pyrrolidin-2-

yl]carbonyl}amino)-3-fluoro-l/?* 
indol-2-yl]phenyl}carbamoyl) 

pyrrolidin-1 -yl]~2~oxo-] -
phenylethyl > carbamate 

131 
riUS VNH 
CH3CH^ 

630.35 

tert-butyl {{liS)-2-[(2$)-2-({2-[4-
(acetyiamino)pheny}}-3 -cbloro-

1 tf-indol-5-yl} carbamoyl) 
pyrrolidin- i -y l)-2-oxo-1-
pheny lethy 1} carbamate 

132 779.684 

(2 S)-N- {4-[3-iodo-5-( {[(25> 1-
(phenylacetyl)pyrro]idin-2-ylj 

carbony?} amino)-l #-indo3-2-yl] 
phenyl} -1 -(phenylacetyl) 

pyrrolidine-2-carboxamide 
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Example Structure MW Name 

133 COpfrvioK5 
OH?0Y^O° 

H CH3 

710.813 

tart-butyl {(lS)-2-[(2S)-2-({2-[4-
{{[(25)-1 -acety !pyrrolidin-2-
yl]caj-bonyl}amino)phenyl}-3-

fluoro-l//-iDdo.!-5-
y l}carbamoyl)pyrrolidin-1 -yl.j-2-

oxo-1 -phenylethy 1} carbamate 

134 H rvo °">6 r\ r \j \CH* 
CH3 CH2 

898.1 

(25)-l-{(25)-2-[(3,3-
dimethylbutarsoyl)amii)o]-2-

phenylacetyl} -iV- {4-[ 5-( {[(25)-1 -
{(2S)-2-[(3,3-dimethylbutanoyl) 

ammo]-2-phenylacetyl} 
pyirolidin-2-y l]carbonyl} amino)-
3-fiuoro-lH-indol-2-yl]phenyl} 

pyrroiidine-2-carboxarnide 

135 
CMV\4 JLX 'Tl3— CHCry\ ° i 

O rS ° K™' 
V_/ CHS 3 

902.044 

ferf-butyl {(l^)-2-[(25)-2-({4-
[5-({[(2S)-l-{(2/?)-2-[(tert-
butoxycarbonyl)ammoj-2-
phenylacetyl) pyirolidin-2-

yl]carbonyl}ammo)-3-iluoro-lF-
indol-2-y Ijphenyl} carbamoyl) 

pyrrolidm-l-yl]-2-oxo-l-
pheny lethy 1} carbamate 

136 613.695 

tert-butyl {(li?)-2-[(25)-2-((2-
[4-(acetyiamino)pheiiyl}-3 -

fluoro-l/^mdoI-5-
yl} carbamoyl)pyrrolidin-l-yl]-2-

oxo-I -phenylethyl} carbamate 

137 710.813 

tert-butyl {(li*!)-2-[(2S>-2-({2-
[4-( {[(2S)-1 -acetylpyrrolidm-2-
yI]carbonyl}amiuo)phenyl]-3-

fluoro-l//4ndol-5-
yl}carbamoyl)pyrrolidin-l-yl]-2-

oxo-1 -phenylethyl} carbamate 

138 °*°& " 639.733 

tert-butyl {(lj?>2-|(2S)-2-({3-
fluoro-2-[4-(2-oxopyrrolidin-l -

yl)phenyl]-l//-mdoi~5-
y 1} carbamoy l)pyrrolidm-1 -y S]-2-

oxo-1 -phenylethyl} carbamate 

139 Ci' _JX T:ri— 567.669 

/V-{2-[4-(acetylamino)phenylj-3-
fluoro-l//-indol-5-yl}-l-[(2^>2-

phenyl-2-(pyrrolidin-l-
yl)acetyl]-L-prolinamide 

140 
CiLo H CVSY>^lr=V-0^CH» cHs"i rvv XXK>H 

CH3 

551.623 
/V-fterr-butoxycarborsyr^D" 

alanyl-N-{2~[4-
(acetylamiiio)phenylj-3-fluoro-
1 tf-indol-5-yl} -L-prolinamide 

141 
T3 N^V^VXA /=-\ 

CH3^^0 0 

541.631 

Ar-{2-[4-(acetylamino)pheny]]-3-
{luoro-li^-indol-5-yl}-l-[(2i?)-2-

(dimethylamino)-2-
pheoylacetylJ-L-prolmamide 
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Example Structure MW Name 

142 
y-cH3 
CH3 

593705 

jV~(fcrf-butoxycarbonyl)-D-
leucyl-A42-[4-

(acetylamino)phenyl]-3-fluoro-
1 i7-indol-5-y 1} -L-prolinamide 

143 1 ° H ° ft 
Q /B=S\ y-CHs 

Qj ° CH, 

815.953 

propan-2-yl [(lrt)-2-{(2S)-2-[(4-
{5~[({(25)-l-[(2i?)-2-
(dimethylamino)-2-

phenylacetyl]pyrrolidin-2-yl} 
carbonyl)amino]-3-fluoro-l.ft-
indol-2-yl}phenyl)carbamoyl] 

pyrrolidin-1 -y 1} -2-oxo-1 -
phenyiethyllcarbamate) 

144 0 r C,^CH A v° 
f\ o 

754.866 

tert-butyl (2S)-2-[(3 -fluoro-2- {4-
[({(25)-1 - [ (2i?)-2-phe nyi-2 -
{[(propan-2-yloxy)carbonyl] 
amino} acetyljpyrrolidin-2-

yl}carbonyl)amino]phenyl}-ltf-
indol-5-yl)carbamoyl} 

pyjTolidine-1-carboxyIate 

145 o 5 ̂  935.88 

propan-2-vl [(l£)-2-{(2S)-2-[(4-
{3-bromo-5-[({(25)-l-[(2i?)-2-

phenyl-2- {[(propan-2-
yloxy)carbonyl]amino}acetyl] 

pyrro]idin-2-yl}carbonyl)ammo]-
1 -benzoftiran-2-yl}phenyl) 

carbamoyl] pyrrolidin-l -yl}-2-
oxo-1 -pheny lethy]]carbamate 

146 

fs(l il ^Jr ^ V-^1 ^ N ^ v^r \ /^\ * \,J CH"NV< i GH3 r ° 0 °*VNN 
r) CHa 819.806 

(25)-iV-(4-{3~br0iTi0-5-[( {(2S>1 -
[(2i?)-2-(dimetbylammo)-2-
phenylacetyl}pyrrolidm-2-

y 1} carbony I)amino]-1 -
benzofuran-2-y 1} phenyl)-! -
[(2/?)-2-(dimethyIamino)-2-
phenylacetyljpyrroHdine-2-

carboxaniide 

147 

/~~T[ H 8r 0 -W. rryH>'% 
O 5 r* 

879772 

methyl {(li?)-2-[(2S)-2-({4-[3-
bromo-5-({[(2S)-l-{(2/?)-2-

[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-

yljcarbonyl) amino)-l -
benzofuran-2-yl]pbenyl} 

carbamoy l)pyrrolidin-1 -yl]-2-
oxo-1 -phenylethyl} carbamate 

148 

OLB^JT Vn - vyj 0:>--0--^2 0 
°Hs CHs CH3-( i" °""CH3 

CH3 

749.847 

methyl {(2S)-l-[(2S)-2-({4-[3-
fluoro-5-({[(25)-l-{(25)-2-

[(i>3 e thoxy carb ony l)ami n o] -3 -
methylbutanoyl} pyrrolidm-2-

yl]carbonyl} amino}-1 H-mdol-2~ 
y?]phenyl} carbamoyl)pyirolidin-

1 -yl}-3 -methyl-1 -oxobutan-2-
yl) carbamate 

149 ,^t"X)S<ACH' 603.521 
JV-{2-[4-(acetylamino)phenyl]-3-

bromo-i-benzofuran-5-yl}-l-
[{2/?)-2~(dimethylammo)-2-
phenylacetyl]-L-proIinamide 
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Example Structure MW Name 

150 

CN3 Ol H f \ ^ ^•xxK>v,c 875.915 

(2S)-N-{ 4- (3 -bromo-5 -[({{2S)-I-
[(2tf)~2-(diethylammo)-2-

phenyiacetyl]pyrroIidin-2-yI} 
carbony l)amino] -1 -benzofuran-

2-yl jrpheny I)- 1 -ff2/?)-2-
(diethylamino)-2-phenylacetyI] 

pyrrolidine-2-carboxamide 

151 

ru H Br O VH3\ JL ^ J r-—, % r 1 0 xxy~ChmQj* 
C? CHs 

700.639 

(25)-l -acetyl-JV-(4-{3-bromo-5-
t(((2S)-l-[(2J?)-2-

(dimethy!ammo)-2-pheriylacetyl] 
pyrroli din-2 -y!} carbonyl)amino]-

1-benzofuran-2-yl}phenyl) 
pyiTolidine-2~carboxamide 

152 
CHa 0 i*\ ^ 

/ ) V-CHS 

^ C^CH» 

963.935 

iert-butyl {(15>2-{(2S)-2-({4-[3-
bromo-5-( {[(25)-1 - {(25)-2-

[(fert-butoxycarbonyl)amino]-2-
phenylacetyI}pyrrolidin-2-

yl]carbonyl}amino)-l -
benzofurai)-2-y}}phej)y]} 

carbamoyl)pyrrolidin-l-yl]-2-
oxo-l-phenylethyljcarbamate) 

153 733.669 

(2S)-iV-{4-[3-brotoo-5-({[(25)-l" 
(phenylacety])pyrroiidin-2-yl] 

carbony 1} amino)-1 -benzofaran-
2-yI]phenyl} A -(phenylacetyl) 

pyrroJidine-2-carboxamide 

154 

Cl H fT 

CH^VV-CT H CH3O J O ^ 
CJ r\ yoKH' \^jj CNj CH3 

963.935 

tart-butyl {(l^)-2-[(2S)-2~{{4-
[3-bromo-5-( {[(2S)-l -{(2R)'2-

[(tert-butoxycarbonyI)amino]-2-
phenylacetyl}pyrrolidm-2-

yljcarbony!} amino)-1 -
benzo&ran-2-yl]phenyl} 

carbamoy ])pyiro3idm-l -yij-2-
oxo-1 -phenylethy 1} carbamate 

Example 155 - (2Si-N~-f4~-f3-cvano-5-(ff(2Shl~(r>fienvlaceivf)nvrrofi<Un-2-vllcarbonvttaMmo)-

lJ3L-indol-2-vltohenvtt-l"fekenvlacetvbDvrrolidine-2-carboxamide 

CuCN/DMF ph N' 

A mixture of the bromo compound from Example 126 (150 mg, 0.2 mmol). 

CuCN (50 mg, 0.6 mmol) and DMF (3 mL) was refluxed under N2 protection overnight. The 

mixture was purified by RPLC to afford the product, MS (ESI) m/e (M-r-H*): 679. JH NMR 

(CDCI3) 6: 7.73-7.70 (m, 4H), 7.38-7.29 (m, 4H), 7.21-7.04 (m, 6H), 4.63-4.60 (m, IH), 4.49-

4.47 (in, IH), 3.81-3.59 (m, 4H), 2.48-1.97 (m, 8H), 
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Example 156- (2S)~N-{4~[3-(2J-dimethvlpropanovl)-5-(ff(2S)-l-{phenvlacetyl) pvrrolidin-2-

vlIcarbonvllamino)~lli-indol-2-vllDhenvl$-l-fohenvlacetvl)Dvrrolidine-2-carboxamide 

_/==\ + C'XfE° ZnCiyMeMgBr 

To a stirred solution of the indole (50 mg, 0.076 mmol) in CH2O2 (5 mL) was 

5 added anhydrous ZnCh (54 mg, 0,4mmol) then MeMgBr (3.0 M in Et20, 0.4 mL, 0.4 mmol). 

The resulting suspension was stirred for 10 minutes at RT and then cooled to 0°C at an ice bath. 

A solution of pivaloyl chloride (14 mg) in CH2CI2 (0.2 mL) was added to the mixture. The 
reaction mixture was allowed to warm to RT and stirred overnight. The reaction mixture was 

quenched by saturated aqueous NH4CI and exacted with CH2CI2 3 times. The organic layers 

10 were combined, dried over anhydrous Na2SC>4 and filtered. The filtrate was concentrated and 

purified by RPLC to yield the product. MS (ESI) m/e (M+H+): 738. NMR (MeOD) 8: 7.69-
7.63 (m, 3H), 7.44-7,41 (m, 2H), 7.31-7.21 (m, 12H), 4.55-4.52 (m, 2H), 3.76-3.59 (m, 8H), 

2.26-1.94 (m, 8H). 
Example 157 — 5-({f(2S)~l~(phenvlacetvI)vvrrolidin-2-vUcarhonvl}amino)-2-f4-({[(2S)-l-

15 (Dhenvlacetvl}pvrrolidin-2~vlIcarbonvlhmino}phenvlI-l'H-indole~3-carboxamide 

'BR CKS^D % 

To a solution of the indole (653 mg, 1 mmol) in THF 10 (mL) was added EtMgBr 

(2 mL, 6 mmol), and the mixture was stirred at RT for 30 minutes. Thereto was added 

chlorosulfonyl isocyanate (140 mg, 1 mmol), and the mixture was stirred at RT for 20 minutes. 
20 Then, DMF (14 6 mg, 2 mmol) was added to the above mixture, and the stirring continued for 20 

minutes. Ate adding aqueous NaOH (2N> lmL), the resulting solution was heated at reflux for 

5 minutes. Concentration in vacuo, the residue was purified with RPLC to give (67 mg). lH 

NMR (MeOD) 5: 8.0 (s, IH), 7.6 (m, 4H), 7.1-7.4 (m, 12H), 4.5 (m, 4H), 3.5-3.7 (m, 8H), 2.5-

2.0 (m, 6H). 
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Example 158 - tort-butyl {(m-2~(Q$)-2-((4J5jm&)-l-{(2M-2-ffart-

butoxvcarbonvl)amino1-2-Dhcnvlacetvtivvrrolidin-2~vllcarbonvllamitio)-3-

(cvclonroDvlcarbamovl)~Tiil-indol-2''VllDkenvllcarbamovl)i>vrrolidm-l~vl}~2~oxo-l-
phenvlethvticarbamate 

5 
Step 1 

Xrv. •Br 

H 

To a solution of POBrs (113.2 g, 0.4 mol) in DCE (1 L) was added DMF (14.6 g, 

0.2 mol) dropwise under ice bath, and the mixture was stirred at RT for 30 minutes. Thereto was 

10 added nitro compound (17.8 g, 0.1 mol), and the mixture was stirred at reflux for 4 hours. The 

precipitate was collected by filtration and then washed with water and MeOH. The solid was 

dried in vacuo to give the desired compound (13.5 g). !H NMR (DMSO) 5: 13.6(s, IH), 9.8 (s, 

IH), 8,8 (s, IH), 8.1 (d, >9.2 Hz, 1H)> 7.6 (d, >9.2 Hz, IH). 

Step 2 

Was added DMAP (0.6 g, 0.005 mol), TEA (10,1 g, O.lmol) and (Boc)20 (21.8 g, 0.1 mol), and 

the mixture was stirred at RT overnight. The mixture was concentrated, and the residue was 

purified by column chromatography to give the desired compound (14.7 g). lH NMR (CDCfe) 5: 

15 
To a solution of the aldehyde from step 1 (13.5 g, 0.05 mol) in DCM (100 mL) 

20 9.8 (s, 1H), 8.8 (s, IH), 8.1 (d, >9.2 Hz, 1H), 7.6 (ds >9.2 Hz, IH), 1.4 (s, 9H), 

Step 3 

The Suzuki coupling procedure was the same as described in Example 117, 

Step 3. MS (m/z): 482 (M+H)+. 
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10 

15 

20 

Step 4 

NuClOj, NaHsP04 02U 

" msihyl-2-buteriE 

To a solution of compound from step 3 (2.4 g, 5 mmol) in pH 3.5 phosphate 

buffer (24 mL) and r-BuOH (30 mL) was added 2-methyl-2-butene (10 mL) and sodium chlorate 

(0.89 g, 10 mmol). The reaction was stirred at RT for 16 hours and then extracted with DCM 

(3x). The combined organic extracts were washed with brine, dried over anhydrous MgSO^ and 

concentrated in vacuo to give the desired carboxylic acid (2.3 g). MS (m/z): 498 (M+H)+. 

Step 5 

NHBoc DIPEA 

The mixture of compound from step 4 (1 mmol), cyclopropyl amine (1 mmol), 

HATU (1 mmol) and DIPEA (5 mmol) in DCM was stirred at RT overnight. Concentration and 

purification of the residue by RPLC gave the desired compound (0.8 mmol). MS (m/z): 538 

(M+H)*. 

Step 6 

0,N. Pd/C 

-NHBoc vy~ NHBoc 

To a solution of the amide from step 5 (0.8 mmol) in MeOH (10 mL) was added 

Pd/C (100 mg) and the mixture was stirred under H2 at RT for I hour. The Pd/C was removed 

by filtration, and the filtrate was concentrated to give the desired compound (0.7 mmol), MS 

(m/z): 507 (M+H)+. 

Step 7 

? a ¥ m 
—rv TFA __ 

H3oc 

To a solution of compound from step 6 (0.7 mmol) in DCM (5 mL) was added 

TFA (2 mL), and the mixture was stirred at RT overnight. The solution was concentrated, and 

the residue was used in next step without purification. MS (m/z): 307 (M+H)4". 
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Step 8 

15 

20 

HATU 

Acid, OIPEA I 0 

0 ..'NHBoc 

The coupling procedure was the same as used in Example 72, step 7. H NMR 

(MeOD) 8: 6.9-7.9 (ms 17H), 5.2-5.5 (m, 2H), 4,4-4.5 (m, 2H), 3.5-3.9 (m, 3H), 2.7-2.8 (mt IH), 

5 1.7-2.2 (m, 8H), 1.4 (s, 18H), 1.2 (m, IH), 0.4-0.8 (m5 4H). MS (m/z): 967 (M+H)+. 

Example 159-tert-frutvl {aW-2-[{2S)-2J{4JMf[aSl-M(2M-2-!(itrirbutoxv» 

carbonvl)amino1~2-vhenvlacetvUDV¥rolidin-2-vl1carbonvl}amino)-3~(4-methoxvvhenvl}-l\i-

indol-2-vllDhenvlkarbamovl)Dvrrolidin-l-vlI-2'OXO-l-pkenvletkvlharbamate 

10 Step I 

NBS (103 mg, 0.5769 mmol) was added in portions to the solution of the indole 

(510 mg, 0.5769 mmol) in 20 mL of THF, the mixture was stirred at RT for 1 hour, then 

concentrated. The residue was purified by Prep-HPLC to afford the desired compound (500 mg). 

MS (ESI) m/e (M+H*): 962. 

Step 2 

The mixture of the product from step 1 above (100 mg, 0.104 mmol), 4-methoxy-

phenylboronic acid (24 mg, 0.1558 mmo]), Pd(dppf)Cl2 (7.6 mg, 0,0104 mmol), Na2C03 (3.3 

mg, 0.0312 mmol) in 10 mL of dioxane and 2 mL of water was heated to reflux under N^ 

atmosphere overnight. The mixture was cooled and concentrated, then the residue was purified 
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by RPLC to give the desired product (30 mg). NMR (MeOD) 8: 7.71—7.54 (m, 3H), 

7-42-7.26 (m» 16H)t 6-96-6.92 (m, 3H), 5,45 (s, 2H), 4.53-4.50 (m, 2H)S 3.92-3.81 (m, 5H), 

2.08-1.84 (m, 8H), 1.42-132 (ra, 18H). MS (ESI) m/e (M+H*): 991. 

Examples 160-177 
5 Compounds of Examples 160-177 were prepared in a similar manner as described 

in Examples 155-159. 
Example Structure MW Name 

160 O^Tllr^&>irC) ̂  -VA0 O 0<JQ 
729.887 

(25)-l-(pkenylacetyl)-JV-{4-{3-
pbenyl-5-({[(2S)-l-

(phenylacetyj)pyrrolidin-2-
yl]o&vbony\}mimo)'\H-mdol-2-

yl]phenyl}pyrrolidine-2-
carboxamide 

161 681,842 

(2S)-A"{4-[3-ethyl-5-({[(2S)-l-
(phenyiacetyl)pyrrolidin-2-

yl]carbonyl}ammo)-l//-mdol-2-
yl'jphenyl}-! -(phenylacetyl) 
pyrrolidine-2-carboxamide 

162 O..VXr»o:VO^^ ° 0-CO 695.826 

(2S)-A?~{4-[3"*acetyI-5-({[(21?)-I-
(phenylacetyl)pyrrolidin-2-

yl]carbonyl}anjino)-}i/-mdol-2-
yi]phenyl} -1 -(phenylacetyl) 
pyrrolidine-2-carboxamide 

163 O^VlS-O-^P 
0 ^ oJ^\) 

757.897 

(25)-1 -(phenylacetyl)-//- {4-[5-
({[(25)-1 -(phenylacetyl) 

pyrroiidin-2-yl]carbony 1} amino)-
3 -(pheny icarbony!)-1 //-indoI-2-

yl]phenyl}pyrrolidine-2-
carboxamtde 

164 '-cS<y\9 730.874 

(2S)~ 1 -(phenylacetyl)-iV- {2-[4-
({[(2S)-1 -(phenylacetyl) 

pyrroiidm-2-yljcarbonyl} 
amino)phenyl}-3-(pyridin-4-yl)-

1 H-irsdol-5 -yl} pyirolidine-2 -
carboxamide 

165 761.886 

benzyl (25)-2-[(4~{5-[({(25>l-
[(benzyloxy)carbonyl]pyrrolidin-
2-yl) carbony])amino]-3 -phenyl-

l//-indol-2-yl}phenyl) 
carbamoy Ijpyrrolidine-1 -

carboxylate 

166 678.798 

(25)-Ar-{4-[3-cyano-5-(a(25>l -
(phenyIacetyI)pyrroIidin-2-

yl}carbonyl} ammo)-l/f-indol-2-
yljphenyl} -1 -(phenylacetyl) 
pytrolidme-2-carboxamide 

167 693.853 

(25)-Ar-{4-[3~cycIopropyl-5-
({[(25)-I-(pbeny lacety!) 

pyrrolidin-2-yl jcarbonyl) amino)-
1 //-indol-2-yl]pheny]} -1 -

(phenyIacetyi)pyrroIidme-2-
carboxamide 
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Example Structure MW Name 

m 

fV 0-CH3 

o 
791.912 

benzyl (2S>2-E(4-{5-|;({(2$)-l-
[(benzyloxy)carbonyi]pyrro)idin-

2-yl) carbonyl)amino]-3-(3-
methoxyphenyl)-1 H-mdol-2-

yl}phenyl)carbamoyS]pyrrolidine 
-l-carboxylate 

169 

py-CH, 

0 6 
974.18 

(ert-butyl {(1JR)-2~[(25)~2-({4-
[$-{{[(2S)-l-{{2Ry2-[(tert-
butoxycarbonyl)amino]-2-
phenylacetyl} pyrroiidin-2-
y]]carbonyl}ammo)-3-{3-

methy]pheny])-li/-kidol-2-
yl]phenyl} caabamoyl)pyrrolidin-

l-y]]-2-oxo-l-
phenylethyl) carbamate 

170 
c^o H r\ Vo CH^ y'vXo XX/~0~NH J1 „ 0 JT ° 0=S-'^ n 

y VCHs ^ 0 0 c^CHs 
974.IS 

tert-butyl {(l/?>2-[(2S)-2-({4-

butoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-
yljcarbonyl}ammo)-3-(2-

methyjpheny])-I/f-mdol-2-
yl]phenyl) carbamoyl)pyrroSidm-

l-yl]-2-oxo-]-
phenyletlrvUcarbamate 

171 <*>rvs>° ^ ̂  °~VVv. 
O Q = >5? 

961.14 

tert-buty] {{lR)-2-[(2Sy2-({2-
[HfflSyi-i&mWert-
butoxycarbonyl)ammo]-2-
pheny lacety j} pyrroiidm-2-

yI]carbonyl}amino)phenyl]-3-
(pyridm-4-yl)-1 tf-indol-5-

yl} carbamoyl)pyrroLidin-] -yi}-2-
oxo-1 -phenylethyl }carbaroate 

172 

N 

«^VVWSDC^<>^5:I 
• ° JP> " °"VK 

0 o \jf CM5 3 

909.064 

tert-butyl {(l/?)-2-[(25)-2-({4-
[5<{[(25)-I-{(2/0-2-E(rert-
b"Qtoxycarbony])amino3-2-
phenylacetyl}pyrroIidin-2-

yljcarbonyl) amino)-3-cyarfO-l//-
mdoJ-2-yl]phenyl}carbamoy3) 

pyrrolidin-1 -yl]-2-oxo-l-
pherrylethy 1} carbamate 

173 .vX^Vo^o^p /-
«=X 0 H 0 /'^\ 

J. CHS 

764.936 

(2S)-Ar-(4-{3-cyano-5-[({{2S)-l-
{(2i?)-2-(dimel:hylamino)-2-
phenySacetyl}pyrrolidin-2-

yl}carbonyl)amino]-1 //-indol-2-
y l}phenyl)-1 ~[(2i?)-2-

(dimethylamino)-2-pheiiylacelyl] 
pyrroiidiTie-2-carboxamide 

174 
°\3 n H C^V^VN^ /-x y~cH* CH^ vv\ ° ^y^~m 

0 ° H 
620.714 

terr-butyl {(I i?)-2-[(2S)~2~( {2-
[4-(acety lauiino)phenyI]-3 -

cyano-l//-mdol-5-
y 1} carbamoy])pyrrolidin-1 -yl]-2-

oxo-l-phenylethyl}carbamate 
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Example Structure MW Name 

175 

CH, 
0 i 

rn Tl H V^-CH* Q ^ ^fvixrY x><y^P CHs ° JT° o-C. $ 
O O \J CHs ^ 

955.133 

ferf-butyl {(ltf)-2-[(2S)~2-({4-
i5-({[(2S)-H(2R)M(^rt-
buloxycarbony})amino]-2-
phenylacetyl}pyrrolidin-2-

yl]carbonyl}amino)-3-
(dimethylcarbamoyl)-1 //-indol-

2-yl]phenyl}carbaraoyl) 
pyrrolldin-1-ylj-2-oxo-l-
phenylethy 1} carbamate 

176 

CH3 

CH3 O I 0 K „ O A, o "V™* 
\J CH3CH> 

942.091 

methyl 5-({[(2S)-l-{(2*!)-2-
[(fert-butoxycarbonyl)amiiio]-2-

phenylacetyl}pyirolidm-2-
y]3carbony!}ammo)-2-[4-({((2jS)-

l-{(2 Ry2~{{tert-
butoxycarbonyI)ammo]-2-
phenylacety ] }pyrrolidin-2-

y Ijcarbonyl} amino)pheny 1]- i H-
indole-3-carboxylate 

177 

O rS V-/ CH3 

928.064 

5-({[(2S)-H{2Ry2-l(tert-
butoxycarbonyi)ammo]-2-
phenylacetyl}pyrroIid3n-2-

yl]carbonyl}araino)-2-[4-({[(25)-
1 - {(2i?)*2-[(?e^r-butoxycarbonyl) 

ammoj-2~pheny]acetyl} 
pyrrolidin-2-yl]carbonyl} amino) 
phenyl]-1 tf-mdole-3-carboxyl ic 

acid 

Example 178- tert-butvl {(lR)~2-f(2Sh2-({2-f3-(acet\>lamino}proD-l~vn-l-viI~lil-indol-5-

vltearbamovl)vvrrolidin-l-vll~2-oxo-l~phenvlethvUcarbamate 

5 Step 1 

V-OEt 0JNYW 
lj j >=o ethyl carbonochlo/idate P J }~0 (NH^vGOi n J 

H O 0^~~OEt 

Ethyl carbonochloridate (3 mL) was added to the nitro lactam (2.0 g, 11.2 mmol), 

and the mixture was stirred for 3 hours before being concentrated to give the crude product. MS 

(ESI) m/e (M+H+): 325. The crude product was dissolved in DMF (25 mL), then (NH^CCh 

10 (1.5 g) was added, and the mixture was stirred overnight. The mixture was evaporated and the 

residue was poured into ice-water and extracted with DCMf and the organics were dried. The 

solvent was removed, and the residue was purified by chromatography on silica gel to give the 

desired compound as a white solid. MS (ESI) m/e (M+H**: 251. 
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Step 2 
O2N 

0' 

y-OTf 
N 
i—OEl 

The mixture of the triflate (382 mg, 1.0 mmol), N-(jprop-2-ynyI)acetamide (97 

mg, 1.0 mmol), Et3N (3 mL) in CH3CN(3 mL) was stirred at RT for 3 hours. The mixture was 

concentrated, and the residue was purified by chromatography on silica gel to give compound 

target compound (254 mg). MS (ESI) m/e (M+H**: 330. 

Step 3 

— P«/NH<CI . = H/H"^o 
N 
)>*Q 

ElO 

A solution of the nitro compound from step 2 above (165 mg, 0.50 mmol) in 

10 absolute EtOH (3 mL) was added Fe power (280 mg, 2.5 mmol) and NH4CI (535 mg, 5.0 mmol). 

The mixture was stirred at 70°C for 2 hours, cooled and poured into ice/water (50ml). The 

mixture was extracted with EtOAc (200 ml), and the organic phase was combined and washed 

with brine, dried and concentrated to yield the crude product (150mg). MS (ESI) m/z :(M+H) 

300. 

15 Step 4 

/"O 
EtO 

To a solution of the aniline from step 3 (150 mg, 0.50 mmo) in absolute EtOH (3 

mL) was added K5CO3 (138 mg, 1.0 mmol). and the mixture was stirred at RT for 12 hours. The 

reaction mixture was poured into water (10 mL), extracted with EtOAc (20 mL), and the organic 

20 phases were combined and washed with brine, dried over MgS04 and concentrated to yield the 

crude product (1I3mg). MS (ESI) m/z :(M^H+) 228. 

Step 5 

HATU/EV* . BocHNyjf 1 ~ ^ -
R-Qoc-Phg-L-Pr!> ® K o 

The mixture of the indole (113 mg, 0.5 mmol), R-Boc-Phg-L-Pro-OH (175 mg, 

25 0.5 mmol). DIPEA (115 mg, 1 .Ommol) in MeCN (2 mL) was stirred at RT for 5 minutes, then 

HATU (190 mg, 0.5 mmol) was added into the mixture. The mixture was stirred at RT overnight 
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then concentrated. The residue was purified by RPLC to give the desired compound (110 mg). 
5H NMR (MeOD) 5: 137 (s, 9H), 3.96 - 2.14 (m, 7H), 3.92 - 3,94 (m, 2H), 4.51 - 4.54 (ms IH), 

5.41 (s, IH), 6.56 (s, IH), 7.20 - 7.43 (m, 7H), 7.72 (s, IH). MS (ESI) m/z :(M+H+) 576. 

Example 179- N-{4-[5-(furan~3-vl)-llirindoI-2-vlJvhenvl}-l-(phenvlacetvl)-L- prolinamide 

o , y~\ /)~m 
V 9 

H 

Step 1 

HATU,DMF 

The mixture of the indole from Example 41 (1.6 mg, 5.575 mmol), I-phenylacetyl 

pyrrolidine-2-carboxylic acid (1.3 g, 5.575 mmol), DIPEA (1.45 g, 11.15 mmol) in DMF (50 

10 mL) was stirred at RT for 30 minutes, then HATU (2.54 g, 6.689 mmol) was added. The 

mixture was stirred at RT overnight, concentrated in vacuo, and the residue was purified by 

chromatography on silica gel to give the desired product (2.3 g). MS (ESI) m/e (M+H4): 504. 

Step 2 
?H 

<J OH 

Pd(PPh3)3Ci2.NajC0s/0H3CWK20 

15 A suspension of the product from step 1 above (18 mg. 0.03583 mmol), furan-2-

boronic acid (6 mg, 0.05374 mmol). Pd(PPh3)2Cl2 (1.4 mg), Na^COs (7.6 mg, 0.07166 mmol) 

and H2O (0.15 mL) in 0.5 mL of acetonitrile under N2 protection was heated at 150°C for 10 

mintues in a microwave reactor. The mixture was cooled, filtered and washed with 10 mL of 

DCM. The solvents were removed, and the residue was purified by HPLC to give the desired 

20 product, lH NM.R (MeOD) 6: 7.79-7.74 (m, 3H), 7.67-7.62 (m, 3H)f 7.50 (s, IH), 7.37-7.22 

(m, 6H)} 6.78-6.75 (m, 2H), 4.57-4.55 (m, 1H), 3.7S-3.61 (m, 4H), 2.24-1.99 (m, 4H). 

Examples 180-189b 
Compounds of Examples 180-189b were prepared in a similar manner as 

described in Example 179. 
Example Structure MW Name 

180 

CH, 

CH3 CH3 QJ^Q 
557.701 

//^4-{5-[6-(dimethyIamino)~4-
methy}pyridm-3-ylH#~indol-2-
yl) phenyl)-! -(phenylacetyl)-L-

prolmamide 
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Example Structure MW Name 

181 555.704 
jV-{4-[5-{ ] -benzothiophen-3 -y I)-

l/f-mdoI-2-ylJphenyl}-! -
(phenylacetyl)-L-prolinamide 

182 P 579.708 
Ar-{4-[5-(l-benzyl-l//-pyrazoM-

yl)- lH-indol-2-yS]phenyl} -1 -
(phenylacetyl)-L-proIinamide 

183 557.655 

A'-{4„{5-(2J3-dihydro-lt4-
benzodioxin-6-yl)-l#-indol-2-
yljphenyf} -1 -(phenylacetyi)-L-

prolinamide 

184 c?o^-o-^o 550.666 
1 -(pheny lacety l}-jV- {4-f 5-

(quiiJoIin-8-yI)-l#-mdol-2-
y]]pheny!}-L-prolinamide 

185 '^txro^ 505.644 
1 -(phenylacetyl)-,¥- {4-[5-

(thiophen-3-yI)-l#-indoi-2-
yl]phenyl}-L-prolmamide 

186 
A o V* 

CHfH3 

563.662 

tert-butyl {(l$}-2-[(2S)-2-{[4-(5-
cyano- l//-indol-2-yl)phenyl] 

carbamoyl}pyrrolidin-l-ylj-2-
oxo-1 -phenylethy 1} carbamate 

187 CHs-< HNK H nh A >~v». 
W CH3 

879.037 

propan-2-yl [{lj?)~2-oxo~l-
phenyl-2- {(2&)-2-[4-(2- {4-
[({(2S)-1 -[(2/?)-2-phenyl-2-
{[(propan-2-yloxy)carbonyl] 
ammo}acetyl]pyrrolidin-2-

yl) carbonyl)amino]phenyl) -1H-
indoJ-5-yl)- l/f-imidazol-2-y}] 

pyrrolidin-l-yl}ethyl]carbamate 

188 >W H 
"•/"i K 

CKs W/ 

606.687 

propan-2-y! {(lK)-2-[(2S)-2-(5-
{2-[4-(acetylamino)phenyl]-l/f-
indoI-5-ylj-l,3,4-oxadiazoI-2-
y0pyrrolidin-l-yi]-2-oxo-l-

phenyleihyl}carbamate 

189 CHS^O1TD^-^^CH> 

C/~\ 

576.704 

#-{4-[5-<5-{(2S)-H(2fl>2-
(diethylammo)-2-

phenyiacetyl]pyrrolidin-2-yl} -
1,3,4«oxadiazol-2-yl)-l //-indol-

2-y]]pheny]}acetamide 

189a 

rV<X^v^ ^ -v N YYVTVff y^o \~f N'VA 
\ HNfi./ \ ! H j \ 

^ ̂  

806.9 

methyl [(2S)-1 -{(2S)-2~|5-( 10-
{2-[(25>l-{(25)-2-

[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidm-2-yl]-
li/-imida2ol-5-y!) indolo[ 1,2-c] 

[1,3]benzoxa2in-3-yl)-l//-
imidazol-2-y l)pyirolidin-l -yl} -3-

methyl-1 -oxobutan-2-
yl]carbamate 
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Example Structure MW Name 

mb 

n p 

824,9 

methyl [(25)-l-{(25)-2-[5-(12~ 
fluoro-lQ-{2-[(2S>M(2S)-2-
[(methoxycarbonyl)amino]o-

methy3butanoyl}pyrro3idin-2-yl]-
li/-imidazol-5-y]}indolo[lJ2-c] 

[1,3 ]benzoxazin-3-yl)-1//-
imjdazoI-2-y]]pyrrolidin-l-y]}-3-

methyl- l-oxobutan-2-
yl'lcarbamate 

Example 189b (Alternative Procedure: Methyl f(2$)~l{(2S)-2~f5-(12-fluoro-lG~(2-f(2$')~l~ 

tt2s)-2-f(methoxvcarbonvl)aminof-3-methvlbutanovlbvrrolidin-2-vll'lM4midazol-5-

vlfindolofl.2-cIflJtbenz0xazm-3-vl)-lB.4midazot-2'vllvvrrolidm~l'VU~3-metkvl~l-oxobutan-

5 2-vllcarbamate 

15 

20 

Step 1 

HO' 

AcC! 

Br Et** 
0 

A Br 

To a solution of compound 3-bromophenol (51 g, 0.3 mol) and EtjN (36 g, 0.36 

10 mol) in 500 mL of DCM was added dropwise acetyl chloride (26 g, 0.33 mol) in an ice-water 

bath. The mixture was stirred at RT for 30 minutes. The mixture was washed with 1 N HCl, 

saturated Na2COs and brine, dried over Na2S04 and concentrated in vacuo to give a oil (62 g). 

Step 2 

AfCIa TX •^"-Br 140 "C 

AICI3 (40 g, 0.3 mol) was slowly added to the product from step 1 (21.5 g, 0.1 

mol) in an ice-water bath. The mixture was stirred at 140°C for 2 hours. After cooling to 60-

70°C, the mixture was slowly poured into an ice water. The resulting solution was extracted 

with DCM. The combined organic phases were washed with brine, dried over Na2SC>4 and 

concentrated in vacuo. The residue was purified by column chromatography to give the desired 

compound (14 g), MS (ESI) m/e (M+H"1): 214. 

Step 3 
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St.HCi . fl 
N NH2 ACOH.EIOH -N--' 

HO Br Bf HO"' 

A mixture of the ketone obtained in step 2 (4,2 g, 20 mmol) and 4-bromophenyl 

hydrazine hydrochloride (4.4 g, 20 mmol) in AcOH and EtOH (1:10,100 mL) was heated to 

reflux for 6 hours. The solvent was removed in vacuo to give a solid, which was used in the next 

step without further purification (9.2 g crude). MS (ESI) m / e (M+H1"): 383. 

Step 4 

A mixture of product from step 3 (9.2 g) in PPA was heated to 80°C for 2 hours. 

After cooling to RT, the mixture was poured into ice water. The resulting solution was exlracted 

10 with DCM. The combined organic phases were washed with brine, dried over Na2S04, and 

concentrated in vacuo. The residue was purified by column chromatography to give the desired 

indole (4.8 g). MS (ESI) m / e (M+H*): 368. 

Step 5 

15 To a mixture of the indole from step 4 (6 g. 163 mmol) in DMSO/CH3CN (1:1, 

24 mL) was added SELECTFLUOR® (5.8 g, 16.3 mmol) in portion at RT. The mixture was stirred 

for an additional 1 hour at RT, and the mixture was purified by HPLC to give a solid (1.0 g). MS 

(ESI) m/e (M+H+):386, 

Step 6 

20 
^ /rBr 
J—* K2COJ.DMF 

HO go SC 

A mixture of the compound from step 5 (650 mg, 1.63 mmol), CH?J3r2 (1.5 g, 

8.62 mmol) and K2CO3 (1.2 g, 8,7 mmol) in DMF (32.5 mL) was stirred for 5 hours at 80°€. 

Then the mixture was evaporated in vacuo. The residue was diluted with EA and water. The 

organic layer was separated, dried over Na2S04 and concentrated in vacuo to give a solid, which 

25 was directly used to next step without further purification (610 mg). MS (ESI) m/e 

(M+Hf):396. 

Step 7 
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To a solution of the product from step 6 (1 mmol) in 1,4-dioxane was added bis 

pinacol borate (1,1 mmol) and Pd(dppf)Cl2 (0.02 mmol) and KOAc (2 mmol). The reaction 

mixture was stirred under N?. and heated to 110°C for 3 hours. After that, the solvent was 

5 removed under vacuum, and the residue was purified by column chromatography to afford the 

product. MS (ESI) m / e (M+H*):492, 

Step 8 

A suspension of the boronate from above (2 mmol), /er/-butyl 2-(2-bromo-l#-

10 imidazoI-5-yl) pyrrolidine-! -carboxylate (2.4 mmol), Pd(dppf) Cl2 (200 mg), Na2C03 (3 mmol) 

and in THF/H20 (10:1, 33 mL) was refluxed at 75°C overnight under N2 protection. The 

mixture was cooled and filtered, and the filtrate was washed with water (50 mL) and extracted 

with EtOAc (100 mL), washed with brine and dried over anhydrous sodium sulfate. After 

concentrated in vacuo, the residue was purified by column chromatography to afford the desired 

15 compound. MS (ESI) m/e (M+rf^lO. 

Step 9 

The protected proline from above (1.3 mmol) was added to HCl/CHjOH (10 mL, 

3M). The mixture was stirred at RT for 2-3 hours before the mixture was concentrated to give 

20 the crude product, which was used in the next step without further purification. MS (ESI) m (e 

(M+£f):510 

Step 10 
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To a mixture of Hie crude product from step 9 (1.0 mmol), (S)-2-

(methoxycarbonyIamino)-3-methyibutanoic acid (2.0 mmol) and DIPEA (8 mmol) in CH3CN 

(10 mL) was added BOP (2.2 mmol). The resulting mixture was stirred at RT. After LCMS 

showed the starting material to be consumed, the mixture was filtered, and the filtrate was 

5 purified by HPLC to give the desired compound as a white solid. MS (ESI) m/e (M+H'i):825. 

*H NMR (MeOD): 8 7.83 - 7.85 (m, 3 H), 7.72 (s, 1 H), 7.53 (s, 2 H), 7.46 - 7.48 (m, 1. H), 7.42 

(s, 1 H), 5.92 (s, 2 H)f 5.20 - 5.22 (m, 2 H), 4.20 - 4.23 (m, 2 H), 4.06 - 4.09 (m, 2 H), 3.86 - 3.8! 

(m, 2 H), 3.61 (s, 6 H), 2.50 - 2.52 (m, 2 H), 1 -96 - 2.20 (m, 8 H), 0.90 - 0.98 (m, 12 H). 

Example 190: as>-l~f(2R}~2~(diMethvlammol-2-vhenytacetvtm-(2-f54m$}~l~ram~2--
10 {dimethvlammo)-2-vhenvlacetvlhyvrrolidm-2'Vlharbonvl)ammo}~lJ-benzoxazol-2-vU-]Ji-

indol-5~vl)mrrolidine~2~carboxamide 

NMe2 

Step 1 

r 
^ t 

15 To a solution of imidazole (13,6 g, 0.2 mol) in 1L of DCM was added BrCN (7.4 

gs 66 mmol), and the mixture was heated at reflux for 30 minutes. The mixture was cooled to 

RT, and the white precipitate removed by filtration, and the filtrate concentrated to 100 mL then 

cooled to 0°C for 2 days. The crystallized solid was filtered and washed with cold DCM, then 

dried in vacuo to give the desired product (8.8 g) as a white solid. 

20 Step 2 
i?H HOs^s. u . 

O O * H2JX2— 
A solution containing the product from step 1 (8.36g, 54,2 mmol) and 2-amino-4-

nilrophenol (8.74g, 54.2 mmol) in anhydrous THF (200 mL) was allowed to reflux under N2 for 

14 hours. The mixture was cooled to RT, filtered, and the precipitate was washed with THF 

25 (cold) then dried in vacuo to afford the desired product (9.0g), as a yellow solid. MS (ESI) m/e 

(M+H*): 180. ^NMR (DMSO) 5: 7.85 - 7.96(m, 3 H), 7.52(d> J - 8.8 Hz, IH). 

-149-



WO 2030/111483 PCT/US2010/028653 

Step 3 

r-N [j /—MHz 
•o XX fV-Br 

O 

To a suspension of the product from step 2 (3.58 g, 20 mmol) in acetonitrile (300 

mL) was added CuBr2 (8.96 g, 40 mmol). The solution became dark green and /-butyl nitrite 

5 (4.12 g, 40 mmol) was added RT over 5 minutes, whereupon the mixture heated at 45°C for 2 

hours. Hie reaction mixture was poured into water (800 mL) and DCM (800 mL), and the 

phases were separated. The aqueous phase was extracted with DCM (3 X 800 mL), dried with 

Na2S(>4 and evaporated to afford the crude product. Purification by column chromatography 

afforded the desired product. MS (ESI) m/e (M+H4): 243/245. *H NMR (DMSO) 8: 8.71 (s51 

boronic acid from Example 42 (LO g, 2.75ramol), Pd(dppf)CI2(lS3 mg> &.25 mmo3).Na2C03 

15 (530 mg, 5.0 mmol) in 5 mL dioxane-H20 (5:1) was heated to reflux under N2 atmosphere 

overnight. When reaction was complete, the mixture was poured into water and extracted with 

DCM. The organic phase was dried over Na2S04 and concentrated, and the residue was purified 

to give compound the desired product. MS (ESI) m/e (M+H*): 596. 

Step 5 

The product from step 4 (596 mg, 1.0 mmol) was dissolved in EtOAc and treated 

with Pd/C (100 mg, 20%). Then, the mixture was stirred at RT overnight under H2 atmosphere. 

When the reaction was complete, the Pd/C was filtered off, and the resulting solution was 

concentrated to give the crude product MS (ESI) m/e (M+H*): 565. This material was covered 

25 with 5 mL of 3M HCl, and the mixture was stirred at RT for 2 hours. Evaporation of the solvent 

afforded the desired product, which was used directly without further purification. MS (ESI) m/e 

10 H), 8.42(d, J =* 9.2 Hz, IH), 8.10 (d, J - 9.2 Hz, IH). 

Step 4 

The mixture of compound from step 3 above (603 mg, 2.5 mmol), the indole 

(M+H+): 265. 
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Step 6 

Me2N 

The compound was coupled using the procedure similar to that which was 

described in Example 40 starting from 265 mg (1.0 mmol) of the product from step 5, NMR 

5 (MeOD) 5: 8.12(s, IH), 7.97(dt J-2Hz, IH), 7.30 ~ 7.70 (m,15H), 5.30 ~ 5.35 (m, 2H), 4.51 ~ 

4.60 (m, 2H), 3.85 - 3.95(m, 2H), 3.15 - 3.25(m, 2H), 3.06(s> 3H), 2.54(s5 6H), 1.80 - 2.30(ms 

8H). MS (ESI) m / e (M+H+): 781. 

Example 191: 14(2^24diethvlamino)-2-Dhenvlacetvim'{244-(5--l(2S)-'l--f(2R)-2-

(diethvlamino)-2-nhenvlacetvlh}vrrolidin~2-vl}-1.3,4-oxadiai.ol~2-vl)i)henvl}-lii4ndol-5-vll-L-

10 brolinamide 

To a solution of N-Cbz-L-Pro (14.9 g, 0.06 mol) and TEA (8.08 g, 0.08 mol) in 

15 100 mL of DCM added dropwise isopropyl chloroformate (8.05 gs 0.066 mol) at 0°C. After 

addition, the solution was continued to stir for 1 hour before the hydrazide (13.0 g. 0.05 mol) 

was added, and the mixture was continued to stir for another I hour. The solvent was evaporated 

in vacuo, and the residue was recrystallized from EtOH to give a white solid (22.1 g). ]H NMR 

(DMSO) 6: 10.47 (s, IH), 10.03 (s, IH), 7.86 (d, J = 8.0 Hz, 2H)S 7.62 (d, J - 8.0 Hz, 2H), 7.31 ~ 

20 7,61 (m, 5H), 4.91 ~ 5.14 (m, 2 H), 4.26 ~ 4.35 (m, 1 H), 3.30 ~ 3.4 (m, 2 H), 1-95 - 2.19 (s> 4 

H). MS (ESI) m/e (M+H*): 494. 

Step 2 

Step 1 

-151 -



WO 2010/111483 PCT/US2010/028653 

15 

To a solution of the product from step 1 (2.1 g, 4.26 mmol), DIPEA (2.3 mLs 17.7 

mmol) and PPh3 (1.71 g, 6.5 mmol) in 20 mL of MeCN was added hexchloroethane (1.41 g, 5.97 

mmol), and the mixture was stirred at RT for 1.5 hours. The solvent was evaporated, and the 

residue was purified by chromatography to give a white solid (1.75 g). MS (ESI) m/e (M+H4): 

494. 

Step 3 

j22!?ss-XXMIMX.,X ii* BOC V) 
Cbz*' 

A mixture of the product from step 2 above (494 mg, 1.0 mmol), indole boronic 

acid firom Example 42 (377 mg, 1.0 mmol), Pd(dppf)Cl2 (73 mg5 0.10 mmol), Na2CC>3 (318 mg, 

10 3.0 mmoi), THF (25 mL) and H2O (5 mL) was refluxed under N2 overnight. The mixture was 

poured into water and extracted with CH2CI2. The organic phase was combined, dried over 

Na.2S04 and filtered to give the desired compound, which was used directly in the next step. MS 

(ESI) m/e (M+H4): 680. 

Step 4 

!BOC)2N, Cb;: Example 93 

steps A-7 

-7"0 
Following the procedure described in Example 99, steps 4-7, the oxadiazole from 

step 3 above was converted to the desired product. NMR (MeOD) 6: 8.09 (d, J - 8,8 Hz, 2H), 

7.99 (d, 8.8 Hz, 2H), 7.83 (s, IH), 7.66 - 7.68 (m, 4H)T 7.55 ~ 7.58 (m, 6H), 7,38 - 7.40 (m, 

IH), 7.22 - 7.24 (m, IH), 6.98 (s, IH), 5.39 (s, IH), 5.37 ~ 5.39 (m5 2H), 4.52 - 4.54 (m, IH), 

20 4.12—4.14 (m, 2H), 3.94 -3.96 (m, IH), 3.10-3.41 (m, 8H), 2.72-2.76 (m, 2H), 1,84-2.24 
(m, 8H), 1.34 - 1.41 (m, 6H), 1.16 - 1.19 (m, 6H). MS (ESI) m/e (M+H4): 821. 

Example 192; Methyl {(2§)~l-[(2S)~2~(5-f4-(5-{2-f(2$)-l-{(2S)~2-f(methoxv~ carbonvDaminoI-

3-methvlbutanovltovrrotidin~2-vlI-l~ii-imidazol-5~vti~l~henzofur(m-2-vltohenvll-lHrimida7.ol-

2-vl}vvrrolidin-l-vlJ-3~methvl-l-oxobutan-2-vltearbamate 

25 
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Step 1 

A 2 Ls 3-necked round bottomed flask equipped with an overhead stir and a N2 

inlet was charged with a solution of oxalyl chloride (130 mL, 0.26 mol) in DCM (250 mL), The 

5 solution was cooled to -78°C, and a solution of DMSO (20 mL, 0.28 mol) in DCM (30 mL) was 

added dropwise. After 30 minutes, a solution of (S)~iV-Boc»prolmol (40 g, 0.20 mol) in DCM 

(200 mL) was added dropwise. After 30 minutes, TEA (140 mL, 1.00 mol) was added to the 

solution, and the flask was transferred to an ice/water bath and stirred for another 30 minutes. 

The reaction mixture was diluted with DCM (200 mL) and washed successively with H2O, 1M 

10 HCl, saturated NaHCOj, and brine. The DCM layer was dried over Na2S04, filtered, and 
concentrated to afford crude (S)~2-formyl-pyrrolidine-l -carboxylic acid tert-butyl ester (40 g) as 

an oil, which was used without further purification. 

Step 2 

methanol solution of NH4OH (32 mL) and (S)~Boc~prolinal (8.564 g, 42.98 mmol) and stirred at 

ambient temperature for 19 hours. The volatile components were removed in vacuo, and the 

residue was purified by a flash silica gel chromatography (EtOAc) followed by a 

recrystallization (EtOAc) to provide the desired compound as a white fluffy solid (4.43 g). JH 

20 NMR (DMSO) 5: 11.68, 11.59 (br s, IH), 6.94 (s, IH), 6.76 (s> IH), 4.76 (m, IH), 3.48 (m, IH), 

3,35-3.29 (m, IH), 2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H). MS (ESI) m/e (M+H+): 238. 

Step 3 

To a suspension of the compound from step 2 (140 g? 0.59 mol) in THF (2000 ml) 

25 was added NBS (200 g, 1.1 mol). The mixture was stirred at RT under N2 protection overnight 

before the solvent was removed, and the residue was purified by chromatography on silica gel to 

give 230 g of the desired dibromo compound. MS (ESI) m/e (M+H*): 396. 

15 Glyoxal (2.0 mL of 40% in water) was added dropwise over 11 minutes to a 

Step 4 
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Br 

Na^°3r /"YE 

Br 

i 
V-NBoc V-NBoc 

To a suspension of compound from step 3 (230 gs 0.58 mol) in BtOH/H^O (3000 

ml) was added Na2SC>3 (733 g, 5.8 mol). The resulting mixture was stirred under reflux 

overnight. After cooling to RT, the mixture was extracted by DCM and concentrated under 

vacuum. The resulting residue was purified by chromatography on silica gel to give the desired 

bromo imidazole target. MS (ESI) m/e (M+H"5"): 317, 

Step 5 
/=\ COOS NBS/CO, /=\ .coosi -O ^ HA 

To a stirred solution of ethyl 4-bromopheny]acetate (50 g, 205.8 mmol) in CCL 

(500 mL) was added NBS (38 g, 214.7 mmol), then 48% aqueous HBr (4 drops). After the 

addition, the solution was stirred overnight at 80°C under argon. Then the reaction was cooled 

to RT, filtered, and concentrated. The resulting oil was directly used the next step. 

Step 6 
8r O 

Bsv 
CSJCOJ/DMF 

15 To a solution of the compound from step 5 (2 g, 6.2 mmol) in DMF (20 mL) was 

added 5-bromosalicylaldehyde (1.21 g, 6.0 mmol) and CS2CO3 (2 g, 12.3 mmol) under N2 

protection. The resulting suspension was stirred for 5 hours at 160°C, then cooled and treated 

with water. The resulting precipitate was filtered, and the filtrate cake was dried in vacuo to give 

the desired compound, which was used directly in next step. 

20 Step 7 
fid(dppf)Ci2.'KOAcWio«ine 

A suspension of the product from step 6 above (4.43 g, 12.58 mmol), 

bi.s(pincolato)diboron (8.31 g, 32.72 mmol), AcOK (3.72 g, 37.7 mmol) and Pd(dppf)Cl2 (921 

mg, 1.26 mmol) in dioxane (100 mL) was heated to reflux for 4 hours under N2. The mixture 

25 was concentrated, the residue was partitioned between H2O and DCM, and the aqueous phase 

was extracted with DCM. The combined organic layers were washed with brine, dried over 

Na2S(>4, concentrated. The residue was purified by chromatography on silica gel to afford the 

desired compound (5 g). 
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Step 8 
Bf 

j5 cr* V-NBoc 

A suspension of the product from step 4 (5 mmol), the boronate ester from step 7 

(2 mmol), Pd(dppf)Cl2 (146 mg, 0.2 mmol), and NasCOj (636 mg, 6 mmol) were refluxed in 

THF/H20 (10:1, 33 mL) overnight under N2 protection. The mixture was cooled and filtered, 

and the filtrate was washed with water (50 mL) then extracted with EtOAc (100 mL), washed 

with brine and dried over anhydrous sodium sulfate. The solution was concentrated and the 

resulting residue was purified by column chromatography (PE / EA = 8:1 —>5:1) to afford the 

desired compound. MS (ESI) m/z (M+H)+:641). 

Step 9 

The product from step 8 (1.3 mmol) was added into 3M HCI/CH3OH (20 mL) and 

the mixture was stirred at RT for 2 to 3 hours. The mixture was concentrated, and the crude 
product was used directly in the next step without further purification. MS (ESf) m/z (M+H)4 : 

441. 

Step 10 

o 
HN O' Bop 

•OB 

To a mixture of the product from step 9 (1 mmol), JV-Moc-L-valine (2.1 mmol) 

and DIPEA (0.4 mL) in DMF (3 mL) was added BOP reagent (2.2 mmol). The resulting mixture 

was stirred at RT for 16 hours. The solution was subjected directly to RPLC to afford the 

desired compound. NMR (MeOD) 5: 7.7-8.1 (m, 10 H), 7.4 (m, 1 H), 5.3 (m, 2 H), 4.3 (m, 2 

H), 4.1 (d, J-4.8HZ, 2 H), 3.9 (m; 2 H), 3.7 (m, 6 H), 2.6 (d, J=4.$ Hz, 2 H), 2.0-2.4 (m, S H), 

1.3-1.4 (m, 2 H), 0.9-1.0 (m, 12 H). MS (ESI) m/z (M+H)+: 780. 

Examples 193-202 
Compounds of Examples 193-202 were prepared in a similar manner as described 

in Example 192. 
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Example Structure 'HNMR M+l Name 

193 >b 3< 
(MeOD) 6: 7.2-8.1 (m, 20 
H), 5.2-5.6 <m,4H), 3.9-
4.2 (m, 2 H), 3.1 (m,2H), 
2.6 (m, 8 II), 1.9-2.5 (m, 8 

H), 1.0-1.5 (m, 12 H), 

i 

844 

(2i?)-2-(diethylamino)-l-[(25)-2-
(5-{4-[5-(2~{(2S)-l-[(2R)-2-

(diethylaraino)-2-phenylacetyl] 
pyrrolidin-2-yI}-l/f-imidazol-5-
yl)-l -benzoitoran-2-y Ijpheny 1} -
l/-/-imidazol-2-yl)pyrrolidin-1 -

yl]-2-phenylethanone 

194 

C%;WKL 
H V Y 

(MeOD) 6: 8.0-8,1 (m, 3 
H), 7.7-7.9 Cm. 6 H), 7.4 
(d, J=2.4Hz, 1 H), 5.3 (d, 
J—5.6 Hz, 2 H), 4.1 (m, 2 
H), 3.9 (m, 4 IT), 3.7 (m, 6 
H), 2.5-2.6 (m. 2 H), 2.1-

2.3 (m, 6 H), 1.1-1.2 (m, 2 
H), 0.4-0.6 (m, 9 H). 

775 

Methyl {(lS)-l-cyc!opropyl-2-
E(25>2-{5-[4-(5-{2-[(2S>-l-{(21S)-

2-cyc]opropy]-2-
[(methoxycarbony])amino]a.cetyl} 
pyrrolidin-2-yl]-l//-imidazol-5-
yI}-I-benzofuran-2-yl)phenyl]-
l#-imidazol-2-yl}pyrroIidm-l-

yll-2-oxoethyl}carbamate 

195 °~C\>' 

(MeOD) 8: 7.7-8.3 (m, 9 
H), 7.4(m, 16 H), 5.3-5.4 
(m, 2 H), 3.5-4.1 (m, 12 
H), 2.6 (d,/=4.8 Hz, 26 
H), 2.2 (d, 7=4.8 Hz, 6 

H), 1.1-1.2 (m, 2 H), 0.4-
0.7 (m, 8 H). 

775 

Methyl {(1 i?) -1-cyclopropyl-2-
l(2,S)-2-{5-l4-(5-{2W-^m> 

2-cyclopropyl-2-
[(methoxycarbonyl)amino]acetyl} 
pyiTo!idm-2-yl]-l tf-imidazol-5-
yl}-l -benzofuran-2-yi)pheriyl]-
1 //-imidazo)-2-y ijpynolidin-1 -

ylj-2 -oxoethyl} carbamate 

196 i-)1 
* I 

(MeOD) 6:7.8-7.9 (m, 5 
H), 7.1-7.6 (m, 5 H), 5.6-

5.7 (m, 1 H), 5.2 (d,J 
=4.8 Hz, 1 H), 4.0-4.2 (m, 

3 H), 3.6-3.8 (m, 8 H), 
2.0-2.5 (m, 10 H), 1.6 (d, 
J=4.8 Hz, IH), 1.3 (m , ! 
H), 0.8-1.1 (m, 11 If), 0.4 

(m, 26 H). 

780 

Methyl {(2i?)-l-[(25)-2-{5-[2-(4~ 
{2-[(2£)-l-{(2i?)-2-

[(methoxycarbonyl)ammo]-3-
methylbutartoy]} pyrrolidm-2-yl]-

l#-imidazol-5-y!} phenyl)-1 -
benzofuran-5-yl]-l//-imidazol-2-
yl) pyrrolidin-1 -yl]-3-methyl-1 ~ 

oxobutan-2-yl} carbamate 

197 N"-{ 

(MeOD), 8 8.10(d, J =4 
Hz, 2 H), 8.01 (s, 1 H), 

7.94(s, 1 H), 7.87(d , J -2 
Hz, 2 H), 7.S4(m, 1 H), 
7,73(d, J =4 Hz, 1 H), 

7.44(m, I H), 5.25(m, 2 
H), 4.33(m, 2 H), 4.16(m, 

2 H), 3.89(m, 2 H), 
3,67(s, 6 H), 2.58(m, 2 

H), 2.20(m, 6 H), 0.97(m, 
] 8 H) 

806 

Methyl {(2S)~H(2S)-2-{5-{4-(5-
{2-[(2S)-l»{(2S)-2» 

[(methoxycarbonyl)amino3»3,3-
dimethyttmtanoyl} pyrrol idm-2-

yl]-ltf-iimdazol-5-yl}-l-
benzofuran-2-y l)phenyl] -1H-

imidazol-2-yl}pyrrolidin-l-yl]-
3,3-dimethyl-1 -oxobutan-2-

yl} carbamate 

198 

(MeOD) 5: 7.6-8.1 (m, 9 
H), 7.3-7.5 (m. 11 H), 7.2 

(m, 1 H), 5.4-5.5 (m, 2 
H),5.3(m,2H),4.1 (d, J 
-4.8 Hz, 2 H), 3.7 (d. J 

=2.4 Hz, 6 H), 1.9-2.4 (m, 
8 H) 

848 

Methyl {(3i?)-2-E(2S>2-{544"(5-
{2-[(2S)-l - {(2i?)-2-

[(methoxycai"bonyl)amino]-2-
phenylacetyl }pyrrolidm-2-yl}-1H-
imidazol-4-yl}-l-benzofurari-2-

yl)phenyl]-IF-imidazol-2-
y]}pyrrolidm-l »yl]»2~oxo-1 -

phenylethyl} carbamate 
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Example Structure lH NMR M+l Name 

199 y-\ 

(MeOD) 5 8.08(d, J =4 
Hzs 2 H), 8.04(s, I H), 

7.89(d, 3 H), 7.78(in5 1 
H), 7.77 (m, 2 H), 

7,42(mJ H), 5.34ft J =4 
Hz, 2 H), 4.42(d, J «4Hz, 

2 H), 4.10(3,2 H), 
3.82(m, 2 H), 3.79(in, 3 
H),3.64(s,3H),2.57(m, 

2 H), 2.20(m, 6 H), 
1.88(rn, 2 H), 1.48(m,2 

H)s 1.32(m, 2 H)t 
0.97[m, 3.2 H>. 

806 

Methy! {(2S,3i?)-H(2S>2-(5"{2-

(methoxycarbonyl)-L-
alloisoleitcy IjpyiToli din-2 -y 1} -1H-

imidazol-5 ••yl)phenyl]-l-
benzoftiran-5-yl}-lH-imidazol-2-

yl)pyrrolidin~ 1 -yl]-3 -methyl-1 -
oxopentan-2-yl} carbamate 

200 
Q?-OKK-S 

rC^ X 
(MeOD) 8:7.6-81 (m>9 

H), 7.4 (m, 6 H)» 5.4 (m, 2 
H), 4.6 (m, 2 H), 3.5-4.1 
(m, 13 H), 2.5-2.7 (m, 6 

H)f 2.3 (ra, 5 H). 

755 

Methy) {(2S)-3-bydroxy-l-I(25>-
2-{5-[4-(5-{2-[(2S)-l-{(25)-3-
hydroxy-2-f(methoxy carbony!) 
amino]propanoyl}pyrro]idiii-2-

yI]-l//-imidazol-5-yl}-l-
benzofuran-2-yi)phenyl]- IH-

imidazoS-2-yl}pyrrolidin-l-yrj-l-
oxopropan-2-yI} carbamate 

201 r<h X. 

(MeOD), 5 8.04(d, J -4 
Hz, 2 H), 7.97(s5 ll-I), 
7.84(d, J ~2 Hz, 2 H)» 

7.8 l(m, 1 H), 7.76(m, 1 
H), 7.64(d. J =4 I-Iz. 2 H), 
7.38(m, 1 H), 5.29(m, 2 

H), 4.49(m, 2 H), 4.15(m, 
2 H), 3.97(m, 1 H), 

3.92(m, 1 H), 3.66(m. 6 
H), 2,63(m, H), 2.60(ms 
1 H), 2.54(m, 2 H), 2.16-
2.22(m,6H), U6(d,J 

=2 Hz, 6 H). 

783 

Methyl {(2S,3J?)-3-hyd«)xy-l-
[(2S)-2-{5-[4-(5--(2-[(2>$)-l~ 

{(25,3/?)-3-hydroxy-2-
[(methoxycarbonyl)amino]butano 
yl}pyrroiidm-2-ylJ-l#-imidazol-
5-y 1} -1 -benzofuran-2-y l)phenyl]-
1//-imidazol-2-yl} pyrrolidin-!» 
yl]-1 -oxobutan-2-y]} carbamate 

202 ' • >3? <h 

(MeOD), 8 8.05(d? J =4 
Hz, 2 Ii), 7.97(s, 1 H), 

7.84(d, 1 H), 7.81 (d , J -2 
Hz, 2 H), 7.76(m, I H), 
7.64(d} J =4Hz, 2 H), 

7.39(m? I H), 5.25(m, 2 
H). 4.45(m, 2 H), 4.03{m, 

2 H), 3.84(m, 2 H), 
3.85(m, 2 H), 3.64(s, 6 

H), 2.55(m, 2 H), 2.22(m, 
6 H)} 1.70(m»2H), 

1.51(m, 4 H), 0.98fms 12 
H) 

806 

Methyl {(2S)-l-l(2S)-2-{5~lH5~ 
{2~[{2$}~l~{(2S)-2~ 

[(methoxycarbony!)amino]"4-
methylpentanoyl} pyrroKdin-2-

yI]-l//-iraidazol-5-yl)-l-
benzofuran-2-yl)phenyl j-1H-

imidazol-2-yI}pyrroiidin-l-y!]-4-
methyl-1 -ox.opentan-2-

yl}carbama?e 
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Example 203; Methvl {(2S}-l-f(2$}-2-f543-auoro-4-(5-f2~f(2S}~l-{QS}-2-

f(methoxvcarbonvl)ammol-3-methvlbutanovlfovrrolidin-2-vll-l'H.-imidaz.ol-5-vl}~l-
ben?.0furan~2-vl)i>kenvll-l}£~imidazol-2-vltevrrolidin-l-vll-3-metkvl-l~oxobutan-2-vtt 

\. .sx ,• 
\ J—6 "rn— /N" 

Step 1 

LDA "OK 
To a solution of 5-bromobenzofuran (3.9 g> 20 mmol) in dry THF (30 mL) cooled 

to -78°C under ^-protected LDA (prepared from n-BuLi and iPr2NH in THF (-30 mmol)) was 

10 slowly added. The mixture was stirred at the same temperature for 30 minutes, then 

tru«?propyfboraie (5.64 g, 30 mmol) was added to the mixture. The mixture was allowed to 

warm to RT and stirred for 2 hours. The mixture was then quenched with IK HCl to pH=3 and 

extracted with EtOAc. The combined organic phases were combined, dried and filtered. The 

filtrate was concentrated to afford the desired product (4.3 g). MS (ESI) m/e (M+H4): 241. 

15 Step 2 
F 

&'0H ^ 1''^--®' FdfdppQCtg ^ Br' 

A suspension of the boronic acid from step 1 (1.44 mg, 6.0 mmol), 2-fluoro~4-
iodobromobenzene (1.8 g. 6.0 mmol), Pd(dpp:()Cl2 (600 mg), Na2C03 (954 mg, 9,0 mmol) and in 

THF/H2O (9:1,100 mL) was refluxed at 75°C overnight under N2 protection. The mixture was 

20 cooled and filtered. The filtrate was washed with water (150 mL) and extracted with EtOAc 

(200 mL), washed with brine and dried over anhydrous sodium sulfate. The solution was 

evaporated and the residue was purified by column chromatography (PE / EA - 8:1—*5:1) to 

afford the desired compound. MS (ESI) m/e (M+H"1')-. 370. 

Step 3 

Bf-s 

25 " ^ ~ Pd(tJppf)Clz 
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To a solution ofthe product from step 2 (1.85 g> 5 mmol), bis(pinacolato)diboron 

(2.54 g, 10 mmol) and Pd(dppf)Cl2 (80 mg) and KOAc (0.98 g, 10 mmol) were dissolved in. 1,4-

dioxane (30 mL), and the reaction mixture was heated at 110°C for 16 hours. The solvent was 

evaporated, and the residue was purified by column chromatography with silica gel elution with 

PE to afford the desired product as white solid (1.95 g). MS (ESI) m/e (M+H+): 465. 

Step 4 

A'YV- M P-Z Pdrdppoct rJ 

A suspension ofthe bromoirnidazole from Example 192 (5 mmol), the boronate 

ester from step 3 (2 mmol), Pd(dppf)Cl2 (146 mg, 0.2 mmol) and NajCOs (636 mg, 6 mmol) was 

refluxed in THF/H2O (10:1, 33 mL) overnight under N2 protection. The mixture was cooled and 

filtered, and the filtrate was washed with water (50 mL) and extracted with EtOAc (100 mL), 
washed with brine and dried over anhydrous sodium sulfate. The solution was concentrated, and 

the resulting residue was purified by column chromatography (PE / EtOAc = 8:1) to afford the 

desired compound. MS (ESI) m/e (M+H4); 683. 

Step 5 

The product from step 4 (682 mg, 1.0 mmol) was treated with 3M HCI/CH3OH 

(10 mL) and the mixture was stin-ed at RT for 3 hours. The reaction mixture was concentrated, 

and the crude product was used directly in the next step without further purification. MS (ESI) 

m/e (M+H*): 483. 

Step 6 

To a mixture of the product from step 5 (482 mg, 1.0 mmol), N-Moc-L-valine (2.1 

mmol) and DIPEA (0.4 mL) in DMF (3 mL) was added BOP reagent (977 mg, 2.2 mmol). The 

resulting mixture was stirred at RT for 16 hours. The solution was subjected directly to RPLC to 

afford the desired compound as white solid (40 mg). jH NMR (MeOD) 6: 7.99 (s,l H), 7.89-

7.80 (m, 5 H), 7.72-7.67 (m, 2 H); 7.47 (s, 1 H), 5.27-5.22 (m, 2 H), 4.22 (d, 2 H), 4.09 (ds 2 H), 
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3.89-3.84 (m, 2 H), 3.64 (s, 6 H), 2.55-2.02 (m, 10 H)s 0.92 (dt 6 H), 0.88 (d, 6 H). MS (ESI) 

m/e (M+H4): 797. 

Examples 204-212 
Compounds of Examples 204-212 were prepared in a similar manner as described 

5 in Example 203. 
Example Structure M+l Name 

204 / u _ ,N—/ 
H—( 

K) <T~\ 

866 

Methyl {(l^>2-i;(25)-2-{5-[3-fliioro-4-(5-{2-
[(25)-1 - {(2i?)-2-[(methoxycarbonyl)ain[ino}-2-
phenylacetyl}pyrrolidin-2-yl]-I#-imidazo]~5-
yl}-l-benzofxiran-2-yl)phenyl]4#4midazol-

2-yl}pyirolidm-l-yl]-2-oxo-l-
pheny letbyl) carbamate 

205 
3-° 

r< y 
* /-o 

797 

Methyl {(21S>l-[(21?)-2-{5-[3-fluoro-4-(5-{2-
[(2S)-1 - {f 2iS)-2-[(methoxycarbonyl)amiBo]-3 -

methyIbutanoyl}pyrrolidin-2-yl]-lH-
imidazol-5-yl}-l-benzofuran-2-yl)phenyl]-

] /7-imidazol-2-yl} pyrrolidin-1 -yl]-3-methyl-
1 -oxobutan-2-y 1} carbamate 

206 

N-?. \ 

-rt " x 
I 0>-o 

816 

Methyl {(2S)-l-[(25)-2-{5-[2-{2f6-difluoro~4--
{2-[(2S)~l- {(2.^)-2-[(methoxycarbanyl) 

amino]-3 -methylbutanoyl) py rroli d in-2-yl ] -
ltf-imidazol-5-y0phenyi)-l-benzofuraii-5-
y!3-lfr-imidazol-2-yl}pyrrolidin~l-yl]-3-

methyl-1 -oxobutan-2-yl) carbamate 

207 

0" 
878 

Methyl {(lJ?)-2-[(25)-2-{5-[3-raethoxy-4-(5- i 
(2-[(25>l - {(2i?)-2-[(methoxycarbonyl) 

amino]-2-pheny]acety!}pyrrolidin-2-yl]-l/f-
imidazoI-5-yl}-l-benzofiiran-2-yl)phenyl]-
l/f-imidazol-2-yl}pyrroIidm-l-yl]-2-oxo-l-

phenylethy!} carbamate 

208 

n/~ ^ 
814 

Methyl {(2^1-[(2^2-{5-[2K2-chlorc>-4-{2-
[(25")-1 - {(2(5)-2-[(methoxycarbony l)aminol-3 -

methylbutanoyl }pyrrolidm-2-yl]-1H-
imidazo]-4-yl}phenyi)-l-benzofuran-5-yl]-

1 //-imidazol-2-y 1 Jpyrrolidin-1 -yl] -3 -methyl-
l-oxobutan-2-yU carbamate 

209 873 

Methyl {(li?)-2-[{25)*2-{4-[3-cyano-4-(5-{2-
[(2S)4~{(2#)-2-[(methoxycarbonyl)amino]-2-
phenylacetyI}pyrrofidin-2-y{]-l//-imidazo!-5-
yl}-l-benzofuran-2-yl)phenyl]-I//-imidazol-

2-yl}pyrrolidin-l -yl]-2-oxo-l -
phenylethyi}carbamate 

210 
Mc )-

794 

Methyl {(25)-l-[C25)-2-{5-[2-(4-{2-[(25>"l-
{(25)-2-[(methoxycarbocyl)amino]-3-
methyIbutanoyl}pyiroIidm-2-yI]-l//-
imidazol-4-yl} -2-methylphenyl)-1 -
benzofuran-5-yl]-l//-imidazol-2-

yl}pyrroiidin-]-yl]-3-methyl-l-oxob'Utan-2-
yl} carbamate 
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Example Structure M+l Name 

211 0 eft. 
Methyl [(15)-2-I(25)-2-(5-{3-fluoro-4-[5-(2-

{(25}-1 (25)-2-[(methoxycarbony l)amino]-2-
(tetrahydro-2/f-pyran-4-yI)acetyI]pyrrolidm-

2-yl}-lif-imidazol-5-yI)-l-benzx>furaii-2-
yl}phenyl}-l//-imidazol-2-yl)pyiTolidin-l-yI]-

2-oxo-I -(tetrahydro-2#-pyran-4-
yl)ethYljcarbamate 

212 832 

Methyl {(25)-!-E(2^)-2-{4-[3-fluojo-4-(5-{2-
[(2S)-l-{(2i?)-2-[(metlioxycarbonyl)amino3-2-
phenylacetyl}pyrrolidin-2-yl.]-l/7-imidazol-5-
yl}-l-besizoftiran-2-yl)phenyl]-]jt/-imidazo!-
2-yl}pyrrolidm-l-yl]-3-methyl-l»oxobutan-2-

yl} carbamate 

10 

15 

Example 213: Meihvl Kmethoxv-
carbonvDamino1-2-Dhenvlacetvl)vvrrolidin-2-vl1-lti-imidazol-5-vtt-L3-benzoxazol-2-

vl)vhenvll~lVL-imidazol-2-vl}Dvrrolidin~l~vll~2~oxo-l-i}kenvletkvUcarbamate 

MocHN 

Step 1 

„H>B' yy* PPA Br-
-OH 

4-Bromobenzoic acid (20 gs 0.1 mol) and 2~amino-4-bromophenol (18.8 g, 0.1 

mol) were added into polyphosphoric acid (250 mL), and the mixture was stirred at 140°C for 90 

minutes. After cooling in an ice-bath, the reaction mixture was diluted with water (4000 mL) 

and neutralized with NaOH. The resulting solid was filtered off and dried to afford the desired 

benzoxazole. MS (ESI) m/e (M+H4"): 354. 

Step 2 

Pd(pddf)CI2 

A suspension of the product from step 1 above (10.6 g, 30 mmol), 

bis(pinacolato)diboron (30.3 g,120 mmol), KOAc (7,6 g, 78 mmol) and Pd(dppf)Cl2 (1-1 g, 1.5 

mmol) hi dioxane (300 ml) was stirred at 100°C under N2 protection overnight. The reaction 

mixture was cooled and concentrated, then chromatographed on silica gel gave the product 

compound. MS (ESI) m/e (M+H+): 366. 

161 



WO 20X0/111483 PCT/US2010/028653 

Step 3 

A suspension ofthe product firom step 2 (1.2 g, 2.6 mmol), bromoimidazole from 

Example 192 (2 g, 6.3 mmol), Na2C03 (1.3 g, 12 mmol) and Pd(dppi)CI2 (220 mg, 0.3 mmol) in 

5 THF/H2O (36 ml) was stirred at 100°C under N2 protection oveniight. The reaction mixture was 

concentrated and purified by chromatography 011 silica gel to give the desired compound. MS 
(ESI) m/e (M+H+): 666. 

Step 4 

10 A solution of the product from step 3 (400 mg, 0.6 mmol) in HCl/MeOH (20 ml) 

was stirred at ambient temperature for 3 hours, then concentrated and dried under high vacuum 
to give to desired product. MS (ESI) m/e (M+H*): 466. 

Step 5 

15 To a mixture of the product from step 4 (233 mg, 0.5 mmol), N-Moc-D-Phg (1.1 

mmol) and DIPEA (0.2 mL) in DMF (3 mL) was added BOP reagent (488 mg, 1.1 mmol). The 

resulting mixture was stirred at RT for 16 hours before the solution was subjected directly to 

RPLC to afford the desired compound. 'H NMR (MeOD) S: 8.4 (d, J-8A Hz, 2 H), 8.2 (s, 1 H), 

8.0 (m, 3 H), 7.9 (m, 3 H), 7.5-7.4 (in, 10 H), 5.5 (s, 2 H), 5.3 (m, 2 H), 4.1-4.0 (ms 2 H), 3.6 (d, 

20 M2.8 Hz, 6 H), 3.3 (m, 1 H), 3.3-3.1 (m, 1 H), 2.5-2.3 (m; 2 H), 2.2-2.1 (m, 4 H), 2.0 (ra, 2 H). 

MS (ESI) m/e (M+H+): 780. 

Examples 214-215 

Compounds of Examples 214-215 were prepared in a similar manner as described 
in Example 213. 
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Example Structure !HNMR M+l Name 

214 r( h 

(MeOX>) 8:8.4 (d,J*8.4 
Hz, 2 H), 8.1 (s. 1 H), 7.9 

<m, 3 H), 7.8 (m, 2 H), 
7.7 (m, I H), 53 (m, 2 

H), 4.2 (m, 2 H), 4.1-4.0 
(m, 2 H), 3.9-3.8 (m,2 

H), 3.6 (s, 2 H)> 2.6 (m, 2 
H), 2.3 (m, 2 H)t 2.2 (mt 
4 H), 2.0 (m, 2 H), 0.9 

(m, 32 H). 

848 

Methyl {(2,S)-l-[(2iS)-2-
{5-[2-(4-{2-[(25>-l-((25)-

2-[(metboxycarbonyl) 
ajnino]-3-

methylbuianoyl} 
pyrrolidm-2-yl3-l//-

imidazol-5 -y 1} phenyl)-
l,3-benzoxazol-5-yl]-l/7-
imidazo]-2-yI}pyrroHdin-

l-y!}-3-methyi-l-
oxobutan-2-vl} carbamate 

235 ,<£* ^ to 
(MeOD) 5:8.4 (d,J~6.S 

Hz, 2 H), 8.2-8.1 (s, 1 
H), 8.0 <m, 3 H), 7.9-7.8 
(m, 3 H), 5.3 (m, 2 B)> 

4.1-4.0 (m, 2 H)f 4.0 (m, 
2 H), 3.9*3.8 (w, 2 H), 
3.7 (m, 6 H), 2.6 (m, 2 

H), 2.4-2.1 (m, 6 H), 1.3-
1.1 {m, 2 H), 0.7-0.6 (m7 
3 H), 0.6-0.5 (m, 3 H), 

0.4 (m, 2 H). 

776 

Methyl {(!/$)-!-
cyclopropyl-2-[(2S)-2-{5-
[4-(5-{2-[(2S)-l-{(2/?)~2-

cyclopropyl-2-
[(methoxycarbonyl) 

aminojacetyJ) pyrrolidiu-
Z-yl]-l tf-iinidazoI-5-yl} -

l,3-benzoxazoI-2-
yl)phenyl]- l//-imidazoI-
2-yl}pyrrolidm- l-yl}-2-

oxoethyl}carbamate 

Examples 216-227 
Compounds of Examples 216-227 were prepared in a similar manner as described 

in Example 189b (Alternative Procedure), 
Example I Structure M+l Name 

216 

Q V" 
^ r"NN o. O-T -~y o >j-K, ./ ji 

J N 0=~\ 

^Q^iX 

875 

dimethyl (indolo[ls2-
c][l,33benzoxazirie-3JO-diylbjs{liy-

imidazole-5,2-diyl(25)pyrro]idine-
2,l-diyl[(li?)-2-oxo-l-phenylethane-

2,1-diylJ} )biscarbamate 

217 

^>==o H & 
f~~\ v A 0^=/ 
^ NH A CHa 

•sri "Cl r° 
CH3 

821 

methyl [(2&)-l-{(2£>-2-E5~OM2-
{(25)-l -{(2S)-2-[(methoxycarbonyl) 
amino]-3-methylbutanoyl}pyrrolidm-

2-yl]-ltf-imidazo!-5-yl} -6,7-
dihydroindolo[ 1,2~d][ 1,4] 

benzoxazepin-3-yl)-1 H-im idazol-2-
y!3pyrrolidra-l -yl} -3-met.hyl-1 -

oxobutan-2-yllcarbamate 

218 

/»>% ^ 
! %—-Q yH» c*A / L 

NH CHiV° Q-C 
/ "iH c; v-\ 

v° 
; CHJCHS 

835 

methyl [(2S)-l-{(2JS)-2-[5-(3-{2-
{(25)-1 - {(2S)-2-[(nietboxycarbonyl) 
amino]-3 -methylbutanoy.1} pjrrolidiii-

2-yl]"l//-imidazol-5-yl}-6,6-
dimethyimdolo[ 1,2-c][ 1,3} 

benzoxazin-10-yl)-l#-imidazol-2-
yl3pym>lidin-l~yl}-3-methyl-l-

oxobutan-2-yl]carbarnate 
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Example Structure M+l Name 

219 

w* 
OA v> HN J 

c J ^ 

CH, 

839 

methyl [(2S)-l-{{2S)-2-[5-(12-fluoro~ 
10-{2-[(26>l-{{25)-2-

[(methoxy carbony l)amino]-3 -
methylbutanoyl}pyrrolidin-2-yl]-]#-
imidazol-5 -yl} -6-methylindolo[ 1,2-

c][13]benzoxazin-3-yl)-ltf-imidazol-
2-yl]pyrroiidm-l -yl} -3-methyl-1 -

oxobutan-2-y]]carbamate 

220 

P°Y° 

O-Ot 
<*» )« 
0=a/ 

/> 
CH, 

804 

methyl IC2S)-l-{(2S)-2-|5-(3-{2-
[(25)-l-{(2S)-2-[(raethoxycarboByl) 

ammo]-3-methyibutanoyl}pyrrolidin-
2-yi]-l/f-imidazol-5-yl}indolo[l,2-
c]quinazol3n-10-y])-l//-imidazoi-2-

yl3pyrro)idm-l-yl}-3-metbyl-]-
oxobutaii-2-yl}carbamate 

221 

^YruVV? mJ*** Uk>-V " J" 
0==/ V f > °~-\ ,CHS 

> cC" ^ J ( 
CHj M\ CH, 

)==o 
O \ 

CHj 

835 

methyl [(2S)~ 1 - {(25)-2-[5 -(12- {2-
[(2S>1- {(2S>2-[(methoxycarbonyl) 

amino]-3-methy}butanoy!}pyrrolidm-
2-ylH#-^dazol-5-y!}-7,8-dihydro-
6//-indolo[ 1,2-e] [ 1,5]benzoxazocin-
3-y!)-lif-3midazoI-2-yl]pyrroMdin-l-

y 1} -3 -methyl-1 -oxobutan-2-
yljcarbamate 

222 

rV"X^ ~ OnH)-/? 
y-\ )—M" y~\ 

K T "vs^ 
CHi | I 

C% ^5. f ° 
OKj 

820 

methyl [{2S)-l-{(25>2-[5-(3-{2-
[(25)-1 - {(2S)-24(methoxycarbony I) 

amino]-3-methyIbutanoy]}pyrroHdm-
2-yl] -1 i/-imidazo]-5-y}} -6-oxo-5,6-
dihydroindo!o[ 1,2-cJquinazolin-10-
y3)-li7-imidazol-2-yI]pyiTolidm-l-

yl} »3-methyl-l-oxobutan-2-
yl]carbamate 

223 

r\-fi ,>•rV&o 
1*- cTv0 

™^'YCH" 
^S,«. 
CHj 

883 

methyl [(2S)-H(2S)-2-[5-(10-{2-
[(2y)-l-{(25)-2-[(methoxycarbonyl) 

amino]-3-methylbutanoyl}pyrrolidin-
2-yI]-ltf-imidazo3-5-yl}-6-

phenyiindoIo[l,2-cj[l,3]benzoxazm-
3 -yl)- li?-imidazol-2-yl]pyrrplidin-1 -

yl} -3-methyl-1 -oxobutan-2-
yl]carbamate 

224 

«-> n 
-A J[ V, _ /=r\ N —H J> 

^TTH}"W =t> ^yr \K-
OONH 
o=< 

/> 
Chfa 

818 

methyl [(2S)-M{2£>-2-[5-(3-{2-
[(2.?)-l-{(25)-2-[(methoxycarbonyl) 

atnino]-3-methylb«tanoyl}pyrrolidin-
2-yl]-1 tf-imidazol-5-yl} -6-

methylindolo[l,2-c]qumazo3in-l 0-
yl)-l//~imida2:ol-2-yl3pyiToHdm-l-

yi} -3-methy 1-1 -oxobutan-2-
vl]carbarnate 
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Example \ Structure M+l Name 

225 

N H K f \ 

T^° (5 
CH, O ° 

CK3 

875.1 

methyl [(25)-l-{(25>2-[5-{10r-{2-
[{2S)-l-{(25)-2-[(methoxycarborsy]) 

amino]-3-methylbutanoy 1} pyrrolidin-
2-yll-li/-imidazol-5-yl}spiro 
[cyclohexane-1,6-indolo[l,2-
c] [ 1 .SjbenzoxazinJ-S'-yl)-!//-

imidazol-2-y ljpyrrolidin-1 -y 1} -3 -
methyl-1 -oxobutan-2-yllcarbamate 

226 
: o 

A 
L CH, 

0H» 0^° 

CH2 

842 

methyl [(25)-l-{(2S)-2-[5-(l>12-
difluoro-1 G-{2-[(2S)-1 ~{(2S)~2~ 
[(methoxycarbonyl)amino] -3 -

methy Ibutanoy 1} pyrrolidin-2-y!}- IH-
imidazol-5-y 1} mdolo[ 1,2-

c][],3]benzoxazm-3-yl)"]//-imidazoi-
2-yl]pyrrolidin-1 -yl }-3-methyl-1 -

oxobntan-2-yi]carbamate 

227 
y° 

IV 
CH> 

S32 

methyl [(2S)-l-{(ZS>2-[5-(12-cyam>-
I0-{2-[(2iS)-l-{(2I9)-2-

[(methoxycarbonyI)amino]-3 -
methylbutanoyl}pyrrolidin-2-yl]-l#-

imidazoi-5-yl}mdolo[l,2-
c]n»3]benzoxazin-3-yl>ltf~imidazol-

2-yl3pyrrolidm-1 -yl)-3-methyl-1 -
oxobutan-2-yllcarbamate 

Example 228 - Measuring Compound Inhibitory Potency 
Measurement of inhibition by compounds was performed using the HCV replicon 

system. Several different replicons encoding different HCV genotypes or mutations were used. 

5 In addition, potency measurements were made using different formats of the replicon assay, 

including different ways of measurements and different plating formats. See Jan M. Vrolijk et 
al.9A repl icons-based bioassayfor the measurement of interferons in patients with chronic 

hepatitis C, 110 J. ViROLOGICAL METHODS 201 (2003); Steven S. Carroll et al, Inhibition of 
Hepatitis C Virus RNA Replication by 2'~ModifiedNucleoside Analogs, 278(14) J. BIOLOGICAL 

10 CHEMISTRY 11979 (2003). However, the underlying principles are common to all of these 

determinations, and are outlined below. 

Stable neomycin phosphotransferase encoding replicon-harboring cell lines were 

used, so all cell lines were maintained under G418 selection prior to the assay. In some cases, 

the cell lines encoded a luciferaseiNeor fusion and could be assayed either directly by 

15 determination of RNA copy number, or indirectly through measurement of the luciferase 

activity. 
To initiate an assay, replicon cells were plated in the presence of a dilution series 

of test compound in the absence of G418. Typically, the assays were performed in a 96-well 
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plate format for manual operation, or a 3 84-well plate in an automated assay. Replicon cells and 
compound were incubated for 24 to 72 hours. At the end of the assay, cells are washed free of 

media and compound and then lysed. Luciferase activity was measured using a conventional 

luciferase assay. EC50 determinations were calculated as a percent of a DMSO control by fitting 

5 the data to a four parameter fit function. 
The activity table below provides representative data illustrating observed activity 

against genotype lb. 
Activity Table 

Example ECS)> (TJM) Example ECS0(nM) 

2 9 105 0.08 

6 200 107 0.04 

14 10 116 0.065 

15 0.045 119 0.013 

19 25 125 0.016 

26 0.063 129 0.7 

30 26 130 0.05 

39 0.24 131 17 

40 0.026 137 0,009 

41 0.05 138 8.5 

42 14 144 0.036 

45 0.02 155 0.9 

49 0.072 158 0.5 

58 0.97 159 0.002 

60 0.13 169 0.004 

62 0.067 178 317 

72 0.17 186 0,015 

94 0.006 189a 0.15 

95 0.01 189b 0.003 

96 0.015 190 0.067 

99 0.038 191 0.02 

100 0.031 192 0,002 

101 0.5 193 0-05 

102 8.3 203 0.004 

103 5.7 213 0.009 
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It will be appreciated that various of the above-discussed and other features and 

functions, or alternatives thereof, may be desirably combined into many other different systems 

or applications. It will also be appreciated that various presently unforeseen or unanticipated 
alternatives, modifications, variations or improvements therein, also intended to be encompassed 

5 by the following claims, may be subsequently made by those skilled in the art. 
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WHAT IS CLAIMED IS: 

A compound having structural formula (I): 

(R\ (R2)K 

(I) 

5 and/or a pharmaceutically acceptable salt thereof, wherein: 

© is chosen from the group consisting of 9-membered bicyclic aryl ring 

systems that contain from 0 to 4 heteroatoms independently chosen from the group consisting of 

N, O and S> and that are substituted on C or N atoms by u substituents R1, 

10 halogen. -OR3*, -CN, -(CH2)o-6C(0)R3, -C02R3a, -C(0)N(R3")2, -SR3a, -S(0)R3a, -SCQOR33, 
-(CH2)0.6N(R3a)2, -N(R3a)S02R3,) -N(R3a)C02R3", -N(R3a)C(0)R3, -N(R3s)COR3a, 

-N(R3a)C(0)N(R3ii), Ci^alkyl, Cj.gcaibocycle containing from 0 to 3 heteroatoms chosen from N, 

0 and S, and phenyl, and the Chalky!, C3.scarbocycle and phenyl are substituted by from 0 to 3 

substitutents independently chosen from the group consisting of hydrogen, halogen, -OR33, -CN, 

15 -C02R3a, -C(0)N(R3S)2, -N(R53)2, -N(R3a)C02R3a, -SR3a, ~S(0)R3a, -S(02)R3a, ~N(R3a)S02R3a, 

-N(R3a)C02R3as ~N(R3a)C(0)N(R3a), Ci.galkyl, -0-Cs_6alkyl, -S~C]-$alkyl, and C3.8cyeloalkyl5 

u is from 0 to 4, 
each R3 is independently chosen from the group consisting of hydrogen, 

Q-galkyl, -OH, -O-Ci-galkyl and C3.gcycloalkyl, and 
20 each Rja is independently chosen from the group consisting of hydrogen, 

Ci^alkyl and Cs-gcycloaikyl; 

(ii) 8- to 10-membered bicyclic ring systems, 

and the aryl ring systems B' containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, O and S, and substituted on C or N atoms 

each R1 is independently chosen from the group consisting of hydrogen. 

© is a group chosen from the group consisting of 

(a) -C^C- and 

(b) aryl ring systems Br chosen from the group consisting of: 

25 (i) 5- to 7-membered monocyclic ring systems and 

by v substituents R2, 
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each R2 is independently chosen from the group consisting of 

hydrogen, halogen, -OR4", -CN, -C02R4a, -C.(0)R4a, -C(0)N(Rta)2, -N(R4a)2s -N(R4a)COR\ 

-N(R4,)C02R4a, -N(R4a)C(0)N(R4>), -N(R4a)S02R4!l, -SR4a, -S(0)R4a, -S(02)R4\ Chalky! 

substituted by from 0 to 4 R4 and C3.8cycloalkyi substituted by from 0 to 4 R4, 

v is from 0 lo 4, 
each R4 is independently chosen from the group consisting of 

hydrogen, -OH, Cj^alkyl and Cs.gcycloalkyl; 
each R4a is independently chosen from the group consisting of 

hydrogen, Chalky! and C3_gcycloalkyI; 

~ 'B 
10 R1 and R2 may be taken together with v~'/ and Vw"' to form a 5- to 

9-membered caxbocyclic ring containing 1 or 2 heteroatoms independently chosen from the 

group consisting of N, O and S; 
each D is a group independently chosen from the group consisting of: 

(a) a single bond, 

15 (b) -C(0)N(R5)-, 

(c) -N(R5)C(0)-, and 

(d) a 5- or 6-membered aryl ring system D? containing from 0 to 4 

heteroatoms independently chosen from the group consisting of N, O and S, and substituted on C 

or N atoms by from 0 to 2 substituents R'\ 
20 each R5 is independently chosen from the group consisting of 

hydrogen, halogen, -OR6, -CN, -CQ2Re, -C(0)N(R%, -N(R6>2, -N(R6)COR6, -SR6, -S(0)R6, 

-S(02)R6, -N(R6)S02R6, -NC02RG, -NCCOJNOR*)* C^alkyl substituted by from 0 to 3 R6 and 

C3-gcycIoalkyI substituted by from 0 to 3 R6, and 
each R6 is independently chosen from the group consisting of 

25 hydrogen, Ci.6alkyl and C3.8cycIoalkyi; 
each E is a group independently chosen from the group consisting of: 

(a) a single bond, 

(b) -(CfR7)2)0.2NR7C(O)O9.t-; and 

(c) a pyrrolidinyl derivative chosen from the group consisting of: 
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R8° 

Oc' 
R8b' R8b 

I is a bivalent group chosen from -C(0)-, -CO2- and 

- „/\ „ v J ir^>o-4 (RVT1 

R R . '/ and 

-C(0)N(R7)-, 
J is a fused ring system chosen from the group consisting of 3- to 

5 7-membered carbocycles and 5- or 6-membered aryl rings containing from 0 to 4 heteroatoms 

independently chosen from the group consisting ofN, 0 and S, and substituted on C orN atoms 

by substituents R?, 
each RSft is independently chosen from the group consisting of 

hydrogen, halogen, -OH, -OCualkyl and Chalky!, or two RSa may be taken together to form 

10 oxo, 
each R8b is independently chosen from the group consisting of 

hydrogen, halogen, -OH, -OCi^alkyl and Chalky!, or two R may be taken together to form 

oxo, 
each R8C is independently chosen from the group consisting of 

15 hydrogen and Chalky!, 
or any two groups selected from R8a, R8b and R8c may be taken 

together to form a spiro-bicyclic or bridged bicyclic ring; 
each R9 is independently chosen from the group consisting of 

hydrogen, halogen, Ci^aikyl., -O-Ci-galkyl, -S-C^alkyl, -NB-CVealkyI and -NHC(0)-C 1 -galky I, 
20 each R7 is independently chosen from the group consisting of hydrogen, 

Ct.&alkyl and phenyl, and the Ci-galkyl and phenyl are substituted by from 0 to 3 substitutents 

independently chosen from the group consisting of hydrogen, halogen, Ci^alkyl, -0-Cj.6a3kyl 

and -S-Cj-galkyl; and 
each G is independently chosen from the group consisting of: 

25 (a) hydrogen, 

(b) -OR!0a, 

(c) -CN, 

(d) -CO2Rl0a, 

(e) -C(0)N(RM)2, 

30 (f) -SRWa, 
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(g) -$(O)R10a, 

(h) -S(O2)R10\ 

CO -N(RXV 
0) -N(R,0)SO2R1Da, 

00 -NC02RWa, 

a) -NC(O)N(Ri0)2s 

(rn) Chalky! having 0 to 4 substituents Rn, 

each Rn is independently chosen from the group consisting of: 

© -OH, 

10 (ii) -N(RJ0)2, 

(iii) -NRi0; 

0v) ~0-Ci-6alkyl, 

(v) -C(0)R10, 

(vi) -S-Cj.^alky], 

15 (Vh) -S02-Ci-6alkyl, 

(viii) 3- to 8-membered carbocycles containing from 0 to 

3 heteroatoms independently chosen, from the group consisting of N, O and S, and having from 0 

to 3 substitutents R12 on N or C atoms, and each R12 is independently selected from the group 

consisting of hydrogen, halogen, Ci^alkyl having from 0 to 3 substituents chosen from R50, 

20 -O-Ci-ealkyl, -S~CHalkyl, -ORI0a, -CN, -C(O)R10} -CO2R10a, -C(O)N(R10)2s -SR10a, -S(O)R10a, 

-S(O2)R10a, ~N(R10)SO2R10a, -NCO2R30a, ~NCfO)N(R10)2 and~N(R10)3s or two R12 are taken 

together to form oxo, and 
(ix) 5- or 6-membered aryl containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and S, and having from 0 

25 to 3 substitutents R13 on N or C atoms, and each R13 is independently selected from the group 

consisting of hydrogen, halogen, Ci-galkyl, -0-Ci.galkyl and 3- to 8-membered carbocycles 

containing from 0 to 3 heteroatoms independently chosen from the group consisting of N, O and 
S> 

(n) 3- to 8-membered carbocycles containing from 0 to 3 heteroatoms 

30 independently chosen from the group consisting of N, O and S, and having from 0 to 3 

substitutents R10 on N or C atoms; and 

(o) aryl ring systems G' chosen from the group consisting of: 
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(i) 5- to 7-membered monocyclic ring systems and 

(ii) 8- to 1 0-membered bicyclic ring systems, 

and the aryl ring systems G' containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, 0 and S, and substituted on C or N atoms 

5 by 0 to 3 substitutents R10; 

each R10 is independently chosen from the group consisting of 

(i) hydrogen, 

(") -CN, 

(iii) Ci-galkyl, 

10 (iv) -O-Co-galkyl, 

(v) -S-Co-galkyl, 

(vi) Ci.jalkyl-0-R14, 
(vii) -C(0)R14, 

(viii) -CO2R14, 
15 (ix) -SO2R14, 

to -N(RM)?, 

(xi) -N(RM)S02R14, 

(xii) -NCO2R14, 
(xiii) -NC(0)N(R!4)2, and 

20 (xiv) 3- to 8-membered carbocycles containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and S5 

or two R10 may be taken together to form oxo; 

each R10a is independently chosen from the group consisting of 

0) hydrogen, 

25 (ii) -CN, 
(iii) Chalky!, 
(iv) C^alkyl-O-R14, 
(v) -C(0)Ri4, 
(vi) -C02R14, 

30 (vii) -SO2R14, 
to -N(R14)2, 

(xi) -N(R14)S02RI4, 
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(xii) -NCOjR14, 

(xiii) -NC(0)N(R!4)2, and 

(xiv) 3- to 8-membered carbocycles containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and S, 

5 and two R50 or R10a groups can be taken together with the N to which they 

are attached to form a ring, which may be substituted by from 0 to 3 substituents Ri4, and 

each R14 is independently chosen from the group consisting of hydrogen, 

Cj^aikyl, C3-8cycioaikyi, ^C^o-jCj-gcycloalky! and phenyl. 

10 2. A compound having structural formula (I): 

(R1)* (R2)V 

G-E-D—(A) (B)—D-E-G 

and/or a pharmaceutically acceptable salt thereof, wherein: 
.—^ 

is chosen from the group consisting of 9-membered bicyclic aryl ring 

systems that contain from 0 to 4 heteroatoms independently chosen from the group consisting of 

15 N, O and S, and that are substituted on C or N atoms by « substituents R1, 

each R1 is independently chosen from the group consisting of hydrogen, 

halogen, -OR3', -CN, -C(0)R3, -C02R3*, -C(0)N(R3*)2, -SR3*, -S(0)R3a, -S(02)R3a, 

-(CH2)O-6N(R3>)2, -N(R3a)S02R3a, -N(R3a)C02R3*, -N(R3')C(0)R3, -N(R3,)COR3*, 

-N(R3a)C(0)N(R3a), Ci-salkyl, C3_gcaibocycle containing from 0 to 3 heteroatoms chosen fiomN, 

20 O and S, and phenyl, and the Chalky], C^8carbocycle and phenyl are substituted by from 0 to 3 

substitutents independently chosen from the group consisting of hydrogen, halogen, -OR3a, -CN, 

~C02R3a, ~C(0)N(R3a)2, -N(R3a)2> -N(R3a)C02R3a, -SR3a, ~S(0)R3a, -S(02)R3a, -N(R3a)S02R3a, 

-N(R3a)C02R3a, -N(R3a)C(0)N(R3aX C^alkyl, -0-Cwalkyl and -S-C^kyl, 

u is from 0 to 4, 

25 each R3 is independently chosen from the group consisting of hydrogen, 

Ci-galkyl, -OH, -O-Ci^aikyl and C^gcycloalkyl, and 

each R3a is independently chosen from the group consisting of hydrogen, 

Cj^alkyl and C3^cycloalkyl: 

is a group chosen from the group consisting of 
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(a) -C=C- and 

(b) aryl ring systems B' chosen from, the group consisting of: 

(i) 5- to 7-membered monocyclic ring systems and 

(ii) 8- to 10-membered bicyclic ring systems, 

5 and the aryl ring systems B' containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, 0 and S, and substituted on C or N atoms 

by v substituents R2, 

each R2 is independently chosen from the group consisting of 

hydrogen, halogen, -OR4", -CN, -COjR4*, -C(0)N(R4a)2, -N(R4a)2, -N(R4a)COR4, -N^COjR4", 

10 -N(R4a)C(0)N(R4a), -N(R4a)S02R4a, -SR4*, -S(0)R4a, -S(02)R4a, C,.6alkyl substituted by from 0 

to 4 R4 and C3.8cycloallcyl substituted by from 0 to 4 R4, 

v is from 0 to 4, 
each R4 is independently chosen from the group consisting of 

hydrogen, -OH, Ci^alkyl and C3.8cycloalkyl; 
15 each R4a is independently chosen from the group consisting of 

hydrogen, Chalky! and Cs-gcycloalkyl; 

A) IB 
R and R may be taken together with and to form a 5- to 

9-membered carbocyclic ring containing 1 or 2 heteroatoms independently chosen from the 

group consisting of N, 0 and S; 
20 each D is a group independently chosen from the group consisting of: 

(a) a single bond, 

(b) -C(0)N{R5)-, 

(c) -N(R5)C(0)-, and 

(d) a 5- or 6-membered aryl ring system D1 containing from 0 to 4 

25 heteroatoms independently chosen from the group consisting of N, 0 and S, and substituted on C 

or N atoms by from 0 to 2 substituents R5, 

each R5 is independently chosen from the group consisting of 

hydrogen, halogen, -OR6, -CN, -C02R6, -C(0)N(R6)2; -N(R6)25 

-N(R6)COR6, -SR6, ~S(0)R6, -S(02)R*, -N(R6)S02R6, -NC02R65 -NC(0)N(R6)2, 

30 Chalky] substituted by from 0 to 3 R6 and Cs-scycloalkyl substituted by from 0 to 3 R6, and 
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each R6 is independently chosen from the group consisting of 

hydrogen, Cj-galkyl and Cj-gcycloalkyl; 

each E is a group independently chosen from the group consisting of: 

(a) a single bond, 

5 (b) -(C(R7)2)0.2NR7C(O)O0.,-, and 

(c) a pyrrolidinyl derivative chosen from the group consisting of: 

v VN'7 D" -1-0 
/I R8' A kR 

R8" A ( J j-CRVt (R9>-
RSf ( m{J 

I is a bivalent group chosen from -C(O)-, -C02- and 

-C(0)N(R7)-, 
10 J is a fused ring system chosen from the group consisting of 3- to 

7-membered carbocycles and 5- or 6-membered aryl rings containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, O and S, and substituted on C or N atoms 

by substituents R9, 

each RSa is independently chosen from the group consisting of 

15 hydrogen, halogen, -OH, -OCj^alkyl and Chalky!, or two RSa may be taken together to form 

oxo, 
each R8b is independently chosen from the group consisting of 

hydrogen, halogen, -OH, -OCi^alkyl and Ci-galkyl, or two R8b may be taken together to form 

oxo, 
20 each R8G is independently chosen from the group consisting of 

hydrogen and Ci^alkyl, 
or any two groups selected from R8a, RSb and RSc may be taken 

together to form a spiro-bicyclic or bridged bicyclic ring; 

each R9 is independently chosen firom the group consisting of 

25 hydrogen, halogen, Ci^alkyl, -O-C^alkyl. -S-Cj-salkyl, -NH-Ci^alkyl and -NHCfOyC^alkyl, 

each R is independently chosen from the group consisting of hydrogen, 

Ci-galkyl and phenyl, and the Chalky! and phenyl are substituted by from 0 to 3 substitutents 

independently chosen from the group consisting of hydrogen, halogen, Chalky!, -O-Cj^alkyl 

and -S-Ci-salkyl; and 
30 each G is independently chosen from the group consisting of: 
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(a) hydrogen, 

(b) -OR10", 

(c) -CN, 

(d) -COjR10", 

5 (e) -C(0)N(Rw)2, 

(£) -SRI(la, 

(g) -S(O)R10a, 

(h) -S(02)Rlta, 

(i) -N(R10)2, 

10 (j) -N(RI0)SO2R10a, 

(k) -NCO2R10a, 

(1) -NC(0)N(Rw)2, 

(m) Ci-salkyl having 0 to 4 substituents R1', 

each R11 is independently chosen from the group consisting of: 

15 (i) -OH, 
(ii) -N(R10)2, 

(iii) -NR10, 

(iv) -O-Ci-galkyl, 

(v) -C(0)R10, 

20 (vi) -S~Ci-6alkyl5 

(vii) -S02-C)^alkyl, 

(viii) 3- to 8-membered carbocycles containing from 0 to 

3 heteroatoms independently chosen from the group consisting of N, O and S, and having from 0 

to 3 substitutents Rn onN or C atoms, and each R12 is independently selected from the group 

25 consisting of hydrogen, halogen, Ci^alkyl having from 0 to 3 substituents chosen from R10, -0-

C^alkyl, -S-Ci-balkyI, -ORI0a, 
-CN, ~C(O)R10; -CO2R10a? .C(O)N(Ri0)z, -SR10a, -S(O)R10a, -S(02)R102, 

-N(Ri0)SO2RI0a, ~NCO?Rt0a, -NC(O)N(Rl0)2 and-N(R10)2s or two R12 are taken together to form 

oxo,and 
30 (ix) 5-or 6-membered aryl containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N5 O and Ss and having from 0 

to 3 substitutents R13 on N or C atoms, and each R13 is independently selected firom the group 
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consisting of hydrogen, halogen, Ci^alkyl, -O-Ci^alkyl and 3- to 8-membered carbocycles 

containing from 0 to 3 heteroatoms independently chosen from the group consisting of N, O and 

S> 
(n) 3- to 8-membered carbocycles containing firom 0 to 3 heteroatoms 

5 independently chosen from the group consisting of N, 0 and S, and having from 0 to 3 

substitutents R10 on N or C atoms; and 
(o) aryl ring systems G! chosen from the group consisting of: 

(i) 5- to 7-membered monocyclic ring systems and 

(ii) 8- to 10-membered bicyclic ring systems, 

10 and the aryl ring systems G' containing from 0 to 4 lieteroatoms 

independently chosen from the group consisting of N, 0 mid S, and substituted on C orN atoms 

by 0 to 3 substitutents R3&; 
each R10 is independently chosen from the group consisting of 

(i) hydrogen, 

15 (ii) -CN, 

(iii) Ci^alkyl, 

(iv) -O-Co-ftalkyl, 
(v) -S-Co-salkyl, 
(vi) Ci.6alkyK)-R" 

20 (vii) -C(0)R14, 

(viii) -CO2R14, 
(ix) -SO2R14, 
(*) -N(R% 

(xi) -N(R14)S02R14, 

25 (xii) -NC02R14, 

(xiii) -NC(0)N(R14)2, and 

(xiv) 3- to 8-membered carbocycles containing from 0 to 3 

heteroatoms independently chosen from the group consisting of Ns 0 and S, 

or two R10 may be taken together to form oxo; 

30 each RIOa is independently chosen from the group consisting of 

(i) hydrogen, 

(ii) -CN, 
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(iii) Ci-6alkyl, 
(iv) Ci.6alkyl-0-R14, 
(v) -C(0)R14, 
(vi) -C02RW, 

(vii) -SO2R14, 
(*) -N(R14)2, 

(xi) -N(R14)S02R14, 

(xii) -NCO2R14, 
(xiii) "NC(0)N(R14)2, and 

10 (xiv) 3-to 8-membered carbocycles containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and S, 

and two R10 or R10a groups can be taken together with the N to which they 

are attached to form a ring, which may be substituted by from 0 to 3 substituents R14, and 

each R34 is independently chosen from the group consisting of hydrogen, 

15 Ci,6alkyl; Cs.gcycloalkyl, ~(CH2)c-3C3-gcycioalkyl and phenyl. 

3. The compound according to claim 1 or 2, wherein 

said ^ is chosen from the group consisting of: 

>X-v-Y, 
(R!)CM-7 X. JL > 

"x where 

20 each X is independently chosen from the group consisting of CR and N, 

Y. CR1 NRS N CKX N t> 
> >, />, >, /> > > > 

Y is chosen from the group consisting of NR 5 CR s NR s N ; O S O ; N 

N> 
and s , 

each R1 is independently chosen from the group consisting of hydrogen, halogen, 

-OR3a, -CN, -C(0)R3, -C02R3a, -C(0)N(R3a)2, -SR3a, -S(0)R3a, -S(02)R3a, -(CH2)0-6N(R3a)2, 

25 -N(R3a)S02R3a, -N(R3l)C02R3\ -N(R3a)C(0)R3, -N(R3a)COR3a, -N(R3a)C(0)N(R3a), Cualkyl, 

Cj-gcarbocycle containing from 0 to 3 heteroatoms chosen from N, O and S5 and phenyl, and the 

Ci-galkyl, C3.gcarbocycle and phenyl are substituted by from 0 to 3 substitutents independently 
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chosen from the group consisting of hydrogen, halogen, -OR3*, -CN, -C02R3a, -C(0)N(R3a)2f 

-N(R3a)2, -N(R3a)C02R3\ -SR3a, -S(0)R3a, -S(02)R3a, -N(R3a)S02R3a, -N(R3a)C02R3s 

-N(R3a)C(0)N(R3a), C^alkyl, -O-C^alkyi and -S-C^alkyl, 
each R3 is independently chosen from the group consisting of hydrogen, Ci^aJkyl, 

-OH, -O-Ci-galkyl and C3.8cycloalkyl3 and 
each R3a is independently chosen from the group consisting of hydrogen, Chalky! 

and Cs-gcycloalkyl. 

4. The compound according to any one of claims 1-3, wherein said 

f /• 
is 

10 chosen from the group consisting of 

RJ 

V, XXVl A 
k' 

A 
N 

'XiVi 

v' 'XXH *a>H 'XT 
said is substituted by from 0 to 3 additional R1. 

N , and 
i f/ 

N , where 

15 5. Hie compound according to claim 4, wherein said 

A 

group consisting of 
v, XX; 
N v 
H . R 

is chosen from the 

H. 

\ 
H 
\ . 
R and 

/ H 

N , where said v-/ is substituted by from 0 to 

3 additional R1. 
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25 

A 
6. The compound according to claim 4, wherein said v-~-/ is chosen from the 

i /Y*YVI VrN 
N 

^YYVi YtVi (A) 
arsH WIIPTP •' \ and ( where said v-y is substituted by from 0 to 3 additional R . 

5 7. The compound according to any one of claims 1-6, wherein each R* is 

chosen from the group consisting of hydrogen, halogen, -CN and Ci^alkyl 

8. The compound according to claim 7, wherein each R1 is chosen from the 

group consisting of hydrogen, fluorine and -CN. 

9. The compound according to any one of claims 1-8, wherein 
10 

said v~-/ is chosen from the group consisting of -C=C-S phenyl, pyridinyl, 

pyrazinyl, pyrimidyl, 1,2,4-triazinyl, pyridaziny], thiazyl and 9-membered bicyclic ring systems 

that contain from 1 to 3 heteroatoms independently chosen from the group consisting of N, O 

15 and S, 

v is from 0 to 4, 
each R is independently chosen from the group consisting of hydrogen, halogen, 

-OR4a, -CN, -C02R4a, -C(0)N(R4a)2, -N(R4a)2, -N(R4a)C02R4a, -SR43, -S(0)R4a, -S(02)R4a, 

-N(R4a)S02R4a5 -N(R4a)C02R4a, -N(R4a)C(0)N(R4a); Chalky! substituted by from 0 to 4 R4 and 

20 C3.gcycloalkyl substituted by from 0 to 4 R4, 

each R4 is independently chosen from the group consisting of hydrogen, -OH, 

Chalky! and Cs-gcycloalky!, and 
each R4a is independently chosen from the group consisting of hydrogen, Cj-gaikyl 

and Cs-gcycloalkyl. 

10. The compound according to claim 9, wherein 
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said 7 is phenyl, 

v is from 0 to 2, and 

each R2 is independently chosen from the group consisting of fluorine, chlorine, -

© 

OH, -CH3? -OCH3 and-CN. 

5 
11. A compound having structural formula. (I): 

(&2)v 

(I) 

and/or a pharmaceutically acceptable salt thereof, wherein: 

© is chosen from the group consisting of 9-membered bicyclic aryl ring 

10 systems that contain from 0 to 4 heteroatoms independently chosen from the group consisting of 

Ns 0 and S, and that are substituted on C or N atoms by u substituents R1, 

halogen, -OR38, -CN, -(CH2)O-<C(0)R3, -C.02R3a, -C(0)N(R3a)2, -SR3a, -S(0)R3a, -S(02)R3a, 

-(CH2)o-<;N(R3a)2, -NCR^SOjR3", -N(R3a)C02R3a, -N(R3a)C(0)R3, -N(R3a)COR3a, 

15 -N(R3a)C(0)N(R311), Cj-salkyl, Cs-jcarbocycle containing from 0 to 3 heteroatoms chosen from N, 

O and S, and phenyl, and the Chalky! Cs^carbocycle and phenyl are substituted by from 0 to 3 

substitutents independently chosen from the group consisting of hydrogen, halogen, ~OR3a, -CN, 

-C02R3a, -C(0)N(R3a>2, -N(R3a)2t -N(R3a)C02R3a, -SR32, ~S(0)R3a, -S(02)R3s, -N(R3a)$02R3a, 

-N{R3a)C02R3a, -N(R3a)C(0)N(R3a), C^alkyl, -0~CMalkyl, -S-C^alkyl, and C3.8cycloalkyl, 

20 u is from 0 to 4, 

C^alkyl, -OH, -O-Ci-galkyl and C3-8cycloaJkyl, and 
each R3a is independently chosen from the group consisting of hydrogen, 

Chalky! and C3-8cycloalkyl; 

each R1 is independently chosen from the group consisting of hydrogen, 

each R3 is independently chosen from the group consisting of hydrogen, 

25 ® is a group chosen from the group consisting of 

(a) -CsC- and 

(b) aryl ring systems B' chosen from the group consisting of: 

(i) 5- to 7-membered monocyclic ring systems and 
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10 

20 

(ii) 8- to 10-membered bicyclic ring systems, 

and the aryl ring systems Bf containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, 0 and S, and substituted on C or N atoms 

by v substituents R2, 
each R2 is independently chosen from the group consisting of 

hydrogen, halogen, -OR4a, -CN, -C02R4a, -C(0)R4a, -C(0)N(R4a)2, -N(R4a)2, -N(R4a)COR4, 

-N(R4a)C02R4a, -N(R4a)C{0)N(R4a), -N(R4a)S02R4a, -SR4a, -S(0)R4a, -S(02)R4a, Chalky! 

substituted by from 0 to 4 R4 and C3.scycloalkyl substituted by from 0 to 4 R4. 

v is from 0 to 4, 
each R4 is independently chosen from the group consisting of 

hydrogen, -OH, C^alkyl and C3-gcycloalkyl; 
each R4a is independently chosen from the group consisting of 

hydrogen, Cj^alkyl and C3-gcycloalkyl; 

wherein said and said are taken together with one said substituent R 

15 and one said substituent R2 to form a 5- to 9-membered carbocyclic ring containing 1 or 2 

heteroatoms independently chosen from the group consisting of N, O and S, represented by a 

group chosen from the group consisting of: 

* 

(R!)o. \ y~* (R'ka (RV 
"N (R v—w 

V\ i ^ WVx f Vn N >><A> (R')0.3-r II ?—\ (Rl)M-t 's s 

* ^'5M. where v—w "O variri ^ "0 

W is chosen from the group consisting of -(CH^o^NHCCH;;)^-. 

<C%)MN(C]^alkylXCH2)o.2-, -(CH2)f)-20(CH2)o.2- and -(CH2)0-2C(O)(CH2)a-2-3 where W is 

substituted by from 0 to 4 Rw, where each Rw is independently selected from Ci^alkyl and 

C3.gcycloalkyl; 
V is chosen from the group consisting of -C(O)- and -CH2-, and where V is 

25 -CH2~, V is substituted by from 0 to 2 Rv, where each Rv is independently selected from the 

group consisting of Cj-galkyl and Cs-gcycloalkyl; 
each D is a group independently chosen from the group consisting of: 

(a) a single bond, 
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(b) -C(0)N(R5)-, 

(c) -N(Rs)C(0)-, and 

(d) a 5- or 6-membered aryl ring system D' containing from 0 to 4 

heteroatoms independently chosen from the group consisting of N, 0 and S, and substituted on C 

5 or N atoms by from 0 to 2 substituents R5, 
each R5 is independently chosen from the group consisting of 

hydrogen, halogen, -OR6, -CN, -C02R6, -C(0)N(RV -N(R*)2> -N(R6)COR6, -SR6, -S(0)R6, 

-S(02)R6, -N(R6)S02R6, ~NC02R6, -NC(0)N(R6)?, C^alkyl substituted by from 0 to 3 R6 and 

C3-gcycloalkyl substituted by from 0 to 3 R6r and 
10 each R5 is independently chosen from the group consisting of 

hydrogen, Ci^aikyl and C3-gcycloalkyl; 
each E is a group independently chosen from the group consisting of: 

(a) a single bond. 

(b) -(C(R7)2)o-jNR7C(0)00.r, and 

15 (c) a pyrrolidinyl derivative chosen from the group consisting of: 

I is a bivalent group chosen from -0(0)-, -CO2- and -C(0)N(R7)-, 

J is a fused ring system chosen from the group consisting of 3- to 

7-membered carbocycles and 5- or 6-membered aryl rings containing from 0 to 4 heteroatoms 

20 independently chosen from the group consisting of N, O and S, and substituted on C or N atoms 

by substituents R9, 
each RSa is independently chosen from the group consisting of 

hydrogen, halogen, -OH, -OCi-galkyl and Ci^alkyl, or two RSa may be taken together to form 

oxo, 
25 each R8b is independently chosen from the group consisting of 

hydrogen, halogen, -OH, -OC^alkyl and Ci^alkyl, or two RSb may be taken together to form 

oxo, 
each RSc is independently chosen from the group consisting of 

hydrogen and Cj-ealkyl, 
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or any two groups selected from R8\ R8b and R8c may be taken 

together to form a spiro-bicyclic or bridged bicyclic ring; 
each R9 is independently chosen from the group consisting of 

hydrogen, halogen, Chalky!, -O-C^alkyl, -S-Cj^alkyl, -NH-Ci^alkyl and -NHC(0)-C]^alkyl, 

5 each R7 is independently chosen from the group consisting of hydrogen, 

Chalky] and phenyl, and the Ci^alkyl and phenyl are substituted by from 0 to 3 substitutents 

independently chosen from the group consisting of hydrogen, halogen, Ci^alkyl. -OCi^alkyl 

and -S-Ci.6alkyU and 
each G is independently chosen from the group consisting of: 

10 (a) hydrogen, 

(b) -OR10", 

(c) -CN, 

(d) -COjR"*8, 

(e) -C(0)N(R'V 
15 (f) -SR10a, 

(g) -S(O)R10a, 

(h) -S(O2)R10a, 

(i) -N(R'V 

G) -NCR'^SOzR10", 

20 (k) -NCChR10", 
(1) -NC(O)N(R,0)2, 

(m) Ci.isalkyl having 0 to 4 substituents R11, 

each Ru is independently chosen from the group consisting of: 

(i) -OH, 

25 (ii) -N(RI0)2, 
(iii) =NR1#, 

(iv) -O-C^alkyl, 

(v) -C(0)R10, 

(vi) -S-Cj^alkyl, 

30 (vii) -S03-CMaIkyl, 

(viii) 3- to 8-membered carbocycles containing from 0 to 

3 heteroatoms independently chosen from the group consisting of N, O and S, and having from 0 
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to 3 substitutents R!2 on N or C atoms, and each R12 is independently selected from the group 

consisting of hydrogen, halogen, Chalky! having from 0 to 3 substituents chosen from R30, 

-O-Ci^alkyl. -S-C^alkyl, ~OR10a, -CN, -C(0)R10, -CO2R10a, -C(O)N(R10)2, ~SRIOa, -S(O)R10a, 

-S(O2)Ri0aJ -N(Ri0)SO2R10\ -NCO2R10ft, -NC(O)N(R10)2 and-N(RI0)2, or two R12 are taken 

5 together to form ox.o? and 
(ix) 5- or 6-membered aryl containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and Ss and having from 0 

to 3 substitutents R13 onN or C atoms, and each R13 is independently selected from the group 

consisting of hydrogen, halogen, Cj^alkyl, -O-Cj-gaJkyl and 3- to 8-membered carbocycles 

10 containing from 0 to 3 heteroatoms independently chosen from the group consisting of N. O and 

S, 
(n) 3- to 8-membered carbocycles containing from 0 to 3 heteroatoms 

independently chosen from the group consisting of N, O and S, and having from 0 to 3 

substitutents R1(} on N or C atoms; and 
15 (o) aryl ring systems G' chosen from the group consisting of: 

(i) 5- to 7-membered monocyclic ring systems and 

(ii) 8- to 10-membered bicyclic ring systems, 

and the aryl ring systems G' containing from 0 to 4 heteroatoms 

independently chosen from the group consisting of N, 0 and S, and substituted on C or N atoms 

20 by 0 to 3 substitutents RiD; 

each R10 is independently chosen from the group consisting of 

O) hydrogen, 

0i) »CN, 

(in) Chalky!, 
(iv) -0-Co-6alkyl, 
(v) -S-Co^alkyl, 
(vi) Ci-6alJcyl-0-R14, 
(vii) -C(0)R14, 

(viii) 1 o o N>
 s 

(ix) -SO2R14, 
(x) -N(R14)2, 

(xi) -N(R14)S02Ri4, 
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(xii) -NC02R!\ 

(xiii) -NC(0)K(R14>2» and 

(xiv) 3- to 8-membered carbocycles containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and S, 

5 or two R50 may be taken together to form oxo; 

each R10a is independently chosen from the group consisting of 

(i) hydrogen, 
(ii) -CN. 

(iii) Chalky!, 

10 (iv) Ci-ealkyl-O-R14, 

(v) -C(0)RM, 

(vi) -C02R14, 

(vii) -S02R14, 
(x) -N(R14)2, 

15 (xi) -N(RI4)S02R14, 

(xii) -NC02R14, 

(xiii) -NC(0)N(RM)2, and 

(xiv) 3- to 8-membered carbocycles containing from 0 to 3 

heteroatoms independently chosen from the group consisting of N, O and Ss 

20 and two Ri0 or R10a groups can be talcen together with the N to which they 

are attached to form a ring, which may be substituted by firom 0 to 3 substituents R14, and 

each R14 is independently chosen from the group consisting of hydrogen, 

Ci-galkyl, Cs-gcycloalkyl, -(CHs^Cs-gcycIoaikyl and phenyl. 

(A) (B) 
12. The compound according to claim 11, wherein said and said 

1 taken together with one said substituent R and one said substituent R , are represented by a 

group chosen from the group consisting of: 

'N —rj ~0 ^ 
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13. The compound according to claim 12, wherein W is chosen from the 

group consisting of -CH2-f -NH-, -N(Ci-6alkyl)-? -C(0)-} -CH2NH-, -CH2N(Ci„6alkyl)~, 

-CH2CHr, -C(0)CH2-, -CH2C(0>, -CH20-S -CH2CH2CH2-> -C(0)CH2CH2-, -CB2C(0)CH2-, 

-CH2OCH2.S -CH2CH2C(0)-, -CH2CH2G-, -CHzCHaNH-, -CH2CH2N(C1.6alkyl>, -CH2NHCH2-, 

-CH2N(Ci.6alkyl)CH2-, -NHCH2CH2-, and ~N(C,^alkyl)CH2CH2-. 

14. The compound according to any one of claims 1-13, wherein each D is 

independently chosen from the group consisting of a single bond, 

H 

/-tv\ 
H-N ? where 

R5 is independently chosen from the group consisting of hydrogen, 

halogen, -OR6, -CN, -CD2R6? ~C<0)N(R6)2, ~N(R6)2, -N(R6)COR6. -SR6. -S(0)R6, -S(02)R6, 

-N(R6)S02R5, -NC02R6; ~NC(0)N(R6)2, Ci^alkyl substituted by from 0 to 3 substituents Re and 

Cg-gcycloalkyl substituted by from 0 to 3 substituents R6, and 
each R6 is independently chosen from the group consisting of hydrogen, 

Chalky! and C3.8cycloalkyl. 

15. The compound according to claim 14, wherein each D is independently 

/-<y\ /xv\ 
chosen from the group consisting of H and N 

16. The compound according to any one of claims 1-15, wherein each E is 

independently chosen from the group consisting of a single bond, -CH2NHC(0)-, 

-CH2N(CH3)C(0>s -C(CH3)HNHC(0)-, -C(CH3)HN(CH3)C(0)~, -C(CH3)2NHC(0)-, 

-C(CH3)2N(CH3)C(0)-S "CH2NHC(0)0-5 -CH2N(CH3)C(0)0-, -C(CH3)HNHC(0)0-, 
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C(CH3)HN(CH3)C(0)0-, -qCHj^NHCCOJO-, -C(CH3)2N(CH3)C(0)0-S ^ 

D 

and R R8b R8b where one of RSa and RSb is -OH or fluorine. 

17, The compound according to claim 16, wherein each E is independently 

chosen from the group consisting of a single bond, 

where one of RSa and R8b is -OH or fluorine. 

18. The compound according to any one of claims 1-17, wherein each G is 

independently chosen from the group consisting of: 

(a) Chalky! having 0 to 4 substituents Ru. 

(b) 3- to 8-membered carbocycles containing from 0 to 3 heteroatoms 

independently chosen from the group consisting ofN, 0 and S, and having fi-om 0 to 3 

substitutents R10 on N or C atoms; and 

independently chosen from the group consisting of N, O and S, and substituted on C orN atoms 

by 0 to 3 substitutents R10. 

19. The compound according to any one of claims 1-17, wherein each G is 

independently chosen from the group consisting of 

(c) aryl ring systems G' chosen from the group consisting of: 

(i) 5- to 7-membered monocyclic ring systems and 
(ii) 8- to 10-membered bicyclic ring systems, 

and the aryl ring systems G' containing from 0 to 4 heteroatoms 

(a) hydrogen, 

(b) -CN, 
(c) C]-salkyl having 1 to 3 substituents R11, 
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each R51 is independently chosen from the group consisting of 

-OH, -NH2, -NCH3H, -N(CH3>2, -N(CH2CH3)2, =NH, «NCH3f -C(0)H5 -C(0)0H, 

-C(0)CH3S ~C(0)0CH3, -NHC(0)H, -NHC(0)0H, -NHC(0)CH3, -NHC(0)C)CH3, cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and 

5 oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl and pyrrolyl., where 

the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, 

pyrroHdmyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2 

substitutents R12 onN or C atoms, and each R12 is independently selected from the group 

consisting of hydrogen, halogen, carboxy, Ci-galkyl, -O-Ci^alkyl and 

10 -S-Ci^alkyl; and 
the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0 

to 3 substitutents K13 on N or C atoms, and each R13 is independently selected from the group 

consisting of hydrogen, halogen, Cj^alkyl and 3- to 
8-membered cycioalkyl containing from 0 to 3 heteroatoms independently chosen from the group 

15 consisting of N, O and S, 
(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, 

piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents Ri0 on N or C 

atoms, said R10 independently selected from the group consisting of hydrogen, halogen, carboxy, 

Ci^alkyl, -O-C^alkyl, -S-Cj^alkyl, phenyl and benzyl, and 
20 (e) aryl ring systems G' chosen from the group consisting of: phenyl, 

pyridinyl and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms 

independently chosen from the group consisting of N and O. 

20. The compound according to claim 19, wherein each G is independently 

25 chosen from the group consisting of Chalky! having Ho 2 substituents Rn, wherein each Rtl is 

independently chosen from the group consisting of -OH, -NH2, -NCH3H, -N(CH3)2, -

N(CH2CH3>2, -C(0)0CH3, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, 

pyrrolidinyl, piperidinyl, oxacyclopentyl, oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl and 

pyrrolyl. 
30 

21. The compound according to claim 1 or 2, wherein 
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© ; said is chosen from the group consisting of: 

JT-M 
X Y , where 

each X is independently chosen from the group consisting of CR1 and N, 

Y CRf NR] N HR1 CR5 N Q 
> >, />, >, > > > > 

Y is chosen from the group consisting of , CR , NR- , N , O > ° N 

N> 
5 and s „ 

each R3 is independently chosen from the group consisting of hydrogen, halogen, 

-OR3a, -CN, ~C(0)R3, -C02R3a, ~C{0)N(R3a)2j -SR3a, -S(0)R3a, 

-$(02)R3a, KCH2)o.6N(R3a)2, -N(R3a)S02R3a, -N(R3e)C02R3a, -N(R3a)C(G)R3, 
-N(R3a)COR3a, -N(R3a)C(0)N(R3a), Ci-galkyl, C3_8carbocycIe containing from 0 to 3 heteroatoms 

10 chosen from N, O and S, and phenyl, and the Ci-galkyl, C3-gcarbocycle and phenyl are substituted 

by from 0 to 3 substitutents independently chosen firom the group consisting of hydrogen, 

halogen, -OR3a, -CN, -C02R3a, -C(0)N(R3a)2! -N(R3fi>2, -N(R3a)C02R3a, -SR3\ -S(0)R3a, 

-S(02)R3a, =-N(R3a)S02R3a, -N(R3a)C02R3, -N(R3a)C(0)N(R3a), Chalky!, -O-Ci^alkyl and 

-S-C^alkyl, 

15 each R3 is independently chosen from the group consisting of hydrogen, Ci^alkyl, 

-OH, -Q-Cj^aikyl and CVgcycloalkyl, and 

each Rja is independently chosen from the group consisting of hydrogen, Ci^alkyl 

and C3.gcycloalkyl; 

said is chosen from the group consisting of -OC-, phenyl, pyridinyl, 

20 pyrazinyl, pyrimidyl, 1,2,4-triazmyl, pyridazmyl, thiazyl and 9-membered bicyclic ring systems 

that contain from 1 to 3 heteroatoms independently chosen from the group consisting of N, O 

and S, 

v is from 0 to 4, 

each R2 is independently chosen from the group consisting of hydrogen, halogen, 

25 -OR4a, -CN, -C02R4a, -C(0)N(R4a)2, -N(R4a)2, -N(R4a)C02R4a, ~SR4a, -$(0)R4\ ~S(02)R4a5 

-N(R4a)802R4\ ~N(R4a)C02R4a, -N(R4a)C(0)N(R4a), C^alkyl substituted by from 0 to 4 R4 and 

C3_8cycloalkyl substituted by from 0 to 4 R4, 
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each R4 is independently chosen from the group consisting of hydrogen, -OH, Ci. 

galkyl and Cs-gcycloalkyl, and 
each R4a is independently chosen from the group consisting of hydrogen, Ci^alkyl 

and C^gcycloalkyl; 
5 wherei n each D is independently chosen from the group consisting of a si ngle 

H CH3 /^y\ /^v\ /^y\ /w\ 
bond, -C(0)N(R)-, -NRsC(0)-, , LN , UN , UN ( N-N 

/VV\ 
and N-N , where 

R5 is independently chosen from the group consisting of hydrogen, 

halogen, -OR6, -CN, -C02R6> -C(0)N(R6)2> -N(RV -N(R6)COR6} -SR6, -S(0)R6, -S(02)R6, 

10 ~N(R6)S02R6, ~NC02R6, ~NC(0)N(R6)2> Ci-^alkyi substituted by from 0 to 3 substituents R6 and 

C^.gcycloallcyl substituted by from 0 to 3 substituents R6, and 

each R6 is independently chosen from the group consisting of hydrogen, 

Ci-6alkyl and Ca-gcycloalkyl; 
wherein each E is independently chosen from the group consisting of a single 

15 bond, -CH2NHC(0)-, -CH2N(CH3)C<0)-, -C(CH3)HNHC(0)-, -C(CH3)HN(CH3)C(0)-, 

~c{cn3)2mc(0y> -C(CH3)2N(CH3)C(0)-, -CH2NHC(O>O^ ~CH2N(CH3)C(0)0-> 
-C(CH3)HNHC(0)0-, -C<CH3)BN(CH3)C(0)0-s -C(CH3)2NHC(0)0-> -C(CH3)2N(CH3)C(0)O-, 

Q \ V 
V; 

# and &3l! where one of RBa and R8b is -OH or fluorine; 

wherein each G is independently chosen from the group consisting of 

20 (a) hydrogen, 

(b) -CN, 

(c) Ci-salkyi having 1 to 3 substituents R11, 

each R11 is independently chosen from the group consisting of 

-OH, -NH2, -NCH3H, -N{CH3)2: -N(CH2CH3)2; =NH, =NCH3; -C(0)H, -C(0)0H, 

25 ~C(0)CH3; -C(0)0CH3, -NHC(0)H, »NHC(0)0H> -NHC(0)CH3, -NHC(0)0CH3, cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyl pyranyl, pyrrolidinyl piperidinyl, oxacyclopentyl and 

oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl and pyrrolyl, where 
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the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, 

pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2 

substitutents R12 on N or C atoms, and each R12 is independently selected from the group 

consisting of hydrogen, halogen, carboxy, Ci-ealkyl, -0-Ci_6alkyl and -S-Cj^alkyl; and 

5 the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0 

to 3 substitutents R13 on N or C atoms, and each R13 is independently selected from the group 

consisting of hydrogen, halogen, C^alkyl and 3- to 8-membered cycioalkyl containing from 0 to 

3 heteroatoms independently chosen from the group consisting of N, O and S, 

(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, 

10 piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R10 on N or C 

atoms, said R10 independently selected from the group consisting of hydrogen, halogen, carboxy, 

Ci-galkyl, -0~Cu6alk.yl, -S-Ci-galkyl, phenyl and benzyl, and 

(e) aryl ring systems G' chosen from the group consisting of: phenyl, 

pyridinyl and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms 

15 independently chosen from the group consisting of N and O. 

22. The compound according to claim 1 or claim 2, wherein 
R 

said is chosen from the group consisting of 

R1 R' 

XXH 'XXH ACO-j and 'XXVi where said © is 
20 substituted by from 0 to 3 additional R1; 

B 
said is phenyl; 

v is from 0 to 2; 

each R2 is independently chosen from the group consisting of fluorine, chlorine, -

OH,-CH3)-OCH3and-CN; 

25 each D is independently chosen from the group consisting of N and 

^°r\ 
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each E is independently chosen from the group consisting of a single bond, 

' and R R8fa Ksb where one of R8a and is -OH or fluorine; and 

each G is independently chosen from the group consisting of Chalky} having 1 to 

G 

2 substituents Rn, wherein each R11 is independently chosen from the group consisting of -OH, -

5 NH2, ~NCH3Hf -N(CH3)2a -N(CH2CHJ)2, -C(0)0CH3, cyclopropyl, cyclobutyl, cyclopentyl, 

cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, oxacyclohexyl, phenyl, pyridinyl, 

pyrimidinyl and pyrrolyl. 

23. The compound according to any one of claims 1-22, wherein the 

10 compound having structural formula (I) is a compound having structural formula (la): 

or a pharmaceutically acceptable salt thereof, wherein said is substituted by u 
substituents R1, and Y is selected from the group consisting of O and NR1. 

15 24. The compound according to according to claim 23, wherein the compound 

having structural formula (la) is a compound having structural formula (lb): 
a 

(lb) 

or a pharmaceutically acceptable salt thereof, wherein said is substituted by u 

substituents R1, and Y is selected from the group consisting of O and NR1. 

o> 
20 

-193-



WO 2010/111483 PCT/US2010/028653 

25. The compound according to according to ciaim 24, wherein said 

is substituted by u substituents R1, Y is O, and both instances of G are 

\ 
"Y 

O 

A. 
H 

26. The compound according to according to ciaim 1 or claim 2, wherein the 

compound having structural formula (la) is a compound having structural formula (lb): 

'/"}? V-G 

(lb) 

\ 
or a phaimaceutically acceptable salt thereof, wherein said Y is substituted by u 

substituents R1, Y is G, and both instances of G are 
X 

10 27. The compound according to according to any one of claims 1-23, wherein 

the compound having structural formula (la) is a compound having structural formula (lb): 

cKi (R\.; 

13 or a pharmaceutically acceptable salt thereof, wherein said is substituted by u 

OO o substituents R1, and said ^-^"Y and said V-/, taken together with one said substituent R1 

15 and one said substituent R2, are represented by a group chosen from the group consisting of: 
R1 

(R,)c"3 ^ (A Jo-3 
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( \ 
28. The compound according to according to claim 27, wherein said liV^y 

and said V_/, taken together with one said substituent R1 and one said substituent R2, axe 

represented by 

/ ,Rl 

V>( K\3 
v—w wherein V is -CH2-> W is -(CH2)G-20(CH2)O-2-, R is fluorine, and both 

o 
, -Ac 

5 instances of G are • H 

29. The compound according to according to claim 1 or claim 11, wherein the 

compound having structural formula (la) is a compound having structural formula (lb): 

^ CRV, 

(lb) 

, 'y 
10 or a pharmaceutically acceptable salt thereof, wherein said ^^^y and said \-/, taken 

together with one said substituent R3 and one said substituent R2, are represented by 
R] 

^ r 
wherein V is -CH2-, W is -(CH2)o-20(CH2)o-2-5 R is fluorine, and both 
o 

instances of G are * H 

15 30. The compound according to claim 1 or claim 11, wherein 

7) _ ..G 
said ^ and said v—^ , taken together with one said substituent R5 and one said 

substituent Rz, are represented by a group chosen firom the group consisting of: 
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W is chosen from the group consisting of -(CH2)i-r> -(CH2)o-2NH(CH2)o-2-> 

-(CH2)o-2N(Ci^alkyI)(CH2)o.2-! <CH2V20(CH2)o-2~ and <CH2)o-2C(0)(CH2)o.2-> where W is 

5 substituted by from 0 to 4 Rw} where each Rw is independently selected from Chalky! and 

C3.gcycloalkyl; and 
V is chosen from the group consisting of -C(O)- and -CH2-S and where V is 

-CH2-, V is substituted by from 0 to 2 Rv> where each Rv is independently selected from the 

group consisting of Cj^alkyl and Cs.gcycloalkyl; 

10 each R1 is independently chosen from the group consisting of hydrogen, halogen, 

-OR3, -CN, -C(0)R}, -C02R3, -C(0)N(R3a)2, -SR3, -S(0)R3, -SCO^R3, -N(R3a)2, 

-(CH2)0^N(R3")2, -N(R3a)S02R3, -N(R3a)C02R3, -N(R3a)COR3, -N(R3a)C(0)N(R3a), C^aliyl, 

C3-8caibocycle containing from 0 to 3 heteroatoms chosen from N, O and S, and phenyl, and the 

Ci-ealkyl, Cj.gcarbocycje and phenyl are substituted by from 0 to 3 substitutents independently 

15 chosen from the group consisting of hydrogen, halogen, ~ORja, -CN, -COjR30. -C(0)N(R3a}2, 

-N(R3a)2, -N(R3a)C02R3a, -SR3a, -S(0)R3a, -S(02)R3a, -N(R3a)S02R3", -N(R3a)C02R3a, 

-N(R3a)C(0)N(R3a), Chalky!, -O-CWlkyl and -S-C,.6alkyl, 

each R^ is independently chosen from the group consisting of hydrogen, 

Ci-galkyl, -OH, -O-Cu-alkyl and C^gcycloalkyl, and 
20 each Rja is independently chosen from the group consisting of hydrogen, 

Ci^alkyl and C3_8cycloalkyl; 

each R2 is independently chosen from the group consisting of hydrogen, halogen, 

-OR4a, -CN, -C02R4a, -C(0)N(R4a)2; -N(R48)2> -N(R4a)C02R4\ -SR4*, -S(0)R48: -S(02)R4a, 

-N(R4a)S02R4a, -N(R4a)C02R4a, -N(R4a)C(0)N(R4a), C^alkyl substituted by from 0 to 4 R4 and 

25 C3-gcycloalkyl substituted by from 0 to 4 R4, 

each R4 is independently chosen from the group consisting of hydrogen, 

-OH, Ci-salkyl and Cs-gcycloalkyL and 
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each R4a is independently chosen from the group consisting of hydrogen, 

Cj^alkyl and Cj.gcycloalkyl; 
wherein each D is independently chosen firom the group consisting of a single 

H CH3 

/vy\ /VV\ /-^v\ /^V\ /W\ 
bond, -C(0)N(R5)-, -NRsC(0)-, UN UN , , N-N 

/-i;V\ 
5 and N-N J where 

R5 is independently chosen from the group consisting of hydrogen. 

halogen, -OR6, -CN, -C02R6, -C(0)N(R6)2S -N(R6)2) -N(R6)COR6, -SR6, -S(0)R6, -S(02)R6, 

-N(R6)S02R6? -NC02R6? -NC(0)N(R6)2, Ci-galkyl substituted by from 0 to 3 substituents R6 and 

C3_8cycloalkyI substituted by from 0 to 3 substituents R6, and 
10 each R6 is independently chosen from the group consisting of hydrogen, 

Chalky! and Cs-scycloalkyl; 
wherein each E is independently chosen from the group consisting of a single 

bond, -CH2NHC(0)-? ~CH2N(CH3)C(0)-} -C(CH3)HNHC(0)-S -C(CHJ)HN(CH3)C(G)-, 

-C(CH3)2NHC(0>, -C(CH3)2N(CH3)C(0)^ ~CH2NHC(0)0~, -CH2N(CH3)C(0)0-, 

15 -C(CH3)HNHC(0)0-, -C(CH3)HN(CH3)C(0)0-, -C(CH3)2NHC(0)0~, -C(CH3)2N(CH3)C(0)0-5 

q \ y~ Q 
ft }~G V " Yi T\ ° 5 

; and R3b where one of R*a and R8D is -OH or fluorine; 

wherein each G is independently chosen from the group consisting of 

(a) hydrogen, 

(b) -CN, 
20 (c) Cj.salkyl having 1 to 3 substituents R11, 

each R1! is independently chosen from the group consisting of 

-OH, -NH2, -NCH3H, -N(CH3)2, -N(CH2CH^; -NH, -NCH3) ~C<0)H, -C(0)0H; 

~C(0}CH3, -C(0)0CH3J -NHC(0)H, -NHC(0)0H, -NHC(0)CH3, -NHC(0)0CH3J cyclopropyl 

cyclobutyl. cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and 

25 oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl and pyrrolyl, where 
the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, 

pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclohexyl are substituted by from 0 to 2 
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substitutents R12 on N or C atoms, and each R12 is independently selected from the group 

consisting of hydrogen, halogen, carboxy, Ci^alkyl, -0~Ci_6alkyl and 

-S-Ci^alkyl; and 

the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0 

5 to 3 substitutents R13 on N or C atoms, and each R13 is independently selected from the group 

consisting of hydrogen, halogen, Chalky! and 3- to 8-membered cycioalkyl containing from 0 to 

3 heteroatoms independently chosen from the group consisting of N, O and S, 
(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, 

piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R*° on N or C 

10 atoms, said R10 independently selected from the group consisting of hydrogen, halogen, carboxy, 

C^aJkyl, -O-Ci^alkyl, ~S~Ci-$alkyl, phenyl and benzyl, and 
(e) aryl ring systems G' chosen from the group consisting of: phenyl, 

pyridinyl and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms 

independently chosen from the group consisting of N and O. 

15 
31. A compound according to claim 1, claim 2 or claim 11, chosen from the 

group consisting of: 
N-{4-[5-(acetylamino)-lH-pym>lo[3,2-b]pyridin-2-yl]phenyl}-l-(phenylacetyl)-

L-prolinamide; 
20 (2S)»l-(phenylacetyl)"N-{2-[4-({[(2S>l-Cphenylacetyl)pyrrolidin-2-

yl]carbonyl}amino)phenyl]-lH-pyrrolo[3,2-b]pyridin-5-yl}pyrrolidine~2-carboxamide; 
benzyl (2S)-2-[(2-{4-[({(2S>l-'[(benzyloxy)cai-bonyl]pyrrolidin-2-

yl}carbonyl)amino]phenyl}-lH-pyrrolo[3,2-b]pyridin-5-yl)carbamoyl]pyrrolidine-l-carboxylate; 

tert-butyl {(lS)-2-[(2S)-2-{[4~(5-bromo-lH-pyrro!o[3,2~b]pyridm-2-

25 yl)phenyl]carbamoyl}pyrrolidin-l-yl"j-2-oxo-l-phenylethyl}carbamate; 
(2S)-N-{3-chloro-2-[4-({[(2S)-l-(phenylacetyl)pyrrolidin-2-yl]carbonyl}amino) 

phenyl]-lH-pyrrolo[2,3-c]pyridin-5-yl}-l-{phenylacetyl)pyrrolidine-2-carboxamide; 

(2S)~N~{3H2hloro-2-[4~({[(2S)-l-(phenylacetyl)pyrroUdin-2-yl]carbonyl} 

amino)phenyl]-1 H-pyrrolo[2,3-b]pyridin-5-yl} -1 "(phenyiacetyl)pyrroIidine-2~carboxamlde; 
30 N-[4-(3-oxo-7"{2-oxo~2-[(2S)-l-{phenylacetyl)pyrrol!dm-2-yl]ethyl}-3,7-

dihydroimidazo[l,2-a]pyrazin-2-yl)pheny}]-l~(phenylacetyl)-L-prolinamide; 
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(2S)-l-(cyclobutylcarbonyl)-N-{2-[4-({[(2S)-l-(pyridin-3-yIcarbonyl)pyrrolidin-

2-yl]carbonyl}ammo)phenyl]~lH»benzimidazol-5-yl}pyn"olidifi.e-2-carboxamide; 
(2S)-l-(phenylcarbonyl)-N-{4-[5-({[(2S)-l-(phenylcarbonyI)pyrrolidin-2» 

yljcarbonyl}amino)-lH-benzimidazol-2-yl]phenyl}pyrrolidine-2-carboxamide; 

5 (2S)~l»[(4Z,5Z)~4-ethylideneliept-5-enoyl]-N-{2-[4-({[(2S)-l~(3-

phenylpropanoyl)pyrrolidin-2-yl]carbonyr}amino)phenyl]-lH-benzimidazol-5-y]}pyrrolidine-2-

carboxamide; 
(2S)-l-[(4Zs5Z)-4-ethylidenebept-5-enoyI]"N-{2-[3-({[(2S)»I-(3" 

phenylpropanoyl)pyrrolidm-2-yI3carbonyl}amino)phenyl)-lH-benzimidazo]-5-yI}pyrrolidme-2-

10 carboxamide; 
(2S)-l-[(2R)-2-hydroxy-2-phenylacetyl]-N-(4-{5-t({(2S)-l-[(2R)-2-hydroxy-2-

phenylacetyl]pyrrolidin-2-yl}carbonyl)amino]-lH-benzimidazol-2-yl}phenyl)pyrrolidme-2-

carboxamide; 

(2S)-I-(phenyIacetyI)-N-{4-[5-({[(2S)~l-(phenylacetyl) pyrroiidui-2-y!]carbonyl} 

15 amino)-1 H-benzimidazol-2-yi]phenyl}pyrrolidine-2-carboxamide; 
tert-butyl {(lS)-2-[(2S)»2-({4-[5-({[(2S)-1-{(2S)-2-[(tert»butoxycarbonyl)ammo]-

2-pheny!acetyl}pyrrolidin.-2-yl]carbonyl} amino)-lK-benzimidazol-2-yl]phenyl} 

carbamoy l)pyrrolidin-1 -yl] -2-oxo-1 -phenylethyl} carbamate; 

tert-butyl {(lR)-2-[(2S)-2-({4-[5-({[(2S)-l-{(2R)~2-[(tert-

20 butoxycarbonyl)ammo]~2~phenylacetyl}pyrrolidm-2-yl]carbonyl}ammo)-lH~benzimidazoI-2-

yl]phenyl} carbamoyl)pyrrolidin-l-yl]-2-oxo-l-phenylethyl}carbamate; 

benzyl (2S)-2- {[4-(4- {[(4-methylphenyl)sulfonyl]amino} -1 H-benzimidazol-2-

yl)phenyl]carbamoy!}pyrrolidine-l-carboxylate; 
(2S)~ 1 -(3-phenylpropanoyl)-N- {4-[5-{{ [(2S)-1 -(3-phenylpropanoyl)pyrrolidin-2-

25 yl]carbonyl}amino)-l,3-benzoxazol-2-yl]phenyI}pyrrolidine-2-carboxamide; 
(2S)-l-(3-phenylpropanoyl)-N-{4-[5-{{[(2S>l-(3-phenylpropanoy1)pyrroHdin-2~ 

yl]carbonyl}amino)-l-benzofuran-2-yl]phenyl}pyrroIidine-2-carboxamide: 

N-{2-[4-(acetylamino)phenyl]-l-benzofuran-5-yl}~l-{(2R)-2-[(tert-

butoxycarbonyl)amino]-2-phenylacetyl} -L-prolinamide; 

30 (2S)~1 -(phenylacetyl)-N- {4-[5-({ [(2S)-1 -(phenylacetyl) pyrrolidin-2-

yl]carbonyl}ammo)-l-benzofuran-2-yl]phenyl} pyrrolidine-2-carboxamide; 
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tert-butyl {(lS)-2-[(2S)-2-({4-[5-({[(2S)-l-{(2S)~2~[(tert~butoxycarbonyl)ammo]-

2-phenylacetyl}pyrrolidin-2-yl]carbonyl} amino)-1-benzofuran-2-yljphenyl} 

carbamoy ̂ pyrrolidin-1 -y 1] -2-oxo-1 -phenylethyl} carbamate; 

tert-butyl {(lR)-2-[(2S)-2-({4-[5-({[(2S)-l-{(2R)-2-t(tert-

5 butoxycarbonyl)ammo]-2~phenylacetyl}pyrrolidin-2-yl] carbony 1}amino)-1 -benzofuran-2-

yl]phenyl}carbamoyl) pyrrolidin-l-yl]-2-oxo-l-phenyIethyl}carbamate; 

propan-2-yl [(lR)-2-oxo~l-phenyI-2~{(2S)-2-[(4-{5-[({(2S>l-[(2R)-2-phenyl-2-

{[(propan-2-yloxy)carbonyl]amino} acetyl] pyrrolidin-2-yl} carbonyl)amino]-1 -benzofuran-2-

yl} phenyl) carbamoyl ] pyrrolidin-1 -yl} ethyl] carbamate; 

10 methyl {(lR)-2-[(2S)-2-({4-[5-({[(2S)4-{(2R)~2-[(methoxycarbonyl)amino]-2-

phenylacetyl}pyrrolidin-2-yI3carbonyl}ammo)-l-benzofuran-2-yl]phenyl} carbamoyl)pyrrolidin-

l-yl}-2-oxo-1 -phenylethyl) carbamate; 

(2S)-l-[(2R)-2~(dimethylamino)~2"pheny3.acetyl]-N'(4-{5~[({(2S)"l-[(2R}-2-

(dimethylamino)~2~phenylacetyl]pyrrolidin-2-yl} carbonyl)amino]-l-benzofuran-2-

15 yl}phenyl)pyrrolidine-2-carboxamide; 

(2S)-l-[(2R)~2-(diethylamino)-2-phenvlacetyI]-N-(4-{5-[({(2S)-l-[(2R)-2-

(diethylamino)-2-phenylacetyl]pyrrolidin-2-yl} carbonyl)amino]-1 -benzofuran-2-

yl}phenyl)pyrrolidine-2-carboxamide; 

propan-2-yl [(lR)-2-{(2S)-2-[(4-{5-[({(2S)-l-[(2R>2-(dimethylamino)-2-

20 phenylacetyI]pyrroIidin-2-yi} carbonyl)amino]-l-benzofuran~2~yl}phenyl)carbamoyl]pyrrolidm-

1 -vl}-2-oxo-1 -phenylethyl]carbamate; 

N-[2-(4-aminophenyl)-l-benzoforan-5-yl]-l-[(2R)~2-(dimethylamino)-2-

phenylacetyl]-L-prolinamide; 

(2S)~1 - {(2R)-2-[methyl(3 -methy lbutyl)amino3-2-phenyIacety 1} -N - {4~[5~( {[(2S)-

25 l-{(2R)-2-[methyl(3-methylbutyl)ammo3-2-phenylacetyl}pyrrolidin-2-yl]carbonyl}ammo)-l-

benzoforan-2-yl]phenyl} pyiTolidine-2-carboxamide; 

N-{2-[4-(acetylamino)phenyl3-l-benzofuran-5-yl}-l-[(2R)-2-(diethyIamino)-2-

phenylacetyl]-L-prolinamide; 

(2S)-l-acetyl-N~(2"{4~[({(2S)~l-[(2R)-2-(diethylammo)-2-

30 phenylacetyl] py rrolidin-2-yl} carbonyl)amino]phenyl} -1 -benzofuran-5 -y l)pyrrolidine-2-

carboxamide; 
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tert-butyl {(lR>2-[(2S)-2-({4-[5-({[(2S>l-acetylpyiroUdin-2-

yl]carbonyl}airmio)-l-benzoforan-2-yI]phenyi} carbamoyl)pyrrolidm-3-yl]-2-oxo-l-

phenylethyl} carbamate; 
(2S)-l-acetyl"H"(2-{4-[({(2S)~l-[(2R)-2-(dimethylaimno)-2" 

5 phenyIacety!]pyrroHdin-2-y I} carbonyl)amino]phenyl} -1 -benzofuran-5-yl)py rrolidine-2-

carboxamide; 
K-{4~[5-(acetylamino)-l-benzofuran-2-yl]phenyi}-l-{(2R)-2-[(tert-

butoxycarbonyl)amino]-2-phenylacety I}-L-proHnamide; 
methyl {(lR)-2-[(2S)-2-({4~[5-({[(2S)-l-{(2R)~24(raethoxycarbonyl)amino]~2~ 

10 phenylacetyl} pyrrolidin-2-yl]carbonyl} amino)-7-methyl-1 -benzofuran-2-yl Jphenyl} 

carbamoyl)pyrrolidin-l~yl]-2-oxo-l™phenylethyl}carbamate; 

{2S)-l-{(2R)-2-[ethyl(propyl)amino]-2-phenyla.cetyl}-N-{4-[5-({[(2S)-l-{(2R)-

2-[ethyl(propyl) amino]-2-phenylacetyl} pyrrolidin-2-yl]carbonyl}amino)-l-benzofuran-2-

yljphenyl} pyrrolidine-2-carboxamide; 

15 (2S)-1 -(phenylacetyl)-N- {4-[6-( {[(2S)-1 ~(phenylacetyl)pyrroHdin-2-

yl]carbonyl}ammo)imidazo[l,2-a3pyrimidin-2-yl]phenyl}pyrralidine-2-carboxamide; 

(2S)-1 -(phenylacetyl)-N- (4-[6-( {[(2S)-1 ~(phenylacetyl)pyrro]idin-2-

yi]carbonyl}amino)iinidazo[l,2-a]pyridin-2-yl]phenyl}pyrrolidme-2-carboxamide; 

(2S?2'S)-N,K!-lHJ'H"2)2'»biindole-5,5,-diylhis[l-(phenylacet>rl)pyrrolidine-2-

20 carboxamide]; 
di-tert-butyl (lH,rH-2,2'-biindole-555,-diylbis{carbamoyl(2S)pyrrolidine-2fl-

diyl[(lR)-2-oxo-l -phenyl ethane-2,1 -diyl] })biscarbamate; 

tert-butyl {(lR)-2-oxo-l-phenyl-2~[(2S)-2-({2-[4-({[(2S)-l»(phenylacetyl) 

pynolidin-2-yljcarboayl} ammo)phenyF| -1 H-indol-5-y!} carbamoyl)pyrrolidin~1 -

25 yl]ethyl}carbamate; 
(2S)-l-(phenylacetyl)-N-{2-[5-({[(2S)-l-(phenylacetyl)pyrroIidin-2-

yljcarbonyl} amino)-1 H-indoI-2-yl]pyrimidm-5~yl} pyrroiidine-2-carboxamide; 

tert-butyl {(lR>2-[(2S)-2-({4-[5-({[(2S>l-{(2R)-2-[(tert-

butoxycarbonyl)amino]-2-phenylacetyl}pyrrolidm-2-yl]carbo:nyI}ammo)-lH-indol-2-

30 yljpheny 1} carbamoyl)pyrrolidin-1 -yl] -2-oxo-1 -phenylethyl} carbamate; 
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methyl {(lR)~2-[(2S)~2-({4-[5-({[(2S)4-{(2R)-2-[(methoxycarbonyl)amino]-2-

phenylacetyr}pyrroHdm-2-yr]caibonyl}amino)-lH-indol-2-yI]phenyl}carbamoyl)pyrroiidin-l-

yl] -2-oxo-1 -phenylethyl} carbamate; 
(2S)-l-[(2R)-2-phenyl-2-(pyn:olidm-l-yl)acetyl]~N-{4-{5-[({(2S)-l-[(2R>2-

phenyl-2-(pyrrolidin~l ~yl)acetyl] pyrrolidin-2-yl} carbotiyl)ammo]-1 H-indol-2-y 1}phenyl) 

pyrrolidine-2-carboxamide; 
(2S>l-{(2R>2-[(cyclopropylacetyl)ammo]-2-phenylacetyl}-Kf-{4-[5-({[(2S)-l-

{(2R)-2- [(cyclopropylacetyl) amino]-2-phenylacetyl} pyrrolidin-2-yl]carbonyI} amino)-1H-

indol-2-yl]phenyl} pyrrolidine-2-carboxamide; 
(2S)-l-{(2R)-2-[(3-methylbutanoyl)amino3-2-phenylacetyl}-N-{4-[5-({[(2S)-l-

{(2R)~2~[(3~methylbutanoyl) amino]-2-phenylacetyl} pynro]i<Hn-2-yl]carbonyl}amino)-lH-

indol-2-yl]phenyl} pyrrolidine-2-carboxamide; 

(2S)-l-[(2R)~2-(morpholm-4-yI)-2»phenyJacetyl]-N-(4-{5~[({(2S)-I-[(2R)-2-

(morphoHn-4-yl)-2-phenylacetyl]pyrrolidin-2-yl}carbonyl)amino]-lH-indol-2-

yl}phenyl)pyrrolidine-2-carboxamide; 
(2S)-l-(2f3-diphenylpropanoyi)-N-{4-[5-({[(2S)-l-(2s3-

dipheny]propanoy])pyrro]idin-2-yljcarbonyI}ammo)-lH-indol-2-yl]phenyl}p>'rrolidine»2-

carboxamide; 
(2S)-1 -[(2R)~2- {[(4-methylphenyI)sulfonyl]amino} -2-phenylacetyl] -N-(4- {5-

[({(2SV1-[(2R)~2-{[(4-methyIphenyl) sulfonyl]amino}-2-phenylacetyl] pyrrolidin-2-

yl}carbonyl)arnmo]-lH-indol-2-yl}phenyl)pyrrolidme-2~carboxamide; 

(2S)-l-{(2R)-2-[(cycIohexylcarbonyl)ammo]-2-phenylacetyl}-N-{4-[5-({[(2S)4-

{(2R)-2-[(cyclohexylcarbonyl) amino]-2-phenylacetyl) pyrrolidin-2-yl]carbonyl}ammo)-lH-

indol-2-yl]pheny.l} pyrrolidine-2-carboxamide; 

methyl {(lR)-2~[(2S)~2-({2-[4-(acetylamino)phenyl]-lH-indol-5» 

yl} carbamoy I)pyrroIidm-l -yl] -2-oxo-1 -phenylethyl} carbamate; 

tert-butyl [(lR)-2-[(2S)-2-({4-[5-(acetylaimno)-lH-mdol-2~ 

yi]phenyl}carbamoyl)pyrroUdin-l-yl]-2-oxo-l-phenylethyi}carbamate; 
N-{2~[4~(acetylamiBo)phenyl]-lH~indo!-5-yl}~l-[(2R)~2-(roorpholin-4-yl)-2-

phenylacetyl]-L-prolinamide; 
propaa-2-yl {(lR)-2-[(2S)-2-({2-[4-(acetylamino)phenyl]-lH-indol-5-

yl}carbamoyl)pyrrolidm-l-yl]-2-oxo-l-phenylethyl}carbamate; 
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(2S)-l-{(2R)-2-[(cyclopentylcarbamoyI)amino]-2-phenylacetyI}-N-(4-{5-[({(2S)-

l-[(2R)-2-(dimethylammo)-2-phenylacetyl]pyrrolidm-2-yI}carbonyl)amino]-lH-indol~2-

y!}phenyl)pyrrolidine-2-catboxamide; 
tert-butyl {(2R)-l-[(2S)-2-({4-[5-({[(2S)-l-{(2R)-2-[(tert-

5 butoxycarbonyl)ammo]~3-methylbutanoyl}pyrrolidin~2~yl]carbonyl}amino)-lH-indo!-2-

yl]phenyl}carbamoyl)pyrroli<Un-l-yl]-3-methyM-oxobutan-2-yl}carbamate; 

N-{2-[4-(acetylamino)phenyI]-lH-indol-5-yl}-l-[(2R)-2-phenyl-2-(pyrroUdin-l-

yl)acetyl] -L-prolmamide: 
(2S> l-[(2R)-2-(dime1ftyIammo)-4-methylpentanoyl]-N"(4-{ 5~[( {(2 S)~ 1 ~[(2R)~2~ 

10 (dimethylammo)-4-methyipentanoyl]pyrrolidii>2-yI}carbofiyI)ammo]-lH"-mdol-2-

yl}phenyI)pyrrolidine~2-carboxamide; 
(2S)-l-[(2R)-2~phenyl~2-(piperidin-l~yl)acetyl]-N"(4-{5-[({(2S)-l-[(2R)-2-

phenyl-2-(piperidin-l-yl)acetyl]pyrrolidin-2-yl}carbonyl)amino]-lH-indol-2-

y 1} pbenyl)pyrrolidine-2-carboxamide; 
15 (2S)-l-[(2R)-2-(lH-imidazol-l-yl)-2-phenylacety!]-N-(4-{5-[({(2S)-l-[(2R>2-

(1 H-imidazol-1 -yl)~2~phenylacetyI]pyrrolidin-2-yl} carbonyl)amino]~l H-indol-2-

yl} phenyl)py2Tolidine~2-carboxaiiiide; 
(2S)-l-[(2R)-2-(diethylamino)-2-phenylacetyl]-N-(4-{5-[({(2S)-l-[(2R)-2-

(distbylamino)-2-phenylacetyl]pyrrolidin-2-yl} carbonyl)amino] -1 H-indol-2-

20 yl}phenyl)pyn"olidine-2-caiboxamide; 

tert-butyl {(1 S)-2-[(2S)-2-({4-[5-( {[(2S)-1 -acetylpyrrolidin-2-

yl]carhonyl}amino)-lH-mdol-2-yl]phenyl}carbamoyl)pyrroiidin-l-yl]-2-oxo-l-

phenylethyl} carbamate; 
tert-butyl {(!R)-2-[(2S)-2-({4-[5-({I(2S)-l-acetylpyrroHdin-2-

25 yljcarbonyl} amino)- lH-indol-2-yl]phenyl}carbamoyl)pyrrolidm-I -yl]-2-oxo-l -

phenylethyl} carbamate; 
tert-butyl {(1 R)-2»oxo-1 -phenyl-2-[(2S)-2-({2~[4-({ [(2S)-1 -(propan-2-

yl)pyrrolidin-2-yl]carbonyl}ammo)phenyl]~lH-mdol-5-yl}carbamoyl)pyrrolidin~l~ 

yl]ethyl}carbamate; 
30 N - {2-[4~(acetylammo)phenyl] -1 H-indol-5 -yl} •-1 - [(2R)-2~(dimethylamino)-2-

phenylacetyl]-L-prolinamide; 
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N-{2-[4-(acetylamino)phenyl]~lH-indo{-5-yl}-l-[(2R)-2-phenyl-2-(piperidm-l-

yl)acetyl]-L~prolinamide; 
tert-butyl [(1 R)-2- {(2S)-2-[(2- {4- [({(2S)-1 - [(2R)-2-(dimethy lamino)-2-

phenylacetyl]pyrrolidm-2-yl}carbonyl)m™no]phenyl}-lH-mdol-5-yl)carbamoyl]pyrroKdin-l-

5 yl}-2~oxo-l-phenyletliyi]carbainat.e; 
tert-butyl [(lR)-2-{(2S)-2-[(4-{5-[({(2S)-l-[(2R>2-(dimethylammo)-2-

phenylacetyl] pyrrolidin-2-yl}carbonyl)amino]-lH-indoi-2-yl}phenyl) carbamoyl] pyrrolidin-1-

yl}-2-oxo~1 -phenvlethyljcarbamate; 

(2S)4-[(2R)-2-(dime1iiylamino)-2-phenylacetyl]-N-{4-[5-({[(2S)~l~{(2R)-2-

10 [(353-dimethy].butanoyl)amino]-2-phenylacetyl}pyrrolidm-2-yl]carbonyl}amino)-lH-indol-2-

yl3phenyl}pyrrolidine-2-carboxamide; 

(2S)4-(cyclopropylacetyl)-N-(4-{5-[({(2S)4-[(2R)-2-(dimethylamino)-2-

phenylacetyl]pyrrolidin-2-yl}carbonyl)amino]-lH-indol-2-yl}phenyl)pyrrolidine~2-

carboxamide: 

15 (2§)- l-[(2R)-2-(dimethylamino)-2-phenylacetyl]~N~(2- (4-[({(2S)-1 -[(2R)-

tetrahydrofuran-2-ylcarbonyl]pyrrolidin-2-yl} carhonyl)amino]pheny!} -1 H-indol-5 -

yl)pyrrolidine-2-carboxamide; 

tert-butyl [(lR)-2-{(2S)-2-[(4-{5-[({(2S)-l-[(2R)-2-[(tert-butoxycarbonyl)amino] 

2-(4-fluorophenyl)acety l]pyrrolidin-2-yI} carbonyl)amino] -1 H-indol-2-

20 yl}phenyl)carbamoyl]pyrrolidin-l-yl}-l-(4-fluorophenyl)-2-oxoethyl]carbamate; 
(2$)-l~{(2R)~2~[methyl(3~methylbutyl)ammo]~2-phenylacetyl}4^{4-[5~({[(2S)-

l-{(2R)-2-[methyl(3-methylbutyl) amino]-2-phenylacetyl} pyrrolidin-2-yl]carbonyl}amino)-1 

indol-2-yl]phenyl} pyrrolidine-2-carboxamide; 
(2S)4-[(2S)-tetrahydrofuran-2-ylcarbonyl]-N-(4-{5-[({(2S)-l-[(2S)-

25 tetrahydrofuran-2-ykarbonyl}pyrroIidin-2-yl}carbonyl)ammo]-lH-indol-2-

yl}phenyl)pyrrolidine-2-carboxamide; 
N-(text-butoxycarbonyl)-D-valyI-N-{4-[5-({l-[(2R)-2-(dimethylamino)-2-

pheny lacety 1]-L-prolyl} amino)-1 H-indol-2-yl] phenyl} -L-pr olinamide; 

(2S)-l-[(2R)-2-(dimethyIammo)-2-phenylacetyl]-N~{2-[4-({[(2S)4~(l,3-oxazol-

30 2-ylcarbonyl)pyrrolidin~2~yl]carbonyl}amino)phenyl]-lH-indol-5-yl}pyrroIidme-2-

carboxamide; 
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tert-butyl [(lR)-2-{[(2S)-l-({4-[5-({(2S)-2-[{(2R>2-[(tert-

butoxycarhonyl)amino]-2-phenylacetyl}{methyl)amino]propanoyl}amino)-lH-indol-2-

yi]phenyl} amino)-1 -oxopropan-2-yl](methyl)amino} -2-oxo-1 -phenylethy 1 jcarbamate; 

tert-butyl {(3 R)-2-[(2S)-2-({2-[4-(methylamino)phenyI]-1 H-indol-5-

5 yl} carbamoyl)pyrrolidin-1 ~y l]-2-oxo-l -phenylethyl} carbam ate; 

(2S)-l"[(2R)-2-(dimethylamino)-2-phenylacetyrj-N-{2-[4-({[(2S)-l-

(phenylacetyl)pyrrolidin-2-yl]carbonyl}amino)phenyl]-lH-indol-5-yl}pyrrolidine-2-

carboxamide; 
(2S)~ 1 - {[(3 R)-l -benzylpyrroljdin-3 -yljcarbony 1} -N-(4- { 5-[({(2S)~ 1 -[(2R)-2-

10 (dimethylamino)-2-phenylacetyl]pyrrolidin-2-yl} carbonyl)amino]-1 H-indol-2-

yl}phenyl)pyrrolidine-2-carboxamide; 
(2S)-l-{[(3S)4-benzylpyrroHdin-3-yl]carbonyl}-N-{4™{5-[({(2S)-l-[(2R)~2-

(dimethylamino)-2-phenylacetyl]pyrrolidin-2-yl}carbonyl)amino]-lH-indol-2~ 

yl}phenyl)pyrrolidine-2-oarboxamide; 

15 N,N-dimethyl-D4eucyl-N-{4-[5-({l-[(2R)-2-(dimethylamino)-2~phenylacetyl]-L-

prolyi}amino)-lH-indol-2-yl]phenyl}-L-prolmamide; 

N~(2~{4~[(cydopentylcarbonyl) amino] phenyl} -1 H-indol-5 -yl)- 1 ~[(2R)-2-

(dimethyIamino)-2-phenylacetyl]-L-prolinamide; 
tert-butyl [(2S)-l-({4-[5~({l~[(2R.)-2-(dimethylamino)-2-phenylacetyl]-L-

20 prolyl}ammo)-lH-indoi-2-yl]phenyl}aramo)-l-oxopropan-2~yl]carbamate; 

tert-butyl [(1 S)-2-({4-[5-({ l~[(2R)-2-(dimethylamino)-2-phenylacetyl]-L-

prolyl}ammo)4H4ndol-2-yl]phenyl}amino)-2-oxo-l-phenylethyl]carbamate; 

tert-butyl [(2R)-1 -({4-[5-({1 -[(2R)-2-(dimethylamino)-2-phenylacetyl]-L-

prolyl} amino)-1 H-indol-2~yl]pheny I} amino)-3 -methyl-1 -oxobutan-2-yl] carbamate; 

25 (2S,2'S)~N,N!-5;6,7s 12-tetrahydrobenzo[6,7]cyclohepta[ 1 }2-b]indole-3,9-

diylbis[l-(pheiiylacetyl)pyrrolidine-2-carboxamide]; 
(2S;2'S)-N,N'-6) 11 -dihydro-5H-benzo[a]carbazole--3,8--ciiylbis[l -

(phenylacetyl)pyrrolidine-2-carboxamide]; 

dibenzyl (2S,2tS)-2,2'-(6,1 l-dihydro-5H-benzo[a]carbazole-3i8-diyldicarbamoyl) 

3 0 dipyitoiidine-1 -carboxyl ate; 
N-(8-bromo-6,ll-dihydro-5H-benzo[a]carbazoI-3-yl)-l-(phenylacetyl)-L-

prolinamide; 
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di-tert-butyl (6,1 l-dihydro-5H-benzo[a]carbazole-358-diylbis 

{carbamoyl(2S)pyrrolidine-2,l-diy][(lS)-2-oxo~l~phenylethane-2,l-diyl]})biscaiba3nate; 

tert-butyl [(1.S)-2-{(2S)-2-[(8"bromo-6Jl-dib.ydro-5H-benzo[a]carbazol-3-yi) 

carbamoyljpyrrolidm-1 -yl} -2-oxo-1 -phenylethyljcarbamate; 

5 (2S}2'S)-N,N,-65ll-dibydrO"5H-benzo[a]carbazole-3,8-diylbis{l-[(2R)-2-

(dimethylamino)-2-phenylacetyl]pyrrolidine-2-carboxamide}; 
(2Sf2'S)-N;N'-5,6,'7,12-tetra.hydrobenzo[6,7]cycIohepta [lr2-b]mdole~3f9~ 

diylbis{14(2R)-2-(dimethylammo)-2-phenylacetyl]pyrrolidme-2-carboxamide}; 

N-(6,l l-dihydro-5H-benzo[a]carbazoI-3-yl)-l -{(2S)-2-[(3,3-

10 dimeth.ylbutanoyl)amino3 -2-phenylacetyl} -L-prolmamide; 

tert-butyl {(1R)-2~[(2S)-2~(6,1l-dihydro-5H-benzo[a]carbazol-3-

y] carbanjoy3)pyrrolidm- 1 -yl]-2-oxo-1 -phenylethyl} carbamate; 

di-tert-butyl (5J6,7,12-tetrahydrobenzo[6,7]cyclohepta[l,2-b]mdoie-3!9-diylbis 

{carbamoyl(2S)pyrrolidine-2,1 -diyl [(1 R)-2-oxo-1 -phenylethane-2,1 -diyl]} )bi scarbamate: 

15 tert-butyl {(lR)-2-[(2S)-2-(5-{4-[5-({[(2S)4-{(2R)-2-[(tert-butoxy 

carbonyl)amino]-2-phenylacety \} pyrrolidin-2-yl]caibonyl} amino)-1 H-indol-2-y ljphenyl} •-1H-

imidazol-2-yl)pyrrolidin-1 -yl] -2-oxo-l -phenylethy) }carbamate; 

benzyl (2S)-2-[5-(4-{5-[(l-{(2R)-2-[(tert-butoxycarboiiyl)aiBuxio]-2-

phenylacetyI}-L-prolyl)amino]-lH-mdol-2-yl}phenyl)-lH-imidazol-2-yl3pyrrolidme-l-

20 carboxylate; 
l-[(2R)-2-(dimethylamino)-2-phenylacetyl]-N-{2-[4-(2-{(2S)-l-[(2R)-2-

(dimethylamino)-2-phenylacetyl]pyrroHdin-2-yl} -1 H-imidazol- 5-yl)phenyI]-1 H-indoI-5-yl} -L-

prolmamide; 
tert-butyl {(1 R)-2-[(2S)-2-( {2-[4-( 1 H-imidazol-4-yl)phenyl]-1 B-mdol-5-

25 yl}carbamoyl)pyrrolidin-l-yl]-2»oxo-l-phenylethyl}carbamate; 

l"[(2S)-2-(dimethylamino)-2-phenylacetyl3»N-{2-[4-(2-{(2S)-l-[(2S)-2-

(dimethyiamino)-2-phenylacetyl]pyrrolidin-2-yl] -1 H-imidazol-5-yI)phenyl]-1 H-indol-5-yl) -L-

prolinamide; 
tert-butyl {(lR)-2-oxo-l-phenyl-2-[(2S)-2-{[2-(4-{2-[(2S)-l-

30 (phenylacetyl)pyrrolidin-2-yl]~lH-imidazol-5-yl}phenyl)-lH-indol-5~ylJcarbamoyl}pyrrolidin-

1 -yl]ethyl}carbamate; 
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tert-buJyl{(2R>2-[(2S>2-{[2-(4-{2-[(2S)-l-acetyIpyEroli<iin-2-yl3-iH-imidazol-5-

yl}phenyl)-lH-mdol-5-yi]carbamoyl} pyiTolidm-l-yl]-2~oxo-l-phenylethyl}carbamate; 

benzyl (2S)-2-(5~{4-[5-({ H(2R)-2~phenyl-2-{[(propan-2-

yloxy)carbonyl]amino}acetyI3-L-prolyI}amino)-lH-mdol-2-yl]phenyl}-lH-imida2;ol-2~ 

5 yl)pyrrolidine-I -carboxylate; 
tert-butyl {(lR)-24(2S)-2-({2-[4-(2-{(2S)-l-[(2R)-2-(dimethylamino)-2-

phenylacetyl]pyrroHdin-2-yl}-lH-imidazol-5-yl)phenyl]-lH-indol~5~yl)carbamoyl)pyrrolidm4-

yl]-2-oxo-l -phenylethyljcarbamate; 
propan-2-yl [(lR)-2-{(2S)-2-[l-methyl-4-(4-{5-[({(2S)-l-[(2R>2-phenyl-2-

10 {[fpropan~2-yloxy)carhonyl]ammo}acetyl] pyrroIidin-2~yl}carbonyI)ammo]-lH~indo3-2-

yl) phenyl)- lH~imidazol~2-yl]pyrrolidin-1 -yl} -2-oxo-l -phenylethyljcarbamate; 
propan-2-yl {(lR)-2-[(2S)-2-{[2-(4-{2-[(2S)4-acetylpyrrolidin-2-yi}4H-

imidazol~5-yl}phenyl)-lH-indol-5-yljcarbamoyl} pyrrolidin-1 -yl]-2-oxo-1 -

phenylethyl} carbamate; 
15 propan-2-yl {(lR)-2-oxo-l-phenyl-2-[(2S)-2-{[2-(4-{2«[(2S)-pyn,olidin-2-yl]-lH-

imidazol-5-yl}phcnyl)-lH-indoI-5-yl]carbamoyl}pyrrolidin-l-yl]ethyl}carbamate; 

propan-2-yl {(lR)-2-[(2S)-2-{5-[4~(lH-indol-2-yI)phenyl]-lH~imidazol-2-

yl}pyrrolidin-l-yl]-2-oxo-l-phenylethyl}carbamate; 

(2R)-2-(dimethylamino)-l-[(2S)-2-{5-[4-(lH~indol-2-yl)phenyl]-lH-imidazol~2-

20 yl} pyrrolidin-1 -ylJ-2-phenylethanone; 
propan-2-yl [(lR)-2-oxo-!-phenyl-2-{(2S)-2-[5-(4-{5-[({(2S)-l-[(2R>2-phenyl-

2-{[(propan-2~yloxy)carbonyl] amino}acetyl]pyrrolidm-2-yl}carbonyl)amino]~lH-indol-2-

yl}phenyl)-1 H-imidazoI-2~yI] pyrrolidin-1 -yl}ethyljcarbamate; 
propan-2-yl {(lR)-2-[(2S)-2-({2-[4-(2-{(2S)-l-[(2R)-2-(dimethylamino)-2-

25 phenylacetyl] pyrrolidin-2-yl}-lH-imidazol-5-yl)phenyl]-lH-indol~5-yl}carbamoyl)pyrrolidin-l-

yl]-2-oxo-1 -phenylethyl} carbamate; 
propan-2-vl {(lR)-2-[(2S)-2-{4-[4-(3-chIoro-lH-indol-2-yl)phenyl]-lH-imidazol-

2-yl}pyrrolidin-l -yl]~2-oxo-l -phenylethyl) carbamate; 

N-(methoxycaibonyl)-L-vaIyl-N-{2-[4-(2-{(2S)-l-tN-(methoxycarbonyl)-L-

30 va]yl]pyrrolidin-2-yl.}-lH-imidazol-5-y3)phenyl]-lH-mdol-5-yl}-L-prolinamide; 
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propan-2-yl [(iR>2-oxo-l-phenyl-2-{(2S)-2-[3-(4-{5-[({(2S)-l-[(2R>2-phenyl-

2-{[(propan-2-y}oxy)carbonyl]ammo}acetyl]pyrroIidin-2-y]}carbonyl)ainino3-lH-indol-2-

yi}phenyl)-lH-pyrazol-5-yl]pyrroiidin-l-yl}ethyl] carbamate: 

propan-2-yI [(lR)-2-oxo-l-phenyl-2-{(2S)-2-[5-(4-{5-[({(2S)-l-[(2R)-2-phenyl-

2-{[(propan-2-yloxy)carbonyl]amino}acetyl]pyrrolidin-2-yl}carbonyl)amino]-lH-indol-2-

yl}phenyl)-l,3-thiazol-2-yl]pyrrolidin-l-yl}ethyI]carbamate; 

propan-2-yI [(lR)-2-oxo-l-phenyI-2-{(2S)-2-[2-(4-{5-[({(2S)-l-[(2R)-2-pheiiyI-

2- {[(propan-2-}'loxy)carbonyl] amino} acetyl ]pyrrolidin-2-yl} carbony l)amino] -1 H-indol-2-

yl} phenyl)-1 H-imidazol-5-y Ijpyrrolidin-1 -yl} ethyl]carbamate; 

l-[(2R)-2-pheijyI-2-{[(propan-2-y]oxy)carbonyl]amino}acetyl]-N-{4-[5-(2-{(2S)-

1-[(2R.)-2-phenyl~2-{[(propan-2-yloxy)carbonyl]amino}acetyl]pyrrolidm-2-y]}-lH-imidazol-5-
yl)-1 ~benzofuran-2-yl]pheny 1} -L-prolinamide; 

propan-2-yl {(lR)-2-[(2S)-2-(5-{2-[4-(acetylamino)phenyl]-lH~mdolo-yl}-33;4-

oxadiazol-2-yl)pyrrolidin-l-yl]-2-oxo-l-phenylethyljcarbamate; 

(2S)-1 -(phenylacetyl)-N- {3 •-[5-( {[(2S5)-1 -(pheny Iacetyl)pyrrolidin-2-

yl]carbonyl}amino)-lH~indol-2-yI]phenyl}pyrrolidine-2-carboxamide; 

(2S)-l-(phersyIacetyI)-N-{4-[6-({[(2S)-l-(phenylacetyl)pynolidin.~2-

yl]carboiiyl}amino)-lH-mdol-2-yl)phenyl}pyrrolidine-2-carboxamide; 

(2S)-l"(phenylacetyl)-N"{3-[6-({[(2S)-l-(phenylacetyl)pyrroIidm-2-

yl] carbonyl} amino)-1 H-indol-2-yl] phenyl} pyrrolidine-2-carboxamide; 

tert-butyl [{lR)-2-{(2S)-2-[(2-{2-[(2S)-l-{(2R)-2-{(tert-butoxycarbonyl) amino]-

2-phenylacetyl}pyrrolidin-2-yl]-lH-benzimidazol-5-yl}-lH-indol-5-yl)carbamoyl] pyrrolidin-1-

yl} -2-oxo-1 -phenylethyl] carbamate; 

(2S)-H-{4-[3-bromo-5-({[(2S)-l-(phenylacetyl)pyrroHdin~2-yl]carbonyl}ammo)-

lH-indol-2-yl]phenyl}-l-(phenylacetyl)pyrrolidine-2-carboxamide; 

tert-buty) {(lS)-2-[(2S)-2-({2-[4-(ac^ylammo)phei3yl]-3-fluoro-lH-mdol-5-

yl}carbamoyl)pyrrolidin-l-yl]-2-oxo-l-phenylethyljcarbamate; 

(2S)-K-{4-[3-chloro-5-({[(2S)-l-(phenylacetyl)pyrrolidin»2»yl]carbonyl}ammo)-

lH-mdol-2-yl]phenyl} -l-(phenylacetyl) pyrrolidine-2-carboxamide; 

(2S)-N-{4-[3 -fluoro- 5 -({[(2S)-1 -(phenylacetyl)pyrrolidm-2-yl]carbonyl} amino)-

1 H-indol-2-yl]phenyl} -1 -(phenylacetyl) pyrroIidine-2-carboxamide; 
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tert-butyl {(lS)-2-[(2S)-2-({4"[5-({[(2S)-l-{(2S)-2-[(tert-butoxycarbonyl)amino]-

2-phenylacety{}pyrrolidin-2-yl]carbonyl}amino)-3-fluoro-lH-indol-2-yl]phenyl}carbamoyl) 

pyrrolidin-l-yl]-2-oxo-l-phenylethyl}carbamate; 

tert-butyl {(lS)~2-[(2S)-2-({2-[4-(acetylammo)phenyl]-3-chloro~lH-indol~5~ 

5 yl} carbamoyl) pyrrolidin-1 -yl]-2-oxo-1 -phenylethyl} carbamate; 

(2S)-N-{4-[3~iodo-5-({[(2S)-l-(phenylacetyl)pyrrolidm-2-yl] carborvyl)ammo)-

lH-indol-2-yl] phenyl}-!-(phenylacetyl) pyrrolidine-2-carboxamide; 

tert-butyl {(lS)-2-[(2S)-2-({2-[4~({[(2S)-l-acetylpyrrolidin-2~ 

yI]carbonyl}amino)phenyl]-3-fluoro-lH-indol-5-yI}carbamoyl)pyrrolidin-l-yl]-2-oxo-l-

10 phenylethyljcarbamate; 
(2S)-l-{(2S>2-[(3,3-dimethylbutanoyl)ainino]-2-phenylacetyl}-N-{4-[5-({[(2S)-

1 -{(2S)-2-[(3,3-dimethylbutanoyl) amino]-2-pheny!acetyl} pyrro]idin-2-yl]carbonyl}amino)-3-

fluoro-lH-indol-2-yl]phenyl} pyrrolidine-2-carboxamide; 

tert-butyl {(lR)-2-[(2S)-2-({4-[5-({[(2S>l-{(2R)-2-[(tert-

15 butoxycarbonyl)amino3-2-phenylacetyl}pyrrolidin-2-yl]carbonyl}amino)-3-fluoro-lH-mdol-2-

yl]phenyl} carbamoyl) pyrrolidin-1 -yl]-2-oxo-1 -phenylethyljcarbamate; 

tert-butyl {(lR)-2-[(2S)-2"({2-[4-(acetylamino)phenyl]-3-fl"uoro-lH~indol-5-

yl} carbamoyl)pyrrolidin-1 -yl]-2-oxo-1 -phenylethyl} carbamate; 

tert-butyl {(lR)-2-[(2S)-2-({2~[4-({[(2S)-l-acetylpyrrolidin-2-

20 yl]carbonyl}ammo)phenyl]-3-fluoro-lH-mdol-5-yI}carbamoyl)pyrrolidm-l-yl]-2-oxo-l-

phenylethyl} carbamate; 
tert-butyl {(1 R)-2- [(2S)-2-( {3-fluoro-2-[4-(2~oxopyrrolidm~1 -yl)phenyl]-1H-

indol-5-yl}carbamoyl)pyrrolidin-l-yl)-2-oxo-l-phenylethyljcarbamate; 
N-{2-[4-(acetylammo)phenyl]~3-fluoro-lH-indol-5-yl}-l-[(2R)-2-phenyl-2-

25 (pyrrolidin-l-yl)acetyl]"L-prolinamide; 
N-(tert-butoxycarbonyl)-D-alanyl-N-{2~[4-(acetylammo)phenyl]-3-fluoro-IH-

indol-5-yi}-L-prolinamide; 
N- {2-[4-(acetyIamino)phenyl] -3 -fluoro-1 H-mdol-5-yl} -1 - [(2R)-2-

(dimethylamino)-2-phenylacetyl]-L~prolinamide; 

30 N-(tert-butoxycarbonyl)-D-leucy]-N-{2-[4-(acetylammo)phenyl]-3~fluoro-lH-

indol-5-yl}-L-prolmamide; 
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propan-2-yl [(lR)-2-{(2S)-2-[(4-{5-[({(2S)-l-[(2R)-2-(dimethylamino>2-

phenylacety l]pyrrolidin-2-yI} carbonyl)amino] -3 -fluoro-1 H-indo 1-2-y 1} phenyl)carbamoyl] 

pyrrolidin-l-yl} -2-oxo-1. -phenylethyljcarbamate); 

tert-butyl (2S)-2-[(3~fluoro-2-{4-[({(2S)-l-[(2R)-2-phenyl-2-{[(propan-2~ 

5 y!oxy)carbonyl] amino}acetyl]pyrrolidin-2-yl}carbonyl)amino]phenyl}-lH-mdol-5-

yl)carbamoyl] pyrrolidine-1 -carboxylate; 

propan-2-yl[(lR)-2-{(2S)-2-[(4-{3-bromo-5-[({(2S)-l-[(2R)-2-phenyl-2-

{[(propan-2-yIoxy)carbonyl]ammo}ace?yl] pyrroHdin-2-yI}carbonyl)amino]-l-benzofuran-2-

. yl}phenyl) carbamoyl] pyrrolidin-l-yl}-2-oxo-l-phenylethyl]carbamate; 
10 (2S)-N-(4-{3-bromo-5»[({(2S)~l-[(2R)-2-(dimethylammo)-2-

phenylacetyl]pyrrolidin-2-yl}carbonyl)ammo]-l~benzofuran-2-yl}phenyl)-l-[(2R)-2~ 

(dimethylamino)-2-phenylacetyI]pyrrolidine-2-carboxamide; 

methyl {(lR)-2-[(2S)-2-({4-[3-bromo-5-({[(2S)-l-{(2R)-2-

[(methoxy carbony l)amino]-2-phenylacetyl} pyrroKdm-2-yl]carbony}} amino)-1 -benzofuran-2-

15 yljphenyl} carbamoyl)pyrrolidin-1 -yl]-2-oxo-1 -phenylethyl} carbamate; 

methyl {(2S)-l-[(2S)-2-({4-[3-fInoro-5-({[(2S)-l-{(2S>2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]carbonyl}amino)-lH-indol-2-

yl] phenyl} carbamoyl)pyrrolidin-1 -yl]-3-methyl-1 -oxobutan-2-yl} carbamate; 
N-{2-[4-(acetylamino)phenyl]-3-bromo-l-benzofuran-5-yl}-l-[(2R)-2-

20 (dimethylamino)-2-phenylacetyl]-L-prolinamide; 

(2S)-N-(4-{3-bromo~5-[({(2S)~l~[(2R)"2-(diethylamino)-2-

phenylacetyl]pyrrolidin-2-yl} carbonyl)amino]-l-benzofuran-2-yl}phenyl)-l-[(2R)-2-

(diethylamino)-2-phenylacetyl] pyrrolidine-2-carboxamide; 

(2S)~1 -acetyl-N-(4- {3-bromo-5 - [({(2SV1 - [(2R)-2-(dimethylamino)-2-

25 phenylacetyl] pyrrolidin-2-yl} carbonyl)amino]-l-benzofuran-2-yl}phenyl) pyrrolidine-2-

carboxamide; 
tert-butyl {(lS)-2-[(2S)-2-({4"[3-bromo-5-({[(2S)-l-{(2S)-2-[(tert^ 

butoxycarbonyl)amino]-2-phenyIacetyl}pyrrolidin-2-yl]carbonyl}amino)-l-benzofiiran-2-

yljphenyl} carbarnoyljpyrrolidin-1 -yl]-2-oxo-1 -phenylethyl} carbamate); 

30 (2S)-N-{4-[3-bromo-5-({[(2S)-l-(phenylacetyl)pyiTolidin-2-yI] carbony!}amino)-

1 -benzofuran-2-yl]phenyl} -1 -(phenylacetyl) pyrrolidine-2-carboxamide; 
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tert-butyl {(lR)-2-[(2S)-2-({4-[3-bromo-5-({[(2S)-l.{(2R)-2-[Ctert-

butoxycarbonyl)amino]-2-pheny]acetyl}pyrrolidm-2-yl]carbonyl}amino)-l-benzofuran-2~ 

yljphenyl} carbamoyl)pyrrolidm-1-ylj-2-oxo-1 -phenylethyl}carbamate; 
(2S)-N-{4-[3-cyano-5-({[(2S)4~(phenylacetyI)pyrroKdm-2-yl]carbonyl}amino)-

5 lH-indol-2-yl]phenyl}-l-(phenylacetyl)pyrrolidine-2-carboxamide; 

(2S)-N-{4-[3-(2f2-dimethylpropaiioyl)-5-({[(2S)-l-(phenylacetyl)pyrroHdin-2-

yl]carbonyl}amino)-lH-indol-2-y!]phenyl}-l-(phenylacetyl)pyrrolidine-2-carboxarnide; 

5-({[(2S)-l"(phenylacetyl)pyrrolidin-2-yl]carbonyl}ammo)-2-[4-C{[(2S)~l~ 

(phenylacetyl)pyrrolidin-2-yl}carbonyl}amino)phenyl]-lH-indole-3-carboxamide; 

)0 tert-butyl {(lR)-2-[(2S)-2-({4-[5-({[(2S)-l-{(2R)-2-[(tert-

butoxycarbony])amino)-2-phenylacetyI}pyrrolidin-2-yl]carbonyl}ammo)-3- / 

(cyclopropylcarbamoyl)-l.H-indol~2-yl]phenyl}carbam.oyl)pyrrolidin-l-yl]-2-oxo-l-

phenylethyl} carbamate; 
tert-butyl {(lR)-2-[(2S)-2-({4.[5-({[(2S)-l-{(2R)-2-[(tert-butoxy-

15 carbonyI)ainino]-2-phenylacetyl}pyxToHdin-2"yl]carbonyl}ammo)-3-(4-methoxyphenyI)-lH-

indol-2-yl]phenyl} carbamoy l)pyrrolidin-1 -yl]-2-oxo-1 -phenylethyl} carbamate; 

(2S)-l-(phenyIacetyl)-N-{4-[3-phenyl-5-({[(2S)-l-(phenylacetyl)pym>lidm-2-

yl]carbonyl}amirio)-lH-mdol-2-yI]phenyl}pyrrolidine~2-carboxamide; 

(2S)-N- {4~[3 -ethyl-5-( {[(2S)~1 ~(phenylacetyl)pyrrolidin-2-yl]carbony 1} amino)-

20 lH-indoi-2-yi]phenyl}-l-(phenylacetyi) pyrrolldine-2-carboxainide; 

(2S)-N-{4-[3-acetyl~5-({[(2S)-l-(phenylacetyl)pyrrolidin-2-yl]carbonyl}ammo)-

lH~indol-2-yl]phenyl}-l-(phenylacetyl)pyrrolidine-2-carboxamide; 

(2S)-l-(phenylacetyl)-N-{4-[5-({[(2S)4-(phenylacetyl) pyrrolidin-2-

yl]carbonyi}ammo)-3-(phenylcarbonyI)-lH-mdol-2-yi]phenyl}pyrrolidine-2-carboxamide; 

25 (2S)4-(phenyIacetyl)-N-{2-[4~({[(2S)~l~(phenylacetyI) pyrrolidin-2-yljcarbonyl} 

amino)phenyl] -3 -(pyridi.n-4-y 3.)-1 H-indol-5 -yl} pyrrolidine-2-carboxamide; 

benzyl (2S}"2-[(4-{5-[{{(2S)-l-[(benzy3oxy)carbonyl]pyrrolIdin-2-

yl}carbonyl)amino]-3-phenyl-lH-indol-2-yl}phenyl) carbamoyl]pyrrolidine~l-carboxylate; 

(2S)-N-{4-[3-cyano-5-({[(2S)-l-(phenylacetyl)pyrrolidin-2-yl]carbonyl}ammo)-

30 lH-indol-2-y!]phenyl}-l -(phenylacetyl) pyrrolidine-2-carboxamide; 

(2S)-N-{4-[3-cyclopropyl-5-({[(2S)-I-(phenylacetyl) pyrrolidine 

yl]carbonyi}ammo)4H-indoI-2-yl]phenyl}-l-(phenylacetyl)pyrroiidine-2-carboxamide; 
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benzyl (2S)~2-[(4~{5~[({(2S)-l-[(benzyloxy)carbonyI]pyrrolidin-2-

yl}caxbonyl)amino]-3~(3"methoxyphenyl)-lH-indol-2-yl}phenyI)carbamoyl]pyrrolidine-l-

carboxylate; 

tert-butyl {(lR)-2-[(2S)-2-({4-[5-({[(2S)-l-{(2R)-2-[(tert-

butoxycarbonyI)amino]-2-phenylacctyl}pyrroHdin-2-yl]carbonyl}ammo)-3-(3-mcfthylphenyl)-

I H-indol-2~yl]pheny3} carbamoyl)pyrroHdiTi-1 -yl]-2-oxo-1 -phenylethyl} carbamate; 

tert-butyl {(lR)-2-[(2S)-2-({4-[5-({[(2S)-l-{(2R)-2-[Ctert-
butoxycarbony l)amino]-2~phenylacetyl} pyrrolidm-2-yl]carhonyl} amino)-3 -(2-methylphenyl)-

1 H~indol~2~yl]phenyl }carbamoyl)pyrrolidm-1 -yl] -2-oxo-1 -phenylethyl} carbamate; 

tert-butyl {(lR)-2-[(2S)-2-({2~[4-({ [(2S)-1 - {(2R)-2-[(tert-

butoxycarbonyl)amino]-2-phenylacetyl}pyrrolidm-2-yI]carbonyl}amino)phenyl]-3-(pyridin-4-

yl)-lH-kdol-5-yl}carbamoyl)pyrrolidm-l-yl]-2~oxo4-phenylethyljcarbamate; 
tert-butyl {(lR)-2-[(2S>2-({4-[5-({[(2S)-l-{(2R)-2-[(tert-

butoxycarbonyl)amino]-2-pheiiylacetyl}pyrrolidii>2-yl]carbonyl}amino)-3-cyano-lH-indol-2-

yljphenyl} carbamoyl) pyrrolidin-1 -yl] -2-oxo-1 -phenylethy 1} carbamate; 
(2S)-N-(4-{3-cyano-5-[({(2S)-l-[(2R)-2-(dimethylamino)-2-

pheny lacetyl]pyrrolidin-2-yl} carbony 3)aniino]-1 H-indol-2-yl }phenyl)-1 -[(2R)-2-

(dimethylammo)-2-phenylacetyl] pyrrolidine-2-carboxamide; 

tert-butyl {(lR)-2-[(2S)-2-({2-[4-(acelylamino)pheny3]-3-cyano-lH-indol-5-

yl} carbamoyl)pyrrolidin-1 -yl]-2-oxo-1 -phenylethyl} carbamate; 

tert-butyl {(!R)-2-[(2S)-2-({4-[5-({[(2S)-I-{(2R)-2-[(tert-

butoxycarbonyl)amino]"2-phenylacetyl}pyrrolidm-2-yl]carbonyl}amino)-3-

(dimethylcarbamoy 1) -1 H-indol-2-yl]pheny 1} carbamoyl) pyrrolidin-1 -yl] -2-oxo-l -

phenylethyl} carbamate; 
methyl 5-({[(2S)-l-{(2R)-2-[(tert-butoxycarbonyl)ammo3-2-

phenylacetyi}pyrroHdm-2-yi]carbonyl}ammo)-2~[4-({[(2S)-l-{(2R.)-2-[(tert-

butoxycarbony l)amino] -2-phenylacetyl} py rrolidin-2-yl] carbony 1} amino)phenyl] -1 H-indole-3 -

carboxylate; 
5-( {[(2S)~ 1 - {(2R)-2-[(tert-butoxycarbonyl)amino]-2-phenylacetyl} pyrrolidin-2-

yl]carbonyl} amino)-2-[4-({ [(2S)- l-{(2R)-2-[(tert-butoxycarbonyl) amino]-2-phenylacetyl} 

pyrrolidin-2-yl]carbonyl} amino) phenyl]-lH-indole-3-carboxylicacid; 
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tert-butyl {(lR)~2-[(2SV2-({2-[3-(acetylamirio)prop-l-yn-I-yl]-lH-mdol~5-

yl} carbamoyl)pyrrolidin-1 -yl]-2-oxo-1 -phenylethyl} carbamate; 

N-{4-[5-(furan-3-yl)-lH-indol-2-yl]phenyl}-l-(phenylacetyl)-L- prolinamide; 

N~(4-{5-[6-(dimethylamino)-4-methylpyridin-3-yl]-lH-indol-2-yl}phenyl)-l-

5 (phenylacetyl)-L-prolmamide; 

N~{4-[5-(l-be«zothiophen-3-yl)-lH-indoJ-2-yl3phenyl}-l-(pheny3acetyl)-L-

prolinamide; 
N-{4-[5-(l-benzyl-lH-pyrazol-4-yl)-lH-indol-2-yl]phenyl}-l-(phenylacetyl)-L-

prolinamide; 

10 N-{4-[5-(2.3~dihydro-l,4-benzodioxiB-6~yl)-lH-indol-2-yl]phenyl}-l-

(phenylacetyl)-L-prolinamide; 

l-(phenylacetyl)-N-{4~[5-(qumolin-8-yl)-lH-indol-2-yl]phenyl}-L-prolinamide; 

1 -(pheny lacetyl)-N- {4- [5 -(thiophen-3-yl)-1 H-indol-2-yl]phenyl} -L-prolinamide; 

tert-butyl {(1 S)-2-[(2S)-2-{[4-(5-cyano-1 H-mdol-2~yl)phenyl] 

15 carbamoyl} pyrrolidin-l-yl] -2-oxo-1 -pheny lethyl} carbamate; 
propan-2-yl [(lR)-2-oxo-l-phenyi-2-{(2S)-2-[4-(2-{4-[({(2S)-l-[(2R)-2-phenyl-

2-{[(propan-2-yloxy)carbonyl] ammo}acetyl]pyrrolidin-2~yl}carbonyl)ammo]phenyl}-lH-mdol-

5-yl)-1 H-imidazol-2-yl] pyrrolidin-1 -yl} ethyl]carbamate; 

propan-2-y! {{lR)-2-[(2S)-2-(5-{2-[4-(acetylammo)phenyl]-lH-mdol-5-yl}-l!3J4-

20 oxadiazoI-2-yl)pyrrolidm-1 -yl]-2-oxo-1 -phenylethyl) carbamate; 

N-{4-[5-(5-{(2S)-l-{(2R)-2-(dietljylamino)-2-phenylacetyl]pyrrolidin-2-yl}-

l,3s4-oxadiazol-2-yl)-lH-indol-2-yl]phenyl}acetamide; 

methyl [(2S)-l-{(2S)^2-[5-(10-{2-[(2S)-l-{(2S)-2-[(methoxycarbonyl)amino]-3-

methylbutanoyl}pyrrolidin-2-yl]-lH-imida2ol-5-yl}mdolo[l,2-c] [1,3]benzoxazin-3-y 1)~1H-

25 imidazol-2-yljpyrrolidin-1 -y I} -3 -methyl-1 -oxobutan-2-yl]carbamate; 
methyl [(2S)-l-{(2S)-2-[5-(12-fluoro-10-{2-[(2S)-3-{(2S)-2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyiro]idin-2-yl]-lH-imidazol-5-y]}indolo[l,2-c] 

[ 1,3]benzoxazin-3 -yl)-1 H-imidazol-2-yl ]pyrrolidin-1 -yl} -3-methyl-1 -oxobutan-2-yl]carbamate; 

(2S)-l-[(2R)~2-(dimethylamino)~2-phenylacetyl]-N-(2-{5-[({(2S)~l-[(2R)-2-

30 (dimethylammo)-2-phenylacetyl]pyrrolidin-2-yl}carbonyl)amino]-l53-benzoxazol-2-yl}-lH-

indol-5-yl)pyrrolidine-2-carboxamide; 
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l-[(2R)-2-(diethylainino)-2-pheny]acetyl]-N-{2-[4-(5-{(2S)-l-[(2R)-2-

(diethylamino)-2-phenylacetyl]pyrroIidin-2-yl}-l,3,4-oxadiazol-2-y})phenyl]-lH-indol"5-yr}-L-

prolinamide; 
methyl {(2S)-l-[(2S)-2-{5-[4-(5-{2-[(2S)-l-{(2S)-2-[(methoxy- caibonyl)ammo]-

5 3-methylbutanoyl}pyrrolidin-2-yl]-lH-imidazol-5-yl}-l-benzofuran-2-yl)pheny]'|-lH-imidazol-

2-yi}pyrrolidra-1 -yl]-3-methyl- l-oxobutan-2-yl } carbamate; 
(2R)~2-(diethylammo)~l-[(2S)-2-(5-{4-[5-(2-{(2S)-l-[(2R)-2-(diethylamino)-2-

phenylacetyl] pyrrolidin-2-yl}-lH-imidazol-5-yl)-l-benzofLiran-2~y}]pIienyl}-lH-imidazol-2-

y!)pyrrolidm-1 -yl]-2~phenylethanone; 
10 methyl {(lS)-l-cyclopropyl-2-[(2S)-2-{5-[4-(5-{24(2S)~l-{(2S)-2-cyclopropyI-

2-[(methoxycaibonyl)amino]acetyl}pyrrolidin-2-ylJ-lH-imidazol-5-yl}-l-benzofuran-2-

yl)phenyl]~1 H-imidazo J-2-yl } pyrrolidin-1 -yl] -2-oxoethyl} carbamate; 

methyl {(lR)-l-cyclopropyl-2-[(2S>2-{5-[4-(5-{2-[(2S)-l-{(2R)-2-cycIopropyl-

2-[(meth.oxycarbonyl)ammo]acetyl}pyrrolidm~2-yl]-lH-imidazol-5-yl}-l-benzofuran-2-

15 yl)phenyl]-lH-imidazol~2-yl}pyrrolidm~l-yl]-2-oxoethyl}carbamate; 
methyl {(2R)-l-[(2S>2-{5-[2-(4-{2-[(2S)-l-{(2R)-2-[(methoxycaAonyl)ammo]-

3-methylbutanoyl} pyrrolidin-2-yl]-1 H-imidazol-5-y 1}phenyl)-1 -benzofuran-5-yl]-1 H-imidazol-

2-yl Jpyrr olidin-1 -yl]-3 •-methyl-1 -oxobutan-2-yl} carbamate; 

methyl {(2S)-l-[(2S)-2-{5-[4-(5-{2-[(2S)-l-{(2S)-2-[(methoxycarbonyl)amino]-

20 3,3-dimethylbutanoyl} pyrrolidin-2-yl]~lH-imidazol-5-yl}-l-benzofuran-2-yl)phenyl]-lH-

iinidazol-2-yl}pyrrolidm-l-yl}-3}3-dimethyl-l-oxobutan-2-yl}carbamate; 
methyl {(IR>2-[(2S)-2-{5-[4-(5-{2-[(2S)-l-{(2R)-2-[(methoxycarbonyl)amino]-

2-phenylacetyl }pyrrolidin-2-yl]-1 H-imidazol-4-yl} -1 -benzofuran-2-yl)phenyl] -1 H-imidazol-2-

yl}pyrrolidin-l-yl]-2-oxo4-phenylethyljcarbamate; 

25 methyl {(2S,3R>1 •-[(2S)-2-(5- {2-[4-(2- {(2S)-1 -[N-(methoxycarbonyl)-L-

alloisoleucyl]pyrrolidin-2-yl} -1 H-imidazol-5-yl)phenyFj-1 -benzofuran-5 -yl} -1 H-im idazol-2-

yl)pyrroKdin-l-yl)-3-methyl-l-oxopentan-2-yl}carbamate; 
methyl {(2S)-3-hydroxy-l-[(2S>2-{5-[4-(5-{2-[(2S)-l-{(2S)-3-hydioxy-2-

[(methoxycarbonyi) amino]propanoyl}pyrrolidin-2-yl]-lH-imidazol-5-yl}-l-benzofuran-2-

30 yl)phenyl]-1 H-imidazoI-2-yl} pyrrolidin-1 -yl]-1 -oxopropan-2-yl} carbamate; 
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methyl {(2S>3R)-3-hydroxy-l-[(2S)-2-{5-[4-(5-{2-[(2S)-l-{(2Sl3R.>-3-hydioxy-2-

[(methoxycarbonyl)amino]butaiioyl}pyrroIidin-2-yl]-lH-imidazol-5-yl} -1 -benzofuran-2-

yl)phenyl]-l H4midazol-2~yl}pyrrolidin-1 -yl] -1 -oxobutan-2-vl} carbamate; 
methyl {(2S)4-[(2S)"2-{S-[4-(5-{2~[(2S)~l^(2S}-2-[(methoxycarboiiyl)aiitmo]-

5 4-methylpeiitanoyl} pyrrolidin-2-yl]-1 H-imidazol-5-yl}-1 -benzofuran-2-y])phenyl]-1H-

jmjdazol-2»yl}pyrrolidin'-l-yl]-4-methyl-T-oxopenta}>2-yl}carbamate; 

methyl {(2S>l-[(2S)-2-{5-[3-fluoro-4-(5-{2-((2S)-l-{(2S>2-

[(methoxycarbonyl)ammo3-3-methylbutanoy]}pyrrolidm~2-yl]-lH-imidazo3-5-yl}-l-benzofuran-

2-yl)phenyl]-lH-imidazol-2-yl}pyrrolidin-l-yl]-3-methyl-l-oxobutan-2-yl} carbamate; 

10 methyl {(lR)-2-[(2S)-2-{5-[3-fluoro-4-(5-{2-[(2S)-l-{(2R)-2-

[(methoxycarbonyl)amino] -2-phenylacetyl} pyrrolidin-2-yl] -1 H-imidazol-5-y 1} -1 -benzoforan-2-

yl)phenyI]-lH-imidazol-2-yl}pyrrolidin-l-yl]-2-oxo-l-phenylethyl}carbamate; 

methyl {(2S)-l-[(2S)-2-{5-[3-fluoro-4-(5-{2-[(2S)-l-{(2S)-2-

[(methoxycarbonyi)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-lH-imidazol-5-yl}-l-benzofLiran-

15 2-yl)phenyl]-lH-imidazol-2-yl}pyrrolidin-l-yi]-3-methyl-l-oxobutan-2-yl}carbamate; 
methyl {(2S)-I-[(2S)-2^{5-[2~(2s6~dmuoro~4-{2-[(2S)-l-{(2S)-2-

[(methoxycarbonyl) ammo]-3-methylbutanoyl}pyrrolidin-2-yl]4H-imidazol-5-yl Jphenyl)-1-

benzofuran-5-yl]-lH-imidazol-2-yl}p>Trolidin~l-yl]-3-methyl-l-oxobutan-2-yl}carbamate; 

methyl ((lR)-2-[(2S)-2-{5-[3-methoxy-4-(5-{2-[{2S)-l-{(2R)-2-

20 [(methoxycarbonyl) amino] -2-phenylacetyl} pyrrolidin-2-yl] -1 H-imidazol-5-yI) -1 -benzofuran-2-

yl)phenyl]-1 H-imidazol-2-yl }pyrrolidin-1-yl]-2-oxo-1-phenylethy] }carbamate; 

methyl {(2S)-l-[(2S)-2-{5-[2-(2-chloro-4-{2-[(2S)-l-{(2S)-2-

[(methoxycarbonyI)amino]-3-methylbutanoyl}pyrrolidm-2-yl]-lH-imidazol-4-yl}phenyl)-l-

benzoftiran-5-yl]-lH-imidazol~2-yl}pyrro]idin-l-yl]-3-methyl-l-oxobutar)-2-yl}carbamate; 

25 methyl {(lR)-2-[(2S)-2-{4-[3-cyano-4-(5-{2-[(2S)-l-{(2R)~2-

[(methoxycarbonyl)amino] -2-phenylacetyl} pyrrol idin-2-yl] -1 H-imidazol- 5 -y 1} -1 -benzohiran-2-

yl)phenyl]-lH-imidazol-2-yl}pyrrolidin-l-yl]-2-oxo-l-phenylethyl}carbamate; 

methyl {(2S)-l-[(2S>2-{5-[2-(4-{2-[(2S)-l-{(2S)-2-[(methoxycarbonyl)amino]-

3-methylbutanoyl}pyrrolidin-2-yl]-lH-imidazoI-4-yl}-2-methylpheny])-l-benzofaran-5-yl]-l.H-

30 hnidazol-2-yl}pyrroHdin-l-yl]-3-methyl-l-oxobutan-2-yI}carbamate; 

methyl [(1 S)-2-[(2S)-2-(5-{3-fiuoro-4-[5-(2-{(2S)-l-[(2S)-2-

[(methoxycarbonyl)amino]-2-(tetiahydro-2H-pyran-4-yl)acetyl]pyrrolidm-2-yl}-lH~imidazol-5-
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yl)-3-beiizo:faran~2-yl]phenyl}-lH4midazol~2~yl)pyrroIidm-l-yl]-2-oxo-l-(tetrahydro-2H-pyran-
4-yl)ethyl]carbamate; 

methyl {(2S)-l-t(2S)-2-{4-[3-fluoro-4-(5-{2-[(2S)-l-{(2R)-2-

[(methoxycarbonyl)ammo]-2-pheny lacetyl }pyrroli din-2-yl] -1 H-imidazol-5 -yl}-1 -benzofuran-2-

5 yl)phenyl]4H-imidazol-2-yl}pyrrolidin-l-yl]-3-methy]-l-oxobutan-2-yl}carbamate; 

methyl {(lR)-2-[(2S)-2-{5-[4-(5-{2-[(2S)-l-{(2R>2 [(methoxy-

carbonyl)amino]-2~phenylacetyl}pyrrolidin-2-yl]-lH-imidazol-5-yl}4>3-benzoxazol-2-

yl)pheriyl]-lH-imidazol-2-yl}pyrrolidin-l~yl]-2~oxo-l~phenylethyl}carbamate; 

methyl {(2S)-l-[(2S)-2-{5-[2-(4-{2-[(2S)-l-{(2S)-2-[(methox.ycarbonyl) amino]-

10 3-methylbutanoyl} pyrrolidin-2-yl]-]H-imidazol-5-yl}phenyl)-ls3-benzoxazol-5-yl]-lH-

hmdazol-2-yl}pyrroIidin-1 -y!]-3-methyl-1 -oxobutan-2-y 1} carbamate; 

methyl {(lR)-l-cyclopropyl-2-[(2S)-2-{5-[4-(5-{2-[(2S)-l-{(2R)-2-cyclopropyl-

2-[(methoxycarbonyl)ammojacetyl} pyrrolidin-2-yl]-lH-imidazol-5-yl}-l,3-henzoxazol-2-

yl)phenyl]-lH-imidazol-2~yl}pyrrolidm-l-yl]-2-oxoethyl}carbamate; 
15 dimethyl (indolo[l ,2-c][l 3]benzoxazine-3.10~diylbis{IH-imidazole-5,2-

diy l(2S)pyrrolidine~2,1 -diy 1[( 1 R)-2-oxo-1 -phenylethane-2,1 -diyl]} )biscarbamate; 

methyl [(2S)-l-{(2S>2-[5-(ll-{2-[(2S)-l-{(2S)-2-[(metlioxycarbonyl) ammo]-3-

methyIbutanoyI}pyrrolidm-2*yl]-!H-imidazol-5-yl}-6)7-dihydroindolo[3,2-d][l,4] 

benzoxazepm-3-yl)-lH-imidazol-2~yl]pyrrolidm-l-yl}-3-methyl-l-oxobutan-2-yl]carbamate; 

20 methyl [(2S)-l-{(2S)~2-[5~(3-{2-[(2S>l"{(2S)-2-[(methoxycarbonyl)amino]-3-

methylbutanoyl}pyrrolidin-2-yl]-1 H-imidazol-5-y 1} -6,6-dimethylindolo[ 1,2-c] [1,3] benzoxazin-
10-yl)-1 H-imidazol-2-yl]pyrrolidin-1 -yl) -3 -methyl-1 -oxobutan-2-yl]carbamate; 

methyl [(2S)-l-{(2S)-2-[5-(12-fluoio-10-{2-[(2S)-l-{(2S>2-

[(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidm-2-yl]-lH-imidazo!-5-yl}-6-

25 methylindolo[l52-c][l,3]benzoxazin-3-yl)-lH-imidazol-2-yl]pyrrolidin-l-yl}-3-methyl-l-

oxobutan-2-yl]carbamate; 

methyl [(2S)-l-{(2S)-2~[5~(3-{2~[(23)-l-{(2S)-2-[(methoxycarbonyI) amino]-3-

methylbutanoyl }pyrrolidin-2-yI] -1 H-imidazol-5-yl} indolo [1,2-c]qumazolm-10-yl)-1 H-imidazol-

2-yl]pyxrolidm4-yl}-3-methyl-l-oxobutan-2-yl]carbamate; 

30 methyl [(2S)-l-{(2S)-2-[5-(12-{2-[(2S)-l-{(2S)~2~[(methoxycarbonyl) aminoj-3-

methylbutanoyl}pyrrolidin-2-yl]-lH-imidazol-5-yl}-7,8-dihydro-6H-indolo[I,2-
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e] [ I f 5]benzoxazocin-3-yl)-1 H-imidazol-2-y ljpyiroHdin-1 -yl} -3-methyl-1 -oxobutan-2-

yl]carbamatcj; 

methyl [(2S)-l-{(2S>245-(3-{2-[(2S)-l-{(2S)-2-[(methoxycarbonyl) amino]-3-

methylbutanoyl} pyrrolidin-2-yl3-l H-imidazol-5-yl} -6-oxo~5,6-dihydroindolo[l ,2-c] quinazolin-

5 10-yl)-lH~irmdazol-2-yl]pyrrolidm-l-yl}-3-methyl-l-oxobutan-2-yl]carbamate; 

methyl [(2S)-I-{(2S)-2-[5-(10-{2-[(2S)-l-{(2S)-2-[(methoxycaibonyl) amino]-3-

methylbutanoyl}pyrrolidin-2-yl]-lH-imidazol-5-yl}-6-phenylindolo[l52-c][l,3]benzoxazin-3-

yl)- 1 H-imidazol-2-y l]pyrrolidm~ 1 -yl) -3 -methyl-1 -oxobutan~2~yl jcarbamate; 

methyl [(2S)-l-{(2S)-2-[5-(3-{2-[(2S)-l-{(2S)-2-[(methoxycarbonyl) amino]-3-

10 methylbutanoyl}pyrroIidm~2-yl]-lH4midazol~5~yl}-6-methylindolo[L2-c]qumazoHn-10-yl)-lH-

imidazol-2-yi]pyrroHdin-1 -yl} -3 -methyl-1 -oxobutan-2-yl]carbamate; 
methyl [(2S)-l-{(2S)-2-[5-{10-{2-[(2S)~l-{(2S)-2-[(methoxycarbonyi) amino]-3-

methylbutanoyl }pyrrolidin-2-yl]-1 H-imidazol-5-yl} spiro [cyclohexane-1,6'-indolo[ 1,2-

c][l,3]benzoxazin]-3'-yl)-lH-imidazoi-2-yl3pyrrolidm-l-yl}-3-methyl-l-oxob\Jtaii-2-

15 yljcarbamate; 
methyl [(2S)-l-{(2S>2-[5-(l,12-difluoro-10-{2-[(2S)-l-{(2S)-2-

[(methoxycarbonyl)amino]-3-iTi.etliy]butanoyl}pyrrolidin-2-yl]-lH-imidazol-5-yi}indo]o[l;2-

c] [ 1 ,3]benzoxazin-3-yl)-1 H-imidazol-2-yl]pyrro!idin-1 -yl} -3 -methyl-1 -oxobutan-2-

yF|carbamate; 

20 methyl [(2S)-l-{(2S)-2-[5-(12-cyano-10-{2-[(2S)-l-{(2S)-2-

[(methoxycarbonyl)ammo]-3-methyIbutanoyl}pyrrolidin-2-yl]-lH-imidazol-5-yl}indolo[l,2-

c] [ 1,3)benzoxaziii-3 -yl)-l H-imidazol-2-yl]pyrrolidm-1 -yl} -3 -methyl-1 -oxobutan-2-

yl]carbamate; and 
pharmaceutically acceptable salts thereof. 

25 
32. A compound according to claim 1 or claim 27 chosen from the group 

consisting of: 
methyl {(2S)~ 1 -[(2S)-2-{5-[4-(5- {2-[(25)~ 1 - {(25)-2-[{methoxy- carbonyl)axnmo] -

3-methylbutanoyr}pyiTolidin-2~yl]-l/^~imidazol~5"yl}-l-benzoforan-2-yl)phenyl]"l//-imidazol-

30 2-yl} pyrrolidin-1 -yl]-3 -methyl-1 -oxobutan-2-yl} carbamate; 
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methyl {(2i?)-1 -[(25)-2-{5-[2-(4-{2-[(2,S)-l-{(2i?)"2-[(methoxycarbonyl)amino]~ 

3-methylbutanoyl} pyrroMin-2-yl}-l.£/-imidazol-5-yl}phenyI)-l-benzofuran-5-yl3-l#-imidazol-

2-yl} pyrrolidin-1 -yl] -3 -methyl-1 -oxobutan-2-yl} carbamate; 
methyl {(25)-l-[(25)-2-{5-[4-(5-{2-[(21S)-l-{(2S)-2~[(methoxycarbonyl)amino]-4-

5 methylpentanoyl} pyrrolidin-2-yl]-l//-imidazol-5-yl}-l-ben2ofuran-2-yl)phenyl]-l/f-imidazol-

2-yI} pyrrolidin-1 -yl] -4-methyl-1 -oxopentan-2-yl} carbamate; 

methyl {(2S}-l-[(25)-2-{5-[3-fluoro-4-(5-{2~[(2JS)-l-{(25)-2-

[(methoxycarbonyl)ammo]-3-methylbutanoyl}pyrrolidin-2-yl]-l#-imidazol-5-yl}-l-benzofuran-

2-yl)phenyI]-lffimidazol-2-yl}pyrrolidin~l-yl)-3~methyl-l-oxobutan-2-yl} carbamate; 
10 methyl {(2S)-l-[(2S)-2-{5.[3-fl«oro-4-(5-{2-[(aS)-l-{(aS)-2-

[(me1&oxycarbonyi)amino]-3 -methylbutanoyl} pyrxolidin-2-yl3- lffimidazol-5-yl} ~ 1 -benzofuran-

2-yl)phenyl] - Iif-imidazol-2-yl }pyrrolidin-1 -yl]-3-methyl-1 -oxobutan-2-yl} carbamate; 
methyl {(25)-l-[(2S)-2-{5-[2-(2!6-difluoro-4-{2-[(2S)-l-{(25)-2-

[(methoxycarbonyl) ammo]-3-methylbutanoyi}pyrrolidin-2-yl]-l//-imida2ol-5-yl}phenyl)-l-

15 benzofiiran-5~yl}~l^imidazol-2-yl}pyrrolidm-l-yl3-3-methyl-l-oxobutan-2-yl}carbamate; 

methyl {(25)-l-[(2S)-2-{5-[2-(2-chloro-4-{2-[(25)-l-{(25)-2-

[(methoxycarbony l)amino] -3 -methylbutanoyl} pyrrolidin-2-yl3~ liif-imidazol-4-yl} phenyl)-1 -

benzofuran-5-yl]-l//-imidazol-2-yl}pyrrolidm-l-yl]-3-methyM-oxobutan-2-yl}carbamate; 

methyl {(li?)~2-[(2,Sr}-2-{4-[3-cyano-4-(5-{2-[(ZS)-l-{(2i?)-2-

20 [(methoxycarbonyl)amino]-2-phenylacetyl}pyrrolidin-2-yl]-li/-imidazol-5-yI}-l-benzofuran-2-

yl)phenyl]-l/f-imidazol-2-yl}pyrroIidm-l-yl]-2-oxo-l-pheaylethyl}carbamate; 
methyl {(2^1-[(2S)-2-{5-[2-(4-{2-[(2S)-l-{(25)-2-[(methoxycarbonyl)ammo]-3-

methylbutanoyl}pyrrolidin-2-yl]-l#-imidazol-4-yl}-2-methylphenyl)-l-benzofuran-5-yl]-li-I-

imidazo!-2-yl}pyrrolidin-1 -yl]-3 -methyl-1 -oxobutan-2-yl} carbamate; and 

25 pharmaceutically acceptable salts thereof. 

33. A compound according to claim 1 or claim 11, chosen from the group 

consisting of: 
methyl [(25)-l-{(25)-2-[5-(12-fiuoro-10-{2-[(2iS,)-l-{(25)-2-

30 [(methoxycarbonyl)ammo]-3-methylbutanoyl}pyrrolidm~2-yl]-l#-irmdazoI-5-yl}indolo[l,2-c] 

[l,3]benzoxazin~3-yi)-l#-imidazol-2-yl]pyrrohdin-l-yl}-3~methyI-l-oxobutan-2-yl]carbamate; 
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methyl [(2S)-l-{(25)-2-[5-(3-{2-[(25)-l-{(ZS)-2-[(methoxycarbonyI) aminoj-3-

methylhutanoyl}pyrrolidm-2-yl]-l//-imidazol-5-yl}-6s6-dimethylindolo[l;2-c][1.3] henzoxazin-

10-yl)-1 //-imidazol-2-yl]pyrrolidin-1 -yl} -3-methyl-1 -oxobutan-2-yl]carbamate; 

methyl [(ZS)-l-{(2S)-2-[5-(12-fluoro-10-{2-[(25)-l-{(2lS)-2-

5 [(methoxycarbonyl)am!no]-3-methylbutanoyl}pyrco]}din~2-yl]-] H~imidazo]-5-yl}~6-

methylindolo [1,2-c] [ 1,3]benzoxazin-3~yl)-1 //-imidazol-2-yl]pyrrolidin-1 -y 1} -3 -methyl-1 -

oxobutan-2-y 1) carbamate; 
methyl [(2S)-l-{(2S)-2-[5-(10-{2-[(25)-l-{(25)-2-[(metlioxycaxbonyl) amino]-3-

methylbutanoyl}pyrrolidm-2-yl]-li:f-imida2:ol-5-yl}-6-phenylmdala[l?2-c][l,3]benzoxazin-3-

10 yl)-1 //-imidazol-2-yl]pyrrolidin-1 -yl} -3 -methyl-1 -oxobutan-2-yl]carbamate; 

methyl [(2S)-l-{C25)-2-{5-(10,-{2-[(2JS}-l-{(2S)-2-[(methoxycarbonyl) amino}-3-

methylbutanoyl}pyrrolidm-2-yl]-lH-imidazol-5-yl} spiro [cyclohexane-1.6'-indolo[l ,2-

c] [ 1,3]benz.oxazin]-3 -yl)-1 iV-imidazol-2-yl]pyrrolidin-l -y 1} -3 -methyl-1 -oxobutan-2-

yljcarbamate; 

15 methyl [(2£)4-{(2S)-2-[5-(l J2-difluoro~10~{2-[(25)-•l-{(2£)-2~ 

[(methoxycarbonyl)ammo]-3-methylbutanoyl}py^-alidm-2-y]]-l#-imidazol-5-yl}indolo[l,2-

c] [ 1,3]benzoxazin-3-yl)-1 /f-imidazol-2-yl]pyrrolidin-l -yl}-3-methyl- l-oxobutan-2-

yljcarbamate; 

methyl [(25)-l-{(25>2-[5-(12-cyano-10-{2-[(25).l-{(2S)-2-

20 [(methoxycarbonyl)amino]-3-methylbutanoyl}pyrrolidin-2-yl]-liif-imidazol-5-yl}mdolo[l,2-

c3[l,3]benzoxazin-3-yl)-li/-iinidazol-2-yl]pyrrolidin-l-yl}-3-methyl-l-oxobutan-2-

yljcarbamate; and 
pharmaceutically acceptable salts thereof. 

25 34. A phannaceutical composition comprising an effective amount of the 

compound according to any one of claims 1 -33, and a pharmaceutically acceptable carrier. 

35, The pharmaceutical composition according to claim 34, further 

comprising a second therapeutic agent selected from the group consisting of HCV antiviral 

30 agents, immunomodulators, and anti-infective agents. 
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36. The phannaceutical composition according to claim 34, further 

comprising a second therapeutic agent selected from the group consisting of HCV protease 

inhibitors and HCV NS5B polymerase inhibitors. 

5 37. A use of the compound according to any one of claims 1-33 in the 

preparation of a medicament for preventing and/or treating infection by HCV in a subject in need 

thereof. 

38, A method of treating a patient infected with HCV comprising the step of 

10 administering an amount of the compound according to any one of claims 1 -33 effective to 

prevent and/or treat infection by HCV in a subject in need thereof. 

39. A method of treating a patient infected with HCV comprising the step of 

administering an amount ofthe compound according to any one of claims 1-33 effective to 

15 inhibit HCV viral replication and/or viral production. 
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