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TITLE OF THE APPLICATION
INHIBITORS OF HEPATITIS C VIRUS REPLICATION

FIELD OF THE INVENTION

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 NS3A non-structural protein, and methods

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
individuals. Current treatments for HCV infection include innmumotherapy with recombinant
interferon-o alone or in combination with the nucleoside-analog ribavirin.

Several virally-encoded enzymes are putative targets for therapeutic intervention,
including a metalloprotease (NS2-3), a serine protease (NS3, amino acid residues 1-180), a
helicase (NS3, full length), an NS3 protease cofactor (NS4A), a membrane protein (NS4B), a
zinc metalloprotein (NS5A) and an RNA-dependent RNA. polymerase (NS5B).

One identified target for therapeutic intervention is HCV NSS5A 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 NS54, 284 ViroLOGY 1-12
(2001); and in Kyu-Jin Park ef al., Hepatitis C Virus NSS4 Protein Modulates c-Jun N-terminal
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 NS5A 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
NS3A can lead to reduced viral RNA replication.

NS3A 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 NSS5A 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
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 I1
are essential for RNA replication, many portions of domain I and all of domain III are
dispensable. Timothy L. Tellinghuisen et al., Identification of Residues Required for RNA
Replication in Domains I and IIf of the Hepatitis C Virus NS54 Protein, J. VIROLOGY 1073
(2008). Mutations constructed within domain III result in virus that can mintéin 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 ef
al., Regulation of Hepatitis C Virion Production via Phosphorylation of the NS54 Protein, 4(3)
PLOS PATHOGENS e1000032 (2008); Nicole Appel et al., Mutational Analysis of Hepatitis C
Virus Nonstructural Protein 54: Potential Role of Differential Phosphorylation in RNA
Replication and ldentification of a Genetically Flexible Domain, 79(5) J. VIROLOGY 3187
(2005). NS5A, unlike the other non-structural proteins, can be trans-complemented, consistent
with functions outside of the viral replicase. The interaction of NSSA with numerous host-
signaling pathways has been described (Michael J. Gale Jr. et ol., Evidence That Hepatitis C
Virus Resistance to Interferon Is Mediated through Repression of the PKR Protein Kinase by the
Nonstructural 54 Protein, 230 VIROLOGY 217 (1997);, Andrew Macdonald & Mark Harris,
Hepatitis C virus NSSA: tales of a promiscuous protein, 85 J. GEN. VIROLOGY 2485 (2004).),
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 freatment
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

The present disclosure relates to novel compounds of formula (I) and/or
pharmaceutically acceptable salts, hydrates, solvates, prodrugs or isomers thereof. These
compounds are useful, either as compounds or their pharmaceutically acceptable salts (when
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
HCYV 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
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):

®RYH, RY,
G-E—-DD—E—-G .

and/or a pharmaceutically acceptable salt thereof, wherein:

@ 1s 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 Rl,

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

“halogen, -OR*, -CN, -(CH»).sC(O)R?, -CO,R™, -C(O)N(R*),, -SR*, -S(O)R™, -S(0,)R™,

~(CH2)6-eN(R*™),, -N(R*™)SO,R*, -N(R*)CO,R*™, -N(R**)C(O)R?, -N(R**)COR™,
NR*™C(O)NR™), Cyalkyl, Cs.gcarbocycle containing from 0 to 3 heteroatoms chosen from N,
O and S, and phenyl, and the

Ci.ealkyl, Csgcarbocycle and phenyl are substituted by from 0 to 3 substitutents independently
chosen from the group consisting of hydrogen, halogen, -OR™, -CN, -CO,R*, -C(O)N(R*™),
N(R*),, -N(R™)CO.R®, -SR*, -S(0)R™, -S(0,)R*®, -N(R**)SO,R™ -N(R**)CO,R™,
NR®HC(OIN(R™), Cyalkyl, -O-Cypalkyl, -S-C)alkyl, and Cs.gcycloalkyl,

u is from 0 to 4,
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each R’ is independently chosen from the group consisting of hydrogen,
Cy.galkyl, -OH, -O-Cy4alkyl and Cs.seycloalkyl, and

each R* is independently chosen from the group consisting of hydrogen,
Ci.salkyl and Cs.gcycloalkyl;

is a group chosen from the group consisting of
(8 -C=C-and
(by  aryl ring systems B' chosen from the group consisting of:
() 5- to 7-membered monocyclic ring systems and
(i) 8- to 10-membered bicyclic ring systems,
and the aryl ring systems B' containing from 0 to 4 hetercatoms
independently chosen from the group consisting of N, O and S, and substituted on C or N atoms
by v substituents R?,
each R is independently chosen from the group consisting of
hydrogen, halogen, -OR™, -CN, -CO,R™, -C(O)R", -C{OIN(R™),, -N(R*™),, -N(R**)COR?,
NER¥COR™, NR*™COWNR®), -NR*™ISO,R™, -SR* -S(O)R*, -S(0)R?, C;.alkyl
substituted by from 0 to 4 R* and Cs.scycloalkyl substituted by from 0to 4 RY,
vis from 0 1o 4,
each R* is independently chosen from the group consisting of
hydrogen, -OH, C;.alky! and Cs.scycloalkyl;
each R* is independently chosen from the group consisting of
hydrogen, C;galkyl and Cs.geycloalkyl;

R! and R? may be taken together with @ and to form a 5- to
S-membered carbocyclic ring containing 1 or 2 heteroatoms independently chosen from the
group consisting of N, O and §;
each D is a group independently chosen from the group consisting of:
(a) a single bond,
(b)  -CONR’),
{c) -N(RS}C(O)—, and
{d)  a35-or6-membered aryl ring system D' containing from 0 to 4
heteroatoms independently chosen from the group consisting of N, ( and S, and substituted on C

or N atoms by from 0 to 2 substituents R,
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each R’ is independently chosen from the group consisting of
hydrogen, halogen, -OR®, -CN,, -CO,R®, -C(ON(R®);, N(R®):,, -NRHCOR®, -SR®, -S(O)RS,
-S(O)R®, N(R®)SO,R®, “NCO,RE, -NC(OINR®),, Cr.salky! substituted by from 0 to 3 R® and
Cs.geycloalkyl substituted by from 0 to 3 Rs, and
each R® is independently chosen from the group consisting of
hydrogen, Crealky! and Cs geycloalkyl;
each E is a group independently chosen from the group consisting of:
{(a) a single bond,
®)  ~{CR)2NR'C(0)0g.1-, and

(¢)  apyrrolidiny] derivative chosen from the group consisting of:

F 4
RS& N
R’Bu T
®pe !
and

1is a bivalent group chosen from -C(O)-, -CO;- and

D

-CONR)-,

J is a fused ring system chosen from the group consisting of 3- 1o
7-membered carboeycles 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 Rg,

each R® is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OCsalkyl and Csalkyl, or two R* may be taken together to form
0X0,

each R® is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OC;_alkyl and Cy¢alkyl, or two R® may be taken together to form
0%0,

each R is independently chosen from the group consisting of
hydrogen and C,_¢alkyl,

or any two groups selected from R®, R® and R may be taken
together to form a spiro-bicyclic or bridged bicyclic ring;

each R is independently chosen from the group consisting of
hydrogen, halogen, Ci.qalkyl, ~-O-Cy.¢alkyl, -S-C.¢alkyl, -NH-C;.¢alkyl and -NHC(O)-C,.¢alkyl,
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each R7 is independently chosen from the group consisting of hydrogen,

Cy.salkyl and phenyl, and the C;.4alkyl and phenyl are substituted by from 0 to 3 substitutents

independently chosen from the group consisting of hydrogen, halogen, C,alkyl, -0-C,salkyl

and -5-Cj.galkyl; and

each G is independently chosen from the group consisting of:

(2)
(b)
()
(d)
(e)
@
(g)
(b
O
®
()
®
(m)

hydrogen,

_OR1%

-CN,

-COsza,

-C(ONR),

"SRloa,

-S(O)RM™,

SOIR™,

NR'",,

N(R'SOR™,

-NCO,R'™®,

NC(ONR',,

Cy.¢alkyl having 0 to 4 substituents RY,

each R' is independently chosen from the group consisting of:
@  -OH,
i@ NRO,
(i)  =NR',
(iv) -O-Cjgalkyl,
v  -COR",
vi)  -S-Cygalkyl, |
(vii) -SOy-Cyealkyl,

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

3 hetercatoms independently chosen from the group consisting of N, O and 8, and having from 0

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

consisting of hydrogen, halogen, C;_salkyl having from 0 to 3 substituents chosen from R,
-0-Cygalkyl, -8-Cygalkyl, -OR'® -CN, -C{OIR, -COR®, -C(ONR®), -SR'™ _S(O)R'®,
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SO )R NRHSORM NCORY?, -NCON(R®), and-N(R!%),, or two R* are taken
together fo 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 8, and having from 0
to 3 substitutents R™ on N or C atoms, and each R” is independently selected from the group
consisting of hydrogen, halogen, Cy.ealkyl, -O-C; salkyl and 3- to 8-membered carbocycles
containing from 0 to 3 heteroatoms independently chosen from the group consisting of N, O and
S,
(m)  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 R'® on N or C atoms; and
{0)  aryl ring systems G' chosen from the group consisting of:
(1) 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, O and S, and substituted on C or N atoms
by 0 to 3 substitutents R'%;
each R' is independently chosen from the group consisting of
@ hydrogen,
)  -CN,
(i)  Cisgalkyl,
(ivy ~O-Cggalkyl,
() -S-Co.galkyl,
(vi)  C.ealkyl-O-R",
(vii) -C(O)RY,
(viii) -CORY,
(@x)  -SO.RM,
) NR™,,
(xi) -NR'SO.RY,
(xii) -NCO,R™,
(xii) -NC(OWNR™;, and



(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 R'® may be taken together to form oxo;
each R'™ is independently chosen from the group consisting of
(1) hydrogen,
(i)  -CN,
(i)  Ciealkyl,
(iv)  Ciealkyl-O-R'*,

(v)  -C(OR",
(vi) -CO.R"™,
(vii) -SO.R™,
) -NR"),

(xi) -N(R"™SO,R™,
(xii) -NCO,R",
(xiii) -NC(O)N(R'"),, 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 R'” or R' 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 R'?, and
each R'* is independently chosen from the group consisting of hydrogen,
Cy.salkyl, Csgcycloalkyl, -(CHz)y5C5.scycloalkyl and phenyl.
In one aspect, there is provided a compound having the structure:

I
HsCO
N N
W' 0 @
-y A
N
N ”A\LN)H OCHg
0]

\_/



In another aspect, there is provided a pharmaceutically acceptable salt of a

compound having the structure:

O

ol X

H 0
N N

a \}/Y o

N == N ©

H |

W N H/ZAOCH3
d O
In another aspect, there is provided a compound having the structure:

O

HscoJLNi
N0
NN

50 o Vo
RGP G
N N"N-N [ OCH,
C;O o
5

In another aspect, there is provided a pharmaceutically acceptable salt of a

yZ
TZ7N

).

compound having the structure:

0

JL
HsCO o
Vo

N N
W 5
i O b W Qe
N N/\LN) H OCH;
o H

o

The present disclosure also includes pharmaceutical compositions containing a
10 compound of the present disclosure and methods of preparing such pharmaceutical compositions.
In another aspect, there is provided a pharmaceutical composition comprising (i) an amount of
the compound as defined herein effective for inhibition of HCV viral replication, and (ii) a
pharmaceutically acceptable carrier. In another aspect, there is provided a pharmaceutical
composition comprising (i) an amount of the pharmaceutically acceptable salt of the compound
15  as defined herein effective for inhibition of HCV viral replication, and (ii) a pharmaceutically

acceptable carrier. The present disclosure

-8a-
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further includes methods of treating or reducing the likelihood or severity of HCV infection,
methods for inhibiting the function of the NSSA protein, and methods for inhibiting HCV viral
replication and/or viral production.

In another aspect, there is provided use of the compound as defined herein in the
manufacture of a medicament for the treatment of HCV infection. In another aspect, there is
provided use of the pharmaceutically acceptable salt of the compound as defined herein in the
manufacture of a medicament for the treatment of HCV infection.

Other embodiments, aspects and features of the present disclosure are either
further described in or will be apparent from the ensuing description, examples and appended

claims.

-8bh -
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DETAILED DESCRIPTION OF THE INVENTION

The present invention includes compounds of formula (I} above, and
pharmaceutically acceptable salis thereof. The compounds of formula (¥) are HCV NS5A
inhibitors.

A first embodiment of the invention relates to compounds having structural

formula (I):
®Rh,  ®RY,
G-E-—DD“EWG o

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 # substituents R’

each R is independently chosen from the group consisting of hydrogen,
halogen, -OR™ -CN, -C(O)R®, -CO,R*®, -C(ON(R ™), -SR™, -S(O)R™, -S(O)R™,
~(CHa)o.eNR ™), NR*SOR?, -NER*CO,R™, -NR**COIR®, -NR*HCOR™,
NERMCOM(R®, C,.5alkyl, Cs.gcarbocycle containing from 0 to 3 heteroatoms chosen from N,
O and 8, and phenyl, and the Cy.4alkyl, Cs.scarbocycle and phenyl are substituted by from 0 to 3
substitutents independently chosen from the group consisting of hydrogen, halogen, -OR%, -CN,
-CO;R%, -C(OIN(R™),, -NER®),, NR*HCOR™, -SR™, -S(O)R™, -S(0,)R*, -N(R*HSO,R™,
NR¥™COR®, NER®MHCOMN(R), Cy4alkyl, -O-Cy.alkyl and -S-Cr.ealkyl,

e is from 0 to 4,

each R® is independently chosen from the group consisting of hydrogen,
Cigalkyl, -OH, -O-Cy.¢alkyl and Cs.gcycloalkyl, and

each R** is independently chosen from the group consisting of hydrogen,
Cialkyl and C; gcycloalkyl;

is a group chosen from the group consisting of
(@ -C=C-and
(b)  aryl ring systems B' chosen from the group consisting of:
) 5- to 7-membered monocyclic ring systems and

(iiy  8-to 10-membered bicyclic ring systems,

-9
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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 R?,

each R? is independently chosen from the group consisting of
hydrogen, halogen, -OR™, -CN, -CO,R™, -C(OWN(R™),, -N(R*™),,
NR®COR!, NR™ICOR™, NR®C(OINR™), NR*™)SO,R*™, -SR*, -S(O)R®,
-S(Oz)R%, Cigalkyl substituted by from 0to 4 R* and Cs.geycloalkyl substituted by from 0 to 4
R,

vis from 0 to 4,

each R? is independently chosen from the group consisting of
hydrogen, -OH, Ci.¢alkyl and Cs.geycloalkyl;

each R* is independently chosen from the group consisting of

hydrogen, Ci.salkyl and Cs.geycloalkyl;

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, O and S;

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

(a)  asingle bond,
b  -CONER’),
©  NRHO)-, and
(dy  a5-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 RS,
each R’ is independently chosen from the group consisting of
hydrogen, halogen, -OR®, -CN, -CO,R®, -C(ON(R), -N(R),, -NRHCORS, -SR®, -S(OIR®,
-S(0)RE, NRHSO,R®, NCO,RS, -NC(ONR®,, Ci.¢alkyl substituted by from 0 to 3 R® and
Ca-geyeloalkyl substituted by from 0 to 3 R, and
each R® is independently chosen from the group consisting of
hydrogen, Cysalkyl and Cs.gcycloalkyl;
each E is a group independently chosen from the group consisting of:
(2) a single bond,

-1~
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®)  -(CR)NR'C(0)0g.-, and

(¢}  apyrrolidinyl derivative chosen from the group consisting of:

o

1 is a bivalent group chosen from -C(O)-, -CO»- and
-CONR"),

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 8, and substituted on C or N atoms
by substituents R®,

each R* is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OC,_galkyl and Cy_galkyl, or two R may be taken together to form
0X0,

each R is independently chosen from the group consisting of
hydrogen, halogen, -OH, -OC;.¢alkyl and Cyealkyl, or two R may be taken together to form
0X0,

each R¥ is independently chosen from the group conststing of
hydrogen and C_¢alkyl,

or any two groups selected from R®, R® and R* may be taken
together to form a spiro-bicyclic or bridged bicyclic ring;

each R’ is independently chosen from the group consisting of
hydrogen, halogen, Cy.salkyl, -O-Cy.¢alkyl, -S-Cy.galkyl, -NH-C;4alkyl and -NHC(0)-Cy.galkyl,

each R’ is independently chosen from the group consisting of hydrogen,
Ci.¢atkyl and phenyl, and the C,.¢alkyl and phenyl are substituted by from 0 to 3 substitutents
independently chosen from the group consisting of hydrogen, halogen, C;.alkyl, -O-Cj.salkyl
and -S-Cy.galkyl; and

each G 1s independently chosen from the group consisting of:

(a) hydrogen,

®)  -OR™

© N,

@  -CORM

-11 -
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(€)  -CONR®),
) -SRI
(& -S(OR™
@  -SOIR™,
@ NRO,
G NERHSOR™,
(k) -NCOR'™,
@ NCONR?),
(m)  Cj.calkyl having 0 to 4 substituents R’
each R is independently chosen from the group consisting of:
@ -On,
G NER,
Gi)  =NRY,
(iv) -O-Cyealkyl,
vy -COOR",
(viy  -S-Cy.galkyl,
(vily -80;-Crealkyl,
(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
10 3 substitutents R'? on N or C atoms, and each R™ is independently selected from the group
consisting of hydrogen, halogen, C;.salkyl having from 0 to 3 substituents chosen from R,
-O-Cygalkyl, -8-Cy galkyl, -OR'™, -CN, -C(O)R'?, -COR'™, -C(OIN(R!Y,, -SR'™, -S(O)RM®,
-S(O)R'™, NR'SO,R!®, NCOR'®, -NCOWR'), and-N(R'"),, or two R 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
to 3 substitutents R'® on N or C atoms, and each R is independently selected from the group
consisting of hydrogen, halogen, Cj.¢alkyl, -O-C; ¢alkyl and 3- to 8-membered carbocycles
containing from 0 to 3 heteroatoms independently chosen from the group consisting of N, O and
S,

-12-
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(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 R on N or C atoms; and
{0) aryl ring systems (' chosen from the group consisting of:
) 5-to 7-membered monocyclic ring systems and
(i) 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, O and S, and substituted on C or N atoms
by 0 to 3 substitutents R'%;
each R" is independently chosen from the group consisting of
(i) hydrogen,
()  -CN,
(iii)  Cj.ealkyl,
(iv) -O-Cgyealkyl,
vy  -S-Cygalkyl,
(vi}  Cealkyl-O-RY,
(vii) -C(OR™,
(vii) -CO,RY,
(ix) -SO.R™
&  NR™,
(i) -NERSOR,
(xii) -NCOR",
(xiil) -NC(ON(R'),, and
(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 R® may be taken together to form oxo;
each R'™ is independently chosen from the group consisting of
() hydrogen,
@iy  -CN,
Gii)  Cyalkyl,
(iv)  Cigalkyl-O-R™,
() -COR",

-13 -
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(vi) -COR'Y,
(i)  -SORM,
®  NRY),
(xi) NERM™SORY,
(xii) -NCORM™,
(xiti) -NC(OWN(R™),, 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 R or R'% 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 RY™, and
each R™ is independently chosen from the group consisting of hydrogen,
Cysalkyl, Csseycloalkyl, (CHy)o.3Csgcycloalkyl and phenyl. In this embodiment, all other

groups are as provided in the general formula above.

In a second embodiment of the invention, @ is chosen from the group

&
NN
SRS
congisting of xTN , Where each X is independently chosen from the group

1 i

5 TR S
consisting of CR? and N, Y is chosen from the group consisting of NR' | CR' NR' N O
SO
O ,N and S ,each R is independently chosen from the group consisting of hydrogen,
halogen, -OR™, -CN, -C{O)R?, -CO,R*, -C(OIN(R>*),, -SR™, -S(O)R*, -S(0)R*,
«(CHy)osNR), NER¥*®SOR®, NER*ICOR®, NR*MHC(O)R?, -NR**COR™,
NER*HCONR® M, Cy.galkyl, Cygcarbocycle containing from 0 to 3 heteroatoms chosen from N,

b

O and S, and phenyl, and the Cq.salkyl, C;.gcarbocycle and phenyl are substituted by from 0 to 3
substitutents independently chosen from the group consisting of hydrogen, halogen, -OR*, -CN,
-COR?, -COIN(R®,, NER™,, -NR*HCORY, -SSR, -S(O)R™, -8(01)R™, -N(R**S0,R*,
NR*HCO:R?, NR*®COINR?®), Cy.galkyl, -O-C;alkyl and -8-C.¢alkyl, each R is
independently chosen from the group consisting of hydrogen, Cy¢alkyl, -OH, -O-C;.galkyl and
Ca.goycloalkyl, and each R* is independently chosen from the group consisting of hydrogen,
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Ci.¢alkyl and Csgeycloalkyl. In all aspects of this embodiment, all other groups are 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

R]

the group consisting of 5 ,
R! & N . Ko AN
FoiA f/,NH \©f>_.§f l\gmg
| % j N A
S S N \ SN \
N © R H R}

gesshhos eI G v
, and where is substituted

by from 0 to 3 addxtlonal R’, which are as provided above.

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

¥

P e NI N e T S
- T Ao OO A

. N N S~y N N N
consisting of H RY H o R H

AN,
T A
O @ N
®' and "N, where is substituted by from 0 to 3 additional R,
T
. . (x) y

which are as provided above. In preferred instances of this aspect, is R

where @ is substituted by from 0 to 3 additional R', which are as provided above.

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

o Ao D:“f 1 O

¥

conszsfmg of

O s
: VL
and N where @ is substituted by from 0 to 3 additional R', which are as
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R}
/ N
~ . s aspect. D ; b here @
provided above, In preferred instances of this aspect, is 6, where is

substituted by from 0 to 3 additional R’, which are as provided above.
In further aspects of the second embodiment, each R is chosen from the group
consisting of hydrogen, halogen, -CN and Cygalkyl. In particular, each R is chosen from the

group consisting of hydrogen, fluorine and -CN.

In a third embodiment of the invention, is chosen from the group consisting
of -C=C-, 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 1o 4, each R?is independently chosen from the
group consisting of hydrogen, halogen, -OR™, -CN, -CO,R™, -C(ON(R™),, -NR"™),,
NER®COR™, -SR®, -S(O)R™, -S(O)R™, NR™SO,R™, -NR*ICOR™, NR*™“C(OMNR™,
Cy.¢alkyl substituted by from 0 to 4 R* and Cs gcycloalkyl substituted by from 0 to 4 RY, each R*
is independently chosen from the group consisting of hydrogen, -OH, C;.alkyl and
Cs.gcycloalkyl, and each R*ig independently chosen from the group consisting of hydrogen,

Cr.salkyl and Cs.geycloalkyl. In particular aspects of this embodiment, is phenyl, v is from
0 1o 2, and each R” is independently chosen from the group consisting of flucrine, chlorine, -OH,
-CH;, -OCHj; and -CN. In ali aspects of this embodiment, all other groups are as provided in the

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

In a fourth embodiment of the invention, and , taken together with one
substituent R! and one substituent R?, are represented by a group chosen from the group

consisting of:

/
e (Rl)om N
Rl)m S \{Rz%a - (R 03 (R )os \ \<R2
@) &
o g—@% {R%m\»g wir m%
v ~7"R®%3 and LS o3, where W is

chosen from the group consisting of -(CHz}ia-, -(CHz)e2NH(CHz)p.o-,
~(CH2)02N(CgalkyI{CHz }o.2-, ~(CHz)020(CHz o2~ and -(CHz)o2C{OYCHz)o.z-, where W is
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substituted by from 0 to 4 R, where each R” is independently selected from Cy.¢atkyl and
Cs.geycloalkyl; and V is chosen from the group consisting of -C(O}- and -CHp-, and where V is
-CH,-, V is substituted by from 0 to 2 RY, where each R” is independently selected from the

group consisting of Cy.ealkyl and Csgeycloalkyl. In a first aspect of this embodiment, @ and

@ , taken together with one substituent R' and one substituent R, are represented by a group

H

R
s’f = w (R];‘j Z ' N _
— i )
(Rl)o.s"":\ ] 3 \ :"/((RZ%\A, S N \ >\(R”%o-:‘
N 3

V—wW , and

;f W.
(R‘)o;f [ \W\/\ ]% ) X . .
6 “®R%s . In particular instances of this embodiment, and of the first aspect of

this embodiment, W is chosen from the group consisting of -CHy-, -NH-, -N(C;.4alkyl)-, -C(O}-,
-CH;NH-, -CHoN(Cygalkyl}-, -CH;CH;-, -C{O)YCHz-, -CH,C(O)-, ~-CH0-, -CH,CH,CHj,-,
-C(O)CH,CHy-, -CH,C(O)YCH,-, -CH;OCH;-, -CHCHC(O)-, -CH;CH,0-, -CHyCHNH-,
-CH,CHoN(C, salkyl)-, ~-CHoNHCH,-, -CHyN(Cy_galkyl)CHj-, -NHCH,CH;-, and
N(Cy_¢alkyD)CH;CHy-. In all aspects of this embodiment, all other groups are as provided in the

chosen from the group consisting of

general formula above.
In a fifth embodiment of the invention, each D is independently chosen from the

i Hs

group consisting of a single bond, -C(ON(R®)-, NR*C(O)-,

H
SO O ~Orh O o
N, N , NN and NN whereR is independently chosen from
the group consisting of hydrogen, halogen -OR®, -CN, -CO,R®, ~CLOIN(R®),, -NR®),,
NRHCORE, -8R, -S(OIRY, -S(0,)R?, -NRHSO:R®, -NCO,R®, -NC(OMN(R®,, C;.salkyl
substituted by from 0 to 3 substituents RS and Cy geycloalkyl substituted by from 0 to 3
substituents R®, and each R°® is independently chosen from the group consisting of hydrogen,
Cy¢alkyl and Csgcycloalkyl. In particular aspects of this embodiment, each D is independently
g i O
f ~ }z"z » f ﬁ_z/‘i

chosen from the group consisting of . 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, -CHNHC(O)-, -CH,N{CH;)C(0)-, -C{CH;3)HNHC(O)-,
-C{CH3)HN{CH;3)C(O)-, -C(CH3,NHC{O}-, ~C(CH3):N(CH;)C(O)-, -CH;NHC(O)O-,
~CH;N(CH3)C(0)O-, ~C(CH3)HNHC{O)O-, -C(CH3)HN(CH3)YC(0)O-, -C(CH3);NHC(0)O-,

D%LG

N

Q
3 D o)
t} Uy "
Bz
~C(CH3),N(CH;)C(O)O-, ) and © ® X*  where one of R* and R® is

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

Q
Q D, )"G
3 5} )~o N
D G
Uy S
. . . R
group consisting of a single bond, , and R¥ R®  where one of R¥ and

R® 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
embodiments. That is, where D 1s a single bond and the adjacent E is a single bond, @ or

@ 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:

(@)  Ciealky] having O to 4 substituents R,

(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 fo 3
substitatents R’ on N or C atoms; and

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

@) 5« to 7-membered monocyclic ring systems and

(i)  8-io 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, O and 8, and substituted on C or N atoms
by 0 to 3 substitutents R, 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
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:

(@) hydrogen,

b -CN,

(¢)y  Cisalkyl having 1 to 3 substituents RY,

each R is independently chosen from the group consisting of -OH, -NH,,
NCH3H, -N(CHs),, -N(CHyCHs)p, =NH, =NCH;, -C(O)H, -C(O)OH, -C(O)CH;, -C(O)YOCH;,
-NHC(O)H, -NHC(O)OH, -NHC(O)CH;, -NHC(O)YOCH3, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and oxacyclohexyl, phenyl,
pyridinyl, pyrimidinyl and pyrrolyl, where

the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopenty! 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, Cy.galkyl, -O-C;satkyl and -S-C, ¢alkyl; and

the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0
t0 3 substitntents R'” on N or C atoms, and each R* is independently selected from the group
consisting of hydrogen, halogen, Ci¢alkyl and 3- to 8-membered cycloalkyl containing from ¢ to
3 heteroatoms independently chosen from the group consisting of N, O and S,

(&}  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl,
piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents RYonNorC
atoms, the R'” independently selected from the group consisting of hydrogen, halogen, carboxy,
Cigalkyl, -0-C,y galkyl, -S-Cygalkyl, phenyl and benzyl, and

(e) aryl ring systems G' chosen from the group consisting of: phenyl,
pyridiny] and 9-membered bicyclic ring systems containing from 0 to 2 heteroatoms
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 Cy4alkyl having 1 to 2 substituents Rn, wherein each R'! is independently
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chosen from the group consisting of -OH, -NH;, -NCH;3H, -N(CHa),, -N{CH,CHs),, -C(O)OCHs,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl,
oxacyclopentyl, oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl and 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.

In a ninth embeodiment of the invention, @ is chosen from the group consisting
X
s‘; 7 2
@, T )]
"X

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

of , where

Y, CR' NRF v N CRP N O
P Yo Y ) YY)
>O7O’N

Y s chosen from the group consisting of NR'  CR! NR' N
Y

and S |

each R! is independently chosen from the group consisting of hydrogen, halogen,
-OR® .CN, -C(O)R?, -CO,R™, -C(OIN(RY,, -SR*®, -S(OIR™, -S(02)R?, -(CHL)osN(R>™),,
NERPSO,R™, -NR*HCO,R®, NR*C(OIR?, NER*COR™, -NR*C(O)N(R™), C.¢alkyl,
Cs.gcarbocycle containing from 0 to 3 hefervatoms chosen from N, O and S, and phenyl, and the
Ci.salkyl, Cs.scarbocycle and phenyl are substituted by from 0 to 3 substitutents independently
chosen from the group consisting of hydrogen, halogen, -OR™, -CN, -CO,R’®, -C(OW(R*),,
NR),, NR*HCO,R™, -SR*, -S(O)R*, -S(02)R™, -N(R*™SO,R™, -NR**COR?,
NR*HC(OIN(R?Y, C)alkyl, -0-Cysalkyl and ~8-Cy.salkyl,

each R’ is independently chosen from the group consisting of hydrogen, Cy.salkyl,
-OH, -0-Cy.¢alkyl and Csgeycloalkyl, and

each R is independently chosen from the group consisting of hydrogen, Cy.¢alkyl

and Cs.geycloalkyl;

@ is chosen from the group consisting of -C=C-, 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,
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each R is independently chosen from the group consisting of hydrogen, halogen,
-OR*®, -CN, -CO,R*, -C(OMN(R™),, -N(R*™),, -N(R*CO,R®, -SR®, -S(O)R™, -S(O)R™,
NR™SO,R™, NERHCORY, NR®C(OINR™), Cy4alkyl substituted by from 0 to 4 R and
Cs.gcycloalkyl substituted by from 0 to 4 RY,

5 each R? is independently chosen from the group consisting of hydrogen, -OH,

Cy.¢alkyl and Cs.geycloalkyl, and

each R* is independently chosen from the group consisting of hydrogen, C_salkyl
and Cs.geycloalkyl, '

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

A A RO AR e

10 bond, -C(O)N(R®)-, -NR*C(O)-,

H
N

and NN where
R’ is independently chosen from the group consisting of hydrogen,
halogen ~OR®, -CN, -CO.RE, -CON(R®),, -N(R®),, -NRHCOR®, -SR?, -S(O)RE, -S(0)RS,
-N(Ré)SOZRﬁ, NCO:RS, -NC(O)N(R.G)Z, C,-¢alky! substituted by from 0 to 3 substituents R® and
15 Csgcycloalkyl substituted by from 010 3 substituents R, and
each R® is independently chosen from the group consisting of hydrogen,
Ci.salkyl and Cy.geycloalkyl;
wherein each E is independently chosen from the group consisting of a single
bond, ~-CH;NHC(O)-, -CH;N(CH;3)C(0)-, ~C(CH;HNHC(O)-, -C{CH3HN(CH;)C(0)-,
20 -C{CH3);NHC(O)-, “C(CH1),N(CH;)C(O)~, -CH,NHC(O)O-, -CH;N(CH3)C(0)O-,
-C{CH;)HNHC(0)O-, -C(CH3)HN{(CH;)C(O)O-, -C(CH3);NHC(0)O-, -C(CH3),N{CH3)C(0)O-,
Q

0 Q B >\G
My D N}-\O\G N

D,
)“N RP®
\) R o 84 8b ; ;
and R¥ R™  where one of R* and R™ is -OH or fluorine;

?

wherein each G is independently chosen from the group consisting of
(a) hydrogen,

25 (®y -CN,
() Ci.salkyl having 1 to 3 substituents R“,
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each R is independently chosen from the group consisting of ~OH, -NHa,
-NCHsH, -N(CHs), -N(CH,CHs),, =NH, =NCHj, -C(O)H, -C(O)OH, -C(O)CHs, -C(G)OCH;,
-NHC(O)H, -NHC(O)YOH, -NHC(O)YCHj3;, -NHC(O)YOCHs, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, and oxacyclohexyl, phenyl,
pyridinyl, pyrimidiny! and pyrrolyl, where

the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, pipenidinyl, oxacyclopentyl and oxacyclobexyl are substituted by from 0 t0 2
substitutents R* on N or C atoms, and each R'? is independently selected from the group
consisting of hydrogen, halogen, carboxy, Cisalkyl, -O-Cy.galkyl and -8-Cy_¢alkyl; and

the phenyl, pyridinyl, pyrimidinyl and pyrroly! are substituted by from 0
to 3 substitutents R' on N or C atoms, and each R™ is independently selected from the group
consisting of hydrogen, halogen, C;alkyl and 3- to &-membered cycloalkyl containing from 0 to
3 heteroatoms independently chosen from the group consisting of N, O and §,

(dy  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl,
piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R%onNorC
atoms, the R independently selected from the group consisting of hydrogen, halogen, carboxy,
Cr.salkyl, -O-Cygalkyl, -8-Cy¢alkyl, phenyl and benzyl, and

(e)  aryl ring systems G' chosen from the group consisting of: phenyl,
pyridiny! and 9-membered bicyclic ring systems containing from 0 to 2 hetercatoms
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,

i
In a tenth embodiment of the invention, @ is chosen from the group consisting

KaesTestiaesthgsThess

’ >

& o .
| P 0
N, where @ is substituted by from 0 to 3 additional R; is phenyl; v is from

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

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

fﬁfﬁs » 5\@12;%

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

N

single bond, b b AT where one of R* and R*® is -OH or fluorine;
and each G is independenﬂy chosen from the group consisting of C;.4alkyl having 1 to 2
substituents R'?, wherein cach R is independently chosen from the group consisting of -OH,
-NH,, -NCH3H, -N(CHjz)z, -N(CH;CHzs),, -C(OYOCH;3, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl, oxacyclohexyl, phenyl, pyridinyl,
pyrimidiny] 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 () is a compound having structural formula (fa):
Ry

G*E’{tw‘(/}t’lm
Yad

E=G (Ia)

or a pharmaceutically acceptable salt thereof, wherein ©f> is substituted by # substituents
R}, and Y is selected from the group consisting of O and NR?. 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 (Ia) is a compound having structural formula (Ib):

G
'0 iRs)n 2

U¢< (R » m%

\w “/ ‘(J\D
Ib)

/
Y
or a pharmaceutically acceptable salt thereof, wherein " "Y is substituted by « substituents
R!, and Y is selected from the group consisting of O and NR'. In particular agpects of this

embodiment, Y is substituted by u substituents RI, Y is O, and both instances of G are
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I~
N7 O
\1)\“ . 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 (Ta) is a compound having structaral formula (Ib):

O (Rs)oz

D__< J\@}q{?}_{{mm
kU {Ib)

or a pharmaceutically acceptable salt thereof, wherein said @ is substituted by u

D O
substituents R, and said Y and said , taken together with one substituent R and

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

(R]{’\m m,mgw (Rl}&m\,
N N ’ \ \R?%os In

N
particular aspects of this embodiment, ©:=> and said Q, taken together with one

substituent R' and one substituent R?, are represented by

Ri
A e
®nat_ ; A {R,%M
VW wherein V is ~-CHy-, W 18 -(CH5)p20(CHz)p.2-, R'is fluoring, and both

weanse {7}

N
instances of G are YH . In all aspects of this embodiment, all other groups are as

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

In a fourteenth embodiment of the invention, @ and @ , taken together with
one substituent R! and one substituent R, are represented by a group chosen from the group

consisting of:
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;' - = mom{\, %
\ A
(Rx)OZ Z I \ .-»_ (R Q-3 (R )03 \ \(R?%

~._1 (R2

A L
N W.
mhm%; (R)om% (R"\n i \
N A R3 and S

W is chosen from the group consisting of -(CHa)y.a-, -(CH2)e2NH(CHz)p.2-,
~(CH2)02N(C1.salky I CHz o2+, -(CH2)p20(CHz o2~ and -(CHz)o2C{O)(CHy)o.2-, where W is
substituted by from 0 to 4 R, where each R is independently selected from Cj.¢alkyl and

\ ’ (Rziz, where

Cageycloalkyl; and
V is chosen from the group consisting of -C(O)- and -CH;-, and where V is
-CHy-, V is substituted by from 0 to 2 R", where each R is independently selected from the
group consisting of Cy.galkyl and Cs.gcycloalkyl;
each R is independently chosen from the group consisting of hydrogen, halogen,
-OR?, -CN, -C(O)R?, -CO,R?, -C{OIN(R),, -SR?, -S(O)R?, -S(O)R?, -N(R™),
«{(CH)osNR*™,, -NER*™SO,R?, -NER*COR?, NR¥*)COR?, -NR*C(O)NR™), C,.galkyl,
Csgcarbocycle containing from 0 to 3 heteroatoms chosen from N, O and 8, and phenyl, and the
C;¢alkyl, Cygcarboeycle and phenyl are substituted by from 0 to 3 substitutents independently
chosen from the group consisting of hydrogen, halogen, -OR™, -CN, -CO,R*, -C(OIN(R*),,
NER™),, NER™¥COR™, -SR®, -S(O)R, -S(0,)R®, -NR*SOR™, NR*HCO,R®,
NR*C(OIWN(R), C)galkyl, -O-Cy.ealkyl and ~S-C;galkyl,
each R® is independently chosen from the group consisting of hydrogen,
Ciealkyl, -OH, -0-Cy¢alkyl and Cs_geycloalkyl, and
each R* is independently chosen from the group consisting of hydrogen,
Cy.salkyl and Cs geycloalkyl;
each R? is independently chosen from the group consisting of hydrogen, halogen,
-OR*, -CN, -CO,R"™, -C(OIN(R s, N(R*,, NRMCOR™, -SR*. -S(O)R™, -S(0)R™,
NER™SOR™, NR*®CO,R®, NRDCONR?Y), Cy.salkyl substituted by from 0 to 4 R* and
Cs.geycloalky! substituted by from 0 to 4 R
each R is independently chosen from the group consisting of hydrogen,
-OH, Cj.¢alkyl and Cs.gcycloalkyl, and
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each R™ is independently chosen from the group consisting of hydrogen,
C;galkyl and Cy.goycloalkyl;

wherein each I is independently chosen from the group consisting of a single

5\@%13{% 5@2 fffg 5\@7{/’% s’\@fa

»

bond, ~-C(OIN(R®)-, -NR*C(O)-,

H
I~
5§ and NN where
R is independently chosen from the group consisting of hydrogen,

halogen -OR®, -CN, -CO,R®, -C(OIN(R),, -N(R®), -NRHCOR®, -SRE, -S(O)RS, -S(0-)R®,
NRHSORE, NCORE, NCOWR®Y,, Cy.galkyl substituted by from 0 to 3 substituents R and
€y geycloalkyl substituted by from 0 to 3 substituents R®, and

10 each R® is independently chosen from the group consisting of hydrogen,
Cisalkyl and Cs.gcycloalkyl;

wherein each E is independently chosen from the group consisting of a single

bend, ~CHoNHC(O)-, -CHN(CH;)YC(O)-, ~-C(CHz ) HNHC(O)-, -C(CH;)HN(CH;3)C{O})-,
~C{CH;),NHC(O)-, -C(CH; pN(CH;)C(0)-, -CH;NHC(0)O-~, -CH,N(CH;3)C{0)O-,

15 -C(CH3;HNHC(0)O-, -C(CH:;HN(CH3)C(0)O-, -C(CHz),NHC(O)YO-, -C(CH3 ), N(CH3)C(0)O-,

D N
D
SRR
) R . .
and  R¥ R®  where one of R and R® is -OH or fluorine:

wherein each G is independently chosen from the group consisting of
()  hydrogen,
®  -CN,
20 (¢)  Cisalkyl having 1 to 3 substituents R',
each RY is independently chosen from the group consisting of ~-OH, -NH;,
~NCH;H, -N(CHa)z, -N(CH;CHs}), =NH, =NCH3, -C(O)H, -C(O)OH, -C(O)CH;, -C(O)YOCH;,
-NHC(O)H, -NHC(O)YOH, -NHC(O)CHj;, -NHC(O)OCHSa, eyclopropyl, cyclobutyl, eyclopentyl,
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 {0 2
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substitutents R* on N or C atoms, and each R*? is independently selected from the group
consisting of hydrogen, halogen, carboxy, Cygalkyl, -O-C;_salkyl and ~8-C;_¢alkyl; and
the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substituted by from 0

10 3 substitutents R' on N or C atoms, and each R* is independently selected from the group
consisting of hydrogen, halogen, C;.salkyl and 3- to 8-membered cycloalkyl containing from 0 to
3 hetercatoms independently chosen from the group consisting of N, O and §,

(d)  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl,
piperidinyl, oxacyclopentyl and oxacyclohexyl having from 0 to 3 substitutents R on N or C
atoms, the R™ independently selected from the group consisting of hydrogen, halogen, carboxy,
Ci.salkyl, -O-Cy.¢alkyl, -S-Cy.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
independently chosen from the group consisting of N and O. In all aspects of this embodiment,
all other groups are ag provided in the general formula above.

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
pharmaceutically acceptable salts thereof.

In another embodiment of the invention, for the compounds of formula (I},

variables @ JD.E, G, RLRY u, v, B2, R R R™ RY RO R, 1,7, R® R®, R R® RY,
R RY R RE RM W, R, V,and R, are selected independently from each other.

Other embodiments of the present invention include the following:

(a) A phammaceutical composition comprising an effective amount of a
compound of formula (I) and a pharmaceutically acceptable carrier.

(b  The pharmaceutical composition of (a), further comprising a second
therapeutic agent selected from the group consisting of HCV antiviral agents,
immunomodulators, and anti-infective agents.

{¢)  The pharmaceutical composition of (b), wherein the HCV antiviral agent
is an antiviral selected from the group consisting of HCV protease inhibitors and HCV NSSB
polymerase inhibitors.

(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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imnmunomodulators, and anti-infective agents; wherein the compound of formula (¥) 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
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.

43} A method of inhibiting HCV NS5A activity in a subject in need thereof,
which comprises administering to the subject an effective amount of a compound of formula (¥).

(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
in combination with an effective amount of at least one second therapeutic agent selected from
the group consisting of HCV antiviral agents, immunomedulators, and anti-infective agents,

(1) The method of (h), wherein the HCV antiviral agent is an antiviral
selected from the group consisting of HCV protease inhibitors and HCV NS35B polymerase
inhibitors.

G) A method of inhibiting HCV viral replication and/or HCV viral production
in a cell-based system, which comprises administering to the subject an effective amount of 2
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
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,
which comprises administering to the subject the pharmaceutical composition of (a), (b), or (¢) or

the combination of (d} or (e).
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(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 (¢} or the combination
of (d) or (e).

(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 (¢) 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
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.

The present invention also includes a compound of the present invention for use
(i) in, (it) as a medicament for, or (ili) in the preparation of a medicament for: (a) inhibiting HCV
NSSA 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
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)-(0) above and the uses set forth in the
preceding paragraph, wherein the compound of the present invention emploved therein is a
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 pharmaceutically 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
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 Hnear or branched chain alky! group
having a number of carbon atoms in the specified range. Thus, for example, “Cy.¢ alkyl” (or
“Cy-Cg alkyl”) refers to all of the hexyl alkyl and penty! alkyl isomers as well as n-, iso-, sec- and
tert-butyl, n- and isopropyl, ethyl and methyl. As another example, “Ci.4 alkyl” refers to n-, iso-,
sec- and tert-butyl, n- and isopropyl, ethyl and methyl. Where indicated, "Co" refers 1o
hydrogen; thus, for example, “Cy.¢ alkyl” (or “Cy-Cy 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, methy! and
hydrogen. Alkyl groups may be substituted as indicated.

The term "halogenated” refers to a group or molecule in which a hydrogen atom
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 alky! is as defined above.
Alkoxy groups may be substituted as indicated.

The term "cycloalkyl” refers to any cyclic ring of an alkane or alkene having a
number of carbon atomns in the specified range. Thus, for example, “Cs.g cycloalkyl” (or “Cs-Cy
cycloalkyl”) refers to cyclopropyl, cyclobutyl, cyclopentyl, cyclobexyl, cycloheptyl, and
cyclooctyl. The term “cycloalkoxy” refers to a “cycloalkyl-O-" group, whre cycloalkyl is as
defined above. Cycloalkyl groups may be substituted as indicated.

The term “aryl" (or "aryl ring system") refers fo 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 1o 4 heteroatoms
(non-carbon atoms) that are independently chosen from N, O and 8. Suitable aryl groups include
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.

The term “carbocycle” (and variations thereof such as “carbocyclic”) as used
herein, unless otherwise indicated, refers 1o {I) a Cs to C; monocyclic, saturated or unsaturated

ring, or (ii) a Cs to Cyg 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 aiso be referred to as
"heterocycles,” as defined below. The carbocycle may be attached to the rest of the molecule at
any carbon or nifrogen 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 Cy
to Cyp 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
also referred to as cycloalkyl 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 atfachment results in formation of a stable ring
systen. |

Unless indicated otherwise, the term “heterocycle” (and variations thereof such as
“heterocyclic” or “heterocyclyl™) broadly refers to (i) a stable 5- fo 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
unsaturated, and the monocyclic ring or bicyclic ring system contains oné or more heteroatoms
{e.g., from 1 to 6 heteroatoms, or from 1 to 4 hetercatoms) 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
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. Heterocycele 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
examples include pyranyl, piperidinyl, piperazinyl, azepanyl, pyrrolidinyl, pyrazolidinyl,
imidazolidinyl, oxazelidinyl, isoxazolidinyl, morpholinyl, thiomorpholinyl, thiazolidinyl,

isothiazolidinyl, and tetrahydrofuryl (or tetrahydrofuranyl). Unless expressly stated to the
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contrary, the term "heteroaryl ﬁng 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
examples of heteroaromatic rings include pyridyl, pyrrolyl, pyrazinyl, pyrimidinyl, pyridazinyl,
thienyl (or thiophenyl), thiazolyl, furanyl, imidazolyl, pyrazolyl, iriazolyl, tetrazolyl, oxazolyl,
isooxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, and thiadiazolyl. Representative examples of
bicyclic heterocycles include benzotriazolyl, indolyl, iscindolyl, indazolyl, indolinyl,
isoindolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, chromanyl, isochromanyl,
tetrahydroquinolinyl, quinolinyl, tetrahydroisoquinolinyl, isoquinolinyl, 2,3-
dihydrobenzofuranyl, 2,3-dihydrobenzo-1,4-dioxiny! and benzo-1,3-dioxolyl,

Unless otherwise specifically noted as only “substituted”, alkyl, cycloalkyl, and
aryl groups are not substituted. If substituted, preferred substituents are selected from the group
that inchudes, but is not limited to, halo, C;-Cyy alkyl, -CF3, -NHp, -N(C~Cq alkyl),, -NO;, oxo0,
-CN,-N3, -OH, -O(C;-C; alkyl), C3-Cyp cycloatkyl, Co-Cs alkenyl, Co-Cs alkynyl, (Co-Cy alkyl)
S(0)o-2-, aryl-S(0)g.2-, (Co-Cs alkyD)S(0)p2(Co-Cs alkyl)-, (Co-Cs alkyC(OINH-, HoN-C(NH)-,
-O(C;-Cg alkyl)CFs, (Co-Cy alkyh)C{O)-, {Co-Csg alkyDOC(O)-, (Co-CealkyHO(Cy-Cy alkyl}-,
(Co-Cs alkyD)C(0)1.2(Co-Cy alkyl)-, (C1-Cq alkylYOC(O)NH-, aryl, aralkyl, heteroaryl,
heterocycloalkyl, halo-aryl, halo-aralkyl, halo-heterocycle and halo-heterocycloalkyl.

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 hetercatoms. It is also fo 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.

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.

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 properiies 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
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
atomic mass or mass number predeminantly found in nature. The present invention is meant to
include all suitable isotopic variations of the compeounds of generic formula (I). For example,
different isotopic forms of hydrogen (H) include protium (*H) and deuterium (*H or D). Protium
is the predominant hydrogen isotope found in nature. Enriching for deuterivm may afford
certain therapeutic advantages, such as increasing i vivo half-life or reducing dosage
requirements, or may provide a compound useful as a standard for characterization of biclogical
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.

As a result of the selection of substituents and substituent patterns, certain of the
compounds of the present invention can have asymmeiric centers and can occur as mixtures of
sterecisomers, 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
compounds of the present invention can exist as tautomers. For the purposes of the present
invention a reference to a compound of formula (1) 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
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 addiiion 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, trifluoroacetic 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 salis (e.g., sodium or potassium salts), alkaline
earth metal salts (e.g., calcium or magnesium salts), and salts formed with suitable organic
ligands such as quaternary ammeonium salts. Also, in the case of an acid (-COOH) or alcohol
group being present, pharmaceutically acceptable esters can be employed to medify the
solubility or hydrolysis characteristics of the compound.

The term "administration” and variants thereof (e.g., "administering” a
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
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
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.

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
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.¢., active ingredient) is
administered as the salt, references to the amount of active ingredient are to the free acid or free
base 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, specificalty the
NSS5A 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
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 NSSA, which
are excellent screening tools for more powerful antiviral compounds. Furthermore, the
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
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
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, intrasiernal injection or infusion
techniques), by inhalation (such as in a spray form), or rectally, in the form of a unit dosage of 2
pharmaceutical composition containing an effective amount of the compound and conventional
non-toxic pharmaceutically-acceptable carriers, adjuvants and vehicles. Liquid preparations
suitable for oral administration {e.g., suspensions, syrups, elixirs and the like) can be prepared

according to techniques known in the art and can employ any of the usual media such as water,
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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
techniques known in the art and typically employ sterile water as a cartier 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
use in said compositions is provided in Remington's Pharmaceutical Sciences, 18™ 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
divided doses. Another dosage range is 0.1 to 100 mg/kg body weight per day orally in single or
divided doses. For oral administration, the compositions can be provided in the form of tablets
or capsules containing 1.0 to 500 mg of the active ingredient, particularly 1, 5, 10, 15, 20, 25, 50,
75, 100, 150, 200, 250, 300, 400, 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
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.

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
therapeutic agents selected from the group consisting of a HCV antiviral agent, an
immunomodulator, and an anti-infective agent. Such therapeutic agents active against HCV

include, but are not limited to, ribavirin, levovirin, viramidine, thymosin alpha-1, R7025 (an
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enhanced interferon (Roche)), interferon-f, interferon-a, pegylated interferon-o
{peginterferon-a), a combination of interferon-o and ribavirin, a combination of peginterferon-a
and ribavirin, a combination of interferon-o and Jevovirin, and a combination of peginterferon-a
and levovirin. The combination of peginterferon-a and ribaviron represents the current Standard
of Care for HCV treatment. The combination of one or more compounds of the present
invention with the Standard of Care for HCV treatrent, pegylated-interferon and ribaviron is
specifically contemplated as being encompassed by the present invention. Interferon-o includes,
but is not limited to, recombinant interferon-o2a (such as ROFERON interferon), pegylated
interferon-a2a (PEGASYS), interferon-02b (such as INTRON-A interferon), pegylated interferon-
02b (PEGINTRON), a recombinant consensus interferon (such as interferon alphacon-1), albuferon
(interferon-o bound to human serum albumin (Human Genome Sciences)), and a purified
interferon-¢ 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
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, levovinn, and viramidine may exert their anti-HCV effects by
modulating intracellular pools of guanine nucleotides via inhibition of the intracellular enzyme
mosine 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
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-
Rheumetic Activities of Mychophenolate Mofetil, 44 (SUPPL.) AGENTS ACTION 165 {1993),

For the treatment of HCV infection, the compounds of the present invention may
also be administered in combination with the antiviral agent 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’Kuru 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, 4 Consise Synthesis of 2'-C-
Methylribonucleosides, 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 hmited to, 2°-C-methyl-cytidine, 2°-C-methyl-uridine, 2'-C-methyl-adenosine, 2’-C-methyl-
guanosine, and 9-(2-C-methyl-B-D-ribofuranosyl)-2,6-diaminopurine, and the corresponding
amino acid ester of the ribose C-2’, C-3’°, and C-5° hydroxyls and the corresponding optionally
substituted cyclic 1,3-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
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,
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 Arasappan ef al., Discovery of
Narlaprevir (SCH 900518): 4 Potent, Second Generation HCV NS3 Serine Protease Inhibitor,
ACS MED. CHEM. LETT. DOI: 10.1021/m19000276 (February 15, 2010).

The compounds of the present invention may also be combined for the treatment
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°R)-2’-deoxy-2"-fluoro-2’-C-
methyleytidine, 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

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
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International Patent Application Publications WO 02/100415, WO 03/026589, WO 03/026675,
WO 03/093290, WO 04/011478, WO 04/013300 and WO 04/028481; the content of each is
incorporated herein by reference in its entirety.

For the treatment of HCV infection, the compounds of the present invention may
also be administered in combination with an agent that is an inhibitor of 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
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 incinde,
but are not limited to, valopicitabine (NM-283; Idenix) and 2’-F-2’-beta-methylcytidine (see also
WO 2005/003147).

In one embodiment, nucleoside HCV NS5B polymerase inhibitors that are used in
combination with the present HCV inhibitors are selected from the following compounds: 4-
amino-7-(2-C-methyl-8-D-arabinofuranosyl)-7H-pyrrolo{2,3-d}pyrimidine; 4-amino-7-(2-C-
methyl-B-D-ribofuranosyl})-7 H-pyrrolo[2,3-d]pyrimidine; 4-methylamino-7-(2-C-methyl-B-D-
riboﬁiras)osyl)-”/‘H-pyrroio[2,3»@’];>yrimidine; d-dimethylamino-7-(2-C-methyl-B-D-
ribofuranosyl)-7 H-pyrrolo[2,3-dipyrimidine; 4-cyclopropylamino-7-(2-C-methyl-3-D-
ribofuranosyl)-7H-pyrrolo[2,3-d)pyrimidine; 4-amino-7-(2-C-vinyl-B-D-ribofuranosyl)-7H-
pyrrolo[2,3-dlpyrimidine; 4-amino-7-(2-C-hydroxymethyl-B-D-ribofuranosyl)-7 H-pyrrolo]2,3-
dlpyrimidine; 4-amino-7-(2-C-fluoromethyl-B-D-ribofuranosyl)-7H-pyrrolo{2,3-d|pyrimidine; 4-
amino~-5-methyl-7-(2-C-methyl}-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-
C-methyl-B-D-ribofuranosyl)-7 H-pyrrolo|2,3-d)pyrimidine-5-carboxylic acid; 4-amino-5-bromo-
7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine; 4-amine-5-chloro-7-(2-C-
methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-3-fluoro-7-(2-C-methyl-f-D-
ribofuranosyl)-7H-pyrrolo[2,3-djpyrimidine; 2,4-diamino-7-(2-C-methyl-B-D-ribofuranosyl)-
7H-pyrrolo[2,3-dpyrimidine; 2-amino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-
dlpyrimidine; 2-amino-4-cyclopropylamino-7-(2-C-methyl-p-D-ribofuranosyh)-7 H-pyrrolo[2,3-
dlpyrimidine; 2-amino-7-(2-C-methyl-B-D-ribofuranosyl}-7 H-pyrrolo[2,3-d]pyrimidin-4(3 H)-
one; 4-amino-7-(2-C-ethyl--D-ribofuranosyl}-7H-pyirolo]2,3-d]pyrimidine; 4-amino-7-(2-C2-
O-dimethyl-B-D-ribofuranosyl)-7 H-pyrrolo[2,3-dlpyrimidine; 7-(2-C-methyl-B-D-
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ribofuranosyl)-7 H-pyrrolo[2,3-d|pyrimidin-4(3 H)-one; 2-amino-5-methyl-7-(2-C, 2-O-dimethyl-
p-D-ribofuranosyl)-7H-pyrrolo]2,3-dlpyrimidin-4(3 H)-one; 4-amino-7-(3-deoxy-2-C-methyl-B-
D-ribofuranosy!}-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(3-deoxy-2-C-methyl-p-D-
arabinofuranosyl)-7H-pyrrolo[2,3-djpyrimidine; 4-amino-2-fluoro-7-(2-C-methyl-$-D-
ribofuranosyl)-7 H-pyrrolo[2,3-dlpyrimidine; 4-amino-7-(3-C-methyl-3-D-ribofuranosyl)-7H-
pyrrolo[2,3-dlpyrimidine; 4-amino-7-(3-C-methyl-B-D-xylofuranosyl)-7H-pyrrolo[ 2,3~
d)pyrimidine; 4-amino-7-(2,4-di-C-methyl-8-D-ribofuranosyl)-7H-pyrrolo[2,3-dpyrimidine; 4-
amino-7-(3-deoxy-3-fluoro-2-C-methyl-B-D-ribofuranosyl)-7 H-pyrrolof2,3-dJpyrimidine; and
the corresponding 5-triphosphates; or a pharmaceutically acceptable salt thereof.

The compounds of the present invention may also be corbined for the treatment
of HCV infection with non-nucleoside inhibitors of HCV polymerase such as those disclosed in
U.S. Patent Appleiation 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,
WO 2006/066080, WO 2008/075103, WO 2009/010783 and WO 2009/01078S5; 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 from the following
compounds: 14-cyclohexyl-6-[2-(dimethylamino)ethyl}-7-0x0-5,6,7,8-tetrahydroindoio[ 2,1~
a}[2,5 benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-(2-morpholin-4-ylethyl)-5,6,7,8-
tetrahydroindolo[2,1-a}{2,5Tbenzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-[2-
(dimethylamino)ethyl]-3-methoxy-5,6,7 8-tetrahydroindolo|2,1-a] [2,5Tbenzodiazocine-11-
carboxylic acid; 14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydroindolof2,1-
alf2,5]benzodiazocine-11-carboxylic acid; methyl {{[(14-cyclohexyl-3-methoxy-6-methyl-
5,6,7,8-tetrahydroindolo|2,1-a}{2,5benzodiazocin-11-yi)carbonyljamino} sulfonyliacetate;
({[(14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydroindolof2,1-¢][2,5 benzodiazocin-11-
yhearbonyllamino }sulfonyl)acetic acid; 14-cyclohexyl-V-[(dimethylamino)sulfonyl]-3-
methoxy-6-methyl-5,6,7,8-tetrahydroindolo[2,1-a] [2,5]benzodiazocine-11-carboxamide; 3-
chloro-14-cyclohexyl-6-[2-{dimethylamino)ethyl]-7-0x0-35,6,7,8-tetrahydromndolof2,1-
a}[2,5]benzodiazocine 11-carboxylic acid; N'~(11-carboxy-14-cyclohexyl-7 8-dihydro-6 H-
indolo[1,2-e][1,5]benzoxazocin-7-yl}-N,N-dimethylethane-1,2-diaminivm bis(trifluorcacetate);

14-cyclohexyl~7,8-dihydro-6H-indolo[1,2-¢]{1,5] benzoxazocine-11-carboxylic acid; 14-
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cyclohexyl-6-methyl-7-0x0-5,6,7,8-tetrahydroindolo [2,1-a]{2,5]benzodiazocine-1 1-carboxylic
acid; 14-cyclohexyl-3-methoxy-6-methyl-7-0x0-5,6,7,8-tetrahydroindolo{2,1-

a][2,5 benzodiazocine-1 1~carboxylic acid; 14-cyclohexyl-6-[2-(dimethylamino)ethyl]-3-
methoxy-7-0x0-5,6,7,8-tetrahydroindolo[2,1-2}{2,5 benzodiazocine-1 1-carboxylic acid; 14-
cyclohexyl-6-[3-(dimethylamino)propyl]-7-0x0-5,6,7,8-tetrahydroindolo [2,1-
a][2,51benzodiazocine-11-carboxylic acid; 14-cyclohexyl-7-0x0-6-(2-piperidin-1-ylethyl)-
5,6,7,8-tetrahydroindolo]2,1-a][2,5]benzodiazocine- 1 1 -carboxylic acid; 14-cyclohexyl-6-(2-
morpholin-4-ylethyl)-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a}[2,5]benzodiazocine-11-carboxylic
acid; 14-cyclohexyl-6-{2-(diethylamino)ethyl}-7-0x0-5,6,7,8-tetrahydroindolof2,1-a]
[2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-(1-methylpiperidin-4-yl)-7-oxo-
5,6,7.8-tetrahydroindolo[2,1-¢]]2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-N-
[(dimethylamino)sulfonyl}-7-oxo-6-(2-piperidin-1-ylethyl)-5,6,7, 8-tetrahydroindolof2,1-a]
[2,5]benzodiazocine-11-carboxamide; 14-cyclohexyl-6-{2-(dimethylamino)ethyl]-N-
[(dimethylamino)sulfonyl]-7-ox0-5,6,7,8-tetrahydroindolo|2,1-¢]{2,5Jbenzodiazocine-11-
carboxamide; 14-cyclopentyl-6-{2-(dimethylamino)ethyl]-7-ox0-5,6,7,8-tetrahydroindolo[2,1-a]
[2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-5,6,7.8-tetrahydroindolo[2,1-a]
[2,5Tbenzodiazocine-11-carboxylic acid; 6-allyl-14-cyclohexyl-3-methoxy-5,6,7,8-
tetrahydroindolof2,1-a][2,5]benzodiazocine-11-carboxylic acid; 14-cyclopentyl-6-{2-
(dimethylamino)ethyl]-5,6,7,8-tetrahydroindolo[2,1-4][2,5]benzodiazocine-1 1-carboxylic acid;
14-cyclohexyl-6-[2-(dimethylamino)ethyl}-5,6,7,8-tetrahydroindolo|2,1-a}[2,5Tbenzodiazocine-
11-carboxylic acid; 13-cyclohexyl-5-methyl-4,5,6,7-tefrahydrofuro[3',2":6,7][1,4}diazocino[ 1,8~
alindole-10-carboxylic acid; 15-cyclohexyl-6-[2-(dimethylamino)ethyi}-7-0x0-6,7,8,5-
tetrahydro-5S H-indolo{2,1-a][2,6]benzodiazonine-12-carboxylic acid; 15-cyclohexyl-8-ox0-
6,7.8,9-tetrahydro-5 H-indolo[2,1-a]{ 2,5 benzodiazonine- 1 2-carboxylic acid; 13-cyclohexyl-6-
ox0-6,7-dihydro-5H-indolo[1,2-d]{1,4]benzodiazepine-10-carboxylic acid; and pharmaceutically
acceptable salts thereof.

The HCV replicons and NS5A. 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 1b, 2a and 1a replicon assays of from about 1 pM to
about 1 pM. 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 B-lactamase. By
performing a series of such measurements at different inhibitor concentrations, the effective
inhibitory concentration of the inhibitor (ECsg or ECqp) is determined. See Jan M. Vrolijk ef al.,
A replicons-based bioassay for the measurement of inferferons in patients with chronic hepatitis
5 C, 110 J. ViROLOGICAL METHODS 201 (2003). Such assays may also be run in an automated
format for high through-put screening. See Paul Zuck ef al., 4 cell-based f-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 variants 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-1
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The synthesis of analogs containing the 4-azaindole core can be accomplished
starting from 2 suitably protected 2-amino-S-nitropyridine 2, which can then be reduced by
catalytic hydrogenation in order to convert the resulting free amino group to its hydrazine by the

25 action of NaNO; and SnCly. The resulting pyridythydrazine 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
chloride or a carboxylic acid, in the presence of an amide bond-forming reagent.

Scheme A-2
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2-Bromo-3-aminopyridines can be coupled to a terminally substituted alkyne
using standard Sonagashira coupling procedures to give intermediates 5, which can undergo
TFAA-mediated cyclization to provide the 4-azaindole compounds 6. Protecting groups can be
removed with a strong acid, such as agqueous HC), and the resulting amine can be acylated using

an appropriately substituted carboxylic acid and an amide bond forming reagent, such as HATU.

Scheme B
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The synthesis of scaffolds B containing a 6-azaindole core can be accomplished

TZ

by the metallation of the 4-methylpyridine analog 2 with a strong base, such as BulLi, 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.

Scheme C
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5 Iodo aminopyridines 2 can be coupled fo 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 agueous HCl, 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.

Scheme D
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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 triflueride etherate. 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-1
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Scaffold E-1 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 carboxylc 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 Boe 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
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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.
Scheme F
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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
carboxylic acid, such as N-Boc-L-proline, and an amide bond-forrming 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.

.46 -



10

15

20

WO 2010/111483 PCT/US2010/028653

Scheme G-1
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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
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 1o 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. ‘
Scheme G-2
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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 benzy! halide, such as 4-nitrobenzyl bromide, in 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 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 & can be reduced under catalytic hydrogenating conditions, and the resulting aniline can be

coupled with a second carboxylic acid analog to give the target compounds G-2,
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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
SnCl. 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.
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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 SnCly. 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
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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

5 appropriately substituted carboxylic acid and an amide bond-forming reagent, such as BOP,
reagent to give compounds with the targeted central scaffold.
Scheme K-1

0N
" 3O O . T, s
NHp T ;4;4-—@—3: 8 ’;>—Noz
: = |
1 2 3

reduce Pl == RCOOH
%

[
; e "
R Wy Oy
i couple R N
H

5

The synthesis of compounds with the indole core scaffold K can be prepared
10 wusing 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
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In an alternative procedure indoles K 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 1o provide targets 5. The 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 componnds.

Scheme L
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Tetracyclic indole scaffold L can be prepared as outline in the scheme above.
Cyclization of a carboxylic 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 ary!
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-1
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Scaffold M-1 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 pymrolidine 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
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Scaffold M-2 compounds can be prepared by reacting proline 1 with an anion of

3}

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. 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 second amide coupling reaction to give the desired

15  compounds.

Scheme M-3
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Thiazole analogs of scaffold M can be prepared from the cyclocondensation
reaction of Z-proline thicamide 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
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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 o that described in scheme M-2.
Scheme M-5
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Isomeric imidazoles can be prepared starting from a protected amino acid

aldehyde, such as 1, and glyoxal in the presence of ammonia. Halogenation of the resulting
imidazole 2 with NBS 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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Scheme M-6

3 s,

? m _bydrazine coupta A
N " o B
H 3

cyclndahydm\e

LOA
B(OP);
N

e A oy e
f i N. -5C, 2h
ond Nm} W™

g PoldppfiSly
/j\r /O, THEAHO /\J\
¥Cf{ ’ﬂ‘“ relux, 24 h
b
n

NYR
reduce depruieu R o
N N W ™
Ny V4
10
N ~
coupte [\ 4
ROCOH Nt
N o &
" d

Oxadiazole compounds can be prepared starting from 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 compounci 6 for coupling with a substituted aryl halide 7 to give intermediate 8.
Removal of the cbz and Boc groups afford the penultimate structure 16, 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
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Oxadiazole analogs of scaffold M can be prepared by cyclocondensation reactions

TZ, 2

of diacylhydrazines 2. Coupling to heterocyclic boronic acids using methodology similar to that

15  described in scheme M-1 can provide the targeted compounds.
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Scheme M-8
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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 uwitimately 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
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An alternative synthesis of benzofurans can be realized starting from benzofuran

10

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-16
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Benzoxazoles 3 can be prepared starting from a suitable substituted benzoic acid
and an aminophenol, such as 2, in the presence of polyphospheric 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(Il) catalyst to provide

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-1
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The compounds in scheme N-1 can be prepared by heating hydrazines ¥ with
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
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Jodo 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
5  reagent, such as indium bromide, to provide the indele compounds 3. Protecting groups can be
removed with a strong acid, such as aqueous HCI, 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.

10  Scheme N-3
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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 H,, 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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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
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 appropriately 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
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-1
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Heterocycles can be halogenated at C-3 by the action of electrophilic agents, such
as N-halosuccinimides, to provide targets P-1.
Scheme P-2
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Heterocycles can be fluorinated at C-3 by the action of electrophilic fluorinating

agents, such as SELECTFLUOR, to provide targets P-1.

Scheme P-3
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5 C-3 halogenated compounds can be converted fo the corresponding cyano analogs

by cyanating agents, such as CuCN.
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The compounds in scheme P-4 can be functionalized by the acylating indoles with
10 Grignard reagents and zinc chloride.
Scheme P-5
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The compounds in scheme P-5 can be functionalized by deprotonating the indoles

15

with a base such as ethylmagnesium bromide and treating the resuliing 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 earboxylic 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.

Scheme P-6
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C-3 halogenated compounds can be coupled to a variety of alkyl and aryl beronic
acids using standard Suzuki conditions.

Scheme Q
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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 §, which can be
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,
Scheme R

B N RCOOH souple  Bre_~ "
g P R
B
1

IZ/

Z-B{CH), i R
- b’H}“ﬂ
K

Amide coupling of the aniline from scheme K-1 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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Scheme S
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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.
5  The nitro group in é 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.
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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 tetracycies 8, which can subsequently be

15  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 PA(JI) 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.

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

AcyO Acetic anhydride
B(OiPr);, ((PrO):B Triisopropyl borate
B(OMe); Trimethyl borate
BF; Boron trifluoride

BOC, Boc, boc
BOP

tert-Butyloxycarbonyl

Benzotriazole-1-yl-oxy-tris-(dimethylamino)-
phosphonium hexafluorophosphate

BrCN Cyanogen bromide

BuLi, n-Buli Butyl lithium

CBZ, Cbz, cbz Benzyloxycarbonyl
CDCl;3 Deuterio-trichloromethane
CH3CN, MeCON Acetonitrile

Cs,CO; Cesinm carbonate

CuBr Copper(Il) bromide

CuCN Copper(l) cyanide

Cul Copper iodide

DBU 1,8-Diazabicyclo[5.4.0]undec-7-ene
DCE Dichloroethane

DCM, CH,Cl; Dichloromethane

DIPEA, DIEA Diisopropylethylamine
DMAP 4-Dimethylamino pyridine
DMF Dimethylformamide
DMSO Dimethyl sulfoxide

DPPF, Dppf, dppf

EDC, EDCI
Et;O

1, 1*-bis{Dipbenylphosphino)ferrocene
N-(3-Dimethylaminopropyl)-N -ethylcarbodiimide
Diethyl ether
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EtN, TEA
EtMgBr
EtQAc
EtOH

F (‘3013

Ha

HzO
H,S04
HATU

HBr

HC1

HNG;

HOAc, HAc
HOBT, HOBt
HPLC

InBrs

iPr,NH
KoCOs

KI

KI0;

KQOAe, AcOK
KOH

LDA
LHMDS, LiHMDS
MeMgBr

MeOD

MeOH, CH,0H
MgS Oy

MOC, Moc

MS

N

Na2C03

PCT/US2010/028653

Triethylamine

Bromo{ethyDmagnesium or ethy! magnesium bromide
Ethyl acetate

Ethanol

Ferric chloride or Iron(li} chioride

Hydrogen or hydrogen atmosphere

Water

Sulfuric acid

O-(7-Azabenzotriazol-1-yI)-NN N’ N~
tetramethyluronium hexafluorophosphate

Hydrobromic acid
Hydrochloric acid

Nitric Acid

Acetic acid

1-Hydroxy benzotriazole

High performance liquid chromatography
Indium tribromide
Diisopropylamine

Potassium carbonate
Potassium iodide

Potassium iodate -

Potassium acetate

Potassium hydroxide

Lithium diisopropylamide
Lithium hexamethyldisilamide

Bromo(methyl)magnesivm or methyl magnesium
bromide

Methan(*H)ol

Methanol

Magnesium sulfate

Methoxy carbonyl

Mass spectroscopy

Nitrogen or nitrogen atomosphere

Sodium carbonate
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Na; S04
NaClO,
NaH,PO,
NaHCO;
NaNO,
NaCOH

NBS

NCS
NH;OAc
NMM
NMR, "H-NMR
NXS

P20s, PsOgp
Pd
Pd(dppHCl,

PA(IT)
PA(PPh;),Cl;, PACL(PPhs ),
PA(PPhy)s
Pd/C, Pd-C
Pda(dba);
PdCl,

PE

Phg

PhCH3, PhMe
Piv

PivCl

POBRBr;

PPA

PPH;, TPP
Pro

Proc

P'Bu;

PCT/US2010/028653

Sodium sulfate (anhydrous)

Sodium perchlorate

Dihydrogen sodium phosphate

Sodium hydrogen carbonate (sodium bicarbonate)
Sodium nitrite

Sodium hydroxide

N-bromosuccinimide

N-chlorosuccinimide

Ammonium acetate

N-methylmorpholine

Proton nuclear magnetic resonance spectroscopy
N-halosuccinimide

Phosphorus pentoxide

Palladium

Dichloro(1,1"-bis(Diphenylphosphino)ferrocene)
palladivm(I})

Palladium(Il)
Dichlorobis(triphenylphosphine)palladium(IT)
Tetrakis(triphenylphosphine)palladium(0)
Palladium on carbon

Tris{dibenzylidene acetone)dipalladium(0}
Palladium(Il} chioride

Petroleum ether

Phenylglycine

Toluene

Pivaloyl

Pivaloyl chloride

Phosphorus oxybromide

Polyphosphoric acid

Triphenylphosphine

Proline

iso-Propylcarbamate

Tri-tert-buty! phosphine
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Py Pyradine
PyBOP (Benzotriazole-1-yl-oxy)-tripyrrolidinophosphonium
hexafluorophosphate

RPLC Reverse phase liquid chromatography
RT, it, t.1. Room temperature, approximately 25°C
Si0, Silica or silica gel
SnCl Stannous chioride or Tin(ll) chloride
SOCh Thionyl chloride
STP Standard temperature and pressure
t-Buld teri-Butyl lithium
-BuNO, tert -Butyl nitrate
t-BuOH tert -Butanol
+~BuCK, KOs-Bu Potassium ferf -butoxide
TFA Trifluoroacetic acid
TFAA Trifluoroacetic anhydride
THF Tetrahydrofuran
TLC Thin layer chromatography
ZnCl, Zinc chlonide

EXAMPLIES

prolingmide
H Q
YT;’\> O J -
Step 1

NO-
SRR PP
Yy e 3L
N H

To a suspension of 2-amino-5-nitropyridine (25.0 g, 0.18 mol) and 0.5 g of
DMAP in 200 mL of pyridine, Ac,O (37 g, 0.36 mol) was added drop wise at 0°C. The mixture
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.

HoN
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Step 2
N0z o NHz
X, L turee AL
A heterogeneous mixture of 2-acetamido-S-nitropyridine (28 g, 0.15 mol) and
10% Pd/C (2.8 g) in 300 mL of MeOH was stirred in 50 psi of Hy for 6 hours. The mixture was
filtered through CELITE, and concentrated in vacuo to yield a solid (20.5 g). MS (ESI) m/e
(M+H"): 152.

Step 3
s NHz H
0 1.HOLNaNO; o Mo,
)l\ N/ /”\ [ =2
2 SNCH, HCH NN
H

NaNO; (5.4 g, 78.2 mmol) was added slowly to a solution of 2-acetamido-5-
aminopyridine (9.0 g, 60 mmol) in 6 M aqueous HCI (300 mL) at 0°C and was stirred for 45
minutes. A solution of SnCl; (40.5 g, 180 mmol) in 15 mL of 6 M aqueous HC] 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 NapSQOy and concentrated in vacuo to give the desired compound
(3.2 g). MS (ESI) nv/e (M+H"): 167.

Step 4

PN
N
2 s e s O
[T -
N /lLN\\ oH=0.5 NN = N

H
A suspension of the product from step 3 (3.32 g, 20 mmol) and N-(4-
acetylphenyljacetamide (3.54 g, 20 mmol) in 8 mL of EtOH was diluted with TEA to adjust the
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
(ESD m/e (M+H"): 326.
Step 5

H H H
YN\K N\I ’/ ___P_F_’ﬂ_» NNy,
0 T2 O,
H
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 Ny, 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 iso-propancl and DCM (1:3) was added to exact the
organic. The combine organic phase was washed with brine, dried over NaySOy and
concentrated in vacuo. The residue was purified by preparative HPLC to yield a solid (280 mg).
MS (ESI) m/e (M+H"): 309.

Step 6

H

A mixture of the 4-azaindole (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 mg). MS (ESI) m/e (M+H"): 225.

Step 7
s [

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 I mL of CH,CN was added HATU (42 mg,
0.12 mmol). The resuiting mixture was stirred at RT overnight. After reaction completed, the
mixture was purified by pre-HPLC (10 mg). MS (EST) m/e (M+H"): 440,

Step 8

Q

(o3
S 1{\ g G, \\ﬁ
M >\"‘\j IR AVEAN = i
) #i/@—“’“ b %\):}’@‘””0,&@
H

HoN

P

v

xe

A mixture of product from step 7 (10 mg, 0.023 mmol) and TEA (3 g, 0.03 mmol)
in CH3CN (100 mL) was stirred 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 (ESD) m/e (M+H™): 482. "H NMR (MeOD): 3 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, 2H), 2.07 ~ 2.10 (m, 5H).
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Examgies 2-3

The compounds of Examples 2 and 3 were prepared in a similar manner starting
from intermediate 7 in step 6.

Example Struchure MW Name
2 - H 654.776 | (28)-1-(phenylacetyl)-N-{2-[4-
n O PN o‘&,@ {phenylacetyDpyrrolidin-2-
d yllcarbonyl}aminoyphenyl}-1H-
pyrrolof3,2-b]pyridin-5-
yl}pyrrofidine-2-carboxamide
3 " Q& 686.774 | benzyl (28)2-[(2-{4-[({(25)-1-
N ’2 N IN\ Y\ o N] [(benzyloxy)carbonyllpyrrolidin-
i/ oY, © A a 2-y1}carbonylyamine]phenyl} -
H o~ N {H-pyrrolof3,2-b]pyridin-5-
/ . yhearbamoyijpyrrolidine-1-
carboxylate
5
l)phenyllcarbamoylpyrrolidin-1-vi]-2-oxo-1-phenylethyllcarbamate
e o o
' _ ;
COT Y NH N
O |
Boc"r‘:;H
Step 1
e M2 NES Ny M
T »
N S V-
10 NRBS (14.9 g, 84 mmol) was added portion wise to a solution of compound 3-

aminopyridine (14.9 g, 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. 'H NMR (DMSO): § 7.28 (d, J=7.6 Hz, 1H), 7.03 (d, J=7.6 Hz, 1H), 5.69 (s, 2H).
15 Step2
22
EfzN o

R
v Y= 20 1A
H

4-FEthynylacetanilide was prepared using the similar method shown in Example 1,
step 1. MS (ESD) m/e (M+H"): 160.

Step 3
S NH;
B e 2 ,©/ 7 PA(PPhyCh, Cu —
- M‘“""""""‘“’”‘"“*" //——..—:-—@‘NH
B N B Ay DMF, Eight P —
20 H BY %
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To a solution of 3-amino-2,6-dibromopyridine (9.41 g, 37.5 mmol), 4-
ethynylacetanilide (4.77 g, 30 mmol) and Pd(PPhs),Ch (1.31 g, 1.9 mmol) in a mixture of 150
mL of EtsN and 50 mL of DMF was added Cul (0.71 g, 0.4 mmol) under N,. 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+H"): 331. 'THNMR (DMSO): § 7.59 (d, J=8.8 Hz,
2H), 7.54 (d, J=8.4 Hz, 2H), 7.21 {d, }=8.8 Hz, 2H), 7.07 (d, J=8.4 Hz, 2H), 2.12 (s, 3H).

Step 4

NH, G
B ¢

To a 0°C solution of the product from step 3 (8.5 g, 25.7 munol) 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 o give a solid (1.3 g).
MS (ESI) m/e (M+H): 331.
Step 5

0
Br Ny, Y anno NN
2 2
The reaction was conducted similar to that describe in Example 1, step 6. MS
(EST) m/e (M+H"): 288.

Iz
IZ -

Step 6
0,
B My
T 2 LAY
N e —
.~ i!:fi N o & )

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 CH3;CN 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) &: 7.85 ~
7.77 (m, 5 H), 7.43 ~ 7.36 (m, 6 H), 6.89 (s, 1 H), 5.50(s, 1H), 4.54 (d, J=8.0 Hz 1H), 3.93(1, 1
H), 2.10~ 1.87 (m, 4 H) 1.41 (s, 9 H).
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Example 5 — (28)-N-{3-chioro-2-[4-({](2S)-I~(phenylacetvlipyrrolidin-2-ytlcarbonyllamino)
henvif-1H-pyrrolof2,3-¢lpyridin-S-vii-1-(phenviacetyllpyvrrolidine-2-carboxamide

QSW mO”““ {/@

§
i |
# HoM

Ha N

Step 1

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 H; for 3 hours. The mixture was
filtered through CELITE and concentrated to yield a yellow solid (3.20 g). MS (ESI) m/e
(M+H™): 124. "H NMR (DMSO}: § 7.38 (s, 1 H), 6.16 (s, 1 H), 4.84 (s, 2 H), 4.06 (s, 2 H), 1.96
(s, 3H).

Step 2

2 | i
%J!\)Nj o X?\c‘ - %igﬁuj 5]‘><

A mixture of diamine from step 1 (3.20 g, 26 mmol), TEA (5.25 g, 52 mmol) and
a catalytic amount of DMAP in THF (100 mL) was stirred at 5-10°C, then treated with pivaloyl
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 filrate was concentrated in
vacuo to yvield 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 (CDCL): § 8.77 (s,
1 H), 847 (s, 1H), 820, 1H),7.15(, 1 H),2.24 (s, 3 H), 1.30~1.32 (m, 18 H).

Step 3
2 % g
,0\ )
7Y oH sooh & N
i
NS - o

OpN
To a cooled solution of 4-nitrobenzoic acid (12 g, 72 mmel) in 50 mL of PhMe
was added 20 ml of SOCl; drop wise. After the addition, the suspension was heated to reflux
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 mmeol), a catalytic
amount of DMAP and N, 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 chioride in 100 mL of DCM. The resulting
mixture was stirred at RT for S hours, then diluted with a 5 % solution of citric acid, and
extracted with DCM. The combined organic extracts were sequentiaily 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
(ESD m/e (M+H"): 211. "H NMR (CDCL): & 8.25 (d, J=8.8 Hz, 2 H), 7.82 (4, J’-'=9;6 Hz, 2 H),

3.52 (s, 3 H), 3.82 (s, 3 1),
0 :
My e oy
NS RO H2N O

Step 4

A heterogeneous mixture of the nitro compound above and 10% Pd/C in THF was
stirred at STP with a balloon of Hj for 3 hours. The mixture was filtered through CELITE, and
concentrated to yield a yellow solid MS (EST) m/e (M+H ): 181,
Step 5

3 X
Hﬂdg: * \P’km . \JLN/@ .
The product from step 4 was pivaloylated using conditions described in step 2.
MS (BESD m/e (M+H"): 265. 'H NMR (CDCL): 8 7.66 (d, J=8.4 Hz, 2 H), 7.56 (d, J=8.8 Hz, 2
H), 3.51 (s, 3H), 332 (s, 3 H).
Step 6
A
o I w’ o R\/r ST/‘< - 0;;0
%ﬁ;@/m o, ) ﬂ/ﬁ\” 1 W 0 B 0&%'\;@‘]\—QN
A solution of compound isolated from step 2 above (2.2 g, 7.5 mmol) in 15 mL of
THF was cooled to below -40°C. £-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 howr. 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 continuved to stir at this temperature for 30 minutes before being warmed to RT and stirred
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 Na;SO; and concentrated in vacuo. The residue was purified by
preparative HPLC to vield a solid (0.4 g). MS (ESI) m/e (M-+H"): 495. 'H NMR (CDCl): 5 8.85
(s, 1 H), 8.68 (s, 1 H), 8.26 s, 1 H), 8.03~8.05 (m, 3 H), 7.21 (d, J=8.8 Hz, 2 H), 7.53 (5, | H),
4.20 (s, 2 H), 1.33~1.29 (m, 27 H).

Step 7

Lo
o™
o ““-*@%,Q,
B
X

A solution of the product from step 6 (400 mg, 0.8 mmol) in 33% aqueous HBt

H
aq. Hir H Ny
S 3 W,
heat “‘H

(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+H"): 225.
"H NMR (MeOD): § 8.04 (s, 1 H), 7.78 (d, 2 H), 7.04 (d, 2 H), 6.86 (s, 1 H), 6.71 (5, 1 H).

Step 8

col )B .‘:
e wy R @\/E .nm .
BHy e N N
T o © Ty A_)

o3

The product from step 7 was coupled to 2 equivalents of N-phenylacetyl-L-
proline using 2 equivalents of HATU and DIEA in a manner similar fo that shown in Example 1.
MS (ESI) m/e (M+H"): 687. "H NMR (MeOD): 8 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 (m, 4
H), 1.89~2.15 (m, 6 H).
Step 9

o » - ol Qo
5 O N ‘d‘\,‘m \/&0 o N = " ‘;K,

¢ o Ph

T2z

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 o give 5 mg of the desired
product. MS (ESI) m/e (M+H"): 689. 'H NMR (MeOD): & 8.53 (s, 1 H), 7.91 (4, /=92 Hz, 2
H), 7.77 {4, 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 ~ (28)-N-{3-chloro-2-[4-({[(2S)-1-{phenvlacetylipyrrolidin-2-vilcarbonyl}
gmino)phenyl]-1H-pyrrolof2.3-blpyridin-5-vII-I-{phenylacetvlpyrrolidine-2-carboxamide

“ o Q, B
SR s Tetaty

I= 7

Step 1

°‘N\@ K1, KIOg, HyS0q H,0 OzN\(j:I
PR il S
- 1006 i N

N7 N N

2-Amino-S-nitropyridine {7.00 g, 50.0 mmol) was dissolved in H,SO, (2 M, 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
collecting in the reflux condenser. Heating 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
NaHCOs;. The mixture was diluted with water (200 mL) and CH,Cl (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
collected by filtration, washed with water and dried to give a yellow solid (10.5 g). The CH;Cl,
fraction was filtered through a silicone-ireated 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 (EST) m/e
(M+H"): 266. "H NMR (DMSO0): 5 8.89 (5, 1 H), 8.62 (s, 1 H), 7.75 (bs, 1 H).
Step 2

N

o NN 3
-4 . fj: Cul, PACKPPR BN N ON ,
{o—- "L, Ay
N,

A solution of the iodide (1.05 g, 4.8 mmol), 4-ethynylacetanilide (636 mg, 4.0
mmol) and PA(PPhs»Ch (76 mg, 0.4 mmol} in 16 ml of EtsN and 5 mL of DMF was stirred at
RT over 17 hours under N;. The solvent was removed, and the residue was purified by column
chromatography to give the product (0.9 g). MS (ESD m/e (M+H"): 297. "H NMR (DMSO): &
10.11 (s, 1H), 8.80 (s, 1H), 8.22 (s, 1H), 7.59 (s, 1 H), 2.01 (s, 3H).

Step 3
o o o
N > wuokoweroe Y NN
s NH — e (o \_/
N*’\‘ N R /)'“‘
N o
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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 r-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
(ESI) mo/e (M+H"): 207. "H NMR (DMSO): § 10.11 (s, 1 H), 8.96 (s, 1 H), 8.65 (s, 1 H), 7.88 (d,
J=8.8 Hz, 2 H}, 7.63 (d, J=8.8 Hz, 2 H), 6.98 (5, 1 H), 2.02 (s, 3 H).
Step 4

0N
3

NG R

The synthetic method for the removal of the acetyl group was the same as used in
Example 1, step 6. MS (EST) m/e (M+H"): 285.

Step 5
O — ]:HO N /"B_‘OMB
iﬂ"’"’ . N on __HATU [ C Pt
fN )\ti <\~/}_N?’12 @f . m @

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 (EST) m/e (M+H): 470.
Step 6

0N °>x_\j N
| MH N _HaPEC 5;
R
Ny 0’&,@ N "\,@

A heterogeneous mixture of product from step 6 (20 mg, 0.04 mmol) and 10%
Pd/C in 5 mL of MeOH was stirred in 10 psi of Hy for 3 hours. The mixture was filtered through
CELITE, and concentrated in vacuo to vield a yellow solid (17 g). MS (ESI) m/e (M-+H"): 440.
Step 7

3} i 37
LA e Q%m -
m{}; o~ s V'

The product from step 6 was coupled to 1 equivalent of N-phenylacetyl-L-proline
using 1 equivalent of HATU and DIEA in a manner similar to that shown in Example 1. MS
(ESD m/e (M+H™): 655. "H NMR (MeOD): 6 8.26 (s, 1 H), 8.19 (s, 1 H), 7.30~7.51 (m, 3 H),
7.18~7.27 (m, 1 H), 6.65 (s, 1 H), 4.51~4.56 (m, 2 H), 3.61~3.76 (m, 8 H), 1.95~2.15 (m, 8 H).
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Step 8

QN o = ol oiP

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
solvent was evaporated, and the residue was purified by prep HPLC to give the desired product.
MS (ESD m/e (M+H"): 690. 'H NMR (MeOD): § 8.29 (s, 1 H), 8.20 (s, 1 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, 8 H).

Example 7 — N-f4-(3-0x0-7-{2-0x0-2-[(28)-1-(phenyiacetylipyrrolidin-2-yliethyi}-3, 7-
dihydroimidazofl.2-a

Step 1

o
HBr, DMSC /@Jj\fo
[t M S 4
QN 0N

To a stirred solution of 4-nitroacetophenone (20 g, 121 mmol) in 100 m] of

DMSO was added slowly 42 ml of 48% agueous HBr (363 mmol). The solution was stirred in
an 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 P»Os.

Step 2

O O e T O

Arylglyoxal hydrate (5g, 27.8mmol) 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 BF;-Et;O and stirred until most of the
amine was consumed. The reaction products were 1solated as hydrates by filtration of the thick,

intensely colored reaction mixture. The residue obtained by concentration is allowed to cool,
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filtered with suction, washed twice with diethy! ether and dried under reduced pressure to give
the desired product (4 g). MS (EST) m/e (M+H"): 256.

Step 3
/ (;HOH 1.CICO0R %CHNZ
] O 2.CHN i
L o 2Ny Ny . o

The N-protected proline (10 g, 42.8 mmel} 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
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 NaHCO; (50 mi) and brine (50 mi}. The organic layer was dried and
evaporated to give a crude product, which was used without further purification. MS (ESI) m/e
(M+H™: 258, |
Step 4

(/ﬂ):g ™ HoAe @\%{ i
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
crystallization from ether-pet ether gave the pure product. MS (EST) m/e (M+H"): 310,
Step 5

: O\\(\Br HN \g O _EGN, THE Qi?v\ Oy @NO?

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 EtsN (0.3 mL). When the
reaction was completed, the mixture was concentrated, and the residue was purified by RPLC to
give the product (300 mg). MS (ESD) m/e (M+H"): 486.
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Step 6

wam SISUEES @\f\h -0

A solution of the product from step 5 (180 mg, 0.371 mmol) in absolute EtOH (3
ml) was added to stannous chioride dihydrate (418.6 mg, 1.85 mmol), and the mixture was
stirred at 70°C for 2 hours. The reaction mixture was cooled to RT and poured into ice/water (50
mi), 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 MgSOy, filtered, and concentrated to yield the crude product (150mg). MS (ESIy m/z :
(M+H") 456.
Step 7

QU war\@;w}m

The mixture of the product from step 6 (30 mg, 0.066 mmol), N-phenylacetyl-L-
proline (46.08 mg, 0.197 mmol), DIPEA (50.1 mg, 0.197 mmol) in CH;CN (2 mL) was stirred at
RT for 5 minutes, then HATU (74.86 mg, 0.197 mmol) was added into the mixture. The mixture
was stirred at RT overnight, concentrated, and the residue was purified by RPLC to give the
desired compound (20mg). 'H NMR (DMSQ) 8: 9.26 (s, 1H), 8.84-8.86 (m, 2H), 7.79-8.03 (m,
4H), 7.11-7.31(m, 12H), 4.41~4.63 (m, 2H), 3.52~3.80 (m, 12H), 2.26~2.12 (m, 2H), 1.87~1.75
{m, 6H).

Example 8 — (28)-1-(cyclobutylcarbonyl)-N-{2-[4-({](28)-1-(pyridin-3-ylearbonyllpyrrolidin-2-
vlicarbonyllamino)phenyl]-1H-benzimidazol-S-viipyrrolidine-2-carboxamide

PO

O,N NH,

PPA

Step 1

O, OO

p-Aminobenzoic acid (0.200 g, 1.45 mmol) and nitrophenylene diamine (0.221 g,
1.45 mmol) were added into PPA (30 mL). The mixture was stirred at 210°C for 20 minutes.

x
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Then, it was poured into ice water and extracted with DCM. The organic layer was washed with
brine, dried (NaSQy), filiered and concentrated to afford 200 mg of the desired compound. MS
m/z: 255 (M+1).

Step 2

F N
Yy
OzN\l@::\: Q N :;; Z!PEA ﬁﬁ ;
H EDCI, DMF, RT Bee
Compound from step 1 above (1.2 g, 4.7 mmol}, N-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
brine, dried (NaSOy), concentrated and purified by column (DCM: MeOH/100:1) to afford 1.2 g
of the desired compound. "H NMR (MeOD) 5 8.49 (s, 1H), 8.28-8.19 (m, 3H), 7.79-7.76 (d, J =
4.4Hz, 2H), 7.72-7.65 (m, 1H), 4.41-4.29 (1, J = 8.8Hz, 1H), 3.59-3.51 {m, 2H), 2.18-1.95 (m,
4H), 1.49 (s, 9H).
Step 3

M ON AN ==
3 HCIMeOH /1 Y NH
Ay e jSna Wy Ry
HE)
Compound from step 2 (0.600 g, 1.06 mmol) was stirred in MeOH/HCI (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

—:\ | \[/\
H o N HATU, DIPEA )\@‘
HCI P

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 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
(Na8Qy), concentrated and purified by column (DCM: MeOH/100:1) to afford 300 mg of desired
compound. 'H NMR (MeOD) § ppr: 0.883 (s, 1H), 0.87-0.85 (d, J = 4.4Hz, 1H), 8.49 (s, 1H),
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8.21-8.18 (m, 1H}, 8.17-8.10 (m, 3H), 7.98-7.95 (d, /= 8.8Hz, 2H), 7.73-7.68 (m, 1H), 7.60-7.51
(m, 1H), 4.79-4.76 (1, J= 6Hz, 1H), 3.77-3.73 (m, 2H), 3.27-3.1% (m, 2H), 2.19-2.12 (m, 2H).
Step 5

OpN Moo
@: ‘>'“<:/>— j(\N Hy, PU/C U )_Q N
. {J‘\O\l emm—— J\
C Q

The product from step 4 (0.300 g, 0.657 mmol} was taken in MeOH (10 mL) and
Pd/C (0.07 g) was added under Ny. The reaction was stirred for overnight at RT under H,, The
Pd/C was filtered through CELITE, and the filtrate was concentrated under reduced pressure to
afford 234 mg of desired compound.
Step 6

OH
HZN\(ﬁ:N H E’? E:‘ TI’ (Hﬁ
\).-4( >—N ; Bec ¢ N S N\ =
i-:‘/ ﬁ 73(\ p—— : | . N /}“"NH 5
¢

HOB, DIPEA N j
N E0CH, DMF, RT H d w
-

The product from step 5 (0.370 g, crude), N-Boc-proline (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 (NaSOy,),
coneentrated and purified by column (DCM: MeOH/100:1) to afford 300 mg of targeted
compound.

Step 7

(2 ot y«iﬁ*@w G ey O

Boo K«) w

The product from step 6 (0.600 g, 1.06 mmol) was stirred in MeOH/HCI (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. "H NMR (MeOD) 5: 9.39 (s, 1H},
9.18-8.82 (m, 2H), 8.39-8.38 (m, 1H), 8.32-8.22 (m, 1H), 8.21-8.10 (m, 2H), 8.09-7.98 (m, 2H),
7.86-7.72 {m, 1H), 7.71-7.65 (1, 1H), 4.87-4.84 (1, /= 8.8Hz, 2H), 3.51-3.34 (m, 8H), 2.49-2.38
(m, 4H).
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Step 8

H sﬁ

"‘ i
D\( k)‘ e \7’\: _HATU,DIPEADMF O\( \C,;NH
HCt ’\/\N R~COOH D/& 4\()\,
J P

The product from step 7 {0.100 g, 0.191 mmol), cyclobutanecarboxylic acid
(0.018 mg, 0.183 mmol), HATU (06.116 g, 0.305 mmol) and DIPEA (0.059 g, 0.416 mumol} were
taken in DMF (S 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 (NaSQy) and concentrated. The residue was purified by HPLC purification to afford
12 mg of the final product. 'H NMR (MeOD) 8: 8.91 (s, 1H), 8.75 (s, 1H), 8.41 (s, 1H), 8.25
(s,1H), 7.96-7.95 (d, J= 5.2Hg, 4H), 7.73-7.67 (d, J=3.2Hz, 2H), 7.52-7.51 (4, J=3.2Hz, 1H),
4.54-4.82 (t, J=3.6Hz, 2H), 3.63-3.46 (m, 4H), 2.48-2.46 (1, /= 2Hz, 1H), 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 GWr §26.721 | (28)-1-(phenylcarbonyl)-N-{4-

@: >_©_ [5-({K25)-1-
{phenylcarbonyDpyrrolidin-2-
@ = yllcarbonyl}amino)-1H-
v benzimidazol-2-
yl]phenyl}pyrrolidine-2-
carboxamide

10 <\)\r/ﬁ 682.83 (28)-1-[(4Z,52)-4-~
N NS

NN Hof S ethylidenehept-5-enoyl-NV-{2-
{ » N 37 P ! 1
@)*o" Ly (125110~
o phenylpropanoylpyrrolidin-2-
yljcarbonyl} amine)phenyl]-1 4~
benzimidazol-5-y)}pyrrolidine-
2-carboxamide

i 7 682.33 (28)-1-[(4Z.52)4-
u ( a ' - ethylidenehept-5-enoyl}-NV-{2-

f N b 3 \_/ B-({I(25»1-(3-
| . or \Q:r?—@ phenylpropanoylpyrrolidin-2-
H yllcarbonyl}amino)phenyl}-14-
benzimidazol-5-y1}pyrrolidine-

2-carboxamide

12 H ) 686.774 (25)-1-[(2R}-2-hydroxy-2-
7 0 O\\\{N\QK\}—Q—W o~ phenylacetyll-N-{4-{5-[({{25)-1-
} }NQ N /=] [(2R)-2-hydroxy-2-
B o phenylacetyllpyrrolidin-2-
mOH yl}carbonyl)amino]-1H-
benzimidazol-2-
yitphenylpyrrolidine-2-
carboxamide
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Example Structure MW Name
13 e i 654776 | (25)-1-(phenylacetyl}-N-{4-[5-
‘&J\W s "{: O H ) ({1(25)-1-(phenylacetyl)
o O P N pyrrolidin-2-y}]carbonyl}
R O amine)-1H-benzimidazol-2-
vilphenyl} pyrrolidine-2-
carboxamide
14 CLW'&' N 885.041 fegr—iza{zgzl 5%(162—(%}(22‘5}2{{4-
N Ry N 5 -1~ V-2-{{tert-
@}/&o 0 I & N>“© N;,./j butoxycarbonyamino]-2-
%,NH A o )\/@ phenylacetyl}pyrrolidin-2-
C':}%o O : yljcarbonyl}amino)-14-
dpths o benzimidazol-2-yllphenyl}
c;zg< carbamoypyrrolidin-1-yi}-2-
CHs oxo-1-phenylethyl}carbamate
15 CH(“ §85.041 | rerr-butyl {(IR-2-{(28)-2-({4-
N N [5-({1(28)-1-{(2R)-2-[(tert-
©\x/{\0 0 \@N\}“ NM butoxycarbonyl)amino}-2-
OYK’H H 4 N phenylacetyl}pyrrolidin-2-
O 4 O'AKI/@ yilcarbonyl}amino)-1H-
g:scns HA o benzimidazol-2-yllpenyl}
Chi ;f carbamoyl)pyrrolidin-1-y1}-2~
g:ﬂeﬁa oxo-1-phenylethyl]} carbamate

Example 16 — Benzyl (28)-2-f14-(4-{](4-methviphenvlsulfonyiiaminol-TH-benzintidazol-2-

Dphenvifcarbamoviipyrrolidine-1-carboxylate

IUSLP v
S"NH N\ \ /

Step 1

tandl B
NOq No: |, @-Nﬁ&c
4 h
smm—@—{ . g 2 ATy @i S
N,

To a solution of NwBoc~p~anﬁnobenzoic acid (1.86 g, 7.84 mmol) in DMF, 3-
nitrophenylenediamine (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
was removed under reduced pressure, and the residue was diluted with DCM. The organic layer
was washed with brine, dried (NaSOy), filtered, concentrated and purified by column to obtain
400 mg of compound. MS m/z: 273 (M+1).

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 HOAc (9.3 mL). The reaction was stirred at 120°C for overnight,
cooled to RT and poured into ice-water. The aqueous layer was exiracted with DCM. The
organic layer was washed with brine, dried (NaSO,), filtered and concentrated to obtain 120 mg
of the desired compound. MS m/z: 255 (M+1). 'H NMR (DMSO) 3: 11.44 (s, 15), 8.95-9.01
{(m, 2H), 8.81-8.83 (d, / = 8.0Hz, 2H), 8.22-8.27 (m, 1H), 8.22-8.27 (m, 2H), 4.97 (s, 2H).

Step 3
ND,

CL @ _N-Boc-proline
HATU, Dh""EA N

CHaCN, RT

x

To a solution of the aniline (0.200 g, 0.787 mmol) in DMF, N—Boc-proiine (0.186
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 (NaSOy), filtered, concentrated and purified by column to obtain 150 mg of the desired.
MS m/z: 452 (M+1). 'H NMR (MeOD) 5: 8.70-8.73 (m, 2H), 8.40-8.42 (d, J = 8Hz, 2H), 7.87-
7.89 (d, J= 8Hz, 1H), 7.50-7.53 (m, 2H), 6.78-6.80 {d, J = 8Hz, 1H), 3.83 (s, 1H), 3.69-3.76 (m,
2H), 3.56-3.60 (m, 4H), 1.37-1.43 {m, 9H).
Step 4

Oy NHy

N\ N = H
@??"Q” ?w‘iwc @: Y ,;,}mﬁj O(:,}

NN
H

To a solution of compound from step 3 above (0.200 g, 0.443 mmol), PA/C (10
mg) was added under argon, and the reaction was stirred for 2 hours in Hz. 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+1). 'H NMR (MeOD) §: 9.51 (s, 1H), 7.95-8.20 {m,
1H), 7.58-7.60 (m, 1H), 7.19-7.48 (m, 21}, 6.78-6.87 (m, ZH), 6.38 (s, 1H), 4.25-4.42 (m, 1H),
3.34-3.67 (m, 2H), 1.79-2.20 (m, 4H), 1.17-1.41 (m, 9H).

Step 5

Ko _,<:>.--s\1 \__/ ﬁmn " )

Boc
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-1-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 (NaSOy), filtered and concentrated. The residue was purified by
preparative TLC to afford 110 mg of desired compound. MS m/z: 576 (M+1). 'H NMR
(MeOD) &: 7.98-8.00 (d, /= 8.0Hz, 2H), 7.78-7.80 (d, /= 8.0Hz, 2H), 7.66-7.68 (d, J= 8.0Hz,
2H), 7.26-7.28 (m, 11H), 7.19-7.21 (d, J= 8.0Hz, 2H), 7.07-7.09 (m, 2H), 4.36-4.38 (m, 1H),
3.55-3.58 (m, 2H), 2.32-2.35 (m, 4H), 1.89-2.11 (m, 3H), 1.50 (s, 9H).
Step 6
: (.
O O L 2™ Oy Y

The product from step 5 above (0.180 g, 0.312 mmol) was stirred in MeOH/HCI
(5.0 mL) for | 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
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 (NaSOy), filtered, concentrated and purified by column to afford 40 mg
of the final compound. MS m/z: 580 (M+1). "H NMR (MeOD) &: 7.92-7.94 (d, J= 8.8Hz, 2H),
7.23-7.68 (m, 14H), 6.81-6.83 (4, /= 10Hz, 1H), 5.21 (s, 2H), 4.65-4.79 (m, 1H), 3.52-3.89 (m,
2H), 2.47-2.58 (m, 1H), 2.43 (s, 3H), 1.93-2.23 (m, 3H).
Example 17— (28)-1-(3-phenyipropanovl-N-{4-[5-({{(28})-1-(3-phenvipropanoyl)pyrrolidin-2-

vllcarbonyllamino)-1,3-benzoxazol-2-vllphenyllpyrrolidine-2-carboxamide
Ot
N T,’N[ :I N e i~
Qj& 0 ° °@f Y
7S

N
O

Step 1

,@ON
o) H,N Nia HoN N
:—w—@—( e \©: ")‘@—NHZ
o PPA d
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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) §: 10.2-10.5 (s, 2H), 8.10-8.20 (m, 4H),
7.10-7.80 (m, 3H). MS mv/z: 226 (M+1).

Step 2

¢ N/ TR, DiPgA, DMF B°° ¢ T/\N

The product from step 1 above (0.100 g, 0.236 mmol), N-Boc-proline (0.098 g,
0.355 mmol), HATU (0.135 g, 0.355 mmol), TEA (0.100 g, 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 (NaSQOy), concentrated and purified by preparative TLC to
afford 100 mg of desired compound. MS m/z: 620 (M+1),
Step 3

1
Beo

LICOn R = oo
2ZRHCE
The product from step 2 above (0.100 g, 0.161 mmol) was stirred in MeOH/HCI
(3.0 mL) for 1 hour at RT, and the solvent was removed under reduced pressure. The compound
was dried at high vacuum 1o afford 80 mg of the desired compound. MS m/z: 420 (M+1).
Step 4

fa) H
" I"EO/J\/\© A 0o \@Q——@ N};—"\j
OO D e O
o Y é(\ﬁ HATY, DIFEA, DMF LA
2HCI N

Compound from step 3 (0.080 g, 0.191 mmol), 3-phenylpropancic acid (0.086 g,
0.574 mmol), HATU (0.218 g, 0.574 ramol), DIPEA (0.146 g, 1.146 momol) 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. "H NMR (DMSO) 8: 10.2-10.5 (s, 2H), 8.10-8.20 (m, 3H), 7.10-7.80 (m, 14H), 4,37-4.55
(m, 2H), 3.32-3.58 (m, 4H), 2.67-2.85 (m, 7H), 1.80-2.4 (m, 9H).
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yllearbonyllomino)-1-benzofuran-2-vljphenyllpyrrolidine-2-carboxamide

(AN

Fh

Br
o ~~@-/ MO,
HO. z ?
[ ———
ﬂ\p\ NO; DIPZA, 1,4-Cloxane /©/\O
LN ]

Q Ozl

Step 1

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 100°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
m/z: 303 (M+1).
Step 2

o
0N
/@/\o s DB, 1.4<leane m_@_mz
S i
O

To a solution of the target compound from step 1 (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
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. 'H NMR (MeOD) §: 8.66 (s, 1H), 8.37-8.39
(4, J= 8.0Hz, 2H), 8.30-8.32 (d, /~ 8.0Hz, 1H), 8.18-8.21 (d, /= 12Hz, 2H), 7.78-7.80 (d, /=
8.0Hz, 1H), 7.70 (s, 1H).
Step 3

o N Fe, Hoi N

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 HCI (1.1 pL) 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. ' NMR (MeOD) §: 8.01-8.05 (m, 2H), 7.90-7.96 (m,
1H), 7.79 (s, 1H), 7.46-7.51 (m, 1H), 7.34 (s, 1H}, 7.17-7.21 (m, ZH). MS m/z: 225 (M+1).
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Step 4

DIPEA, HATUY

{Yon
HyN " N N
Z @ S Q iy S e, Bot Ir m j
Boc

To a solution of the product from step 3 above (0.020 g, 0.089 mmol) in DCM (10
mL) N-Boc-proline (0.042 g, ¢.196 mmol) and DIPEA (0.035 g, 0.267 mimol} were added. The
reaction was stirred at RT for 5 minutes and then HATU (0.101 g, 0.267 mmol) was added. The
reaction was stirred overnight and poured into brine and extracted with EtOAc. The organic
layer was dried (Na;SOy), filtered and concentrated to afford 30 mg of the desired compound.
MS m/z: 619 (M+1),
Step 5

(;;]\{Nm " _ HG-MeOH MOOH (j\p/
NH 2
Boc [s] o \_# }/___\»':‘j m

244G

-phenylpropanoic acid Nﬁ o
ﬁ D

#h ¢ N

(o}

DIFEA, HA; u

Ph

The product from step 4 (0.70 g, 1.13 mmol) was stirred in MeOH/HCI (20 mL)
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-Phenylpropancic acid
{0.428 g, 2.85 mmol) were taken in DCM (30 mL) was reacted with the proline compound
{0.500 g, 0.96 mmol} and DIPEA {0.9 g, 7.1 mmo!). The reaction was stirred at RT for 5
mirnutes, 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 (Na,SOy),
concentrated and purified by HPLC to afford 30 mg of the desired compound. "H NMR (CDCl;)
8:9.85-9.87 (d, /= 8.0Hz, 2H), 7.86 (s, 1H), 7.42-7.44 (4, /= 8.8Hz, 2H), 7.46-7.48 (d, J= 8.8Hz,
2H), 7.03-7.31 (m, 9H), 6.90-6.99 (4, J= 3.6z, 1H), 6.58 (s, 1H), 4.71-4.82 (m, 2H), 3.62-3.71
(m, 2H), 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+1).

~85-



10

15

20

25

WO 2010/111483 PCT/US2010/028653

Step 1

KoCO5 (68 g, 0.497 mol) was added to a solution of bromosalicylaldehyde (50 g,
0.248 mol) in DMF (300 mi). 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
combined organic layers were dried and concentrated. The product was recrystallized from
dioxane to afford a white solid (50 g). 'H NMR (CDCl;) §: 10.43 (s,1H), 8.24 (d, J = 4H), 7.51-
7.58 (m, 2H), 7.37-7.42 (m, 4H), 7.31-7.36 {m, 6H), 5.52 (s, 1H), 4.57 (s, 2H}, 3.90 (5, 2H), 3.34
(s, 2H), 2.06-2.15 (m, 6H), 1.86-1.88 (m, 1H), 1.41 (d, 18H).
Step 2

B CHQ
\©[ DB Br N
N
0 O

#no,

DBU (% ml, 61.58 mmol) was added to a solution of the product from 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 cake was washed with EtOAc and dried in air to afford a yellow
solid (6.5 g}.
Step 3

Do 222 Y
P'Bus (1.93 ml, 0.32 mmol) was added o a solution of the product from step 2 (2
g, 6.3 mmol) and Pdx{dba); (0.29 g, 0.32 mmol) in THF (100 m!) under Ny, Then a solution of
LiHMDS (18.9 ml, 18.9 mmol) was added dropwise. The resulting solution was heated to reflux
for 3 hours and then cooled to RT. The reaction mixture was adjusted to pH = 1 using 1M HC],
then stirred for 0.5 hour. The reaction mixture was basified to pH = 8~9 using ag. saturated
NaHCO;, and extracted with EtOAc (3%). The combined organic layers were dried and

concentrated. The residue was recrystallized from MeOH to afford the product as brown solid.
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Step 4

30y
HO % H
HN - o <1n,N
S O m LT O

DIPEA, HATY BocHH
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 §

. .y

BooHN 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 H; 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

<1N g A0 <Nlrﬁ O\F
N ~ s = R R N e

BochH BocHN

Ac;O (18 mg, 0.18 numol) was added to a solution of the aniline from step 5 (50
mg, 0.09 mmol) in THF (2 ml) at RT. The resolting solution was stirred at RT overnight,
concentrated, and the residue was purified by RPLC to afford the desired product. "H NMR
(acetone-d6) 5. 7.95 (s, 1 HNH), 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,
CHy), 3.27-3.42 (m, 2 H, CHy), 3.02-3.17 (m, 3 H, CHy), 1.98 (s, 3H, CHs), 1.98- 1.95 (m, 4 H,
CHy), 1.22 (t, = 7.2 Hz, 6 K, CHs).
Examples 20-36

Compounds of Examples 20-36 were prepared in a similar manner as described in

either Example 18 or Exarnple 19.
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MW

Name

20

654.773

(25)-1-(phenylacetyl)}-N-{4-[5-
({1(25)-1-(phenylacetyl)
pyrrofidin-2-yljcarbonyl}amino -
i-benzofuran-2-yijphenyl}
pyrrolidine-2-carboxamide

21

885.039

tere-butyl {(18)-2-{(2S)-2-({4-[5-
({I28)-1-{(28)-2-[{tert-
butoxycarbonylyaminol-2~
phenylacetyl} pyrrolidin-2-
yHcarbonyt}amino)-1-
benzofuran-2-yljphenyl}
carbamoyhpyrrelidin-1-y1}-2-

22

Gl

H
oMy Q)/N
g

Q

885.039

oxo-1-phenylethyl} carbamate
tert-butyl {(1R)2-[(28)2-({4-[5-
{{H28)-1-{(2R)-2-[(tert-

butoxycarbonyl)amino]-2-
phenylacetyl} pyrrolidin-2-y1]
carbonyl}amino)-1-benzofuran-
2-ylipheny}} carbamoyl)
pyrrolidin-1-y1}-2-oxo-1-

23

§56.984

phenylethyl} carbamate
propan-2-yl [{1R)-2-0%0-1~
phenyl-2-{(28)-2-[(4-{5-[({(25)-
1-{(2R)-2-phenyl-2~{[{propan-2-
yloxyearbonyljamino}acetyl]
pyrrolidin-2-yi} carbonyl)amino}-
1-benzofuran-2-y1}phenyl)

carbamoyljpymrolidin-1-

yi}ethylicarbamate

24

800.876

methyl {(1R)-2-{{28)-2-({4-[5-
({{(28)-}-{2R)-2~
{{methoxycarbonyljamino]-2-
phenylacetyl}pyrrolidin-2-
yilcarbonyl} amino)-1-
benzofuran-2-yljphenyl}
carbamoylpyrrotidin-1-vi}-2~

740.91

oxo-1-phenviethyl} carbamate
28)-1-{(2R)-2-(dimethylamino)-
2-phenylacetyl]-N-(4-{5-f({(25)-
1-[{2R)-2-(dimethylamino}-2-
phenylacetyllpyrrolidin-2-y1}
carbonybamino}-1-benzofuran-2-
yitphenyDpyrrolidine-2-
carboxamide

26

797.019

(28)-1-[{2R)-2-(dicthylamino)-2~
phenylacetyl}-N-(4-{5-[({{25)-1~
{(2R)-2-(diethylamino)-2~

phenylacetyl}pyrrolidin-2«yl}
carbonyiamino]-1-benzofuran-2-
yi}phenylipyrrolidine-2-

- 88 -
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Example

Structure

MW

Name

27

#H RS
ol .
oH ] NH N
0 ° o=\l
g’o}-vc;-ls

CH,

798.947

propan-2-yk [{1R}-2-{(28)-2-{{4~
{3-[({(2S)-1-[2R)-2~
{dimethylamino)-2-
phenylacetyllpyrrolidin-2-yi}
carbonylyamino}-1-benzofuran-2-
yi}phenyhcarbamoyl]pyrrolidin-
1-y1}-2-0x0-1-
phenylethyllcarbamate

28

482.587

N-[2-(4-aminophenyl)-1-
benzofuran-3-yl]-1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl}-L-prolinamide

29

853.127

{25)-1-{2R)-2-{methyl(3-
methylbutyljamino]-2-
phenylacetyl} ~-N-{4-{5-({[(25)-1~
{{2R)-2-{methyi(3-
methytbutyhamino}-2-
phenylacetyl} pyrrolidin-2-
yljcarbonyl}amino)-1-
benzoforan-2-yljphenyl}
pyirolidine-2-carboxamide

552.679

N-{2-[4-(acetylamino)phenyl]-1-
benzofuran-5-yi}-1-[(2R)-2-
(diethylamine)-2-phenylacetyl]-
L-prolinamide

31

649.797

(25)-1-acetyl-N-(2-{4-[({(28)-1-
{(2R)-2-(diethylamino)-2-
phenylacetylipyirolidin-2-
yitearbonylaminolphenyl}-1-
benzofuran-5-yDpyrolidine-2-
carboxamide

wd
™

693.807

teri-butyl {(1R}2-[(28)-2-({4-[5-
({1{28)-1-acetylpyrrolidin-2-
ylcarbony!}aming)-1-
benzofuran-2-yijphenyl}
carbamoyl)pyrrolidin-1-y1]-2-
oxo~1-phenylethyl} carbamate

33

621,743

(23)-1-acetyl-N-(2-{4-[({(25)-1-
[(ZR)-2-{dimethylamino)-2-
phenylacetylipyvrrolidin-2-

yl}carbonylaminolphenyl}-1-
benzofuran-S-yl)pyrrolidine-2-
carboxamide

34

596.689

N-{4-[5-(acetylamino}-1-
benzofuran-2-yljphenyl}-1-
{Q2Ry-2-1(tert-
butoxycarbonyDamino]-2-
phenylacetyl}-L-prolinarmide
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Example Structure MW Name

methyl {(1R)-2-[(28)-2-( {4~[5-

. o s (([CS)1-{QR)2-
g;ﬁ %Nm—@—%ﬂ\; [(methoxycarbonylamnino}-2-
o g " - phenylacetyl}pyrrolidin-2-
33 © 6 ? CHy o, \ro% 814.903 yilcarbony!}amino)-7-methyl-1-
0 benzofiran-2-yilphenyl}
carbamoylpyrrolidin-1-y1}-2-
oxo-1-phenylethyl}carbamate

(28)-1-{(2R)-2-[ethyl(propyi)

o, >
%\) amino}-2-phenylacetyl}-N-{4-[5-
ot (;L(ﬁm/@”"om ({[29)-1-{(2R)-2-{ethyl(propyl)
36 AL O ey 825.073 amino}-2-phenylacetyl}
© pyrrolidin-2-yllcarbonyl}amino)-
1-benzofuran-2-yilphenyl}

pyrrolidine-2-carboxamide

Example 37 — [232-1~(Qhenvlacetvl)—-N—-fé—fﬁJff( S)-I-(phenviacetyl)pyrrolidin-2-

Step 1

j\m THF pyridine I “YNH’
T Cba ~N

N
o g o - (0 :

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
and CbzCl1 (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 iz vacuo, and the residue was exiracted with
EtOAc {2x), washed with HO (30 mL) and brine (30 mL), dried over anhydrous NaSOq,
concentraied in vacuo to give the desired compound as white powder (330 mg). MS (ESI) m/e
(MAH™: 245,
Step 2

H
3 . 2
N

2) HBr, methanol, reﬁux S

A solution of the prociuc’s from step 1 above (244 mg, 1.00 mmol) and 2-bromo-1-
(4-nitrophenyl)ethanone (244 mg, 1 mmol) in 40 mL of acetone was heated to reflux and stirred

for 6 howrs, Then, the mixture was cooled to RT and filtered, and the filtrate was then dissolved
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in 30 mi 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 (EST) m/e (M+H"): 390.
Step 3
cbz” \C\ WMND _SnCh Cbz”n 7 N”@_

To the product from step 2 above {50mg, 0.128mmeol) was dissolved in 10 mL
CH3OH was added SnCl; (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
(M+H": 360.
Step 4

\(\ ;}_@_ g AGOH, HBr \(\mw

The compound from step 3 (35 mg, 0.1 munol) 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,
cooled and concentrated. The residue was extracted with EtOAc (2x), washed with ag. NaHCO;
and water (30 mL) and brine (30 mL), dried over anhydrous NaSos. Concentration afforded the
desired compound as a brown solid (16mg). MS (ESI) m/e (M+H"): 226.

Step 5

o

COQH

W G
O e T CnOEY

HATU,DIPEA

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 (EST) mie (M+H"): 657. "H NMR (MeOD) &: 9.45(s, 1H), 8.31(s,
1H), 8.05(s, 1H), 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).

- 91 -



10

15

20

W0 2010/111483 PCT/US2010/628653

Example 38 — (28)-1-(phenylacesyl)-N-{4-[6-({[(28)-I-(phenvlacetylipyrrolidin-2-

1) Acet 2 it
/ ‘/\j/h]()z oneg, reflux OuM 2
2“‘{/_N 2 H.l/x\/’ 2} HBy, methancl, reffux \/ ’H\N\/_@V
3 N

The mixture containing 2-amino-5-nitropyridine (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
was collected by filtration to give the desired (1.4 g). MS (m/z): 285 (M+H)",

Step 2

[a% Y]

PaiC HaN__» —
ZNTR, e TN -

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 H; at RT.
After filtration, the filtrate was concentrated in vacuo to give the desired compound. MS (m/z):
225 (M+H)Y".

Step 3

0
0,

DO i T OO

The mixture of the diamine from step 2 above (225 mg, 1 mmol), N-
phenylacetylproline (1 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 (MeGD) 8: 9.3 (s,
1), 8.2 (s, 1H), 7.5-7.1 (m, 16H), 4.6 (m, 1H), 4.5 (m, 11}, 3.8 (m, 8H}, 2.3-1.8 (m, 8H}.
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Example 39 — (28,2'S}-NN'-1H.1H-2,2"-biindole-5,5 "-divibis{I-(phenvlacetylpyrrolidine-2-

carboxamide]
H H )
(Nt\r& NS N m
@\/&O o) @W 0 g
Step 1

OuN. N
pOBry  OM
| () i AN
H H

To a suspension of the lactam (10.0 g, 56 mmol) in 200 ml of 1,2-dichleroethane,
was added POBr; (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
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 NaHCO; {ca. 50 g) was added to the mixture until no
further gas was evolved. The suspension was extracted with DCM (47{), and the combined DCM
exiracts 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 S.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.

Step 2

Boc
Oy, N Pd(dopnCl 0N NHBoo
mBM(HO}zB—@ PodppfiCl W
3] NHBos H  Boc

The mixture of compound from step 1 above (602.6 mg, 2.5 mmol), the indole
boronic acid (1.034 g, 2.75mmel}, Pd(dppf)Clx(183 mg, 0.25 mmol}, Na;COs; (530 mg, 5.0
mmol) in 5 mL dioxane-H,O (5:1) was heated to reflux under N, atmosphere overnight, When
reaction was complete the mixture was poured into water and extracted with DCM. The organic
phase was dried over NaySO4, concentrated, and the residue was purified to give compound the
desired product. MS (ESI) m/e (M+H"): 493.
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Step 3
OzN e/ RNHBoc ON N NHy
HCHMeOH N
The product from step 2 (600 mg, 1.3 mmol) was added into HC1 (30 mi, 3M in
MeOH). Then the mixture stirred 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+H"): 293.

Step 4
N NH; HoN soNHe
PR SORE"TNN Shas
N AR

Hz

The product from step 3 {400 mg, 1.36 mmol) was dissolved in EtQAc and treated
with Pd/C (100 mg, 20%). Then the mixture was stirred at RT overnight under H, 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 (ESD m/e (M+H"): 263.

Step 5

HaN._ NH, S ﬁm/fB v
e, QMoo L
= N N OO /ﬁ m o

8 H 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 CH;CN (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 o give the desired product. 'H NMR (MeOD) §: 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 (ESD) m/e (M+H"): 693.
Example 40 — di-tert-butyl (1H,1'H-2,2"-biindole-5.5 -diplbis{carbamoyl(2S}pyrrolidine-2,1-
divif(IR)-2-ox0-1-phenvlethane-2,1-divlf}}biscarbamate

BocHN NHBoG

a
N
H

XIZ z

This compound was prepared using the similar method as Example 39, step 5
using N-Boc-R-Phg-L-Pro-OH. "H NMR (MeOD) &: 6.78-7.78 (m, 18H), 5.49 (m, 2H), 4.55-
4.58 (m, 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 — text-butyl {{IR}-2-0x0-I1-phenyl-2-[(28}-2-(12-[4-({](25)-1-(phenviacetyl
pyrrolidin-2-vljcarbonyllamine)phenyl]-1H-indol-5-vlicarbamoyDpyrrolidin-1-

Yijethylicarbamate

Q5
BosHN qf&mﬁ{—{;
. P Ve ﬁ
9

Step 1

0,N

B @\;{NHZW___“ IWL""'Q"B‘

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 mimol) was added. The reaction
was refluxed for 5 hours, and water (35 mL) was added. The resulting mixture was stirred for
another 1 hour, and the resulting solid was filtered, washed with water to afford 3.1 g of the
desired compound, 'H NMR (MeOD) &: 8.21-8.23 (d, J = 8.0Hz, 2H), 8.01-8.03 (d, J= §.0Hz,
2H), 7.34-7.36 (&, J= 8 0Hz, 2H), 7.20-7.22 (d, J = 8.0Hz, 2H), 2.03 (s, 3H).
Step 2

Oz

N2 N Wt e N e
- PN W

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. 'H NMR (MeOD) §: 8.28-8.30 (d, /= 8.0Hz, 2H), 7.97-7.99 (d, J
= 8.0Hz, 2H), 7.72 {8, 1H), 7.33-7.35 (d, J = 8.0Hz, 1H), 7.24-7.26 (d, /= 8.0Hz, 1H), 7.02 (s,
1H).

Step 3

H,N
R Priydogl Ty N
l NDp oo .
# N PRug, lithium bis(trimetayleliyl-
amide, THF, reflux, th

An oven-dried argon-cocled round-bottom flask was charged with the indole from
step 2 (2.0 g, 6.31 mmol) and 0.05 equivalents of Pdy(dba); in THF (100 mL). A solution of tri-
tert-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 ag 1.0 M HC1 (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
(5:95) solution. The precipitate was washed with 200 mL of MeOH, and the filtrate was
conicentrated 1o give 1.5 g of the desired compound. MS m/z: 254 (M+1).

Step 4

ogom. 5 ~friyo-
) 9 @

To a solution of the product from step 3 above (1 g, 3.9 mmol) in acetonitrile (20
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 ovemnight. 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 fo give the
desired compound (1.8 g). MS (ESI) m/e (M+H"): 584.
Step 5

" [
DO 1 e YOO
£ BocHi i
S

To a solution of compound from step 4 (300 mg, 0.51 mmol) in MeOH (10 mL)
was added Pd/C (50 mg, (.28 mmol). The mixture was stirred under H; atmosphere at KT for 1
hour. The catalyst was filtered off, and the filtrate was concentrated in vacuo to give the desired
compound (230 mg) as a vellow oil, which was used directly in next step. MS (ESI) m/e
(M-+H)': 554,
Step 6

gy

- @Y‘*m@m . Oﬁr ot Q\r “:HD
o © o y % N © o © i ‘O ot
q O O é
To a solution of the compound from step 5 (100 mg, 0.18 mmol} in acetonitrile (3

mL) was added compound N-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). 'H NMR (CDCl;) 8: 9.62
(s, 1H), 9.08 (s, 1H), 7.84 (s, 1H), 7.45-7.09 (m, 15H), 6.52 (s, 1H), 5.67 (s, 1H), 5.49 (m, 1H),
4.72-4.51 (m, 2H), 3.82-3.48 (m, 5H), 3.20 (m, 1H), 2.15-1.72 (m, 8H), 1.43 (s, 9H). MS (ESI)
m/e (M+H"): 769.

Aot

Step 1
OaM., . N
; ; L} FallH,Cl ‘@*\’}?

A mixture of 5-nitroindole (5 g, 30.9 mmol), Fe (8.6 g, 154 mmol), NHsCl (16.5
g, 309 mmol), EtOH (80 mL) and water (20 mL) was refluxed under N, protection for 2 hours.
The mixture was cooled to RTand filtered. The filirate was concentrated and dissolved in water.
The mixture was basified with NayCO; and extracted with CH,Cl, two times. The combined
organic phases were combined, dried over Na;SOq and filtered. The filtrate was concentrated to
yield the product (3.6 g). MS (ESI) m/e (M+H"): 133. "HNMR (DMSO) &: 10.55 (s, 1H), 7.12-
7.06 (m, 2H), 6.68 (d, /=2.0 Hz, 1H), 6.48 (dd, /=8.4 Hz, 2.0 Hz, 1H), 6.12 (t, /=2.0 Hz, 1H},
4.39 (s, 2H).
Step 2

He \@"-% Bor,0), DMAP Bocght | E
Z ~n P N
H

Bog

A mixture of S5-aminoindole (20 g, 76 mmol), DMAP (9.2 g, 38 mmol) THF (250
mL) and CH3CN (100 mL) was cooled to 0°C Boc,O (132 g, 304 mumol) 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 CH,Cl, three times. The organic phase was
combined, dried over NagSOy and filtered. The filtrate was concenirated, dissolved in CH,Cl
and poured into PE and filtered. The solid was purified by cohumn chromatography
(PE/EA=20/1) to yield the product (23 g). "H NMR (CDCL): & 8.05 (d, J=8.0 Hz, 1H), 7.56 (d,
J=32 Hz, 1H), 7.28 (4, J=2.4 Hz, 1H), 7.03 (dd, J=8.8 Hz, 1.6 Hz, 1H), 1.63 (s, 91), 1.36 (5,
18H).
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Step 3

BogyN . . BocHi
T N, LDA, (FrOW8 ma(m}z
AN y

Bog Boe

A mixture of the product from step 2 above (5.0 g, 11.6 mmol)}, ({PrO)B (17.5
ml., 92.8 mmol} and dry THF (100 mL) was cooled to 0°C LDA (prepared from nBuli and
iPr;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 1IN
HCl to pH=3 and exiracted with CH,Cl, three times. The combined organic phases were
combined, dried over NapSO, and filtered. The filtrate was concentrated and purified by column
chromatography (PE/CH;Cl=1/1 to pure CHyCly to CHyCly/acetone=10/1 to pure acetone} to
afford the product (2.82). "H NMR (DMSO) 8: 9.22 (s, 1H), 8.10 (s, 2H), 7.84 (d, J=9.2 Hz,
1H), 7.65 (s, 1H), 7.20 (dd, /=9.2 Hz, 2.0 Hz, 1H}, 6.48 (d, 1H), 1.51 (s, 9H), 1.41 (5, 5H).
Step 4

N
Ol-“{N}-‘NOz S o g }«NHZ
= W=

A mixture of the pyrimidine compound (0.3 g, 2 mmol), Fe powder (560 mg, 10
mmol), NH,Cl (1.07 g, 20 mmol), EtOH (8 mL) and water (2 mL) was refluxed under N,

overnight. The mixture was cooled to RT and filtered. The filtrate was concentrated and

- dissolved in water. The mixture was basified with Nay;CO3 and extracted with CH,Cl, two times.

The combined organic phases were dried over Na;SO; and filtered. The filirate was
concentrated to yield the product (120 mg). MS (ESI) m/e (M+H"): 130. 'H NMR (DMSO) 8:
7.99 (s, 2H), 5.73 (5, 2H).

Step 5
0 BockN Pa(dppnCl, | PPN N
o }—N”z . U s, 8 TW( ‘3"“”’
N ~ gc ~ goc N=
i1l

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)Cl; (56 mg, 0.077 mmol), Na;CO; (244 mg, 2.3
mmol), THF (20 mL) and H;O (2 mL) was refluxed under N; overnight. The mixture was
poured into water and extracted with CH;Cl,. The organic phase was combined, dried over
Na;SO; and filtered. The filtrate was purified by prep TLC (CH;Cl,/MeOH=20/1) to afford the
product. MS (ESI) m/e (M+H"): 426,
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Step 6

Bochl sy HOUMeOH, Py MR
P an el i dl O NH,
Boc ﬁ N

A mixture of compound from step 5 above was added to a solution HCI 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 CH,Cl, and concentrated. The residue
was directly used in the next step without further purification. MS (ESI) m/e (M+H"): 226
Step 7

LA Ne o Q\f* S }}ﬂj

The product of step 6 above (0.22 mmol), N-phenylacetyl-L-proline (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 (ESD m/e (M+H"): 656. "H NMR (CDCl;) 8: 10.42 (s, 1H), 10.01 (s, 1H), 9.77 (s, 1H), 8.32
(s, 1H}, 7.34-7.27 (m, 11H), 7.05-7.00 (m, 2H), 6.58 (d,./=8.0 Hz, 11), 4.63-4.53 (m, ZH), 3.84-
3.58 (m, 81), 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

tert-butyl {(1R)-2-[(28)-2-({4-[5-
({12Sy1-{(2R)-2-{{tert-

@i)\f m butoxycarbonyl)amino}-2-

oH phenylacetyl}pyrrolidin-2-
3 chE“ T““ N V=0 | 38403 1 o bonyl} amino)-1H-indol-2-
Oty yilphenyl} carbamoylpyrrolidin-
CHs 1-y1}-2-o%0-1-

phenylethyl} carbamate

methyl {(1 Ry 2-[(28)-2-({4-[5-

[xj OR " té{[(%’)g'{(?t?)*%- 12
Wy = methoxycarbonylaminol-2-
44 CHQT}Q o 0 \CI}——Q' NHO [ " %99 891 phenylacetyl}pyrrolidin-2-
¢ " ‘3\‘““)’0\ ' yl]carbonyl} amino)-1H-indol-2-
@ g O yllphenyl} carbamoyl)pyrrolidin-
1-y1}-2-0x0-1-
phenylethyl} carbamate

- 00 .




WO 2010/111483

PCT/US2010/028653

Example

MW

Name

45

792.002

{25y-1-{(2R)-2-phenyl-2-
(pyrrolidin-1-yhacetyl}-N-(4-{5-
{(£(25)-1-[(2R)-2-phenyl-2-
{pyrrotidin-1-yl)acetyl}
pyrrolidin-2-yl}carbonylamine]-
1H-indoi-2-y1} phenyl)
pyrrolidine-2~carboxamide

4
. w{’?

848.023

(28)-1-{(2R)-2-
[(cyclopropylacetyhaminol-2-
phenylacetyl}-N-{4-[5-({[(2S)-1-
{(2R)-2-[{cyclopropylacetyl)
amino]-2-phenylacetyl}
pyrrolidin-2-ylcarbonyl}amino)-
1 #-indol-2-yl]phenyl}
pyrroiidine-2-carboxamide

47 6

852.055

(28)1-{(2Ry-2-{(3~
methylbutanoybamino-2-
phenylacetyl}-N-{4-[5-({[(25)-1~
{02Ry-2-{(3-methylbutanoyl)
amino]-2-phenylacetyl}
pysrolidin-2-yijcarbonyl}amino)-
1AH-indol-2-yliphenyl}
vyrrolidine-2-carboxamide

48

824.001

(28)-1-[(2R)-2-(morpholin-4-y1)-
2-phenylacetyl]-N-(4-{5-[{{{(25)~
1-[(2R)-2-(morpholin-4-y1)-2~
phenylacetyljpyrrolidin-2-
y1}carbonyljaminol-1 H-indol-2-
yl}phenylpyrolidine-2-
carboxamide

49

N
H

o 834,94

(25)-1-(2,3~-diphenylpropanoyl)-
N-{4-{5-({{(28)-1-(2,3-
diphenylpropanoyDpyrrolidin-2~
yl]carbenyl}amino)-1 H-indol-2-
yllphenyl}pyrrolidine-2-
carboxamide

50

§92.195

(25)-3-12R}y-2-{1(4-
methyiphenylsulfonyljamino}-2-
phenylacetyl]-V-(4-{5-[({{28)-1-
[(2R)-2-{[{(4-methylphenyl}
sulfonyllamino}-2-phenylacetyl]
pyrrolidin-2-yt} carbonyljamino}-
1 H-indol-2-y1} phenyl)
pyryolidine-Z-carboxamide

!’H O
51 0 E [»]

904.132

(285)-1-{2R)y2-
[{cyclohexylcarbonyamino}-2-
phenylacetyl}-N-{4-[5{{[(25)-1-
{{2Ry2-{{cyclohexylcarbonyl)
amino}-2-phenylacetyl}
pyrrolidin-2-yijcarbonyl}amino)-
1H-indol-2-yljphenyl}
pyrrolidine-2-carboxamide
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Example

Structure

MW

Name

52

— Seon,
~NH

553.623

methy! {(LR)-2-[(25)-2-({2-{4~

(acetylamino)phenyt]-1 H-indo}-
S-yljcarbamoyhpyrrolidin-1-yi}-
2-0xo~1-phenylethyl}carbamate

53

0995
‘\?

cu?“s

595.704

tert-butyl {(1R)}-2-[(28)-2-({4-{5-
(acetylamino)-1 H-indol-2-
yliphenyl} carbamoyDpyrrolidin-
1-yl]-2-0%0-1-
phenylethyl}carbamate

54

e
O, -0

565.678

N-{2-[4-(acetylamino)phenyl}-
{H-indol-5-yi}-1-[(2R)-2~
{morpholin-4-y1)-2-
phenylacetyl}-L-prolinamide

55

581.677

propan-2-y1 {{1R)-2-[(25)-2-({2-
f4-(acetylamino)phenyl]-1 -
indol-5-y1} carbamoyljpyrrolidin-
l-yi}-2-0%0-1-
phenylethyl} carbamate

56

/.»N e ° OJ\ i

817.953

28)-1-{(ZR)-2~
[{cyclopentylcarbamoyljamino]-
2-phenylacetyl}-N-(4-{5-{{({(2S)-
HZR)-2-(dimethylamino)-2-
phenylacetyllpyrrelidin-2-
y1}carbonybamino)-1 H-indel-2-
y1}phenyhpyrrolidine-2-
carboxamide

57

§16.019

tert-butyl {(2R)-1-[(28)-2-({4-{5-
({I2S)-1-{(2R)-2-[(rert-
butoxycarbonylamino}-3-

methylbutanoyl} pyrrolidin-2-

yijcarbonyl} amine}-1A-indo}-2-

yljphenyl}carbamoyl)pyrrolidin-
1-yl}-3-methyl-1-oxobutan-2-

ylicarbamate

58

O
=
T

545.679

N-f2-{4-(acetylamino)phenyl}-
1 H-indol-5~y1}-1-[(2R)-2-phenyl-
2-{pyrrolidin-1-yDacetyl}-L-
prolinamide

59

699,945

28 1-{(2R)-2~(dimethylamino)-
4-methylpentanoyl}-N-{4-{5-
[({(28)-1-[(2R)-2-
(dimethylamino)-4-
methylpentanoyljpyrrolidin-2-
yl}carbonylamine}- 1 H-indol-2-
yiiphenylpyrrolidine-2-
carboxamide (non-preferred
name)
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Example

MW

Name

60

820.056

(28)-1-{{(2R)-2-phenyl-2~
(piperidin-1-yacetyl]-N-(4-{5-
[({(25)-1-[{(2R}-2-phenyl-2-
(piperidin-I-yhacetyljpyrrolidin-
2-yHcarbonyl)amino]-1H-indol-
2-yhyphenyDpyrrolidine~2-
carboxamide

61

785.914

{28)-1-{(2R)y-2-(1 H-imidazol-1~
v)-2-phenylacetyl}-N-(4-{5-
K{28)-1-[(2R)-2~(1 H-imidazol-
1-y1)-2-phenylacetyllpyrrolidin-
2-yl}carbonyllamino]-1 H-indol-
2-y1}phenyhpyrrolidine-2~
carboxamide

62

796.034

(2.5)-1-[(2R)-2-(diethylamino)-2-
phenylacetyl}-N-{4-{5-[({(28)-1-
{(2R)-2-(diethylamino)-2-
phenylacetyllpyrrolidin-2-
yl}carbonyl)amino}-1 H-indol-2-
yl}phenyhpyrrolidine-2-
carboxamide

63

692.822

terebutyl {(15)-2-1(28)-2-({4-{5-
{{1(28)-1-acetylpyrrolidin-2-

- yHearbonyl}amine)-1 H-indo}-2-

yHphenyl} carbameyl)pyrroltidin-
1-yl]-2-0%0-1-
phenylethyl}carbamate

64

692.822

tert-butyl {(1R)-2-[(25)-2-({4-{5-
({[(285)1-acetylpymrolidin-2-
yHcarbonyl}amino)-1 H-indol-2-
yliphenyl}carbamoyl)pyrrolidin-
1-yi}-2-o%0-1-
phenylethyl}carbamate

65

692,866

teri-bratyl {(1R)-2-oxo-1-phenyl-
2-{(28)-2-({2-14-({]25)- 1-
(propan-2-yhpyrrolidin-2-
yljcarbonyltamino)phenyl}-1H-
indol-5-yl}carbamoyl)pyrrolidin-
1-yljethyl} carbamate

66

323.64

N-{2-[4-(acetylamino)phenyl}-
1H-indol-5-y1}-1-[(2R)-2-
(dirnethvieming)-2-
phenylacetyl}-L-prolinamide

67

363.706

N-{2-[4-(acetylamino)phenyl}-
1 H-indol-5-yi}-1-[(2R)-2-phenyl-
2-{piperidin-1-yDacetyl}-L-
prolinamide

- 102 -




WG 2010/111483

PCT/US2010/028653

Example

Structure

MW

Name

68

811.99

tert-butyl [(1R)-2~{{28)-2-{(2~{4~
[({@SF-{2R)-2-
{dimethylamino)-2-

phenylacetylipyrrelidin-2-
v1}carbonyDaminojphenyl}-14-
indol-5-yDoarbamoyl]pyrrolidin-
1-y1}-2-0%0-1-
phenylethyllcarbamate

69

811.99

rert-butyl [(1R)-2-{(28)-2-[(4-{5-
[({(2S)-1-[(2R)-2-
{dimethylamino)-2-phenylacetyl]
pyrrolidin-2-y1}carbonylyamino}-
1H-indol-2-yi} phenyl)
carbamoyl] pyrrolidin-1-yi}-2-
oxo-1-phenylethyljcarbarmate

79

810.017

(25)-1-{(2R)-2-(dimethylamino)-
2-phenylacetyl}-N-{4-[5-({{(25)-
HQR)-2-{(3,3-
dimethytbutanoyl)aminel-2-
phenylacetyl} pyrrolidin-2-
yijcarbonyl}amino)-1H-indol-2-
yiiphenyl}pyrrolidine-2-
carboxamide

71

H n &
i !
1-@% Nit 3’ N
O

660.823

(25)-1-(cyclopropylacety-N-(4~
{5-1({25)-1-[2R)-2-
(dimethylamino)-2-
phenylacetyilpyrrolidin-2-
y1}carbonylaminol-1 H-indol-2-
yi}phenyl)pyrrolidine-2-
carboxamide

72

676.823

{28)-1-}{2R)-2-(dimethylamino)-
2-phenylacetyl]-N-(2-{4-[({(28)-
1-[(2R)tetrahydrofaran-2-
yicarbony!lpyrrolidin-2-
yi}carbonylaminojphenyl}-14-
indol-5-yDpyrrolidine-2-
carboxamide

920.035

tert-butyl [(1R)-2-{(28)-2-[(4-{5~
H{(28)-1-[(2R)-2-{(tert
butoxycarbonyl)amino}-2-{4-
fluorophenylacetylpyrrolidin-2-
yitcarbonyhamino]-1H-~indol-2~
vi} phenylcarbamoyljpyrrolidin-
1-yi}-1<{4-fluorophenyl}-2-
oxoethvllcarbamate

74

4 X
mug\fhm@ %
NH
%5” N oAb

852.142

(28)-1-{(2R)-2-[methyl(3~
methylbutyamino}-2-
phenylacetyl}-N-{4-{5-({[(25)-1-
{{Z2R)-2-[methyl{3-methyloutyl)
amino}-2-phenylacetyl}
pyrrolidin-2-yllcarbonyl}amino)-
1 H-indol-2-yl}phenyl}
pyrrolidine-2-carboxamide
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Example

Structare

MW

Name

75

: H
H & !
L—L‘(N = \ N)”’“\
N NH g ¥
0
. Mo 0&.\\
~E} O

613.72

{25)-1-{(28)tetrahydrofuran-2-
ylcarbonyl]-#-(4-{5-[{{(2S)-1-
{(28}-tetrahydrofuran-2-
yicarbonyljpyrolidin-2-
yl}carbonylyamino}-1 H-indol-2-
y1iphenylipyirolidine-2-
carboxamide

76

o] RU
Yoo

CHNe it

771972

N-(fert-butoxycarbonyl}-D-valyl-
N-{4-[5-({1-{(2R}-2~
(dinethylamine)-2-
phenylacetyl]-L-prolyl} amino)-
1H-indo}l-2~y}phenyl}-L-
prolinamide

77

o H

673.778

(2.5)-1-[(2R)-2-(dimethylamino)-
2-phenylacetyl}-N-{2-[4-({[(25)-
1-{1,3-oxazol-2~
ylcarbonyDpyrrolidin-2-
yllcarbonyl} amino)phenyl}-14-
indol-5-yl}pyrrolidine-2-
carboxamide

78

860.032

tert-butyl [{1R)}-2-{[(25}-1-({4-
[5-({(25)y-2-{{(ZR)-2-[{tert-
batoxycarbonylamino}-2-

phenylacetyl}{methyllamino]pro
panoyl}amino)-1#-indol-2-

yijphenyl}amino)-1-oxopropan-

2-yl{methyhamino} -2-0x0-1-
phenylethylJcarbamate

79

567.694

tert-butyl {{1R)-2-[(28)-2-¢{2-{4-
(methylamino)phenyl}-1H-indol-
S-yl}carbamoyl)pyrrolidin-1-yi}-
2-o0x0-1-phenylethyl}carbamate

80

696.857

(287 1-[{2R)-2-(dimethylamino)-
2-phenylacetyl}-N-{2-[4-({{{25)
1-(phenylacetylypyrrolidin-2~
yljcarbonyl}amino)phenyli-14-
indo}-5-yl}pyrrolidine-2-
carboxamide

81

765.964

(25)-1-{[(3R)-1-benzylpyirolidin-
3-ylcarbonyl}-N-(4-{5-[{{{25)-
1-{(2R)-2~(dimethylamino)-2-
phenylacetyllpyrrolidin-2-
yl}carbonyhamino}-14-indol-2-
yviiphenyhpyrrolidine-2-
carboxamide

82

765.964

(28)-1-{[(35)-1 -benzylpyrrolidin-
3-yilcarbony!l} ~-N-(4-{5-{({(25)-
1-[{2R)-2~(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-
yltcarbonylamino}- 1 H-indol-2-
yiiphenyDpyrrolidine-2-
carboxamide
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Example Structure MW Name ]
c:«;(j\ﬁ o N N-dimethyl-D-leucyl-N-{4-5-
L mﬁb . ({1-[{2R)-2~(dimethylamino)-2-
83 T © N o i 719935 | phenylacetyl]-L-prolyl}amino)-
CL;: Chy 1H-indol-2-y¥phenyl}-L-
CH, prolinamide
el | _ Q}_O N-(2-{4-[{cyclopentylcarbonyl)
84 el ,go 4 WW 577733 aminojphenyl}-1H-indo}-5-yi)-1-

[(2R)-2-(dimethytamino)-2-
phenylacetyl]-L-prolinamide

H CH tert-butyl {(25)-1-({4-[54{{1-
caQ‘FHz N NMW p N_<° o, [(2R)-2-{dimethylamino)-2-
85 o © N o CHs 652.8 phenylacetyli-L-prolyl} amino)-
th,

1 H-indol-2-yljphenyl}amino)-1-
oxopropan-2-ytcarbamate

O tert-buty! [(18)-2-({4-]5-({1-
CHa H [(2R)-2~(dimeth}’!am§m)}~2—
86 ol ! Y m—@-‘w H~-’€c s, 714.872 phenylacetyl]-L-protyl}amino)-
5 1 H-indol-2-yl]phenyl} amino}-2-
oxo-1-phenylethyljcarbamate

.y tert-butyl [2R)-1-({4-[5-({1-
cHK\J\(ﬁ 0”‘31”‘3 [2R)-2-(dimethytamino}-2-
. e ] m@_m HNW,( CHy phenytacetyli-L-prolyl} amino)-
A 3 ) o= tHs 680.855 : !
al Y - LH-indol-2-yliphenyl} amino)-3-
¢ methyl~1-oxobutan-2-
yllcarbamate

Example 88 — {28,2'8)-MN,N'-5.6,7, 1 2-tetrahyvdrobenzol, 7lcyclokeptaf 1. 2-blindole-3,9-

{}\\, AN \ NH
NH

Step 1

1 = HIND, 7 H504 |
Ao T O # COOK

i o

To amixture of HNOj3 (4 mL) and H;S04 (2 mL} at ¢°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 HyO at 0°C, and the precipitate was filtered to give
compound (2 g) as a yellow solid. MS (ESI) m/e (M+H"): 238.

Step 2
=
i Hy, P HAG, A0 © /@v\/\
%NQY\ACOOH et LA oo

Q
To a mixture of HOAc (10 mL) and Ac;O (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 H; 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"): 236.
Step 3

O 1
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. Afier 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 (EST) m/e (M+H"): 218.
Step 4
N9

I i "
_ 0}1\“&2 10% HAc/ EIOM \{N MNZ_.
2 K 5
N Yy
i

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 i 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+H"): 348,
Step 5

. g
*}; Ty i“ﬁ D A v e \m/>—~~1&-12

To a solution of the product from step 4 above (200 mg, 0.57 mmol) in EtOH (10
mL) was added 6N HC] (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=5:1) to give the desired compound (150 mg) as
a brown solid. MS (ESI) m/e (M+H"): 264

Step 6
o é“*f’ e Qo O

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 mg, 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 tﬁe desired compound (10 mg) as a brown solid. "H NMR 8: 7.62-7.20 (m, 16H), 4.58-4.54
(m, 2H), 3.79-3.60 (m, 6H), 2.95 (m, 2H), 2.80 (m, 2H), 2.26-1.94 (m, 8H). MS (ESI) m/e
(M+H"): 694,

Examples 89-98

Compounds of Examples 89-98 were prepared in a similar manner as described in

Example 88.
Example Structure MW Name
(‘!\ B O ’\\j (25,2'S)-N.N"-6,1 1-dihydro-5 H-
N ~ AN o - benzofajcarbazole-3,8-diylbis{1-
89 ©\/K er Ng N | 679826 {phenylacetyl)pyrrolidine-2-
0 H ¢; . carboxamide}
Qﬁﬁ’@@} . dhydeo 5 benzelfoabizol
] NH I i g -
o0 Q\O"Ko © N o 711825 3,8-diyldicarbamoyl)
/\© dipyrrolidine-1-carboxylate

B OHj N-(8-bromo-6,11-dihydro-5H-
91 NH j\/© 528.453 benzofajcarbazol-3-y1)-1-
I}
o

(phenylacetyl)-L-prolinamide

H
14 R Gi-tert-butyl (6,1 1-dihydro-5H-
| (;r)jg - :2;-\& g NE/ benzofajcarbazole-3,8-diylbis
92 o B o~y O 910.092 | {carbamoyi2S)pyrrolidine-2,1-
>( Oy M G diylf(18)-2-oxo-1-phenylethane-
°© g 2,1-diyl]} Joiscarbamate
o Q& terr-butyl [(15)-2-{(25)-2-[(8-
ﬁ%—w&\j ~- bromo-6,11-dibydro-5 H-
93 B o ETO 643 586 benzo[ajcarbazol-3-y1)
é 0 carbamoyl]pyrrolidin-1-yi}-2-
oxo-1-phenylethy}]carbamate

'S 8 e (28,2'$)-N, N6, 1 1-dihydro-S H-
¥ ofwm_@m,}"\j benzo[alcarbazole-3,8-diylbis{1-
94 A H o MN’\ 765.942 {(2R)-2-(dimethylamino)-2-

phenylacetylpyrrolidine-2-
carboxamide}

, (‘)Y» ' (25,2'S)-N,N'-5,6,7,12-

—n 7S e tetrabydrobenzo[6,7]eyclohepta

o5 _ - J‘Q»’“}] o06s | [L2-blindole3,3-diylbis(1-

N o=/ ’ {(2R)-2-(dimethylaming)-2-
S phenylacetyl]pyrrolidine-2-

carboxamide}

benzofajcarbazol-3-yl)-1-{(25)-

N N

%6 B Y 562718 1 5 1(3,3-dimethylbutanoyDamino]
| -2-phenylacetyl}-L-prolinamide

Y L N-(6,11-dihydro-S H-
NEN Hmj

CC(;%}QHU sersbutyl {(1R)-2-[(25)-26,11-
97 N M 153\{(0 564.60 djhydro-51i—l?enzoig}cfarbazolé-
J yicarbamoyiipyrrolidin-1-yi]-2~

oxo~1-phenylethyl} carbamate
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Example Structure MW Name

4 Q. di-zert-butyl {5,6,7,12-
, le\ﬂﬂ“ N\?;lﬂ‘h] tetrabydrobenzo]6,7jcyclohepta]

o} o \ B 1,2-blindole-3,9-diylbis

0 N AN O » F y

98 >l’ \(‘)r B o7y \g’ 924.119 {carbamoyl(2S)pyrrolidine-2, 1~
| @ diyH(1R)-2-0x0-1-phenylethane-

2,1-diyl}} biscarbamate

Example 99 — text-butyl {(IR)}=2-[(28)-2-(5-14-[5-(. ﬁ(_?S)«J -{(2R)-2-[(tert-butoxy

Step 1

——

o
i o f HATU o Oy
NH .
,@A/Hr: ‘ Y\’i‘) " M Gbx
Br ) HO e i

8r

HATU (20 g, 52.3 mmol) was added to a heterogeneous mixture of the amino
ketone (12 g, 48.5 mmol) and L-Cbz-Pro (12.4 g, 50 mmol) in MeCN (156 mL). The mixiure
was cooled in an ice-water bath, and immediately afterward DIPEA (2’7 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 1o provide the
desired compound as a white solid (20.68 g). MS (ESI) m/e (M+H"): 446.

Step 2
o oo
ey

A mixture of the product from step 1 above (12.8 g, 31.12 mmol) and NH;OAc
(12.0 g, 155.7 mmol) in xylenes (155 mL) was heated in a sealed tube at 160°C for 2 hours. The
volatile component was removed in vacuo, and the residue was partitioned carefully between

EtOAc and water, where by enough saturated NaHCO5 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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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 (ESD) m/e (M+H): 426. "HNMR (CDCls) 8: 7.31-7.52 (m, 9H), 7.17 (s, 1H), 5.12 ~ 5.20
{m, 2H), 5.00 ~ 5.01 (m, 1H), 3.50 ~ 3.52 (m, 2H), 2.96 ~ 2.97 (m, 1H), 1.97 ~ 2.17 (m, 3H).
Step 3

1
Chz Soc Na GO,

H
N H N g
7S M Boc” NN N /N
/@Iﬁ @ . B m_s(omg Patcppf)Cly » NJH__,\
Boc H
Rr CDZ/N-./

A mixtare of the product from step 2 above (327 mg, 0.77 mumol), indole boronic
acid from Example 42 (290 mg, 0.77 mmol), Pd(dppf)Cl, (56 mg, 0.077 mmol), NayCO; (244
mg, 2.3 mmol), THF (20 mL) and HO (2 mL) was refluxed under N, overnight. The mixture
was poured inio water and extracted with CH,Cly. The organic phase was combined, dried over
NaySO4 and filtered 1o give the desired compound, which was used directly in the next step. MS
(EST) m/e (M+H): 678.
Step 4

H
N HyN
Boc” N N HC m -(l\iﬁ
Ly T o ey
owa” che”

A solution of the product of step 3 in HCI/CH;OH (5 N) was stirred for 3 hours.
Concentration iz vacuo afforded the crude product. MS (ESI) m/e (M+H"): 478.
Step 5

OO A2 G '
Ay X ,J\\‘> Bo ;ﬁ*oﬁ Bé o m""@‘(/';‘\
obz™ Ry tb{r’u)
This reaction was catried 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
(ESD) m/e (M+H"): 808. "H NMR (MeOD) 8: 8.95 (bs, 1H), 6.82 ~ 7.56 (m, 17H), 6.50 ~ 6.62
(m, 1H), 5.74 (bs, 1H), 5.38 ~ 5.39 (m, 11}, 4.91 ~ 5.08 (m, 2H), 4.66 (bs, 1H), 3.79 {(bs, 1H),
3.40 ~ 3.54 (m, 2H), 3.19 (bs, 1H}, 1.93 ~2.25 (m, 4H), 1.75 ~ 1.88 (m, 4H), 1.35 ~ 1.32 {m,
SH).
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Step 6

oo e Y oo-o
s a0
To a solution of the product from step S (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
removed in vacue, and the residue was dissolved in DCM/i-PrOH (3:1), washed with saturated
NayCO; and brine, dried and concentrated in vacuo to give a solid, which was used in the next
step directly. MS (ESI) m/e (M+H"): 441.
Step 7

Y OO wg?*”w&

HN\>
"“NHBoG

A cooled solution containing HATU (0.6 mumol), the diamine from step 6 above
{132 mg, 0.3 mmol) and R-Boc-Pro (129 mg, 0.6 mmol} in MeCN (3 mL), 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 iz vacuo; water was added to the resulting
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 & white solid. MS (ESI) m/e (M+H"Y: 908.
'H NMR (MeOD) 6: 7.66 ~ 7.84 (m, 6 H), 7.28 ~ 7.40 (m, 12H), 6.80 (s, 1H), 5.40 ~ 5.45 (m,
2H), 5.18 ~ 5.20 (m, 1H), 3.70 ~ 4.02 (m, 4 H), 1.80 ~2.12 (m, § H), 1.35 ~ 1.37 (m, 18 H).
Examples 100-116

Compounds of Examples 100-116 were prepared in a similar manner as described

in Example 99.
Example Structure MW Name
benzyl (25p2-{5-(4~{5-[{1-
y {1{*’1 H \/:? {(2R)-2-[(tert-butoxycarbonyl)
LH}/ wﬂ 0 amino]-2-phenylacetyl}-1-
100 c”s)/ i N k@ 807.938 prolyhamine}-1H-indol-2-
ylipheoyl)-1H-imidazol-2-
ylipyrrolidine-1-carboxylate
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Example

Structure

MW

Name

101

S

NN

762.963

I-{{ZR)-2-(dimethylamino}-2-
phenylacetyl]-N-{2-[4-(2-{(25)-
1-[(2R)-2~(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-yi}-
1H-imidazel-5-yl)phenyl}-1H4-
indol-5-yl}-L-prolinamide

102

604.715

tert-butyl {(LR)-2-[(28)-2-({2~
{4-(1 H-imidazol-4-yhpheayl]-
1H-indol-5-yi}carbamoyl)
pyrrolidin-1-yi}-2-oxo0-1-
phenylkthyl} carbamate

103

762.963

1-[(28)-2~(dimethylamino)-2-
phenylacetyl}-N-{2-[4-(2-{(285)-
1-[(28)-2-{dimethylaming)-2-
phenylacetyllpyrrofidin-2.yi}-
1 H-imidazol-5-yDphenyl}-1 H-
ndol-5-y1}-L-prolinamide

104

N

791.958

tert-butyl {(1R}-2-oxo-}-phenyl-
2-[(28)-2-{[2-(4-{2-[(25)-1-
{phenylacetyDpyrrolidin-2-yi]-
1H-imidazol-5-y1}phenyl)-1H-
indol-5-ylfcarbamoyl} pyrrolidin-
1-yllethyl}carbamate

105

715.86

tert-butyl{(1R)-2-[(28)-2~{{2-(4~
{2-[(28)-1-acetylpyrrolidin-2-
yi}-1 H-imidazol-5-y1} phenyl)-
1 H-indol-5-yljcarbamoyl}
pyrrolidin- 1~y {}-2-o0x0-1-
phenyiethyl} carbamate

106

793.931

benzyl {25)-2-(5-{4-{5-({1-
[(2R)-2-phenyi-2-{[(propan-2~
yioxy)carbonyljamino} acetyl}-L-
prolyliamine)-1H-indol-2-
yilphenyl}-1H-imidazol-2-
yhpymolidine- 1 -carboxylate

107

835.027

tert-butyl {(1R)-2-[(28)2-({2-
[4-(2-4(28)-1-[(2R)-2-
{dimethylamino)-2-
phenylacetyllpyrrolidin-2«yl}~
1 H-imidazol-5-yDphenyl}-1 4~
indol-5-y1} carbamoypyrrolidin-
tyil-2-0%0-1-
phenylethy!}carbamate

108

893.064

propan-2-yl [(1R)-2-{(28)-2-[1-
methyl-4-(4-{5-{({{25)-1-{(2R)-
2-phenyl-2-{[{propan-2-
yloxy)carbonyllamino yacetyl]
pyrrolidin-2-yi} carbonyljamino}-
1H-indol-2-y1} phenyl)-1H-
imidazol-2-yllpyrrolidin-1-yi}-2-
oxp-1-phenylethyl]carbamate
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Example

MW

Name

109

701.833

propan-2-y} {(1R)-2-[(28)-2-{[2-
(4-{2-[(28)1-acetylpyrrolidin-2-
yl]-1H-imidazol-5-yi} phenyl)-
1 H-indol-5-yljcarbamoyl}
pyrrelidin-1-yl}-2-ox0-1-
phenylethyl} carbamate

110

659.795

propan-2-yl {(1R)-2-ox0-1-
pheny}-2-[(28)-2-{[2-(4-{2-
{(28)-pyrrolidin-2-yl]-1 H-
imidazol-5-yi} phenyl)-1H-indol-
S-yijcarbamoyl}pyrrolidin-1-
yljethyl}carbamate

111

547.663

propan-2-yt {(1R)-2-[(25)-2-{5~
[4-(1 H-indo}-2-y)phenyl]-1H-

imidazoi-2-y1} pyrrolidin-1-y1]-2-
oxo-1-phenylethyl} carbamate

112

489.626

(2R)-2-(dimethylamino)-1-[{28)-

2-{5-}4-(1 H-indo}-2-yDphenyl}-

1 H-imidazol-2-yl}pyrrolidin-1-
yi}-2-phenylethanone

113

O NH #

879.037

propan-2-y} [{(1R}2-0ox0-1~
phenyl-2-{(28)-2-{5~(4~{5-
F{(28%1-{(2R}-2-phenyl-2-
{[(propan-2-ylexy)carbonyl]
amino}acetyllpyrrolidin-2-
yiicarbonyhamino}-14-indol-2-
yi}phenyl)-1H-imidazol-2-yi]
pyrrolidin-1-yl}ethyllcarbamate

114

821

propan-2-yl {{1R)-2-{(25)-2-({2-
[4-(2-{(25)-1-{(2R)-2-
(dimethylamino)-2-phenylacetyl]
pyrrolidin-2-y1} -1 H-imidazol-5-
ylphenyli-1#-indol-3-
yl}carbamoyDpyrrolidin-1-y1}-2-
oxo-1-phenylethyl} carbamate

115

582.108

propan-2-y} {{(1R)-2-[(25)-2-{4-
[4-(3~chloro-1H-indol-2-
viiphenyl]-1 H-imidazol-2-
yi}pyrrelidin-1-yi]-2-oxo-1-
phenylethyt}carbamate

116

(j\{ﬁ N
C‘:Hg M N NH

St © o ™!

© CHacHe CHy

754.894

N-{methoxycarbonyl)-L-valyl-N-
{2-[4-2-{(28)-1-[N-
(methoxycarbonyl)}-L-
valyllpyrrolidin-2-y1}-14-
imidazol-3-ylphenyl}-1H-indoi-

S-yi}-L-prolinamide °
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Example 117 — Propan-2-
2-{{(propan-2-yloxy)carbonyllaminolacetyilpyrrolidin-2-yllcarbonyamino]-18-indol-2-
yliiphenvl)-1H-pyrazol-S-vilpyrralidin-1-vijethyljcarbamate

Step 1

o EfMgB
it r
ML o THE i -
i = m..;.m..wp sz/ e a
{ o, 2h 4 \_#

A solution of 4-bromophenylacetylene (5.0g, 27.6mmol) in THF (100mL} at 6°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 to stir at RT for 3 hours. The reaction
mixture was then cooled to 0°C and added to the Weinreb amide of Z-proline (6.10g, 20.9 mmol)
in THF (50mL). The reaction mixture was warmed to RT for 48 hours. The reaction mixture
was quenched with saturated NH4Cl and diluted with EtOAc/H,0. The aqueous phase was back-
extracted with EtOAc (2x), and the combined organic layers were washed (H,O, brine), dried
{(N2,S0y4), and filtered. The solvent was removed, and the residue was purified by silica gel (PE:
EA=10:1-4:1) to give the product (7.0g) as a cream-colored solid. "H NMR (CDCls) 8: 7.37 ~
7.47 (m, 2 H), 7.10 ~ 7.30 {m, 7 H), 4.98 ~ 532 (m, 2 H), 432 ~4.47 (m, 1 H), 345 ~3.61 (m, 2
H), 2.15 ~ 227 (m, 1 H), 2.03 ~2.12 (m, 1 H), 1.76 ~ 193 (m, 2 H). MS (EST) m/e (M+H"):

413.
Step 2
! NN,

N O . 1+ S {Nj\, N
Chz == 8r Chz NI:I?—Q‘&

e

A mixture of the product from step 1 (7.0g, 17 mumnol} 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 (EST) m/e (M+H): 426.

Step 3
NeyCOs
. (BacN N Pd(gimf)cb (N foc
? N“’H \_/ Eoc vefiux, 24 h ) N“ﬁ AN
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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)Cl; (56 mg, 0.077 mmol), Na;CO; (244 mg, 2.3
mmol), THF (20 mL) and H,0 (2 mL) was refluxed under N, overnight. The mixture was
poured into water and extracted with CH;Cl,, dried over Na,SOy and filtered to give the desired
compound, which was used directly in the next step. MS (EST) m/e (M+H"): 678.
Step 4
N — X

! N
ob? "LN W
H

TEADTM{1:D,

y
\ =
N{Boch, Chz i \ |

S NHy
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
Y N e Y @\ '
Nﬁ \ / N, N\ﬁ N HLO

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 mumol) 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 (EST) m/e (M+H"): 675.
Step 6

Hi45psi)

The product from step 5 (100 mg, 0.15 mmol) was dissolved in MeOH and treated
with 20 mg of 20% Pd(OH), then hydrogenated at 45 psi for 4 hours. The catalyst wag removed
by filtration through CELITE, and the filtrate was evaporated to leave the desired product. MS
(ESD) m/e (M+H"): 541.

Step 7
¢ - A
ﬁj\rm L OO L
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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 (ES]) m/e
(M+H"): 441
Step 8

X N B i,

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-
methyimorpholine (2.4 mmol). The reaction mixture was stirred for 3 hours, diluted with 20 mL
of EtOAc and washed with water (Sx); The organic phase was dried and concentrated then
chromatographed by RPLC to afford the desired compound. "H NMR (MeOD) &: 7.70 ~ 7.80(m,
4H), 7.05 ~ 7.55(m, 14H), 6.80 ~ 7.00(m, 1H), 5.10 ~ 5.50(m, 3H), 4.40 ~ 4.65(m, 2H), 3.25 ~
4.00(m, 4H), 1.70 ~ 2.40(m, 9H), 1.05 ~ 1.20(m, 12H). MS (BESI) m /e (M+H"): 880.
Example 118 — Propan-2-vl [(IR)-2~0x0-1-phenyl-2-{(28)-2-[5-(4-L5-[({(28)~1-[(2R)-2-phenyl-
2-{[(propan-2-vloxylcarbon g[lamma{ac‘a_{zllgkrroltdm—Z-pl}carboang_zmmoI—J H-indol-2-

Step 1

EH Daes (3"

2§ NHz, Hzc i‘i o]
Chz

Ethyl chloroformate (12 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 shurry was stirred for 20 minutes at -5°C before saturated NH;OH (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 undissoloved white precipitate was filtered off and rinsed
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with BtOAc (100 mL). The organic layers were dried over Na,SO4 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

D__{‘H? Lav/essen's reagent NHg

~N et

i o N s
Chz &

bz

Lawesson’s reagent (16.1 g, 39.9 mmol} was added to a stirred slurry of the amide
(18 g, 72.6 mmol) in PhMe (200 mL) at RT. The reaction mixture was heated to 100°C for 3
hours before the solvent was removed. The residue was purified by flash SiO; chromatography
(DCM/MeOH=1:0-20:1) to afford the product (18 g). MS (ESI) m/e (M+H"): 265.

Step 3

Ny N
E’::js . 3 C . ehenslsetur {szs‘i\ Br
A mixture of the thicamide from step 2 (10.0 g, 37.8 mmol) and the
bromoacetophenone (10.0 g, 35.9 mmol) in EAOH (100 mL) was heated at 90°C for 150 minutes.
The reaction mixture was cooled and concentrated, and the residue was purified by SiO;
chromatography to afford the product (11 g). MS (ESI) m/e (M+H"): 444,
Step 4

A

oo — Tosh mwg@
<

The preduct 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) §: 7.00 ~ 8.10(m,
19H), 5.40 ~ 5.60(m, 3H), 4.50 ~ 4.70(m, 1H), 3.45 ~ 4.10(m, 4H), 3.35 ~ 3.40(m, 1H), 1.80 ~
2.6(m, 9H), 1.05 ~ 1.30(m, 12H). MS (ESD m / e (M+H"): 897,
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2-{l(prepan-2-yloxyicarbonyllaminoltacetyllpyrrolidin-2-vlicarbonylaminol-I1B-indel-2-

yiiphenyvl)-IB-imidazol-5-vljpyrrolidin-1-yi}ethyllcarbamate

Step 1

To a solution of 4-bromobenzonitrile (1.82 g, 10 mmol) in anhydrous THF (50
mL) was added LiHMDS (2N, 15 mmol) under N, atmosphere at RT, and the mixture was stirred
for 1 hour. After quenching with IN HCI, the reaction mixture was heated at reflux for 5
minutes. The precipitate was collected by filtration and then dried in vacuo to give the desired
compound (1.9 g). "H NMR (DMSO) 8: 7.74 (d, 2H, J=8.2 Hz), 7.62 (d, 2H, J=8.2 Hz) 6.43 (br,
3H).

Step 2
O
O
mo Ci)!\()/\
oo Br
N OH Chz

Chz

To a solution of Cbz-Pro~-OH (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 thour. 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
for 1 hour. The reaction mixture was concentrated to one half of its original volume and washed
once with saturated NaHCO; (50 mL). The organic layer was dried over MgSQy and filtered.
The crude material was adsorbed onto silica gel and purified by flash chromatography (40 g
SiQs, 0-50% ethyl acetate in hexanes) to give the diazoketone (2.29 g). 'H NMR {CDCls) &:
7.32 (m, 5H) 5.13 (m, 2H), 4.61 (m, 1H), 3.81, 4.03, 4.17 (s, AB quartet, 2H, /=4.0 Hz), 3.58 (m,
2H), 1.88-2.09,2.17-2.38 (2, br m, 4H).
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To a solution of the N-carbobenzyloxy-L-proline diazoketone (1.0 g, 3.6 mmol) in
anhydrous diethy! ether (10 mL) was added a saturated solution of HBr in diethyl ether until Ny
evolution ceased. The solution was stirred for about 1 hour at about 25°C, then washed with
satura{ed NaHCOs, water and brine. The crude material was purified by silica gel column
chromatography and eluted with 40% ethyl acefate in pentane to obtain the bromoketone (0.49 g)
as clear oil. 'H NMR (CDCls; mixture of cis-trans amide rotamers) 8: 7.35 (m, SH), 5.28 (1, 1H),
5.17 (m, 2H), 4.32 (m, 1H), 3.58 (m, 2H), 1.84-2.30 (br m, 4H).

Step 3
G4, e e O
g‘nz h ) B I T”" ’b

To a mixture of bromoketone (3.25 g, 10 mmeol) and the amidine (1.97 g, 10 mol)
in THF (100 mL) was added NaHCO; (1.7 g, 20 mmol), and the suspension was stirred at reflux
for 12 hours. Thé reaction was cooled, concentrated and chromatographed to give compound 7
(0.425 g). MS (BSI) m/e (M+H"): 426, 428.

Step 4

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) 8: 7.7-8.0 (m,
5H). 7.3-7.5 (m, 10H), 6.9-7.1 (m, 3H), 6.8 (d, /~4.8Hz, 10H), 5.4-5.6 (m, 2H), 5.2-5.3 (m,
1H), 4.8 (s, 2H), 4.5-4.7 (m, 10H), 4.0 (d, /=2.4Hz, 1H), 3.7 (d, /~4.84Hz, 1H), 3.1-3.3 (m,
1H), 2.3-2.5 (m, 1H), 1.8-2.2 (m, 1H), 1.1-1.4 (m, 12H). MS (EST) m/e (M+H"): 880.

Example 120 ~ 1-[(2R)-2-phenyl-2-{[(propan-2-vioxy)carbonytlaminolacetyl]-N-{4-[5-(2-
28 )-1-{2R)-2-phenvi-2-{{(propan-2-vioxylcarbonyljaminolacetvlipyrrolidin-2-yl}-1H-

o
A
R Y

o\(c j/ & jiz-b

@

z\ ZE
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Step 1

S

Glyoxal (2.0 mL of 40% in water) was added dropwise to a MeOH solution of
NH40H (32 mL) and (S)-Boc-prolinal (8.564 g, 42.98 mmol), then the whole was stirred at
ambient temperature for 19 hours. The volatile component was removed in vacue, 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). 'H NMR
(DMSO) 8: 11.68/11.59 (brs, 1H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76 (m, 1H), 3.48 (m, 1H), 3.35-
3.28 (m, 1H), 2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H).
Step 2

NBS (838.4 mg, 4.71 mmol) was added in batches over 15 minutes to a cooled
(ice/water) CH,Cl; (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
separate the mono bromide from its dibromo analog and the starting material. The HPLC elute
was neutralized with excess NHy/MeOH, and the volatile component was removed in vacuo.
The residue was partitioned between CH,Cly and water, and the aqueous layer was extracted
with water. The combined organic phase was dried (MgSOy), filtered, and concentrated to
provide compound as a white solid (374 mg). TH NMR (DMSO) 8: 12.12 (br s, 1H), 7.10 (m,
1H), 4.70 (o, 1H), 3.31 (m, 1H; overlapped with water signal), 2.25-1.73 (m, 4H), 1.39/1.17 (s,
3.8H + 5.2H).
Step 3

00O o0

To a mixture of the benzofuran from Example 19, step 1 (15 g, 0.05 mol),
bis(pinacolato)diboron (25.4 g, 0.1 mol), Pd(dppHCh (1 g), KOAc (0.1 mol) in dioxane (500
mL) was stirred at reflux under N, atmosphere for 2 hours. Concentration of the reaction

mixture left a residue that was chromatographed to give the desired compound (12 g). "HNMR
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(DMSO) 8: 8.28 (d, J=8.8 Hz, 2H), 8.10 (s, 1H), 7.95 (d, J=8.8 Hz, 2H), 7.72 (d, J=8.8 Hz, 1H),
7.43 (d, J=8.8 Hz, 1H), 7.05 (s, 1H).

Step 4
L Bl
PdfdeDC’; N e
<D no, CQ NezC s e “1\@0\: Q Hoe

This reaction was conducted in a similay manner to that described in Example
117. MS (ESI m/e (M+H"): 475.

Step 5
N
f‘}«, ’» (/ i
NBDC me NBDC E 1 ~ \ NHy
2 o
~a PG 8

The product from step 4 (475 mg, 1.0 mmol) was dissolved in EtOH and treated

\L

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
/ Qs
R . \/\__,\j
NBoc o
ﬁl@ O BotL-pro N8 : H ..;)“ @"NH gﬂc

A solution containing HATU (1.0 mmol), the amine from step 5 above (445 mg,
1.0 mmol} and N-Boc-L-Pro-OH (215 mg, 1.0 mmol) in MeCN (10mL} 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+H"): 642,
Step 7

T on o= Fen-o¥P

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 (EST) m/e
(M+H"): 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 mamol) 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. "HNMR
(MeOD) 8: 6.8-7.9 (m, 19H), 5.1-5.5 (m, 3H), 4.5 (m, 1H), 3.5-4.04 (m, 2H), 1.6-2.5 (i, 5H),
0.9-1.3(m, 12H). MS (ESI) m/e (M+H"): 880.

Example 121 — propan-2-yl {{IR)-2-1(28)-2-(5-{2-{4-(acetvigrmina)phenyl]-1H-indol-5-yi}-
1,3 4-oxadiazol-2-yhpyrrolidin-1-plf-2-oxo-1-phenyiethyllcarbamate

)~ 3 gj Y

o
\ N NeHCOs
m% MeVDMF,_ (I'>
2

A mixture of S-carboxyindole {32.2 g, 0.2 mol), NaHCO; (53.36 g, 0.64 mol),
methyl jodide (122.22 g, 0.86 mol} in 60 mL of DMF were stirred at RT for 2 days. Water and
EtQOAc are added, and the organic layer was waghed with bicarbonate solution, dried and
concentrated to obtain 5-(methoxycarbonyl)indole. 'H NMR (DMSO) &: 11.44 (s, 1H), 8.22 (s,
1H), 7.68(d, J = 8.4 Hz, 1H), 7.37 ~ 7.47 (m, 2 H), 6.56(d, J = 2.0 Hz, 1H), 3.80 (s, 3H). M§
(EST) m/e (M+H"): 176.

Step 2

Step 1

EZ

NHgNﬂp {£5%) S
% reilux 72h H::zm
A mixture of the ester (28 g, 0.16 mmol) and NHNH; (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) &: 11.27 (s, 1H), 9.54 (s, 1H), 8.06 (s, 1H), 7.57 (d, I = 8.8 Hz, 1H), 7.37(d, J
= 8.8 Hz, 2H), 442 (s, 1H), 6.48 (s, 2H), 3.32 (s, 1H). MS (ESI) m/e (M+H"): 176.

Step 3
%
. 0 _HATY
PR RE QL( _SEAMGCN. l@
Y oz OF 'C”z &

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

IZ 7

)\©:> _PPRCO (lro s
gﬂ.cn TCHONDIEA. o6 g N,>_<\://ONH

To a suspension of the product from step 3 above (100 g, 0.25 mol), PPh; (98.4 g,
0.375 mol) and DIPEA (96.7 g, 0.75mol) in CH3CN (500 mL) at RT was added C,Cls(82.8 g,
0.35 mol). The reaction was stirred at RT for 1.5 bours, 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
residue purified by column chromatography (5% MeOH/DCM) to give compound 4 {55 g). MS
(ESI) m/e (M+H"): 389
Step 5

(L ogor Cg
o ""WH RT,14n O ) >*<\:/f(:

Di-tert-butyl dicarbonate (30.7 g, 142 mmol) was added drop wise to a solution of
indole (55.0 g, 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 o RT overnight before it was concentrated, and the
residue purified by prep TLC (PE/EA=2:1). MS (ESI) m/e (M+H"): 489,

Step 6

o
LDA i H

B(OIPry \,N o - Broy
Obz } )—C’;’ -5C, 3% b gLNI N‘Boc
A mixture of compound indole from step 5 (977 mg, 2 mmol), (iPrO)B (3.0 g, 16
mmol) and dry THF (100 mL) was cooled 1o 0°C. LDA {prepared from n-Bult and iProNH in

THF, about 8 mmol) was slowly added and the mixiure was allowed to warm to RT over 2 hours.
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The mixture was quenched by 1N HCl to pH=3 and extracted with CH,Cl, three times. The
combined organic phases were combined, dried over Na;SOy and filtered. The filtrate was
concentrated and purified by column chromatography (PE/DCM=1/1 to pure CH,Cl, to
CH,Cly/acetone=10/1 to pure acetone) to afford the product 8 (0.5 g).

Step 7

’gf* Br Pd(appv}mz B n\{
A mixture of the product from step 6 (0.38 mmoi), indole boronic acid from
Example 42 (145 mg, 0.38 mmol), Pd(dppHCl: (28 mg, 0.038 mmol), Na,CO;3 (122 mg, 1.15
mmol), THF (10 mL) and H>0 (1 mL) was refluxed under N overnight. The mixture was
poured into water and extracted with CH;Cl;. The organic phase was combined, dried over

NapS0, and filtered io give the desired compound, which was used directly in the next step, MS
(ESD m/e (M+H™): 622.

Step &
L I!:} PAIC MeQH
Y Haldgpst)
{N e =\ % #50 48h &
Chz r\L 7N 4 e then TFA Nl i\{ \ /

The product from step 7 (0.15 mmol) was dissolved in MeOH and treated with 20
mg of 20% PA(OH); then hydrogenated at 45 psi for 4 hours. The catalyst was removed by
filtration through CELITE, and the filirate 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

H \ {:
Y /3 Y
e E¢ PyBOP P " e
,L NNMIOME [+ =4 NfN o
P ”’” /Y, b e
A

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 mg, 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. "H NMR (MeOD): 67.99 ~8.35(m,
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1H), 7.70 ~ 7.85(m, 2H), 7.60 ~ 7.70(m, 2H), 7.20 ~ 7.52(m, 7H), 6.55 ~ 7.20(m, 1H), 5.50 ~
5.60(m, 1H), 5.30 ~ 5.50(m, 1H), 4.75 ~ 4.85(m, 1H), 3.70 ~ 4.10(m, 1H), 3.35 ~ 3.50(m, 1H),
1.95 ~2.50(m, 7H), 1.10 ~ 1.30(m, 6H). MS (ESD) m/ e (M+H"): 607.

Siep 1

: P : 7
e et o]
~ ] N ¥ NP, 140G Y N
0 g AN ANHHT RN icowas B N \_/
[

R
A solution of the hydrazine (1 g, 5 mmol) and 3-acetylacetanilide (0.88 g, 5

mmol) in NMP (5 mi) 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

;} HN-< NHy
={ © HCS HaN =
g \ —t N
o N W N Y
H

To aqueous HCI (4N, 5 mL) was added the product from step 1 above (300 mg, 1
mmol}, and the mixture was heated at reflux for 1 hous. 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)".

Step 3
~ ¢ >
N N on , o= h
e sy IR U BUNDS L
£, S

To a solution of the compound from step 2 above (35 mg, 0.148 mmol) in MeCN
(5 mL) were added N-phenylacetyl-L~proline (15 mg, 0.0673 mmol), DIPEA (26 mg, 0.202
mmol) and HATU (56 mg, 0.148 mmmol). 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. 'H NMR (MeOD) 6: 8.0 (m, 1H), 7.7(m, 1H), 7.6-7.1 (m, 14H), 6.7 {m, 1H), 4.6
(m, 2H), 3.9-3.5 (m, 9H), 2.4-1.7 (m, 8H).
Example 123 — (28)-I-(phenylacetyD-N-{4-[6-({{(28)-1-(phenviacetvlpyrrolidin-2-

[lcarbonyllamino)-IH-indol-2-vijphenyiipyrrolidine-2-carboxamide

Step !

o

i H
/@Nﬂz /ﬂ\a /@/, N\f(
P DCM, TEA ©

To a stirred solution of 4-ethynylaniline (1 g, 8.5 mmol) in DCM (60 ml) was

added acetyl chioride (0.8 g, 10 mmol) and TEA (1.7 g, 17 mmol). The mixture was stirred for 3
hours. The resulting solution was washed with water, 1 N HCI 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+H"): 160.

Step 2
)’L}l/ /CE’ Cul, PAPPR,C P f
//Q/ ° O n, ” )

o NH

To a stirred solution of 4-ethynylacetanilide (800 mg, 3.1 mmol) in anhydrous
THF (6 ml) was added compound 2 (0.5 g, 3.1 mmel), PACL(PPh); (33 mg, 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.

Step 3
i
\LI/ inBry Y e }—
(Y ON’@N\/—@— "
O ’ "

To a stirred solution of compound from step 2 above (200 mg, 0.68 mmol) in
toluene (2 mi) was added InBr; (2 mg, 0.004 mmeol). The mixture was stirred at reflux for 3

hours. The resulting solution was washed with water and exiracted with EtOAc. The combined
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organic layers were dried over sodium suifate, concentrated in vacuo to give the desired indole
(170 mg) as a brown solid. MS (ESI) m/e (M+H"): 296,
Step 4

=
1 /L N\ e /E:EH}—NH;

O H

To a stirred solution of the product from step 3 above (100 mg, 0.34 mmol) in
EtOH (5 ml) was added 3N HCI (I 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 (ESD m/e (M+H"): 254

Step 5

03

) j
o — HO N7 HATuDIPEA :
8
To a solution of the aniline from step 4 (50 mg, 0.2 mmol) in acetonitrile (5 mL}
was added N-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

N N
(

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 H; atmosphere for 1 hour. After
replacement of Hy with N, 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
o 543
m;m N “OH _HATU, DIPER CAL m NH%
Hall

$T
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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 N-phenylacetyl-L-proline (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 (15 mg) as a brown solid. "H NMR (MeOD) 5:
7.81 (m, 1H), 7.70 (4, J=8.6 Hz, 2H), 7.60 (d, /8.4 Hz, 2H), 7.3% (m, 1H), 7.30-7.28 (m, 10H),
6.96 (m, 1H), 6.69 (s, 1H), 4.63-4.50 (m, 2H), 3.78-3.60 (m, 8H), 2.23-1.92 (m, 8H). MS (ESI)

- m/e (MH+H"): 654.

10
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20

25

Example 124 — (28)-1-(phenviacetyl) -WN-{3-[6-({](28)-1-(phenviacetyl)pyrrolidin-2-

Iphenviipvrrolidine-2-carboxantide

Step 1

To a sohution of 3-ethynylaniline (1.17 g, 10 mmol) and 1.5 m] Et:N in 40 mL
DCM was added dropwise acetyl chloride (1 g, 13 mmol). The reaction mixture was stirred at
RT for 1 hour. After that, the solvents were evaporated, and the residue was extracted with
EtOAc (100 mlL), washed with water (50 mL) and brine (50 mL}), dried over anhydrous NaSQy,
and concentrated in vacuo 10 afford 3-ethynylacetanilide (1.5 g). MS (ESD) m/e (M-+H"): 160.
Step 2

QN NH, QN
z e S C,HgOH 2 8 N,
£ BT &

3-nitroaniline (6.9 g, (.05 mmol) was dissolved in 150m] ethanol, iodine chloride
(8.1 g, 0.05 mmol) added with dropwise. The reaction mixture was stirred at RT for 4 bours,
Adfter 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 NaSO,. After concentrated
in vacuo, the residue was purified by column chromatography (PE/EtOAc =40:1—20:1) to
afford the desired product (8.9 g). MS (ESI) m/e (M+H"): 265.

Step 3
5 H
B e e Y
Z /xﬁ a AN, Gutl, BN ={ NOg
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3-Ethynylacetanilide (480 mg, 3 mmol) and 2-iodo-5-introaniline (800 mg, 3
mmol) were dissolved in anhydrous THF (30 mL), PACL(PPhs), (105 mg,0.15 mmol} and Cul
(28.5 mg,0.15 mmol) EtsN(1 ml} was added sequentially. The reaction mixture was protected by
N; and stirred at RT for overnight. After that, the solvents were evaporated, and the residue was
extracted with EtOAc (50x2 mL), washed with water (40 mL) and brine (30 mL), dried over
anhydrous NaSQy. 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 (ESID)
m/e (M+H"): 296.

Step 4

Q
N HaN
/ Q _ Q PGy FeCls m
— HO,y

DCE ised

To a solution of the product from step 3 (295 mg, 1.0 mol) in DCE (15 mL) was
added PACl; (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
anhydrous Na;SOq. After concentrated in 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) §: 0.12 (s, 1 H), 825 (d, J= 8.0 Hz, 2 H), 7.45~7.94 (;, 6 H), 7.03 (5, 1 H), 2.10
(s, 3 H).
Step 5

HN,< e

A suspension of the product from step 4 (200 mg, 0.67 mmol), P&/C (10 mg,
0.034 mmol) in 40 mL EtOH was under H; 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,

concentrated in vacuo and the residue was purified to give desired compound (120 mg) as a
brown solid. MS (m/z) (M+H"): 224
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Step 6
1 ~ /‘: ;\ . 7]
& L) Ny _PAT C(ﬁ g A JQ\O

e 0 f; O co L) Toren Ozr \(
2! [ y/\
)

The mixture of compound 10 (50 mg, 0.224 mmol), N-phenylacetyl-L-proline
(110 mg, 0.45 mmol), DIPEA (88mg, 0.7 mmeol) in CH3CN (5 mL) was stirred at RT for 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, J= 8.0 Hz, 2 H), 7.86~7.21 (m, 13 H), 6.98 (d, J= 8.0
Hz, 1 H), 6.72 (s, 1 H), 4.57(m,2H), 3.53 (m, 3 H), 2.02~2.31 (m, § H).
Example 125 ~ text-butyl {(IR)-2-{(28)-2-[(2-{2-[(28)-1-{(2R}-2-[(text-butoxycarboryl
aminol-2-phenylacetvlipyrrolidin-2-yl]-10-benzimidazel-5-yl-TH-indol-5-vl)carbamoyl,
pyrrolidin-1-vi}-2-oxp-Y-phenviethvllcarbamate

(]W, M JiHBac
Bu..!«lN
5 /b

23
r*’\
N
Step 1

Br. NH;
“ Lo /:} _m_b \[(\t?
iy NH, \(ﬁ; I' Cbz

The mixture of 4«bromo~1,2~pheny1enediamine (3.1 g, 16 mmol}, L-proline (4.3
g, 16 mmol), DIPEA (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
EtOAc (three times), washed with brine (50 mL), dried over anhydrous Na;SO;4. The residue
purified by was purified by column chromatography (DCM/MeOH = 100:1--50:1) to afford the
desired compound (5.0 g). MS (EST) m/e (M+H"): (418,420).
Step 2

\©: \ff/\bébz = F\O: y “‘*3
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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).

Step 3

Br N, & BoeHN PAPPh BocHN. Nk}‘/?;:?
\@ \>_\j . ms«mh _PawPPrs). N\ NH 2
o W ~N CH3OH 18;G05 N
Chi Soe (Boc

A suspension of the product from step 3 (1.2 g, 3 mmol), 1,5-bis-Boc-5-
aminoindole-2-boronic acid (1.2 g, 3 mmotl), Pd(PPhs)s (240 mg), NayCOs (1 g, 9 mmol) and
H,0 (3 mL) in 30 mL of THF under N, protection was reacted with refluxed at 75°C overnight.
The mixture was filtered, and the filtrate was washed with 50 mL of water and extracted with
100mi FtOAc and dried over anhydrous Na;SO4. Removal of the solvent and column
chromatography (CH,Cly/MeOH = 250:1—200:1) afforded the desired compound (500 mg).
MS (ESD) nve (M+H+): 652
Step 4

FAN
N,

B 2
M ™ N
BooHN HCLMeOH 2 [.g
o \{E/ \/—@47&]:\ bbz o~ HZNW}:\ Chz
i N& ﬁ N/,

8oc

The product from step 3 (500 mg, 0.9 mmol) was stirred in MeOH/HCI (20 mL)
for 16 hours. The solvent was removed under reduced pressure and the residue was dried at high
vacuum. MS (ESI) m/e (M+H"): 452.

Step 5

5 ’ v

= N
>
b

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, concenirated, and the
residue was purified by column chromatography (CHCl, / MeOH = 250:1-200:1). MS (ESI)
m/e (M+H"): 649,

N ™o HATY

Hal
D e
o

H

§~2Q
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Step 6

M
N N
NH bz HAg,HBr # R
Bcc R —— o
70800 ﬁ

The product from step 5 (290 mg, 0.45 mmol) was dissolved in 5 mL of acetic
acid and HBr (1mL) was added. The reaction mixtare was heated to 70-80°C and stirred for 4
hours. The mixture was cooled to RT and concentrated in vacuo. The residue was extracted
with EtOAc (2x), washed with aq NaHCO, 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

» Qs oy
?YH T’\N AU ey N I " 0 3 Q \r[q:; NHBoo
G \.,..J/ ) . 0 ﬂ 74 ]
H ‘ e
A mixture of the product from step 6 (100 mg, 0.24 mmol), {R)-N-Boc-Phg (120
mg, 0.48 mmol), DIPEA (0.4 mL) in CH;CN (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).
MS (BSI) m/e (M+H"): 882. 'H NMR (MeOD) &: 7.96~7.69(m, 4H), 7.49~6.84(m, 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 — (28)-N-{4-[3-bromo-5-({](28)-1-(phenyvlacetylpyrrolidin-2-

To a solution of the indole (1 equiv) in 5 mL of THF was added NBS (278 mg, 1
mmol) at RT, and the mixiure was stirred for 1 hour. Concentration of the solvent and
purification of the residue by RPLC afforded the targeted halogenated compounds. 'H NMR
(MeOD) &: 7.9-7.5 (m, 5H), 7.4-7.0 (m, 12H), 5.2-4.9 (m, 2H), 4.4 (m, 2H), 3.8-3.5 (m, 6H), 2.5-
1.8 (m, 8H).
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Example 127 — tert-butyl {(18)-2-[(28)-2-({2-[4-(acetvlamino)phenyl]-3-fluoro-I1B-indol-5-
viicarbamoyvlpyrrolidin-1-vi]-2-oxo-I-phenylethyllcarbamate

s

Ny

H - E E F _ 0\ K
Wé}rﬁw@ 5% e ot gt
H 0 [ o%k

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. "H NMR (MeOD) 8: 7.9-7.¢8 (m, 3H), 7.8-7.7
{(m, 2H), 7.5-7.3 (m, 6H), 7.3 (m, 1H), 5.5 (s, 1H), 4.6-4.5 (m, 2H), 4.0-3.9 (m, 1H), 3.8 {(m, 1H),
3.7 (m, 1H), 2.4-2.3 {m, 1H), 2.2-2.1 (m, 7H), 2.1-2.0 (m, 3H), 2.0-1.9 (m, 1H), 1.4 (m, 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

688.233

(28)-N-{4-[3-chloro-5-({J(25)-1-
(phenylacetylypyrrolidin-2-
yicarbonyl}amino)-1H-indol-2-
yliphenyl}-i-{phenylacetyl}
pyrrolidine-2-carboxamide

129

671.778

{25)-N-{4-{3-fluoro-5- {[(28)-1-
{phenylacetyhpyrrolidin-2-
yljearbonyl}aminoe)-1 H-indol-2-
vliphenyi} -1-(phenylacetyl}
pyrrolidine-2-carboxamide

136

502,044

ter-butyl {(15)-2-[(25)-2 {4-{5-
({I(28)-1-{(28)-2-[{terr-
butoxycarbonylamino}-2-
phenylacetyl}pyrrolidin-2-
yHcarbonyl} amino)-3-fluoro-15-
indol-2-yliphenyl}carbamoyl)
pyrrolidin-1-yl}-2-0x0-1-
phenvlethyl}carbamate

131

630.15

tert-butyl {{18)-2-[(25)-2-({2-[4-
{acetylamino)phenyl}-3-chloro-
1H-indol-5-y1} carbamoyl)
pyrrolidin-1-yli-2-ox0-1-
phenylethyl} carbamate

132

779.684

{28)-N-{4-[3-iodo-5-{ {J{25)-1-
{phenylacetyl)pyrrolidin-2-yi]
carbonyi}amino)-17-indol-2-y1}
phenyl}-1-(phenylacety])
pyrrofidine-Z-carboxamide
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Name
tert-butyl {{18)-2-{(25)-2-({2-[4-

Structure

Wa—‘iixampie

133

710.813

{{[(25)- 1-acetylpyrrolidin-2-
yllcarbonyl}amino)phenyl}-3-
fluoro-1H-indol-5-
yl}carbamoyDpyrrolidin-1-y1}-2-
oxo-1-phenylethyl} carbamate

28y 1-{(28)-2-[(3,3-

134

898.1

dimethylbutanoyl}amino}-2-
phenylacetyl}-N-{4-f5-({{{25)-1-
£(25)-2-{(3,3-dimethylbutanoyl)
amino}-2-phenylacetyl}
pyrrolidin-2-yl]carbony!l} arsine)-
3-fluoro-1H-indo}-2-y1]phenyl}
pyrrolidine-2-carboxamide
tert-butyl {(1R)-2-[(28)-2-({4-

135

902.044

[5-({[(28)-1-{(2R)-2-[(ters-
butoxycarbonyl)aming]-2-
phenylacetyl] pyrrolidin-2-
yljcarbonyl}amino)-3-fluoro-1H-

ndol-2-yi]phenyl} carbamoyl)
pyrrolidin-1-y1}-2-oxo-1-
phenylethyl}carbamate
tert-butyl {{1R)-2-[(25)-2-({2~
[4~(acetylamino)phenyl}-3-

136

613.695

fluoro-1H-indol-5-
v} carbamoylpyrrolidin-1-y1]-2-
oxo-1-phenylethyl} carbamate
ter-butyl {(1R)-2-[(28}2-({2-

F

710.813

[4-({[{28)-1-acetylpyrrolidin-2-
yHcarbonyl}amino)phenyl]-3-
fluoro-1H-indol-5-
yl}carbamoyDpyrrolidin-1-y1]-2-
oxo-l-phenviethyl} carbamate

tert-butyl {(1R)-2-[{28)-2-({3~
fluoro-2-{4-{2-oxopyrrolidin-1-

138

639.733

yhphenyl]-1 H-indol~3-
yl}carbamoyl)pyrrolidin-1-yi}-2-
oxo-1-phenylethyl} carbamate

N-{2-{4-(acetylamine)phenyl}-3-

139

fluore-1 H-indel-5-y1}-1-[(2R)-2-
phenyl-2~(pyrrolidin-1-
yljacetyl}-L-prolinamide
N-{tert-butoxycarbonyl}-D-
alapyl-N-{2-[4-

567.66%

146

551.623 (acetylamino)phenyt]-3-fluoro-

1 H-indo}-3-y1}-L-prolinamide
N-{2-{4-{acetylamino)phenyl}-3-

141

fluoro-1H-indol-5-vi}-1-[(2R)-2-
{dimethylamino)-2-

541.631
phenylacetyl}-L-prolinamide
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Example

Structure

MW

Name

142

593.705

N<{rert-butoxycarbonyl)-D-
leveyl-N-{2-[4-
{acetylamino)phenyl]-3-flaoro-
1 A-indol-5-y1} -L-prolinamide

143

815.953

propan-2-y} {(LR)-2-{(28)-2-[(4-
{5-[({28)-1-{2R)-2-
(dimethylamino)-2-
phenylacetylipyrrolidin-2-yi}
carbonyl)amine}-3-fluoro-1H4-
indol-2-y1}phenyljcarbamoyl]
pyrrolidin-1-vl}-2-oxo-1-
phenylethylicarbamate )

144

754.866

tert-butyl (28)-2-f(3-fluoro-2-{4-
[({(2S)-1-[(2R)-2-phenyl-2-
{{(propan-2-yloxy)carbonyl]
amgno} acetyllpyrrolidin-2-
yl}carbonylyamino]phenyl}~14-
indol-5-yDcarbamoyl}
pyrrolidine-1-carboxylate

145

935.88

propan-2-yl {{(1R)-2-{(28)-2-[{4~

{3-bromo-5-{{{(28)-1-[(2R)-2-
phenyl-2-{{{propan-2-

vioxy)carbonyllamine}acetyt]

pyrrolidin-2-yi}carbonybhamino}-

1-benzofuran-2-yi;phenyh

carbamoyl] pyrrolidin-1-y1}-2-
oxo-1-phenviethylicarbamate

146

819.806

(28)-N-(4-{3-bromo-5-[({(28)- 1-
[(2R)-2-(dimethylamino)-2-
phenylacetyllpymrolidin-2-
yi}carbonyhamine]-1-
benzofuran-2-y1} phenyl)-1-
[(2R)-2-(dimethylaming)-2-
phenylacetyljpyrrolidine-2-
carboxamide

147

879.7712

methyl {(1R)-2-f(28)-2-({4-[3-
bromo-5-({{(28)-1-{{(2R)-2~
[(methoxycarbonylamino]-2-
phenylacetyl}pyrrolidin-2-
yljcarbonyl}amine)-1-
benzofuran-2-yijphenyl}
carbamoyhpyrrolidin-1-y1}-2-
oxo-1-phenylethyl} carbamaie

148

749.847

methyl {(25)-1-{(25)-2-({4-{3-
flaoro-5-{{f(25)-1-{(25)-2-
{{methoxycarbonylamine]-3-
methylbutanoyl} pyrrolidin-2-
yljcarbonyl} amino}-14-indol-2~
vilphenyl}carbamoylpyrrolidin-
1-y1}-3-methyl-1-oxobutan-2-
yl}carbamate

149

603.521

N-{2-{4-(acetylammo)phenyl]-3-
bromo-¥-benzoforan-5-y1}-1-
{(2R)-2-(dimethylamino}-2-
phenylacetyl]-L-prolinamide
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Example Structure MW Name
{28)-N-{4-£3-bromo-5-[({{28)-1-
[2R)-2-(diethylamino)-2-
phenylacetylipyrrolidin-2-y1}
875915 carbonyhamino]-1-benzofuran-
2-yiiphenyl)-1-{(2R)-2-
(diethylamino)-2-phenylacetyl}
pyrrolidine-2-carboxamide
(28)-]-acetyl-N-(4-{3-bromo-5-

CHES1{eRy2-
700.639 {dmethylamino)-2-phenylacetyl]
' pyrrolidin-2-yt}carbonylamino]-

1-benzofuran-2-y1} phenyl)
pyrrolidine-2-carboxamide
tert-butyl {{1802-[(28)-2-¢ {4-[3-
bromo-$-({[(25)-1-{(25)-2-
[{tert-butoxycarbonyDamino}-2-
phenylacetyl}pyrrofidin-2-
963.935 yI]carbonylfamina)-l-
benzofuran-2-yijphenyl}
carbamoyhpysrolidin-1-yl]-2-
oxo-] -phenviethyl}carbamate )
(28)-N-4{4-[3~bromo-5-({{(25)-1~

(phenylacetyDpyrrolidin-2-y1}
733.669 carbonyl}amino)-1-benzofuran-
2-ylphenyl}-1-(phenylacetyl)
N pyrrolidine-2-carboxamide
tert-putyl {(1R)-2-[{28)-2-{{4-

o - [3-bromo-5-({{(28)-1-{(2R)-2-
s o ou W (2)_\

L O J [{fert-butoxycarbonyl)amino]-2-
yearbonylyamino}-2
O, 1 um
154 GHQ; ZIN? o ¥ m‘ "l phenylacetyl} pyrrolidin-2-

150

151

152

153

© "Nro e 963.935 yijcarbonyl}amino)-1-

o ,;chg,, benzofuran-2-yljphenyl}
carbamoyl)pyrrolidin-1-ylj-2-
oxo-1-phenylethyl} carbamate

Example 155 — (28)-N-{4-[{3-cvano-S-({{(28}-1-(phenviacetvlpyrrolidin-2-vlicarbonyliamino)-
IH—indo!—Z-ylLQhengig-l-fzgkenzlacervl)nwroii:_ij_ne~2~carboxamide

i

A mixture of the bromo compomad from Example 126 (150 mg, 0.2 mmol),
CuCN (50 mg, 0.6 mmol) and DMF (3 mL) was refluxed under N, protection overnight. The
mixture was purified by RPLC to afford the product. MS (ESI) m/e (M+H"): 679. 'H NMR
(CDCly) 6: 7.73-7.70 (m, 4H), 7.38-7.29 {m, 4H), 7.21-7.04 (m, 6H), 4.63-4.60 (m, 1H), 4.49-
4.47 (m, 1H), 3.81-3.59 (m, 4H), 2.48-1.97 (m, 8H).
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Example 156 — (28)-N-{4-13-(2,2-dimethylpropanoyvl)-5-({[(28)-1-(phenvilacetyl) pyrrolidin-2-
vilcarbonyllamino)-I1-indol-2-vilphenyi}-1-(phenylacetyl)pyrrolidine-2-carboxamide

Q s ;{ . ‘
Ph %N\QN “@"F?-:E/ *CE ZnClyfMeNgEr %N O { Q :}_\\Nj
) N ’ " } n==h’/g © ¢ N O%K,,Ph

To a stirred solution of the indole (50 mg, 0.076 mmol) in CH,Cl, (5 mL) was
added anhydrous ZnCl, (54 mg, 0.4mmol) then MeMgBr (3.0 M in E;O, 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 CHyCl; (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 NH,Cl and exacted with CHyCl, 3 times. The organic layers
were combined, dried over anhydrous Na;SO;, and filtered. The filtrate was concentrated and
purified by RPLC to vield the product. MS (ESI) m/e (M+H"): 738. 'H 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-(£[(28)-1-(phenylacetyDpvrrolidin-2-ylicarbonvilaming)-2-[4-({[{28)~1~
(phenylacetylipyrrolidin-2-viJcarbonyliaminolphenyl]-1H-indole-3-carboxamide

ooty DroFoLe

s/s\

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 stizred at RT for 30 minutes. Thereto was added
chlorosulfonyl isocyanate (140 mg, 1 ramol}, and the mixture was stirred at RT for 20 minutes.
Then, DMF (146 mg, 2 mmol) was added to the above mixture, and the stirring continued for 20
minutes. After adding aqueous NaOH (2N, 1mL), the resulting solution was heated at reflux for
5 minutes. Concentration in vacuo, the residue was purified with RPLC to give (67 mg). 'H
NMR (MeOD) 8: 8.0 (s, 1H), 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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Exgmple 158 — tert-butyl {{IR)-2-J(28)-2-{{4-F5-([J{28)-T-{(2R)-2-{ (tert-
byt

idin-2-vllcarbonyliamine}-3-

afwnzletkzlféarbamate

\\""ﬁ“ Q
CL( >—\j

BocHN,
Q -sNHBoc

noer3 }-
e T

To a solution of POBr; (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

Step 1

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) &: 13.6 (s, 1H), 9.8 (s,
1H), 8.8 (s, 1H), 8.1 (d, J=9.2 Hz, 1H), 7.6 (d, /~9.2 Hz, 1H).

Step 2
y Q.
ON N {Bot)O owm%
SN

A Boo
To a solution of the aldehyde from step 1 (13.5 g, 0.05 mol) in DCM (100 mL)

was added DMAP (0.6 g, 0.005 mol), TEA (10.1 g, 0.1mol) and (Boc),0 (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). "H NMR (CDCl) 8

9.8 (s, 1H), 8.8 (s, 1H), 8.1 (d, /=9.2 Hz, 1H), 7.6 (d, /=9.2 Hz, 1H), 1.4 (5, 9H).

Step 3

Q
g

0,
H
T Pd(dppr)clz
T B0 R O e
fil3

N
Boe

The Suzuki coupling procedure was the same as described in Example 117,
step 3. MS (m/z): 482 (M+H)".
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Step 4

oM BeTIOz NeHPO O
O O NHBos nyL? butene g Q NHEoc
Baa

To a solution of compound from step 3 (2.4 g, 5 mmol) in pH 3.5 phosphate
buffer (24 mL) and +-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 MgSQOq, and
concentrated in vacuo to give the desired carboxylic acid (2.3 g). MS (m/z): 498 (M+H)".

Step 5
Q, O
OH L
DN i>—NH;,_ QN
e A e
N ' B
Boc Hoe

The mixture of compound from step 4 (1 mnol), 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

o L ?
NE i
[+X 0 pr { i PAfG N 2 \
l 4\ Y, “NiRoc Hy i NHBoc
S

Boc

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 H; at RT for 1 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

& NZ NZ
HaM 4 s TFA N, A -
Y HS N
& A\ os Je
Boc

N
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 (mv/z): 307 (M+H)".
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Step 8

o
Ny NB o
HaN O?"NH— HATY ) %ﬁ O 3 Q }—\rp
\Q:L?'@‘NH: pid, DIPEA 50 N D% \NHEBae
()
g/
The coupling procedure was the same as used in Example 72, step 7. 'H NMR.
(MeOD) §: 6.9-7.9 (m, 17H), 5.2-5.5 (m, 2H), 4.4-4.5 (m, 2H), 3.5-3.9 (m, 3H), 2.7-2.8 (m, 1H),
1.7-2.2 (m, 8H), 1.4 (s, 18H), 1.2 (m, 1H), 0.4-0.8 (m, 4H). MS (m/z): 967 (M+H)".
Example 159 — text-butyl {{IR)-2-{(28)}-2-({4-[5-({[(28)-1-{(2R)-2-[ (tert-butoxy-

carbonvlaminol-2-phenviacetyllpyrrolidin-2-vlcarbonylamino)-3-(4-methoxyphenyl)-18-

vRearbamate

Step 1

BochN

= K or Q, °§‘)-"”©
N

O Lo G
# N s

H

NBS (103 mg, 0.5769 mmol} was added in portions fo 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 (BESD) m/e (M+H"): 962.
Step 2

1(
S I oo
. G¥'w© BocHN_ . ]
2 o o N Pa(@pEnCl; o ¢
Nj{ N\ A j Na,COfdioxanely0 Y _ q
© i T PRSP
AN

The mixture of the product from step 1 above (100 mg, 0.104 mmol), 4-methoxy-
phenylboronic acid (24 mg, 0.1558 mmol), Pd{dppf)Cl, (7.6 mg, 0.0104 mmol), Na;CO3 (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). 'H NMR (MeOD) §: 7.71~7.54 (m, 3H),
7.42~7.26 (m, 16H), 6.96~6.92 (m, 3H), 545 (s, 2H), 4.53~4.50 (m, ZH), 3.92~3.81 (m, SH),
2.08~1.84 (m, 8H), 1.42~1.32 (m, 18H). MS (ESD) m/e (M+H"): 991.
Examples 160-177

Compounds of Examples 160-177 were prepared in a sim_ilar manner as described

in Examples 155-159.

Example MW Name

{25%-1-(phenylacetyl}-N-{4-{3-
phenyl-3-({{(28)-1-
{phenylacetylpyrrolidin-2-
yijcarbonyl}amino)- | A-indol-2-
vilphenyl}pyrrolidine-2-
carboxamide

729.887

o]

(28)-N-{4-[3-ethyl-5-({[(25)-1-
{phenylacetylpyrrolidin-2-
681.842 | ylicarbonyljamine)-1H-indol-2-
viiphenyl}-1-(phenylacetyl)
pyrrolidine-2-carboxamide

(28)-N-{4-{3-acetyl-5-({f(25)-1-
(phenylacetyl)pyrrolidin-2-
695.826 : ylicarbonyl}amino)-1H-indoi-2-
yliphenyl}-1-(phenylacetyl)
pyrrolidine~2-carboxamide

(25)-1-(phenylacetyl)-N-{4-{5~
({[(25)-1-(phenylacetyl)

757 897 pyrrolidin-2-ycarbonyli} amino)-
’ 3-(phenylcarbonyl)- 1 H-indol-2-
yilphenyllpyrrolidine-2-
carboxamide

163 Q,?Y ‘

(28)-1-(phenylacetyl)-N-{2-{4-
¢ [(Zg’é- 1 ~(§)he;1ylice’fyll))
pyrrolidin2-yilcarbonyl}
730.874 amino)phenyl}-3~(pyridin-4-y1)-
1 H-indol-5-y1} pyrrolidine-2-
carboxamide

164 Q‘

benzyl (28)-2-[(4- {51 ({(25)-1-
(\’Wj 0%\\3 [{benzyloxy)carbonyl]pyrrolidin-
~ Y N 2-yhcarbonylamine]-3-phenyl-
165 Oj”t ¢ \"L»’i °’£ 761 886 1H-indol-2-y1} phenyl)
carbamoyljpyrrolidine-1-
carboxylate

Yo 3 (25)N-{a-[3cyano-5-{[@S)1-
QIFQUC@W%@ {phenylacety ypyrrolidin-2-

166 o © b o= 678,798 | yljcarbonyl}amino)-1H-indol2-
yijphenyl}-1-(phenylacetyl)
A pyrrolidine-2-carboxamide

(285)-N-{4-{3-cyclopropyl-5~
(AN 4 ({[(25)-1-(phenylacety])

NH N i H ’4 o H
& . pyrrolidin-2-yljcarbonyl} amino)-
167 o i 0 693.853 1Heindol-2-y1]phenyl}-1-
(phenylacetylypyrrolidine-2-
carboxamide
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Example

Structure

MW

Name

168

791912

benzyl (28)-2-[(4-{5-[({(28)-1-
[(benzyloxy)carbonyllpyrrolidin-
2-yl} carbonyl)amino}-3-3-
methoxyphenyl)-1H-indol-2-
yl}phenyl)carbamoyl]pyrrolidine
-1~carboxylate

169

CH

974.18

tert-butyl {{(1R)-2-[(285)-2-({4-
{S-({Q28)-1-{(2R)-2-{(ters-
butoxycarbonyDaming}-2-
phenylacetyl} pyrrolidin-2-
yijcarbonyl}amino)-3-(3~
methylphenyl)-1H-indo}-2-
ylphenyl}carbamoyhpyrrolidin-
1-y1]-2-ox0-1-
phenylethyi}carbamate

170

L]
pod- 4

974.18

tert-butyl {(1R)-2-[(285)-2-({4~
[S-({[{28)-1-{{(2R)-2~{(terr-
butoxycarbonyDamino}-2-
phenylacetyi}pyrrolidin-2-
ylcarbonyl} amino)-3-(2-
methylphenyD)-1H-indol-2-
vijphenyl} carbamoylpyrrolidin-
1-yl}-2-ox0-1-
phenylethyl}carbamate

171

961.14

rers-butyl {(1R)-2-[(28)-2-({2-
[4-({[(28)-1-{2R)-2-[(tert-
butoxycarbonyljamino}-2-
phenylacetyl} pyrrofidin-2-

yHcarbonyt}amino)phenyl}-3-
{pyridin-4-yl)-1 H-indol-5-

yI} carbamoy!)pyrrolidin-§ -y1}-2~
ox0-1-phenyiethyl}carbamate

172

909.064

tert-bratyl {{1R)-2-{(25)-2-({4-
[5-({L2S)-1-{(ZR)-2-[{tert-
butexycarbonyhamine]-2-
phenylacetyl}pyrrolidin-2-

yljearbonyt} amino)-3-cyano-14-

indo}-2-yljphenyl}carbamoyl)

pyrrolidin-1-y1]-2-ox0-1-
phenylethyl} carbamate

173

764.936

(28)-N-(4~{3-cyano-3-{({(25)-1~
{{2R)-2-(dimethylamino)-2«
phenylacetyllpyrrolidin-2-
yl}carbonyl)amino}- 1 H-indol-2-
yhipheny-1-[(2R)-2-
(dimethylamino)-2-phenylacetyi]
pyrrolidine~2-carboxamide

174

Chlg

620714

tert-butyl {{1R)-2-{(25)2-({2-
{4-{acetylaminophenyl]-3-
cyano-1H-indol-5-
yl}carbamoyDpyrrolidin-1-y1])-2-
oxo-1-phenylethyl} carbamate
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Example Structure MW Name

tert-buty] {(1R)-2-[(28)-2-({4-
¥ [5-({[(28)-1-{(2R)-2-{(tert-
4o . butoxycarbonyhamino}-2-

c;-ajgg-—G ]\],N - j phenylacetyl}pyrrolidin-2-

175 VH& d 955,133 yilcarbonyl}amino)-3-
?"‘%cms (dimethylcarbamoyl)-1 H-indol-
o A 2-yijphenyi} carbamoyi)

pyrrolidin-1-yl}<2-ox0-1-
phenylethvl}carbamate

methyl 5-({[(25)-1-{2R)-2~

s [(tert-butoxycarbonylamino}-2-
Q8 phenylacetyl}pyrrolidin-2-

oty Mj yllcarbonyl}amino)-2-{4-({{(25)-
176 c»ﬁ"’ 0 ““D y 942.091 1-{2R)2-[(tert-
‘ w}"ost butoxycarbonyhamino}-2-

SR AN phenylaceiyl}pyrrolidin-2-

vilcarbonyl} amino)phenyll-1H-
indole~-3-carboxylate

S-({IQS)-1-{ZR)-2-{{tert-

butoxycarbonylamino]-2-

) (‘%’3 Noon g = phenylacetyl} pyrrolidin-2-

b oo woy® 5‘\”] . yljcarbonyl}amino)-2-[4-({[(28)-
caﬁ’ ¥ NH
177 by & o Y N o 928.064 | 1-{(ZR)-2-[(fert-butoxycarbonyl)
- }roxcn, amine)-2-phenylacetyl}
i, O pyrrolidin-2-ylicarbonyl}amino)
phenyl}-1H-indecle-3-carboxylic
acid

Example 178 — tert-butyl {(I1R)-2-[(28)-2-({2-[3-(acetylamino)prop-1-va-I1-yl[-IB-indol-5-
vlicarbamoypyrrolidin-I-ylj-2-oxo-I-phenviethyllcarbamate

amcHN(j\f( T:l'(———/{

\l

Step [

Q
;N ON ot 0N,
\@’\r—-o ethyl carbonochiosidate N ¢ (NH4),C0q mo
N

H o e
Ethyl carbonochloridate (3 mL) was added to the nitro lactam (2.0 ¢, 11.2 mmol),
and the mixture was stirred for 3 hours before being concentrated to give the crude product. MS
(EST) m/e (M-+H+): 325. The crude product was dissolved in DMF (25 mL}), then (NH;),COs
(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 DCM, 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
ON
Nyon OpN N
m or __ Pd(PPRa) , Nz N<0
Ao
s o D}mo

The mixture of the triflate (382 mg, 1.0 mmol), N-(prop-2-ynyDacetamide (97
mg, 1.0 mmol), Et:N (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 (ESD) m/e (M+H": 330.

Step 3

=0 e

A solution of the nitro compound from step 2 above (165 mg, 0.50 mmol) in
absolute EtOH (3 mL) was added Fe power (280 mg, 2.5 mmol} and NH4C1 (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 fo yield the crude product {150mg). MS (ESI) m/z :(M+H)
300.
Step 4

HeNmmﬁwj““\g KatiOa HZNLWNMQ

N B

B o/:"O
To a solution of the aniline from step 3 (150 mg, 0.50 mmo) in absolute EtOH (3
mL) was added K3COs (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
phases were combined and washed with brine, dried over MgSO4 and concentrated 1o yield the
crude product (113mg). MS (ESD) w/z :(M+H+) 228.
Step 5

R-Bac-Phg-L-Pro

S
N HN
t42r\n\©j§«x au—{o HATUEN BockN, ii%of ‘@f\}_%/ —<0
“ S
N .
N/

The mixture of the indole (113 mg, 0.5 mmol), R-Boc-Phg-L-Pro-OH (175 mg,
0.5 mmol), DIPEA (115 mg, 1.0mmol) 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).
"H NMR (MeOD) 8: 1.37 (s, 9H), 1.96 ~ 2.14 (m, 7H), 3.92 ~ 3,94 (m, 2H), 4.51 ~ 4.54 (m, 1H),
541 (s, 1H), 6.56 (s, 1H), 7.20 ~ 7.43 (m, 7H), 7.72 (s, 1H). MS (ESI) m/z :(M+H+) 576.
Example 179 — N-f4-[5-(furan-3-vl)-I0-indol-2-yl[phenvi}-1-(phenylacetyl)-L - prolinamide

S0t

Step 1
o, £\

& a\o\}/\N/ ] o ~ B
OO LA oo P

HATU,OMF

The mixture of the indole from Example 41 (1.6 mg, 5.575 mmol), {-phenylacetyl
pyrrolidine-2-carboxylic acid (1.3 g, 5.575 mmol), DIPEA (1.45 g, 11.15 mmol ) in DMF (50
mLY was stirred at RT for 30 minutes, then HATU (2.54 g, 6.689 mmo! ) was added. The
mixture was stirred at RT overnight, concentrated in vacéo, and the residue was purified by
chromatography on silica gel to give the desired product (2.3 g). MS (ESI) m/e (M+H"): 504.
Step 2

on
H w PA(PPha) Tl NaCOYTHCNH0 X 0@
A suspension of the product from step 1 above (18 mg, 0.03583 mmol), furan-2-
boronic acid (6 mg, 0.05374 mmol), PA(PP)Cl; (1.4 mg), Na;COs (7.6 mg, 0.07166 mmol)
and HyO (0.15 mL) in 0.5 mL of acetonitrile under N, 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 1o give the desired
product. "H NMR (MeOD) 8: 7.79~7.74 (m, 3H), 7.67~7.62 (m, 3H), 7.50 (s, 1H), 7.37~7.22
{(m, 6H), 6.78~6.75 (m, 2H), 4.57~4.55 (m, 1H), 3.78~3.61 (m, 4H), 2.24~1.99 (m, 4H).
Examples 1806-189b

Compounds of Examples 180-189b were prepared in a similar manner as

described in Example 179,

Example Structure MW Name

NA4-{5-[6-(dimethylamino)-4-

557 701 methylpyridin-3-vi]-1H-indol-2-

’ yi}phenyl)-1-(phenylacetyl)-1~
prolinamide

180




WO 2010/111483

PCT/US2010/028653

Example

Stmcture

MW

Name

18}

&m Q‘N‘*m

555,704

N-{4-[5-(1-benzothiophen-3-yi)-
LH-indok-2-yl]phenyl}-1-
(phenylacetyl)-L-prolinamide

182

579.708

N-{4-{5-(1-benzyl-1 H-pyrazol-4-
yh-1H-indol-2-yi]phenyi}-1-
(phenylacetyl)-L-prolinamide

183

557.655

N-{4-f5~(2,3-dihydro-1,4-
benzodioxin-6-yl}-1H-indol-2-
viiphenyi} - I-(phenylacetyl}-L-

prolinamide

184

550.666

1-(phenylacetyl}-N-{4-[5-
{quinolin-8-yI)-1H-indol-2-
yliphenyl}-L-prolinamide

185

505.644

1-(phenylacetyl}-N-{4-[5-
{thiophen-3-yI}-14-indo}-2-
vilphenyl}-L-prolinamide

186

563.662

tert-butyl {{15)-2-[(25)-2-{[4-(5-
cyano- 1 H-indol-2-yphenyl]
carbamoyl}pyrrolidin-1-y1j-2-
oxo~1-phenylethyl} carbamate

187

879.037

propan-2-yl [{(1R)-2-ox0~1-
phenyl-2-{(283-2-14-(2-{4-
[{{(25)-1-{{2R)-2-phenyl-2-
{f(propan-2-yloxy)earbonyl}
amino}acetyl]pyrrolidin-2-
yljcarbonylareino]phenyl}-154-
indo}-5-yI)-1H-imidazol-2-y1}
pyrrolidin-1-yitethyllearbamate

188

606.687

propan-2-yl {(1R)-2-[(25)-2-(5-
{2-[4-(acetylamino)phenyl}-14-
indol-5-y1}-1,3,4-oxadiazol-2-
yhpyrrolidin-1-y1}-2-ox0-1-
phenylethyl} carbamate

189

$76.704

N-{4-[5-(5~{(25)-1-[(2R)-2-
{diethylamine)-2-
phenylacetyl]pyrrolidin-2-y1}-
1.3,4-oxadiazol-2-yI)-1 H-indol-
2-yllphenyl} acetamide

1892

. H ) 4
Aed 7~
\ HN#m ,\
O
B! S\i

306.9

methyl [(28)-1-4(2S)-2-15-(10-
{2-[(28)-1-{(28)-2-

{(methoxycarbonyhamino}-3-
methylbutanoyl}pyrrolidin-2-y1}-

1 H-imidazol-5-y1} indolof1,2-¢]

11,3]benzoxazin-3-yl)-1H-
imidazol-2-yijpyrrolidin-1~yl}-3-
methyl-I-oxobutan-2-
yilcarbamate
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Mﬁxample Structure MW Name

methyl [(25)-1-{(28)-2-{5-(12~

_ fluoro-10- (2-[(25)-1-4(28)-2~
O'(/:}l ; [{methoxycarbonyl)amino}-3-
Nﬁm H WJ& . methylbutanoyl} pyrrelidin-2-y1}-

189b \55{*"‘ . L, N) 8249 1 H-imidazol-5-y1} indolo[1,2-c]
S 0 OT [1,3Thenzoxazin-3-y1)-14-
\oﬁxﬁ\« ( imidazol-2-yl]pyrrolidin-1-y1}-3-
methyl-1-oxobutan-2-
vljcarbamate

Example 189b (Alfernative Procedure; Methyl [(2S)-1{(28)-2-{5-(12- ﬂuam—l 0-42-1(2S)-1-

vitindolof1, 2~clf1 3 [benzoxazin-3-vli-1H-imidazol-2-ylipyrrolidin-1-yli-3-methyi-1-oxobutan-
2-vijcarbamate

A~
N
N ﬁ ;\\ 7
8. /~° N y .i>
N

Step 1
Al g
Ho/©‘ar EtsN /‘LO/O\Br
To a solution of compound 3-bromophenol (51 g, 0.3 mol) and EtsN (36 g, 0.36
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 HC],

saturated Na,CO; and brine, dried over Na,SO4 and concentrated i vacuo to give a oil (62 g).

Step 2

j
IS, e

AIC; (40 g, 0.3 mol) was slowly added to the product from step 1 (21.5 g, 0.1

Br

mol) in an ice-water bath. The mixture was stirred at 140°C for 2 hours. After cooling 1o 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 N SO4 and
concentrated in vacuo. The residue was purified by column chromatography to give the desired
compound (14 g). MS (ESD m /e (M+H"): 214.

Step 3
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@ Ko

/“I;\ . O/ “NH;, ACOHEOH /@ KL Ne
M

1O Br Br

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+H"): 383.

Step 4
FoasoRE Na et e

H ud
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 inio ice water. The resulting solution was extracted
with DCM. The combined organic phases were washed with brine, dried over Na; SOy, and
concentrated in vacuo. The residue was purified by column chromatography fo give the desired
indole (4.8 g). MS (ESI) m/ e (M+H"): 368.
Step 5

"

To a mixture of the indole from step 4 (6 g, 16.3 mmol) in DMSO/CH;CN (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
(BST) m / e (M+H"):386.
Step 6

"
U < O
¢

A mixture of the compound from step 5 (650 mg, 1.63 mmol), CHyBrz (1.5 g,
8.62 mmol) and K,CO; (1.2 g, 8.7 mmol) in DMF (32.5 mL) was stirred for 5 hours at 80°C.
Then the mixture was evaporated in vacuo. The residue was diluted with EA and water. The
organic layer was separated, dried over Na; SO, and concentrated in vacuo to give a solid, which
was directly used to next step without further purification (610 mg). MS(ESIym /e
(M+H"):396.
Step 7
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F
g T—— o BPin
\”‘0 KOAG N\.,,o
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)Cl. (0.02 mmol) and KOAc¢ (2 mmol). The reaction
mixture was stirred under Nz 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 (ES) m / e (M+H"):492,

Step 8
N
PinB . .
co soc N Ny
Na
2 (3 \-w-O

A suspension of the boronate from above (2 mmol), ferf-butyl 2-(2-bromo-1H-
10 imidazol-5-yl) pyrrolidine-1-carboxylate (2.4 mmol), Pd(dppf) Cl; (200 mg), NayCO; (3 mmol)
and in THF/H;O (10:1, 33 mL) was refluxed at 75°C overnight under N, 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 (ESDm /e (M+H):710.

Step 9
N
B f
W NTN \T\( =R N HO Nl -
LB .
Boc Y. N&» \"‘N’H 4
g HB N-/

The protecied proline from above (1.3 mmol) was added to HCVCH;O0H (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(ES)m /e
(M+H™):510
Step 10

/

I‘

%g
g
f
Y\r
%
i}ﬂé
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To a mixture of the crude product from step 9 (1.0 mmol), (S)-2-
(methoxycarbonylamino}-3-methylbutanoic acid (2.0 mmol) and DIPEA (8 mmol} in CHCN
(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 mixtare was filtered, and the filtrate was
purified by HPLC to give the desired compound as 2 white solid. MS (ESIy m / e (M+H"):825.
'H NMR (MeOD): & 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 (5,2 H), 520 - 5.22 (m, 2 H), 4.20 - 4.23 (m, 2 H), 4.06 - 4.09 (m, 2 H), 3.86 - 3.88
(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).

{dimethylamino)-2-phenylacetylfpyrrolidin-2-yiicarbonyl)aminol-1,3-benzoxazol-2-yli}-1H-

indol-5-vl)pyrrolidine-2-carboxamide

”’7’%?'"’“ Y

BesN

NMEZ
Step 1
WM
#NH BrCN //\N/LLN«
<;;:‘J N BN

To a solution of imidazole (13.6 g, 0.2 mol) in 1L of DCM was added BrCN (7.4
g, 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.
Step 2

NH
O O
A solution containing the product from step 1 (8.36g, 54.2 mmol) and 2-amino-4-
nitrophenol (R.74g, 54.2 mmol) in anhydrous THF (200 mL) was allowed to reflux under N; for
14 hours. The mixture was cooled to RT, filtered, and the precipitate was washed with THF
{cold) then dried in vacuo to afford the desired product (9.0g), as a yellow solid. MS (ESI) Ve
(M+H"): 180. "HNMR (DMSO) 8: 7.85 ~ 7.96(m, 3 H), 7.52(4, J = 8.8 Hz, 1H).
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Step 3

DZN\@[::‘}“NHZ f“:::::z OZNU;\%m

To a suspension of the product from step 2 (3.58 g, 20 mmol) in acetonitrile (300
mlL) was added CuBr; (8.96 g, 40 mmol). The solution became dark green and #-butyl nitrite
{4.12 g, 40 mmol) was added RT over 5 minutes, whereupon the mixture heated at 45°C for 2
hours. The 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
Na;SO; and evaporated to afford the crude product. Purification by column chromatography
afforded the desired product. MS (EST) m/e (M+H"): 243/245. 'HNMR (DMSO) &: 8.71 (s, 1
H), 8.42(d, J = 9.2 Hz, 1H), 8.10 (d, J=9.2 Hz, 1H).

Step 4
P

. b (BoON
OzNUN N
0 d-ar {Boch 3\ P ,_
=0 @%— Na
0C

[e1od

The mixture of compound from step 3 above (603 mg, 2.5 mmol), the indole
boronic acid from Example 42 (1.0 g, 2.75mmeol), Pd(dppf)Cl (183 mg, 0.25 mmol) Na;COs
(530 mg, 5.0 mmol) in 5 mL dioxane-H,O (5:1) was heated to reflux under lNl';g atmosphere
overnight. When reaction was complete, the mixfure was poured into water and extracted with
DCM. The organic phase was dried over Na;SO4 and concentrated, and the residue was purified
to give compound the desired product. MS (ESI) m/e (M+H"): 596.

Step 5

Boosi,N.
{Bog}y WQ . Pd(G)!Hz H,oN
NN ‘ '
Boc NH,

NO» 2 wor

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 H; 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
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 (EST) m/e
(M+H): 265,
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Step 6

ZI

ierate i s Qo<
@ N7 Sy MSZN )\(O

N © NMe,
Me,N

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. "H NMR
5  (MeOD) é8: 8.12(s, 1H), 7.97(d, J=2Hz, 1H), 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(s, 6H), 1.80 ~ 2.30(m,
§H). MS (BSDm /e (M+H"): 781.
Example 191: I-J(2R)-2-(diethviaming)-2-phenylacetyl[-N-{2-[4-(5-{(28)-I-{(2R)-2~
(diethvlamino)-2-phenviacetylipyrrolidin-2-vi}-1,3 4-oxadiazol-2-vi)phenyl]-1H-indol-5-v}-1 -
10 prolinamide

N

@ O
| ShY
I Qimd H, C#Lo o rcl Cbz

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 chioroformate (8.05 g, 0.066 mol) at 0°C. After

addition, the solution was continued to stir for I hour before the hydrazide (13.0 g, 0.05 mol)

Step 1

was added, and the mixture was continued to stir for another | hour. The solvent was evaporated

in vacuo, and the residue was recrystallized from EtOH to give a white solid (22.1 g). '"HNMR

(DMSQ0) &: 10.47 (s, 1H), 10.03 (5, 1H), 7.86 (d, ] = 8.0 Hz, 2H), 7.62 (d, ] = 8.0 Hz, 2H), 7.31 ~
20 7.61(m,5H),4.91~5.14(m, 2 H),426~435(m, 1 H),330~34(m, 2H),1.95~2.19 (s, 4

H). MS (ESI) m/e (M+H"): 494.

Step 2

K
noi o
T L= QAOH,D
o ¢ohz :
; DIPEA : bt
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To a solution of the product from step 1 (2.1 g, 4.26 mmol), DIPEA (2.3 L, 17.7
mmol) and PPh; (1.71 g, 6.5 mmot) 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 (ESD) m/e (M+H"):
494,
Step 3

H

N-N H K Ne

Az \““O o PotppiCly o O 3 Q - f
P & W, MGG /N\>

A mixture of the product from step 2 above (494 mg, 1.0 mmol), indole boronic
acid from Example 42 (377 mg, 1.0 mmol), Pd(dppf)Cl (73 mg, 0.10 mmol), NayCO; (318 mg,
3.0 mmol), THF (25 ml) and H>O (5 mL) was refluxed under N overnight. The mixture was
poured into water and extracted with CH,Cl,. The organic phase was combined, dried over
Na,80, and filtered to give the desired compound, which was used directly in the next step, MS
(ESD) m/e (M+H"): 680.

Step 4

o slaps 4-7
Boo %

0
{Boo)N N- ) %’NMN‘N
: r: Q 4 "N\;;"gbz _ Example 88 \”%Qo o N Q A
; )/
N

Following the procedure described in Example 99, steps 4-7, the oxadiazole from
step 3 above was converted to the desired product. 'H NMR (MeOD) 5: 8.09 (d, ¥ = 8.8 Hz, 2H),
7.99 (4, I= 8.8 Hz, 2H), 7.83 (s, 1H), 7.66 ~ 7.68 (m, 4H}, 7.55 ~ 7.58 (m, 6H), 7.38 ~ 7.40 (m,
1H), 7.22 ~ 7.24 (m, 1H), 6.98 (s, 1H), 5.39 (s, 1H), 5.37 ~ 5.39 (m, 2H), 4.52 ~ 4.54 (m, 1H),
4,12 ~4.14 (m, 1H), 3.94 ~3.96 {m, 1H), 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 (ESD) m/e (M+H"): 821.
28)-2-f(methoxy- carbonyl)aming]-
3-methylbutanovlipyrrolidin-2-vil-IH-imidazol-5-yi}-1-benzofuran-2-viiphenyl]-18-imidazol-
2-yiipvrrolidin-1-yll-3-methyl-1-oxobutan-2-ylicarbamate

A
N eataye

7o N § Ho o

g H L0 0#
00 HN“.\{
~ ~

Moz

bl
o"—’

0
=0
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Step 1
(LOH Oxaiyt Chlorige [T\
N DMSONE, X
Bot Bz O

A 2 L, 3-necked round bottomed flask equipped with an overhead stir and a N,
inlet was charged with a solution of oxalyl chloride (130 mL, 0.26 mol) in DCM (250 mL). The
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)-N-Boc-prolinol {40 g, ¢.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 H,0, IM
HCY, saturated NaHCOs3, and brine. The DCM layer was dried over Na,SOy, filtered, and
concentrated to afford crude (8)-2-formyl-pyrrolidine-1-carboxylic acid terr-butyl ester (40 g) as
an oil, which was used without further purification. |
Step 2

w A, A&
Ly e

Bos Boc

Glyoxal (2.0 mL of 40% in water) was added dropwise over 11 minutes to a
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 (B1OAc) to provide the desired compound as a white fluffy solid (4.43 g). 'H
NMR (DMSO) : 11.68, 11.59 (br s, 1H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76 (m, 1H), 3.48 (m, 1H),
3,35-3.29 (m, 1H), 2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H). MS (EST) m/e (M+H"): 238.

Step 3

ﬁ‘:} NES 4 Im
Cg,:“ T Slee N Ve
To a suspension of the compound from step 2 (140 g, 0.59 mol) in THF (2000 ml)
was added NBS (200 g, 1.1 mol). The mixture was stirred at RT under N, 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.
Step 4
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Br

P4 N

if&g Y
C(L ) Cﬁ}&

H H

NBog N8oc

To a suspension of compound from step 3 (230 g, 0.58 mol} in EtOH/H;0 (3000
ml) was added N2,SO; (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"): 317,
Step 5

we\ COGEl  NESIOCK | e CODS
B \ / Pt nireperee s Bfm (/ .

To a stirred solution of ethyl 4-bromophenylacetate (50 g, 205.8 mmol) in CCly
(500 mL) was added NBS (38 g, 214.7 mumol), 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

ar o
O. Br L B
& ° o e e

To a solution of the compound from step 5 (2 g, 6.2 mumol) in DMF (20 mL) was
added 5-bromosalicylaldehyde (1.21 g, 6.0 mmol) and Cs,CO; (2 g, 12.3 mmol) under Ny
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.
Step 7

PA{dppChKOACICKBNE

o o N4
O~ -k OOk
¢ O g &

A suspension of the product from step 6 above (4.43 g, 12.58 mmol),
bis(pincolato)diboron (8.31 g, 32.72 mmol), AcOK (3.72 g, 37.7 mmol) and Pd(dppf)Cl, (921

mg, 1.26 mmol) in dioxane (100 mL) was heated to reflux for 4 howrs under N,. The mixture

was concentrated, the residue was partitioned between H,O and DCM, and the agueous phase
was extracted with DCM. The combined organic layers were washed with brine, dried over
NapS04, concentrated. The residue was purified by chromatography on silica gel to afford the

desired compound (5 g).
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Step 8

w—o

Na,coJ

Br l
W
il \} Pd(dpp’)!}iz NBoc ﬁ
- o
L OO~
Noe

A suspension of the product from step 4 (5 mmol), the boronate ester from step 7
(2 mmol), Pd(dppf)Cl, (146 mg, 0.2 mmol), and Na;CO; (636 mg, 6 mumol) were refluxed in
THF/H,0 (10:1, 33 mL) overnight under N 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-—35:1) to afford the
desired compound. MS (ESI) m/z (M+H)":641),
Step 9

o)
B -
NB« “ ﬁcmeQﬁﬁ/\@’@‘(uﬂ\@
s Y o B )
HRE

mcn

The product from step 8 (1.3 mmol) was added into 3M HCI/CH,0H (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 (ESI) m/z (M+H}":
441.
Step 10

/3
w& . gﬁ e '*\J
O-"" - 0
To a mixture of the product from step 9 (1 mmol), N-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. 'H NMR (MeOD) 8: 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=4.8 Hz, 2 H), 2.0-2.4 (m, 8 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 "H NMR M+1 Name
(2R)-2-(diethylamino)-1-[(25)-2-
. . {MeOD) &: 7.2-8.1 {m, 20 {5-{4-[5-Q2-{(25)-1-[(2R)-2-
O N “}\D ), 5.2-5.6 (m, 4 H), 3.9- (diethylamino)-2-phenylacetyl]
193 e T o~ ~ |42(m,2H),3.1(m,2H), | 844 | pyrrolidin-2-y1}-1H-imidazol-5-
J% M~ 126, 8H), 1.9-25(m, 8 y})-1-benzofuran-2-yljphenyl} -
H), 1.0-1.5 (m, 12 13). 1H-imidazol-2-yDpyrrolidin--
v1}-2-phenylethanone
(MeOD) 6: 8.0-8.1 (m, 3 Methyl {(18)-1-cyciopropyl-2-
» Hy, 7.7-7.9{m, 6 H), 7.4 [(28)-2-{5-[4-(5-{2-[(28)1-§(25)~
W"an (d, I=2.4Hz, 1 H), 5.3 (d, 2-cyclopropyl-2-
' ,nui" ° "J\‘:) J=56Hz,2 H), 4.1 (n, 2 [(methoxycarbonyl)aminojacetyl}
194 P s M 775 o e
o L\v H),3.9(m, 4 H),3.7{m. 6 pyrrolidin-2-y13-1H-imidazol-5-
io Hy, 2.5-2.6 (m, 2 H), 2.1 - yi}-1-benzofuran-2-yl)phenylj-
¥ 23 {m, 6 H} 1.1-0.2 (m, 2 1 H-imidazol-2-y1}pyrrolidin- 1~
H), 0.4-0.6 (m, 9 H). yl}-2-oxoethyl} carbamate
Methyl {{1R)-1-cyct 12~
‘ (MeOD) 5: 7.7-8.1 (m, 9 B AP N
5! H), 7.4{m, 16 H), 5.3-54 v ' i - '2
) O, | m21), 3541 (m, 12 2-cyclopropyl-2-
° LN 2 ? . > % }
o, p _‘;«{ I H) 2.6 (0. /=48 Hz 26 | 775 [{methoxycarbonyhaminolacetyl}
b B &0 LG, J 70 B pyrtolidin-2-yl}-1 H-imidazol-5-
Wy H),22(d, /=48 Hz, 6
yi}-1-benzofiran-2-yhphenyl]}-
¢ | H) L1-1.2 (m, 2 H), 0.4- F AN k|
0.7 (m, 8 H). “imidazol-2-yl}pyrrolidin-1-
i vi}-2-oxoethyl}carbamate
g\/leOD‘) 5:7.8-7.9(m, 5 Methyl {(2R)-1-{(28)-2- {5-[2-(4-
}, 7.1<7.6 (m, 5 H), 5.6- ")
{2-[(28)-1-{(2R)-2-
_ ) 57{m, 1H),52(4,7 .
J\ =48 H [(methoxycarbonyiyamine]-3-
"0 & TR s, z, 1 H), 4.0-42 (m, e
196 o iy 3 H), 3.6-3.8 (m, 8 H) 780 methylbutanoyl} pyrrolidin-2-y1}-
T T 1H-imidazol-5-yl}phenyl)-1-
¥ 2.0-2.5 (m, 10 H), 1.6 (d, -
o Y benzofuran-3-yi}-1H-imidazol-2-
¢ T=48Hz, 1 H) 1.3 (m, } s a
yi}pyrrolidin-1-yl}-3-methyl-1-
H), 0.8-1.1 (m, 11 H), 0.4 oxobutan-2-yi} carbamate
(m, 26 H).
(MeOD), 8 8.10(d, 1 =4
Hz, 2 H), 8.01(s, 1 H), Methyl {(28)-1-{(25)-2-{5-[4~(5-
7.94¢s, 1 H), 7.87(d , 1 =2 {2-1(28)-1-{(28)-2~
Hz, 2 H), 7.84(m, 1 H), {(methoxycarbonyllamine]-3,3-
0‘“:3\@{'_}-@\3 7.73(d, J =4 Hz, 1 H), dimethylbutanoyl} pyrolidin-2-
197 o _{*?: onp 7.44(m, 1 H), 5.25(m, 2 806 yil-1 H-imidazol-5-yl}-1-
7o ;(L )u H), 4.33(m, 2 H), 4.16(m, benzofuran-2-yphenyi]-1 H-
a1 2 1), 3.89(m, 2 1), imidazol-Z-yl}pyrrolidin-1-yi}-
3.67(s, 6 H), 2.58%m, 2 3 3-dimethyl-1-oxebutan-2-
H), 2.20(m, 6 H), 0.97(m, yi}carbamate
18 H)
(MoOD) 5: 7.6-8.1 (m, 9 Methyif{(}R}-z-[(ES}Q»{5~§4~(5~
H),73<7.5 (m, 1114, 7.2 (2-{(28)-1-{(2R)-2-
M 1 (;n‘ '1 H) S, 4’_5.5 (1;1’ 2 I(methoxycaxbonxl}_amino]}-z-
198 ) j\@:}@»—%m H), 53 (m,2 H), 4.1 (4,7 | sag | Phenylaconmlipymolidin-d-yl}- 15

=48 Hz, 2H),3.7(d, I
=2.4 Hz, 6 H), 1.92.4 (m,
8 H)

imidazol-4-yl}~1-benzoforan-2-
yhiphenyl}-1 H-imidazol-2-
yitpyirolidin-1-y1}-2-oxo~1-
phenylethyl} carbamate
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Example Structure "H NMR M1 Name
(MeOD} 6 8.08(d, J =4
Hz, 2 H), 8.04(s, 1 H),
\ 7.42(m,] H), 5.34(t, T =4 [4-(2-£28)-1-[N-
WW Hiz, 2 H), 4.42(d, ] ~4Hz,  (methoxycarbonyl)-L-
199 e e " ) 410 s " B) " | gog | elloisoleucylipyrrolidin-2-yl}-14-
P Ky 3.8 ’ 2'H o imidazol-5-yhphenyl]-1-
o . 82(m, 2 H), 3.79(m, 3 ny)
e F), 3.64(s, 3 H), 2.57(m, benzoﬁlral'iv‘s~yl}wiH~nmdazo§—2—
2 H), 2.20{m, 6 H}, }’DpynohézmI-yi]~3-met}:§f'}- i
1.88(m, 2 H), 148(m, 2 oxopentan-2-yl}carbamate
H), 1.32(m, 2 H),
0.97(m, 12 H}.
Methyl {(25)-3-hydroxy-1-[(25)-
_ 2-{5-[4-(5-{2-[(25)- 1-{(28)-3-
MBW" . }%Mgalgn & 511;?) 851 4(?;192 hydroxy-2-f{(methoxycarbonyl)
200 “%u - "“\,,) : 4 p ? 5 H, 3 54 ’1 755 aminojpropanoyl} pyrrolidin-2-
g X ’E?n ’ g)“’z o Tons y1}-1H-imidazol-5-y1}-1-
& QH) 5 33 (x:ﬂ S'H) ’ benzofuran-2-yhphenyl]- 14~
2 End A AR imidazol-2-y1 pyrrolidin-1-ylj-1-
oxopropan-2-yi}carbamate
(MeODY), b 8.04(d, J =4
Hz, 2 H), 7.97(, 1H),
71'38&53’ X Hz)’r% g(ﬁ,}’l Methyl {(25,3R)-3-hydroxy-1-
" H), 7.64(d, ] =4 Fiz, 2 H), Kz’??%"é?ﬁ“f‘f'[@? I-
¥ ’ y 3 R)-3-hydroxy-2-
1 ?ﬁ“wﬁj ]; '32(22’ ! Hz}’}f ‘22{111;’ 2 783 [(methcxycarbony%;mngo}butano
20 o ;; %2 in(gnév : )’1 i (m, yhpyrrolidin-2-yi-1&-imidazol-
e 3-92(n;, 1 H),%.Gé(n':. 6 5~yi}'—1-‘benzoﬁlran%yi)p‘h@y{}-
1), 2.63(m, 1 H), 2. 60(m VH-imidazol-2-yl} pyrrolidin- 1+
; f-I) ' 254 (’m, 5 i%), 91 6_‘ yil-1-oxobutan-2-y1} carbamate
2.22(m, 6 H), 1.16 (d, J
=2 Hz, 6 H).
(MeOD), 6 8.05(d, J =4
Hz, 2 H), 7.97(s, } H),
7.84(4, 1 H), 7.81(d, T =2 Methyl {(28)-1-{(28)-2-{5-f4~(5-
Hz, 2 H), 7.76{m, 1 H), {2- {28y 1-{(285)-2-
7.64(d, ] =4Hz, 2 H), [{methoxycarbonyamino}-4-
M«A@_ﬂ.}{ﬁ\b 7.39m, 1 H), 525(m, 2 methylpentanoyl} pyrrolidin-2-
202 L (| ), 4450m, 2 1), 4.03(m, | 806 yl}-1 Heimidazol-5-y1}-1-
/ ) > DL? 2 H), 3.84(m, Z H}, benzofuran-2-yDphenyl}-1H-

3.85(m, 2 H), 3.64(s, 6
H), 2.55(m, 2 H), 2.22(m,
6 H), 1.70(m, 2 ),
1.51(m, 4 H), 0.98(m, 12
H)

imidazol-2-yi}pyrrolidin-1-y1j-4-
methyl-1-oxopentan-2-
yl}carbamate
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Example 203: Methyl {(28)-1-{(28}-2-{5-[3-fluoro-4-(5-{2-{(28)-1-{(28}-2-

benzofuran-2-yliphenvi]-IH-imidazol-2-yl

carbamate
N - M[){ S
M \ SN N / E \\.l
“-——N 5 " 7 0 F O:{
; ¢
>”Z‘ 2 HN \
oy .
o ey
Step 1

d : . D - Berro) E’\@}B:z:

To a solution of 5-bromobenzofuran (3.9 g, 20 mmol) in dry THF (30 mL) cooled
to -78°C under Np-protected LDA (prepared from n-BuLi and {Pr;NH in THF (~30 mmol}} was
slowly added. The mixture was stirred at the same temperature for 30 minutes, then
triisopropylborate (5.64 g, 30 mmol) was added to the mixture. The mixture was allowed to
warmn to RT and stirred for 2 hours. The mixture was then quenched with 1IN HC1 to pH=3 and
extracted with BtOAc. The combined organic phases were combined, dried and filtered. The
filtrate was concentrated to afford the desired product (4.3 g). MS (ESD) m/e (M+H"): 241.

Step 2 '

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), PAd(dppiCh (600 mg), NayCOs (954 mg, 9.0 mmol) and in
THF/H,0 (9:1, 100 mL) was refluxed at 75°C overnight under N; protection. The mixture was
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"): 370,

Step 3

]
o Lo %“? F
F B B
N - ;tf”jé I
= d b 3 5
;)\ N\ 4 B o II\/\O ‘0

Pd(dppdCly

- 158 -



10

15

25

WO 2016/111483 PCT/US2010/028653

To a solution of the product from step 2 (1.85 g, 5 mmol), bis{pinacolato)diboron
(2.54 g, 10 mmol) and Pd(dppf)Cl, (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 (EST) m/e (M+H"): 465,
Step 4

Z Q F
A
B £
o m@ ,Oi‘ PutappOCl Nj\( N-\/\
. Pawopoh
A~y S g NexCO, H P o A\ /%JQH Boo

A suspension of the bromoimidazole from Example 192 (5 mmol), the boronate
ester from step 3 (2 mmol), PAdpp)Cl: (146 mg, 0.2 mmol) and Na,CO; (636 mg, 6 mmol) was
refluxed in THF/HyO (10:1, 33 mL) overnight under N, 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+H"): 683.

Step 5

mj 5_ 7 | HCUMeOH Q;"(
O O \ NH B°° H s \ Y \-

The product from step 4 (682 mg, 1.0 mmol) was treated with 3M HCI/CH;0H
{10 mL) and the mixture was stirred 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

L Nl©:> ~ \ . OAX@»Q’(\)\)
%M K%

O
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). 'H NMR (MeOD) &: 7.99 (s,1 H), 7.89-
7.80 (m, 5 H), 7.72-7.67 {m, 2 H), 7.47 (5, 1 H), 5.27-5.22 (m, 2 H}), 4.22 (d, 2 H), 4.09 (d, 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), 0.92 (d, 6 H), 0.88 (d, 6 H). MS (ESD)
m/e (M+H"): 797.

Examples 204-212
Compounds of Examples 204-212 were prepared in a similar manner as desciibed

in Example 203,

Example

Sn’uctlme

M+1

Name

204

866

Methyl {(1R)-2-[(25)-2-{5-[3-fluoro-4-{5-{2-
[(2Sy-1-{(2R)-2-{(methoxycarbonyl)amino}-2-
phenylacetyl} pyrrotidin-2-yi]-1 H-imidazo}-5-
yi}-1-benzofuran-2-yphenyl}-1 H-imidazol-
2-ylpyrrolidin-1-yij-2-oxo-1-
phenylethyl}carbamate

205

797

Methyl {(28)-1-[(25)-2-{5-[3-flnoro-4-(5-{2-
[(253-1-{(25)-2~[{methoxycarbonylamino}-3-
methylbutanoyl} pyrrolidin-2-y1}-1H-
imidazol-5-y1}-1-benzofuran-2-ylphenyi}-

1 H-imidazol-2-y1} pyrrolidin-1-yi]-3-methyl-
}-oxobutan-2-yl}carbamate

206

816

Methyl {(28)-1-](285)-2-{5-[2-(2,6-difluoro-4-
{2-[(28F1-{{2.5)~2-[(methoxycarbonyl}
amino]-3-methylbutanoyl} pyrrolidin-2-yl]-

1 H-imidazol-5-yi}phenyl)-1-benzofuran-5-
yi]-1H-imidazol-2-y1} pyrrolidin-1-yi]-3-
methyl-1-oxobutan-2-yl} carbamate

207

878

Methyt {(1R)-2-[(283-2~{5-[3-methoxy-4~(5-
{2-[(28)1-{(2ZR)-2~[(methoxycarbonyl)
amino]-2-phenylacetyi}pyrrolidin-2-yI}-1H-
imidazol-5-y1}-1-benzofuran-2-yl)phenyl]-

1 H-imidazel-2-y1} pyrrolidin-1-yi]-2-o%0-1-
phenylethyl}carbamate

208

814

Methyl {(28)-1-[(28)-2-{5-[2-(2-chloro-4-{2~
[(28)-1-{(2532-[(methoxycarbonyDarmino}-3-
methylbutanoyl}pyrrolidin-2-yi)-1H-
imidazol-4-y1} phenyl)- 1-benzofuran-5-y1]-
1H-imidazol-2-y1}pyrrolidin- 1-y1]-3-methyl-
1-oxobutan-2-y1} carbamate

209

Methyl {{1R)-2-1{25)-2~{4~[3-cyano-4-(5-{2-
[(28)-1~{(2R)-2-{(methoxycarbonyl)amino}-2-
phenylacetyl}pyrrolidin-2-yi}- 1 H-imidazol-5-
y1}-1-benzofuran-2-yl)phenyl}-1 H-imidazol-
2-y1} pyrrolidin-1-yt}-2-0x0-1-
phenylethyl}carbamate

210

794

Methyl {(25)-1-[(28)-2-{5-[2-(4-{2-[(25)-1-
{(28)-2-[{(methoxycarbonylamino}-3-
methylbutanoyl} pyrrolidin-2-yi]-1H-

imidazol-4-y1}-2-methylphenyl)-1-
benzofuran-5-yi}-1H-imidazol-2-
ylipyrrolidin-1-y1}-3-methyl- 1-oxobntan-2-
vljearbamate
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Example Structure M+1 Name

Methyl [{1S)2-[(28)-2+( 5~ {3~TTuoro-4-{ 5-(2~
{(28)-1-}(25)-2-[ (methoxycarbonyamine}-2-

(tetrahydro-2 H-pyran-4-ylacetylpyrrolidin-
m 8 ) 291} -1 H-imidazol-5-y1)-1-benzofuran-2-
vliphenyl}-17-imidazol-2-yDpyrrolidin-1-yl}-
f p 2-oxo-1-(teirahydro-2 H-pyran-4-
oo yDethylicarbamate

Methyl {(25)-1-[(25)-2-{4-|3-fluoro-4-(5~{2~
MM"@ . [(28)-1-{(2R)-2-f(methoxycarbonyl)amino]-2-
12 o L \(\&‘i 832 phenylacetyl} pyrrolidin-2-y1}-1 H-imidazol-5-
/ah{‘g vi}-1-benzofuran-2-yDphenyl}- 1 H-imidazol-

o

2-yl}pyrrolidin-1-y1}-3-methyl-1-oxobutan-2-
yl}carbamate

Example 213: Methyl {(IR)~2-[(28)-2-{5-[4-(5-12-[(28)-1-f(2R)-2 [(inethoxy-
carbonyl)aminol-2-phenyiacetylipyrrolidin-2-yi]-1H-imidazol-5-yl}-1. 3-benzoxazol-2«
yDphenyll-TH-imidazol-2-ylpyrrolidin-1-yll-2-oxo-I-phenyiethyllicarbamate

@ P@\’W’\ )

NHMoc %
M
ocHN i .

Q Br NH, Bre g N e
>_.< y—pe \C[ PPA \Q HC}—B:
HO OH F0 Z

4-Bromobenzoic acid (20 g, 0.1 mol} and 2-amino-4-bromophenel (18.8 g, 0.1

Step 1

mol) were added into polyphospheric acid (250 mL), and the mixture was stirred at 140°C for 90
minutes. Afier cooling in an ice-bath, the reaction mixture was diluted with water (4000 mL)
and neutralized with NaOH. The resulting solid was filiered off and dried to afford the desired
benzoxazole. MS (ESI) m/e (M+I"): 354,

Step 2

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 ramol) and Pd(dppf)Cly (1.1 g, 1.5
mmo}) in dioxane (300 ml) was stirred at 100°C under Ny protection overnight. The reaction
mixture was cooled and concentraied, then chromatographed on silica gel gave the product
compound. MS (ESI) m/e (M+H"): 366.

- 161 -




10

20

WO 2010/111483 PCT/US2010/028653

Step 3

H-XL i C/Q \‘“Bf Pu[dsﬁpf)ﬁz NBuc /\©” >__<:\__(\
\

EocN
A suspension of the product from step 2 (1.2 g, 2.6 mmol), bromoimidazole from
Example 192 (2 g, 6.3 mmol), NayCO5 (1.3 g, 12 mmol) and Pd(dppfH)Cl, (220 mg, 0.3 mmol) in
THF/H,0 (36 ml) was stirred at 100°C under N; protection overnight. The reaction mixture was
concentrated and purified by chromatography on silica gel to give the desired compound. MS
(ESI) m/e (M+H™"): 666.
Step 4

N
f’l,
T o o == Yoo
- O N
i)
o

BocN
A solution of the product from step 3 (400 mg, 0.6 mmol) in HCV/MeOH (20 mD)
was stirred at ambient temperature for 3 hours, then concentrated and dried under high vacuum
to give to desired product. MS (ESD) m/e (M+H"): 466.
Step 5

0’“;{“ ::‘H‘}—G\ Q/(b

NHMoc
MockN

To a mixture of the product from step 4 (233 mg, 0.5 mmel), 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) 8: 8.4 (d, /=8.4 Hz, 2 H), 825, 1 H),
8.0 (m, 3H),79(m,3H),7.574 (m, 10H), 5.5(s,2H), 5.3 (m, 2 H), 4.1-4.0 (m, 2 H), 3.6 (d,
J=2.8 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 (m, 2 H).
MS (ESD) 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 "H NMR M+1 Name
, Methyl {(25)-1-[(28)-2~
e et e i 5 1B 105
. %5 e Sen 2-{(methoxycarbonyl)
O""zﬂ]\@w N {m, 3 H}.’ 7.8 (m, 2 H), amino]-3-
j o L Q‘Q_(N\J\ W I_;j 7 (m, 1H), 5.3 (m, 2 methylbutanoyl}
. ), 4.2 (m, 2 H), 4.1-4.0 2
214 | 3 e 348 pyrrolidin-2-y1}-1H-
S \;N H(mé %i}’g }?13328 ézg’nz 5 imidazol-5-y1} phenvl)-
A )36, s i 1,3-benzoxazoi-5-yil-1H-
o0 | H),23(m, 2H) 2.2 (m, L s
f imidazol-2-yi}pyrrolidin-
4 H),2.0 (m,2 H), 0.9 Lol 3l
(m, 12 H). Y1i-2-MEhy
’ oxobutan-2-v1} carbamate
(MeOD) &: 8.4 (d, J=6.3 Methyl {(1R)-1-
Hz,2H),82-8.1(s, 1 cyclopropyl-2-[(28)-2-{5-
H), 8.0 (m, 3 H), 7.9-7.8 [4-(5-12-{(28)-1-{(2R)-2-
/ N {m, 3 H), 5.3 (m,2 H), cyciopropyi-2-
N"H) 4,340 (m, 2 H), 4.0 (m, [(methoxycarbony})'
215 o~\( o 2 H), 3.93.8(m,2H), 776 | aminolacetyl} pyrolidin-
i;(':“ 3.7 (m, 6 H), 2.6 (1, 2 2-y1)-1 H-imidazol-5-y1} -
0,)\0 H), 2.4-2.1 (m, 6 H}, 1.3~ 1,3-benzoxazol-2-
VLI (m, 2 H),0.7-0.6 (m, yhphenyl]- 1 H-imidazol-
3 H), 0.6-0.5 (m, 3 H), 2-y1pyrrolidin-1-y1}-2-
0.4 (m, 2 H), oxoethyli}carbamate

Examples 216-227
Compounds of Examples 216-227 were prepared in a similar manner as described

in Example 189b (Alternative Procedure).

Example

Structure

M+l

Name

216

A\ [N
/_,. & {
{f\ Nk

L/

/“NN

£
TOHP

875

dimethyl {indolo[1,2-
¢l 1,3Tbenzoxazing-3,10-diylbis{ 14~
irnidazole-5,2-diy}2S)pyrrolidine-
2,1-diylj{1R)-2~0x0-1-phenylethane-
2,1-diyl}} biscarbamate

217

O‘U\@‘Q“

0

821

methyl {(28)-1-{(25)-2-[5-(11-{2-
[(25)-1-{(25)-2-[(methoxycarbonyl)
amino}-3-methylbutanoyl} pyrrolidin-
2-yl}-1 H-imidazol-5-y1}-6,7-
dibydroindolof1,2-d}{ 1,4}
benzoxazepin-3-y1)-1 H-imidazol-2~
yilpyrrolidin-1-y1}-3-methyl-1-
oxobutan-2-yijcarbamate

218

835

methyl [(2S)-1-{(25)-2-[5-(3-{2-
[(28)-1-{(25)-2-{(methoxycarbonyl)
aminol-3-methylbutanovl} pyrrolidin-
2-y1}-1H-imidazol-5-y1}-6,6-
dimethylindolof},2-¢]{1,3}
benzoxazin-10-y)-1 H-imidazol-2-
ylipyrrolidin-1-y1}-3-methyl-1-
oxobutan-2-yljcarbamate
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Example Structure M1 Name
Hy
}'0 " methyl [(2S)-1-{{28)-2-{5-(12-fluoro-
" I 10-{2-[(28}-1-§(28)-2~
Qr—< s “C e [(methoxycarbonyDamino]-3-
219 Y Hf %39 r{le{hylbutanoyi}pyrrohdz'n-z-yl}-}H~
A ; CHy imidazol-5-y1}-6-methylindolof1,2-
NN ,g - : N’} cl[1,3]benzoxazin-3-yi)-1H-imidazol-
N s \N\J/k 2-yHpyrrolidin-1-y1}-3-methyl-1-
N4 oxobutan-2-yijcarbamate
GHy
ty
GHy { s methyl [(285)-1-{(28)-2-[5-(3-{2-
gk, ; [(25)-1-{(28)-2-[{methoxycarbonyl)
O._é' 0 o= amino}-3-methylbutanoyl}pyrrolidin-
220 AN YaW: ! 804 2-yl}-1 H-imidazol-5-y1} indolof 1,2-
cr} ° S { raay cjquinazolin-10-y1)-1 H-imidazol-2-
,,;(‘“ =¥ yllpyrrolidin-1-y1}-3-methyl-1-
& oxobutan-2-yljcarbamate
[:’>__</” ] methyl [(2Sk1-{(28)-2-[5-(12-{2-
) / $O [(28)-1- {(28)-2-[(methoxycarbonyl}
" fo iR \(ﬁ A amino]-3-methyibutanoyl}pyrrolidin-
21 o= % o N\__/" Oﬁ S| 835 2-y1}-1 H-imidazol-5-y1}-7,8-dihydro-
, A P 6H-indolof 1,2-e}[ },5]benzoxazocin-
ohy “>§ THe 3-y1)-1 H-imidazol-2-yl]pyrrolidin-1-
40 yi}-3-methyl-1-oxobutan-2-
o, yljcarbamate
O_{,“ : methyi{ [(2S)1-{(2S52-[5-(3 {2~
oo A . [(25)-1-{(28)-2-{(methoxycarbonyl)
CS:_e:o -~y "j\i:jrf amino]-3-methyibutanoyl}pyrrolidin-
993 KA N o I 820 2-y1}-1 H-imidazel-5-y1}-6-0x0-53,6-
o YT dibydroindolo]1,2-cJquinazolin-10-
iy °’*; i yi»-1H-imidazol-2-yllpyrrolidin-1-
MO/KO y1}-3-methyl-1-oxobutan-2-
én, yljcarbamate
Nl methy! [(28)-1-{(28)-2-[5-(10-{2-
I T [(28)-1-{(28)-2-[(methoxycarbonyl)
H,‘f‘; ™ g amino}—Bimethy]butano}rl}pyrroiidin«
o= o, T 2-y3]-1H-imidazol-5-y1}-6-
223 L d‘ﬂ Oj/D 883 phenylindolo{1,2-c]{1,3Tbenzoxazin-
- r,cn. 3-yh-1H-imidazol-2-yilpyrrolidin-1-
A on vi}-3-methyl-1-oxobutan-2-
L} ° yllcarbamate
& o D o (D o)
Y "N o] A g
f_,?‘l\g 0 ~-<\:lf ){% amino]-3-methylbutanoyl} pyrrolidin-
v s 171t /13 o
124 ~,;L2=o “}__x o % | grg 2-y1]-1 H-imidazol-5-y1}-6-
=<

y1)-1H-imidazol-2-yllpyrroidin-1-
yi}-3-methyl-1-oxobutan-2-
vijcarbamate

- 164 -




WO 2010/111483

PCT/US20106/028653
Example Structure M1 Name
i — mothyl [(28)-1-1 (2821541042~
‘ y Yt [(28)-1-{(28)-2-[(methoxycarbonyl)
NI N P amino}-3-methyltbutancyl} pyrrolidin-
25 Wf 6 °-T 875.1 2-y1}-1H-imidazol-5-y1}spiro
=L Yt " -wu(“" ’ feyclohexane-1,6™indolof1,2-
o o )\‘ oM c][1,3]benzoxazin}-3'"-yl)-14-
O ¢ imidazol-2-yllpyrrolidin-1-y1}-3-
Nk methyl-1-oxobutan-2-yljcarbamate
- PR methyl [(28)-1-§(2S)-2-[5-(1, }2-
> ol /3, diftuoro-10-{2-1(28)-1-{{25)-2-
‘”—N’\” o i O [(methoxycarbonyl)aming]-3~
226 I" ° ag 842 methylbutanoyl}pyrrolidin-2-yil-14-
;‘,” %r" oy j:w (cn: imidazol-5-yi}indolo{},2~
TN S ¢)[1,3Jbenzoxazin-3-yl)- 1 H-imidazo}-
&y =0 2-yllpyrrolidin-1-y1}-3-methyl-1-
Y oxobutan-2-yljcarbamate
N methyl [(28)-1-{(285)-2-[5-(12-cyano-
M 7 10-{2-§(28)-1-{(28)-2-
QA;}( ' \ y Y, [(methoxycarbonylamino]-3-
97 Yo _— N D 832 methylbutanoyl} pyrrolidin-2-y1}-1 H-
i Yo imidazol-5-y1}indolo[1,2~
o ' o HN/L\ 'g: ¢]{1,3}benzoxazin-3-y1}-1H-imidazol-
s, g 2-yilpyrrolidin-1-y1}-3-methyl-1-
&ny oxobutan-2-vlicarbamate

Example 228 — Measuring Compound Inhibitory Potency

10

15

Measurement of inhibition by compounds was performed using the HCV replicon
system. Several different replicons encoding different HCV genotypes or mutations were used.
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., A replicons-based bioassay for the measurement of interferons in ;mtient's with chronic
hepatitis C, 110 J. VIROLOGICAL METHODS 201 (2003); Steven S. Carroll ef al., Inhibition of
Hepatitis C Virus RNA Replication by 2'-Modified Nucleoside Analogs, 278(14) J. BIOLOGICAL
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 luciferase:Neor fusion and could be assayed either directly by
determination of RNA copy number, or indirectly through measurement of the luciferase
activity.

To initiate an assay, replicon celis 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 Gperation, or a 384-well plate in an automated assay. Replicon cells and
compound were incubated for 24 to 72 howrs. 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. ECsp determinations were calculated as a percent of a DMSO control by fitting
the data to a four parameter fit function.

The activity table below provides representative data illustrating observed activity

against genotype 1b.

Activity Table
Example ECs; (nM) Example ECs, inM)

A 9 105 0.08
6 200 107 0.64
14 10 116 0.065
15 0.043 119 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 0.672 158 0.5
58 0.97 159 0.002
60 ¢.13 169 0.004
62 0.067 178 317
72 0.17 186 0,015
04 0.006 18%a 0.15
95 0.01 1890 0.001
96 0615 180 0.067
99 0.038 %1 0.02
100 0.031 192 0,002
101 0.5 193 0.05
102 8.3 263 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

by the following claims, may be subsequenily made by those skilled in the art.
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WHAT IS CLAIMED IS:

L. A compound having the structure:

2. A pharmaceutical composition comprising (i) an amount of the compound
of claim 1 effective for inhibition of HCV viral replication, and (ii) a pharmaceutically

acceptable carrier.

3. The pharmaceutical composition of claim 2, further comprising one or
more additional therapeutic agents selected from the group consisting of HCV antiviral agents,

immunomodulators and anti-infective agents.
4. The pharmaceutical composition of claim 3, wherein said one or more
additional therapeutic agents is selected from the group consisting of HCV protease inhibitors.

and HCV NS5B polymerase inhibitors.

5. Use of the compound of claim 1 in the manufacture of a medicament for

the treatment of HCV infection.
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6. A pharmaceutically acceptable salt of a compound having the structure:
0

HCOJL
N N
th OJO
NI -
. ﬁ’KLN) H OCH,
do

7. A pharmaceutical composition comprising (i) an amount of the

=

pharmaceutically acceptable salt of the compound of claim 6 effective for inhibition of HCV

viral replication, and (ii) a pharmaceutically acceptable carrier.

8. The pharmaceutical composition of claim 7, further comprising one or
more additional therapeutic agents selected from the group consisting of HCV antiviral agents,

immunomodulators and anti-infective agents.

9. The pharmaceutical composition of claim 8, wherein said one or more
additional therapeutic agents is selected from the group consisting of HCV protease inhibitors
and HCV NS5B polymerase inhibitors.

10.  Use of the pharmaceutically acceptable salt of the compound of claim 6 in

the manufacture of a medicament for the treatment of HCV infection.
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1. A compound having the structure:
O

HSCOJLN

12, A pharmaceutical composition comprising (i) an amount of the compound
of claim 11 effective for inhibition of HCV viral replication, and (ii) a pharmaceutically

acceptable carrier.

13.  The pharmaceutical composition of claim 12, further comprising one or
more additional therapeutic agents selected from the group consisting of HCV antiviral agents,

immunomodulators and anti-infective agents.
14.  The pharmaceutical composition of claim 13, wherein said one or more
additional therapeutic agents is selected from the group consisting of HCV protease inhibitors

and HCV NS5B polymerase inhibitors.

15.  Use of the compound of claim 11 in the manufacture of a medicament for

the treatment of HCV infection.
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16. A pharmaceutically acceptable salt of a compound having the structure:

0

hcok
3CO H{O

N N

8 o Vo

OO,
N N’H;N) N OCH,
d o

17. A pharmaceutical composition comprising (i) an amount of the

pharmaceutically acceptable salt of the compound of claim 16 effective for inhibition of HCV

viral replication, and (ii) a pharmaceutically acceptable carrier.

18.  The pharmaceutical composition of claim 17, further comprising one or

more additional therapeutic agents selected from the group consisting of HCV antiviral agents,

immunomodulators and anti-infective agents.

19.  The pharmaceutical composition of claim 18, wherein said one or more

additional therapeutic agents is selected from the group consisting of HCV protease inhibitors

and HCV NS5B polymerase inhibitors.

20.  Use of the pharmaceutically acceptable salt of the compound of claim 16

in the manufacture of a medicament for the treatment of HCV infection.
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TITLE OF THE APPLICATION
INHIBITORS OF HEPATITIS C VIRUS REPLICATION

ABSTRACT OF THE DISCLOSURE

The present invention relates to compounds of formula (I) that are useful as
hepatitis C virus (HCV) NS5A inhibitors, the synthesis of such compounds, and the use of such
compounds for inhibiting HCV NS5A activity, for treating or preventing HCV infections and for

inhibiting HCV viral replication and/or viral production in a cell-based system.
®RD, ®),

G—E—DD~—E-—-G
S

)

(No suitable figure)
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