
HEPATITIS C VIRUS INHIBITORS CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Serial
No. 561/164,579 filed March 30, 2009. FIELD OF THE INVENTION       The
present disclosure is generally directed to antiviral compounds, and more
specifically directed to compounds which can inhibit the function of the
NS5A protein 10encoded by Hepatitis C virus (HCV), compositions comprising
such compounds, and methods for inhibiting the function of the NS5A
protein. BACKGROUND OF THE INVENTION HCV is a major human pathogen,
infecting an estimated 170 million persons 15 worldwide - roughly five
times the number infected by human immunodeficiency virus type 1. A
substantial fraction of these BEV infected individuals develop serious
progressive liver disease, including cirrhosis and hepatocellular
carcinoma.       The current standard of care for IICV, which employs a
combination of pegylated-interferon and ribavirin, has a non-optimal
success rate in achieving 20sustained viral response and causes numerous
side effects. Thus, there is a clear and long-felt need to develop
effective therapies to address this undermet medical need. HCV is a
positive-stranded RNA virus. Based on a comparison of the deduced amino
acid sequence and the extensive similarity in the 5' untranslated region,
HCV has been classified as a separate genus in the Flaviviridae family. All
25members of the Flaviviridae family have enveloped virions that contain a
positive stranded RNA genome encoding all known virus-specific proteins via
translation of a single, uninterrupted, open reading frame.
Considerable heterogeneity is found within the nucleotide and encoded amino
acid sequence throughout the HCV genome due to the high error rate of the
encoded 30 RNA dependent RNA polymerase which lacks a proof-reading
capability At least six major genotypes have been characterized, and more
than 50 subtypes have been described with distribution worldwide. The
clinical significance of the genetic  heterogeneity of HCV has demonstrated
a propensity for mutations to arise during monotherapy treatment, thus
additional treatment options for use are desired. The possible modulator
effect of genotypes on pathogenesis and therapy remains elusive. The single
strand HCV RNA genome is approximately 9500 nucleotides in 5 length and has
a single open reading frame (ORF) encoding a single large polvrotein of
about 3000 amino acids. In infected cells, this polyprotein is cleaved at
multiple sites by cellular and viral proteases to produce the structural
and non-structural (NS) proteins. In the case of HCV, the generation of
mature non-structural proteins (NS2, NS3, NS4A, NS413, NS5A, and NS513) is
effected by two viral proteases. The first 10one is believed to be a
inetalloprotease and cleaves at the NS2-NS3 junction; the second one is a
serine protease contained within the N-terminal region of NS3 (also
referred to herein as NS3 protease) and mediates all the subsequent
cleavages downstream of NS3, both in cis, at the NS3-NS4A cleavage site,
and in trans, for the remaining NS4A-NS4B, NS4B-NS5A, NS5A-NS5B sites. The
NS4A protein appears 



15to serve multiple functions by both acting as a cofactor for the NS3
protease and assisting in the membrane localization of NS3 and other viral
replicase components. The formation of a NS3-NS4A complex is necessary for
proper protease activity resulting in increased proteolytic efficiency of
the cleavage events. The NS3 protein also exhibits nucleoside
triphosphatase and RNA helicase activities. NS5B (also 20 referred to
herein as HCV polymerase) is a RNA-dependent RNA polymerase that is
involved in the replication of HCV with other HCV proteins, including NS5A,
in a replicase complex.       Compounds useful for treating HCV-infected
patients are desired which selectively inhibit HCV viral replication. In
particular, compounds which are 25effective to inhibit the function of the
NS5A protein are desired. The HCV NS5A protein is described, for example,
in the following references: S. L. Tan, eta]., Virology, 284:1-12 (2001);
K.-J. Park, et al., J. Blot. Chem., 30711-30718 (2003); T. L.
Tellinghuisen, et al., Nature, 435, 374 (2005); R. A. Love, et al., I
Tirol, 83, 4395 (2009); N. Appel, et al., I Blot Chem., 281, 9833 (2006);
L. Huang, I. Biol. 30Chem., 280, 36417(2005); C. Rice, et al.,
W02006093867.  SUMMARY OF THE INVENTION      The present invention provides
compounds which selectively inhibit HCV viral replication, as characterized
by Formula (I):  -Y'R2 R100W10 5(I), or a pharmaceutically acceptable salt
thereof, wherein: s is 0 or 1; L is -LI-L2-, wherein LI and L2 are
independently selected from. Y and Y' are independently oxygen (0) or NH;
ILI is hydrogen or R2 is hydrogen or le and RY are independently selected
from cycloalkyl, heteroaryl, heterocyclyl, 15alkoxy, and alkyl substituted
with one or more substituents independently selected from aryl, alkenyl,
cycloalkyl, heterocyclyl, heteroaryl, -0R3, -C(0)0R4, -NRaRb, and -C(0)Nad,
wherein aryl and heteroaryl may optionally be substituted with one or more
substituents independently selected from alkyl, haloalkyl, arylalkyl,
20heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(0)0R4, OR5,
(Nab)alkyl, and (Me0)(HO)P(0)0-, and wherein cycloalkyl and heterocyclyl
may optionally be fused onto an aromatic ring and may optionally be
substituted with one or more substituents independently selected from
alkyl, hydroxyl, halogen, aryl, -NleRh, oxo, and 



25-C.(0)0R4; 12.3 is hydrogen, alkyl, or arylalkyl;  R4 is alkyl or
arylalkyl; R5 is hydrogen, alkyl, or arylalkyl; R and Rb are independently
selected from hydrogen, alkyl, cycloalkyl, arylallcyl, heteroaryl, -C(0)R6,
-C(0)0R7, -C(0)Nad, and (Nad)allcyl, or 5alternatively, le and Rb, together
with the nitrogen atom to which they are attached, form a five- or
six-membered ring or bridged bicyclic ring structure, wherein said five- or
six-membered ring or bridged bicyclic ring structure optionally may contain
one or two additional heteroatoms independently selected from nitrogen,
oxygen, and sulfur and may contain one, two, or three 10substituents
independently selected from C1 to C6 alkyl, C1 to C4 haloalkyl, aryl,
hydroxyl, C1 to C6 alkoxy, CI to C4 haloalkoxy, and halogen; R6 is alkyl;
R7 is alkyl, arylallcyl, cycloalkyl, or haloalkyl;
ibd and R.11 are independently selected from hydrogen, alkyl, cyanoalkyl,
and 15halo; Re and Rd are independently selected from hydrogen, alkyl,
arylalkyl, and cycloalkyl. The compounds of the present disclosure can be
effective to inhibit the function of the HCV NS5A protein. In particular,
the compounds of the present 20 disclosure can be effective to inhibit the
HCV lb genotype or multiple genotypes of HCV. Therefore, this invention
also encompasses: (1) compositions comprising a compound of Formula (1), or
a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier; and (2) a method of treating an HCV infection in a
patient, comprising administering to the patient a therapeutically
effective amount of 25a compound of Formula (I), or a pharmaceutically
acceptable salt thereof (3) use of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof for the manufacture of a
medicament for the treatment of HCV infection in a patient. DETAILED
DESCRIPTION OF THE INVENTION 30In a first aspect of the present disclosure
compounds of Formula (I) are provided:   R1 Y- LA-Hr R2 R1Rua 



(D. In a first embodiment of the first aspect, the present disclosure
provides a     compound of Formula (I), or a pharmaceutically acceptable
salt or solvate thereof, 5wherein: s is 0 or I; L is -L'-L2-, wherein LI
and L2 are independently selected from: 0Y and Y' are independently oxygen
(0) or NH; R1 is hydrogen or R2 is hydrogen or Ra and RY are independently
selected from cycloalkyl, beteroaryl, heterocyclyl, alkoxy, and alkyl
substituted with one or more substituents independently 15selected from
aryl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl, -0R3, -C(0)0R4,
-NRaRb, and -C(0)Nna, wherein aryl and heteroaryl may optionally be
substituted with one or more substituents independently selected from
alkyl, haloalkyl, arylalkyl, heterocyclyl, heterocyclylalkyl, halogen,
cyano, nitro, -C(0)0R4, OR5, 20-Nab, (NRaRb)alkyl, and (Me0)(H0)P(0)0-, and
wherein cycloalkyl and heterocyclyl may optionally be fused onto an
aromatic ring and may optionally be substituted with one or more
substituents independently selected from alkyl, hydroxyl, halogen, aryl,
-NRaRia, oxo, and -C(0)0R4; 25R3 is hydrogen, alkyl, or arylalkyl; R4 is
alkyl or arylalkyl;  RT is hydrogen, alkyl, or arylalkyl; lel and Rh are
independently selected from hydrogen, alkyl, cycloalkyl, arylalkyl,
heteroaryl, -C(0)R6, -C(0)0R7, -C(0)NR6Rd, and (NRIOalkyl, or
alternatively, Ra and Rh, together with the nitrogen atom to which they are
5attached, form a five- or six-membered ring or bridged bicyclic ring
structure, wherein said five- or six-membered ring or bridged bicyclic ring
structure optionally may contain one or two additional heteroatoms
independently selected from nitrogen, oxygen, and sulfur and may contain
one, two, or three substituents independently selected from C1 to C6 alkyl,
Ci to C4 haloalkyl, 10aryl, hydroxyl, Ct to C6 alkoxy, C) to C4 haloalkoxy,
and halogen; R6 is alkyl; R7 is alkyl, arylalkyl, or haloalkyl; R166 and
R116 are independently selected from hydrogen, alkyl, cyanoalkyl, and halo;
15le and le are independently selected from hydrogen, alkyl, arylalkyl, and
cycloalkyl. 



In a first class of compounds of the first embodiment, the present
disclosure provides a compound of Formula (I), or a pharmaceutically
acceptable salt or solvate thereof, wherein s is 0. 20In a second class of
compounds of the first embodiment, the present disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt or solvate
thereof, wherein s is 1.         In a second embodiment of the first
aspect, the present disclosure provides a compound of Formula (I), or a
pharmaceutically acceptable salt or solvate thereof, 25wherein: s is 0 or
1; L is selected from:   Y and Y' are independently oxygen (0) or NH; RI is
hydrogen or 5R2 is hydrogen or Rx and RY are independently selected from
cycloalkyl, heteroaryl, heterocyclyl, alkoxy, and alkyl substituted with
one or more substituents independently selected from aryl, alkenyl,
cycloalkyl, heterocyclyl, heteroaryl, -C(0)0R4, -NRaRb, and -C(0)Nine,
10wherein aryl and heteroaryl may optionally be substituted with one or
more substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(0)0R4, OR5,
-NRaRb, (NRaRb)alkyl, and (Me0)(H0)P(0)0-, and wherein cycloalkyl and
heterocyclyl may optionally be fused onto an aromatic 15ring and may
optionally be substituted with one or more substituents independently
selected from alkyl, hydroxyl, halogen, aryl, -NRalie, oxo, and -C(0)0R4;
R3 is hydrogen, alkyl, or arylalkyl; R4 is alkyl or arylalkyl; 20125 is
hydrogen, alkyl, or arylalkyl; Ra and Rb are independently selected from
hydrogen, alkyl, cycloalkyl, arylalkyl, heteroaryl, -C(0)R6, -C(0)01-e,
-C(0)Nne, and (NReRd)alkyl, or alternatively, le and le, together with the
nitrogen atom to which they are attached, form a five- or six-membered ring
or bridged bicyclic ring structure, 25wherein said five- or six-membered
ring or bridged bicyclic ring structure optionally may contain one or two
additional heteroatoms independently selected from nitrogen, oxygen, and
sulfur and may contain one, two, or three substituents independently
selected from C1 to C6 alkyl, C1 to C4 haloalkyl, aryl, hydroxyl, CI to C6
alkoxy, C1 to C4 haloalkoxy, and halogen;  R6 is alkyl; R7 is alkyl,
arylalkyl, or baloalkyl; 



Run' and WI are independently selected from hydrogen, alkyl, cyanoalkyl,
and halo; 5It and Rd are independently selected from hydrogen, alkyl,
arylalkyl, and cycloalkyl.      In a first class of compounds in the second
embodiment, the present disclosure provides a compound of Formula (I), or a
phatinaceutically acceptable salt or solvate thereof, wherein L is   10In a
second class of compounds of the second embodiment, the present disclosure
provides a compound of Formula (I), or a phalaceutically acceptable salt or
solvate thereof, wherein I.., i.s In a third class of compounds of the
second embodiment, the present disclosure provides a compound of Formula
(J), or a pharmaceutically acceptable salt 15or solvate thereof, wherein i.
is In a fourth class of compounds of the second embodiment, the present
disclosure provides a compound of Formula (I), or a pharmaceutically
acceptable salt or solvate thereof, wherein L is In a fifth class of
compounds of the second embodiment, the present 20disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt or solvate
thereof, wherein L isN\ In a sixth class of compounds of the second
embodiment, the present disclosure provides a compound of Formula (I), or a
pharmaceutically acceptable salt N or solvate thereof, wherein L is  In a.
seventh class of compounds of the second embodiment, the present disclosure
provides a compound of Formula (1.), or a pharmaceutically acceptable salt
or solvate thereof, wherein L is 



In an eighth class of compounds of the second embodiment, the present
5disclosure provides a compound of Formula (I), or a pharmaceutically
acceptable salt or solvate thereof, wherein L is In a ninth class of
compounds of the second embodiment, the present disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt or solvate
thereof, wherein L is   10In a third embodiment of the first aspect, the
present disclosure provides a compound of Formula (I), or a
pharmaceutically acceptable salt or solvate thereof; wherein: s is 0 or I;
1, is --I,", wherein LI and L2 arc independently selected from: 15  , and
Y and Y' are each NH; RI is hydrogen or R2 is hydrogen or 20IV and RY are
independently selected from cycloalkyl, heteroaryl, heterocyclyl, alkoxy,
and alkyl substituted with one or more substituents independently selected
from aryl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl, -OR1, -C(0)0R4,
-Nab, and -C(0)Nad, wherein aryl and heteroaryl may optionally be
substituted with one or more 25substituents independently selected from
alkyl, haloalkyl, arylalkyl, heterocyclyl, beterocyclyIalkyl, halogen,
cyano, nitro, -C(0)0R4, OR5, 



-9-  -Nab, (Nab)alkyl, and (ivIe0)(F10)P(0)0-, and wherein cycloalkyl and
heterocycly1 may optionally be fused onto an aromatic ring and may
optionally be substituted with one or more substituents independently
selected from alkyl, hydroxyl, halogen, aryl, -Nab, oxo, 5-C(0)0R4; R3 is
hydrogen, alkyl, or arylalkyl; Rd is alkyl or arylalkyl; R5 is hydrogen,
alkyl, or arylalkyl; and le are independently selected from hydrogen,
alkyl, cycloalkyl, 10arylalkyl, heteroaryl, -C(0)R6, -C(0)0R7, -C(0)NReRd,
and (Nad)alkyl, or alternatively, Ra and le, together with the nitrogen
atom to which they are attached, folio a five- or six-membered ring or
bridged bicyclic ring structure, wherein said five- or six-membered ring or
bridged bicyclic ring structure optionally may contain one or two
additional heteroatoms independently 15selected from nitrogen, oxygen, and
sulfur and may contain one, two, or three substituents independently
selected from C1 to C.,6 alkyl, C1 to CA haloalkyl, aryl, hydroxyl, C1 to
C6 alkoxy, C1 to C4 haloalkoxy, and halogen: R> is alkyl; R7 is alkyl,
arylalkyl, or baloalkyl; 20RI and R" are independently selected from
hydrogen, alkyl, cyanoalkyl, and halo; Ice and Rd are independently
selected from hydrogen, alkyl, arylalkyl, and cycloalkyl.         In a
fourth embodiment of the first aspect, the present disclosure provides a
25compound of Folloula (I), or a pharmaceutically acceptable salt or
solvate thereof, wherein: s is 0 or 1; L is -L'-L2-, wherein LI and L2 are
independently selected from:  Y is oxygen (0), and Y' is NH; RI is hydrogen
or R2 is hydrogen or 512' and RY are independently selected from
cycloalkyl, heteroaryl, heterocyclyl, 



alkoxy, and alkyl substituted with one or more substituents independently
selected from aryl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl,
-C(0)0R4, -Witt', and -C(0)NR6Rd, wherein aryl and heteroaryl may
optionally be substituted with one or more 10substituents independently
selected from alkyl, haloalkyl, arylalkyl, heterocyclyl, heterocyclylalkyl,
halogen, cyano, nitro, -C(0)0R4, OR5, -NRaRb, (NRaRbialkyl, and
(Me0)(HO)P(0)0-, and wherein cycloalkyl and heterocycly1 may optionally be
fused onto an aromatic ring and may optionally be substituted with one or
more substituents 15independently selected from alkyl, hydroxyl, halogen,
aryl, -Nn, oxo, and -C(0)0R4; R3 is hydrogen, alkyl, or arylalkyl; R4 is
alkyl or aryl alkyl; R5 is hydrogen, alkyl, or arylalkyl; 20124 and Rb are
independently selected from hydrogen, alkyl, cycloalkyl, arylalkyl,
heteroaryl, -C(0)R6, -C(0)0127, -C(0)NR6124, and (NInel)alkyl, or
alternatively, Ra and Rb, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring
structure, wherein said five- or six-membered ring or bridged bicyclic ring
structure 25optionally may contain one or two additional heteroatoms
independently selected from nitrogen, oxygen, and sulfur and may contain
one, two, or three substituents independently selected from C1 to C6 alkyl,
C1 to C4 haloalkyl, aryl, hydroxyl, C1 to C6 alkoxy, CI to C4 haloalkoxy,
and halogen; R6 is alkyl; 30R7 is alkyl, arylalkyl, or baloalkyl;  R109 and
R11 are independently selected from hydrogen, alkyl, cyanoalkyl, and halo;
12' and Rd are independently selected from hydrogen, alkyl, arylalkyl, and
cycloalkyl. 5In a fifth embodiment of the first aspect, the present
disclosure provides a compound of Formula (I), or a pharmaceutically
acceptable salt or solvate thereof, wherein: s is 0 or 1; L is -1,1-L2-,
wherein L1 and L2 are independently selected from: 111 is -C(0)1e; R2 is
-C(0)RY; le and R3' are independently alkyl. substituted by at lea.s
15characterized by Formula (A): on 



NieRb,    (A),    wherein: m is 0 or 1; 20R8 is hydrogen or alkyl; R9 is
selected from hydrogen, cycloalkyl, aryl, heteroaryl, heterocyclyl, and
alkyl optionally substituted with a substituent selected from aryl,
alkenyl, cycloalkyl, heterocyclyl, heteroaryl, heterobicyclyl, -0R3,
-C(0)01e, and -C(0)Nnd,  wherein aryl and heteroaryl may optionally be
substituted with one or more substituents independently selected from
alkyl, haloalkyl, arylalkyl, heterocyclyl, heterocyclylalkyl, halogen,
cyano, nitro, -C(0)0R4, OR5, -MeRb, (NieRb)alkyl, and (Me0)(HO)P(0)0-, and
5wherein cycloalkyl and heterocyclyl may optionally be fused onto an
aromatic ring and may optionally be substituted with one or more
substituents independently selected from alkyl, hydroxyl, halogen, aryl,
-We, oxo, and -C(0)0R4;            12111 and 1211 are independently
selected from hydrogen and halo; 1012.3 is hydrogen, alkyl, or arylalkyl;
R4 is alkyl or arylalkyl; R5 is hydrogen, alkyl, or arylalkyl; Ra and R are
independently selected from hydrogen, alkyl, cycloalkyl, arylalkyl,
heteroaryl, -C(0)R6, -C(0)0R7, --C(0)NReRd, and (NReRdialkyl, or
15alternatively, R' and R1), together with the nitrogen atom to which they
are attached, form a five- or six-membered ring or bridged bicyclic ring
structure, wherein said five- or six-membered ring or bridged bicyclic ring
structure optionally may contain one or two additional heteroatoms
independently selected from nitrogen, oxygen, and sulfur and may contain
ono, two, or three 20substituents independently selected from CI to C6
alkyl, Ci to C4 haloalkyl, aryl, hydroxyl, C1 to C6 alkoxy, C1 to C4
haloalkoxy, and halogen; R is alkyl; R7 is alkyl, arylalkyl, or haloalkyl; 



R1 and R11 are independently selected from hydrogen, alkyl, cyanoalkyl, and
25halo; and Re and Rd are independently selected from hydrogen, alkyl,
arylalkyl, and cycloalkyl.          In a sixth embodiment of the first
aspect, the present disclosure provides a compound of Formula (I), or a
pharmaceutically acceptable salt or solvate thereof, 30wherein: s is 0 or
1; L is --LIwherein L and L2 are independently selected from:  WO
2010/117704PCT/US2010/028999 -01 V-}F  , and     RI is -C(0)1e; R2 is
-C(0)R'; 5Rx and RY are independently alkyl substituted by at least one
-NRaRb, characterized by Formula (A): R Rb aN, R9 (A), wherein: 10m is 0;
R8 is hydrogen or C1 to C.4 alkyl; R9 is selected, from hydrogen, 01 to C6
alkyl optionally substituted with --ORI2, C3 to C6 cycloalkyl, allyl,
CH2C(0)NReRd, (NRRd)al.kyl, (R1CI)nN (R1) 



- SNr- (Ri%      r11Thif\ I N.c20N (  /  (R1)n  0II<   wherein] is 0 or 1;
k is 1, 2, or 3; n is 0 or an integer selected from 1 through 4; each RI is
independently hydrogen, CI to C4 alkyl, CI to C4 haloalkyl, halogen, nitro,
-0Bn, or (Me0)(OH)P(0)0-; R11 is hydrogen, CI to C4 alkyl, or benzyl; R12
is hydrogen, Ci to C4 alkyl, or benzyl; Ra is hydrogen or C1 to C4 alkyl;
Rb is CI to C4 alkyl, C3 to C6 cycloalkyl, benzyl, 3-1)YridY1, acetyl,
-C(0)0R7, or -C(0)NleRd; R7 is C1 to C4 alkyl or CI to C4 haloalkyl; Rld
and R11 are independently selected from hydrogen and halo; and Re is
hydrogen or CI to C4 alkyl; and 



Rd is hydrogen, C1 to C4 alkyl, or C3 to C6 cycloalkyl.      In a seventh
embodiment of the first aspect, the present disclosure provides a compound
of Formula (I), or a pharmaceutically acceptable salt or solvate thereof,
wherein: s is 0 or 1; L is -L1-L2-, wherein L1 and L2 are independently
selected from:   R1 is -C(0)11e; R2 is -C(0)11Y; le and RY are
independently alkyl substituted by at least one -NRaRb, characterized by
Fount}la (A): R Rb a,N. Rs-A-1A- R9 (A), wherein: m is 0; R8 is hydrogen;
10R9 is phenyl optionally substituted with one up to five substituents
independently selected from CI to C6 alkyl, CI to C4 haloalkyl, halogen, Ct
to C6 alkoxy, hydroxyl, oyano, and nitro; and Nab is a beterocycly1 or
heterobicycly1 group selected from: /'D-(R13)CS--(R13)n NN> n 1-NN-R14-N0
\il\-1   k(R13)n 15, and  



wherein n is 0, 1, or 2; each R13 is independently selected from CI to C6
alkyl, phenyl, trifluoromethyl, halogen, hydroxyl, methoxy, and oxo;
R14 is C1 to C6 alkyl, phenyl, benzyl, or C(0)0R13 group, wherein R15 is Ct
to 20C4 alkyl, phenyl, or benzyl; and R10 and R11 are independently
selected from hydrogen and halo.          I.n an eighth embodiment of the
first aspect, the present disclosure provides a compound of Formula (I), or
a pharmaceutically acceptable salt or solvate thereof, wherein: s is 0 or
1; 5L iswherein LI and L2 are independently selected from: , and ; provided
that at least one of LI and L2 is other than RI is -C(0)128; R2 is -C(0)R';
10le and RY are independently alkyl substituted by at least one -Ninth,
characterized by Formula (A): N,Rb R9 (A), wherein: 15m is 1; R8 is
hydrogen; R9 is CI to C6 alkyl, arylalkyl, or heteroarylalkyl; R10 and R"
are independently selected from hydrogen and halo; Ra is hydrogen; and 20Rb
is -C(0)0R2, wherein le is Ci to C6 alkyl.       In a ninth embodiment of
the first aspect, the present disclosure provides a compound of Formula
(I), or a pharmaceutically acceptable salt or solvate thereof, wherein: 



s is 0 or 1; 25L is -11-L2-, wherein Li and L2 are independently selected
from: R1 is -C(0)12"; R2 is -C(0)R"; 5Rx and RY are heteroaryl or
heterocycly1 independently selected from: (W3)nR 3 n(R13)n,R 1 3 n
-71,,,,QC  1 ,  411`11 i(R13)n f14   (R13)n41'w N  wherein n is 0 or an
integer selected from 1 through 4; each R13 is independently selected from
hydrogen, C, to Cc, alkyl, C1 to C4 haloalkyl, phenyl, benzyl, C1 to C6
alkoxy, CI to C4 haloalkoxy, heterocyclyl,  halogen, -Nad, hydroxyl, cyano,
arid oxo, where Re and Rd are independently hydrogen or CI to C4 alkyl; and
R14 is hydrogen (H), CI to C6 alkyl, benzyl, or -C(0)0R4, wherein R4 is CI
to C6 alkyl. 5In a tenth embodiment of the first aspect, the present
disclosure provides a compound of Formula (I), or a pharmaceutically
acceptable salt or solvate thereof; wherein: s is 0 or 1; L is -L1-L2-,
wherein LI and L7 are independently selected from: R1 is -C(0)E; R2 is
-C(0)12Y; R.x and RY are cycloalkyl independently selected from: 



NRaRt' 15 (R13)flNR3Rb 9)k and  wherein] is 0, 1, 2, or 3; k is 0, 1, or 2;
n is 0 or an integer selected from 1 through 4; each R13 is independently
selected from hydrogen, CI to C6 alkyl, C1 to C4 20haloalkyl, Ct to C6
alkoxy, halogen, hydroxyl, cyano, and nitro: and Ra and le are each
independently hydrogen, C1 to C6 alkyl, or C(0)0R7, wherein R7 is Ci to C6
alkyl.  In an eleventh embodiment of the first aspect, the present
disclosure provides a compound of Formula (I), or a pharmaceutically
acceptable salt or solvate thereof, wherein: s is 0 or 1; 5L is -LI L2-,
wherein LI and L2 are independently selected from:  , and     RI is
-C(0)1e; R2 is -C(0)R'; 10le and RY are independently arylalkyl, wherein
aryl part of said arylalkyl may 



optionally be substituted with (Nlele)alkyl.; and R and le are
independently hydrogen, CI to C6 alkyl, or benzyl, or alternatively, Ra and
Rh, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring selected from c /Th 1
-NN-R15-N0 15\/, and\/ , wherein R15 is hydrogen, CI to C6 alkyl, or
benzyl.          In a twelfth embodiment of the first aspect, the present
disclosure provides a compound of Formula (I), or a pharmaceutically
acceptable salt or solvate thereof, 20wherein: s is 0 or 1; L is -L'-L2-,
wherein LI and L2 are independently selected from:   RI is --C(0)Rx; R2 is
-C(0)1e; and Rx and RY are the same and are selected from the group
consisting of  H 0 0  OH     wherein a squiggle bond) in the structure
indicates that a stereogenic center to      which the bond is attached can
take either (R)- or (S)- configuration so long as 10chemical bonding
principles are not violated.  



WO 2010/117704PCT/US2010/028999 In a thirteenth embodiment of the first
aspect, the present disclosure provides a compound of Formula (1), or a
pharmaceutically acceptable salt or solvate thereof, wherein: S is 0 or 1;
5RI is -C(0)1e; R2 is -C(0)R'; and R.' and RY are both t-butoxy. In a
fourteenth embodiment of the first aspect, the present disclosure provides
a compound of Formula (I), or a pharmaceutically acceptable salt or solvate
thereof, 10wherein: s is 0 or 1; and RI and R2 are both hydrogen.       In
a fiftheenth embodiment of the first aspect, the present disclosure
provides a compound of Formula (II):  NNN R 151 (TI), or a pharmaceutically
acceptable salt thereof, wherein: s is 0 or 1; L iswherein LI and L2 are
independently selected from. 20  , and    



Y and Y' are independently oxygen (0) or NH; R1 is hydrogen or R2 is
hydrogen or -C(0)R;  IV and RY are independently selected from eyeloalkyl,
heteroaryl, heterocyclyl, alkoxy, and alkyl substituted with one or more
substituents independently selected from aryl, alkenyl, cycloalkyl,
heterocyclyl, heteroaryl, -0R3, -C(0)0R4, -NRaRb, and -C(0)NRele, 5wherein
aryl and heteroaryl may optionally be substituted with one or more
substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(0)0R4, OR5,
-NRaRb, (NRale)alkyl, and (Me0)(HO)P(0)0-, and wherein cycloalkyl and
heterocyclyl may optionally be fused onto an aromatic 10ring and may
optionally be substituted with one or more substituents independently
selected from alkyl, hydroxyl, halogen, aryl, -NRallb, oxo, and -C(0)0R4;
R3 is hydrogen, alkyl, or arylalkyl; R4 is alkyl or arylalkyl; 15R5 is
hydrogen, alkyl, or arylalkyl; Ra and le are independently selected from
hydrogen, alkyl, cycloalkyl, arylalkyl, beteroaryl, -C(0)R6, -C(0)01e,
-C(0)NRefe, and (NInd)alkyl, or alternatively, IV and Rh, together with the
nitrogen atom to which they are attached, form a five- or six-membered ring
or bridged bicyclic ring structure, 20wherein said five- or six-membered
ring or bridged bicyclic ring structure optionally may contain one or two
additional heteroatoms independently selected from nitrogen, oxygen, and
sulfur and may contain one, two, or three substituents independently
selected from CI to C6 alkyl, C1 to C4 haloalkyl, aryl, hydroxyl, CI to C6
alkoxy, C1 to C4 haloalkoxy, and halogen; 25R6 is alkyl; R7 is alkyl,
arylalkyl, or haloalkyl; and    and le are independently selected from
hydrogen, alkyl, arylalkyl, and cycloalkyl.         In a sixteenth
embodiment of the first aspect, the present disclosure provides a
30compound, or a pharmaceutically acceptable salt or solvate thereof,
selected from the group consisting of:
(1R)-24(2S)-2-(4-(4-(4-(24(2S)-1-((2R)-2-(dimethy1amino)-2-pheny1acety1)-
2-pyrrolidinyl)-111-imidazo1-5-y1)phenoxy)phenyly H-imidazol-2-y1)-1 -
pyrrolidiny1)-N,N-dimethy1-2-oxo-1-phenylethanamine;
(1R)-2-((2S)-2-(4-(4-(4-(2-((2S)-142R)-2-hydroxy-2-phenylacety1)-2-
5pyrrolidiny1)-1H-imidazol-5-y1)phenoxy)pheny1)-1H-imidazol-2-y1)-1-
pyrrolidiny1)-2-oxo-1-phenylethanol; 



dimethyl (oxybis(4,1-phenylene-1H-imidazole-4,2-diy1(2S)-2,1-
pyrrolidinediy1((l R)-2-oxo-1-pheny1-2,1-ethanediyeDbiscarbamate;
(1R)-2-((2S)-2-(4-(3-(4-(2-((2S)-142R)-2-(dimethylamino)-2-phensdacety-1)-
102-pyrrolidiny1)-1H-imidazol-4-y1)phenoxy)pheny1)-1H-imidazol-2-y1)-1-
pyrrolidiny1)-N,N-dimethyl-2-oxo-1-phenylethanamine;
(1R)-242S)-2-(4-(3-(4-(24(2S)-142R)-2-hydroxy-2-phenylacety1)-2-
pyrrolidiny1)-1H-imidazol-4-y1)phenoxy)pheny1)-1H-imidazol-2-y1)-1-
pyrrolidiny1)-2-oxo-1-phenylethanol ; 15methyl ((1
R)-24(2S)-2-(4-(3-(4-(24(2S)-142R)-2-
((methoxycarbonyeamino)-2-phenylacety1)-2-pyrrolidiny1)-111-imidazol-4-
yOphenoxy)pbeny1)-1H-imidazol-2-y1)-1-pyrrolidinyl)-2-oxo-1-
phenylethypearbamate;
(1R)-24(2S)-2-(4-(44(4-(24(2S)-142R)-2-(dimethylamino)-2-phenylacety1)-
202-pyrrolidiny1)-1H-imidazol-4-yl)benzypoxy)pheny1)-1H-imida7ol-2-y1)-1-
pyrrolidinye-N,N-dimethyl-2-oxo-1-phenylethanamine, methyl al
R)-242S)-2-(4-(44(4-(242S)-142R)-2-
((methoxycarbonyl)amino)-2-phenylacety1)-2-pyrrolidiny1)-1H-imidazol-4
yl)benzypoxy)pheny1)-1H-imidazol-2-y1)-1-pyrrolidiny1)-2-oxo-1-
25phenylethyl)carbamate;
(1R)-24(2S)-2-(4-(4-(2-(4-(242S)-142R)-2-(dimethylamino)-2-
phenylacety1)-2-pyrrolidinyl)-1H-imidazo1-5-yephenyeethyl)phenyl)-1Himidazo
l-2-y1)-1-pyrrolidinyl)-N,N-dimethyl-2-oxo-1-phenylethanarnine;
(1R,1'R)-2,2'-(1,2-ethanediylbis(4,1-phenylene-1H-imidazole-4,2-diy1(2S)-
302,1-pyrrolidinediy1))bis(2-oxo-1-phenylethanol); dimethyl
(1,2-ethanediylbis(4,1-phenylene-1H-imidazole-4,2-diy1(2S)-2,1-
pyrrolidinedly1(( I R)-2-oxo-l-pheny1-2,1-ethanediy1)))biscarbam ate ; - 24
-  N',Nm-(1,2-ethanediy)bts(4,)-phenylcno-IH-imidazolo-4,2-diy1(2S)-2,1-
pyrrolidincdiyl(( 1 R)-2-oxo-1-pheny1-2,1-ethanediy1)))bis(1-cthyluroa);
1-cyclopenty1-341R)-2-((2S)-2-(4-(4-(2-(4-(2-((2S)-142R)-2-
((cyclopentylcarbamoyl)amino)-2-phenylacety1)-2-pyrrolidinyl)-1H- imidazol-
55-yephenyflethyl)pheny1)-1H-imidazol-2-y1)-1-pyrrolidiny1)-2-oxo-1-
phenylethyl)urea; (1R)-242S)-2-(4-(44(4-(242S)-142R)-2-(dimethylamino)-2-
phenylacety1)-2-pyrrolidiny1)-1H-imidazol-5-y1)benzypoxy)methyDpbeny1)-
1H-imidazol-2-y1)-1-pyrrolidinye-N,N-dimethyl-2-oxo-1-phenylethanamine;
10(1R)-2-((2S)-2-(4-(4-(((4-(2-((2S)-142R)-2-hydroxy-2-phenylacety1)-2-
pyrrolidinyl)-1H-imidazol-5-yObenzyl)oxy)methyl)phenyl)-1H-imidazo1-2-y1)-
1-pyrrolidinyl)-2-oxo-l-phenylethanol; dimethyl
(oxybis(methylene-4,1-phenylene-1H-imidazole-4,2-diy1(2S)-2,1-
pyrrolidinediy1((1R)-2-oxo-l-pheny1-2,1-ethanediy1)))biscarbamate;
151-methy1-3-((1 R)-24(2S)-2-(4-(44(4-(242S)-142R)-2-
((mothylcarbamoyearnino)-2-plienylacetyl)-2-pyrrolidinyl)-1H-imidazol-5-
ylThenzyl)oxy)methyl)phcny1)-111-imidazo1-2-y1)-1-pyrrolidiny1)-2-oxo-1-
phonylethyl)urca; 1-ethy1-3-((lR)-2-((2S)-2-(4-(4-(44-(2-((2S)-14210-2-
20((ethylcarbamoyl)amino)-2-phenylacety1)-2-pyrrolidiny1)-1H-imidazol-5- 



y1)benzypoxy)methyl)pheny1)-1H-imidazol-2-y1)-1-pyrrolidiny1)-2-oxo-1-
phenylethyl)urea; 1-cyclopenty1-3-((lR)-2-((2
S)-2-(4-(4-(((4-(2-((2S)-142R)-2-
((cyclopentylcarbamoyeamino)-2-phenylacety1)-2-pyrrolidiny1)-1H-imidazol-
255-yl)benzyl)oxy)methyl)pheny1)-1H-imidazol-2-y1)-1-pyrrolidiny1)-2-oxo-1-
phenyl ethyl)urea;
(1R)-2-((2S)-2-(4-(3-(((4-(2-((2S)-142R)-2-(dimethylamino)-2-
phenylacety1)-2-pyrrolidiny1)-1H-imidazol-4-yebenzyl)oxy)methyl)pheny1)-
1H-imidazol-2-y1)-1-pyrrolidiny1)-N,N-dimethyl-2-oxo-1-phenylethanamine;
30(1R)-242S)-2-(4-(34(4-(242S)-142R)-2-hydroxy-2-phenylacety1)-2-
pyrrolicliny1)-1H-imidazol-4-yObenzypoxy)methyppheny1)-1H-imidazol-2-y1)-
1-PYrrolidiny1)-2-oxo-1-phenylethanol; - 25 -  (methyl ((1
R)-24(2S)-2-(4-(3-(((4-(24(2S)-14(2R)-2-
((mettioxycarbonyl)amino)-2-phenylacety1)-2-pyrrolidiny1)-11-1-imidazol-4-
yl)benzypoxy)methyl)pheny1)-1H-imidazol-2-y1)-1-pyrrolidiny1)-2-oxo-1-
phenylethyl)carbamate; 51-methy1-34(1R)-242S)-2-(4-(3-(44-(242S)-1-((2R)-2-
((methylcarbamoyl)amino)-2-phenylacety1)-2-pyrrolidiny1)-1H-imidazol-4-
yebenzyl)oxy)methyl)pheny1)-1H-imidazol-2-y1)-1-pyrrolidiny1)-2-oxo-1phenyl
ethyl)urea; 1 -ethy1-3-((1R)-2-((2S)-2-(4-(3-(((4-(2-((2S)-1-((2R)-2-
10((ethylcarbamoyl)amino)-2-phenylacety1)-2-pyrrolidiny1)-1H-imidazol-4-
y1)benzypoxy)methyl)pheny1)-11-1-imidazol-2-y1)-1-pyrrolidiny1)-2-oxo-1-
phenylethyl)urea;
1-cyclopenty1-341R)-2-((2S)-2-(4-(3-(((4-(2-((2S)-142R)-2-
((cyclopentylcarbamoyDam ino)-2-phenylacety1)-2-pyrroli diny1)-1H-im
idazol-
154-yl)ben2..ypoxy)methyl)pheny1)-1H-itnidazol-2-y1)-1-pyrrolidiny1)-2-oxo-
1- phenylethypurea; dimethyl
(1,1':4',1"-terpheny1-4,4"-diylbis(111-imidazole-4,2-diy1(28)-2,1-
pyrrolidinediy1(( R)-2-oxo- 1 -pheny1-2,1-ethanediy1)))biscarbamate;
(1R)-24(2S)-2-(4-(4"-(24(25)-14(2R)-2-(dimethylamino)-2-pheny1acety1)-2-
20pyrrolidiny1)-1H-imidazol-5-y1)-1,1':4',1"-terphenyl-4-y1)-1H-imidazol-2-
y1)- 1-pyrrolidinyl)-N,N-dimethyl-2-oxo-1-phenylethanamine; methyl (0
S)-1-W2S)-2-(4-(4-(4-(24(2S)-142S)-2-
((methoxycarbonyeamino)-3-methylbutanoyl)pyrrolidin-2-y1)-1H-im idazol-4-
yl)phenyl)cyclohexyl)-1H-imidazol-2-yl)pyrrolidin-l-yl)carbony1)-2-
25methylpropyl)carbamate; methyl ((1
S)-14((1R,3S,5R)-3-(4-chloro-5-(4-(4-(4-chloro-2-((IR,35,5R)-2-
((2S)-2-((methoxycarbonypamino)-3-methylbutanoy1)-2-azabicyclo[3.1.0]hex3-y
1)-1H-imidazol-5-yl)bicyclo[2.2.2]oct-l-y1)pheny1)-1H-imidazol-2-y1)-2-
azabicyclo[3.1.0]hex-2-y1)carbonyl)-2-methylpropyl)carbamate; and
30corresponding stereoisomers thereof.         In a. second aspect the
present disclosure provides a. composition comprising a compound. of
Formula (I), or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, wherein: 



s is 0 or 1; 5L iswherein Li and L2 are independently selected from:  Y and
Y' are independently oxygen (0) or NH; R' is hydrogen or -C(0)1e; 10R2 is
hydrogen or -C(0)le; K" and RY are independently selected from cycloalkyl,
heteroaryl, hetcrocyclyl, alkoxy, and alkyl substituted with one or more
substituents independently selected from aryl, alkenyl, cycloalkyl,
heterocyclyl, heteroaryl, -OR', -C(0)01e, -NRaRb, and -C(0)Nfele, 15wherein
aryl and heteroaryl may optionally be substituted with one or more
substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(0)011.4, OR5,
-Nab, (NRaRb)alkyl, and (Me0)(HO)P(0)0-, and wherein cycloalkyl and
heterocyclyl may optionally be fused onto an aromatic 20ring and may
optionally be substituted with one or more substituents independently
selected from alkyl, hydroxyl, halogen, aryl, -NleRb, oxo, and -C(0)0R4; R3
is hydrogen, alkyl, or arylalkyl; R4 is alkyl or arylalkyl; 25R5 is
hydrogen, alkyl, or arylalkyl; le and Rb are independently selected from
hydrogen, alkyl, cycloalkyl, arylalkyl, heteroaryl, -C(0)R6, -C(0)01e,
-C(0)NR`le, and (Nne)alkyl, or alternatively, fe and BY, together with the
nitrogen atom to which they are attached, form a five- or six-membered ring
or bridged bicyclic ring structure,  wherein said five- OT six.-membered
ring or bridged bicyclic ring structure optionally may contain one or two
additional heteroatoms independently selected from nitrogen, oxygen, and
sulfur and may contain one, two, or three substituents independently
selected from Ci to C6 alkyl, CI to C4 haloalkyl, 5awl, hydroxyl, C1 to C6
alkoxy, C1 to C4 haloalkoxy, and halogen; R6 is alkyl; R7 is alkyl,
arylalkyl, or haloalkyl; R166 and R" are independently selected from
hydrogen and halo; and              12.6 and Rd are independently selected
from hydrogen, alkyl, arylalkyl, and 10cycloalkyl.        In a first
embodiment of the second aspect the composition further comprises at least
one additional compound having anti-HCV activity. In a second embodiment of
the second aspect at least one of the additional compounds is an interferon
or a ribavirin. 15In a third embodiment of the second aspect the interferon
is selected from interferon alpha 213, pegylated interferon alpha,
consensus interferon, interferon alpha 2A, and Irriphoblastoid interferon
tau. 



In a fourth embodiment of the second aspect the present disclosure provides
a composition comprising a compound of Formula (1), or a pharmaceutically
acceptable 20salt thereof, a pharmaceutically acceptable carrier, and at
least one additional compound having anti-HCV activity, wherein at least
one of the additional compounds is selected from interleukin 2, interleukin
6, interleulcin 12, a compound that enhances the development of a type 1
helper T cell response, interfering RNA, anti-sense RNA, Imiqimod,
ribavirin, an inosine 51-monophospate dehydrogenase 25inhibitor,
amantadine, and rimantadine.        In a fifth embodiment of the second
aspect the present disclosure provides a composition comprising a compound
of Formula (I), or a pharmaceutically acceptable salt thereof, a
pharmaceutically acceptable carrier, and at least one additional compound
having anti-HCV activity, wherein at least one of the additional
30compounds is effective to inhibit the function of a target selected from
HCV metalloprotease, HCV serine protease, HCV polymerase, FICV helicase,
HCV NS413  protein, 1-1CV entry, HCV assembly, .13CV egress, HCV NS5A
protein, and IMPD1-1 for the treatment of an HCV infection. In a third
aspect the present disclosure provides a method of treating an HCV
5infection in a patient, comprising administering to the patient a
therapeutically effective amount of a compound of Formula (I), or a
phaunaceutically acceptable salt thereof, wherein: s is 0 or 1; L is
-LI-L2-, wherein Li and L2 are independently selected from:    Y and Y' are
independently oxygen (0) or NH; R.' is hydrogen or R2 is hydrogen or
-C.(0)R3'; I 5Ra and R3' are independently selected from eyeloalkyl,
heteroaryl, heterocyclyl, alkoxy, and alkyl substituted with one or more
substituents independently selected from aryl, alkenyl, cycloalkyl,
heterocyclyl, heteroaryl, -C(0)0R4, -NRaRb, and -C(0)NR`Rd, wherein aryl
and heteroaryl may optionally be substituted with one or more
20substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(0)0R4, OR,
RaRb)alkyl, and (Me0)(H0)P(0)0-, and 



wherein cycloalkyl and heterocyclyl may optionally be fused onto an
aromatic ring and may optionally be substituted with one or more
substituents 25independently selected from alkyl, hydroxyl, halogen, aryl,
-Nab, oxo, and -C(0)0R4; 123 is hydrogen, alkyl, or arylalkyl; R4 is alkyl
or arylalkyl; R5 is hydrogen, alkyl, or arylalkyl;  Ra and Rb are
independently selected from hydrogen, alkyl, cycloalkyI, arylalkyl,
heteroaryl, -C(0)126, -C(0)0127, -C(0)Nnd, and (NR61(d)alkyl, or
alternatively, Ra and Rb, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring
structure, 5wherein said five- or six-membered ring or bridged bicyclic
ring structure optionally may contain one or two additional heteroatoms
independently selected from nitrogen, oxygen, and sulfur and may contain
one, two, or three substituents independently selected from CI to C6 alkyl,
CI to C4 haloalkyl, aryl, hydroxyl, CI to C6 alkoxy, C1 to C4 haloalkoxy,
and halogen; 10R6 is alkyl; R7 is alkyl, arylalkyl, or haloalkyl; and 126
and Rd are independently selected from hydrogen, alkyl, arylalkyl, and
cycloalkyl. In a first embodiment of the third aspect the method further
comprises 15 administering at least one additional compound having anti-HCV
activity prior to, after or simultaneously with the compound of Formula
(I), or a pharmaceutically acceptable salt thereof       In a second
embodiment of the third aspect at least one of the additional compounds is
an interferon or a ribavirin. 20In a third embodiment of the third aspect
the interferon is selected from interferon alpha 2B, pegylated interferon
alpha, consensus interferon, interferon alpha 2A, and lymphoblastoid
interferon tau.        In a fourth embodiment of the third aspect the
present disclosure provides a method of treating an HCV infection in a
patient, comprising administering to the 25patient a therapeutically
effective amount of a compound of Foimula (I), or a pharmaceutically
acceptable salt thereof, and at least one additional compound having
anti-HCV activity prior to, after or simultaneously with the compound of
Formula (I), or a pharmaceutically acceptable salt thereof; wherein at
least one of the additional compounds is selected from interleukin 2,
interleukin 6, interleukin 12, a compound 30 that enhances the development
of a type 1 helper T cell response, interfering RNA, anti-sense RNA,
Irnigimod, ribavirin, an inosine 5'-monophospate dehydmgenase inhibitor,
arnantadine, and rimantadine.  In a fifth embodiment of the third aspect
the present disclosure provides a method of treating an EICV infection in a
patient, comprising administering to the patient a therapeutically
effective amount of a compound of Formula (I), or a phaunaceutically
acceptable salt thereof, and at least one additional compound having
5anti-HCV activity prior to, after or simultaneously with the compound of
Formula (I), 



or a phaimaceutically acceptable salt thereof, wherein at least one of the
additional compounds is effective to inhibit the function of a target
selected from HCV metalloprotease, HCV serine protease, HCV polymerase, HCV
helicase, HCV NS4B protein, HCV entry, HCV assembly, HCV egress, HCV NS5A
protein, and IMPDH 10for the treatment of an HCV infection.       Other
aspects of the present disclosure may include suitable combinations of
embodiments disclosed herein. Yet other aspects and embodiments may be
found in the description provided herein. 1.5The description of the present
disclosure herein should he construed in congruity with the laws and
principals of chemical bonding. In some instances it may be necessary to
remove a hydrogen atom in order to accommodate a substii ant at any given
location. Certain features of the structure of Formula (I) are further
illustrated below:    Linker  Pyrrolidine moietyPyrrolidine moiety
20(Left)(Right) (I).       In Formula (I), as depicted above, the
"pyrrolidine moiety" on the left side of the "linker" is independent from
the "pyrrolidine moiety" on the right side in respect to, e.g., (1)
tautomer form of imidazole ring when Y or Y' is NH, (2) absolute
25configuration of the stereogenic centers on the pyrrolidine ring, and (3)
substituents  on the pprolidine nitrogen, i.e., RI and R2 are independent
from each other, although in some circumstances they are preferably the
same.       As for connection between the linker "L" and the pyrrolidine
moieties, Formula (0 encompasses all the following possible combinations:
wherein Y and Y' are independently oxygen (0) or NH.       In a pyrrolidine
ring, the stereogenic carbon center to which a five-membered heterocycle is
attached can take either (R)- or (S)- configuration as depicted below: NY
1Ri 10(R-)(S-)       When a cyclopropyl ring is fused onto a pyrrolidine
ring, i.e., when s is 1, the CH2 group of the fused cyclopropyl ring can
take either a- or f-3- position relative to the pyrrolidine ring, as
depicted below: 



..9 NY 113-)(a-). 15In Formula (I), when either Y or Y' is NH, the linkage
between the linker "L" and the resultant imidazole ring can take place in
either the C-4 or the C-5 position (see below) of the imidazole ring. As a
person of ordinary skill in the art would understand, due to
tautomerization of the imidazole ring, a bonding of the linker "L" to the
C-4 position may be equivalent to a bonding of the linker to the C-5
position, as 20shown in the following equation:  WO
2010/117704PCT/US2010/028999  W 3 N IN L-\         Thus, this disclosure is
intended to cover both possible linkages even when a structure depicts only
one of them. M this disclosure, a floating bond (e.g.,) or a floating
substituent (e.g., -R13) on 5a structure indicates that the bond or
substituent can attach to any available position of the structure by
removal of a hydrogen from the available position. It should be understood
that in a bicyclic or polycyclic ring structure, unless specifically
defined otherwise, the position of a floating bond or a floating
substituent does not limit the position of such bond or substituent to a
specific ring. Thus, the following two 10substituent groups should be
construed to be equivalent: .p\p, ( R1 3 )ri and         It should be
understood that the compounds encompassed by the present disclosure are
those that are suitably stable for use as pharmaceutical agent. 15It is
intended that the definition of any substituent or variable at a particular
location 



in a molecule be independent of its definitions elsewhere in that molecule.
For example, for substituent (121)n, when n is 2, each of the two RI groups
may be the same or different. All patents, patent applications, and
literature references cited in the 20specification are herein incorporated
by reference in their entirety. In the case of inconsistencies, the present
disclosure, including definitions, will prevail. DEFINITIONS
Definitions have been provided above for each of the groups defined. In
25addition, the following definitions shall be used.       As used herein,
the singular forms "a", "an", and "the" include plural reference unless the
context clearly dictates otherwise.         Unless stated otherwise, all
aryl, cycloalkyl, beteroaryl, and heterocyclyl groups of the present
disclosure may be substituted as described in each of their respective
definitions. For example, the aryl part of an arylalkyl group may be
substituted as described in the definition of the term "aryl." 5The term
"acetyl," as used herein, refers to -C(0)CH3.      The term "alkenyl," as
used herein, refers to a monovalent, straight or branched hydrocarbon chain
having one or more double bonds therein. The double bond of an alkenyl
group can be unconjugated or conjugated to another unsaturated group.
Suitable alkenyl groups include, but are not limited to, C2 to C10 alkenyl
10groups, such as vinyl, allyl, butenyl, pentenyl, hexenyl, butadienyl,
pentadienyl, hexadienyl, 2-ethylhexenyl, 2-propy1-2-butenyl,
4-(2-methyl-3-butene)-pentenyl. An alkenyl group can be unsubstituted or
substituted with one or two suitable substituents. The term "alkoxy," as
used herein, refers to an alkyl group attached to the 15parent molecular
moiety through an oxygen atom. Representative examples of alkoxy group
include, but are not limited to, methoxy (CH30-), elboxy (CH3CI-120-), and
t-butoxy (((113)3C0-). The term "alkyl," as used herein, refers to a group
derived from a straight or branched chain saturated hydrocarbon by removal
of a hydrogen from one of the 20 saturated carbons. The alkyl group
preferably contains from one to ten carbon atoms. Representative examples
of alkyl group include, but are not limited to, methyl, ethyl, isopropyl,
and tert-butyl.       The term "alkylcarbonyl," as used herein, refers to
an alkyl group attached to the parent molecular moiety through a carbonyl
group. Representative examples of 25alkylcarbonyl group include, but are
not limited to, acetyl (-C(0)CH3), propanoyl (-C(0)CH2CH3), n-butyryl
(-C(0)CH2CH2CH3), and 2,2-dimethylpropanoyl or pivaloyl (-C(0)C(CH3)3). The
term "allyl," as used herein, refers to the -CH2CH=CH2 group. The term
"aryl," as used herein, refers to a group derived from an aromatic 30
carbocycle by removal of a hydrogen atom from an aromatic ring. The aryl
group can be monocyclic, bicyclic or polycyclic, wherein in bicyclic or
polycyclic aryl group, the aromatic carbocycle can be fused onto another
four- to six-membered aromatic or - 34 - non-aromatic carboeycle.
Representative examples of aryl groups include, but are not 



limited to, phenyl, indanyl, indenyl, naphthyl, and
1,2,3,4-tetrahydronaphtb-5-yl.       The term "arylalkyl," as used herein,
refers to an alkyl group substituted with one, two, or three aryl groups,
wherein aryl part of the arylalkyl group may optionally 5be substituted by
one to five substituents independently selected from C1 to C6 alkyl, CI to
C4 haloalkyl, CI to C5 alkoxy, halogen, cyano, and nitro groups.
Represented examples of arylalkyl include, but are not limited to, benzyl,
2-phenylThethyl (PhCH2C1-12-.), (naphth-l-yl)methyl, and
(naphth-2-yl)methyl. The term "benzyl," as used herein, refers to a methyl
group on which one of 10 the hydrogen atoms is replaced by a phenyl group,
wherein said phenyl group may optionally be substituted by one to five
substituents independently selected from methyl, trifluoromethyl (-CF3),
methoxy (-0CH3), halogen, and nitro (-NO2). Representative examples of
benzyl group include, but are not limited to, Ph0-12-, 4- Me0-C6H4CH2-, and
2,4,6-tri-rnethyl-C6H4CF12-. 15The terms "Cap" and "cap," as used herein,
refer to the group which is placed on the nitrogen atom of the pyrrolidine
ring in the compounds of formula (I). It should be understood that "Cap- or
"cap" can also refer to the reagent which is a precursor to the final "cap"
in compounds of formula (1) and is used as one of the starting materials in
the reaction to append a group on the pyrrolidine nitrogen that 20results
in the final product, a compound which contains the funetionalized
pyrrolidine that will be present in the compound of formula (I). The term
"carbonyl," as used herein, refers to -C(0)-. The tell,' "carboxyl," as
used herein, refers to -0O21-1. The term "cyano," as used herein, refers to
-CN. 25The term "cycloalkyl," as used herein, refers to a group derived
from a  saturated carbocycle, having preferably three to eight carbon
atoms, by removal of a hydrogen atom from the saturated carbocycle, wherein
the saturated carbocycle can optionally be fused onto one or two other
aromatic or nonaromatic carbocycles. Representative examples of cycloalkyl
groups include, but are not limited to, 30cyclopropyl, cyclopentyl,
cyclohexyl, and 1,2,3,4-tetrahydronaphth-1-yl. The term "formyl," as used
herein, refers to -CHO. The terms "hale and "halogen," as used herein,
refer to F, Cl, 13r, or I. - 35 -         The term "haloalkoxy," as used
herein, refers to a haloalkyl group attached to the parent molecular moiety
through an oxygen atom. The tei "haloalkyl," as used herein, refers to an
alkyl group substituted by at least one halogen atom. The haloalkyl group
can be an alkyl group of which all 5 hydrogen atoms are substituted by
halogens. Representative examples of haloalkyl include, but are not limited
to, trifluoromethyl (CF3-), 1-chloroethyl (C1CH2CH2-), and
2,2,2-trifluoroethyl (CF3CH2-). The term "heteroaryl," as used herein,
refers to group derived from a 



monocyclic, bicyclic, or polycyclic compound comprising at least one
aromatic ring 10comprising one or more heteroatoms, preferably, one to
three heteroatoms, independently selected from nitrogen, oxygen, and
sulfur, by removal of a hydrogen atom from an aromatic ring thereof As is
well known to those skilled in the art, heteroaryl rings have less aromatic
character than their all-carbon counterparts. Thus, for the purposes of the
invention, a heteroaryl group need only have some degree of 15aromatic
character. Illustrative examples of heteroaryl groups include, but are not
limited to, pyridyl, pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl,
pyrazolyl, imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl,
pyrimidinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, isoxazolyl,
oxazolyl, indolyl, quinolinyl, isoquinolinyl, benzisoxazolyl,
benzothiazolyl, benzothienyl, and pyrrolopyridinyl. 20The term
"heteroarylalkyl," as used herein, refers to an alkyl group substituted
with one, two, or three heteroaryl groups.       The term "heterobicyclyl,"
as used herein, refers to a ring structure comprising two fused or bridged
rings that include carbon and one or more heteroatoms independently
selected from nitrogen, oxygen, and sulfur as the ring atom(s). The
25heterobicyclic ring structure is a subset of heterocyclic ring and can be
saturated or unsaturated. Examples of heterobicyclic ring structures
include tropane, quinuclidine, and 7-azabicyclo[2.2.1Theptane.        The
term "heterocyclyl," as used herein, refers to a group derived from a
monocyclic, bicyclic, or polycyclic compound comprising at least one
nonaromatic 30 ring comprising one or more heteroatoms, preferably, one to
three heteroatoms, independently selected from nitrogen, oxygen, and
sulfur, by removal of a hydrogen atom !from the nonaromatie ring. The
heterocyclyl group encompasses the  beterobicycly1 group. The heteroeyelyi
groups of the present disclosure can be attached to the parent molecular
moiety through a carbon atom or a nitrogen atom in the group. Examples of
heterocyclyl groups include, but are not limited to, morpholinyl,
oxazolidinyl, piperazinyl, piperidinyl, pyrrolidinyl, tetrahydrofuryl,
5thiomorpholinyl, and indolinyl.       The tem' "heterocyclylalkyl," as
used herein, refers to an alkyl group substituted with one, two, or three
heterocyelyl groups. The terms "hydroxy" or "hydroxyl," as used herein,
refer to -OH. The term "nitro," as used herein, refers to -NO2. 10The term
"-NleRb," as used herein, refers to two groups, Ra and Rb, which are
attached to the parent molecular moiety through a nitrogen atom, or
alternatively re and BY, together with the nitrogen atom to which they are
attached, folio a 5- or 6- membered ring or a fused- or bridged-bicyclic
ring structure optionally containing one, two, or three additional
heteroatom independently selected from nitrogen, 15oxygen, and sulfur. The
term "-NR"Rd" is defined similarly.    The term "(NR"Rb)alkyl," as used
herein, refers to an alkyl group substituted with one, two, or three -NR"Rb
groups. The term "(NRcRd)alkyl" is defined similarly. The term "oxo," as
used herein, refers to -O. The term "sulfonyl," as used herein, refers to
-SO2-. 20In the compounds of the present disclosure, it should be
understood that when s is 0, the compound of formula (Z) shown below is the
result: R1Y--Y'R2 



RiooR110 (Z) Asymmetric centers exist in the compounds of the present
disclosure. These 25centers are designated by the symbols "R" or "S",
depending on the configuration of substituents around the chiral carbon
atom. It should be understood that the disclosure encompasses all
stereochemical isomeric forms, or mixtures thereof, which possess the
ability to inhibit NS5A. Individual stereoisomers of compounds can be
prepared synthetically from commercially available starting materials which
contain  chiral centers or by preparation of mixtures of enantiomeric
products followed by separation such as conversion to a mixture of
diastereomers followed by separation or recrystallization, chromatographic
techniques, or direct separation of enantiomers on chiral chromatographic
columns. Starting compounds of particular stereochemistry 5are either
commercially available or can be made and resolved by techniques known in
the art.       Certain compounds of the present disclosure may also exist
in different stable conformational forms which may be separable. Torsional
asymmetry due to restricted rotation about an asymmetric single bond, for
example because of steno hindrance or 10ring strain, may permit separation
of different conformers. The present disclosure includes each
conformational isomer of these compounds and mixtures thereof.       The
tell], "compounds of the present disclosure", and equivalent expressions,
are meant to embrace compounds of Formula (I), and pharmaceutically
acceptable enantiomers, diastereomers, and salts thereof Similarly,
references to intermediates 15are meant to embrace their salts where the
context so permits.       The present disclosure is intended to include all
isotopes of atoms occurring in the present compounds. Isotopes include
those atoms having the same atomic number but different mass numbers. By
way of general example and without limitation, isotopes of hydrogen include
deuterium and tritium. Isotopes of carbon include 13C 20and t4C.
Isotopically-labeled compounds of the invention can generally be prepared
by conventional techniques known to those skilled in the art or by
processes analogous to those described herein, using an appropriate
isotopically-labeled reagent in place of the non-labeled reagent otherwise
employed. Such compounds may have a variety of potential uses, for example
as standards and reagents in determining 25biological activity. In the case
of stable isotopes, such compounds may have the potential to favorably
modify biological, pharmacological, or pharmacokinetic properties.
The compounds of the present disclosure can exist as pharmaceutically
acceptable salts. The term "pharmaceutically acceptable salt," as used
herein, 30represents salts or zwitterionic forms of the compounds of the
present disclosure which are water or oil-soluble or dispersible, which
are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of patients without  excessive toxicity,
irritation, allergic response, or other problem or complication
commensurate with a reasonable benefit/risk, ratio, and are effective for
their intended use The salts can be prepared during the final isolation and
purification of the compounds or separately by reacting a suitable nitrogen
atom with a suitable acid. 



5Representative acid addition sails include acetate, adipate, alginate,
citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate,
camphorate, camphorsulfonate; digluconate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, formate, fumarate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
mesitylenesulfonate, methanesulfonate, naphthylenesulfonate, 10nicotinate,
2-naphthalenesulfonate, oxalate, palmoate, pectinate, persulfate, 3-
phenylproprionate, picrate, pivalate, propionate, succinate, tartrate,
trichlomacetate, trifluoroacetate, phosphate, glutamate, bicarbonate,
para-toluenesulfonate, and undecanoate. Examples of acids which can be
employed to form pharmaceutically acceptable addition salts include
inorganic acids such as hydrochloric, hydrobromie, 15sulfuric, and
phosphoric, mid organic acids such as oxalic, rnaleic, succinic, and
citric.       Basic addition salts can be prepared during the final
isolation and purification of the compounds by reacting a earboxy group
with a suitable base such as the hydroxide, carbonate, or bicarbonate of a
metal cation or with ammonia or an organic primary, secondary, or tertiary
amine. The cations of pharmaceutically acceptable 20salts include lithium,
sodium, potassium, calcium, magnesium, and aluminum, as well as nontoxic
quaternary amine cations such as ammonium, tetramethylammonium,
tetraethylammonium, methylamine, dimethylamine, trimethylamine,
triethylamine, diethylamine, ethylamine, tributylamine, pyridine,
N,N-dimethylaniline, Nmethylpiperidine, N-methylmorpholine,
dicyclohexylamine, procaine, dibenzylarnine, 25N,N-dibenzylphenethylamine,
and N,N'-dibenzylethylenediamine. Other representative organic amines
useful for the formation of base addition salts include ethylenediamine,
ethanolamine, diethanolamine, piperidine, and piperazine.       When it is
possible that, for use in therapy, therapeutically effective amounts of a
compound of Formula (I), as well as pharmaceutically acceptable salts
thereof, 30may be administered as the raw chemical, it is possible to
present the active ingredient as a pharmaceutical composition. Accordingly,
the disclosure further provides pharmaceutical compositions, which include
therapeutically effective amounts of  compounds of Formula (I) or
pharmaceutically acceptable salts thereof, and one or more pharmaceutically
acceptable carriers, diluents, or excipients. The term "therapeutically
effective amount," as used herein, refers to the total amount of each
active component that is sufficient to show a meaningful patient benefit,
e.g., a 5sustained reduction in viral load. When applied to an individual
active ingredient, administered alone, the tem, refers to that ingredient
alone. When applied to a combination, the term refers to combined amounts
of the active ingredients that result in the therapeutic effect, whether
administered in combination, serially, or simultaneously. The compounds of
Foimula (I) and pharmaceutically acceptable salts 10thereof, are as
described above. The carrier(s), diluent(s), or excipient(s) must be
acceptable in the sense of being compatible with the other ingredients of
the formulation and not deleterious to the recipient thereof In accordance
with another aspect of the present disclosure there is also provided a
process for the preparation of a pharmaceutical foimutation including
admixing a compound of Formula (I), or a 15pharmaceutically acceptable salt
thereof, with one or more phannaceutically acceptable carriers, diluents,
or excipients. The term "pharmaceutically acceptable," as used herein,
refers to those compounds, materials, compositions, and/or dosage forms
which are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of patients without excessive toxicity,
irritation, allergic 20 response, or other problem or complication
commensurate with a reasonable benefit/risk ratio, and are effective for
their intended use.       Pharmaceutical foimulations may be presented in
unit dose forms containing a predetermined amount of active ingredient per
unit dose. Dosage levels of between about 0.01 and about 250 milligram per
kilogram ("mg/kg") body weight per day, 25 preferably between about 0.05
and about 100 mg/kg body weight per day of the compounds of the present
disclosure are typical in a monotherapy for the prevention and treatment of
FICV mediated disease. Typically, the pharmaceutical compositions 



of this disclosure will be administered from about to about 5 times per day
or alternatively, as a continuous infusion. Such administration can be used
as a chronic 30 or acute therapy. The amount of active ingredient that may
be combined with the carrier materials to produce a single dosage form will
vary depending on the condition being treated, the severity of the
condition, the time of administration, the route of administration, the
rate of excretion of the compound employed, the duration of treatment, and
the age, gender, weight, and condition of the patient. Preferred unit
dosage formulations are those containing a daily dose or sub-dose, as
herein above recited, or an appropriate fraction thereof, of an active
ingredient. Generally, 5treatment is initiated with small dosages
substantially less than the optimum dose of the compound. Thereafter, the
dosage is increased by small increments until the optimum effect under the
circumstances is reached. In general, the compound is most desirably
administered at a concentration level that will generally afford
antivirally effective results without causing any harmful or deleterious
side effects. 10When the compositions of this disclosure comprise a
combination of a compound of the present disclosure and one or more
additional therapeutic or prophylactic agent, both the compound and the
additional agent are usually present at dosage levels of between about 10
to 150%, and more preferably between about 10 and 80% of the dosage
normally administered in a monotherapy regimen. 15Pharmaceutical
formulations may be adapted for administration by any appropriate route,
for example by the oral (including buccal or sublingual), rectal, nasal,
topical (including buccal, sublingual, or transdermal), vaginal, or
parenteral (including subcutaneous, intracutaneous, intramuscular,
intra-articular, intra.synevial, intrastemal, intrathecal, intralesional,
intravenous, or intradermal injections or 20 infusions) route. Such
foimulations may be prepared by any method known in the art of pharmacy,
for example by bringing into association the active ingredient with the
carrier(s) or excipient(s). Oral administration or administration by
injection are preferred. Pharmaceutical formulations adapted for oral
administration may be presented 25as discrete units such as capsules or
tablets; powders or granules; solutions or suspensions in aqueous or
non-aqueous liquids; edible foams or whips; or oil-in-water liquid
emulsions or water-in-oil emulsions.        For instance, for oral
administration in the form of a tablet or capsule, the active drug
component can be combined with an oral, non-toxic pharmaceutically 30
acceptable inert carrier such as ethanol, glycerol, water, and the like.
Powders are prepared by comminuting the compound to a suitable fine size
and mixing with a similarly comminuted pharmaceutical carrier such as an
edible carbohydrate, as, for - 41 -  example, starch or mannitol.
Flavoring, preservative, dispersing, and coloring agent can also be
present.      Capsules are made by preparing a powder mixture, as described
above, and filling formed gelatin sheaths. Glidants and lubricants such as
colloidal silica, talc, 5magnesium stearate, calcium stearate, or solid
polyethylene glycol can be added to the powder mixture before the filling
operation. A disintegrating or solubilizing agent such as agar-agar,
calcium carbonate, or sodium carbonate can also be added to improve the
availability of the medicament when the capsule is ingested. Moreover, when
desired or necessary, suitable binders, lubricants, 10disintegrating
agents, and coloring agents can also be incorporated into the mixture.
Suitable binders include starch, gelatin, natural sugars such as glucose or
beta-lactose, corn sweeteners, natural and synthetic gums such as acacia,
tragacanth or sodium alginate, carboxymethylcellulose, polyethylene glycol,
and the like. Lubricants used in these dosage forms include sodium oleate,
sodium chloride, and the like. 



15Disintegrators include, without limitation, starch, methyl cellulose,
agar, betonite, xanthan gum, and the like. Tablets are formulated, for
example, by preparing a powder mixture, granulating or slugging, adding a
lubricant and disintegrant, and pressing into tablets. A powder mixture is
prepared by mixing the compound, suitable comminuted, with a diluent or
base as described above, and optionally, with a 20binder such as
carboxymethylcellulose, an aliginate, gelating, or poly-vinyl pyrrolidone,
a solution retardant such as paraffin, a resorption accelerator such as a
quaternary salt and/or and absorption agent such as betonite, kaolin, or
diealcium phosphate. The powder mixture can be granulated by wetting with a
binder such as syrup, starch paste, acadia mucilage, or solutions of
cellulosic or polymeric materials 25and forcing through a screen. As an
alternative to granulating, the powder mixture can be run through the
tablet machine and the result is imperfectly formed slugs broken into
granules. The granules can be lubricated to prevent sticking to the tablet
forming dies by means of the addition of stearic acid, a stearate salt,
talc, or mineral oil. The lubricated mixture is then compressed into
tablets. The compounds of the 30present disclosure can also be combined
with a free flowing inert carrier and compressed into tablets directly
without going through the granulating or slugging steps. A clear or opaque
protective coating consisting of a sealing coat of shellac, a  coating of
sugar or polymeric material, and a polish coating of wax can be provided.
Dyestuffs can be added to these coatings to distinguish different unit
dosages. Oral fluids such as solution, syrups, and elixirs can be prepared
in dosage unit form so that a given quantity contains a predetennined
amount of the compound. 5Syrups can be prepared by dissolving the compound
in a suitably flavored aqueous solution, while elixirs are prepared through
the use of a non-toxic vehicle. Solubilizers and emulsifiers such as
ethoxylated isostearyl alcohols and polyoxyethylene sorbitol ethers,
preservatives, flavor additive such as peppermint oil or natural
sweeteners, or saccharin or other artificial sweeteners, and the like can
also 10 be added.       Where appropriate, dosage unit formulations for
oral administration can be microencapsulated. The formulation can also be
prepared to prolong or sustain the release as for example by coating or
embedding particulate material in polymers, wax, or the like. 15The
compounds of Formula (1), and pharmaceutically acceptable salts thereof,
can also be administered in the form of liposome delivery systems, such as
small unilamellar vesicles, large unitamellar vesicles, and multilamellar
vesicles. Liposomes can be formed from a variety of phospbolipids, such as
cholesterol, stearylamine, or phopliatidylcholines. 20The compounds of
Formula (1) and pharmaceutically acceptable salts thereof may also be
delivered by the use of monoclonal antibodies as individual carriers to
which the compound molecules are coupled. The compounds may also be coupled
with soluble polymers as targetable drug carriers. Such polymers can
include polyvinylpyrrolidone, pyran copolymer,
polyhydroxypropylmethacrylamidephenol, 25polyhydroxyethylaspartamidephenol,
or polyethyleneoxidepolylysine substituted with palitoyl residues.
Furthermore, the compounds may be coupled to a class of biodegradable
polymers useful in achieving controlled release of a drug, for example,
polylactic acid, polepsilon caprolactone, polyhydroxy butyric acid,
polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates, and
cross-linked or amphipathic 30 block copolymers of hydrogels.
Pharmaceutical formulations adapted for transdermal administration may he
presented as discrete patches intended to remain in intimate contact with
the 



- 43 - epidermis of the recipient for a prolonged period of time. For
example, the active ingredient rnay be delivered from the patch by
iontophoresis as generally described in Pharm. Res., 3(6):318 (1986).
Pharmaceutical formulations adapted for topical administration may be
5foiniulated as ointments, creams, suspensions, lotions, powders,
solutions, pastes, gels, sprays, aerosols, or oils.       For treatments of
the eye or other external tissues, for example mouth and skin, the
formulations are preferably applied as a topical ointment or cream. When
formulated in an ointment, the active ingredient may be employed with
either a 10paraffinic or a water-miscible ointment base. Alternatively, the
active ingredient may be formulated in a cream with an oil-in-water cream
base or a water-in oil base.       Pharmaceutical formulations adapted for
topical administrations to the eye include eye drops wherein the active
ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous solvent. 15Pharmaceutical formulations adapted for topical
administration in the mouth include lozenges, pastilles, and mouth washes,
Pharmaceutical formulations adapted for rectal administration may be
presented as suppositories or as enemas.            Pharmaceutical
formulations adapted for nasal administration wherein the 20carrier is a
solid include a course powder having a particle size for example in the
range 20 to 500 microns which is administered in the manner in which snuff
is taken, i.e., by rapid inhalation through the nasal passage from a
container of the powder held close up to the nose. Suitable formulations
wherein the carrier is a liquid, for      administration as a nasal spray
or nasal drops, include aqueous or oil solutions of the 25active
ingredient.       Pharmaceutical formulations adapted for administration by
inhalation include fine particle dusts or mists, which may be generated by
means of various types of metered, dose pressurized aerosols, nebulizers,
or insufflators. Pharmaceutical formulations adapted for vaginal
administration may be 30presented as pessaries, tampons, creams, gels,
pastes, foams, or spray formulations. Pharmaceutical formulations adapted
for parenteral administration include aqueous and non-aqueous sterile
injection solutions which may contain anti-oxidants, buffers,
bacteriostats, and soutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and non-aqucous sterile
suspensions which may include suspending agents and thickening agents. The
formulations may be presented in unit-dose or multi-dose containers, for
example sealed ampoules and 5 vials, and may be stored in a freeze-dried
(lyophilized) condition requiring only the addition of the sterile liquid
carrier, for example water for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared from
sterile powders, granules, and tablets. It should be understood that in
addition to the ingredients particularly 



10 mentioned above, the formulations may include other agents conventional
in the art having regard to the type of formulation in question, for
example those suitable for oral administration may include flavoring
agents. The term "patient" includes both human and other mammals. The term
"treating" refers to: (i) preventing a disease, disorder or condition
15from occurring in a patient that may he predisposed to the disease,
disorder, and/or condition but has not yet been diagnosed as having it;
(ii) inhibiting the disease, disorder, or condition, i.e., arresting its
development; and (iii) relieving the disease, disorder, or condition, i.e.,
causing regression of the disease, disorder, and/or condition. 20The
compounds of the present disclosure can also be administered with a
cyclosporin, for example, cyclosporin A. Cyclosporin A has been shown to be
active against HCV in clinical trials (Hepatology, 38:1282 (2003); Biochem.
Biophys. Res. Commun., 313:42 (2004);J. Gastroenterol., 38:567 (2003)).
Table 1 below lists some illustrative examples of compounds that can be
25administered with the compounds of this disclosure. The compounds of the
disclosure can be administered with other anti-HCV activity compounds in
combination therapy, either jointly or separately, or by combining the
compounds into a composition. 30  WO 2010/117704PCT/US2010/028999 Table I
Brand Name Physiological Class Type of Inhibitor or Target Source Company
NIM811  Cyclophilin inhibitor Novants Zadaxin  Immuno- modulator Sciclone
Suvus 



Methylene blue Bioenvision Actilon (CPG10101)  TLR9 agonist Coley Batabulin
(T67) Anticancer [3-Tubulin inhibitor Tularik Inc., South San Francisco, CA
ISIS 14803 Antiviral Antisense ISIS Pharmaceuticals he, Carlsbad, CA/ Elan
Pharmaceuticals Inc., New York, NY _____ Summetrel Antiviral Antiviral Endo



Pharmaceuticals Holdings inc., Chadds Ford, PA GS-9I32 (ACH-806) Antiviral
HCV inhibitor Achillion / Gilead Pyrazolopyrimidine compounds and salts
From W02005/047288 26 May 2005 Antiviral HCV inhibitors Arrow Therapeutics
Ltd. Levov rin Antiviral IMPDH inhibitor Ribapharm Inc., Costa Mesa, CA  WO
2010/117704PCT/US2010/028999 Brand Name Physiological Class Type of
Inhibitor or Target Source Company Merimepodib (VX-497) Antiviral IMPDH
inhibitor Vertex Pharmaceuticals Inc., Cambridge, MA XTL-6865 (XTL-002)
Antiviral 



Monoclonal antibody XTL Biopharmaceuticals Ltd., Rehovot, Israel Telaprevir
(VX-950, LY-570310) Antiviral NS3 serine protease inhibitor Vertex
Phamiaceuticals Inc., Cambridge, MA / Eli Lilly and Co. Inc., Indianapolis,
IN     HCV-796 Antiviral NS5B replicas inhibitor Wyeth / Viropharma NM-283
Antiviral NS5B replicase inhibitor Idenix / Novartis GL-59728 Antiviral
NS5B replicase inhibitor Gene Labs / Novartis GL-60667 Antiviral NS5B
replicase inhibitor 



Gene Labs / Novartis     2'C MeA Antiviral NS5B replicase inhibitor Gilead
PSI 6130 Antiviral NS5B replicase inhibitor Roche R1626 Antiviral NS5B
replicase inhibitor Roche 2'C Methyl adenosine Antiviral NS5B replicase
inhibitor Merck  WO 2010/117704PCT/US2010/028999 Brand Name
_ Physiological Class Type of Inhibitor or Target Source Company 



JTK-003 Antiviral RdRp inhibitor Japan Tobacco Inc., Tokyo, Japan Levovirin
Antiviral Ribavirin ICN Pharmaceuticals, Costa Mesa, CA Ribavirin Antiviral
Ribavirin Schering-Plough Corporation, Kenilworth, NJ Viramidine Antiviral
Ribavirin prodrug Ribaphaiin Inc., Costa Mesa, CA Heptazyme Antiviral
Ribozyme Ribozyme Pharmaceuticals Inc., Boulder, CO BILN-206I Antiviral
Scrine protease inhibitor Boehringer 



Ingellicim Phanna KG, Ingelheini., Germany SCH 503034 Antiviral Serine
protease inhibitor Schering Plough Zadazim Immune modulator Immune
modulator SciClone Pharmaceuticals Inc., San Mateo, CA Ceplene
Immunomodulator Immune modulator Maxim Pharmaceuticals Inc., San Diego, CA
CellCept Immunosuppressant HCV IgG immuno- suppressant F. Hoffmann-La Roche
LTD, Basel, Switzerland  WO 2010/117704PCT/US2010/028999 Brand Name
Physiological Class Type of Inhibitor or Target Source Company Civacir
Immunosuppressant 



HCV IgG immuno- suppressant Nabi Biopharmaceuticals Inc., Boca Raton, FL
Albuferon - cc Interferon Albumin IFN-cab Human Genome Sciences Inc.,
Rockville, MD Infergen A Interferon IFN alfacon-1 InterMune Pharmaceuticals
Inc., Brisbane, CA Omega TEN Interferon IFN-co Intarcia Therapeutics IFN-13
and EMZ701 Interferon IFN-13 and EMZ701 Transition Therapeutics Inc.,
Ontario, Canada Rebif interferon IFN-iila Scrono, Geneva, Switzerland
Roferon A Interferon IFN-a2a F. Hoffmann-La Roche LTD, Basel, Switzerland 



Intron A Interferon IFN-a2b Schering-Plough Corporation, Kenilworth, NJ
Intron A and Zadaxin Interferon IFN-cc2b/al- thymosin RegeneRx Biopharma.
Inc., Bethesda, MD / SciClone Phaimaceuticals Inc, San Mateo, CA  WO
2010/117704PCT/US2010/028999 Brand Name physiological Class Type of
Inhibitor or Target Source Company Rebetron Interferon IFN-a2b / ribavirin
Schering-Plough Corporation, Kenilworth, NJ Actimmune Interferon [NF-y
InterMune Inc., Brisbane, CA Interferon-f3 Interferon Interferon-13- l a
Serono 



Multiferon Interferon Long lasting IFN Viragen / Valentis Wellferon
Interferon Lymphoblastoid IFN-anl GlaxoSmithKline plc, Uxbridge, UK
Omniferon Interferon natural IFN-a Viragen Inc., Plantation, FL Pegasys
Interferon PEGylated 117N- a2a F. Hoffinann-La Roche L' CD, Basel,
Switzerland _,........_._ _ Pcgasys and Ceplene Interferon PEGylated TN-
a2a / immune modulator Maxim Pharmaceuticals Inc., San Diego, CA Pegasys
and Ribavirin Interferon PEGylated IFN- a2a / ribavirin F. Hoffmann-La
Roche LTD, Basel, Switzerland 



PEG-Intron Interferon PEGylated IFN- a2b Schering-Plough Corporation,
Kenilworth, NJ PEG-Intron / Ribavirin Interferon PEGylated IFN- a2b /
ribavirin Schering-Plough    Corporation, Kenilworth, NJ IP-501 Liver
protection Antifibrotic Indevus Phatmaceuticals Inc., Lexington, MA  WO
2010/117704PCT/US2010/028999 Brand Name Physiological Class Type of
bihibitor or Target Source Company DN-6556 Liver protection Caspase
inhibitor Idun 



Pharmaceuticals Inc., San Diego, CA ITMN-191 (R-7227) Antiviral Serine
protease inhibitor hiterMune Pharmaceuticals Inc., Brisbane, CA GL-59728
Antiviral NS5B replicase inhibitor Genelabs ANA-971 Antiviral TLR-7 agonist
Anadys Boceprevir Antiviral Serine protease inhibitor Schering Plough
TMS-435 Antiviral Serino protease inhibitor Serino protease inhibitor
Tibotce BVBA, Mechelen, Belgium 1 Boehringer ingelbeim Pbarma KG,
Ingelbeini, Germany 



B1-201335 Antiviral   MK-7009 Antiviral Serine protease inhibitor Merck
PF-00868554 Antiviral Replicase inhibitor Pfizer ANA598 Antiviral
Non-Nucleoside NS5B polymerase inhibitor Anadys Pharmaceuticals, Inc., San
Diego, CA, USA IDX375 Antiviral Non-Nucleoside Idenix Pharmaceuticals,
Cambridge, MA, USA   replicase inhibitor   WO 2010/117704PCT/US2010/028999 



Brand Name Physiological Class Type of Inhibitor or Target Source Company
BILB 1941 Antiviral NS5B polymerase inhibitor Boehrinaer Ingelheirn Canada
Ltd R&D, Laval, QC, Canada PSI-7851 Antiviral Nucleoside polymerase
inhibitor Phannasset, Princeton,J. USA VCH-759 Antiviral NS5B polymerase
inhibitor ViroChem Pharma VCH-916 Antiviral NS5B polymerase inhibitor
ViroChem Pharma GS-9190 Antiviral NS5B polymerase inhibitor 



Gilead Peg-interferon laincla Antiviral Interferon ZyrnoGeneties /
Bristol-Myers Squibb        The compounds of the present disclosure may
also be used as laboratory reagents. Compounds may be instrumental in
providing research tools for designing of viral replication assays,
validation of animal assay systems and structural biology 5studies to
further enhance knowledge of the HCV disease mechanisms. Further, the
compounds of the present disclosure are useful in establishing or
determining the binding site of other antiviral compounds, for example, by
competitive inhibition.       The compounds of this disclosure may also be
used to treat or prevent viral contamination of materials and therefore
reduce the risk of viral infection of 10laboratory or medical personnel or
patients who come in contact with such materials, e.g., blood, tissue,
surgical instruments and garments, laboratory instruments and garments, and
blood collection or transfusion apparatuses and materials.       This
disclosure is intended to encompass compounds having Formula (I) when
preparedby synthetic processes or by metabolic processes including those
occurring in the human or animal body (in vivo) or processes occurring in
vitro.         The abbreviations used in the present application, including
particularly in the 5illustrative examples which follow, are well-known to
those skilled in the art. Some of the abbreviations used are as follows:
Et t-Bu 10iPr min ethyl; tert-butyl; isopropyl; minutes;  rt or RTroom
temperature or retention time (context will dictate); TFA trifluoroacetic
acid; h or hr hours; 15 DMSOdimethylsulfoxide; DME dimethyl ether;
WAdiisopropylamide; 



NBS N-bromosuccinirnide; SEM-CI2-(trimethylsilyl)ethoxymethyl chloride; 20
TBAF tetrabutylammonium fluoride; HATU
0-(7-azabenzotriazol-1-y1)-N,N,N',Nctetramethyluronium hexafluorophosphate;
iPr2EtNdiisopropylethylamine; DIEA diisopropylethylamine;
25DIPEAdiisopropylethylamine; Hunig'sdiisopropylethylamine; Boc or
BOCtert-butoxycarbonyl; DMAP4-dimethylaminopyridine; HC1 hydrochloric acid;
30 Na2SO4sodium sulfate; MgSO4magnesium sulfate,  WO
2010/117704PCT/US2010/028999
NIC12(PPh3)2bis(triphenylphosphine)palladium(10dichloride; MC:X cartridge
Waters OASIS(r) MCX LP extraction cartridge. The compounds and processes of
the present disclosure will be better understood in connection with the
following synthetic schemes which illustrate the 5methods by which the
compounds of the present disclosure may be prepared. Starting materials can
be obtained from commercial sources or prepared by well-established
literature methods known to those of ordinary skill in the art. It will be
readily apparent to one of ordinary skill in the art that the compounds
defined above can be synthesized by substitution of the appropriate
reactants and agents in the syntheses 10shown below. It will also be
readily apparent to one skilled in the art that the selective protection
and deprotection steps, as well as the order of the steps themselves, can
be carried out in varying order, depending on the nature of the variables
to successfully complete the syntheses below. The variables are as defined
above unless otherwise noted below. :15 Scheme 1: Substituted Phenylglycine
Derivatives       Substituted phenylglyeine derivatives can be prepared by
a number of methods shown below. Phenylglycine t-butyl ester can be
reductively alkylated (pathyway A) with an appropriate aldehyde and a
reductant such as sodium cyanaborohydride in 20acidic medium. Hydrolysis of
the t-butyl ester can be accomplished with strong acid 



such as HC1 or trifluoroacetic acid. Alternatively, phenylglycine can be
alkylated with an alkyl halide such as ethyl iodide and a base such as
sodium bicarbonate or potassium carbonate (pathway B). Pathway C
illustrates reductive alkylation of phenylglycine as in pathway A followed
by a second reductive alkylation with an 25alternate aldehyde such as
formaldehyde in the presence of a reducing agent and acid. Pathway D
illustrates the synthesis of substituted phenylglycines via the
corresponding mandelic acid analogs. Conversion of the secondary alcohol to
a competent leaving group can be accomplished with p-toluensulfonyl
chloride. Displacement of the tosylate group with an appropriate amine
followed by reductive 30removal of the benzyl ester can provide substituted
phenylglycine derivatives. In pathway E a racemic substituted phenylglycine
derivative is resolved by esterification with an enantiomerically pure
chiral auxiliary such as but not limited to ()-1-  phenylethanol,
(-)-1-phenylethanol, an Evan's oxazolidinone, or enantiomerica ly pure
pantolactone. Separation of the diastereomers is accomplished via
chromatography (silica gel, HPLC, crystallization, etc) followed by removal
of the chiral auxiliary providing enantiomerically pure phenylglycine
derivatives. Pathway 5H illustrates a synthetic sequence which intersects
with pathway E wherein the aforementioned chiral auxiliary is installed
prior to amine addition. Alternatively, an ester of an arylacetic acid can
be brominated with a source of bromonium ion such as bromine,
N-bromosuccinimide, or CBr4. The resultant benzylic bromide can be
displaced with a variety of mono- or disubstituted amines in the presence
of a tertiary 10amine base such as triethylamine or Hunig's base.
Hydrolysis of the methyl ester via treatment with lithium hydroxide at low
temperature or 6N HC1 at elevated temperature provides the substituted
phenylglycine derivatives. Another method is shown in pathway G. Glycine
analogs can be derivatized with a variety of aryl halides in the presence
of a source of palladium (0) such as palladium bis(tributylphosphine) 15
and base such as potassium phosphate. The resultant ester can then be
hydrolyzed by treatment with base or acid. it should be understood that
other well known methods to prepare phenylglycine derivatives exist in the
art and can be amended to provide the desired compounds in this
description. It should also be understood that the final phenylglycine
derivatives can be purified to enantiomeric purity greater than 98e/uee 20
via preparative HPLC.   0 NH2 Ar_it0H 0 R27CHO Ar N  



reductant     D[Rze _R27 R28NHR27OTs ArA-0O2BnArAt0213n Q4); o o, IR2.7
,R28 separation of d'mers OR32R27,N-R28esterilication AOR32 0 (R32 = chiral
auxiliary)0 H Br 06 oR32 Arflh OH  Scheme 2: Acylcited Amino Acid
Derivatives In another embodiment of the present disclosure, acylated
phenylglycine 5derivatives may be prepared as illustrated below.
Phenylglyeine derivatives wherein 



the carboxylic acid is protected as an easily removed ester, may be
acylated with an acid chloride in the presence of a base such as
triethylarnine to provide the corresponding amides (pathway A). Pathway 13
illustrates the acylation of the starting phenylglycine derivative with an
appropriate chloroformate while pathway C shows 10reaction with an
appropriate isocyanate or carbamoyl chloride. Each of the three
intelinediates shown in pathways A - C may be deprotected by methods known
by those skilled in the art (ie; treatment of the t-butyl ester with strong
base such as 1-ICI or trifluoroacetic acid). 0 56-  Scheme 3
Amino-substituted phenylacetic acids may be prepared by treatment of a
chloromethylphenylacetic acid with an excess of an amine. R39 "XI R1\1-R4 H
?::;)ThCO2H \CO2H Synthesis of common caps       Compound analysis
conditions: Purity assessment and low resolution mass analysis were
conducted on a Shimadzu LC system coupled with Waters Micromass 10 ZQ MS
system. It should be noted that retention times may vary slightly between
machines. Additional LC conditions applicable to the current section,
unless noted otherwise. Cond.-MS-WI 15 Column= XTERRA 3.0 X 50 mm S7 Start
%B=0 Final %B= 100  WO 2010/117704PCT/US2010/028999 Gradient time- 2 min
Stop tirne3 min Flow Rate= 5 mL/min Wavelength= 220 tun 



5 Solvent A= 0.1% TFA in 10% methanol/90%H20 Solvent B= 0.1% TFA in 90%
methanol/10% H20 Cond.-MS-W2 Column= XTERRA 3.0 X 50 mm 57 10 Start %B=0
Final %B= 100 Gradient time= 3 min Stop time= 4 min Flow Rate= 4 mL/min 15
Wavelength-220 nrn. Solvent A- 0.1% TFA in 10% methanol/90%J-120 Solvent B=
0.1% TFA in. 90% methano1/I 0% H20 TV5 20 Column= XTERRA 3.0 X 50 mm S7
Start %B=0 Final %B=30 Gradient time= 2 min Stop time= 3 min 25 Flow Rate=
5 mL/min Wavelength= 220 tun Solvent A= 0.1% TFA in 10% methanol/90%H20
Solvent B= 0.1% TFA in 90% methanol/10% H20 30 Cond.-DJ Column= XTERRA C18
3.0 X 50 mm S7 Start %B-0 - 58 -  



WO 2010/117704PCT/US2010/028999 Final %B= 100 Gradient time- 3 min Stop
time= 4 min Flow Rate= 4 mL/min 5 Wavelength= 220 nm Solvent A= 0.1% TFA in
10% methanol/90%H20 Solvent B= 0.1% TFA in 90% methanol/1O% H20 Cond.-D2 10
Column= Phenomenex-Luna 4.6 X 50 mm S10 Start %B=0 Final %B= 100 Gradient
time= 3 min Stop time= 4 min IS Flow Rate= 4 MUmin Wavelength220 rim
Solvent A- 0.1% TFA in 10% methanol/90%T-J20 Solvent B= 0,1% TFA in 90%
methanol/10% 1-120 20 Cond.-MD1 Column= XTERRA 4.6 X 50 mm S5 Start %B=0
Final %B= 100 Gradient time= 3 min 25 Stop time= 4 min Flow Rate= 4 mL/min
Wavelength= 220 nm Solvent A= 0.1% TFA in 10% methanol/90%H20 



Solvent B= 0.1% TFA in 90% methanol/1O% H20 30 Cond.-M3 Column= XTERRA.
C1.8 3.0 X 50 nun S7  WO 2010/117704PCT/US2010/028999 Start %B= 0 %B- 40
Gradient time= 2 min Stop time= 3 min 5 Flow Rate= 5 mL/min Wavelength= 220
nm Solvent A= 0.1% TEA in 10% methanol/90%H20 Solvent B= 0.1% TEA in 90%
methanol/10% H20 10Condition OL I Column= Phenomenex-Luna 3.0 X 50 mm S10
Start %B=0 Final %B= 100      Gradient time = 4 min. 15Stop time= 5 min
Flow Rate4 InLimin Wavelength = 220 mn Solvent A-0.1% TFA in 1.0%
methanol/90%1120 Solvent B= 0.1% TFA in 90% methano1/10% 1-120 20 Condition
0L2 Column= Phenomenex-Luna 50X 2 mm 3 u Start %B=0 



Final %B=100 25 Gradient time = 4 min Stop time= 5 min Flow Rate= 0.8
mL/min Oven Temp = 40 C Wavelength = 220 mn 30 Solvent A= 0.1% TFA in 10%
Acetonitrile/90%H20 Solvent B= 0.1% TFA in 90% Aeetonitrile/10% H20
Condition 1 Column- Phenomenex-Luna 3.0 X 50 mm 510 Start %B= 0 Final %B-
100 5Gradient time = 2 min Stop time= 3 min Flow Rate=4 mL/min Wavelength =
220 nm Solvent A- 0.1% TFA in 10% methanol/90%H20 10 Solvent B= 0.1% TFA in
90% methanol/10% H20 Condition II Column= Phenomenex-Luna 4.6 X 50 mm SIO
Start %B- 0 15 Final %B= 100 Gradient time = 2 min Stop time= 3 min Flow
Rate- 5 mL/min Wavelength = 220 11331 



20 Solvent A= 0.1% TFA in 10% methano1/90%1-120 Solvent B= 0.1% TFA in 90%
methanol/10% H20 Condition III Column= XTERRA C18 3.0 x 50mm 57 25 Start
%B=0 Final %B= 100 Gradient time = 3 min Stop time= 4 min Flow Rate= 4
mL/min 30 Wavelength = 220 nm Solvent A= 0.1% TFA in 10% methanol/90%H20
Solvent B= 0.1% TFA in 90% methanol/10% H20 -61 -  A suspension of 10% Pd/C
(2.0g) in methanol (10 mL) was added to a mixture of (R)-2-phenylglycine
(10g, 66.2 mmol), formaldehyde (33 mL of 37% wt. in 5 water), 1N HCI (30
mL) and methanol (30 mL), and exposed to H2 (60 psi) for 3 hours. The
reaction mixture was filtered through diatomaceous earth (Celite), and the
filtrate was concentrated in vacuo. The resulting crude material was
recrystallized from isopropanol to provide the HC1 salt of Cap-1 as a white
needle (4.0 g). Optical rotation: -117.1 [c=9.95 mg/mL in H20; X=589 nm].
IF1 NMR (DMSO-d6, 8=2.5 10 ppm, 500 MHz): 87.43-7.34 (m, 5H), 4.14 (s, 1H),
2.43 (s, 61-I); LC (Cond. 1): RT=0.25; LC/MS: Anal. Calcd. for [M+Hr
CI0F114NO2 180.10; found 180.17: HRMS: Anal. Calcd. for [M-F-H] C101114NO2
180.1025; found 180.1017. 15  OH       NaBH3CN (6.22g, 94 mmol) was added
in portions over a few minutes to a cooled (ice/water) mixture of
(R)-2-Phenylglycine (6.02 g, 39.8 mmol) and methanol (100 mL), and stirred
for 5 minutes. Acetaldehyde (10 mL) was added dropwise over 10 minutes and
stirring was continued at the same cooled temperature for 45 minutes 20 and
at ambient temperature for -6.5 hours. The reaction mixture was cooled back
with ice-water bath, treated with water (3 mL) and then quenched with a
dropwise addition of concentrated HCI over --45  minutes until the pH of
the mixture was - 1.5 - 2.0. The cooling bath was removed and the stirring
was continued while adding concentrated HCI in order to maintain the pH of
the mixture around 1.5-2.0. The 25reaction mixture was stirred overnight,
filtered to remove the white suspension, and the filtrate was concentrated
in vacuo. The crude material was recrystallized horn ethanol to affbrd the
HC1 salt of Cap-2 as a shining white solid in two crops (crop-1:  



4.16 g; crop-2: 2.19 g). H NMR (DMSO-d6, (5-2.5 ppm, 400 MHz): 10.44 (1.00,
hr s, 111), 7.66 (m, 2H), 7.51 (in, 3E1), 5,30 (s, I H), 3.15 (br m, 211),
2.98 (br m, 2H). 1.20 (app hr s, 614). Crop-1: [a]25 -102.21 (c=0.357,
H20); crop-2: [a]25 -99.7 (c=0.357, H20). LC (Cond. I): RT=0.43 min; LC/MS:
Anal. Calcd. for [M+Hr 5C12F118NO2: 208.13; found 208.26.    Acetaldehyde
(5.0 mL, 89 1 mmol) and a suspension of 10% Pd/C (720 mg) in 10
methanol/H20 (4mL/1 mL) was sequentially added to a cooled (- 15 C) mixture
of (R)-2-phenylglycine (3.096g, 20.48 mmol), 1N HC1 (30 mL) and methanol
(40 mL) The cooling bath was removed and the reaction mixture was stirred
under a balloon of H2 for 17 hours. An additional acetaldehyde (10 inL,
178.2 mmol) was added and stirring continued under H2 atmosphere for 24
hours [Note: the supply of 112 was 15replenished as needed throughout the
reaction]. The reaction mixture was filtered through diatomaceous earth
(Coble), and the filtrate was concentrated /.2 vacua. The resulting crude
material was recrystallized from isopropanol to provide the EIC1 salt of
(R)-2-(ethylamino)-2-phenylacetic acid as a shining white solid (2.846g). H
WAR (DMS0-(16, 8=2.5 ppm, 400 MHz): 8 14.15 (hr s, 1H), 9.55 (br s, 211),
7.55-7.48 (in, 20 5H), 2.88 (br m, 1H), 2.73 (br m, 114), 1.20 (app t,
J=7.2, 3H). LC (Cond. I): RT=0.39 mm; >95 % homogeneity index; LC/MS: Anal.
Calcd. for [NI+H]+ C10H14NO2: 180.10; found 180.18. A suspension of 10%
Pd/C (536 mg) in methanol/H20 (3 mul mL) was added to a mixture of
(R)-2-(ethylamino)-2-phenylacetic acid/HC1 (1.492g, 6.918 25 mmol),
formaldehyde (20 mL of 37% wt. in water), 1N HC1 (20 mL) and methanol (23
mL) The reaction mixture was stirred under a balloon of H2 for -72 hours,
where the H2 supply was replenished as needed. The reaction mixture was
filtered through diatomaceous earth (Celite) and the filtrate was
concentrated in vacua The resulting crude material was recrystallized from
isopropanol (50 mI,) to provide the NC salt of  Cap-3 as a white solid (985
mg). 11-1NMR (DMSO-d6, 6-2.5 ppm, 400 MHz): 6 10.48 (hr s, H), 7.59-7.51
(m, 5H), 5.26 (s, 111), 3.08 (app hr s, 21..), 2.65 (hr s, 3H), 1.24 (hr m,
3H). LC (Cond. I): RT=0.39 mm; >95 % homogeneity index; LC/MS: Anal. Calcd.
for [M+H]' CIIHI6NO2: 194.12; found 194.18; FIRMS: Anal Calcd. 5for [M+H]t
CI IFI16NO2: 194.1180; found 194.1181. Cap-4 0 OH HN 0 ecv CICO2Me (3.2 mL,
41.4 mmol) was added dropwise to a cooled (ice/water) 10THF (410 mL)
semi-solution of (R)-tert-butyl 2-amino-2-phenylacetate/FICI (9.877 g,
40.52 mmol) and diisopropylethylamine (14.2 mL, 81.52 mmol) over 6 min, and
stirred at similar temperature for 5.5 hours, The volatile component was
removed in vacua, and the residue was partitioned between water (100 rnL)
and ethyl acetate (200 inL). The organic layer was washed with IN BC] (25
tnL) and saturated Nal-ICU-2 15 solution (30 mL), dried (MgSO4), filtered,
and concentrated in vacua. The resultant colorless oil was triturated from
hexanes, filtered and washed with hexanes (100 rnL) to provide
(R)-tert-butyl 2-(methoxycarbonylamino)-2-phenylacetate as a white solid
(7.7 g). IFINMR (DMSO-d6, 8=2.5 ppm, 400 MHz): 7.98 (d, J=8.0, 111),
7.37-7.29 (m, 5H), 5.09 (d, J=8, 1H), 3.56 (s, 3H), 1.33 (s, 9H). LC (Cond.
I): RT=1.53 min; 



20 -90 % homogeneity index; LC/MS: Anal. Calcd. for [M+Nar C141119NNa04:
288.12; found 288.15.       TFA (16 mL) was added dropwise to a cooled
(ice/water) CH2C12 (160 mL) solution of the above product over 7 minutes,
and the cooling bath was removed and the reaction mixture was stirred for
20 hours. Since the deprotection was still not 25complete, an additional
TFA (1.0 mL) was added and stirring continued for an additional 2 hours.
The volatile component was removed in vacuo, and the resulting oil residue
was treated with diethyl ether (15 mL) and hexanes (12 mL) to provide a
precipitate. The precipitate was filtered and washed with diethyl
etherihexanes (-1:3 ratio; 30 mL) and dried in vacua to provide Cap-4 as a
fluffy white solid (5.57 g).  WO 2010/117704PCT/US2010/028999 Optical
rotation: -176.9" [e-3.7 mg/mL in 1120; 2=589 rim].NMR (DMSO-d6, 82.5
pinri, 400 MHz): 8 12.84 (br s, 111), 7.96 (d, ,j=8.3, 1H), 7.41-7.29 (m,
514), 5.14 (d, J=8.3, 111), 3.55 (s, 3H). LC (Cond. I): RT=1.01 min; >95%
homogeneity index; LC/MS: Anal. Calcd. for [M+H] Ci0Hi2N04 210.08; found
210.17; HRMS: 5 Anal. Calcd. for [M+H]+ C10H12N04 210.0766; found 210.0756.
Cap-5    A mixture of (R)- 2-phenylglycine (1.0 g, 6.62 mmol),
1,4-dibromobutane 10(1.57 g, 7.27 mmol) and Na2CO3 (2.10 g, 19.8 mmol) in
ethanol (40 mL) was heated at 100 C for 21 hours. The reaction mixture was
cooled to ambient temperature and filtered, and the filtrate was
concentrated in vacua. The residue was dissolved in ethanol and acidified
with 1N 11C1 to pll 3-4, and the volatile component was removed in vacua.
The resulting crude material was purified by a reverse phase 15 HPLC
(water/methanol/TFA) to provide the TFA salt of Cap-5 as a semi-viscous
white foam (1.0 g). NMR (DMSO-d6, 8-2.5, 500 MHz) 8 10.68 (br s, 11-1),
7.51 (m, 5H), 5.23 (s, 1H), 3.34 (app br s, 214), 3.05 (app br s, 2H), 1.95
(app hr s, 4H); RT=0.30 minutes (Cond. I); >98% homogeneity index; LC/MS:
Anal. Calcd. for [M+H]f Cl2HI6NO2: 206.12; found 206.25. 20 Cap-6
The TFA salt of Cap-6 was synthesized from (R)-2-phenylglycine and 1-
bromo-2-(2-bromoethoxy)ethane by using the method of preparation of Cap-5.
1H 25NMR (DMSO-d6, 8=2.5, 500 MHz) 8 12,20 (br s, 1H), 7.50 (m, 511), 4.92
(s, 111),  3.78 (app hr s, 4H.), 3.08 (app hr s, 211), 2.81 (app hr s, 2H);
RT=0.32 minutes (Coml. I); >98%; LC/MS: Anal. CaI.cd. for [M+Hf Cl2H16NO3:
222.11; found 222.20; HRMS: Anal. Calcd. for [M-I-H] C121416NO3: 222.1130;
found 222.1121. 



5Cap-7    Cap-7a: enantiomer-1 Cap-7b: enantiomer-2 1 A CH2C12 (200 mL)
solution of p-toluenesulfonyl chloride (8.65 g, 45.4 mmol) was added
dropwise to a cooled (-5 C) CH2C12 (200 mL) solution of (S)- benzyl
2-hydroxy-2-phenylacetate (10.0 g, 41.3 mmol), triethylamine (5.75 mL, 41.3
10 mmol) and 4-dimethylaminopyridine (0.504 g, 4.13 mmol), while
maintaining the temperature between -5 'V and 0 'C. The reaction was
stirred at 0 C. for 9 hours, and then stored in a freezer (-25 "V) for 14
hours. It was allowed to thaw to ambient temperature and washed with water
(200 mL), IN 1-1C1 (100 mL) mid brine (100 mL), dried (MgSO4), filtered,
and concentrated in vacua to provide benzyl 2-phenyl-2- 15(tosyloxy)acetate
as a viscous oil which solidified upon standing (16.5 g). the chiral
integrity of the product was not checked and that product was used for the
next step without further purification. 1H NMR (DMSO-d6, 8=2.5, 500 MHz)
7.78 (d, i= 8.6, 2H), 7.43-7.29 (m, 10H), 7.20 (m, 2H), 6.12 (s, 1H), 5.16
(d, J=12.5, 111), 5.10 (d, J=12.5, 1H), 2.39 (s, 3H). RT=3.00 (Cond. III);
>90% homogeneity index; LC/MS: 20Anal. Calcd. for [M+Hit C22H20Na05S:
419.09; found 419.04.        A THE (75 mL) solution of benzyl
2-phenyl-2-(tosyloxy)acetate (6.0 g, 15.1 mmol), 1-methylpiperazine (3.36
mL, 30.3 mmol) and N,N-diisopropylethylamine (13.2 mL, 75.8 mmol) was
heated at 65 C for 7 hours. The reaction was allowed to cool to ambient
temperature and the volatile component was removed in vacua. The 25residue
was partitioned between ethylacetate and water, and the organic layer was
washed with water and brine, dried (MgSO4), filtered, and concentrated in
vacua. The resulting crude material was purified by flash chromatography
(silica gel, ethyl acetate) to provide benzyl 2-(4-methylpiperazin-1
-yI)-2-phenylacetate as an orangish-  brown viscous oil (4.56 g). Chiral
HPLC analysis (Chiralcel OD-1-1) indicated that the sample is a mixture of
enantiomers in a 38.2 to 583 ratio. The separation of the enantiomers were
effected as follow: the product was dissolved in 120 mL of ethanol/heptane
(1:1) and injected (5 mL/injection) on chiral HPLC column (Chiracel 5OJ, 5
cm ID x 50 cm L, 20 km) eluting with 85:15 Heptane/ethanol at 75 inLimin,
and monitored at 220 rim. Enantiomer-1 (1.474 g) and enantiomer-2 (2.2149
g) were retrieved as viscous oil. 1H NMR (CDC13, 8=7.26, 500 MHz) 7.44-7.40
(m, 211), 7.33-7.24 (m, 6H), 7.21-7.16 (m, 2H), 5.13 (d, J=12.5, 1H), 5.08
(d, 1=12.5, 1H), 4.02 (s, 1H), 2.65-2.38 (app br s, 8H), 2.25 (s, 3H).
RT=2.10 (Cond. III); >98% 10 homogeneity index; LC/MS: Anal. Calcd. for
[M+H]+ C20H25N202: 325.19; found 325.20.       A methanol (10 mL) solution
of either enantiomer of benzyl 2-(4- methylpiperazin-l-y1)-2-phenylacetate
(1.0 g, 3.1 mmol) was added to a suspension of 10% Pd/C (120 mg) in
methanol (5.0 mL). The reaction mixture was exposed to a 15 balloon of
hydrogen, under a careful monitoring, for <50 minutes. Immediately after
the completion of the reaction, the catalyst was filtered through
diatomaceous earth (Ceflte(r)) and the filtrate was concentrated in vactio
to provide Cap-7, contaminated with phenylacetic acid as a tan foam (867.6
mg; mass is above the theoretical yield). The product was ttsed for the
next step without further purification. 11I NMR 20(DMSO-d6, 8=2.5, 500 MHz)
87.44-7.37 (m, 2H), 7.37-7.24 (m, 3H), 3.92 (s, 1H), 



2.63-2.48 (app. br s, 2H), 2.48-2.32 (m, 6H), 2.19 (s, 3H); RT=0.31 (Cond.
II); >90% homogeneity index; LC/MS: Anal. Calcd. for [WM+ C13H16N202:
235.14; found 235.15; HRMS: Anal. Calcd. for [M+11]+ CI3H16N202: 235.1447;
found 235.1440. 25The synthesis of Cap-8 and Cap-9 was conducted according
to the synthesis of Cap-7 by using appropriate amines for the SN2
displacement step (i.e., 4- hydroxypiperidine for Cap-8 and
(S)-3-fluoropyrrolidine for Cap-9) and modified conditions for the
separation of the respective stereoisomeric intermedites; as described
below. 30  Cap-8 8a: enantiomer-1 8h: enantiomer-2 OH       The
enantiomeric separation of the intermediate benzyl
2-(4-hydroxypiperidin1-y1)-2-phenyl acetate was effected by employing the
following conditions: the 5 compound (500 mg) was dissolved in
ethanol/heptane (5 mL/45 mL) The resulting solution was injected (5
mL/injection) on a chiral HPLC column (Chiracel OJ, 2 cm ID x 25 cm L, 10
gm) eluting with 80:20 heptane/ethanol at 10 mL/min, monitored at 220 nm,
to provide 186.3 mg of enantiomer-1 and 209.1 mg of enantiomer-2 as
light-yellow viscous oils. These benzyl ester was hydrogenolysed according
to the 10 preparation of Cap-7 to provide Cap-8: 1H NMR (DMSO-d6, 8=2.5,
500 MHz) 7.40 (d, J=7, 2H), 7.28-7.20 (m, 3H), 178 (s I H), 3.46 (m, 111),
2.93 (in, 114), 2.62 (m, 1H), 2.20 (in, 2H), 1.70 (m, 2H), 1.42 (m, 21-1).
RT=0.28 (Cond. II); >98% homogeneity index; LC/MS: Anal. Cala'. for [M+JJ]t
C13H18NO3: 236.13; found 236,07; HMOS: Calcd. for 1M+111+ C1;l11gNO3:
236.1287; found 236.1283. 15 Cap-9  OH 9a: diastereomer-1 9b:
diastereomer-2  The diastereomeric separation of the intermediate benzyl
24(S)-3- fluoropyrrolidin-l-y1)-2-phenylacetate was effected by employing
the following 20conditions: the ester (220 mg) was separated on a chiral
HPLC column (Cliiracel 0.1- H, 0.46 cm ID x 25 cm L, 5 pm) eluting with 95%
CO2/ 5% methanol with 0.1% TFA, at 10 bar pressure, 70 mL/min flow rate,
and a temperature of 35 'C. The HPLC elute for the respective stereoisomers
was concentrated, and the residue was dissolved in CH2C12 (20 mL) and
washed with an aqueous medium (10 ini water  fa/ saturated NaHCO3
solution). The organic phase was dried (MgSO4), Meted, and 



concentrated in vacuo to provide 92,5 mg of fraction-1 and 59.6 mg of
fraction-2. These benzyl esters were hydrogenolysed according to the
preparation of Cap-7 to prepare Caps 9a and 9b. Cap-9a (diastereomer-1; the
sample is a TFA salt as a result 5 of purification on a reverse phase HPLC
using H20/methanol/TFA solvent): 3H NIvIR (DMSO-d6, 6=2.5, 400 MHz)
7.55-7.48 (m, 5H), 5.38 (d of m, J=53.7, 1H), 5.09 (br s, IH), 3.84-2.82
(br m, 4H), 2.31-2.09 (m, 2H). RT=0.42 (Cond. I); >95% homogeneity index;
LC/MS: Anal. Calcd. for [M+11]+ C12H:5FNO2: 224.11; found 224.14; Cap-9b
(diastereomer-2): 1H NMR (DMSO-d6, 8=2.5, 400 MHz) 7.43-7.21 10 (m, 5H),
5.19 (d of m, J=55.9, 1H), 3.97 (s, 1H), 2.95-2.43 (m, 4H), 2.19-1.78 (m,
2H). RT=0.44 (Cond. I); LC/MS: Anal. Calcd. for [M+Hr C121-115FNO2: 224.11;
found 224.14. Cap-10 0 L ,>N 15t       To a solution of D-proline (2.0 g,
17 nunol) and formaldehyde (2.0 inL of 37% wt. in 1120) in methanol (15 mL)
was added a suspension of 10% Pd/C (500 mg) in methanol (5 inL). The
mixture was stirred wider a balloon of hydrogen for 23 hours. The reaction
mixture was filtered through diatomaceous earth (Celite(r)) and
20concentrated in vacuo to provide Cap-10 as an off-white solid (2.15 g).
1H NNIR (DMSO-d6, 8=2.5,500 MHz) 3.42 (m, 1H), 3.37 (dd, J=9.4, 6.1, 1H),
2.85-2.78 (m, 1H), 2.66 (s, 3H), 2.21-2.13 (m, 1H), 1.93-1.84 (m, 2H),
1.75-1.66 (m, 1H). RT=0.28 (Cond. II); >98% homogeneity index; LC/MS: Anal.
Calcd. for [M+H]+ C61112NO2: 130.09; found 129.96. 25 Cap-11          A
mixture of (2S,4R)-4-fluoropyrrolidine-2-carboxylic acid (0.50 g, 3.8
mmol), formaldehyde (0,5 ml.. of 37% wt. in H20), 12 N 11C1 (0.25 mL) and
10% Pd/C (50 mg) in methanol (20 mL) was stirred under a balloon of
hydrogen for 19 hours. The reaction mixture was filtered through
diatomaceous earth (Celite(r)) and 5the filtrate was concentrated in vacuo.
The residue was recrystallized from isopropanol to provide the HC1 salt of
Cap-11 as a white solid (337.7 mg). 'H NMR (DMSO-d6, 8=2.5, 500 MHz) 5.39
(d m, J-53.7 , 1H), 4.30 (m, 1H), 3.90 (ddd, J=31.5, 13.5, 4.5, 1H), 3.33
(dd, J-25.6, 13.4, IFI), 2.85 (s, 3H), 2.60-2.51 (m, 1H), 2.39-2.26 (m,
1H). RT=0.28 (Cond. II); >98% homogeneity index; LC/MS: Anal. 10Calcd. for
[M+H]l C6Fl1 IFNO2: 148.08; found 148.06. Cap-12 (same as cap 52)
L-Alanine (2.0 g, 22.5 nunol) was dissolved in 10% aqueous sodium 15
carbonate solution (50 mL), and a THF (50 mL) solution of methyl
claloroformate (4.0 mL) was added to it. The reaction mixture was stirred
under ambient conditions for 4.5 hours and concentrated in vacua. The
resulting white solid was dissolved in water and acidified with IN HC1 to a
pH -- 2-3. The resulting solutions was extracted with ethyl acetate (3 x
100 mL), and the combined organic phase was dried (Na2SO4), 20filtered, and
concentrated in vacua to provide a colorless oil (2.58 g). 500 mg of this 



material was purified by a reverse phase HPLC (H20/rnethanol/TFA) to
provide 150 mg of Cap-12 as a colorless oil. 1H NMR (DMSO-d6, 8-2.5, 500
MHz) 7.44 (d, J-7.3, 0.8H), 7.10 (br s, 0.2H), 3.97 (m, 1H), 3.53 (s, 3H),
1.25 (d, J=7.3, 3H), 25Cap-13    A mixture of L-alanine (2.5 g, 28 mmol),
formaldehyde (8.4 g, 37 wt. %), IN FICI (30 mL) and 10% Pd/C (500 mg) in
methanol (30 mia) was stirred under a  hydrogen atmosphere (50 psi) for 5
hours. The reaction mixture was filtered through diatomaceous earth
(Celite) and the filtrate was concentrated in vacua to provide the HC1 salt
of Cap-13 as an oil which solidified upon standing under vacuum (44 g; the
mass is above theoretical yield). The product was used without further
purification. 511-1NMR (DMSO-d6, 8=2.5, 500 MHz) 5 12.1 (br s, 1H), 4.06
(q, J=7.4, 1H), 2.76 (s, 6H), 1.46 (d, J=7.3, 3H). Cap-14    Cap-14 10Step
1: A mixture of (R)-(-)-D-phenylglyeine tert-butyl ester (3.00 g, 123
mmol), Na131-13CN (0.773 g, 12.3 mmo)), KOH (0.690 g, 12.3 mmol) and Hcetie
acid (0352 mL, 6.15 mrnol) were stirred in methanol at 0 C. To this mixture
was added glutarie dialdehyde (2.23 mL, 12.3 mrnol) dropwise over 5
minutes. The reaction mixture was stirred as it was allowed to warm to
ambient temperature and stirring was 15continued at the sarne temperature
for 16 hours. The solvent was subsequently removed and the residue was
partitioned with 10% aqueous NaOH and ethyl acetate. The organic phase was
separated, dried (MgSO4), filtered and concentrated to dryness to provide a
clear oil. This material was purified by reverse-phase preparative HPLC
(Primesphere C-18, 30 x 100mm; CH3CN-H20-0.1% TFA) to give the intermediate
20ester (2.70 g, 56%) as a clear oil. 11-1NMR (400 MHz, CDC13) 7.53-7.44
(m, 3H), 7.40-7.37 (m, 2H), 3.87 (d, J-10.9 Hz, 1H), 3.59 (d, J=10.9 Hz,
1H), 2.99 (t, 111.2 Hz, 1H), 2.59 (t, J=11.4 Hz, 1H), 2.07-2.02 (m, 2H),
1.82 (d, J=1.82 Hz, 3H), 1.40 (s, 9H). LC/MS: Anal. Calcd. for CI7H25NO2:
275; found: 276 (M+H)t. Step 2: To a stirred solution of the intennediate
ester (1.12g, 2.88mmol) in 25 dichloromethane (10 mL) was added TFA (3 mL)
The reaction mixture was stirred at ambient temperature for 4 hours and
then it was concentrated to dryness to give a light yellow oil. The oil was
purified using reverse-phase preparative 11PLC (Primesphere  C-18, 30 x
100min; CH3CN-1-120-0.1% TPA). The appropriate fractions were combined and
concentrated to dryness in vacua. The residue was then dissolved in a
minimum amount of methanol and applied to applied to MCX LP extraction
cartridges (2 x 6 g). The cartridges were rinsed with methanol (40 mL) and
then the 



5 desired compound was eluted using 2M ammonia in methanol (50 mL)
Product-containing fractions were combined and concentrated and the residue
was taken up in water. Lyophilization of this solution provided the title
compound (0.492 g, 78%) as a light yellow solid. Ill NMR (DMSO-d6) 57.50
(s, 5H), 5.13 (s, 1H), 3.09 (hr s, 2H), 2.92-2.89 (m, 2H), 1.74 (m, 4H),
1.48 (br s, 2H). LC/MS: Anal. Calcd. for 10Ci3HI7NO2: 219; found: 220
(M+H)+. Cap-15  rN \ .OH      HO Me (R)-Cap-15  Step I: (S)-1-Phenylethyl
2-bromo-2-phenylacetate: To a mixture of a- 1.5brotnophenylacetic acid
(10.75 g, 0.050 mol), (S)-(-)-1-phenylethanol (7.94 g, 0.065 mol) and DMAP
(0.61 g, 5.0 mmol) in dry dichloromethane (100 ml) was added solid EDO
(12.46 g, 0.065 mol) all at once. The resulting solution was stirred at
room temperature under Ar for 18 hours and then it was diluted with ethyl
acetate, washed (H20 x 2, brine), dried (Na2SO4), filtered, and
concentrated to give a pale 20yellow oil. Flash chromatography (Si02/
hexane-ethyl acetate, 4:1) of this oil provided the title compound (11.64
g, 73%) as a white solid. IHNMR (400 MHz, CDC13) 57.53-7.17 (m, 10H), 5.95
(q, J=6.6 Hz, 0.5H), 5.94 (q, J=6.6 Hz, 0.5H), 5.41 (s, 0.5H), 5.39 (s,
0.5H), 1.58 (d, J=6.6 Hz, 1.5H), 1.51 (d, J=6.6 Hz, 1.5H). Step 2:
(S)-1-Phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-y1)- 2-
25phenylacetate: To a solution of (S)-1-phenylethyl 2-bromo-2-phenylacetate
(0.464 e, 1.45 mmol) in THF (8 mL) was added triethylamine (0.61 mL, 4.35
mmol), followed by tetrabutylammonium iodide (0.215 g, 0.58 mmol). The
reaction mixture was stirred at room temperature for 5 minutes and then a
solution of 4-metity1-4-  hydroxypiperidine (0.251 g, 2.18 mmol) in Tiir (2
mL) was added. The mixture was stirred for 1 hour at room temperature and
then it was heated at 55-60 'C (oil bath temperature) for 4 hours. The
cooled reaction mixture was then diluted with ethyl acetate (30 mL), washed
(H20 x2, brine), dried (MgSO4), filtered and concentrated. 5 The residue
was purified by silica gel chromatography (0-60% ethyl acetate-hexane) to
provide first the (S,R)-isomer of the title compound (0.306 g, 60%) as a
white solid and then the corresponding (S,S)-isomer (0.120 g, 23%), also as
a white solid. (S,R)- isomer: 1HNMR (CD30D) 67.51-7.45 (m, 2H), 7.41-7.25
(m, 8H), 5.85 (q, J=6.6 Hz, 1H), 4.05 (s, 1H), 2.56-2.45 (m, 2H), 2.41-2.29
(m, 2H), 1.71-1.49 (m, 4H), 1.38 



10(d, J=6.6 Hz, 3H), 1.18 (s, 3H). LCMS: Anal. Calcd. for C22H221403: 353;
found: 354 (M+H)+. (S,S)-isomer: 114 NMR (CD30D) 67.41-7.30 (m, 5H),
7.20-7.14 (in, 3H), 7.06-7.00 (m, 2H), 5.85 (q, J=6.6 Hz, 1H), 4.06 (s,
1H), 2.70-2.60 (n, 11-I), 2.51 (dt, J=6.6, 3.3 Hz, 1H), 2.44-2.31 (m, 2H),
1.75-1.65 (m, 11-1), 1.65-1.54 (m, 311), 1.50 (d, J-6.8 Hz, 311), 1.20 (s,
3H). LCMS: Anal. Calcci. for C221-127NO3: 353; 15found: 354 (M+11)+.
Step 3: (R)-2-(4-Hydroxy-4-methylpiperidin-1-y1)-2-phenylacetic acid: To a
solution of (S)-1-pheny1ethy1 (R)-2-(4-hydroxy-4-methylpiperidin-1-y0-2-
phenylacetate (0.185 g, 0.52 mina]) in clichloromethane (3 mL) was added
trifluoroaeetic acid (1 mL) and die mixture was stirred at room temperature
for 2 20hours. The volatiles were subsequently removed in vacuo and the
residue was purified by reverse-phase preparative HPLC (Primesphere C-18,
20x 100mm; CH3CN-1-120-0.1% TFA) to give the title compound (as TFA salt)
as a pale bluish solid (0,128 g, 98%). LCMS: Anal. Calcd. for C141-119NO3:
249; found: 250 (M+H)t         Step 1; (5)-1-Phenylethyl
2-(2-fluorophenyl)acetate: A mixture of 2- fluorophenylacetic acid (5.45 g,
35.4 mmol), (S)-1-phenylethanol (5.62 Q, 46.0 mmol), EDCI (8.82 g, 46.0
mmol) and DMAP (0.561 g, 4.60 mmol) in CH2Cl2 (100 mL) was stirred at room
temperature for 12 hours. The solvent was then concentrated 5and the
residue partitioned with H20-ethyl acetate. The phases were separated and
the aqueous layer back-extracted with ethyl acetate (2x). The combined
organic phases were washed (H20, brine), dried (Na2SO4), filtered, and
concentrated in vacua. The residue was purified by silica gel
chromatography (Biotage/ 0-20% ethyl acetate-hexane) to provide the title
compound as a colorless oil (8.38 g, 92%). III NMR (400 10MHz, CD30D)
87.32-7.23 (m, 7H), 7.10-7.04 (m, 2), 5.85 (q, J=6.5 Hz, 1H), 3.71 (s, 2H),
1.48 (d, J=6.5 Hz, 3H).       Step 2: (R)-((S)-1-Phenylethyl)
2-(2-fluoropheny1)-2-(piperidin-1-yDacetate: To a solution of
(S)-1-phenylethyl 2-(2-fluorophenyl)acetate (5.00 g, 19.4 mmol) in THF
(1200 mL) at 0 C was added DBU (6.19 g, 40.7 mmol) and the solution was
15allowed to warm to mom temperature while stirring for 30 minutes. The
solution was then cooled to -78 C and a solution of CBr4 (13.5 g, 40,7
mmol) in THF (100 mL) was added and the mixture was allowed to warm to -10
'C and stirred at this temperature for 2 hours. The reaction mixture was
quenched with saturated aq. NH4C1 and the layers were separated. The
aqueous layer was back-extracted with 20 ethyl acetate (2x) and the
combined organic phases were washed (H20, brine), dried (Na2SO4), filtered,
and concentrated in vacuo. To the residue was added piperidine (5.73 mL,
58.1 mmol) and the solution was stirred at room temperature for 24 hours.
The volatiles were then concentrated in vacuo and the residue was purified
by silica gel chromatography (Biotage/ 0-30% diethyl ether-hexane) to
provide a pure mixture 25of diastereomers (2:1 ratio by 1H NMR) as a yellow
oil (2.07 g, 31%), along with unreacted starting material (2.53 g, 51%).
Further chromatography of the diastereomeric mixture (Biotage/ 0-10%
diethyl ether-toluene) provided the title compound as a colorless oil
(0.737 g, 11%). IFINMR (400 MHz, CD30D) 7.52 (ddd, J=9.4, 7.6, 1.8 Hz, 1H),
7.33 - 7.40 (in, 1), 7.23 - 7.23 (m, 4H), 7.02 - 7.23 (m, 30 4H), 5.86 (q,
J=6.6 Hz, 1H), 4.45 (s, 1H), 2.39 - 2.45 (m, 4H), 1.52- 1.58 (m, 4H), 1.40-
1.42 (m, 1H), 1.38 (d, J=6.6 Hz, 3H). LCMS: Anal. Calcd. for C231-124FNO2:
341; found: 342 (MAID'.       Step 3: (R)-2-(2-11uoropheny))-2-(pipericlin-
I -yl)acetic acid: A mixture of (R)-((S)-1-phenylethyl)
242-fluoropheny1)-2-(piperidin-l-ypacetate (0.737 g, 2.16 mmol) and 20%
Pd(OH)2/C (0.070 g) in ethanol (30 mL) was hydrogenated at room temperature
and atmospheric pressure (H2 balloon) for 2 hours. The solution was then
5purged with Ar, filtered through diatomaceous earth (Celiteci), and
concentrated in vacuo. This provided the title compound as a colorless
solid (0.503 g, 98%). 2H NMR (400 MHz, CD30D) 8 7.65 (ddd, J=9.1, 7.6, 1.5
Hz, 1H), 7.47-7.53 (n, 111), 7.21-7.30 (m, 2H), 3.07-3.13 (m, 4H), 1.84 (br
s, 4H), 1.62 (br s, 2H). LCIMS: Anal. Calcd. for C13H16FNO2: 237; found:
238 (M+H). 



10 Cap-17           Step 1: (8)- I -Pbenylethyl
(R)-2-(4-hydroxy-4-phenylpiperidin-I-y1)- 2- phenylacetate: To a solution
of (S)-1-phenylethyl 2-bromo-2-pheny1acetate (1.50 g, 154.70 mmol) in THF
(25 mL) was added triethylamine (1.31 inL, 9.42 minol), followed by
tetrabutylammonium iodide (0.347 g, 0.94 mmol). The reaction mixture was
stirred at room temperature for 5 minutes and then a solution of
4-pheny1-4- hydroxypiperidine (1.00 g, 5.64 mmol) in THF (5 mL) was added.
The mixture was stirred for 16 hours and then it was diluted with ethyl
acetate (100 mL); washed (H20 20x2, brine), dried (MgSO4), filtered and
concentrated. The residue was purified on a silica gel column (0-60% ethyl
acetate-hexane) to provide an approximately 2:1 mixture of diastereomers,
as judged by 1H NMR, Separation of these isomers was performed using
supercritical fluid chromatography (Chiralcel OJ-H, 30 x 250min; 20%
ethanol in CO2 at 35 C), to give first the (R)-isomer of the title compound
25(0.534 g, 27%) as a yellow oil and then the corresponding (S)-isomer
(0.271 g, 14%), also as a yellow oil. (S,R)-isomer: 1H NMR (400 MHz, CD30D)
8 7.55-7.47 (n, 4H), 7.44-7.25 (in, 10H), 7.25-7.17 (m, 1H), 5.88 (q, I-6.6
Hz, 111), 4.12 (s, 111),   2.82-2.72 (m, 1H), 2.64 (dt,J=11.1, 2.5 Hz,
111), 2.58-2.52 (in, 1H), 140 (di, J-11.1, 2.5 Hz, 111), 2.20 (dt, J-12.1,
4.6 Liz, 111), 2.10 (dt, 1-12.1, 4.6 Hz, HI), 1.72-1.57 (m, 2H), 1.53 (d,
1=6.5 Hz, 3H). LCMS: Anal. Calcd. for C27H29NO3: 415; found: 416 (M+H)+;
(S,S)-isomer: HINMR (400 MHz, CD30D) 87.55-7.48 (m, 211), 7.45- 57.39 (m,
211), 7.38-7.30 (m, 5H), 7.25-7.13 (m, 4H), 7.08-7.00 (m, 2F1), 5.88 (q,
1=6.6 Hz, 1H), 4.12 (s, 1H), 2.95-2.85 (m, 1H), 2.68 (dt,1=11.1, 2.5 Hz,
111), 2.57- 2.52 (m, 1H), 2.42 (dt, 1=11.1, 2.5 Hz, 1H), 2.25 (dt,1=12.1,
4.6 Hz, 1H), 2.12 (dt, 1=12.1, 4.6 Hz, 1H), 1.73 (dd,J=13.6, 3.0 Hz, 1H),
1.64 (dd,1=13.6, 3.0 Hz, 111), 1.40 (d, 1=6.6 Hz, 3H). LCMS: Anal. Calcd.
for C27H29NO3: 415; found: 416 10 (M+H)+. The following esters were
prepared in similar fashion:  WO 2010/117704PCT/US2010/028999     



J-6.41, 3.05 Hz, 21-1)     7.19-7.27 (rn, 3H) 7.27-     7.44 (m, 10H).
LCMS: Anal. Calcd. for:     C28H30N204 458.22;     Found: 459.44 (M+H).
Intermediate -17b 



H  Diasteromer li RT=11.76 minutes (Cond'n II);   N 0 LCMS: Anal. Calcd.
for:  110  40 C20H22N203 338.16 Found: 339.39 (1M+H)1;     Diastereemer 2:
RT-10.05 minutes    



(Cond'n II); LCMS: Anal.     Calcd. for: C291-122N201     338.16; Found:
339.39     (Ivl I H)1 . Intermediate -17c  I  Diastereomcr 1: TR,4.55
minutes (Cend'n I);     LCMS: Anal. Calcd. for: 



110   C21H26N202 338.20    40 Found: 339.45 (M-LII) ;     Diastereomer 2:
TR".6.00 minutes (Cond'n 1);     LCMS: Anal. Calcd. for:     C211126N202
338.20   



Found: 339.45 (M-kli).  Thlermediate -17d  Diastereomer 1: RT.7. 19 minutes
(Cond.'n e; LCMS: Anal. Calcd. for: C27H29NO2 399.22 Found: 400.48
(M-I-H)`; Diastereomer 2: RT=9.76 minutes (Cond'n LCMS: Anal. Calcd. for:
C27H29NO2 399.22 Found: 400.48 (M7-1-1)-. Chiral SEC Conditions for
determining retention time Condition I 5 Column: Chiralpak AD-E Column,
4.62x50 mm, 5um Solvents: 90% CO240% methanol with 0.1%DEA Temp: 35 C
Pressure: 150 bar Flow rate: 2.0 ralmin. 10 UV monitored @ 220 nm
Injection: 1.0 mg/3mL methanol Condition II Column: Chiralcel OD-H Column,
4.62x50 mm, 15 Solvents: 90% CO2-10% methanol with 0.1%DEA Temp. 35 C
Pressure: 150 bar Flow rate: 2.0 mL/min UV monitored @ 220 run 20Injection:
1.0 mg/mL methanol         Cap 17, Step 2;
(R)-2-(4-Hydroxy-4-phenylpiperidin-1-y1)-2-phenylacetic acid: To a solution
of (S)-1-phenylelliy1 (R)-2-(4-hydroxy-4-phenylpiperidin-1-y1)-2-
phenylacetate (0 350 g, 0.84 mmol) in dichloromethane (5 mL) was added
trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature
for 2 5hours. The volatiles were subsequently removed in vacuo and the
residue was purified by reverse-phase preparative HPLC (Primesphere C-18,
20 x 100mm; CH3CN-H20-0.1% TFA) to give the title compound (as TFA salt) as
a white solid (0.230 g, 88%). LCMS: Anal. Calcd. for Ci9H2INO3: 311.15;
found: 312 (M+H) 



10The following carboxylic acids were prepared in optically pure form in a
similar fashion: Cap-17a 1 I I 0 O) RT=2.21 (CenciIn II); IFINMR (500 MHz,
DM80-d6) 8 ppm 2,20-   235 (m, 2H) 2.34-2.47   (m, 211) 3.37 (s, 4H)   3.71
(s, 11-1) 5.06 (s, 2H) 7.06-7.53 (in, 10H), LCNIS: Anal.   Calcd. for:
C201122N204   354.16; Found: 355.38 



(M+H)+. Cap-17b H N0 RT.0.27 (Cond'n III);  CN. OH LCMS: Anal. Calcd. for:
Ci2Hi4N203  0 0 234.10; Found: 235.22 Cap-17c 1 RT=0.48 (Cond'n II);
LCMS: Anal. Calcd.  N for: CI3H181\1202  OH   



234.14; Found: 235.31  0   LCMS Conditions for determining retention time
Condition I 5 Column: Phenomenex-Luna 4.6 X 50 mm S10 Start % B=0 Fianl %
B-100 Gradient Time=4 min Flow Rate-4 mL/min 10 Wavelength=220 Solvent
A=10% methanol 90% 1120 - 0.1% TEA Solvent 13=90% methanol - 10% H20 - 0,1%
TFA Condition II 15 Column: Waters-Sunfire 4.6 X 50 mm S5 Start % B=0 Fianl
% B=100 Gradient Time=2 min Flow Rate=4 mL/min 20 Wavelength=220 Solvent
A=10% methanol - 90% H20 - 0.1% TFA Solvent B=90% methanol - 10% H20 - 0.1%
TFA Condition ill 25 Column: Phenomenex 101.1 3,0 X 50 mm - 80 -  



Start % B=0 Fianl % B=100 Gradient Time=2 min Flow Rate=4 mL/min 5
Wavelength=220 Solvent A=10% methanol - 90% H20 - 0.1% TEA Solvent B=90%
methanol - 10% H20 - 0.1% TFA    10B: X = Br        Step I; (R,S)-Ethyl
2-(4-pyridy1)-2-bromoacetate: To a solution of ethyl 4- pyridylacetate
(1.00 g, 6.05 mmol) in dry THE (150 mL) at 0 'V under argon was added DB1J
(0.99 mL, 6.66 minol). The reaction mixture was allowed to warm to room
temperature over 30 minutes and then it was cooled to -78 C. To this
mixture 15was added CBr4 (2.21 g, 6.66 minol) and stirring was continued at
-78 'C for 2 hours. The reaction mixture was then quenched with sat. aq.
NH4C1 and the phases were separated. The organic phase was washed (brine),
dried (Na2504), filtered, and concentrated in vacuo. The resulting yellow
oil was immediately purified by flash chromatography (Si02/ hexane-ethyl
acetate, 1:1) to provide the title compound (1.40 20 g, 95%) as a somewhat
unstable yellow oil. 1H NMR (400 MHz, CDC13) 8 8.62 (dd, J=4.6, 1.8 Hz,
2H), 7.45 (dd, J=4.6, 1.8 Hz, 2H), 5.24 (s, 1H), 4.21-4.29 (m, 2H), 1.28
(t, J=7.1 Hz, 3H). LCMS: Anal. Calcd. for C9F110BrNO2: 242, 244; found:
243, 245 (M+H)+. Step 2; (R,S)-Ethyl
2-(4-pyridy0-2-(N,N-dimethylamino)acetate: To a 25solution of (R,S)-ethyl
2-(4-pyridy0-2-bromoacetate (1.40 g, 8.48 mmol) in DMF (10 mL) at room
temperature was added dimethylamine (2M in THE, 8.5 mL, 170 mmol). After
completion of the reaction (as judged by thin layer chromatography) the
volatiles were removed in vacuo and the residue was purified by flash
chromatography (Biotage, 40+M Si02 column; 50%-100% ethyl acetate-hexane)
to provide the title compound (0.539 g, 31%) as a light yellow oil. IH NMR
(400 MHz, CDC13) 8 8.58 (d, J=6.0 Hz, 2H), 7.36 (d, J=6.0 Hz, 2H), 4.17 (m,
2H), 3.92 (s, 1H), 52.27 (s, 6H), 1.22 (t, J=7.0 Hz). LCMS: Anal. Calcd.
for CIII-116N202: 208; found: 209 (M+H)+.        Step 3;
(R,S)-2-(4-Pyridy1)-2-(N,N-dimethylamino)acetic acid: To a solution of
(R,S)-ethyl 2-(4-pyridy1)-2-(N,N-dimethylamino)acetate (0.200 g, 0.960
mrnol) in a mixture of THF-methanol-H20 (1:1:1, 6 mL) was added powdered
LiOH (0.120 g, 104.99 mmol) at room temperature. The solution was stirred
for 3 hours and then it was acidified to pH 6 using 1N HC1. The aqueous
phase was washed with ethyl acetate 



and then it was lyophilized to give the dihydrochloride of the title
compound as a yellow solid (containing Lid). The product was used as such
in subsequent steps. :14 NMR (400 MHz, DMSO-d6) 8 8.49 (d, J=5.7 Hz, 2H),
7.34 (d,1---5.7 Hz, 2H), 3.56 15(s, 110, 2.21 (s, 6H).       The following
examples were prepared in similar fashion using the method described above;
Cap-19 NMe2 --',CO2H I LCMS: Anal. Calcd. for C91112N202: 180; found: 181
(M+H)+. Cap-20 NMe2 CO2H .,.N LCMS: no ionization. 1H NMR (400 MHz, CD30D)
88.55 (d, J=4.3 Hz, 1H), 7.84 (app t, J=5.3 Hz, 1H), 7.61 (d, J=7.8 Hz,
1H), 7.37 (app t, J=5.3 Hz, 1H), 4.35 (s, 1H), 2.60 (s, 6H). Cap-21 Nme2
-..'"),CO2H CI..--,.IN-.-:--  CMS: Anal. Calcd. for C9H11C1N202: 214, 216:
found: 215, 217 (M-I-H)1.   Cap-22 NIMe? 10CO2H 02N LCMS: Anal. Calcd. for
C:0H12N204: 224; found: 225 (M+H)'. Cap-23 NMe2 



0CO2H SI LCMS: Anal. Calcd. for C14H15NO2: 229; found: 230 (M+H7. Cap-24
NMe2 C 0 F3CO2H LCMS: Anal. Calcd. for CI iHi2F3NO2: 247; found: 248
(M+H)+. Cap-25 NMe2 0CO2H CF3 LC MS: Anal. Calcd. for C 1 IHI2F3NO2: 247;
found: 248 (M+H)1. Cap-26 Cap-27 NMe2 0002H F  ,CMS: Anal. Calcd. for
C10li12FNO2: 197; found: 198 (M JO' .  NMe2 0CO2H NMe2 CI 10CO2H 



LCMS: Anal. Cale& for C 101112FNO2: 247; found: 248 (M I llf. C ap-28
LCMS: Anal. Calcd. for C10H12C1NO2: 213; found: 214 (M+H)+. Cap-29 NMe2
0CO2H CI LCMS: Anal. Calcd. for C10H12C1NO2: 213; found: 214 (M+H)1. Cap-30
NMe2 0CO2H CI  CMS: Anal. Calcd. for C10f112C1NO2: 213; found: 214 (M+H).
Cap-31 NMe2 CO2H LCMS: Anal. Calcd. for C81112N202S: 200; found: 201 (M+H).
WO 2010/117704PCT/US2010/028999 Cap-32 NMe2 CO2H LCMS: Anal. Cale& for
C5H11l\102S; 185; found: 186 (M+H)+. Cap-33 NMe2 



CO2H LCMS: Anal. Calcd. for C8H111\1028:185; found: 186 (M+H)-I. Cap-34
NMe2 ICO2H 0-N LCMS: Anal. Calcd. for C11K2N203: 220; found: 221 (M+H)+.
Cap-35 40,NMe2 CO2H LCMS: Anal. Calcd. for C121113NO2S: 235; found: 236
(M+H). Cap-36 NMe2 /CO2H LCMS: Anal. Calcd. for C121114N202S: 250; found:
251 (NNW .     Cap-37    cap-37 Step 1; (R,S)-Ethyl
2-(quinolin-3-y1)-2-(N,N-dimethylamino)-acetate: A 5mixture of ethyl
N,N-dimethylaminoacetate (0.462 g, 3.54 mmol), K3PO4 (1.90 g, 8.95 mmol),
Pd(t-13u3P)2 (0.090 g, 0.176 mmol) and toluene (10 mL) was degassed with a
stream of Ar bubbles for 15 minutes. The reaction mixture was then heated
at 100 C for 12 hours, after which it was cooled to room temperature and
poured into H20. The mixture was extracted with ethyl acetate (2x) and the
combined organic 



10phases were washed (H20, brine), dried (Na2SO4), filtered, and
concentrated in vacua. The residue was purified first by reverse-phase
preparative 11PLC (Primesphere C-18,  30 x 100inm; CH3CN-H20-5 triM NH40Ac)
and then by flash chromatography (Si021 hexane-ethyl acetate, 1:1) to
provide the title compound (0.128 g, 17%) as an orange oil. 1H NMR (400
MHz, CDC13) 8 8.90 (d, J=2.0 Hz, 1H), 8.32 (d, J-2.0 Hz, 1H), 8.03-8.01 (m,
2H), 7.77 (ddd, J=8.3, 6.8, 1.5 Hz, 1H), 7.62 (ddd, J=8.3, 6.8, 1.5 Hz,
51H), 4.35 (s, 1H), 4.13 (m, 2H), 2.22 (s, 6H), 1.15 (t, J=7.0 Hz, 3H).
LCMS: Anal. Calcd. for CI5H18N202: 258; found: 259 (M+H)11.       Step 2;
(R,S) 2-(Quinolin-3-y1)-2-(N,N-dimethylamino)acetic acid: A mixture of
(R,S)-ethyl 2-(quinolin-3-y1)-2-(N,N-dimethylamino)acetate (0.122 g, 0.472
mmol) and 6M HC1 (3 mL) was heated at 100 C for 12 hours. The solvent was
removed in 10 vacuo to provide the dihydrochloride of the title compound
(0.169 g, >100%) as a light yellow foam. The unpurified material was used
in subsequent steps without further purification. LCMS: Anal. Calcd. for
C131-114N202: 230; found: 231 (M-H)111. Step I; (R)-((S)-1-phenylethyl)
2-(dimethylamino)-2-(2-fluorophenyOacetate and (S)-((S)-1-phenylethyl)
2-(dimethylamino)-2-(2-fluorophenyl)acetate: To a mixture of
(RS)-2-(dimethylamino)-2-(2-fluorophenyl)acetic acid (2.60 g, 13.19 mmol),
DMAP (0.209 g, 1.71 mmol) and (S)-1-phenylethanol (2.09 g, 17.15 mmol) in
20 CH2C12 (40 mL) was added EDCI (3.29 g, 17.15 mmol) and the mixture was
allowed to stir at room temperature for 12 hours. The solvent was then
removed in vacua and the residue partitioned with ethyl acetate-H20. The
layers were separated, the aqueous layer was back-extracted with ethyl
acetate (2x) and the combined organic phases were washed (H20, brine),
dried (Na2SO4), filtered, and concentrated in vacua. 25The residue was
purified by silica gel chromatography (Biotage/ 0-50% diethyl ether-
hexane). The resulting pure diastereorneric mixture was then separated by
reverse-phase preparative 11PLC (Primesphere C-18, 30 x 100mm;
CI3CN-H20-0.1% TEA) to give first (S)-1-phenethyl
(R)-2-(dimethylamino)-2-(2-fluorophenypacetate (0.501 g, 13%) and then
(S)-1-phenethyl (S)-2-(dimethy1amino)-2-(2-fluorophenyI)-acetate 5 (0.727g.
18%), both as their TEA salts. (S,R)-isomer:NMR (400 MHz, CD30D) 8
7.65-7.70 (m, 1H), 7.55-7.60 (ddd, J=9.4, 8.1, 1.5 Hz, 1H), 7.36-7.41 (m,
211), 7.28-7.34 (m, 511), 6.04 (q, J=6.5 Hz, 1H), 5.60 (s, 1H), 2.84 (s,
6H), 1.43 (d, J-6.5 Hz, 3H). LCMS: Anal. Calcd. for C18H20FNO2: 301; found:
302 (M+H)+; (S,S)- isomer: 1HNMR (400 MHz, CD30D) 8 7.58-7.63 (m, 1H),
7.18-7.31 (in, 611), 7.00 10(dd, J=8.5, 1.5 Hz, 2H), 6.02 (q, J=6.5 Hz,
1H), 5.60 (s, 1H), 2.88 (s, 6H), 1.54 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd.
for Ci8H20FNO2: 301; found: 302 (NI-FEY-.       Step 2;
(R)-2-(dimethylamino)-2-(2-fluorophenyl)acetic acid: A mixture of
(R)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate TEA
salt (1.25 g, 3.01 mmol) and 20% Pd(OH)2/C (0.125 g) in ethanol (30 mL) was
hydrogenated at 15room temperature and atmospheric pressure (112 balloon)
for 4 hours, The solution was then purged with Ar, filtered through
diatomaceous earth (Conte), and concentrated in vacua. This gave the title
compound as a colorless solid (0.503 g, 98%). 1H NMR (400 MHz, CD30D) 8
7.53-7.63 (n, 2H), 7.33-7.38 (in, 211), 5.36 (s, 1H), 2.86 (s, 6H).
LCMS:Cale& for CIOHI2ENO2: 197; found: 198 20 (M+H)+.       The S-isomer
could be obtained from (S)-((S)-1-phenylethyl) 2-
(dimethylamino)-2-(2-fluorophenyl)acetate TEA salt in similar fashion.
Cap-39 CI 



OH  OH 00 25cap-39       A mixture of (R)-(2-chlorophenyl)glycine (0.300 g,
1.62 mmol), formaldehyde (35% aqueous solution, 0.80 mL, 3 23 mmol) and 20%
Pd(OH)2/C (0.050 g) was hydrogenated at room temperature and atmospheric
pressure (H2 balloon) for 4 hours. The solution was then purged with Ar,
filtered through diatomaceous earth (Celli?) - 86 -  and concentrated in
vacua. The residue was purified by reverse-phase preparative HPLC
(Primesphere C-18, 30 x 100tmn; CH3CN-1-120-0.1% TFA) to give theTFA salt
of the title compound (R)-2-(dimethylamino)-2-(2-chlorophenyeacetic acid as
a colorless oil (0.290 g, 55%). 1FINMR (400 MHz, CD30D) 8 7.59-7.65 (m,
2H), 57.45-7.53 (m, 2H), 5.40 (s, 1H), 2.87 (s, 6H). LCMS: Anal. Calcd. for
Cl0H12C1NO2: 213; found: 214 (M1-H)t.  0 cap-40 10To an ice-cold solution
of (R)-(2-chlorophenyl)glycine (1.00 g, 5.38 mmol) and NaOH (0.862 g, 21.6
mmol) in 1120 (5.5 mid) was added methyl chiorolormate (1.00 mL, 13.5
minol) dropwise. The mixture was allowed to stir at 0C for 1 hour and then
it was acidified by the addition of conc. HC1 (2.5 nil). The mixture was
extracted with ethyl acetate (2x) and the combined organic phase was washed
(H20, 15brine), dried (Na2SO4), filtered, and concentrated in vacua to give
the title compound (R)-2-(methoxycarbonylamino)-2-(2-chlorophenyl)acetic
acid as a yellow-orange foam (1.31 g, 96%). 1H NMR (400 MHz, CD30D) 5 7.39
- 7.43 (m, 2H), 7.29 - 7.31 (m, 2H), 5.69 (s, 1H), 3.65 (s, 3H). LCMS:
Anal. Calcd. for CioH ioCIN04: 243; found: 244 (M+H)+. 20 Cap-41  cap-41
To a suspension of 2-(2-(chloromethyl)phenyl)acetic acid (2.00g. 10.8 mmol)
in THF (20 mL) was added morpholine (1.89 g, 21.7 no and the solution was
stilted at room temperature tbr 3 hours. The reaction mixture was then
diluted with ethyl acetate and extracted with 1120 (2x). The aqueous phase
was lyophilized and the residue was purified by silica gel chromatography
(Biotage/ 0-10% methanolCH2C12) to give the title compound
2-(2-(Morpholinomethyl)phenyeacetic acid as a 5colorless solid (2.22 g,
87%). 1HNMR (400 MHz, CD30D) 7.37-7.44 (m, 3H), 7.29-7.33 (m, 1H), 4.24 (s,
2H), 3.83 (br s, 4H), 3.68 (s, 2H), 3.14 (br s, 4H). LCMS: Anal. Calcd. for
C13H17NO3: 235; found: 236 (M+H)+. 



The following examples were similarly prepared using the method described
10for Cap-41: Cap-42 110OH LCMS: Anal. Caled. for C14HoNO2: 233; found: 234
(M+H)+. Cap-43 1110OH LCMS: Anal. Caled. for C13H17NO2: 219; found: 220
(M-111f. Cap-44 Me \ 1\I:--me 0 IliOH  LCMS: Anal. Caled. for C 111-115NO2:
193; found: 194 (M+H)t Cap-45 CNMe N--.) 0 111OH LCMS: Anal. Calcd. for
C14li20N202: 248; found: 249 (M+H)-.  Cap-45a OHOH _ 0 0 NH2H N  pTs0H salt
NH 



Cap-45a       HMDS (1.85 mL, 8 77 mmol) was added to a suspension of
(R)-2-arnino-2- phenylacetic acid p-toluenesulfonate (2.83 g, 8 77 mmol) in
CH2C12 (10 mL) and the 5mixture was stirred at room temperature for 30
minutes. Methyl isocyanate (0.5 g, 8.77 mmol) was added in one portion
stirring continued for 30 minutes. The reaction was quenched by addition of
H20 (5 mL) and the resulting precipitate was filtered, washed with 1420 and
n-hexanes, and dried under vacuum. (R)-2-(3-methylureido)-2- phenylacetic
acid (1.5 g; 82 %).was recovered as a white solid and it was used without
10 further purification. 'H NMR (500 MHz, DMSO-d6) 8 ppm 2.54 (d, J=4.88
Hz, 3H) 5.17 (d, J=7.93 Hz, I H) 5.95 (q, J-4,48 Hz, IH) 6.66 (d, T-7,93
Hz, 1H) 7.26-7.38 (m, 51-1) 12.67 (s, H). LCMS: Anal. Calcd. for
C101-112N203 208.08 found 209.121 (M-11)'; HPLC Phenomenex C-18 3.0 x 46
mm, 0 to 100% B over 2 minutes, 1 minute hold time, A=90% water, 10%
methanol, 0.1% TEA, B-I 0% water, 90% 15 methanol, 0.1% TEA, RT=1.38 mm,
90% homogeneity index. Cap-46  fCIH2HN0  pTs0H saltNH cap-46 The desired
product was prepared according to the method described for Cap- 20 45a, 1H
NMR (500 MHz, DMSO-d5) 6 ppm 0.96 (t, T=7.17 Hz, 3H) 2.94-3.05 (m, 2H) 5.17
(d, T=7.93 Hz, 1H) 6.05 (t, J=5.19 Hz, 1H) 6.60 (d, T=7.63 Hz, 1H) 7.26-
7.38 (m, 5H) 12.68 (s, 1H). LCMS: Anal. Calcd. for CI iHi4N203 222.10 found
223.15 (M+H)1. HPLC XTERRA C-18 3.0 x 506 mm, 0 to 100% B civor 2 minutes,
WO 2010/117704PCT/US2010/028999 1 minute hold time, A=90% water, 10%
methanol, 0.2% H3PO4" B=10% water, 90% methanol, 0.2% H3PO4, RT-0.87 min,
90% homogeneity index. Cap-47    0j\--2   00   



H 2     A 5Cap-47      Step 1; (R)-tert-butyl
2-(3,3-dimethylureido)-2-phenylacetate: To a stirred solution of
(R)-tert-buty1-2-amino-2-phenylacetate (1.0 g, 4.10 mmol) and Hunig's base
(1.79 mL, 10 25 mmol) in DMF (40 mL) was added dimethylcarbamoyl chloride
(0.38 mL, 4 18 mmol) dropwise over 10 minutes. After stirring at room
temperature 10for 3 hours, the reaction was concentrated under reduced
pressure and the resulting residue was dissolved in ethyl acetate. The
organic layer was washed with H20, IN aq. HO and brine, dried (MgSO4),
filtered and concentrated under reduced pressure. (R)-tert-butyl
243,3-dimethylureido)-2-phenylacetate was obtained as a white solid ( 0.86
g; 75%) and used without further purification,NMR (500 MHz, DIvISO-d6) 15
ppm 1.33 (s, 911) 2.82 (s, 611) 5.17 (d, I-7.63 Hz, 1H) 6.55 (d, J-7.32 Hz,
11-1) 7.24- 7.41 (m, 51-1). LCMS: Anal. Calcd. for Ci5H22N203 278.16 found
279.23 (1v1+H)+; HPLC Phenomenex LUNA C-18 4.6 x 50 nun, 0 to 100% B over 4
minutes, 1 minute hold time, A-90% water, 10% methanol, 0.1% TFA, B-10%
water, 90% methanol, 0.1% TFA, RT=2.26 min, 97% homogeneity index. 20Step
2; (R)-2-(3,3-dimethylureido)-2-phenylacetic acid: To a stirred solution of
((R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate ( 0.86 g, 3.10
nunol) in CH2C12 (250 mL) was added TFA (15 mL) dropwise and the resulting
solution was stirred at rt for 3 hours. The desired compound was then
precipitated out of solution with a mixture of EtOAC:Hexanes (5:20),
filtered off and dried under reduced 25pressure.
(R)-2-(3,3-dimethylureido)-2-phenylacetic acid was isolated as a white
solid (0.59g, 86%) and used without further purification. IHNMR (500 MHz,
DMSO-d6) ppm 2.82 (s, 6H) 5.22 (d, J-7.32 Hz, 1H) 6.58 (d, J=7.32 Hz, 111)
7.28 4,1=7.17 Hz,  WO 2010/117704PCT/US2010/028999 1H) 7.33 (t,Hz, 2H)
7.38-7.43 (m, 2H) 12.65 (s, 1H). LCMS: Anal. Caled. for Clilli4N202:
222.24; found: 223.21 (M+II)+. HPLC XTERRA C-18 3.0 <50 turn, 0 to 100% B
over 2 minutes, I minute hold time, A=90% water, 10% methanol, 0.2% H31304,
B=10% water, 90% methanol, 0.2% F131304, RT=0.75 min, 93% homogeneity
5index. Cap-48    Cap-48 Step 1; (R)-tert-butyl
2-(3-cyclopentylureido)-2-pbenylacetate: To a stirred 



10solution of (R)-2-amino-2-phenylacetic acid hydrochloride (1.0 g, 4.10
mmol) and Hunig's base (1.0 mid, 6.15 mmol) in DMF (15 mL) was added
cyclopentyl isocyanate (0.46 mL, 4.10 mmol) dropwise and over 10 minutes.
After stirring at room temperature for 3 hours, the reaction was
concentrated under reduced pressure and the resulting residue was traken up
in ethyl acetate. The organic layer was washed with 15H20 and brine, dried
(MgSO4), filtered, and concentrated under reduced pressure. (R)-tert-butyl
2-(3-cyclopentylureido)-2-phenylacetate was obtained as an opaque oil (1.32
g; 100%) and used without further purification. 1H NMR (500 MHz, CD3C1-D) 8
ppm 1.50-1.57 (m, 2H) 1.58-1.66 (m, 2H) 1.87-1.97 (m, 2H) 3.89-3.98 (m, 1H)
5.37 (s, 11-I) 7.26-7.38 (m, 5H). LCMS: Anal. Calcd. for C18H26N203 318.19
found 20 319.21 (M+H)+; HPLC XTERRA C-18 3.0 x 50 mm, 0 to 100% B over 4
minutes, 1 minute hold time, A=90% water, 10% methanol, 0.1% TFA, B=10%
water, 90% methanol, 0.1% TEA, RT=2.82 min, 96% homogeneity index. Step 2;
(R)-2-(3-cyclopentylureido)-2-phenylacetic acid: To a stirred solution of
(R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate (1 31 g, 4.10 mmol)
in 25 CH2C12 (25 mL) was added TFA (4 mL) and trietheylsilane (1.64 mL;
10.3 mmol) dropwise, and the resulting solution was stirred at room
temperature for 6 hours. The  volatile components were removed under
reduced pressure and the crude product was recrystallized in ethyl
acetate/pentanes to yield (R)-2-(3-cyclopentylareido)-2- phenylacetic acid
as a white solid (0.69 g, 64%). 1H NMR (500 MHz, DNISO-d6) ppm 1.17-1.35
(m, 2H) 1.42-1.52 (m, 2H) 1.53-1.64 (m, 2H) 1.67-1.80 (in, 2H) 3:75- 53.89
(m, 1H) 5.17 (d, J=7.93 Hz, 1H) 6.12 (d, J=7.32 Hz, 1H) 6.48 (d, J=7.93 Hz,
1H) 7.24-7.40 (in, 5H) 12.73 (s, 1H). LCMS: Anal. Calcd. for C141-118N203:
262.31; found: 263.15 (M+H)+. HPLC XTERRA C-18 3.0 x 50 mm, 0 to 100% B
over 2 minutes, 1 minute hold time, A=90% water, 10% methanol, 0.2% H3PO4,
B=10% water, 90% methanol, 0.2% H3PO4, RT=1.24 mm, 100% homogeneity index.
10    cap-49 To a stirred solution of 2-(benzylamino)aectic acid (2.0 g,
12.1 mmol) in I ormic acid (91 mL) was added formaldehyde (6.94 mL, 93.2
mmol). After five hours 15 at 70 'V, the reaction mixture was concentrated
under reduced pressure to 20 mL and a white solid precipitated. Following
filtration, the mother liquors were collected and further concentrated
under reduced pressure providing the crude product. Purification by
reverse-phase preparative HPLC (Xterra 30 X 100 mm, detection at 220 nm,
flow rate 35 mL/min, 0 to 35% B over 8 mm; A= 90% water, 10% methanol, 0.1%
TFA, 20 B=10% water, 90% methanol, 0.1% TFA) provided the title compound 2-
(benzyl(methyl)-amino)acetic acid as its TFA salt (723 mg, 33%) as a
colorless wax. IHNMR (300 MHz, DMSO-d6) 8 ppm 2.75 (s, 3H) 4.04 (s, 2H)
4.34 (s, 2H) 7.29- 7.68 (m, 5H). LCMS: Anal. Calcd. for: C10H13NO2 179.09;
Found: 180.20 (MH) . 25Cap-50  Cap-50 - 92 - 



To a stirred solution of 3-methyl-2-(methylamino)butanoic acid (0.50 g,
3.81 mmol) in water ( 30 int) was added K2CO3 (2.63 g, 19.1 nunol) and
benzyl chloride (1.32 g, 11.4 mmol). The reaction mixture was stirred at
ambient temperature for 18 hours. The reaction mixture was extracted with
ethyl acetate (30 mL x 2) and the 5aqueous layer was concentrated under
reduced pressure providing the crude product which was purified by
reverse-phase preparative HPLC (Xterra 30 x 100rnm, detection at 220 nm,
flow rate 40 mL/min, 20 to 80% B over 6 min; A= 90% water, 10% methanol,
0.1% TEA, B=10% water, 90% methanol, 0.1% TEA) to provide 2-
(benzyl(methyl)amino)-3-methylbutanoic acid, TEA salt (126 mg, 19%) as a
colorless 10 wax. 1FINMR (500 MHz, DMSO-d6) 8 ppm 0.98 (d, 3H) 1.07 (d, 3H)
2.33-2.48 (in, 1H) 2.54-2.78 (m, 3H) 3.69 (s, 1H) 4.24 (s, 2H) 7.29-7.65
(m, 5H). LCMS: Anal. Calcd. for: CI3H19NO2 221.14; Found: 222.28 (M+H).1.
Cap-51  OH 15       Na2CO3 (i .83g, 17.2 mmol) was added to NaOH (33 in1_,
of I M/H20, 33 mmol) solution of L-valine (3.9 g, 33.29 mmol) and the
resulting solution was cooled with ice-water bath. Methyl chloroformate
(2.8 mL, 36.1 mmol) was added dropwise over 15 min, the cooling bath was
removed and the reaction mixture was stirred at 20ambient temperature for
3.25 hr. The reaction mixture was washed with ether (50 mL, 3x), and the
aqueous phase was cooled with ice-water bath and acidified with
concentrated HC1 to a pH region of 1-2, and extracted with CH2C12 (50 mL,
3x). The organic phase was dried (MgSO4) and evaporated in vacuo to afford
Cap-51 as a white solid (6 g). 1H NMR for the dominant rotamer (DMSO-d6,
52.5 ppm, 500 25MHz): 12.54 (s, 1H), 7.33 (d, J=8.6, 1H), 3.84 (dd, J=8.4,
6.0, 1H), 3.54 (s, 3H), 2.03 (m, 1H), 0.87 (m, 6H). HAMS: Anal. Calcd. for
[M+FI]1 C7H14N04: 176.0923; found 176.0922.  Cap 51 (alternate route)
DIEA (137.5 mL, 0.766 mol) was added to a suspension of (S)-ten-butyl 2-
amino-3-methylbutanoate hydrochloride (75.0 g, 0.357 mol) in THF (900 mL),
and the 5mixture was cooled to 0 C (ice/water bath). Methyl chloroformate
(29.0 mL, 0.375 mol) was added dropwise over 45 min, the cooling bath was
removed and the heterogeneous mixture was stirred at ambient temperature
for 3 h. The solvent was removed under diminished pressure and the residue
partitioned between Et0Ac and water (1 L each). The organic layer was
washed with H20 (1 L) and brine (1 L), dried 10(MgSO4), filtered and
concentrated under diminished pressure. The crude material was passed
through a plug of silica gel (1 kg), eluting with hexanes (4 L) and 15:85
Et0Ac/hexanes (4 L) to afford (8)-ton-butyl 2-(methoxycarbonylamino)-3-
methylbutanoale as a clear oil (82.0 g, 99% yield). 1H-NMR (500 MHz,
DMSO46, 5 = 2.5 ppm) 7.34(d, J== 8.6, 1 H), 3.77 (dd, - 8.6, 6.1, 1 I-1),
3.53 (s, 3 1-1), 1.94- 2.05 15(rn, 1 H), 1.39 (s, 9 H), 0.83 - 0.92 (m, 6
H). 13C-NMR (126 MHz, DMSO-d6, S = 39.2 ppm) 170.92, 156.84, 80.38, 60.00,
51.34, 29.76, 27.62, 18.92, 17.95. LC/MS: [M+Na]t 254.17.
Trifluoroacetic acid (343 mL, 4.62 mol) and EbSiH (142 mL, 0 887 mol) were
added sequentially to a solution of (S)-tert-butyl
2-(methoxycarbonylamino)-3- 20methylbutanoate (82.0 g, 0.355 mol) in CH2C12
(675 mL), and the mixture was stirred at 



ambient temperature for 4 h. The volatile component was removed under
diminished pressure and the resultant oil triturated with petroleum ether
(600 mL) to afford a white solid, which was filtered and washed with
hexanes (500 mL) and petroleum ether (500 mL) Recrystallization from
Et0Ac/petroleum ether afforded Cap-51 as white flaky 25 crystals (54.8 g,
88% yield). MP = 108.5-109.5 C. Iff NMR (500 MHz, DMSO-c4, 8 = 2.5 ppm)
12.52 (s, 1 H), 7.31 (d, J= 8.6, 1 H), 3.83 (dd, J= 8.6, 6.1, 1 H), 3.53
(s, 3 H), 1.94- 2.07 (m, 1 H), 0.86 (dd,J= 8.9, 7.0, 6 H). 13C NMR (126
MHz, DivISO-d6, '=39.2 pprn) 173.30, 156.94, 59.48, 51.37, 29.52, 19.15,
17.98. LC/MS: [Mt -  176.11. Anal. Oiled. for C7Hi3N04: C, 47.99; 1.1,
7.48; N, 7.99. Found: C, 48.17; 11, 7.55; N, 7.99. Optical Rotation: [tx]
0- -4.16 (I 2.02 ing/mL; Me0H). Optical purity: >99.5 % cc. Note: the
optical purity assessment was made on the methyl ester derivative of
Cap-51, which was prepared under a standard TMSCHN2 5(benzene/Me0H)
esterification protocol. HPLC analytical conditions: column, ChiralPak AD-H
(4.6 x 250mm, 5gm); solvent, 95% heptane / 5% IPA (isocratic); flow rate, 1
mL/min; temperature, 35 C; UV monitored at 205 nm [Note: Cap 51 could also
be purchased from Flamm.] 10Cap-52 (Same as Cap-I 2) HN"OH Cap-52 wa.s
synthesized from Iralanine according to the procedure described for the
synthesis of Cap-51. For characterization purposes, a portion of the crude
material was purified by a reverse phase HPLC (H20/methano1/TFA) to afford
Cap- 1552 as a colorless viscous oil. 1H NMR (DMSO-d6, (9=2.5 ppm, 500
MHz): 12.49 (br s, 111), 7.43 (d, I-7.3, 0.8814), 7.09 (app br s, 0.12H),
3.97 (m, IH), 3.53 (s, 31-1), 1.25 (d, J=7.3, 3H).               Cap-53 to
-64 were prepared from appropriate starting materials according to 20 the
procedure described for the synthesis of Cap-51, with noted modifications
if any. Data  111NMR (DMSO-c15, 8 = 2.5 ppm, 500 MHz): S 12.51 (br s, 1H),
7.4 (d, J = 7.9, 0.9H), 7.06 (app s, 0.1H), 3.86-3.82 (m, 1H), 3.53 (s,
3H), 1.75-1.67 (m, 1H), 1.62- 1.54 (in, IH), 0.88 (d, J = 7.3, 311). RT =
0.77 minutes (Cond. 2); LC/MS: Anal. Calcd. for [M+NarINNa.04 : 184.06;
found 184.07. FIRMS Calcd. for [IVI+Nal  - 95 -  WO
2010/117704PCT/US2010/028999  0 OH C61IIINNa04: 184.0586; found 184.0592.
Cap-54a:  (R)  Cap-54b: 



(S)  (R)  11-I NMR (DMSO-d6, 8 - 2.5-ppm, 500- MHz): 312.48 (s, 1H), 7.58
(d, J = 7.6, 0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H), 3.36-3.33 (m, 1H),
1.10-1.01 (m, 1H), 0.54-0.49 (m, 1H), 0.46-0.40 (m, 1H), 0.39-0.35 (m, 1H),
0.31-0.21 (m, 1H). HRMS Calcd. for [M+11]' C7HE2N04: 174.0766; found
174.0771    Cap-55 0  )-0 0 IFINMR (DMSO-d6, 8 = 2.5 ppm, 500 MHz). 8 12.62
(s, 1H), 7.42 (d, J = 8.2, 0.9H), 7.07 (app s, 0.1H), 5.80-5.72 (in, 1H),
5.10 (d, J = 17.1, 1H), 5.04 (d, J =- 10.4, HI), 4.01-3.96 (m, 1H), 3.53
(s, 3H), 2.47-2,42 (m, 1H), 2.35-2,29 (m, 1H), Cap-56 0 --- y 00,,JCOH 1
07,0 1 IHNMR (DMSO-d6, 8 = 2.5 ppm, 500 MHz): 6 12.75 (s, I H), 7.38 (d,
.1= 8.3, 0.91-1), 6.96 (app s, 0.IH), 4.20-4.16 (m, 110, 3.60-3.55 (m,
211), 3.54 (s, 3H), 3.24 (s, 3H). Cap-57      0 0-( 0 1HNMR (DMSO-d6, 8 =
2.5 ppm, 500 MHz): 8 12.50 (s, 1H), 8.02 (d, .1- = 7.7, 0.08H), 7.40 (d, J
= 7.9, 0.76H), 7.19 (d,J = 8.2, 0.07H), 7.07 (d, J = 6.7, 0.09H), 4.21-4.12
(m, 0.08H), 4.06-3.97 (m, 0.07H), 3.96-3.80 (m, 0.85H), 3.53 (s, 3H),
1.69-1.51 (m, 2H), 1.39-1.26 (m, 2H), 0.85 (t, J = 7.4, 3H). LC (Cond. 2):
RI' = 1.39 LC/MS: Anal. Calcd. for [M+H] C7Hi4N04: 176.09; found 176.06.  



WO 2010/117704PCT/US2010/028999 Cap-58 II o z oo zi o o \ Ili NMR (DMSO-d6,
8 = 2.5 ppm, 500 MHz): 8 12.63 (hr s, 113), 7.35 (s,1H), 7.31 ( d, J = 8.2,
1H), 6.92 (s, 1H), 4.33-4.29 (m, 1H), 3.54 (s, 3H), 2.54(dd, J= 15.5,
5.4, 1H), 2.43 (dd, J= 15.6, 8.0, 1H). RI   = 0.16 mm(Cond. 2); LC/MS:
Anal.   Calcd. for [M+Hr C61-1111\1205 : 191.07; found 191.14. Cap-59a:  1H
NMR (DMSO-c16, 8 = 2.5 ppm, 400  (R)  Cap-59b: 0 0J-L ENI1OH ,.. 



MHz): 612,49 (hr s, 1H), 7.40 (d, J = 7.3, 0.89H), 7.04 (hr s, 0.11H),
4.00-3.95 (m, (S)  , y 0 3H), 1.24 (d, J = 7.3, 3H), 1.15 (t, J = 7.2,
3H). HRMS: Anal. Calcd. for IM+Hr   C61-112N04: 162.0766; found 162.0771.
Cap-60  -The crucle material was purified with a reverse phase HPLC
(1120/MeOWITA) to afford a colorless viscous oil that crystallized to a
white solid upon exposure  0 to high vacuum. IHNIvIR (DMSO-do. 8 =  OH
2.5 ppm, 400 MHz): 8 12.38 (br s, 1H), 7.74 (s, 0.82H), 7.48 (s, 0.1811),
3.54/3.51   



(two s, 3H), 1.30 (m, 2H), 0.98 (m, 2H).   HRMS: Anal. Calcd. for Uvl+Hr
C6Hi0N04: 160.0610; found 160.0604. Cap-61  1HNMR (DMSO-c16, 8 = 2.5 ppm,
400  0 OH MHz): 8 12.27 (hr s, 1H), 7.40 (hr s, 1H), 3.50 (s, 3H), 1.32 (s,
GH). HMS: Anal, Calcd. for [M+1-11' C6Hi2N04: 162.0766; found 162.0765.  WO
2010/117704PCT/US2010/028999 Cap-62     '11 NMR (DMSO-C15, 8 - 2.5 ppm:45--



10  MHz): 8 12.74 (hr s, 11.1), 4.21 (d, ../ = 103 , 0.6H), 4.05 (d, J=
10.0, 0.4H), 3.62/3.60  0   OH (two singlets, 3H), 3.0 (s, 311), 2.14-2.05
(:), H.....z....,,  (m, 1H), 0.95 (d, J = 6.3, 3H), 0.81 (d, J = 6.6, 3H).
LC/MS: Anal. Calcd. for [IVI-      HT c8i14N04: 188.09; found 188.05.
Cap-63     



Note: the reaction was allowed to run for longer than what was noted for
the general procedure.] 1H NMR (DMS0-4, 8 = 2.5   O 0 OH ppm, 400 MHz):
12.21 (br s, 1H), 7.42 (br s, 1H), 3.50 (s, 3H), 2.02-1.85 (m, 4H),
1.66-1.58 (m, 4H). LC/MS: Anal. Calcd. for [M+Hr C8Hi4N04: 188.09; found
188.19, Cap-64 I o 010 rz o 0 \ 



[Note: the reaction was allowed to run for longer than what was noted for
the general procedure.] III NMR (DMSO-d6, 8 = 2.5 ppm, 400 MHz): 12.35 (hr
s, 1H), 7.77 (s, 0.82H), 7.56/7.52 (overlapping br s, 0.18H), 3.50 (s, 3H),
2.47-2.40 (m, 2H), 2.14-2.07 (m, 2H), 1.93-1.82 (in, 2H).
Methyl chlorofommte (0.65 mL, 8.39 mmol) was added dropwise over 5 min 5 to
a cooled (ice-water) mixture of Na2CO3 (0.449 g, 4.23 mmol), NaOH (8 2 mL
of 1M/H20, 8.2 mmol) and (S)-2-amino-3-hydroxy-3-methylbutanoic acid (1.04
g, 7.81 nunol). The reaction mixture was stirred for 45 mm, and then the
cooling bath was  removed and stirring was continued for an additional 3.75
hr. The reaction mixture was washed with CH2C12, and the aqueous phase was
cooled with ice-water bath and acidified with concentrated HO to a pH
region of 1-2. The volatile component was removed in vacun and the residue
was taken up in a 2:1 mixture of Me0H/CH2C12 (15 5mL) and filtered, and the
filterate was rotervaped to afford Cap-65 as a white semi- viscous foam
(1.236 g). 1H NMR (DMSO-d6, 8 = 2.5 ppm, 400 MHz): 86.94 (d, J = 8.5, 0.9
H), 6.53 (hr s, 0.1H), 3.89 (d, J = 8.8, 1H), 2.94 (s, 3H), 1.15 (s, 311),
1.13 (s, 3H). Cap-66 and -67 were prepared from appropriate commercially
available 10starting materials by employing the procedure described for the
synthesis of Cap-65. Cap-66 1.4  o0 ki" y ' OH 0 1H .MR (DMSO-d6, 8 = 2.5
ppm, 400 MHz): 8 12.58 (br s, 1H), 7.07 (d, 158.3, 0.1311), 6.81 (d,./ -
8.8, 0.6711), 4.10-4.02 (m, 1.1511), 3.91 (dd, ./ - 9.1, 3.5, 0.85H), 3.56
(s, 3H), 1.09 (d, J = 6.2, 31-I). [Note: only the dominant signals of NH
were noted.]. Cap-67 0 OH   20ZsE*OH               1H NMR (DMSO-d6, 8 = 2.5
ppm, 400 MHz): 12.51 (br s, 1H), 7.25 (d, J = 8.4, 0.75H), 7.12 (br d, J =
0.4, 0.05H), 6.86 (hr s, 0.08H), 3.95-3.85 (m, 2H), 3.54 (s, 3H), 1.08 (d,
J = 6.3, 3H). [Note: only the dominant signals of NH were noted]. 



25  Cap-68 0 0,Bn      Methyl chlorofonnate (0.38 ml, 4.9 mmol) was added
drop-wise to a mixture of IN NaOH (aq) (9.0 ml, 9.0 mmol), 1M NaHCO3 (aq)
(9.0 ml, 9.0 mol), L-aspartie 5acid f3-benzyl ester (1.0 g, 4.5 mmol) and
Dioxane (9 ml). The reaction mixture was stirred at ambient conditions for
3 hr, and then washed with Ethyl acetate (50 ml, 3x). The aqueous layer was
acidified with 12N HC1 to a pH - 1-2, and extracted with ethyl acetate (3 x
50 m1). The combined organic layers were washed with brine, dried (Na2SO4),
filtered, and concentrated in vacuo to afford Cap-68 as a light yellow oil
10(1.37g; mass is above theoretical yield, and the product was used without
further purification). II-1 NMIZ (DMS0-4, 8 = 2.5 ppm, 500 MHz): 8 12.88
(br s, 1H), 7.55 (d, j.= 8.5, II-0, 7.40-7.32 (in, 5H), 5.13 (d, J = 12.8,
1H), 5.10 (d, J = 12.9, 111), 4.42-4.38 (m, 111), 3.55 (s, 3H), 2.87 (cici,
J = 16.2, 5.5, 111), 2.71 (dd, J =16.2, 8.3, 11-1). LC (Cond. 2): RT - 1.90
min; LC/MS: Anal, Calcd. For [MW] C14-1L6N06: 15282.10; found 282.12.
Cap-69a and -69b -A o                    Cap-69a: (R)-enantiomer
\--Nj?OHCap-69b: (S)-enantiomer NaCNBH3 (2.416 g, 36.5 mmol) was added in
batches to a chilled (-15 'C) 20 water (17 mL)/Me0H (10 mL) solution of
alanine (1.338 g, 15.0 mmol) A few minutes later acetaldehyde (4.0 mL, 71.3
mmol) was added drop-wise over 4 mm, the cooling bath was removed, and the
reaction mixture was stirred at ambient condition for 6 hr. An additional
acetaldehyde (4 0 mL) was added and the reaction was stirred for 2 hr.
Concentrated HC1 was added slowly to the reaction mixture until the pH
25reached - 1.5, and the resulting mixture was heated for 1 hr at 40 C.
Most of the volatile component was removed in vacuo and the residue was
purified with a Dowex0 50WX8-100 ion-exchange resin (column was washed with
water, and the  WO 2010/117704PCT/US2010/028999 compound was eluted with
dilute NH4OH, prepared by mixing 18 of NH4011 and 282 ml of water) to
afford Cap-69 (2.0 g) as an off-white soft hygroscopic solid. 111 NMR
(DMSO-d6, 8 = 2.5 ppm, 400 MHz): 53.44 (q, J = 7.1, 1H), 2.99-2.90 (m, 2H),
2.89-2.80 (n, 2H), 1.23 (d, J = 7.1, 3H), 1.13 (t, J = 7.3, 6H). 5Cap-70 to
-74x were prepared according to the procedure described for the synthesis
of Cap-69 by employing appropriate starting materials. Cap-70a: (R)
Cap-70b: (S) 



\0 1HNMR (DMSO-d6, 8 = 2.5 ppm, 400 MHz): 53.42 (q, J = 7.1, 1H), 2.68-2.60
(m, 4H), 1.53-1.44 (n, 4H), 1.19 (d, J = 7.3, 3H), 0.85 (t, J = 7.5, 6H).
LC/MS: Anal. Calcd. for [M+Hr C91-120NO2: 174.15; found 174.13. Cap-71a:
(R) Cap-71b: (S) ----\0 OH .--- IFINMR (DMSO-d6, 5 = 2.5 ppm, 500 MHz):
83.18-3.14 (m, I H), 2.84-2.77  (n, 2H), 2.76-2.68 (in, 211), 1.691 .54 (m,
211), 1.05 (t, J = 7.2, 611), 0.91 (t, I = 7.3, 311). LC/MS: Anal. Caled.
for [M+11]4 C8Hi8NO2: 160.13; found 160.06. Cap-72 --:\0 \,....NLOH 1HNMR
(DMS0-(16, 5 = 2.5 ppm, 400 MHz): 32.77-2.66 (m, 3H), 2.39-2.31 (m, 2H),
1.94-1.85 (m, 1H), 0.98 (1, 1 = 7.1, 6H), 0.91 (d, J = 6.5, 31), 0.85 (d, J
I = 6.5, 3H). LC/MS: Anal. Calcd. for [M+Hr C9H20NO2: 174.15; found 174.15.
Cap-73 0 OH 'Th I 1HNMR (DMSO-d6, 8 = 2.5 ppm, 500 MHz): 59.5 (br s, 1H),
3.77 (dd, I - 10.8, 4.1,1H), 3.69-3.61 ( in, 2H), 3.26 (s, 3H), 2.99-2.88
(n, 4H), 1.13 (t, J = 7.2, 6H).  - 101 -   



Cap-74  1H NMR (DMSO-d6, 6 - 2.5 prim, 500 MHz): 87.54 (s, 111), 6.89 (s,
11-1), 3,81  ----\0 \,NOH (t, J = 6.6, k,1H), 2.82-2.71 (in, 4H), 2.63 (dd,
J = 15.6, 7.0, 1H), 2.36 (dd, J  0 = 15.4, 6.3, 1H), 1.09 (t, J= 7.2, 6H).
NH2 RT = 0.125 minutes (Cond. 2); LC/MS:   Anal. Calcd. for [M+FIII
C8FL7N203:   189.12; found 189.13. Cap-74x ----\ii? LC/MS: Anal. Calcd. for
[M+H]4    C10H22NO2: 188.17; found 188.21  



Cap-75    Cap-75, step a o 0,Bn OH       NaBH3CN (1.6 g, 25.5 mmol) was
added to a cooled (ice/water bath) water (25 ml)/methanol (15 ml) solution
of H-D-Ser-OBz1 HC1 (2.0 g, 8.6 mmol). Acetaldehyde (1.5 ml, 12.5 mmol) was
added drop-wise over 5 min, the cooling bath 10was removed, and the
reaction mixture was stirred at ambient condition for 2 hr. The reaction
was carefully quenched with 12N HC1 and concentrated in vacua. The residue
was dissolved in water and purified with a reverse phase HPLC
(Me0H/H20/TFA) to afford the TFA salt of (R)-benzyl 2-(diethylamino)-3-
hydroxypropanoate as a colorless viscous oil (1.9g). 1H NMR (DMSO-d, S =
2.5 15ppm, 500 MHz): 59,73 (his, 114), 7.52-7.36 (m, 5H), 5.32 (d, J 12.2,
1H), 5,27 (d,  - 12.5, 111.), 4.54-4.32 (m, 1H), 4.05-3.97 (m, 2H),
3.43-3.21 (m, 4H), 1.23 (t, I - 7,2, 6H). LC/MS (Cold, 2): RT -1.38 min;
LC/MS: Anal, Caled, for [M4-111. C14H22NO3: 252.16; found 252.19. 5Cap-75
NaH (0.0727 g, 1.82 mmol, 60%) was added to a cooled (ice-water) THE (3.0
mL) solution of the TFA salt (R)-benzyl
2-(diethylamino)-3-hydroxypropanoate (0.3019 g, 0.8264 mmol) prepared
above, and the mixture was stirred for 15 mm. Methyl iodide (560 90 mmol)
was added and stirring was continued for 18 hr 10while allowing the bath to
thaw to ambient condition. The reaction was quenched with water and loaded
onto a Me0H pre-conditioned MCX (6 g) cartridge, and washed with methanol
followed by compound elution with 2N NH3/Methanol. Removal of the volatile
component in vacuo afforded Cap-75, contaminated with (R)-
2-(diethylamino)-3-hydroxypropanoic acid, as a yellow semi-solid (100 mg).
The 15product was used as is without further purification. Cap-76 OH 0 H 0 



N) NaCNBH3 (1.60 g, 24.2 mmol) was added in batches to a chilled (H5 C) 20
water/Me0H (12 mL each) solution of
(S)-4-amino-2-(tert-butoxycarbonylamino) butanoic acid (2.17 g, 9.94 mmol).
A few minutes later acetaldehyde (2.7 mL, 481 mmol) was added drop-wise
over 2 mm, the cooling bath was removed, and the reaction mixture was
stirred at ambient condition for 3.5 hr. An additional acetaldehyde (2.7
mL, 48.1 mmol) was added and the reaction was stirred for 20.5 hr. 25 Most
of the Me0H component was removed in vacuo, and the remaining mixture was
treated with concentrated HC1 until its pH reached - 1.0 and then heated
for 2 hr at 40 C. The volatile component was removed in vacuo, and the
residue was treated with 4 M HC1/dioxane (20 mL) and stirred at ambient
condition for 7.5 hr. The volatile - 103-  component was removed in vacuo
mid the residue was purified with Dowex CC 50WX8-100 ion-exchange resin
(column was washed with water and the compound was eluted with dilute
NH4OH, prepared from 18 ml of NH40H and 282 ml of water) to afford
intermediate (S)-2-amino-4-(diethylamino)butanoic acid as an off-white
5solid (1.73 g). Methyl chloroformate (0.36 mL, 4 65 mmol) was added
drop-wise over 11 mm to a cooled (ice-water) mixture of Na2CO3 (0.243 g,
2.29 mmol), NaOH (4.6 mL of 1M/H20, 4.6 nunol) and the above product (802.4
mg). The reaction mixture was stirred for 55 min, and then the cooling bath
was removed and stirring was continued 10for an additional 5.25 hr. The
reaction mixture was diluted with equal volume of water and washed with
CH2C12 (30 mL, 2x), and the aqueous phase was cooled with ice-water bath
and acidified with concentrated HC1 to a pH region of 2. The volatile
component was then removed in vacuo and the crude material was free-based
with MCX resin (6.0g; column was washed with water, and sample was eluted
with 2.0 M 15 NH3/Me0H) to afford impure Cap-76 as all off-white solid (704
rug). IHNWIR (Me0H-d4, 8 - 3.29 ppm, 400 MHz): 83.99 (dd, 1 - 7.5, 4.7,
111), 3.62 (s, 311), 3.25- 3.06 (m, 611), 2.18-2.09 (m, 111), 2.04-1.96
(in, 1H), 1.28 (t, = 7.3, 611). LC/MS: Anal. Calcd. for [WM C101-1211V204:
233,15; found 233.24.          The synthesis of Cap-77 was conducted
according to the procedure described for Cap-7 by using
7-azabicyclo[2.2.1]heptane for the SN2 displacement step, and by effecting
the enantiomeric separation of the intermediate benzyl 2-(7- 25
azabieyelo[2.2.1jheptan-7-y1)-2-phenylacetate using the following
condition: the intermediate (303.7 mg) was dissolved in ethanol, and the
resulting solution was injected on a chiral HPLC column (Chiracel AD-H
column, 30 x 250 mm, 5 urn) eluting with 90% CO2-10% Et0II at 70 mL/min,
and a temperature of 35 C to - 104-  provide 124.5 mg of enantionier-1 and
133.8 mg of enantiotner-2. These benzyl esters were hydrogenolysed
according to the preparation of Cap-7 to provide Cap-77: 1H NMR (DMSO-d6, 8
= 2.5 ppm, 400 MHz): 8 7.55 (m, 2H), 7.38-7.30 (m, 3H), 4.16 (s, 1H), 3.54
(app br s, 2H), 2.08-1.88 (m, 4 H), 1.57-1.46 (m, 4H). LC (Cond. 51): RT =
0.67 mm; LC/MS: Anal. Calcd. for [M-FH]t C141-118NO2: 232.13; found 232.18.
HRMS: Anal. Calcd. for [M+H]t C14Ht8NO2: 232.1338; found 232.1340. Cap-78 



10NaCNBH3 (0.5828 g, 9.27 mmol) was added to a mixture of the HC1 salt of
(R)-2-(ethylamino)-2-phenylacetic acid (an intermediate in the synthesis of
Cap-3; 0.9923 mg, 4.60 mmol) and (1-ethoxycyclopropoxy)trimethylsilane
(1.640 g, 9.40 mmol) in WON (10 mL), and the semi-heterogeneous mixture was
heated at 50 'C with an oil bath for 20 hr. More
(1-ethoxycyclopropoxy)triinethylsilane (150 mg, 15 0.86 mmol) and NaCNBH3
(52 mg, 0.827 mmol) were added and the reaction mixture was heated for an
additional 3.5 In. It was then allowed to cool to ambient temperature and
acidified to a -- pH region of 2 with concentrated HO, and the mixture was
filtered and the filtrate was rotervaped. The resulting crude material was
taken up in i-PrOH (6 mL) and heated to effect dissolution, and the
non-dissolved part 20was filtered off and the filtrate concentrated in
vacuo. About 1/3 of the resultant crude material was purified with a
reverse phase HPLC (H20/Me0H/TFA) to afford the TFA salt of Cap-78 as a
colorless viscous oil (353 mg). 1FINMR (DIN/ISO-4, S = 2.5 ppm, 400 MHz;
after D20 exchange): 8 7.56-7.49 (m, 5H), 5.35 (S, 1H), 3.35 (m, 1H), 3.06
(app br s, 1H), 2.66 (m, 1H), 1.26 (t, J = 7.3, 3H), 0.92 (m, 1H),
0.83-0.44 25 (m, 3H). LC (Cond. 1): RT - 0.64 min; LC/MS: Anal. Calcd. for
[M+H] CI3H18NO2: 220.13; found 220.21. HRMS: Anal. Calcd. for [M+1-1]
C13Hi5NO2: 220.1338; found 220.1343. - 105 - Cap 7.9 0 0OH 0         Ozone
was bubbled through a cooled (-78 C) CH2C12 (5 0 mL) solution Cap-55 (369
mg, 2.13 mmol) for about 50 min until the reaction mixture attained a tint
of 5 blue color. Me2S (10 pipet drops) was added, and the reaction mixture
was stirred for 35 min. The -78 C bath was replaced with a -10 C bath and
stirring continued for an additional 30 min, and then the volatile
component was removed in vacuo to afford a colorless viscous oil. NaBH3CN
(149 mg, 2.25 mmol) was added to a Me0H (5 0 mL) solution of 10the above
crude material and morpholine (500 IA., 5.72 ininol) and the mixture was
stirred at ambient condition for 4 hr. It was cooled to ice-water
temperature and treated with concentrated HCI to bring its pH to -2,0, and
then stirred for 2.5 hr. The volatile component was removed in vacuo, and
the residue was purified with a combination of MCX resin (Me0H wash; 2.0 N
NI-13/Me0H elution) and a reverse 15 phase HPLC (11120/MeGII/TFA) to afford
Cap-79 containing unknown amount of morpho line.        In order to consume
the morpholine contaminant, the above material was dissolved in CH2C12 (1.5
mL) and treated with Et3N (0.27 mL, 1 94 mrnol) followed by acetic
anhydride (0.10 mL, 1.06 mmol) and stirred at ambient condition for 18 hr.
20 THF (1.0 mL) and H20 (0.5 mL) were added and stirring continued for 1.5
hr. The volatile component was removed in vacuo, and the resultant residue
was passed through MCX resin (Me0H wash; 2.0 N NH3/Me0H elution) to afford
impure Cap-79 as a brown viscous oil, which was used for the next step
without further purification. 25 - 106 -  



Cap-80a and -80b 0FNII " y  OH 0 0-s( \       SOC12 (6.60 mL, 90 5 mmol)
was added drop-wise over 15 min to a cooled (ice-water) mixture of
(S)-3-amino-4-(benzyloxy)-4-oxobutanoic acid (10.04g, 44.98 5 namol) and
Me0H (300 mL), the cooling bath was removed and the reaction mixture was
stirred at ambient condition for 29 hr. Most of the volatile component was
removed in vacuo and the residue was carefully partitioned between Et0Ac
(150 mL) and saturated NaHCO3 solution. The aqueous phase was extracted
with EtflAc (150 mL, 2x), and the combined organic phase was dried (MgSO4),
filtered, and 10 concentrated in vacuo to afford (S)-1-benzyl 4-methyl
2-aminosuccinate as a colorless oil (9.706g). IH NMR (DMS0-(16, 8 = 2.5
ppm, 400 MHz): 67.40-7,32 (rn, 5H), 5.1] (s, 2H), 3.72 (app t, ./ - 6.6,
1F1), 3.55 (s, 3H), 2.68 (dd, I -15.9, 6.3, 11-1), 2.58 (dd, I - 15.9, 6.8,
110, 1.96 (s, 211). LC (Cond. 1): RI = 0.90 min; LC/MS: Anal. Cala for [M
Hi C121116N04: 238.11; found 23822. 15Pb(NO3)2 (6.06 g, 18.3 mmol) was
added over 1 min to a CH2C12 (80 roL) solution of (S)-1-benzyl 4-methyl
2-anainosuceinate (4.50 g, 19.0 mmol), 9-bronno-9- pheny1-9H-fluorene (6.44
g, 20.0 mmol) and Et3N (3.0 mL, 21.5 mmoi), and the heterogeneous mixture
was stirred at ambient condition for 48 hr. The mixture was filtered and
the filtrate was treated with MgSO4 and filtered again, and the final 20
filtrate was concentrated. The resulting crude material was submitted to a
Biotaae purification (350 g silica gel, CH2C12 elution) to afford
(S)-1-benzyl 4-methyl 2-(9- pheny1-9H-fluoren-9-ylamino)suceinate as highly
viscous colorless oil (7.93 g). 11-1 NMR (DMSO-d6, 8 = 2.5 ppm, 400 MHz):
37.82 (m, 2H), 7.39-7.13 (m, 16H), 4.71 (d, J= 12.4, 1H), 4.51 (d, J =
12.6, 11-1), 3.78 (d, J = 9.1, NH), 3.50 (s, 3H), 2.99 (m, 251H), 2.50-2.41
(m, 2H, partially overlapped with solvent). LC (Cond. I): RT = 2.16 mm;
LC/MS: Anal. Calcd. for [M+Fli C311-128N04: 478.20; found 478.19.
LiHMDS (9.2 mL of 1.0 M/THF, 9.2 mmol) was added drop-wise over 10 min to a
cooled (-78 T) THF (50 mL) solution of (S)-1-benzyl 4-methyl
2-(9-phenyl-9H-  fluoren-9-ylamino)suceinate (3.907 g, 8.18 mmol) and
stirred for -1 hr. Mel (0.57 mL, 9.2 mmol) was added drop-wise over 8 min
to the mixture, and stirring was continued for 16.5 hr while allowing the
cooling bath to thaw to room temperature. After quenching with saturated
NH4C1 solution (5 mL), most of the organic 5 component was removed in vacuo
and the residue was partitioned between CH2C12 (100 mL) and water (40 mL)
The organic layer was dried (MgSO4), filtered, and concentrated in vacuo,
and the resulting crude material was purified with a Biotage (350 g silica
gel; 25% Et0Ac/hexanes) to afford 3.65 g of a 2S/3S and 2S/3R
diastereomeric mixtures of 1-benzyl 4-methyl
3-methy1-2-(9-pheny1-9H-fluoren-9- 10ylamino)succinate in -1.0:0.65 ratio
(1H NMR). The stereochemistry of the dominant isomer was not deteimined at
this juncture, and the mixture was submitted to the next step without
separation. Partial IFI NMR data (DMSO-d6, 8 = 2.5 ppm, 400 MHz): major
diastereomer, 84.39 (d, J= 12.3, 1H of CH2), 3.33 (s, 3H, overlapped with
H20 signal), 3.50 (d,./ = 10.9, NII), 1.13 (d, J-7.1, 311); minor
diastereorner, 64.27 15(d, J12.3, 111 of C112), 3.76 (d, J= 10.9, NH), 3,64
(s, 3I1), 0.77 (d, ./ = 7.0, 31-1). LC (Cond. I): RT - 2.19 min; LC/MS:
Anal. Calcd. for [M +H]' 11] C321-1301\104: 492.22; found 492.15.
Diisobutylaluminum hydride (20.57 ml of 1.0 M in hexanes, 20.57 aniaol) was
added drop-wise over 10 min to a cooled (-78 "C) THE (120 inL) solution of
(28)-1- 



20 benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)succinate
(3.37 g, 6.86 mmol) prepared above, and stirred at -78 C for 20 hr. The
reaction mixture was removed from the cooling bath and rapidly poured into
-1M H3PO4/H20 (250 mL) with stirring, and the mixture was extracted with
ether (100 mL, 2x). The combined organic phase was washed with brine, dried
(MgSO4), filtered and concentrated in 25vacuo. A silica gel mesh of the
crude material was prepared and submitted to chromatography (25%
Et0Ac/hexanes; gravity elution) to afford 1.1g of (2S,3S)- benzyl
4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate, contaminated
with benzyl alcohol, as a colorless viscous oil and (2S,3R)-benzyl 4-
hydroxy-3-methy1-2-(9-pheny1-9H-fluoren-9-ylamino)butanoate containing the
30(2S,3R) stereoisomer as an impurity. The later sample was resubmitted to
the same column chromatography purification conditions to afford 750 mg of
purified material - 108-  as a white foam. [Note: the (2S, 3S) isomer
elutes before the (2S,3R) isomer under the above condition]. (28, 38)
isomer: 1H NMR (DMS0-(16, 5 - 2.5 ppm, 400 MHz): 7.81 (m, 2H), 7.39-7.08
(m, 16H), 4.67 (d, J = 12.3, 1H), 4.43 (d,./ = 12.4, 11-1), 4.21 (app t, J
= 5.2, OH), 3.22 (d, J = 10.1, NH), 3.17 (m, 1H), 3.08 (m, 1H), -2.5 (m,
1H, 5overlapped with the solvent signal), 1.58 (m, 1H), 0.88 (d, J = 6.8,
31-1). LC (Cond. 1): RT = 2.00 min; LC/MS: Anal. Calcd. for [M+H]+
C311-130NO3: 464.45; found 464.22. (2S, 3R) isomer: Ili NMR (DMSO-c16, S =
2.5 ppm, 400 MHz): 7.81 (d, J = 7.5, 2H), 7.39-7.10 (m, 16H), 4.63 (d, J-
12.1, 1H), 4.50 (app t, J = 4.9, 11-1), 4.32 (d, J = 12.1, 1H); 3.59-3.53
(m, 2H), 3.23 (m, 1H), 2.44 (dd, J = 9.0, 8.3, 1H), 1.70 (in, 101H), 0.57
(d, J = 6.8, 3H). LC (Cond. 1): RI = 1.92 min; LC/MS: Anal. Calcd. for
[M+H]+ C311-1301\103: 464.45; found 464.52.       The relative
stereochemical assignments of the DIBAL-reduction products were made based
on NOB studies conducted on lactone derivatives prepared from each isomer
by employing the following protocol: LiHMDS (501.iL of 1.0 MiTHF, 150.05
nunol) was added to a cooled (ice-water) THF (2.0 mL) solution of (2S,3S)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (62.7
mg, 0.135 mmol), and the reaction mixture was stirred at similar
temperature for --2 hr. The volatile component was removed in vacua and the
residue was partitioned between CH2Cl2 (30 mL), water (20 mL) and saturated
aqueous NF14C1 solution (1 20 mL) The organic layer was dried (MgSO4),
filtered, and concentrated in vacua, and the resulting crude material was
submitted to a Biotage purification (40 g silica eel; 10-15% Et0Ac/hexanes)
to afford (3S,4S)-4-methy1-3-(9-pheny1-9H-fluoren-9-
ylamino)dihydrofuran-2(3H)-one as a colorless film of solid (28.1 mg).
(2S,3R)- benzyl
4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate was
25elaborated similarly to (3S,4R)-4-methy1-3-(9-pheny1-9H-fluoren-9-
ylamino)dihydrofuran-2(311)-one. (3S,4S)-lactone isomer: Ili NMR (DMSO416,
8 = 2.5 ppm, 400 MHz), 7.83 (d, J = 7.5, 2H), 7.46-7.17 (m, 11H), 4.14 (app
t, J = 8.3, 1H), 3.60 (d, J = 5.8, NH), 3.45 (app t, J = 9.2, I H), -2.47
(m, I H, partially overlapped with solvent signal), 2.16 (m, 1H), 0.27 (d,
J = 6.6, 3H). LC (Cond. 1): 30 RT = 1.98 min; LC/MS: Anal. Calcd. for
[M+Na] C24H2INNa02: 378.15; found 378.42. (3S,4R)-lactone isomer: 1H NMR
(DMSO-d6, 5 - 2.5 ppm, 400 MHz), 7.89 - 109-   (d"/ = 7.6, 



1H), 7.85 (d, J- 7.3, 1H), 7.46-7.20 (m, 1111), 3.95 (dd, J = 9.1, 4,8,
111), 3.76 (d, 1- 8.8, 1H), 2.96 (d, I = 3.0, NH), 2.92 (dd,- 6.8, 3, NCH),
1.55 (m, 11-1), 0.97 (d, J = 7.0, 3H). LC (Cond. 1): RT = 2.03 min; LC/MS:
Anal. Calcd. for  [M+Na]t C24H2INNa02: 378.15; found 378.49. 5TBDMS-C1 (48
mg, 0.312 mmol) followed by imidazole (28.8 mg, 0.423 mmol) were added to a
CH2C12 (3 ml) solution of (2S,3S)-benzyl 4-hydroxy-3-
methy1-2-(9-pheny1-9H-fluoren-9-ylamino)butanoate (119.5 mg, 0.258 mmol),
and the mixture was stirred at ambient condition for 14.25 hr. The reaction
mixture was then diluted with CH2C12 (30 mL) and washed with water (15 mL),
and the organic 10layer was dried (MgSO4), filtered, and concentrated in
vacua. The resultant crude material was purified with a Biotage (40 g
silica gel; 5% Et0Ac/hexanes) to afford (2S,3S)-benzyl
4-(tert-butyldimethylsilyloxy)-3-methy1-2-(9-pheny1-9H-fiuoren-9-
ylamino)butanoate, contaminated with TBDMS based impurities, as a colorless
viscous oil (124.4 mg). (2S,310-benzyl
4-hydroxy-3-methy1-2-(9-pheny1-9H-fluoren- 159-ylamino)butanoate was
elaborated similarly to (2S,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-pheny1-9H-Iluoren-9-ylamino)butanoate,
(2S,3S)-sily1 ether isomer: 1H NMR (DMSO-d6, 8 = 2.5 ppm, 400 MHz), 7,82
(d; I = 4.1, 113), 7.80 (cl, J 4.0, 111), 7.38-7.07 (m, 16 II), 4,70 (d,
.12.4, 1H), 4.42 (d,./ = 12.3, 1H), 3,28-3.19 (m, 31-1), 2.56 (dd,../
-.10.1,  5.5, 111), 1.61 (m, 111), 0,90 (d, I 20= 6.8, 3H), 0.70 (s, 9H),
-0.13 (s, 3H), -0.16 (s, 3H). LC (Cond. 1, where the run time was extended
to 4 mm): RT = 3.26 mm; LC/MS: Anal. Calcd. for [M+Fl]t C321-144NO3Si:
578.31; found 578.40. (2S,3R)-sily1 ether isomer: 1H NIVIR (DMSOd6, 8 = 2.5
ppm, 400 MHz), 7.82 (d, 1= 3.0, 1H), 7.80 (d, J = 3.1, 1H), 7.39-7.10 (m,
16H), 4.66 (d, J - 12.4, 1H), 4.39 (d, J = 12.4, 1H), 3.61 (dd, J - 9.9,
5.6, 1H), 3.45 25(d, I = 9.5, 1H), 3.41 (dd, J = 10, 6.2, 1H), 2.55 (dd, I
= 9.5, 7.3, 1H), 1.74 (m, 1H), 0.77 (s, 9H), 0.61 (d, J = 7.1, 3H), -0.06
(s, 3H), -0.08 (s, 3H).       A balloon of hydrogen was attached to a
mixture of (2S,3S)-benzyl
4-(tertbutyldimethylsilyloxy)-3-methy1-2-(9-pheny1-9H-fluoren-9-ylamino)but
anoate (836 mg, 1.447 mmol) and 10% Pd/C (213 mg) in Et0Ac (16 mL) and the
mixture was 30 stirred at room temperature for - 21 hr, where the balloon
was recharged with H2 as necessary. The reaction mixture was diluted with
CH2C12 and filtered through a pad of diatomaceous earth (Celite-545(r)),
and the pad was washed with Et0Ae (200 tnL), - 110- 



Et0Ac/Me011 (1:1 mixture, 200 mL) and Me0H (750 mlf"). The combined organic
phase was concentrated, and a silica gel mesh was prepared from the
resulting crude material and submitted to a flash chromatography (8:2:1
mixture of Et0Ac/iPrOH/H20) to afford
(2S,3S)-2-amino-4-(tert-butyldimethylsilyloxy)-3- 5methylbutanoic acid as a
white fluffy solid (325 mg). (2S,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methy1-2-(9-pheny1-9H-fluoren-9-ylamino)butanoate
was similarly elaborated to
(2S,3R)-2-amino-4-(tert-butyldimethylsilyloxy)-3- methylbutanoic acid.
(2S,3S)-amino acid isomer: 1H NMR (Methanol-d4, 6 = 3.29 ppm, 400 MHz),
3.76 (dd, J = 10.5, 5.2, 1H), 3.73 (d, J = 3.0, 1H), 3.67 (dd, J = 1010.5,
7.0, 1H), 2.37 (m, 1H), 0.97 (d, J = 7.0, 3H), 0.92 (s, 9H), 0.10 (s, 6H).
LC/MS: Anal. Calcd. for [M+H] C1,1126NO3Si: 248.17; found 248.44.
(2S,3R)-amino acid isomer: 1H NMR (Methanol-d4, 8 = 3.29 ppm, 400 MHz),
3.76-3.75 (m; 2H), 3.60 (d, J= 4.1, 1H), 2:16 (m, 1H), 1.06 (d, J= 7.3,
3H), 0.91 (s, 9H), 0.09 (s, 61-D. Anal. Calcd. for [M+Hr CIIII26NO3Si:
248.17; found 248.44. 15Water (1 nit) and NaOH (0.18 inL of 1.0 M/1-120,
0.18 mmol) were added to a mixture of
(2S,3S)-2-amino-4-(tert-butyldimethylsilyloxy)-3-methylbuttmoie acid (41,9
mg, 0.169 mmol) and Na2CO3 (11.9 mg, 0.112 mmol), and sonicated for about 1
mm to effect dissolution of reactants. The mixture was then cooled with an
ice-water bath, methyl ehlorofonnate (0.02 mL, 0.259 mmol) was added over
30 s, and vigorous 20stirring was continued at similar temperature for 40
min and then at ambient temperature for 2.7 hr. The reaction mixture was
diluted with water (5 mL), cooled with ice-water bath and treated drop-wise
with 1.0 N HCI aqueous solution (-0.23 mL) The mixture was further diluted
with water (10 mL) and extracted with CH2C12 (15 mL, 2x). The combined
organic phase was dried (MgSO4), filtered, and 25 concentrated in vacuo to
afford Cap-80a as an off-white solid. (2S,3R)-2-amino4-
(tert-butyldimethylsilyloxy)-3-methylbutanoic acid was similarly elaborated
to Cap-80b. Cap-80a: 11-1 NMR (DMSO-d6, 6 = 2.5 ppm, 400 MHz), 12.57 (br s,
I H), 7.64 (d, J = 8.3, 0.3H), 7.19 (d, J = 8.8, 0.7H), 4.44 (dd, J = 8.1,
4.6, 0.3H); 4.23 (dd. J 8.7 , 4.4, 0.7H), 3.56/3.53 (two singlets, 3H),
3.48-3.40 (m, 2H), 2.22-2.10 (m, 1H), 300.85 (s, 9H), -0.84 (d, 0.9H,
overlapped with t-Bu signal), 0.79 (d, J = 7 , 2.1H), 0.02/0.01/0.00 (three
overlapping singlets, 6H). LC/MS: Anal. Calcd. for IM+Nal+
CI3H271\11Na05Si: 328.16; found 328.46. Cap-80b: iI NMR (CDC13, 8 = 7.24
ppm, 400 MHz), 6.00 (br d, J = 6.8, 111), 4.36 (dd, J = 7.1, 3.1, 1H), 3.87
(dd, J - 10.5, 3.0, 1H), 3.67 (s, 3H), 3.58 (dd, J = 10.6, 4.8, 1H), 2.35
(m, 1H), 1.03 (d, I = 7 .1, 3H), 0.90 (s, 9H), 0.08 (s, 6H). LC/MS: Anal.
Calcd. for [M+Nar C131-127NNa05Si: 5328.16; found 328.53. The crude
products were utilized without further purification. Cap-81    0-
Prepared according to the protocol described by Falb et al. Synthetic
10Communications 1993, 23, 2839. Cap-82 to Cap-85 Cap-82 to Cap-85 were
synthesized from appropriate starling materials      according to the
procedure described for Cap-51 or Cap-]3. The samples exhibited 15similar
spectral profiles as that of their enantiomers (i.e.., Cap-4, Cap-13,
Cap-51 and Cap-52, respectively). 



0000 HHH 0 At,0 N0 N ..-- -,r- OHOH--- iOH--- 1.1--OH
Cap-82Cap-83Cap-84Cap-85 Cap-86 Me02CHN  20To a mixture of
0-methyl-L-threonine (3.0 g, 22.55 mmol), NaOH (0.902 g, 22.55 mmol) in H20
(15 mL) was added C1CO2Me (1.74 mL, 22 55 mmol) dropwise at 0C. The mixture
was allowed to stir for 12 h and acidified to pH1 using IN HC1. The aqueous
phase was extracted with Et0Ac and (2x250 mL) and 10% Me0H in CH2C12 (250
mL) and the combined organic phases were concentrated under in vacuo 25to
afford a colorless oil (4.18 g, 97%) which was of sufficient purity for use
in - 112 -  WO 2010/117704PCT/US2010/028999 subsequent steps. IIIINMR (400
MHz, CDCI3) 8 4.19 (s,3.92-3.97 (m, 1H), 3.66 (s, 3H), 1.17 (d, J = 7.7 Hz,
3H). LCMS: Anal. Calcd.. for C2H.13NO3: 191.; found: 190 (M-H)". 5Cap-87
Me02CHN 0 HOr-rt OH       To a mixture of L-homoserine (2.0 g, 9.79 mmol),
Na2CO3 (2.08 g, 19.59 mmol) in H20 (15 mL) was added C1CO2Me (0.76 mL, 9.79
mmol) dropwise at 0C. The mixture was allowed to stir for 48 h and
acidified to pH 1 using IN HCI. The 10 aqueous phase was extracted with
Et0Ac and (2X250 mL) and the combined organic phases were concentrated in
vacuo to afford a colorless solid (0.719 g, 28%) which was of sufficient
purity for use in subsequent steps. IHNMR (400 MHz, CDC13) 8 4.23 (dd,./ -
4.5, 9.1 Hz, 113), 3.66 (s, 3H), 3.43-3.49 (m, 2H), 2.08 2.14 On, 1H),
1.82- 1.89 (m, 1H). LC:MS: Anal. Calcd. for C71.. 13N05: 191; found: 192
(WHY. 15 Cap-88  A mixture of L-valine (1.0 g, 8.54 mmol), 3-bromopyridine
(1.8 nit, 18.7 



mmol), K2CO3 (2.45 g, 17.7 mmol) and CuI (169 mg, 0.887 mmol) in DMSO (10
20 mL) was heated at 100C for 12h. The reaction mixture was cooled to P.
poured into H2O (ca. 150 mL) and washed with Et0Ac (x2). The organic layers
were extracted with a small amount of H20 and the combined aq phases were
acidified to ca. pH 2 with 6N HC1. The volume was reduced to about
one-third and 20g of cation exchange resin (Strata) was added. The slurry
was allowed to stand for 20 min and loaded onto 25a pad of cation exchange
resin (Strata) (ca. 25g). The pad was washed with 1320 (200 mL), Me0H (200
mL), and then NH3 (3M in Me0H, 2X200 mL) The appropriate fractions was
concentrated in vacuo and the residue (ca. 1.1 g) was dissolved in R70, -
113 -  frozen and lyophyllized. The title compound was obtained as a foam
(L02 g, 62%). 11-1.NMR (400 MHz, DMSO-d6) 88.00 (s, br, 1H), 7.68- 7.71
(in, 11-1), 7.01 (s, Tor, 1H), 6.88 (d, J = 7.5 Hz, 1H), 5.75 (s, br, 1H),
3.54 (s, 1H), 2.04 - 2.06 (m, 1H), 0.95 (d, J= 6.0 Hz, 3H), 0.91 (d, J =
6.6 Hz, 3H). LCMS: Anal. Calcd. for C10H14N202: 5194; found: 195 (M+H).
Cap-89  A mixture of L-valine (1.0 g, 8.54 mmol), 5-bromopyrimidine (4.03
g, 17.0 10 mmol), K2CO3 (2.40 g, 17.4 mmol) and CuI (179 mg, 0.94 mmol) in
DMSO (10 mL) was heated at 100C for 12h. The reaction mixture was cooled to
RT, poured into H20 (ca. 150 inL) and washed with Et0Ac (x2). The organic
layers were extracted with a small amount of 1120 and the combined aq
phases were acidified to ca. pH 2 with 6N HC1. The volume was reduced to
about one-third and 20g of cation exchange 15resin (Strata) was added. The
slurry was allowed to stand for 20 min and loaded onto a pad of cation
exchange resin (Strata) (ca. 25g). The pad was washed with 1120 (200 mL),
Me011 (200 mL), and then NH3 (3M in Me0H, 2x200 mL) The appropriate
fractions was concentrated in vacua and the residue (ca. 1.1 g) was
dissolved in H20, frozen and lyophyllized. The title compound was obtained
as a foam (1.02 g, 62%). 20 IHNMR (400 MHz, CD30D) showed the mixture to
contain valine and the purity could not be estimated. The material was used
as is in subsequent reactions. LCMS: Anal. Calcd. for C9H13N302: 195;
found: 196 (M+H)+. Cap-90 CO2H       Cap-90 was prepared according to the
method described for the preparation of Cap-1. The crude material was used
as is in subsequent steps. LCMS: Anal. Calcd. for CIIIII6NO2: 193; found:
192 (M-Hl. - 114 -         The following caps were prepared. accordin.g to
the method used fin-preparation of cap 51 unless noted otherwise: Cap
Structure  LCMS Cap-91 0 



NHCO2Me CO2H  LCMS: Anal. Calcd. for CI iHi3N04: 223; found: 222 04A-If.
Cap-92 Is NHCO2Me CO2H  LCMS: Anal. Calcd. for CIIIII3N04: 223; found: 222
(M-H)-. Cap-93 0 --- 1)Y HN", I 0 0 'OH  LCMS: Anal. Calcd. for C10H12N204:
224; found: 225 (M)-14). Cap-94 0 NOH H0 1/41/-''' 0  



T"CMS: Anal. Calcd. lb C21111N304: 213; found: 214 (M-FH)1. Cap-95 110   0
OANH 0 OH  CMS: Anal. Calcd. for C13F117/\104: 251; found: 250 (M-H)-.
Cap-96  40 0 NH0 OH  LCMS: Anal. Calcd. for C12H15N04: 237; found: 236
(M-H)-.   - 115-   Cap-97 0 OA NH 0 o'iLOH LCMS: Anal. Calc,d. l'or
C9Ii15N04: 201; found: 200 (M-H)". Cap-98   0 OANH 0 artLOH 



LCMS: Anal. Calcd. for C9H15N04: 201; found: 202 (M+H)l. Cap-99 0 CYANH
1HNMR (400 MHz, CD30D) 8 3.88 - 3.94 (m, 1H), 3.60, 3.61 (s, 3H), 2.80 (m,
1H), 2.20 (m 1H), 1.82- 1.94 (m, 3H), 1.45 -1.71 (m, 2H).  CO2H  Cap-99a 0
ONH tO2H  HNMR. (400 MHz, CDIOD) 63.88 -3.94 (m, 111), 3.60, 3.61 (s, 311),
2.80 (m, 1H), 2.20 On [H), 1.82- 1.94 (m, 3H), 1.45 1.71 (m, 2H). Cap-100 0
..1. 0NH 0 OH 401 LCMS: Anal. Calcd. for C12F114N04F: 255; found: 256
(M+H)+. Cap-101 0 OANH 



CO2H 40 LCMS: Anal. Calcd. for C111-113N04: 223; found: 222 (M-HI.
Cap-102 0 -..,0). NH CO2H 0 LCMS: Anal. Caled. for C11i-T13-N04: 223;
(Mind: 222 (M-Hy Cap-103 0 NH      -.7.-0O2H ------;-"-N LCMS: Anal. Calcd.
for C10H12N204: 224; found: 225 (M+H). Cap-104 HNCO2H 1HNMR (400 MHz,
CD30D) 33.60 (s, 3H), 3.50 - 3.53 (m, 1H), 2.66 -2.69 and 2.44 - 2.49 (m,
11-1), 1.91 - 2.01 (m, 211), 1.62- 1.74 (m, 4H), 1.51 - 1.62 (m, 2H).  0  0
/   



Cap-105 MI,  (CO21-1 0-K- /0 1HNMR (400 MHz, CD3011) 83.60 (s, 311), 3.33 -
3.35 (m, 1H, partially obscured by solvent), 2.37 - 2.41 and 2.16 - 2.23
(m, 1H), 1.94 -2.01 (m, 4H), 1.43 - 1.53 (m, 2H), 1.17 - 1.29 (m, 2H).
Cap-106 MN.0... CO2H / 11-INMR (400 MHz, CD30D) 8 3.16 (q, J =- 7.3 Hz,
4H), 2.38 - 2.41 (m, 1H), 2,28 - 2.31 (m, 2H), 1.79 - 1.89 (m, 211),
Prepared from cis-4- aminocyclohexane carboxylic, acid and     acetaldehyde
by employing a similar procedure described for the synthesis of Cap-2. The
crude HC1 salt was passed through MCX (Me0H/H20/CH2C12 wash; 2 N NH3/Me0H
elution) to afford an oil, which was dissolved in CH3CN/H20 and lyophilized
to afford a tan solid. 1.74 (app, ddd J = 3.5, 12.5, 15.9 Hz, 2H), 1.46
(app dt J --= 4.0, 12.9 Hz, 2H), 1.26 (t, J = 7.3 Hz, 6H) Cap-I07 0 OH r 0
I,CMS: Anal. Calcd. for C5T310N204S: 230; found: 231 (M+H)+. 



Cap-108 0 err-11'0H N.--  PhI-1N0...",, r----/0 LCMS: Anal. Calcd. for
C151-112N304: 303; found: 304 (M+1-1)+. Cap-109 0 NH CO2H I .7N LCMS: Anal.
Calcd. for C101-112N204: 224; found: 225 (M+H)+. Cap-110 0 -.0.ANH 'CO2H ,
1 'N--- LCMS: Anal. Calcd. for C101-112N204: 224; found: 225 (M+H)t.
Cap411 0 N.../.. 



0I\JH 401 (:).N ,0 P Me0' \OH CO2H  ,CMS: Anal. Calcd. for C1 21-116N0813:
333; found: 334 (M+H)+. Cap-112 0 NH CO2H  NH LCMS: Anal. Calcd. for
C131-114N204: 262; found: 263 (M+H)+. Cap-113  ,0NH 0 CO2H 10 OBn LCMS:
Anal. Calcd. for C18H191\105: 329; found: 330 (M+11)+. Cap-114 I ,002Me Y
CO2H  



INWIR (400 MHz,  CDC13) 5 4.824.84 (m, I H), 4.00 - 4.05 (m, 2H), 3.77 (s,
3H), 2.56 (s, br, 2H)      Cap-u5 402H NHCO2Me  1HNMR (400 MHz, CDC13) 8
5.13 (s, br, IH), 4.13 (s, br, 1H), 3.69 (s, 3H), 2.61 (d, J = 5.0 Hz, 2H),
1.28 (d, J = 9.1 Hz, 3H). Cap-116  CO2H NHCO2Me IHNMR (400 MHz, CDC13) 8
5.10 (d, J = 8.6 Hz, 111), 3.74 - 3.83 (m,  1Ff), 3.69 (s, 3H), 2.54 - 2.61
(m, 2H), 1.88 (scpt, .1 = 7.0 Hz, 1H), 0.95 (d,./ = 7.0 Hz, 6H). Cap-I 17
to Cap-123       For the preparation of Cap-117 to Cap-123 the Boc amino
acids were obtained from commercially sources and were deprotected by
treatment with 25% TFA in 5 CH2C12. After complete reaction as judged by
LCMS the solvents were removed in vacua and the corresponding TFA salt of
the amino acid was carbamoylated with methyl chloroformate according to the
procedure described for Cap-5I. Cap Structure LCMS 



Cap-/ 17 0 --"OANH 0 OH LCMS: Anal. Caled. for C12H15N04: 237; found: 238
(114-1-HY . Cap-118 0 ..." OA NH0 z/C)LOH C? LCMS: Anal. Caled. for
C10H13N04S: 243; found: 244 (114+Iii. Cap-119 0 A ONH0 rp LCMS: Anal.
Calcd. for C10H13N04S: 243; found: 244 (M+H).    Cap-120 



0 N'OANH 0 }-)LOH N \--8 LCMS: Anal. Caled. for C101-113N04S: 243; found:
244 (WH)'.  - 120-  WO 2010/117704PCT/US2010/028999 Cap-121 0 -.01N I-1
n....0O2H 1HNMR (400 MHz, CDC11) 6 4.06 - 4.16 (m, 1H), 3.63 (s, 3H), 3.43
(s, 1H), 2.82 and 2.66 (s, br, 1H), 1.86 - 2.10 (m, 3H), 1.64- 1.76 (m,
2H), 1.44 - 1.53 (m, 1H). Cap-I22 0 -.0)1.N H 



,,,CO2H IHNMR profile is similar to that of its enantiomer, Cap-121.
Cap-I23 NHo/  it LCMS: Anal. Calcd. for C2711261\206: 474; found: 475
(1V1+1-1)-.  114,,a,NH W. rOH   Cap-124    The hydrochloride salt of
L-threonine tert-butyl ester was carbamoylated 5according to the procedure
for Cap-51. The crude reaction mixture was acidified with 1N HC1 to pH-A
and the mixture was extracted with Et0Ac (2X50 mL). The combined organic
phases were concentrated in vacuo to give a colorless oil which solidified
on standing. The aqueous layer was concentrated in vacuo and the resulting
mixture of product and inorganic salts was triturated with
Et0Ac-CI-12C12-Me0H 



10(1:1:0.1) and then the organic phase concentrated in vacuo to give a
colorless oil which was shown by LCMS to be the desired product. Both crops
were combined to give 0.52 g of a solid. 1HNMR (400 MHz, CD30D) 34.60 (m,
1H), 4.04 (d, J = 5.0 Hz, 1H), 1.49 (d, J = 6.3 Hz, 3H). LCMS: Anal. Calcd.
for C51-171804: 145; found: 146 (M+11)+. - 121 -  Cap-125 -N0  \Th-j<OH
BocHN To a suspension of Pd(OH)2, (20%, 100 mg), aqueous formaldehyde (37%
wt, 4 ml), acetic acid, (0 5 mL) in methanol (15 mL) was added
(S)-4-amino-2-(tert- 5 butoxycarbonylamino)butanoic acid (1 g, 4.48 mmol).
The reaction was purged several times with hydrogen and was stirred
overnight with an hydrogen balloon room temp. The reaction mixture was
filtered through a pad of diatomaceous earth (Celite ), and the volatile
component was removed in vacuo. The resulting crude material was used as is
for the next step. LC/MS: Anal. Calcd. for CI1I-InN204: 246; 10 found: 247
(M+H)+. Cap-126    This procedure is a modification of that used to prepare
Cap-5I. To a 15suspension of 3-methyl-L-histidine (0.80 g, 4.70 mmol) in
THF (10mL) and 1120 (10 mL) at 0C was added NaHCO3 (0.88 g, 10.5 mmol) The
resulting mixture was treated with C1CO2Me (0.40 mL, 5.20 mmol) and the
mixture allowed to stir at 0C. After stirring for ca. 2h LCMS showed no
starting material remaining. The reaction was acidified to pH 2 with 6 N
MCI. 20The solvents were removed in vacuo and the residue was suspended in
20 mL of 20% Me0H in CH2C12. The mixture was filtered and concentrated to
give a light yellow foam (1.21 g,). LCMS and 1H NMR showed the material to
be a 9:1 mixture of the methyl ester and the desired product. This material
was taken up in TI-IF (10mL) and 1120 (10mL), cooled to 0C and LiOH (249.1
mg, 10.4 mmol) was added. 25After stirring ca. lh LCMS showed no ester
remaining. Therefore the mixture was acidified with 6N HCI and the solvents
removed in vacuo. LCMS and III NMR - 122 -  confirm the absence of the
ester. The title compound was obtained as its HC1 salt contaminated with
inorganic salts (1.91 g, >100%), The compound was used as is in subsequent
steps without further purification. IHNMR (400 MHz, all30D) 88.84, (s, 1H),
7.35 (s, 1H), 4.52 (dd, J = 5.0, 9.1 Hz, 1H), 3.89 (s, 3H), 3.62 (s, 31-1),
3.35 (dd, J 



5= 4.5, 15.6 Hz, 1H, partially obscured by solvent), 3.12 (dd, J = 9.0,
15.6 Hz, 1H).LCMS: Anal. Calcd. for C9H13N304: 227.09; found: 228.09 (M+H).
Cap-127  FI2NCO21-1 cj-26   CICO2Me, NaHCO3 THF / H20 / 0C   M N
Me02CHNCO21-1 cap-127  10Cap-127 was prepared according to the method for
Cap-126 above staffing from
(S)-2-amino-3-(1-methy1-1H-imidazol.-4-yl)propanoic acid (1.11 g, 6.56
mmol.), NaHCO3 (1.21 g, 14.4 mmol) and C1CO2Me (0.56 mL, 7.28 mmol.). The
title compound wa.s obtained a.s its HO salt (1.79 g, >100%) contaminated
with inorganic salts. LCMS and 1H. NMR. showed the presence of ca. 5% of
the methyl ester. The 15crude mixture wa.s used a.s is without further
purification, IHNMR (400 MHz, CD30D) 88.90 (s, 11-1), 7.35 (s, I H), 4.48
(dd, J- 5.0, 8.6 Hz, 1H), 3.89 (s, 3H), 3.62 (s, 3H), 3.35 (m, 1H), 3.08
(m, 1H); LCMS: Anal. Calcd. for C9H13N304: 227.09; found: 228 (M+H).  - 123
-  Preparation of Cap-128      Step I. Preparation of (S)-benzyl
2-(tert-butoxycarbonylamino)pent-4-yrkoate (cj527b). BocHN CO2Bn cj-27b
To a solution of c/-27a (1.01 g, 4.74 mmol), DMAP (58 mg, 0.475 mmol) and
iPr2NEt (1.7 mL, 9.8 mmol) in CT-T2C12 (100 la) at 0C was added Cbz-C1
(0.68 mL, 4.83 mmol). The solution was allowed to stir for 4 h at 0C,
washed (1N KHSO4, 10brine), dried (Na2SO4), filtered, and concentrated in
vacuo. The residue was purified 



by flash column chromatography (TLC 6:1 hex:Et0Ac) to give the title
compound (1.30 g, 91%) as a colorless oil. 1HNMR (400 MHz, CDC13) 67.35 (s,
5H), 5.35 (d, br, J = 8.1 Hz, 1H), 5.23 (d, = 12.2 Hz, 1H), 5.17 (d, J =
12.2 Hz, 1H), 4.48 -4.53 (m, 1H), 2.68 - 2.81 (m, 2H), 2.00 (t, J = 2.5 Hz,
1H), 1.44 (s, 9H). LelvIS: Anal. 15Calcd. for CI7H21N104: 303; found: 304
(M-(1-1)1. Step 2. Preparation of (S)-benzyl
3-(1-benzy1-1H-1,2,3-triazol-4-y1)-2-(tertbutoxycarbonylamino)propanoate
(cj-28).  - 124 -  Ph-Th  N14, \ '1\1  BocHN CO2Bn cj-28       To a mixture
of (S)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (030 g, 1.65 mmol),
sodium ascorbate (0.036 g, 0.18 mmol), CuSO4-5H20 (0,022 g, 0.09 mmol) and
NaN3 (0.13 g, 2.1 mmol) in DMF-H20 (5 mL, 4:1) at rt was added BnBr 5(0.24
mL, 2 02 mrnol) and the mixture was walined to 65C. After 5h LCMS indicated
low conversion. A further portion of NaN3 (100 mg) was added and heating
was continued for 12h. The reaction was poured into Et0Ac and H20 and
shaken. The layers were separated and the aqueous layer extracted 3x with
Et0Ac and the combined organic phases washed (H20 x3, brine), dried
(Na2SO4), filtered, and 10 concentrated. The residue was purified by flash
(Biotage, 40+M 0-5% Me0H in CJ-12C].2; TLC 3% MeOl-I CH2C12) to afford a
light yellow oil which solidified On standing (748.3 mg, 104%). The NMR was
consistent with the desired product but suggests the presence of DMF. The
material was used as is without further purification. 111NMR (400 MHz,
DMSO-d6) 5 7,84 (s, 1H), 7.27 7.32 (in, 10H), 155.54 (s, 2H), 5.07 (s,
211), 4.25 (in, 1H), 116 (dd, .1 1.0, 5.3 Hz, 1H), 3.06 (dd, 5.3, 14.7 Hz),
2.96 (dd,/ - 9.1, 14.7 Hz, 1H), 1.31 (s, 9H). LCMS: Anal. Cale& for
C24H281\1404: 436; found: 437 (M+H). Step 3. Preparation of (S)-benzyl
3-(1-benzy1-1H-1,2,3-triazol-4-y1)-2- 20(methoxycarbonylamino)propanoate
(cj-29). Ph-\ \ Me02CHN CO2Bn cj-29       A solution of (S)-benzyl
3-(1-benzy1-1H-1,2,3-triazol-4-y1)-2-(tertbutoxycarbonylamino)propanoate
(0.52 g, 1.15 mmol) in CH2C12 was added TFA (4 mL). The mixture was allowed
to stir at room temperature for 2h. The mixture was  



- 125 -  concentrated in vacua to give a colorless oil which solidified on
standing. This material was dissolved in TF117-H20 and cooled to 0C. Solid
NatICO3 (0.25 g, 3.00 mmol) was added followed by C1CO2Me (0.25 mL, 3.25
mmol). After stirring for 1.5h the mixture was acidified to pH-2 with 6N
HC1 and then poured into H20- 5Et0Ac. The layers were separated and the aq
phase extracted 2x with Et0Ac. The combined org layers were washed (H20,
brine), dried (Na2SO4), filtered, and concentrated in vacuo to give a
colorless oil (505.8 mg, 111%, NMR suggested the presence of an
unidentified impurity) which solidified while standing on the pump. The
material was used as is without further purification. IHNMR (400 MHz, DMS0-
10(16) 8 7.87 (s, 1H), 7.70 (d, J= 8.1 Hz, 1H), 7.27 - 7.32 (m, 10H), 5.54
(s, 2H), 5.10 (d, J = 12.7 Hz, 1H), 5.06 (d, J = 12.7 Hz, 1H), 4.32 - 4.37
(m, 1H), 3.49 (s, 3H), 3.09 (dd, J = 5.6, 14.7 Hz, 1H), 2.98 (dd, J = 9.6,
14.7 Hz, 1H). LCMS: Anal. Calcd. for C211122N404: 394; found: 395 (M+H)+.
15Step 4. Preparation of (S)-2-(methoxycarbonylami no)-3-( H- I
,2,3-triazo1-4- yl)propanoic acid (Cap-128).  HN Me02CHNCO21-i Cap-128
(S)-benzyl 3-(1-benzy1-1H-1,2,3-triazol-4-y1)-2-
(methoxycarbonylamino)propanoate (502 mg, 111 mmol) was hydrogenated in the
20 presence of Pd-C (82 mg) in Me0H (5 mL) at atmospheric pressure for 12h.
The mixture was filtered through diatomaceous earth (Celite ) and
concentrated in vacuo.
(S)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-yppropanoic acid was
obtained as a colorless gum (266 mg, 111%) which was contaminated with ca.
10% of the methyl ester. The material was used as is without further
purification. IHNMR (400 25MHz, DMSO-d6) 812.78 (s, br, 1H), 7.59 (s, 1H),
7.50 (d, J = 8.0 Hz, Ii-f), 419 - 4.24 (m, 1H), 3.49 (s, 3H), 3.12 (dd, J =
4.8 Hz, 14.9 Hz, 1H), 2.96 (dd, J = 9.9, 15.0 Hz, 1H). LCMS: Anal. Calcd.
for C71410N404: 214; found: 215 (M+H)1-. -  WO 2010/117704PCT/US2010/028999
Preparation of Cap-129 rNCO2H 1) H2 Pd-C / Me0H(.11J-D CbzHN0 CH3CN / 50C
CbzHNX2) CICO2MeMe02CHN"LCO2H cj-30 



Step 1. Preparation of
(S)-2-(benzyloxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic 5acid (cj-31).
r,N cbzHN-1-co2H cj-31       A suspension of (S)-benzyl
2-oxooxetan-3-ylcarbamate (0.67 g, 3.03 mrnol), and pyrazole (0.22 g, 3.29
mmol) in CH3CN (12 mL) was heated at 50 C for 24h. The mixture Was cooled
to rt overnight and the solid filtered to afford (S)-2-
10(benzyloxycarbony1iunino)-3-(1H-pyrazo1-1-y1)propanoic acid (330.1 mg).
The filtrate was concentrated in warn and then triturated with a small
amount of C1-13CN (ca. 4 mL) to afford a second crop (43.5 mg), Total yield
370.4 mg (44%). m.p. 165.5- 168C. lit imp, 168.5 - 169.5 [Vederas etal. J.
Am. Chem. Soc. 1985, 107, 7105]. IHNMR (400 MHz, CD30D) 67.51 (d, .1=2.0,
1H), 7.48 (s, J =1.511z, 151H), 7.24 - 7.34 (m, 514), 6.23 m, 1H), 5.05 (d,
12.7 H, 1H), 5.03 (d, I = 12.7 Hz, 1H), 4.59 - 4.66 (m, 2H), 4.42 - 4.49
(m, 1H). LCMS: Anal. Calcd. for C14H13N304: 289; found: 290 (M+H).
Step 2. Preparation of
(S)-2-(nethoxycarbonylamino)-3-(1H-pyrazol-I-Apropanoic 20acid (Cap-129).
(N Me02CHN)%t02H                                   cap-129
(S)-2-(benzyloxycarbonylamino)-3-0H-pyrazol-1-yepropanoic acid (0.20 g,
0.70 mmol) was hydrogenated in. the presence of Pd-C (45 mg) in Me01-1 (5
mL) at - 127 -  atmospheric pressure for 2h. The product appeared to be
insoluble in Me0H, therefore the reaction mixture was diluted with 5mL H20
and a few drops of 6N HC.I. The homogeneous solution was filtered through
diatomaceous earth (Celite), and the Me0H removed in vacuo. The remaining
solution was frozen and lyophyllized to 5give a yellow foam (188.9 mg).
This material was suspended in THF-H00 (1:1, 10mL) and then cooled to 0C.
To the cold mixture was added NaHCO3 (146.0 ma, 1.74 mmol) carefully
(evolution of CO2). After gas evolution had ceased (ca. 15 min) C1CO2Me
(0.06 mL, 0.78 mmol) was added dropwise. The mixture was allowed to stir
for 2h and was acidified to pH-2 with 6N HO and poured into Et0Ac. The
10layers were separated and the aqueous phase extracted with EtOAC (x5).
The combined organic layers were washed (brine), dried (Na2SO4), filtered,
and concentrated to give the title compound as a colorless solid (117.8 mg,
79%). IHNMR (400 MHz, DMSO-d6) 8 13.04 (s, 1H), 7.63 (d, J = 2.6 Hz, 1H),
7.48 (d, J 8.1 Hz, IT-I), 7.44 (d, J-1.5 Hz, 114), 6.19 (app t, I = 2.0 Hz,
1H), 4.47 (dd, = 3.0, 1512.9 Hz, la), 4.29 - 4.41 (m, 211), 3.48 (s, 311).
LCMS: Anal. Caled. for C441-LIN304: 213; found: 214 (M-FH)t. 



Cap-130  AcHNCO2H 20Cap-130 was prepared by acylation of commercially
available (R)- phenylglycine analgous to the procedure given in: Calmes,
M.; Daunis, J.; Jacquier, R.; Verducci, J. Tetrahedron, 1987, 43(10), 2285.
Cap-131           Step a: Dimethylcarbamoyl chloride (0.92 mL, 10 mmol) was
added slowly to a solution of (S)-berizyl 2-amino-3-methylbutanoate
hydrochloride (2.44 g; 10 mmol) - 128 -  and Hunig's base (3.67 mL, 21
namol) in THF (50 mL). The resulting white suspension was stirred at room
temperature overnight (16 hours) and concentrated under reduced pressure.
The residue was partitioned between ethyl acetate and water. The organic
layer was washed with brine, dried (MgSO4), filtered, and concentrated
5under reduced pressure. The resulting yellow oil was purified by flash
chromatography, eluting with ethyl acetate:hexanes (1:1). Collected
fractions were concentrated under vacuum providing 2.35 g (85%) of clear
oil. 1H NMR (300 MHz, DMSO-c15) 8 ppm 0.84 (d, J=6.95 Hz, 3H), 0.89 (d,
J=6.59 Hz, 3H), 1.98-2.15 (m, 1H), 2.80 (s, 6H), 5.01-5.09 (m, J=12.44 Hz,
1H), 5.13 (d, J-12.44 Hz, 1H), 6.22 (d, 10 J=8.05 Hz, 1H), 7.26-7.42 (m,
5H). LC (Cond. 1): RT = 1.76 min; MS: Anal. Calcd. for [M+H] C16H22N203:
279.17; found 279.03.       Step b: To a Me0H (50 mL) solution of the
intermediate prepared above (2.35 g; 8 45 mmol) was added Pd/C (10%; 200
mg) and the resulting black suspension was flushed with N2 (3x) and placed
under 1 atm of F12. The mixture was stirred at room 15temperature overnight
and filtered though a microfiber filter to remove the catalyst. The
resulting clear solution was then concentrated under reduced pressure to
obtain 143 g (89%) of Cap-131 as a white foam, which was used without
further purification. 1H NMR (500 MHz, DMSO-d5) 5 ppm 0.87 (d,Hz, 3H), 0.88
(d, J=3.97 Hz, 3H), 1.93-211 (m, I H), 2.80 (s, 6H), 3.90 (dd, J-8.39, 6.87
Hz, 111), 5.93 20(d, J=8.54 Hz, 1H), 12.36 (s, 1H). LC (Cond. 1): RT = 0.33
min; MS: Anal. Calcd. for [M+Hr C8I-112N203: 189.12; found 189.04. Cap-132
0  ,Bn 0 



NH2 HCI       25Cap-132 was prepared from (S)-benzyl 2-aminopropanoate
hydrochloride according to the method described for Cap-131. 1H NMR (500
MHz, DMSO-d6) 5 ppm 1.27 (d, J=7.32 Hz, 3H), 2.80 (s, 6H), 4.06 (qt, 1H),
6.36 (d, J=7.32 Hz, 1H), 12.27 (s, 11-1). LC (Cond. 1): RT = 0.15 min; MS:
Anal. Calcd. for [M+H]C6Hi3N203: 161.09; fad 161.00. - 129 -  "ryiL.0 osc
NH2 HCI  Cap-133 was prepared from (S)-tert-butyl 2-amino-3-methylbutanoate
hydrochloride and 2-fluoroethyl chloroformate according to the method
described for 5 Cap-47. 1H NMR (500 MHz, DMSO-d0 8 Ppm 0.87 (t, J = 6.71
Hz, 6H), 1.97-2.10 (in, 1H), 3.83 (dd, J=8.39, 5.95 Hz, 1H), 4.14-4.18 (m,
1H), 4.20-4.25 (m., I H), 4.50- 4.54 (m, 1H), 4.59-4.65 (m, 1H), 7.51 (d, J
= 8.54 Hz, 1H), 12.54 (s, 1H). Cap-134    10 Cap-134 was prepared from
(S)-diethyl alanine and. methyl chloroformate according to the method
described for Cap-5 I .NMR (500 MHz, DMS0-4) 8 ppm 0.72-0.89 (m, 6H),
1.15-1.38 (ti, 41-1), 1.54-1.66 (m, 1H), 3.46-3.63 (m, 3H), 



4.09 (d.d., J = 8.85, 5.19 Hz, 1H), 7.24 (d, J = 8.85 Hz, 1H), 12.55.(s,
1B). LC (Cond. 15 2): RT = 0.66 min; LC/MS: Anal. Calcd. for [M+Hr
C9H18N04: 204.12; found 204.02. Cap-135    20A solution of
D-2-amino-(4-fluorophenyl)acetic acid (338 mg, 2.00 mmol), IN HC1 in
diethylether (2.0 mL, 2.0 mmol) and formalin (37%, 1 mL) in methanol (5 mL)
was subjected to balloon hydrogenation over 10% palladium on carbon (60 mg)
for 16 h at 25 C. The mixture was then filtered through Celite to afford
the HC1 salt of Cap-135 as a white Than) (3 16 mg, 80%). 1H NMR (300 MHz,
Me0H-44) 67.59 - 130 -  (dd, J= 8.80, 5.10 Hz, 2H.), 7.29 (t, = 8.6 Hz,
214), 5.17 (s, 111), 3.05 (v br s, 311), 2,63 (v his, 3H); Rt. -0,19 ruin
(Cond.-MS-W5); 95% homogenity index; LRMS: Anal. Calcd. for [M+Hr
C101-113FNO2: 198.09; found: 198.10. 5Cap-136 0 )  OH        To a cooled
(-50 C) suspension of 1-benzy1-1H-imidazole (1.58 g, 10.0 mmol) in
anhydrous diethyl ether (50 mL) under nitrogen was added n-butyl lithium
(2.5 M in hexanes, 4.0 mL, 10.0 mmol) dropwise. After being stirred for 20
min at - 1050C, dry carbon dioxide (passed through Drierite) was bubbled
into the reaction mixture 'fbr 10 min before it was allowed to warm up to
25 C. The heavy precipitate which formed on addition of carbon dioxide to
the reaction mixture was filtered to yield a hygroscopic, white solid which
was taken up in water (7 mL), acidified to p1-1 = 3, cooled, and induced,
to crystallize with scratching. Filtration of this precipitate 15gave a
white solid which was suspended in methanol, treated with 1.N HC}/diethyl
ether (4 mL) and. concentrated in vacua, Lyophilization of the residue fimn
water (5 mL) afforded the HC1 salt of Cap-I36 as a white solid (817 mg,
40%). 1H NMR (300 MHz, DMSO-d6) 6 7.94 (d,1.5 Hz, 1H), 7.71 (d,1.5 Hz, 1H),
7.50-7.31 (m, 5H), 5.77 (s, 2H); Rt - 0.51 mm (Cond.-MS-W5); 95% homogenity
index; LRMS: 20Anal. Cale. for [M-Hi] C11F112N202: 203.08; found: 203.11.
- 131 - 



Cap-137" step a  CN  A suspension of 1-chloro-3-cyanoisoquinoline (188 mg,
1.00 mmol; prepared according to the procedure in WO 2003/ 099274) (188 mg,
1.00 mmol), cesium 5fluoride (303.8 mg, 2.00 mmol),
bis(tri-tert-butylphosphine)palladium dichloride (10 mg, 0.02 mmol) and
2-(tributylstannyl)furan (378mL, 1 20 mmol) in anhydrous dioxane (10 mL)
under nitrogen was heated at 80 C for 16 h before it was cooled to 25 C and
treated with saturated, aqueous potassium fluoride solution with vigorous
stirring for 1 h. The mixture was partitioned between ethyl acetate and
water and the 10organic phase was separated, washed with brine, dried over
Na2SO4, filtered and concentrated. Purification of the residue on silica
gel (elution with 0% to 30% ethyl acetate/hexanes) afforded Cap-137, step a
(230 mg, 105%) as a white solid which was carried forward directly. R4 =
1.95 min (0.-ind.-MS-W2); 90% homogeneity index; LRIV1S: Anal. Cale. for
[M-i-H1 C:41-4N20: 221.07; found: 221.12. 15 Cap-137       To a suspension
of Cap 137, step a, (110 mg, 0.50 tromp and sOdillt11 periodate (438 mg,
2.05 mmol) in carbon tetrachloride (1 mL), acetonitrile (1 mL) and water
(1.5 mL) was added ruthenium trichloride hydrate (2 mg, 0.011 minol). The
20 mixture was stirred at 25 C for 2 h and then partitioned between
dichloromethane and water. The aqueous layer was separated, extracted twice
more with dichloromethane and the combined dichloromethane extracts were
dried over Na2SO4, filtered and concentrated. Trituration of the residue
with hexanes afforded Cap-137 (55 mg, 55%) as a grayish-colored solid. It,
= 1.10 min (Cond.-MS-W2); 90% homogeneity index; 25LCMS: Anal. Calc. for
[MH-H]l C:11-1814202: 200.08; found: 200.08. - 132 -  Caps .138 to 158
Synthetic Strategy. Method A.    Cap-138  CO2H 



Cap-I 38, step a  10       To a stirred suspension of 5-hydroxyisoquinoline
(prepared according to the procedure in WO 2003/ 099274) (2,0 g, 13.8 mmol)
and triphenylphosphine (4.3 g, 16.5 mmol) in dry tetrahydrofuran (20 mL)
was added dry methanol (0,8 mL) and diethyl azodicarboxylate (3.0 mL, 16.5
nunol) portionwise. The mixture was stirred 15at room temperature for 20 h
before it was diluted with ethyl acetate and washed with brine, dried over
Na2SO4, filtered and concentrated. The residue was preabsorbed onto silica
gel and chromatographed (elution with 40% ethyl acetate/hexanes) to afford
Cap-138, step a (1.00 g, 45%) as a light yellow solid. Ili NMR (CDC13, 500
MHz) 8 9.19 (s, 1H), 8.51 (d, J- 6.0 Hz, 1H), 7.99 (d, J= 6.0 Hz, 1H),
732-7.50 (m, 202H), 7.00-6.99 (m, 1H), 4.01 (s, 3H); Rt= 0.66 min
(Cond.-D2); 95% homogeneity index; LCMS: Anal. Calc. for [M+F1] CloHioNO:
160.08; found 160.1. Cap-I38, step b ?,c)   To a stirred solution of Cap
138, step a (2.34 g, 14.7 mtnol) in anhydrous diehloromethane (50 mL) at
room temperature was added meta-ohloroperbenzoic acid (77%, 3.42 g, 19.8
mmol) in one portion. After being stirred for 20 h, powdered potassium
carbonate (2.0 g) was added and the mixture was stirred for I h at room
5temperature before it was filtered and concentrated in vacuo to afford
Cap-I38, step b (2.15 g, 83%) as a pale, yellow solid which was
sufficiently pure to carry forward directly. 1H NMR (CDCI3, 400 MHz) 8 8.73
(d, J= 1.5 Hz, 1H), 8.11 (dd, J = 1.7 Hz, 1H), 8.04 (d, J=7.1 Hz, 1H), 7.52
(t, J= 8.1 Hz, 1H), 7.28 (d, J = 8.3 Hz, 1H), 6.91 (d, J= 7.8 Hz, 1H), 4.00
(s, 3H); Rt = 0.92 min, (Cond.-D1); 90% homogenity 10index; LCMS: Anal.
Calc. for [M+11]-1 C10Hj0NO2: 176.07; found: 176.0. Cap-138, step c To a
stirred solution of Cap 138, step h (0.70 g, 4.00 mmol) and triethylamine
15(1.1 inI" 8.00 mmol) in dry iteetonitrile (20 mL) at room temperature
under nitrogen was added trimethylsilylcyanide (1.60 inI" 12.00 mmol), The
mixture was heated at 75 C for 20 h before ii: was cooled to room
temperature, diluted with ethyl acetate and washed with saturated sodium
bicarbonate solution and brine prior to drying over Na2SO4 and solvent
concentration. The residue was flash chromatographed on silica 20gel
(gradient elution with 5% ethyl acetate in hexanes to 25% ethyl acetate in
hexanes) to afford Cap-138, step c (498.7 mg, 68%) as a white, crystalline
solid along with 223 mg (30%) of additional Cap-138, step c recovered from
the filtrate. 1H NMR (CDC13, 500 MHz) 5 8.63 (d, J= 5.5 Hz, 1H), 8.26 (d,
J= 5.5 Hz, 11-1), 7.88 (d, J= 8.5 Hz, 1H), 7.69 (t, J= 8.0 Hz, 1H), 7.08
(d, J= 7.5 Hz, 1H), 4.04 (s, 3I-1); R, 



25 = 1.75 min, (Cond.-D1); 90% homogeneity index; LCMS: Anal. Cale. for
[m+H]* c11H9N20: 185.07; found: 185.10.  Cap-I38       Cap-u8, step c (0.45
g, 2.44 mmol) was treated with 5N sodium hydroxide solution (10 mL) and the
resulting suspension was heated at 85 C for 4 h, cooled to 25 C, diluted
with dichloromethane and acidified with 1N hydrochloric acid. The 5organic
phase was separated, washed with brine, dried over Na2SO4, concentrated to
'A volume and filtered to afford Cap-I38 (0.44g, 88.9%) as a yellow
solid.NMR (DMSO-d6, 400 MHz) 5 13.6 (br s, 1H), 8.56 (d, J= 6.0 Hz, 1H),
8.16 (d, T = 6.0 Hz, 1H), 8.06 (d, J= 8.8 Hz, 1H), 7.71-7.67 (m, 1H), 7.30
(d, J= 8.0 Hz, 111), 4.02 (s, 3H); Rt = 0.70 min (Cond.-D1); 95% homogenity
index; LCMS: Anal. Calc. for 10[M+H]t C111-110NO3: 204.07; found: 204.05.
CO2H Cap-139, step a N CN 20To a thick-walled, screw-top vial containing an
argon-degassed suspension of 1-chloro-6-methoxyisoquinoline (1.2 g, 6.2
mmol; prepared according to the procedure in WO 2003/ 099274), potassium
cyanide (0.40 g, 6.2 mmol), 1,5- bis(diphenylphosphino)pentane (0.27 g,
0.62 mmol) and palladium (II) acetate (70 mg, 0.31 mmol) in anhydrous
toluene (6 mL) was added N,N,N',N'- 25tetramethylethylenediamine (0.29 mL,
2.48 mmol). The vial was sealed, heated at 150 'C for 221i and then allowed
to cool to 25 C. The reaction mixture was diluted  with ethyl acetate,
washed with water and brine, dried over Na2SO4, filtered and concentrated.
The residue was purified on silica gel (gradient elution with 5% ethyl
acetate/hexanes to 25% ethyl acetate/hexanes) to afford Cap-139, step a
(669.7 mg, 59%) as a white solid. 1H NMR (CDCI3, 500 MHz) 8 8.54 (d, J= 6.0
Hz, 1H), 8.22 5 (d, J= 9.0 Hz, 1H), 7.76 (d, J= 5.5 Hz, 1H), 7.41-7.39 (m,
1H), 7.13 (d, J= 2.0 Hz, 1H), 3.98 (s, 3H); Rt= 1.66 min (Cond.-D1); 90%
homogenity index; LCMS: Anal. Calc. for [M+1-1] CI tH9N20: 185.07; found:
185.2. Cap-139 10Cap-I39 was prepared from the basic hydrolysis of Cap-139,
step a with 5N NaOH according to the procedure described for Cap 138.
IFINMR (400 MHz, DMSO-c15) 8 13.63 (v br s, 1H), 8.60 (d, J= 9.3 Hz, 1H),
8.45 (d, J= 5.6 Hz, 1H), 7.95 (d, J= 5.9 Hz, 1H), 7.49 (d, J = 2.2 Hz, 1H),
7.44 (dd, J= 9.3, 2.5 Hz, 1H), 3.95 (s, 3H); K, - 0,64 min (Cond.-D1); 90%
bomogenity index; LCMS: Anal. Cale. for 15[M+ Ft C,11110NO3: 204.07; found:
204.05. 



Cap-140  20Cap-140, step a    CN       To a vigorously-stirred mixture of
1,3-dichloro-5-ethoxyisoquinoline (482 mg, 2.00 mmol; prepared according to
the procedure in WO 2005/ 051410), palladium (II) acetate (9 mg, 0.04
mmol), sodium carbonate (223 mg, 2 10 mmol) and 25
1,5-bis(diphenylphosphino)pentane (35 mg, 0.08 mmol) in dry
dimethylacetamide (2 mL) at 25 C wider nitrogen was added
N,N,N',N'-tetramethylethylenediamine (60 mI, 0.40 mum)). After 10 min, the
mixture was heated to 150 C, and then a stock solution of acetone
cyanohydrin (prepared from 457 pL of acetone cyanohydrin in - 136-  4,34 mL
DMA) was added in 1 mL portions over 18 h using a syringe pump. The mixture
was then partitioned between ethyl acetate and water and the organic layer
was separated, washed with brine, dried over Na2SO4, filtered and
concentrated. The residue was purified on silica gel (gradient elution with
10% ethyl acetate in hexanes 5to 40% ethyl acetate in hexanes) to afford
Cap-140, step a (160 mg, 34%) as a yellow solid. Rt = 2.46 min
(Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Cale. for [M+11]-1
Cl2H9C1N20: 233.05; found: 233.08. Cap-I40 10Cap-I40 was prepared by the
acid hydrolysis of Cap-I40, step a with 12N HC1 as described in the
procedure for the preparation of Cap 141, described below Rt 2.24 min
(Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Cale. for [M-Hj+
Cl2H11C1NO3: 252.04; found: 252.02. 15Cap-14  Cap-141, step a  ON
20Cap-141, step a was prepared from 1-bromo-3-fluoroisoquinoline (prepared
from 3-amino-1-bromoisoquinoline using the procedure outlined in J. Med.
Chem. 1970, 13, 613) as described in the procedure for the preparation of
Cap-140, step a (vide supra). Ili NMR (500 MHz, CDCI3) 8 8.35 (d, J= 8.5
Hz, 1H), 7.93 (d, J= 8.5 Hz, 1H), 7.83 (t, J= 7.63 Hz, 1H), 7.77-7.73 (m,
1H), 7.55 (s, 1H); R1= 1 60 min 25 (Cond.-D1); 90% homogenity index; LCMS:
Anal. Cale. for [M+H]1 CI0H6FN2: 173.05; found: 172.99. - 137-  



Cap-I41 Cap-141, step a (83 mg, 0,48 mina]) was treated with 12N1-1C1 (3
mL) and the resulting slurry was heated at 80 'V for 16 h before it was
cooled to room temperature and diluted with water (3 mL) The mixture was
stirred for 10 min and then filtered to 5afford Cap-141 (44.1 mg, 48%) as
an off-white solid. The filtrate was diluted with dichloromethane and
washed with brine, dried over Na2SO4, and concentrated to afford additional
Cap-I41 (29.30 mg, 32%) which was sufficiently pure to be carried forward
directly. 1HNMR (DMSO-d6, 500 MHz) 8 14.0 (br s, 1H), 8.59-8.57 (m, 1H),
8.10 (d, J= 8.5 Hz, 11-1), 7.88-7.85 (m, 2H), 7.74-7,71 (m, 1H); R1= 1.33
min 10(Cond.-D1); 90% homogenity index; LCMS: Anal. Cale. for [M+H]
C161-17FNO2: 192.05; found: 191.97. Cap-142 IS  N CO2H  Cap-142"step  CN
Cap-I92, step a was prepared from 4-bromoisoquinoline N-oxide as described
in the two-step procedure for the preparation of Cap-I38, steps b and c.=
1.45 20 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Cale. for
[Ivi+Hr C10H6BrN2: 232.97; found: 233.00. Cap-142, step b N          To an
argon-degassed suspension of Cap-I42, step a (116 mg, 0.50 mmol), potassium
phosphate tribasie (170 mg, 0.80 minol), palladium (11) acetate (3.4 mg,
0.015 mmol) and 2-(dicyclohexylphosphino)biphenyl (11 mg, 0.03 minol) in
anhydrous toluene (1 mL) was added morpholine (61 R.L, 0.70 mmol). The
mixture 5 was heated at 100C for 16 h, cooled to 25 C, filtered through
diatomaceous earth (Celite(r)) and concentrated. Purification of the
residue on silica gel (gradient elution with 10% to 70% ethyl acetate in
hexanes) afforded Cap-142, step b (38 mg, 32%) as a yellow solid which was
carried forward directly. Rt = 1.26 mm (Cond.-MS-W1); 90% homogenity index;
LCMS: Anal. Cale. for [M+1-1]' C141-114N30: 240.11; found: 10240.13.
Cap-142       Cap-142 was prepared from Cap-142, step b with 5N sodium
hydroxide as described in the procedure for Cap 138. R., - 0.72 min
(Cond.-MS-W1); 90% 



15homogenity index; LCMS: Anal. Cale. for [M-I-H]' C141115N203: 259.11;
found: 259.08. Cap-143  CO2H 20 Cap-I43, step a Co  Br       To a stirred
solution of 3-amino-l-bromoisoquinoline (444 mg, 2.00 mmol) in anhydrous
dimethylformamide (10 mL) was added sodium hydride (60%, unwashed, 25 96
mg, 2.4 mmol) in one portion. The mixture was stirred at 25 C for 5 min
before 2-bromoethyl ether (90%, 250 R.L, 2.00 mmol) was added. This mixture
was stirred further at 25 C for 5 h and at 75 C for 72 h before it was
cooled to 25 X; quenched with saturated ammonium chloride solution and
diluted with ethyl acetate. The organic layer was separated, washed with
water and brine, dried over Na2804, filtered and concentrated. Purification
of the residue on silica gel (gradient elution with 0% to 70% ethyl acetate
in hexanes) afforded Cap-143, step a (180 mg, 31%) as a yellow 5solid. Rt -
1.75 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Cale. for
[M+1-1]+ C H1413rN20: 293.03; found: 293.04. Cap-I43 To a cold (-60 C)
solution of Cap-143, step a (154 mg, 0.527 mmol) in 10 anhydrous
tetrahydrofuran (5 mL) was added a solution of n-butyllithium in hexanes
(2.5 M, 0.25 mL, 0.633 mmol). After 10 min, dry carbon dioxide was bubbled
into the reaction mixture for 10 mm before it was quenched with IN HC1 and
allowed to warm to 25 C. The mixture was then extracted with
dichloromethane (3 x 30 mL) and the combined organic extracts were
concentrated in vacua. Purification of the 15 residue by reverse phase HPLC
(NT e0H/waler/TFA) afforded Cap-143 6 rug, 12%). Rt - 1.10 min
(Cond.-MS-WI); 90% homogenity index; LCMS: Anal. Calc. for [M +H]
C141115N203: 259.11; found: 259.08. Cap-144    20CO2H Cap-144, step a 



a 1,3-Dichloroisoquinoline (2.75 g, 13.89 mmol) was added in small portions
to 25a cold (0 C) solution of fuming nitric acid (10 mL) and concentrated
sulfuric acid (10 mL). The mixture was stirred at 0C for 0.5 h before it
was gradually warmed to 25 C where it stirred for 16 h. The mixture was
then poured into a beaker containing - 140 -  chopped ice and water and the
resulting suspension wa.s stirred. for 1 h at 0 C before it wa.s filtered
to 'afford Cap-144, step a (2.73 g, 81%) as a yellow solid which was used
directly. Rt = 2.01 min (Cond.-D1); 95% homogenity index; LCMS: Anal. Calc.
for [M+H] C9H5C12N202: 242.97; found: 242.92. S Cap-144, step b  ci
Cap-I44, step a (0.30 g, 1.23 mmol) was taken up in methanol (60 mL) and
treated with platinum oxide (30 mg), and the suspension was subjected to
Pan 10hydrogenation at 7 psi H2 for 1.5 h before fonnalin (5 mL) and
additional platinum oxide (30 mg) were added. The suspension was
resubjected to Parr hydrogenation at 45 psi H2 for 13 h before it was
suction-filtered through diatomaceous earth (Celite'') and concentrated
down to 'A volume, Suction-filtration of the ensuing precipitate afforded
the title compound as a yellow solid which was flash chromatographed on 15
silica gel (gradient elution with 5% ethyl acetate in hexanes to 25% ethyl
acetate in hexanes) to afford Cap-144, step b (231 mg, 78%) as a pale,
yellow solid. Rt - 2.36 mm (Cond.-D1); 95% homogenity index; NMR (400 MHz,
CDC13) 8 8.02 (s, 1H), 7.95 (d, J= 8.6 Hz, 1H), 7.57-7.53 (m, 1H), 7.30 (d,
J= 7.3 Hz, 1H), 2.88 (s, 6H); LCMS: Anal. Calc. for [M+H] C11li11C12N2:
241.03; found: 241.02. HRMS: 20Anal. Calc. for [M-Fli]t CHHHC12N2:
241.0299; found: 241.0296. Cap-I44, step c    CN            Cap-144, step c
was prepared from Cap-I44, step b according to the procedure 25described
for the preparation of Cap-139, step a. Rt= 2.19 min (Cond.-DI); 95% - 141
- homogenity index.; LCMS: Anal.. Cale. for [M+Hi+ C12H1ICIN2: 232.06;
found: 232.03. HRMS: Anal. Cale. for [M+H]' Cl2ITECIN3: 232.0642; found:
232.0631. 



Cap-I44 5Cap-144 was prepared according to the procedure described for
Cap-14I. R1= 2.36 mm (Cond.-D1); 90%; LCMS: Anal. Calc. for [M+H]l
C12H12C1N202: 238.01; found: 238.09. Caps-145 to -162 10Caps-145 to 162
were prepared from the appropriate 1-chloroisoquinolines according to the
procedure described for the preparation of Cap-138 (Method A) or Cap-139
(Method B) unless noted otherwise as outlined below. Cap # Cap Method
Ilydrolysis Rt (LC- Cond.); % homogen city index; MS data     1.14 min
(Cond.- 



MS-W1);     90%;  a     0 N   LCMS, Cap- co2H   Anal. 145 Prepared from 



commercially available 1,3- B 12N HG! Cale. for [m+Fir
dichloroisoquinoline  c H7c1 ,, NO2:     208.02; found:     208,00,  - 142-



1.40 mil (Cond.- Dl); 95%;  0 N   LCMS: Cap-    Anal. 146 Prepared from
commercially available 3- hydroxyisoquinoline A 5NNaOH Cale. for [M4-11]
CIEHI0N    



03:     204.07; found:     204.06.     0.87 min     (Cond.-     



DI );  ---.. '   95%;  ---...        LCMS:  N    Cap- 021   Anal. 



147 Prepared from commercially available 1- chloro-4- hydroxyisoquinoline B
5NNaOH Cale. for [M-41I C1[Hi9N 03:     204.07; found:     204.05.  0 N
0.70 min 



Cap- co2H   (Cond.- 148 Prepared from commercially available 7-
hydroxyisoquinoline A 5N NaOH DI); 95%; LCMS:  WO
2010/117704PCT/US2010/028999     Anal. Calc. for 1M+Elf CuJINN 03: 204.07;
found. 



204.05. Cap- 149 410N co2H Prepared from commercially available 5-
hydroxyisoquinoline A - 5N Na0F1 0.70 min (Cond.-  HD; 95%; LCMS: Anal.
Cale. for iM ' Citl-lu,N 03: 204.07; found: 204.05. Cap- 150 NTFA ACO2H
Prepared from 8-methoxy-chloroisoquinoline, which can be synthesized
following the procedure in WO 2003/ 099274 .(Cond.- 



A 12N HC1  0 26 min D1); 95%; LCMS; Anal. Cale, for [ND-Hy Cul-LoN 03  WO
2010/117704PCT/1JS2010/028999     204.07; found: 204.04.     L78 min
(Cond.- 



Dl);  C   90%;  0 N   LCMS: Cap- 02H   Anal.  Prepared from 5-methoxy-
151  B 12N HC1 Cala for  



1,3-dichloroisoquinoline, which can be synthesized   [M+H]l  following the
procedure in   C '1E190     NO3:  WO 2005 / 051410.        238.03; found:  



238.09.     1.65 min     (Cond.-     Dl);  a   95%;  0 N  



LCMS: Cap- CO2 H   Anal. 152 Prepared from commercially available 6-
methoxy-1,3- dichloroisoquinoline B 12N HC1 Calc. for [M+H]f Ci]H9C1 NO3:
238.00; found:    



238.09.  - 145 -  WO 2010/117704PCT/1JS2010/028999  Br 140N co,H   1,18
Mill (COS,- MS-W1); 95%; LCMS: Cap-    Anal.  Prepared from 4-    



153 bromoisoquinoline, which A 6N HC1 Cale, for  can be synthesized
[M+1-11+  following the procedure in   C501-17Br     NO2:  WO 2003/ 062241



251.97; found:     251.95.     0.28 min     (Con d. -     MS-WI);  40 .N
co2H 



90%; LCMS: Cap- Prepared from 7-11uoro-1-  Anal.  154 chloroisoquinoline,
which can be synthesized following the procedure in B 5NNaOH Calc. for
[1144Hr C;0H7EN   WO 2003/ 099274  02:      192.05; 



found:     192.03. Cap- ci 40N co2H   0.59 min (Cond.- 155 Prepared from
1,7- B 5N NaOH MS-W1);  dichloroisoquinoline, which   90%  can be
synthesized   



LCMS:  - 146-  WO 2010/117704PCT/US2010/028999    co,H Prepared from 1.,6-
dichloroisoquinoline, which can. be synthesized following die procedure in
WO 2003/ 099274 Cl  co,u Prepared from 1,4- dichloroisoquinoline, which can
be synthesized following the procedure in WO 2003/ 062241  0.60 min (Cond.-
MS-W1); 90%; LCMS: Anal. Cale. for [M-FHTI. C joil7C1 NO2: 208.02; found:
208.03. 1.49 min (Cond.- D1); 95%; LCMS: 



Anal. Calc. for [M+Hr CLoHi7C1 NO:  WO 2010/117704PCT/1JS2010/028999
F208.02; found: 208.00. Cap- 158 a 0 N co2H Prepared from 1,5-
dichloroisoquinoline, which can be synthesized B 5N NaOH 0.69 min (Cond.-
MS-W1); 90%; LCMS: 



Anal. Cale. for Cioli2CI  NO2: 208.02; found: 208.01.  following the
procedure in WO 2003/ 099274    Cap- 159 F co2H Prepared from 5-fluoro-1 -
chloroisoquinoline, which can be synthesized e90%; B 5N NaOH 0.41 mm
(Cond.- MS-W1); LCMS: Anal. Calc. for [M+11] 



C:01-12FN 02: 192.05; found: 192.03.  following the procedure in WO 2003/
099274    Cap- 160 0 N COpH B 5N NaOH 0.30 min  (Cond.  - 148 -  WO
2010/117704PCT/US2010/028999  Prepared from 6-flaoro-1- chloroisoquinoline,
which can be synthesized following the procedure in 



MS-W1); 90%; LCIvIS: Anal.  WO 2003/ 099274   Cale. for     [IVI'Hill .
C10117FN     02:  



192.05; found:     192.03.     0 70 min     (Cond.     DI);   



95%;  0 NCO2H   LCMS: Cap-    Anal.  Prepared from 4-    ./61
bromoquinoline-2- carboxylic acid and   Cale. for iM4-I-Ir  dimethylamine
(DMSO, 



C121-132N2  100C)   02:     217.10; found:     217.06.  0 0NCO2H   0.65 min
(Conch- Cap- 



Prepared from in-anisidine   M3); 162 following the procedure   95%;
described in J. Pieter.   LCMS:  Chem. 1993, 17 and   Anal.  Heterocycles,
2003, 60   Cale. for  - 149-  



953.   I[N.U.IIV. C tHuiN     03:     204.07;     found:    203.94.  



Cap-163 OH OH 0 To a solution of 2-ketobutyric acid (1.0 g, 9.8 mmol) in
diethylether (25 ml) 5 was added phenylmagnesium bromide (22 ml, 1M in THF)
dropwise. The reaction was stirred at -25 C under nitrogen for 17.5h. The
reaction was acidified with IN HC1 and the product was extracted with ethyl
acetate (3 x 100 m1). The combined organic layer was washed with water
thllowed by brine and dried over MgSO4. After concentration in vacuo, a
white solid was obtained. The solid was recrystallized from 0hexanes/ethyl
acetate to afford Cap-163 as white needles (883.5 mg), Ili NMR (DMSO-d6, 8
= 2.5 ppm, 500 MHz): 12.71 (br s, 1 H), 7.54-7.52 (in, 211), 7,34-7.31 (m,
2H), 7.26-7.23 (m, 1H), 5.52-5.39 (br s, 1H), 2.11 (m, 1H), 1.88 (m, 1H),
0.79 (app t, J = 7.4 Hz, 3H). 15Cap-164         A mixture of
2-amino-2-phenylbutyric acid (1.5 g, 8.4 mmo1), formaldehyde (14 mL, 37% in
water), IN HC1 (10 mL) and 10% Pd/C (0.5 mg) in Me0H (40 mL) was exposed to
H2 at 50 psi in a Parr bottle for 42 h. The reaction was filtered over 20
Celite and concentrated in vacuo, the residue was taken up in Me0H (36 mL)
and the product was purified with a reverse phase HPLC (Mc0II/II20/TFA) to
afford the - 150 -  TFA salt of Cap-164 as a white solid (1.7 g). 1H NMR
(DMSO-d6, 6 .= 2.5 ppm, 500 MHz) 7.54-7.47 (m, 511), 2.63 (m, lti)" 2.55
(s, 611), 2.31 (m, 1H), 0.95 (app t, S = 7.3 Hz, 3H). 5Cap-I 65 0        To
a mixture of 2-amino-2-indanecarboxylic acid (258.6 mg, 1.46 mmol) and
formic acid (0.6 ml, 15.9 mmol) in 1,2-dichloroethane (7 ml) was added
formaldehyde (0.6 ml, 37% in water). The mixture was stirred at -25 `C for
15 min 10 then heated at 70 C for 8h. The volatile component was removed in
vacua, and the residue was dissolved in DMF (14 mL) and purified by a
reverse phase HPLC (Me0H/H20/TFA) to afford the TFA salt of Cap-165 as a
viscous oil (120.2 mg). 1H NMR (DMSO-d6, 5= 2.5 ppm, 500 MHz): 7.29-7.21
(m, 4 H), 3.61 (d, .1= 17.4 Hz, 211), 3.50 (d, S = 17.4 Hz, 214), 2.75 (s,
611). LC/MS: Anal. Calcci. for MFHj 15Cl21-116NO2: 206,12; found: 206.07.
Gap-.1 66a and -I 66b Cap-166a: Diastereomer-1 ((NACap-166b: Diastereomer-2



Caps-166a and -166b were prepared from (1S, 4S)4+)-2-methyl-2,5-
20diazabicyclo[2.2.1]heptane (2HBr) according to the method described for
the synthesis of Cap-7a and Cap-7b, with the exception that the benzyl
ester intermediate was separated using a semi-prep Chrialcel OJ column, 20
x 250 mm, 10 Jim eluting with 85:15 heptane/ethanol mixture at 10 mL/min
elution rate for 25 min. Cap-166b: 1H NMR (DMSO-d6, 8 = 2.5 ppm, 500 MHz):
7.45 (d, J = 7.3 Hz, 211), 257.27-7.19 (m, 3H), 4.09 (s, 1H), 3.34 (app hr
s, 1H), 3.16 (app br s, 1H), 2.83 (d, .7-10.1 H. 1H), 2.71 (m, 2H), 2,46
(in, 1H), 2.27 (s, 3H), 1.77 (d, J- 9.8 Hz, 11-1), - 151 -  1.63 (d, J -
9.8 Hz, 11-). LC/MS: Anal. Calcd. for IM+Hit CI4H19N202: 247.14; found:
247.1.1.. Cap-167 5  OH        A solution of racemic
Boo-1,3-dihydro-2H-isoindole carboxylic acid (1.0g, 3.8 mmol) in 20%
TFA/CH2C12 was stirred at -25 C for 4h. All the volatile component was
removed in vacuo. A mixture of the resultant crude material, formaldehyde
(15 mL, 37% in water), IN HC1 (10 mL) and 10% Pd/C (10 mg) in Me0H was
exposed to 10H2 (40 PSI) in a Parr bottle for 23 h. The reaction mixture
was filtered over Celite and concentrated in vacuo to afford Cap-167 as a
yellow foam (873.5 mg). :1-INMR (DMSO-d6, 8 - 2.5 ppm, 500 MHz) 7.59-7.38
(m, 4H), 5.59 (s, 1H), 4.84 (d, J- 14 Ilz, 111), 4.50 (d, J - 14.1 Hz, 1H),
3.07 (s, 3H). LC/MS: Anal. Caled. for IM-H11!- C10H12NO2: 178,09; found:
178.65. 15 Cap-.168          Racemic Cap-168 was prepared from racemic
Boc-aminoindane-1-carboxylic acid according to the procedure described for
the preparation of Cap-167. The crude 20 material was employed as such.
Cap-169  A mixture of 2-amino-2-phenylpropanoic acid hydrochloride (5.0 g.
2.5 25mmol), formaldehyde (15 ml, 37% in water), 1N 1-iC1 (15 ml), and 10%
Pd/C (1.32 g) - 152 -  in Me0H (60 mild) was placed in a Parr bottle and
shaken under hydrogen (55 PSI) for 4 days. The reaction mixture was
filtered over Celite and concentrated in vacua. The residue was taken up in
Me0H and purified by reverse phase prep-HPLC (Me0H/water/TFA) to afford the
TFA salt of Cap-169 as a viscous semi-solid (2.1 g). 



5II-1 NMR (CDC13, 8 = 7.26 ppm, 500 MHz): 7.58-7.52 (m, 2 H), 7.39-7.33 (m,
3H), 2.86 (br s, 3H), 2.47 (br s, 3H), 1.93 (s, 3H). LC/MS: Anal. Calcd.
for fivl+Hr C111-116NO2: 194.12; found: 194.12. Cap-170 070 &OH HN,,50 100
To (S)-2-amino-2-(tetrahydro-2H-pyran-41-yl)acetic acid (505mg; 118mmol;
obtained from Astatech) in water (15m1) was added sodium carbonate (673ing;
6.35mmol), and the resultant mixture was cooled to 0 C and then methyl
chloroformate (0.26m1; 3.33mmol) was added dropwise over 5 minutes, The
reaction 15was allowed to stir for 18 hours while allowing the bath to thaw
to ambient temperature. The reaction mixture was then partitioned between
IN He] and ethyl acetate The organic layer was removed and the aqueous
layer was further extracted with 2 additional portions of ethyl acetate.
The combined organic layers were washed with brine, dried over magnesium
sulfate, filtered and concentrated in vacua to afford 20 Cap-170 a
colorless residue. 1H NMR (500 MHz, DM50-d6) 8 ppm 12.65 (1 H, br 7.44(1 H,
d, J=8.24 Hz), 3.77- 3.95 (3 H, m), 3.54(3 H, s), 3.11 - 3.26 (2 H, m),
1.82 - 1.95 (1 H, m), 1.41 - 1.55 (2 H, m), 1.21 - 1.39(2 H, m); LC/MS:
Anal. Calcd. for C9H16N05: 218.1; found 218.1. 25Cap-171 0 - 153 -
A solution of methyl 2-(benzyloxycarbonylamino)-2-(oxetan-3-y1idene)acetate
(200 mg, 0.721 mrnol; 11 Faunae() (2001), 56, 609-613) in ethyl acetate (7
ml) and CH2C12 (4.00 ml) was degassed by bubbling nitrogen for 10min.
Dimethyl dicarbonate (0.116 ml, 1.082 mmol) and Pd/C (20 mg, 0.019 mime
were then added, 5the reaction mixture was fitted with a hydrogen balloon
and allowed to stir at ambient temperature overnight at which time TLC
(95:5 CH2C12 / MeOH: visulalized with stain made from lg Ce(NH4)2SO4, 6g
ammonium molybdate, 6m1 sulfuric acid, and 100m1 water) indicated complete
conversion. The reaction was filtered through cern and concentrated. The
residue was purified via Biotage(r) (load with dichloromethane 10 on 25
samplet; elute on 258 column with dichloromethane for 3CV then 0 to 5% Me0H
/ dichloromethane over 250m1 then hold at 5% Me0H / dichloromethane for
250m1; 9m1 fractions). Collected fractions containing desired material and
concentrated to 120mg (81%) of methyl 2-(methoxycarbonylamino)-2-(oxetan-3-
ypacetate as .a colorless oil. 1H NM14 (500 MHz, CHLOROFORM-D) 8 ppm 3.29 -
15140 (in, J-6,71 Hz, 1 H) 3.70 (s, 3 H) 3.74 (s, 3 1-1) 4.55 (t, J-6.41
Hz, 1 H) 4.58 - 4.68 (m, 2 H) 4.67 -4.78 (m, 2 11) 5.31 (br s, 1 H). LC/MS:
Anal. Calcd. cc"- [M+Ht C81-114N05: 204,2; round 204.0.       To methyl
2-(methoxycarbonylamino)-2-(oxetan-3-ypacetate (50 mg, 0.246 mrno1) in THF
(2 mL) and water (0.5 mL) was added lithium hydroxide monohydrate 20(10.33
mg, 0.246 mmol) The resultant solution was allowed to stir overnite at
ambient temperature. TLC (1:1 EA / Hex; Hanessian stain [1g Ce(NH4)2SO4, 6g
ammonium molybdate, 6m1 sulfuric acid, and 100m1 water]) indicated -10%
starting material remaining. Added an additional 3mg LiOH and allowed to
stir overnight at which time TLC showed no starting material remaining.
Concentrated in vacuo and 25 placed on high vac ovemite providing 55mg
lithium 2-(methoxycarbonylamino)-2- (oxetan-3-yeacetate as a colorless
solid. IFINMR (500 MHz, Me0D) 5 ppm 3.39 - 3.47 (m, 1 H) 3.67 (s, 3 H) 4.28
(d, J=7.93 Hz, 1 H) 4.64 (t, J=6.26 Hz, 1 1-1) 4.68 (t, J=7.02 Hz, 1 H)
4.73 (d, J=7.63 Hz, 2 H). 30 



- 154-  Cap-172  Cap-172, step a 5CI      The following diazotization step
was adapted from Barton, A.; Breukelman, S. P.; Kaye, P. T.; Meakins, G.
D.; Morgan, D. J. J. C. S. Perkin Trans I 1982, 159- 164: A solution of
NaNO2 (166 mg, 2.4 mmol) in water (0.6 mL) was added slowly to a stirred,
cold (0 C) solution of methyl 2-amino-5-ethyl-1,3-thiazole-4-carboxylate 10
(186 mg, 1.0 mmol), CuSO4.5H20 (330 mg, 1.32 mmol), NaC1 (260 mg, 4.45
namoD and 112804 (5.5 mL) in water (7.5 mL). The mixture was stirred at 0 C
for 45 min and allowed to warm up to room temperature where it stirred
further for I 13 before CuCI (118 mg) was added. This mixture was stirred
further at room temperature ter 16 h before it was diluted with brine and
extracted with ether twice. The organic 15layers were combined, dried over
MgSO4 and concentrated to give methyl 2-chloro-5-
ethylthiazole-4-carboxylate (i.e. Cap-172, step a) (175 mg, 85%) as an
orange oil (80% pure) which was used directly in the next reaction. Rt =
1.99 min (Cond.- MD1); LC/MS: Anal. Calcd. for [M+1-1]+ C7H9C1NO2S: 206.01;
found: 206.05. 20Cap-172       To a solution of methyl
2-chloro-5-ethylthiazole-4-carboxylate (175 mg) in THF/H20/Me0H (20 mL/ 3
mL/ 12 mL) was added LiOH (305 mg, 12.76 mmol). The mixture was stirred at
room temperature overnight before it was concentrated down and neutralized
with 1N HC1 in ether (25 mL) The residue was extracted twice 25with ethyl
acetate and the organic layers were combined, dried over MgSO4 and
evaporated to yield Cap-1 72 (60 mg, 74%) as a red solid which was used
without further purification. 1H NMR (300 MHz, DMSO-d6) 8 ppm 13.03-13.42
(1 1-1, m), -155 -  3.16 (2 H, q, J- 7.4 Hz), 1.23 (3ff, t, 17.5 Hz). R =
1.78 min (Cond.-MD1); LC/MS: Anal, Gated. for [M+1-111- C61-J7C1NO2S:
191.99; found: 191.99. Cap-1 73 5   Cap-1 73, step a  The following
diazotization step was adapted from Barton, A.: Breukelman, S. 10P.; Kaye,
P. T.; Meakins, G. D.; Morgan, D. J. J. C. S. Perkin Trans 1 1982, 159- 



164: A solution of NitNO2 (150 mg, 2.17 mmol) in water (1.0 naL) was added
dropwise to a stirred, cold (0 T.) solution of methyl
2-amino-5-ethy1-1,3-tbiazole-4- earboxylate (186 mg, 1.0 rnmol) in 50%
H3P02 (3.2 mL). The mixture was stirred at 0 'V for 1 h and allowed to warm
up to room temperature where it stirred further for 152h. After recooling
to 0 'V, the mixture was treated slowly with a solution of Na011 (85 mg) in
water (10 mL) The mixture was then diluted with saturated NaFICO3 solution
and extracted twice with ether. The organic layers were combined, dried
over MgSO4 and concentrated to give methyl 5-ethylthiazole-4-carboxylate
(i.e. Cap-173, step a) (134 mg, 78%) as an orange oil (85% pure) which was
used directly in 20the next reaction. Rt = 1.58 min (Cond.-MD1); LC/MS:
Anal. Calcd. for [1111-PHI C2F110NO2S: 172.05; found: 172.05. Cap-173 To a
solution of methyl 5-ethylthiazole-4-carboxylate (134 mg) in 25
THF/H20/Me0H (18 mL/ 2.7 mL/ 11 mL) was added LiOH (281 mg, 11.74 mmol).
The mixture was stirred at room temperature overnight before it was
concentrated down and neutralized with 1N HC1 in ether (25 mL). The residue
was extracted twice with ethyl acetate and the organic layers were
combined, dried over MgSO4 and  evaporated to yield Cap-1 73 (90 mg, 73%)
a.s an orange solid, which was used without further purification. 11-1. NMR
(300 MHz, DM80-d6) 8 ppm 12.7413.04 (1 H, m), 3.20 (2 H, q, J= 7.3 Hz),
1.25 (3 H, t, J= 7.5 Hz). Rt = 1.27 mm (Cond.-MD1); LC/MS: Anal. Calcd. for
[M+Hl+ C61181\102S: 158.03; found: 158.04. Cap-1 74           Triflie
anhydride (5.0 g, 18.0 mmol) was added dropwise to a cold (0 C) solufion of
methyl 3-hydsoxypicolinate (2.5 g, 16.3 minol) and TEA (2.5 inL, 18.0 mmol)
in C1-12C12 (80 inL). The mixture was stirred at 0 "C for lh before it was
allowed to warm up to room temperature where it stilted for an additional 1
h. The 15 mixture was then quenched with saturated NaTICO3 solution (40 Mt)
and the organic layer was separated, washed with brine, dried over MgSO4
and concentrated to give methyl 3-(trifluoromethylsulfonyloxy)picolinate
(i.e. Cap-174, step a) (3.38 e, 73%) as a dark brown oil (>95% pure) which
was used directly without further purification. NMR (300 MHz, CDC13) 8 ppm
8.72-8.79 (1 H, m), 7.71 (1 H, d, 1= 1.5 Hz), 207.58-7.65 (1 H, m), 4.04 (3
H, s). R = 1.93 mm (Cond.-MD1); LC/MS: Anal. Calcd. for [M+H).
C81-17F3NO3S: 286.00; found: 286.08. Cap-174 To a solution of methyl
3-(trifluoromethylsulfonyloxy)picolinate (570 mg, 2.0 25 =lop in DMF (20
mL) was added LiC1 (254 mg, 6.0 mmol), tributylevinypstannane (761 mg, 2.4
mina') and bis(triphenylphosphine)palladium dichloride (42 mg, 0.06 mmol).
The mixture was heated at 100 'V overnight before a saturated solution of
KF  (20 inL) was added to the reaction mixture at room temperature. This
mixture was stirred for 4 h before it was filtered through Celite and the
pad of Celite was washed with ethyl acetate The aqueous phase of the
filtrate was then separated and 



concentrated down in vacua. The residue was treated with 4N HC1 in dioxanes
(5 5mL) and the resulting mixture was extracted with methanol, filtered and
evaporated to afford Cap-174 (260 mg) as a green solid which was slightly
contaminated with inorganic salts but was used without further
purification. 1H NMR (300 MHz, DMSO-d6) 8 ppm 8.21 (1 H, d, J= 3.7 Hz),
7.81-7.90 (1 H, m), 7.09 (1 H. dd, J= 7.7, 4.8 Hz), 6.98(1 H, dd, J= 17.9,
11.3 Hz), 5.74(1 H, dd, J= 17.9, 1.5 Hz), 5.20(1 H, 10 d, J= 11.0 Hz). Rt =
0.39 mm (Cond.-MD1); LC/MS: Anal. Calcd. for flv1+Hr C81-181\102: 150.06;
found: 150.07. Cap-175  15 Cap-175, step a       To a solution of methyl
3-(trifluoromethylsulfonyloxy)picolinate (i.e. Cap 173, step a) (570 mg,
2.0 mmol), an intennediate in the preparation of Cap-I 74, in 20 DMF (20
mL) was added LiC1 (254 mg, 6.0 mmol), tributyl(vinyl)stannane (761 mg, 2.4
mmol) and bis(triphenylphosphine)palladium dichloride (42 mg, 0.06 mmol).
The mixture was heated at 100 C for 4 h before the solvent was removed in
vacua. The residue was taken up in acetonitrile (50 mL) and hexanes (50 mL)
and the resulting mixture was washed twice with hexanes. The acetonitrile
layer was then separated, 25filtered through Celite, and evaporated.
Purification of the residue by flash chromatography on a Horizon instrument
(gradient elution with 25% ethyl acetate in hexanes to 65% ethyl acetate in
hexanes) afforded methyl 3-vinylpieolinate (i.e. Cap-  WO
2010/117704PCT/US2010/028999 175, step a) (130 mg, 40%) as a yellow oil.NMR
(300 MHz, CD013) 8 ppm 8.60 (1 H, dd, 1 = 4.6, 1.7 Hz), 7.94(1 H, d, .J=
7.7 Hz), 7.33-7.51 (2 H, in), 5.72 (1 H, d, J= 17.2 Hz), 5.47 (1 H, d, J=
11.0 Hz), 3.99(3 H, s). Rt = 1.29 min (Cond.-MD1); LC/MS: Anal. Calcd. for
[M+H]+ C9HI3NO2: 164.07; found: 164.06. 5 Cap-175, step b  Palladium on
carbon (10%, 25 mg) was added to a solution of methyl 3- vinylpicolinate
(120 mg, 0.74 mmol) in ethanol (10 mL). The suspension was stirred 10at
room temperature under an atmosphere of hydrogen for 1 h before it was
filtered through Celite and the pad of Celite was washed with methanol. The
filtrate was concentrated down to dryness to yield methyl 3-ethylpicolinate
(i.e. Cap-175, step b ) which was taken directly into the next reaction. Rt
- 1.15 nun (Cond.-MD 1): LC/MS: Anal. Calcd. for [M+11]+ C911,2NO2: 166.09;
found: 166.09. 15 Cap-175       To a solution of methyl 3-ethylpicolinate
in Illf/H20/Mc011 (5 mf./ 0.75 mt) 3 mL) was added LiOH (35 mg, 1.47 mmol).
The mixture was stirred at room temperature for 2 d before additional LiOH
(80 mg) was added After an additional 2024 h at room temperature, the
mixture was filtered and the solvent was removed in 



vacuo. The residue was then treated with 4N HC1 in dioxanes (5 mL) and the
resulting suspension was concentrated down to dryness to yield Cap-175 as a
yellow solid which was used without further purification. 1H NMR (300 MHz,
DMSO-d6) 8 ppm 8.47(1 H, dd, J= 4.8, 1.5 Hz), 7.82-7.89(1 H, m), 7.53 (1 H,
dd, .1= 7.7, 4.8 25Hz), 2.82 (2 H, q, J= 7.3 Hz), 1.17 (3 H, t, J= 7.5 Hz).
R, = 0.36 mm (Cond.-MD1); LC/MS: Anal. Calcd. for [M+H]+ C8H10NO2: 152.07;
found: 152.10.  Cap-176           A solution of
1,4-dioxaspiro[4.5]decan-8-one (15 g, 96 mmol) in EtflAc (150 mL) was added
to a solution of methyl 2-(benzyloxycarbonylamino)-2-
(dimethoxyphosphorypacetate (21.21 g, 64.0 mmol) in
1,1,3,3-tetramethylguanidine (10,45 ml." 83 mmol) and Et0Ao (150 ird"). The
resulting solution was the stirred at 10 ambient temperature for 72 hand.
then it was diluted with Et0Ac (25 mL). The organic layer was washed with
IN HC1 (75 mL), H20 (100 rnL) and brine (100 mL), dried (MgSO4), filtered
and concentrated. The residue was purified via Biotage (5% to 25 %
ElOAc/Hexanes; 300g column). The combined fractions containing the product
were then concentrated under vacuum and the residue was re-crystallized
15from hexanes/Et0Ac to give white crystals that corresponded to methyl 2-
(benzyloxycarbonylamino)-2-(1,4-dioxaspiro[4.5]decan-8-ylidene)acetate (6.2
g)11-1 NMR (400 MHz, CDC13-d) 8 ppm 7.30 - 7.44 (5 H, m), 6.02 (1 H, br.
s.), 5.15 (2 H, s), 3.97(4 H, s), 3.76 (3 H, br. s.), 2.84 - 2.92 (2 H, m),
2.47 (2 H, t, .1=6,40 Hz), 1.74 - 1.83 (4 H, m). LC (Cond. OL1): R = 2.89
min. LC/MS: Anal. Calcd. For 20[M+Nar CI9H23NNa06: 745.21; found: 745.47.
- 160-         Ester Cap 176"vtep h was prepared from alhene Cap 176, step
a according to the method of Burk, M. J.; Gross, M. F. and Martinez .1. P.
PI Am. Chem. Soc., 1995, 117, 9375-9376 and references therein): A 500 mL
high-pressure bottle was charged with alkene Cap 176, step a (3.5 g, 9.68
mmol) in degassed Me0H (200 mL) 5 under a blanket of N2. The solution was
then charged with (+1,2-Bis((2S,5S)-2,5-
dimethylphospholano)ethane(cyclooctadiene)rhodium (I) tetrafluoroborate
(0.108 g, 0.194 mmol) and the resulting mixture was flushed with N2 (3x)
and charged with H2 (3x). The solution was shaken vigorously under 70 psi
of H2 at ambient temperature for 72 h. The solvent was removed under
reduced pressure and the remaining residue 10was taken up in Et0Ac. The
brownish solution was then filtered through a plug of Silica Gel and eluted
with Et0Ac. The solvent was concentrated under vacuum to afford a clear oil
corresponding to ester Cap 176, step b (3.4 g) .1H NMR (500 MHz, CDC13-d) 8
ppm 7.28 - 7.43 (5 H, m), 5.32 (I H, d, J=9.16 Hz), 5.06 - 5.16 (2 H, m),
4.37 (1 H, cld"T=9.00, 5.04 Hz), 3.92 (4 H, t, J=3,05 Hz), 3,75 (3 H, s),
1.64 - 1.92(4 1511, m), 1.37 - 1.60(5 H, in). LC (Cond. OLD: R, = 1.95 mm.
LC/MS: Anal. Calcd. For [M-1 TT] C19H26N06: 364.18; found: 36427. Cap 176,
step c 



0 0 0 0 0 20Ester Cap 176, step b (4.78 g, 13.15 mmol) was dissolved in THF
(15 mL) followed by sequential addition of water (10 mL), glacial acetic
acid (26.4 mL, 460 mmol) and dichloroacetic acid (5.44 mL, 65.8 mmol). The
resulting mixture was stirred for 72 h at ambient temperature, and the
reaction was quenched by slow addition of solid Na2CO3with vigorous
stiffing until the release of gas was no longer 25visible. Crude product
was extracted into 10% ethyl acetate-dichloromethane and the organic layers
were combined, dried (MgSO4) filtered and concentrated. The resulting
residue was purified via Biotage (0 to 30% Et0Ac/Hex; 25 g column) to
afford ketone Cap 176, step c (3.86g) as a clear oil. 1H NMR (400 MHz,
CDCI3-d) 5 rpm 7.28 - 7.41 (5 H, m), 5.55 (IEI, ci, J=8.28 Hz), 5.09 (2 11,
s), 4.46 (1 11, dd. - 161 -  ../-8.16, 5.14 Hz), 3.74(3 H, s), 2.18 -
2.46(5 11, m), 1.96 - 2.06(1 H, m), 1.90 (1 H, ddd,,T=12.99, 5.96, 2.89
Hz), 1.44- 1.68 (2 H, in, J-12,36, 12,36, 12,36, 12,36, 4.77 Hz). LC (Cond.
OL1): Rt = 1.66 min. LC/MS: Anal. Calcd. For [M+Na] C12112INNa05: 342.13;
found: 342.10.       Deoxo-Fluor(r) (3.13 mL, 16.97 mmol) was added to a
solution of ketone Cap 176, step c (2.71 g, 8.49 mmol) in CH2C12 (50 mL)
followed by addition of a catalytic 10 ammount of Et0H (0.149 mL, 2.55
mmol). The resulting yellowish solution was stirred at rt overnight. The
reaction was quenched by addition of sat. aq. NaHCO3 (25 mL) and the
mixture was extracted with E10Ac (3X75 la)). The combined organic layers
were dried (MgSat), filtered and dried to give a yellowish oil. The residue
was purified via Biotage chromatography (2% to 15% Et0Aciliex; 90g
15column) and a white solid corresponding to the difluoro amino acid
dilforide Cap 176, step d (1.5 g) was recovered. 1H NMR (400 MHz, CDC13-60
6 ppm 7.29- 7.46 (5 H, in), 5.34 (1 H, d, J8.28 Hz), 5.12 (2 H, s), 4.41 (1
H, dd, J-8.66, 4.89 Hz), 3.77 (3 H, s), 2.06 - 2.20 (2 H, m), 1.83 - 1.98
(1 H, m), 1.60- 1.81 (4 H, m), 1.38- 1.55 (2 H, m). 19F NMR (376 MHz,
CDC13-d) 8 ppm -92.15 (1 F, d, J=237.55 Hz), -102.44 20 (1 F, d, J=235.82
Hz). LC (Cond. OL1): Rt = 1.66 mm. LC/MS: Anal. Caled. For [2M+Nar
C34H42F4N2Na08: 705.28; found: 705.18. Cap 176, step e 0 0  NH2
25Difluoride Cap 176, step d (4 g, 11.72 mmol) was dissolved in Me0H (120
mL) and charged with Pd/C (1.247 g, 1.172 mmol) The suspension was flushed
with N2 (3x) and the reaction mixture was placed under 1 atm of 1-12
(balloon). The - 162 -  



mixture was stirred at ambient temperature for 48 h. The suspension was
then filtered though a plug of Celite and concentrated wider vacuum to give
an oil that corresponded to amino acid Cap 176, step e (2.04 g) and that
was used without further purification. 111 NMR (400 MHz, DMSO46) 8 ppm 3.62
(3 H, s), 3.20 (1 H, d, 5J=5.77 Hz), 1.91 - 2.09 (2 H, m), 1.50- 1.88(7 H,
m), 1.20- 1.45(2 H, m). 19F NMR (376 MHz, DMSO-d6) 8 PPm -89.39 (1 F, d,
J=232.35 Hz), -100.07(1 F, d, J=232.35 Hz). 111C NMR (101 MHz, DMSO-d6) 8
ppm 175.51 (1 C, s), 124.10(1 C. t, J=241.21, 238.90 Hz), 57.74(1 C, s),
51.39(1 C, s), 39.23 (1 C, br. s.), 32.02- 33.83   (2 C, m), 25.36 (1 C, d,
J=10.02 Hz), 23.74 (1 C, d, J=9.25 Hz). LC (Cond. 0L2): 10 Rt = 0.95 mm.
LC/MS: Anal. Caled. For [2M+Hr Ci8H31F41\1202: 415.22; found: 415.40. Cap
176, step f 0 0 0 NAO.- 15Methyl chloroforrnate (1.495 In L, 19.30 mmol)
was added to a solution of amino acid Cap 176, step e (2 g, 9.65 mmol) and
DIEA (6.74 mL, 38.6 mmol) in CH2C12(100 mL). The resulting solution was
stirred at rt for 3 b and volatiles were removed under reduced pressure.
The residue was purified via Biotage (0% to 20% Et0Ac/Hex; 90g column). A
clear oil that solidified upon standing under vacuum and 20 corresponding
to carbamate Cap-176, step f (2.22 g) was recovered. 1H NMR (500 MHz,
CDC13-d) 8 ppm 5.27 (1 H, d, J=8.55 Hz), 4.39 (1 H, dd, J=8.85, 4.88 Hz),
3.77 (3 H, s), 3.70(3 H, s), 2.07 - 2,20(2 H, m), 1.84- 1.96(1 H, m), 1.64-
1.82(4 H; m), 1.39- 1.51 (2 H, m). 19F NMR (471 MHz, CDC13-d) 8 ppm
-92.55(1 F, d, J=237.13 Hz), -102.93 (1 F, d, J=237.12 Hz). 13C NMR (126
MHz, CDC13-d) 8 ppm 171.97(1 25 C, s), 156.69(1 C, s), 119.77- 125.59(1 C,
m), 57.24(1 C, br. s.), 52.48 (1 C, hr. s.), 52.43 (1 C, s), 39.15(1 C, s),
32.50 - 33.48 (2 C, m), 25.30(1 C, d, J=9.60 Hz), 24.03 (1 C, d, J=9.60
Hz). LC (Cond. OLD: Rt = 1.49 min. LC/MS: Anal. Calcd. For [M+Na]
C:11-117F2NNa04: 288.10; found: 288.03. - 163 -  Cap-176 A solution of
Li011 (0.379 g, 1183 mmol) in Water (25 ml,) was added to a solution of
carbamate Cap-176, step f (2.1 g, 7.92 mmol) in THF (75 mL) and the
resulting mixture was stirred at ambient temperature for 4 h. THF was
removed under 5 vacuum and the remaining aqueous phase was acidified with
1N HC1 solution (2 mL) and then extracted with Et0Ac (2 X 50 mL) The
combined organic layers were dried (MgSO4), filtered and concentrated to
give a white foam corresponding to Cap-176 (1.92 g).NMR (400 MHz, DMSO-d6)
8 ppm 12.73 (1 H, s), 7.50(1 H, d, J=8.78 Hz), 3.97 (1 H, dd, J=8.53, 6.02
Hz), 3.54(3 H, s), 1.92- 2.08 (2 H, m), 1.57- 1.90(5 10H, m), 1.34- 1.48(1
H, m), 1.27(1 H, qd, J=12.72, 3.26 Hz). 19F NMR (376 MHz, DMSO-d6) 8 ppm
-89.62 (1 F, d, J=232.35 Hz), -99.93 (1 F, d, J=232.35 Hz). LC (Cond. 0L2):
Rt = 0.76 min. LC/MS: Anal. Calcd. For [M-H] C10H14F2N04: 250.09; found:
250.10. 15EXAMPLES        The present disclosure will now be described in
connection with certain embodiments which are not intended to limit its
scope. On the contrary, the present disclosure covers all alternatives,
modifications, and equivalents as can be included within the scope of the
claims. Thus, the following examples, which inelude specific 20embodiments,
will illustrate one practice of the present disclosure, it being understood
that the examples are for the purposes of illustration of certain
embodiments and are presented to provide what is believed to be the most
useful and readily understood description of its procedures and conceptual
aspects. Solution percentages express a weight to volume relationship, and
solution 



25ratios express a volume to volume relationship, unless stated otherwise.
Nuclear magnetic resonance (NMR) spectra were recorded either on a Bruker
300, 400, or 500 MHz spectrometer; the chemical shifts (8) are reported in
parts per million.       Purity assessment and low resolution mass analysis
were conducted on a Shimadzu LC system coupled with Waters Micromass ZQ MS
system. It should be 30noted that retention times may vary slightly between
machines. Unless noted otherwise, the LC conditions employed in date,mining
the retention time (R) were - 164-  Condition 1 Start %B - 0 Final %B = 100
Gradient time = 3 min 5 Stop time = 4 min Flow Rate - 4 mL/min Wavelength =
220 mu Solvent A = 0.1% TFA in 10% methano1/90%water Solvent B = 0.1% TFA
in 90% methanol/10% water 10 Column = PHENOMENEX8 10u C18 3.0X50 mm
Condition 2 Start %B = 0 Final %B = 100 15Gradient time -2 min Stop time .3
min Flow rate = 4mL/min Wavelength = 220 tun      Solvent A .10% Me0H / 90%
H20 / 0.1% TEL\ 20 Solvent B = 90% Me01-1 / 10% H20 / 0.1% TEA Column 2=
PHENOMENEXO-Luna 3.0 x 50 mm 510 Condition 2a Start %B =0 25 Final %B = 100



Gradient time - 3 min Stop time = 4 min Flow Rate = 4 mL/min Wavelength =
220 nm 30 Solvent A = 0.1% TEA in 10% methano1/90%water Solvent B = 0.1%
TEA in 90% methanol/10% water Column - PHENOMENEX(r)-Luna 3.0X 50 mm 510 -
165 -  Condition 3 Start %B - 0 Final %B = 100 Gradient time - 3 min 5 Stop
time = 4 min Flow Rate = 4 mL/min Wavelength = 220 nm Solvent A = 0.1% TFA
in 10% methano1/90%water Solvent B = 0.1% TFA in 90% methanol/l0% water 10
Column = PHENOMENEXO-Luna C18 10u 3.0X 50 mm Condition 4 Start %B = 0 Final
%B = 100 15Gradient time - 3 min Stop time - 4 min Flow Rate - 0.8 mL/min
Wavelength = 220 nm Solvent A. - 0.1% TFA in 10% tnethano1/90%water 20
Solvent B = 0.1% TFA in 90% methanol/10% water Column = PHENOMENEX8-Luna
2.0X 50 mm, 3 pm Oven Temp. = 40 C Example QC-1 - 25 



WO 2010/117704PCT/US2010/028999 Example QC- 1 a Tf0OTf To a solution of
bicyclohexanone (5.05 g, 26 0 mmol) and 2,6-cliterbutyl phenol (11.75 g, 57
2 mmol) in 200 mL of dry dichloromethane was added frit-lie 5anhydride
(9.10 mL, 54.6 mmol). The resulting solution was stirred at room
temperature overnight. The solvent was removed under vacuum. The residue
was taken up in hexanes and filtered. The filtrate was washed with 1 N HC1
and brine. The organic layer was dried with potassium carbonate and
concentrated. The crude product was purified by a flash chromatography
(silica gel, 5% ethyl acetatelhexanes) 10to give Example QC-la as a white
solid (8.22 g, 69.0%, mixture of diastereomers). NMR (500 MHz, CDC13) 5 ppm
1.35 - 1.64 (m, 4 H) 1.81 -2.07 (m, 4 H) 2.10 - 2.53 (m, 6 H) 5.66 - 5.80
(m, 2 H). LC/MS: Anal. Calcd. for [M+H]t Cl4F117F506S2: 459.37; found
(molecule did not ionize well in mass spec chamber). 15Example QC-11, 0b-TN
To a flask with bis(pinac.olato)diboron (2.79 g, 11.0 mmol), potassium
phenolate (1.98 g, 15.0 mmol), PdC12(PPh3)2 (0.21 g, 0.3 mmol) and
triphenylphosphine (0.16 g, 0.6 mmol) was added 50 mL of dry toluene and
(1a) (2.29 20g, 5.0 mmol). The resulting mixture was stirred at 50 C for 3
h. The reaction was quenched with water and extracted with toluene. The
organic layers were combined, washed with brine, dried with MgSO4 and
concentrated. The crude product was purified by flash chromatography
(silica gel, 5-80% ethyl acetate/hexanes) to give Example QC-lb as a white
solid (1.14 g, 55%, mixture of diastereomers).NMR 25(500 MHz, CDC13) 5 ppm
1.10 - 1.19 (m, 2 H) 1.24 (s, 24 H) 1.31- 1.43 (m, 2 H) 1.73 - 1.90 (m, 4
H) 1.97 - 2.29 (m, 6 H) 6.52 - 6.58 (m, 2 H). - 167 -  Example QC-1c
Glyoxal (11 mL of 40% in water) was added drop-wise over 11 min to a
methanol (32 mL) solution of ammonium hydroxide (32 mL) and
(5)-Boc-prolinal 5(8.564 g, 42.98 mmol) and stirred at ambient temperature
for 19 h. The volatile component was removed in vacuo and the residue was
purified by a flash chromatography (silica gel, ethyl acetate) followed by
a recrystallization (ethyl acetate, room temperature) to afford imidazole
Example QC-lc as a white fluffy solid (4.43g). IFINMR (DMSO-D5, S = 2.50,
400 MHz): 11.68/11.59 (br s, IH), 6.94 (s, 



101H), 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 (two s, 9H). LC (Cond. 2): RT = 0.87 min; >95%
homogeneity index. LC/MS: Anal. Calcd. for [Md-H] C121-120N302 238.16;
found 238.22.       Imidazole Example QC-1c had an cc of 98.9% when
analyzed under chiral HPLC condition noted below: 15 Column: Chiralpak AD,
10 urn, 4.6 x 50 mm Solvent: 1.7% ethanol/heptane (isocratic) Flow rate: I
ml/min Wavelength: either 220 or 256 nm Relative retention time: 3.25min
(R), 5 78 min (S) 20 Example QC-ld SEM Boc       To a solution of Example
QC-lc (4.98 g, 21.0 mmol) in 35 mL of dry dimethylformamide was added
sodium hydride (0.88g of 60% in mineral oil, 22.0 25mmol). The resulting
mixture was stirred at room temperature for 40 min. 2-
(trimethylsilyDethoxymethyl chloride (3.75 mL, 21.0 mmol) was then added
dropwise over 5 mm. The resulting solution was stirred at room temperature
for 2 h. The - 168- reaction was quenched with water, and extracted with
ethyl acetate. The organic layers were combined, washed with brine, dried
with NigSai and concentrated. The crude product was purified by flash
chromatography (silica gel, 35-50% ethyl acetate/hexanes) to give Example
QC-ld as a colorless oil (6.30 g, 81.6%). LH NMR (500 MHz, CDC13) 8 ppm
-0.03 (s, 9 H) 0.76 - 0.99 (m, 2 H) 1.20/1.38 (rotomers, sls, 9 H) 1.76-
2.50 (m, 4 H) 3.37 - 3.77 (m, 4 H) 4.80- 5.03 (m, 1 H) 5.07 - 5.16 (m, Hz,
1 H) 5.40/5.78 (rotomers, d/d, J = 10.68/10.99 Hz, 1H) 6.85 (s, 1 H) 6.96
(s; 1 H). LC/MS: Anal. Calcd. for C18H34N303Si [M+H]t 368.24; found 368.43.
Example QC-le SEM \ Boc        To a solution of Example QC-Id (2.00 g, 5.45
mmol) in 30 mL of dry acetenitrile at 0 "C was added N-bromosuccinimide
(0.97 g, 5.45 mmol) in 30 inL of dry acetonitrile dropwise over 10 min. The
resulting solution was stirred at 0 "C for 2 15 h. The solvent was removed
under vacuum. The residue was taken up in dichloromethane and washed with
water. The aqueous layer was re-extracted with dichloromethane. The organic
layers were combined, dried with MgSO4 and concentrated. The crude product
was purified by flash chromatography (silica gel, 15- 40% ethyl
acetate/hexanes) to give Example QC-le as a light yellow oil (1.66, 



20 68.3%). 1H NMR (500 MHz, CDC13) 8 ppm -0.02 (s, 9 H) 0.79- 1.00 (m, 2 H)
1.21/1.39 (rotomers, s/s, 9 H) 1.81 -2.08 (m, 2 H) 2.10 - 2.41 (m, 2 H)
3.36 - 3.74 (m, 4 H) 4.85/4.99 (rotomers, m/m, 1 H) 5.26 (m, 1 H) 5.39/5.75
(rotomers, did, J=11.29/11.60 Hz, 1 H) 6.93/6.95 (rotomers, s/s, 1 H).
LC/MS: Anal. Calcd. for CI8H3379BrN303Si [M]+ 446.15; found 446.39. 25 -
169-  Example QC-lf SEM, eN,N Boo  _SEM ,,' NJ Boc'        To a solution of
Example QC-lb (456 mg, 1.1 mmol), Example QC-le (982 mg, 2.2 mmol), sodium
bicarbonate (554 mg, 6.6 mmol) in 21 mL of 5 dimethylformamide and 7 mL of
water was added Pd(PPh3)4 (127 mg, 0.11 mmol). The resulting solution was
refluxed at 85 C overnight. The solvent was removed under vacuum. The
residue was taken up in 20% methanol/chloroform and washed with water. The
organic layer was washed with brine, dried with MgSO4 and concentrated. The
crude product was purified by reserve phase HPLC system 10
(methanol/water/TEA) to give Example QC-lf as a white solid (560 mg, 57%,
mixture of diastereomers). IFINMR (500 MHz, CDC13) 6 ppm -0.02 (s, 18 H)
0.74 - 1.03 (m, 4 H) 1.19 (s, 9H) 1.38 (s, 9H) 1.43 - 1.59 (m, 2 H) 1.76 -
2.54 (m, 20 H) 3.32 - 3.58 (m, 6 H) 3.58- 3.77 (m, 2 H) 4.81 (s, 1 H) 4.97
(s, H) 5.07- 511 (m, 2 H) 5.21 -5.32 (m, 1 H) 5.60 (t, J=11.29 Hz, 1 H)
5.71 - 5.96 (m, 2 H) 6.79 (s, 2 H). 35LC/MS: Anal. CAA., for CjI8IN600Si2
p/I+Fill 893.58; found 893.42. Example QC-1g  4 HC1 To a solution of
Example QC-lf (164 mg, 0.18 mmol) in 2 mL of 20 dichloromethane was added
HO (4 N in 1,4-dioxane, 2 mL) The resulting solution was stirred at room
temperature overnight. The solvent was removed under vacuum. The residue
was dissolved in minimal methanol and triturated with diethyl ether. The
resulting solid was collected by filtration and washed with diethyl ether
to Rive the HC1 salt of Example QC-1g as a light yellow solid (88.7 mg,
85.2%. mixture of 



25diastereomers). LC/MS: Anal. Calcd. for C26H37N6 [M+11]+ 433.31; found
433.56. - 170 -  Example QC-1       To a solution of Example QC-1g (43.0
mg, 0.074 mmol) and (S)-2- (methoxycarbonylamino)-3-methylbutanoic acid
(Cap-51) (26.0 mg, 0.148 nunol) in 2 mL of dry dimethylformamide was added
diisopropylethylamine (78 pL, 0.446 5 mmol). The resulting mixture was
stirred at room temperature for 5 min. HATU (59 mg, 0.156 mmol) was then
added. The solution was stirred at room temperature for 2 h. The solvent
was removed under vacuum. The crude product was purified by reverse phase
HPLC (methanol/water/TFA). The like fractions were combined; neutralized
with saturated NaHCO3 aqueous solution, and extracted with Et0Ac. The 10
organic layers were dried with MgSO4, and concentrated to give Example QC-1
(free base, mixture of diastereomers) as a white solid (29.5 mg, 53.4%).
LC/MS: RT. = 2.36 minutes (Cond. 1); LC/MS: Anal. Calcd. for C40H58N806
[M+Flf 747.46; found 747.72; HAMS: Anal. Calcd. for C40H58N806 [M+H]i
747.4558; found 747.4587. 15Examples QC-2 to QC-5        Examples QC-2 to
QC-5 were prepared as free base diasteromerie mixtures by substituting the
respective acids for Cap-51 and using the same method described for Example
QC-1. 20 Example 0 R)Lse RT (LC-Cond); % homogeneity index; MS data QC-2 0
HN,Ir 0 RT = 2.08 minutes (Cond. 1); LC/MS: Anal. Calcd. for C36HSON806
[M+Fl]' 691.39; found 691.58; HRMS: Anal. Calcd. for C36HSON806 [M-1-EI]E
691.3932; found 691.3965  WO 2010/117704PCT/US2010/028999 Example 0 R'LL/ 



RI (LC-Cond); % homogeneity index; MS data QC-3 0 RT = 2.10 minutes (Cond.
1); LC/MS: Anal. Caled. for C50H661\1802 [M+1-1]i 811.54; found 811.63;
HRMS: Anal. Calcd. for C50H66N802 [M+Hr 811.5387; found 811.5426 QC-4 0
'0"-y&ssts HN10 0 RT = 1.54 minutes (Cond. 2); LC/MS: Anal. Calcd. for
C38H54N808 [M+M+ 751.41; found 751.34; HAMS: Anal. Calcd. for
C381-1541\1808 [M-Fli] - 751.4143; found 751.4175 QC-5 a / HN 0 RI = 1.61
minutes (Cond. 3); LC/MS: Anal. Calcd. for C40H581\1808 [M+H] 779.45; found
779.26  Example QC-6  5Example QC-6a SEM, N N, Boc  N,SEM Soc 



To a solution of Example QC-lf (554 mg, 062 mmol) in 25 mL of methanol in a
hydrogenation flask was added palladium (10% on carbon) (125 mg) under
nitrogen. The flask was then mixed on the Parr Shaker at 40 atm overnight.
After the 10 reaction was complete, the mixture was filtered and the
solvent was removed under  vacuum to give Example QC-6a. as a. colorless
glassy diastereomeric mixture (506 mg, 90.9%). LC/MS: Anal. Calcd. for
C4811.85N606Si2 [Mt-H] 897.61; found 897.25. Example QC-6b 111       To a
solution of Example QC-6a (506 mg, 0 56 mmol) in 10 mL of dichloromethane
was added 4N HC1 in dioxane (5 mL) The resulting solution was then stirred
at room temperature overnight. The solvent was removed under vacuum. The
residue was dissolved in minimal methanol and triturated with diethyl
ether. The 10 resulting solid was collected by filtration and washed with
diethyl ether to give the HC1 salt diastereomeric mixture of Example QC-6b
as a light brown solid (300 mg, 92%). LC/MS: Anal. Calcd. for C26H41N6
[M+H]f 437.34; found 437.41. Example QC-6 15Example QC-6 was synthesized as
free base from Example QC-6b and Cap-52 according to the procedure
described, for the synthesis of Example QC-1. LC/MS: RT = 2.09 minutes
(Cond. .1); LC/MS: Anal. Gated. for C36H54N806 [M.+H) 695.42; found 695.70;
LC/MS: Anal. Calcd. for C36H54N806 [M+H] 695.4245; found 695.4275. 20
Examples QC-7 and QC-8          Examples QC-7 to QC-8 were prepared as free
base diastereomerie mixtures by substituting the respective acids for
Cap-52 using the same method desutibed for 25 Example QC-6. - 173 -  WO
2010/117704PCT/US2010/028999 Example 0 Ft*" RT (LC-Cond); % homogeneity
index; MS data QC-7 0 



HNy0-, 0 RT = 2.09 minutes (Cond. I); LC/MS: Anal. Calcd. for C38H58N808
[M+li]f 755.45; found 75533; HRMS: Anal. Calcd. for C38H58N808 [1V1+H1+
755.4456; found 755.4488 QC-8 -0 HN,,7 0 RT = 1.64 minutes (Cond. 3);
LC/MS: Anal. Calcd. for C401462N808 [M+H]1 783.48; found 783.29; HRMS:
Anal. Calcd. for C40H62N808 [M=1114 783.4769; found 783.4807  Example QC-9
5Example QC-9a          Example QC-9a was synthesized as a diastereomerie
mixture from 4-(4- hydroxyphenyl)cyclohexanone according to the procedure
described for the synthesis of Example QC-la.NMR (500 MHz, CDC13) 8 ppm
1.89- 1.99 (m, 1 H) 2.04 - 102.12 (m, 1 H) 2.25 - 2.61 (m, 4 H) 2.85 -2.95
(m, 1 H) 5.83 -5.87 (m, 1 H) 7.20 - 7.24 (m, 2 H) 7.26 - 7.31 (m, 2 H).
LC/MS: Anal. Calcd. for [M+H1+ Ci4Hr2F60i5S2: 453.99; found (molecule did
not ionize well in mass spec chamber). Example QC-9b 15 0, d   - 174 -
Example QC-9b was synthesized as a diastereomerie mixture from Example
QC-9a according to the procedure described for the synthesis of Example
QC-lb. `II 



NMR (500 MHz, CDC13) 6 ppm 1.27 (s, 12 H) 1.32 (s, 12 H) 1.62- 1.75 (m, 1
H) 1.88- 1.98 (m, 1 H) 2.14 - 2.46 (m, 4 H) 2.73 - 2.85 (m, 1 H) 6.60 -
6.67 (m, J=3.05 5Hz, 1 H) 7.22 (d, J=8.24 Hz, 2 H) 7.74 (d, J=7.93 Hz, 2
H). LC/MS: Anal. Calcd. for        C24H36B204: 410.28; found (molecule did
not ionize well in mass spec chamber). Example QC-9c          Example QC-9c
was synthesized as a diastereomeric mixture from Example QC-1.e and Example
QC-9b according to the procedure described for the synthesis of Example
QC-1f. NMR (500 MHz, CDC13) 5 ppm -0.01 (s, 18 H) 0.82- LOB (m, 4 H) 1.24
(s, 9 1:1) 1.39 (s, 9 F1) 1.72 - 2.68 (in, 14 H) 2.73 - 2.96 (m, 1 H) 3.29-
3.81 15(m, 8 II) 4.81 -5.05 (m, 2 H) 5.06 - 5.23 (m, 2 H) 5.31 - 5.43 (m,
15.76 - 5.90 (m, 1 H) 6.48 -6.67 (m, 1 H) 6.74 (s, 1 H) 7.10 (s, 1 H) 7,22
(d, I-6.71 Hz, 2 1-1) 7.67 (d, J=7.63 Hz, 2 H); LC/MS: Anal. Calcd. for
C481177N606Si2 [M+H]4 889.55; found 889.83. 20Example QC-9d        Example
QC-9d was synthesized from Example QC-9c according to the procedure
described for the synthesis of Example QC-1g. LC/MS: Anal. Calcd. for
C26H33N6 [1'.41-1]+ 429.28; found 429.31. 25 - 175 -  Example QC-9
Example QC-9 was synthesized as a free base diastereomeric mixture frorn
Example QC-9d and Cap-51 according to the procedure described for the
synthesis of Example QC-1. LC/MS: RT = 2.20 minutes (Cond. I); LC/MS: Anal.
Calcd. for 5 C40H54N806 [M+Hr 743.42; found 743.31 Examples QC-10 to QC-12
Examples QC-10 to QC-12 were prepared as free base diastereomeric
10mixtures by substituting the respective acids for Cap-51 using the same
method described for Example QC-9. Example 0  0J>.)- z 



RT (LC-Cond); % homogeneity index; MS data QC-10  RT = 1.94 minutes (Cond.
7); LC/MS: Amd. Cala for C361-146N806 [M+H]t 687.36; found 687.13. QC-11 0
.%'-0-ThAssi HN 0 RT = 1.98 minutes (Cond. 1); LC/MS: Anal. Caled. for
C38HSON808 [M+H]1 747.38; found 747.46. QC-12 0 HN,r, 0 RT = 2.09 minutes
(Cond. I); LC/MS: Anal. Calcd. for C40H54N808 [M+HI- 775.41; found 775.33.
Example QC-13 Example QC-13a 50 To a solution of 4-iodophenyl ethanone
(14.76 g, 60.0 mmol) in 150 mL of dichloromethane was added bromine (9.5 g,
59.5 mmol) dropwise, The resulting solution was stirred at room temperature
overnight. The solvent wa.s removed under vacuum. The crude product was
recrystallized, with. dichloromethane/hexanes to give 10 .Example QC-13a
(11.8 g, 60.5%) as a grey solid. 1H NMR (500 MHz, CDC1:) 6 ppm 438 (s, 2 H)
7.68 (d, J=8.55 Hz, 2 H) 7.86 (d, J=8.85 Hz, 2 11); LC/MS: Anal. Caied. for
C811771BrIO [Md.-H]'. 325.86; (build 325.11. Example QC-13b 0 15   



To a solution of (S)-1-(benzyloxycarbonyl)pyn-olidine-2-carboxylic acid
(6.5 g, 26.1 mmol) in 150 mL of ethyl acetate was added triethylamine (4.0
mL., 28 7 mmol) and Example QC-13a (8.5 g, 26.1 mmol) at 0 C. The resulting
mixture was stirred at room temperature overnight. The reaction mixture was
filtered. The filtrate 20was washed with saturated sodium bicarbonate
aqueous solution, and brine. The organic layer was dried with MgSa, and
concentrated. The crude product was purified by a flash chromatography
(silica gel, 10-40% ethyl acetate/hexanes) to give  WO
2010/117704PCT/US2010/028999 the product as a white solid Example QC-13b
(15.3 g, 85.4%).NMR (500 MHz, CDC13) 5 ppm 1.87 - 2.01 (m, 1 H) 2,01 - 2.16
(m, 1 H) 2.22 - 2.42 (in, 2 H) 3.44 - 3.58 (in, 1 H) 159 - 3.71 (m, 1 H)
4.45 -4.58 (m, 1 H) 5.04 - 5.50 (m, 4 H) 7.27 - 7.38 (m, 5 H) 7.53 (d,
J=8.24 Hz, 1 H) 7.59 (d, J=8.24 Hz, 1 H) 7.85 (cid, J=8.39, 53.81 Hz, 2 H).
LC/MS: Anal. Calcd. for C21f1211N05 [M+Hr 494.05; found 494.32. A solution
of Example QC-13b (15.3 g, 31 mmol) and ammonium acetate 10(18.0 g, 233
mmol) in 250 mL of xylene was stirred at 110C overnight. The reaction
mixture was washed with brine, dried with MgSO4 and concentrated. The crude
product was purified by flash chromatography (silica gel, 25%-65% ethyl
acetate/hexanes) to give the product as a yellow solid Example QC-13c (14.1
g, 96.1%). 1HNMR (300 MHz, CDC13) 8 ppm 1.88 - 2.03 (m, 1 H) 2.08 -2.33 (m,
2 11) 152.82 - 3,16 (m, 111) 3.33 -3.67 (m, 2 H) 4.87 - 5.31 (m, 3 H) 7.20
(s, 1 H) 7.27 -7.41 (m, 5 II) 7.42 - 7.73 (m, 4 H) 10.38/10.76 (s/s, 1 H).
LC/MS: Anal. Calcd. for C2111211N302 [M+Hr 474.07; found 474.20. Example
QC-13d SEM, 11 Cbz  1       To a solution of Example QC-13c (7.6 g, 16.06
mmol) in 30 mL of dimethylformamide was added sodium hydride (0.706 g,
17.66 mmol). The resulting mixture was stirred at room temperature for 40
min. 2-(Trimethylsilyeethoxymethyl chloride (2.84 ml, 16.06 mmol) was then
added dropwise over 5 mm. After stirred at 25room temperature for 2 h, the
reaction was quenched with water and extracted with ethyl acetate. The
combined organic layers were washed with brine, dried with MgSO4 and
concentrated. The crude product was purified by a flash chromatography -
178 - (silica gel, 25%-50% ethyl acetate/hexanes) to give Example QC-13d
(8.5 g, 88%) as an yellow oil [Note: the exact SEM-regiochernical make up
of the product was not determined.]NMR (500 MHz, CDC13) 6 ppm -0.02/- 0.05
(rotomers, a's, 9 H) 0.73 



-0.99 (m, 2 H) 1.87 - 2.02 (m, 1 H) 2.09 - 2.34 (m, 2 H) 2.34 - 2.48 /
2.50- 2.68 5(rotomers, m/m, 1 H) 3.26 - 3.44 (m, 1 H) 3.45 - 3.84 (m, 3 H)
4.59/4.85 (rotomers, did, J=11.29 Hz/12.21 Hz, 1 H) 4.89 - 5.13 (m, 3 H)
5.16/5.90 (rotomers, J=10.99 Hz/10.99 Hz, 1 H) 6.94 - 7.04 (m, 1 H) 7.13
-7.37 (m, 5 H) 7.50 (d, Hz, 2 H) 7.61 - 7.71 (m, 2 H). Anal. Calcd. for
C27H351N303Si [M+Hr 604.15; found 604.44. 10 Example QC-13e SEM, NN Cbz
To a solution of Example QC-1d (8.5 g, 23.13 mmol) in 150 niL of methanol
was added 9 mL of 4 M HO in dioxane. After stirring at room temperature
overnight, 15the reaction solution was concentrated under vacuum to give a
yellow oil. The yellow oil was placed under vacuum overnight to give
(S)-4-iodo-2-(pyri-olidlii-2-y1)- 14(2- (trimethylsily1)
ethoxy)methyl)-1H-imidazole HCI salt as a yellow solid.      To a mixture
of (S)-2-(pyrrolidin-2-y1)-14(2-(trimethylsilyeethoxy)methyl)- 1H-imidazole
HC1 salt (7.03 g, 23 13 mmol) in sodium hydroxide aqueous solution 20 (25.4
mL, 50.9 mmol) at 0 C was added benzyl chlorofoiniate (3.63 mL, 25.4 nimol)
and sodium hydroxide aqueous solution (2M, 12.72 mL, 25 4 mmol) dropwise at
the same time over 1 h. After stirring at 0 C for 1 additional hour, the
reaction mixture was extracted with ethyl acetate. The combined organic
layers was dried with MgSat and concentrated. The crude product was
purified by a flash chromatography (silica 25gel, 25%-65% ethyl
acetate/hexanes) to give Example QC-13e (8.8 g, 21.9 mmol, 95%). 1H NMR
(500 MHz, CDC13) 8 ppm -0.07/-0.03 (rotomers, s/s, 9 H) 0.69 - 0.97 (m, 2
H) 1.84- 2.00 (m, 1 H) 2.05 -2.50 (m, 3 H) 3.23 - 3.38 (m, 1 H) 3.42 - 3.85
(m, 3 H) 4.52/4.87 (rotomers, did, J-11.29 Hz, 1 H) 4.89 - 5.14 (m, 3 H)
5.13/5.85 (rotomers, d/d, J-10.99 11z, 1 H) 6.70/6.87 (rotomers, s/s, 1 Fl)
6.94 - 6.99 (rn, 1 H) - 179-  6.99 -7.05 (m, I H) 7.25 -7.33 (in, 4 H).
1.,C/MS: Anal. Cale& fin C2!1-157N303Si [M+H]1 402.22; found 402.26.
Example QC-13f SEM, 5Cbz To a solution of Example QC-13e (8.8 g, 21.91
mmol) in 100 mL of acetonitrile at 0 C was added NBS (3.90 g, 21.91 mmol)
in 60 mL of acetonitrile dropwise over 10 min. After stirring at 0 C for 2
h, the solvent was removed under vacuum. The residue was dissolved in
dichloromethane and washed with water. The 10 organic layer was dried with
MgSO4 and concentrated. The crude product was purified by a flash
chromatography (silica gel, 20%-30% ethyl acetatethexames) to give Example
QC-13f (7.5 g, 15.61 mrnol, 71.2%)as a yellow oil. 1H NMR (500 Mllz,
Chloroform-D) S ppm -0.061-0.02 (rotors, s/s, 9 H) 0.67 - 1.00 (m, 2 H)
1.85 - 1.99 (in, 1 1-1) 2.03 -2.16 (in, 1 II) 2.16 - 2.43 (in, 2 Fl) 3.36
(t, J=8.24 Hz, 1 11)3.48 



15- 3.79 (m, 3 H) 4.68/4.82 (rotomers, did, .1-11.60 Hz, 1 H) 4.85 - 5.15
(In, 3 H) 5.27/5.81 (rotorners, did, J=11.29 Hz, 1 IT) 6.93/6.94 (s/s, 1
IT) 6.95 - 7.02 (n, 1 H) 7.25 - 7.36 (m, 4F1). LC/MS: Anal. Calcd. for
C21.113079BrN303Si [M] 479.12; found 479.26. 20Example QC-13g SE NA, 0-4
Cbz       To a mixture of Example QC-13f (4.08 g, 8.49 mmol), tert-butyl
444,4,5,5- tetramethy1-1,3,2-dioxaborolan-2-y1) -5,6-dihydropyridine-1(2H)-
earboxylate (2.63 g, 8.49 mrnol), and sodium bicarbonate (2.140 g, 25.5
mmol) in DME (180 ml) and 25water (60.0 ml) was added
Tetrakis(triphenylphosphine)palladium (0) (0.491 g, 0.425 mmol). The
resulting mixture was stirred at 85 C overnight. The solvent was - 180 -
removed under vacuum. The aqueous mixture was extracted with 20%
methanol/chloroform. The organic layer was washed with water, brine, dried
with MgSO4 and concentrated. The crude product was purified by a flash
chromatography (silica gel, 25%-50% ethyl acetate/hexanes) to give Example
QC-13g (3.8 g, 6.52 5 mmol, 76.8%) as a yellow oil. 1H NMR (500 MHz, CDC13)
8 ppm -0.06/-0.04 (rotomers, s/s, 9 H) 0.69 - 0.97 (m, 2 H) 1.45/L47
(rotomers, s/s, 9 H) 1.85- 1.99 (m, 1 H) 2.05 -2.28 (m, 2 H) 2.29 - 2.63
(m, 3 H) 3.20- 3.80 (m, 6 H) 4.05 (s, 2 H) 4.51/4.85 (rotomers, did,
J=11.29 Hz, 1 H) 4.81 - 5.13 (m, 3 H) 5.11/5.86 (rotomers, d/d, J-10.99 Hz,
1 H) 6.37 (s, 1 H) 6.57/6.76 (rotomers, s/s, 1 H) 7.01 (d,./=-5.49 Hz, 101
H) 7.19 - 7.37 (m, 4 H). LC/MS: Anal. Calcd. for C311-147N405Si [M+Hr
583.33; found 583.65. Example QC-13h SEM, LNH ( 1-4 NN bz 15To a solution
Example QC-13g (3.8g, 6,52 rrunol) in 40 mil, of methanol was added 11C1
(4N in dioxane, 10 ml, 40.00 nunol). The solution was stirred at room
temperature overnight. The solvent was removed under vacuum. To the residue
was added saturated sodium bicarbonate. The mixture was extracted with
ethyl acetate. The combined organic layers were washed with brine, dried
with MgSO4 and 20 concentrated. The crude product was purified by flash
chromatography (silica gel, 5% methanol/dichloromethane) to give Example
QC-13h (1.90 g, 3.94 mmol, 60.4%) as a yellow solid. LH NMR (500 MHz,
Chloroform-D) 8 ppm -0.067-0.02 (rotomers, sls, 9 H) 0.69- 1.05 (m, 2 H)
1.78 - 2.00 (m, 1 H) 2.01 - 2.52 (m, 3 H) 2.63 (s, 2 H) 3.23 - 3.76 (in, 6
H) 3.81 (s, 2 H) 4.45 - 5.87 (m, 5 H) 6.28 (s, 1 H) 6.65/6.84 (rotomers,
s/s, 251 H) 6.93 -7.09 (m, 1 H) 7.17- 7.42 (m, 4 H). LC/MS: Anal. Calcd.
for 



C26H39N403Si [M+H]+ 483.28; found 483.55.  Example QC-13i  SEM,N e_N N, Cbz
A mixture of Example QC-13d (3.19 g, 5.28 mmol), Example QC-13h (1.7 g,
3.52 mmol), copper(I) iodide (0.134 g, 0.704 mmol), L-proline (0.162 g,
1.409 mmol) 5 and potassium carbonate (0.973 g, 7.04 mmol) in HMSO (30 ml)
was bubbled with nitrogen for 10 min. The mixture was then stirred at 90 C
overnight. Water was added into the reaction. The mixture was extracted
with ethyl acetate. The combined organic layers were washed with brine,
dried with MgSO4 and concentrated. The crude product was purified by flash
chromatography (silica gel, 10%-40% ethyl 10acetate/hexanes then 40%-75%
ethyl acetate/hexanes) to give Example QC-I3i (1.30 g, 38.6%) as a yellow
oil. [Note: the exact SEM-regiochemical make up of the product was not
determined.] 111 NMR (300 MHz, CDC13) 6 ppm -0.19 - 0.10 (in, 18 10 0.65 -
1.06 (m, 4 H) 1.69- 2.01 (m, 2 H) 2.07- 2.75 (m, 8 H) 3.22- 3.99 (m, 12 II)
4.60 (t, J=10.61 Hz, 1 II) 4.77 - 5.29 (m, 9 H) 5.72 (d, "J-10.61 Hz, 0.5
H) 5.80- 5.97 15(m, 1 H) 6,06 (s, 0.5 H) 6.84- 7.11 (in, 5 H) 7.17 - 7.24
(m, 2 H) 7.26 - 7.39 (m, 6 1-1) 7.62 - 7.73 (m, 2 II); LC (Cond. 1): RT -
3.28 min; LC/MS: Anal. Calcd. for C53H72N706Si2 [IVI+H]i 958.51; fbund
958.84. Example QC-13j 20         A mixture of Example QC-13i (600 mg,
0.626 mmol) and palladium on carbon (666 mg, 0.626 mmol) in methanol (10
ml) and ethyl acetate (10.00 mL) in a hydrogenation flask and was placed
under hydrogen (50 atm.) for 16 It The catalyst was filtered. To the
filtrate was added 6 mL of 4 N HC1 in 1,4-dioxane, and the 25resulting
solution was stirred at room temperature overnight. The solvent was removed
under vacuum. The residue was triturated with diethyl ether. The resulting
solid was collected by filtration and washed with diethyl ether to give the
HCI salt of - 182 -  



Example QC-13j (232 mg, 86%) as a brown oil-like solid. 1H NMR (500 MHz,
DMSO-D6) &ppm 1,79 - 2.05 (m, 6 H) 2.12- 2.23 (in, 2 H) 2.29 - 2.48 (n, 8
H) 2.80 -2.96 (m, 2 H) 3.29 - 3.52 (m, 3 H) 4.96 - 5.10 (m, 2 H) 6.93/7.10
(s/s, 2H) 7.20 - 7.49 (m, 4 H); LC (Cond. 2): RT = 0.69 min; LC/MS: Anal.
Calcd. for C25H34N7 5[M+11]+ 432.29; found 432.30. Example QC-13
Example QC-13 was synthesized from Example QC-14j and Cap-5I according to
the procedure described for the synthesis of Example QC-1, with the
exception that 10 the final purified material was not neutralized and
Example QC 13 was obtained as TFA salt. LC/MS: RT = 1.95 mm. (Cond. 1);
LC/MS: Anal. Calcd. for C39F156N906 [M+H11746.44; found 746.97. Examples
QC-14 and QC-15         Examples QC-I 4 to QC-15 were prepared as TFA.
salts by substituting the respective acids for Cap-51 using the same method
described. for Example QC-13. Example 0 R)Csi RT (LC-Cond); % homogeneity
index; MS data QC-14 0 HN y 0 RT = 1.64 minutes (Cond. I); LC/MS : Anal.
Caled. for C37H52N908 [M+H]t 750.39; found 750.92; QC-15 0 >yc se HNi0 0 RT
=1.93 minutes (Cond. I); LC/MS: Anal. Calcd. for C411-160N906 [M+H]t
774.47; found 774.76;  - 183 - 



WO 2010/117704PCT/US2010/028999 Example QC-16 and QC47  Example QC-16a
To a solution of Example QC-9c (260 mg, 0 3 mmol) in 10 mL of methanol was
added palladium (10% on carbon) (100 mg) under nitrogen. The flask was then
vacuumed, and flushed. with N2 for 3 times, After being vacuumed again, the
mixture was hydrogenated under 112 'balloon overnight. After the reaction
was complete, the 10 mixture was filtered and the solvent was removed under
vacuum to give Example QC-16a as a greasy solid diastercomerie mixture.
LC/MS: RT = 3.28 minutes (Cond. .0; LC/MS: Anal. Calcd. for C48H37N606312
[Wilt 891.56; found 891.64. Example QC-16b - N HNH N NHHN       Example
QC-16b was synthesized as a diastereomeic mixture from Example QC-16a
according to the procedure described for the synthesis of Example QC-1g.
LC/MS: RT = 1.53 minutes and 1.64 minutes (Cond. 1); LC/MS: Anal. Calcd.
for C26H35N6 [M+Fl]+ 431.29; found 431.25 and 431.26. Example QC-16 and
QC-17      Example QC-16 and QC-17 were synthesized as free bases from
Example QC-3h and Cap-51 according to the procedure described for the
synthesis of Example  QC-1, The crude residue was purified by reverse phase
HPLC (Acetonitrile/Water/NII40Ac) to give two diastereerners QC-16 and
QC-17. QC-16: II-1 NMR (300 MHz, DMSO-D6) 6 ppm 0.73-0.93 (m, 12H),
1.45-2.30 (in, 18H), 2.40-2.65 (m, overlap with DMSO solvent peak),
3.15-3.45 (m, overlap with water 5peak), 3.52 (s, 6H), 3.75 (m, 3H), 4.01
(m, 2H), 5.03 (m, 2H), 7.00-7.70 (m, 6H), 11.23 (d, 1H), 11.66 (br, 1 H);
LC/MS: RT = 2.20 minutes (Cond. 1); LCIMS: Anal. Calcd. for C40H561\1806
[M+H] 745.44; found 745.31; QC-17: 1H NMR (500 MHz; DMSO-D6) 6 ppm
0.75-0.93 (m, 12H), 1.30-1.62 (in, 4H), 1.75-2.22 (m, 141-1), 2.40- 2.65
(m, overlap with DMSO solvent peak), 3.15-3.45 (m, overlap with water
peak), 103.53 (s, 6H), 3.78 (m, 3H), 4.04 (m, 2H), 5.03 (m, 2H), 7.10-7.70
(m, 6H), 11.25 (d, 1H), 11.68 (br, 1 H); LC/MS: RT = 2.20 minutes (Cond.
1); LC/MS: Anal. Cafed. for C40H56N806 [M+Hr 745.44; found 745.37. Example
M-1 



15   Example M-la 0 A dichloromethane (13 mL) solution of bromine (2.25 g,
14 1 inmol) was 20added drop-wise over 10 min to a heterogeneous refluxing
mixture of 4- (methoxycarbonyl)bicycle [2.2.21octane-1-carboxylic acid
(2.02 g, 9.52 mmol) and mercuric oxide (3.5 g, 16 16 mmol) in
dichloromethane (40 mL), and heating was continued for 3.3 h. After the
reaction mixture was allowed to cool to room temperature, it was filtered
and the resulting light orange filtrate was treated with 25MgSO4 and
filtered again. The volatile component of the filtrate was removed in
vacuo, and the resulting residue was purified with a F3TOTAGEO (5-100/u
ethyl - 185 -  acetate/hexa.nes) to afford. Example M-la as a white solid
(1.37g). IH NMR (DMS0- (15, c3= 2.50, 400 MHz): 3.56 (s, 3H), 2.22-2.18 (m,
6H), 1.91-1.87 (m, 61-1). LC (Cond. 2): RT = 1.79 mm. LC/MS: Anal. Calcd.
for [M-1-1-1j+ C10H16Br02: 247.03, found 247.33. 5 Example M-lb 0 -0
A benzene (65 mL) solution of Example M-la (3.758 g, 15.21 mmol) was added
drop-wise to a cooled (- -12 C) mixture of benzene (200 mL) and aluminum
10trichloride (8.93 g, 67 mmol) over 15 min. The heterogeneous mixture was
stirred for 1 h while allowing the cooling bath to thaw gradually to -3 C,
and then the cooling bath was removed and stirring was continued for -14 h.
The reaction mixture was then heated for -4 hr, and after the mixture was
allowed to cool to ambient condition and most of the volatile component was
removed in vacuo. The residue was taken up 15dichloromethane (100 mL),
poured into 150 niL of ice-water, and the phases were separated. The
aqueous phase was washed with dichloromethane (50 mi.), and the combined
organic phase was washed with saturated sodium bicarbonate, dried (MgSO4)
and evaporated in vacuo. A silica gel mesh was prepared from the resulting
crude material and submitted to flash chromatography (3-4.5% ethyl
acetateihexanes) 20 to afford Example M-lb as an off-white solid (2.739 g).
1H NMR (DMSO-d,, (5 -- 2.50, 400 MHz): 7.34-7.26 (m, 4H), 7.18-7.13 (m,
1H), 3.59 (s, 3H), 1.86-1.76 (m, 12H). LC (Cond. 2): RT = 2.04 mm. LC/MS:
Anal. Calcd. for [M+1-1]+ CI6H2:02: 245.15, found 245.24.  Example M-lc 0  



A chloroform (16 mL) solution of bromine (2.07 g, 12 95 mmol) was added
drop-wise, via an addition funnel, over 13 min to a vigorously stirred
mixture of Example M- lb (3.01 g, 12.33 nunol) and silver trifluoroacetate
(3.15 g, 14.26 itnuol) - 186 -  in chloroform (45 nits), After stirring for
105 mm, the precipitate was filtered and washed with chloroform, and the
filtrate was evaporated in vacua. The resaltant crude material was purified
with flash chromatography (sample was loaded as a silica gel mesh; 4-6%
ethyl acetate/hexanes) to afford Example M-lc as a white solid (3.495
5g).NMR (DMSO-d5,  = 2.50, 400 MHz): 7.46 (d, J = 8.5, 2H), 7.28 (d, J =
8.8, 2H), 3.59 (s, 3H), 1.82-1.76 (m, 12H). LC (Cond. 2): RT = 2.16 mitt
LOMS: Anal. Calcd. for [M+Hr Ci6H20Br02: 323.06, found 323.18.
Butyl lithium (1.6 M/hexanes) (19.5 mL, 31.2 mmol) was added drop-wise over
15 mm to a cooled (ice-water) tetrahydrofuran (10 mL) solution of i-Pr2NH
(4.5 ml, 31.6 mrnol) and stirred for 25 min. The resultant LDA solution was
added drop-wise over 15 mm to a cooled (-78 C) tetrahydrofuran (30 mL)
solution of Example 15M-lc (2.48g, 7.68 mmol) and chloroiodomethane (5.57
g, 31.6 mmol), Enid stirred for 130 mm. A tetrahydrofuran (30 mL) solution
of acetic acid (12 inL) was added drop-wise over 10 min to We above
reaction mixture, and 20 mm later the cooling bath was removed and stirring
was continued for 30 min. Then the volatile component was removed in vacuo,
and the residue was taken up in ethyl acetate (100 mL) and washed 20 with
saturated sodium bicarbonate solution (20 ml, 4x) and sodium thiosulfate
solution (3.3 g in 30 mL water), dried (MgSO4) and evaporated in vacuo. A
silica gel mesh was prepared from the resulting crude material and
submitted to flash chromatography (30-50% dichloromethane/hexanes) to
afford Example 11.4-1d as an off-white solid (2.02 g). 1H NMR (DMSO-c1.5, b
= 2.50, 400 MHz): 7.46 (d, J = 8.6, 252H), 7.29 (d, J = 8.6, 2H), 4.78 (s,
2H), 1.82-1.76 (m, 12H). HRMS: Anal. Calcd. for [M] C16H18BrC10: 340.0230,
found 340.0234. - 187 -  Example M-le        Diformylimide sodium salt
(0.7187 g, 7.18 mmol) and potassium iodide (0.148 g, 0.892 mmol) were added
to a tetrahydrofuran (12 5 mL) solution of 5 Example M- Id (1.01 g, 2.96
mmol), and the heterogeneous mixture was sonicated for a few minutes and
then stirred at ambient condition for -23 h. The reaction mixture was
filtered, the filtered solid was washed with dichloromethane, and the
filtrate was evaporated in vacuo. The resulting crude solid was transferred
to a 350 mL pressure tube containing methanol (40 mL), water (20 mL) and
concentrated HC1 (2.5 mL), 10 and the heterogeneous mixture was heated at
60C for 23 h. Removal of the volatile component in vacuo afforded Example
M-le as a light yellow solid (1.078 g), which was used in the next step
without purification. NMR (DMSO-do, 6 - 2.50, 400 MHz): 8.01 (br s,7.48 (d,
J 8.6, 211), 7.30 (d, J = 8.6, 2H), 4.06 (s, 2ff), 1.80      (app s, 12H).
LC (Cond. 2): RT = 1.58 Mill. LC/MS: Anal, Calcd, for pvi-FH]l
ISC16H2iBrNO: 322.08, found 322.21. Example M-If 



i-Pr2EtN (1.02 mL, 2 5 mmol) was added drop-wise over a few minute-s to a
20mixture of Example M-le (0.84 g, 2.35 mmol), Boc-L-Proline (0.657 g, 3.05
mmol) and HATU (1.07 g, 2.82 mmol) in dimethylformamide (15 mL), and the
reaction mixture was stirred for 50 min. The volatile component was removed
in vacua, and the residue was taken up in dichloromethane (80 mL) and
washed with water (25 mL, 2x) and saturated sodium bicarbonate (25 mL, 2x).
The organic layer was dried 25(MgSO4) and evaporated in vacuo. The
resultant crude material was submitted to a BIOTAGE(r) purification (100 g
silica gel; 40-70% ethyl acetate/hexane-s) to afford Example M-lf as a
white dense solid (938 mg); a slightly impure sample of Example M-lf was
also retrieved (118 mg). 1jjNMR (DMSO-d5,  = 2.50, 400 MHz): 7,92-  7.85
(m, 1H), 7.47 (d, -8.8, 2H), 7.29 (d, J- 8.8, 211), 4.16-4.01 (m, 311),
3.40-3.24 (m, 214; partially overlapped with water signal), 2.15-2.00 (in,
Hi), 1.89-1.70 (m, 15H), 1.39/1.33 (two overlapped s, 9H). LC (Cond. 2): RT
= 2.10 min. LUNIS: Anal. Calcd. for [M+1-1]t C26H36BrN204: 519.19, found
519.18. 5 Example M-lg       A mixture of Example M-1f 0.044 g, 2.01 mmol)
and ammonium acetate (1.260 g, 16.35 mmol) in xylenes (12 mL) was heated
with a microwave at 140C for 10 2 h. An additional ammonium acetate (240
mg, 3.11 mmol) was added and the mixture heated similarly for 30 min. Then
the volatile component was removed in vacuo, and the residue was treated
with dichloromethane (80 mL), water (20 mL) and saturated sodium
bicarbonate solution (4 mL), and vigorously stirred and the phases were
separated. The organic layer was dried (MgSO4) and evaporated in vacuo. The
15 crude material was purified with a BIOTAGEO (60-100% ethyl
acetate/hexanes) to retrieve Example M-1g as a white foam (716 mg). NMR
(Me0H-d4,  - 3.29, 400 MHz): 7.39 (d, J = 8.6, 2H), 7.26 (d, 8,8, 214),
6.57/6.54 (overlapping ht: s, 1H), 4.78-4.72 (m, 1H), 3.66-3.57 (m, 114),
3.48-3.41 (m, IH), 2.32-1.86 (overlap of br m & app s, 16H), 1.43 (app s,
2.61H), 1.20 (s, 6.3914). LC (Cond. 2): RT = 1.80 min, 20LC/MS: Anal.
Calcd. for [M+H]t C26H35BrN302: 500.19, found 500.11. Example M-lh  Sodium
hydride (60%; 57 mg, 1.43 mmol) was added in one batch to a 25
dimethylformamide (6 mL) solution of the imidazole Example M-lg (503 mg,
1.005 mmol), and the mixture was stined for 70 min. Then, SEM-C1 (0.21 mL,
1.187 mmol) was added drop-wise over 30 sec to the above reaction mixture,
and the  heterogeneous mixture was stirred for 4.3 h. The volatile
component was removed in vacua, and the residue was partitioned between
dichloromethane and water. The organic layer was dried (Mg804) and
evaporated in vacuo. The resulting crude material was purified with a
BIOTAGE(r) (20-35% ethyl acetate/hexanes) to afford 5 Example M-lh as a
white foam (417 mg). Ili NMR (DMSO-d6, 6 = 2.50, 400 MHz): 7.46 (d, J =
8.6, 2H), 7.31 (d, J = 8.8, 2H), 6.78/6.75 (two overlapping s, 1H), 5.54
(hr d, J = 10.5, 0.32H), 5.28 (br d, J - 11.1, 0.68H), 5.17 (app hr d, J =
10.8, 1H), 4.88 (hr m, 0.32H), 4.78 (hr m, 0.68H), 3.5-3.3 (m, 4H),
2.28-1.73 (overlap of br m & app s, 16H), 1.35 (s, 2.9H), 1.11 (s, 6.1H),
0.89-0.75 (m, 2H), -0.04 (s, 9H). LC/MS (Cond. 



102): Anal. Calcd. for [M+H]+ C32H49BrN303Si: 630.27, found 630.33. Example
M-li SEM SEM, Bac NI-V 1 Boc Palladiurn(JT) acetate (15,7 mg, 0.070 minol)
was added in one batch to a 75 15 m1_, pressure tube containing Example
M-th (539 mg, 0.855 mmol), Example QC-ld (409.3 mg, 1.14 mmol),
triphenylphosphine (35.5 mg, 0.135 mmol) and potassium carbonate (132 mg,
0.958 mmol) in dioxane (8 mL), and the reaction mixture was flushed with
nitrogen for 5 mm and heated with 120 C oil bath for 16 h. After it was
allowed to cool to ambient condition, the mixture was filtered and the
filtrate was 20rotervaped. The resulting crude material was purified with a
combination of BIOTAGEO (100 g silica gel; 40-80% ethyl acetate/hexanes)
and a reverse phase HPLC (water/methanol/TFA). The combined HPLC fractions
was neutralized with excess NH3/methanol, rotervaped, and the resulting
material was partitioned between dichloromethane (50 mL), water (30 mL) and
satd. sodium bicarbonate solution (1 25 mL). The organic phase was dried
(MgSO4) and evaporated in vacua to afford Example M-li as a white foam (352
mg). The exact SEM regiochemical make up was not determined as it was
inconsequential for the current purpose. 1F1 NMR (DMSO-D6, = 2.50, 400
MHz): 7.45-7.35 (m, 4H), 6.93/6.91 (overlapping s, 1H), 6.79/6.76
(overlapping s, IH), 5.56-5.52 (m, 0.7H), 5.37-5.16 (m, 3.3H), 5.05-4.78 -
190- (m, 2H), 3.56-3.33 (m, 8H), 2.294.76 (m, 20H), 1.37 (s, 6.53),
1.13/1.12 (overlapping s, 11.47 H), 0.90-0,76 (in, 4H), -0.03/-0.06/-0.07
(overlapping s, 18H). LC/MS (Cond. 2): Anal. Calcd. for [M-SEM+FI]'
C44H44N605Si: 786.49; found 787.50. 5Example M- lj        A mixture of
water (2 mL) and concentrated HC1 (1 mL) was added to a mixture of
HC1/dioxanes (4.0 N, 7 mL) and Example M-li (348 mg, 0379 nunol), and the
resultant solution was stirred at ambient condition until LC/MS analysis
10indicated completion of reaction (-48 h). The volatile component was
removed in vacuo to afford Example M-] .j (.4HC1) as an off-white solid,
weighing 244.6 mg (-16 mg above the theoretical yield). The sample
contained unidentified impurities, and was used in the next step with out
purification. LC (Cond. 2): RT - 0.86 min. LC/1\4S: Anal. Calcd. for
[1\4-1-Hi C281-132N6: 457.31; found 457.36. 15 Example MI       HATU (106.2
mg, 0.279 mmol) was added to a dimethylfmmamide (2 mL) solution of Example
M-1j (4 HC1 salt) (78 mg, 0.129 mmol), (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid (57.7 mg, 0.329 mmol) and
i-Pr2EtN 20(0.15 mL, 0 859 mmol), and the reaction mixture was stirred for
30 min. The volatile component was removed in vacuo, and the crude material
was first passed through MCX (2g; methanol wash; 2.0 M ammonia/methanol
elution) and then submitted to a 



reverse phase HPLC purification (water/methanol/TFA) to afford a
hygroscopic material. The purified material was free-based (MCX; methanol
wash; 2.0 M 25 ammonia/methanol elution) and dried in vacuo to afford
Example M-1 as an off-white foam (43 mg). 1H NMR (DMSO-D5, 3 = 2.50, 400
MHz): 12.16-11.18 (collections of s, -2H), 7.65-6.37 (m, 8H), 5.30-4.99 (m,
2H), 4.06-3.99 (m, 2H), 3.83-3.65 & 3,553.49 (m, 4H), 3.525/3.53/3.41
(three s, 6H), 2.18-1.75 (m, 22H), 0.89-0.81 (m, 12E1). - 191 - LC (Cond.
2): R.T = 1.33 min. LC/MS: Anal. Calcd. for [MI-H]' C421159N06: 771.46;
found 771.47. Examples M-2 and M-3 5         Examples M2 and M3 were
prepared as TFA salts from Example M-lj and appropriate acids by employing
the procedure described for the synthesis of Example M-1, with the
exception that an additional purification was conducted with a second
reverse phase HPLC system (water/acetonitrile/TFA) and that the final
purified 10material was not free-based. - 192 -  Example M-4  Example M-4a
5         Hunig's base (500 p.L, 2.87 mmol) was added drop-wise over - I mm
to a acetonitrile (5 mL)/dichloromethane (5 mL) semi-solution of
(S)-1-(tenbutoxycarbonyepyrrolidine-2-earboxylie acid (645 mg, 3.00 mmol),
Example M-1d (405 mg, 1.185 mmol) and potassium iodide (60.5 mg, 0.364
mmol), and the reaction 10 mixture was stirred at ambient condition for -I
8 it The volatile component was removed in vacua and the residue was
partitioned between dichloromethane and water, dried (NIgSO4) and
evaporated in vactio, The resulting crude material was submitted to a
BIOTAGEOD purification (15-30% ethyl acetate/hexancs) to afford Example
M-4a as a white foam (559 mg). 1H NMR (HMSO-11)5, 5 = 2.50, 400 MHz):
157.47 (d, J = 8.5, 2H), 7.29 (d, J = 8.8, 2H), 5.13-4.91 (m, 2H),
4.29-4.23 (m, 1H), 3.39-3.26 (m, 2H), 2.30-2.16 (m, 1H), 2.11-2.03 (m, 1H),
1.89-1.73 (m, 14H), 1.39 (s, 3.59H), 1.34 (s, 5.41H). LC (Cond. 2): RT =
2.20 min. LC/MS: Anal. Calor'. for [MBoc+H]f C21H27BrNO3: 420.12; found
420.13. 20Example M-4b        Ammonium acetate (825 mg, 10.70 mmol) was
added into a toluene (10 mL) solution of Example M-4a (556 mg, 1.068 mmol),
and the mixture was heated under a - 193 -  



Dean-Stark set up with a -120 0C oil bath for -5.7 h. After it was allowed
to cool to ambient condition, the volatile component was removed in vacuo,
and the residue was carefully partitioned between dichloromethane (50 mL)
and 50% saturated sodium bicarbonate solution (20 mL). The organic layer
was dried (MgSO4), and evaporated 5in vacuo. The resulting crude material
was purified with a BIOTAGE(r) (0-20% ethyl acetate/dichloromethane) to
afford Example M-4b (430 mg) as a dense solid, and Example M-1g (12 mg) as
a white film. Example M-4b: IFINMR (DIvISO-D6, 5 = 2.50, 400 MHz):
7.67/7.63 (overlapped s, 1H), 7.47 (d, J = 8.5, 2H), 7.31 (d, J = 8.8, 2H),
4.85-4.73 (m, 1H), 3.48-3.42 (m, 1H), 3.38-3.32 (m, 11-0, 2.29-2.15 (m,
1H), 101.95-1.75 (15H), 1.38 (s, 2.21H), 1.18 (s, 6.79H). LC (Cond. 2): RI
= 2.28 mm. LC/MS: Anal. Calcd. for [MfH]t C26H34BrN203: 501.18; found
501.15. Example M-4c  15Palladium 010 acetate (11.1 mg, 0.049 mmol) was
added in one batch to a 75 mL pressure tube containing Example M-4b (412
mg, 0.822 mmo)), 'Example ()Cid (323 mg, 0.879 mmol), triphenylphosphine
(25.1 mg, 0.096 mmol) and potassium carbonate (139 mg, 1.004 mmol) in
dioxane (7 mL), and the reaction mixture was flushed with nitrogen for a
few minutes and heated with 122 C oil bath for -17 It 20After it was
allowed to cool to ambient condition, the mixture was filtered, and the
filtrate was rotervaped. The resulting crude material was purified with a
combination of BIOTAGES (100 g silica gel; 40-100% ethyl acetate/hexanes)
and reverse phase HPLC (water/methanol/TFA). The combined HPLC fraction was
neutralized with excess ammonia/methanol, concentrated in vacuo, and the
resulting material was 25partitioned between dichloromethane (50 mL) and
dilute aqueous sodhun bicarbonate solution (-6%, 32 mL). The organic phase
was dried (MgSO4) and evaporated in vacuo to afford the coupled product
Example M-4c as a white foam (162 mg). The exact regioisomeric make up of
the SEM protecting group was not determined as it is inconsequential for
the current purpose. /I-1 NMR (DMSO-D6, 5 - 2.50, 400 MI-1z): - 194 -
7.67/7.64 (overlapped s, 1H), 7.45-7.35 (m, 414), 6.93/6.91 (overlapped s,
1H), 5.54- 4.74 (m, 411), 3.57-3.33 (m, 6H), 2.29-1.77 (m, 2011), 1.38/1.37
(overlapped s, 5.85H), 1.19/1.13 (overlapped s, 12.15H), 0.83-0.76 (2H),
-0.06/-0.07 (overlapped s, 9H). LC (Cond. 2): RT = 2.09 min. LC/MS: Anal.
Calcd. for [M+11]+ C441-166N506Si: 5788.48; found 788.54. Example M-4d  HC1
(6 mL of 4.0 N HC1/dioxane) was added to Example M-4c (158.1 mg, 100.201
mmol) and the mixture was stirred at ambient condition for 15 h, resulting
in a formation of a heavy suspension. An aqueous HC1 solution (1 mL of a
solution prepared from 2 naL water and 1 mL concentrated HC1) was added to
the above mixture and stirring was continued for 23.5 h. Removal, of the
volatile component in vacuo afforded. the HO salt of Example M-4d,
containing unidentified impurity, as 15off-white fluffy solid (118 mg). LC
(Cond. 2): RT -1.06 min. 11,C/M8: Anal. Calcd. for [M-141]'. C281136N50:
458.29; found 458.32. Example M-4 Example M-4 (TFA salt) was prepared from
Example M-4d according to the 



20 procedure described for the synthesis of Example M-1. 1H NMR (DMS0-11)6,
= 2.50, 400 MHz): 14.50 (app br s, 21-1), 8.02 (s, 1H), 7.67 (d, J = 8.3,
2H), 7.63 (s, 1H), 7.52 (d, J = 8.6, 2H), 7.35 (d, J = 8.3, 2H), 5.13-5.09
(m, 1H), 5.03 (dd, J = 19, 1H), 4.12-4.08 (m, 1H), 4.06-4.02 (m, 1H),
3.89-3.70 (m, 4H), 3.54/3.52 (overlapping s, 614), 2.43-2.36 (m, 114),
2.23-1.77 (m, 21H), 0.91-0.76 (12H). [Note: a minor 25component presumed to
be a rotamer appears to be present and its chemical shift was not
included]. LC (Cond. 2): RT = 1.68 min. LC/MS: Anal. Calcd. for [M+1-114
C42H581\1707: 772.44; found 772.51. - 195 -  Example M-5  Example M-5a
TBDPSO NO 5Boc To a solution of (S)-5-(hydroxymethyl)pyrrolidin-2-one (10
g, 87 mmol) in diehloromethane (50 mL) was added
tert-butylchlorodiphenylsilane (25.6 e, 93 mmol), triethylamine (12.1 la,
87 tntnol) and DMAP (1,06 g, 8.7 inmol). The mixture was stirred at room
temperature until the starting pyrrolidinone was 10 completely consumed,
and then it was dilated with diehloromethane (50 mL) and washed with water
(50 mL). The organic layer was dried (Na9804), filtered, and evaporated in
vacua, and the crude material was submitted to flash chromatography (silica
gel; 30 to 100% of ethyl acetate/hexanes) to afford the silyl ether as a
colorless oil (22.7 g, 74% yield). 11-1NMR (400 MHz, DMSO-c15, 8 = 2.5 ppm)
7.69 (br s, 1H), 157.64-7.61 (m, 4H), 7.50-7.42 (m, 6H), 3.67-3.62 (m,
114), 3.58-3.51 (m, 2H), 2.24- 2.04 (m, 3H), 1.87-1.81 (m, 1H), 1.00 (s,
9H).       Di-tert-butyl dicarbonate (38.5 g, 177 mmol) was added in
portions as a solid over 10 mm to a dichloromethane (200 mL) solution of
the silyl ether prepared above (31.2 g, 88.3 mmol), triethylamine (8.93 g,
88 mmol), and DMAP (1.08g. 8.83 20mmol) and stirred for 18 h at 24 C. Most
of the volatile material was removed in vacuo and the crude material taken
up in 20% ethyl acetate/hexanes and applied to a 2 L funnel containing 1.3
L of silica gel and then eluted with 3 L of 20% ethyl acetate/hexane and 2
L of 50% ethyl acetate). Upon concentration of the desired fractions in a
rotary evaporator, a white slurry of solid formed which was filtered, 25
washed with hexanes and dried in vacua to afford carbamate Example M-5a as
a white solid (32.65 g, 82% yield). Ili NMR (400 MHz, DMSO-d5, 8 = 2.5 ppm)
7.61- 7.59 (m, 211), 7.56-7.54 (m, 211), 7.50-7.38 (in, 6H), 4.18 (in, 1H),
3.90 (dd, J 10.4, 3.6, 1H), 3.68 (dd, J = 10.4, 2.1, IH), 2.68-2.58 (m,
1H), 2.40-2.33 (m, 1H), 2.22-2.12 (m, 1H), 2.01-1.96 (m, 1H), 1.35 (s, 9H),
0.97 (s, 9H). LC (Cond. 2): RT = 2.18 min. 5LC/MS: Anal. Calcd. for [M+Na]
C26H35NNa04Si: 476.22; found 476.14.  Example M-5b TBDPSO Boc A
three-necked flask equipped with a thermometer and a nitrogen inlet was 



10 charged with Example M-5a (10.05 g, 22.16 mmol) and toluene (36 mL), and
lowered into -55 C cooling bath. When the internal temperature of the
mixture reached - 50C, lithium triethylborohydride (23 mL of 1.0
M/tetrahydrofuran, 23 mmol) was added dropwise over 30 min and the mixture
stirred for 35 min while maintaining the internal temperature between -50 C
and -45 C. Hunig's base (16.5 inL, 94 mmoD 15 was added dropwise over 10
mm. Then, DMAP (34 mg, 0.278 mmol) was added in one batch, followed by the
addition of hi fluoroacetie anhydride (3.6 inL, 25.5 imnol) over 15 min,
while maintaining the internal temperature between -50 C and -45 C. The
cooling bath was removed 10 min later, and the reaction mixture was stirred
for 14 h while allowing it to rise to ambient temperature. It was diluted
with toluene (15 20mL), cooled with an ice-water bath, and treated slowly
with water (55 mL) over 5 min. The phases were separated and the organic
layer washed with water (50 inL, 2x) and concentrated in vacuo. The crude
material was purified by flash chromatography (silica gel; 5% ethyl
acetate/hexanes) to afford Example M-5b as a colorless viscous oil (7.947
g, 82% yield). Ili NMR (400 MHz, DMSO-d5, 5 = 2.5 ppm) 7.62-7.58 (m, 254H),
7.49-7.40 (m, 6H), 6.47 (br s, 1H), 5.07/5.01 (overlapping br d, 1H), 4.18
(hr s, 114), 3.89 (br s, 0.49H), 3.69 (br s, 1.51H), 2.90-2.58 (br m, 2H),
1.40/1.26 (overlapping br s, 9H), 0.98 (s, 9H). LC (Cond. 2): RT = 2.41
rnM. LC/MS: Anal. Calcd. for [M+Na] C26H35NNa03Si: 460.23; found 460.19. -
197- Examples M-5c-1 and. M-5c-2 TBDPSOTBDPSO BocBOG M-5c-1M-5c-2
Diethylzinc (19 mL of -1.1 M in toluene, 20.9 mmol) was added dropwise over
15 min to a cooled (-30 C) toluene (27 mL) solution of dihydropyrrole
Example 5M-5b (3.94 g, 9.0 mmol). Chloroiodomethane (stabilized over
copper; 3.0 mL, 41.2 mmol) was added dropwise over 10 mm, and stirred while
maintaining the bath temperature at -25 C for 1 h and between -25 C and -21
C for 18.5 h. The reaction mixture was opened to the air and quenched by
the slow addition of 50% saturated sodium bicarbonate solution (40 mL), and
then removed from the cooling bath and 10stirred at ambient temperature for
20 min. It was filtered through a filter paper and the white cake was
washed with 50 mL of toluene. The organic phase of the filtrate was
separated and washed with water (40 mL, 2x), dried (MgSO4) and concentrated
in vacua. The crude material was purified using a B1OTAGE(r) system (350 g
silica gel; sample was loaded with 7% ethyl acetate/bexanes; eluted with
7-20% ethyl 15acetate/hexanes) to afford Examples M-5c-1 / 5c-2 as a
colorless viscous oil, mainly as the trans isomer (3.691 g, 90.7%). [Note:
the exact trans/cis ratio was not determined at this stage]. 1H NMR
(DMSO-d6, b .2.50, 400 MHz) of Example M-5c1: 7.62-7.60 (m, 4H), 7.49-7.40
(m, 6H), 3.76 (br m, 1H), 3.67 (br m, 2H); 3.11-3.07 (m, 1H), 2.23 (hr m,
1H), 2.03 (br m, 1H), 1.56-1.50 (m, 1H), 1.33 (br s, 91i), 1.00 (s, 209H),
0.80-0.75 (m, 1H), 0.30 (br m, 1H). LC (Cond. 2): RT = 2.39 min. LC/MS:
Anal. Calcd. for [M+Na]- C27H37NNa03Si: 474.24; found 474.14. Examples
M-5d-1 and M-5d-2 HO\HO ( \,, ocBoc M-5d-1M-5d-2 25TBAF (7.27 mL of 1.0 M
in THF, 7.27 mmol) was added dropwise over 5 min 



to a THF (30 mI,) solution of Examples M-50-1 / -5c-2 (3.13 g, 6.93 mmol)
and the - 198 -  mixture was stirred at ambient condition for 4.75 hours.
After it was treated with saturated NFI4C1 solution (5 mL), most of the
volatile component was removed in vacuo and the residue was partitioned
between CH2C12 (70 mL) and 50% saturated NH4C1 solution (30 mL) The aqueous
phase was extracted with CH2C12 (30 mL), and 5the combined organic phase
was dried (MgSO4), filtered, concentrated in vacuo, and then exposed to
high vacuum overnight. The resulting crude material was purified with a
BIOTAGE(r) (40-50% Et0Ae/hexanes) to afford Examples M-5d-I 5d-2 as
colorless oil, mainly as the trans isomer, contaminated with traces of
lower R1 impurities (1.39 g, -94%). [Note: the exact trans/cis ratio was
not been determined at 10this stage]. IFT NMR (DMSO-d6, 5 = 2.50, 400 MHz)
of Example M-5d-1: 4.70 (app t, J = 5.7, 1H), 3.62-3.56 (m, 1H), 3.49-3.44
(m, 1H), 3.33-3.27 (m, 1H), 3.08-3.04 (m, 1H), 2.07 (br m, 1H), 1.93-1.87
(m, 1H), 1.51-144 (m, 1H), 1.40 (s, 91-1), 0.76-0.71 (m, IH), 0.26 (br m,
1H). 15Example M-5e HON -7HO `)., (---7 It iii11" NOX:57] 00' BooBooBoo
M-50-1M-5e-2M-56-3       A semi-solution of NaI04 (6.46 g, 30.2 mn-tol) in
E120 (31 ml_,) was added to a solution of Examples M-5d-1 / -5d-2 (2.15 g,
10.08 mmol) in CH3CN (20 mL) and CC14 (20 mL) RuCl3 (0.044 g, 0.212 mmol)
was added immediately and the 20heterogeneous reaction mixture was
vigorously stirred for 75 minutes. The reaction mixture was diluted H20 (60
mL) and extracted with CH2C12 (50 mL, 3x). The combined organic phase was
treated with 1 mL CI-130H, allowed to stand for about 5 min, and then
filtered through a pad of diatomaceous earth (CELITE0). The CELITEO was
washed with CH2C12 (50 mL), and the filtrate was rotervaped to afford  25 a
light charcoal-colored solid. 1H NMR of the crude material indicated a 1.00
: 0.04: 0.18 mole ratio among trans acid M-5e-1: presumed cis acid M-5e-2:
side product M-5e-3. The crude material was dissolved in Et0Ac (-10 mL)
with heating, and allowed to stand at ambient condition with seeding. About
15 minutes into the cooling phase, a rapid crystal formation was observed.
About 1 hour later, hexanes (-6 in L) was - added and the mixture was
refrigerated overnight (it did not appear that additional compound has
precipitated out). The mixture was filtered and washed with ice/water
cooled hexanes/Etake (2:1 ratio; 20 mL) and dried under high vacuum to
afford the first crop of Example M-5e-1 (off-white crystals, 1.222 g). The
mother liquor was 5 rotervaped, and the residue was dissolved in -3 ml of
Et0Ac (with heating), allowed to stand at ambient condition for 1 hour, and
then 3 mL hexanes was added and stored in a refrigerator for -15 hr. A
second crop of Example M-5e-1 (grey elystals, 0.133 g) was retrieved
similarly. 1H NMR (400 MHz, DMSO-d6, 5 = 2.5 ppm) 12.46 (s, 1H), 3.88 (app
br s, 1H), 3.27 (app br s, 1H; overlapped with water signal), 2.28 (br
101H), 2.07 (app br s, 1H), 1.56 (app s, 1H), 1.40/1.34 (two overlapped s,
9H), 0.71 (m, 1H), 0.45 (m, 1H). 13C-NMR (100.6 MHz, DMSO-d6, 8 = 39.21
ppm) 172.96, 172.60, 154.45, 153.68, 78.74, 59.88, 59.58, 36.91, 31.97,
31.17, 27.77, 27.52, 14.86, 14.53, 13.69. MP (dec.) for the first crop:
147.5-149.5 C. LC/MS: [M+NaT' = 250.22. Anal. Calcd. For CIC, 58.13; H,
7.54; N, 6.16. Found (for first 



15crop): C, 58.24; H, 7.84; N, 6.07. Optical rotation (10 mg/mL in CHC13):
rak = -216 and -212 for the first and second crop, respectively. Example
M-5f                -11 N1,-.Th\\'1"-N \Boc SEM  20Example M-5f was
prepared in three steps from Example M-5e-1 according to the procedure
outlined for the preparation of Example M- lb from (S)-Boc-proline. [Note:
the SEM-regiochemical make up was not determined.] 1H NMR (400 MHz, DMS0-4,
8 = 2.5 ppm) 7.46 (d, J = 8.6, 2H), 7.31 (d, J = 8.8, 2H), 6.76 (s, 1H),
5.27 (app br s, 1H), 5.14 (d, J = 10.9, 1H), 4.60 (app br s, 1H), 3.50-3.37
(m, 3H), 2.24 (m, 252H), 1.80 (app s, 12H), 1.61 (hr m, 1H), 1.12 (br s,
9H), 0.89-0.73 (m, 2H), 0.70 (hr m, 1H), 0.56 (hr m, 1H), -0.04 (s, 9H).
LC/MS (Cond. 2): RT = 2.05 min. LCN1S: Anal. Calcd. for [M+H]
C33H4979BrN303Si: 642.27; found 642.25. - 200 -  Example M-5g Boo
Dimethylsulfoxide (1 mL, 14 09 mmol) was added dropwise over 6 mm to a
cooled (-78 C) dichloromethane (14 mL) solution of oxalyl chloride (0.62
mL, 7.08 5mmol), and stirred for 23 mm. A dichloromethane (11 mL) solution
of Example M- 5d (1.0 g, 4.69 mmol; trans/cis ratio = -25/1) was added
dropwise to the above mixture over 8 mm, and stirring of the heterogeneous
mixture was continued at similar temperature for 80 min. Triethylamine (2.5
mL, 17.94 mmol) was added and the reaction was stirred at -78 C for 3 hr,
then at 0 C for 1 hr and then the bath was 10removed and stirring continued
for 10 min. The reaction mixture was diluted with dichloromethane (25 mL)
and washed with water (15 mL, 2x), dried (MgSO4) and evaporated in vacua to
afford Example M-5g as a light brown oil (1.07 g). The trans/cis
stercochemical makeup of the product was not determined, and it was used in
the next step without purification. 15 Example M-511 SEM  N-Th\\`. -N cbc'e



Example M-5h was prepared in two steps from Example M-5g according to the
procedure outlined for the preparation of Example QC-ld from
(S)-Boc-prolinal. 201HNMR (400 MHz, DMS0-4, 8 - 2.5 ppm) 7.14 (app s, 1H),
6.81 (d, J = 0.8, 1H), 5.57-5.31 (app br s, 1H), 5.22 (d, J = 5.22, 1H),
4.73 (app br s, 1H), 3.47-3.27 (br m, 3H), 2.24 (app br s, 2H), 1.63 (app
br s, 1H), 1.45-1.02 (app br in, 9H), 0.89-0.69 (in, 3H), 0.55 (m, 1H),
-0.04 (s, 9H). LC/MS (Cond. 2): RT = 1.60 min. LC/MS: Anal. Calcd. for
[M+H] CI9H34N303Si: 380.24; found 380.21. 25 -201 -  Example M-5i  Example
M-5i (TEA salt) was prepared in two steps starting from ExampleM- 5f and
Example M-5h according to the procedure described for the preparation of 5
Example M-lj from Example M-lh and Example QC-1d, with the exception that
the crude material was purified with a reverse phase HPLC
(methanol/water/TEA) and then free-based with MCX (6 g; Me0H wash; 2.0 M
NH3/Me0H elution). Example M-5i was retrieved as an off-white foam (162
mg). III NMR (400 MHz, DMSO-d6, = 2.5 ppm) 11.75 (app br s, -1H; only one
of the imidazole NH was observed), 7.61 10(d, J = 8.3, 2H), 7.33 (app br s,
1H), 7.29 (d, J = 8.5, 2H), 6.50 (s, 1H), 3.97 (dd, J = 9.8, 7.3, Iii),
3.88 (dd, I - 10.0, 7.2, 1H), 2.83-2.77 (m, 2H), 2.14-2.03 (m, 21-0, 1.94-
1.76 (m, 14H), 1.44-1.36 (in, 211), 0.67-0.64 (m, 111), 0.634).60 (m, 111),
0.34-0.27 (ii, 214). LC/MS (Cond. 2): RT - 0.94 min. LC/MS: Anal, Cale& for
[M+T-111 C30H37N6: 481.31; found 481.27. 15 Example M-5       Example M-5
(TEA salt) was prepared from Example M-5i according to the procedure
outlined in Example M-1. 1H NMR (400 MHz, DMSO-d6, 8 = 2.5 PPn1):
14.13/13.98 (two hr s, 2H), 7.99 (hr s, 1H), 7.69 (d, J = 8.3, 2H), 7.51
(d, I = 8.3, 2H), 207.30 (s, 1H), 7.25/7.23 (two overlapping d, J =
8.5/9.4, 1.82H), 6.99-6.93 fin m, 0.18H), 4.98 (m, 1H), 4.90 (m, 1H), 4.40
(m, 1.77H), 4.33-4.27 (brm, 0.23H), 3.72 (br m, 2H), 3.54 (s, 3H), 3.53 (s,
3H), 2.38-2.07 (m, 4H), 1.96-1.83 (m, 14H), 0.98- 0.72 (m, 16H), (Note: the
signal of 2H appears to have overlapped with that of the solvent signal).
LC/MS (Cond. 2): RT = 1.35 min. LC/MS: Anal. Calcd. for [M+H] 25C44H59N806:
795.46; found 795.44. - 202 - Examples M.-6 and M-7        Examples M-6 and
M-7 were prepared as TFA salts from Example M-5i and appropriate acids by
employing the procedure described for the synthesis of Example 5M-5, with
the exception that an additional purification was conducted with a second
reverse phase HPLC system (water/acetonitrile/TFA) for Example M-7. Example



R RT (LC-Cond.); % homogeneity index; MS data -6 1.,", t7 0 1.20 min (Cond.
2); >98%; LC/MS: Anal. Calc-dor [M+Hr C42H55N806: 767.42; found 767.47 M-7
Lito n N 0 1.93 min (C'ond. 2a); >95%; LC/MS: Anal. Calcd. for [M+Hr
C5011.55N806: 86142; found 863.41  Example M-8 10  The TFA salt of Example
5 (41 mg) was free based with MCX column      (Me0H wash; 2 N NH3/Me0H),
and the resultant colorless glassy oil (29 mg) was 15dissolved in DMI? (2
mL), treated with NCS (10.7 mg, 0.080 mmol) and heated at 50 - 203 -  C for
15 hr. The reaction mixture was allowed to cool to ambient condition,
diluted with Me0H and submitted to reverse phase IIPLC purification (XTERRA
30x100 mm S5; water/Me0H/TEA) to afford the TFA salt of Example 8 as a
white foam (27.4 mg). 1H NMR (400 MHz, DMSO-d6, S = 2.5 ppm) 7.61 (d, J =
8.6, 211), 7.46 (d, 5J = 8.5, 2FI), 7.15 (app t, 2H), 4.98-4.92 (m, 2H),
4.43-4.38 (m, 2H), 3.62-3.55 (an overlap of `m' & 's', 8H), 2.35-2.21 (m,
4H), 2.10-1.80 (m, 16H), 1.04-0.86 (m, 14H), 0.71 (m, 2H). LC/MS (Cond. 4):
RI = 3.97 min. LC/MS: Anal. Calcd. for [M+H]t C44F158C12N806: 863.28; found
863.40. 10BIOLOGICAL ACTIVITY      An HCV Replicon assay was utilized in
the present disclosure, and was prepared, conducted and validated as
described in commonly owned PCT/US2006/022197 and in O'Boyle et. al.
Antimicrob Agents Chemother. 2005 Apr;49(4):1346-53. Assay methods
incorporating luciferase reporters have also been 



15used as described (Apath.com).       IICV-neo replicon cells and replieon
cells containing mutations in the NS5A region were used to test the
currently described family of compounds. The compounds were determined to
have more than 10-fold less inhibitory activity on cells containing
mutations than wild-type cells. Thus, the compounds of the present
20disclosure can be effective in inhibiting the function of the HCV NS5A
protein and are understood to be as effective in combinations as previously
described in application PCT/US2006/022197 and commonly owned WO/04014852.
Further, the compounds of the present disclosure can be effective against
the HCV lb genotype. It should also be understood that the compounds of the
present disclosure can inhibit 25multiple genotypes of HCV. Table 2 shows
the EC50 (Effective 50% inhibitory concentration) values of representative
compounds of the present disclosure against the HCV lb genotype. In one
embodiment, compounds of the present disclosure are inhibitory versus la,
lb, 2a, 2b, 3a, 4a, and 5a genotypes. EC50 values against HCV lb are as
follows: A (1-10 tiM); B (100-999 nM); C (4.57-99 nM); D (2pM-4.57 30 nM).
The compounds of the present disclosure may inhibit HCV by mechanisms in
addition to or other than NS5A inhibition. In one embodiment the compounds
of the - 204 -  WO 2010/117704PCT/US2010/028999 present disclosure inhibit
EICV replicon mid. in another embodiment the compounds of the present
disclosure inhibit NS5A. Table 2 Example lb ECso (in nM or range) Range
Name QC-1  D methyl ((lS)-14(2S)-2-(4-(4'-(2- ((2S)-142S)-2-
((methoxycarbonyDamino)-3-
methylbutanoy1)-2-pyrrolidiny1)-1Himidazol-4-y1)-1,11-bi(3-cyclohexen-1-
y1)-4-y1)-1H-imidazol-2-y1)-1- pyrrolidinyOcarbonye-2-
methylpropyl)carbamate QC-2  



methyl ((1S)-24(2S)-2-(4-(4'42-((2S)- 1-(N-(met1ioxycarbeny1)-L-a1anyl)-2-
pyrrolidiny1)-1H-imidazol-4-ye-1,1r- bi
(3-cyclohexen-l-y0-4-y1)-1Himidazol-2-y1)-1-pyrrolidinA)-1-
methy1-2-oxoethyDearbamate QC-3  D
(1R,1R)-2,2'-(1,11-bi(3-cyclohexen-1y1)-4,4'-diylbis(1H-imidazole-4,2-
diy1(2S)-2,1-pyrrolidinediy1))bis(N,Ndiethy1-2-oxo-1-phenylethanamine) QC-4
C methyl
1-(N-(methoxycarbony1)-0-methyl-Lsery1)-2-pyrrolidiny1)-1H-imidazol-4-
1'-bi(3-cyclohexen-1-y1)-4-y1)- 1H-imidazol-2-y1)-1-pyrrolidinyli-1-
(methoxymethyl)-2- oxoethyl)carbamale  - 205 -   Example lb EC50 or range)
Range Name QC-5  D methyl ((1 8,2R)-2-rnethoxy-14((28)-
244441424(28)-14N-(methoxycarbony1)-0-methyl-L-hreony0-2-pyrrolidiny1)-111-
imidazol-4-y1)-1,11-bi(3-cyclohexen-1-y1)-4-y1)- 1H-imidazol-2-y1)-1-
pyrrolidinyecarbonyl)propyl)carbamat e 



QC-6  B methyl (0 8)-2428)-2-044'424(2S)-
14N-(methoxycarbony1)-L-alany1)-2- pyrrolidiny1)-1H-imidazol-4-y1)-1,1'- bi
(cyclohexyl)-4-y1)-11-1-imida zol-2- y1)-1-pyrrol i diny1)-1 -metby1-2-
oxoethyl)carbamate QC-7 17.11 A methyl (( 1 8)-24(28)-24444'4242S)-
14N4methoxycarbony1)-0-methyl-Lsery1)-2-pyrrolidiny1)-1H-imid azol-4-
y1)-1,1r-bi(cyclohexyl)-4-y1)-1Himidazol-2-y1)-1-pyrrolidiny1)-1-
(methoxymethyl)-2- oxoethyl)carbamate QC-8 2.40 B methyl ((1
8,2R)-2-methoxy-14(2.8)- 24444'424(2S)-1
4N-(methoxycarbony1)-0-methyl-L-threony1)-2-pyrrolidiny1)-1H-imidazol-4-y1)
-1,1'-bi(eyelohexyl)-4-y1)-1H-midazol-2-y1)-1- pyrrol
idinyecarbonyepropy-Dcarbamat e   Example lb EC50 (i" "M or range) Range
Name  0.011 D methyl ((lS)-1-(42S)-2-(4-(4-(4--(2- ((2S)-1-((2S)-2-
((methoxycarbonyDamino)-3-
methylbutanoy1)-2-pyrrolidiny1)-1H-imidazol-4-yepheny1)-1-cyclohexen-l-y1)-
1H-imidazol-2-y1)-1- pyrrolidinyl)carbony1)-2- methylpropyl)carbamate QC-I
1 



C methyl ((1S)-242S)-2-(4-(4-(4-(2-
((2S)-1-(N-(methoxycarbony1)-Lalany1)-2-pyrrolidiny1)-1H-imidazol-4-
y1)-3-cyclohexen-1-yepheny0-11-31imidazol-2-y1)-1-pyrrolidiny1)- 1 -
methy1-2-ox oethypcarbamate   C methyl ((1S)-24(28)-244-(4-(442-
G2S)-1-(N-(rnethoxycarbonyl)-0-
methyl-L-sery1)-2-pyrrolidirly1)-1H-imidazol-4-y1)-3-cyclohexen-l-y1)pheny1
)-1H-imidazol-2-y1)-1- pyrrolidiny1)-1-(methox)methyl)-2-
oxoethyl)carbamate QC-12  C methyl ((1 S,2R)-2-methoxy- 1-(R2S)-
2-(4-(4-(4-(24(2S)-1-(N-(methoxycarbony1)-0-methyl-L-threony1)-2-pyrrolidin
y1)-1H-imidazol-4-y1)-3-cyclohexen-1-y1)pheny1)-1H-imidazol-2-y1)-1-
pynolidinyecarbonyl)propyl)carbamat C   Example lb EC50 (in nM or range)
Range Name QC-13  C methyl ((1S)-1 -(((2 S)-2-(4-(1- 4-(2- ((2S)-1-((2S)-2-
((methoxycarbonyeamino)-3- methylbutanoy1)-2-pyrrolidiny1)- 11-1-
imidazol-4-yl)pheny1)-4-piperidiny1)- 1 H-imidazol-2-y1)-1 -
pyrrolidinyl)carbony1)-2- methylpropyl)earbamate QC-14  



B methyl ((1S)-2-((2 S)-2-(4-(4-(4-(2- ((2S)-1 -(N-(methoxycarbony1)-0-
methyl-L-sery1)-2-pyrrolidiny1)-11-1- irnidazol-4-y1)-1 -piped
dinyl)plieny1)- 1H-imidazol-2-y1)-1 -pyrrolidiny1)- 1 - (methoxymetby1)-2-
oxoethyl)earbamate QC-15  C methyl (( 1 S)- 1 -W2S)-2-(4- ( 1 -(442-
((2S)-1 42S)-2- ((methoxycarbony0amino)-3,3-
dimethylbutanoy1)-2-pyrrolidiny1)-11-1-
imidazol-4-y1)phenyl)-4-piperidinyl)- 1H-imidazol-2-y1)-1-
pyrrolidinypearbonyl)-2,2- dimethylpropyl)carbamate  Example lb ECso (in
nisil or range) Range  QC-16  D methyl ((l S)-1-(((2S)-2-(4-(4-(4-(2-
((2S)-14(2S)-2- ((methoxycarbonyl)amino)-3-
methylbutanoyl)pyrrolidin-2-y1)-1H-imidazol-4-yl)phenyecyclohexyl)-1H-imida
zol-2-yepyrrolidin-l-y1)carbony1)-2- methylpropyl)carbamate (Isomer 1)
QC-17  D methyl ((i S)-1-(((2S)-2-(4-(4-(4-(2- ((2S)-14(2S)-2-
((methoxycarbonyl)amino)-3- methylbutimoyl)pyrrolidia-2-y1)-111-
imidazol-4-yephenyl)cyclohexyl)-1T-1- imiciazol-2-y1)pyrrolidin-1-
y1)carbonyl)-2- methylpropyflearbamate (isomer II) 



M-1 0.009 D methyl ((15)-1-(((2S)-2-(4-(4-(4-(2- ((2S)-142S)-2-
((methoxycarbonyl)amino)-3- methylbutanoy1)-2-pyrrolidiny1)-1Himidazol-4-
yllphenyl)bicyclo[2.2.2]oet-l-y1)-1Himidazol-2-y1)-1-
pyrrolidinyl)carbony1)-2- methylpropypearbamate   Example lb liCso (in TIM
or range) Range Name M-2  C methyl ((1S)-242S)-2-(4-(4-(4-(2-
((2S)-1-(N-(methoxycarbony1)-L-    alany1)-2-pyrrolidiny1)-1H-imidazol-4
yebicyclo [2.2.2] oct-l-yl)pheny1)-1Himidazol-2-y1)-1-pyrrolidiny1)-1-
methyl-2-oxoethyl)carbamate M-3  D A methyl ((J R)-24(2S)-2-(4-0-(4-(2-
((2S)-1-((2R)-2- 



((methoxycarbonyl)amino)-2-
phenylacety1)-2-pyrrolidiny0-1Himidazol-4-yl)bicyclo[2.2.210 ct-1-
yl)pheny1)-1H-im idazol-2-y1)-1- pyrroli di ny1)-2-oxo- I -
phenylethyl)carbamate M-4   methyl ((1S)-1-(((2S)-2-(4-(44442-
((2S)-1-((2S)-2- ((methoxyearbonyl)amino)-3-
methylbutanoy1)-2-pyn-olidiny1)-1Himidazol-4- yOphenyebicyclo[2.2.2]oct- I
-y0-1,3- oxazol-2-y1)-1-pyrrolidinyl)carbony1)- 2-methylpropyl)carbamate
Example lb EC50 (in nM or range) Range Name 5 H D methyl((I
S)-14(1R,3S,5R)-3-(5-(4- (4-(241R,3S,5R)-242S)-2-
((methoxycarbonypamino)-3- methylbutanoy1)-2-
azabieyelo[3.1.0]hex-3-y1)-1Himidazol-5-yebicyclo[2.2.2]oet-1-
yOpheny1)-1H-imidazol-2-y1)-2- azabieyclo[3.1.0Thex-2-ypearbony1)-2-
methylpropyl)carbamate 6  D methyl ((1 S)-1 -(((1 R,3 S ,5 R)-3-(5-(4-
(4424(1 R,3 S,5R)-24(2S)-2- ((rist] toxycarbonyl)amino)butanoy1)-
2-azabicyclo[3.1 .0]hex -3-y1)-11I- i midazol-5-yl)bi eye] o [2,2.21oet-1 -
ylipheny1)-111-imidazol-2-y1)-2- azabicycl o[3. 1 .0111ex-2-
yl)carbonyl)propyl)carbamate M-7  D 



methyl ((1 R)-2-((1 R,3 S,5 R)-3-(5-(4- (4424(1 R,3S,5R)-24(2R)-2-
((methoxycarbonyl)amino)-2- phenylacety1)-2-azabicyclo [3.1.0]hex3-y1)-1
H-imidazol-5- yebieyclo [2.2.2]oct-
1-yl)pheny1)-1Hmidazol-2-y1)-2-azabicyclo [3 .1.0]hex2-y1)-2-oxo-1
-phenylethyl)carbarnate  WO 2010/117704PCT/US2010/028999 Example lb EC50
(in nM or range) Range Name M-8  D methyl ((1 S)-1-(((lR,3S,5R)-3-(4-
chloro-5-(4-(4-(4-chloro-2-    ((I R,3S,5R)-24(2S)-2-
((methoxycarbonyl)amino)-3- methylbutanoy1)-2-
azabicyclo[3.1.0]hex-3-y1)-1Himidazol-5-yl)bicyclo[2.2.2]oet-1-
yepheny1)-1H-imidazol-2-y1)-2- azabicyclo[3.1.0111ex-2-yl)carbonyl)-2-
methylpropyl)carbamate        The compounds of the present disclosure may
inhibit HCAT by mechanisms in addition to or other than NS5A inhibition. In
one embodiment the compounds of the present disclosure inhibit HCV replicon
and in another embodiment the compounds of 



5the present disclosure inhibit NS5A.       It will be evident to one
skilled in the art that the present disclosure is not limited to the
thregoing illustrative examples, and. that it can be embodied in other
specific forms without departing from the essential attributes thereof It
is therefore desired that the examples be considered in all respects as
illustrative and not 10 restrictive, reference being made to the appended
claims, rather than to the foregoing examples, and all changes which come
within the meaning and range of equivalency of the claims are therefore
intended to be embraced therein.  CLAIMS WHAT IS CLAIMED IS: 51.A compound
of Foluta (1): R10Riio (I), or a pharmaceutically acceptable salt thereof,
wherein: s is 0 or 1; 10L is -L'-L2-, wherein LI and L2 are independently
selected from: Y and Y' are independently oxygen (0) or NH; RI is hydrogen
or 15R2 is hydrogen or Rx and RY are independently selected from
cycloalkyl, heteroary1, heterocyclyl, alkoxy, and alkyl substituted with
one or more substituents independently selected from aryl, alkenyl,
cycloalkyl, heterocyclyl, heteroaryl, -0R3, -C(0)0R4, -NRaRb, and -C(0)Nad,
20wherein aryl and heteroaryl may optionally be substituted with one or
more substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(0)0k4, OR5,
-Nab, (Nab)alkyl, and (Me0)(HO)P(0)0-, and            wherein cycloalkyl
and heterocyclyl may optionally be fused onto an aromatic 25ring and may
optionally be substituted with one or more substituents - 213 -
independently selected from alkyl, hydroxyl, halogen, aryl, -MeRb, (ma),
and -C(0)0R4; R3 is hydrogen, alkyl, or arylalkyl; R4 is alkyl or
arylalkyl; 5le is hydrogen, alkyl, or arylalkyl; Ra and BY are
independently selected from hydrogen, alkyl, cycloalkyl, arylalkyl,
heteroaryl, -C(0)R6, -C(0)0R7, -C(0)Nlele, and (Nlele)alkyl, or
alternatively, Ra and Rb, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring
structure, 10wherein said five- or six-membered ring or bridged bicyclic
ring structure 



optionally may contain one or two additional heteroatoms independently
selected from nitrogen, oxygen, and sulfur and may contain one, two, or
three substituents independently selected from C1 to C6 alkyl, CI to C4
haloalkyl, aryl, hydroxyl, Ci to C6 alkoxy, C1 to C4 haloalkoxy, and
halogen; 1517.6 is alkyl; R7 is alkyl, arylalkyl, cycloalkyl, or haloalkyl;
RI and Rindependently selected from hydrogen, alkyl, cynotilkyl, and halo;
R" and Rd are independently selected from hydrogen, alkyl, arylalkyl. and
20cycloalkyl. 2.The compound according to claim 1, or a pharmaceutically
acceptable salt thereof, wherein L is selected from:         3. The
compound according to claim 1, or a pharmaceutically acceptable salt 5
thereof, wherein Y and Y' are each NH. 4. The compound according to claim
1, or a pharmaceutically acceptable salt thereof, wherein Y is oxygen (0),
and Y' is NH. 105.The compound of claim 1, or a pharmaceutically acceptable
salt thereof, wherein: .1 is ,C(0)Rx; R2 is -C(0)R';            E and !I?'
are independently alkyl substituted by at least one -NRJR1',
15characterized. by Formula (A): R Rb E& N.  Rs-Ft-y-1'z; R9 (A), wherein:
m is 0 or 1; 20R8 is hydrogen or alkyl; R9 is selected from hydrogen,
cycloalkyl, aryl, heteroaryl, heterocyclyl, and alkyl optionally
substituted with a substituent selected from aryl, alkenyl, cycloalkyl,
heterocyclyl, heteroaryl, heterobicyclyl, -0123, -C(0)0E, -NleRh, and
-C(0)NR`Rd, 



25wherein aryl and heteroaryl may optionally be substituted with one or
more substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyclyl, beterocyclylalkyl, halogen, cyano, nitro, -C(0)010, OR, -
215-  -NR81.2b, (NfeRb)alkyl, and (Me0)(HO)P(0)0-, and wherein cycloalkyl
and heterocyclyl may optionally be fused onto an aromatic ring and may
optionally be substituted with one or more substituents independently
selected from alkyl, hydroxyl, halogen, aryl, -NRaRb, oxo, and 5-C(0)0R4;
R111 and Rn are independently selected from hydrogen and halo; and R3, R4,
R5, Ra,Re, and Rd are defined as in claim I. 6.The compound of claim 5, or
a pharmaceutically acceptable salt thereof, 10wherein: m is 0; R8 is
hydrogen or CI to C4 alkyl; R9 is selected from hydrogen, CI to C6 alkyl
optionally substituted with -0R12, C3 to C6 cycloalkyl, allyl,
-CF12C(0)Nad, (NR`Rd)alkyl, (R1(1)n (R1 0)ncry;(R10), 112C 1-5V)fS rnz-\
(R10)n.(R10),, -741Thicsij  (Rnn(R1% .--1-,----.. TIM(  0\/N . 



N, 0-\__>(< , (R10),., (R10)(R10 )n                                       I
7 )4 n \i'-' \'-t,1                  R11-N, .,,N R11-NN1 NRld, and , N -
216 -  wherein j is 0 or 1; k is I, 2, or 3; n is 0 or an integer selected
from 1 through 4; each R1 is independently hydrogen, C1 to C4 alkyl, CI to
C4 haloalk-yl, 5halogen, nitro, -0Bn, or (Me0)(OH)P(0)0-; rc is hydrogen,
CI to C4 alkyl, or benzyl; R12 is hydrogen, C1 to C4 alkyl, or benzyl; Ra
is hydrogen or CI to C4 alkyl; 121) is C1 to C4 alkyl, C3 to C6 cycloalkyl,
benzyl, 3-pyridyl, 10acetyl, -C(0)0127, or -C(0)N1212d; 127 is C1 to C4
alkyl or CI to C4 haloalkyl; 12. is hydrogen or C1 to C4 alkyl; and Rd is
hydrogen, CI to C4 alkyl, or C3 to C6 cycloalkyl. 157.The compound of claim
5, or a pharmaceutically acceptable salt thereof, wherein: in is 0; R.8
ishydrogen; R9 is phenyl optionally substituted with one up to five
substituents 



20independently selected from CI to C6 alkyl, C1 to C4 haloalkyl, halogen,
CI to C6 alkoxy, hydroxyl, cyano, and nitro; and NRaRb is a heterocycly1 or
heterobicyclyl group selected from: N-R14 -rN \/ \/ JVNIVI (R1 3) , and
25wherein n is 0, 1, or 2; -2)7 -  each R13 is independently selected from
CI to C6 alkyl, phenyl, trifluoromethyl, halogen, hydroxyl, metboxy, and
oxo; and RI4 is C1 to C6 alkyl, phenyl, benzyl, or C(0)0R'5 group, wherein
RI5 is C1 to C4 alkyl, phenyl, or benzyl. 5  8. The compound of claim 5, or
a pharmaceutically acceptable salt thereof, wherein: m is 1; R8 is
hydrogen; 10R9 is C1 to C6 alkyl, arylalkyl, or heteroarylalkyl; Ra is
hydrogen; and Rb is -C(0)0R4, wherein R4 is C1 to C6 alkyl.  9. The
compound of claim 1, or a phannaceutica.11y acceptable salt thereof,
15wherein: RI is--C(0)E; R2 is -C(0)R; and 



RI' and RY are heteroaryl or heterocyclyl independently selected from:
JJ,v, (Ria) I I n  4:PN I'N klia. 13 218 (R13)n :-_-\ R1 4-N  414    -218-
WO 2010/117704PCT/US2010/028999  "ivy(R13),, vvvv rivvvk (R13)n(R13)
nINc\c1/4N-, 



NS N 0 Lz-    5 wherein n is 0 or an integer selected from 1 through 4;
each R13 is independently selected from hydrogen, C1 to C6 alkyl, C1 to C4
haloalkyl, phenyl, benzyl, CI to C6 alkoxy, C1 to C4 haloalkoxy,
heterocyclyl, halogen, NR`Rd, hydroxyl, cyano, and oxo, where Re and Rd are
independently hydrogen or C1 to C4 alkyl; and R 14 K is hydrogen (H), CI to
C6 alkyl, benzyl, or -C(0)0R4, wherein le is CI to C6 alkyl.  10 10.The
compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein: le is hydrogen or R2 is hydrogen or -C(0)Ie; 15le and RY are
cycloalkyl independently selected from: NRaRb(R1%N RaRb and wherein j is 0,
1, 2, or 3; k is 0, 1, or 2; n is 0 or an integer selected from 1 though 4;
20each R13 is independently selected from hydrogen, C1 to C6 alkyl, CI to
C4 haloalkyl, C1 to C6 alkoxy, halogen, hydroxyl, cyano, and nitro; and Rd
and 1211 are independently hydrogen, C1 to C6 alkyl, or C(0)0R4, wherein R4
is C1 to Ca alkyl. - 219 -  



WO 2010/117704PCT/US2010/028999 11.The compound of claim 1 or a
pharmaceutically acceptable salt thereof, wherein: RI is -C(0)R'; R2 is
-C(0)R'; 5Ra and RY are independently arylalkyl, wherein aryl part of said
arylalkyl may optionally be substituted with (NRaRb)alkyl; and Ra and Rb
are independently hydrogen, C1 to C6 alkyl, or benzyl, or alternatively, Ra
and Rb, together with the nitrogen atom to which they are 5 rTh attached,
form a five- or six-membered ring selected from, /\/\5 /\ 1-N )N-R151-N0
10\/, and   ,whereinR15ishydrogen, Ci to C6 alkyl, or benzyl. 1.2.The
compound of claim 1, or a pharmaceutically acceptable sal tbereol, wherein:
15is --C(0)Rx; R2 is -C(0)W; and R.K and RY are the same and are selected
from the group consisting of:   0 0 OH   wherein a squiggle bond () in the
structure indicates that a stereogenic center to which 



the bond is attached can take either (R)- or (S)- configuration so long as
chemical bonding principles are not violated. 13. The compound of claim 1,
or a pharmaceutically acceptable salt thereof, wherein: W is -C(0)W; R2 is
-C(0)W'; and W and W are both t-butoxy.  14. The compound of claim 1, or a
pharmaceutically acceptable salt thereof, wherein RI and R2 are both
hydrogen. 15. A compound of Formula (11): i1/41.\ R2 or a pharmaceutically
acceptable salt thereof, wherein:  s is 0 or 1; L iswherein LI and L2 are
independently selected from: 5Y and Y' are independently oxygen (0) or NH;
RI is hydrogen or R2 is hydrogen or le and RY are independently selected
from cycloalkyl, heteroaryl, heterocyclyl, alkoxy, and alkyl substituted
with one or more substituents independently 10selected from aryl, alkenyl,
cycloalkyl, heterocyclyl, heteroaryl, -OR3, -C(0)0R4, -NRaRb, and -C(0)Nad,
wherein aryl and heteroaryl may optionally be substituted with one or more
substituents independently selected from alkyl, haloalkyl, arylalkyi,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(0)0R4, OR5,
15-NRaRb, (NRaTtb)alkyl, and (ivle0)(H0)P(0)0-, and wherein cycloalkyl and
heterocyclyl may optionally be fused onto an aromatic ring and may
optionally be substituted with one or more substituents independently
selected from alkyl, hydroxyl, halogen, aryl, -Nab, oxo, and -C(0)0R4; 20R3
is hydrogen, alkyl, or arylalkyl; R4 is alkyl or arylalkyl; R5 is hydrogen,
alkyl, or arylalkyl; Ra and Rb are independently selected from hydrogen,
alkyl, cycloalkyl, arylalkyl, heteroaryl, -C(0)R6, -C(0)0R2, -C(0)Nad, and
(Nad)alkyl, or 25alternatively, Ra and Rb, together with the nitrogen atom
to which they are attached, form a five- or six-membered ring or bridged
bicyclic ring structure, wherein said five- or six-membered ring or bridged
bicyclic ring structure optionally may contain one or two additional
heteroatoms independently selected from nitrogen, oxygen, and sulfur and
may contain one, two, or three 



- 222 -  substituents independently selected from C1 to Co alkyl, Ci to C4
haloalkyl, aryl, .hydroxyl, C1 to C6 alkoxy, C1 to C4 haloalk.oxy, and
halogen; R6 is alkyl; R7 is alkyl, arylalkyl, or haloalkyl; and 512.' and
Rd are independently selected from hydrogen, alkyl, arylalkyl, and
cycloalkyl. 16.A compound, or a pharmaceutically acceptable salt thereof,
selected from the group consisting of: 10methyl ((1
S)-1-(((2S)-2-(4-(4'-(2-((2S)-142S)-2-((methoxyearbonyl)amino)-
3-methylbutanoy1)-2-pyrrolidiny1)-1H-imidazol-4-y1)-1,11-bi(3-cyclohexen-1-
y1)-4-y1)-1H-imidazol-2-y1)-1-pyrrolidinyecarbonye-2-
methylpropyl)carbamate; methyl ((1
S)-242S)-2-(4-(4'-(242S)-1-(N-(methoxycarbony1)-L-alany1)-2-
15pyrrolidiny1)-111-imidazol-4- y1)-1, I cbi(3-eyelohexen- Ii dazol -
2-y1)- I -pyrrolicliny1)- I -methy1-2-oxoethyl)earbamate;
(1R,1'R)-2,2'-(1,11-bi(3 -cyclohexen- I -y1)-4,4'-diylbis(11-1-imidazol e-4
,2- di yl (2S)-2,1-pyrrol idinediy1))bis(N,N-diethyl-2-oxo-1
-phenylethanamine); methyl ((I
S)-2-((2S)-2-(4-(4'-(2-((2S)-1-(N-(metboxycarbony1)-0-methyl-1,-
20sery1)-2-pyrrolidiny1)-1H-imidazol-4-y1)-1,1'-bi(3-cyclohexen-l-y1)-4-y1)
-1H- imidazol-2-y1)-1-pyrrolidiny1)-1-(methoxymethyl)-2-oxoethyl)carbamthe;
methyl ((1
S,2R)-2-methoxy-1-(((2S)-2-(4-(4'-(2-((2S)-1-(N(methoxycarbony1)-0-methyl-L
-threony1)-2-pyrrolidiny1)-1H-imidazol-4 yl)
1,1r-bi(3-cyclohexen-l-y1)-4-y1)-1H-imidazol-2-y1)-1-
25pyrrolidinyl)carbonyl)propyl)carbamate; methyl ((1
S)-2-((2S)-2-(4-(4'-(2-((2S)-1-(N-(methoxycarbony1)-L-alany1)-2-
pyrrolidiny1)-1H-imidazol-4-y1)-1,11-bi(cyclohexyl)-4-y1)-1H-imiclazol-2-y1
)- 1-pyrrolidiny1)-1-methyl-2-oxoethyl)carbamate;      methyl ((1
S)-2-((2S)-2-(4-(4'-(2-((2S)-1-(N-(methoxycarbony1)-0-methyl-L30sery1)-2-py
rrolidiny1)-1H-imidazol-4-y1)-1,11-bi(cyclohexyl)-4-y1)-1H-
imidazol-2-y1)-1-pyrrolidiny1)-1-(methoxymethyl)-2-oxoethyl)carbamate; -
223 -  methyl (( I S,2R)-2-mel
hoxy-1-((2S)-2-(4-(4'-(24(2S)-1-(N(methoxycarbony1)-0-methyl-L-threolly1)-2
-pyrrolidinyl)-111-itnidazol-4-y1)- 1,1
Lbi(cyclohexyl)-4-y1)-11-1-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)propyl)carbamate; 5methyl ((i
S)-1-(((2S)-2-(4-(4-(4-(2-((2S)-14(2S)-2- 



((methoxycarbonyeamino)-3-methylbutanoy1)-2-pyrrolidiny1)-1H-imidazol-4-
yl)pheny1)-1-cyclohexen-l-y1)-1H-imidazol-2-y1)-1-pyrrolidinyl)carbony1)-2-
methylpropyl)carbamate;      methyl ((1
S)-2-((2S)-2-(4-(4-(4-(24(2S)-1-(N-(methoxycarbony1)-L-alanyl)-2- I
0pyrrolidiny1)-1H-imidazol-4-y1)-3-cyclohexen- I -yl)pheny1)-1H-imidazol-2-
y1)-1-pyrrolidiny1)-1-methyl-2-oxoethyl)carbamate; methyl
((1S)-2-((2S)-2-(4-(4-(4-(2-((2S)-1-(N-(methoxycarbonyp-O-methyl-L-sery1)-2
-pyrrolidiny1)-1H-imidazol-4-y1)-3-cyclohexen-1-yl)pbeny1)-1H-imidazol-2-y1
)-1-pyrrolidiny1)-1-(methoxymethyl)-2-oxoethyl)carbamate; 15methyl ((I
S,2R)-2-methoxy-1-(R2S)-2-(4-(4-(4-(24(2S)-1-(N-
(metboxycarbony1)-0-methyl-L-threonyl)-2-pyrrolidiny1)-1H-imidazol-4-y1)-
3-cyclohexen-1-y1)pheny1)-1H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)propypcarbamate; methyl (( I S)- I -(((2S)-2-(4-(1
-(4-(24(25)-14(2S)-2-
20((methoxycarbonyl)amino)-3-methylbutanoy1)-2-pyrrolidiny1)-11-1-imida
zol-4
yl)pheny1)-4-piperidiny1)-1H-imidazol-2-y1)-1-pyrrolidinyl)carbony1)-2-
methylpropyl)carbamate; methyl ((1
S)-2-((2S)-2-(4-(4-(4-(2-((2S)-1-(N-(methoxycarbony1)-0-methyl-L-sery1)-2-p
yrrolidiny1)-1H-imidazol-4-ye-1-piperidinyl)pheny1)-1H-
25imidazol-2-y1)-1-pyrrolidiny1)-1-(methoxymethyl)-2-oxoethyl)carbamate;
methyl ((1 S)-1-(((2S)-2-(4-(1-(4-(2-((2S)-1-((2S)-2-
((methoxycarbonyl)amino)-3,3-dimethylbutanoy1)-2-pyrrolidiny1)-1Himidazol-4
-y1)phenyl)-4-piperidinyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)-2,2-dimethylpropyl)carbamate; 30methyl
((1S)-1-(((2S)-2-(4-(4-(4-(2-((2S)-142S)-2-
((methoxycarbonyeamino)-3-methylbutanoy1)-2-pyrrolidiny1)-11-1-imidazol-4-
- 224 -  yl)phenyl)bicyclo[2.2.2joct-1-y1)-11-1-imidazol-2-y1)-1
-pyrrolidinyl)carbony1)- 2-methylpropyl)carbamatc;      methyl
((1S)-2-((2S)-2-(4-(4-(4-(2-((2S)-1-(N-(methoxycarbony1)-L-alany1)-2-
pyrrolidiny1)-1H-imidazol-4-y1)bicyclo[2.2.2]
oct-1-yl)pheny1)-1H-imidazol-2-
5y1)-1-pyrrolidiny1)-1-methyl-2-oxoethyl)carbamate; methyl
((lR)-2-((2S)-2-(4-(4-(4-(2-((2S)-142R)-2-
((methoxycarbonypamino)-2-phenylacety1)-2-pyrrolidinyl)-1H-imidazol-4-
y1)bicyclo[2.2.2]oct-1-y1)phenyl)-1H-imidazol-2-y1)-1-pyrrolidinyl)-2-oxo-1
- phenylethyl)carbamate; 10methyl
((1S)-1-(((2S)-2-(4-(4-(4-(2-((2S)-142S)-2-
((methoxycarbonyl)amino)-3-methylbutanoy1)-2-pyrrolidiny1)-1H-imidazol-4-
yephenyl)bicyclo[2.2.2loct-l-y1)-1,3-oxazol-2-y1)-1-pyrrolidinyl)carbony1)-
2- methylpropyl)carbamate; methyl a 1 .5)-1-(al
R,3S,5R)-3-(5-(4-(4-(241R,38,5R)-242S)-2- I 5((rn
ethoxycarbmiypamino)-3-methylbutanoy1)-2-azabicyclo [3.1.011-1ex-3-y1)-
1H-imidazol-5-yl)bicyclo[2.2.2,] oct-l-yl)pheny1)- I Himidazol-2-y1)-2-
azabicyclo[3. I .0]hex-2-yOcarbonye-2-methylpropyecarbamate; methyl
((15)-14((1 R,3S,5R)-3 -(54444424(1 R ,38 ,5R)-24(28)-2-
((methoxycarbonyl)amino)butanoy1)-2-azabicyclo [3 .1.0]hex-3-y1)-1/1-
20imidazol-5-y1) bicyclo[2.2.2 ]oct-l-yl)pheny1)-1H-imidazol-2-y1)-2-
azabicyclo[3.1.0]hex-2-yOcarbonyl)propyl)carbamate; 



methyl ((lR)-2-((lR,3S,5R)-3-(5-(4-(4-(2-((lR,3S,5R)-242R)-2-
((methoxycarbonyeamino)-2-phenylacety1)-2-azabicyclo[3.1.0] hex-3-y1)-1H-
imidazol-5-yebicyclo [2.2.2] oct-l-yepheny1)-1H-imidazol-2-y1)-2-
25azabicyclo[3.1.0]hex-2-y1)-2-oxo- 1 -phenylethyl)carbamate; methyl
((lS)-1-(((2S)-2-(4-(4-(4-(2-((2S)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)pyrrolidin-2-y1)-1H-imidazol-4-
yl)phenyecyclohexyl)-1H-imidazol-2-yl)pyrrolidin-1-yecarbony1)-2-
methylpropyl)carbamate; 30methyl
((1S)-1-(((1R,3S,5R)-3-(4-chloro-5-(4-(4-(4-chloro-2-((1R,3S,5R)-2-
42S)-2-((methoxycarbonyl)amino)-3-methylbutanoy1)-2-azabicyclo [3.1.0] hex-
- 225 -  3-y1)- I
H-imidazol-5-yl)bicyclo[2.2.2]oct-1-yOpheny1)-1H-imidazol-2-y1)-2-
azabicyclo[3.1.0]hex-2-yOcarbony1)-2-methylpropyl)carbamatc; and
corresponding stereoisomers thereof 517.A composition comprising a compound
of claim 1, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. 18.Use of a compound of claim 1, or a
pharmaceutically acceptable salt thereof for the manufacture of a
medicament for the treatment of HCV infection in a patient. 10    - 226 - 
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