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10 HCYV is a major human pathogen, infecting an estimated 170 million persons
worldwide - roughly five times the nurmber infected by human immunodeficiency
vitus type 1. A substantial ﬁabtion of these HCV infected individuals develop
serious progressive liver discase, including cirrhosis and hepatocellular carcinoma.

Presently, the most effective HCV therapy employs a combination of alpha-

15 interferon and ribavirin, leading to sustained efficacy in 40% of patients. Recent
clinical results demonstrate that pegylated alpha-interferon is superior to nnmodified
alpha-interferon as monotherapy. However, even with experimental therapeutic
regimens involving combinations of pegylated alpha-interferon and ribavirin, a
substantial fraction of patients do not have a sustained reduction in viral load. Thus,

20 there is a clear and long-felt need to develop effective therapeutics for treﬁtmrmt of
HCYV infection.

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 bas been classified as a separate genus in the Flaviviridae fainily. All

25  members of the Flaviviridae family have enveloped virions that contain a positive
stranded RINA 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. At least six major genotypes have been

30 characterized, and more than 50 subtypes have been described. The major genotypes
of HCV differ in their distribution worldwide, and the clinical significance of the
genetic heterogeneity of HCV remajns elusive despite numerous studies of the

possible effect of genotypes on pathogenésis and therapy.
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19f Eig\gnstream 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 to serve multiple functions, acting as a cofactor for the NS3 protease and
possibly assisting in the membrane localization of NS3 and other viral replicase
components. The complex formation of the NS3 protein with NS4A seems necessary
15 to the processing events, enhancing the proteolytic efficiency at all of the sites. The
NS3 protein also exhibits nucleoside triphosphatase and RNA helicase activities.
NSS5B (also referred to herein as HCV polymerase) is a RNA-dependent RNA
polymerase that is involved in the replication of HCV.
Compounds useful for treating HCV-infected patients are desired which
20  selectively inhibit HCV viral replication. In particular, compounds which are
effective to inhibit the function of the NS5A protein are desired. The HCV NS5SA
protein is described, for example, in Tan, S.-L., Katzel, M.G. Virology 2001, 284, 1-
12; and in Park, K.-J.; Choi, S.-H, J. Biological Chemistry 2003.

In a first aspect the present disclosure provides a compound of Formula (I)

25

D,

or a pharmaceutically acceptable salt thereof, wherein
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assr's I'zation of NS3 and
ot her viRaik seleqddi foas Bydrogen, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -
NRR®, (NR*R")alkyl, and (NR*R")carbonyl; or
R? and R?, together with the carbon atoms to which they are attached, form a
15 five- to eight-membered aromatic or non-aromatic ring optionally containing one or
two heteroatoms independently selected from nitrogen, oxygen, and sulfur; wherein
the five- to eight-membered ring is optionally substituted with one, two, or three
substitutents independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloalkoxy,
20 haloalkyl, hydroxy, hydroxyalkyl, -NR*R®, (NR*RP)alkyl, (NR*R")carbonyl, oxo, and
spirocycle;

R* and R*’ together with the carbon atoms to which they are attached, form a
five- to eight-membered aromatic or non-aromatic ring optionally containing one or
two heteroatoms independently selected from nitrogen, oxygen, and sulfur; wherein

25  the five- to eight-membered ring is optionally substituted with one, two, or three
substitutents independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloalkoxy,
haloalkyl, hydroxy, hydroxyalkyl, -NR°R®, (NR*RP)alkyl, (NR*R")carbonyl, oxo, and
spirocycle;

30 R*and R* are each independently selected from
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hydroxy, and -NR°R®, wherein the alkyl can optionally form a fused three- to six-
membered ring with an adjacent carbon atom, wherein the three- to six-membered
ring is optionally substituted with one or two alkyl groups;

10 cach R’ is independently selected from hydrogen and R''-C(O)-, and
R'"-C(S)-;

R® is selected from hydrogen and alkyl;
R’ and R'? are each independently selected from hydrogen, alkenyl,
alkoxyalkyl, alkyl, haloalkyl, and (NR*RP)alkyl; or,

15 R’ and R', together with the carbon atom to which they are attached, form a
five or six membered saturated ring optionally containing one or two heteroatoms
selected from NR”, O, and S; wherein R” is selected from hydrogen and alkyl; and

each R'! is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonylalkyl, aryl, arylalkenyl, arylalkoxy,

20 arylalkyl, aryloxyalkyl, cycloalkyl, (cycloalkyl)alkenyl, (cycloalkyl)alkyl,
cycloalkyloxyalkyl, haloalkyl, heterocyclyl, heterocyclylalkenyl, heterocyclylalkoxy,
heterocyclylalkyl, heterocyclyloxyalkyl, hydroxyalkyl, -NR°R¢, (NR°R%)alkenyl,
(NR°R%alkyl, and (NR°R%)carbonyl.

In a first embodiment of the first aspect the present disclosure provides a

25 compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein D
and D’ are each NR®. In a second embodiment of the first aspect each R is
independently selected from hydrogen and hydroxy.

In a third embodiment of the first aspect the present disclosure provides a
compound of Formula (T), or a pharmaceutically acceptable salt thereof, wherein u

30 andu’ are each 0.
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10  seven-membered carbocyclic ring.
In a seventh embodiment of the first aspect the present disclosure provides a
compound of Formula (T), or a pharmaceutically acceptable salt thercof, wherein R”
and R*', together with the carbon atoms to which they are attached, form a six- to
eight-membered ring optionally containing one heteroatom selected from oxygen,
15 nitrogen, and sulfur; wherein the ring is optionally substituted with one or two alkyl
groups.
In a second aspect the present disclosure provides a compound of Formula

(I

20 (ID),
or a pharmaceutically acceptable salt thereof, wherein
R’ is selected from hydrogen and haloalkyl; and
R* is selected from hydrogen and halo; or
R’ and R’, together with the carbon atoms to which they are attached, form a
25  five- or six-membered aromatic or non-aromatic carbocyclic ring;
R* and R*, together with the carbon atoms to which they are attached, form a

six- to eight-membered aromatic or non-aromatic ring optionally containing one
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al koxyal kyl , al koxycar bonyl, al kyl, al kyl sul fonyl,
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forms a fused three-membered ring with an adjacent carbon atom;
each R’ is independently selected from hydrogen and R'!-C(0)-;
R® is selected from hydrogen and alkyl;
10 R’ and R" are each independently selected from hydrogen and alkyl; and
each R'! is independently selected from alkyl, arylalkoxy, arylalkyl, and
(NRR%alkyl.
In a third aspect the present disclosure provides a composition comprising a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, and a
15 pharmaceutically acceptable carrier. In a first embodiment of the third aspect the
composition comprises one or two additional compounds having anti-HCV activity.
In a second embodiment at least one of the additional compounds is an interferon or a
ribavirin. In a third embodiment the interferon is selected from interferon alpha 2B,
pegylated interferon alpha, consensus interferon, interferon alpha 2A, and
20  lymphoblastiod interferon tau.
In a fourth embodiment the present disclosure provides a composition
comprising a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
a pharmaceutically acceptable carrier, and one or two additional compounds having
anti-HCV activity, wherein at least one of the additional compounds is selected from
25  interleukin 2, interleukin 6, interleukin 12, a compound that enhances the
development of a type 1 helper T cell response, interfering RNA, anti-sense RNA,
Imiqimod, ribavirin, an inosine 5'-monophospate dehydrogenase inhibitor,
amantadine, and rimantadine.
In a fifth embodiment the present disclosure provides a composition

30 comprising a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
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effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt

10 thereof. In a first embodiment of the fourth aspect the method further comprises
administering one or two additional compounds 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 at least one of the additional
compounds is an interferon or a ribavirin. In a third embodiment the interferon is

15 selected from interferon alpha 2B, pegylated interferon alpha, consensus interferon,
interferon alpha 2A, and lymphoblastiod interferon tau.

In a fourth embodiment of the fourth aspect the present disclosure provides a
a method of treating an HCV infection in a patient, comprising administering to the
patient a therapeutically effective amount of a compound of Formula (I), or a

20  pharmaceutically acceptable salt thereof and one or two additional compounds having
anti-HCV activity prior to, after or simultaneously with the compound of Formula (1),
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
that enhances the development of a type 1 helper T cell response, interfering RNA,

25  anti-sense RNA, Imigimod, ribavirin, an inosine 5'-monophospate dehydrogenase
inhibitor, amantadine, and rimantadine.

In a fifth embodiment of the fourth aspect the present disclosure provides a a
method of treating an HCV infection in a patient, comprising administering to the
patient a therapeutically effective amount of a compound of Formula (I), or a

30  pharmaceutically acceptable salt thereof and one or two additional compounds having
anti-HCV activity prior to, after or simultaneously with the compound of Formula (1),
or a pharmaceutically acceptable salt thereof, wherein wherein at least one of the

additional compounds is effective to inhibit the function of a target selected from
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ifrecept abh% dse"élérfpti&p SO {)rese%(?lgc%s[&re%erein should be construed in
congruity with the laws and principals of chemical bonding.
It should be understood that the compounds encompassed by the present
disclosure are those that are suitably stable for use as pharmaceutical agent.
It is intended that the definition of any substituent or variable (e.g., R!, R% R,
15 R etc.) at a particular location in a molecule be independent of its definitions
elsewhere in that molecule. For example, when u is 2, each of the two R' groups
may be the same or different.
All patents, patent applications, and literature references cited in the
specification are herein incorporated by reference in their entirety. In the case of
20  inconsistencies, the present disclosure, including definitions, will prevail.
As used in the present specification, the following terms have the meanings
indicated:

(13 ” (13

As used herein, the singular forms “a”, “an”, and “the” include plural
reference unless the context clearly dictates otherwise.

25 Unless stated otherwise, all aryl, cycloalkyl, 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’.

The term “alkenyl,” as used herein, refers to a straight or branched chain
30 group of two to six carbon atoms containing at least one carbon-carbon double bond.

The term “alkenyloxy,” as used herein, refers to an alkenyl group attached to

the parent molecular moiety through an oxygen atom.
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10  to the parent molecular moiety through a carbonyl group.
The term “alkoxycarbonylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three alkoxycarbonyl groups.
The term “alkyl,” as used herein, refers to a group derived from a straight or
branched chain saturated hydrocarbon containing from one to six carbon atoms. In
15 the compounds of the present disclosure, when m is 1 or 2; X is CHR®, and R® is
alkyl, each alkyl can optionally form a fused three- to six-membered ring with an

adjacent carbon atom to provide one of the structures shown below:

(R,

(R%),, \\ )
(R 2 \2Z (R NS \ z
(R®s) L ) 7 — ®
/K - : /k V E ) (1)
f‘g N 3 e BN

|
R7 R7 R7

where zis 1,2,3, 0or4, wis 0, 1, or 2, and R*® is alkyl. When w is 2, the two R
20  alkyl groups may be the same or different.
The term “alkylcarbonyl,” as used herein, refers to an alkyl group attached to
the parent molecular moiety through a carbonyl group.
The term “alkylcarbonylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three alkylcarbonyl groups.
25 The term “alkylcarbonyloxy,” as used herein, refers to an alkylcarbonyl group
attached to the parent molecular moiety through an oxygen atom.
The term “alkylsulfanyl,” as used herein, refers to an alkyl group attached to

the parent molecular moiety through a sulfur atom.
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i s independently selected from al kyl and hal o, wherein
f he Sypfeip|consist of a phenyl group fused to a four- to six-membered aromatic or non-
aromatic carbocyclic ring. The aryl groups of the present disclosure can be attached
to the parent molecular moiety through any substitutable carbon atom in the group.
Representative examples of aryl groups include, but are not limited to, indanyl,
indenyl, naphthyl, phenyl, and tetrahydronaphthyl. The aryl groups of the present
10 disclosure are optionally substituted with one, two, three, four, or five substituents
independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
alkylcarbonyl, a second aryl group, arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo,
haloalkoxy, haloalkyl, heterocyclyl, heterocyclylalkyl, heterocyclylcarbonyl,
hydroxy, hydroxyalkyl, nitro, -NR*RY, (NR*R*)alkyl, oxo, and -P(O)OR;, wherein
15 each R is independently selected from hydrogen and alkyl; and wherein the alkyl part
of the arylalkyl and the heterocyclylalkyl are unsubstituted and wherein the second
aryl group, the aryl part of the arylalkyl, the aryl part of the arylcarbonyl, the
heterocyclyl, and the heterocyclyl part of the heterocyclylalkyl and the
heterocyclylcarbonyl are further optionally substituted with one, two, or three
20  substituents independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy,
haloalkyl, and nitro.
The term “arylalkenyl,” as used herein, refers to an alkenyl group substituted
with one, two, or three aryl groups.
The term “arylalkoxy,” as used herein, refers to an aryl group attached to the
25  parent molecular moiety through an alkoxy group.
The term “arylalkoxyalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three arylalkoxy groups.
The term “arylalkoxyalkylcarbonyl,” as used herein, refers to an
arylalkoxyalkyl group attached to the parent molecular moiety through a carbonyl
30 group.
The term “arylalkoxycarbonyl,” as used herein, refers to an arylalkoxy group

attached to the parent molecular moiety through a carbonyl group.
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The term “arylalkylcarbonyl,” as used herein, refers to an arylalkyl group

10  attached to the parent molecular moiety through a carbonyl group.

The term “arylcarbonyl,” as used herein, refers to an aryl group attached to
the parent molecular moiety through a carbonyl group.

The term “aryloxy,” as used herein, refers to an aryl group attached to the
parent molecular moiety through an oxygen atom.

15 The term “aryloxyalkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three aryloxy groups.

The term “aryloxycarbonyl,” as used herein, refers to an aryloxy group
attached to the parent molecular moiety through a carbonyl group.

The term “arylsulfonyl,” as used herein, refers to an aryl group attached to the

20  parent molecular moiety through a sulfonyl group.

The terms “Cap” and “cap” as used herein, refer to the group which is placed
on the nitrogen atom of the terminal nitrogen-containing ring, i.e., the pyrrolidine
rings of the compound of Formula (I). It should be understood that “Cap” or “cap”
can refer to the reagent used to append the group to the terminal nitrogen-containing

25  ring or to the fragment in the final product, i.e., “Cap-51” or “The Cap-51 fragment
found in Example 5”.

The term “carbonyl,” as used herein, refers to -C(O)-.

The term “carboxy,” as used herein, refers to -CO,H.

The term “cyano,” as used herein, refers to -CN.

30 The term “cycloalkyl,” as used herein, refers to a saturated monocyclic,
hydrocarbon ring system having three to seven carbon atoms and zero heteroatoms.
Representative examples of cycloalkyl groups include, but are not limited to,

cyclopropyl, cyclopentyl, and cyclohexyl. The cycloalkyl groups of the present
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10  substituted with one, two, or three cycloalkyl groups. The alkyl part of the
(cycloalkyl)alkyl is further optionally substituted with one or two groups
independently selected from hydroxy and -NR°R®.

The term “cycloalkyloxy,” as used herein, refers to a cycloalkyl group
attached to the parent molecular moiety through an oxygen atom.

15 The term “cycloalkyloxyalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three cycloalkyloxy groups.

The term “cycloalkylsulfonyl,” as used herein, refers to a cycloalkyl group
attached to the parent molecular moiety through a sulfonyl group.

The term “formyl,” as used herein, refers to -CHO.

20 The terms “halo” and “halogen,” as used herein, refer to F, Cl, Br, or I.

The term “haloalkoxy,” as used herein, refers to a haloalkyl group attached to
the parent molecular moiety through an oxygen atom.

The term “haloalkoxycarbonyl,” as used herein, refers to a haloalkoxy group
attached to the parent molecular moiety through a carbonyl group.

25 The term “haloalkyl,” as used herein, refers to an alkyl group substituted by
one, two, three, or four halogen atoms.

The term “heterocyclyl,” as used herein, refers to a four-, five-, six-, or seven-
membered ring containing one, two, three, or four heteroatoms independently
selected from nitrogen, oxygen, and sulfur. The four-membered ring has zero double

30 bonds, the five-membered ring has zero to two double bonds, and the six- and seven-
membered rings have zero to three double bonds. The term “heterocyclyl” also
includes bicyclic groups in which the heterocyclyl ring is fused to another

monocyclic heterocyclyl group, or a four- to six-membered aromatic or non-aromatic
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selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, aryl,
arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a second heterocyclyl
group, heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -
NR*R’, (NR*RY)alkyl, and oxo, wherein the alkyl part of the arylalkyl and the

15 heterocyclylalkyl are unsubstituted and wherein the aryl, the aryl part of the arylalkyl,
the aryl part of the arylcarbonyl, the second heterocyclyl group, and the heterocyclyl
part of the heterocyclylalkyl and the heterocyclylcarbonyl are further optionally
substituted with one, two, or three substituents independently selected from alkoxy,
alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro.

20 The term “heterocyclylalkenyl,” as used herein, refers to an alkenyl group
substituted with one, two, or three heterocyclyl groups.

The term “heterocyclylalkoxy,” as used herein, refers to a heterocyclyl group
attached to the parent molecular moiety through an alkoxy group.

The term “heterocyclylalkoxycarbonyl,” as used herein, refers to a

25  heterocyclylalkoxy group attached to the parent molecular moiety through a carbonyl
group.

The term “heterocyclylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three heterocyclyl groups. The alkyl part of the
heterocyclylalkyl is further optionally substituted with one or two additional groups

30 independently selected from alkoxy, alkylcarbonyloxy, aryl, halo, haloalkoxy,
haloalkyl, hydroxy, and -NR°RY, wherein the aryl is further optionally substitued with

one or two substituents independently selected from alkoxy, alkyl, unsubstituted aryl,
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The term “heterocyclyloxycarbonyl,” as used herein, refers to a
heterocyclyloxy group attached to the parent molecular moiety through a carbonyl
group.

15 The term “hydroxy,” as used herein, refers to -OH.

The term “hydroxyalkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three hydroxy groups.

The term “hydroxyalkylcarbonyl,” as used herein, refers to a hydroxyalkyl
group attached to the parent molecular moiety through a carbonyl group.

20 The term “nitro,” as used herein, refers to -NO,.

The term “-NR°R®,” as used herein, refers to two groups, R* and R®, which are
attached to the parent molecular moiety through a nitrogen atom. R*and R are
independently selected from hydrogen, alkenyl, and alkyl.

The term “(NR°R")alkyl,” as used herein, refers to an alkyl group substituted

25 with one, two, or three -NR'R groups.

The term “(NRaRb)carbonyl,” as used herein, refers to an -NR°R" group
attached to the parent molecular moiety through a carbonyl group.

The term “-NR°R®,” as used herein, refers to two groups, R® and RY, which are
attached to the parent molecular moiety through a nitrogen atom. R°and R9 are

30 independently selected from hydrogen, alkenyloxycarbonyl, alkoxyalkylcarbonyl,
alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, cycloalkyl,
cycloalkylsulfonyl, formyl, haloalkoxycarbonyl, heterocyclyl,
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heterocyclyl, and the heterocyclyl part of the heterocyclylalkoxycarbonyl the

10 heterocyclylalkyl, the heterocyclylalkylcarbonyl, the heterocyclylcarbonyl, and the
heterocyclyloxycarbonyl are further optionally substituted with one, two, or three
substituents independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy,
haloalkyl, and nitro.

The term “(NR°R%)alkenyl,” as used herein, refers to an alkenyl group

15 substituted with one, two, or three -NR°R* groups.

The term “(NR°R%alkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three -NR°R? groups. The alkyl part of the (NR°R%)alkyl is further
optionally substituted with one or two additional groups selected from alkoxy,
alkoxyalkylcarbonyl, alkoxycarbonyl, alkylsulfanyl, arylalkoxyalkylcarbonyl,

20  carboxy, heterocyclyl, heterocyclylcarbonyl, hydroxy, and (NReRf)carbonyl; wherein
the heterocyclyl is further optionally substituted with one, two, three, four, or five
substituents independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy,
haloalkyl, and nitro.

The term “(NR°R%)carbonyl,” as used herein, refers to an -NR°R? group

25  attached to the parent molecular moiety through a carbonyl group.

The term “-NRR’,” as used herein, refers to two groups, R® and R’, which are
attached to the parent molecular moiety through a nitrogen atom. R®and R'are
independently selected from hydrogen, alkyl, unsubstituted aryl, unsubstituted
arylalkyl, unsubstituted cycloalkyl, unsubstituted (cyclolalkyl)alkyl, unsubstituted

30  heterocyclyl, unsubstituted heterocyclylalkyl, (NR*RY)alkyl, and (NR*R”)carbonyl.

The term “(NR°R}alkyl,” as used herein, refers to an alkyl group substituted

with one, two, or three -NR°R' groups.
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independently selected from hydrogen, alkoxycarbonyl, alkyl, alkylcarbonyl,

10 unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl,
unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (NR* RY )carbonyl, wherein
R* and RY are independently selected from hydrogen and alkyl.

The term “(NR*R”)alkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three -NR*R” groups.

15 The term “(NR*R”)carbonyl,” as used herein, refers to an -NR*RY group
attached to the parent molecular moiety through a carbonyl group.

The term “o0xo0,” as used herein, refers to =0.

The term “sulfonyl,” as used herein, refers to -SO»-.

The term “trialkylsilyl,” as used herein, refers to -SiRs, wherein R is alkyl.

20  The R groups may be the same or different.

The term “trialkylsilylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three trialkylsilyl groups.

The term “trialkylsilylalkoxy,” as used herein, refers to a trialkylsilylalkyl
group attached to the parent molecular moiety through an oxygen atom.

25 The term “trialkylsilylalkoxyalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three trialkylsilylalkoxy groups.

Asymmetric centers exist in the compounds of the present disclosure. These
centers 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

30 disclosure encompasses all stercochemical isomeric forms, or mixtures thercof,
which possess the ability to inhibit NSSA. 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
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10  disclosure includes each conformational isomer of these compounds and mixtures
thereof.

The term "compounds of the present disclosure", and equivalent expressions,
are meant to embrace compounds of Formula (I), and pharmaceutically acceptable
enantiomers, diastercomers, and salts therecof. Similarly, references to intermediates

15  are meant to embrace their salts where the context so permits.

The compounds of the present disclosure can exist as pharmaceutically
acceptable salts. The term “pharmaceutically acceptable salt,” as used herein,
represents 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

20  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.

25  Representative acid addition salts include acetate, adipate, alginate, citrate, aspartate,
benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate;
digluconate, dihydrobromide, diydrochloride, dihydroiodide, glycerophosphate,
hemisulfate, heptanoate, hexanoate, formate, fumarate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, mesitylenesulfonate,

30  methanesulfonate, naphthylenesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate,
palmoate, pectinate, persulfate, 3-phenylproprionate, picrate, pivalate, propionate,
succinate, tartrate, trichloroacetate, trifluoroacetate, phosphate, glutamate,

bicarbonate, para-toluencsulfonate, and undecanoate. Examples of acids which can
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well as nontoxic quaternary amine cations such as ammonium,

10  tetramethylammonium, tetracthylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, diethylamine, ethylamine, tributylamine, pyridine,
N,N-dimethylaniline, N-methylpiperidine, N-methylmorpholine, dicyclohexylamine,
procaine, dibenzylamine, N,N-dibenzylphenethylamine, and N,N’-
dibenzylethylenediamine. Other representative organic amines useful for the

15  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,
may be administered as the raw chemical, it is possible to present the active

20  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

25  each active component that is sufficient to show a meaningful patient benefit, e.g., a
reduction in viral load. When applied to an individual active ingredient, administered
alone, the term 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.

30 The compounds of formula (I) and pharmaceutically acceptable salts thereof, 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
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unsae b&ﬂetbnmtleeﬂﬂ aallltdlntldifelcté\ienngrh@elﬁeemmt dose Dosage levels of between
about 0.01 and about 250 milligram per kilogram ("mg/kg") body weight per day,
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

15 and treatment of HCV mediated disease. Typically, the pharmaceutical compositions
of this disclosure will be administered from about 1 to about 5 times per day or
alternatively, as a continuous infusion. Such administration can be used as a chronic
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

20  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. Treatment may be

25  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.

30 When 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
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carrier(s) or excipient(s). Oral administration or administration by injection are
preferred.

Pharmaceutical formulations adapted for oral administration may be presented
as 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
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
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,
magnesium 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,
disintegrating 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
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dicalcium phosphate The powder mixture can be granulated by wetting with a

10  binder such as syrup, starch paste, acadia mucilage, or solutions of cellulosic or
polymeric materials and 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

15  stearate salt, talc, or mineral oil. The lubricated mixture is then compressed into
tablets. The compounds of the present 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

20  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 predetermined amount of the compound.
Syrups can be prepared by dissolving the compound in a suitably flavored aqueous

25  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
be added.

30 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.
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with soluble polymers as targetable drug carriers. Such polymers can include

10  polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamidephenol,
polyhydroxyethylaspartamidephenol, 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,

15  polyacetals, polydihydropyrans, polycyanoacrylates, and cross-linked or amphipathic
block copolymers of hydrogels.

Pharmaceutical formulations adapted for transdermal administration may be
presented as discrete patches intended to remain in intimate contact with the
epidermis of the recipient for a prolonged period of time. For example, the active

20  ingredient may be delivered from the patch by iontophoresis as generally described in
Pharmaceutical Research 1986, 3(6), 318.

Pharmaceutical formulations adapted for topical administration may be
formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes,
gels, sprays, acrosols, or oils.

25 Pharmaceutical formulations adapted for rectal administration may be
presented as suppositories or as enemas.

Pharmaceutical formulations adapted for nasal administration wherein the
carrier 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,

30  ie., 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

active ingredient.
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used herein, ers to an a )
blood of the 1ntended recipient; and aqueous and non-aqueous sterile suspensions

10 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
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

15  from sterile powders, granules, and tablets.

It should be understood that in addition to the ingredients particularly
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.

20 The term "patient” includes both human and other mammals.

The term "treating" refers to: (i) preventing a disease, disorder or condition
from occurring in a patient that may be 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.c., arresting its development; and (iii) relieving the discase,

25  disorder, or condition, i.e., causing regression of the disease, disorder, and/or
condition.

The 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 2003, 38, 1282; Biochem. Biophys. Res.

30 Commun. 2004, 313,42; J. Gastroenterol. 2003, 38, 567).

Table 1 below lists some illustrative examples of compounds that can be
administered with the compounds of this disclosure. The compounds of the

disclosure can be administered with other anti-HCV activity compounds in
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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
studies 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
laboratory 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
prepared by synthetic processes or by metabolic processes including those occurring
in the human or animal body (in vivo) or processes occurring iz vitro.

The abbreviations used in the present application, including particularly in the
illustrative schemes and examples which follow, are well-known to those skilled in
the art. Some of the abbreviations used are as follows: TFA for trifluoroacetic acid;
Ph for phenyl; tBu or t-Bu for tert-butyl; DMSO for dimethylsulfoxide; DMF for
N,N-dimethylformamide; EtOH for ethanol; Boc or BOC for tert-butoxycarbonyl;
THF for tetrahydrofuran; Et,O for diethyl ether; Et for ethyl; MeOH for methanol;
EtOAc and EtOAC for ethyl acetate; RT for room temperature or retention time
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understood in connection with the following synthetic schemes which illustrate the
methods 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

15 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 shown 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

20  variables to successfully complete the syntheses below. The variables are as defined
above unless otherwise noted below.

Scheme 1: Substituted Phenylglycine Derivatives
Substituted phenylglycine derivatives can be prepared by a number of

methods shown below. Phenylglycine t-butyl ester can be reductively alkylated

25  (pathyway A) with an appropriate aldehyde and a reductant such as sodium
cyanoborohydride in acidic medium. Hydrolysis of the t-butyl ester can be
accomplished with strong acid such as HCI 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

30  illustrates reductive alkylation of phenylglycine as in pathway A followed by a
second reductive alkylation with an alternate 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
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i nsHﬁ)e%gfigﬁ)}&n%%erivatives. Pathway H 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

15 disubstituted amines in the presence of a tertiary amine base such as triethylamine or
Hunig’s base. Hydrolysis of the methyl ester via treatment with lithium hydroxide at
low temperature or 6N HCI at clevated 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

20  palladium (0) such as palladium bis(tributylphosphine) 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

25  can be purified to enantiomeric purity greater than 98%ee via preparative HPLC.
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Scheme 2: Acylated Amino Acid Derivatives
In another embodiment of the present disclosure, acylated phenylglycine
derivatives may be prepared as illustrated below. Phenylglycine derivatives wherein
5 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 triethylamine to provide the
corresponding amides (pathway A). Pathway B illustrates the acylation of the
starting phenylglycine derivative with an appropriate chloroformate while pathway C
shows reaction with an appropriate isocyanate or carbamoyl chloride. Each of the

10  three intermediates 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

HCI or trifluoroacetic acid).



unsubstituted cycl oal kyl, unsubstituted heterocyclyl,
and (NRXRy )carbonyl, wherein Rx and Ry are
w0 pabepexsent |y sel ected from hydrogen and al kyPCT/Ukm®09/033380

term " (NRxRy)al kyl ," as used herein refers to an PCT
al kyl group substituted wth 3& or three - %®
groups. The term " (NRxRy)car bonyl ," as used herein,

refers to an - NRxRy group attached to the par ent

nol ecul ar noi ety through a carbonyl group. The term
"oxo," as used herein, refetg;%o =0. The term _,

"sul fonyl," as used hereiFit ers to,zps02-. TRe N ETRIP
"trialkylsilyl," as ysed hekei® efers to -Si R3 OH
wherein R is alkyl. #he RRgrdups~rmay be the san® o
different. ThestBL "trial kyPsilylalkyl," as used ©
herein, refer an al kyl group substituted W th one,
two, or three-“trialkylsilyl groups. The term O
"tri%ﬁﬁgIS|lylalkox a® herein refers B8 Qk
trial Kylsj| | al KIHO éroup afyt ached to Ade par ent

nol eg&ul h%/et thr Q# atom The t
"trlalkyisllylabk@xya kyl," @s used herein, refersoto

an al kyl grou
R%7 = H, alkyl ::j\\\\:qg o
G%@O rez M

OR%7
OH

(@]
C 38039 .
C N gR R Acid RzzN)J\Nngng
R \fi /LTrOH
o R
(@]

Scheme 3
Amino-substituted phenylacetic acids may be prepared by treatment of a

chloromethylphenylacetic acid with an excess of an amine.
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Compound analysis conditions
Purity assessment and low resolution mass analysis were conducted on a
Shimadzu LC system coupled with Waters Micromass ZQ MS system. It should be
10  noted that retention times may vary slightly between machines. The LC conditions

employed in determining the retention time (RT) were:

Synthesis of common caps

15 Additional LC conditions applicable to the current section, unless noted otherwise.

Cond.-MS-W1
Column = XTERRA 3.0 X 50 mm S7
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Final %B =100

Gradient time =3 min
15  Stop time =4 min

Flow Rate =4 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0O

Solvent B =0.1% TFA in 90% methanol/10% H,0O
20

Cond.-MS-W35

Column = XTERRA 3.0 X 50 mm S7

Start %B =0

Final %B =30
25  Gradient time =2 min

Stop time =3 min

Flow Rate =5 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0O
30 Solvent B =0.1% TFA in 90% methanol/10% H,0O

Cond.-D1

Column = XTERRA CI18 3.0 X 50 mm S7
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(4.0 g). Optical rotation: -117.1° [¢=9.95 mg/mL in H,O; A=589 nm]. '"H NMR

10 (DMSO-dg, 8=2.5 ppm, 500 MHz): § 7.43-7.34 (m, 5H), 4.14 (s, 1H), 2.43 (s, 6H);
LC (Cond. I): RT=0.25; LC/MS: Anal. Calcd. for [M+H]" C1oH14NO, 180.10;
found 180.17; HRMS: Anal. Calcd. for [M+H]" C10H14NO, 180.1025; found
180.1017.

15 Cap-2

a

NaBH3CN (6.22¢g, 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

20 10 minutes and stirring was continued at the same cooled temperature for 45 minutes
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 HCI1 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

25 concentrated HCI in order to maintain the pH of the mixture around 1.5-2.0. The
reaction mixture was stirred overnight, filtered to remove the white suspension, and
the filtrate was concentrated iz vacuo. The crude material was recrystallized from

cthanol to afford the HCI salt of Cap-2 as a shining white solid in two crops (crop-1:
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phar maceutically acceptable salts thereof, may be
w@ewpnissered as the raw chemical, it is possi PCEUS®09/033380

present the active ingredient as a pharmaceutical11128PCT

conposition. Accordingly, the gisclosure further

provi des pharmaceuti cal conpo§ tions, which include

therapeutically effective amounts of conpounds of

fornmula (1) _or phanmaceutical | ccept abl e salt

{ ne b rava bHELor PoVE (BB 8ok B AP0 aLdepfat €0, b
car g 118)Sz.66linh, &N 851 @F, 3830 €NIED; 3. Th@r hELA, 2.98 (br m, 2H),
"therapeutically effective amount,"” as used herein,
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alone, the termrefers to that ingredient alone. \Wen
applied to a conbination, the termrefers to conbi ned
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therapeutic effect, whether _adm nistered in

conbi nation, serially, or @ | Caneously. The

conmpounds of formula (1) akd pharggrceutically
acceptabl e salts thereof, are @as described above. The
carrier(s), diluent(s), or exéfgient(s) nmust be
acceptable in the sense of being conpatible with the

ot her i nERHIAPISSY mL®. F amdllaad b @Rp&RGnIP10% Pd/C (720 mg)
10 in methanol/H,O (4mL/1 mL) was sequentially added to a cooled (~ 15 °C) mixture
of (R)-2-phenylglycine (3.096g, 20.48 mmol), IN HCI (30 mL) and methanol (40
mL). The cooling bath was removed and the reaction mixture was stirred under a
balloon of H; for 17 hours. An additional acetaldehyde (10 mL, 178.2 mmol) was
added and stirring continued under H, atmosphere for 24 hours [Note: the supply of
15 H, was replenished as needed throughout the reaction]. 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 HCI salt of (R)-2-(ethylamino)-2-phenylacetic acid as a shining white solid
(2.846g). 'H NMR (DMSO-dg, 8=2.5 ppm, 400 MHz): 8 14.15 (br s, 1H), 9.55 (brs,
20  2H), 7.55-7.48 (m, 5H), 2.88 (br m, 1H), 2.73 (br m, 1H), 1.20 (app t, /=7.2, 3H).
LC (Cond. I): RT=0.39 min; >95 % homogeneity index; LC/MS: Anal. Calcd. for
[M+H]" C10H14NO,: 180.10; found 180.18.
A suspension of 10% Pd/C (536 mg) in methanol/H,O (3 mL/1 mL) was
added to a mixture of (R)-2-(ethylamino)-2-phenylacetic acid/HCI (1.492g, 6.918
25 mmol), formaldehyde (20 mL of 37% wt. in water), IN HCI (20 mL) and methanol
(23 mL). The reaction mixture was stirred under a balloon of H, for ~72 hours,
where the H, supply was replenished as needed. The reaction mixture was filtered
through diatomaceous earth (Celite™) and the filtrate was concentrated in vacuo. The
resulting crude material was recrystallized from isopropanol (50 mL) to provide the

30 HCI salt of Cap-3 as a white solid (985 mg). 'H NMR (DMSO-dg, =2.5 ppm, 400
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dose. Dosage | evels of be out 0.01 and about
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CICO;Me (3.2 mL, 41.4 mmol) was added dropwise to a cooled (ice/water)

THF (410 mL) semi-solution of (R)-fert-butyl 2-amino-2-phenylacetate/HCI (9.877

10 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
vacuo, and the residue was partitioned between water (100 mL) and ethyl acetate
(200 mL). The organic layer was washed with 1N HCI (25 mL) and saturated
NaHCOj solution (30 mL), dried (MgSOs), filtered, and concentrated in vacuo. The

15 resultant colorless oil was triturated from hexanes, filtered and washed with hexanes
(100 mL) to provide (R)-tert-butyl 2-(methoxycarbonylamino)-2-phenylacetate as a
white solid (7.7 g). 'H NMR (DMSO-de, 8=2.5 ppm, 400 MHz): 7.98 (d, J=8.0, 1H),
7.37-7.29 (m, SH), 5.09 (d, /=8, 1H), 3.56 (s, 3H), 1.33 (5, 9H). LC (Cond. I):
RT=1.53 min; ~90 % homogeneity index; LC/MS: Anal. Calcd. for [M+Na]"

20 Ci4HioNNaOy4: 288.12; found 288.15.

TFA (16 mL) was added dropwise to a cooled (ice/water) CH,Cl, (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
complete, an additional TFA (1.0 mL) was added and stirring continued for an

25  additional 2 hours. The volatile component was removed iz 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 ether/hexanes (~1:3
ratio; 30 mL) and dried in vacuo to provide Cap-4 as a fluffy white solid (5.57 g).
Optical rotation: -176.9° [c=3.7 mg/mL in H,O; 2=589 nm]. 'H NMR (DMSO-ds,
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Preferred unit dosage fornul gtjqns are those
containing a daily dose or sub-dose, as herein above
recited, or an appropriat actg on thereof, of an
active ingredient. Treat mayl be initiated with
smal | dosages substantially | e$s PHan the optinum dose
of the conpound. Thereafter, dosage i s increased
by small increnments until the optinum effect under the

circunstances is reached. In general, the conpound is
nmost desfmabiue AdRi-diphrerghciag (1) & oreammelatli‘dibiompbiitane

t hah.W é, l729%ﬁ51?L1AcyN a%&b? Ef.jlo g, 19.8 mmol) in ethanol (40 mL) was heated

10 at 100 °C for 21 hours. The reaction mixture was cooled to ambient temperature and
filtered, and the filtrate was concentrated in vacuo. The residue was dissolved in
ethanol and acidified with 1N HCl to pH 3-4, and the volatile component was
removed in vacuo. The resulting crude material was purified by a reverse phase
HPLC (water/methanol/TFA) to provide the TFA salt of Cap-5 as a semi-viscous

15 white foam (1.0 g). 'H NMR (DMSO-ds, $=2.5, 500 MHz) & 10.68 (br s, 1H), 7.51
(m, 5H), 5.23 (s, 1H), 3.34 (app br s, 2H), 3.05 (app br s, 2H), 1.95 (app br s, 4H);
RT=0.30 minutes (Cond. I); >98% homogeneity index; LC/MS: Anal. Calcd. for
[M+H]" C12H16NO»: 206.12; found 206.25.

20 Cap-6

QA
v~ “OH
N
()
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. 'H

NMR (DMSO-dg, 8=2.5, 500 MHz) & 12.20 (br s, 1H), 7.50 (m, 5H), 4.92 (s, 1H),
25 3.78 (app br s, 4H), 3.08 (app br s, 2H), 2.81 (app br s, 2H); RT=0.32 minutes (Cond.



antivirally effective results w thout causing any
harnful or deleterious side effects. Wen the
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be adapted for adm nistration by any appropriate
route, for exanple by the oral (including buccal or
sublingual ), rectal, nasal, tgpircal (including buccal,
subl i ngual , or transdernmal), vaginal, or parentera

(i ncl udi ng subcut afiedus, @ ntracut aneous,

i ntranmuscul ar, int eyl ar, intrasynovi al
intrasternal, intrathec |ntraIeS|onaI I ntravenous,
or intradermal injectio or |C E;@ % mgréut e. Such
formul ati ons may be prepared by any method known in
the art of pharmacy, fd? exanpl e by bringing into
associ ation the active ingredient with the carrier(s)
or exci pA&hitC)2000nh) soadioh of stalamicaifonyl caldnilaisstsrats.én

by | rI]Illo?)C\%aIlso gde% deropw1se to a cooled (-5 °C) CH,Cl; (200 mL) solution of (S)-
benzyl 2-hydroxy-2-phenylacetate (10.0 g, 41.3 mmol), triethylamine (5.75 mL, 41.3

mmol) and 4-dimethylaminopyridine (0.504 g, 4.13 mmol), while maintaining the

10 temperature between -5 °C and 0 °C. The reaction was stirred at 0 °C for 9 hours,
and then stored in a freezer (-25 °C) for 14 hours. It was allowed to thaw to ambient
temperature and washed with water (200 mL), IN HCI (100 mL) and brine (100 mL),
dried (MgSO,), filtered, and concentrated in vacuo to provide benzyl 2-phenyl-2-
(tosyloxy)acetate as a viscous oil which solidified upon standing (16.5 g). The chiral

15 integrity of the product was not checked and that product was used for the next step
without further purification. 'H NMR (DMSO-ds, 8=2.5, 500 MHz)  7.78 (d, J=
8.6, 2H), 7.43-7.29 (m, 10H), 7.20 (m, 2H), 6.12 (s, 1H), 5.16 (d, J=12.5, 1H), 5.10
(d, J=12.5, 1H), 2.39 (s, 3H). RT=3.00 (Cond. III); >90% homogeneity index;
LC/MS: Anal. Calcd. for [M+H]" C»HyNaOsS: 419.09; found 419.04.

20 A THF (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 vacuo. The
residue was partitioned between ethylacetate and water, and the organic layer was

25  washed with water and brine, dried (MgSOQ,), filtered, and concentrated in vacuo.
The resulting crude material was purified by flash chromatography (silica gel, ethyl
acetate) to provide benzyl 2-(4-methylpiperazin-1-yl)-2-phenylacetate as an orangish-
brown viscous o0il (4.56 g). Chiral HPLC analysis (Chiralcel OD-H) indicated that

the sample is a mixture of enantiomers in a 38.2 to 58.7 ratio. The separation of the



preferred. Pharmaceutical fornul ations adapted for

oral adm nistration may be presented as discrete units
wGaomb/1es3xapsul es or tablets; powders or granuP@BUS2009/033380

sol uti ons or suspensions in agueous or non- aqueou PCT

liquids; edible foans or Whlp4 or oil-inwater q‘dll%xs

emul sions or water-in-oil enulglons For |nstance for

oral admnistration in the formof a tablet or

€2 Ryt e Rt O ok O RE NG S Riaf LIRS ot

I Neethadhépt@ie (SUEihdas; eﬁéch@l'}ﬁﬂL/mj @Jtlﬁﬂ)&l'n(ﬂhlralv[ﬂim col@;ﬁld (Chiracel
the |ike. Powders are ¥éconn1nut|n

confunen 113 X40 §T ke 2BHaD el g St A dleRTRY/$hanR] {5 aplLimin,

S' maﬁcﬁrhblﬁto?&%mlﬂlﬁdEﬁi}ﬁbfﬁéﬁﬁw47‘213% ) a‘ﬁ@%ﬁdn%ﬁm%ﬂ*@@ A9 @hhwere
edi bl e carbohydrate as, for exanple, starch

fran mitiaykd as¥isopny oihg H WMBILEDEL Bv826.dD8 Mﬂzs i7g; 7 Hr(ch, 2H),
col e r n r

R Gl e A QR L AR WA PR R ik
fil kiongs, il Hy, Red 2;3':8 @py br §BH}312|’2§.(S,GH).dR’Iﬁ#$1(a((d)nd I1D); >98%

ot ol SEEN IR, FEOTEA B gl wiPup BT PeRa 1 houna
gl yepd.2can be added to

10 A methanol (10 mL) solution of either enantiomer of benzyl 2-(4-
methylpiperazin-1-yl)-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
balloon of hydrogen, under a careful monitoring, for <50 minutes. Immediately after
the completion of the reaction, the catalyst was filtered through diatomaceous earth

15 (Celite™) and the filtrate was concentrated in vacuo to provide Cap-7, contaminated
with phenylacetic acid as a tan foam (867.6 mg; mass is above the theoretical yield).
The product was used for the next step without further purification. "H NMR
(DMSO-dg, 6=2.5, 500 MHz) 6 7.44-7.37 (m, 2H), 7.37-7.24 (m, 3H), 3.92 (s, 1H),
2.63-2.48 (app. brs, 2H), 2.48-2.32 (m, 6H), 2.19 (s, 3H); RT=0.31 (Cond. II);

20 >90% homogeneity index; LC/MS: Anal. Caled. for [M+H] Ci3HoN,O,: 235.14;
found 235.15; HRMS: Anal. Calcd. for [M+H]" Ci3H19N,Oy: 235.1447; found
235.1440.

The synthesis of Cap-8 and Cap-9 was conducted according to the synthesis
of Cap-7 by using appropriate amines for the SN, displacement step (i.e., 4-

25 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
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d
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(Chiracel OJ, 2 cm ID x 25 cm L, 10 um) eluting with 80:20 heptane/ethanol at 10

glycol, and the Ilike. §%;¥canQé€M§ﬁgm&q t hese dosage

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

10 according to the preparation of Cap-7 to provide Cap-8: "H NMR (DMSO-dg, 8=2.5,
500 MHz) 7.40 (d, /=7, 2H), 7.28-7.20 (m, 3H), 3.78 (s 1H), 3.46 (m, 1H), 2.93 (m,
1H), 2.62 (m, 1H), 2.20 (m, 2H), 1.70 (m, 2H), 1.42 (m, 2H). RT=0.28 (Cond. 1I);
>98% homogeneity index; LC/MS: Anal. Caled. for [M+H]" C;:H sNOs: 236.13;
found 236.07; HRMS: Calcd. for [M+H]" Ci3HsNO;3: 236.1287; found 236.1283.

15

Cap-9
(0]
OH
N 9a: diastereomer-1
< Z 9b: diastereomer-2

=
The diastereomeric separation of the intermediate benzyl 2-((S)-3-

fluoropyrrolidin-1-yl)-2-phenylacetate was effected by employing the following

20  conditions: the ester (220 mg) was separated on a chiral HPLC column (Chiracel OJ-
H, 0.46 cm ID x 25 cm L, 5 pm) eluting with 95% CO,/ 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 stereiosmers was concentrated, and the residue was
dissolved in CH,Cl, (20 mL) and washed with an aqueous medium (10 mL water + 1

25  mkL saturated NaHCOs3 solution). The organic phase was dried (MgSO.), filtered, and
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Cap-10

O

15 To a solution of D-proline (2.0 g, 17 mmol) and formaldehyde (2.0 mL of
37% wt. in H,O) in methanol (15 mL) was added a suspension of 10% Pd/C (500
mg) in methanol (5 mL). The mixture was stirred under a balloon of hydrogen for 23
hours. The reaction mixture was filtered through diatomaceous earth (Celite™) and
concentrated in vacuo to provide Cap-10 as an off-white solid (2.15 g). 'H NMR

20  (DMSO-ds, 6=2.5, 500 MHz) 3.42 (m, 1H), 3.37 (dd, /=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. IT); >98% homogeneity index; LC/MS: Anal. Calcd. for [M+H]"
CeH1oNO»: 130.09; found 129.96.

25 Cap-11

A mixture of (25,4R)-4-fluoropyrrolidine-2-carboxylic acid (0.50 g, 3.8
mmol), formaldehyde (0.5 mL of 37% wt. in H,0), 12 N HCI1 (0.25 mL) and 10%
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mi croencapsul ated. The formulation can al so

Br e fRVEA-ds0>Pr DAY 530164 mi /- e 1He|4e3@s(m, éH) B0 (ddd,

Ie’r‘]a?% £5 % 5°£’§t1f593 % qﬁgyféljsgéé'f%g %%%; a%ﬁ)%%b%@@(na 1H),
co npegnm (rmf IH)) rm#(mS((C)ond. alil >pétahomogmbtitcalésy LC/MS: Anal.

accepf abl e S 1S HNGRRP! 148.08: found 148.06.

10 Cap-12 (same as cap 52)
o0
/O\H/N\E)J\OH
o °:
L-Alanine (2.0 g, 22.5 mmol) was dissolved in 10% aqueous sodium
carbonate solution (50 mL), and a THF (50 mL) solution of methyl chloroformate
(4.0 mL) was added to it. The reaction mixture was stirred under ambient conditions
15 for 4.5 hours and concentrated in vacuo. The resulting white solid was dissolved in
water and acidified with IN HCI to a pH ~ 2-3. The resulting solutions was extracted
with ethyl acetate (3 x 100 mL), and the combined organic phase was dried (Na,SQOy),
filtered, and concentrated in vacuo to provide a colorless oil (2.58 g). 500 mg of this
material was purified by a reverse phase HPLC (H,O/methanol/TFA) to provide 150
20  mg of Cap-12 as a colorless oil . "H NMR (DMSO-dg, =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).

Cap-13
| O

AN Ao

25 A mixture of L-alanine (2.5 g, 28 mmol), formaldehyde (8.4 g, 37 wt. %), IN
HCI (30 mL) and 10% Pd/C (500 mg) in methanol (30 mL) 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 iz vacuo to provide the

HCI salt of Cap-13 as an oil which solidified upon standing under vacuum (4.4 g; the



can also be adm nistered in the formof |iposone
delivery systens, such as small unilanellar vesicles,

wo 200902683 | anel | ar vesi cl es, and mnul til anel | arPCT/US2009/033380
vesi cl es. Liposonmes can be fornmed froma variety qﬁlZSPCT
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aci d, po thoeSters, pol 6t FXEByol ydi OpYacaHs,
pol ycyanodcr yl at es, and cresg-|inked or a athic

bl ock copol yners of hydrogel s.
Cap-14

Step 1: A mixture of (R)-(-)-D-phenylglycine tert-butyl ester (3.00 g, 12.3
mmol), NaBH;CN (0.773 g, 12.3 mmol), KOH (0.690 g, 12.3 mmol) and acetic acid
(0.352 mL, 6.15 mmol) were stirred in methanol at 0 °C. To this mixture was added

10 glutaric dialdehyde (2.23 mL, 12.3 mmol) dropwise over 5 minutes. The reaction
mixture was stirred as it was allowed to warm to ambient temperature and stirring
was continued at the same 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 (MgSO,), filtered and concentrated to

15 dryness to provide a clear oil. This material was purified by reverse-phase
preparative HPLC (Primesphere C-18, 30 x 100mm; CH3CN-H,0-0.1% TFA) to give
the intermediate ester (2.70 g, 56%) as a clear oil. "H NMR (400 MHz, CDCls) &
7.53-7.44 (m, 3H), 7.40-7.37 (m, 2H), 3.87 (d, J/=10.9 Hz, 1H), 3.59 (d, /=10.9 Hz,
1H), 2.99 (t, J=11.2 Hz, 1H), 2.59 (t, J=11.4 Hz, 1H), 2.07-2.02 (m, 2H), 1.82 (d,

20 J=1.82 Hz, 3H), 1.40 (s, 9H). LC/MS: Anal. Calcd. for Ci7H,sNO,: 275; found:
276 (M+H)".

Step 2: To a stirred solution of the intermediate ester (1.12g, 2.88mmol) in
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

25 light yellow oil. The oil was purified using reverse-phase preparative HPLC
(Primesphere C-18, 30 x 100mm; CH3CN-H,0-0.1% TFA). The appropriate
fractions were combined and concentrated to dryness in vacuo. The residue was then

dissolved in a minimum amount of methanol and applied to applied to MCX LP



Phar maceuti cal fornmul ati ons adapted for transder nal
adm ni stration may be presented as discrete patches

WO nioenesaB t o remain in intimate contact wth tPer/US2009/033380
epiderm s of the recipient for a prol onged period 1q128PCT
time. For exanple, the active jngredient nmay be
delivered fromthe patch by i éht ophoresis as generally
described in Pharmaceutical Research 1986, 3(6), 318.
Phar maceut i cal tions adapted for topical
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Step 1. (S)-1-Phenylethyl 2-bromo-2-phenylacetate: To a mixture of a-
bromophenylacetic 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 EDCI (12.46 g, 0.065 mol) all at once. The resulting solution was stirred at

15 room temperature under Ar for 18 hours and then it was diluted with ethyl acetate,
washed (H,O x 2, brine), dried (Na,SO,), filtered, and concentrated to give a pale
yellow oil. Flash chromatography (SiO,/ hexane-ethyl acetate, 4:1) of this oil
provided the title compound (11.64 g, 73%) as a white solid. 'H NMR (400 MHz,
CDCl3) 6 7.53-7.17 (m, 10H), 5.95 (q, J=6.6 Hz, 0.5H), 5.94 (q, /=6.6 Hz, 0.5H),

20 5.41 (s, 0.5H), 5.39 (s, 0.5H), 1.58 (d, /=6.6 Hz, 1.5H), 1.51 (d, /=6.6 Hz, 1.5H).

Step 2: (S)-1-Phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-yl)- 2-
phenylacetate: To a solution of (S)-1-phenylethyl 2-bromo-2-phenylacetate (0.464 g,
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

25  stirred at room temperature for 5 minutes and then a solution of 4-methyl-4-
hydroxypiperidine (0.251 g, 2.18 mmol) in THF (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 (H,O x2, brine), dried (MgSO,), filtered and concentrated.



adm ni stration as a nasal spray or nasal drops,
i ncl ude aqueous or oil solutions of the active
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adapted for adm nistration by inhalation include fHTﬁsPCT
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10 1.54 (m, 3H), 1.50 (d, J=6.8 Hz, 3H), 1.20 (s, 3H). LCMS: Anal. Calcd. for
CH27NO3: 353; found: 354 (M+H)".

Step 3: (R)-2-(4-Hydroxy-4-methylpiperidin-1-yl)-2-phenylacetic acid: To a
solution of (S)-1-phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-yl)-2-
phenylacetate (0.185 g, 0.52 mmol) in dichloromethane (3 mL) was added

15 trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 2
hours. The volatiles were subsequently removed iz vacuo and the residue was
purified by reverse-phase preparative HPLC (Primesphere C-18, 20 x 100mm;
CH3CN-H»0-0.1% TFA) to give the title compound (as TFA salt) as a pale bluish
solid (0,128 g, 98%). LCMS: Anal. Calcd. for Ci4H9NOs: 249; found: 250

20 (M+H)".

Cap-16
0 1 O Me O
oH 0 — Y
. .

(R)-Cap-16
Step 1: (S)-1-Phenylethyl 2-(2-fluorophenyl)acetate: A mixture of 2-
25  fluorophenylacetic acid (5.45 g, 35.4 mmol), (S)-1-phenylethanol (5.62 g, 46.0
mmol), EDCI (8.82 g, 46.0 mmol) and DMAP (0.561 g, 4.60 mmol) in CH,Cl, (100
mL) was stirred at room temperature for 12 hours. The solvent was then

concentrated and the residue partitioned with H,O-ethyl acetate. The phases were



addition of the sterile liquid carrier, for exanple

wat er for injections, imediately prior to use.
wEioeesaneous i njection solutions and suspenBRCDOS200EY33380

be prepared fromsterile powders, granules, and

tablets. It should be understood that in addition {428 PCT

the ingredients particularly nti oned above, the

formul ati ons may i nclude ot her agents conventional in
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resting i eve » and %III) relleV|ng
t he di selige?: Gi)i(ﬂ)del?henyiﬁthybﬂdﬂ{ﬂuomphenyé 2- (pcpauélnfigyl)acetate

e
ad n'iTHIFs{t 200edll vt O ACavas added DBU (6.19 g, 40.7 mmol) and the solution was
10  allowed to warm to room 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.
NH4Cl and the layers were separated. The aqueous layer was back-extracted with
15 ethyl acetate (2x) and the combined organic phases were washed (H,O, brine), dried
(Na,S0,), 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
20 of diastereomers (2:1 ratio by 'H 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%). 'H NMR (400 MHz, CD;:0D) § 7.52
(ddd, J=9.4, 7.6, 1.8 Hz, 1H), 7.33 — 7.40 (m, 1), 7.23 — 7.23 (m, 4H), 7.02 - 7.23
25  (m, 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
C11H24FNO,: 341; found: 342 (M+H)".
Step 3: (R)-2-(2-fluorophenyl)-2-(piperidin-1-yl)acetic acid: A mixture of
(R)-((S)-1-phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate (0.737 g, 2.16
30 mmol) and 20% Pd(OH),/C (0.070 g) in ethanol (30 mL) was hydrogenated at room
temperature and atmospheric pressure (H; balloon) for 2 hours. The solution was

then purged with Ar, filtered through diatomaceous carth (Celite®), and concentrated



cycl osporin, for exanple, cyclosporin A Cyclosporin A
has been shown to be active against HCV in clinica

wao eooaliee6fi-Hepat ol ogy 2003, 38, 1282; Bi ochem BrOphy=09/033380
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(R)-Cap-17
Step I: (S)-1-Phenylethyl (R)-2-(4-hydroxy-4-phenylpiperidin-1-yl)- 2-
phenylacetate: To a solution of (S)-1-phenylethyl 2-bromo-2-phenylacetate (1.50 g,
4.70 mmol) in THF (25 mL) was added triethylamine (1.31 mL, 9.42 mmol),

10 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-phenyl-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 (H,O
x2, brine), dried (MgSOy), filtered and concentrated. The residue was purified on a

15 silica gel column (0-60% ethyl acetate-hexane) to provide an approximately 2:1
mixture of diastereomers, as judged by "H NMR. Separation of these isomers was
performed using supercritical fluid chromatography (Chiralcel OJ-H, 30 x 250mm;
20% ethanol in CO, at 35 °C), to give first the (R)-isomer of the title compound
(0.534 g, 27%) as a yellow oil and then the corresponding (S)-isomer (0.271 g, 14%),

20 also as a yellow oil. (S,R)-isomer: "H NMR (400 MHz, CD;0D) & 7.55-7.47 (m,
4H), 7.44-7.25 (m, 10H), 7.25-7.17 (m, 1H), 5.88 (q, /=6.6 Hz, 1H), 4.12 (s, 1H),
2.82-2.72 (m, 1H), 2.64 (dt, J=11.1, 2.5 Hz, 1H), 2.58-2.52 (m, 1H), 2.40 (dt,
J=11.1, 2.5 Hz, 1H), 2.20 (dt, J=12.1, 4.6 Hz, 1H), 2.10 (dt, /=12.1, 4.6 Hz, 1H),
1.72-1.57 (m, 2H), 1.53 (d, J/=6.5 Hz, 3H). LCMS: Anal. Calcd. for Cy7H29NOs:

25 415; found: 416 (M+H)"; (S,S)-isomer: H'NMR (400 MHz, CD;0D) & 7.55-7.48
(m, 2H), 7.45-7.39 (m, 2H), 7.38-7.30 (m, SH), 7.25-7.13 (m, 4H), 7.08-7.00 (m,
2H), 5.88 (q, /=6.6 Hz, 1H), 4.12 (s, 1H), 2.95-2.85 (m, 1H), 2.68 (dt, J=11.1, 2.5
Hz, 1H), 2.57-2.52 (m, 1H), 2.42 (dt, J=11.1, 2.5 Hz, 1H), 2.25 (dt, J=12.1, 4.6 Hz,
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structural biology studies to further enhance
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conpounds of the present disclosure are useful in

establishing or determ ning the binding site of other
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materials. This dlsclosqge nded |t o enconpass
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synthetic processes tabolic proces

i ncludi ng those OCCerlné EF t he human anlé%
(infvivo) or procesges 0 g rring in vitBH)2?h€51(n14H)
abbrevi ati ons used ijn resent appli '

i ncludi ng particul ar te Iustratﬁéékggﬁgﬁéé(%ﬁg)

exafrpl es whi ch fol | qw2r e Qelh<known 1a.06hg98)skbkd,ed
'n J=6.71 Hz, 1H) 7.15-7.52
(m, 15H).

LCMS: Anal. Calcd. for:
CasH30N204 458.22;
Found: 459.44 (M+H)".

Diastereomer 2: '"H NMR
(500 MHz, DMSO-d¢) &
ppm 1.45 (d, J=6.71 Hz,
3H) 2.27-2.44 (m, 4H)
3.39 (s, 4H) 4.23 (s, 1H)
5.06 (s, 2H) 5.83 (d,
J=6.71 Hz, 1H) 7.12 (dd,
J=6.41, 3.05 Hz, 2H)
7.19-7.27 (m, 3H) 7.27-
7.44 (m, 10H).

LCMS: Anal. Calcd. for:
CosH3oN204 458.22;
Found: 459.44 (M+H)".




t he

art.

Sonme of the abbreviati ons used are as
follows: TFA for trifluoroacetic acid; Ph for
w0 Bwone2683 Bu for tert-butyl;

phenyl ;

DMSO f or PCT/US2009/033380

di met hyl sul f oxi de; DMF for N, N-di nmet hyl f or mam de; ﬂE&ngT
for ethanol; Boc or BOC for t%ét-but oxycar bonyl ;

for tetrahydrofuran; Et2q for “diethyl ether; Et for

et hyl ; I\/EO—| for nmet hanol ; Et OAc and Et OAC for et hyl

ace e—H1 .w..wnpf‘ratu*c er—retept

time @If%d’% 40 (cant ext N dictate Dlﬁer%}"ert REoHL-76
retention tine; h far ﬁsat d for |satdésatesd’ n BGC
for|pyridiniumchlor ochr TBDPS f or

tert-butyl di phenyl si LCMS‘Anal Calcd. for:
di met hyl am nopyri di n J@J}gm@nggmm
fluopride; Et3N or TE N

m nutes; OAc for aceta )6ewzdy%%<§ﬂ (Ve s
for|2- trimethylsilyle ; BN fs R comer 2:

azobi si sobutyronitrill e; HATU for O (7-

azabenzotriazol -1-yl[)-N, N, N , N -t et r aneRAyl &P miinyas
hexaf | uor ophosphat e;| DDQ f or > - .

2, 31di chl oro-5, 6-di gyano- |, 4- benzoqui norg%o;nddn %%’ Lfcclnv}s' Anal.
1, 11- bi s(di phenyl phosphi no) f errocene; | &altdi Fr 204t NrO0s
DI PEA or DI EA for di|i sopropyl et hyl am ne

338.16; Found: 339.39

Intermediate -17¢

(M+H)".
'L Diastereomer 1: Tr-4.55
[ j minutes (Cond’n I);
N

LCMS: Anal. Calcd. for:
Cy1HasN20O, 338.20
Found: 339.45 (M+H)";
Diastereomer 2: Tr-6.00
minutes (Cond’n I);
LCMS: Anal. Calcd. for:
Cy1HasN20O, 338.20
Found: 339.45 (M+H)".

Intermediate -17d

Diastereomer 1: RT-7.19
minutes (Cond’n I);
LCMS: Anal. Calcd. for:
Cy7H29NO; 399.22
Found: 400.48 (M+H)";
Diastereomer 2: RT=9.76
minutes (Cond’n I);
LCMS: Anal. Calcd. for:
Cy7H29NO; 399.22
Found: 400.48 (M+H)".




The conpounds and processes of the present disclosure
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nmet hods by which the conpounds of the present 1128 PCT
di scl osure may be prepared. Stgrting material s canllb¥
obt ai ned from conmerci al sources or prepar ed by
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Co. GREISFEdrapiiapsy og Qs Fmising RIS fPEhat 1t he. compounds
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the appropriate reactants and agents in the syntheses
shoﬁﬁnﬁEﬁQﬂu It will also be readily apparent to one
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deprotection steps, as well as the order of the steps
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depepging -pn the nature of the variables to
successful 'y conpl ete the syntheses bel ow. The

var Pebiues 180 baras defi ned above unl ess ot herw se noted
bel gy h .. Substituted Phenyl gl yci ne Derivatives
Subgﬁ%Fﬁeégagﬁéﬁnglycine derivatives can be prepared
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b DiofS Phe SRR Bndiguct i vely al kyl ated

Condition IT
Column: Chiralcel OD-H Column, 4.62x50 mm, Sum
Solvents: 90% CO2-10% methanol with 0.1%DEA

15  Temp: 35°C
Pressure: 150 bar
Flow rate: 2.0 mL/min.
UV monitored @ 220 nm
Injection: 1.0 mg/mL methanol

20

Cap 17, Step 2; (R)-2-(4-Hydroxy-4-phenylpiperidin-1-yl)-2-phenylacetic

acid: To a solution of (S)-1-phenylethyl (R)-2-(4-hydroxy-4-phenylpiperidin-1-yl)-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

25  hours. The volatiles were subsequently removed iz vacuo and the residue was
purified by reverse-phase preparative HPLC (Primesphere C-18, 20 x 100mm,;
CH;CN-H,0-0.1% TFA) to give the title compound (as TFA salt) as a white solid
(0.230 g, 88%). LCMS: Anal. Calcd. for C1oHNO;: 311.15; found: 312 (M+H)".

30 The following carboxylic acids were prepared in optically pure form in a similar

fashion:



(pathyway A) with an appropriate al dehyde and a
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wore@pame3dydr ol ysis of the t-butyl ester can bBRCT/US2009/033380
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al I? ??%n of phenyl gl yci ne as at hwa 3*%-%10@68@'@&5’ H
by|a second reductive al th anNaif e0oatez, DMSO-
al dehyde such as forial dehyde in the presence of a
regluci ng agent and a¢i d. Pathway D il | ustle &g 3He2-35 (m,
synthesis of substituted ‘phenyl gl ycines| yjis 808 47 1 oH)
correspondi ng mandel i c aci g anal ogs. waver5|on11£ 8

PCIr 3 1 of the second RBI to a codpeétedld)3.71 (s, 1H)
| eavi ng group can be nplg shed with p e )|
chloride. Displacenent of the tosylate ;?gﬁﬁ’gﬁfhbgﬁxg(m’
appropriate am ne foll owed by reductive| t@hpudiMesfArtahe

benzyl ester can proyi de substituted phe | yci
defivatives. In pathyay E a racem c subs ?X¥9 %r(p%hﬂ%04
phenyl gl yci ne derivative is resol ved by estHxFﬁmmfwiiﬂs

Wi 1

h an enanti oneri c:

al 1y pure chiral au

Ay

Cap-17b

of

~.-OH
O

RT-0.27 (Cond’n III);
LCMS: Anal. Calcd. for:
Ci2H14N,03 234.10;
Found: 235.22 (M+H)".

Cap-17c¢

N

)

RT-0.48 (Cond’n II);
LCMS: Anal. Calcd. for:
CisHisN,0, 234.14;
Found: 235.31 (M+H)".

Cap-17d

~.-CH
O

N

~.-OH
O

RT-2.21 (Cond’n D);
LCMS: Anal. Calcd. for:
CioH21NO, 295.16;
Found: 296.33 (M+H)".

LCMS Conditions for deter

Condition I

mining retention time

Column: Phenomenex-Luna 4.6 X 50 mm S10

Start % B=0
Fianl % B=100




such as but not Iimted to (+)-1-phenylethanol, (-)-
1- phenyl et hanol , an Evan's oxazol i di none, or

wepaatdweeri cal |y pure pantol act one. Separ at i oPCD1S100%033380
di astereoners i s acconplished via chromat ography )
(silica gel, HPLC, crystallizs ion, etc) follomedlﬂ§’gPCT
renmoval of the chiral auxilia é provi di ng
enantionerically pure phenyl gl ycine derivatives.

Pat illystrates a synthetic sequence which
im§%®$yW#W%mmmyEvmaantheahwammimmd

chi FRw R4 hmBmyni S installed prior to am ne addition.
Al ternativel an ester of an arylacetic acid can be
br o AR W2 h a source of bromoni umion such as

br oBbREnt AN10YAHABHECL 909516 — (01 TBR4. The resul tant
benzylic brom de can be displaced with a variety of

rondolvet BaPeesthangt et 'abeded 1A TFAe presence of a

tertiary am ne base such as triethylam ne or Hunig's
base. Hydrolysis of the nethyl ester via treatnent
wi t konditigfi lim hydr oxi de at | ow tenperature or 6N HO at

eIeggﬁgﬁ,ﬁgﬂpﬁgﬁﬁyggfgggyhgg%sthe substi tuted

phenyl gl yci ne derivatives. Another nethod is shown in
pat Btagtyo 8=0d yci ne anal ogs can be derivatized with a

ar i o, Y yl halides in the presence of a source of
lga|F§5?/%§6§§ such as pal | adi um bi s(tri butyl phosphi ne)

and Goaisent Tingh2asn pot assi um
Flow Rate=4 mL/min
Wavelength=220
Solvent A=10% methanol — 90% H,0 —0.1% TFA
15 Solvent B=90% methanol — 10% H,O - 0.1% TFA

Condition 11

Column: Phenomenex 10p 3.0 X 50 mm

Start % B=0
20 Fianl % B=100

Gradient Time=2 min

Flow Rate=4 mL/min

Wavelength=220

Solvent A=10% methanol — 90% H,0 —0.1% TFA
25 Solvent B=90% methanol — 10% H,O — 0.1% TFA

30



phosphate. The resultant ester can then be hydrol yzed
by treatnment with base or acid. It should be

wanaeneissdd t hat ot her well known nethods to pPEPESM09/033380
phenyl gl yci ne derivatives exist in the art and canHQESPCT
amended to provide the desire36conpounds inthis
description. It should al so be“understood that the
final phenyl glycine derivatives can be purified to
enantioneric purity greater har 98%e via preparative
HPLC. 11128 PCT 32 Schene 2: é@/ ated Anmino Acid

Derivati wes I n anot her enbodi /of the present Ny~
di scl , Geeyl at ed, phenyl gl CI r| vajives H
prepared abk il | ust+ated—bel gw> h y gl—ye1—ﬁe m
deri ive® wherein the carboyyli© acid is pr ot d O

as an easily renoved ester, nmay be acylated with an
aci d chhokrde = the presence of; a base such as  ¢aps
triethylam nejt;]; provi de the correspondi ng am des

(pat hway: AxgrRathway B illustrates the acyl ati on of
the starting phenyl glycine derivative with an
appropriate chloroformate while pathway C shows

react i onStel LHRan-Eilp 2dpoyedd)- 2@&%@% ¢ a selntraradpthyl 4-

pa Rk o R Lo 4 b BB B TR P G s e

added DBU (0.99 mL, 6.66 mmol). The reaction mlxture was allowed to warm to
room temperature over 30 minutes and then it was cooled to -78 °C. To this mixture
was added CBry (2.21 g, 6.66 mmol) and stirring was continued at -78 °C for 2 hours.
The reaction mixture was then quenched with sat. aq. NH4Cl and the phases were

10  separated. The organic phase was washed (brine), dried (Na,SOy,), filtered, and
concentrated in vacuo. The resulting yellow oil was immediately purified by flash
chromatography (SiO,/ hexane-ethyl acetate, 1:1) to provide the title compound (1.40
g, 95%) as a somewhat unstable yellow oil. "H NMR (400 MHz, CDCls) & 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),

15 1.28 (t, J=7.1 Hz, 3H). LCMS: Anal. Calcd. for CoH;oBrNO,: 242, 244; found:
243,245 (M+H)".

Step 2; (R,S)-Ethyl 2-(4-pyridyl)-2-(N,N-dimethylamino)acetate: To a

solution of (R,S)-ethyl 2-(4-pyridyl)-2-bromoacetate (1.40 g, 8.48 mmol) in DMF (10
mL) at room temperature was added dimethylamine (2M in THF, 8.5 mL, 17.0

20  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 SiO, column; 50%-100% cthyl acetate-hexane) to
provide the title compound (0.539 g, 31%) as a light yellow oil. 'H NMR (400 MHz,
CDClz) 6 8.58 (d, J=6.0 Hz, 2H), 7.36 (d, J=6.0 Hz, 2H), 4.17 (m, 2H), 3.92 (s, 1H),

25 2.27 (s, 6H), 1.22 (t, J=7.0 Hz). LCMS: Anal. Calcd. for C;1H16N,O»: 208; found:
209 (M+H)".

Step 3; (R,S)-2-(4-Pyridyl)-2-(N,N-dimethylamino)acetic acid: To a solution

of (R,S)-ethyl 2-(4-pyridyl)-2-(N,N-dimethylamino)acetate (0.200 g, 0.960 mmol) in



by those skilled in the art (ie; treatnent of the
t-butyl ester with strong base such as HO or

W@ piobhemssdacet i ¢ acid). 11128 PCT 33 Schene 3 PCT/US2009/033380
Am no- substituted phenyl acetic acids may be prepar EZSPCT
by treatnment of a chl oronethyl ghenyl acetic acid w
an excess of an am ne. Conpou anal ysi s conditions
Purity assessnent and | ow resol uti on nass anal ysi s

vat 8rooieer o kst o R T FLr Ve S PR R tade0 &
r et @b inBkbl}f 4t ABSn wemaﬁe/ Biel sghitiby wheditRe forBBo0isRas then it was

The LC _conditions e yedln determ ni ng the
r et é‘ﬂg ﬁsﬁﬁt%n%umr W@&? Thasganeqts ehase gfas %@h%w%gwl acetate

Addbid @apd weCyepnaidiit®Bisc a@mhﬁyaﬁkhlana@oftt&emwom@eﬁnd as a
section, unless noted otherw se. Cond.-M>-W [umm =

XTEmpvxgsogd scoginiRg 191 Thg prodyct was used as such in subsequent steps.
'H NMR (400 MHz, DMSO-de) & 8.49 (d, J=5.7 Hz, 2H), 7.34 (d, J=5.7 Hz, 2H),

3.56 (s, 1H), 2.21 (s, 6H).
The following examples were prepared in similar fashion using the method

described above;

NMe, LCMS: Anal. Calcd. for
Cap-19 (j)\COZH CoH1,N,0,: 180; found: 181
N (M+H)".
LCMS: no ionization. 'H NMR
(400 MHz, CD;0D) & 8.55 (d,
NMe,
Cap-20 com J=4.3 Hz, 1H), 7.84 (app t,
[ B 2 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).
NMe, LCMS: Anal. Calcd. for
Cap-21 MCQZH CoH,,CIN,O,: 214, 216; found:
CI” N 215,217 (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-22 /©)\COZH CioH1:NO4: 224; found: 225
OzN (M+H)".
Me2 LCMS: Anal. Calcd. for
Cap-23 O COM C14H1sNO,: 229; found: 230
‘I (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-24 F3C\©)\COZH C11H1,F3NO,: 247; found: 248
(M+H)".




34 Start %8 = 0 Final %8 = 100 Gadient tine = 2 mn
Stop tine =3 mn Flow Rate = 5 nL/mn Wavel ength =

wQ@209nmesdl vent A = 0.1% TFA in 10% net hanol / 9PC#R£2009/033380
Solvent B = 0.1% TFA i n 90% net hanol / 10% H20

Cond. - MB-W2 Col urm = XTERRA 3.0 X 50 nm S7 Start ogl28PCT

0 Final 98 = 100 Gradient tinm8°= 3 nin Stop tine = 4

mn
NMe, LCMS: Anal. Caled. for
Cap-25 dCOZH C1HpFsNO,: 247; found: 248
CF, (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-26 dCOZH C1oH1,FNO,: 197; found: 198
F (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-27 F\©)\C02H C10H1:FNO,: 247; found: 248
(M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-28 Cl\©)\COZH C10H1CINO,: 213; found: 214
(M+H)".
NMe; LCMS: Anal. Caled. for
Cap-29 d\cozH C1oH1,CINO»: 213; found: 214
cl (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-30 @COZH C10H,CINO,: 213; found: 214
cl (M+H)".
NMe: LCMS: Anal. Calcd. for
Cap-31 S/ﬁ)\ COzH CsH12N,0,8: 200; found: 201
f N (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-32 CH\COZH CsHi1NO,S: 185; found: 186
S (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-33 S@)\COZH CsH11NO,S: 185; found: 186
= (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-34 WCOZH C11H12N>O3: 220; found: 221
o-N (M+H)".




Flow Rate = 4 nL/m n Wavel ength = 220 nm Sol vent A =
0.1% TFA i n 10% et hanol / 90%H20 Sol vent B = 0. 1% TFA

wo 2009082682t hanol / 10% H20O Cond. - M5- Wb Col uim = MTERRA09/033380
3.0 X50 mmS7 Start B = 0 Fi nal 9B = 30 G adi ent 128 PCT
time =2 mn Stop tine = 3 rgQFIowRate:SnL/rrilr]f
Wavel ength = 220 nm Sol vent A“= 0.1% TFA in 10%
nmet hanol / 90%H20 Sol vent B = 0. 1% TFA in 90%

met hare+10%H20-Cond—Dbl

= NMe, LCMS: Anal. Calcd. for
Cap-35 %CozH C1,H13NO,S: 235; found: 236
S (M+H)".
NMe, LCMS: Anal. Calcd. for

Cap—36 %/ND)\COZH CipH14N,0,8S: 250; found: 251
S (M+H)".

Cap-37
X NT X
= l =
OEt
MesN —> OH
/\n/ M92 MezN
(0]
A = HCI
B

cap-37
Step I; (R,S)-Ethyl 2-(quinolin-3-yl)-2-(N,N-dimethylamino)-acetate: A
5 mixture of ethyl N,N-dimethylaminoacetate (0.462 g, 3.54 mmol), K;PO, (1.90 g,
8.95 mmol), Pd(t-BusP), (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
H,0. The mixture was extracted with ethyl acetate (2x) and the combined organic
10  phases were washed (H,O, brine), dried (Na,SQO,), filtered, and concentrated ir
vacuo. The residue was purified first by reverse-phase preparative HPLC
(Primesphere C-18, 30 x 100mm; CH3CN-H,0-5 mM NH4OAc) and then by flash
chromatography (SiO,/ hexane-ethyl acetate, 1:1) to provide the title compound
(0.128 g, 17%) as an orange oil. "H NMR (400 MHz, CDCls) & 8.90 (d, J=2.0 Hz,
15 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, 1H), 4.35 (s, 1H), 4.13 (m, 2H), 2.22 (s, 6H), 1.15 (t,
J=7.0 Hz, 3H). LCMS: Anal. Calcd. for C;sH;sN»O,: 258; found: 259 (M+H)".
Step 2; (R,S) 2-(Quinolin-3-yl)-2-(N,N-dimethylamino)acetic acid: A
mixture of (R,S)-ethyl 2-(quinolin-3-yl)-2-(N,N-dimethylamino)acetate (0.122 g,
20 0.472 mmol) and 6M HCI (3 mL) was heated at 100 °C for 12 hours. The solvent

was removed in vacuo to provide the dihydrochloride of the title compound (0.169 g,



Col um = XTERRA C18 3.0 X 50 nm S711128 PCT 35 Start
B = 0 Final %8B = 100 G adient tinme = 3 mn Stop tine
wo20h92e3F| ow Rate = 4 nl/m n Wavel engt h = 220P@US2009/033380

Solvent A = 0.1% TFA in 10% net hanol / 90%420 Sol ve
= 0.1% TFA i n 90% net hanol / 10% H20O Cond. - D2 Col u

1% por

Phenonenex- Luna 4.6 X 50 mm SI6 Start 9B = 0 Final 98

10

15

20

25

100 Gradient time = 3 mn

>100%) as a light yellow foam. The unpurified material was used in subsequent
steps without further purification. LCMS: Anal. Calcd. for Ci3H14N20,: 230;
found: 231 (M+H)".

Cap-38
(0] Me
[; 0
° OH
0 1 FNQ
OH + 2 NS
. N
F NR'R? O Me
0
A Y OJ\@ OH
R PR
7N
B Cap-38

Step I; (R)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate
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 CH,Cl, (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
vacuo and the residue partitioned with ethyl acetate-H,O. The layers were separated,
the aqueous layer was back-extracted with ethyl acetate (2x) and the combined
organic phases were washed (H,O, brine), dried (Na,;SO.), filtered, and concentrated
in vacuo. The residue was purified by silica gel chromatography (Biotage/ 0-50%
diethyl ether-hexane). The resulting pure diastereomeric mixture was then separated
by reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH3;CN-H,0-
0.1% TFA) to give first (S)-1-phenethyl (R)-2-(dimethylamino)-2-(2-
fluorophenyl)acetate (0.501 g, 13%) and then (S)-1-phenethyl (S)-2-
(dimethylamino)-2-(2-fluorophenyl)-acetate (0.727 g. 18%), both as their TFA salts.
(S,R)-isomer: '"H NMR (400 MHz, CD:0D) & 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, 2H), 7.28-7.34 (m, 5H), 6.04 (q, /=6.5 Hz,
1H), 5.60 (s, 1H), 2.84 (s, 6H), 1.43 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd. for
C1sH20FNO»: 301; found: 302 (M+H)"; (S,S)-isomer: "H NMR (400 MHz, CD;0D) &
7.58-7.63 (m, 1H), 7.18-7.31 (m, 6H), 7.00 (dd, J=8.5, 1.5 Hz, 2H), 6.02 (q, /=6.5



Stop time = 4 mn Flow Rate = 4 nL/m n Wavel ength =

220 nm Solvent A = 0.1% TFA in 10% net hanol / 90%120
w@Gi09ame3B =0. 1% TFA i n 90% net hanol / 10% H20 Cexiius2v89/033380

Colum = XTERRA C18 3.0 X 50 mm S7 Start %8 = 0 Fi %SPCT

%8 = 40 G adient tinme =2 mn Stop time = 3 mn Fl

Rate = 5 nL/m n Wavel ength = 550 nm Sol vent A = 0.1%

TFA in 10% net hanol / 90%420 Sol vent B =0.1% TFA in 90%

met pangl 105089, 2 88 (s, 6H), 1.54 (d, J=6.5 Hz, 3H). LCMS: Anal. Caled.
for C1sH20FNO»: 301; found: 302 (M+H)".
Step 2; (R)-2-(dimethylamino)-2-(2-fluorophenyl)acetic acid: A mixture of
(R)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate TFA salt (1.25
5 g, 3.01 mmol) and 20% Pd(OH),/C (0.125 g) in ethanol (30 mL) was hydrogenated at
room temperature and atmospheric pressure (H; balloon) for 4 hours. The solution
was then purged with Ar, filtered through diatomaceous earth (Celite™), and
concentrated in vacuo. This gave the title compound as a colorless solid (0.503 g,
98%). 'H NMR (400 MHz, CD;0D) & 7.53-7.63 (m, 2H), 7.33-7.38 (m, 2H), 5.36
10 (s, IH), 2.86 (s, 6H). LCMS: Anal. Calcd. for C;oH;xFNO,: 197; found: 198
(M+H)".
The S-isomer could be obtained from (S)-((S)-1-phenylethyl) 2-
(dimethylamino)-2-(2-fluorophenyl)acetate TFA salt in similar fashion.

15 Cap-39
Cl NH, cl N7
OH OH
oY oY
cap-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),/C
(0.050 g) was hydrogenated at room temperature and atmospheric pressure (H;

20  balloon) for 4 hours. The solution was then purged with Ar, filtered through
diatomaceous earth (Celite™) and concentrated in vacuo. The residue was purified by
reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH3;CN-H,0-
0.1% TFA) to give theTFA salt of the title compound (R)-2-(dimethylamino)-2-(2-
chlorophenyl)acetic acid as a colorless oil (0.290 g, 55%). 'H NMR (400 MHz,

25 CD;0D) 8 7.59-7.65 (m, 2H), 7.45-7.53 (m, 2H), 5.40 (s, 1H), 2.87 (s, 6H). LCMS:
Anal. Calcd. for C;oH»CINO,: 213; found: 214 (M+H)".



Condition | Colum = Phenonmenex-Luna 3.0 X 50 mm
SI 011128 PCT 36 Start 98 = 0 Final 98 = 100 G adi ent

WO R0we/162623 mn Stop time = 3 min Flow Rate = 4 PLT/D$2009/033380
Wavel ength = 220 nm Sol vent A = 0. 1% TFA in 10% 11128 PCT
met hanol / 90%H20 Sol vent B = 0. 1% TFA in 90%
met hanol / 10% H20O Condition || 6 | um = Phenonenex- Luna
4.6 X50 mMm SIO Start %8 = 0 Final 98 = 100

Cap-40
O
Cl NH, o HNJ\O/
OH OH
0] O
cap-40

To an ice-cold solution of (R)-(2-chlorophenyl)glycine (1.00 g, 5.38 mmol)

and NaOH (0.862 g, 21.6 mmol) in H,O (5.5 mL) was added methyl chloroformate

5 (1.00 mL, 13.5 mmol) dropwise. The mixture was allowed to stir at 0 °C for 1 hour
and then it was acidified by the addition of conc. HCI1 (2.5 mL). The mixture was
extracted with ethyl acetate (2x) and the combined organic phase was washed (H»O,
brine), dried (Na;SOy), filtered, and concentrated in vacuo to give the title compound
(R)-2-(methoxycarbonylamino)-2-(2-chlorophenyl)acetic acid as a yellow-orange

10 foam (1.31 g, 96%). "H NMR (400 MHz, CD;0D) & 7.39 — 7.43 (m, 2H), 7.29 —
7.31 (m, 2H), 5.69 (s, 1H), 3.65 (s, 3H). LCMS: Anal. Calcd. for C;oHoCINOy:
243; found: 244 (M+H)".

Cap-41

O O
OH OH

15 cap-41

To a suspension of 2-(2-(chloromethyl)phenyl)acetic acid (2.00 g, 10.8 mmol)
in THF (20 mL) was added morpholine (1.89 g, 21.7 mmol) and the solution was
stirred at room temperature for 3 hours. The reaction mixture was then diluted with
ethyl acetate and extracted with H,O (2x). The aqueous phase was lyophilized and

20  the residue was purified by silica gel chromatography (Biotage/ 0-10% methanol-
CH,Cl,) to give the title compound 2-(2-(Morpholinomethyl)phenyl)acetic acid as a
colorless solid (2.22 g, 87%). 'H NMR (400 MHz, CD:0D) & 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 Ci3H7NOs: 235; found: 236 (M+H)".



Gadient time =2 min Stop tine =3 mn Flow Rate = 5
m./ m n Wavel ength = 220 nm Sol vent A = 0.1% TFA in 10%
woredobacmsBd 90%120 Sol vent B = 0.1% TFA in 90% PCT/US2009/033380
met hanol / 10% H20 Condition |11 Col um = XTERRA Clﬁ128PCT

3.0 x 50mm S7 Start 9B = 0 Fiﬁgl %8 = 100 Gradi ent
time =3 mn Stop tine =4 mn°Flow Rate = 4 nL/mn
Wavel ength = 220 nm Solvent A = 0.1% TFA in 10%
nethanoLfQO%ﬁZO

he following examples were similarly prepared using the method described

for Cap-41:
Q LCMS: Anal. Calcd. for
Cap-42 O C14H1oNO;: 233; found:
OH 234 (M+H)".
NO LCMS: Anal. Calcd. for
Cap-43 0 C13H17NO»: 219; found:
OH 220 (M+H)".
Me
N~}Me LCMS: Anal. Calcd. for
Cap-44 O C1iH1sNO»: 193; found:
OH 194 (M+H)".
(\NMe
N\) LCMS: Anal. Calcd. for
Cap—45 O C14H20N2023 248; found:
OH 249 (M+H)".
Cap-45a
<0 <0
NH, HN.__O
e pTsOH salt
_NH
Cap-45a

HMDS (1.85 mL, 8.77 mmol) was added to a suspension of (R)-2-amino-2-
phenylacetic acid p-toluenesulfonate (2.83 g, 8.77 mmol) in CH,Cl, (10 mL) and the
mixture 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

10 was quenched by addition of H,O (5 mL) and the resulting precipitate was filtered,
washed with H,O 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



Solvent B = 0.1% TFA in 90% net hanol / 10% H2011128 PCT

37 A suspension of 10% Pd/C (2.Qg) in nethanol (10 nl)
wormaedesl to a m xture of (R)-2-phenyl gl yci nePC1/082009/033380

66.2 mmol ), formal dehyde (33 nL of 37%wt. in Water)1 PCT

IN HA (30 nL) and net hanol (gg m.), and exposed {31

(60 psi) for 3 hours. The reaction m xture was

filtered through di atomaceous earth (Celite (r)), and

the filtrate was. concentrated in vacuo. The resultin

cr SR FGHEP i8R o Hy QB P0G 2 PUROr S p PR andI o4 58
pr oy datNe @=5m iz, afy) Cap1q, Y=238 # MY f €od@eftl 29AHz, A H)
g). Optical rotation: - 117.qi [c=9.95 nmg/nL in HO

| =586, (m1 FHINMRO T VSO & CBS: il 5oqisim fors@ioH vk 208.08

7. 43 I o N3 ; A
Lo AR yfenlih R 53 B b o
€ OhiirliNGR 1 h80uIRyld fioent=9080wdidr, 109RNthasplal.1%Ca A B=10%r

[ MFH] &+ CLOHI Q s f d 1 017. BH, 3CN

(5. Obr BRI 2 TS R e Al 0B MY
mnutes to a cooled (ice/water) m xture of

(R) - 2- Phenyl gl yci ne (6. 02 g,CC%Q%S nmol ) and met hanol

©\i| ©\/O£|
(0] Y 0]
H, HNYO

2

¢ pTsOH salt (NH
cap-46
10 The desired product was prepared according to the method described for Cap-

45a. 'H NMR (500 MHz, DMSO-ds) 8 ppm 0.96 (t, J=7.17 Hz, 3H) 2.94-3.05 (m,
2H) 5.17 (d, J=7.93 Hz, 1H) 6.05 (t, J/=5.19 Hz, 1H) 6.60 (d, /=7.63 Hz, 1H) 7.26-
7.38 (m, 5H) 12.68 (s, 1H). LCMS: Anal. Calcd. for C;1H14N»O3 222.10 found
223.15 (M+H)". HPLC XTERRA C-18 3.0 x 506 mm, 0 to 100% B over 2 minutes,

15 1 minute hold time, A=90% water, 10% methanol, 0.2% Hs;PO4, B=10% water, 90%
methanol, 0.2% H;PO,4, RT=0.87 min, 90% homogenecity index.

Cap-47
o - T Oun
=z O = O = ©
NH, HNYO HNYO
A N NS
B Cap-47
20 Step I; (R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate: To a stirred

solution of (R)-tert-butyl-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



(100 mL), and stirred for 5 m nutes. Acetal dehyde (10

nm.) was added dropwi se over 10 m nutes and stirring
wor®Ianassd nued at the same cool ed tenperat ure POT/ULH09/033380

m nutes and at anbient tenperature for -6.5 hours. IESePCT

reaction m xture was cool ed b%gk with ice-water bat

treated with water (3 nL) and"then quenched with a

dropwi se addition of concentrated HO over ~ 45

m nutes until _the R of the m xture s 1.5 - 2.0. The
Cbormerantt for add B ol i erttePir iy Reprossurt i
COﬂtHeﬁéB@ﬂln‘%ﬁﬂésicﬁe add ﬂllagman@aﬁylraaétae Eﬁéloﬂ%ﬂg@%glarwats @vashed
rralntlntep m re arou

r ea®ft %OMW@r%CLﬁ@%W rffrﬂeﬁ (MeRPni fﬂmed and congpppigdgnder
r eMp\IGeddpResiii.t @{)&M&Bﬁ?m (ZBFB digRehylhaad)id- ?Heﬁ?l@ce‘iﬁ@was
concentrated i n vacuo. rude materi a

P ecPbiaingd 35 2 vdite ?%(thﬁéﬂ 655%1 andapechy dhaup Birthen pusifipatiops 'H

CapnR1ess08 miu @Mgo\ml 8@@9@3 &, 91@)2 ¥ scéf@)ossﬁhgﬁprw Hz, 1H)
1: 11128 PCT :crop- S d
6 859d.g= ﬁé%ﬁmtﬂ))mqﬁz 41@@5&@ @Mﬁ)AnBlr (glcdy rfBr Ci7t18%:0:

o8l fhntary B 0y R g%%fﬂeﬁ% Lo ofpaho o
- 1020(?/;1 B(w=i ﬁlﬁﬂlxesj-ﬁﬁ)nutedrodrpﬁrﬁe, A=AD26vat&910P%6 frethanol 3G Vo
)FFML‘% 1(0%0 eer. 909 thitanol 0,19 Pea WM Anad0, Gl e ity
index.

Step 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 mmol) in
CH,Cl, (250 mL) was added TFA (15 mL) dropwise and the resulting solution was

15 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
pressure. (R)-2-(3,3-dimethylureido)-2-phenylacetic acid was isolated as a white
solid (0.59g, 86%) and used without further purification. 'H NMR (500 MHz,
DMSO-dg) 6 ppm 2.82 (s, 6H) 5.22 (d, /=7.32 Hz, 1H) 6.58 (d, /=7.32 Hz, 1H) 7.28

20 (t,J=7.17 Hz, 1H) 7.33 (t, /=7.32 Hz, 2H) 7.38-7.43 (m, 2H) 12.65 (s, 1H). LCMS:
Anal. Calcd. for C;1H14N>Os: 222.24; found: 223.21 (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% H3;PO4, B=10% water, 90% methanol, 0.2% H3;PO4, RT=0.75
min, 93% homogencity index.

25



G 2H18NO2: 208.13; found 208.26. Cap-3 Acet al dehyde

(5.0 nL, 89.1 mml) and a suspension of 10% Pd/ C (720
worggooiteeeset hanol /H 20 (4nL/1 nl) was sequent i aPCTUsHdEB3380

to a cooled (~ 15 € mxture of (R)-2-phenylglyci 8128 PCT

(3.096g, 20.48 mmmol ), IN HCA n%go m.) and net hanol rﬁ(l%ﬁ

nm.). The cooling bath was re ed and the reaction

m xture was stirred under a balloon OH 2 for 17

R o TR B R T

f or sadtidnQ(s)-1- M@tn@ 2-pHraylseHp byid qa{/drbalwm (1.6l £00 SARM) and
as needes\%ét hél 0 hout the reaction]. The reaction
i

m xtypig el PRPBiIHHME @? Bikad@dedded syqigpentyl

( CelsbéyRndte 10.46 @DY 1Bl dkdpi® MBSv&A0GaARGERLS%br kikring at
vacuo.” The resulti ng crude material was recrystallized

fro Fﬁ%"éﬁ‘?@ﬁt&ﬁ‘oﬁor 3 Bo%q,, SR Tegstipm wasggneendated gpder reduced pressure
(R) as the Pé@ﬂlklﬁ‘%}eﬁﬁ‘aﬁe %aﬂ?ﬁ@ﬂk}%ﬁfﬁttﬂﬁ a&@dtéj 'E"h% Roaldl IQ}}GP gzas 2

white solid 6, d=2.5

VHz yvashgd yath 1%0(3@@ bgne, drigd (1\@85)3) (ﬁétpreg and Hyncerytrag@f undgigreduced
( m pé@ure %Rg E\Drt(tgﬁylmﬁ lcg%)ope%)tﬂlﬁelﬁw 2- enkqmetat@ g%Qol&tﬁH&i as an
horrogﬂnemﬂ ¢1.32ng1 490 %) @ndvBred Anithbut @8t duriffgtion. 'H NMR (500

10 MHz, CD;CI-D) 6 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, 1H) 7.26-7.38 (m, 5H). LCMS: Anal. Calcd. for C;sH»sN,O5
318.19 found 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% TFA, RT=2.82 min, 96% homogeneity index.

15 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
CH,Cl, (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

20  recrystallized in ethyl acetate/pentanes to yield (R)-2-(3-cyclopentylureido)-2-
phenylacetic acid as a white solid (0.69 g, 64%). "H NMR (500 MHz, DMSO-de) &
ppm 1.17-1.35 (m, 2H) 1.42-1.52 (m, 2H) 1.53-1.64 (m, 2H) 1.67-1.80 (m, 2H) 3.75-
3.89 (m, 1H) 5.17 (d, /=7.93 Hz, 1H) 6.12 (d, J=7.32 Hz, 1H) 6.48 (d, J=7.93 Hz,
1H) 7.24-7.40 (m, SH) 12.73 (s, 1H). LCMS: Anal. Calcd. for C4H;sN»O3: 262.31;

25 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% H3;PO4, B=10%
water, 90% methanol, 0.2% H;PO,4, RT=1.24 min, 100% homogeneity index.

Cap-49

Oy — Y™

30 cap-49




[ MtH + G OH14NC2: 180.10; found 180.18. A suspension
of 10% Pd/ C (536 ng) in nethanol/H 20 (3 nL/1 nL) was

w@eaedoxsss a mi xt ure of PCT/US2009/033380
(R) - 2- (et hyl ami no) - 2- phenyl acetic acid/HA (1. 4929]é 8 PCT
6.918 mmol ), formal dehyde (20 gL of 37%wt. in watdtfS
IN HOJ (20 nL) and net hanol f The reaction

m xture was stirred under a baIIoon OH2 for -72

hour ere.the H2 su s .replenis eeded.

e s eacls bRimRe et SRt R R BSOS e i

ear fim(cGrld ®€ nfl!) Wes adidd tditaldehyide 26.84 WRASITD RGN, e ve
acuo._ The resulting crude materi al Xas

r ec%?‘gf 3 70;" G ethe FEHaY %ﬁﬁrwwc‘f?ﬂg@tem o AP EIE 20

HC nﬁ?&nﬂ a%hlﬁ&ld?pr@(ﬁ ittt iIFbBowia ﬁﬂraﬁ@rgffhdﬁﬁ%ther]liduNWere
opm 40011128 9 M) :

( DVBO-
é br cgllecqeﬂ.wnd fprtgg c?n@mtrztt‘aﬂ urgip’) redqg:eg Bre@syre prpwdmg tl@g:rl{dgp p
br §110d8(!fb Pur@f;rcl@’ﬁori By re§ers§[5'l|)ase Pregffath®HPIC (&@rra 31(-)5( (6P,

n; >95 % oaneneltg i ndex; M5: Anal .
Cal é@:tectlto@ Bt 220w, ﬂo@rrmeﬁé mdgmim §40 3P0 quyeh%jm1r94\=19é)% water, 10

HRIVE; dme“tﬁﬁloi OQa) %ﬁd'A ﬁofo% %Hl B0 Q‘He&@r%% 10/1%r Wigl%gggcé the ttle

found 194 2°n, 41.4
dr opwwieind @- @em&h@@ybm@@ﬂqﬁ@p@ 901d as its TFA salt (723 mg, 33%) as a

10 colorless wax. 'H NMR (300 MHz, DMSO-ds) & ppm 2.75 (s, 3H) 4.04 (s, 2H) 4.34
(s, 2H) 7.29-7.68 (m, 5H). LCMS: Anal. Calcd. for: C;oH13NO, 179.09; Found:
180.20 (M+H)".

Cap-50

~~"
HN o _ . N%(OH
| O ©/\ | o)

15 Cap-50
To a stirred solution of 3-methyl-2-(methylamino)butanoic acid (0.50 g, 3.81

mmol) in water ( 30 mL) was added K,COs3 (2.63 g, 19.1 mmol) 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

20  aqueous layer was concentrated under reduced pressure providing the crude product
which was purified by reverse-phase preparative HPLC (Xterra 30 x 100mm,
detection at 220 nm, flow rate 40 mL/min, 20 to 80% B over 6 min; A= 90% water,
10 % methanol, 0.1% TFA, B=10% water, 90 % methanol, 0.1% TFA) to provide 2-
(benzyl(methyl)amino)-3-methylbutanoic acid, TFA salt (126 mg, 19%) as a

25 colorless wax. "H NMR (500 MHz, DMSO-ds) & ppm 0.98 (d, 3H) 1.07 (d, 3H)
2.33-2.48 (m, 1H) 2.54-2.78 (m, 3H) 3.69 (s, 1H) 4.24 (s, 2H) 7.29-7.65 (m, SH).
LCMS: Anal. Calcd. for: Ci3H;oNO, 221.14; Found: 222.28 (M+H)".



THF (410 nL) sem -solution of (R)-tert-butyl

2- am no- 2- phenyl acetate/ HO (9.877 g, 40.52 mmol) and
walriosomosapyl et hyl ami ne (14.2 L, 81.52 mmol) ORET/US2009/033380

mn, and stirred at simlar tenperature for 5.5 hln 56 PCT

The vol atil e conponent was renpved in vacuo, and t &

resi due was partitioned betwe water (100 nL) and

ethyl acetate (200 nmL). The organic | ayer was washed

with INHO (25 nL) and sat uyat NaHCO3 sol ution (30

m.), dried (MySO ), filtered;”and concentrated in

vacuo. The resultant colorless oil was triturated from

hexanes, filtered and mash@&%%%érlhexanes (100 nL) to

provide (R)-tert-butyl H

2-(nethoxycarbony|anino)-2-$k nylGdicet ate as a white

solid (7.7 Q). 1H NVR ( DMSO , d=2.5 ppm 400 Mz):

7.98 (d, J =8. I 7.37-7.29 (m SQQT 5.09 %E J

—8 | H) , NgCs (1. %3& %& mmol ggas addedypiNaOHI3E anef, M0, 33

O'i’)?Somnen of QQalﬂ?eQ@ @%8?9@ ﬁlﬁlol)rAQ§ ﬁre résgtM@mlﬁ‘n@H was cooled
Calcd [ M+ found

TFAW{th @:erm'c)ter\ba&l a%él@i@d cwp@ém@ @8 n@\L éédl rpigjol) W@wdﬂa@ élrolese
CHZE;\I,e? lg :IIIQIQ ﬁg‘% é Hcfﬂﬁ Q8 %fno%heanﬁ %Vr@ao@i%l? gl%\gre Q4 Etered at
e Ccoo t he

m nut es, ath was renpved an '
r eaembiont tﬁnp@traml@ fwa%25511r| The chaftom RiQtunowasswasBidieich ¢ther (50

depgn(it’ ?}?)t, gn%qhél\ﬁﬁlegl}siplhlase%ts cooled with ice-water bath and acidified with
concentrated HCI to a pH region of 1-2, and extracted with CH,Cl, (50 mL, 3x). The

10  organic phase was dried (MgSO,) and evaporated in vacuo to afford Cap-51 as a
white solid (6 g). "H NMR for the dominant rotamer (DMSO-dg, 5=2.5 ppm, 500
MHz): 12.54 (s, 1H), 7.33 (d, J=8.6, 1H), 3.84 (dd, /=8.4, 6.0, 1H), 3.54 (s, 3H),
2.03 (m, 1H), 0.87 (m, 6H). HRMS: Anal. Calcd. for [M+H]" C;H4NO,: 176.0923;
found 176.0922.

15

Cap-52 (Same as Cap-12)

|
0.0
0

HN
“rJ\OH

Cap-52 was synthesized from L-alanine according to the procedure described
for the synthesis of Cap-51. For characterization purposes, a portion of the crude
20  material was purified by a reverse phase HPLC (H,O/methanol/TFA) to afford Cap-
52 as a colorless viscous oil. "H NMR (DMSO-ds, 5=2.5 ppm, 500 MHz): 12.49 (br
s, 1H), 7.43 (d, J=7.3, 0.88H), 7.09 (app br s, 0.12H), 3.97 (m, 1H), 3.53 (s, 3H),
1.25 (d, J=7.3, 3H).

25 Cap-53 to -64 were prepared from appropriate starting materials according to

the procedure described for the synthesis of Cap-51, with noted modifications if any.



conpl et e,
stirring continued for an additiona
w@ edoativdeas conponent was renoved in vacuo,

an

resulting oi
(15 nL) and hexanes (12 nlL) t
The precipitate was filtered

et her/ hexanes (~1:3 ratio;

addi ti onal TFA (

resi due was treated with diethyl

1.0 nL) was added and
2 hours. The
and 1’¢TB’US2009/033380

provi de a preC|p|t éZSPCT
d washed with diethyl

o

30 nL) and dried in vacuo

to nrnu: Ao Can_ A ao a f!uffy \
CptlcaﬁhPotatlon Strpgigreg [c-% 7 ng/nL in B8 1=589
ngy
nnj Ca;hisbll\/R DVSO-d 6, 11128 gm?qs@ di%psm 24m, 500
MHZ): d 12.84 (br s, IH), 7()6 (d, IH),
7. ziR)7 29 (m 5H), 5.14 (d, \Nﬁsz)sfiuﬁ«y(brslﬁs 14(d, 3H) 7.9,
LC ndp- 1)1 RT=LA mn; >9% ne
LO|IMS: Anal .| Cal cd. for [N%FﬂQé?ﬁgﬁgﬁﬁwji?éyggg§$%§%
210.97; HRMVS Analrd | cd. f orH),BHH|(+GH)HL2NO47 (m, 1H), 1.62-
210. 0766; fopnd . Cap- 1 XL U f (R, _
2-phenyl glycjne (1.4 g,”'6. 62 &%%ﬁ??h§¥gﬁgﬂ%r@ﬁ?@u?%%égr_
(1|57 g, 7.2f ) d Na2C(B.7¢ Znidfteg,Cod®. B; NODII: Armal.
et hanol (40 L) was heated at Cfo h . '
The reaction| m xture was coolé%ggoggﬁwﬁéﬁf(%Qﬁﬁﬁﬁé%Lﬁ§§O@
ang found 184.07. HRMS Calcd. for [M+Na]"
CeH 1 \NNaO,: 184.0586; found 184.0592.
Cap-54a: '"H NMR (DMSO-dg, & = 2.5 ppm, 500
(R) MHz): § 12.48 (s, 1H), 7.58 (d, J = 7.6,
Cap-54b: o 0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H),
S H ] _
(S) /O\H/N o 3.36-3.33 (m, 1H), 1.10-1.01 (m, 1H),
o) 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 Caled. for [M+H]" C;H1,NOy:
174.0766; found 174.0771
Cap-55 '"H NMR (DMSO-dg, & = 2.5 ppm, 500
0 MHz): § 12.62 (s, 1H), 7.42 (d, J = 8.2,
N A
/O\H/N " “oH 0.9H), 7.07 (app s, 0.1H), 5.80-5.72 (m,
0 w 1H), 5.10 (d, J = 17.1, 1H), 5.04 (d, J =
| 10.4, 1H), 4.01-3.96 (m, 1H), 3.53 (s, 3H),
2.47-2.42 (m, 1H), 2.35-2.29 (m, 1H).
Cap-56 'H NMR (DMSO-dg, & = 2.5 ppm, 500
(0]
H . =
/O\H/N\)J\OH MHz): § 12.75 (s, 1H), 7.38 (d, J = 8.3,
o ;\ 0.9H), 6.96 (app s, 0.1H), 4.20-4.16 (m,
? 1H), 3.60-3.55 (m, 2H), 3.54 (s, 3H), 3.24
(s, 3H).




filtered, and the filtrate was concentrated in vacuo.
The residue was di ssolved in ethanol and acidified
wWowak/1023HC to pH 3-4, and the vol atil e conmpoPenUS248%033380
renmoved in vacuo. The resulting crude material was 8 PCT
purified by a reverse phase HPbC (wat er/ net hanol / TRK
to provide the TFA salt of Caa 5 as a sem -viscous

white foam (1.0 g). 1HNMR (DI\/BOd 6, d 2. 5 500 MHz) d
10@9/{;0 bHy 751 (m 5H) 23 3. 34
(af @Brs 2H), 3.05 (app br HW(DMS@S%(ép& oy 500
4H); RT= O 30| m nutes (Cond. I Nig398%s by RobYd s=77
i ndex; LG/ MBS Anal. Calcd. for [?/I'rH] + %D%‘HWGNOg ’
206. 12; found 206.25. Cap-6 Tﬁé)8HFﬁ( 4t/ of ICApo), Wd 8 (d, J
synt hesi zed from (R)-2-phenyl gl _
br gno- 2- ( 2- by onopetthoxy) et haneg by u3| rﬁgnﬁ% het h607d08?H)’
preparati on pf 57 ~HH NVR| ¢RIVEBA2d 6, 008H),3,065097 (hiz )
d 12.20 (br 5, I§), 27.50 (m . %Oi | RWAS)
(app br s, 4H), 3.08 Yapp br @'3)712%%9%53 Cn(’gp@SHB’%'%’,(S’ 3H),
2H)[; RT=0. 32| m nutes (Cond. 11128-1BTTn4 2M),11)39- 8834, 2H), 0.85
LC|MS: Anal .| Calcd. for [MtH|+ Ci : 2,11,
LCI\S: Anal . t PL2RANGS, 2221ty et - 1.9
LC/MS: Anal. Calcd. for [M+H]"
C7H14NO43 17609, found 176.06.
Cap-58 'H NMR (DMSO-ds, 8 = 2.5 ppm, 500
MHz): § 12.63 (brs, 1H), 7.35 (s,1H), 7.31
e (d,J=8.2, 1H), 6.92 (s, 1H), 4.33-4.29
/OTNM OH (m, 1H), 3.54 (s, 3H), 2.54(dd, J = 15.5,
o NH; 5.4, 1H), 2.43 (dd, J = 15.6, 8.0, 1H). RT
0 =0.16 min (Cond. 2); LC/MS: Anal.
Calcd. for |:1\/[‘|‘H:|Jr C6H11N205: 19107,
found 191.14.
Cap-59a: '"H NMR (DMSO-dg, & = 2.5 ppm, 400
(R) MHz): § 12.49 (brs, 1H), 7.40 (d, J = 7.3,
o)
Cap-59b: o. R 0.89H), 7.04 (br s, 0.11H), 4.00-3.95 (m,
>~ OH
(S) o 3H), 1.24 (d,J=7.3,3H), 1.15(t, J = 7.2,
3H). HRMS: Anal. Calcd. for [M+H]"
CsH12NOy4: 162.0766; found 162.0771.
Cap-60 The crude material was purified with a
reverse phase HPLC (H,O/MeOH/TFA) to
afford a colorless viscous oil that
¥ crystallized to a white solid upon exposure
/O\n/N OH
3 ZS to high vacuum. "H NMR (DMSO-dg, & =
2.5 ppm, 400 MHz): 5 12.38 (br s, 1H),
7.74 (s, 0.82H), 7.48 (s, 0.18H), 3.54/3.51
(two s, 3H), 1.30 (m, 2H), 0.98 (m, 2H).




HRVS: Anal .
found 222.1

g,
CH2Cl 2 (200

2- hydr oxy- 2- phenyl acetate ( 10% g

Cal cd.
121.

W@ 200/10d633 sol uti on of p-tol uenesul f onyl
45. 4 mmol ) was added dropwi se to a cooled (-5

mL) solution of (

for [ MtHl + G 2H 6NO3: 222. 1130;
enantioner-1 enantioner-2 A CH2Q 2

chl or i PET/{18206%033380

benzyl o19128 PCT

41.3 mmol ),

triethylamne (5.75 n, 41.3 mol) and

4- gi-rethytanthepyrai-re—{(6-504—g A4 13—me)—white
mai|nt ai ni ng the tenperature pERMS sl Gricds fyr 3TgH
The reactionf was stirred at QQQ N0y %006W: Foundndo.HEEN
stgred in a freezer (-25 0C) (for 14 hours. It was
al I|6W8d/t o thaw t o ambi ent t ¢nipSMAR (PMSEN. haderPmaith
watler (200 nL), IN (100 mgyand, bsipe. (; %) 1H
drijed (MgSO ), fil#er@d, and con%'eﬁ% r'a’{ Q)ds’i n%&a%:% r?’o )
praovi de benzyl~ i VirorR- (1 659I(0XY),ackt (atc@)asiRMS: Anal.
vi gcous oil Wwhiclp solhidified tm@' %ﬁ\gg@ )
The chiral integrity of the pﬁ%%ﬁ-cfof sxt‘lrll}o?6 4kg 0766;
and that product was used f o féne 16281655t ep W t hout
f untther—puriecation—IH-NVRH{DMSO-d—6-—d=2-5,—500————
M2 )CE57.78 (d, J = 8.6, 2H), 7NMRIDYMGOdn 5 T@H)PPIY 409
(m 2H), 6.12 (s, IH), 5.16 (dyu): 512% &rs i) 4.5 407 = 103,
| O 0.6H), 4.05 (d, J = 10.0, 0.4H), 3.62/3.60
/O\H/N\E)J\OH (two singlets, 3H), 3.0 (s, 3H), 2.14-2.05
O AN (m, 1H), 0.95 (d, J = 6.3, 3H), 0.81 (d, J =
6.6, 3H). LC/MS: Anal. Calcd. for [M-
HT CgH14NOy: 188.09; found 188.05.
Cap-63 [Note: the reaction was allowed to run for
longer than what was noted for the general
procedure.] "H NMR (DMSO-dg, 8 =2.5
0
H
m, 400 MHz): 12.21 (br s, 1H), 7.42 (br
/O\n/N o pp ) ( ) (
o s, 1H), 3.50 (s, 3H), 2.02-1.85 (m, 4H),
1.66-1.58 (m, 4H). LC/MS: Anal. Calcd.
for |:1\/['|‘H:|+ CsH14NO4: 188.09; found
188.19.
Cap-64 [Note: the reaction was allowed to run for
longer than what was noted for the general
y O procedure.] "H NMR (DMSO-dg, 3 = 2.5
/O\H/NZ§ kOH ppm, 400 MHz): 12.35 (br s, 1H), 7.77 (s,
o 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 (m, 2H).




(d, J =12.5, IH, 2.39 (s, 3H. RT1=3.00 (Cond. II1);

>90% honogeneity index; LG MS: Anal. Calcd. for [M+H]
WG-2022688NaO 5S: 419. 09; found 419.04. A THF (FGI/IE3009/033380

sol uti on of benzyl 2-phenyl-2-(tosyl oxy)acetate (ﬁﬂi PCT

g, 15.1 mmol), 1-methylpi perazine (3.36 nt, 30.3 18

and N, N-di i sopropyl et hyl am ne %13.2 nm., 75.8 mmol) was

heated at 65 OC for 7 hours. The reaction was all owed

to cool to ambient tenperat é%7g d the volatile

conmponent was renoved in vac he resi due was

partitioned between ethylacetateoand water, and the

organi c | ayer was washed w@ttha er and brlne dri ed

(MSO ), filtered, and condﬁﬁtraté@*ln vacuo. The

resul ting crude material wa® bhi ed by flash

chromat ography (silica gel, ethyl acetate) to provide

benzyl 2Znedyr@idytorhAeras 1’ﬁL| W ﬁlmgr) Rhe a&deaqﬁdpaﬁs% oR&r 5 min
an oranglsh%romn viscous oil (4 g). Chiral HPLC

analysgosled G mafcenixrs HNaaEh 6%1‘14@&: tRAMm e NeQHIRE mis of
a Myl 8@%&612%& @Bi.amha 3ehydRxg-3LBetRAbiftad AL 4 (11028, 7.81

separation of t PCT 42 enanti omers were

ef f awredd Tas réagligromxtrhwagpitiogd éqr Ahain.ching ﬁwmwlwophngl@@l was
L
v SR IR RS ey B0 AL T rescion mivr

was washed with CH,Cl,, and the aqueous phase was cooled with ice-water bath and

acidified with concentrated HCI to a pH region of 1-2. The volatile component was
10 removed in vacuo and the residue was taken up in a 2:1 mixture of MeOH/CH,Cl,
(15 mL) and filtered, and the filterate was rotervaped to afford Cap-65 as a white
semi-viscous foam (1.236 g). "H NMR (DMSO-ds, 8 = 2.5 ppm, 400 MHz):  6.94
(d,J=8.5,0.9H), 6.53 (brs, 0.1H), 3.89 (d, J = 8.8, 1H), 2.94 (s, 3H), 1.15 (s, 3H),
1.13 (s, 3H).
15 Cap-66 and -67 were prepared from appropriate commercially available

starting materials by employing the procedure described for the synthesis of Cap-65.

Cap-66

SN
(0] "
‘OH

20 "H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz): & 12.58 (br s, 1H), 7.07 (d, J =
8.3, 0.13H), 6.81 (d, J = 8.8, 0.67H), 4.10-4.02 (m, 1.15H), 3.91 (dd, J = 9.1, 3.5,
0.85H), 3.56 (s, 3H), 1.09 (d, J = 6.2, 3H). [Note: only the dominant signals of NH

were noted].

25 Cap-67

Yo
O
OH



A, 5cmIDx 50 cmL, 20 mm eluting with 85: 15

Hept ane/ et hanol at 75 nmi/mn, and nonitored at 220 nm
wep@atdoweer -1 (1.474 g ) and enantiomer-2 (2. 2RdBDU§009/033380

were retrieved as viscous oil. 1H NVR (CDC 3, d:71%?28PCT

500 MHz) 7.44-7.40 (m 2H), .?3-7.24 (m 6H)

7.21-7.16 (m 2H), 5.13 (d, 312, 5, IH, 5.08 (d, J=

12.5, IH), 4.02 (s, IH, 2. 65 2.38 (app br s, 8H),

Cndex. - LE MR (NSO oA cs Ppar AQONHHE Y Te3bimaNBBe” 2% (. -
325849).7519und2 82%, Egoﬁomﬁhbml(bl(slﬁ o8k, 338l1¢9 @ 20, 3.54

ei ther enantiomer of benzy é@

net My Ppi. pOB8a%iJi= p-3y3t. :ENB‘ﬁe?’P}Y dpminant(signgls gf NBI were noted].
nmmol ) was added to a suspension of 10% Pd/ C (120 np)
in nmethanol (5.0 nL). The reaction m xture was exposed
fo a balloon of hydrogen, urd@6& careful nonitoring,
for <60 mnutes. Imediately aftgr the conpletion of
the reaction, the catalyst, maﬁ fil tered through

di at omaceous earth (Cellt/e wid othe filtrate was
concentrated in vacuo to praovi p-7, contam nat ed
wi t h phenyl acetic acid as a tan oan1(867 6 ng; nmass

i s above the theoretical yield).%e product was used

for the next step without further purification. 1H NWR
Methyl chloroformate (0.38 ml, 4.9 mmol) was added drop-wise to a mixture

of 1IN NaOH (aq) (9.0 ml, 9.0 mmol), IM NaHCOs (aq) (9.0 ml, 9.0 mol), L-aspartic
acid B-benzyl ester (1.0 g, 4.5 mmol) and Dioxane (9 ml). The reaction mixture was
10 stirred at ambient conditions for 3 hr, and then washed with Ethyl acetate (50 ml, 3x).
The aqueous layer was acidified with 12N HCI to a pH ~ 1-2, and extracted with
ethyl acetate (3 x 50 ml). The combined organic layers were washed with brine,
dried (Na,SO,), filtered, and concentrated in vacuo to afford Cap-68 as a light yellow
oil (1.37g; mass is above theoretical yield, and the product was used without further
15 purification). "H NMR (DMSO-dg, & = 2.5 ppm, 500 MHz): & 12.88 (br s, 1H), 7.55
(d, J =8.5, 1H), 7.40-7.32 (m, SH), 5.13 (d, /= 12.8, 1H), 5.10 (d, J = 12.9, 1H),
4.42-4.38 (m, 1H), 3.55 (s, 3H), 2.87 (dd, J = 16.2, 5.5, 1H), 2.71 (dd, J =16.2, 8.3,
1H). LC (Cond. 2): RT = 1.90 min; LC/MS: Anal. Calcd. For [M+H]" C;3H;sNOs:
282.10; found 282.12.
20
Cap-69a and -69b

\\ Q Cap-69a: (R)-enantiomer
NN \HKOH Cap-69b: (S)-enantiomer

NaCNBH; (2.416 g, 36.5 mmol) was added in batches to a chilled (~15 °C)
water (17 mL)/MeOH (10 mL) solution of alanine (1.338 g, 15.0 mmol). A few
25  minutes later acetaldehyde (4.0 mL, 71.3 mmol) was added drop-wise over 4 min, 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 HCl was added slowly to the reaction mixture until the pH



(DMSO-d6, d=2.5, 500 MHz) d 7.44-7.37 (m 2H),

7.37-7.24 (m 3H), 3.92 (s, IH), 2.63-2.48 (app. br s,
WQR)09/1@2688- 2. 32 (m 6H), 2.19 (s, 3H); RT=0. 31P¢1Z08209/033380

[1); >90% honogeneity index; LC/ MS: Anal. Calcd. fqr128PCT

[MeH] + G SHION2CR: 235.14; foynd 235.15; HRVE: Andl']

Cal cd. for [MeH + G 3H 9N2Q2: '935.1447; found

235.1440. The synthesis of Cap-8 and Cap-9 was

conducted according to the synthesis.o p- by, usi
PPt o> 4 Mepbie avSEH SR HE LAERROSF opiortor T

(1 . @olatild cohiyshemyRirgasved imechoind@aPredidaddas purified with a Dowex
(S)-3-f|uoro(gyrrolidine,f d npdified

Cap-9
condi IVHRE 19 wnreﬁﬁlag%f‘praﬁla?{%ﬂnlgwﬂ%%%ﬂ?deg%w% and the

st ecaRpcuadRal &uﬂe&k@&@ﬁﬁﬂeﬁ\&ﬁomgregﬁé%ﬂr hegnded Ao INHLRT and
PCT 43 % 8 8a: enantioner-1 8b: enantioner-2 The |
&nart? Bhelvaers pdiont ¢ @nobe2-¢ Hes pmpErrhilgiselt BypesgoRis solid. H

2- (&MR (DMSO-ds, 5 =2.5 ppm, 400 MHz): 8 3.44 (q, / = 7.1, 1H), 2.99-2.90 (m,
2H), 2.89-2.80 (m, 2H), 1.23 (d, / = 7.1, 3H), 1.13 (t, J = 7.3, 6H).
Cap-70 to -74x were prepared according to the procedure described for the
synthesis of Cap-69 by employing appropriate starting materials.
10

Cap-70a: '"H NMR (DMSO-dg, & = 2.5 ppm, 400

R) MHz): § 3.42 (q, J = 7.1, 1H), 2.68-2.60

Cap-70b: (S) H o) (m, 4H), 1.53-1.44 (m, 4H), 1.19 (d, J =
/\/Nj)kOH 7.3, 3H), 0.85 (t, J = 7.5, 6H). LC/MS:

Anal. Caled. for [M+H]" CoH,0NO»:
174.15; found 174.13.

Cap-7la: "H NMR (DMSO-dg, 8 =2.5 ppm, 500

(R) MHz): § 3.18-3.14 (m, 1H), 2.84-2.77 (m,

Cap-71b: (S) \j,J)CLOH 2H), 2.76-2.68 (m, 2H), 1.69-1.54 (m, 2H),
1.05 (t, J = 7.2, 6H), 0.91 (t, J = 7.3, 3H).

LC/MS: Anal. Calcd. for [M+H]"
CsH1sNO;: 160.13; found 160.06.

Cap-72 '"H NMR (DMSO-dg, & = 2.5 ppm, 400
- 0 MHz): § 2.77-2.66 (m, 3H), 2.39-2.31 (m,
\/N/\iko'* 2H), 1.94-1.85 (m, 1H), 0.98 (t, J = 7.1,
6H), 0.91 (d, J = 6.5, 3H), 0.85 (d, J = 6.5,

3H). LC/MS: Anal. Caled. for [M+H]"
C9H20N023 174.15; found 174.15.

Cap-73 o "H NMR (DMSO-ds, 8 = 2.5 ppm, 500
~ N, MHz): §9.5 (brs, 1H), 3.77 (dd, J = 10.8,
:\O 4.1,1H), 3.69-3.61 ( m, 2H), 3.26 (s, 3H),

| 2.99-2.88 (m, 4H), 1.13 (t, J = 7.2, 6H).




hydr oxypi peridin-1-yl)-2 -phenyl acetate was effected
by enpl oying the follow ng conditions: the conpound

w@ 29100333 was di ssol ved i n et hanol / hept ane (5 PT/452009/033380
m.). The resulting solution was injected (5
mL/injection) on a chiral HPL% col um (Chiracel OJl,H%sPCT
cmID x 25 cmL, 10 nm elutidg with 80:20
hept ane/ et hanol at 10 nL/m n, nonitored at 220 nm to

pr gvi-de—186-3—+rg—ef—enantioenrpr—L1and 2091 g —of

endft@difer- 2| as 1 ght - yel | ow| il SRR ED¥SOsde FRseppm, 500
benzyl ester|was hydrogenol ysggraceosaiNgy %.8@?@ 1H), 3.81 (t
preparation pf Cap-7 to provilde 2éap-8:k1H %\II\/R Dl\/Bejd ®
6, |d=2.5, 500 NFy) P 40 (d, J<I56.0H)1H)72.3827120, 4iM), 2.63 (dd,

3H), 3.78 (s|I'd) . | H),,_ 2 18102

IH[. 2.20 (m § 2,4),?5162?})(:?"‘,{7}5%(4@%@%-3’
(Cond. 11); P98% ho [ il FolexQ9 (L T/AVB2, 6¢kﬂa[RT 0.125
Callcd. for [M+H] INBIK 0 1236..13

HRVS: Calcd. [for [ MeH + G 3HISHRES (Eﬁ‘é‘&)u%s%g 5y Caled
236.1283. di astereoner-1 di ast@Pemgr €2, THMO;: 189.12; found
di gstereoneric separation of g iznter nmedi at e benzyl
2-((S)-3- fluoropyrrolidin-I| ;’ § phenyl acet at e was

ef flecpeny by aan?yl g the follow ng
N LC/MS: Anal. Calcd. for [M+H]"

CmszNOzi 18817, found 188.21

OH

5 Cap-75, step a

o}
\j\lfko,Bn

OH
NaBH3;CN (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-OBzl HCI (2.0 g, 8.6 mmol).
Acetaldehyde (1.5 ml, 12.5 mmol) was added drop-wise over 5 min, the cooling bath
10  was removed, and the reaction mixture was stirred at ambient condition for 2 hr. The
reaction was carefully quenched with 12N HCI and concentrated in vacuo. The
residue was dissolved in water and purified with a reverse phase HPLC
(MeOH/H,O/TFA) to afford the TFA salt of (R)-benzyl 2-(diethylamino)-3-
hydroxypropanoate as a colorless viscous oil (1.9g). "H NMR (DMSO-dg, 8 =2.5
15 ppm, 500 MHz): § 9.73 (br s, 1H), 7.52-7.36 (m, SH), 5.32 (d, J = 12.2, 1H), 5.27 (d,
J=12.5, 1H), 4.54-4.32 (m, 1H), 4.05-3.97 (m, 2H), 3.43-3.21 (m, 4H), 1.23 (t, J =



conditions: the ester (220 ng) was separated on a

chiral HPLC columm (Chiracel QJH, 0.46 cmID x 25 cm
w@.2009/1008p3 el uting with 95% CO2 / 5% met hanol wWe€TIUS2009/633380

TFA, at 10 bar pressure, 70 nL/mn flow rate, and 8128 PCT

tenperature of 35 0C. The HPLS, elute for the

respective stereiosners was c ﬁcentrated, and the

residue was dissolved in CH O (20 nmL) and mashed with

3's 1u‘?’%oﬁjd7§$t{§5n4é3nﬁ gﬁ’téerm;}aé/%ﬁéﬁ ( C§o W

fil teremdNoanshllsl 28nPET2. %91 concentrated in vacuo to
provide 92.5 ng of fraction- 1 and 59.6 ng of
fraction-2. These benzyl esters were hydrogenol ysed
according to the preparati orwpﬁﬁap 7 to prepare Caps
9a and 9b. di astereoner-1; the sanple is a TFA

§alt as MNeH &‘EW gos &2 o QO30 M a@ﬁdéo # eApdsdd e s B THE (3.0
E'PLEU)' §6lﬂt%n"@"genﬁiﬁh ?djtgké Egﬁ%yﬁﬁgdf&l?}IAmlnéﬁmm&Mag&te

J 5¢). 3;019 |gH} 82634 r@lgol() prepared ﬂtwye a:adgzﬁ pixgipe Wmstlmed )l 5 min.

nd é@? ;?hyg%flf\gg](s 6,%%'_%“0 daé%‘gc@ .gva or ? R}ﬁ-(i—ﬁu-’rfn >9§ﬁ%%& R

224 whil¢ alfoswimgith? Bekh Mﬂla@aparﬁﬂzier(tdblaﬁiﬁc&r dimecac@)n waskdubidRed

18 DN\SV% %&163,’[61' gnc?loaded onto a'\ﬂ/_[lz())H pre- conthlzor]ied MCX (6 g) cartridge, and

washed with methanol followed by compound elution with 2N NHz/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 product was used as is without further purification.
15
Cap-76

)
NaCNBH; (1.60 g, 24.2 mmol) was added in batches to a chilled (~15 °C)
water/MeOH (12 mL each) solution of (S)-4-amino-2-(tert-butoxycarbonylamino)

20  butanoic acid (2.17 g, 9.94 mmol). A few minutes later acetaldehyde (2.7 mL, 48.1
mmol) was added drop-wise over 2 min, 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.
Most of the MeOH component was removed in vacuo, and the remaining mixture

25  was treated with concentrated HCl 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 HCl/dioxane (20 mL) and stirred at ambient condition for 7.5 hr. The
volatile component was removed in vacuo and the residue was purified with Dowex

® 50WX8-100 ion-exchange resin (column was washed with water and the



(m 5H), 5.19 (d of m J =55.9, IH), 3.97 (s, IH),
2.95-2.43 (m 4H), 2.19-1.78 (m 2H). RT=0.44 (Cond.

WO 20000@6885: Anal . Cal cd. for [ MtH + C 2H S5FNO2PCRR&2004/033380
found 224.14. Cap-10 To a solution of D-proline ( 1928PCT
g, 17 mmol) and fornmal dehyde gg 0O mL of 37% wt
H20O in nmethanol (15 nlL) was ded a suspension of 10%
Pd/C (500 ng) in nethanol (5 mL). The m xture was

tirred under .a bal.l ogn rogen. f.or

7 eabt o et e b e RurEAE pREG RSy Sriiibou s

ear 1 of &etkil) t@afR)rd an@meane @sutz-amﬁad-4i-oaiev1f:y¢amm¢)aut@mo/adﬁeas an
&O as an off white solid (2.15 g). 1H NVR (DVBO- d

68 hate seis( INR®)- 3.42 (m 1 H), 3.37 (dd, J =9. 4,

6.1, | H)Me{ﬁ lgerh'lc;of%ﬁne(tmo JdhL, 426561§m62awa§ ﬁadedaro%:lwge év?er 11
(m | 93-1, 84 T=0.

¢ Codn tojy ‘)OOIGQQ‘BWH@FP%%WQ AN Ee(:24 @ f,%@ mjpR) ! Keon (4 Bt
gl _G?_I:I_M%Bb, b Mitkholy afPire 2R prdkidBr (895 .4 F@yinthe k@R mixture was

stirred for 55 min, and then the cooling bath was removed and stirring was continued
for an additional 5.25 hr. The reaction mixture was diluted with equal volume of
water and washed with CH,Cl, (30 mL, 2x), and the aqueous phase was cooled with

10  ice-water bath and acidified with concentrated HCI to a pH region of 2. The volatile
component was then removed iz 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
NH3/MeOH) to afford impure Cap-76 as an off-white solid (704 mg). "H NMR
(MeOH-d., 8 = 3.29 ppm, 400 MHz): 6 3.99 (dd, J = 7.5, 4.7, 1H), 3.62 (s, 3H),

15 3.25-3.06 (m, 6H), 2.18-2.09 (m, 1H), 2.04-1.96 (m, 1H), 1.28 (t,J = 7.3, 6H).
LC/MS: Anal. Caled. for [M+H]" CioHN,Oy: 233.15; found 233.24.

Cap-77a and -77b

O
OH

N
Cap-77a: enantiomer-1
Cap-77b: enantiomer-2
20 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 SN, displacement step, and by
effecting the enantiomeric separation of the intermediate benzyl 2-(7-
azabicyclo[2.2.1]heptan-7-yl)-2-phenylacetate using the following condition: the
intermediate (303.7 mg) was dissolved in ethanol, and the resulting solution was

25 injected on a chiral HPLC column (Chiracel AD-H column, 30 x 250 mm, 5 um)
eluting with 90% CO,-10% EtOH at 70 mL/min, and a temperature of 35 °C to
provide 124.5 mg of enantiomer-1 and 133.8 mg of enantiomer-2. These benzyl
esters were hydrogenolysed according to the preparation of Cap-7 to provide Cap-77:
'H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz): § 7.55 (m, 2H), 7.38-7.30 (m, 3H),



F A mxture of

(2S,4R) - 4-fl uoropyrrolidine-2-carboxylic acid (0.50 g,
w@2@9mvomwB3 , formal dehyde (0.5 nL of 37% wt. i nPERTH2009@33380

N HJ (0.25 nL) and 10941128 PCT 45 Pd/ C (50 ng) iﬂlZSPCT

met hanol (20 nL) was stirred ggder a bal | oon of

hydrogen for 19 hours. The reaCtion m xture was

filtered through di atomaceous earth (Celite(r)) and

the filtr S _concent in 0.. The resjd

was e B e AT 2 BT R B sl b ST Eigpna
?gllvté )6 qxgr(fia. (pj? gm% Lﬁ%l\é[%: Mﬂéll.; egﬁ%foﬁal ngﬁTj(Mg%Ngz:lz:slgbh/B found
538 i HIRYTS: BhegoColattalor BUaH] & 1s1GNG: 22345 find 3338340
(dd, J =25.6, 13.4, IH), 2.85 (s, 3H), 2.60-2.51 (m
IH, 2.39-2.26 (m IH. RT=0.28 (Cond. I1); >98%
honpgenei ty index; LC/ MS: Anfe?-’&Cal cd. for [MH] +
CoHL1FNO2: 148.08; found 148.06. Cap-12 (sane as cap
52) L-Alanine (2.0 g, 22. | }{ was di ssolved in 10%
aqueous sodi um car bonat e ¥Omp50 L), and a THF
(50 nmL) solution of nethyl chl,iprvof or mat e

NaCNBH; (0.5828 g, 9.27 mmol) was added to a mixture of the HCI 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

10  mmol) in MeOH (10 mL), and the semi-heterogeneous mixture was heated at 50 °C
with an oil bath for 20 hr. More (1-ethoxycyclopropoxy)trimethylsilane (150 mg,
0.86 mmol) and NaCNBHj; (52 mg, 0.827 mmol) were added and the reaction
mixture was heated for an additional 3.5 hr. It was then allowed to cool to ambient
temperature and acidified to a ~ pH region of 2 with concentrated HCI, and the

15 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 was filtered off and the filtrate concentrated in vacuo. About 1/3 of the resultant
crude material was purified with a reverse phase HPLC (H,O/MeOH/TFA) to afford
the TFA salt of Cap-78 as a colorless viscous oil (353 mg). "H NMR (DMSO-dg, & =

20 2.5 ppm, 400 MHz; after D,O exchange): & 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
(m, 3H). LC (Cond. 1): RT =0.64 min; LC/MS: Anal. Calcd. for [M+H]"
Ci3H1sNO»: 220.13; found 220.21. HRMS: Anal. Calcd. for [M+H]" Ci3H;sNO»:
220.1338; found 220.1343.

25
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(4.0 m.) was added to it. The reaction m xture was

stirred under anbient conditions for 4.5 hours and
w@omvereesnt ed i n vacuo. The resulting white soPCHUSZ=EI/033380

di ssolved in water and acidified with INHO to alﬁF%§PCT

2-3. The resulting solutions s extracted with et §

acetate (3 x 100 nlL), and the ‘Conbi ned organi c phase

was dried (Na SO ), filtered, and concentrated in

vacuo to provide a colorless oi;9(2.58 g). 500 ng of

this material was purified by#a’ reverse phase HPLC

(H2Q et hanol / TFA) to provide 159 ng of Cap-12 as a

colorless oil . 1H NWMR (DN$C>Hh6 d=2.5, 500 MHz) 7.44

(d, J=I , 0.8H), 7.10 (br sJ 0.PHO9"3.97 (m IH, 3.53

(s, 3H), 1.25 (d, J =7.3, 3H). p-13 A mixture of

L-alanine (2.5 g, 28 mmol ), fornmal dehyde (8.4 g, 37

w. %, INHJ (30 nL) and 10@6@ (500 nmg) in

met hanol (30 nL) was stirred un a hydrogen

at nosphere (50 psi) for 5 hours. "The reaction m xture

vwas filtersd wab bk ihioagiPreeays seal ER,C1C8.0 he) (dlddon Cap-
and the filtrate was concentrated in vacuo to provi de

t he SHA09 grg, 218 mncdplon aboys Shmingintil (Rireetignonixgire pteadned gt of

st apglk BGod Q@@Z'S (Y@ﬁiﬂé’t'@r((p%) %a@édd&ﬂ Grld the Reaboh fRture 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 iz vacuo to
afford a colorless viscous oil.

NaBH;CN (149 mg, 2.25 mmol) was added to a MeOH (5.0 mL) solution of

10  the above crude material and morpholine (500 pL, 5.72 mmol) 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 (MeOH wash; 2.0 N NH3/MeOH clution) and a reverse

15 phase HPLC (H,O/MeOH/TFA) to afford Cap-79 containing unknown amount of
morpholine.

In order to consume the morpholine contaminant, the above material was
dissolved in CH,Cl, (1.5 mL) and treated with Et;N (0.27 mL, 1.94 mmol) followed
by acetic anhydride (0.10 mL, 1.06 mmol) and stirred at ambient condition for 18 hr.

20  THF (1.0 mL) and H»O (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 (MeOH wash; 2.0 N NH3/MeOH elution) to afford impure Cap-
79 as a brown viscous oil, which was used for the next step without further
purification.

25



mass i s above theoretical yield). The product was used

W thout further purification. 1H NVMR (DVSO- d 6, d=2.5,
wo®IM®I3 d 12.1 (br s, IH), 4.06 (q, J=IA | HCT/BS2069/033380
(s, 6H), 1.46 (d, J =7.3, 3H). Cap-14 Cap-14 Stepelgl'lzﬁAPCT
m xture of (R)-(-)-D phenyl glyé ine tert-butyl est

(3.00 g, 12.3 nmol), NaBH 3CN §O. 773 g, 12.3 mol),

KOH (0.690 g, 12.3 mmol) and acetic acid (0.352 ni,

6.15 nmmol) were stirred |Cn %thanﬁ{g at 0 OC. To this

m xture was added gl ut ar i ‘&PdVar#ERY8e (2.23 nL, 12.3

mmol ) dropw se over, 5 mnutes. The reaction mxture

was stirred as i S | owed to warmto anbi ent
tenperature and stirri né}\/vas CORY.-80U98 satiebbier SaME
tenperature for 18 s. The ecal-scent/rRwasesogequent |y
renoved and the resid partltl oned with 10%

aqueous NaOH and et hyI a at The organi ¢ phase was
separated, dried , flltered and concentrated to
dryness $Q@Chf@®0 @ %méfé?ll) veis lad deflisirep-vrige eyqrdp nwaso a cooled
pur bEé %gthgh&tﬁyeed'f%@ ?%&?O%%%%CF% X %XLI;BD 59010 a01d 94gf 44 .98

Primes C- 18, 30 CN- H2O- 0. 1/o
@| Vglmol) and MeOH (300 mL), the cooling bath was removed and the reactlon 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 EtOAc (150 mL)
and saturated NaHCOj solution. The aqueous phase was extracted with EtOAc (150
mL, 2x), and the combined organic phase was dried (MgSO,), filtered, and

10 concentrated in vacuo to afford (S)-1-benzyl 4-methyl 2-aminosuccinate as a
colorless oil (9.706g). "H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz): § 7.40-7.32 (m,
5H), 5.11 (s, 2H), 3.72 (app t, J = 6.6, 1H), 3.55 (s, 3H), 2.68 (dd, J = 15.9, 6.3, 1H),
2.58 (dd, J=15.9, 6.8, 1H), 1.96 (s, 2H). LC (Cond. 1): RT =0.90 min; LC/MS:
Anal. Calcd. for [M+H]" C1oH¢NO,: 238.11; found 238.22.

15 Pb(NOs), (6.06 g, 18.3 mmol) was added over 1 min to a CH,ClI, (80 mL)
solution of (S)-1-benzyl 4-methyl 2-aminosuccinate (4.50 g, 19.0 mmol), 9-bromo-9-
phenyl-9H-fluorene (6.44 g, 20.0 mmol) and Et;N (3.0 mL, 21.5 mmol), and the
heterogencous mixture was stirred at ambient condition for 48 hr. The mixture was
filtered and the filtrate was treated with MgSO, and filtered again, and the final

20 filtrate was concentrated. The resulting crude material was submitted to a Biotage
purification (350 g silica gel, CH,Cl, elution) to afford (S)-1-benzyl 4-methyl 2-(9-
phenyl-9H-fluoren-9-ylamino)succinate as highly viscous colorless oil (7.93 g). 'H
NMR (DMSO-dg, & = 2.5 ppm, 400 MHz): & 7.82 (m, 2H), 7.39-7.13 (m, 16H), 4.71
(d,J=12.4,1H),4.51 (d,J = 12.6, 1H), 3.78 (d, J = 9.1, NH), 3.50 (s, 3H), 2.99 (m,

25 1H), 2.50-2.41 (m, 2H, partially overlapped with solvent). LC (Cond. 1): RT =2.16
min; LC/MS: Anal. Calcd. for [M+H]™ Cs;H,sNO,: 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 °C) THF (50 mL) solution of (S)-1-benzyl 4-methyl 2-(9-
phenyl-9H-fluoren-9-ylamino)succinate (3.907 g, 8.18 mmol) and stirred for ~1 hr.



the internediate ester (2.70 g, 56% as a clear oil.
1H NVR (400 MHz, CDA 3) d 7.53-7.44 (m 3H), 7.40-7.37
W@ 2009262633 3. 87 (d, J= 10.9 Hz, IH) 3.59 (d, JeCT/0S309/033380

Hz, IH), 2.99 (t, J=1 12Hz 2.59 (t, J=1 §8PCT
Hz, IH), 2.07-2.02 (m 2H), 82(d J=1.82 Hz, ;
1.40 (s, 9H). LC Ms: Anal. Cal for G 7TH25NQ2: 275;

found: 276 (M+rH) +. Step 2 : To a stirred solution of

o M DHEHEE R R D e na YRR i thiby mivg. and

r eagtrtiggwal eﬁnuﬁ@d\msmssthrrwml@ aﬂbwﬁgmeeﬁbhﬁgejmﬁb Ala  room
for 4 hours and then it was concentrated tgo dryness to

gi vaenzye{afl@mA%mwa%h@.avﬂthﬁﬁ@r%@h NEd syt 95@aL>u@Pﬁ@f the

I eV efolific @&acﬁflew@a@ AV &1 tRlSadRhé PERIBORESpGitbRed &Qwefen
H2O- 0. 1% TFA). The appropriate fractio

100
her gw@%hbﬂ‘?é%@a?ﬁél watsh Rk Jatlbe O iTEYE 4rwd\9%{f6§@4> fitercd,

The of ES B0 TS aflh &S ‘?ésﬁﬁiq bﬁd@nﬂieﬂhl"{wp AARUNitPd
met hanol and applied to ap ed t 11128 PCT 47

ext Pavagedhd Ooniliqe) ggl éé%(@OQC@e@peS)Tm@f%éﬁﬁﬁ igdhedSipéead 2S/3R

S (T R 5 R

mlL) ylamino)succinate in ~1.0:0.65 ratio ("H NMR). The stereochemistry of the

10  dominant isomer was not determined at this juncture, and the mixture was submitted
to the next step without separation. Partial '"H NMR data (DMSO-ds, & = 2.5 ppm,
400 MHz): major diastercomer, & 4.39 (d, J = 12.3, 1H of CH»), 3.33 (s, 3H,
overlapped with H,O signal), 3.50 (d, / = 10.9, NH), 1.13 (d, J = 7.1, 3H); minor
diastereomer, 0 4.27 (d, J =12.3, 1H of CH>), 3.76 (d, J = 10.9, NH), 3.64 (s, 3H),

15 0.77(d,J=7.0,3H). LC (Cond. 1): RT =2.19 min; LC/MS: Anal. Calcd. for
[M+H]" C3;H30NOy: 492.22; found 492.15.

Diisobutylaluminum hydride (20.57 ml of 1.0 M in hexanes, 20.57 mmol)
was added drop-wise over 10 min to a cooled (-78 °C) THF (120 mL) solution of
(25)-1-benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)succinate (3.37

20 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 H3;PO4/H,0 (250
mL) with stirring, and the mixture was extracted with ether (100 mL, 2x). The
combined organic phase was washed with brine, dried (MgSO,), filtered and
concentrated in vacuo. A silica gel mesh of the crude material was prepared and

25  submitted to chromatography (25% EtOAc/hexanes; gravity elution) to afford 1.1g of
(28,3S)-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-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate containing the
(2S,3R) stereoisomer as an impurity. The later sample was resubmitted to the same

30  column chromatography purification conditions to afford 750 mg of purified material
as a white foam. [Note: the (2S, 3S) isomer elutes before the (2S,3R) isomer under
the above condition]. (2S, 3S) isomer: "H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz):



Product - cont ai ni ng fractions were conbi ned and

concentrated and the residue was taken up in water.
waympholexati on of this solution provided the PCT/U82009/033380

compound (0.492 g, 78% as a light yellow solid. Iil 8 PCT

NVR (DMBO-d 6) d 7.50 (s, 5H),.5.13 (s, IH), 3.09]’(6?

s, 2H), 2.92-2.89 (m 2H), 1.74 (m 4H), 1.48 (br s,

2H). LCO Ms: Anal. Calcd. for C 3H 7NO2: 219; found:

(2%)0_7 #h ﬁﬁbe%m Z?Ey D4Rl ateRs? gqﬂé%sﬁa% JHY A3 (G 3 124, 1H), 421

mi lx(app Ee, S{;ﬁ g.ai oHy,gmﬁqtn,ejlmy I1c%¢,aﬁni{}; (3@105%, (H)Q% Dg gg, 1f®|., 05.@(13,
no -(-)- .1-phenyl et hano . .. 0. nol) an
DIVABH( @reBapngd w t%éhqﬁqmeyt Sigpabi Sty Aok &% i%b LC
) (&g, aggad- 300 hith; ERGUIS( ARa14Caltd. Rr PARHTTE)HAND;:64.45;
once. The resulting solytion was stirred at room

f empand tort- 2. UASeIR) Ajontesr HIMREDMS Qaftel O tHehping, 40 &1Hz): 7.81
di | yt od i t tate, hec b
H g%? O gg)ﬁ.iﬁ}f?.ﬂ@g{ﬁe@?ﬁ, 4, ,Jed1£.l','21%t)x4 2 %B%I{g‘? 49, 1H),

dri 1Tt an oncentrated t
pal é.39&d.Vowl Hl,11H)R.#sh5E tm.éirbt bt apHy)(2SH4a@d, J = 9.0, 8.3, 1H),

gy a8 913 40 ECVALUPKE PUAAFEEN, .
NVRC&KO.OfolH;-H] ™ C31H3oNOs: 464.45; found 464.52.

10 The relative stereochemical assignments of the DIBAL-reduction products
were made based on NOE studies conducted on lactone derivatives prepared from
each isomer by employing the following protocol: LIHMDS (50 pL of 1.0 M/THF,
0.05 mmol) 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,

15 0.135 mmol), and the reaction mixture was stirred at similar temperature for ~2 hr.
The volatile component was removed iz vacuo and the residue was partitioned
between CH,Cl, (30 mL), water (20 mL) and saturated aqueous NH,4CI solution (1
mL). The organic layer was dried (MgSO,), filtered, and concentrated in vacuo, and
the resulting crude material was submitted to a Biotage purification (40 g silica gel;

20 10-15% EtOAc/hexanes) to afford (3S,4S)-4-methyl-3-(9-phenyl-9 H-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
elaborated similarly to (3S,4R)-4-methyl-3-(9-phenyl-9H-fluoren-9-
ylamino)dihydrofuran-2(3H)-one. (3S,4S)-lactone isomer: "H NMR (DMSO-ds, & =

25 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, 1H), ~2.47 (m, 1H, partially
overlapped with solvent signal), 2.16 (m, 1H), 0.27 (d, J = 6.6, 3H). LC (Cond. 1):
RT =1.98 min; LC/MS: Anal. Caled. for [M+Na]" CysH, NNaO,: 378.15; found
378.42. (3S,4R)-lactone isomer: "H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz), 7.89

30 (d,J=7.6,1H),7.85(d,J="7.3, 1H), 7.46-7.20 (m, 11H), 3.95 (dd, J =9.1, 4.8,
1H), 3.76 (d, J = 8.8, 1H), 2.96 (d, J = 3.0, NH), 2.92 (dd, J = 6.8, 3, NCH), 1.55 (m,



cbA3) d 7.53-7.17 (m 10H), 5.95 (g, J =6.6 Hz,

0.5H), 5.94 (q, J =6.6 Hz, 0.5H), 5.41 (s, 0.5H), 5.39
W@ 200900%B) , 1.58 (d, J =6.6 Hz, 1.5H), 1.51 (dPCTUSHNG033380

Hz, 1.5H). Step 2 : (S)-1-Phenylethyl 11128 PCT

(R) - 2-(4-hydroxy-4-nethyl pi per,idin- 1-yl)- 2-

phenyl acetate: To a solution §% (S)-1 -phenyl et hyl

2 bronn 2- phenyl acetate (0.464 g, 1.45 mmol) in THF (8

e hyl in 0..61 4.
f ol |1%\"$§c?%g§ fetp a@%ﬁ ﬁl@@%ﬁ. bﬁ}‘&o: : emt"é)igf\ggpgju%. gged. for
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hour roomtenperature and then it was heated at

55- ebﬁn@@fééiuprebﬁmam@%&aa%@ @Y9$ 512 - 2pB o)), argthe mixture

c Oobﬁgstfn%@%{ érﬁmeﬂpczfﬁdﬂt'icﬁl B ANEN THE [dERA rﬁ\kIu?b \%sh}{én diluted
acetate (30 nlL), washed (H20 x2, brine), dried (M

), PithCahel Ghalrenloeshedyidhwaten 38 mi@’randghﬂ%am@gmly@s
was gRYf iMdses), Ytel%h'a'n& @o&gﬁtra%w l’JBJMQQ Fr?@l%x Hefle &Q&@lﬁét§k¥dl was

acetate exane rovi first -I sone
t heptlmﬁeldewtimmgmgd@@@ 388 ggl; S%CE@Aa@lewnm ite effaad(ISBBrhdnzyl

1Ba|hgg-({glgc%g‘fy\‘lf\%i#&lt%@?fégﬂb)g&gs(l%et@l:ﬂ-®915I1%£y1§99{-ﬁ309e199- 239,
ylamino)butanoate, contaminated with TBDMS based impurities, as a colorless
viscous oil (124.4 mg). (2S,3R)-benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-
fluoren-9-ylamino)butanoate was elaborated similarly to (2S,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate.

15 (28,3S)-silyl ether isomer: "H NMR (DMSO-de, & = 2.5 ppm, 400 MHz), 7.82 (d, J =
4.1, 1H), 7.80 (d, J = 4.0, 1H), 7.38-7.07 (m, 16 H), 4.70 (d, J = 12.4, 1H), 4.42 (d, J
=12.3, 1H), 3.28-3.19 (m, 3H), 2.56 (dd, / = 10.1, 5.5, 1H), 1.61 (m, 1H), 0.90 (d, J
= 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 min): RT = 3.26 min; LC/MS: Anal. Calcd. for [M+H]"

20 CiHyNOsSi: 578.31; found 578.40. (2S,3R)-silyl ether isomer: 'H NMR (DMSO-
de, 8 =2.5 ppm, 400 MHz), 7.82 (d, J = 3.0, 1H), 7.80 (d, J = 3.1, 1H), 7.39-7.10 (m,
16H), 4.66 (d, J =124, 1H), 439 (d, J = 12.4, 1H), 3.61 (dd, J = 9.9, 5.6, 1H), 3.45
(d,J=9.5, 1H),3.41 (dd, J =10, 6.2, 1H), 2.55 (dd, J = 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).

25 A balloon of hydrogen was attached to a mixture of (2S,3S)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (836
mg, 1.447 mmol) and 10% Pd/C (213 mg) in EtOAc (16 mL) and the mixture was
stirred at room temperature for ~ 21 hr, where the balloon was recharged with H, as
necessary. The reaction mixture was diluted with CH,Cl, and filtered through a pad

30 of diatomaceous earth (Celite-545%), and the pad was washed with EtOAc (200 mL),
EtOAc/MeOH (1:1 mixture, 200 mL) and MeOH (750 mL). The combined organic

phase was concentrated, and a silica gel mesh was prepared from the resulting crude



(SR -isoner: 1H NWR (CD3OD) d 7.51-7.45 (m 2H),
7.41-7.25 (m 8H), 5.85 (q, J =6.6 Hz, IH), 4.05 (s,
WO R)09/1@2636- 2. 45 (m 2H), 2.41-2.29 (m 2H), 1.FAF1S2099/033380
(m 4H), 1.38 (d, J =6.6 Hz, 3H), 1.18 (s, 3H). (EGESPCT
Anal . Calcd. for C22H27NGCB: 3%%; found: 354 (MtH) +
(S,S)-isoner: 1HNMR (CD3QD) d®7.41-7.30 (m 5H),

7 20-7.14 (m 3H), 7.06-7.00 (m 2H), 5.85 (g, J =6.6
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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,
6H). Anal. Calcd. for [M+H]" C;;HxsNOsSi: 248.17; found 248.44.

Water (1 mL) and NaOH (0.18 mL of 1.0 M/H,0, 0.18 mmol) were added to
a mixture of (2S,3S)-2-amino-4-(tert-butyldimethylsilyloxy)-3-methylbutanoic acid
(41.9 mg, 0.169 mmol) and Na,CO; (11.9 mg, 0.112 mmol), and sonicated for about
1 min to effect dissolution of reactants. The mixture was then cooled with an ice-
water bath, methyl chloroformate (0.02 mL, 0.259 mmol) was added over 30 s, and
vigorous stirring 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 CH,Cl,
(15 mL, 2x). The combined organic phase was dried (MgSO,), filtered, and
concentrated in vacuo to afford Cap-80a as an off-white solid. (2S,3R)-2-amino-4-
(tert-butyldimethylsilyloxy)-3-methylbutanoic acid was similarly elaborated to Cap-
80b. Cap-80a: '"H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz), 12.57 (br s, 1H), 7.64
(d,/=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),
0.85 (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 [M+Na]"
C1:H,7NNaOsSi: 328.16; found 328.46. Cap-80b: '"H NMR (CDCls, 8 = 7.24 ppm,
400 MHz), 6.00 (br d, J = 6.8, 1H), 4.36 (dd, / = 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, /= 7.1,



solid (0,128 g, 98% . LCMS: Anal. Calcd. for
C 4H19NG3: 249; found: 250 (MtH) +. (R -Ca p-1 6 Step

wa 20008)2683 Phenyl et hyl 2-(2-fl uorophenyl ) acet at BCT/BS2009/033380
m xture of 2- fluorophenyl aceti c acid (5.45 g, BSBéFZSPCT
mol ), (S)-I-phenyl et hanol 2 g, 46.0 mol),
(8.82 g, 46.0 mmvpl ) and DMAP(8 561 g, 4.60 mmol) in
CH2A 2 (100 nlL) was stirred at roomterrperature for 12

hou vent c r t he :
resi %bé) 932? fcglﬁlt)l % @Vﬁﬁt ﬁr@é‘g’t‘aﬁ 18@e Ont fmﬁqhglﬁﬁ\g\éasoﬁ“
wer 834 12 $ovRCF24 93 seRatiateeiodubd V&Iel‘bﬁltﬂlgétﬁ@iﬂﬁouk Ay@Er purification.
back-extracted with ethyl acetate (2x). The conbi ned

organi ¢ phases were washed (H2O, brine), dried
(Na2SO™4), filtered, and conceptsated in vacuo. The
residue was purified by silica gel chr omat ogr aphy
(Bi otage/ 0-20% ethyl acetatg-héxane) to provide the
title conpound as a col orl%/N (8.38 g, 92% . 1H
NVR (400 MHz, CD3CD) d 7. 99X7. 23 ?m 7H) . 7.10-7.04
fm T), 5.85(q, J =6.5 Hz, PH), 3.71 (s, 2H), 1.48

(d, PIJep'fr@d §ccblzd'ing3£t|)the protocol described by Falb et al. Synthetic
Communications 1993, 23, 2839.

Cap-82 to Cap-85
10 Cap-82 to Cap-85 were synthesized from appropriate starting materials
according to the procedure described for Cap-51 or Cap-13. The samples exhibited
similar spectral profiles as that of their enantiomers (i.c., Cap-4, Cap-13, Cap-51 and
Cap-52, respectively).

o_N i /l/ i o N i g g
O Ph 0] o)
Cap-82 Cap-83 Cap-84 Cap-85
15
Cap-86
MeO,CHN
0
III,,(\(
OMe OH

To a mixture of O-methyl-L-threonine (3.0 g, 22.55 mmol), NaOH (0.902 g,

22.55 mmol) in H>O (15 mL) was added CICO;Me (1.74 mL, 22.55 mmol) dropwise

20  at 0°C. The mixture was allowed to stir for 12 h and acidified to pH 1 using 1N HCL.
The aqueous phase was extracted with EtOAc and (2x250 mL) and 10% MeOH in
CH,Cl, (250 mL) and the combined organic phases were concentrated under in vacuo
to afford a colorless oil (4.18 g, 97%) which was of sufficient purity for use in
subsequent steps. 'HNMR (400 MHz, CDCls) 8 4.19 (s, 1H), 3.92-3.97 (m, 1H),

25 3.66 (s, 3H), 1.17(d, J= 7.7 Hz, 3H). LCMS: Anal. Calcd. for C;H13NOs: 191;
found: 190 (M-H)".



Step 2 : (R -((S)-1-Phenyl ethyl)
2-(2-fluorophenyl)-2-(piperidin-l-yl)acetate: To a
w@odoatvwss of (S)-1 -phenyl et hyl PCT/US2009/033380
2-(2-fluorophenyl)acetate (5.00 g, 19.4 mmol ) in T'i"1:28PCT
(1200 nl) at 0 OC was added D%J (6.19 g, 40.7 molh
and the solution was all owed warmto room
tenperature while stirring for 30 mnutes. The
solution was then cooled to -78 0C and a sol ution of
CBr4 (13.5 g, 40.7 mmol ) in Gf“FQFS(loo m.) was added and
the m xture was all owed toe@gHm to -10 OC and stirred
at this tenperature for 2 hours: e reaction mxture
was quenched with saturateg/ad. NHACl and the | ayers
wer e separated. The aqueous | ayer was back-extracted
with ethjda a@eurapéL(l@m))seamd 2.0 %@rmmanN@E@am @8 g, 19.59
pha [ ( - o
fil ?1 eroé)\g,lﬁ Hlﬁgwg{%% 4 ?{[ @i%ea(gﬂ% 3 7tbﬁé§ r 2hfog\lﬁllese at 0°C.
nas Th@luh?edurp waeallavedeo {th. {0318 gnd B8idifikd ool )1 uging INH&CL. The
sol ution S Sti r
The KPR RS b bR Tt LR BT RRAO S S s S bR Greomic
r esphhyes was cqigentfateeldn bycusitd aféad gedloddrs esthlt (0 gl apP8%) which

Bi ot a 0% di et hyl . et her - hexane), r vi
o ShePR Rty T i iepsaapey arhBrRl b Apcg &
a yabboy, 9144 2. 10z QH%%lé’@(s ﬁi)oms Wl49 lomunli)e@os ed 14 (m, 1H),

starting naterial g% Fur
39&96(%§/Hbf14 M&: Ana Calcd for C7H13N05 191; found: 192 (M+H)

18hr &AL
Cap-88
N
7\
= NH

A mixture of L-valine (1.0 g, 8.54 mmol), 3-bromopyridine (1.8 mL, 18.7

15 mmol), K,COs (2.45 g, 17.7 mmol) and Cul (169 mg, 0.887 mmol) in DMSO (10
mL) was heated at 100°C for 12h. The reaction mixture was cooled to rt, poured into
H,0 (ca. 150 mL) and washed with EtOAc (x2). The organic layers were extracted
with a small amount of H,O and the combined aq phases were acidified to ca. pH 2
with 6N HCI. The volume was reduced to about one-third and 20g of cation

20  exchange resin (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 H,O (200 mL), MeOH (200 mL), and then NH; (3M in MeOH, 2X200 mL).
The appropriate fractions was concentrated in vacuo and the residue (ca. 1.1 g) was
dissolved in H,O, frozen and lyophyllized. The title compound was obtained as a

25 foam (1.02 g, 62%). 'HNMR (400 MHz, DMSO-dg) & 8.00 (s, br, 1H), 7.68 — 7.71
(m, 1H), 7.01 (s, br, 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 C1oH14N,0,: 194; found: 195 (M+H)".



di astereoneric m xture (Biotage/ 0-10% di et hyl

et her-toluene) provided the title conpound as a

w@eoloondxwszs oil (0.737 g, 11%. 1H NVR (400 MHzpCTZDSI0D)/033380
d 7.52 (ddd, J =9.4, 7.6, 1.8 Hz, IH), 7.33 - 7.40Q

1), 7.23 - 7.23 (m 4H), 7.02.- 7.23 (m 4H), 5. sélégBPCT

J =6.6 Hz, IH), 4.45 (s, IH, 83 39 - 2.45 (m 4H),

1.52 - 1.58 (m 4H), 1.40 - 1.42 (m IH, 1.38 (d, J

=6.6 Hz, 3H). LCVS: Anal. Cal,cd, for C2l H24FNO2: 341;

found: 342 (MtH)+. Step 3: cap-89

(R)-2-(2-fluorophenyl)-2-(piperidin-l-yl)acetic acid:

A nixture of (R)-((S)-1 -ghelylethyl)

2- (2-fl uorophenyl) - 2- (pi paiiAi A -yl ) acetate (0.737 g,

2.16 mmol ) and 20% Pd(OH) 2/ ~070 g) in ethanol (30

nm.) was hydrogenated at room tenpernat ure and

at nospheric pressure (H2 balloon) for 2 hours. The

sol ut i onAwastutcheh.-plingeld) id Y4 nmol) f5- H)Ibmpmdimiuine@% g, 17.0

S SLGIRERA, S0y U S PSR

col ond M&dstolO(ﬁC(f& 1263 Tge re8@Hn mlz’tﬂulreNMR cpd1I8d o\, poured into

?Di%é ((g3 léﬁ{nLﬁ c{j \’Jva;s%lﬁql_wxﬂ} g&;‘%%ﬁ% }_'ﬁ o:ggaﬁlf}_%}eis‘gw?rﬁ,]extracted

4H) with a8hall bmosnt oﬂHl)O ald 62 cddWin&l, aqPthses WwehRacidiidlto ca. pH 2
with 6N HCI. 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

10 loaded onto a pad of cation exchange resin (Strata) (ca. 25¢g). The pad was washed
with H,O (200 mL), MeOH (200 mL), and then NH; (3M in MeOH, 2x200 mL).
The appropriate fractions was concentrated in vacuo and the residue (ca. 1.1 g) was
dissolved in H,O, frozen and lyophyllized. The title compound was obtained as a
foam (1.02 g, 62%). 'HNMR (400 MHz, CDsOD) showed the mixture to contain

15 valine and the purity could not be estimated. The material was used as is in
subsequent reactions. LCMS: Anal. Calcd. for CoH3N30,: 195; found: 196
(M+H)".

Cap-90

©/\/C02H
20 NMe2

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

C11H15N023 193; found: 192 (M—H)

25 The following caps were prepared according to the method used for

preparation of cap 51 unless noted otherwise:



Cal cd. for G 3HLI6FNO2: 237; found: 238 (M+H)+. Cap-17
(RJ-Cap-1 7 Step 1 : (S)-I-Phenyl et hyl

W@ R)092026d83 hydr oxy- 4- phenyl pi peri din-1-yl)- 2- PCT/US2009/033380
phenyl acetate: To a solution of (S)-1 -phenylethyl 1128 PCT
2- br ono- 2- phenyl acetate (1.50 g, 4.70 mmol ) in THH &95
nm.) was added triethyl am ne (f 31 nm, 9.42 mmuol),
fol l oned by tetrabutyl anmoni umiodide (0.347 g, 0.94

nmol ). The—+eaet qn mxture—was—sHrredat—+room
t enper at uréPfor 5 WMUFes and i t her“GMSol uti on of
4- phenyl 144pRydr pxypi pgcalivee (1. [00cds: AnfACaR®! forl N
THF (5 nl) was agded. Whecoixturel was stirred for 16
hours and then it S diTuted w t Celn)Osa2ét fted: (100
m), washed (H QX2 brine), driethXWe). filtered
and concentrated| The residue was| purified on a silica
gel col um (O 60% et hyl acet at e-hexane) to provide an
appr oxi i erq(gb Bt 0T oSt EFERELS, cang) Bioed
by 1H NMR éepar at i on anqse | SomMers was per?or med
using supercriti :@’\/E\lﬂ chr omat oG EphQ.(2Ri foand el
QJ-H, 30(|x 250mm % et hanol in CE[% 35 00, to
give first the (R -isomer of the title compound
Cap-93 o Cl) LCMS: Anal. Calcd. for
Y o C10H12N2043 224; found:
HN,,,
OH 225 (M+H)".
“ 7
N
Cap-94 O LCMS: Anal. Calcd. for
«N]/\H‘\OH CsH;1N3Oy4: 213; found:
NTNNPOS 214 (M+H)',
o]
Cap-95 i LCMS: Anal. Calcd. for
\O NH O Ci3H7NOy4: 251; found:
WOH 250 (M-H)..
Cap-96 j\ LCMS: Anal. Calcd. for
o NH @) C12HsNOy4: 237; found:
OH 236 (M-H)".
Cap-97 i LCMS: Anal. Calcd. for
\O NH ﬁ\ C9H15NO4§ 201, found:
@ OH 200 (M-HY.




(0.534 g, 27% as a yellow oil and then the
corresponding (S)-isonmer (0.271 g, 14%, also as a
wq@edbooeess | . (S, R)-isonmer: 1H NVR (400 MHz, CD3QDyS09/033380
7.55-7.47 (m 4H), 7.44-7.25 (m 10H), 7.25-7.17 (rp% PCT
IH), 5.88 (q, J—66Hz 53 12 (s, IH), 2.82-214%
I,

| H)
(m IH, 2.64 (dt, J =1 L |H), 2.58-2.52
(m IH, 240(dt J:ILI,25HzIH) 220(dtJ:
12. 1, 4r6He )2 30(e—3=d2 34 -
1.72-1.57 C(’H]QSZH, 1953 (d, J =6.5-EUS! Apgl CE@/SOY
Anal . Callcd. for W%@NCB: 415; fosnNoALR6I; ({‘Mhﬁl)+
(S, S)-isoner: HLNWR (4Q0 , CD3CD d755 .48 (m
2H), 7.4%-7.39 (m 2 .3817.30 Mel)- 7. 25-7. 13
(m 4H), |7.08-7.00 ( H) , 5.88(q, J—66Hz | H),
4.12 (s, HH 2. 05-2.85 (m +H)y 2 68 (dt I3 = | ||
25 Hz, G99 57-2. 82 (m 1H), 2 &12\“\(1%{40031\“124 LI,
2.5 Hz, IIH), 2.25Nddtond =12. 1, 4} Gphiip)lsLigdd- E’@I(é 1
IH), 2.12 (dt, J|=12.1] 4.6 Hz, |r?ﬁ 1.73 °(dd, J=13/86,
3.0 Hz, I|H), 1.64 (d =13.6, 3 )Hi60|3|-§1 (sBHI0 (d,
J =6.6 Hz, 3H). LCMVB:“ARal. Calcd| HANBinf5;
found: 416 (MtH) |+. 11128°®HT 5211122%@%%3’ ' f
1.82 — 1.94 (m, 3H), 1.45
—1.71 (m, 2H).
Cap-99a )CJ)\ "HNMR (400 MHz,
07 NH CD;0D) & 3.88 — 3.94 (m,
Q 1H), 3.60, 3.61 (s, 3H),
COM 2.80 (m, 1H), 2.20 (m 1H),
1.82 — 1.94 (m, 3H), 1.45
—1.71 (m, 2H).
Cap-100 i LCMS: Anal. Calcd. for
SOTONH O C1,H4NOSF: 255; found:
OH 256 (M+H)".
F
Cap-101 LCMS: Anal. Calcd. for

C1 1H13NO43 223; found:

(0]
A
E ~CO,H 222 (M-H).




53 Chiral
time Condition |
wWe2246033mMm  5nrm Sol vent s

SFC Conditions for determning retention
Col umm: Chiral pak AD-H Col um,
90% CO2- 10% net hamoi/Usion$1033380

ﬁIEQZS PCT

0. 19%DEA Tenp: 35 OC Pressure: 150 bar Flow rate:
nm./mn. U nonitored @220 nm9 njection: 1.0 ng/3
nmet hanol Condition Il Col um: iralcel OD-H Col um,
4. 62x50 nm 5mm Sol vents: 90% CO2- 10% net hanol with
0. 19%EA Tenrp+——350CPRressure—156har
Cap-102 T LEMS: Anal. Caled. for
\O l;lH C11H13NO4: 223, found:
CO,H 222 (M-H)
Cap-103 j)\ LCMS: Anal. Calcd. for
\O l;lH C10H12N204§ 224, found:
CO,H 225 (M+H)".
Z "N
. I
Cap-104 _<:>_ "HNMR (400 MHz,
HN CO,H
o CD;0D) & 3.60 (s, 3H),
o)

/ 3.50 —3.53 (m, 1H), 2.66
—2.69 and 2.44 — 2.49 (m,
1H), 1.91 —2.01 (m, 2H),
1.62 — 1.74 (m, 4H), 1.51
—1.62 (m, 2H).

Cap-105 <:>_ "HNMR (400 MHz,

HNi - CO,H

o=<( CD;0D) 5 3.60 (s, 3H),
o)

/ 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).

_ -\ 1
Cap-106 N—<:>—COZH HNMR (400 MHz,
—/ CD:0D) 5 3.16(q, J =
7.3 Hz, 4H), 2.38 - 2.41
Prepared from cis-4- (m, 1H), 2.28 — 2.31 (m,
aminocyclohexane 2H) 1 79 _ 1 89 (m 2H)
carboxylic acid and 1.74 (app, ddd J = 3.5,




Flow rate: 2.0 nL/mn. UV nonitored @220 nm
Injection: 1.0 ng/nL nethanol Cap 17, Step 2;

W@ R)09202683 Hydr oxy- 4- phenyl pi peri di n-1-yl) - 2- phetlyUs06%/033380
c acid: To a solution of (S)-1 -phenyl ethyl 11128 PCT
(R) - 2-(4- hydroxy-4-phenyl pi peridin-|-yl)-2-
phenyl acetate (0.350 g, 0.84 IgHTt)l) i n di chl or onet hane
(5 nm.) was added trifluoroacetic acid ( 1 rrL) and t he

m xture was—stiryed—=a -Henpery gt-ure S
The vol at]i | es \/\E'%C"“Ea‘trﬁg‘?&é‘&ﬂgé’nt ly rel éé 9|¢? %gzzdé‘\éand
the residue was Jblrhb[Bylagabymraever S(gplph‘@scupr EDRHAt | ye
HPLC (Priimesphere C 18, 20 x 10 gr%ﬂ H2Q 0. 1%
TFA) to give the| Pioesdredssgibené >T#A6§ta! £)-Hdz.a
white soljid (O. ZBQlegyntﬁé%l@ofCI&I(;h’S dépal . Calcd. for
G 9H2 1IN@3: 3 11 found: (M+H) +. The fol | ow ng
car boxyl ijc aci ds %R)é‘?‘é’uiﬂ'lé@aiahd"aﬁn optically pure foflm
in a simflar fash Fggedlﬂ’lﬂ:ggghﬁ@& 54 LCVB Conditions for
determ niing retention tine
(MGOH/Hzo/CH2C12
wash; 2 N NH3/MeOH
clution) to afford an oil,
which was dissolved in
CH3CN/H20 and
lyophilized to afford a
tan solid.
Cap-107 0o LCMS: Anal. Calcd. for
«NNOH CgH10N204S: 230; found:
57 NNPON 231 (M+H)",
o]
Cap-108 0o LCMS: Anal. Calcd. for
«NNOH Ci5sH17N304: 303; found:
N" NSO | 304 (M)
ph—' 70'/
Cap-109 j)\ LCMS: Anal. Calcd. for
\O l;lH C10H12N204§ 224, found:
CO,H 225 (M+H)".
7]
N
Cap-110 j)\ LCMS: Anal. Calcd. for
\O l;lH C1oH12N204: 224; found:
CO,H 225 (M+H)".
=
|
N




Condition |I Col um: Phenonenex-Luna 4.6 X 50 mm SI O

Start % B=0O Fi anl % B=I 0011128 PCT 55 Gradi ent Ti ne=4
WOorRewIRdwIs Rat e=4 nlL/ m n Wavel engt h=220 Sol vent PEHLSHN9/033380

nmet hanol - 90% H20O - 0. 1% TFA Sol vent B=90% net haﬁgl  PCT

10% H20 - 0. 1% TFA Condi ti on Ik Col urm: Wt er s- Surf it

4.6 X 50 mm S5 Start % B=O Fi aAl % B=l 0O Gr adi ent

Time=2 mn

Cap-111 9 LCMS: Anal. Calcd. for
\O)J\l;lH C12HgNOgP: 333; found:
<5\002H 334 (M+H)".
Q\P,O
MeO” \OH
Cap-112 9 LCMS: Anal. Calcd. for
\O)I\l;lH Ci3H14N,Oy4: 262; found:
. CO,H 263 (M+H)".
)
NH
Cap-113 LCMS: Anal. Calcd. for
o NH CigH9NOs: 329; found:
- CO,H 330 (M+H)".
OBn
Cap-114 N,Cone "HNMR (400 MHz,
: coH CDCl5) § 4.82 — 4.84 (m,
1H), 4.00 — 4.05 (m, 2H),
3.77 (s, 3H), 2.56 (s, br,
2H)
Cap-115 \/\COZH "HNMR (400 MHz,
NHCO.Me CDCls) & 5.13 (s, br, 1H),
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 "HNMR (400 MHz,
NHcocjaiH CDCly) & 5.10 (d, J = 8.6
Hz, 1H), 3.74 — 3.83 (m,




waoswhRes3 0. 1% TFA Condition |11

FIl ow Rate=4 nlL/ m n Wavel engt h=220 Sol vent A=10%
met hanol - 90% H20O - 0. 1% TFA Sol vent B=90% net hanol -

On 3.0 X 50 nmm Start % B=0O Fi anl % B=I OO G adi ent 28 PCT
Time=2 mn Flow Rate=4 niL/mn g\avel engt h=220 Sol vt
A=10% net hanol - 90% H2O - 0. 296 TFA Sol vent B=90%

met hanol - 10% H20 - 0. 1% TFA11128 PCT 56 Step 1;
(R S) - Bt 241 pyr+ey)—2-—broerpaset ;;ttg: ;ﬁ g
sol ution|of ethy 1H), 3.69 (s, 3H), 2.54 —

Y
1

2.61 (m, 2H), 1.88 (sept, J
=7.0Hz, 1H),0.95(d, J =
7.0 Hz, 6H).

Cap-117 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%
5 TFA in CH,Cl,. After complete reaction as judged by LCMS the solvents were
removed in vacuo and the corresponding TFA salt of the amino acid was

carbamoylated with methyl chloroformate according to the procedure described for

Cap-51.
Cap Structure LCMS

Cap-117 j\ LCMS: Anal. Calcd.
\O NH O for Ci,H5NOy4: 237;

OH found: 238 (M+H)".

Cap-118 j\ LCMS: Anal. Calcd.
SOTONH O for C1oH13NO,S: 243;

OH found: 244 (M+H)".

7 s

Cap-119 j\ LCMS: Anal. Calcd.
A for C10H13NO4Si 243;

found: 244 (M+H)".

Col unmm: Phenp@eTig200$/033380



pyridyl acetate (1.00 g, 6.05 nmmol) in dry THF (150 ni)

at 0 OC under argon was added DBU (0.99 nL, 6.66
worn@b)10263he reaction m xture was all owed to WaP@T/U82009/033380

roomtenperature over 30 minutes and then it was 1128 PCT

cooled to -78 OC. To this m xture was added CBr (21. 33

g, 6.66 mol) and stirring wa

g

conti nued at

-78 0OC for

2 hours. The reaction m xture was then quenched with
sat . ‘" NH4AC—and—the—phases—wereseparated—The
or gani|c ‘fﬁh}gge was washefl (brine), dried 1@@53‘&%‘ Caled.
filtened, andl concentodtesd im vacuo. Th&‘oﬂ@@mmom} 243,
yeIIowoiI wals i mmedi at e rified byl flash .
chr omat ogr aphy (Si (V hefxané- elor'T'yI acet at Bund:244 (YigH) .
provide the tjitle co d ( 1.40 g, 95% as a
sonewhat unstfabl e yel Now oi | . 1H NVR (400 VHz, CDd 3)
d8.62.(dd,J-46 18 , 2H), 745(dd J =4.6, 1.8
Hz, 2H)Capsi224| ( | H) 21-4.29 (m 2H) ,HNMRI 400 MHE,
=7. | |Hz, 3H)| \AnJ&J Cal cd. for @@%8%%6 %%
244; flound: 243 245 v step 20 (R
2-(4-pyridyl)F2-(N, N-di @Hhi no) acet qe1HY 9.63 (s, 3H),
sol utijon of (R S)-ethyl (4-pyridyl)-2-bronoacet at e
(1.40|g, 8.48 nmmol) in DMF (10 nL) at [ octh®-difet- &t tiide
was added di nethylamne (2Min THF, 8.5k, b 18), 1.86 -
2.10 (m, 3H), 1.64 —
1.76 (m, 2H), 1.44 —
1.53 (m, 1H).
Cap-122 0o "HNMR profile is
~ AN - .
O~ "NH similar to that of its
é COH enantiomer, Cap-121.
- (0] .
Cap-123 >_NH O/ LCMS: Anal. Calcd.
o . N?-lzo for C27H26N2063 474;
O. 0 found: 475 (M+H)'.
Q oH
Cap-124

O
N
/1.
Oi/ / OH
O

The hydrochloride salt of L-threonine tert-butyl ester was carbamoylated

according to the procedure for Cap-51. The crude reaction mixture was acidified

with 1N HCI to pH~1 and the mixture was extracted with EtOAc (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 EtOAc-CH,Cl,-

10

MeOH (1:1:0.1) and then the organic phase concentrated in vacuo to give a colorless



mol ). After conpletion of the reaction (as judged by
thin layer chromatography) the volatiles were renoved

WO poovaes8s and t he residue was purified by flashCT/US2009/033380
chr omat ogr aphy (Bi otage, 40+M Si O col umm; 50% 100%128 PCT
et hyl acetate-hexane) to provigge the title con‘pourH
(0.539 g, 31% as a light yelFow oil. 1H NWVR (400 MHz,
CDCA3) d 8.58 (d, J =6.0 Hz, 2H), 7.36 (d, J =6.0 Hz,

2 T AR o Bl S o

20840 dieumsh o 30D ity HINMRSUOPM3z, CD;0OD) 6 4.60 (m, 1H), 4.04 (d, J =
(R S)-2- 4-%’yr| dyl ) -2- (N, N-di net hyl am no) aceti c aci d:
To &0d& Lk} dH96e. [ ROS zegnwLCMs: nal. Calcd. for CsH,NO,: 145;
2- (‘?o'uﬁb(:rli@)(M)kH = (N, N-di met hyl am no) acetate (0.200 g,
0.960 mmol ) 1 nl11128 PCT 57 a m xture of THF-nethanol -H
20 (1:1:1, 6 nmL) was added powdered Li OH (0.120 g,
4.99 mol ) at room tenperat lga?_.lzg'he sol ution was
stirred for 3 hours and then it was acidified to pH 6
using IN HO . The aqueous ghase was washed with ethyl
acetate and then it was Iy ilizgd to give the
di hydrochloride of the title c und as a yell ow
solid (containing LiCl). Th}acuaamodtf@iJ was used as such
'n SUbse"Fou 'c? g]utspesntsieo Sof Pd(OH),, (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-

10 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 C;1H2N»O4:

15 246; found: 247 (M+H)".

Cap-126

//\NMe N//\NMe
N.__ CICO,Me, NaHCO4 =

HN">coH  THP/H0/0°C MeO,CHN™ “COH
c-25 cap-126
This procedure is a modification of that used to prepare Cap-51. Toa

20  suspension of 3-methyl-L-histidine (0.80 g, 4.70 mmol) in THF (10mL) and H,O (10
mL) at 0°C was added NaHCO3 (0.88 g, 10.5 mmol). The resulting mixture was
treated with C1ICO,Me (0.40 mL, 5.20 mmol) and the mixture allowed to stir at 0°C.
After stirring for ca. 2h LCMS showed no starting material remaining. The reaction
was acidified to pH 2 with 6 N HCI.

25 The solvents were removed iz vacuo and the residue was suspended in 20 mL
of 20% MeOH in CH,Cl,. The mixture was filtered and concentrated to give a light
yellow foam (1.21 g,). LCMS and '"H NMR showed the material to be a 9:1 mixture



1H NMR (400 MHz, DVsO-d6) d 8.49 (d, J =5.7 Hz, 2H),

7.34 (d, J =5.7 Hz, 2H), 3.56 (s, IH), 2.21 (s, 6H).
wab@ofiadeBdwWi ng exanpl es were prepared in sim | BET/US2009/033380

fashi on using the nmethod descri bed above; 11128 PCT11128PCT

5811128 PCT 59 Cap-37 cap-37 ep 1; (R S)-Ethyl

2-(quinolin-3-yl)-2-(N, Ndi net’hyl am no) - acetate: A

m xture of ethyl N, N-dinmethyl am noacetate (0.462 g,

U0 6 Gty SH e Ao o TR el s e S AR THE o

Wi t moaﬂgtaﬁceam ofondy), dodlebhes d Hid LIOH 4L B, 10Tmm01) was

r eac xture was t hen heated at 100 OC for

houf4&! g stifEne- itk LGS teae HO%S&rFWIP%M%fPW@
and nﬂﬁh&’fe%s laélﬂﬁeh"%@h 6NNECTENY EHe sB1VR@S re%i@vé@ﬁzt\@%d/\ﬂ tdMS and
ethyl acetate and t he conbi ned organi ¢ phases

her &1 WA é@lﬁ(ﬂﬂz@ abéfquﬁ ef the gytere d'he No@mIpOUNG Wiy itadged as its
and ye @ BaedhfaaliRed with inoreanic salts (1.91 g, >100%). The compound was

used as is in subsequent steps without further purification. "HNMR (400 MHz,

CDs0OD) & 8.84, (s, 1H), 7.35 (s, 1H), 4.52 (dd, / = 5.0, 9.1 Hz, 1H), 3.89 (s, 3H),

3.62 (s, 3H), 3.35(dd, J = 4.5, 15.6 Hz, 1H, partially obscured by solvent), 3.12 (dd,
10  J=9.0,15.6 Hz, 1H).LCMS: Anal. Calcd. for CoH;3N304: 227.09; found: 228.09

(M+H)".
Cap-127
MeN MeN\
<\N]j\ CICO,Me, NaHCO, <\N]\/L
H,N" Yco,H — THF/H0/0°C MeO,CHN™ “CO,H
¢j-26 cap-127

15 Cap-127 was prepared according to the method for Cap-126 above starting from (S)-
2-amino-3-(1-methyl-1H-imidazol-4-yl)propanoic acid (1.11 g, 6.56 mmol),
NaHCOs; (1.21 g, 14.4 mmol) and CICO,Me (0.56 mL, 7.28 mmol). The title
compound was obtained as its HCl salt (1.79 g, >100%) contaminated with inorganic
salts. LCMS and "H NMR showed the presence of ca. 5% of the methyl ester. The

20 crude mixture was used as is without further purification. '"HNMR (400 MHz,
CDs0D) & 8.90 (s, 1H), 7.35 (s, 1H), 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 CoH3N3Ou4:
227.09; found: 228 (M+H)".



vacuo. The residue was purified first by reverse-phase

preparative HPLC (Prinmesphere C 18, 30 x 100mm
WERBOMBIRO- 5 MM NHAOAc) and then by flash PCT/US2009/033380

chromat ogr aphy (Si @2/ hexane-ethyl acetate, 1:1) tlg PCT

provide the title conmpound (O, 1[28 g, 179% as an or Mfe

oil. 1H NWR (400 MHz, CDd 3) d78. 90 (d, J =2.0 Hz,

IH, 832 (d, J =2.0 Hz, IH), 8.03-8.01 (m 2H), 7.77

ddd, J = 1.5 Hz, IH), 7.62 (ddd, J =8.3,

6. s?imf.a@”%Of?%?z% 35 (s, IH), 4.13 (m 2H), 2.22 (s,

6H), 1.15 (t, J =7.0 Hz, 3H). LCMs: Anal. Calhed. for

Ci 5H 8N2C2: cB58; charnd: 259 (M S (R5
B0y P - di e M&éﬁﬁc deill; A

2- (Qui ﬂ i neBsar)/)PrAEf N|
f ( R-S—ethyl sodium ascorbate

- yPIC- 2- %ﬁ L hylagy Doy aget at & 0%8
. and 8 . ) wase heat ed at %259
for 12 h&( §. The sol venf3s renoved in vacuo td”

provi de the di hydrochloride of the title conpound
(0.169 g, 11128 PCT 6§ 100% as a light yellow foam
The unpurified materi aIN S used |rh Ubsequent
Wi t hout1)frm1¢1fzt:|2pur| fi at\ on. Cal cd.N, f

Cl13HH4N2E2+—236:—ound: ( |\/H—|) +.MeOH
2) CICO,Me / NaHCO;
THF-H,0 MeO,CHN™ ~CO,Bn MeO,CHN” ~CO,H
¢j-29 cap-128

Step 1. Preparation of (S)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (cj-
5 27b).

BocHN™ "CO,Bn
cj-27b

To a solution of ¢j-27a (1.01 g, 4.74 mmol), DMAP (58 mg, 0.475 mmol) and
iPrp,NEt (1.7 mL, 9.8 mmol) in CH,Cl, (100 mL) at 0°C was added Cbz-Cl (0.68 mL,
4.83 mmol). The solution was allowed to stir for 4 h at 0°C, washed (IN KHSO,,

10 brine), dried (Na;SOs), filtered, and concentrated in vacuo. The residue was purified
by flash column chromatography (TLC 6:1 hex:EtOAc) to give the title compound
(130 g, 91%) as a colorless oil. 'HNMR (400 MHz, CDCls) 8 7.35 (s, 5H), 5.35 (d,
br, /=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). LCMS: Anal.

15 Caled. for Cy7H,NOy: 303; found: 304 (M+H)'.

Step 2. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-2-(tert-

butoxycarbonylamino)propanoate (cj-28).



B Cap-38 Step 1; (R -((S)- 1-phenylethyl)
2- (di net hyl am no) - 2- (2-fl uor ophenyl ) acetate and

W@ 3)09/1¢2%633 1- phenyl et hyl) PCT/US2009/033380
ﬁ]gghrgt2¥lan1no)-2-(2-f|uorophenyl)acetate. To 11128 PCT
(RS) - 2- (di net hyl am no) - 2- ( 2- fpéorophenyl)acetlc acid
(2.60 g, 13.19 nnnl) DNAP (O 209 g, 1.71 mmol) and

(S)-1-phenyl et hanol 17.15 mol ) in CH2A 2 (40
m.) was added EDCI (3 2 9.\ 17, 15 mmol ) and the
mexevmlemmdtosUN roomtenperature for 12

hours. The sol vent was then ved in vacuo and the
residue partitioned with ethyl hcetate-H 20 The

| ayers were separated, theBahlleo¢®-Brayer was
back-extracted with ethyl acetaﬂm (2x) and the

combi ned_or gani c wer e
dried (NE2&D mrepf@@@wl Z4iRe- be@ﬁwﬁttqnaka@&wm?n%\aa%te (0.50

Theoresd %@1 V@ammsb&bﬁ@l((m%sg bi18rdls) CQBOWHE@EU@Q@O 09
(Blota e/ SOWbdletE{ ether-hexang? The resulting

pur Empland Yado e H & 2k Rmabén RAE-HH H Bbhib At gvasypdded BnBr

£ GV%%E h?@?mﬂ{ogiaﬁ& ﬁlte'n%%u \Jva@v&apﬁlbd%%éb@r Affer IBLCRIE X
100 0.1% Elve first (9S)-

1- phdivated ydw Qcmyelgl.o(ldArfmtlhﬁy |pgmnpn|g NgNy (200 mg) was added and
fl Uﬁéa?ﬁg ‘&r?é’ %9 ﬁﬁlgéd%lel 2O TRO FeaBtionehpo A irk MBI A 1,0 and
- phenet Ay §)- -
shaken. The layers were separated and the aqueous layer extracted 3x with EtOAc
and the combined organic phases washed (H,O x3, brine), dried (Na,SOy), filtered,
10 and concentrated. The residue was purified by flash (Biotage, 40+M 0-5% MeOH in
CH,Cl,; TLC 3% MeOH in CH,Cly) 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. 'HNMR (400 MHz, DMSO-ds) & 7.84 (s, 1H), 7.27 — 7.32 (m, 10H),
15 5.54 (s, 2H), 5.07 (s, 2H), 4.25 (m, 1H), 3.16 (dd, J = 1.0, 5.3 Hz, 1H), 3.06 (dd, J =
5.3, 14.7 Hz), 2.96 (dd, J = 9.1, 14.7 Hz, 1H), 1.31 (s, 9H).
LCMS: Anal. Calcd. for Cy4HxsN4O,: 436; found: 437 (M+H)".

Step 3. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-2-
20  (methoxycarbonylamino)propanoate (cj-29).

Ph—\
N

N, |
N

MeO,CHN™ “CO,Bn
¢j-29
A solution of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-(tert-
butoxycarbonylamino)propanoate (0.52 g, 1.15 mmol) in CH,Cl, was added TFA (4
mL). The mixture was allowed to stir at room temperature for 2h. The mixture was

25  concentrated in vacuo to give a colorless oil which solidified on standing. This



(di net hyl am no) - 2- (2-fl uorophenyl ) -acetate (0.727 g.
18%, both as their TFA salts. (S R -isoner: 1H NWR

W@ 2@9/104633 CD30OD) d 7.65-7.70 (m |H), 7.55-7.P01/(8d9/033380
J =9.4, 8.1, 1.5 Hz, IH), 7.36-7.41 (m 2H), 7.28- 7;_11;’8PCT

(m SH), 6.04 (q, J =6.5 Hz, |Eg, 5.60 (s, |H),
(s, 6H), 1.43 (d, J =6.5 Hz, 3B . LOVS: Anal. Calcd.
for CL8H20FNO 2: 301; found: 302 (MH) +;

(S ST D M RO 0T S0 000, o
g ggm(dll). wab aﬁ@ed&ﬂ;ﬂ&yz@l H?@C@zNLIe K25 inH) 3.25mefd1)( S\ ftek b‘ﬂ)rrmg for
Cal ¢d ﬂfed?lH%‘ﬁ‘% N@%d tapH~2 > PhAY H%%zd Ic'lmmymed B

o B)opzc (HicnBlchW @8t dpadated uh @tk Iaql 91&2@@ Bam¥lel ag alith®t@at dThe
A mxture of (RH(S)- 1-phen

| et
B (BT ek B EBDopE Ay QU S0e. Fiteds and
(1. gélcgntra?édQﬂr VB gl@@g cA0%6:P8 Gb /1, ﬁ@l%,l@ﬁRgs)\lEgégted the

et hanol (30 nlL) was hydrogenated at room tenperature
andPitaves pearinedepifeaddmperity Hphigl paligdieyl while sandiagpisthe phap.

|
SO Eﬂlé &Qtef’i@iswatg glr?e{ahag ?gce%u et H;qgl'%’urlﬁgdt oh. er %Wﬁ]{?{ﬁ, DMSO-

di at onaceous and concentr
vacue S 7TV (s, Igbye7a [We/ g 1 Bz,déhpoRind7.43 (m, ®bl)of.$e6s2H), 5.10

§ON /O PPR, Qar) 5,06 (d,J = 127 Hz, 1H), 432 — 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 CyH»N4O4: 394; found: 395 (M+H)'.

Step 4. Preparation of (S)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-
15 ylpropanoic acid (Cap-128).
HN

N, |
N

MeO,CHN” ~CO,H
Cap-128
(S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-
(methoxycarbonylamino)propanoate (502 mg, 1.11 mmol) was hydrogenated in the
presence of Pd-C (82 mg) in MeOH (5 mL) at atmospheric pressure for 12h. The
20  mixture was filtered through diatomaceous earth (Celite™) and concentrated in vacuo.
(S)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-yl)propanoic 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. "HNMR (400
MHz, DMSO-de) & 12.78 (s, br, 1H), 7.59 (s, 1H), 7.50 (d, / = 8.0 Hz, 1H), 4.19 —
25 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 C7HoN4O4: 214; found: 215 (M+H)".



98% . 1H NWR (400 MHz, CD3OD) d 7.53-7.63 (m 2H),

7.33-7.38 (m 2H), 5.36 (s, IH, 2.86 (s, 6H). LCV:
wo\e@b/102633 cd. for C OHL2FNO2: 197; found: 198 $d/b2009/033380

The S-isomer could be obtained from(S)-((S)-

1-phenyl et hyl ) 2- 11128 PCT

(di met hyl am no) - 2- (2-f | uor oph%orﬁ)yl )acetate TFA salt in

simlar fashion. Cap-39 A m xture of

(R) - (2-chl orophenyl ) gl yci ne 1.62 mmmol),
f or mal dehyde (35% aque ﬁ@ﬁ%@?%O?gﬁpgéﬁ)so n, 3.23
mol ) and 20% Pd@ 2/ C (0.05Q. was hydr ogenat ed at N

room t enpegat ur eN at m)sphep\‘ p{)e,gqs»gfce |\/er2| bal | o/ﬁ
CO,H

for 4 ho r . The sol ution v\i
filtops omcdvai@rraceo Eartb)&é‘@gmete(rmom

concentr, §@d in vacuo. THE“re§ eNéM@)‘é) pwie_ficed by
rever se- c?)'hase preparative IPU'C (Prinesphere C 18,°3¢%°

x 100mm CH3CN-H2O 0. 1% TFA) to gi ve theTFA salt of
thegleptl *Pre%%%&%‘ﬁsf R ez {1042 B 1 AR BRI - (1%{ béazol-1-

chl orophenyl)acetic acid as "a colorless oil (0.290 g,

55%’DPFQNHNWRC(C14€JE)31ME CD3CD) d 7.59-7.65 (m 2H),

7.45-7.53 (m 2H), 5.40 (s, IH),Nf>87 (s, 6H). LQWE:
|

CbzHN” ~CO,H
-31
A suspension of (S)-benzyl 2-oxooxetan-3-ylcarbamate (0.67 g, 3.03 mmol),
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 (benzyloxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic acid (330.1 mg). The
filtrate was concentrated iz vacuo and then triturated with a small amount of CH;CN
(ca. 4 mL) to afford a second crop (43.5 mg). Total yield 370.4 mg (44%). m.p.
165.5 - 168°C. lit m.p. 168.5—169.5 [Vederas etal. J. Am. Chem. Soc. 1985,
107,7105]. "HNMR (400 MHz, CD;0D) & 7.51 (d, J = 2.0, 1H), 7.48 (s, J = 1.5 Hz,
15 1H), 7.24 -7.34 (m, 5H), 6.23 m, 1H), 5.05 (d, 12.7 H, 1H), 5.03 (d, /= 12.7 Hz,
1H), 4.59 — 4.66 (m, 2H), 4.42 — 4.49 (m, 1H). LCMS: Anal. Calcd. for
C14H15N304: 289; found: 290 (M+H)".

Step 2. Preparation of (S)-2-(methoxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic
20 acid (Cap-129).
[}j/
N/

M602CHN COzH
cap-129

(S)-2-(benzyloxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic acid (0.20 g,
0.70 mmol) was hydrogenated in the presence of Pd-C (45 mg) in MeOH (5§ mL) at
atmospheric pressure for 2h. The product appeared to be insoluble in MeOH,



Anal . Calcd. for C OH 2C NO2: 213; found: 214

(M+H) +. 11128 PCT 62 Cap-40 cap-40 To an ice-cold
waetoattvwss of (R)-(2-chl orophenyl) gl yci ne (1. 00PQr/US2088033380

mol ) and NaOH (0.862 g, 21.6 mml) in H20 (5.5

was added net hyl chloro forrratqie(l. 00 m., 13.5 mTa)I)USPCT

dropwi se. The m xture was all d to stir at 0 C for

hour and then it was acidified by the addition of

mL Th t t
o n e f e S i SR BB LATh B ey me
was e dnibgheds §dkon vebs if@erel MR diatorhddebiRr@dh (@eME@) and the

concentrated in vacuo to give the title conmpound
( R) MeOfthistrsdic argenyharantaynesolwiop pap Fropmeny akdiized to
aci glv?:?ﬁ/@llé(@folafﬂvﬁ@g @ngf—‘ 'flﬁ@ﬁ{ht@ﬁal%s QungrﬁioéQl in "ﬂ-I'ﬂN%((fLQO
2H) IOIgLBgld(tlgen coplpd tod)°65 T(oghe @ﬂ-q) le@MﬁS Adslad Na@ 6146 0 mg,
for Gy gmoqga%%ﬂy (%6§1uud° Qi '&)2) %g'ﬁ’er(g%' RotutioraR1 &hsed (ca. 15
min) CICO>Me (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 HCI and poured into
EtOAc. The layers were separated and the aqueous phase extracted with EtOAC
10 (x5). The combined organic layers were washed (brine), dried (Na,SOy), filtered, and
concentrated to give the title compound as a colorless solid (117.8 mg, 79%).
'HNMR (400 MHz, DMSO-de) & 13.04 (s, 1H), 7.63 (d, J = 2.6 Hz, 1H), 7.48 (d, J =
8.1 Hz, 1H), 7.44 (d, J = 1.5 Hz, 1H), 6.19 (app t, J = 2.0 Hz, 1H), 4.47 (dd, J = 3.0,
12.9 Hz, 1H), 4.29 —4.41 (m, 2H), 3.48 (s, 3H). LCMS: Anal. Calcd. for
15 CgHyiN3Oy4: 213; found: 214 (M+H)".

Cap-130

C

AcHN” >CO,H

Cap-130 was prepared by acylation of commercially available (R)-
20  phenylglycine analgous to the procedure given in: Calmes, M.; Daunis, J.; Jacquier,

R.; Verducci, J. Tetrahedron, 1987, 43(10), 2285.

Cap-131

HCl _No PLN
25  Step a: Dimethylcarbamoyl chloride (0.92 mL, 10 mmol) was added slowly to a
solution of (S)-benzyl 2-amino-3-methylbutanoate hydrochloride (2.44 g; 10 mmol)
and Hunig’s base (3.67 mL, 21 mmol) in THF (50 mL). The resulting white

suspension was stirred at room temperature overnight (16 hours) and concentrated



cap-41 To a suspension of

2-(2-(chl oronet hyl ) phenyl )acetic acid (2.00 g, 10.8
woreb)olesds THF (20 nli) was added norphol i ne (1.8BOI/4s$2009/033380

21.7 mmol ) and the solution was stirred at room PCT

tenperature for 3 hours. The %aCtl on mixture was dh&h

diluted with ethyl acetate and“extracted with H20

(2x). The aqueous phase was |yophilized and the

resid rifie lica gel chromatograph
(B BT e 0 D Pyt & op g W RURh B R e gnd water
conppdifidandc (ager(V rw&bl&ldmmrmtnhydraen Ime[gsd)))aﬁlearéd: a@Cdotl céhrated
acol riess solid (2. , 87% HNI\/R %

er ppdycedprepsuig 'E}}ﬁresy%)ngy?l%o WgB Py ed ash4 24

( IS-’|5 cl?rbﬂlatogragl%f @ﬂﬁ CngnﬂfH}l loa'réet%t%élﬁ)l&n NCg) L)Zggﬂ&%égﬁ]agﬁanzs Sx)xg:re

¢ wmnperfteieésmma@wmewi@g R8> ax ainpraoile MR (300
Sc’ia ”M}@zf b‘MsRﬁ gg%rp%gl Q!§4 Q9146 PRLRGD feQCTLO/AHS Q). 1.98-2.15
p-4 p-45a
(m, lH) 2 80 (s, 6H), 5.01-5.09 (m, J=12.44 Hz, 1H), 5.13 (d, /=12.44 Hz, 1H),
6.22 (d, /=8.05 Hz, 1H), 7.26-7.42 (m, 5H). LC (Cond. 1): RT = 1.76 min; MS:
Anal. Caled. for [M+H]" Ci6H2N»Os: 279.17; found 279.03.
10
Step b: To a MeOH (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 N, (3x) and placed under 1 atm of H,. The mixture was stirred at room
temperature overnight and filtered though a microfiber filter to remove the catalyst.
15 The resulting clear solution was then concentrated under reduced pressure to obtain
1.43 g (89%) of Cap-131 as a white foam, which was used without further
purification. 'H NMR (500 MHz, DMSO-d) 8 ppm 0.87 (d, J=4.27 Hz, 3H), 0.88
(d, /=3.97 Hz, 3H), 1.93-2.11 (m, 1H), 2.80 (s, 6H), 3.90 (dd, /=8.39, 6.87 Hz, 1H),
5.93 (d, /=8.54 Hz, 1H), 12.36 (s, IH). LC (Cond. 1): RT = 0.33 min; MS: Anal.
20 Caled. for [M+H]" CgH;7N,Os: 189.12; found 189.04.

Cap-132

OH
o}

HN.__O
NH. Y

HCl PLIN
Cap-132 was prepared from (S)-benzyl 2-aminopropanoate hydrochloride
25 according to the method described for Cap-131. "H NMR (500 MHz, DMSO-d¢) &
ppm 1.27 (d, J=7.32 Hz, 3H), 2.80 (s, 6H), 4.06 (qt, 1H), 6.36 (d, /=7.32 Hz, 1H),
12.27 (s, 1H). LC (Cond. 1): RT =0.15 min; MS: Anal. Calcd. for [M+H]"
CeH13N,03: 161.09; found 161.00.
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HVDS (1.85 ni, 8.77 mmol) was added to a suspensi on of
(R)-2-am no-2- phenyl acetic acid p-tol uenesul fonate

W@ 200830433 8. 77 mmol ) in CH2A 2 (10 nL) and theP(E‘ﬂ“/IdSZDDSG’033380
was stirred at roomtenperature for 30 m nutes. h% PCT
i socyanate (0.5 g, 8.77 mol) vgas added i n one por f
stirring continued for 30 nmi nlfPes. The reaction was
guenched by addition OFH20 (5 L) and the resulting
precipitate was filtered, egvmth H20O and
n- hexanes, and dried under ddh
(R)-2-(3-nethyl ureidp)-o phenyl acetia acid (1.5 g; 82
% .was recovered as/gﬂhé e soljd dt was usedl11128
PCT 64 without furthennpurificati omn JdH NVR (500 MHz,
DVBO- (16) d ppm 2. 54 (dncd=4.88 Hz, 3H) 5.17 (d,
J=7.93 Hz, IH) 5.95 (q, J=4.48 Hz, IH 6566 (d, J=7.93
Hz, IH) Qa2 633ryB8®répayed Stdm (BA-1G7bi(tgl, 2- ztﬂi-i)lo 3@y Ibvimadate

08, 08. f
L B iR ANB DR 1ot e s 1 By A Fsgeriged for
B NaLesy. ElHNMRJ(S@OMHﬂ HMs&%ﬁ&ﬂ% wactef 61:@%1z 6H) 197 2.10
nmet hanol, 0.1% er, 90% ne
TFAMEFL. 3.85(dg. %n %139 §(95/0Hr¥o}‘%)géﬂé14t1§3 (Plnél%)e A 2@é'p25461 1H> 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
0] OH
OH — O
NH, HN \|¢O
10 SN

Cap-134 was prepared from (S)-diethyl alanine and methyl chloroformate
according to the method described for Cap-51. "H NMR (500 MHz, DMSO-dg) &
ppm 0.72-0.89 (m, 6H), 1.15-1.38 (m, 4H), 1.54-1.66 (m, 1H), 3.46-3.63 (m, 3H),
4.09 (dd, J = 8.85, 5.19 Hz, 1H), 7.24 (d, J = 8.85 Hz, 1H), 12.55 (s, 1H). LC

15 (Cond. 2): RT =0.66 min; LC/MS: Anal. Calcd. for [M+H]" CoH sNOy: 204.12;
found 204.02.

20 AN

A solution of D-2-amino-(4-fluorophenyl)acetic acid (338 mg, 2.00 mmol),
LN HCl 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 HCI salt
25 of Cap-135 as a white foam (316 mg, 80%). 'H NMR (300 MHz, MeOH-d,) & 7.59



cap-46 The desired product was prepared according to

the nmet hod descri bed for Cap- 45a. 1H NWVR (500 MHz,
woOrE1as33 d ppm 0.96 (t, J=IA Hz, 3H) 2.94- 3. PGI/{§3009/033380

2H) 5.17 (d, J=7.93 Hz, IH) 6.05 (t, J=5.19 Hz, | 128PCT

6.60 (d, J=7.63 Hz, IFD 7.26- 7.38 (m 5H) 12. 68 (

IH). LOVS: Anal. Calcd. for cHY 14N2C8 222.10 found

223. 15 (MtH) +. HPLC XTERRA C- 18 3.0 x 506 mm O to

et BT 2870t RHROTE 2200 Lo B30 (D S G » 38
m%éI Izw@dr br 503125’/0RI-I3 B@@Eﬁlg?&ﬂ&mgmm %W/%dﬂgigte@?nﬁdetxyLRMS:
I ndex. uty

" Bl Gl fy el dopta SRk SEMEREE R A st i rr e
solution of (R)-tert-butyl-2-am no-2-phenyl acetate
(1.0 g, 4.10 mmol ) and Huni g:éls base (1.79 niL, 10.25
Aol ) in DMF (40 nL) was addéd-‘dfnet hyl car banoyl
chloride (0.38 nL, 4.18 mmol )y drapwi se over 10
mnutes. After stirring at o@ml(lZS PCT 65

N OH

To a cooled (-50 °C) suspension of 1-benzyl-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 -
10 50 °C, dry carbon dioxide (passed through Drierite) was bubbled into the reaction
mixture for 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 pH
=3, cooled, and induced to crystallize with scratching. Filtration of this precipitate
15 gave a white solid which was suspended in methanol, treated with 1N HCl/diethyl
ether (4 mL) and concentrated in vacuo. Lyophilization of the residue from water (5
mL) afforded the HCI salt of Cap-136 as a white solid (817 mg, 40%). "H NMR (300
MHz, DMSO-d¢) & 7.94 (d, J=1.5Hz, 1H), 7.71 (d, /= 1.5 Hz, 1H), 7.50-7.31 (m,
5H), 5.77 (s, 2H); R; = 0.51 min (Cond.-MS-W5); 95% homogenity index; LRMS:
20 Anal. Calc. for [M+H]" C;H»N,0,: 203.08; found: 203.11.

Cap-137

\CN

=N

CO,H

25



tenperature for 3 hours, the reaction was concentrated

under reduced pressure and the resulting residue was
wale@sob2ssl i n ethyl acetate. The organi c | ayerP@EBS2009/033380

washed with H2O, IN ag. HO and brine, dried (NQSQI)MSPCT

filtered and concentrat ed undie([§ reduced pressure.

(R -tert-butyl 2-(3,3-dinethylureido)-2-phenyl acetate

was obtained as a white solid ( 0.86 g; 75% and used

wi t hout further purlflcatlon 7’LH NVR (500 MHz, DWMSO-d

6) d ppm 1.33 (s, 9H) 2.85%437 i 9s. 17(d J=7.63 Hz,

IH 6.55 (d, J=7.32 Hz, | R 41 (m 5H). LQOWE:

Anal . Calcd. for G 5H22N2 78,16 found 279. 23

(MtH) +; HPLC Phenonenex LU 18 4.6 x 50 mm O to

100% B over 4 mnutes, 1 mn ohold tine, A=90%

wat er, 10% net hanol, 0.1% TFA=B=10% water, 90%

nmet hanol , 0.1% TFA, RT=2.26 mn, 97% honogeneity

i ndex. Step 2 ;

(R -2-( 3A3usqbb11rsfertnh5f I1tcﬂlkirdé)cya@optsheuiwlme61880ngdi0§9:mﬁﬁd; prepared

tirred so I .

S SRR ey B R P Kt 1 00gmmg)- siv

mm fporide (22, 1. @bAmol)) bva&StealddEﬂp%ﬁli(lébﬁallxﬂj)lm dichloride (10

O B A e O R 000 B

pr egioRAdeai EALOWEdePhitrS Ul dsMRated at 80 °C for 16 h before it was cooled to

25 °C and treated with saturated, aqueous potassium fluoride solution with vigorous

10 stirring for 1 h. The mixture was partitioned between ethyl acetate and water and the
organic phase was separated, washed with brine, dried over Na,SO,, filtered and
concentrated. Purification of the residue on silica gel (elution with 0% to 30% ethyl
acetate/hexanes) afforded Cap-137, step a as a white solid which was used as is (230
mg, 105%). R;=1.95 min (Cond.-MS-W2); 90% homogeneity index; LRMS: Anal.

15 Calc. for [M+H]" Ci4HgN,O: 221.07; found: 221.12.

Cap-137
~CN
N
COH
To a suspension of Cap 137, step a, (110 mg, 0.50 mmol) and sodium
20  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 mmol).
The 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
25 Na,SOy filtered and concentrated. Trituration of the residue with hexanes afforded
Cap-137 (55 mg, 55%) as a grayish-colored solid. R;=1.10 min (Cond.-MS-W2);
90% homogeneity index; LCMS: Anal. Calc. for [M+H]" C;;HsN,O,: 200.08;
found: 200.08.



with a mxture of EtQAC : Hexanes (5:20), filtered off
and dried under reduced pressure.

W@ R)09202633 3- di net hyl ur ei do) - 2- phenyl aceti ¢ aci PCTES2009/033380
isolated as a white solid (0.59g, 86% and used
wi thout further purification. 1H NVR (500 M, DvVEG!EP PCT
6) d ppm2.82 (s, 6H) 5.22 (d,7J=7.32 Hz, IH 6.58 (d,
J=7.32 Hz, IH) 7.28 (t, J=IA Hz, IH 733(t J=7.32
H22H)738743(m2|—|) H). LCMS: Anal.
Calcd. for CnH 4N20B: 225"1924’%?1‘008% 223.21 (M+H) +.
HPLC XTERRA C 18 3.0 x 50 nm O to 100% B over 2

utes, 1 mnute hoI time, A=90% water, 10%

mat ﬁé‘ﬁ%?“c Syatsgy- el AB=109% wat er, 90% et hanol , 0. 2%
H3PO4, RT=0.75 m n, 93% honogenei ty i ndex. Cap-48
Cap- 4811128 PCT 66 Step 1; (R)-tert-butyl

enyl acetate:?” To a sti rréd

2-(3 clopentypureldo) 2-
sol u&@;)fﬁigﬁl? infa@a 2 y| ameti c SNNaOH S
hydr i e /Pg oY1 - ThifH A paSe (rro7"
gL, 6.15 ABEY%:in DVF (15 nl) was added cyol opentyl o
Cap-138
o
~
=N
CO,H
10 Cap-138, step a
N

To a stirred suspension of 5-hydroxisoquinoline (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

15  diethyl azodicarboxylate (3.0 mL, 16.5 mmol) portionwise. The mixture was stirred
at room temperature for 20 h before it was diluted with ethyl acetate and washed with
brine, dried over Na,SQ,, filtered and concentrated. The residue was preabsorbed
onto silica gel and purified (elution with 40% ethyl acetate/hexanes) to afford Cap-
138, step a as a light yellow solid (1.00 g, 45%). "H NMR (CDCl;, 500 MHz) & 9.19

20 (s, 1H), 8.51(d, J=6.0 Hz, 1H), 7.99 (d, /= 6.0 Hz, 1H), 7.52-7.50 (m, 2H), 7.00-
6.99 (m, 1H), 4.01 (s, 3H); R¢=0.66 min (Cond. D2); 95% homogeneity index;
LCMS: Anal. Calc. for [M+H]™ CioHioNO: 160.08; found 160.10.

Cap-138, step b

X
@Q*
25 ZNo”



I socyanate (0.46 nL, 4.10 mmol) dropw se and over 10

m nutes. After stirring at roomtenperature for 3
whowpag26she reacti on was concentrated under r epPCIVES2009/033380

pressure and the resulting residue was traken up Hg 8 PCT

et hyl acetate. The organic Ia%/@r was washed wth &

and brine, dried (MSO ), filté€re and concentrated

under reduced pressure. (R) tert- butyl

2-(3-cyc ent yl urei do | a tat bt ai ned

oo o bR S OB R G G St Hipd G ous

f ur HReloroettiahé @mtmlglv)mé rob?h t%lgfﬁeléﬁa&gw&glﬂd%d?m@cma%op&bgﬁmc

3 8901& é77&¢8(3(4@]g, % noge pqr{lnﬁn 7:%65 ing gtlr(qﬂ fogi% h, powdered

staW carlforh© @2.0 %%as@d@&@ﬁ“&@m&%ﬁe Qvas {iprea dordLiPat2dom
(M+ +; HPLC XTERRA C-18 3.0 X to 100% B over

A nicHpeeire befpsediyas fHisred apd ﬁ@cemsa@d% m@ré (Cap4g8pstep b as a
nEt Bﬁ%ﬁ%’ellov@ st wikiéh w%ﬂiﬁ%léﬂﬁg/ Bline t @%W@l 15 zéj 83%0,). 'H

m n, 96% honogeneity
( R) NMR @Q@bl‘l@@éﬁﬁ@lﬁuﬁéii étb)lil %Herﬂﬁ)a&ék (dd, ét i’ch; le{ZalH)

T b M el 1SR T g0 50 -
rmol7)8 Hz) ll?—llzﬂOZs ,(25; Rrk)0.92asina@tbed -TBAY(4 hmlnb)geanjg ;n(;le? e
15 gf: i%??f gﬂr%ﬁpﬂﬁ@mé gﬂ \rln\fp@r%ature for

6 hours. The
Cap-138, step c

3G
N
CN
To a stirred solution of Cap 138, step b (0.70 g, 4.00 mmol) and triethylamine
15 (1.1 mL, 8.00 mmol) in dry acetonitrile (20 mL) at room temperature under nitrogen
was added trimethylsilylcyanide (1.60 mL, 12.00 mmol). The mixture was heated at
75 °C for 20 h before it was cooled to room temperature, diluted with ethyl acetate
and washed with saturated sodium bicarbonate solution and brine prior to drying over
Na,SO,4 and solvent concentration. The residue was flash chromatographed on silica
20  gel (elution with 5% ethyl acetate/hexanes) to 25% ethyl acetate/hexanes to afford
Cap-138, step ¢ (498.7 mg) as a white, crystalline solid along with 223 mg of
additional Cap-138, step ¢ recovered from the filtrate. "H NMR (CDCl;, 500 MHz) &
8.63 (d,J=5.5Hz, 1H), 8.26 (d, /= 5.5 Hz, 1H), 7.88 (d, /= 8.5 Hz, 1H), 7.69 (t, J
=8.0 Hz, 1H), 7.08 (d, /=7.5 Hz, 1H), 4.04 (s, 3H); R¢= 1.75 min, (Cond.-D1); 90%
25 homogeneity index; LCMS: Anal. Calc. for [M+H]" C;;HoN,O: 185.07; found:
185.10.
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vol atil e conponents were renoved under reduced

pressure and the crude product was recrystallized in
weedhhomset at e/ pentanes to yield PCT/US2009/033380

(R) -2-(3-cycl opentyl ureido)-2- phenylacetic acid gﬁ ?%PCT

white solid (0.69 g, 64%. 1H NMR (500 MHz, DVBO dl}

ppm 1.17-1.35 (m 2H) 1.42-1. (m 2H) 1.53-1.64 (m

2H 1.67-1.80 (m 2H) 3.75- 3.89 (m IH 5.17 (d, J

=7.93 Hz, IH) 6.12 (d, J =7'c%21§|§’ IH) 6.48 (d, J

=7.93 Hz, IH) 7.24-7.40 (m “8A)'°12.73 (s, IH. LCVE:

Anal . Calcd. for G 4H18N2C3> 262. 31; found: 263 .15

(MrH) +. HPLC XTERRA C-18 3. A x.§0 mm 0 to 100% B over

2 mnutes, 1 mnute hold ti AN90% water, 10%

met hanol , 0.2% H3PO4, B= 10% er, 90% met hanol , 0.2%

H3PO4, RT=lI. 24 mn, 100% honog@meity i ndex. Cap-49

ga?bg?}%; Zslﬁéc;vl-tapgz OITZgS aCI t In%r%o gwgsotlru w1th §1Y30d1um hydroxide

f or galatichqil Glm{.9 Andthy ras@Sn@ddpshsion Wﬁh&@dﬁ%ﬂ 85 (G R4 hytooled to

30 x5 i o Sl kot i o el el e o ghe

organic phase was separated, washed with brine, dried over Na,SQ,, concentrated to
Y4 volume and filtered to afford Cap-138 as a yellow solid (0.44g, 88.9%). 'H NMR
(DMSO-dg, 400 MHz) & 13.6 (brs, 1H), 8.56 (d, /= 6.0 Hz, 1H), 8.16 (d, / = 6.0
Hz, 1H), 8.06 (d, /= 8.8 Hz, 1H), 7.71-7.67 (m, 1H), 7.30 (d, /= 8.0 Hz, 1H), 4.02

10 (s, 3H); R¢=0.70 min (Cond.-D1); 95% homogenity index; LCMS: Anal. Calc. for
[M+H]" C1H1oNOs: 204.07; found: 204.05.

Synthetic Strategy. Method B (derived from Tetrahedron Letters, 2001, 42, 6707).
| | |

o) ol
Xy KCN, dpppe © Xy 5N NaOH A
_N Pd(OAc), N _N
TMEDA, 150°C

Cl toluene CN CO,H
WO 2003/ 099274

15

Cap-139, step a
N
20 CN
To 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



mL and a white solid precipitated. Foll ow ng
filtration, the nother |iquors were collected and

wo eoovhexs3zoncent rat ed under reduced pressure pPOVUSI0NY033380
the crude product. Purification by reverse-phase 1 CT
preparative HPLC (Xterra 30 X1 00 mm detection at V20l
nm flowrate 35 nL/mn, 0 to 35%B over 8 mn; A= 90%
water, 10 % nethanol, 0.1% TFA, B= 10% water, 90 %

et S et A OArRR Gl SR SRR

( 72&nﬁﬁeth§’a13ﬁﬁ/1ea@duanlﬁ@{mzr9l B8ES. mmmoﬂ) HThMial(\s&QeMdz heated at
DNBOdOG%P pm 2. 75 (s, 3H) 2H) 4.34 (s, H?
7. 28307 Glpr @?ﬂ[‘) angfhen plisvrsd topeel tO?éaﬁcé['hef"éPtlon@@PH%N@Zd uted

17908 ’ethl}:lpéé@gte ngsq)le@glltﬁ Mﬁ@ Knd ]:g’ﬁlg (ﬁ%dg@& I\@QS@P fiftered and

stirred solution of 3-net fy ‘iimethy ami no) but anoi ¢
aci eorcentsledg Theregitluened furifivd wasidea ¢el soting yithak evded

Kz%e(a%e/ﬁ% lg:f_ td-950% ¢ c):ta%ﬂlgxgl%pﬁ)ya!ffogdj&'% 1 fbest ap1 o 32a @hite

erea lon mxture was stirred
anbi@iit(66%eTmey. AHUNEIRf (GDCIS SHoMits) 5 Thet ([dede biodhz, X t8u2ed, J

was_gxf 1 aqhsd, W Lh, ethl, aaetane {30 Thy % A @@ bhe, i),
3.98 (s, 3H); R;=1.66 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc.
10 for [M+H]" C1;HoN,O: 185.07; found: 185.20.

Cap-139

A X

N
COH
Cap-139 was prepared from the basic hydrolysis of Cap-139, step a with 5N
15 NaOH according to the procedure described for Cap 138. "H NMR (400 MHz,
DMSO-deg) 8 13.63 (v brs, 1H), 8.60 (d, /=9.3 Hz, 1H), 8.45 (d, /= 5.6 Hz, 1H),
7.95(d,J=5.9 Hz, 1H), 7.49 (d, /=2.2 Hz, 1H), 7.44 (dd, J=9.3, 2.5 Hz, 1H), 3.95
(s, 3H); R =0.64 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" CHoNOs: 204.07; found: 204.05.
20

Cap-140
~o
SN Cl
=N

COH

Cap-140, step a
o
Cl

=N

25 CN



aqueous | ayer was concentrated under reduced pressure
provi di ng the crude product which was purified by

w0 ewenew3phase preparative HPLC (Xterra 30 x 1PORT$2009/033380
detection at 220 nm flow rate 40 mL/mn, 20 to 8010{ PCT
over 6 mn; A= 90% wat er, met hanol , 0. 1% TFA,
0% water, 90 % net hanol , O 1% A) to provide 2-
(benzyl (et hyl )arri no) - 3- met hyl but anoi ¢ acid, TFA salt
(126 ngy,..199 rless .. 1H 500 MHz
2 0 G 3SR 500l v
(m mlgl-n 0@ mPebi; %rapareﬁmcoadﬂg ®. tﬁ@pl()&‘idugehh fwﬂo 2405 85142@
7.29-7.65 c or; Ci3H19
2211"1115}‘11 ﬁb@&cetaz%@ g 0(%1111}191) ff%@l BrYe (B4 ps 110 Do)
Na2 681 ﬁ—&s@ﬁ[ﬂ)en hAph®bdntR$3 2edadod Ambi @33 L of
| MZH20, f Futlgno%-vglne(%l% 16,3329
Ao Fiyme&wéw?tﬁ@lqeé% mlo P Soimden biFogra v at adsied
ic ete%ﬁl%yl*éﬁﬁyﬁned}@ﬁlhé’ {60GHM, @ DB & il 08m1m—the %@xt&re was

nol ) was™ ad dropw se over 15 min, the cooling bath
was heatadgo &80 ‘%ﬁq@nd then p elaet SOBRIOFTOk Ragroae weeaokdin (Rrgpased from

anbj Iél?’ﬁ;tllh B%&%ﬁﬁsﬁpﬁ@fdgé g84 &? mlﬂrDMXB] %aé’ gcﬁl%& n%”mﬂ‘péh}é% over

was
18 h using a syringe pump. The mixture was then partitioned between ethyl acetate

10 and water and the organic layer was separated, washed with brine, dried over
Na,SO,, filtered and concentrated. The residue was purified on silica gel eluting with
10% ethyl acetate/hexanes to 40% ethyl acetate/hexanes to afford Cap-140, step a as
a yellow solid (160 mg, 34%). R;=2.46 min (Cond.-MS-W2); 90% homogenity
index; LCMS: Anal. Calc. for [M+H]" C12HoCIN,O: 233.05; found: 233.08.

15

Cap-140
~o
SN Cl
=N

COLH
Cap-140 was prepared by the acid hydrolysis of Cap-140, step a with 12N
HCI as described in the procedure for the preparation of Cap 141, described below.
20  R¢=2.24 min (Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C,H;;CINOs: 252.04; found: 252.02.

Cap-141

O F

=N
COyH
25

Cap-141, step a

X F

=N

CN



m., 3x), and the aqueous phase was cooled wth
ice-water bath and acidified with concentrated HCl to
w@2@bi1e2gs on of 1-2, and extracted with CH2C PFEOUN1009/033380
3x). The organi c phase was dried (MySO ) and PCT
evaporated in vacuo to afford Cfap 51 as a white SoMY
(6 g). 1H NVR for the dom nant!lr ot aner (DMSO-d 6, =2.5
ppm 500 MHz): 12.54 (s, IH), 7.33 (d, J =8.6, IH,
. .2. 0.

Ch O BT el o Vi | Rer o P repared
C7 H%ﬁ@acrgm&g gbr&ﬁ&&qufn@ﬁi@uslnéghfﬁzeedﬁféajl@ﬂﬁ@d (SR ASChem.

p- was nt hesi ze ro al a
acc6?7 Ay oY %SH@SCBP%%@%@OC&Q%W f‘dprﬂeﬁratioﬁ@?sqﬂﬁtfﬁessf@va
of  GaRsaps. FH"I\IM!%%O@QMQQ'@I?@I&)CH‘ 89%@@@@5}1@ ﬁ%”?@@(ki J=

of the crude mat eri al was S)url a reverse phase

MHPLESHR2 M netS i dh d -/ TTRAfz 118 a?f'/f7o?ﬂ3 @ﬁH)BZZﬁa@ H1); Ry=1.60 min

col SH 1V
500 % ﬁl) g%g%ébgédlty 143&'6( Nb@%g%?’ @al@ for?VI;EI? %EEQFNZ
7. 0979(@@;50Lmd ¥2.99. 12H), 3.97 (m IH), 3.53 (s, 3H),
1.25 (d, J =7.3, 3H). Cap-53 to -64 were prepared from
appropriate starting materials according to

Cap-141

10

O F

N
CO,H
Cap-141, step a (83 mg, 0.48 mmol) was treated with 12N HCI (3 mL) and
the resulting slurry was heated at 80 °C for 16 h before it was cooled to room
temperature and diluted with water (3 mL). The mixture was stirred for 10 min and
15 then filtered to afford Cap-141 as an off-white solid (44.1 mg, 47.8%). The filtrate
was diluted with dichloromethane and washed with brine, dried over Na,SQOy, and
concentrated to afford additional Cap-141 which was sufficiently pure to be carried
forward directly (29.30 mg, 31.8%). "H NMR (DMSO-ds, 500 MHz) § 14.0 (br s,
1H), 8.59-8.57 (m, 1H), 8.10 (d, /= 8.5 Hz, 1H), 7.88-7.85 (m, 2H), 7.74-7.71 (m,
20 1H); R¢= 1.33 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C10H7;FNO;: 192.05; found: 191.97.

Cap-142
O.
@
~N

CO,H

25



the procedure described for the synthesis of Cap-5 1,

with noted nodifications if any. 11128 PCT 6911128 PCT
wQ@Ra1e83PCT 7 111128 PCT 72 Cap-65 Met hyl PCT/US2009/033380

chl oroformate (0.65 nL, 8.39 nmol) was added dr opw

over 5 mnto a cooled (ice-water) mxture O‘NaZCgﬁESPCT

(0.449 g, 4.23 mol ), NaOH (8.2 nL of 1M H20O, 8.2

nmmol ) and (S>2- am no- 3- hydr oxy- 3- net hyl but anoi ¢ aci d

(1.04 g, 7.81 nmmol ). The reaction m xture was stirred

for 45 nin, and then the g@%ﬁf%éwﬁgth was renoved and

stirring was continued for an aglditional 3.75 hr. The

reacti on m xture was washed i CH2A , and the

aqueous phase was cool ed w -wat er bath and

acidified wth concentrated HO to a pH region of 1-2.

The vol atile conponent was renoved in vacuo and.the

resi due Wis!{2arene s pispHebiron 4rhrameis uolinpihxidy 2ol 2

(15 g&8kdibe@NA tifeltb 81cf Grocadife fobefpkdphRliat 6r WS 3s0kE5VARad. R,

e

to afford Cap-65 as a whit o
5  =1.45 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for

[M+H]" C10HeBrNa: 232.97; found: 233.00.

Cap-142, step b
O.
()
X

o

CN
10 To an argon-degassed suspension of Cap-142, step a (116 mg, 0.50 mmol),
potassium phosphate tribasic (170 mg, 0.80 mmol), palladium (II) acetate (3.4 mg,
0.015 mmol) and 2-(dicyclohexylphosphino)biphenyl (11 mg, 0.03 mmol) in
anhydrous toluene (1 mL) was added morpholine (61 pL, 0.70 mmol). The mixture
was heated at 100 °C for 16 h, cooled to 25 °C and filtered through diatomaceous
15 earth (Celite®). Purification of the residue on silica gel, eluting with 10% to 70%
cthyl acetate/hexanes afforded Cap-142, step b (38 mg, 32%) as a yellow solid,
which was carried forward directly. R; =1.26 min (Cond.-MS-W1); 90%
homogenity index; LCMS: Anal. Calc. for [M+H]" C14H14N3O: 240.11; found:
240.13.
20
Cap-142

CO,H



sem -vi scous foam (1.236 g). 1H NW\R (DMSO-d 6, d = 2.5
ppm 400 MHz): d 6.94 (d, J = 8.5 0.9 H, 6.53 (br s,
wW@2@bHo2633 89 (d, J = 8.8, IH), 2.94 (s, 3H), 1rPABUSRNI/033380

3H),

appropriate comercially avaiL@ble starting materi

by
of
12

1.13 (s, 3H). Cap-66 and -67 were prepared fqgnégPCT

enpl oyi ng the procedure descri bed for the synthesis
Cap- 65. 1H NWR (DNBC>d 6, d = 2.5 ppm 400 MHz): d
58 (b

8.8, 05%”7?62J Wy oy dér%n*( G- 4 gtgj {)9@%@ smig@%dﬁo‘?dde%s

9 1 des3ried iR tBPrhcedude & up.7138 |‘Rt, 7@ 9111( (tond MS&NZ) 98%) .

not

é on]y. the don1nank signal s

%‘]logfﬂ&@d?’@(%s THRNNRRIG éws@*(fﬂls ClaﬂsNz?sé%)plﬁq fonerd

MHz»350 4. 51 (br s, IH), 7.25 (d, J = 8.4, 0.75H), 7.12

(br d,J = 0.4, 0.05H), 6.86 (br s

O 08H), 3.95-3.85

fm 2H), 3.54 (s, 3H), 1.08 (d, J = 6.3, 3H). [Note:
only the dom nant signals ofc apH ger not ed] . Cap-68
Met hyl chl orof ormate (0. 38 n1 9 mol ) was added
drop-wise to a mxture (:)

10

15

20

25

~N

COH

Cap-143, step a

T

Br

To a stirred solution of 3-amino-1-bromoisoquinoline (444 mg, 2.00 mmol) in
anhydrous dimethylformamide (10 mL) was added sodium hydride (60%, unwashed,
96 mg, 2.4 mmol) in one portion. The mixture was stirred at 25 °C for 5 min before
2-bromoethyl ether (90%, 250 uL, 2.00 mmol) was added. The mixture was stirred
further at 25 °C for 5 h and at 75 °C for 72 h before it was cooled to 25 °C, quenched
with saturated ammonium chloride solution and diluted with ethyl acetate. The
organic layer was separated, washed with water and brine, dried over Na,SOy,
filtered and concentrated. Purification of the residue on silica gel eluting with 0% to
70% cthyl acetate/hexanes afforded Cap-143, step a as a yellow solid (180 mg, 31%).
R¢=1.75 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C13H14BN,O: 293.03; found: 293.04.

Cap-143

J

=N

COLH
To a cold (-60 °C) solution of Cap-143, step a (154 mg, 0.527 mmol) in

anhydrous tetrahydrofuran (5 mL) was added a solution of #z-butyllithium in hexanes



of INNaCH (aq) (9.0 M, 9.0 mml), M NaHCO 3 (aq)

(9.0 M, 9.0 nol), L-aspartic acid b-benzyl ester (1.0
w@2004/1&68301 ) and Di oxane (9 nl). The reacti onPEI/KS2008033380

was stirred at anbi ent conditions for 3 hr, and tgﬁTZSPCT

washed with Ethyl acetate (50 mi, 3x). The aqueou

| ayer was acidified with 12N Hd to a pH~ 1-2, and

extracted with ethyl acetate (3 x 50 n1) The conbi ned

org ers e she th brin

71 5} 03 08 BT Sl Th b Fongh Biea syt o

aﬁ alelra:q@h@nl Mﬁi!tdr@%r(lb |rralf1 &%f&%gf wgmﬁléndhéd arh@\xg HCI aﬁd allowed to

theoretical, yl and the product sed Wt hgut

f ur PREF P T T gamv&w)e wa honyerreRaI T ghlorgmerhanay 3 g mL)

302 'El)IM?'{Eé COIﬁiblll&l & nﬁcbe{xtrﬁets {Vbl)eacoﬂceﬁéat&ﬂm wheio. Sufficatibh of the
m

J =12.8, IH, 5.10 éd, J
. 1235131ue ])H revgfrsqghagfe ggL@ Wepﬁjwatg/W)@fordiapj 4816 mg,
( dd’12‘)%) ‘Rt]:61 2 mir (@Ond '1‘{)[8 \7@})760% qgmogl:nrty i'nﬁe;g ’LC&/I§’AﬂaH)Calc

[M+ r%MctHf%zi@N@szOszgw !Lbfoméui%ﬁ?%sz 12 Cap 69a and
-69b Cap-69a: (R)-enantioner Cap-69b: (S)-enantioner

Cap-144

\N/

Cl
=N

10 COoH

Cap-144, step a

NO,
al

A
ZN
cl
1,3-Dichloroisoquinoline (2.75 g, 13.89 mmol) was added in small portions to
15 acold (0 °C) solution of fuming nitric acid (10 mL) and concentrated sulfuric acid
(10 mL). The mixture was stirred at 0 °C 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
chopped ice and water and the resulting suspension was stirred for 1 h at 0 °C before
it was filtered to afford Cap-144, step a (2.73 g, 81%) as a yellow solid which was
20 used directly. R;=2.01 min. (Cond.-D1); 95% homogenity index; LCMS: Anal.

Cale. for [M+H]" CoHsCLN,O,: 242.97; found: 242.92.

Cap-144, step b
\N/

Cl

Cl



NaCNBH 3 (2.416 g, 36.5 mmol) was added in batches to

a chilled (-15 "C water (17 nlL)/MeOH (10 nL) sol ution
w@booaliemssihe (1.338 g, 15.0 nmol). A few nmi nut eBCT/HSB09/033380

acet al dehyde (4.0 nL, 71.3 nmol) was added drOp'Wiﬁ'fZSPCT

over 4 mn, the cooling bath s renoved, and the

reaction mxture was stirred anbi ent condition for

6 hr. An additi onal acetal dehyde (4.0 nL) was added

and t he rred f Conc d

o e GEREY. ST Ch S e uh anat BRERG R S ana

pH1L &%32&1 \Pféﬂ Ifﬂztfﬂmflne%ﬁﬁ@(?o ing&, and i sh&lﬁ?ﬁ?ﬁwhst sluBJ@i_:tH(ll wlRake

Wwas at e or r a 0] e v | 1€ X
nﬁmeﬁ%%ﬁlawsat? arigledar i vghﬂgb orprding(f gly é%fio %ﬂaﬁl‘é 10falgplatinum

pu I biileBowhd)Rvere {XA¥E >sn& thb sPWKEmMLRR résQBfe&Mm%yﬂl%%bﬂ&tmn

(col um was washed with water, and the conpound wa

él ubteld ani Hhfogil bt B “Nﬂt@ﬂisu%lpéﬁlétﬁ@é tftsyuglﬁ %twga%uwrth

N nd, 282 €
8 i el Bl e SRR il
gremp33t5 afiGraRd he Qtlé\/&‘&ﬂpouﬁ’d B a%’ellG%sole whiéh was f14gh,
29 2.90 (m 2H),. 2.89- n’l) 1.23 (d, J =
7. 1chrglp:|)1t0grfplle§ OeltSﬂng gel ei;utlgg W () a%at@ g he-;{gg@s Weto ethyl
pr e pakRdinae et ongrotPCi N LLO5 B @Z?JI end o865 hbashid RilohREld. R,
10 =2.36 min (Cond.-D1); 95% homogenity index; "H NMR (400 MHz, CDCl;) & 8.02
(s, IH), 7.95 (d, J=8.6 Hz, 1H), 7.57-7.53 (m, 1H), 7.30 (d, /= 7.3 Hz, 1H), 2.88 (s,
6H); LCMS: Anal. Calc. for [M+H]" C;H;;ClLNy: 241.03; found: 241.02. HRMS:

Anal. Calc. for |:1\/[‘|‘H:|Jr C11H11C12N2§ 2410299, found: 241.0296.

15 Cap-144, step c
\N/

\CI

=N

CN
Cap-144, step ¢ was prepared from Cap-144, step b according to the
procedure described for the preparation of Cap-139, step a. R;=2.19 min (Cond.-
D1); 95% homogenity index; LCMS: Anal. Calc. for [M+H]" CpH;1CIN3: 232.06;
20  found: 232.03. HRMS: Anal. Calc. for [M+H]" Ci,H;;CINs: 232.0642; found:

232.0631.
Cap-144
\N/
SN Cl
=N
CO,H
25 Cap-144 was prepared according to the procedure described for Cap-141. R,

=2.36 min (Cond.-D1); 90%; LCMS: Anal. Calc. for [M+H]" C;,H,CIN,O5:
238.01; found: 238.09.



synthesi s of Cap-69 by enpl oying appropriate starting
materials. 11128 PCT 75 Cap-75 Cap-75,
W@ 2008/1026325. 5 nmol ) was added to a cool ed (i ceP@EUS2009/033380

bat h) water (25 m )/ nethanol

H D Ser - OBzl
12.5 mmol ) was added drop-

m k)

cool i ng bath was renoved,
stirred at anmbient condit]
was carefully quenched w

HO (2.0 g, 8.6

st
oy é‘rollr?—lézh

step a NaBH CN

(15 n1) sol ution of

Acet al dehyde (11!.1%8 PCT
se over 5 mn,
and the reacti on nm xture was

t he

The reaction

and concentr at ed

I N vagepss 1862 wesipdiperoddisntths sproteidtel Ichi@bRsquaidlines according

purified with

Folr Granpd o e 39

rse phase HPL
b 1 Bvihe presdrsalcasibed BF Drrysnsetiey P
hyd(Méﬂri@dBpﬁ{]&@h@te@&h&'\xﬁ%'a@bhﬁﬁﬁ&i peigeous oi I (1.99).
1H NMR (DMSO-d , d = 2.5 ppm 500 MHz): d 9.73 (br s,
PH), 752736(m 5H), 5.32 (d, J = 12.2, IH), 5.27
(d[ 3 2.5, TH), 4.54-473Z[m TH [ 4.05-3. 97T (MR (LC-
2H) , 3.43-3 21 (m 4H), 1.23 (t, J =11128 PCT 76
Cond.); %
Cap # Cap Method Hydrolysis homogeneity
index; MS
data
1.14 min
(Cond.-MS-
O W1); 90%;
‘ ZN LCMS: Anal.
a —
P co-H Calc. for
145 Prepared from commercially B 12NHC [M+H]"
available 1,3- C1oH,CINO,:
dichloroisoquinoline 208.02:
found:
208.00.
1.40 min
(Cond.-D1);
O 95%;
‘ ZN LCMS: Anal.
a —
P COoH Calc. for
146 Prepared from commercially A 5N NaOH [M+H]"
available 3- C1H;oNOx:
hydroxyisoquinoline 204.07:
found:
204.06.




7.2, 6H).

Cal cd.
w@apy/ieedH (0. 0727 g,
cooled (ice-water) THF (3.0 nmL) solution of the T

salt (R)-benzyl 3- hydr oxypr opano

for

LG/ M5 (Cond. 2): RT
[ MFH + G 4H22NCB:

2- (di et hyl ani

(0.3019 g, 0.8264 mmol ) prepa
mxture was stirred for 15 min. Methyl iodide (56 ni,

1.82 mmol,

L

1.38
252. 16;

above,

mn;
f ound 252.

and t he

LG/ MB: Anal .

19.

6099 was addedr/Us20a9/033380

gﬁéZS PCT

0. 90—+l )—was—added—and—sti+rnhrg—was—eontinuvedFor—138
hr [while |all owing the bath to|thaw to ambient 0.87 min
condition. The reaction was quenched |wi th water| aggnd.-D1);
| oaded onto a MeOHpre-condit|oned MEX (6 g) o
cantridge, and washgd wi th nethanol floll owed by 95%;
conpound |el ut i onPwirt i 2N NH3/ Met hanol|. Renoval 0f chhRe Anal.
volfatizpe |conpone A" vacuo af f or ded |Cap- 75, Cale. £
contam,nated with  con alc. for
(R -;g%diebh | ami.no).- 3- hydr oxypr &hanai HEFAY a5 a +
reéar iy eSS [M+H]
yelll ow sem -S0 i d Tfﬁﬁ'nﬁ?. The product was used as is
wi { hout flurt hegilaplerli-fhl@atdi on. | NaCNBH |3 (1. 60 g, | Xdul2ioNOs:
nmml ) was ad%g% i n. batches toja chillled (-15 "C) 59407
water / MeQH (12 “HEYEHEH"8%I ut | on of -
(5)-4-amno-2-(tert-butoxycarbonyl ani|no) found:
204.05.
0.70 min
(Cond.-D1);
N 95%;
‘ \O/@ LCMS: Anal.
a —
P coH Calc. for
148 Prepared from commercially A SN NaOH [M-+H]*
available 7- C.H1oNO:x:
hydroxyisoquinoline 204.07:
found:
204.05.
0.70 min
(Cond.-D1);
o 95%;
\N LCMS: Anal.
Cap- “
COzH Calc. for
149 A 5N NaOH .
Prepared from commercially [M+H]
available 5- C11H1oNOs:
hydroxyisoquinoline 204.07,
found:
204.05.
Cap- = 0.26 min
N TFA A 12N HCI
150 b Cop (Cond.-D1);




butanoic acid (2.17 g, 9.94 mmol ). A few mnutes |ater
acet al dehyde (2.7 nL, 48.1 mmpl) was added drop-w se

wWo@@p/1®2683 n, the cooling bath was renoved, andP€TES2009/033380
reaction mxture was stirred at anbient conditi ondﬁg# PCT
3.5 hr. An additional acetal dg&yde (2.7 m, 48.1 %
was added and the reaction was stirred for 20.5 hr.

Most of the MeCH conmponent was renoved in vacuo, and
t he—reraRrihg—Mxture—was—tyepted—wth—econcentrated
HO unti || PEEBLTPRACRERYY-b And then heated fof 2 hi
at |40 C. |Thenselseduilsingvmanent was renmoved in VacHs: Anal
and the rlesidue was treated wth 4 M{HO / di oxane (20
nL) and sit fatesdyybesizgpbfdiapingondi tion|for 7.5 hr . for
voliatil e |coppapeatrewesyd egmyed in vaguo and thel  v+H]
resi due was purified with Dowex (r) 30WK8-100
i on- exchange resi®9%%l utm was washed with wat er GndioNOs:
thel1128 |PCT 77 conpound was eluted With dilute| NFh§ty7.
prepared [from 18 m O NH OH apd 282 mi of water) to
affford intermedi ate found:
(S)- 2-am no-4-(di et hyl am no) but anoi c jacid as an 04.04
offf-white solid (1.73 g). Methyl chlaoroformate (0.36
m.,| 4.65 ool ) was added drop:w se over 11 1.78 min
o (Cond.-D1);
SN Cl
D 90%;
CO5H LCMS: Anal.
car- Calc. fi
- - alc. 10r
151 Prepared from 5-methoxy B N HCI >
1,3-dichloroisoquinoline, [M+H]
which can be synthesized C11HoCINO:;:
following the procedure in 238.03;
WO 2005 / 051410. found:
238.09.
1.65 min
(Cond.-D1);
e el 95%;
‘. ZN LCMS: Anal.
a —
P COMH Calc. for
152 Prepared from commercially B 12N HCI [M+H]"
available 6-methoxy-1,3- C1H,CINO;:
dichloroisoquinoline 238.00:
found:
238.09.
B 1.18 min
Cap- X
_N (Cond.-MS-
153 A 6N HCl
CO.H W1); 95%;
Prepared from 4- LCMS: Anal.




mn to a cooled (ice-water) m xture O Na2CO3 (0. 243 g,
2.29 mol ), NaOH (4.6 nL of IMH2O, 4.6 mmol) and the
w@bwvaoypsdduct (802.4 ng). The reaction m xt ur BCTES2009/033380
stirred for 55 min, and then the cooling bath was 28 PCT
renmoved and stirring was cont &;ed for an additiondf
5.25 hr. The reaction m xture s diluted with equal

vol une of vvater and vvashed vvlth CH2d (30 nmi, 2x), and
t he—aguegus—phase—wa g—wt+-h—ece—wat-er—bat-h
aci{di fi ed \AE"J{SWO‘@%%@E‘P 1%%1 C:I to a|pH region of ‘@?TC for
The vol at|i bgﬁﬁé@?&ﬁm%a foMasidghen remoyed in vacup amg+H]"
the crude material was free-based wtth MCX resip '
(6./Qy: col dhsPrareduizds NE2W3 h| wat er, |and sanpl e| fel/BNO::
eluted with 2.0 NbigMeOH) to| afford|i mpure Caprl bsiag:,
an|off-white solid (704 ng). {LH NWR (MeOH (14, d =
3.29 ppm| 400 MHz): d 3.99 (dd, J = 1.5, 4.7, |H), found:
3.62 (s, [3H), 3.25-3.06 (m 6H), 2.18-2.09 (m | H) 5195
2.04-1.96 (m IH), 1.28 (t, J/= 7.3 |6H. UM Anal.
Callcd. for [MrH + G OH2 1IN2O4} 233.15; found 23B. 2428 min
Cap-77a and -77b Cap- 77a enanti oner -1 Cap-77b: (Cond.-MS-
enanti omer - 2 ‘
F ZN W1); 90%;
c coaN LCMS: Anal.
a —
D Prepared from 7-fluoro-1- Cale. for
154 chloroisoquinoline, which B SN NaOH [M+H]'
can be synthesized following C1oHFNO,:
the procedure in WO 2003/ 192.05:
099274 found:
192.03.
0.59 min
x (Cond.-MS-
al =N W1); 90%;
CO-H LCMS: Anal.
Cap- Prepared from 1,7- Calc. for
155 dichloroisoquinoline, which B SNV NaOH [M+H]"
can be synthesized following CoH,CINO;:
the procedure in WO 2003/ 208.02;
099274 found:
208.00.
¢ S 0.60 min
=N
Cap- SoH (Cond.-MS-
W1); 90%;
156 Prepared from 1,6- B 5N NaOH )
dichloroisoquinoline, which LCMS: Anal.
can be synthesized following Cale. for
.
the procedure in WO 2003/ [M+H]




The synthesis of Cap-11 was conducted according to the
procedure described for Cap-1 by using

wQ@ 2@2ai683 cl o] 2. 2. 1] hept ane for the SN2 di spl aP€mES1009/033380
step, and by effecting the enantioneric separatio
the internedi ate benzyl 2-(7- P nH%SPCT
azabi cycl o[ 2. 2. 1] hept an- 7-yI )l?é)- phenyl acet at e using
the foll ow ng conditi on: the i nternedi ate (303.7 ny)

was—et-sselved—+n to—ant-the—+esu-nrg—sotpii-on :
was i njected on abl—?h’ﬂ HPLC| col um [( Chi r acel AEQO#CINOZ'
collum, 30 x 250 mm 5 urr) el uting wijth 90% CO2+ 10963.02;
O mL/mn, and a tenperature|of 35 0C tp
24.5 ng of enantiomef-1 and|133.8 ng of found:
r-2. These benzyl esters were hydrogenpl ysgdys.
to the preparation of Cap-1to provide :
H NVR (DMBO-d 6, d =[2.5 ppm 400 MHz)! dl.49 min
2H), 7.38-%30 (m 3H), 11128 PCT 78 4.[16c(84-D1):
(app b ~2H), 2.08-1.88 (m 4 H), Q ~DL);
(m 4 LGy (Cond. [1): RT 3 0.67 min; | LGN,
cd. for H .+ G 4H 8NO2: 232. 13; found .
RVE: Anal. Ghlcd. fof [MH 1 G ahi gnop| DOMS: Anal
fouhttépﬁ&ﬂfrdrﬁ4ﬂ4 NaCNBH 3 ( Q. 5?28 ﬂ% 9| 2Talc. for
ad%lecﬂlotrglsoaqulrgoﬁrtlel;lr e pf the ma 1¥4Ft of [M+H]"
which can be synthesized C10H17CINO:
following the procedure in 208.02;
WO 2003/ 062241 found:
208.00.
0.69 min
¢ (Cond.-MS-
X
N W1); 90%;
COH LCMS: Anal.
Prepared from 1,5- Calc. for
B SN NaOH .
dichloroisoquinoline, [M+H]
which can be synthesized C10H7CINO»:
following the procedure in 208.02;
WO 2003/ 099274 found:
208.01.
f 0.41 min
X
_N (Cond.-MS-
COsH W1); 90%;
Prepared from 5-fluoro-1- LCMS: Anal.
B SN NaOH
chloroisoquinoline, Calc. for
which can be synthesized [M+H]"
following the procedure in CioH7FNO:
WO 2003/ 099274 192.05;




( )-2-(ethylam no)-2-phenyl acetic acid (an

internmediate in the synthesis of Cap-3; 0.9923 ngy,
wa2@9/1mm%8d ) and (| -et hoxycycl opr opoxy”ri net hyl BCT/E8209/033380

(1.640 g, 9.40 mol) in MeOH (10 nL), and the 1128 PCT

sem - het erogeneous m xture vvaleheat ed at 50 C witHILA

oil bath for 20 hr. More

(I-ethoxycyclopropoxy)trlnethyIS|Iane (150 ny, O 86

M —ard—NaCNBH-3—(-52—+5—0-82F+ el r—were—adde °nd
the react|ion m xture was heated for an additiona §
hr| It was then allowed to copl to anhient terrporangug,@g
ang—acidified to a ~ pH regiop of 2 Wth concentrated
HO|, and [the mixture was filtered and the filtrat&-3x@in
rotervaped. The resulting crude naterial was takepompPms-
in|/-ProH (6 nL) @» Heated tp effect dissolutipn, and
t he¢ non-di ssol ved Nwas filtered off and the| W) 90%;
filitrate |concentrat egokn vacu:). About] 1/ 3 of thepcms: Anal
resulckpnt| cf ude d:;niter purified with a reyerse
phase HPLIC EI@K)I af f or d tthe TFA salt dfalc. for
Cap- 199 as a cdilmbise@ﬁnolmscous oi B (353 é-%WO%H NV 1
(DVBO-d6,| d =. 5.5 ]?% 400dM—lz after D20 exchapge): %]
7.56-7. 49 (WhicBggn beyaerie IH) 3.3 (m IH), B.QELFNOy:
(app br s, ﬂohbwmgﬂﬁq)r&dmnbhb) .26 (t, J = 7.3, 3|—|19205
0.92 (m g&?{g 2&% H) LC (Cond. 1): RT =
0. 64 nin: Néb P992%41 cd. | for [ MEH] + found:
192.03.
0.70 min
~ (Cond. D1);
95%;
=
Z LCMS: Anal.
Cap- N CO,H
Calc. for
161 Prepared from 4- — -
o : [M+H]"
bromoquinoline-2-carboxylic
Ci2H13N»00:
acid and dimethylamine [T
217.10;
(DMSO, 100 °C)
found:
217.06.
0.65 min
(Cond.-M3);
L
95%;
o NT CoM °
o LCMS: Anal.
Cap- Prepared from m-anisidine
) Calc. for
162 following the procedure -- -- N
o [M+H]
described in J. Hetero.
C11H1oNOs:
Chem. 1993, 17 and
204.07;
Heterocycles, 2003, 60, 953.
found:
203.94.




G 3Hi 8NO2: 220.13; found 220.21. HRMS: Anal. Cal cd.

for [ MHH] + G 3Hi 8NO2: 220.1338; found 220. 1343.11128
wean/i®e8¥ one was bubbl ed t hrough a cool ed (- 7BCT/C$2009/033380

CH2A 2 (5.0 nlL) solution Cap- 55 (369 ng, 2. 13 I

for about 50 mn until the reagtion m xture attarﬁgagsaPCT

tint of blue color. M S (10 E%Spet drops) was added,

and the reaction mxture was stirred for 35 mn. The

-78 C bath was repl aced Wi”bg O C bath and stirring

continued for an additional “¥8 in, and then the

vol atil e conponent was renoved in vacuo to afford a

col orl ess viscous oil. NaBH3 (149 ny, 2.25 mml) was

added to a MeOH (5.0 nL) solutigp of the above crude

materi al and norpholine (50Q pK, _&472 mmol ) and the

m xture was stirred at a it

was cooled to ice-water t erafure and treated with

concentrated HO to bring its pHto -2.0, and then

stirred for 2.5 hr. The vol atile conponent was renoved

Fn vacuolo asdutidnef 2dsiotugrinvasd lub g,f1.&edma)tilndiathylether (25 ml)

g?ﬂ%g% degﬂ lnf}aé{}%q}‘gféf?romg(lvb(g_'m\{\qﬁ in "IZHF% c{?lopvwse l\ﬁle reaction

was stirred at ~25 °C under nitrogen for 17.5h. The reaction was acidified with 1N

21367

HCI and the product was extracted with ethyl acetate (3 x 100 ml). The combined
organic layer was washed with water followed by brine and dried over MgSO,. After
10  concentration in vacuo, a white solid was obtained. The solid was recrystallized from
hexanes/ethyl acetate to afford Cap-163 as white needles (883.5 mg). 'H NMR
(DMSO-dg, 8 = 2.5 ppm, 500 MHz): 12.71 (br s, 1 H), 7.54-7.52 (m, 2H), 7.34-7.31
(m, 2H), 7.26-7.23 (m, 1H), 5.52-5.39 (brs, 1H), 2.11 (m, 1H), 1.88 (m, 1H), 0.79
(app t,J =7.4 Hz, 3H).
15
Cap-164

OH

20 A mixture of 2-amino-2-phenylbutyric acid (1.5 g, 8.4 mmol), formaldehyde
(14 mL, 37% in water), IN HCI (10 mL) and 10% Pd/C (0.5 mg) in MeOH (40 mL)
was exposed to Hy at 50 psi in a Parr bottle for 42 h. The reaction was filtered over
Celite and concentrated in vacuo, the residue was taken up in MeOH (36 mL) and the
product was purified with a reverse phase HPLC (MeOH/H,O/TFA) to afford the

25  TFA salt of Cap-164 as a white solid (1.7 g). 'H NMR (DMSO-dg, & =2.5 ppm, 500
MHz) 7.54-7.47 (m, 5H), 2.63 (m, 1H), 2.55 (s, 6H), 2.31 (m, 1H), 0.95 (app t, ] =
7.3 Hz, 3H).



phase HPLC (H2O MeOH TFA) to afford Cap-19 contai ni ng
unknown anount of norpholine. In order to consune the
worephadeshe cont am nant, the above material wWaBCT/US2009/033380
di ssolved in CH2AA 2 (1.5 nL) and treated with Et?"\huspm
(0.27 L, 1.94 mmol) foll owed hy acetic anhydride
(0.10 nm., 1.06 nmol) and stirted at anbient condition
for 18 hr. THF (1.0 nmL) and H20 (0.5 nL) were added
and stirring continued for (]QESIIgr. The vol atile
conponent was renoved in vac8; and the resultant
resi due was passed through MCX resin (MeOH wash; 2.0 N
NH3/ MeOH el ution) to afford irrpgre Cap- 19 as a brown
vi scous oil, which was used for it he next step w thout
further purification.111 BapSCa and - 80b
CapSCa: S/ S-di astereoner "N-S/ R- di ast er eoner
SOCI2 (6.60 nL, 90.5 mml) was ddded drop-w se over 15
mn to a cool ed

5 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
then heated at 70 °C for 8h. The volatile component was removed in vacuo, and the
residue was dissolved in DMF (14 mL) and purified by a reverse phase HPLC

10 (MeOH/H,0O/TFA) to afford the TFA salt of Cap-165 as a viscous oil (120.2 mg). 'H
NMR (DMSO-ds, 8 =2.5 ppm, 500 MHz): 7.29-7.21 (m, 4 H), 3.61 (d, ] = 17.4 Hz,
2H), 3.50 (d, = 17.4 Hz, 2H), 2.75 (s, 6H). LC/MS: Anal. Calcd. for [M+H]"
Ci12H16NO,: 206.12; found: 206.07.

15 Cap-166a and -166b
0
OH Cap-166a: Diastereomer-1
N Cap-166b: Diastereomer-2

A

/

Caps-166a and -166b were prepared from (1S, 4S)-(+)-2-methyl-2,5-

20  diazabicyclo[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
um eluting with 85:15 heptane/cthanol mixture at 10 mL/min elution rate for 25 min.
Cap-166b: "H NMR (DMSO-ds, & = 2.5 ppm, 500 MHz): 7.45 (d, J = 7.3 Hz, 2H),

25 7.27-7.19 (m, 3H), 4.09 (s, 1H), 3.34 (app br s, 1H), 3.16 (app br s, 1H), 2.83 (d,
J=10.1 Hz, 1H), 2.71 (m, 2H), 2.46 (m, 1H), 2.27 (s, 3H), 1.77 (d, ] = 9.8 Hz, 1H),



(ice-water) mxture of

(S) - 3-am no-4- (benzyl oxy) - 4- oxobut anoi ¢ aci d (10. 04q,
wa@2009802BH| ) and MeOH (300 nlL), the cooling bapdiI/vsx09/033380

renoved and the reaction m xture was stirred at 11128 PCT

anbi ent condition for 29 hr. l\)ébst of the volatile

conponent was renoved in vacu nd the resi due was

carefully partitioned between Et QAc (150 nL) and

satyit 29 NG, 9,3, TR0y U8, AOUGRHE ISR IS e

or g&ning: Jahase was dri ed (I\/gSO) filtered, and
concentrated in vacuo to afford (S)-I -benzyl 4- et hyl
2-am nosuccinate as a colorless oil (9.706g). 1H NMWR
(DMSO-d 6, d = 2.5 ppm 40061}45@)5;7 d 7.40-7.32 (m 5H),
5.1 1 (s, 2H), 3.72 (app t, J 6.6, |IH, 3.55(s,
3H), 2.68 (dd, J = 15.9, 6. 3, IH) 2.58 (dd J = 15.9,
6.8, IH), 1.96 (s, 2H). L 1): 090 m n;
LG MS: Anal . Calcd. for [ + @—2H16NO4 238 11;
found 238.22. Pb(NGCs)2 (6. 18.3 mmol ) was added
over 1 minto a CH2A2 (80 rrL) Hiti on of (S)-I
-benzyl 4-nethyl 2-am nosucci ifat e (4.50 g, 19.0 mmol),
9- br ono- 9- phenyl 9H—f| uorene (6.44 g, 20.0 mml) and
Et3N (3.0 ni, and t he_ het erogeneous

mi xture mglu%?q err%caméﬁ B%?@thd@o%ﬂsﬂnéﬁlefcdlbo’@éw faeid (1.0g,

The 3.@11%1{16{5 f MBS TFA/CH,CL, was stirred at ~25 °C for 4h. All the volatile

10  component was removed in vacuo. A mixture of the resultant crude material,
formaldehyde (15 mL, 37% in water), IN HCI (10 mL) and 10% Pd/C (10 mg) in
MeOH was exposed to H, (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). 'H NMR (DMSO-dg, & = 2.5 ppm, 500 MHz) 7.59-7.38 (m, 4H),

15 5.59(s, 1H), 4.84 (d, J = 14 Hz, 1H), 4.50 (d, J = 14.1 Hz, 1H), 3.07 (s, 3H). LC/MS:
Anal. Caled. for [M+H]" C10H,NO»: 178.09; found: 178.65.

Cap-168
OH
o
NMe2

20
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

material was employed as such.

25



filtered and the filtrate was treated with MgSO4 and
filtered again, and the final filtrate was

w@eoneamesat ed. The resulting crude material wWaBCT/US2009/033380
submtted to a Biotage purification (350 g silica q gSPCT
CH24 2 el ution) to afford (S)-J_ -benzyl 4-rmethyl z‘?
phenyl - 9H-f | uor en- 9- yl am no) sutci nate as hi ghly
vi scous colorless oil (7.93 g). 1H NWR (DVsO-d 6, d =
2.5 ppm 400 MHz): d782(193 §I{—5|Z) 7.39-7.13 (m 16H),
4.71 (d, J = 12.4, Wde”) = 12.6, IH), 3.78
(d, J = 9.1, NH),350(s 3H), 2.99 (m IH)),
2.50-2.41 (m 2H, partially_overl apped with solvent).
LC (Cond. 1): RT = 2.16 ni LCOVS: Anal . Calcd. for
[ MtH] + C3i H2BNO4: 478. 20; .19. LiHVDS (9.2 nL
of 1.0 MTHF, 9.2 mol) was addgd- drop-w se over 10
mn to a cool ed ( 78 "C) THF (50 mL) solution of (S)-I

- benzyl :
phenyl - 9?& tﬁ%e}/oef A 18? ARASIROREr IR AP Yedh Y C 4 &g
MO hmaodin tbrmtblidelryeld (1f50m1 %7% inwatt 108 HEC(II 58nl], alvk ll 0%®PdB7(1.32 g)

s VOIS RS i S PRR IR SuPhien S B iPedaSs 2o

al | esmiqngyd. hI&leGmhd_)rﬂl@xlﬂﬁé tvat Bltdrbbovet Oclito @i doasPeh@t i Ricuo.

Ak & L%%ulgﬂeg\%snt evr\lﬁutpr%n ﬁ/laeE)lIl-f afantdeptljlrll'\l %bcyjl re\Sfe(%lseup Iasgenprép—HE]t:&’
(MeOH/water/TFA) to afford the TFA salt of Cap-169 as a viscous semi-solid (2.1

10 g). '"HNMR (CDCls, 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 [M+H]"
C11H16NO3,: 194.12; found: 194.12.

15 -
To (S)-2-amino-2-(tetrahydro-2 H-pyran-4-yl)acetic acid (505mg; 3.18mmol;

obtained from Astatech) in water (15ml) was added sodium carbonate (673mg;
6.35mmol), and the resultant mixture was cooled to 0 °C and then methyl
chloroformate (0.26ml; 3.33mmol) was added dropwise over 5 minutes. The reaction

20  was allowed to stir for 18 hours while allowing the bath to thaw to ambient
temperature. The reaction mixture was then partitioned between 1N HCI 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 vacuo

25 to afford Cap-170 a colorless residue. 'H NMR (500 MHz, DMSO-ds) 8 ppm 12.65
(1H,brs),7.44 (1 H, d, /=8.24 Hz),3.77-3.95 (3 H, m), 3.54 3 H, s),3.11 - 3.26 (2



organi c conponent was renoved in vacuo and the residue

was partitioned between CH2CI 2 (100 nlL) and water (40
workgo9/1T4e83 or gani ¢ | ayer was dried (MySO ), filPE&r/Es2009/033380

and concentrated in vacuo, and the resulting crude 1128 PCT

material was purified with a Bjotage (350 g si licd

gel ; 25% Et OAc/ hexanes) to aftford 3.65 g of a 2S/3S

and 2S/ 3R di astereoneric m xtures of 1-benzyl 4-nmethyl

3- hyl - 2- (9- | - f ren-9- ylani CCi .
i 158t PR Py S (¢ 2 SRSy R Amad
t he Cdio@i foa MI-+H$ aTver NS 2091 ; fdeierigiined at this
juncture, and the m xture was subnmtted to the next
step without separation. Partial 1H NVR data (DVSO-d ,
d = 2.5 ppm 400 Miz): majorcdiagtereonmer, d 4.39 (d,
J =12.3, IHof CH2), 3.33 (s, 3H, overlapped wth H20
signal), 3.50 (d, J = 10. 9\NH)® 1.13 (d, J = 7.1,

3H); mnor diastereoner, d\-4: %i J =12.3, IH of
CH2), 3.76 (d, J =10.9, NH, 3.64 (s, 3H), 0.77 (d, J
=7.0, 3H. LC (Cond. 1): RT =~%¥'19 mn; LC Ms: Anal.
Cal cd. for [MH + C32H30NO4: 49Q. 22; found 492. 15.

Di i sobutyl al umi num hydride (20.57 ml of 1.0 Min
hexanes, A20ubdh efimmdthyl Reberagldeytathoopamine2-gwetan30 m n

to 9li&e%8)|acee(%laté (268 n:g, 673— ﬁrﬁlm%%%PFa%zlcos@béjlt),i 5%'? 6(%f—613) in ethyl
acetate (7 ml) and CH,Cl, (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 mmol) were

10  then added, the reaction mixture was fitted with a hydrogen balloon and allowed to
stir at ambient temperature overnight at which time TLC (95:5 CH,Cl, / MeOH:
visulalized with stain made from 1g Ce(NH4),SO,, 6g ammonium molybdate, 6ml

sulfuric acid, and 100ml water) indicated complete conversion. The reaction was
filtered through celite and concentrated. The residue was purified via Biotage® (load

15 with dichloromethane on 25 samplet; elute on 25S column with dichloromethane for
3CV then 0 to 5% MeOH / dichloromethane over 250ml then hold at 5% MeOH /
dichloromethane for 250ml; 9ml fractions). Collected fractions containing desired
material and concentrated to 120mg (81%) of methyl 2-(methoxycarbonylamino)-2-
(oxetan-3-yl)acetate as a colorless oil. "H NMR (500 MHz, CHLOROFORM-D) &

20 ppm 3.29 - 3.40 (m, J=6.71 Hz, 1 H) 3.70 (s, 3 H) 3.74 (s, 3 H) 4.55 (t, /=6.41 Hz, 1
H) 4.58 - 4.68 (m, 2 H) 4.67 - 4.78 (m, 2 H) 5.31 (br s, 1 H). LC/MS: Anal. Calcd.
for [M+H]" CsHsNOs: 204.2; found 204.0.

To methyl 2-(methoxycarbonylamino)-2-(oxetan-3-yl)acetate (50 mg, 0.246
mmol) in THF (2 mL) and water (0.5 mL) was added lithium hydroxide monohydrate

25 (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),SOy4, 6g
ammonium molybdate, 6ml sulfuric acid, and 100ml 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



(2S) -1 -benzyl 4-nethyl
3-net hyl - 2- (9- phenyl - 9H- f | uor en- 9- yl am no) succi nat e

W@ 3009/70433 6. 86 nmol ) prepared above, and stirredI/ES2007@3380
OC for 20 hr. The reaction mxture was renoved frorP CT
the cooling bath and rapidly ured into ~1M H3POERT
(250 nmL) with stirring, and t m xture was extracted
with ether (100 nL, 2x). The conbi ned organi c phase
was washed.with brine, drie ), filtered and .
conBER B Yo 0&%{8]&%@%@‘@%3?@%@& ALEK G A P
mat efxe@h-3Wakcdite Bad &forfRdsoit b el Niverd (300 M, MG IOOY SHANY.39 -
(25% Et OAc/ hexanes; %ravit el uti og to afford |I. Fg of
(25335 mpeHY§07 & By AGRY.3=HEE Ryl L B) ¢-64 gh&mydc iz, 1 H) 4.68 (¢,
H-f lupgen; 9-1y) 449 0)bupanoatg, contaminated with
benzyl al cohol, as a colorless viscous oil and
62S, 3R) - benzyl 4- hydroxy- 3-met hyl - 2- (9- phenyl -9

H f 1 uor en- 9-yl am no) but anongqéjmfgai ning the (2S, 3R
stereoi somer as an inpurity. e later sanple was

resubm t Thexpresonttdivglosenrevilt obw b dohirloxdat ogmagiop with certain
R
el utlisdodved avers tahi elt¢ra@ivaRmddFeatens Land equivdentadsadae be included

| S”mgviitﬁ]‘égﬂm§e_2%§§2igg‘fg§f the FHoWVR SEMBR: d118en ideimapReific
embodiments, 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.

15 Solution percentages express a weight to volume relationship, and solution
ratios 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 (3) are reported in parts per million.
Flash chromatography was carried out on silica gel (SiO,) according to Still’s flash

20  chromatography technique (J. Org. Chem. 1978, 43,2923).

Purity assessment and low resolution mass analysis were conducted on a
Shimadzu LC system coupled with Waters Micromass ZQ MS system. It should be
noted that retention times may vary slightly between machines. The LC conditions
employed in determining the retention time (RT) were:

25  Retention times were determined according to the following LC/MS conditions:

Condition 1

Column = Phenomenex-Luna 3.0X 50 mm S10
Start %B =0
Final %B =100

30  Qradient time =2 min
Stop time =3 min
Flow Rate =4 mL/min

Wavelength =220 nm



7.81 (m 2H), 7.39-7.08 (m 16H), 4.67 (d, J = 12.3,
IHy, 4.43 (d, J = 12.4, IH, 4.21 (app t, J = 5.2,
wW@09/1®622 (d, J = 10.1, NH), 3.17 (m |H), 3.P8r/{#§3009/033380

IH, -2.5 (m IH overlapped with the solvent si gnlai:;%SPCT
1.58 (m IH, 0.88 (d, J =6.g283H). LC (Cond. 1):

= 2.00 mn; LCOMS:. Anal. Calcd® for [ MH + C31 H3ONGS:
464. 45; found 464.22. (2S, 3R) isoner: 1H NVR (DVBO d

6, = 2.5 ppm ¢ Mz):. 7.81 o, o~ L-5, 2H),

7 a8ioyerfgs (m—"%%)%%'é%a?tﬁwoggﬂl@ﬁ IH), 4.50 (app
t, Jowedt B9, 1-H).1%AF3in(00% nletkanbB1, HRH) , 3. 59-3.53 (m
2H), . 3.23 (m IH), 2.44 (dd, J = 9.0, 8.3, IH, 1.70
(m CPigfitiony 57 (d, J = 6.8, 3H). LC (Cond. 1): RT =

1. 920,  LO-MBicndR@lex-16ah §dx56 im §MFH + C3i H3ONOS:
464.45; found 464.52. The rel ative stereochem cal
assPiHeRt s 6f%t he DI BAL-reduction products were made
baseg,pNCE s{gedi es conducted on | actone derivatives
prepared from each isoner by enploying the follow ng
pr ofosrdésint timp EVDBIY 50 L of 1.0 M THF, 0.05 mmol) was
add a caqf (ice-water) THF (2.0 nmL) sol ution of
(28?’%%) l?neben??/% ﬁlgl- hydr oxy- 3- met hyl - 2- (9- phenyl - 9

H- f FloorRate 9- v AmiLimoinbut anoate (62.7 ng, 0.135 mmol ),

I?de&agglelﬁﬁsﬁlct:i%j? xture was stirred at simlar

nperatute for hr .
Slovent A =0.1% TFA in 10% methanol/90%H20
Solvent B =0.1% TFA in 90% methanol/10% H20
Condition 3
Column =LCMS. GEMINI C-18 4.6 [J 50 mm
15 Start %B =0
Final %B =100

Gradient time =3 min
Stop time =4 min
Flow Rate =4 mL/min

20  Wavelength =220 nm

Slovent A =0.1% NH40Ac in 10% acetonitrile /90%H20
Solvent B =0.1% NH40Ac in 90% acetonitrile /10% H20
Condition 4
Column = Phenomenex-Luna 3.0X 50 mm S10

25 Start %B =0
Final %B =100

Gradient time =4 min
Stop time =5 min
Flow Rate =4 mL/min
30 Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H,0O



The vol atil e conponent was renoved in vacuo and the

resi due was partitioned between CH2CI 2 (30 nl), water
W@ 209mde3and sat urat ed aqueous NHACI sol uti on PC/URL0DI/033380

The organic |ayer was dried (MgSO ), filtered, and

concentrated in vacuo, and the resulting crude

material was submtted to a Biotage purification (40 g

silica gel; 10-15% Et OAc/ heteanes) to afford

(3S, 4S) - 4- et hyl - 3- (9- phenyl -9 H-fl uoren-9-

yl am no) di hydrof uran-2(3 H)-one as a colorless filmof

solid (28.1 ng). (2S,3R)- benzyl 4-hydroxy-3 ., jsspcr

- et hyl - 2- (9- phenyl -9 Hfl uoren-9-yl am no) but anoate

was el aborated simlarly to

(3S, 4R) 4- et hyl - 3- (9- phenyl -9 H-fl uoren-9-

yl am Wﬂ’i"ﬁidrofuran 2(3 H-one. (3S,4S)-1actone

i sonefoluiH NVROEDMSEOLepa&18@6= 2. 5 ppm 400 MHz), 7.83

(d, Jset¥%s5, 2Hd), 7.46-7. 17 (m 1llH), 4.14 (app.t, J

= 8. 3gphibds 306G (d, J =5.8 NH), 3.45 (app t, J =

9.2, | 7. (m IH partially overlapped with

solsveﬁld)dg?é‘ﬁlﬁl ‘S"? 16 (m IH), 0.27 (d, J = 6.6, 3H).

LC ( C8%pitime) =F'\"Imm 1.98 min; LCMS: Anal. Calcd. for

[ MtNaFlo@R42 HiMeIOmid: 378. 15; found 378. 42.

(3S, 4R)av41@g1§,0|;azb§@ner 1H NMR (DMBO-d 6, d = 2.5 ppm
|400 % 89—0(1dAN1=14 Ac %ﬁog/i th:'/&JEAI{zg' ‘]4:87- 3,
H20 SolventB —-0 NH4 Ac in 90% ac ton inle /10%122'0 ' T
Synthetic Route 1.
Br cHo PRaP(CHaCOM . x co,H , B COzH
IS SRS S SRS
1 (p=1) =
1a (n=2) 2a (n=2)

HN/\/CN

Br. er _l__________“ Br. N/\,CN 6N HCI Br- N /\/cozH_J
Hunlg's base | 5 1
Br\©,OH

4

Br(CH,);CO,Et  Br O~ -COEt | o BF O ~_-COzH
K,CO,/ DMF \O A HeOH . ]

CHO Br; Xy, Isoamyl nitrite Br. Xy, o
\Q‘(Z THFIEL,0 _PPA/ 130°C]
N-Boc SN-OH
(o] o
6 X=Y=CH; 3 X=Y=CH,
2. NH,OH/MeOH | 6a X = CHy; Y = NMe’ 3a X = CHg; Y = NMe

6b X = 0; Y = CH, 3bX=0;¥Y=CH;
6c X = CHy; Y = CH,CH, 3c X = CHa; Y = CHyCHy

Br X~y Br- X~y
\Cg/z L \q_/z
-
= N DMF 80°C NH

N, N~OH N
j"l[ \S"ll

Boc—N i Boc~N
7 X=Y=CH, 8 X=Y=CH;
7a X = CHy; Y = NMe 8a X = CHy; Y = NMe
7bX=0; ¥ =CH, 8bX=0;Y=CH,
7c X = CHy; Y = CH,CH;
FQ poe FiG
OHC
—_— . F3G N P(OEt);
iso amyl - OH FC =75 Boc
8r nitrite / ——————— 3 N
o N NHyMaOH /OH Br i N/
o] 8r . / 8c
6d : N N

7d

SUBSTITUTE SHEET (RULE 26)



IH, 3.76 (d, J =8.8, IH), 2.96 (d, J = 3.0, NH),
2.92 (dd, J =6.8, 3, NCH, 1.55 (m 11128 PCT 83 | H),
wO2®%10133J = 7.0, 3H). LC (Cond. 1): RT = 2. 0BCTUS2009/033380
LG/ MS: Anal. Calcd. for [ MtNaf C24H21 NNaQ2: 378. 15;1 PCT
found 378.49. TBDMS-O (48 ng,.0.312 mmol) fol | ondd'#
i mdazole (28.8 ny, 0.423 mmp)o were added to a CH2d 2
(3 m) solution of (2S,3S)-benzyl
4- hydr oxy- 3-net hyl - 2- (9-.. .
onoRSIeRatET Gk B Ay B detediee LORTg s 37362
0.258 mmol ), and the m xture was stirred at anbi ent
condition for 14.25 hr. The reaction m xture was then
diluted with CH2d 2 (30 $¥kd with water (15
m.), and the organic |ayer s dried (MgSO ),
filtered, and concentrated in vacuo. The resultant
crude material was _purified with a Biotage (40 ¢
silica gel'™ %ﬂ)f}t’éf‘@&g‘?tﬁséwghté@)butoéldﬁf‘? Blflﬁ%%z@],(“é‘ﬁﬁs-@é?szyl
4- (URplvisbet WLAWRY b3 jtlipHepyhos proih Biohtide ((19gphﬁlﬁmbt[))%g
-fluoren-9- ylam r:_&i) ut anoate, contam nated wth TB
bas @@yﬁwmpﬂv{%@? udergiteecr 8is24yCs aish 8¢ gilptionpgag sirred 30
NO) i i _
A np S PR o gbengaldotvds (4T by 49 mmoD. Afer severa
9- y mamitgy@)vesipiatsaras oheesvedlaad o addaebngli 30 hlapf PMSE was added to

( 25,3 I&l’v?t?&]l,z Xrld fls 1(35&{05 %ts Xﬁrgéd’ﬁ%tﬂ%}ﬂss IT&IX gocfﬁ(t}/&n'was poured onto

10 water (120 mL) and washed with chloroform. The aqueous layer was acidified with
conc. HCI and extracted with chloroform (3 x 250 mL). The organic phase was
concentrated and applied to a 65 (M) Biotage” silica gel column; Gradient elution
from 15-65% B (A = Hexanes; B = EtOAc) over 2L to give Example 1, (E)-5-(3-
bromophenyl)pent-4-enoic acid 8.2 g (82%). 'H NMR (300 MHz, CDCl3) & 7.45 (t, J

15 =1.5Hz 1H), 7.30 (dt,/=7.7, 1.5 Hz, 1H), 7.2-7.16 (m, 1H), 7.12 (t, J=7.7 Hz,
1H), 6.40-6.32 (m, 1H), 6.23-6.14 (m, 1H), 2.52 (s, 4H). RT = 2.0 minutes
(condition 1); LRMS: Anal. Calcd. for C;;H1BrO,: 252.97; found: 252.98 (M-H).

Example la Br\©/WCO2H RT = 2.1 minutes
(condition 1); LRMS:
Anal. Calcd. for

C12H13Br02: 26700,
found: 267.00 (M-H).

Br\©/\/\/COZH

20 2

Example 1, (E)-5-(3-Bromophenyl)pent-4-enoic acid (4 g, 15.8 mmol), was
dissolved in absolute ethanol (200 mL) and flushed with nitrogen before addition of
5% platinum sulfide on carbon (2.5 g). The solution was flushed with hydrogen at



3-net hyl - 2- (9- phenyl - 9H f | uor en- 9-yl am no) but anoat e.
(2S,3S)-silyl ether isomsr: 1IH NWVR (DMSO-d 6, d = 2.5
W@ Rvp/162863 MHz) , 7.82 (d, J 4 1, IH), 7.80 (drPCTUS2009/033380

SHTIENEN

1,

0, IH), 7.38-7.07 (m 16 H). 4.70 (d, J = 12.4, |
42 (d, J = 12.3, IH), 3. 28H§.3119 (m 3H), 2.56 (o‘&,ﬁ%PCT
10.1, 5.5, IH), 1.61 (m

.70 (s, 9H), -0.13 (s, 3H), -0.16 (s 3H). LC (Cond.

0.90 (d, J = 6.8, 3H),

t.he run ti.ne

3" 2B B ST TS R My o elgoyes hdigion

578y TaR A I
R S L A U R e
| H) rotdry 8Qaploehtiod (im oﬁieﬂ.to rh1|n|)n;11z&l. eS&ﬁﬁcali@nXtﬂ’]givb@ﬁ)lmplé.266-(3—

b@mogl}eély%i)qq}anog a&ygl 4 %{99 %) whé:hgvas %ig&’r\ﬁ%d ?Vét&g%%hﬁﬁ]er

;0, p@af?c,anéﬂ-i)lH }ZM@iso(ﬂldLHzJCEcﬂ,) §7.37-730 (D), 1: 1@‘& (7987.6 Hz,

1 (d

| H),
3H), 115,089 Wscd éf—l)7 R WH?:c?gtlbnz 0 £ Bshear
tO @6@‘1@5%&941@? Rﬁ"2§2 %%)mlh@sr@&ﬂdltlon 1); LRMS Anal. Calcd. for
4-(tertbutyl dineth - 3-net hyl - 2- (9- phenyl -
H- f Cubh&i0g- 33546 ﬁ)@)l%u% rﬂ?a( H).836 ng, 1.447 mol) and
10% Pd/ C (213 ng) in EtOAc (16 nmL) and the m xture was

sti
bal

rred at roomtenperature for ~ 2 1 hr, where the

| oon Fragipkeskzhar ged EW@/WCOZH RT = 2.2 minutes
(Derived from Example (condition 1); LRMS:
la). Anal. Calcd. for

C12H15Br02: 26902,
found: 269.04 (M-H).

10

15

20

Reference: (Alkylation/hydrolysis) J.Am.Chem.Soc. (1946) 68, 1468-1470.

Br\gTNCN
4

Hunig’s base (26.5 mL, 0.15 mol) was added to 3-bromobenzyl bromide (38g,
0.15 mol) and N-methyl-p-alanine nitrile (14.2 mL, 0.15 mol) in dry DMF (400 mL).
The solution was stirred 16 h, concentrated in vacuo to near dryness, triturated with
cther/EtOAc, and filtered. [A second reaction was repeated on 12 g]. The combined
filtrates were concentrated by rotory evaporation and the residue was charged
(CH,Cl,) to a 65 (M) Biotage® silica gel column; Segment 1: Gradient elution from
5-15% B over 1.3 L; Segment 2: 15%-100% B (A = Hexanes; B = EtOAc) over 6.75
L to give Example 4, 3-((3-bromobenzyl)(methyl)amino)-propanenitrile 44.4 g
(88%). '"H NMR (500 MHz, DMSO-d¢) 5 7.54 (s, 1H), 7.46 (d, J = 7.6 Hz, 1H), 7.34
(d, J=7.6 Hz, 1H), 7.30 (t, /= 7.6 Hz, 1H), 3.54 (s, 2H), 2.71 (t, /= 6.4 Hz, 2H),



necessary. The reaction m xture was diluted with

CH2A 2 and filtered through a pad of di atomaceous
w@200bhoxe8el i te-545 (r)), and the pad was washeRPCTH$1909/033380

Et OAc (200 ni), EtOAc/MeOH (1:1 mxture, 200 nlL) alquSPCT

MeOH (750 nmL). The conbi ned 0[3%29 c phase was

concentrated, and a silica ge sh was prepared from

the resulti ng crudelll28 PCT 84 material and submtted

O"i_lvb&'l 421{[7515%&3&61@ %)( %’[2 ill %lr)l(l}té'lsr(gonoclgUO%B%ﬁMS: Anal.

(ZScalsa. far@lmmarmz. (5808 - tourdy 1288 0B { My HSi | yI oxy) - 3-
nmet hyl butanoic acid as a white fluffy solid (325 ng).
(2S, 3R) - benzyl 4-(terthbutyldinmethylsilyloxy)-

3- meEMpiess( 9- phenyT - &&b@@cdﬁham na)Raut apoat §

was S|mlarly elaborated )
(29, Brywred &8 no- 4- (t er|t - bufyl di net hyl si | yERyys 3-
met hymybﬁagggo@@j d (12S, 3S)-am no acid i Z&tﬁg{tmn éﬁ NVR
( Met hanol - cU, = 3.29 ppm 400 MHz), 3.1

10. p2048. 2, IH), 3.73(d, J =3.0, IH, 3.@ﬁM%$naJ =
10.pb, 7.0, IH), 2.37 (m IH, 0.97 (d, J choor?’H)

0.92 (s, 9H), 0.10 (s,| 6H). LC Ms: Anal. gac'. fo
[ MHH + CnH 26NC3Si: 248.17; found 248. 44.| (125;BR-

am no acid isoner: 1H|NWVR (Methanol”, d ::2§7%?, ppm
400 MHz), 3.76-3.75 (m B

(@)

found: 289.2
(M+2H).

Br\©/\N/\/C02H
|

5 5
6N HCl was added to Example 4, 3-((3-bromobenzyl)(methyl)amino)-

propanenitrile (44.4 g, 0.175 mol) in a 1 L screw cap pressure vessel and the sealed
solution was heated at 90 °C for 40 hours. After being cooled, the solution was
concentrated iz vacuo to ¥4 vol. Filtration, concentration of mother liquor, and

10 filtration (2x) gave a quantitative yield of Example 5, 3-((N-(3-bromobenzyl)-N-
methyl)amino)propanoic acid as a white solid (HCI salt). "H NMR (500 MHz,
DMSO-de) 6 7.90 (t, J= 1.5 Hz, 1H), 7.67 (dd, /= 7.3, 1.5 Hz, 1H), 7.64 (d, /=79
Hz, 1H), 7.43 (t, J=7.9 Hz, 1H), 4.33 (br. s, 2H), 3.34 (br. s, 2H), 2.88 (t, /= 7.6 Hz,
2H), 2.63 (s, 3H). RT = 1.3 minutes (condition 2); LRMS: Anal. Calcd. for

15 Cy1Hp;1BrNOj: 272.03; found: 272.10 (M+H).

Example 5a Br O_~_COH RT = 1.05 minutes
Derived from 4a as in \©/ (condition2); LCMS:
J.Med.Chem.2000 43, Anal. Calcd. for
2049 CioH11BrOs: 259.09;

found: 259.2. (M+2).




2H), 3.60 (d, J =4.1, IH, 2.16 (m IH, 1.06 (d, J =

7.3, 3H, 0.91 (s, 9H), 0.09 (s, 6H). Anal. Calcd. for
wQ sbfia26@nH 26NC3Si : 248.17; found 248. 44. \\at BCT/(182009/)33380

?nd NaOH (0. 18 nL of 1.0 MZH2O, 0.18 mmol ) were alqgféjPCT

0 a mxture of

(2S,3S)-2-am no-4-(tert-butyl Hi3net hyl si | yl oxy) - 3- net hy

| butanoic acid (41.9 ng, 0.169 nmol) andNa 2CO3 ( 11.

ng, 0.1 12 nmol ), and sonicated for about 1 mn to

effect dissolution of reacta he m xture was then

cooled with an icewater bath, yl chl orof ormat e

(0.02 nmL, 0.259 mmol) was added over 30 s, and

vigorous stirring was continuedsat simlar tenperature

for 40 min and then at anbient tenperature for 2.7 hr.

The r eacExaomwlad. t@rbeomephenyilipantenpioncid(‘veat &b nEolnys, taken up

oo LA IR 0, ASROA B 80 L
f u r vévedl, cﬁipﬂ)ddtte drewertt Iprod'attéasss diOtorsubliraatibn e The sadtd nviktute was

o Bt aerieet [ Tom B e R B L AR Gyt ey o

af f @‘fdﬂd E&lpng%ECI@SIﬂnTHBC (frgélﬂ"tt pRsSwhs Whashed with water, brine, and
-2-amn

E t eFQnCB‘%}fa}ﬂdd |T|1?%Plh‘9? BiOAYat 3y Jorbiedriorad (SuBigtase ¢ sikiea gl gelmn
?' malllcpér!ad’lerﬁ |eﬁlpéarf%n?§l %@%@%A@ﬁ@x) agd Eav%%amﬁl'é' 3%0m0—

7. 64 7 8 9 tetrahydro 5H benz%[ ]annulen 5 one 1. 7 g (40%) 1H NMR (30 MHz,

10  CDCl3)d7.56 (d,J=8.1 Hz, 1H), 7.41 (dd, /= 8.4 Hz, 1.8 Hz, 1H), 7.35 (d, /= 1.8
Hz, 1H), 2.86 (t, J= 5.9 Hz, 2H), 2.69 (t, /= 5.8 Hz, 2H), 1.90-1.73 (m, 4H). RT =
2.1 minutes (condition 1); LRMS: Anal. Calcd. for C;;H;;BrO: 239.00; found:
239.14 (M+H).

Example 3a . NMe RT = 1.17 minutes
(Derived from Example 5) \©Q (condition 1); LRMS:
0 Anal. Calcd. for

C11H1:BrNO: 254.02;
found: 254.16 (M+H).

Example 3b Br o RT = 1.7 minutes
(Derived from Example \q; (condition 2); LCMS:
Sa) © Anal. Calcd. for

C10H9BI'02§ 24108,
found: 241.2 (M+2).

15
Reference: (Cyclization) JACS 1962 27, 70-76.
Br< : ; :
o

3c



(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)
WR2®81®638 (two singlets, 3H), 3.48-3.40 (m 2P)T/US2009/033380
2.22-2.10 (m IH, 0.85 (s, 9FD -0.84 (d, 0.9H,

overl apped with t-Bu signal), 79 (d, J =7, 2. 1ﬂ§128PCT

0.02/0.01/0.00 (three overlapb*hg singl ets, 6FD
LG MS: Anal. Calcd. for [ MtNa] + C 3H27NNaO 5Si :

328. 16; 28 4 = 7,24
oprm 00 P SHIg s 1 1 b onch) g s R Ergplé 35.6-0-

7. 1brotophenlybhexaidoid Zcuﬂ Ql@ g, 9 z rril:ﬁblﬁm aa LQouﬂcH)ottoﬁle@ fladkSunder a
3H), 3.58 (dd, = 10.6 I H), |H), 1.03

(d, Mirogenatrosphyrog Tb@m%@e 3% Wa@ﬂe@do é% d ng% h, qrogyg rqagent was
6 H) re&o%&@ va’coiﬂﬁ lclnd t@@&e@ﬁilue $v9§ suﬁo%ﬂé’@lo az%tl?b’ﬂ%u}]h@i@m%%benzene

found 32 . The crude products were

@t i I3¥)z éﬁhe wiid hhigtldef\marStch@@lngbmu Cﬂtbeaﬂiswlﬁide Gap g apy egranlegd
oA B BB O 5565260, o Byl Al 11
Capa85 h@apl @ eflug. ThpredBionevae swyailt 20ds cowdel, fleconted, concentrated,
appLop tlhé %tsﬁalta%% s%'ilﬁé Nre qﬁltrgc{ iin%lle%lyl ether/THF (1:1, 1L), and 1N HCI (500
mL) for 1.5 hours. The organic layer was filtered, washed with water, and brine to
10 give Example 3¢, 2-bromo-7,8,9,10-tetrahydrobenzo[8]annulen-5(6H)-one 10.1 g
(66%) as a colorless oil. "H NMR (300 MHz, CDCl3)  7.55 (d, J= 8.4 Hz, 1H),
7.38 (dd, J=8.4 Hz, 1.8 Hz, 1H), 7.33 (d, /= 1.8 Hz, 1H), 2.99 (t, /= 6.6 Hz, 2H),
2.89 (t, J= 6.6 Hz, 2H), 1.85-1.73 (m, 4H), 1.52-1.44 (m, 2H). RT = 2.8 minutes
(condition 2); LRMS: Anal. Calcd. for C;,H;3BrO: 253.02; found: 253.15 (M+H).

15 Reference: J.Org.Chem. USSR (Engl.Transl.) (1985) p 2201-2205.

Br—< >—<
O

5b
Magnesium (0.636 g, 26.2 mmol) was added to a solution of 4-bromo-1,1,1-
trifluorobutane (5 g, 26.2 mmol) in THF ( 100 mL) and under nitrogen. The solution
was stirred for 18 h at 24 °C, and the Grignard reagent was transfered via cannula to
20  asolution of 4-bromobenzaldehyde (4.85 g, 26.2 mmol) in THF (50 mL) at -78 °C
under nitrogen. The cold bath was removed and the reaction allowed to warm and
stirred 18 h, diluted with Et,O (1 vol), quenched with sat'd NH4Cl soln, and washed
with brine. Concentrate, take up in CH,Cl, and charged to a 40M Biotage” silica gel
cartridge. Gradient elution was performed from 15% to 100% B over 1 L (A/B
25  Hexanes/EtOAc) to give 1-(4-bromophenyl)-5,5,5-trifluoropentan-1-ol 6.4 g (82%).
PCC (9.29 g, 43.1 mmol) was admixed with 9 g SiO, and ground with mortar
& pestle before being added in one portion to a solution of 1-(4-bromophenyl)-5,5,5-
trifluoropentan-1-ol (6.4 g, 21.54 mmol) dissolved in dichloromethane (350 mL).

The reaction was stirred 4h, filtered through diatomaceous earth (Celite®),



according to the procedure described for Cap-51 or
Cap-13. The sanples exhibited simlar spectral
wEe@bildxw33 as that of their enantioners (i.e., Eapug2009/033380
Cap- 13, Cap-51 and Cap-52, respectively). Cap-82 11128 PCT
Cap- 83 Cap-84 Cap-85 Cap-86 2CHN O O H To a
m xture of O-nethyl-L-threoni (3.0 g, 22.55 mol ),
NaOH (0.902 g, 22.55 mml) |n H20 (15 nmL) was added
acoewe (1.74 n,  22.55 Qpw se at 00C.  The .
i xmﬂc@ntée&g 1By 0 & léQngh@B%onlﬁlhﬁa Slqo LR Efge 10 60%
pH B He&i NYLIA/BGhxandde0aQy e/ EXxRRBR S bWAR-BY bR B 5 ,5,5-
wi th Et QAc and (2x250 ni) and 10% MeCH i n CH2O 2 50
mL) trfhdrapptat bivhe ﬁécg (&6@ A AV\BR X8V e D Clorit bk Gdaf ed-5 Hz,
und C ol
97051[%2 (é‘mjéggg?l )195 4% 59 78{%1%% girisﬁi% gn&%}ﬁ 2.05-1.99
SUbQB,qHEnRTsthbmmu@HNWdl@Lm)@) NEIMS GID@ Shlcdl Eor €9 H( &B31F:0:
1.17 (d, J = 7.7

IFDQ%T%BOQ%‘L‘%R/%SSQ%M B e iy otans. 191

10

15

Example 5b.1
(Prepared from 3-bromo-

1,1,1-trifluoropropane)

CF3

Br—< >—<‘
O

RT = 1.7 minutes
(condition 1); LCMS:
Anal. Calcd. For
CioHsBrF;0: 278.97;
found: 278.98 (M-H).

Reference: (Imidazole synthesis) Bioorg. Med. Chem. Lett. 2002 1009-1011.

Br
; ?\N-OH

o
6

Example 3, 2-Bromo-6,7,8,9-tetrahydro-5H-benzo[ 7 Jannulen-5-one (1.5 g,
5.9 mmol) was dissolved in 2:1 Et;O/THF (120 mL) and 1N HCl in Et,O (9 mL) was
added. The solution was cooled to 0°C before addition of iso-amylnitrite (1.2 mL, 9
mmol) and the reaction was stirred 18 hours at 24 °C, concentrated, and applied to 25
(M) Biotage” silica gel column. Gradient elution from 15-100% B (A = Hexanes; B
= EtOAc) over 1L and gave Example 6, (E)-2-bromo-6-(hydroxyimino)-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-one 1 g (64%). RT = 1.9 minutes (condition 1).
LCMS: Anal. Calcd. For C11H1gNBrO,: 268; found: 268 (M+H).

. e RT = 1.35 minutes
Example 6a m (condition 2); LCMS:
(Derived from Example 0 Nor Anal. Calcd. For
3a) C11H11BrN,O,: 283.00;

found: 283.03 (M+H).




f ound:
L- honoserine (2.0 g, 9.79 muol ),

190 (M H)

Na2CO3

. 11128 PCT 86 Cap-87 To a m xture of

(2.08 g, 19.59

wor@bjloiess H2O (15 nl) was added C CO2Me (0. 76 PLT/US2089033380

mol ) dropw se at 00C. The m xture was allowed to
for 48 h and acidified to pH
aqueous phase was extracted

b

Et OQAc

using I N HCO .

The Aid per
and (2X250 nl)

and the conbi ned organi ¢ phases were concentrated in

vagwe—to—afford—a—<celortess—solHd{0-—0—6—28%—whiech—
was of sufficient punity for use in subsequent steps.
LHWR (400, COC %) d 423 40, T= MR- B yfic
IH), 3.66 (s, 3H), 3[43-3. A@ 2H), 208 - &{?
| Hf , Derigod from Exgmplgy || H) . LTI Ywal . cﬂ%@mw%BL S:
C7HLI3NCG: 1g]; found: 192 (M-HY +. Cap- 8Bafwintat kg of
L-valine (1.0 g, 8.54 mmol ), 3-bronopyr|dine (1.8 nL,
187 mol), K20 (2,45 g, 17.7 mol) anhdiobeBNO:60hS;
0.887 mmol) in DVMSO (10 nL) was heated afouﬂ‘(@%@é:l{/lgf{)
12h. The reaction mxture was cooled tolrt, oow(

into Example 6¢ Br RT =251 mlnutes

(Derived from Example

(condition 2); LCMS:

\
o N~
3¢) on Anal. Calcd. For
CuHuBI’NOzi 28202,
found: 282.13 (M+H).
Example 6d (Derived FsC RT = 2.1 minutes
from Example 5b) (condition 1); LCMS:

?\ OH
N
Br
(0]

Anal. Calcd. For
C11H10BI'F3N02: 32398,
found: 323.99 (M+H).

10

O
N N\OH
&.Boc

7

Concentrated 28% ammonium hydroxide solution (12 mL,) was added to a

solution of Example 6, (E)-2-bromo-6-(hydroxyimino)-6,7,8,9-tetrahydro-5H-

benzo[7]-annulen-5-one (1g, 3.7 mmol) and N-Boc-L-prolinal (850 mg, 4.3 mmol) in

methanol (35 mL) and the reaction mixture was stirred 18 hours at 24 °C, partially

concentrated to remove methanol, and the aqueous residue extracted with CH,Cl,.

The organic phase washed with water and concentrated and the crude product

charged (CH,Cl,) to a 40 (S) Biotage® silica gel column; Gradient elution Segment
1. 15%-30% B over 300 mL; Segment 2. 30%-100% B over 700 mL (A = 1:1
hexanes/CH,Cly; B = EtOAc) gave Example 7, 700 mg (44%). "H NMR (300 MHz,
DMSO-de) 6 11.3 (br. s, 1H), 7.91 (d, /= 8.4 Hz, 1H), 7.35 (dd, /= 8.4, 1.5 Hz, 1H),



H2O (ca. 150 nL) and washed with Et OAc (x2). The
organic |layers were extracted with a small anount

w@Ri2@zel t he combi ned aq phases were aci di fiBCI/US2008033380

pH 2 with 6N HO . The vol une was reduced to about 1128 PCT
one-third and 20g of cation e ange resin (Stratal)

was added. The slurry was all d to stand for 20 mn

and | oaded onto a pad of cation exchange resin

Al D P T MR

m_) 2.90hre7roampraprizatiesof (i 6H), ArBs/ MAIS(s CONCRN ' 1ad @thutel (condition
vacuo _ and. t he residue ssol ve

Lo LR hhah Ry fpetou ks [ inb S R LoRe Matrys:
obt ahpedaesé f& ¢,QMmBN:b: 02889]:23@2f%md M@Nwﬁhz( LMlQ{jVHz

DVSO-d 6) d 8.00 (s, br, IH), - 71(m :
7.01 (s, br, IH), 688(d J:75HzIH) 575(s
br, [TH), E3, e?ac‘ Ay, 2.04 -yes. Ub (M R‘T 2)2991*31&1%5
=60Hz,3 0.91 .6 Hz, 3H)
Cal [c @Derfvs foMOFteageC) - ound: 195 WPMIHOI&ZDQLQ@MS
PCT| 87 Cap- A m xt Nabine (10,0, Sulfr
nmo| ), 5-br%1 pyrimdine (4.03 g 17.0 ol. Call! For
) C21H2sN4BrOs: 463.13;
found: 463.16 (M+H).
Example 7b RT = 1.67 minutes

(Derived from Example

(condition 1); LCMS:

(Derived from Example

6b) Nz/ Boc Anal. Calcd. For
N
C20H24N3BI'O43 45034,
found: 450 (M+H).
Example 7c RT =2.53 minutes

(condition 2); LCMS:

(Derived from Example

Ny N-oH
6c) Anal. Calcd. For
N-Boc
C22H29N3BI'O33 46213,
found: 462.31 (M+H).
Example 7d FsC RT = 1.9 minutes

6d)

.OH
Br 7/ N Boc

(condition 1); LCMS:
Anal. Calcd. For
C21Ho6N3BrF;0s:
504.11; found: 504.17
(M+H).




mol ), K2CO3 (2.40 g, 17.4 mol) and Cul (179 ng, 0.94

mol ) in DVSO (10 nL) was heated at 10Q0C for 12h. The
WO e@etdwss m xture was cool ed to RT, poured i ntBCHUS2009/033380

(ca. 150 nL) and washed with Et OAc (x2). The orgaﬁi&?ZSPCT

| ayers were extracted with a 'l amunt O H20 a

t he conbi ned aq phases were acidified to ca. pH 2 wth

6N HC . The vol une was reduced to about one-third and

20g of cation exchange resin (Strata) was added. The

slurry was allowed to stah O mn and | oaded onto

a pad of cation exchange re Strata) (ca. 25g). The

pad was washed with H2O (200 ms\" MeOH (200 ni), and

then NH3 (3Min MeOH, 2x200 nl) e appropriate

fractions was concentrated in vaduo and the residue

(ca. 1. 1 g) was dissolved in H20, frozen and

| yophylljzed. The title conpound was tai ned as a

f oam (1. bty PBghic Qs CaoBmRbRYas es%éﬂ a ¥hadRelc 7.

M X{4008nd @.5¢ b A kPR hO & IRMhIHkYeERW0eC ARt 8 RBurs

estimated. The material was used as is in subsequent

r eatdenp sitropanvesmoghare. Timajcaetionfiyktuggips3Ingapp i ghyl acetate

fou PIQ)O nﬁ%@n& WS widtr@Rit?9nd brine. After concentration the crude product
was applied to a 40 (S) Biotage® silica gel column and subjected to gradient elution;
Segment 1. 5%-15% B over 300 mL; Segment 2. 15%-100% B over 600 mL (A =
CH,Cl,; B = EtOAc) to give Example 8, 675 mg (100%). 'H NMR (300 MHz,
DMSO-de) 6 11.7 (br. s, 1H), 7.92 (d, /= 8.4 Hz, 1H), 7.82 (d, /= 8.4 Hz, 1H), 7.29

10 (s, 1H), 4.78/4.69 (br s, 1H), 3.57-3.48 (m, 1H), 3.38-3.32 (m, 1H), 2.85-2.78 (m,
4H), 2.28-1.77 (m, 6H), 1.39/1.14 (s, 9H). RT = 1.9 minutes (condition 1). LRMS:
Anal. Calcd. for Cy1Hy6BrN3O,: 432.13; found: 432.14 (M+H).

Example 8a Me RT = 1.83 minutes

Br: N
(Derived from Example \Cg;z (condition 2); LCMS:
7a) N Anal. Calcd. For
.Boc
é\l C21H28BI'N4023

447.14; found:
447.06 (M+H).

Example 8b Br o RT = 1.95 minutes
(Derived from Example m (condition 2); LCMS:
7b) Ng‘,soc Anal. Calcd. For
J C20H24N3BrOs:

433.24; found: 434
(M+H).




NMe2 Cap-90 was prepared according to the nethod

descri bed for the preparation of Cap-lI.
woreaoendzB3 was used as i s in subsequent steps.
f ound:
cording to the
5 1 unl ess noted

Anal .
The foll ow ng caps were prepapﬁg ac
nmet hod used for

Cal cd. for

CHHI

5N O 2 :

preparation o

193;

cap

The crude
PQIVBS2009/033380

192 (Mg per

ot hervvi se: 11128 PCT11128 PCT11128 PCT 9011128 PCT 9

111 28 If"l' 0')111')Q Df"l' 0’2 f‘an 117 +C f‘a 122 ECAnrv the
preparatT%ﬁmg? @ap Il to 6 123 the BBL- ah$H%mH@?ds
ver e (obtiaddgn ExaRple oner ci akl 'y sour ces| @ogdi! B; LCMS:
depriot ect ed_by treat 5%TFA in CH2Cl 2. After
conrlete_re&@tion as Jud d Qy the 48tlveed Fier e
remgved in vacuo and|the correspondi ng TEAns®rtND,:t he
am no acid was
488.11; found: 488.17
(M+H).
Synthetic route 2.
HOVip*o ; (T:::F)’S;CI TBDPSO\/i:\A\O ;i:nlf:?,i:,q TBDPSO\/i}
H ' z E’;OC E‘;OC
M.1 M.2
.\\H .\\H
Ho_ ¥ 1. TBAF TBDPSO_ T (Et)oZn
g’AWH 2. RuCl, NalO, \/\;y/"' ICH,CI
Boc Boc
M.4 M.3
5
TBDPso\/iNlO

i
Boc
M.1

To a solution of (S)-5-(hydroxymethyl)pyrrolidin-2-one (10 g, 87 mmol) in
dichloromethane (50 mL) was added tert-butylchlorodiphenylsilane (25.6 g, 93
mmol), EtsN (12.1 mL, 87 mmol) and DMAP (1.06 g, 8.7 mmol). The mixture was

10  stirred at room temperature until the starting pyrrolidinone was completely
consumed, and then it was diluted with dichloromethane (50 mL) and washed with
water (50 mL). The organic layer was dried (Na,SOy), filtered, and concentrated in
vacuo, 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). "H-NMR (400 MHz, DMSO-d6, 8 = 2.5 ppm) 7.69 (br s, 1H), 7.64-7.61
(m, 4H), 7.50-7.42 (m, 6H), 3.67-3.62 (m, 1H), 3.58-3.51 (m, 2H), 2.24-2.04 (m,
3H), 1.87-1.81 (m, 1H), 1.00 (s, 9H). LC/MS (M+H) = 354.58.

15

Di-tert-butyl dicarbonate (38.5 g, 177 mmol) was added in portions as a solid
over 10 min to a dichloromethane (200 mL) solution of silyl ether (31.2 g, 88.3



carbanoyl ated with nethyl chloroformate according to

the procedure described for Cap-5 1.11128 PCT 94
w@2a91@%33The hydrochl oride salt of L-threoni nePCT/US2009/033380

tert-butyl ester was carbanoyl ated according to tﬁaé 8 PCT

procedure for Cap-5 1. The crﬂg reaction m xture WA¥

acidified wwth INHCO to pH-l "and the m xture was

extracted with Et OQAc (2X50 nm.). The conbi ned organic

e FER TR LR RN S S e R
Was alCIrree Mssabetle vélatviaala@riandastrfigovedsuildcu s @ndﬁihéi tubdemeferial
prod ct and |nor8an|c alts was trlturated

Se ik ag/hecapgs 21§ apHigd ten L1 \AL‘ioélﬁ‘fﬂ“&g 1.3 Lof

p h asifcLNeRNthERdIREd wnh\sqpmot/pet%@etﬁe/ﬁ@éaﬁé ARSI 448, cthyl
PCT 95 oil which was shown to be the desired

pr odgste). @@P%C%%@t%%h%%?%ww igiaetaty eyopQgates a yhite
S ol qur%$m &R wlﬂi'cl%’wag@:ﬁtg-@)l v@asﬂeaa@iﬂ{ lrf@xaﬂe"g andAdriQd’ nﬂxqmuo

Cal &pfford)ear@}qmm as:g;wjnte sohd (32 65 g, 82% yle d). H NMR (400 MHZ
DMSO-d6, 6 = 2.5 ppm) 7.61-7.59 (m, 2H), 7.56-7.54 (m, 2H), 7.50-7.38 (m, 6H),
4.18 (m, 1H), 3.90 (dd, ] = 10.4, 3.6, 1H), 3.68 (dd, J = 10.4, 2.1, 1H), 2.68-2.58 (m,

10 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/MS (M-BoctH) = 354.58. Calcd. 454.24.

TBDPSO\/T\j

N
]

Boc

M.2

A three-necked flask equipped with a thermometer and a nitrogen inlet was

charged with carbamate M.1 (10.05 g, 22.16 mmol) and toluene (36 mL), and

15 lowered into -55 °C cooling bath. When the internal temperature of the mixture
reached -50 °C, lithium triethylborohydride (23 mL of 1.0 M/tetrahydrofuran, 23.00
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
mL, 94 mmol) was added dropwise over 10 min. Then, DMAP (34 mg, 0.278 mmol)

20  was added in one batch, followed by the addition of trifluoroacetic anhydride (3.6
mL, 25.5 mmol) over 15 min, while maintaining the internal temperature between -50
°C and -45 °C. The 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 mL), cooled with an ice-water bath, and treated slowly with water (55

25 mL) over 5 min. The phases were separated and the organic layer washed with water
(50 mL, 2x) and concentrated in vacuo. The crude material was purified by flash
chromatography (silica gel; 5% ethyl acetate/hexanes) to afford dihydropyrrole M.2
as a colorless viscous o0il (7.947 g, 82% yield). Rt=2.41 min under the following
HPLC conditions: Solvent gradient from 100% A : 0% B to 0% A : 100% B (A =

30 0.1% TFA in 1:9 methanol/water; B =0.1% TFA in 9:1 methanol/water) over 2 min
and hold for 1 min; detection @ 220 nm; Phenomenex-Luna 3.0X50 mm S10



found: 146 (MtH)+. Cap-125 To a suspensi on O Pd(OH) 2,

(20% 100 ny), aqueous formal dehyde (37% wm, 4 m),
waeewbile26adxri d, (0.5 nL) in nethanol (15 nlL) wasPEUUus09/033380

(S)-4-am no-2-(tertbutoxycarbonyl am no) butanoic %SEQSPCT

(19, 4.48 mol). The reacti?ﬂrmas purged severa

times with hydrogen and was stirred overnight wth an

hydr ogen bal |l oon roomtenp. The reaction m xture was

LSS, ISR P TSR D g o

VaC@ﬁ<ﬁﬁh§47§§§|HD”QOWSUﬂ@n@H&%Eg%rdwﬁ% Wﬁg@nasnﬂﬁ3ﬁﬁﬂns
t he next ste : Anal Cal c
i ouﬂa9Hzé769(<§msH; SIHER9022% (b mpHl 4404 26 (astlaping br . OH),

prog@g%;gHbsL@mﬂp@MﬁNg:Lugpupf that used to prepare
To a suspension of 3-nethyl-L-histidine (0.80

g, 4 70 nmmol) in THF (10m.) and HRO (10 nL) at 00C was
added NaHCO (0.88 g, 10. STWﬁﬁkygjﬁhe resulting mxture
was Boc

5 M.3

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 M.2
(3.94 g, 9.0 mmol). Chloroiodomethane (stabilized over copper; 3.0 mL, 41.2 mmol)
was added dropwise over 10 min, and stirred while maintaining the bath temperature
10 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 NaHCO;
solution (40 mL), and then removed from the cooling bath and stirred 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
15 washed with water (40 mL, 2x), dried (MgSOy), filtered, and concentrated in vacuo.
The crude material was purified using a Biotage® system (350 g silica gel; sample
was loaded with 7% ethyl acetate/hexanes; eluted with 7-20% ethyl acetate/hexanes)
to afford a mixture of methanopyrrolidines (M.3 predominates) as a colorless viscous
0il (3.69 g, 90.7%). [Note: the exact cis/trans-isomer ratio was not determined at this
20  stage]. Rt=2.39 min under the following HPLC conditions: Solvent gradient from
100% A : 0% B to 0% A : 100% B (A =0.1% TFA in 1:9 methanol/water; B =0.1%
TFA in 9:1 methanol/water) over 2 min, and hold for 1 min; detection (@ 220 nm;
Phenomenex-Luna 3.0X50 mm S10 column. 'H-NMR (400 MHz, DMSO-dg, = 2.5
ppm) 7.62-7.60 (m, 4H), 7.49-7.40 (m, 6H), 3.77/3.67 (overlapping br s, 3H), 3.11-
25 3.07 (m, 1H), 2.23 (app br s, 1H), 2.05-2.00 (m, 1H), 1.56-1.50 (m, 1H), 1.33 (very
broad s, 9H), 1.00 (s, 9H), 0.80 (m, 1H), 0.30 (m, 1H). LC/MS: (M+Na) =474.14.

\H



treated with G CO 2Me (0.40 nL, 5.20 mmol ) and the

m xture allowed to stir at 00C. After stirring for ca.
wQ@hkook@Me3xhowed no starting material remai ni ngPCT82009/033380

reaction was acidified to pH2 with 6 N HCO. The 1128 PCT

solvents were renoved in vacg)&f and the residue was

suspended in 20 nL of 20% Me %in CcH2A 2. The nixture

was filtered and concentrated to give a light yell ow

0o (MR ) B MR L TP B

andotdia rﬁiﬁ$€b g %dal@fdﬂﬁuh@ﬁ (3OTIHL)SSOI’(E1BE of dlyl ¥whss vak e31 3up 6193
THF (1 and g)rrL cooled to QOC aqu ‘*FJ H o
(249@9 ﬂfdmzrt%me RE&bigR dempertyre for &y iy AT dig adgifjon
LCMBt ﬁhﬂ%&ﬂarﬂ@oﬁﬁ&%ﬁloh&@ﬁihﬁioﬁ% mlhah&t 6f e L&laﬂ@mﬁteﬁme\ws
was acidified with 6N HJ and the sol vents renpved

v ac frnoveEws agirng thavgmduedirtitioned besween slighiasonggthang 470 mL) and

est 66y, sdifitdliabdnfoniANRANTRE WREP b%L?eq"h@§qdeBt% cvedl t
contam nated wi th inorganic sal Cg 0% The

conpotpagd wal diphkogoraethqng (3hmé ) l8dthg éﬁmb@? greanig pisuwas dried
f ur EME&?OB Lﬁl{et“édcéén'c%ategl FNMR % glgpthmep &g’%@lﬁ)gh Qa&uﬁ%vermght

3 89h¢ gndSiterial was purified usmg a Biotage” (silica gel; 40-50% ethyl

10  acetate/hexanes) to afford a mixture of alcohols, contaminated with traces of a lower
Rf spot, as a colorless oil (1.39 g, ~94% yield). [Note: the exact cis/trans isomer ratio
was not determined at this stage.] "H-NMR (400 MHz, dimethylsulfoxide-d6, = 2.5
ppm) 4.70 (t, ] = 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), 1.51-1.44 (m, 1H), 1.40 (s,

15 9H),0.76-0.71 (m, 1H), 0.26 (m, 1H). LC/MS (M+Na) = 236.20.

A semi-solution of sodium periodate (6.46 g, 30.2 mmol) in water (31 mL)
was added to a solution of alcohols (2.15 g, 10.08 mmol) in acetonitrile (20 mL) and
carbon tetrachloride (20 mL). Ruthenium trichloride (0.044 g, 0.212 mmol) was
added immediately and the heterogeneous reaction mixture was stirred vigorously for

20 75 min. The reaction mixture was diluted with water (60 mL) and extracted with
dichloromethane (50 mL, 3x). The combined organic phase was treated with 1 mL

methanol, allowed to stand for about 5 min, and then filtered through diatomaceous
carth (Celite®). The pad was washed with dichloromethane (50 mL), and the filtrate

was concentrated in vacuo to afford a light charcoal-colored solid. The crude

25  material was dissolved in ethyl acetate (~10 mL) with heating and allowed to stand at
ambient temperature with seeding. About 15 min into the cooling phase, a rapid
crystal formation was observed. About 1 h later, hexanes (~6 mL) was added and the
mixture refrigerated overnight (it did not appear that additional material precipitated
out). The mixture was filtered and washed with ice/water-cooled hexanes/ethyl

30  acetate (2:1 ratio; 20 mL) and dried under high vacuum to afford the first crop of acid
M.4 (off-white crystals, 1.222 g). The mother liquor was concentrated in vacuo, and

the residue dissolved in ~3 mL of ethyl acetate with heating, allowed to stand at



3.62 (s, 3H), 3.35 (dd, J = 4.5, 15.6 Hz, |H,

partially obscured by solvent), 3.12 (dd, J = 9.0,
wa2008/16233 | H XCMS: Anal . Cal cd. for COH1L3N3O4: PRRUSING/033380

found: 228.09 (M+H)+. Cap-121 cj-26 cap-127 Cap- 15\"17} PCT

was prepared according to the1 thod for Cap-126 &R

starting from(S)- 2-am no-3 {“L’E nmet hyl -

IH-irridazoI 4-yl)propanoic acid (1.11 g, 6.56 mml)

Na 1.21 14 4 ) ,and O CO2Me 56. nL

bRy s ok atmaeha Slobrarhat Al o8 feed B ¢

(1. ¥SrighratarlfOP Y5 It At @Bhd@be of ahd M.4 Warg@iny <l s&ﬁﬂldr@r (grey

ot Ry B b 2 THES BRUREHS O et bt vres (B

f Ur H'PEC c@ﬂdltl@ﬂscﬁtlb&@ raéﬂém%él%n{ g(gf% M"E) Y% @g@@g)A dl()@"/?@ (A =

g 89 lz/STF@pb 1 9 glseglzn(( g)vateg;'_ﬁ ()310/3 @forﬁl 9l methago]@\gat%rbrpver 3 min;

| H) detb@¥Fi@ APhm: Ifl:l%h&ﬁienefc QD bR NS 1028 AmBY MP IR Y For the
228 T 11158 Pt

first crop = 147.5-149.5 °C. H—NMR (400 MHz, DMSO-dg, o = 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
m, 1H), 2.07 (app br s, 1H), 1.56 (app s, 1H), 1.40/1.34 (two overlapped s, 9H), 0.71
10 (m, 1H), 0.45 (m, 1H). 13C-NMR (100.6 MHz, DMSO-ds, 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. LC/MS (M+Na) = 250.22. Anal. Calcd. For C;;H7NOy: C, 58.13; H,
7.54; N, 6.16. Found (for first crop): C, 58.24; H, 7.84; N, 6.07. Optical rotation (10
mg/mL in CHCI3): [a] D =-216 and -212 for the first and second crop, respectively.
15 Synthetic route 3.

1. Br2 m
NH4OAc \
2. Alanine J&/

Xylene 140°C
‘Boc Boc~N "//
R
10 X =CHjy; R=Me
10a X=CHy; R=H
10a.1 X =0; R=Me

Br
1. Bry o] —
o Boc NH,OAc N
o) N 9y
H
9a.2

3 X=CH, X =CHjy; R=Me
3bX=0 9a X=CHy;R=H
9a.1 X=0;R=Me

N
2m4 Xylene 140°C \S

Boc~N \q/

10a.2
Reference: (Bromination) JACS (1952) 74, 6263.
Reference: (Displacement/Cyclization) J.Med. Chem. (2001) 44, 2990.

\@@#

‘Boc



Preparation of Cap- 128 cj-29 cap-128 Step 1.
Preparation of (S)-benzyl

wQ2{waete3Hhut oxycar bonyl am no) pent - 4- ynoat e ( cj PCRURI009/033380
BocHN CO2Bn cj-27b To a solution o cj-27a(1.01 g, 128 PCT
4.74 mmol), DVAP (58 ng, 0.475 mmol) and i Pr2Net (4128
nm., 9.8 mml) in CHRd 2 (100 at O0C was added
Cbz-Cl (0. 68 rrL 4.83 mmol ). The sol ution was all owed
to stir for bri ne),
dried ( ?]%’YPF%? 7d¥\83‘?%ﬁ‘ﬂ%%ﬂg|@ﬁleflé‘% @&m?%env-ife%ﬂ S8
Thes @Qﬁh@i&&a%&o%ﬂ HEEZOQQS By ) fdoa i te@icmm bromine (0.35 mL, 6.6
chromat ography (TLC 6 :1 hex: Et OAc) to give the title

C onpmﬂhhwa(syd@@l Gopvgsay Thesoltienowesrstirsd alghif C untiUe indigeged

rea%§%%8%t67(2 31% ]l_l(z §05165}§benldgﬁt§ 5];‘(6%91@13 waﬂ rém ) 5& B%ory
B H) a\‘f]aﬁglégon andl. tb3cr(d prbd)ct aﬁbh&Bto—a 25.(8M0 Hwtag@ Hjlica 2el@Olumn.
f or G%elimﬁo%g%’lo&dén@ 5[6 HEW%A’ Fﬁl)qgc/hex over%OO mL

and gave 2,6-dibromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one 700 mg, and 1.5
g of a second fraction containing dibromide (1:1). RT = 2.2 minutes (condition 1).
The 2,6-dibromo-6,7,8,9-tetrahydro-5H-benzo[ 7 Jannulen-5-one (700 mg,

10 2.22 mmol), and N-methyl-L-alanine (493 mg, 2.4 mmol) were dissolved in
acetonitrile (8 mL) and 1.1 mL of Hunig’s base was added dropwise, and the reaction
was stirred 18 hours at 55°C. The solvent was removed by rotory evaporation, and
the residue taken up in EtOAc and washed with 0.1N HCI soln, sat’d NaHCOj soln,
and brine and concentration gave Example 9, (25)-2-bromo-5-0x0-6,7,8,9-tetrahydro-

15 5H-benzo[7]annulen-6-yl 2-(tert-butoxycarbonyl(methyl)amino)propan-oate 960 mg
(98%) which was carried forward without further purification. "H NMR (300 MHz,
CDCls) 6 7.55 (dd, /= 8.4, 1.8 Hz, 1H), 7.40 (dd, /= 8.4, 1.8 Hz, 1H), 7.38 (s, 1H),
5.51-5.45/5.36-5.31 (m, 1H), 4.96-4.79/4.72-4.53 (m, 1H), 3.8 (br s., 3H), 2.94 (t, J=
4.8 Hz, 2H), 2.82 (t, /= 5.1 Hz, 2H), 2.10-1.95 (m, 2H), 1.43 (s, 9H). RT = 2.3

20  minutes (condition 1). LRMS: Anal. Calcd. for Cy0H26BrNOs: 440.11; found:
440.10 (M+H).

Example 9a Br RT = 2.2 minutes
(Derived from Example \CQO J%/H (condition 1); LCMS:
(@] 8
3) Boc Anal. Calcd. For

C19H24BI'N05§ 425,
found: 425 (M-+H).

Example 9a.1 Br 0o RT =2.05 minutes
Derived from Example 7 (condition 2); LCMS:
“r
3b) © Boo Anal. Caled. for

C19H24BI'NO6§ 44230,




Step 2. Preparation of (S)-benzyl
3-(l-benzyl-1H1,2,3-triazol -4-yl)-2-(tertbutoxycarbon
W@ b@mitens 33 pr opanoate (cj-28).11128 PCT 98 To ar@i/K$200%033380
of (S)-benzyl
2-(tert-butoxycarbonyl am no) p %t-4-ynoate (0.50 g,HIZSPCT
1.65 mmol ), sodium ascorbate F .036 g, 0.18 mmol),
CuS™-5H20 (0.022 g, 0.09 mmmol ) and NaN 3 (0. 13 g,
2. el A DBDM—H20{(5m—4 1=t f‘o‘(gf"‘""
BnBr (0.24 ni, 2.02|mml) and the i xturploWA% i (L 00),
to|65C . After 5h LCMS indicated | ow convensimn. A

O-Na - 00
Y~
K)

Nt rt wno A

eaction was poured s RmBLes
e

was coniepisPalor 12he w*
Et DReAnd finfhanghishake A aysd s wer eic%&@@(fnalg,eQCMS:
ang the aqueous | ayer extracte x with EtOCAc and the
coibi ned oRgani ¢ phases washed x3, bfAndjalcddFpied
(Na2SO ), filtered, |and concentriated. The-rgsk VB$ 10:
purified by flash (Biotage, 40+M 0-5% lveo#zﬁ%? %ﬁg%, :
TLC 3% MeOH in CH2Cl|2) to afford a |ight| fpehd:oddH99d (M+H).
whiich solidified on|standing (748.3 ng, [104% . The NWR
wag consistent with|the desired product put suggests
the presence of DMF. The material was used as is

wi t hout further .
;/N

Na

Boc~N "
Me

10
Example 9, (2S)-2-bromo-5-0x0-6,7,8,9-tetrahydro-5H-benzo[ 7 ]Jannulen-6-y1
2-(tert-butoxycarbonyl(methyl)amino)propanoate (960 mg, 2.2 mmol) was taken up
5 inxylene (20 mL) and placed in a 100 mL screw cap pressure vessel. Ammonium
acetate (1.7 g, 10 equiv) was added and the mixture was heated at 120°C (oil bath
temperature) for 4 hours. The cooled mixture was diluted with ethyl acetate (150
mL) and sat’d NaHCOs soln and the organic phase concentrated. The crude product
was applied (CH,Cl,) to a 25 (M) Biotage” silica gel cartridge. Segment 1. Hold
10 15% B for 300 mL; Segment 2. Gradient elution from 10 - 100% B over 600 mL (A
= hexanes; B = EtOAc) to give Example 10, 150 mg (16%) NOTE: Compound loss
occurred during chromatography (yield should be higher). "H NMR (500 MHz,
CDClz) 6 7.43-.42 (m, 2H), 7.35 (s, 1H), 5.25(q, /=7.0 Hz, 1H), 3.02 (t, /= 6.4 Hz,
2H), 2.96 (s, 3H), 2.83-2.81 (m, 2H), 2.0-1.98 (m, 2H), 1.74 (d, /= 7.0 Hz, 3H), 1.47
15 (s, 9H). RT = 1.8 minutes (condition 1). LRMS: Anal. Calcd. for Cy0H26BrN;O,:
420.13; found: 420.10 (M+H).



purification. 1HNVR (400 Mz, DV5O-d 6) d 7.84 (s,
IH, 7.27 - 7.32 (m 10H), 5.54 (s, 2H), 5.07 (s, 2H
wa2@5/1¢233 | H), 3.16 (dd, J 1.0, 5.3 Hz, | H) , PGI/082009/033380
(dd, J 5.3, 14.7 Hz), 2.96 (dd, J = 9.1, 14.7 :
IH), 1.31 (s, 9H. LOVS: Anal, Cal cd. for C24H28“Z'(5}38PCT
436; found: 437 (MtH) +. Step‘ﬁi Preparation of

(S)- benzyl 3- (I-benzyI-IFLI,Z,S triazol -4-yl)-2-

(ne IIUI\ r\arln I ulll II \ \JI ')9 II_\\

sol %ép RT 1.9 minutes
e(rcblmiﬁ@mcmgn

utlo benz
3|-( '(lb@ﬂi’veroh"J‘E)lam%les?
yla in
e@n%loc%l@q Forat
{;HELB%@ 34(%0'11,

N no) pro anoat e
add
idified

ed TFA (W nl). Th
room tenperature for
in

@wyéoﬂvéﬁﬁMﬁH)
3 (0.25 g,

vacuo to give a ¢
sta
(0.25 m.

ndi ng. This11128
THF
Rixt- 84 minntes

nr-onan

|uu.

BIL -
vl

Ftr 4-yl)-2-(t
0.52 gx™M. 15 mmol)
e mxturk,was all ow
2h. °ThE mixture wap
ol orl ess oil which
PCT 99 material was
to 00C. Solid NaHCQ
followed by d CO M
B 1.5h the

+H 20 and cool ed
3.0

3.2p

aci

H2CE

mbkamplafGadr st
g i .
kl%&{éfgd h8m%!a§1pi’éﬂ

9a.1)

~ r
t h and t
/N

Na,

hen

p@gﬁcﬁﬁlonl ﬁ,t Lewms:
Anal. Calcd. for
Ci9H2BrN3Os: 422.33;
found: 424.2 (M+2H).

Example 10a.2
(Derived from Example

9a.2)

Br.

\

N

3
N !,
X7

H

N

Boc~|

RT = 1.74 minutes
(condition 1); LRMS:
Anal. Calcd. For
CyoH»BrN;O,: 443.11;
found: 443.07 (M+H).

Synthetic route 4.

B Br;
r 1.Br, Br O‘
O Boc NH,OAc N
S 2. Proline oM Xylene 140°C HN-4
(6] X Rl
~N X
X Boc X
9.3 X=H 1083 X = H
%9a4 X=F 10a4 X=F
‘ 1.Br, Br NH,OAc Br
\@Q\ ® Boc —————=
2. M4 N Xylene 140°C N
OJ\LAH HN~4
0 it
H Boc’N\<§1H
9a.5 ﬁ
10a.5
Example 9a.3 o RT = 3.1 minutes

(Derived 6-bromo tetral-
1-one purchased from J

& W PharmLab, LLC.

(condition 2); LCMS:
Anal. Calcd. For
C20H24BI'N05§ 438,




The | ayers were separated and the aq phase extracted

2X

W@ k103883 ne) ,
concentrated in vacuo to give a colorless oil

NMR suggested t he

unidentified inpurity) which

ny,

with Et OAc.
dried

11 1%

(Na2SO ), filtered,

esence of an
Yolidified while st andi ng

The conbi ned org | ayers were washed

and PCT/US2009/033380
( 505'1?28 PCT

on the punp. The material was used as is W thout

fu tll Ir nllr: fl \Jull UI . :II.H!\ VR /400 IAVAI_IIZ, DI“V me\ A 7 Q7

(s| |EFaBede3ogs 3|2 8.1 e, 1H), 7,27 |ondoR3g(MH).

10-|))1;ep§e<545({e§mb341-|}0r 5.10 (d, J = 12.7 Hz, IH, 5.06

(df J =12.7 Hz, , 4.32 - 4.37 (m IH, 3.49 (s,

3H], 3. @@af{lﬂa%J —E 6, 14.7 Hz, IH), 2.Pp8 (dd, J =

9. 6, Tt 04 . UGB, Anal carcd. rorR@4|3r@zl.ﬁmﬁg3gf

394; found: 395 (I\/H-H)+. . ﬁi‘eparat on of

(S) - 2-(PretHdxyreapbonyl ant ng) °3- |, 2, 3t fepndin 2)4LCMS:

Yl ) PLapanolsyadhdal € p-128). Capi128 () rRefZcd. For

3- benzy 1,2,|3 -triazol-4-y |)-2-

(mntﬂ'ﬂmxy&aWd?hﬂmﬂam no) propanoat e (502 ng} CAHLBrifels)474;

was hydro ted in|the presence of Pd-QG

MeOH (5 m?? t atnogpheric pressure for 1%ﬁ§d nrg)4 (M),
Example 9a.5 o RT =2.95 minutes

(Derived 6-bromo tetral-
1-one purchased from J

& W PharmLab, LLC)

(condition 2); LCMS:
Anal. Calcd. For
C1H»sBrNOs: 472.07,
474.07; found:
472.02, 474.02
(M+Na).

Example 10a.3
(Derived from Example
9a.3 and prepared as
described for Example
10.)

RT = 2.37 minutes
(condition 2); LRMS:
Anal. Calcd. for
CaoH2sBrN3O,: 418.11
and 420.10; found:
418.21 and 420.17
(M+H).

Example 10a.4
(Derived from Example

9a.4)

Boc-N

RT = 2.3 minutes
(condition 2);
HRMS: Anal. Calcd.
for CyoH2BrF,N30,
454.09573; found:
454.09362 (M+H).




m xture was filtered through diatomac
(Celite R) and concentrated in vacuo.
w@ B)092e368kt hoxycar bonyl ami no) - 3- (| H |
propanoi ¢ acid was obtained as a colo
ny,
methyl ester. The material W% used a
further purification. 1HNVR (400 MHz,
12.78 (s, br, IH, 7.59 (s, IH, 7.50
IH, 4.19 - 4.24 (m IH, 3.49 (s,
4.8 Hz, 14.9 Hz, IH), 2.96 (dd, J
LCVS: Anal. Calcd. for C7H ONAO4: 214,
(MrH) +. 11128 PCT 100 Preparation ofCa

3H),
9.

eous earth

, 2, 3-tri apOt/ug2009/)33380

ri ess gum (266

11 1% which was contam nated with ca. 10% of the

S i s wthout
DMSO-d 6) d
(d, J = 8.0 Hz,
3.12 (dd, J
9, 15.0 Hixslkby.
found: 215
p- 129 CbzH Step

1- Pr\,'&ru ul' |I0U5
onno) 3- (1 H
N CO2H cj

(S)-2-(benzyl oxycarQ
pr oparfOFEeaEIRErepr31)
of ($)-benz3als)2- oxocxet an
nmol )|,

car bamat

P

ylFTaz%?s‘i“‘” §

- ‘on
eA:(aOC@w §or 3. 03
Cleszl'N;;Oz’. 430.12,
432.12; found:

430.02, 432.02 (M+H).

Synthetic route 5.

BTQ(
(o]

1. Bry
2. Alanine

NH4°AC
‘R Xylene 140°C

T

b R=Me
9b.1R=H

Br 3G
jw;o
o

9b.2 X = H,H
9b.3 X =CH,

Sh.4Y=H; X=HH; Z CBz
8b.SY=F; X=H,H; Z= Boc

8b.6 Y =F; X =CHz; Z= Boc
9b.7 Y = H; X = CH,; Z = Boc

1. Bry

Br. 2. Proline or M.4
CFa

sb1 O

o) ,Boc

N
H

H

1. sz
2. Proline or M.4

N
L NH

NH.OAC
Xylene 140°C

N H40AC
H Xylene 140°C

N-Boc

10b R =Me
10b1R=H

Boc, H
N-x

Br \
\Q}N‘r&i
FoC~ NH

H
10b.2 X = H,H
10b.3 X = CH,

i Ky

10b4Y = H: X = uuz cBz
10b.5Y = F; X= H,H; Z=Boc
10b.6 Y = F; X = CHg: Z = Boc
10b.7 Y = H; X = CHy; Z = Boc

Br o Boc
o ™

(o}

Example 9b 8r, O Boc RT = 2.2 minutes
(Prepared described in \©\(1>/\0’K(N'Me (condition 1);
Example 9.) LCMS: Anal.
Caled. For
CysHsBINOs: 371;
found: 371
M+H).
Example 9b.1 RT = 2.7 minutes

(condition 1);
LCMS: Anal.
Calcd. For

SUBSTITUTE SHEET (RULE 26)



and pyrazole (0.22 g, 3.29 mmol) in CH3CN (12 nL) was

heated at 50 OC for 24h. The m xture was cooled to rt
woey@pnimbs and the solid filtered to afford ( SPERUS2009/033380

(benzyl oxycar bonyl am no) - 3- (| H- pyrazol -1 -yl ) pr opagﬂilfs PCT

acid (330. 1 ng). The filtratﬁ4vvas concentrated i

vacuo and then triturated wt smal | amount of CH CN

(ca. 4 nL) to afford a second crop (43.5 ng). Total

yi eH—370-4—+rg—(-44%—mp—165-5—168C P
168.5 - 169.5 [Vederas et al. J. Am Chen¢16§6’grﬁ(2§§§§;
707, 7105]. 1HNMR (400 MHz, CD3OD) 7.51 (fbund 3W52MIH).

710
IH, 7.48 (s, J = 1|5 Hz, IH), 7.24 - 7.834 (m 5H),
6.23 m IH, 505 (d, 12.7 H IH, 503 (d, J =12.7
Hz |H)Exafh-pf%9)b2 4.6 (m <4 4.42 - 4.4 Tmlb&_ﬁmutes
LCME: Cal cd. flor H Ofec 289; found: 290
( Mk yqpxgrlvegtf@){m @xanml@lz ar at¥o N (cond1t10n 1);

(S)- r bonyl ami n8) - 3- ('H pyr az yh)h.Ar opan
oi ¢ ac%@apxg 9). |cap- 129 Of cvsY AhaAl!

(S) - 2- (benzyl oxycar honyl ani no) - 3- (| H pyr p€dtd. [Foy| ) pr op
anpic acid (0.20 g, |0.70 nmmol) was hydrogengt iyt he
preésence of Pd-C (4% ng) in MeOH (5 ni) ?20%24%91:3%5

494.08; found:
494.03 (M+H).
Example 9b.3 Bo RT = 2.1 minutes
(Derived from Example m )KLA (condition 1);
Example 5b.1 and M.4) LCMS: Anal.
Calcd. For
C21H24BrFsNOs:
526.07; found:
525.91 (M+H).

Example 9b.4 Brm o cee RT = 2.2 minutes
O)K(\N} (condition 1);

° LCMS: Anal.
Calcd. For
Co1H0BrNOs: 445;
found: 445
(M+H).

Example 9b.5 Br F o Boc RT =2.94 minutes
\©/\,ﬁo)K(\N) (condition 2);

° LCMS: Anal.
Calcd. For
Ci1sH2,BrFNOs:
452.05, 454.05,
466.05; found:
452.06, 454.06




at nospheric pressure for 2h. The product appeared to
be insoluble in MeOH, 11128 PCT 101 therefore the
WO e@etldwes m xture was diluted with 5nl H2O andPEr/i/82409/033380

drops of 6N HO .
t hrough di at omaceous earth (
renmoved i n vacuo.

The remi ni

The honobgeneous sol ution was fil

ite (r)),

sol uti on

and the b&&ﬁ?PCT

was frozen

and | yophyllized to give a yeIIOM/foan1(188 9 ng)

Thi

o rmmtary Al

c-nr\nd e THIE L1 29N

an

WS G
I VVA O Y

d then cooled to (

Ilul o1 T T

d
Pullupu T T

OC. To the cold m xt

.I.\.AII—/

@%ﬂﬁﬁs added

Na
O CO
d

.63 (d,
.14(d

AC g Bralnhftopld no,

CO ) .. After gas ¢
CPRAVeddr s Exmply
ture wag4al | oned
pH-2 with 6N HC
e separated and t
DAC (x5). The conf
ine), dried (Na2§
e the title conpg

79% . 1HNWVR (40¢
2.6 Hz,
1.5 Hz

J

1z /4. neol ) carefully
lvol\b:’c')(m lad *Feased
78 nmoll) Dgﬁigﬁded d
to stir for and W
and poured into Et QA
he aqueous phase ext
i ned organic |ayers
5O ), filtered, and c
und as a colorless s
MHz, DMSO-d 6) d 13
IH, 7.48 (d, J 8
IFD 6.19 (app t, J

R0 18 thidbtes
ca. 15 mn)

 SpiiaR 2The
pecRe! Ahdii ed

c. The layers
r adeedoni t h
el g, G
oncentrated to
p4G4e)5¢ 460108, 8

B iy

465220 MHNa) .

(Derived from Example

M.4)

Boc

RT =2.05 minutes
(condition 1);
LRMS: Anal.
Calcd. For
C1oH23BrNOsNa:
446.07; found:
446.08 (M+Na),
(M+2).

Example 10b

RT = 1.6 minutes

(Derived from Example N\>_{\"'V'e (condition 1);
9b as described for § LRMS: Anal.
Example 10) Calcd. For

Ci17H»BrNzO2:
380.10; found:
379.98 (M+H).
Example 10b.1 Br Boc RT = 1.7 minutes
(Derived from Example \©\[N\>_<“H (condition 1);
9b.1) N LRMS: Anal.
Calcd. For
Ci6H20BrN;Oo:

365; found: 365




12.9 Hz, IH), 4.29 - 4.41 (m 2H), 3.48 (s, 3H . LCME:
Anal . Calcd. for C8HLIN3O4: 213; found: 214 (MH) +.

w@2ap91®683 AcH O2H Cap- 130 was prepared by acyp@r/usmwowé33zso
commercially available (R)- phenyl gl yci ne anal gouslltlg8 PCT
the procedure given in: Cal megil M ; Daunis, J.;
Jacqui er, R ; Verducci, . rahedron, 1987, 43(10),
2285. Cap 131 .,-Bn O—IO 0 Bn HNONH2 HNOHCI N.

ln| Adn (N

St ep—a——PBrrethytearbarey—ehlorde {092 MLH 10—+reh)
was added slowy to|a (M),
Example 10b.2 CFa RT = 1.66 minutes
(Derived from Example | @_}p Boc (condition 1);
9b.2) ”J\(\N) LCMS: Anal.
Calcd. for
Cr0H24BrFsN3O,

474.10; found:
473.99 (M+H).

Example 10b.3 CFa RT = 1.7 minutes

(Derived from Example
9b.3)

N (condition 1);
J\LNAH LCMS: Anal.

H Calcd. For
C1H24BrF3Nz0;:
486.10; found:
486.10 (M+H).

Example 10b.4 Br CB2 RT = 1.7 minutes
(Derived from Example \©\[N\>_{'j (condition 1);
9b.4) LRMS: Anal.
Calcd. For
C21H20B1N3O»:
426.08; found:
426.09 (M+H).
Example 10b.5 F RT =2.27 minutes
(Derived from Example BF‘Q_['N NB°° (condition 2);
9b.5) J\() LCMS: Anal.
Calcd. for
CisH»BrFN;O,
410.09; found:
410.08 (M+H).

@
I= \3/\
=4
Ior}
Q
(9]




solution of (S)-benzyl 2-am no-3-nethyl butanoate
hydrochl oride (2.44 g; 10 nmmol) and Huni g's base (3.67
workgo920233mmol ) in THF (50 nlL). The resulting wWhECT/ES2009/033380
suspension was stirred at room tenperature overni gﬂi PCT
(16 hours) and concentr at edllil%? PCT 102 under #y

pressure. The residue was par i oned between et hyl
acetate and water. The organic | ayer was washed with
br irre—dHed{MySO)—FHtered—and——<cone “.:rr'**c ghdet
r edlucedHPRSJOR e resfilting yellow o RT gl > minutes
pur i(begebddyont E 1@“@@@@ hygee el ut i npcwhdifore)ny|
acet at e: hexanes (1:1). Col | ect Hractions _were
concent r aPB® under vacuum providng 2. 35| GCV85alof
clear oil. 1H NWMR (300 MHz, DMSO-d 6) d p@mcppgﬂ (d, J
=6{95 Hz, 3H), 0.89((d, J =6.59 Hz, 3H),| 1.98-2.15 (m
IH|, 2.80 (s, 6H), 5.01-5.09 (m J =12. 44CeHBriy:0::
5.13 (d, ./=12.44 H4, IH), 6.22 (d, J =8 %‘ddeouh(!E')
7.26-7.42 (m 5H). UC (Cond. 1): RT = 1.[76 m n; MNB:
Anal . Cal cd. for [I\/H|—|]+ G 6H22N2CB:  279. N421.96d ihd) -
279703¢ 7 V€ IIL) bUI ut —Of ot ]
inter msél a@e pr epar edBrw ﬁr:wgll'%g ﬂ\;}\glsnes
adgeBePdid@ropl B¥mMRO( ny) ancﬁt e esultl n@oiolithakl );
SUSPENSI ofy, Was LCMS: Anal.
Calcd. For
C19H23BI'N3023
404.10; found:
404.09 (M+H).

Synthetic route 6.

Bf“
N
HN—4

Boc-N

NaH, SEM-CI

Bf“
N-SEM

10a.3

1. HCl/dioxane

2.CBz-Cl

1. HCl/dioxane
—_—
2.CBz-Cl



flushed with N2 (3x) and placed under 1 atm O H2. The
m xture was stirred at roomtenperature overnight and

w0 dovaexad t hough a microfiber filter to renoveP@ES2009/033380
catal yst. The resulting clear solution was then 1128 PCT
concentrated under reduced prgsisure to obtain 1.431é
(89% of Cap-131 as a white foam which was used
wi t hout further purification. 1H NVR (500 MHz, DWVSO-d
6) d ppm0.87 (d, J =4.27 Hz, 3H), 0.88 (d, J =3.97
Hz, 3H), 1.93-2.1 1 (m I Oa (s, 6H), 3.90 (dd, J
=8.39, 6.87 Hz, IH), 5.93 (¥ F w84 Hz, IH), 12.36
(s, IH. LC (Cond. 1): RT = 0.8 mn; Ms Anal. Calcd.
for [M+H + C8HL7N2CB: 189.12; .fq(ifid 189.04. Cap-132
Cap- 132 was prepared from (S)-benzyl 2-am nopropanoate
hydr ochl ori de according to the fitet hod described for

Cop L ARSI R 4R el

=7. Baxrtibiz o d dtfired Iudbh df Exarthply 104 T((6Cmml 1.35 imdRTindArODI (10

;n oz%ﬁﬁﬁg?ogﬁ%%%@g@%\%s%m&- 5 %nl_g'e%\r% %&itig'nesojf S%?\}I—Cl (0.24

5 mL, 1.35 mmol), stirred for 3 h, quenched with sat’d ammonium chloride (1 mL),
diluted with EtOAc (50 mL), and the organic phase was washed with sat’d NaHCOs
solution and brine. The aqueous phase was extracted twice more with EtOAc and
combined with the initial organic extract prior to drying. Concentration gave a
residue applied which was applied (CH,Cl,) to a 40 (S) Biotage”® silica gel cartridge.

10 Segment 1. Hold 15% B for 75 mL; Segment 2. Gradient elution from 15% to 50% B
over 750 mL; Segment 3: 50-100%B over 750 mL (A = hex; B = EtOAc) B to give
regioisomeric products Example 11, 497 mg (67 %). RT = 3.0 minutes (condition 2).
'H NMR (500 MHz, DMSO-d) 8 7.42-7.35 (m, 3H), 5.65/5.39 (d, J= 11.6 Hz, 1H),
5.29-5.27 (m, 1H), 5.00/4.93 (s, 1H), 3.54-3.51 (m, 3H), 3.43-3.41 (m, 1H), 3.02-

15 2.99 (m, 2H), 2.89-2.81 (m, 1H), 2.29-2.08 (m, 2H), 1.95 -1.84 (m, 2H), 1.37/1.13
(s, 9H), 0.89-0.86 (m, 2H), -0.02 (s, 9H). LRMS: Anal. Calcd. for CysH39BrN;O;Si:
548.19; found: 548.23 (M+H).

Cold 4N HCl in dioxane (0.871 mL, 3.49 mmol) was added to a solution of
20 10a.3 (1R,3S,5R)-tert-butyl 3-(7-bromo-4,5-dihydro-1H-naphtho[ 1,2-d]imidazol-2-
yl)-2-azabicyclo[3.1.0]hexane-2-carboxylate (1.5 g, 3.49 mmol) in MeOH (20 mL)
and the reaction was stirred for 2h at room temperature. Concentration yielded a tan
solid which was taken up in dioxane (20 mL) / water (20 mL) and cooled to 0°C.
Na,COs3 (0.369 g, 3.49 mmol) and CBz-CI (0.498 mL, 3.49 mmol) were added and

25  the reaction mixture was stirred as it warmed to room temperature over Sh before



Cap- 133 Cap-133 was prepared from (S)-tert-butyl
2- am no- 3- net hyl but anoat e hydrochl ori de and

wQ2dobnaxsaet hyl chl or of ormat e accordi ng to t he PE/Osm09/033380
descri bed for Cap-47. 1H NMR (SOO MHZ, DWVSO-d 6) glefﬁCT
q.87 (t, J =6.71 Hz, 6H), 1.97-2.10 (m IH), 3.8
(dd, J =8.39, 5.95 Hz, IH), 4fa-4. 18 (m IH,
4.20-4.25 (m IH), 4.50- 4.54 (m IH, 4.59-4.65 (m

I .7.51.(d, = 8. Hz, .| , 4 I .. -134
e PP G P Ot s ool iy Foer o
chl eage Wit ben@ Ceied 6vol NatSD,! filferé® bitDebne@satet DEEL dr@de product

Cap-51. 1H NMR (500 MHz, DMVBOd @g)”d ppm 0. 72-0.89 (m
6H) wag chipgzed (GH.({lpto 2 H)0 g Th@upson 66li¢ngel paridg@amiezlBed )% -

m . 3H) ., 4.0 odJd. .= 8. 5 Hz, LH),. ,
Lo 08 moter s LU0 amae i Ehepminct el G 186 dgm-
?ﬁ nb%ﬂzgyoﬂd\f/ﬁabrémaMﬁ—%ﬂé@%lHﬁfﬁbh{ﬂlMﬁH}?ﬂirﬁiﬁk&bﬁl}%'@-%ﬁc%ﬁéB.1.0]
ou . . - olution o ..
D 25%%8:%%%@@ FoprRiss fry%@e% plovageysPurigsevarg 4 2 (1560
Mo LM QhikdGor CHHAIBRR Y, (@181 46421 Pandld66.20,0foih® 14k 3. 88 ind
forggslégn (37% 1 L) 1 n methanol (5

Example 11b Br RT =2.01 minutes
(Derived from Example /N (condition 2); LCMS:
10a.5) g Q/ Anal. Calcd. For
cez’ S Ca4H2BIN;O,: 464.10,

466.10; found: 464.11,
466.11 (M+H) ™"

10 Synthetic route 7.

% com COMe
Br NBS Br Br MeO,C _JL_ COMe g, KOH
O —_—
\@< AIBN Br KHCO, EtOH

BnNMe;*CI- CO,Me

Br
1.Br Boc.,
Br 2. azide /N NYQ
o —— N/\-\\\ Br X
3. SnClyH0 N N
7’
Boc

4. Proline/HATU
5. NH,OAc/Xylene 140°C

12

13a.2 13b.2

Reference: J Chem.Soc. Perkin Trans 2 (1993) p 1305.

Br
O

15 12

AIBN (98 mg, 0.59 mmol) was added to 4-bromo-1,2-dimethylbenzene (11 g,
59.4 mmol) and freshly recrystallized N-bromosuccinimide (21.1 g, 119 mmol) in

CCly (50 ml). The reaction mixture was heated at reflux for 2 hours under nitrogen.



m.) was subjected to ball oon hydrogenati on over 10%
pal | adi um on carbon (60 ng) for 16 h at 25 0C. The
worzoobaew3nas then filtered through Celite to abdDUS20091€33380
HC salt of Cap-135 as a white foam (3 16 ng, 80% llg}H’CT
NVR (300 MHz, MeOH-(14) d 7. 5? 1128 PCT 104 (dd,
880 5.10 Hz, 2H), 7.29 (t, = 8.6 Hz, 2H), 517(s,
3. 05 (v br s, 3H), 2.63 (v br s, 3H) R =0.19

i @Ster e SRR fopg Pt e s b B A SetRY B @ pgrated by

Caprola$ e?@oam@@w @de ir 5,581‘ eﬂﬁ)xuﬁrél mhg Bppdbxirhatt§ Nz Y 4-
| Himdazol e n anhydrous di et hyl

et h8PmPEsE2 msbrﬂﬁ%?tgﬂ?hepﬁa%hl%w%a&éﬁnw Butyl 1ithium
(2. BistrdrRorha d)fm)@ﬁzené]f [Romk; The st@rﬂﬂ’gﬂ{a)enqr@ﬂ%oﬁt@mnﬁfeﬁ%ﬁth

being stirred for 20 mn at - car bon
fi okt e e SalPRIPBEHEEY | B7i1 55 2AEMEEBEIeR Dt o ¢ he

react i ond o dRixful! ofl0 ol NoRBOT & bisEbrM&n@ch 18RS NE @21 g)
warmup to 25 0C. The heavy precipitate f or med

on #@dikeraw BICHeahbdIP @b end decthyl héone@ta@qdilqm (A?-R2uFeS
was nfnﬁdlgg\ﬁis%{idéldgan%ﬁ’é es@lu?oﬁ‘ %Qg &%ﬁgégll dﬁ} f’ %(gut?(gll Jr&kYh GB4 o
, pH
0.64 mol) in water (250 ml). Phase transfer catalyst benzyltrimethylammonium

10 chloride (1.7 g, 9.19 mmol) was added and the reaction mixture was stirred 18h under
nitrogen at 50 °C. After separation of the organic phase, the aqueous phase was
extracted with CH,Cl, and the combined organic layers were washed with brine.
Concentration gave 23 g of a complex mixture (both regio isomers and ester
diastereomers) containing dimethyl 2-bromo-7-0x0-6,7,8,9-tetrahydro-5H-

15  benzo[7]annulene-6,8-dicarboxylate which was carried forward without purification.
RT = 1.87 min (condition 1); LCMS: Anal. Caled. for C;sH;sBrOs: 377.01; found
377.05 [M+Nal].

The 23 g mixture of crude dimethyl 2-bromo-7-0x0-6,7,8,9-tetrahydro-5H-
benzo[7]annulene-6,8-dicarboxylate (contained ~ 8g, 22.5 mmol) was placed ina 1 L

20  round-bottomed flask fitted with a reflux condenser and dissolved in ethanol (250
ml). A solution of KOH (8.8 g, 0.23 mol) dissolved in water (250 ml) was added and
the initially tan suspension turned black upon heating at reflux for 16 hours. The
reaction mixture was poured onto EtOAc (1 vol) and the organic phase separated.
Brine (1/4 vol) was added to the aqueous layer which was extracted with EtOAc, and

25  the combined organic layers were washed with brine. After being concentrated by
rotory evaporation, the residue was charged (CH,CL,) to a 40 (M) Biotage® silica gel
column (apply vacuum from beneath column to aid adsorption) and gradient eluted
10-100% B (A = Hexanes; B = EtOAc) to give a 4:1 mixture of bromides which
favored Example 12, 2-bromo-8,9-dihydro-5H-benzo[7]annulen-7(6H)-one and

30  contained 1-bromo-8,9-dihydro-5H-benzo[7]annulen-7(6H)-one, 8.3 g (61%). The
mixture was carried forward without further purification, but a pure sample of

Example 12 was obtained upon crystallization by allowing the mixture to stand for 3

weeks at -5°C. "H NMR (500 MHz, CDCL3) § 7.37 (d, J = 2.1 Hz, 1H), 7.33 (dd, J =



= 3, cooled, and induced to crystallize wth

scratching. Filtration of this precipitate gave a
wakiovaozsed i d whi ch was suspended in nethanol, PCEHESZM/033380

with IN HCO /diethyl ether (4 nL) and concentrated 18 peT

vacuo. Lyophilization of the &§§|due from wat er é’ﬁ%ﬁ

afforded the HO salt of Cap-136 as a white SO|Id (8

17 ng, 409% . 1H NMR (300 MHz, DVMBO-d6) d 7.94 (d, J =

L 5o5 A 5T o5 e LD RO P,

homegemi rhiyute@6xditidoRVSL CARIAnaCahied. tboc, HivBkd+2300d found:
12N2Q02; é%s 08; found: 203.11.11128 PCT 105 A

sus Sh | - chl or o- 3- cyanoi soqui nol i ne (188 nyg,

1. 00 mmol ; prepared accogoln 0 the procedure in WO
2003/ 099274) (188 ng, 1.0 ﬁﬁb)q cesium fluoride
(303.8 ng, 2.00 nmol),

bis(tri-tert- butylphosphlne)palladLQn1d|chIor|de (10
ng, 0.02 nmmol) and 2- (tributyl st®8hnyl)furan (378 ni,
1.20 mmol ) in anhydrous di oxad®?(10 nL) under n|trogen

s heat 1%111%6 (? Ql d1QLC 2f6%rm&1§1) Qva? g(?f%ﬁ % é §011Y{%ﬁ of iR |4eldmfx9ure
5 0C an trea with satura , aqueous potassium
f | uospaevdplalitt on lv\brbtmO\SLQgchhdes—Sﬁtbmm Qnrﬁuiem 7|(6H) offth®.4 g,

m XEJ)“I !3 f’]ﬁ%iaert}tlyll tetlhernég() rtflis V\ﬁleenreaec 1on was s?tlrrea for 4?1'11 concentrated,

wat er
and the crude a-bromo ketones were taken up in acetonitrile (200 mL). Sodium

azide (1.7 g, 26.8 mmol) was added and the reaction was stirred 16 h before being
10 concentrated. The residue was partitioned between EtOAc and sat'd NaHCOj soln,
and the organic layer was washed with water, brine, and concentrated. RT =2.0
minutes (broad peak, condition 1).
The crude a-keto azides were dissolved in CH3OH (350 mL) and tin (II)
chloride dihydrate (13.2 g, 69.6 mmol) added and the reaction mixture was stirred for
15 3.5 hours at 65 °C, concentrated by rotory evaporation, and dried under high vacuum
for 18 hours.
The crude a-amino ketones were taken up in DMF (300 mL), Hunig's base
(24.41 g, 189 mmol), (S)-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid (4.07
g, 18.89 mmol), and HATU (7.18 g, 18.89 mmol) was added in one portion with
20  vigorous stirring.  After 8 hours the reaction was concentrated to 1/3 volume in
vacuo, and partitioned between EtOAc (1 L) and 0.1N HCI (150 mL). The tin salts
were removed by filtration through diatomaceous earth (Celite®), and the organic
layer was washed with brine and concentrated. The crude product was charged
(CH,CL,) to 2 40M Biotage” silica gel cartridge (divided into two runs). Gradient
25 elution from 15% to 100% B over 1.5 L (A = Hexanes; B = Ethyl Acetate) to give
Examples 13a.1 and 13b.1 (3.8 g, 35.7% combined yield) each as a mixture of
diastereomers. Example 13a.1: RT = 1.58/1.51 min (condition 5). LCMS: Anal.
Calcd. for Cy1H»7BrN,Oy4: 451.12; found: 450.87 (M+H).



organi c phase was separated, washed with brine, dried
over Na2SO, filtered and concentrated. Purification
w@boobhe2esesi due on silica gel (elution with 0%CDUSHUN/033380
et hyl acet at e/ hexanes) afforded Cap-137, step a as TZSPCT
white solid which was used asb#D (230 ny, 105%. F%t1
1.95 mn (Cond. -M5-W2); 90% h geneity index; LRVES:
Anal . Calc. for [MH + C 4HBN2O 221.07; found:

221 12 137 To a S on.of C. 137, step a 110
o, 0. 50 BT R pLPTBAGYS T 3o B0y e dmies
rmro I13a i ﬁhélclab hqB.3teet B agddyih Gl?leg% (173 D)), aﬁagtategnn t pick®ird vessel
an wat er S a e ut hent um
trl Tﬂ“‘é’r"ﬁt 4& t%/ffPF %%euré zA?ﬁtefv%%@lgO‘fJ?Of ﬁ#ﬂeyctwirﬁéxtmwaﬁﬂémed

was wih IEEO 8E (Y ndD, WishEOK itk sdt dagiddepriRasidd thé MBHc phase was
bet ween di chl or oret hane and water. The aqueous | ayer

fias caspririade dhe exde Brodect wenrhagecte e HaGlhrtn a 40S Blotage)é silica gel
di C[?Arefdggeél%ﬁg ot P@ﬁ’gd f(@@ gi,c8!3p ATE (gAh@@?IZClz; B=
re S an

extracts were over 't ered
con Eémcr) ate.49Tg pf umatire thapfvas subjeeted iodureconidtchroascareply; 40S

o B, BT R I AL R o

| ndeMD‘VJ.@H@H/BtMC) ahd@piovidé @i milikelof ECmin18N262:an@ 0% . 08;1 ¢

10 (34.8%). A sample of the product was applied to semi-prep normal phase HPLC
(Chiralcel OD Column, 20x250mm, 10um; 98:2 Heptane/EtOH @ 10 mL/min; UV
220/254 nm) and collect Example 13a.2 eluting at 35-36 min. "H NMR (500 MHz,
CDs;OD) & 7.44 (s, 1H), 7.28 (dd, J=7.9, 2.1 Hz, 1H), 7.09 (d, /= 8.2 HZ, 1H),
4.73-4.69 (m, 1H), 3.91 (s, 2H), 3.64-3.61 (m, 1H), 3.48-3.44 (m, 1H), 3.09 (t, J =

15 4.6 Hz, 2H), 2.80 (t, /=5.8 Hz, 2H), 2.31-2.11 (m, 1H), 2.01-1.88 (m, 3H), 1.46/1.48
(s, 9H). RT = 1.7 minutes (condition 1). HRMS: Anal. Calcd. for C,H»¢BrN;Os:
432.1281; found: 432.1268 (M+H).

Example 13b.1 0 RT = 1.59 minutes
Br\@OHim (condition 5);
LCMS: Anal.
Calcd. for
C21H7BrN,Oy:
451.12; found:

450.98 (M+H).
Example 13b.2 Boc, RT = 1.7 minutes

N
Br \N\jN/ID (condition 1).
m LCMS: Anal. Calcd.

for C21H26BI'N3023
432; found: 432
(M+H).




found: 200.08.11128 PCT 106 Caps 138 to 158 Synthetic
Strategy. Method A. Cap-138 Cap-138, step a To a
waripnesssuspensi on of 5-hydroxi soqui noline (pPEPESEA/033380
according to the procedure in WO 2003/ 099274) (2. q?SPCT
13.8 mmol ) and tri phenyl phospl‘g ne (4.3 g, 16.5 )1
in dry tetrahydrofuran (20 nL s added dry net hanol
(0.8 nL) and di et hyI azodi carboxyl ate (3.0 nL, 16.5
%?rtlongn The m xture was stirred at room
rrﬁ%i’ Gf¥4%r 20 h before it was diluted with ethyl
acet ate and washed with brine, dried over Na2
fil ter and concentra The rgesi due was Joreab onbecP<x
onto siticangel—and--p dut MERWE B 40% j/
acet at e/ Wexanes')”"fo affor Cap*~£k38, step a as a IlgEIg;
yel low solid (1.00 g, 459 1H_ NMR (CDC 3, 500 )..d, .
9.19 (s, IH), 8.51 (d, dnzebcQotiz, 1H), 7.99 (dis doomex-r

6.0 Hz, IH), 7.52-7.50 (4meolx-47. 00- 180 Sbromo; X = H
Br- O.
_ 4steps BOC NH4OAc/Xylene 140°C mNH
N= Boc
N
WO02007/088450 A2
15¢
Example 14

\©\'(\ Boc

5 N,N-Diisopropylethylamine (18 mL, 103.3 mmol) was added dropwise, over
15 minutes, to a heterogeneous mixture of N-Boc-L-proline (7.139 g, 33.17 mmol),
HATU (13.324 g, 35.04 mmol), the HCI salt of 2-amino-1-(4-bromo-
phenyl)ethanone (8.127 g, 32.44 mmol), in DMF (105 mL) and stirred at ambient
condition for 55 minutes. DMF was removed iz vacuo, and the resulting residue was

10  partitioned between ethyl acetate (300 mL) and water (200 mL). The organic layer
was washed with water (200 mL) and brine, dried (MgSO,), filtered, and
concentrated. A silica gel mesh was prepared from the residue and submitted to flash
chromatography (silica gel; 50-60 % ethyl acetate/hexanes) to provide Example 14,
(S)-tert-butyl 2-(2-(4-bromophenyl)-2-oxoethylcarbamoyl)pyrrolidine- 1-carboxylate

15 as a white solid (12.8 g). "H NMR (DMSO-ds, 8 = 2.5 ppm, 400 MHz): & 8.25-8.14
(m, 1H), 7.92 (br d, J = 8.0, 2H), 7.75 (br d, J = 8.6, 2H), 4.61 (dd, J = 18.3, 5.7,
1H), 4.53 (dd, J = 18.1, 5.6, 1H), 4.22-4.12 (m, 1H), 3.43-3.35 (m, 1H), 3.30-3.23
(m, 1H), 2.18-2.20 (m, 1H), 1.90-1.70 (m, 3H), 1.40/1.34 (two app br s, 9H). RT =
1.70 min (condition 1); LCMS: Anal. Calcd. for C;sH»3BrN,NaOy: 433.07; found

20 433.09 [M+Na]'.



6.99 (m IH, 4.01 (s, 3H; R=0.66 mn (Cond. D2);

95% honogeneity index; LCVS: Anal. Calc. for [M-H] +

w@@pi1@Wgy 160. 08; found 160. 10. Cap- 138, st epr@l/li$89/033380
PCT 107 To a stirred solution of Cap 138, step a (ﬁ %’.84PCT
g, 14.7 mol) in anhydrous dlf Iororret hane (50 nl) L
room tenperature was added net="chl or oper benzoic acid
(77% 3.42 g, 19 8 mml) in one portion. After being

Stl I+ ad 'Fnr nrlr\r ad aotaccl
e vt IUUL aSSHHR€

was |adde ><tBr vvas tigred f in
tenperature before [ ‘zﬁ and cesRiInat BCvE0
affard Cap- 138, step b as & pal el l ow solid which

was |sufficiently purg to carry fbrward |(Analygalgd. for
83.3%9. 1H NWR (CDC B, 400 MHz) d 8.73 (gl’sH BI'FzﬂJz(i
r. d

IH, 8.1 1 (dd, J =J}.3, 1.7 Hz, IH), 80 |
Hz, [IH), 7.52 (t, J E 8.1 Hz, IH), 7.28 {4@06af0un<843543
Hz, |IH), 6.91 (d, J £ 7.8 Hz, IH), 400(@\,§H)3H) R =
0.92 mn, (Cond.-Dl) 90%hormgen|ty I ndex;

Anall. Calc. for [MtH + C

+
176.70 Cﬁlﬁh{jp%‘i}%bt EP[ Ty, LCMS: Anal. Calcd.

@Y\ N‘Boc for CisH»:BrN,Ou:

(M+Na)+ = 433.08;
found: 433.12

OHLIONOZ: 176. 0|7, found.
(0]

Example 14c

Example 14c; step 1:

m pos
oY

Acetyl chloride (10.2 mL, 144 mmol) was added in a dropwise manner over 1
h to a cold (ice bath) solution of 3-bromophenol (25 g,144 mmol) and pyridine (10.8
mL, 144 mmol) in dichloromethane (100 mL), and the reaction was stirred 18 hr at
room temperature. Water (150 mL) was added and the organic layer was extracted

10 with dichloromethane. The combined organic layers were washed with 2.5N

NaHSO,, 3N NaOH, water, brine, and dried over Na,SOy,, and filtered.
Concentration gave the 3-bromopheny] acetate as a pink liquid (28 g, 96%). GC-MS
data: 214 (M"); "H NMR (DMSO-de): 7.37-7.39 (d, 1H), 7.26-7.30 (m, 2H), 7.04-

7.07(t, 1H), 2.30 (s, 3H).

o)

15 Example l4c; step 2:



To a stirred solution of Cap 138, step b (0.70 g, 4.00

mol) and triethylamne (1.1 nL, 8.00 mmol) in dry
wae@boomesy il e (20 nl) at room tenperature undePCT/US2009/033380

nitrogen was added trinethylsilylcyanide (1.60 mi, 128 PCT

12.00 mmol ). The m xture was ated at 75 0OC for fd #

before it was cooled to roomtenperature, diluted with

et hyl acetate and washed with saturated sodi um

bi car bonat.e so on and brine prjor. t ryi ouver

20 and” oB bR e Qo ol R Pae ol SR e B
chr giiedl PoEra REed DM4G1 30 Cafod e hrs( lftdt EMnM LHAHEIRAE NYDmI) was
acetate/hexanes) to 25% et hyl acetat e/ hexanes to

af f a¢ded @aghthg gextuserves heatgdyggam ba) unid selidypgteréals dissolved. A

Crygiodh! dll@@p’ﬁ‘ﬁ!}d £haal RRAGrWddNned %l?ﬁ:hmgorﬁ’éthﬁg dirf, 't}f%%%ract was
138, step c recovered fromthe filtrate.

6 CF[J)@'gldgd 551@@(}%-&3})0 anlg agd er(o@gh yater ®§ dissplye the }ngsultlgg p@c(p@ate
‘1 STg %ﬂz Egli }_é))é) yyas sgﬁ%rat(e&i’act%hf;edgpé 2'd§ ’an @trac‘? ﬂg\?th(etthé/ chetate.

Rt theﬂ@c‘m“‘ drigCoved NaSiQy; filg0ed, hnﬂmgem@ateyt tg gld@k(4 bromo-2-
5t g5 Doy bioph fle s SRR Be-A8% i | CHAK
(DMSO dg) 11.99 (s, 1H, OH), 77750 (d, TH), 7.20 (s, 1H), 7.13-7.15 (dd, 1H),
10 2.6(s, 3H).
Example 14c; step 3:

To 1-(4-bromo-2-hydroxyphenyl)ethanone (35.8g, 167 mmol) in dry benzene
(800 mL) was added N,N-dimethylformamide dimethylacetal (44 mL, 333 mmol)
15 and the solution was heated at reflux for 4 hrs and concentrated to dryness. The
resulting residue was dissolved in dichloromethane (300 mL) and filtered over SiOs.
The organic layer was concentrated to afford (E)-1-(4-bromo-2-hydroxyphenyl)-3-
(dimethylamino)prop-2-en-1-one as a bright yellow solid (31.9 g, 71%). LCMS 270
(M+H); '"HNMR (DMSO-d6) 14.96 (s, 1H), 7.86-7.94 (m, 2H), 6.96-7.02 (dd, 2H),
20 5.92-5.96 (d, 1H), 3.32 (s, 3H), 3.20 (s, 3H).

|

(e}

Example 14c; step 4:

Conc. HCI (100 mL) was added to a solution of (E)-1-(4-bromo-2-
hydroxyphenyl)-3-(dimethylamino)prop-2-en-1-one (31.9 g, 118 mmol) in
25 dichloromethane (900 mL) and the reaction mixture was heated at reflux 40 min with
vigorous stirring. After being cooled to room temperature, the organic layer was
separated and the aqueous layer was extracted with dichloromethane. The combined
organic layers were washed with 3M potassium carbonate soln, water, and dried over

Na,SO,. Filtration and concentration gave 7-bromo-4H-chromen-4-one as a pale



Cap-138, step c (0.45 g, 2.44 mmol) was treated with

5N sodi um hydr oxi de solution (10 nL) and the resulting
WGeaEpaossdbn was heated at 85 0C for 4 h, cool eRCT/USH9/033380

0C, diluted with dichloronethane and acidified MABH1£§$CT

hydrochl oric acid. The organi

hase was separate

p
washed with brine, dried overﬁNaZSO concentrated to
1A volune and filtered to afford Cap-138 as a yell ow

(or YA i b8 2080 oy YN RSB43 g Ty -

Hz, 7I991)(m ﬁ{)0664d 66dddE 18),%.3%26.39 () 1HY. 71-7.67 (m | H),

7

J=8.0H, IH, 4.02 (s, 3H; R =0.70 mn

(Cbﬁﬂmn@f}&:Q@Eéhonngenlty i ndex; LCMS: Anal. Calc.

for [MHH + C i H 10NO3: 2048A7; faund: 204.05.
Synthetic Strategy. Method B erijved from Tetrahedron
Letters, 2001, 42, 6707). Cap-139 Cap-139, step a To a
thi ck-wal | ed, screwtop vial confaining an

argon- de&@@lﬁﬁ&l SUSRBMS140cH®émen-4-one (26 g, 116 mmol) 1n dry THF (500
1- chl or o- 6- net hoxyi soqui nol i ne

pr e sedeasdioee o ho cedled tord eéj @he l%nmv\@f Q@@Bwylalummlum
0991?137(& de (mtu@{l"&héﬂgb %X%Hdg(? ox(eQ 3¢ gmgltes. 'T%e F@Pt&c)n’wgs stlired at the

10

15

20

25

same temperature for 30 min, quenched with a Si0, (52g) / water (52mL) suspension,
and allowed to warm to 0 °C. The solution was filtered, the SiO, washed with
EtOAc, and the combined filtrate was concentrated to dryness. The residue was
dissolved in CHCl; (400 mL), washed with 1N NaOH (300 mL), dried over Na,SOy4
and concentrated. Purification by chromatography on SiO, (60-120 mesh)
EtOAc/Pet ether (gradient elution 0-15%) afforded 7-bromochroman-4-one 18.1 g
(69%) a pale yellow solid. LCMS 229.0 (M+2H); 'H NMR (DMSO-d6) 7.64-7.67
(d, 1H), 7.32 (s, 1H), 7.22-7.25(d, 1H), 4.53-4.57 (t, 2H), 2.76-2.80 (t, 2H).

Br- (0]
N
“OH

Example 14c; step 6:

NaOAc (3.78 g, 46.2 mmol) in H>O (30 mL) was added to a soln of 7-bromo
4-chromanone (3.5 g, 15.4 mmol) and hydroxyl-amine hydrochloride (1.75 g, 23.1
mmol) in EtOH (70 ml). The reaction was heated at reflux for 2 h, cooled to room
temperature, and concentrated. The residue was diluted with H,O and a precipitate
was filtered to give 7-bromochroman-4-one oxime obtained as the needle like
crystals 3.5g (98%). LCMS 244 (M+2H) RT = 1.7 min (Condition 2); 'H NMR
(DMSO-de) 11.37 (s, OH, 1H), 7.76-7.70 (d, 1H), 7.09-7.13 (d, 2H), 4.16- 4.20 (t,
2H), 2.79-2.83 (t, 2H).

Example 14c; step 7:



bi s(di phenyl phosphi no) pentane (0.27 g, 0.62 nmol) and
pal l adium (11) acetate (7011128 PCT 109 ny, 0.3 1
wor@b)102683 anhydr ous tol uene (6 nL) was added Ne@U/BS20hH/033380
t et ramet hyl et hyl enedi am ne (0.29 niL, 2.48 mol). EﬁZSPCT
vial was seal ed, heated at 150 OC for 22 h and th
allowed to cool to 25 0C. The 6rzeact| on m xture was
diluted with ethyl acetate, washed vvlth wat er and
brine, e oV Itered C nt r at ed.
e oo S GERTRI RRld S & TR ars SRS it RN 053
e% Pldio(rjrﬁ)glgbﬁ;hﬁhhﬁx axigk (8. @g,aa%\?ﬁmhylb a@llt:tﬁgmylaﬂlg@>7(,anﬁ;s 117.%&'
af f or p step a _as_a ite soli .7 ).
NI\/RH’(“@@GP §IC11’1§66“W)3 (Sl gThemixgrews Sélrfﬁg §0f|3ﬁb atTpmy o
erafir@atdzwashdd w1t17th@r ()ﬂne dnd:dr%dglglﬁ%o I'Il)lltra‘uon and
741‘?339mll—|) 713(d é
3H) corpﬁntﬁathn Blﬁiequuqeé@ffdswmaffog@%%%@@mmay 4 Pﬂ%fe -

LCN%lue‘ﬁQs%ifox&élSCS (gaf(% % 54*' Al o'ff i Qg Qhwla%@as %d \fll%ﬂfjfurther
185. 20. prepared from the basic

hydpmf}@il@l dfCM:&éf) @g+ 2@%?) d-Ringip (GoediEpaH) .o dE MR HYMSO
to h@ﬁ QL P6eALBA) 98507 4@ 0% 4630133 HINWR K 4996-7.18

(d 1H), 4.20.4.23 (t, 2H), 2.97-3.00 (t, 2H), 2.40 (s, 1H).

Br: O
mNHZ'HCI

(0]

10  Example l4c; step &:

A solution of potassium ethoxide (1.27 g, 15.11 mmol) in ethanol (35 ml) was

added to a solution of 7-bromochroman-4-one-O-p-toluenesulfoxime (5.7 g, 14.3
mmol) in toluene (60 ml) and the mixture was stirred for 15 h at room temperature. A

15  precipitate (potassium tosylate) was removed by filtration and washed with diethyl
ether. To the combined filtrates was added 3N HCI (20 ml) in methanol and the
solution was stirred 2 h at room temperature to form the HCI salt. After removal of
the solvent, the residue was triturated with diethyl ether. The resulting solid was
filtered, washed with ether, and dried to afford 7-bromo-3-amino-chroman-4-one

20 hydrochloride 2.8 g, (80 %) as off-white power. LCMS 244 (M+2H) RT = 3.77
(Condition 2); 'H NMR (DMSO-dg) 8.79 (bs, 2H), 7.71-7.74 (d, 1H), 7.45 (s, 1H),
7.34-7.37 (d, 1H), 4.67-4.80 (m, 2H), 4.43-4.51 (t, 1H).

Example 14c Boc RT = 1.76 minutes
(Prepared as described in m (condition 2); LCMS:
Example 14, and derived Anal. Caled. for

from product of step 8) Ci19H24BrN,0s: 439.09;

found: 439 (M+H)




DVSO-d6) d 13.63 (v br s, IH), 8.60 (d, J = 9.3 Hz,
IH, 8.45 (d, J =5.6 Hz, IH, 7.95 (d, J = 5.9 Hz,
WO R)09/102680 (d, J = 2.2 Hz, IH), 7.44 (dd, J = BCBUSR%H033380

Hz, IH), 3.95 (s, 3H); K 0.64 min (Cond.-D); 9QY9
honogenity i ndex; LCMS: Anal ! lc. for [MtH + CnﬂﬁfESPCT
10NQG3: 204.07; found: 204.05. p- 140 Cap- 140, step
alll128 PCT 110 To a vigorously-stirred m xture of

|, 3-di chl oro-5- et hoxyi soquingl i (482 ny, 2.00 mmo
prepared according to tre yr €°4 n WO 2005/
051410), palladium (l1) acetatei ( , 0.04 mol),
sodi um carbonate (223 ng, 2.10 mol) and

|, 5- bi s(di phenyl phosphi no) pent'dne (35 ngy, 0.08 nmol)
in dry danmkd mﬁﬁo&md@)(t&c bikty! B02-A%rShophagiay-2-
nitrogen was added

t et PEIFEVITETRYY @ﬁ%‘idéffﬁ hearbmlaﬁmué 24! HhemeD apd NeROAC

10 pioy g tihg7 mrfﬂlyﬁl%yl’é’ﬁe% (182 HwhOnhRA iPCscaRB Gt RE MR C for 2
stock sol ution of acetone cyanohydrin (prepared from

457 heprs. oFheaupbatitprromppagnd gtiicmevedyr 4e3@, #d tsyidygagas
addsg’tlh&le& %efbﬂ& %Et%g‘n &Hﬁ acetate and water, whereby enough saturated

NaHCOs solution was added so as to make the pH of the aqueous phase slightly basic

after the shaking of the biphasic system. The layers were separated, and the aqueous
layer was extracted with an additional ethyl acetate. The combined organic phase

10 was washed with brine, dried (MgSQ,), filtered, and concentrated. The resulting
material was recrystallized from ethyl acetate/hexanes to provide two crops of
Example 15, (S)-tert-butyl 2-(5-(4-bromophenyl)- 1 H-imidazol-2-yl)pyrrolidine-1-
carboxylate 5.85 g. The mother liquor was concentrated iz vacuo and submitted to a
flash chromatography (silica gel; 30% ethyl acetate/hexanes) to provide an additional

15 223 g 'HNMR (DMSO-dg, & =2.5 ppm, 400 MHz): & 12.17/11.92/11.86 (m, 1H),
7.72-7.46/7.28 (m, SH), 4.86-4.70 (m, 1H), 3.52 (app br s, 1H), 3.36 (m, 1H), 2.30-
1.75 (m, 4H), 1.40/1.15 (app br s, 9H). RT =1.71 min (condition 1); LC/MS: Anal.
Calcd. for [M+H]" Ci3sH»3BrN3O»: 392.10; found 391.96; HRMS: Anal. Calcd. for
CisH23BrN3O,: 392.0974; found 392.0959 [M+H].

20

I=

(Derived from Example (condition 4); LRMS:
14a) FF Anal. Calcd. for

Ci1sH20BrFaN3zOs: 428.27;

found: 428.02 (M+H).

Example 15a B @_(/\JN\E;OC RT = 1.59 minutes
N

Example 15b Br LRMS Anal. Calcd. for

(Derived from Example /'\LN')OC CisH2BrNzO,: 392.10;
14b) found: 391.96 (M+H).

I= \i
=4
Ior}




18 h using a syringe punp. The m xture was then

partitioned between ethyl acetate and water and the
wor@aniw33d ayer was separated, washed wi th bri neCT/tig10891033380

over Na2SO, filtered and concentrated. The resi dl'ﬁlZSPCT

was purified on silica gel el g@i ng with 10% et hyl

acet at e/ hexanes to 40% et hyl et at e/ hexanes to afford

Cap-140, step a as a yellow solid (160 ng, 34%. R =

2 A mn (Con N _\ADY - aNos hn naay - [

A d fa2a¥alalallk AV NS

. O— 11T SO VoV JOU 70 TTOTTogtit oy T TS VIO
Anal . CAREPIE 43 [ MeH| £ e N0 233, P& T defiain
238. @fbrivéaPord 4Rar@p- 140 kepared by| cbaligsi O; LCMS:
hydrol ysi s of Cap-140, stepN& wstch 12N HO as
descri bed 149t he procedure f@‘t he preppfatli Gtichiorcap
141, described below, Rt = 2. mn (CongmHngN@3;4M
homogenity index; LCMS: Anal. Calc. for|[ MtH| +
G 2H11Q NOB: 252.04; |found: 252.02. Cap} Pand 32 %(3+2H).

alIT28 PCT I I I Cap- 141, Step a was prepared from
| - brono- 3-fl uoroi soqui noline (prepared from
3- afinttik +tofoi soqui nol i ne using the procedure

outlined in J. I\/Ed%;@?m
Br 7] pee
N N
0
15

o]

o)

O /2
Br

o Pd(Ph;),
NeNH i‘5—< >—</IN Boc
&'Boc o H N NaHCO,

6

8 1

Pd(Ph3)y
KOAc Boc

A

O
o Yl oo
H

3 16
Pd(PhsP)4 (469 mg, 0.406 mmol) was added to a screw cap pressure tube

containing a mixture of Example 15, (S)-tert-butyl 2-(5-(4-bromophenyl)-1H-
imidazol-2-yl)pyrrolidine-1-carboxylate (4 g, 10.22 mmol), bis(pinacolato)diboron
(5.4 g, 21.35 mmol), potassium acetate (2.6 g, 26.21 mmol) and 1,4-dioxane (80 mL).

10 The reaction flask was purged with nitrogen, capped and heated (oil bath 80°C) for
16 hours. The reaction mixture was filtered and the filtrate was concentrated in
vacuo. The crude material was partitioned carefully between CH,Cl, (150 mL) and
an aqueous medium (50 mL water + 10 mL saturated NaHCOs solution). The
aqueous layer was extracted with CH,Cl,, and the combined organic phase was dried

15 (MgSOy), filtered, and concentrated in vacuo. The resulting material was purified
with flash chromatography (sample was loaded with eluting solvent; 20-35% ethyl
acetate/CH,Cl,) to provide Example 16, (S)-tert-butyl 2-(5-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)-1H-imidazol-2-yl)pyrrolidine- 1-carboxylate,



1970, 13, 613) as described in the procedure for the
preparation of Cap-140, step a (vide supra). 1H NWR

W@ 29104623 CDCl 3) d 8.35 (d, J = 8.5 Hz, |H), FCPBS10d9/033380
J =8.5 Hz, IH), 7.83(t,i:763|—|z I H), 7777Z/§8PCT

(m IH), 7.55 (s, IH); R = 1%amn(Cond D)
honogenity i ndex; LCMS: Anal. I for [ MtH +
G OHB6FN2: 173.05; found: 172.99. Cap-141 Cap- 141, step

o e e i R B ol BBy TS Gebreatdle gt

bef ekemplé 10RSifROl ¢4 aboutoQNiH BIVIEY athdken@d Geighddd. ed after
wth water (3 nL). The m xture was stirred for 10 mn

and~2-AEAYSxPesuredtl high vags) d HORMRIPMS(Y da @ —o3-F PRiy 408 MH2):
sol '1§12£/{*f194/311f§§ (m’ FH)B%79 7T5*0¢7 §11 btzﬁ%ﬁlesﬁ\ﬁé g6li4l Mt(ﬁldﬂ'@%% LY)

di chl or onet hane and washed brine, dried over

SO (apa ks, dOnceHt (matl By 2% -bTT @ii d%ﬁtl dhan. 208p- RE T 1.64 min

ffA4 Cice ey a f.of,
di rg iﬁg&} gg%%mﬁg% 1yo§1;éﬁ_ h N%ﬁz% %fﬁ?lgﬁj T “’%Z%f‘m)
d144(D23(brs IH), 859857(m IH) 810(d J =285

SLN

NG N AT AL T
Cal ¢Defiaxd from Example (condition 3);

15a) FE LCMS: Anal.
Calcd. for
C34H3,BF;N3O4:
475.34; found:
474,78 (M-H).
Example 16b Q\ RT = 1.9 minutes

(Derived from Example o‘B (condition 1);
3) NH LCMS: Anal.
N%\I.BOC Calcd. for
Cy7H3sBN3O4:
497.3; found: 479
(M+H).

Example 16¢ RT = 1.83 minutes
p ;{iO:B _@_(/~I Mo N
(Derived from Example o H)TN (condition 1);

YO
10b). © LCMS: Anal.
Calcd. for
Cy3H34BN3O,4 427,
found: 427 (M+H).
Example 16d ;to\s iy \;/ RT = 1.84 minutes
(Derived from Example o1 : N NTO (condition 1);
10b.1) © LCMS: Anal.

Calcd. for




[ MrH + G OH7FNQO2: 192. 05;

Cap- 142, step a Cap-

steps b and c. Rt
honogeni ty i ndex;
G OH6Br N2: 232. 97;

SUS f‘ap 1

nanct An n'F

LCVS: Anal .
found: 233.00. To an argon-degassed

f ound:
142,

1.45 mn

{

2

ot A
Tt

191.97. 11128 PCT 112
step a was prepared from
wa2@poeesxoqui nol i ne N-oxi de as described in tPEI/US2009/033380
two-step procedure for the preparation of Cap-138
nd. -
I c.

M5-W); 90%
for [ MtH| +

Pbllol
assi
| adi

T

pot osphat e
pal ) aceta

11
[T = e

tribasic (170
ite (3.4 ng, O.

\hlnn\hlnhonvl

6 N n
Oy,

mg, O. 8(
015 mol

50—+wrol)
A TR
Yowdd414 (M+H).
0. 03 nnnl\

U1

m ph

n1(|
“.v}v Qhexvlnhncr

anhyEreapde 1651 uene
(@e? Qecf‘f%?ﬁ Exarﬂ- €
h, cooled to
1tonaced@s$earth
5i due on silica ge
ot at e/ hexanes af f ¢
a yellow solid,
1.26 m n (Cond.

2_
in
m.
16
di 4§
I es
acy
as
Rt

Celite )

| eIutlng mnt
)rded Cap- 142,
vhi ch was carri
-Ms-W); 90%

d%X mL was added nDr
M‘M(é
0C/afid |It Mt hr ough

-- A

BHoT PR mimtes
10 aRfen bOr

A-RMS tAnal.

hyl
e,

(G By .
458.26; found:

458.23 (M+H).

aked at

flcatlc
h 10%t @
step b (
ed forwg

Example 16e.1
(Derived from Example
10b.6)

AN

O\
B
of

F
O g
N
HJ\(gH

RT = 2.46 minutes
2),
Anal.

(condition
LRMS:
Calcd.
CysH34BFN3O4
470.26;
470.19 (M+H).

H
for

found:

Example 16f
(Derived from Example
10b.4)

RT = 1.84 minutes
(condition 2);
LCMS: Anal.
Calcd. for
Cy7H3BN30,4 473;
found: 474 (M+H).

Example 16g
(Derived from Example

10b.7)

RT = 1.59 minutes
(condition 1);
LCMS: Anal.
Calcd. for
CysH3sBN3O4
452.27; found:
452.23 (M+H).

11128 PCT




honogeni ty i ndex;

G 4H 4N3O. 240.1 1;

WA 1®9De33142 was prepared from Cap- 142,
sodi um hydroxi de as described in the procedure for

LCVB: Anal .

Cal c.

for [ MtH] +

found: 240.13. Cap-14211128 PCT

st ep br@u/UB0BM33380

niPecr

138. Rt = 0.72 mn (Cond. - M5- 7); 90% honogeni ty

i ndex; LCMS: Anal. Calc. for H + G 4H 5N2QC3:

259. 11 f ound: 259 08. Cap-143 Cap-143, step a To a

St i+red—soelut] "n of 3—amneo—t—brempisegquireltne {444

gy 6%"%?3 i n anhydrous df*ftet hyl f or marfie Eféml’ﬁ‘_tfs

was Sméﬁeéhfs@ﬂwmﬁwdri unwashed, 96cdmitioR 1%

mml ) in one portion. Ne was stirred at 25 0C

for 5 min Before 2-br (90% Anad 0o

mml ) was added. The m xture was irred flyridaerorat 25

OC|{for 5 h and at 7% OC for 72 h before it was cool ed

to|25 0C, quenched Co7H3sBF3N304
536.29; found:
536.37 (M+H).

Example 16i
(Derived from Example

10b.3)

RT = 1.9 minutes
(condition 1);
LCMS: Anal.
Calcd. for
Cy7H36BF3N304
534.27; found:
534.21 (M+H)".

Example 16j
(Derived from Example

10a.3)

RT = 2.46 minutes
2),
Anal.

(condition
LRMS:
Calcd.
Cy6H37BN3O4
466.29;
466.27 M+H)".

for

found:

Example 16k
(Derived from Example

10a.5)

e

Boc-N

Il-f 2
~
I

RT = 2.48 minutes
2),
Anal.

(condition
LRMS:
Calcd.
Cy7H37BN3O4
478.29;
478.27 (M+H)".

for

found:




wi th saturated amoni um chl ori de sol ution and dil uted

with ethyl acetate. The organic | ayer was separ at ed,
wor®baeds t h water and brine, dried over Na SQCT/US2009/033380

filtered and concentrated. Purification of the reslilgi%ePCT

on silica gel eluting with Oo/éo 70% et hyl

acet at e/ hexanes af f orded Cap-% , Step a as a yellow

solid (180 ng, 31%. Rt = 1.75 mn (Cond.-M5-W); 90%

honogenity index; LCMS: Anal. Calc. for [MtH] +

Ci 3H 4Br N2O 293.03; f8URd: 293.04. To a cold (-60 0C)

sol ution of Cap-143, (stefyla_£154 my, 0.527 mmol) in

anhydr ous tetrahydrofuram (§ a5 added a sol ution

of wbutyllithiumin hexanesil @@o 114 (2.5 M 0. 25

m., 0.633 nmol). After 10 min, dfyrcgtbon dioxide was

bubbl ed into the reaction m xture 'T'zr 10 min before it

h

was quenched with IN HOJ and;allo NE°warmto 25 OC.
The m xture was then extracted wt i chl oronet hane (3

x 30 n)pa 1%%%3/%2&%{2&%%19@?;%&8@% {t}e?‘t—l}f‘{ﬁﬁ%— S5 S

concentrate ur i cati1 on of e residue
a r swremstbyphagealidipba@olenE oHbhaty&r JHFaYlazaf-£-gboedbGays-11 43

(hé?rga{g}g%xlygaig . g% l%%: 2_'E é\x}éo(?), %d; F\]@ﬁ@? é4é¥§flé’,\y5)5’ mglgl(){owere dissolved

5 in 1,2-dimethoxyethane (25 mL) and water (4 mL) was added. The reaction mixture
was evacuated and flushed with nitrogen (3x), Pd(PhsP)4 (127 mg, 0.11 mmol) was
added, and the mixture heated (oil bath at 80°C) in a capped 100 mL pressure vessel
for 8 hours. Additional catalyst (35 mg) was added and heating continued for 16
hours. After being cooled, the solution was partitioned in EtOAc/water and the

10  organic layer washed with brine. The crude product was applied (CH,Cl,) to a 40 (S)
Biotage” silica gel column, and gradient eluted from 20-100% B (A = CH,Cl,; B =
EtOAc) over 1 L gave Example 17, 680 mg (49%). "H NMR (300 MHz, DMSO-dg) &
8.05 (brs, 1H), 7.78 (d, /= 8.0 Hz, 2H), 7.66 (d, J = 8.0 Hz, 2H), 7.53-7.45 (m, 3H),
4.86-4.70 (m, 2H), 3.57-3.51 (m, 2H), 3.17 - 3.16 (m, 2H), 2.89-2.85 (m, 4H), 2.27-

15 2.18 (m, 2H), 1.99-1.83 (m, 8H), 1.40/1.16 (s, 9H). RT = 1.7 minutes (condition 1).
LRMS: Anal. Calcd. for C39H4sNgO4: 665.38; found: 665.39 (M+H). HRMS: Anal.
Calcd. for CsoHagNgO4: 665.3815; found: 665.33845 (M+H).

Example 17a Boc RT =2.38 minutes
N N \
(Derived from L\\HN O (Condition 2) LCMS: Anal.
H
Example 16 O ° Calcd. for C38H46N6053
and Example T 666.80; found: 665.2 (M-H).
8b) &.Boc




for [ MtH + G 4HL5N203: 259. 11;
step a 1, 3-Di chl oroi soqui noline (2.75 g,
ons to a POI/USZ009/033380

Cap- 144,
wa0890wsdl ) was added in snall
0C) solution of fumng nitric acid (10 n.) and
concentrated sulfuric acid (1
stirred at 0 OC for 0.5 h bef

porti

6Peut

warnmed to 25 0C V\,here it stlrred f or

wa

[aVYaYHTd

d

Nt A1

f ound:

259.08. Cap- 144

The m xture
was gradual ly
16 h. The m xture

Nni ad 1 ~n

and
11
St ¢
dil
in
24]
Caj
et

oo g T2 |

N (Beritkddfenbe
ep_a (2.73 ¢
e@fangple b=
lexid le
. 97, found:
D- 1440b. B}t ep
hanol (60 n
and the s

A\

R ade SBres Gangiopn

onafford Cap- 144,

.Example 17a.2
(Derived from
Example 16b
and Example

3¢c)

, yell ow soljid which was used
2.01 mi D); driilqdy for
Anal . WFH] + (QOpBCE ANBLITA7 33
[4 NHst ep b11128 PCT 115
a (0.30 g, 1.23 Bh) |viawnd 2k Ottia
L) and treated With pljati num oxide (30
uspensi on was subjected to Parr
CF3 RT = 1.7 minutes (condition
Boc
N 1);

HRMS: Anal. Calcd. for
C42H52F3N6O43 7613997,
found: 761.4005 (M+H).

Example 17b

RT = 1.8 minutes (condition

Example 16
and Example

10a)

N N
(Derived from L\\HN \ O 1);
H
Example 16 OQ LRMS: Anal. Calcd. for
and Example T NH Cs3H4sNgO4: 675.37; found:
10) j\N—BOC 675.35 (M+Na).
e
Example 17b.1 Boc RT = 1.65 minutes
AN
(Derived from L\\HN \ O (Condition 1) LCMS: Anal.
H
Example 16 O ° Calcd. for C37H46N6053
and Example T 654.82; found: 655.4 (M+H).
10a. 1) j\N_Boc
e
Example 17¢c Boc RT = 1.8 minutes (condition
N
(Derived from L\\HN ! 1);

LRMS: Anal. Calcd. for
C37H46N6043 63937, found:
639.32 (M+H).

WEEIZS PCT




hydr ogenati on at 7 psi
nmL.) and additi onal

H2 for 1.5 h.

H2 for 13 h.
ceo

ne.

Then formalin (5

pl ati num oxi de (30 ng) were added,
wa@eaotibes3xz uspensi on was resubjected to Parr
hydr ogenati on at 45 psi
suction- filtered through di aiﬁ
and concentrated down to 1A volu

PCT/US2009/033380
It was then

us earth (Cel |]t1é2§PCT
Sucti on-

fiItration of the ensuing precipitate afforded the

ti He—-<on as—a yelH-ewsel-d—whiehwas—f}ash —
chr SHap BlﬁﬁZ%iHe d,o n°8iN-j ca gel el uti na‘y@m?ﬁ By fppdition
ac et@tBvddTrdieX n{\\t-ébo\SO ethyl acetlahe in hexanes to
afford Cap-144, "Step ! 3. 78% as a pal e yell ow
sol i EXamRiC 1% |36 i n (Cond. 95% HWB gt plqdn e ;
1H WBEA{% 1Mz, CDA 3) d 8. " |F®4qH£N&54 6@ 38] found:
8. 6 .57-7.53 (m | H) "X7. 30

| H), 21@?82)(3 6H); LCMVS: Anal . gant™ I43[(WH])+ CnH
11C 2N2: 241.03; found: 241.02. Anal . Calc. for
[ MFH + CnH 11Q 2N2: 241.0299; fbund:| 241. 0296.

Cap- 144, step|c Cap-144, step c was |prepared from

Cap pbggcording to the pr far ' Fhed -
rof PRam R . 190, st ep oy I3y 5ngion
( ConBerivddfilom 95%hogrogeni ty i ndex; LOMS: Anal . Calc.

f ol ﬁ%@gl&ll H11Q +N3: % LRMS: Anal. Calcd. for

and Example

10a)

C35H44N6043 61334, found:
613.28 (M+H).

Example 17e

(Derived from
Example 16¢
and Example 8

RT = 1.7 minutes (condition
1);

LRMS: Anal. Calcd. for
C3gHagNgO4: 653.38; found:
653.50 (M+H).

Example 17f

(Derived from

Example 16d

and Example
8)

RT = 1.7 minutes (condition
1);

LRMS: Anal. Calcd. for
C37H46N6O4: 639.37; found:
639.50 (M+H).

Example 17g
(Derived from
Example 16e
and Example
8)

RT = 1.7 minutes (condition
1);

LRMS: Anal. Calcd. for
C39H47FNgO4: 683.37; found:
683.18 (M+H).




found: 232.03. HRVS: Anal. Calc. for
C1l2H11d N3: 232.0642; found: 232.063
wor®newpar ed according to the proced

Cap-141. Rt = 2.36 min (Cond.-D); 9
Calc. for [M+H + Cl2H12C N 2(R: 238.
238.09.11128 PCT 116 Caps-145to 162

vvere prepared fromthe appropriate

1_n Al oo ard no +

[ MtH] +
1. Cap- 144 Cap-144

ur e descrrPtptsSi009/033380
11128 PCT

0% LCMS: Ana
01; found:
Caps-145 to 162

ha nrarmndiir A

u\JCUI \W | II‘-:’ T U
des

NBﬁf anar ation of Cap-

gt oy

AV

p-1155 2R AYE (Bpndition

Cap (e h‘Bﬁlhc ss. noted ot herw sKnvess Aul Chiagdor
bel ow. 11128 PCT F11711F[I_2 1811128 PCT 11911128 PCT
12 )Eime ﬂj@?‘r Q C39H47F2N6043 70135,

and Example T NH found: 701.69 (M+H).

8) &.Boc

Example 171 Boc RT =2.02 minutes (condition

N 7
(Derived from L\\H 2); HRMS: Anal. Calcd. for

Example 16
and Example

3a)

C3oHsoN704: 680.3924;
found: 680.3957 (M+H).

Example 17j
(Derived from
Example 16b
and Example
15b)

RT = 1.7 minutes (condition
1);

LRMS: Anal. Calcd. for
C39H4sNgO4: 665.38; found:
665.37 (M+H).

Example 17k
(Derived from
Example 16b
and Example
8)

RT = 1.8 minutes (condition
1);

LRMS: Anal. Calcd. for
CpH35oNgO4: 705.41; found:
705.40 (M+H).

Example 17m
(Derived from
Example 16f
and Example
8)

RT = 1.7 minutes (condition
1);

LRMS: Anal. Calcd. for
CHiN6O4 699.37; found:
699.47 (M+H).




12111128 PCT 122 Cap-163 To a sol ution of
2-ketobutyric acid (1.0 g, 9.8 muol)
W@ 289mp33vas added phenyl magnesi um bromi de (22P(rtT/US:IOM/033380

in THF) dropw se.
under nitrogen for 17.5h. The
with IN HOJ and the product

acetate (3 x 100 m).

The reaction was s
_/reactl
§ extr

i n di ethyl ether

tirred at
on was aci d| fllggzm)CT
acted wth ethyl

The conbi ned organlc Iayer was

was 'i-lnI wat-er 'Fn| ! C\nr\rl Iny Inri Re And

My EmlE { B on@"én«j ation in vacuo, O%Tml;?#émggfeﬁ@o%téon
ob{ abardd fivhe [solrd recrystalllzag f.ROMB: Anal. Calcd. for
hexanes/ et hyl acet abie afford Cap-|163 as white
nee8KERPlE 883, 5 ny). 1H NV q@a d6, | CepolhiDe@s %ﬁ? figpyeyl:
M't')ind]i-;?am;oje(tr s, LR, IEEL 52 (g Abed34-7 31
(m 7.23 (m IH), 5%2-5.39 (br's, IH, 2. 11
(m71w 1.88|(m I H), 079(£%%F J = 7.4 Hz, 3H).
Cap- 164 A m xtjure of 2-am no- heny|l butyric acid (1.5
g, 84 mol), [formal dehyde

Example 170
(Derived from
Example 16
and Example

13a.2)

Boc

RT = 1.7 minutes (condition
D

HRMS: Anal. Calcd. for
C39H3sNsO4 665.3810;
found: 655.3789 (M+H).

Example 17p
(Derived from
Example 16
and Example

13b.2)

RT = 1.7 minutes (condition
D

LCMS: Anal. Calcd. for
C39H3sN6O4 665; found: 655
(M+H).

Example 17q
(Derived from
Example 16
and Example

7¢)

RT = 2.43 minutes (condition
2) ; LRMS: Anal. Calcd. for
C40H51N6Os 695.39; found:
695.55 (M+H).

Example 17r
(Derived from
Example 16
and Example

10a.3)

RT = 2.25 minutes (condition
2); LRMS: Anal. Calcd. for
CigsH47NO4 651.37; found:
651.33 (M+H).




(14 nm, 37%in water), INHA (10 nL) and 10% Pd/ C
(0.5 nmg) in MeCOH (40 nL) was exposed to H2 at 50 psi

WO p008/18288F bottle for 42 h . The reaction was PCT/US2002€033380
over Celite and concentrated in vacuo, the residue IE%SSPCT
taken up in MeOH (36 nL) and e product was pur|f11
wWth a reverse phase HPLC (Me H2q /TFA) to afford
t he TFA salt of Cap 164 as a white solid (1.7 g) 1H

N 2 E nnm 500 !\ll_l—r\ 7 EA 7 A7

A
IJIV . J PPII] [ AVAV) vi IL/
5H| E fér% ?frﬁ wf“ 2, 311“2rr?OISIII}m‘“%)S 95
(aD{Dérweeﬂfrom7 LHZ{/ "l) 11128 PCT 123 coaditidbd TIMS: Anal.
ture of 2-am no- @ cay boxylijc_acid (258.6 nq\,I
. 46%¥RIE J0 and formi c acid 0. 6, 1&gl mér) GrHaNeOs:

Paigli Shhioet hane (7 m) ded WQQW@|Q€HV@§3ﬁgw6H)

37%in watler). The m xt ure\wasestirred at -

138 nin then heated at 70 0€ jor [8h. The volatile
conponent was |renoved in vacuo, and |the residue was

di $solved in DMF (14 nl) and purifiegd by a reverse
phageamPt C’r(IMeOH H 20, dFA) to af f or d R’he 1 TBAnis@bd (coddition

Capbg'eﬁrlsvegf'm% v! SS@UNS i1 (120.2 ny). 1]);HLRMS: Anal. Calcd. for
Example 16h C41H50F3N604 747 .3 8; found:
747.46 (M+H).

A

é”i

and Example

10a.3)

Example 17r.2 Boc RT = 2.17 minutes (condition
2); LRMS: Anal. Calcd. for
C4H47NgO4 675.37; found:
675.39 (M+H).

(Derived from
Example 16g
and Example
10a.5)
HRMS: Anal. Calcd. for
CaoHa7NO4 675.3653;
found: 675.3680 (M+H).

RT = 1.72 minutes (condition
1).

HRMS: Anal. Calcd. for
CHusF3NO4 757.3684;
found: 757.3684 (M+H).

Example 171.3
(Derived from
Example 161
and Example

10a.5)




NVR (DMSO-d 6, d = 2.5 ppm 500 MHz): 7.29-7.21 (m 4

H, 3.61 (d, J = 17.4 Hz, 2H), 3.50 (d, J = 17.4 Hz,
W@k 1@635 (s, 6H). LC Ms: Anal. Calcd. for [I\/]KE’!‘/BSZOO9/033380

G 2H1I6NO2: 206.12; found: 206.07. Cap-166a and 61q?28PCT

Cap- 166a: Di astereoner-1 Cap- 46b Di ast er eoner -

Caps-166 aand -166b were prepared from (IS,

45S) - (+) 2-met hyl -2, 5- di azabi cycl o[ 2. 2. 1] hept ane

inntn +hn +hrJrJr\or\r| hod fAr +

(2I r‘nl ul T J LII\, IIbLIIUU A\ AYESAVE ] | n
F@MT Cap i¥5&and Cap- 7b, wi t h 't he 23 dgpiiFyfgondition
th (Dérhf@dhﬁﬁlzw é)imer i ntermedi ate wag; SRMES: amﬂ @zﬂ¢d’1§f0r
em -p %) Chriral gel .QJ columm, 20 [x_ 250 nm
Jh §5:

eI Ff('ﬁﬁplg\ﬂl ; t hanol i SepldoReGat 6717038 2 found:
mL Qﬂ@@h{ﬂé on rate for n. Cap-]@;ﬁ%(ﬁqhiHl}ll\/R

( d 3 2.5 ppm B5007NWez): 7./45 (d 7.3 He,
2H] 10&73)27 7.19 (m 3H), 4.09 Y spod H), HRMSz (%aﬁp Blcd, for

IH), 3.16 (app br s, IH, 2. 3(d, =é-4%[4%N'_@4’ |H)6773810
T1 (m 2H), [2.46 (m IH), 2.27 (s 1 J

2
9.8 Hz, I1H,11128 PCT 124 found: 677.3803 (M+H)
Example 171.5 H RT = 2.25 minutes (condition
Hy. -
(Derived from IEN Boe 2); LRMS: Anal. Caled. for

Example 161( C42H49N604 701.38; found:

and Example 701.36 (M+H).

10a.5) HRMS: Anal. Caled. for
CpHuoNgO4 701.3810;
found: 701.3798 (M+H).

Example 17r1.6 N-Boc RT = 2.21 minutes (condition

(Derived from HIS:N 2); LRMS: Anal. Caled. for

Example 16j " O CisHyNeO,4 711.37;  found:

and Example O 711.52 (M+H).

11a) N%CBZ

Example 17r.7 H RT = 2.06 minutes (condition

(Derived from H/IEN'BOC 2); LRMS: Anal. Caled. for

Example 16k C45H47N604 73537, found:

and Example 735.38 (M+H).

11b)




1.63 (d,
[ MtH + G 4HL9N2O2: 247. 14;
W@ 20091102883 of
carboxylic acid (1.0Qg, 3.8 mmol)

J

was stirred at

conponent was renoved in vacu
r esul tant cr ude materi al

= 9.8 Hz, IH. LCM: Anal.
found: 24
racem c Boc-1, 3-di hydro-

in
b%IAﬁnh

f or mal dehy

-25 0C for 4h.

Cal cd. for
7.1 1. Cap-167 A

2H i soi ndedBUS2009/033380

20% TFA/ CH 2C
e volatile

xture of the
de (15 rrL 37%in

1]1%28 PCT

wa oar) II\./I (1('\ a d 1('\0/ Drl/f‘ (10 )

waL e ol 9 HF° ) i BT gy ggopiton
Them@aed | fr@ﬁl m ke fil ez) cahMs: @xn@ﬂ@alcd for
concentrated i|n vacuo af f as a yell

f oafieBAs16 ny) . . Cﬁsfi%%%brﬁ@é@cfound
MHE dndE28ple 38 (M 4H), 66960 MG-E % =14
Hz II—?,E.SO(d, B 307 (S, 3H).

LC| M&3)Anal . Cal cd. for [MH—I] + 0H12N02 178. 09;

found: 178.65. Cap-168 Racem c Cap- 168 was prepared
fromracen ¢ Boc-am noi ndane-1 -carboxylic acid

ac

pre

CBkahplg 1101 t
A5G ALY 0
Example 16e.1
and Example

10a.5)

he p%ocedure descri bed

R'DE 2tR2eninutes (condition
2); LRMS: Anal. Calcd. for
C40H46FN604 693.36; found:

69336 (M+H). HRMS:
Anal. Calcd. for
CaoHa6FNO4

693.3559; found: 693.3584
(M+H).

Example 17s.2
(Derived from
Example 16e.1
and Example
11b)

RT = 2.2 minutes (condition
2); LRMS: Anal. Calcd. for
C3HuaFNgO4 727.34; found:
727.35 (M+H).

Example 17t
(Derived from
Example 16a
and Example
11)

RT =2.71 minutes (condition
2); LRMS: Anal. Calcd. for
CusHsoF2N6OsSi 817.42;
found: 817.71 (M+H).

Example 17t.1
(Derived from
Example 16
and Example

10a.4)

Boc

RT = 2.25 minutes (condition
2); HRMS: Anal. Calcd. for
CagHasFaN6O4 687.3465;
found: 687.3497 (M+H).




mat eri al was enpl oyed as such. 11128 PCT 125 Cap- 169 A
m xture of 2-am no-2-phenyl propanoi c acid

whyaeoekBdride (5.0 g, 2.5 mmol ), fornmal dehydeP¢1/BS2909/033380
37%in water), INHA (15 m), and 10% Pd/ C (1. BZhIgi PCT
in MOH (60 nL) was pl aced |n1_% Parr bottle and sHak#&h
under hydrogen (55 PSI) for ay The reaction
m xture was filtered over Celite and concentrated in

Vacyoe- Than rr\o|rl||r\ Was t Alkan 11n 1 ANKAOL] nd n||r|'F ad
(aeas; Illb T Oot—rnas—takCti—op—T T ye ot aht porTT1tG

by|reverse phase prep-HPLC (MeOH watler/ TFA) to afford
the TFA salt of Cap-169 as a viscous sem-solid (2. 1
g). 1H NWR (CDA 3, d = 7.26 ppm 500 MHz): 7.58-7.52
(m Spthgyic rqutadl7 33 (m 3H), 2.86 (br s, 3H), 2.47 (br
S, 3H1300 1.93 (s, 3H. LM Anal. Calggd. for [MH +
CnH i 194 12; found: 194.12. Cap« _ﬁ\To

(5) - R<ani (tetrahydro 2 bbqpyr an- 4=y Nacety
(505rrg; §. 18 bt ai ned from Ast at ech)’
(15m ) was addé @&c um car bonate (673ny;

N\
N.E':OC N,Boc
17r 18

DDQ (116 mg, 0.51 mmol) was added to a solution of Example 17r (S)-tert-
5 butyl 2-(7-(4-(5-((S)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl)-1H-imidazol-2-

yl)phyenyl)-4,5-dihydro-1H-naphtho[1,2d]imidazol-2-yl)pyrrolidine- 1-carboxylate
(332 mg, 0.51 mmol) in benzene (5 mL) under nitrogen atmosphere and the dark
brown mixture was heated at reflux for 2 hours. The solvent was removed in vacuo
and the residue was charged (CH,Cl,) to a 25 (M) Biotage” silica gel column.

10 Segment 1; Gradient eluted from 50-100% B over 720 mL (A = CH,Cl,; B =20%
CH;0H in CH,Cly) Segment 2; Gradient eluted from 0-50% B over 720 mL (A =
CH,Cly; B = CH;0H) gave Example 18, 261 mg (79%). 'H NMR (500 MHz,
DMSO-dg) 8 8.46 (br s, 1H), 8.31 (s, 1H), 7.95-7.55 (m, 8H), 5.1-4.8 (rotomers, 2H),
3.67 (br.s, 1H), 3.57 (br.s , 1H), 3.48-3.47 (m, 1H), 3.39 - 3.38 (m, 1H), 2.42-1.89

15 (m, 8H), 1.42/1.18 (s, 9H). RT = 2.24 minutes (condition 2). LRMS: Anal. Calcd.
for C38H44N604: 649.35; found: 649.65 (M+H).

Synthetic route 10a.

Boc Boc
N N
<L\—<’ ]
s = TG
O, O,
N= N=
Boc Boc
17r.2 N 18.1 N
H H
H
20 Activated MnO, (77 mg, 0.889 mmol) was added in one portion to a stirred

solution of Example 17r.2 (200 mg, 0.296 mmol) in dry CH2Cl, (2 mL), and the
suspension was stirred for 4h. Additional MnO, (300 mg) was added and the



6.35mmol ), and the resultant m xture was cooled to O

OC and then nethyl chloroformate (0.26m ; 3.33mmol)
woer®acdexl dropwi se over 5 minutes. The react i PCT/WAR09/033380
allowed to stir for 18 hours while allow ng the bﬁlltthSPCT
to thaw to anbi ent ten‘peraturf7 The reaction m xt uld

was then partitioned between N HO and et hyl acetate.
The organic |ayer was renoved and the aqueous |ayer

was further cEf%thr cted with 2 add ?th]‘ ort| s of
et h{I*HESHEF%R. ONTHYES EOHBIChEE E?P&aé ke sreYA‘ié %%aé%rng
Wi t Babing ARteridl IR r@¢esn MB@Re SauRkGe thadugh diatontadord egrmd
concentrated in vacuo to afford Cap-170 a col orless
r esi(chlige )Eqnwwtéé@od Wun@hﬂ@ldva)buldn ﬁprﬂll@gl@@Eﬁar@lﬂw 1
br 7.4

?@5,\%3@% §2 ) %s)a yeg0\IIS]1 orange g%l)d( %%MSZéKTPt%-g%Eén tes, ?ﬁlcd
% ggorcm’m%og 613, Bﬁ fai)n,d A%73|435 (fé4a+|1{)35ﬂ§1\23 Fdfawl_t;]or (1403415N604

a c or
-éﬁ(\ﬂw f?g%d f73 ?Wr{aﬁ’ﬂ?S 1. Cap-171 A solution of

met hyI 2- (benzyl oxycar bonyl am no) - 2- (oxet an- 3-

y| i r‘lpnp\ acetate (900 ng,— 0. 721 ol - | armaco
(2 )@ﬁmplgg&%a 609- 6§rmet hyl RT = 3.5 minutes
(Derived from _N-SEM (condition 2);
Example 11) N LCMS: Anal. Calcd.
for Cy6H37BrN3OsSi

546.18; found:
546.21 (M+H).

Example 18b Br O O RT = 2.74 minutes

(Derived from _ (condition 2);

Example 10a.3) Nbﬁ“ LCMS: Anal. Calcd.
for CyoH23BrN;O,
416.08; found:
416.08 (M+H).

Example 18b.1 Br O O RT = 2.62 minutes

(Derived from ~ (condition 2);
Example 10a.4) Nb‘BOC LCMS: Anal. Calcd.
LF for C,oH» BrF,N30,
454.08 and 452.08;

found: 454.01 and
454.01 (M+H).




acetate (7 m) and CH2CI 2 (4.00 m) was degassed by
bubbling nitrogen for 1 Onin. D nethyl dicarbonate (0.1

wagooa192633 082 mmol ) and Pd/ C (20 ng,

then added, the reaction mxture was fitted with

0. 019 mMOPQT/VE2089/033380

hydr ogen bal | oon and al | owed L&[ stir at anbient

tenperature overnight at whic

MeOH: visulalized with stain made fromlg Ce(NH4 SO4

hdat ~ and el frirtr A A~ A

Aand 10

69
wat
fil
V\ﬂ(
25
f ol
t hd
fri
mat
2-
col
3.1
3

4.
Cal

IBdrRed frmough
5 purlfled Vi 8
Exspied 7r4) ut
3CV then O t
en hold at 5%
act i ons). Col |
erial and con
nmet hoxycar bon
orless oil. 1
P9 - 3.40 (m
4 4.55 (t, Js
57 - 4.78 (m
cd. for [ MtH|

R i €0

AT @4 S Tt SUT T UrlrntT o (S AV BRv |

ofrftcet e conversion. The
ce € and concentr at ed
(load with dichl

wth dic
0 5% MeO hIororreth(
MeOH / di cht of ofet hane f
ected fracti ons\ cent ai ni

centrated to 1201 (81%
yl am no) - 2- (oxetan- 3-yl
H NVR (500 MHz, CHLOROFO
J=6.71 Hz, 1H) 3.70 (s,

6.41 Hz, 1 H 4.58 - 4.68
2 H 531(brs, 1H).

+ C8H14NO5: 204.2; found

R oty Bt
(cbh@tises), due

oronet hane on
WEBMovrénplafaled.

sLaYe) Cg&%gN@om
or 250

670 i fowl:
g@et ag e xs a
RNIRIVES: gl fppled.
fdk')r%@%d

| &7 VB9 7 Afoaihd:

6988 (M),

Example 18b.3
(Derived from

Example 171.6)

N-Boc

nngh:N

e

NH

N\
.CBz
o

RT =2.30 minutes
(condition 2);
LRMS: Anal. Calcd.
for CysHasNgOy
707.34; found:
707.52 (M+H).

Example 18b.4
(Derived from

Example 171.5)

Example not

characterized.

Example 18b.5
(Derived from

Example 171.5)

RT =2.32 minutes
(condition 2);
LRMS: Anal. Calcd.
for CypHasNgOy
697.35; found:
697.36 (M+H).
HRMS: Anal. Calcd.
for CypHasNgOy

697.3497; found:

1128 PCT
ime TLC (95:5 CH2CI 2 |




To

met hyl

2- (et hoxycar bonyl am no) - 2- (oxet an- 3-yl )acetate (50
worgo9Q02%ds mol )

added 1ithi um hydroxi de nonohydrate (10.33 ng,
s allowed to stir
TLC (1:1 EA /| Hex;

nmmol ) .
overnite at anbient tenperatu

The resul

in THF (2 nm) and water (0.5 P@/Umswosssso

21%?28 PCT

tant sol ution

}

Hanessian stain [1g Ce(NH4) 2804: 6g amoni um

nolybdate—6m—sut-fure—aci-d—and—3100m—water])
indicated -10% starting material remainin QfmgélgHgﬁ.
addﬁkmﬂmahgb’ﬂm Ui OHyand allowed to stir )RQI‘:I’Q gjwﬁnn@tes
whiich tine TLC gh A?é@ggp starting material remaining.
Condesitedire®t i n S_gand11128 PCT 127 pl &@é@tl%%. gh
vac USRI 1167\ Pr CV' di, g\ 55mg i thium LRMS: Anal. Calcd.
2- (et hoxycar borlyl am ' (oxetan-3-yl Jacetate as a
colorless solid.| 1H N g, MeOD) dfgssmitB80.-
3.47 (m 1H) 3.67 (s, @ J=7. 9331|—[g4, s
4.64 (t, J=6.26 |Hz, 1H) 4. 68 (tN~ =1, 02 Hz, 1H) 4.73
(d| J=7.63 Hz, 2 H). EXAMPLES Thg-pf ésent 78i ¥ciMdiy
wi |l now be desqgribed in connecti MM th|certain
enbodi ments whigh are not intended to limt its scope.
t+thn Nnroacant
oA E%'a\fmp u"gl Ay 'B'S?: :' b RT = 2.3 minutes
N y F
(Derived from L\\\’%N\ O (condition 2).
H
Example 17s) OO HRMS: Anal. Calcd.
N= NH fOI‘ C38H44FN6O4
.Boc
N 667.3403; found:
667.3419 (M+H).
Example 18c.1 Boc RT =2.29 minutes
e NC A F
(Derived from Hl@(ﬁ ! O (condition 2);
H
Example 17s.1) OO LRMS: Anal. Calcd.
NH for C40H44FN6O4

691.34; found:
691.33 (M+H).
HRMS: Anal. Calcd.
for CyoHa4FNgO4
691.3403; found:
691.3420 (M+H).

Example 18c.2
(Derived from

Example 175.2)

RT = 2.05 minutes
(condition 2);
LRMS: Anal. Calcd.
CasHaoFNGOy

found:

for
725.32;
725.25 (M+H).




di scl osure covers all alternatives, nodifications, and
equi val ents as can be included within the scope of the
webk@pre2633Thus, the foll ow ng exanpl es, which i PCT/US®09/033380

specific enbodi nents, will illustrate one practice
the present disclosure, it bel under st ood that tH
exanpl es are for the purposes

EESPCT
illustration of

certai n enbodi rrents and are presented to provi de what

is
un

ou

COHMIVH@HOQSPGUS%S&N\ ian per cent ages| g¢pdiESS2 A
wei ght to vol une |

ex pFE¥RPIg 1{fb| ung to vol ume rd
ot herw se. Nucl ear magnetic r E
wet e recorded eilther on a Bruker" Boc400,
spectrometer; the chenmical shifts<{d) are&%ﬂé?t@lﬂnqn

parts per mllign. Flash chromatography wass gaprieg.
111's flash

rovod + t+hn Mot 1ienf il AnAd ranAr ] g
t— oSt Tt

\4' T L) LY A3 T ||\4 TTUO e Ul LAY ] T O |_y n
jg lggg’ElgﬂcHeSCfl pt f¥nnof its procedures K 2-87 minutes

d solution ratios

nshi P, HRIMEY fngt Spled
so M@@V‘(NNR%G}H{%%NQQ&

at Hong

on silica gegl (SiQ2) according to St

chi Erendg i &phy tecﬁcm que (J. Og. Chem 1878;2.#Bminutes
2923) . . |1y ass )
fﬂer1v€&’froﬁ1 gﬂc tBd

anal'ysi's were cgn a Shimadzu LC
coypkeuplwd Tt ) Vatiers M cr omagsyZQ M5 syst ehlRMS: Aghb Ghidd.
pe|noted that qtent on 1 mesr vy s/ gl o,
%“ 685.3308; found:
FF 685.3342 (M+H).
Example 18f Boc RT =2.34 minutes
(Derived from F/LNH” \ O (condition 2);
Examples 16a and F OO HRMS: Anal. Calcd.
18b.1 according to N1 for C3sH41F4N6Oy4
the procedure N 721.3120; found:
described for FF 721.3128 (M+H).

t and | ow resol uti g{?g@@?ﬁz)?

Example 17)

Synthetic route 11

Boc
!300 E
N N B B
(< O sem O
e Pd(dppfCly OO
B

r N-SEM
18a 19

[1,1’-Bis(diphenylphosphino)ferrocene)dichloropalladium(ii)complex with
dichloromethane (11.2 mg, 0.014 mmol) was added to a stirred solution of Example
18a (150 mg, 0.274 mmol), bis-pinacol diborane (34.8 mg, 0.137 mmol), dppf (7.61
mg, 0.014 mmol), and K,CO3 (114 mg, 0.823 mmol) in DMSO (2.5 mL) under argon
atmosphere in a screw top pressure vessel. The solution was flushed thoroughly with

argon, sealed, and immersed in an oil bath preheated at 80 °C and stirred 18 hours.



enpl oyed in determning the retention tinme (RT) were:
Retention tines were determ ned according to the

wo edobovdesyy LC/ M5 conditions: Condition 1 Col unPCEUS2009/033380
Phenonmenex-Luna 3.0X 50 nm SIO Start %8 = 0 Fi nal OA? FPCT
100 G adient time =2 mn Sto 1tim&* = 3 nin Fl ow PAtH
= 4 nmL/mn Wavel ength = 220 nnit1128 PCT 128 Sl ovent A
0.1% TFA in 10% net hanol / 90%120 Sol vent B 0. 1% TFA in

gg Zﬁg%ﬂ%}g :\_V/&% g%i;a% %gg%ﬂgﬁ@kczan%agh@a with sat'd NaHCO3
solution, brine, and dried (Na;SO4) and filtered. Solvent was removed in vacuo and
the residue was charged (CH,Cl,) to a 25 (M) Biotage” silica gel column: Segment 1.
10% B for 75 mL; Segment 2. Gradient eluted from 10-100% B over 1.8 L; (A =

5 Hexanes; B = EtOAc) gave Example 19, 88.7 mg (33%). "H NMR (500 MHz,
DMSO-de) 6 8.56-8.54 (m, 2H), 8.48 (s, 2H), 8.12-8.10 (m, 2H), 7.95-7.91 (m, 4H),
5.83-5.76 (m, 4H), 5.30-5.22 (m, 2H), 3.72-3.61 (m, 4H), 3.53 (t, /= 7.3 Hz, 4H),
2.44-2.18 (m, 4H) 2.11-2.08 (m, 2H), 2.0-1.94 (m, 2H), 1.38/1.08 (s, 18H), 0.91-0.81
(m, 4H), -0.06 (s, 18H). RT = 3.2 minutes (condition 2); HRMS: Anal. Calcd. for

10 Cs;H73NeO6Si 933.5125; found: 933.5132 (M+H).
Synthetic route 12

Boc Boc
y N { N
¢\ &

et ) (¢

H (EtO)3;P

C ()

Ny N-on N NH
17q g/N—Boc 20 g/N—Boc
Triethylphosphite (0.257 mL, 1.48 mmol) was added to Example 17q, (340

mg, 0.489 mmol) in DMF (5 mL) and stirred at 80°C for 16 hours. Additional
15 triethylphosphite (0.3 mL and 0.6 mL) was added at 8 hours intervals until LCMS

-

indicated the reaction was complete. The solvent was removed in vacuo and the
residue was charged (CH,Cl,) to a 25 (M) Biotage” silica gel column. Segment 1.
0% B for 300 mL; Segment 2. Gradient eluted from 0-50% B over 1440 mL;
Segment 3. Gradient eluted 50-100% B over 600 mL (A = CH,Cl,; B =20% CH;OH
20 in CH,Cl,) gave Example 20, 286 mg (82%). "H NMR (500 MHz, DMSO-de) & 7.84-
7.80 (m, 8H), 4.87-4.68 (m, 2H), 3.55-3.54 (m, 2H), 3.40-3.30 (m, 6H), 2.82-2.76 (m,
2H), 2.25-1.82 (m, 8H), 1.63-1.57 (m, 2H), 1.42/1.18 (s, 9H). RT = 2.32 minutes
(condition 2); LRMS: Anal. Calcd. for C40Hs1N¢O4 679.40; found: 679.57 (M+H)".

25



Start B 0 Final %8 oo G adient tine : 3 mn Stop tine
: 3 mn Flow Rate : 4 niL/m n Wavel ength 220 nm Sl ovent
WO2®910263FA i n 10% et hanol / 90%120 Sol vent B OPAB@I$689/033380
in 90% net hanol / 10% H20 Condi ti on 3 Col um LCVE. 11128 PCT
GEMN C- 18 4.6 D50 nmm Start 8068 0 Final %8B oo
Gradient tine =3 mn Stop timP% 4 nin Flow Rate : 4
nL/ mn
Synthetic route 13
Boc
; /N\ H

N

o) e )
N NH N NH
17 21

Example 17, (411 mg, 0.62 mmol) was dissolved in CH3OH (20 mL) and
HCl/Dioxane (100 mL of 4N) was added and the reaction was stirred 4 hr. The
5  solvents were removed in vacuo, and the tetra HCI salt was exposed to high vacuum
for 18 hours to give Example 21, 350 mg (94%) as an HCI salt which was used
without further purification. RT = 1.3 minutes (condition 1). LCMS: Anal. Calcd. for
CyoH33Ng: 465; found: 465 (M+H).

Example 21a H N RT = 2.99 minutes
7|
(Derived from LQ\——( N O (condition 2); LCMS:
o
Example 17a) O Anal.  Calcd. For
N NH C37H46N6053 46657,
&H found: 467.2.2 (M+H).
Example 21a.1 FsC RT = 1.4 minutes
H
(Derived from LN\_,QN | (condition 1); LCMS:
s N
Example 17a.1) H O Anal. Calcd. for
OQ C31H34F3N6 54728,

NE found: 547.19 (M+H).
NH

Example 21a.2
(Derived from

Example 17a.2)

RT = 1.4 minutes
(condition 1); LCMS:
Anal. Calcd. for
CsH36F3Ng: 561.29;
found: 561.36 (M+H).




Wavel ength 220 nm Sl ovent A 0. 1% NH4OAc in 10%

acetonitrile /90%420 Sol vent B 0. 1% NH4OAc i n 90%
wae@vaesy il e / 10% H20 Conditi on 4 Col umm : PCT/US2009/033380

Phenonmenex-Luna 3.0X 50 mm SI O Start %8B 0 Fi nal A%J?%;PCT

Gadient tine : 4 mn Stop ti : 5 mn Flow Rat

nmL/ m n Wavel ength 220 nm Sol vént A 0.1% TFA in 10%

nmet hanol / 9094420 Sol vent B 0. 1% TFA i n 90@6nEthanoI/10@6

H2 11128 PCT—Condi-tH-on—5—Cotumm—36—mx——tha
CExample 21D H RT=1.3 mlnutes
4.6 N \’«N \
Derived from L\\ N condition 1); LCMS:
e
Example 17b) OQ Anal. Calcd. for
Nx NH C28H32N6 452; found:
j\l‘uH 452 (M+H).
Me
Example 21b.1 H N RT = 1.2 minutes
v\
Derived from L\\\—_< N condition 2); LCMS:
e
o
Example 17b.1) O Anal.  Caled.  for
N NH C37H46N6053 454.25;
j\l‘ﬂH found: 455.2 (M+H).
Me
Example 21c H\’«N \ RT = 1.3 minutes
(Derived from S N O (condition 1);
Example 17¢) OQ LCMS: Anal. Calcd.
N NH fOI' C27H30N6 438,
j\ NH; found: 438 (M+H).
Example 21c.1 WY RT = 1.2 minutes
h, y \
(Derived from H<\L\*\—_< N O (condition 1);
Example 17¢.1) OQ LCMS: Anal. Calcd.
N NH for C31H33N6 48928,
2 ;NH found: 489.28 (M+H).
H
H
Example 21d HoN \’</N \ RT = 1.2 minutes
(Derived from s N O (condition 1);
Example 17d) OQ LCMS: Anal. Calcd.
Nji\lH fOI' C25H28N6 412,
NH2 found: 412 (M+H).




Start9® = 0 Final %8 = 100 Gradient tine =2 mn Stop
time =3 mn Flow Rate = 5 nL/m n Wavel ength = 220nm
w@Ei09aeeA3 = 0. 1% NHAQAC in 10% acetonitril e /9POFBE2009/033380
SolventB = 0. 1% NH4QAc in 90% acetonitrile /10% H21(P128 PCT
Synthetic Route J.11128 PCT 1 O Ref er ence:
ti g/ reducon/cycl zati on) J. Med!Chem (2005) 48
7351- 7362 A I M solution of potassiumtert-butoxide in

AN AAdA~NA ArAanvwg an +

THF uu ﬂ”‘ Wy atot oo opnwrst—t U — 1
(3] ESHBOR  opy1 )ty Aghany| hosphoi um br GRVde! (TGS 40
nMO{Derivad aoRy di ous DVEQ(-28 m-) under ni Wdﬂglﬁana} L2ALS:

0C| and the sollution wd§ ¢ O m n|before
addEx3eRle 1€ 3- br omobenzal dehy 7 L, Aol frakst)for
Af{er several N NH C,3H3,Ng 452; found:
é\lH 452 (M+H).
Example 21f HN. N RT = 1.2 minutes

(condition 1); LCMS:
Anal. Calcd. for
C27H30Ng 438; found:
438 (M+H).

(Derived from

Example 17f)

RT = 1.3 minutes
(condition 1); LCMS:
Anal. Calcd. for
Ca9H31FNg 483 found:

Example 21g
(Derived from

Example 17g)

483 (M+H).
Example 21h H N RT = 1.7 minutes
(Derived from FF s N O (condition 2); LCMS:
Example 17h) OQ Anal. Calcd. for
N NH C29H31F2N6 501.25;

&H found: 501.51 (M+H).

Example 211 H N RT = 1.5 minutes
: Ba® ..

(Derived from s N O Me (condition 2); LRMS:
Example 171) O " Anal. Calcd. for

Nx NH C29H34N7 48028,
6.4 found: 480.26 (M+H).




m nutes a precipitate was observed and an additi onal

20 nL of DVMSO was added to aid solvation,
WO e@etldwes was stirred 18 hours.
onto water (120 nL) and washed with chloroform T
aqueous | ayer was acidified
extracted with chloroform (3

The sol ut

WLStSh cone.
250 ).

HCl and

and the
i On WeGT/penEaB3380

G128 pCT
The organic

phase was concentrated and applied to a 65 (M Biotage

ren anl

Cr andi oant

ol vt An

al 1!: 6504 P

R R LI Y7 \J\II Um, A UAUT 1T o Ut 1T UTl T rn U /70U J /II_\\
= -IE %WFQ%EEB Et OAg) ov DL to gi ve Ex&npr &3 fomnutes
( E) ¢Berlvdd frbmom>pheE ght=4 3 acid &;oadﬁoﬁ 8)20/1@RMS
1HNVR (300 MHz d7 {J = 1. I;D
7. :B@X%Imlelb)— 7.7, 1. 5 Hz, 1H), N&"¥-7. 1E>A(nﬁ% Chlgg. fof; 12
(ty{ J =7.7 Hz, IH), 6.40-6.32( niH) @Qgﬁzﬁ614(m
IH), 2.52 (s, 4H). RT = 2.0 m nut (condition 1);
LRMB: Anal. Callcd. for CnH 11BrQ2: 252. 97#64:fferndetod
252.98 (MH . Exanple 1, M+H).
(El-5-(3- Bronophenyl ) pent - 4- enoi ¢ _aci d Slg 15.8
mpExampladlidi s$ol veg'?g absol ut e et hanol| RT2003 miijutesnd
flu nitrog ef ore addition off ,5%pl at{. .
sul f[?%ge%&%ar bon (24#\5°g). The sol ution @gﬂ‘%ﬁ%;}%ﬁws
wi | Bxdnyde dgen at 11128 )7F i| &Anpk Eglsdirfer and
stirred 5 hours. The & b ] ]
filtration %32%61\]6 505, found:
505 (M+H).
Example 21m CBz RT = 1.5 minutes
AN
(Derived from L§’<N\ O (condition 1); LRMS:
H
Example 17m) OQ Anal. Calcd. for
N NH C37H35N60;
&H 598; found: 598
(M+H).
Example 21n H N RT = 1.7 minutes
(Derived from s N O (condition 2) LCMS:
Example 17n) OQ Anal. Calcd. for
N N"OH CroH33N6O 481.26;
éﬂH found: 481.37 (M+H).
Example 210 H N RT = 2.1 minutes
N\’</ \
(Derived from L\\ N (condition 1) LCMS:

Example 170)

Anal. Calcd. for
C29H32N6 464, found:
464 (M+H).




t hrough di at omaceous earth (Celite R) and the sol vent

i mredi ately renoved by rotory evaporation (in order to
worzowpmzedl esterification) to give Exanple 2, BET/BS2009/033380

br onophenyl ) pentanoic acid 4 g (9999 which was carf,i bt

forward w t hout further purif'lction. 1H NMR (500 ,

CchA3) d 7.31-7.30 (m 2H), 7. (t, J =7.6 Hz, IH),

7.09-7.07 (d, J = 7. H, 2.60 (t, J = 7.0 Hz,

LN

2H 2 37{t =7 0+z 168165 (m—4H—RF=
2. 1 Exainle 2L (condifli gny 1); LRVE: Anal . CRTC 20 putesn
13B(15Bive@B5m00; f 254,99 ( g@NQRef @dRliEen 1) LCMS:
(Al kyl ati on/ hydr ol ysi - 11946) 68,
1468%a00  "Puni ' s” base (26 . 15 moinpl (alsd-deided
to|3- bronobenzyl brom de (38g, 0.15 nol) Cgmjzﬂj\g- el Mhird:
b-al anine nitrile (14.2 nL, 0.15 nol) in dry DVF (400
m.). The solutilon was stirred 16 h, concéﬁ‘lﬁ‘éﬂéﬁ in
vacuo to near dryness, triturated with ether/Et QAc,
ang_filtered. [|A second reaction was repeated on 12

g] | EX¥hepledhbi ned fat}\ltmré es were concent 1 &ledl Byninwesor y
eva ' and the yesidye was charged - :
65| Rl B0m o () St Ba G : g&%%gfﬁiﬁ)fm'
G adlkemgle €Tt i on from 5-15% § gver) 1. 3 LAnsegniedtfor :
15% 100% B (A F# Hexanes; tN\ N? over ngPﬁg%o 495.8:

Q OO

OH

éNH found: 495.37 (M+H).
Example 21r H o N RT = 1.5 minutes
(Derived from s N O (condition 2) LCMS:
Example 17r) O‘ Anal. Calcd. for

N= NH C28H30N6 451.26;

b” found: 451.33
(M+H)".

RT = 1.1 minutes
(condition 1); LCMS:
Anal. Calcd. for
C37H44NgOs: 452.18;
found: 453.2 (M+H).

Example 21r.a
(Derived from

Example 17r.a)

RT = 1.4 minutes
(condition 1) LCMS:
Anal. Calcd. for
C31H34F3Ng 547.28;
found: 547.26
(M+H)".

Example 21r.1
(Derived from

Example 17r.1)




concentrated in vacuo to V vol.
concentration of nother Iiquor, afdil tras2@mofndxy75.25.

0 give Exanple 4,

( 3- bronobenzyl ) (net hyl ) am no) - propanenitrile 44.4 g
3@9%10263H NVR (500 MHz, DMSO d6) d 7.54 (s, |PMT/US2046033380
d J=7.6 H, IH, 7.34 (d, J =7.6 H, IH, 7. 31 128 PCT
t, J =7.6 H, IH, 354(31827H) 2.71 (t, J = 6.

, 2H),11128 PCT 132 2. 63 (t; .4 Hz, 2H), 2.17
, 3H. RT = 1.1 mnutes (condi
|

=6
ition 2); LRI\/IS Anal .
f\d. fCr IHI QDI‘ '\\lL '):3. 03’ fCund: 2ER \J\J \IVI II !\\I,
COPEFERIEA " had agdidd Exanpl e 4, T 146" min,

g
(I?eri%@[l’@ﬁenlw W : pr opap@niiioh 128, LCMS:
(44.4 g, 0.175|nD ) i nHa W cap pressure vessel
HEx4eple §4128d | sol ution was @@. at 9040¢- for Gapd for

irs. After being cooled, the sgltiti on \(\%3{311\16 (M+H)

e a quantitative yield of Exanphké 5, '
(N- ( 3- br orobenzyl ) - Nmet hyl ) ani no) pr opENGP ¢ A48l ¢Calgd
Mite solid (HO salt). 1H NVR (500 Mz DVSO- d6) HAN
.90 (t, J = 1|5 Hz, IH), 7.67 (dd, J =|7.3, 1.5 HZ,*" °
7.64 (d, J = 7.9 Hz, IH), 7.43 (t, 37526059 Hz,found:

H)
.HG’ H;L: 33 (br.[s, 2H), 3.34 (br. s, 2H)|,2.88 (1. =

Example 21r.3 FsC RT = 1.4 minutes

H
Derived from HLe N condition 1) LCMS:
( L ( )
Example 171.3) H H O Anal. Calcd. for

O NH C32H32F3N6 557.26;

NH found: 557.22 (M+H).

Example 21r.4 RT = 1.43 minutes

(Derived from (condition 2) LCMS:

Example 17r.4) Anal. Calcd. for
C30H33Ng 477.28;

found: 477.22 (M+H).
HRMS: Calcd for

C, Hy, N, 477.2761;

found 477.2765
(M+H).

RT = 1.56 minutes
(condition 2) LCMS:
Anal. Calcd. for
C3H33Ng 501.28;
found: 501.29 (M+H).
HRMS: Calcd for

A C,,H,, N, 501.2761;

Example 21r.5
(Derived from

Example 171.5)




2H) ,
LRVS: Anal .

2.63 (s,
Cal

3H). RT =

cd.

WQ@ID9A®@esMH) . 11128 PCT 133 Exanpl e 2,

5- ( 3- bronophenyl ) pentanoic acid (4 g,
taken up in pol yphosphoric a

i

15. 6 nmol)
(15 g) and heated

1.3 minutes (condition 2);
for G IHNBrNO 2: 272.03;

f ound:
PCT/US2009/033380

fij28 pcT

140 OC for 8 hours in a 150 ressure vessel, capped
to prevent product |oss due to sublimation. The
r egetion—mxture—was—partitienedbetween—15014 ?f
wal er and CH2C|2 (600 nL). [Caution is n&l’é‘éégw %l
avoid boiling of CH2CI 2.] The organic phasenywas washed
W th-water —briine and concentrated. The crude product
was$ E5PIF 6t to|a 40 () Birotage (r) sili&d gbl mBNiem
and asaady ok €l ut Rgi e 60% ( Et QAc/ HexXitiand) pave:

anpl e - b ono-
6, 7E83@1?éfsﬁah)dro 5H benzol | ﬁ gdul en- 5- dyel. Ealpd.dor
(40% . 1HNMR (300 MHz, CDd 3) “d L6 (d, C]H:P?\]]%b"és-
IH[, 7.41 (dd, |J = 8.4 Hz, 1.8 Fzy\H), |7-35°(d, 3 2
1.8 Hz, IH), 2/86 (t, J = 5.9 Hz, : :’f@@d(4694d’:
5.8 Hz, 2H), 1/90-1.73 (m 4H). RT = 2. ll—lwp%t
(condition 1); |LRMS: Anal. Calcd. for CnHnB 239. 00;
found: 239.14 (M+H).

Example 21s.1 H N RT = 1.62 min,

Hily 2
(Derived from §L\\\’< N (condition 2), LCMS:

Example 17s.1)

Anal. Calcd for

C, H, FN, 493.25;

found: 493.28 (M+H).
HRMS: Calcd for

C, Hy FN, 493.25115

found 493.2520
(M+H).

Example 21t
(Derived from

Example 17t)

RT = 1.7 minutes
(condition 2) LCMS:
Anal. Calcd. for
CasHaoF2Ne 487.23;
found: 487.51 (M+H).

Example 21t.1
(Derived from

Example 17t.1)

»
IZL

RT = 1.7 minutes
(condition 2) LCMS:
Anal. Calcd. for
CasHaoF2Ng 487.24;
found: 487.51 (M+H).




Ref erence: (Cyclization) JACS 1962 27, 70-76.11128 PCT
134 Thionyl chloride (13.2 nL, 181 mmpl) was added

W@ n@at)268 Exanpl e 2a, 6-(3- bronophenyl ) hexane¢TUsm0H033380
(16 g, 59.2 mml) in a IL round-bottoned fl ask ung@ﬁ2§¥CT
ni trogen atnosphere. The m xture was warnmed to 60
for 2 h, excess reagent was r ved in vacuo, and the
resi due was subjected to azeotropic conditions

LVAY ha aru d echl Ari rlr\ wne dicenl vnd
C1 T vwats—C

( benzene he—actd—ehl-of S

caf bRl 2l £ i de (560 ML) and cannulatecﬁlntg6§llnutes
sol ubdrpad abmal Yim ¥ oride (26.3 g(cola&&oiimPMMsn
cafbon disul fide (1315 ml at refi/lux, The
reaEtdBe hds stirred 20 h, c decant@gl- Caled. for
concentrated, and the resultant i ds ywergr,aNdqaped. in
di ethyl ether/THF (1:1, IL), and NG (500 nL) for
1.5 hours. Thel|organic |ayer was t er edoundiediehd (MHHh.
water, and brine to give Exanple 3c,
2-bronp-7,8,9, 10-tetrahydrobenzo[ 8] annullen- 5(6H) - one
10 Exgmil68%.1 as a Hol Qrless oil. 1H NVR|RIDO=MHZ,61 min,

CD‘j(qérgg?_éoﬁ I<Q\\—:<N HZ' I'H), 7.38 Qé’%qcii_né%“ze,t Lél}([S

= 1.8 Hz, IH)
= GESakide 12H), |2. 89 (t, . 2H) | AbaB5- 1.CaB:d( mfor
4H|, 1.52-1.44|(m 2H).

i nut es )
= " C, H,oN, 473.36;
H found: 473.28 (M+H).

H HRMS: Anal. Calcd.

for C, Hy N,
473.2448; found:
473.2457 (M+H).

Example 21u.2 (\NH See Example 21x

. it
=N
(Derived from below for
HN
Example 18b.2) OO characterization.

Example 21u.3 (\NH RT =2.10 min,

(Derived from ““S:N (condition 2), LCMS:
HN

Example 18b.3) OO Anal. Calcd for

o® C,H, N0, 607.46;

N?)N,csz found: 607.46 (M+H).




(condition 2); LRMS: Anal. Calcd. for G 2H13BrO

253.02; found: 253.15 (MtH). Reference: J. Org. Chem
woBBR10%683)| . Transl .) (1985) p 2201-2205. 5b MaREEEE20019/033380

(0.636 g, 26.2 mmol ) was added to a sol ution of

4-bromo- 1,1,1 -
THF ( 100 nL) and under

trifluorobutape (5 g,
nitr ogd;bn.

26. 2 mmol )
The sol uti on was

]ilﬁ28 PCT

stirred for 18 h at 24 0C, and the Gignard reagent

wa

of ar nd
ot

on 1l A +

anl 11t ok af

4- |
at
an(
dil
sol
CH]
cal
10
| -
(81
Si

hFY "e%;‘h{de

(Dgivefrrgmden n
]l the reacti (
Granplod $ e
n,
PCl 2 and chali
tridge. G aq
D% B over 1 I
4- br onopheny
oy . PCC (9.1
2 and Qgroung

and washe

\ll Lo
(&Y

"HE

DN aI

Lo
\Jullllul A L) A oUT Ut 1T oI

(4.85 g, 26.2 nmol)
%gen The cold bath
d to warm and sti
vel), quenched wi{

ged to a 4tage (r)

li ent el uti on” was Nper f or

(A/ B Hexanes/ Et ) to ¢
[)-5,55-triflu nt an-
9 g, 43.1 mmmol) s adm
I with nbrtar & pestl e bef

oncentrate

e np50 1)
WBsadt@irey ed
rred 18 h,

h sat'd NH C
, take up in
silica gel

rd from 15% to
Ji ve

l-ol 6.4 g

ed wwth 9 ¢
ore bei ng

h)

ad
| -
21

iEdarhpﬂe ohes pg
M})Bhen)

Mg s
Example 18b.5)

prtiwn to a sol ution of
IS, 5-

5S 0l
HN

trifluoropentan-
d i n dichl oronet hane
=N

RT = 1.82 minutes
(c(loégil(t)ioér%; iR?V[S:
Anal. Calcd. for
C32H»oNg 497.25;
found: 497.29 (M+H).
HRMS: Calcd for
C,H N_497.2448;

32 29 6

found 497.2448%
(M+H).

Example 21u.6
(Derived from

Example 18b.6)

RT =1.91 min
(condition 2); LCMS:
Anal. Calcd. for

C, H. N O 631.28;

40 35 6 2

found: 631.27 (M+H).

Example 21v
(Derived from

Example 18c)

RT = 1.8 minutes
(condition 2) LCMS:
Anal. Calcd. for
CosHysFNg 467.24;
found: 467.43 (M+H).




The reaction was stirred 4h,

filtered through

di at omaceous earth (Celite ),11128 PCT 135

W@ 200ea0eBRat ed,

and applied to a 160 g Thonmson BCT/U8R09/033380

gel colum. Elution: 10 - 60%B over 1.5 L (A/B 11128 PCT
Hexanes/ Et OAc) gave Exanple SF
| - (4-Dbronmophenyl)-5,55- trif %}oropentan l-one 6.1 g
(86%) . 1HNI\/R(500I\/Hz,CDC]3)d781(d J:85Hz,
2H—+—64 8—3—He—2H—3-04—(+
2H EX%“@%zEV hel(m RHp- 2.05-1.99 (m 2HFTRir7m“2‘“‘iS
m nu@sed Gomdi { i oﬁli N . Anal . Cal cd(con@itionHnErE:
30 295.00: folnd! 295%0 Ref erence: (I m dazol e
synEraeneY8abodrg. Med. Che 2002 Arebo2ledfor
Exanpl e 3, N CaqHasFNg 491.24;
2-Brono-6, 7, 8, 9-t et rahydr o- 5H benzg|/] annul en- 5- one
(1/5 g, 5.9 mml) was dissol ved i 0l EfRoATIE- 20 (Mo H).
m} and IN HQA |in Et20 (9 nL) was mdded.| gRgs-SOhdt QN
was cooled to QOC before addition of o-anylnitrite
(1{2 nL, 9 nmol|) and the reaction was st iCrded™N8IHAIPS
at |24 0C, concentrated, and applied to 2% (NioBbh 4age
(r)} silica gel [colum. G adient elution ?0 rom 1E 100% B
(A| = Hexanes; B = EtOAc) over IL and gay€MEKanpl e 6,
(E) - 2- brono- 6- ( hydr oxyi m no) -6, 7, 8, 9-
Example 21v.2 H N RT = 1.76 minutes
. L .
(Derived from N S N O (condition 2) LCMS:
Example 18¢.2) OO Anal. Calcd. for
N=, NH CB2 C38H34FN602 625.27;
Yoo | found: 625.19 (M+H),
H
Example 21w H N~ RT = 1.9 minutes
(Derived from PSS W O (condition 2) LCMS:
F H
Example 18d) OO Anal. Calcd. for
Ns( CagHa7F5Ng 485.23;
Y| found: 485.46 (M+H).
Example 21w.1 H N RT = 1.8 minutes
(Derived from s N O (condition 2) LCMS:
Example 18e) OO Anal. Calcd. for
N=( CagHa7F5Ng 485.23;
Y| found: 485.30 (M+H).
FF




tetrahydro- 5H benzo[ 7] annul en-5-one 1 g (64% . RT =
1.9 mnutes (condition 1). LCMs: Anal. Calcd. For CnH

waQnBn@e2s 268; found: 268 (MrH). RT = 1.35 m PCI/ES2009/033380
Exanpl e 6a (condition 2); LCVMs: (Derived from ExanﬁIIESPCT
Anal . Calcd. For 3a) CnH 11Br N2O2: 283.00; found:

283.03 (M+H). 11128 PCT 136 ConCentrated 28% ammoni um
hydroxi de solution (12 nm.,) was added to a sol ution of

Exaaple—6 -

(E Eganﬂi?l%?rbw hyd Xy jNRi no) - 6, 7, 8, 9- t et Rdhytr 881 Benz

o[ @erﬂrﬁ@&bﬁin' IT{V\‘}F‘Q mrol ) and | (condition 2) LCMS:

N- Boc- L- proI i nal (:85 , ) in met hanol (35

nL) Exgeple h&) r eaction nixture tirred/nal Qélﬁf‘sf%t

24|0C, partially concentrated toynclfrove r@jggtﬁg%] Rl 52120d

t he aqueous residue extracted with d e organic

phase washed wilth water and concerat ed famd: i%@géw&é-

product charged (CH2Cl 2) to a 40 (&)r Bi otage (r)

. _ / . i

st Example 21x Ho K%T= 1.7 minutes
(Derived from E\*}_« O (condition 2) LCMS:

Example 19)
NOTE: Same as
Example 21u.2

Anal. Calcd. for
C30H29N6 473.24;
found: 473.27 (M+H).

Example 21x.1
(Derived from

Example 20)

RT = 1.6 minutes
(condition 2) LCMS:
Anal. Calcd. for
C3oH3sNg 479.29;
found: 479.39 (M+H).

Synthetic route 14

HATU /i-Pr,EtN
—

NH
H—

NH 2

~t

? H
N0
Sy

HATU (88 mg, 0.33 mmol) was added and rapidly stirred solution of

Example 21, (87.5 mg, 0.145 mmol), Cap-51: N-methoxycarbonyl-L-valine (63.3

mg, 0.36 mmol), and Hunig’s base (0.23 mL, 1.25 mmol) in DMF (3.5 mL). The

reaction mixture was stirred 16 hours before being diluted with CH;0H (1 vol) and

10

directly subjected to semi prep HPLC (4 injections at 2 mL each; Dynamax 60A prep
C8 column; 25% - 100% B over 30 min; Flow Rate = 20 mL/min; Wavelength = 220
nm; Solvent A =0.1% TFA in 10%methanol/90%H20; Solvent B =0.1% TFA in



1. 15% 30% B over 300 ni; Segnment 2. 30% 100% B over

700 nL (A = 1:

weEx@opbdw3y, 700 ng (449 .

1 hexanes/CH 2C 2; B = Et OAc)

gave

1H NI\/R (300 I\/Hz DI\/&]ETYUS)OOQJY(B%SO

7.35 (g per

I H),
2.27-1.80 (m

, 48| zdo- 7f4<1>(rm 3H), 7 30 7.24 (m,

3 (br. s, IH, 7.91(d, J = 8.4 H,
3 =84, 1.5 H, IH),11128 PCT 137 7. 31 (d
Hz, IH), 5.0/4.87 (m IH), 3.5%-3.46 (m
3.42-3.36 (m |H), 2.90-2.70 (m 4H),
. 38/ 1. oH). RT = 1.9 ni nutes | L
oy vRiEtaidr D e SRy PRaBr hatn: BT 210 NT,
fbupsiscia SHoAMHin, IERVErs-Asaly
C21 H26Br 236 found: 488. 1242

PCT2H B8 095 &t () PHpHolshA? {18, 20D, F81-A70 (m,
add@ﬂ 4&) @1$9'09‘(1&104{H)E%@m2'8‘?(1¥1 81(1)7@99

and

the solution heated a

Aj-g)nﬁéﬂjs gz 92-2.84
{6‘9@1 (ila 53Hm|91 5

houffsnumdeqndalomlﬁ r o anatoiseefa C43'FheNa%a€79 % found 779.48
EM+ﬁ3M"ﬁﬁM‘saKﬁ£l Efc [Por%4h¥55N$§6€t7% 224(51%le‘if‘—%96‘4}@?1 (M),

wat er an

Aft'er concentration t

crude product was applled to a 40 (S BI otage (r)

si |
SRR LG
ove(D&BOd frbm( A

Example 21
and Cap-2)

[SERRN d.IIU bUUJ ect UU 1o Ui d.UI ent

15% B(,@/er 300 nL; Segnent 2.

\_O/Kf
o
N N

ugs

Iz

J

&5 168

minutes
(condition 1);
LRMS: Anal.
Calcd. for
Cs3HeNsO:
843.51; found:
843.89 (M+H).
HRMS: Anal.
Calcd. for
Cs3HeNsO:
843.5047;
found: 843.5099
(M+H).

Example 22.2
(Derived from
Example 21
and Cap-52)

RT=14
minutes
(condition 1);
LRMS: Anal.
Calcd. for
C390H46N3gOg
723.36; found:
723.39 (M+H).
HRMS: Anal.
Calcd. for
C390H46N3gOg




CH2C 2; B = EtOAc) to give Exanple 8, 675 ng (100% .

1H NWR (300 MHz, DVMsO-d 6) d 11.7 (br. s, IH, 7.92
W@ 2009302638. 4 Hz, IH), 7.82 (d, J = 8.4 Hz, | HPCTU2D09/033380
(s, IH), 4.78/4.69 (br s, IH), 3.57-3.48 (m I|H), 1128 PCT
3.38-3.32 (m IH), 2.85-2.78 gd“ 4H), 2.28-1.77 (rh
6H), 1.39/1.14 (s, 9H). RT = 49 i nut es (condition
1). LRMS: Anal. Calcd. for C2I H26Br N3Q2: 432. 13;
f opre—432— 4 (-M-H—11128PCTH—139-—Syntheti€ rapEe ,'5:
HO| 1. TBDPS- (I TBDPSO. Li(Et)3BH TBDPSO N \ | 2233619
(BpC) 20 DVAP/ TFA N Boc Boc M1 M2 M4 M 3 TBRRS® 73\3643
N | Boc
(M+H).
Example 22.3 0 RT=1.7
(;eri ped from \OJLNH minutes
Vi u
mo
Example 21 N\/(/N \ (condition 1);
and Cap-4) L N O LRMS: Anal.
OQ Calcd. for
N j\(@ CaoHsoN3Os
N . .
g HN\H/O\ 723.39; found:
o) 723.40 (M+H).
HRMS: Anal.
Calcd. for
CaoHs50NgOg
847.3932;
found: 847.3953
(M+H).
Example 22a 0 RT=2.0
p N é
(Derived from N" 0 \ minutes
N
Example 21a L\\}’QN\ O (condition 4);
H
and Cap-51) O © LRMS: Anal.
T Caled. for
Q H
&K“INTO\ CaHs3NsO7
© 781.41; found:
781.33 (M+H).




M1 To a solution of
(S)-5-(hydroxynet hyl ) pyrrolidin-2-one (10 g, 87 mmol)
w0 pooditedsBor onet hane (50 L) was added

tert-butyl chl orodi phenyl sil ane (25.6 g,
(12.1 nL, 87 mmol) and DVAP (
m xture was stirred at

starting pyrrolidinone was conpl etely consuned,
H hanp /:n M\

\nno A

06 g,
room -t

|||+r\rl with A ~hl Ay A

PCT/US2009/033380
93 mmol ),
8.7 mol ).
erature until

A aber
t he

and

alal

t hep—t
wa ﬁé

(

cr
(si
af 1
Yi ¢
( by
3.
3H
354
V\ﬂ(
di ¢
g,

RIF £47- e
ARvkd frbml t

ude materi al

Examplgédla 3

(v

Rcing il
2l d) . ]%ﬁZ-NN¢
s, IH, 7.
57-3.62 (m

, 1.87-
1.58. Di-ter
5 added in [
hl or onet har
88.311128 H

1.81

npt
W T oo oroncoihanc (Y

(B0 ). The organic Iayer

LI LA

Q&@ f ethyl
oIorIess oi |

64-7.61 (m 4H) ,\A89-7.42 (m
IH, 3.58-3.51 (m Ho2.24- 2.

(m IH, 1.00 (s, ML
t-butyl dicarbonate §§H§ 1
ortions as a solid over 10 mn
e (200 nL) solution of silyl
PCT 140

9

fhd concentrated i n vacuq
bpitted to flash chromato
acet at e/ hex{
(2}
2.5 ppf

%gs géled

DmiRié t he
ogr aphy

A HRBYItIpRHA);

-LﬁhﬁkAhﬂ%

Tj@p.b:d for

sHQJN sO7

14 $4£}|}_2ﬁ3 |fund:

SHYY:

Example 22a.2
(Derived from
Example 21a.1
and Cap-51)

OAK

RT= 1.6
minutes
(condition 1);
HRMS: Anal.
Calcd. for
CasHs6F3NgOg
861.4281;
found: 861.4269
(M+H).

Example 22a.3
(Derived from
Example 21a.1
and Cap-2)

RT= 1.4
minutes
(condition 1);
HRMS: Anal.
Calcd. for
CssHaaF3N3O
925.5099;
found: 925.5096
(M+H).




mol ),

mat

eri al

act rnd f

Et 3N (8.93 g,
mmol ) and stirred for
wQo edoativleas mat eri al
taken up in 20% et hyl
applied to a 2 L funnel
and then eluted with 3 L of 2
and 2 L of 50% et hyl

88 mol ),

cont aj
o et hyl
acetate).

Lo

and DVAP (1.08 g,
18 h at 24 0C. Mst of the
was renmoved in vacuo and t heCTUS29689/033380
acet at e/ hexanes an
ing 1.3 L of silic
acet at e/ hexane
Upon concentration of

8. 83

g‘lééﬁ PCT

a “‘vhl te
j

t he

¥y nnt )
T

rotaryvy _oavanny At Ny
—OT A\

” \V AW re b by | L | UIIQ I II A TAT _y VMPUI UL UT v
sl JFF%}HQZ]?Z%OZ*ICJ\]C/@ d whieh was filtered, wa&fied Wi t h
hexangssed avs dr '%le &vaco to afford carbamahgnddsl as
a Wite solid(326 N&2% yield). 1H NVR (400 NHz,
DVEEI®IC dla 2.5 pprys 7y 59 (m 2H), 7.56{cPnéHon by
2H) and7c§p0513 38 (m 6H), ., 3.90 (derRrRMS:Anal.
10] 4, | H)|, 3.68 (dd, 4/ 2.1, IH]|
2(38258(m IH), 2.40-2.33 (m (&4, 2222;@210(1-nf1>r
IH|, 2.01-1.96 (m IH), 1.35 (s, 9 0N97>\(,C OHENO
LC{ MS (M Boc+H) = 354.58. Cal cd. Jl AT
t hi ee- necked f|l ask equi pped with a ther rmmet (387%4@63
nitrogen inlet was charged with carbamate M| (10.80% 41404
g, |22.16 mmol ) and toluene (36 nL), and | owef e%l ?’nt 0
-55 0OC cooling bath. Wien the internal tenper&tiHg of
PERARERS [ o RT= 16
(Derived from © ﬂio \ minutes
N
Example 21b L\\—(/N\ O (condition 1);
H
and Cap-51) OQ LRMS: Anal.
N NH o Calcd. fOI‘
H
j\'}')I\l\ﬂ/O\ C42H54N3Os
Me © 767.37; found:
767.42 (M+H).
Example 22b.1 L y RT=14
. N .
(Derived from Q/KFO minutes
Example 21b LN\’«N \ (condition 1);
and Cap-2) Y O LRMS: Anal.
OQ Calcd. for
NH
Cs2HeN5O;

831.50; found:
831.63 (M+H).




reached -50 0C,

1.0 Mtetrahydrofuran, 23.00 mmpl) was added
W@®p/1883311 n and the mixture stirred for 35 m PCTAI51089/033380
mai ntai ning the internal tenperature between

and -45 0C. Hunig' s base (16.

dr opwi se over

fl upnrnnent

[ithiumtriethyl borohydride (23 nL of

dr opw se

-50 0

94 mmol ) was aoﬁéﬁsPCT

10 mn. Then, D}?ﬁ&m_(34 nmg, 0.278 mmmol)
was added in one batch, fol | owed by the addit

o anln\lrlr|rlr\ (2 6 ™ 20 ¢

i on of

fa\VWEaY4d

tri
m n
bet

EXYRRIF &2t

0C. The bath was reno

faaaaall
\¥3 u.|||| A\ L I BV A w3 \U J LILIL ==Y _J. J LILLILA "4} VA
nta/u(n g the internal tenperat mRXér 21
Vﬁ@ﬁfed BOmOC ahdy-

@finit& mn

| at e and the reactNon)'mi xture was stirred for 14 h '
whi ﬁéaf%ll’?%w hg it tes anmbi ent t enper af (foaditipg 4);
was aeli tapted wijth tol uene ( °oo0l ed W t h aRs: Anal.
ice-water bath, and treated sl with water (55 ni)
over 5 min. The phases were separjated. and the Céllcéafﬁic
| ayer washed with water (50 mi, 2x diconcep %\%@
in|vacuo. The|crude material was fypi fhed by fla
chiomat ography (silica gel; 5% ethyl acet at e/ fekHhéynd:
tojafford di hydropyrrole M2 as a col orl ess YiLseoUs 1+
oi | (7.947 g, |82%yield). R = 2.41 m n undef faﬁe (MH).
foll ow ng HPL(: condi tions: Solvent gradient f rom 100%
A "“’“‘ DY A ‘GO%BU-\—O.l%TF/-\ou.
me{ REHBTT 6E]. B.=00. 196 TFA in © :1 met hano] Nt #7)
ove (De?wﬂd from pH minutes
[ :r '\740
Example 21b.1 LN}—‘«N \ (condition 4);
and Cap-4) = N O o LRMS: Anal.
O Calcd. for
J\((j Ca47HaoN5Oy
Me HN 837.37; found:
837.19 (M+H).
Example 22¢ 0 RT=1.5
p N é
(Derived from N"N=0 \ minutes
N
Example 21c L\?’«N\ O (condition 1);
H
and Cap-51) OQ HRMS: Anal.
N NH o Calcd. for
H
}N/{TTO\ C41H53N5Og
H
© | 753.4083;

found: 753.4085
(M+H).




and hold for

1 mn;

detection @220 nm

Phenonenex- Luna 3.0X50 nm SI 011128 PCT 141 col um.

wa kboNR6100 MHz, DMSO-d6, d

2.5 ppm 7. 62- 7PGBULI0N9/033380

AH), 7.49-7.40 (m 6H), 6.47 (br s, IH), 5.07/5.0]1511281,CT
(overl apping br d, IH), 4.18{rs IH), 3.89 (br s,
0.49H), 3.69 (br s, 1.51H), 2. .58 (br m 2H),
1.40/1.26 (overlaping br s, 9H), O 98 (s, 9H). LT ME:
( Mria)—=—46039-—FBDRSO-Boe—M-3—Di-ethyt-zi-ne {39 of
~1 | EXpRls 29| dene, ZéOJQ mol ) was added drop e ber
15| mé&ivk@framc gol y 30 00 toluene (27 nL) sdlisitdson
of | di hydro%r ol £3.94 g, 9.0 nmmol). .
Chl K88 et hane” (st'abi Tl zed over copper; 3/ (Fopdition 1);
41| Zad®Ry-)) Wag added=dr ¢p 6 over 10 min, angdrsig:ned
whi | e rralntalrlngthe bat h i reOat 125 0C for
1 h and between -25 0C and @E 18. 5 h) Cyiged for
reaction m xture was opened to th P& quen y
the sl ow additji on of 50% sat ur at eWS ERsdo?
HoON 817.49; found:
M 817.62 (M+H).
E le 22¢.2 0 RT=1.5
xample 22¢ N K
(Derived from N F° minutes
1, N iy
Example 21c.1 H§L§’<N\ O (condition 1);
H
and Cap-51) OQ HRMS: Anal.
NH Calcd. for
N O H o
N S~
2?&% C4sHssNsOg
ANTH 303.4239;
found: 803.4236
(M+H).
Example 22¢.3 RT=1.3
" (s .
(Derived from minutes
o}

Example 21c.1
and Cap-2)

(condition 1);
HRMS: Anal.
Calcd. for
CssHesNsO»
867.5068;
found: 867.5058
(M+H).




solution (40 nl),

and then renoved fromthe cooling
bath and stirred at anbient tenperature for 20 m n.

It

woer®ofiddesered through a filter paper and the whiT/ESmWake33380

was washed with 50 niL of
the filtrate was separat

t ol uene.
ed an 5 washed with

The organi c phas

Gie%{)PCT

wat er

m., 2x), dried (MySO ), filte and concentrated in
vacuo. The crude naterial was purlfied usi ng a Bi ot age
(r)y=sys te 350—g—stHeca—gel—sanmple—was—toagded—wth
7% gf“ﬁw ‘Z\%Et at eéjfe hes; eluted with 7-20% efthy] mimnutes
acetdreehayangs)  t gfdord a m xture of (condition 1);
nelhanopyrrolldinesH @Lg\predoninates) as a c¢olorless
vi sE5URI6P1d (3. 69 g, 0y [Note: the exact LRMS: Anal
ci sldﬁd@@)sﬂl)sorrer rati o was rmned at bﬁlc& B
st age] . 2.39 mn under t | owm ng HPLC
condi ti ons Sal vent gradient fro % A Of B HseNs0%
A ] 100%B (A= 0.1% TFAin 1:9 ne ok rm@ Found:
0.1% TFA in 91 nethanol/water) o W 2hniin, and hdl d
for 1 min; detection @220 nm Phenonenex-Luré2B3IﬁMEH)
nm SI O col um.| 1H NMR (400 MHz, DVMSO-d 6, d=|2.5 ppnm
7.62-7.60 (m |4H), 7.49-7.40 (m 6H), 3.77/3)67
(o EKMm@th@ br ;ﬁ , 3.1 1- 5 3.07 (m |H RT2=R8
(a Q 00 (m IH, 1.56-1.50 | H),
1, 3@3?\783 OIEB‘rcaol s dH)n_1.00 (s, 9H), 0.80 gﬁ%"l“iﬁ),
0. BOxdmple DH) . |LC/ MY hxﬁh Q)= 474. 14. (condition 1);
and Cap-51) HRMS: Anal.
N NH o Calcd. for
H
é\l N\n/o\ CipHs54NgOg
° | 767.4239;
found: 767.4240
(M+H).
E le 22f 0 RT=1.6
xample N E
(Derived from N"N=0 minutes
HN N \
Example 21f \\\HN O (condition 1);
H
and Cap-51) OQ HRMS: Anal.
NH Calcd. for
Nz, 0 H
&JI\'TO\ C41H5»NgOg
© 753.41; found:
753.54 (M+H).




HO 0 Boc M 411128 PCT 142 TBAF (7.27 mL of 1.0 Min

t et rahydr of ur an,

ethers M3 (3.13 g,

at anbient tenperature for 4.
of saturated ammoni um chlorid

of the volatile materi al

7.27 mol) was added dropw se over 5
wWorewotiae6as t et r ahydrof uran (30 nml) sol ution of BECT/YE2009/033380
6.93 nmmol) and the m xture stirr

%O h. After the addi t]ilé)%gPCT
solution (5 L), nost
was renmoved in vacuo and the

aned haot weehn cehl ar

ot hanns (70 M\

re UUC narll Li Ullbu COCUT VWO OTT dl \"2 R INAVINAVIRA A SN R L® Y ) A
andi CEE9BIS 28ur At ed fanyroni um chl ori de sol ution Fg Fig_)
The(mue@&gmpr ase pas=®ext r act ed with dichl Of()ﬁﬁﬁd’ﬁ@ne
(30 and tihe co g of gani ¢ phase was dried . '
(Mggé‘njlpe?lgter ed, &encentyajed in vacuo and|fdagtion 1)
expagedapi9)hi gh vacuum ove g he crude mpfirais-Hnal
was purifi ed Usi ng a Bi ot age( @ l'ica gel; |40-50%
ethyl acetate//hexanes) to afford fawxture of Calcd. for
al ¢cohol's, contam nated with traces C@&{ ﬁ:@&b
as|a colorlesg oil (1.39 g, -94%@& e the °
exact cis/trans isoner ratio 797.41; found:
797.21 (M+H).
Example 22¢.1 LJ RT=14
(Derived from y minutes

Example 21g
and Cap-52)

Example 21g (condition 1);
and Cap-2) HRMS: Anal.
Calcd. for
Cs3He1FNSO,
861.50; found:
861.31 (M+H).
Example 22¢g.2 \Oi) RT=14
(Derived from ﬁ/(FO minutes

(condition 1);
HRMS: Anal.
Calcd. for
C3oHasFN3Og
741.35; found:
741.19 (M+H).




was not determned at this stage.] 1H NVR (400 MHz,
di net hyl sul f oxi de-d6, d= 2.5 ppnm) 4.70 (t, J 5.7,

WO )09/ 1®682- 3. 56 (m | 49-3.44 (m | H), 3.BCFBSDF9/033380
(m IH, 3.08-3.04 ( 2.07 (br m IH, 1.93-
(m 1H, 1.51-1.44 ( 0 (s, 9H), 0.76-0. 7‘1‘15}871’“
(m IH, 0.26 (m Na) 236.20. A
sem - solutlon of s

H) ,
m
m

ate (6.46 g,

30 2 nnDI)

| n Wt or

(2| Egangple ?t%% b

cal ogivb@tbach
(0/044 g, 0.21
het ErgyEnebus

f0|a&§C%%g; TH

wat
L 3x) The Q
1nlL net hanol
then filtered
The pad was we
the filtrate V
i ght charcoal
>solved in 4

a c-nl t i AN ~f
a—S Ot T OoOrt—0H

nitrile (20 nL)

Rut henium tri cl
Was added immediately 4
Ure was stirred vi
jur e mas di luted

[
t
t
) -

o~ \——

react i
e rea
and extracted
onbi ned organi c "_#
all owed to stand fovs %bpuh
t hr ough dlatonaceouééﬁéﬁt
iIshed wi th di chl orone

V\as concentrated in vacuo no aff

-colored solid. The crude materi
't hyl acetate (-10 nL) with heat

Ullrs Q

L hﬁk[dtéie
and t he

gorditien )
WRIMDS: Anal.
nane (50

edlcdy f@h
@43H"s‘
;9 4 rﬁ@md

é?zigﬁfH)

ing and

al |

di {
VVCU bl c
Abb Ig Ezh

(Derlved from
Example 21h
and Cap-51)

e | + e N ~d + e~ 4 3 w4t |
LILLY) L alprecimn tcelnpel atur© v U1l

ntg}tﬁcool i ng phase, a rapid
N
H

o}
P[]
7~ N
O

NH
NY YOO
(o]

REediFS
minutes
(condition 2);
LCMS: Anal.
Calcd. for
Ca3Hs52FoN3gOg
815.41; found:
815.79 (M+H).
HRMS: Anal.
Calcd. for
Ca3Hs52FoN3gOg
815.4056;
found: 815.4032
(M+H).

Example 22h.1
(Derived from
Example 21h
and Cap-2)

RT= 1.8 minutes
(condition 2);
LCMS: Anal.
Calcd. for
Cs3HeoF2N3O:
879.49; found:
879.86 (M+H).
HRMS: Anal.
Calcd. for




crystal

formati on was observed. About 1 h |ater,

hexanes (-6 nL) was added and the m xture refrigerated
woer@enimgbt (it did not appear that additional PEX/E81089/033380

precipitated out). The mi xture was filtered and h
with ice/water-cool ed hexaneséﬁlt hyl acetate (2: \faﬁl%jPCT
ratio; 20 nlL) and dried under“ti gh vacuumto afford
the first crop of acid M4 (off-white crystals, 1.222
g) —Fhe—mether—Hquer—was—conrcentratedtn—vacus—ang
t he residue dijssolved in - 3 nL of ethyl acet QF%IW‘HZN?QZ
heating, allowed to stand at11128 PCT 143 anmbR®94836:;
temperature for 1 h, and then 3 nL hexanes was added
ang stored inla refrigerator for -15 h. A sec&Hadctgedss
of lacid M4 wgs retrieved simlarly (grey cr @Maf@
0.133 g), forla conbined yield of 59% R = 48 mn
und@?ﬁafm%%lol llo Jgg LC condi tions: Sol vent | §adl-&nt
fr )@élrg,gg/q 09%8 D% A : 100% B (A = 0. 1%, JEA N
1: 9 net hanol / yat er © =NQ.1% TFA in 9 :1 N
me{ Basapl¢ Abt er|) ovef 3 Hm. etection @220 mgondition 2);
Phe ex~Luna 3. 0X50 an. MP (de:&SZ r
o e 114775 140, 5 1P NVR (400 M,S(')Anal'
DMBO-d 6, d =[2.5 ppm) 12.46 (s, JHw _3.88 (applcthrios,
IH), 3.27 (app br s, IH, overlappe th wate
signal ), 2.28/|(br T a0
794.44; found:
794.41 (M+H).
HRMS: Anal.
Calcd. for
Ca3Hs56NoO
794.4354;
found: 794.4365
(M+H).
Example 22j “ J? K RT= 1.6 minutes
: N o i .
(Derived from HOP (condition 1);
Example 2 1] L\‘HN LCMS: Anal.
H
and Cap-51) NENHO H | Caled. for
i E C43Hs54N5Os
779.42; found:
779.39 (M+H).

Example 22j.1
(Derived from
Example 21j
and Cap-2)

RT= 1.4 minutes
(condition 1);
LCMS: Anal.
Calcd. for
Cs3HeNsO:
843.51; found:




m

IH), 2.07 (

app br s,

1.40/1.34 (two overlapped S,

W@ Pgo9f16633 13C- NVR (100.

IH, 1.56 (app s, IH),
9H), 0.71 (n1 IH), 0.45
MHz, DMSO-d 6, d = 39PQI/URINY/033380

172. 96, 172.60, 154. 45 153.68, 78.74, 59.88, 59.5

36.
13.

17NOA:

cr

op)—

91,
69. LC/ MB (

G,

EQ

M+Na)

/I (] 7 QA-

31.97, 31.17, 27.77, 230
250. 22.

N

52, 14.86, 14.

&nm

Ay

I‘

53,

+a+inn

(1
fil
3.
(19
J.

2-

(1
to

r*
JP/ SO 4
D ng/nL in (
st and secqd
R=M R-=
D52) 74, 626

Br ono- 6, 7, 8,
509, 5.9 m
00C and brad

PHC13) :

ved. Chem (2

T O,

nd crop,
H =

TN

3. Reference:

lalwi nt i ~nl
O U1ttt

[a] D= -216 and -212 fq
respectively. Syntheti
Me Ref erence:

(Brom nation

(Di spl acenent/ Cy¢
001) 44, 2990.11128 PCT 144 EX{
9-tetrahydr o- 5H benzo[ 7] annul e
ol ) was di ssolved Et20 (25 nl),

mne (0.35 nL, 6.6

ORI RN

CIRMSI L Ahal.

4GS
Celedtfron)
imII-EZI\%OB

N- 5- one

8¢l 7éd
found: 843.5079

(M+HY

Example 22k
(Derived from
Example 21k
and Cap-51)

(c

RT= 1.7 minutes

ondition 1);

LCMS: Anal.
Calcd. for
Ca6HssN3gOg
819.46; found:
819.50 (M+H).
HRMS: Anal.
Calcd. for
CasHssNsOs
819.4558; found:
819.4547 (M+H).

Example 22k.1
(Derived from
Example 21k
and Cap-2)

(c

RT= 1.4 minutes

ondition 1);

LCMS: Anal.
Calcd. for
Cs6HeeNsO2
883.54; found:
883.56 (M+H).
HRMS: Anal.
Calcd. for
CssHesNsO2
883.5387; found:
883.5353 (M+H).

11128 PCT

Cal cd. For CnH
58.13; H 7.54; N, 6.16. Found (for first




mol ) was added dropw se. The solution was stirred at

24C until TLC indicated reaction conplete (2-18 h;
wa@ecambaomapendent). The sol vent was renoved by P@l’/USgp09/033380

evaporation and the crude product applied to a 25 mlSPCT

Bi otage (r) silica gel coI urm. Gradient elution frd

50-100% B (A = Hexanes; = 1%9% Et OAc/ hex) over 500 nL

benrzolHannul¢ en
raction coRtiai Fﬁﬁﬂn‘“es
tes (conditi Ocohditiod N

H- benzo[ 7] annul en-5-on

Foonpig2lp. 2 - L- al ani| MMM ggahy,
.4 mpmwe el di ssolved in .:-‘ n| trile (8. BHd
1 of Huni g's base was add® pvvl se, |and the
reactl on was stirred 18 hours az;«j;:& $ Sk Oas
refroved by rotpry evaporation, & resi 69@35 FKEA:
up|in EtOAc anfd washed with 0. IN HO soln| sat'’d NaHC
q B soln, and brine and concentration gave |EZxadpNtid).
(29) - 2- br ono- 5t oxo- 6, 7, 8, 9-t et rahydr o-
5Hi benzo[ 7] annul en- 6- vl

2- Eezrrnplbmroxy,Qrgoz): (et hyl ) am no) pr opan{ &at=e2.9 &0nutgp

a Q t
e 756311’.&5? d .53 a
di brosrvdeftm: 1) . (R4 R,
2, 6-di br om) 6,1, 8, 9-tHet
e D ,
2
1

(el BN )]
o

puﬁ(@?ﬁgg{l ?rgrﬁl. 1H N oIr\/\lqz/a,rOlCV[\)/iCIt g;augl ;uingcho(g@ilgon 3);:
8. 4Exdm@c By | H), ] 7 LRIM): Andl. 38
(s arllc{_&dp—Sl) Calcd. for
Ca3H55N5O7
795.41; found:
795.53 (M+H).
HRMS: Anal.
Calcd. for
Ca3HssNsO
795.4188; found:
795.4188 (M+H).

Example 22n.1 ( y RT= 1.9 minutes

(Derived from O/KFO (condition 2);

Example 21n N, N LRMS: Anal.
N

and Cap-2) H O Calcd. for

OQ Cs3HeNsOs3
Ny o 859.49; found:
6'J\(© 859.59 (M-+H),
( \\ HRMS: Anal.
Calcd. for
Cs3HeNsOs3

859.5018; found:
859.5015 (M+H).




5.51-5.45/5.36-5.31 (m IH), 4.96-4.79/4.72-4.53 (m
IH), 3.8 (br s., 3H), 2.94 (t, J = 4.8 Hz, 2H), 2.82

W@ 2009302635. 1 Hz, 2H), 2.10-1.95 (m 2H), 1.43 I{Gr/Umﬁm/osssso
RT = 2.3 mnutes (condition 1). LRMS: Anal. Cal cd. 1 ggPCT
C20H26Br NOB: 440.1 1; found: 440.10 (MrH). Exanpl d14

RT = 2.2 mnutes (Derlved fro?rﬂ Exanple (condition 1);

LCVE: 3) Anal . Cal cd. For Ci 9H24Br NOb: 425; found: 425
( MyH) pper9a—RF—=2-05—+nutes(Pefiyed—t+rom
Exa%‘lméﬁrﬂg% i tigl 7 LCMVB: 3b) Boc Anal. RAITh> miges
a9 t‘ﬁé}ﬁé&\l%m 442. 3q1, A28 PCT 145 Exaer| e q(COl’ldlthl’l 1)
(29) - 2- br ono- 5t oxo- Q,\“‘Lgm- t et rahydr o- 5H benzc])\;[?] annul
1 Example 210 s N
ent 6¥31 N
and Cap-51) JNH Calcd. for
N//\N\\J C43Hs4NgOs
O\ 779.4239; found:
ro
o 779.4242 (M+H).
Example 22p RT = 1.5 minutes
(Derived from (condition 1);
Example 21p HRMS: Anal.
and Cap-51) Calcd. for
C43Hs4NgOs
779.4239; found:
779.4243 (M+H).
Example 22q N ,/(O RT = 2.2 minutes
o
(Derived from ﬁ'éo (condition 2);
N
Example 21q LN\\\——(’N \ LRMS: Anal.
and Cap-51) : O O. Calcd. for
= Ca4Hs57N3O7
Ny N—OH
é o 809.43; found:
N
JS““( 809.53 (M+H).
HN
¥° | HRMS: Anal.
o\
Calcd. for
Ca4Hs57N3O7

809.4345; found:
809.4345 (M+H)".




2-(tert-butoxycarbonyl (net hyl)am no) propanoate (960
nmg, 2.2 mmol) was taken up in xylene (20 nL) and

w@bk@ereedsh a 100 nmL screw cap pressure vessel . PEANTBI00Y0M3380
acetate (1.7 g, 10 equiv) was added and the m xtur
was heated at 1200C (oil

hours.

The cool

bat h
ed m xture was

enper at ure)

21 uted with

for 4
et hyl

acet ate (150 nm.) and sat'd NaHCq 3soln and the organic

Nt r\rJ cerndn nradii~t

fa¥ay : ad

) (@éﬂved— fromol

\;§ncp@@u1red
gher) .
.85 (s,
.4 Hz, 2H),

.8 mnutes (c

e ta b

hition from1
DEEIMRIB2 ] ve

H NM
I H),
2
2H), 1.74
DH26Br N3QO2:
5 Svnt hetic

iV.V.a¥al
v

Thr\
He oS

(AT U3 T Uuce [ A"

PI \PAV |
i otage(r) silica gel
for 300 nL; Segnent 2
B over 600 nL (A = |
150 mg (16% NO|

3H) . .
7.0 Hz, 3H)| 1547 (s,
ondi tion 1). LRI\/IS I ¢
120.13; found: 420.710 A
route 4.11128 PCT [ )

L

&t Y eees

2 (cotli@gh et

nexanes:; B

FERMS;

2H,

0 2354@‘{651\18@3 =

k73, ng} Goha®8
d73. 6(2)@\/[+H)

- 1HRA%s: Ak,

Calcd. for
Cs4HesNsO3
873.5174; found:
873.5171 (M+H).

Example 22r
(Derived from
Example 21r
and Cap-51)

RT = 2.1 minutes
(condition 2);
LCMS: Anal.
Calcd. for
C42Hs3NsOs
765.41; found:
765.51 (M+H).
HRMS: Anal.
Calcd. for
CpHs3NgOg
765.4083; found:
765.4088 (M+H).

Example 22r.a
(Derived from
Example 21r
and Cap-2)

RT = 1.8 minutes
(condition 2);
LCMS: Anal.
Calcd. for
CsoHe1NsO:
829.49; found:
829.65 (M+H).
HRMS: Anal.

128 PCT




14711128 PCT Synthetic route 5. HlH, Z CBz HlIH, Z =
Boc CH2; Z = Boc CH2; Z = Bocl11128 PCT 14911128 PCT

wd 2@9/1026B8&)
from Exanpl e (condition 2);

Exanple 9b.6 RT = 2.78 m nutes (BEr/Uym®d9/033380

M 4) LCMVMs: Anal . Cal Cd1'1128PCT

For G 9H2 1Br FNOb: 464. 05, 46550705;

Calcd. for

Cs2He1 NsO»
829.4912; found:
829.4917 (M+H).

Example 22r.b 0
‘ P NoA
(Derived from o

RT = 2.1 minutes

(condition 4);

Example 21r.a LCMS: Anal.
and Cap-51) Calcd. for

Ca1Hs51NsO7

767.67; found:

767.17 (M+H).
Example 22r.c RT = 2.2 minutes
(Derived from Yo (condition 4);
Example 21r.a LCMS: Anal.
and Cap-4) Calcd. for

C47H47N5O7
835.35; found:
parent not obs.

(M+H).

Example 21r.1
and Cap-51)

Example 22r.1 0
' P SoA CF,
(Derived from N"\=0

RT = 1.4 minutes
(condition 1);
LCMS: Anal.
Calcd. for
CasHs6N3gOg
861.43; found:

~ 861.61 (M+H).




found: 463.92, 465.92 (M+Na)

m nutes (Derived from Exanple (condition 1);
Cal cd. For
(M+2) .

wao RB10288381 .

446.08 (MNa),

Exanple 9b.7 RT = 2.05

M 4)

Ci 9H23Br NObNa: 446. 07; p¢DUBZHN9/033380

Exanple 10b RT = 1.6 m nutes

(Derived from Exanpl e (condi tcg%n 1); 9b as descri gd428 PCT
for LRVS: Anal. Exanple 10) cd. For G 7H22Br N3C2:
Example 22r.2 \040 RT = 1.95 min
(Derived from N"\-0 (condition 2).
Example 21r.2 H’{ﬂ'\\\——(’i | HRMS: Calcd for
and Cap-51) : g 0 C H.NO,
TN S ) | 789-4083; found:
N Hﬁ\(o 789.4098 (M+H).
KNt o
Example 22r.2a RT = 1.70 min
(Derived from (condition 2).
Example 21r.2 HRMS: Calcd for
and Cap-2) C54H61N802
853.4912; found:
853.4925 (M+H).
Example 22r.2b RT = 1.85 min
(Derived from Yo ON\\. (condition 2);
Example 21r.2 ; ° LCMS: Anal.
and Cap-4) Calcd for
CsotlegN:Os
857.38; found:
857.41 (M+H).
Example 22r.3 9 ,/(O RT = 1.6 minutes
(Derived from ﬁ'to FaG (condition 1).
Example 21r.3 H’Q/\N\\\—(z \ HRMS: Anal.
and Cap-51) H : O O‘ Calcd. for
“NH ¢ CasHs4F3NgOg

871.4113; found:
871.4114 (M+H).




380. 10; found: 379.98 (M+tH). Exanple 10b. 1 RT = 1.7

m nutes (Derived from Exanple (condition 1); 9b. 1)
woRve1026831 . Cal cd. For C 6H20Br N3Q2: 365; f ourdI/UsS2009/033380

36511128 PCT 15111128 PCT 152 Synthetic route 6. ]1QT2§’PCT

11 10a.5 11b11128 PCT 153 11 209

RT = 1.97 min

(Derived from H,T (condition 2).
Example 21r.4 (\N/Z/( HRMS: Calcd for

and Cap-51) " C H_NO,

4
99 791.4239: found:
0 791.4329 (M+H),

Example 22r.4

RT = 2.02 min

) =0 .
(Derived from HN (condition 2);
Example 21r.5 R LCMS: Anal.
and Cap-51) Calcd for

C46H55N8O6

815.42; found:
815.52 (M+H).

ad
N\
N
’ o HRMS: Caled for

C46H55N8O6

815.4239; found:
813.4239 (M+H).

Example 22r.5

Example 22s 0 RT = 2.1 minutes
(Derived from ﬁ'éo (condition 2);
LCMS: Anal.
Calcd. for
N H (B\\)\ CapHs52FN3Og
b Hﬁ\(o 783.39; found:
783.64 (M+H).
HRMS: Anal.
Calcd. for
CoHsFNgOg
783.3988; found:

Example 21s
and Cap-51)




Unwashed 60% sodi um hydride (54 ng, 1.35 mmol) was
added in one portion to a stirred solution of Exanple
wWaom930%6365 ny, 1.35 nmol) in dry DVF (10 nli) Rem©s2009/033380
nitrogen. The m xture was stirred 5 mn before
addition of SEMQ (0.24 n_, 1.35 mmol), stirred figi2%PCT
h, quenched with sat'd ammoni chloride ( 1 nL),
diluted with EtOQAc (50 nlL), and the organic phase was
washed—wth—sat—dNaHC—g3—selutien—andbrae
aqueous phase Wwas extracted twice nore with 7%"{ 80@ (Y&
con‘gkﬁﬁqemstgh he 1 pRti1 al organic extract PRITG 1B @inutes

dryi ng. Concentrati gave a residue applied which was
app@‘%ﬁ/e@ &rPa 2y Yo a 40 (S) Biotage (r) si I(‘ioéﬂ\l“@’é?)'
car gLiflger Segment ld 15% B for 75 ni; L@@EHT%%I

G adient elutipn f B\ 0 50% B over 750
Segach®ap3?): 50 10098 over @ m. (A = hex; @aEdE‘me)
B to give regi pi soneric prody anpl e 1_ OZFNT%
(67 9. RT = 3{0 mnutes (conHtfor 2) . 50
MHz, DMBO-d 6)|d 7.42-7.35 (m SM%? .§97 £d found=
11]6 Hz, IH), b.29-5.27 (m IH 0/ 4. 93

3 54-3.51 (m BH), 3 43-3.41 (m (3)02- %27549@%*}1)
2H), 2.89-2.81|(m IH), 2.29-2.08 (m 2H), | HRMS:-AlnaB4

(m 2H), 1.37/1L.13 (s, 9H), 0. 89- 0. 86 (m :'}E%ch 9,02
(s{ 9H). LRWMS: | Anal. Calcd. for C26H39Br N3(3SI™:"

C52H6OFN802
847.4818; found:
847.4804 (M+H).
Example 22s.b %9 J(O RT = 1.8 minutes
(Derived from ﬂ'<fo (condition 2);
Example 21s L\——(NN | LCMS: Anal.
and Cap-52) 4 O O‘ Calcd. for
NH o C3sH43FN8Os

N" = ol 727.34; found:
~ 727.70 (M+H).
HRMS: Anal.
Calcd. for
CssHa3FN3Og
727.3362; found:
727.3378 (M+H).
RT = 1.9 minutes

Example 22s.c o
(Derived from NoA (condition 2);
LCMS: Anal.
Calcd. for
CapHs1FNgOs
815.39; found:

815.73 (M+H).

Example 21s
and Cap-86)




548. 19; found: 548.23 (M+H)
di oxane (0.871 nL, 3.49 mmpl) was added to
w®@£002062633 (| R, 3S, 5R)-tert-butyl
3-(7-Dbrono- 4, 5-di hydro- | H napht ho[
yl)-2-azabi cycl o[ 3. 1. 0] hexane;
3.49 mol) in MeOH (20 nlL) an
stirred for mwatroomtemxwauﬂe
yl ol dad a t An

m) / water (2
g, |3.49 mmol)

added and the

war med to room
being partitio
soln. The orga
over Na2so4, f
pr

,2-d]i mi

nd CBz-d (0.498 nL, 3.49
reaction mxture was stirred
tenperature over 5h beforel

nic |ayer was washed with brin
I tered,

11la Col d 4N HC

-carboxylate (1.5
he reacti on was
Cbncentratlon

) and cooled to 00C. Na215‘

ned between Et QAc and sat'd |

and concentrated. TI

in

a sol ution
PCT/US2009/033380

1128 PCT

dazol -

as 1t

1£2481s P01 54

NG l’g-:3 9}873 found:
dri ed

1§1%%U@éM*H)

rgeg (CH2ZC2) to a 110 ¢
rvdge/and el uted 20% -
s/ E
NZylH,
d|h
3. 1.

HUGhp IS £ L
Si |

I ca ge car
L ( Adived freman
(1

(ReaSfE T, P

- 21 amh@qnyblo[

HN \(O

O\

100%
Q The conbi ned vyi el (

RASO3 00 min
B over 1.5

| (eohditiomn?).

HRM?: Cflcd fs)r
C44H52FN O

807.3988; found:
807.4008 (M+H).

Example 22s.1a
(Derived from
Example 21s.1
and Cap-2)

RT =1.74 min,
(condition 2).
HRMS: Calcd for

C, H FNO,

871.4818; found:
871.4830 (M+H)..

Example 22s.1b
(Derived from
Example 21s.1
and Cap-4)

RT = 2.02 min
(condition 2);
LCMS: Anal.
Calcd for

C, H, FNO,

875.37; found:
875.53 (M+H).




hexane- 2- car boxyl ate fromthree fractions of various

purities was 1.4 g (75%.
W@ koobi626864. 10 and 466. 10;
Svnthetic route 7. 13a.2 13b. 2 Reference:
Perkin Trans 2 (1993) p 1305.
mol ) was added to 4-brono-|,

122

59. 4 mml) and freshly

LCVBS Cal cd for C24H23Br N3Q2
found: 463.95 and 4PGI/882009/033380
J. Chem
Al BN (98 nmg,

d|nethylbenzene ( 11 g,

Sﬁ‘izs PCT

re""“‘* aHizedN-brompsuceinimde (21— +rpl—n
cd %@62? The fepetion nixture was hea B;f:a%'b’n{mutes
ref tm@mé@froﬁ haurs” r nitrogen. 11128 PCJ (cbaditibh Ler
being cooled tp roonuterperature, the solutfion was
fiIFé"i’”éRJe%Hd concenfrs rotory evapor ‘gal.

gi Yendcah-a1 a m XxE ur ecolyt a - appr oxi _lhYrof 759
Abr ono- | 2 bi 5( br ononet hyl ) be - i aI ong W th
3-brono- 1, 2- b s(brononet hyl) benzg i Carthid2NsOs
starting mater|{al was contani nated HN\( o| 801.39; found:

~ 801.73 (M+H).
HRMS: Anal.
Calcd. for
CaoHs1FoNgOg
801.3900; found:
801.3874 (M+H).

Example 22t.a
(Derived from
Example 21t
and Cap-2)

RT = 1.8 minutes
(condition 2);
LCMS: Anal.
Calcd. for
Cs2HsoFoNsO;
865.47; found:
865.86 (M+H).
HRMS: Anal.
Calcd. for
CsaHsoF2N3 O
865.4729; found:
865.4706 (M+H).

Example 22t.1
(Derived from
Example 21t.1
and Cap-51)

RT = 2.0 minutes
(condition 2);
LCMS: Anal.
Calcd. for
CapHsoF2NgOg
801.39; found:
801.45 (M+H).
HRMS: Anal.




25% 3- br ono- |

(condition 1).

wW@2Mp00mw33 , 2- bi s(bronmonet hyl ) benzene (21 g) waBRCT/HE®N9/033380

up in CH2A 2 (313 nm) and di et hyl
73.5 mmol ) was added
diluted with a 20% sol ution o
in water (250 m).

(12.8 g,

be

2yl + v

, 2-di met hyl benzene] .

RT
The crude m xture of 4-

2.2/
and

nd the sol ut
2 RHocs (64 g,

Phase transfer catal yst
hl ridcf17n Q

3- oxopent anedi

2.3 mn

o Waglaﬁfs PCT
0.64 nol)

was
un(
or (
CH:
bri

npt h
IL‘yI L] Ilbl Il‘y

5 added and
der nitrogen
pani ¢ phase,
PCl and the
ne. Concent

B HH-ER-ot T 1 9,
he reaction m xture was sti |
at 50 0OC. After separation (
t he agqueous phase was extracgt
conbi ned organic | ayers were
ration gave 23 g of a conple
bners and ester

diastereaners

J.Fé@dqpnl)

)deH!S-F 2N8O6

%b%@é \ﬁﬁttnﬁi
\8m.§§23r(E{+H).

(b
col
2-b
7] &
R
LCH
37
2- |
7]
mm

pth reqio i s
~J

nExdmplegltdiam
o-
e

E@anﬂpaknﬁl

-%%%%m] .

DI OND- /- 0X0-

pl ) was pl ac

annul ene- 6, 8t

et hy|

6, 1, 8)9-tetrahydro- SHoenzo[
8t di d& @xylate whi ch was carii
1.87 mn (condit
d15Br G6: 377. 01;

5,7,8,9-tetrah ﬁE
dicarboxylate
ed inall

RT = 1.8 minutes

(SAUFOH Rl d
ILEMSE yynal.

(R
Cs2HsoF2NsO,
3%65.2’72; 'f05und:
865.54 (M+H),
HRMS: Anal.
Calcd. for
Cs2HsoF2NsO,
865.4724; found:
865.4735 (M+H).

Example 22u % /(o RT = 2.0 minutes
(Derived from N"\=0 (condition 2);
Example 21u LN\\—(N \ LCMS: Anal.
and Cap-51) 4 O OO Calcd. for
L NH 3\)\ CaoHs51NgOs
b H'N\(o 763.39; found:
0~ 763.75 (M+H).
Example 22u.a RT = 1.8 minutes
(Derived from e (condition 2);
0
Example 21u — N LCMS: Anal.
Sl
and Cap-2) s N O Calcd. for
OO Cs2HsoNsOo

827.48; found:
827.75 (M+H).
HRMS: Anal.
Calcd. for




round-bottoned flask fitted with a reflux condenser
and di ssolved in ethanol (250 m ). A solution of KOH

W@ 2008/12639. 23 nol ) dissolved in water (250 m)PEEES2009/033380
added and the initially tan suspension turned bl ac K128 PCT
upon heating at reflux for 162 hours. The reaction
m xture was poured onto Et OAc ](4 1 vol) and the organic
phase separated. Brine (1/4 vol) was added to the

adgeoeys |a\1r\r nqiﬁ eh wne Avtrant AAd v+ hh o anrl +hn
quUUQ —ay < H-Ch—wWaS—extfracteo—wWwth——=t 5 UBLEASS

combi ned organ|{c |layers were washed wi th bni#e> er

being concentrated by rotory evaporation, tRe7 45 duad:
was charged (CH2CO 2) to a 40 (M Biotage(r) silic Mglel
colum (apply Vacuum from beneath col um t ¢ 8%7 ﬂ762( H).

adsgg“gﬁlgl@@ju@nj gradi ent eluted 10-100% B (AT= 1.9 minutes
Hexanes; QA%? give a 4:1 m xture of brom des

whi @ﬁrf"ﬁd’&@@d Exanpre-d 2, (condition 2);
2- b0 1§29u di hydr O_L' sbenzo[ 7] annul enJ(m"lC‘M‘S‘?A%Q?
< N O

cont al N
I-bamﬂ]@apB??@ di hydr o- 5H benxo nuI en- 7( 6HCalsAeor 8. 3
g (61% . The mxture was carried_kerward wiihouty
further purification, but a pure%bnﬁmg(oqf anp I11853812
was obt ai ned upon crystallizatio AgsS. 8 dound:
m xture to stand for 3 weeks at -5C. 1lH NMR

cbg3) d 7.37 (d, J =2.1 Hz, IH), 7.33 (dd 7%%)@%%]8
PCI Eiafple 22u.l | J(O RT = 2.00 min,
@]

N
H

(Derived from (condition 2),

Example 21u.1 :'\{LNH'; \ O LCMS: Anal.

and Cap-51) OO Calcd for

Ns( 3\\)\ C44H51N8O6
@, HN‘( 787.39; found:

787.39 (M+H).

HRMS: Calcd for

C a5 NO,
787.3926; found:
787.3944 (M+H),

Example 22u.2 N /(O RT = 2.0 minutes

o)
(Derived from ﬂ'io (condition 2);
N N
Example 21x < O LRMS: Anal.

SN
and Cap-51) : O

OO Calcd. for
- NH 0 C44H51Ngo6
pEce

= o| 787.39; found:
O~ 787.58 (M+H).
HRMS: Anal.
Calcd. for
C44H51NgOg
787.3926; found:




7.9, 2.1 Hz, IH, 7.09 (d, J =7.9 H, IH, 2.87-2.84
(m 4H), 2.61-2.57 (m 4H). RT = 1.96 m nutes
w@ cowndizesdn 1). LCVS: Anal . Cal cd. for CnHnBr GPCER8S2009/033380

found: 239.04 (M+H). Brom ne (1.4 m., 26.8 mmol)

3@?68 PCT

added to a solution of the 4 5 m xture, respecti
of 2- and
| - br onp- 8, 9- di hydr o- 5H benzo[ 7] annul en-7(6H) - one (6. 4
g, 268+t n—diethyl—ether (250w )1—Fhetreagetd
was stirred for 4 h, concentrated, and the 2%5@\1 (M#D
a- laggﬂﬂplgggmhes wer e~t aken up I n acetonitrif Rg £ 2ROmin,
m_). Sodi um az|de ( g, 26.8 mml) was added and_the
reat?§'yRd {88 stitred 16 h before being congé&wdfifewd)
Thepkgshidug Was par ttioned between Et OAc d@@l\@gatAnql
NaHC g 3sol n, and @Mr @| c layer was washed w
wat &rd C#irPne, and concent = 2.0 nmi ﬁ@ké@r
(broad peak, condition 1). de a-ket 0az dep
were dissolved|in CH3OH (350 ht)and,ti I I'}* ¢hlfofi de
di hydrate (13.2 g, 69.6 mmol ) addlé € 3F EAG foQikY:
m xture was st{rred for 3.5 hours 0C,
concentrated by rotory evaporati on, ar{dwdri 881 tthdétH).
hi gh vacuum fof 18 hours. HRMS: Caled for
C54H59N802
851.4755; found:
851.4756 (M+H).
Example 22u.2b RT =2.14 min,
o}
(Derived from \oJ(N\‘ (condition 2),
H (0]
E le 21 N LCMS: Anal.
xample 21x N\}/(/ O na
and Cap-4) = N O Caled for
OO NH o C501_1471\1806
N= N 855.36; found:
HN\(O
o-| 855.58 (M+H).
HRMS: Calcd for
C501_1471\1806
855.3613; found:
855.3611 (M+H).
Example 22u.3 N ,1(0 RT = 2.18 min,
6}
(Derived from ﬁ'to (condition 2),
N N
Example 21u.3 §/<’N O LCMS: Anal.
and Cap-51) 4 O OO Calcd for
N=, NH cB C451_1461\1705
bl 764.36; found:
764.57 (M+H).




The crude a-am no ketones were taken up in DMF (300
m.), Hunig's base (24.41 g, 189 mmol),

w@ B)ohexesert - but oxycar bonyl ) pyrrol i di ne- 2- car bPXyUS2909/033380
acid (4.07 g, 18.89 mml), and HATU (7.18 g, 18. 891 PCT
nmol ) was added in one portio | M wi th vi gorous stlrfﬁﬁiﬁ
After 8 hours the reaction was concentrated to 1/3

vol ume i n vacuo,
ang—-6

[N

and partitioned between Et

n

CAc (1 L)

rr\vvn\l ad hyvy

fil

t hd
col

to

I Nt gy
over
EX
Yi ¢
134

Cal

(M
my
13|

sti

HCl
EXaRlo A2t
2 (DdrGadieml a
ncent rat ed,

&X bt a
@% SMHS)

Anpl es 13a

2l d) each as
.| RT 1.
cd. for C2I
FH) . 11128 PC|
pl ) was adde
. 1 (3.3 g,

rred in a pf

150 MI_\ Tho ti

LI LIl / LILLAYZ L9}

bugh dj-at omaceous earth (Cel i
yer washed with brine ang
The de Nnproduct was char geg

e (Hfgﬂer

Al + o weke
SatS—wWere

STl
G adi ent e
Hexanes; Acet at e
L and 13b. 1 (3.8 g, »Z?Qp(
a m xture of diaster
58/ 1.51 min (cond|t| df“%i(
H27Br N2O4: 451. 12;
T 157 Annnniun1acetate (4.4 ¢
1 to a solution of the am des
7.31 mmol ) in xylene (75 nL
essure vessel

N

) (cond1t10n 2);
1 (CH2Cl 2?
Séypal

Qm%@@%)B
i ve
)I@@ﬁa

i%ﬂfxn@w?d:
450 88735 (M+H).

), 73.1

L HRAS: Calodfr
camrd N o

46 53 8 6
813.4083; found:

813.4087 (M+H).

O~

Example 22u.5 %9 J(O RT = 2.14 min,
(Derived from N™\-0 (condition 2),
N
Example 21u.5 H"<LN\}/<’N O LCMS: Anal.
H N
and Cap-51) Calcd for
NHK\)\ C46H51N806
@’ N-° | 811.39; found:
HN~¢ .39; found:
BT 99 811.39 (M+H).
HRMS: Calcd for
C o5 N0
811.3926; found:
811.3945 (M+H).
Example 22u.5a RT = 2.02 min
0
(Derived from Yo N\\g (condition 2);
H (e}
Example 21u.5 e NN LCMS: Anal.
and Cap-4) H<L\\}/<H % Calcd for
OO NH o Cs,HyNOg

879.36; found:
879.53 (M+H).




heated at 140 OC for 4 hours.

After being cool ed,

t he

reaction mxture was diluted with Et OAc (500 nli),

woer®baakeds t h sat'd NaHC g 3, bri ne,
phase was concentrated. The crude product was cha
(CH2A 2) to a 4CS Biotage (r)
Gadient elution from15%to

l'ica gel

15

cartridg
% B over 750 nL (A =

and the orP@rnUs2009/033380

[ﬁ??s PCT

CH2d 2; B = EtOAc) gave 2.49 g of a mixture that was

subj-eeted-t-eo—arsecond—ehronategraphy—4C5Botage ()
Si JiEE%[n@‘éFZ‘t%r rindge, ution 5% - 80%B o B:rﬁzb%ﬁ“{—;
1. 1 (hiexeChoAC 12; BN % CH3OH Et OAc) and | pdoavitiged); a
m xture of Exappl es av.a and 13b.2, 1.1 g 5434. 8% . A
sanprkaR)e 2the prodyst_awa Loblied to seni - pr&pSiovakl
phagled(t—%:ﬂ.ﬁ (Chiral cel OD"Co Qx250mm | kQearor98: 2
Hept ane Et8]—| @ 10 nL/ m n; 2 4 nm) and col |l ect
S 1L B Te T S
. S, ) . ) ==Y, 4, s ,
7.00 (d, J = 8[2 Hz, I|H), 4.73-4. 69% |m7§%gg1f°t"}§1?-
2H), 3.64-3.61|(m IH), 3.48-3.44 (mi'I'H), |330% (M+H)
= 4.6 H, 2H),|2.80 (t, J =5.8 Hz, 2H), 2/31-2.1 1
(m IH, 2.01-1.88 (m 3H), 1.46/1.48 (s, 9H) . RT =
1. Vet es, (cpndigion I). HRVE: Anal. Cal ¢@&T 3 ®F minutes
C2i H26Br N3C2: 43\%@1 1, found: 432.1268 (MtH). 11128
pCT (Derived from H =0 (condition 2);
N
Example 21v CL:\"«N\ i LCMS: Anal.
and Cap-51) " O OO Calcd. for
n="Ho CaoHs0FNgOg
N Hﬁ\go 781.38; found:
= | 781.85 (M+H).
HRMS: Anal.
Calcd. for
CapHs50FN3Og
781.3832; found:
781.3850 (M+H).
Example 22v.a RT = 1.7 minutes
(Derived from /\N\\g (condition 2).
Example 21v — N ON . HRMS: Anal.
[« !
and Cap-2) s N O Calcd. for
OO Cs2HssFNsO

845.4661; found:
845.4655 (M+H).




158 Synthetic route 8. HATU DMF NH OAc/ Xyl ene 1400C
X = H 15 4-bronp, X = H 14a

Proline 14 4-brono,

wael200000633 X =

15b 3-brono, X =
N, N-Di i sopropyl et hyl am ne (18 @L
added dropw se, 2 t

F 15a 4-bronp, X =
H Exanple 14 14

over

15 m nut

103.3 mmol ) was
0 a het erogeneous

F 14b 3- br onoPCUS208H/033380
11128 PCT

rrixture of N-Boc-L-proline (7. 139 g, 33.17 mmol ), HATU
(183324 3.’)4 el —the—HE—salt—of -
2- aﬁ?‘ﬁml?g%ﬁ- 'ogg% yl) ethanone (8.127 ¢RT3ZQ4min.
MOl Derived frBMF ( 105N oand stirred at anbi ¢dondition 2),
condition_for 55 rnll tes— DMF was renoved in vacuo,

ang Ex#Heple &5yl ¢ s e b &£l Eof

et hylg @geiipt e ther Q—“‘T\Q@n' c
| ayer 447750

805.38; found:
805.35 (M+H).
HRMS: Calcd for

C, H FNO,

805.3832; found:
805.3850 (M+H).

Example 22v.1a RT = 1.38 min,
(Derived from N (condition 2).
o
Example 21v.1 ’:l N\_,< 1 HRMS: Calcd for
and Cap-2) HﬁL\‘ O C, H FNO,
OO 869.4678 found:
_NH o
N § N»\(Q 869.4661 (M+H).
N
K
Example 22v.1b RT = 1.94 min
o
(Derived from o - (condition 2);
o
Example 21v.1 H|H N F Anal. Calcd for
P 4

and Cap-4) HﬁL\\‘ O C,H,_FNO

OO 873.35; found:

_NH 4
N . 873.33 (M+H).
o
HN\(




was washed with water (200 nL) and bri ne,

),

filtered,

and concentrated. A silica gel

dried (MgSO
mesh was

w@e@paexwes from t he resi due and submtted to flB&HUS2009/033380

chr omat ogr aphy (silica gel;
acet at e/ hexanes) to provide
2-(2-(4-bronophenyl ) -2-oxoeth
1-carboxylate as a white solid (12 8 0).

50- 60 % et hyl

%pple 14,
carbanoyl)pyrrol|d|ne-

b‘l}tlfﬁ PCT

(S)-tert-
1H NWR

( DMSO—6—6—6—=2-5ppm—400—MHz) 825814 {m
7. 9PHPRIC Ve L g f o) 7.75 (br d, J = %6, E?ﬁmn{ut“
4. 6ID&HYd frdm= 8. 3, N7, IH), 4.53 (dd, J :(ngadawn@)a
IH‘E422412(mH“ 3+ I H), 30-3. 23
(m rmple%l‘i% D. 20 €ns 90-1.70 (m 3HFMS Anal.
1. 4Q4dle 5( app >Jd. 70 m nceargnd tion
1)] L X al Calcd N2NaO4: |433. 07,
folind 433.09 [ MtNa] +. 11128 PCT 159{ Edanpl e | {4¢l:fEafpl e
l4c; step 1: Acetyl chloride (10. 2" N ﬁgpkéf&@ﬁ
added in a dropw se manner over 1 h a cold (i'ce
bai h) sol ution|of 3-bronophenol (25 ¢ 144 npmibl32 ed).
pyridine (10.8

Example 22w N /40 RT = 2.1 minutes

@)
(Derived from ”'CO | (condition 2);
N
Example 21w F‘L\i /N\ O LCMS: Anal.
and Cap-51) ] Oe Calcd. for
o CapHuoF2N3gOg

799.37; found:
799.81 (M+H).
HRMS: Anal.
Calcd. for
CoHaoF>N3gOg
799.3738; found:
799.3759 (M+H).

Example 22w.a
(Derived from
Example 21w
and Cap-2)

RT = 1.7 minutes
(condition 2);
LCMS: Anal.
Calcd. for
CsaHs7Fa N3O
863.47; found:
863.64 (M+H).
HRMS: Anal.
Calcd. for
CsaHs7Fa N3O
863.4567; found:
863.4561 (M+H).




m., 144 mmol) in dichl oronethane (100 nli), and the
reaction was stirred 18 hr at roomtenperature. Water

W@ 1®9/10d633 was added and the organic | ayer was BXI/DSzoDeaB3380
wi t h di chl oronet hane. The conbi ned organic | ayer Sd‘éﬁisﬁPCT
washed with 2. 5N NaHSO4, 3N , water, brine,
dried over Na2SO4, and filtered. Concentrati on gave
the 3-bronophenyl acetate as a pi nk liquid (28 g,

96 A . m '\vlc A G. ')1/I /hVA-L) ] :II.II T R \DI“VBO dc\ : .
7. gxemple 2T | 1y S7N56.7.30 (m 2H), 7.04] RF p{ fminutes
| H (D&iv3@frhm, BH) . l e 14c; step 2 :1112&nf&dn 150
Br om)phenyl acet a 167 mmol ) and|anhydr ous
CEsamg2byl p5i n‘ﬁi) N heated at 140- Anplr
bt cAL§8r cpoling, 5% (100m ) wesgicadded
] the m xture was heated (s na(;h until solid
erials dissplved. A brown oil "% epm_/irted SrodilaefialsOs
racted into|dichl oronet hane. he-gXt 1 86§ 33Synd:
jed 5N NaOH (300 nL) and enough teroto|di ssol ve
resulting precipitate. The aqueous | ayer9has(M+H).
parated, acidified (pH 2.0), and extract egipd.th nat
yl acet at e. ' '
Calcd. for
CoHaoF>N3gOg
799.3738; found:
799.3761 (M+H).
Example RT = 2.0 minutes
22w.la - (condition 2);
(Derived from N ° N LCMS: Anal.
[ !
Example 21w.1 = N O Calcd. for
and Cap-2) OO Cs2Hs7EF2N5O;
NH
N~ &(@ 863.46; found:
N
N~ | 863.50 (M+H).
o (
HRMS: Anal.
Calcd. for
Cs2Hs7EFN5O;
863.4567; found:
863.4575 (M+H).
Example 22w.2 N ’40 RT = 2.1 minutes
(@)
(Derived from H'CO (condition 2);
N 4
Example 21w.2 F>L\\‘ N\ O LCMS: Anal.
F H
and Cap-51) OO Calcd. for
N 9 C4oH47F4NgOs
N
i~ 835.36; found:
F O\

835.61 (M+H).
HRMS: Anal.




The extract was dried over Na2SO4, filtered, and
concentrated to give |- (4-brono-2-

whyaeosphenyl ) et hanone the crystals (35.8 g, BOPAS2009/033380
GC-Ms (214 M+); 1H NWMR (DWVSO- d 6) 11.99 (s, IH ()1)21 PCT
1.11-1 (d, IH, 7.20 (s, IH,.7.13-7.15 (dd, IH,6 218
(s, 3H). Exanple 14c; step 3 221T
| - (4-bromo- 2- hydroxyphenyl)ethanone (35.8g, 167 mmol)

In Ar\l honzona 90N {1\ \wna AAA
LI AN SA S B yon = oo —was uuuuu

N, N-di met hyl f of mani de di met hyl acetal (44 ni “2883d%mpl)
and the solutipn was heated at reflux for 4dys,RARD,
concentrated tp dryness. The resulting residue was

di $sol ved in df chl oronet hane (300 ni) and f£p3-&¥dg found:
over Sigq 2. The organic |ayer was concentr agesizs® (v+m).
aftord (E)-1-(4-bronp-2-hydroxyphenyl)-3- :
(di Eﬁ@lm}@am no) pr o en-1-one as a bri ght |7 d{minutes
sol 1.9 g, | 71% Y LCVB 270 (M+H); 1HNMVR .
14 QQW((% I H), 7).1\6 294 (m 2H), 6.96-7. OZZQ%?O%EB’,
5. 9OD&IVeé from, ;qusdg (s, 3H), 3.20 (s, B3H MEdanbl e
1l4c¢; 5 Conel_J n.) was added

sof GtTRERf 2y el for

and Cap-2)

Cs,H55F4NgO,
N &(@ 899.44; found:
b M| 89966 e,
HRMS: Anal.
Calcd. for
Cs,H55F4NgO,
899.4379; found:
899.4375 (M-+H).
RT = 2.1 minutes

Example 22x.1

(Derived from (condition 2);

Example 21x.1 LRMS: Anal.

and Cap-51) Calcd. for
Ca4H57N3Os

793.43; found:
793.48 (M+H).
HRMS: Anal.
Calcd. for
Ca4aHs57N3gOg
793.4396; found:
793.4396 (M+H).




hydr oxyphenyl ) - 3- (di met hyl am no) prop-2-en-|-one (31.9

g, 118 mmol)
WO eamet1d2mB3 ni xt ure was heat ed at

vigorous stirring. After being cooled to room

n

tenperature, the organic |ay
aqueous | ayer was extracted

i n di chl oronmet hane (900 nL) and the

reflux 40 m n PET/ES2009/033380

1Hé28 PCT
The

s separated and t
di chl or onet hane.

conmbi ned organic |ayers were washed with 3M potassi um

carbonate soln, water, and dri

ed over Na2SH4.

Filtration and concentration gave

7- bEQimpI4bb:cly OMEN-4-ene as a pal el1128 PCT 16T ¥ elslmdinutes
solid. LCMS 224.9 ( ; 1HNVR (DWVBSO-d6) 8.29-8.31 (d

| H| (Derivgdirom 99 (m\2t). 7.64-7.66 (dd, |H), éceslﬁlt@néb
(d{ ekddple Examl e 1—4JC;NSCE,@ 5 : A solution of LRMS Anal.
7-brono-4H chrorren-4ﬂgﬁé g, 116 mol) in ¥ THF

( 5080hE3p-Under | ni t rogen hr, cooled to -

an

i1 173 nmL of diisobutylalumn

dri de (ZM(’BsEHsstOz

Tol uene) was added over 30 m nut’eS=The react|i on was
stirred at the|same tenperature f '30 m n c@éﬁéﬁé@undi
with a Siqg 2 (52g) / water (52nl) 1 (M+H
allowed to warmto 0 OC. The solu f|| %?’gd,( )
the Siqg 2 washed with HRMS: Anal.
Calcd. for
Cs4HgsN3O,

857.5225; found:
857.5219 (M+H).

Synthetic route 15 (Unsymmetrical Cap Analogs)

4

H
(o]

N
H
Pd/C

22m
H

o0

N\NHO
é“

H
N._ O

hil
0

A solution of Example 22m, (149 mg, 0.197 mmol) and K,CO;3 (27 mg) in
CH;O0H (5 mL) and water (0.3 mL) was flushed with nitrogen and 10%

palladium/carbon (30 mg) added. The reaction was flushed with hydrogen and

stirred 6 h, filtered through diatomaceous earth (Celite®), and the filtrate

10

concentrated and dried under high vacuum to give Example 23, 122 mg (100%) RT

= 1.5 minutes (condition 1). 'H NMR (500 MHz, DMSO-ds) & 8.05 (d, J=7.6 Hz,
1H), 7.80 (d, /= 17.9 Hz, 2H), 7.66 (d, J= 7.6 Hz, 2H), 7.50-7.40 (m, 3H), 7.28 (d, J

= 8.6 Hz, 1H), 5.04 (br. s, 1H), 4.18 (t, J =

7.0 Hz, 1H), 4.09 (t, J= 8.2 Hz, 1H), 3.82

(br. s, 2H), 3.55 (s, 3H), 3.01-2.85 (m, 6H), 2.16-1.71 (m, 10H), 0.9-0.87 (m, 7H).

15

LRMS: Anal. Calcd. for C3sH43N705 622.35; found: 622.44 (M+H)




Et OAc, and the conbined filtrate was concentrated to

dryness. The residue was dissolved in CHCO 3 (400 nL),
woer@baeeds th 1| N NaOH (300 L), dried over Na2SeHT/asmd09/033380

concentrated. Purification by chromatography on Si

(60-120 nmesh) Et OAc/ Pet et her

gradi ent elution O- L?%%)%PCT

af f orded 7- br onochr oman- 4- one?#8. 1 g (69% a pale

yel I ow sol i d. LCI\/IS 229.0 (M+2H); 1H NWMR ( DVBO- d6)
7. , 7674 ..,, 732 {s5—HH 7227 25(¢——+H)—
4 bExRlg20L ) 280 (t. 2H). Exanple-140:minutes
st e dived NagAc (3°7 46 2 mmol) in H2O |(@éhdoh Mas
added to a_ soln of o 4vchromanone (3.5 15.4
o EX2mR{e 23t oxy | - a @e ¢dglachl ori de (1. S: Gajodyfor
mml) in EEOH (70 nl). The rt on was heat ed ®to
reflux for 2 hj cooled to room ature, ‘anl 7 °
cohcentrated. The residue was di Awi t 4382 andna:
precipitate was filtered to give 7-b chr
oxime obtained|as the needle Iike cr al s é@ %g‘g/()
LCMS 244 (Mk2H] RT = 1.7 min (Condition 2)[; 1H NMVR
( DMSO-d m 11.37 (s OH |1 H 7.76-7.70 (d 1 H), :
7. 0GxampI823.g 2H)N 2. 4.20 (t, 2H), 2.7RDgR7{minutes
2H) (Derived from N"\=0 (condition 2),
N N
Hiy 4 .
Example 22u.6) H\<Lv<H % LCMS: Caled for
OO C39H40N7O3
N H 654.32; found:
NH | 654.35 (M+H).
H
H
Example 23.3 N /«O RT = 1.57 minutes
6]
(Derived from N"\~0 (condition 2),
N F
Example ™t LCMS: Caled for
2; 15) '§L\\ d O C,H,FN O,
V. OO 37 39

N 648.31; found:
é}'\“ 648.21 (M+H),
H

HATU OQ
B AcOH
NH
N b
(o]

Capping was performed on Example 23 as described in synthetic route 14 to prepare

Example 22. Except only 1 equivalent of HATU and 4 equivalents Hunig’s base



whe@onelssdman- 4- one oxi me (3. 5qg,

Exanpl e 14c; step 7 :11128 PCT 162 p- Tol uenesul fonic
anhydride (5 g, 16 nmol) was added to a solution of 7-

triethylamne (2.4m, 17.35 mol) in dichloroneth

(125 mM). The m xture was sti 4ed for 3 h at rooma}lq‘i‘28PCT
tenperature and washed with er, brine, and dried
(Na2S®™4) . Filtration and concentration under reduced
pressure to af f

7- br'GTOEHt SAEwR2%- Eg‘ﬁ‘élpﬁzét Sliehe SUrexropditeng)g LGS hnal

as aalceffbr OhHL®,Cpb04BoMiued comas pded). W t hout further
purification. LCV5S 398 (M+t2H) RT = 1.92 nin (Condition

1). 1HNMR (DI\/BOd6) 7 89 7.91 (d, 2H), 7.56-7.58 (d,

14. 46 mol ) ardT/US2009/033380

I'H Exgmlﬂg21350 r.22 (s, TH), 7.16- R'ﬂ'—a 1(Pminutes
| H 3(t//\ZI9|) 2.97-3.00 (t, 2H), P.40 (s

| H) (D@Uﬁ%ﬁp@ l4c (IS B : A solution of pot@@lﬁqltﬁﬂﬂl)
et hg;gélglge 6127 | G il | I ) in_ethanol (35 @k MaS

added to a sol ut| on of O
7- bNdﬁ‘dmh)ﬁan 4- one- O p-t ol oehesul f oxi me (5Catedyfor14. 3

m’mL%,?‘S ER“)' ueme (60 nl) and thegmtweov\ascg isof\TE@P

f ol roomtenperature. A
o} 707.40; found:

707.53 (M+H).

Example 24.b . J(Z RT = 1.5 minutes
(Derived from © H/(fo \ (condition 1);
Example 23 and N\\\”«” ! O LCMS: Anal.
Cap-52) OQ Calcd. for
NaNH 6 ] Cu1Hs0NgOs
&T\H/O\ 751.39; found:
© 1 751.33 (M+H).

Example 24.1 \o/«o 't RT = 1.95 min,
(Derived from N"\~0 (condition 2),
Example 23.1 N\\\/<’E O LCMS: Calcd for
and Cap-2) : O

OO C49H55N804

N= O ~ 819.43; found:
N
b k71 819.65 (M+H).




precipitate (potassiumtosylate) was renoved by

filtration and washed with diethyl

et her.

wa@eovbiteesad fi |l trates was added 3N HO (20 m)

To the
i PCT/US2009/033380

met hanol and the solution was stirred 2 h at room
tenperature to formthe HO sag|lt. After renoval of I{HLPCT
solvent, the residue was trittfrated with diethyl
ether. The resulting solid was filtered, washed with
et hers a[“g dred—+to—-afford
7- prsHRla 24 N4 np-ghf oen- 4- one hydr ochl ori de BTE 240 (80
% | @serRbd froki t € po oLCMS 244 (M+2H) RT = @ordftion 2),
(Condi tion 2); | THNVR( d 6) 8.79 (bs, 2}-%“J
7. TEampie 2y (H), 1.a5¢ H, 7.34-7.37 (HCMBHyaled for
4. 6fndedOn(m 2H), 4.43-4, 11128 RETH1&§3H 15
A m xt u%g )Exarrple 14, (S)-tert aa s s
2-(2- (4-bronophenyl) - 2- AL N 821.38; found:
oxoet hyl car banmpyl ) - pyrrol i di ne-1 - c@a&w@e (12.
31{12 mol) and NH OAc (12.0 g, 15 0 %%é)ﬂ&é%@s
(155 nmL) was heated in a seal ed tube at \40 0C for 2
hours. The vol atil e conponent was renoved in vacuo,
ang the residu¢ was partitioned carefully between
et hyl acetate and water, whereby enough saturated
Example 24.1b N RT =1.98 min
6}
(Derived from ”'CO (condition 2),
N
Example 23.1 (e~ 1 LCMS: Caled for
and Cap-170) g c, H NO.

829.40; found:
829.61 (M+H).

Example 24.1¢ \0/40 vt RT =2.14 min
(Derived from N -0 (condition 2),
Example 23.1 N\\\/<’E O LCMS: Calcd for
and Cap-45a) : O OO C48H52N905

N T 3\(@ 834.41; found:

b HN\(O 834.60 (M+H).
HN

Example 24.1d %9 J(o 't RT =2.02 min,
(Derived from N"\=0 (condition 2),
Example 23.1 N\\\/<’E O LCMS: Calcd for
and R-Mandelic : O C,H, N.O,

acid)

764.36; found:
764.57 (M+H).




NaHC q 3 solution was added so as to nmake the pH of
t he aqueous phase slightly basic after the shaking of

W b@ohipbnsi c system The [ ayers were separ at ePiCT/E82909/033380
t he aqueous | ayer was extracted with an additi onal

et hyl ni ¢ phase was was

acet ate.

The conbi ned o&%a
e

wth brine, dried (MSO ), red, and concentrat ed.
The resulting material was recryst al lized from et hyl
acetatefhexanes—toprovidetwo—ecrops—oef—Exapple15;
(S)-tert-butyl
2- { Bxdfplovopophenyo) | B 1 m dazol - 2-yl') pyrr of Rdnesol !
boyl ate 5.85 ¢.ofhe/nother |iquor was concentrated in
vacleeradfretibni t t edh tyeca | ash chromat ogr aphifoTdian a
gel 5% o1 hyl | acetatie/ iekanes) to provide 2ACS: Coled o
additional 2.23 g.H NIV D Od 6, d =2.560p 400
VHz ud @apid). 17/1 1. 92/ 11. 86 1 7.72-7. 46/, Ssﬁgoim
5H), 4.86-4.70((m IH), 3.52 OO S, | b %é‘él)
I'H 2.30- 1.7% (m 4H), 1.40/1. 18- (ap 84
=1.71 mn (condition 1); LC Ms: I cdg43f4gr(M+H)
[ MFH] + G 8H23B{N3C2: 392.10; found .96) HRVS:. Anal.
Calcd. for G 8H23Br N3Q2: 392. 0974, fiound 392. 0959
[ MFH] . 11128 PCT 164 Svnthetic route 9.
Example 24.2a N /«o RT =1.99 min;
6}
(Derived from N"\~0 (condition 2);
HiL N /N .
Ex;n(;ple 5)3.2 b, % I(;CMS. C;lcd for
and L-ap- OO 19N 0s
N=H o =) 845.38; found:
%2;\ XV 845,32 (M+H),
T o
H O\
Example 24.2b N RT =1.85 min
6}
(Derived from ﬂ'to (condition 2);
N
Example 23.2 HS(N\\\/(” % LCMS: Calcd for
and Cap-170) C H NO
OO o 48 53 8 7
N= NH(}\/C) 853.40; found:
N"RP | 853.51 (M+H).
%dm 1.
H
Example 24.2¢ N RT =2.02 min,
6}
(Derived from ”'CO (condition 2),
N
Example 23.2 Hi N}/<’ LCMS: Calcd for
and Cap-45a) C50H52N905

HN—

858.41; found:
858.36 (M+H).

HéaZS PCT




16 Pd(Ph3P)4 (469 ny, 0.406 mmol) was added to a screw
cap pressure tube containing a m xture of Exanple 15,

w@ B)otiess3 but yl 2- (5- (4- bronophenyl ) -1 H m daz oPET/US2009/033380
2-yl)pyrrolidine-I-carboxylate (4 g, 10.22 mol), 1128 PCT
bi s( pi nacol at o) di boron (5.4 ¢ 1.35 mmol ), potasgiﬁﬂﬁ
acetate (2.6 g, 26.21 mmol) a 1, 4-di oxane (80 nl).

The reaction flask was purged with nltrogen capped
an |na+ ln oNNC) 16 hnnr S— ronect ol

'Fnr
O

LAY %L A YA T III

LU LLAYA%LI LI A %52 L UII

oncentr at ed

A_hnnt r\rJ (ru |

\"AYAY} /

tered and the filtrate was ¢

in
bet
wal
| ay
or
col
put
W 1
pr
2_
1,

B, 2-di oxabor (

ture was fil

YRgHSe 2408 ¢

ween CH2d 2| (e

doerived fromy &

EkaiRIS 2 %L 1
gani ¢ phase

heehCep/éd i
ified with f
h el uting sq
pvi de Exanpl 4
5-(4-(4,4,5|

$

n

D

D

L

ACt
NaS

rude teriral was partitione
;%E) and an aqueous medi
atre®d NaHCO3 sol ution). T

a2, and the co

), filtered,

g mat er i

at uM

ed
vacuo. The
| ash chronmat ogr
| vent; 20-35% et hyN
16, (S)-tert-butyl
5-tetranet hyl -

bl an- 2-yl ) phenyl ) -

So s
s

H

OR € arediUhiny
un1(50 nL

heoriiols

np@dealcd for
and

a¢53%§]804
| oade

%d&z ol

867.47 (M+H).

1H{i m dazol - 2-yl ) pyrrolidine- 1-carboxylate, 11128 PCT

16% Example 24.3 £ RT = 1.68 min;
(Derived from k 'i (condition 2);
Example 23.3 H<L\"<’ LCMS: Calcd for
and Cap-170) Oe C,H, FNO,

847.40; found:
847.32 (M+H).

BIOLOGICAL 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.

HCV 1b-377-neo replicon cells were used to test the currently described
compound series as well as cells resistant to compound A containing a Y2065H
mutation in NS5A (described in application PCT/US2006/022197). The compounds
10 tested were determined to have more than 10-fold less inhibitory activity on cells
containing the mutation than wild-type cells indicating a related mechanism of action
between the two compound series. Thus, the compounds of the present disclosure
can be effective to inhibit the function of the HCV NS5A protein and are understood
to be as effective in combinations as previously described in application
15 PCT/US2006/022197 and commonly owned WO/04014852. Further, the

compounds of the present disclosure can be effective against the HCV 1b genotype.



contam nated with pinacol, as an off-white dense

solid; the relative nole ratio of Exanple 16 to
wereaaae3xvas about 10: 1 (1H NVR). The sanpl e mer/gkmdo/ 033380

3.9 g after -2.5 days exposure to high vacuum 1H]QI$/§§PCT

(DMSO-d 6, d =2.5 ppm 400 12.22/1 1.94/ 11

(m IH, 779750/734727%8m 4.86-4.70 (m

IH), 3.52 (app br s, IH), 3.36 (m IH), 2.27-1.77 (m

4H) “i?il 0 2%5?3 RT=1.§4 In %ic?on(ﬁ ion 1 o
L) ool BicuBhiod? bt e s eShABrtsr o a9 invivi
fou Hﬁltfbﬂ@geﬁ&yﬂé’s& BIRCTTabkt B3kt B30 arhd3of réaeraskativkl 4
( MtH) . npl e 16e RT—262m ute\&&gerlvedfrom
Exaﬁ?iPIé)“(l?:So‘?fdli‘et RrBiFnegisclopps agyingt ESnOGEe e ! OFor
C24 Eﬁﬂ&ﬁh@@@ompounds of the present disclosure are active against the 1a, 1b, 2a,
5 2b, 3a, 4a, and Sa genotypes. EC50 ranges against HCV 1b are as follows: A =>100
nM; B =1-99 nM; C =101-999 pM; and D = 1-100 pM.
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

present disclosure inhibit HCV replicon and in another embodiment the compounds

10  of the present disclosure inhibit NSSA.

Table 2
Example Activity or Range
22 5pM
22.1 D
22.2 D
223 D
22a.1 D
22a.2 D
22a.3 10 pM
22a.4 D
22b D
22b.1 D
22b.2 D
22b.3 D
22¢ D
22c.1 D
22¢.3 D
22d D
22¢ 3pM
22f D
22g 1 pM




458. 26; found: 458.23 (M+H). Exanple 16e. |
m nutes (Derived from Exanple (condition 2);
C25H34BFN3O4 470. 26;

470.19 (M+H). Exanple 16f RT = 1.84 minutes (Deriv
from Exanpl e (condition 2);
for C27H32BN3O4 473;

wao ReB10288ml . Cal cd.

found: 4

.4) LCMB: Anal .
(MHH) .

22g.1

D

22g.2

20 pM

22g.3

22h

22h.1

22i

130 pM

22j

14 nM

22j.1

22k

22k.1

22m

22n

22n.1

220

22p

<o
Sl oo ool o o w

2
<

22q

22q.1

22r

22r.a

22r.b

22r.1

22r.2

22r.2a

22r.2b

22r.3

22r.4

22r.5

228

22s.a

O| 9| 9|l © ’%: O O 9| O O 9|l 9l 9l ©

22s.c

[\
=]
=
<

22s.1

22s.1a

| O

f PTTTUS2009/033380




Exanple 16g RT = 1.59 m nutes (Derived from Exanpl e
(condition 1); 10b.7) LCMS: Anal. Calcd. for
w@2BREBBBO4 452. 27; found: 452.23 (M+H). 11128rPE1ZUS2009/033380
16711128 PCT 168 Exanple 8, (950 ng, 2.19 nmol); 11128 PCT
Exanple 16, (S)-tert-butyl %3 (4-(4,4,5,5-
a

tetranet hyl -1, 3, 2-di oxabor ol -yl ) phenyl ) -1 Him dazo
| - 2- yI)pyrroI | d| ne- | carboxyl ate (965 ng, 2.2 muol),
and—NaHCg—3{4 e 5—mrel—were—disselyed in

1, 2} di et ho%gﬁgﬁhane (2': m.) and water (4 nL) was

added. The rmaction m Xture vvasl%g)vacuat ed|and fl ushed
with nitrogen (3x), Pd{Ph3P)4 (127 1 mol) was

added, and He nixture|heated (&1 bath at 800C) in a
capped 100 Bf pressure|vessel

22t.1a D
22u D
22u.a 10 pM
22u.b D
22u.1 D
22u.2 D
22u.2a D
22u.2b 20 pM
22u.4
22u.5
22u.5a
22v
22v.a
22v.1
22v.la
22v.1b
22w
22w.a
22w.1
22w.la
22w.2
22w.2a
22x.1
22x.1a
24
24.a
24b
24.1

—_
[\

|98
[\
ol ol o3| oo oo g o S| 9 9 g g oo g oo




for 8 hours. Additional catalyst (35 ng) was added and
heating continued for 16 hours. After being cool ed,
w0 b@ogadesd i on was partitioned in Et QAc/ wat er aPCT/UR®09/033380
organi c |l ayer washed with brine. The crude productll\i\@gsl)CT
applied (CH2A 2) to a 40 (9 E’otage(r) silica gel
columm, and gradient eluted f dm 20- 100% B (A =
CH2A 2; B = Et OAC) over 1 L gave Exanple 17, 680 ny
(49%—}H—N5 2 \uw MHz—DMEO-d6)—d—8-05{hr s, |H),
7.78 (d, OHz, 2H), 7.66 ( = 8.0 Hz, 2H),
7.5B-7.45 (QQHSH) 4.86-4.70 (mDZH) 3.57-3.51 (m
2H)|—3.17 - 3 16 (m 2H) 2.89-2 85 (m A4K),6 2.27-

q

2.18 (m 2Hptla. 99-1. 83 (m 8H D1 40/1.16 (s, 9H). RT
= 17 mnutggfcondition Iy. LRy Anal . Cal cd. for
C39H48N6O4:  665. 38; found: 665.39 (MrH). HRMS: Anal .
Cal cd. for @3ZHABN6O4: | 665. 3815;D f ound: 665. 33845
( MtH—11128 4- 16911126—FPCT 17(1‘511128 PCT17111128 PCT
 Toh1156 PR 313125 poT

24.2b D

24.2¢ D

24.2d D

243

It will be evident to one skilled in the art that the present disclosure is not
limited to the foregoing illustrative examples, and that it can be embodied in other
specific forms without departing from the essential attributes thereof. It is therefore

5  desired that the examples be considered in all respects as illustrative and not
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.

The compounds of the present disclosure may inhibit HCV by mechanisms in

10 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 the present disclosure inhibit NSSA. Compounds of the present disclosure may

inhibit multiple genotypes of HCV.



17411128 PCT 17511128 PCT 176 Synthetic route 10. DDQ
( 116 ng, 0.51 mmol) was added to a sol ution of

wWeEx@pbw33L7r (S)-tertbutyl 2-(7-(4-(5-((S)-1 PCT/US2009/033380

-(tert-butoxycarbonyl)pyrrolidin-2-yl)- 1Him dazol1 %PCT
yl) phyenyl) -4, 5-di hydro-| H napht ho[ |, 2d] i m dazol - §z
pyrrolidine-I|-carboxylate (33 , 0.51 mol) in

benzene (5 nlL) under nitrogen atnosphere and the dark
brown m xture was heated at igﬁlggx for 2 hours. The

sol vent was renoved in vacud t he residue was

charged (CH2d 2) to a 25 (M Biotage(r) silica gel
col umm, Segrrent ;. Gradient eluted from 50-100% B over

720 WHAT

CLA&MEPIS: B = 209% CH3OH i n CH2d 2) Segnent

2; G adient eI uted fromO0-50% B over 720 nL (A =
CH2CI 2; B = gave Exarrpl e 18, 261 ng (79% . 1H
NNRl(sooAmpome%)ulao()s 46 (br s, IH), 8.31 (s,

|
(tl_)br.s, | H), 357(b,54 ,
3.38 (m |H), 2. 42-1,

10

15

20

25

7.95-7.55 (m 8H), 5 1:4. 8 (rotomsrs 2H), 3.67
Hrs 3.48-3.47 (m IH), 3.39

D,

or a pharmaceutically acceptable salt thereof, wherein

uandu’ are independently 0, 1, 2, or 3;

D and D’ are each independently selected from NR’, O, and S; wherein each
R’ is independently selected from hydrogen, alkoxycarbonyl, alkyl,
arylalkoxycarbonyl, carboxy, haloalkyl, hydroxy, (N RaRb)carbonyl, and
trialkylsilylalkoxyalkyl;

each R' and R" is independently selected from alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalky]l,
hydroxy, hydroxyalkyl, -NR*R®, (NR*RP)alkyl, and (NR*R")carbonyl;

R? is selected from hydrogen, alkoxycarbonyl, alkyl, arylalkoxycarbonyl,
carboxy, haloalkyl, and (NRaRb)carbonyl; and

R’ is selected from hydrogen, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl, hydroxy, hydroxyalkyl, -
NRR®, (NR*R")alkyl, and (NR*R")carbonyl; or

R? and R?, together with the carbon atoms to which they are attached, form a
five- to eight-membered aromatic or non-aromatic ring optionally containing one or
two heteroatoms independently selected from nitrogen, oxygen, and sulfur; wherein
the five- to eight-membered ring is optionally substituted with one, two, or three
substitutents independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloalkoxy,



(m 8H), 1.42/1.18 (s, 9H). RT = 2.24 m nutes

(condition 2). LRMS: Anal. Calcd. for C38H44N6O4:
wW®24®938263F ound: 649. 65 (M+H). Svnthetic route BOHUS2009/033380

Activated Mn@2 (77 ng, 0.889 mmol) was added in OB\SIZSPCT

portion to a stirred sol ution2 f Exanple 17r.2 (2

nmg, 0.296 mmol) in dry CH2A 22 nL), and the

suspensi on was sti rred for 4h. Additional M2 (300

16hh¥i’$eﬁ1w3“\y§ bR RGOS S AT

engpirdcide; St artl ng material. The reaction m xture was

f| ltered 2throu3gh di ato ceou earth (Cel
concent r Xt 8% Raiegctier wyh fisgaioonpigrs %Wﬁ‘ﬁ%‘ﬁhfe}ﬁ pfejaffaghgd, form a

gi VavExasRhemdBbked SRatk cﬁrﬁon Ql%mé‘ilc ﬂﬁé%}tlonally containing one or

yel | ow sh-orange solid. m nut es,
Cal &P hqt%saatenm%m@&ﬂts 7%603651 fr%alﬁegenes X286 apdmuplfur; wherein

HRMe tﬁ@— o digh@mcfAOEH R @c?n%llg %Ztltufeg Wifﬂ onB 1R 0 3R 4Ree
(MtH) . 11128 PCT 1781112
substitutents independently selected from alkoxy, alkoxyalkyl alkoxycarbonyl, alkyl,

alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloalkoxy,
haloalkyl, hydroxy, hydroxyalkyl, -NR°R®, (NR*RP)alkyl, (NR*R")carbonyl, oxo, and
10  spirocycle;
R* and R* are each independently selected from

oL
)\\./(Re)s )< 10
R7’N®,X R
m

cach m is independently O, 1, or 2;

8 .
and R ; wherein

cach s is independently 0, 1, 2, 3, or 4;

15 cach X is independently selected from O, S, S(O), SO,, CH,, CHR®, and
C(R%),; provided that when n is 0, X is selected from CH,, CHR®, and C(R%),;

cach R® is independently selected from alkoxy, alkyl, aryl, halo, haloalkyl,
hydroxy, and -NR’R®, wherein the alkyl can optionally form a fused three- to six-
membered ring with an adjacent carbon atom, wherein the three- to six-membered

20  ring is optionally substituted with one or two alkyl groups;

each R’ is independently selected from hydrogen and R''-C(0)-, and
R'™-C(S)-;

R® is selected from hydrogen and alkyl;

R’ and R'? are each independently selected from hydrogen, alkenyl,

25  alkoxyalkyl, alkyl, haloalkyl, and (N RaRb)alkyl; or,

R’ and R, together with the carbon atom to which they are attached, form a
five or six membered saturated ring optionally containing one or two heteroatoms
selected from NR*, O, and S; wherein R is selected from hydrogen and alkyl; and

each R is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,

30  alkoxycarbonylalkyl, alkyl, alkylcarbonylalkyl, aryl, arylalkenyl, arylalkoxy,



180 Synthetic route 11 [1,1
" - Bi s(di phenyl phosphi no) ferrocene) di chl oropal | adi un{i i

wQ cownpbda33 wi t h di chl oronet hane ( 11.2 ng, 0. O1ECTI®10p9/033380
was added to a stirred solution of Exanple 18a (1]3
ng, 0.274 mol ), bis-pinacol borane (34.8 ny, 3B PCT
mol ), dppf (7.61 ng, 0.014 41 and K2CO3 ( 114 ny,
0. 823 mml) in DI\/BO (2.5 nm) under argon at nosphere in

f hed
o faill SRAPORRET B st IR MRS ht o
Egg— b}_/l_cﬁdaﬁ@/&&%/ﬁﬁylahal@énq@ @ae&ﬁ%yﬁlﬂ/ll hc{t&ﬁcﬁﬁ?zﬂﬁéﬂl@rﬁ hat&r:baﬁ:lﬁmoxy,
e ure was cCO | | Ut e
R R e S M e A SSRGS

( Na 2GRk a8Rd ahd NEREdarbSBlVvENt was renoved in vacuo
and the )rg(gl duet vvasé)gha?sg}led (CH2A 2) to a 25 (M

Biotage (r) silica gel colum: Segment 1. 10% B for 75

m.; »Segng QBmBoun@o@gl'aﬁ’rm & la?Eﬁ%a&éﬁ@l@lﬂ@c&%&%e%al@iﬁ%feoﬂ 8
L; (A = Hexanes; gave Exanpl e ,

(33%1%111@&&1@(95@@0&4% DMBO-d 6) d 8.56-8.54 (m 2H),
8.48 (s, 2H), 8.12-8.10 (m 2H), 7.95-7.91 (m 4H),

3. A compound of claim 2, or a pharmaceutically acceptable salt thereof,

10  wherein each R® is independently selected from hydrogen and hydroxy.

4. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein u and u’ are each 0.

15 5. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein R” is selected from hydrogen and haloalkyl.

6. A compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein R? is selected from hydrogen and halo.

20
7. A compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein R” and R, together with the carbon atoms to which they are attached, form a

six- or seven-membered carbocyclic ring.

25 8. A compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein R* and R”, together with the carbon atoms to which they are attached, form
a six- to eight-membered ring optionally containing one heteroatom selected from
oxygen, nitrogen, and sulfur; wherein the ring is optionally substituted with one or
two alkyl groups.

30

9. A compound of Formula (II)



5.83-5.76 (m 4H), 5.30-5.22 (m 2H), 3.72-3.61 (m
4H), 3.53 (t, J = 7.3 Hz, 4H), 2.44-2.18 (m 4H)
WQ29A®688 (m 2H), 2.0-1.94 (m 2H), 1.38/1.08CY/ES$2009/033380
18H), 0.91-0.81 (m 4H), -0.06 (s, 18H . RT = 3'211128PCT
m nutes (condition 2); HRVE: al. Calcd. for
C52H73N6O6Si 2 933. 5125; found<’¥933. 5132 ( M+H)
Synthetic route 12 Tri et hyl phosphite (0.257 nL, 1.48
mmol ) was added to Exanple 17q, (340 ng, 0.489 mmovl)
in DMF (5 L) and stirrgd f 800C for 16 hours.
Addi tional triethyl ph 0.3 nL and 0.6 nL) was
added at 8 hours mtervé‘ S N, | LCMS i ndicated the
reacti on was conpl ete. Rthe L@
99

ent was renoved in
vacuo and the residue was charg

CHPC 2) to a 25 (M
Bi otage (r) silica gel columm. 0% B for 300

m.; Segnent 2. Gradient eluted from®=50% B over 1440
m.; Segnent 3. Gradient eluted 50-100%/B over 600 nL

(A=CHRdA2;, B=20%CH3OH in CH2A'2) ggve Exanple 20,
286 ng (82% . 1H NMR (500 MHz, DMSO-d d 7.84- 7.80
(m 8H), 4.87-4.68 (m 2H), 31B5-3.54 (m 2H),

o S e ATl 5™ 12 £
m nut es R?is selected from hydrogen and haloalkyl; and
5 R’ is selected from hydrogen and halo; or
R” and R?, together with the carbon atoms to which they are attached, form a
five- or six-membered aromatic or non-aromatic ring carbocyclic ring;
R” and R, together with the carbon atoms to which they are attached, form a
six- to eight-membered aromatic or non-aromatic ring optionally containing one
10 heteroatom selected from oxygen, nitrogen, and sulfur; wherein the ring is optionally
substituted with one or two alkyl groups;

R* and R* are each independently selected from

N)\\/(RG) )<R1o
R N\) RS ; wherein
cach s is 0 or 2;
15 each R® is independently selected from alkyl and halo, wherein the alkyl

forms a fused three-membered ring with an adjacent carbon atom;
each R’ is independently selected from hydrogen and R''-C(O)-;
R® is selected from hydrogen and alkyl;
R’ and R'? are each independently selected from hydrogen and alkyl; and
20 each R" is independently selected from alkyl, arylalkoxy, arylalkyl, and
(NR°R%)alkyl.

10. A compound selected from:



(condition 2); LRMS: Anal. Calcd. for C40H5 1N6O4
679. 40; found: 679.57 (MH)+. 11128 PCT 182 Synthetic

WO o063 17 2 1 Exanple 17, (411 ng, 0.62 nmoPQT/Wez09/033380

di ssolved in CH3OH (20 nL) and HO /D oxane (100
4AN) was added and the reactio Jas stirred 4 hr. 'T%JHEESPCT
sol vents were renoved in vacut® and the tetra HO salt
was exposed to high vacuum for 18 hours to gi ve

Exanpl e, 21 350 nmy (94% as an HA salt which was used

wi t hou w- her purification. RT = “miput es
(condlé\ LCMS: Anal . Cal cd. for \\\CZQ ®
f ound: 465“( @ 1328 PCT 18311128 PCT 184
18511128 PCT 186 PCT 18711128 PCT

NH
N NH N
j\N Boc N'BOC
H
Boc Boc

L‘*’
$ N

Me
g G

10



18811128 PCT 18911128 PCT 19011128 PCT 19111128 PCT
192 Svnthetic route 14 21 22 HATU (88 ng, 0.33 mol)
woer®aedesl and rapidly stirred solution of Exap@l/esag/033380
(87.5 ng, 0.145 mmol), Cap-51:
N- net hoxycar bonyl -L-valine (63,3 ng, 0.36 mmol), A28 PCT
Huni g's base (0.23 niL, 1.25 ) in DVF (3.5 nL). The
reaction mxture was stirred 16 hours before being
diluted with CH3OH ( 1 vol) and directly subjected to
sem pregd PPLC (4 injections at 2 nL Bash; Dynanmax 60A
prep CB°columm; 25% - 100% B over 3@ dif\ELow Rate =
20 L/ m Ay Yavel ength = 220 nm  Sol vent HA .




90%ret hanol / 10% H2O) to gi ve Exanple 22, (TFA salt).
1H NVR (300 MHz, DVMBO-(16) d 8.04-8.02 (m IH),

W@ 2008402638 (m 4H), 7.49-7.41(m 3H), 7.30-7.Z2BCT/I$2009/033380
2H), 5.09-5.01 (m 2H), 4.1-4.03 (m 2H), 3.81-3.79 .0, r
(m 4H), 3.54 (s, 6H), 2.92-223%1 (m 4H), 2.17-2.

(m 4H), 2.00-1.87 (m 8H), 0-79-0.81 (m 12H). RT =
1.57 mnutes (condition 1). LRMS: Anal. Calcd. r
CA3HS5NB06:  779.42; found: 779.48 (MgH). HRVS: Anal .

Cal cd._nf omn-CA3H55NB06:  779. 4245; found:n729. 4249

( MtH) . 19411128 PCT 195111&8%5 0611128 PCT
19711128 PCT
20111128 PCT 20

Boc ,I(()
N N
] iy
T b O TN
S R e
® :
i O
N\
Boc N NH
N oy o
SeN
Fh °
H
Boc N N



20311128 PCT 20411128 PCT 20511128 PCT 20611128 PCT

20711128 PCT 20811128 PCT 20911128 PCT 21011128 PCT 2
waima@s3sPCT 21211128 PCT 21311128 PCT 21411128BC1TS2009/033380

21511128 PCT 21611128 PCT 21711128 PCT 11128 PCT

239
HoN §’<’N\
SN O LHHN\ O OQ
OQ SR T NH
L NH &H
j\NHz
AN, HQ
$ N O HN )
Q. Fey
0

HZN\’_«N\
e QL
) h

NH »
N L\\‘ N
H
NH

N NH L\}—(’ |
& ave

H N Nx
F s\’«N ! éﬂH
F H O 10



218 611128 PCT 21911128 PCT 22011128 PCT 22111128 PCT

222 Synthetic route 15 (Unsymmetrical Cap Anal ogs) A
w@oloatvwss of Exanpl e 22m (149 ng, 0.197 mol ) p@ntSHBLB3380

3(27 ng) in CH3CH (5 nL) and water (0.3 nL) was 1128 PCT

flushed with nitrogen and 100/@& | adi um car bon (301 ﬁﬁ%

added. The reaction was fl ush wi th hydrogen and

stirred 6 h, filtered through di atomaceous earth

(Celite ) and the filtrate concentrated and dri ed

under &g,%N acuumto give Exanple 2 5 (100% RT

=1.5 2 condition 1). 1H NWR

d 8.05 (d, "I IH), 7.80 (d, Jé* ,
7.66 (d, J = 7. b), 7.50-7.40 (m 3H), B_Ad,
J =8.6H, IH, 5.QF(br. s, IH, 4.18 (t, J = 70"
Hz, IH), 4.09 (t, Jéso*z Hz, |H), 3.82 Q%)NH
K N
(¢ F>L O
< H O
L A,
NH N=

F F
H
NN H
s N
PSS N L\. ¢\
F H O T: < ” O
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N= N\NH
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(br. s, 2H), 3.55 (s, 3H), 3.01-2.85 (m 6H),
2.16-1.71 (m 10H), 0.9-0.87 (m 7H). LRMVMS: Anal.
w@adoedo268r C36HA3N/O3 622. 35; found: 622. 44 PCT/US2009/033380
(MtH) . 11128 PCT 223 Synthetic route 16 (Unsymmtriz‘gi\% PCT
Cap Anal ogs) 24 Cappi hg was p%{for med on Exanpl e &
described in synthetic route 4 to prepare Exanple 22.
Except only 1 equival ent of HATU and 4 equival ents
Huni g' s base11128 PCT 224 were used to prepare Exanple
24: RT S.minutes (condition 1); LCMS: Anal. Cal cd.
for C38E|43§I<M 664. 36; found: 664. MH—|).11128 PCT
22511128 PCT 286" RCT 227 BI ACTIVITY An

t|||zed in tﬁe”pm 2

L J M

N, NH))OY© 10 H
6” 0



prepared, conducted and validated as described in
comonly owned PCT/ US2006/ 022197 and in O Boyle et.

wW@bkeo9AeeB3T cr ob Agents Chenot her. 2005 Apr; 49(BJT/US2009/033380

1346-53. HCV I b-377-neo replicon cells were used t
test the currently described %Eppound series as méﬁFZSPCT
as cells resistant to compount™A containing a Y2065H

nmut ati on in NS5A (described in application
PCT/U%?OO6/022197). The conpounds t ted were

detegum red to have nore than 10- fog ess i nhibitory
activi tly n.cells containing the nuta t han

wi | d- tyﬁ%~@ s indicating a rel at edJo¢ m of
action bétwel{ 1hg two conpound seri'es. ‘Th \
conmpounds of the ﬁﬁ@g}nt di scl osure can be ef ve

to inhibit the funct nm of the HCV NSH5A protein &)H .
are understood to beYas? efif gctive in conbination SGN

previously described( pﬁ]lcatlon PCT/ US2006/ 0221
and comonly owned WO 04014852. Further, the conpounds
of the present disclosure can be eff i ve agai nst the
HCV | bp genotype. 11128 PCT 228 It al so be

undepém that the conpounds of t Ei?;é%rnt
disclosE§g£ art i nhi bit P
¥ N

o0

_;‘D» 10



mul ti pl e genotypes of HCV. Table 2 shows the EC50

val ues of representative conpounds of the present
wale@eliesss e agai nst the HCV | b genotype. | n oneCT/US2009/033380

enbodi ment conpounds of the present disclosure ar € 11,8 pCT

active against the la, Ib, 2a, 2b, 3a, 4a, and 5a

genot ypes. EC50 ranges agai ns%43I—|CV Ib are as foll ows:

A=>100nM B=1-99 nM C = 101-999 pM and D =

1-100 pM. The compounds of the preseqt disclosure nay

inhipiitpx( by mechani sns in additionfto or other than

NS5A 9 rthifbitj on. In one enbodi ment the&tgnpounds of

the preseft=kiscl osure inhibit HCV rept<€dn_ and in
anot her e he conmpounds of the pr =@
di scl osure i nhi SA Table 211128 PCT 22911 )28)RET

23011128 PCT 231 ItnMid I, be evident to one skilled N?ﬁ\)
the art that the prwﬁi\scl osure is not limted (g%

the foregoing illustrathve exanples, and that it can Mo
be enbodJ ed in other o
LN
SR
OHN;N \OJC()N J// Oyo/
“—NH
. H NA 04(

10




specific forns without departing fromthe essentia
attributes thereof. It is therefore desired that the
we2@apha33 be considered in all respects as il |RPCI/US100%€33380
and not restrictive, reference being nade to the 11128 PCT
appended cl ai ns, rather than %%_the f oregoi ng
exanpl es, and all changes whi cone within the
nmeani ng and range of equival ency of the clains are
therefgre intended to be embraced therein. The
conpgun of the present disclosuxel may inhibit HCV by

mechaniis Nin addition to or other & NS5A
inhibit'§n4\ln one enbodi ment the coppaungdsiof the
pr esent dié%lcg inhibit HCV replicdn jang jn anot her

Iy
pésoof HCV. 11128 PCT 232 CLAMS
A eanpound of Fornula (1) ( ,ng

NH
N= (@]
N H'fN\(o
5
N
JN\ o
N\—_«N\
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or a pharmaceutically acceptable salt thereof, wherein

u and u' are independently 0, 1, 2, or 3; Dand D are
weamb/1owsependent |y sel ected from NR5, O and B T/US2009/033380

wherein each R5 is independently selected from

hydr ogen, al koxycarbonyl , alkék, arylalkoxycarbon)}il,lZSPCT
car boxy, hal oal kyl, hydroxy, % RaRb) car bonyl , and

trial kyl silylal koxyal kyl; each RlL and Rl is

i ndependently sel ected fron1a|koxy, | koxyal kyl ,

aIkO&yc onyl, al kyl, arylalkoxycad nyl, carboxy,
fornyl i eal o, hanaIkyI hydr oxy, " xyaIkyI

- NRaRb, -\\NRgRb) al kyl , and (NRaRb) ca @Lﬂf R2 is
selecte%sfmb iﬂ.dro-en al koxycar bon

aryl al koxycar oo@& ar boxy, hal oal kyl ,
) carbonyl; and R 1'$ sel ect ed fron1hydrogen

al koxyal kyl , al koxycCa 5 alkyl, ;%ﬁ
aryl al koxycar bonyl , b fornyl hal o, hal oal ’tf
hydr oxy, hydroxyalkyl (NRaRb)aIkyI and

(NRaRb) car bonyl ; or R2 and RB, together with the
carbon atons to which they are attagfi?, forma
(0]

NoA
N
H

N\,</N\F

<,
oo

NH
N=. (0]

N HN \(O

O
10




five- to eight-nenbered aromatic or non-aromatic ring
optionally contai ning one or two heteroatons

w0 pabepexaent |y sel ected from nitrogen, oxygen,PErusS2009/033380
sul fur; wherein the five- to eight nenbered ring LﬁJZSPCT
optionally substituted with ogf or three
substitutents i ndependently s cted from al koxy,
al koxyal kyl , al koxycarbonyl, al kyl, al kyl sul fonyl,
aryl, arylal kyl, aryl sul fonyl, carbox , fornyl, halo,

hal oal @ , 11128 PCT 233 hal oal kyl , r oxy,

hydroxyal kyl, -NRaRb, (NRaRb)al ky.(NRaRb) carbonyl,
oxo.,anﬁ‘eplrocycle R2 and R3 , Pdg% fer with the
carbon %t@ b to which they are attqghedx\fo ma five-

to ei -niemifeled aromatic or non-af omati 1
optionally comnta N one or two heteroatons Oe
i ndependently se ect -(frgwrntrogen oxygen, and
sul fur; wherein the hi ' elght nenbered ring |
optionally substi t ut &d ﬁwﬁh one, or three
substitutents independentl'y selected from al koxy,
alkoxyalkyl al koxycar bonyl, al kyl, @ kyIsquonyI
aryl, aIkyI arylsulfonyl, carB* .
haIdaM_&E' haloalkyl, hydr oxy, hydr Oxyaj
( NRaRb) ( NRaRb) car bonyl , oxo,

e

NH
L NHo
N v
F O~ NoA

10



spirocycl e;
fromand ;

we@2wb/18268% | ndependently 0, 1, 2, 3,

i ndependently selected fromO S, S(O,
and C(R6)2; provided th
and

CHR®,
selected from CH2, CHRG,

%% when nis 0, Xis

R4 and R4 are each independently sel ected
wherein each mis independently 0, 1,

or 2;
or 4; eachCMUBZ09/033380
S, o, 11128 PCT

R6) 2; each R6 is

i ndependently sel ected from al koxy, alkyl, aryl, halo,
hal og| kyl , hydroxy, and -NRaRb, wherein the aIkyI can
opt iﬁg@"i v forma fused three- to si xmenbetéd ri ng

W t hi—an Ndj jent carbon atom wherei fi° t e’three- to

si X- menber

or two al kyl g

al kyl

(o]
T
N

s optionally subgtd
each R7 is indepen en

from hydr ogen andN Q) -, and Rp -(S)-
sel ected from hydr %m ;
i ndependent |y sel ectiedAf com hydr ogen,

R9 and RlO

Boc

(4] <

H

O
@
NH

N
j\N.Boc

|
Me

Boc

\_,(/
[Rpe

10




al koxyal kyl, al kyl, hal oal kyl, and (NRaRb)al kyl ; or,
RO and R10, together with the carbon atomto which

wWao h@y/1ea683 att ached, forma five or six nmenber ePICT/US2009/033380
saturated ring optionally containing one or two 128 PCT
heteroatons selected fromNRZ, O and S; wherein R 1%
sel ected from hydrogen and aI%@I; and each Rl11 is
i ndependent|y sel ected from al koxy, al koxyal kyl,
al koxycar bonyl , al koxycar bonyl al kyl , al kyl,
alkylﬁaﬁﬁ%m | al kyl, aryl, arylalkeny d
aryl al€oxy$ PCT 234 aryIaIkyI,'gE 1%xyal kyl ,
cycl odl kyl M ( Lkyl)al kenyl, (cycl ga| kyl) al kyl,
cycl oal kyl oxyal k hal oal kyl, hetero
het er ocycl yl al kenyl , \h&t er ocycl yl al koxy
het erocycl yl al kyl , heter®€ycl yl oxyal kyl ,
-NRcRd, (NRcRd)al keny fNRcRd) al kyl , and -
(NRcRd) carbonyl. 2. A &onmpound of claim1, or a éNﬁﬁ

pharmaceutically acceptable salt thereof, wherein
and D aee €dch NR5. 3. A conpound of claim2, or
pharnagﬁgLQtplly acceptabl e salt thereof, wherein each
R5 is k emkniatly sel ect ed fronwhydnpggn qnd

hydr oxy. O‘ HZ

H H

N

H{
S0

.Boc

10




4. A compound of claim1, or a pharmaceutically

acceptable salt thereof, wherein u and u' are each O.
w®2001ewBpound of claim1l, or a pharnmaceuti cal PET/US2009/033380

acceptabl e salt thereof, mhereln Ris selected frqg12 PCT

hydr ogen and hal oal kyl . %ﬁppound of claiml 128,

pharmaceutical l'y acceptable sal't thereof, wherein R3

is selected from hydrogen and hal o. 7. A compound of

claim1, or a pharnaceutically acceptable salt

t her eof , Nfferei n R2 and R3, together it t he carbon

at ons to&m0|ch they are attached, Wf{ﬁrﬁ Si ¥<_ or

seven- mebered carbocyclic ring. 8.H A cotpd

t her eof \ 'and R3 , together with the

atons to which they _are attached, forma six-
ei ght - menbered ring dgsonal | y contai ni ng one
het er oat om sel ect ed n1oxygen nitrogen, and sul fu

wherein the ring is optlonally substituted with one or
t wo alkﬁi groups. 9. A conpound of Fownula (11)11128

PCT Hr. N-Boc HI
&/ = O D
‘O NH



235 (H), or a pharmaceutically acceptable salt
thereof, wherein Ris selected from hydrogen and
wha000adley3 ;
or R2 and R3, together with the carbon atons to
they are attached, forma fivig or six-menbered
aromati ¢ or non-aromatic ring 6%rbocyc|ic ring;

and R3 is selected from hydrogen apdI/isi009/033380

WL 5% peT

R2 and

R3 , together with the carbon atons to which they are
attached, forma six- to eight-nenbered aromatic or
non- ar t Ney ring optlonally cont ai ni,ng ofie het er oat om
sel ect OTRO ni trogen, and.Sul fUf; wherein
the ring i< op % substituted “h N r two

al kyl groups; A are each independe

sel ected fromeach s/isi0 or 2; each R6 is

i ndependent |y selecte fron1a|ky| and hal o, wher

the alkyl forns a fu
adj acent carbon atom

i, NN
RS
)
N\NH

NH

dt hr ee- menbered ring with

Me

Hy, ,N
<

10

. NH
el
ang—NH
H




each R7 is independently selected from hydrogen and Rp
-C(O-; R8 is selected fromhydrogen and al kyl; RO and
weRi@aes3each i ndependently sel ected from hydrROETSZNL033380
al kyl; and each R is independently selected from 1128 PCT
al kyl, aryl al koxy, arylalkyl, %%Td (NRcRd) al kyl . 101#
conpound sel ected from 11128 23611128 PCT 23711128
PCT 23811128 PCT 23911128 PCT 24011128 PCT 24111128
PCT 24211128 PCT 24311128 PCT 24411128 PCT

NH
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S N
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24511128 PCT 246 1011128 PCT 24711128 PCT 24811128 PCT
24911128 PCT 25011128 PCT 25111128 PCT 25211128 PCT
wWQ2®9101833 PCT 25411128 PCT 255 |1 011128 PCT 256HAT/ES20PI33380
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and or a pharmaceutically acceptable salt thereof. 11.

A conposition conprising a conpound of claiml1, or a
w@b@pmexsadit i cal |y acceptable salt thereof, andP@r/us2009/033380

pharmaceutically acceptable carrier. 12. The

conposition of claim11 furth conpri sing one or & PCT

addi tional conpounds having a 3% - HCV activity. 13. The

conmposition of claim12 wherein at | east one of the

additional conmpounds is an interferon,or a ribavirin.

\JMe nposi tion of claim13 whereen,the interferon
|s sel%c ed frominterferon al pha ZBﬁﬁz?gylated

p=

i nt er figrtangs gl pha, consensus interferon/ dnterferon
al pha A& ahoil phobl ast i od |nterﬂ/\ tau. 15. The
conmposition o 14 wherein at I t one of the
addi ti onal s Nﬁbs | ect ed fr&hA rleukin 2
interleukin 6, intef AN~ 12, a conp
t hat enhances the de ﬁhént of a type 1h

response, interferingiRNA > N%)\)\
N HR O

‘b% 10

b e



anti-sense RNA, Imqginod, ribavirin, an inosine

5' - nonophospat e dehydr ogenase i nhi bitor, amantadi ne,
wa@paonozsent adi ne. 16. The conposition of clai niPABUS2009/033380

wherein at | east one of the additional conpounds é@ PCT

effective to inhibit the fﬁE;é on of a target sel 124

from HCV net al | opr ot ease, feri ne pr ot ease, HCV

pol ynmerase, HCV hel i case, HCV NS4B protein, HCV entry,

HCV assenbly, HCV egress, HCV NS5A protein, and | MPDH

for the eatment of an HCV infectie@ 17. A nmethod of

treabing an HCV infection in a pabienf, conprising

adm ni 8t Pmng to the patient a therdpgutjca Iy

ef f ect¥We—adodnt of a conpound of cl &y

nmet hod of clalmiii rther conprising adnlnis 3
one or two additionalNce jgﬂnds havi ng anti-HCV A< Q
activity prior to, afterxor, sinmultaneously with tﬁ%? e
conmpound of claiml1, muHaY7harnaceut|caIIy accepta e
salt thereof. 19. Thefnmethod of claim 18 wherein at

| east one of the additional conmpounds is an interferon

. o 5
or a rdg&wrln. \O’('t
NoA N
H O
N

‘L O L\‘Hg %
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20. The nethod of claim 19 wherein the interferon is
selected frominterferon al pha 2B, pegyl ated

w0 nioené®sdON al pha, consensus interferon, interPEr/vs2009/033380
al pha 2A, and | ynphobl astiod interferon tau. 21. qu‘i‘ZSPCT
met hod of claim 18 wherein at geast one of the
addi tional conpounds is sel ect¥d frominterleukin 2,
interleukin 6, interleukin 12, a conpound that
enhances_t he devel opnent of a type 1lhe| per T cell
respons interfering RNA, anti-sens NA, | m qi nod,
ri bzivil(n\j. n, an inosine 5'- rmnophosba’m dehydr ogenase

i nhi bi Y'o” apant adi ne, and rimantadi'ng® 22. The net hod
of clakmt€ lhbrein at |east one oftthedddditional
conpodhds i%s kffective to inhibit the func a

target selected @@ HCV
259 serine proteasepys

ynerase, HCV helicase
NS4B portein, HCV ent 3 assenbly, HCV egress,
NS5A protein, and | LWfop_the treatnment of an

HN 0
i nfection.
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11. A composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

15 12.

compounds having anti-HCV activity.

The composition of claim 11 further comprising one or two additional

13. The composition of claim 12 wherein at least one of the additional

compounds is an interferon or a ribavirin.

20

14. The composition of claim 13 wherein the interferon is selected from

interferon alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha

2A, and lymphoblastiod interferon tau.

25 15.

The composition of claim 14 wherein at least one of the additional

compounds is selected from interleukin 2, interleukin 6, interleukin 12, a compound
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10

15

20

25

30

11128 PCT
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that enhances the development of a type 1 helper T cell response, interfering RNA,
anti-sense RNA, Imiqimod, ribavirin, an inosine 5'-monophospate dehydrogenase

inhibitor, amantadine, and rimantadine.

16. The composition of claim 15 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

for the treatment of an HCV infection.

17. A method of treating an HCV infection in a patient, comprising administering
to the patient a therapeutically effective amount of a compound of claim 1, or a

pharmaceutically acceptable salt thereof.

18. The method of claim 17 further comprising administering one or two
additional compounds having anti-HCV activity prior to, after or simultaneously with

the compound of claim 1, or a pharmaceutically acceptable salt thereof.

19.  The method of claim 18 wherein at least one of the additional compounds is

an interferon or a ribavirin.

20. The method of claim 19 wherein the interferon is selected from interferon
alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha 2A, and

lymphoblastiod interferon tau.

21. The method of claim 18 wherein at least one of the additional compounds is
selected from interleukin 2, interleukin 6, interleukin 12, a compound that enhances
the development of a type 1 helper T cell response, interfering RNA, anti-sense RNA,
Imiqimod, ribavirin, an inosine 5'-monophospate dehydrogenase inhibitor,

amantadine, and rimantadine.

22. The method of claim 18 wherein at least one of the additional compounds is

effective to inhibit the function of a target selected from HCV metalloprotease, HCV



WO 2009/102633 PCT/US2009/033380
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serine protease, HCV polymerase, HCV helicase, HCV NS4B portein, HCV entry,
HCYV assembly, HCV egress, HCV NS5A protein, and IMPDH for the treatment of
an HCV infection.



