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HEPATITIS C VIRUS INHIBITORS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Serial
Number 61/153,186 filed February 17, 2009.

The present disclosure is generally directed to antiviral compounds, and more
specifically directed to compounds which can inhibit the function of the NS5A
protein encoded by Hepatitis C virus (HCV), compositions comprising such
compounds, and methods for inhibiting the function of the NS5A protein.

HCV is a major human pathogen, infcctiﬁg an estimated 170 million persons
worldwide - roughly five times the number infected by human immunodeficiency
virus type 1. A substantial fraction of these HCV infected individuals develop
serious progressive liver disease, including cirrhosis and hepatocellular carcinoma.

The current standard of care for HCV, which employs a combination of
pegylated-interferon and ribavirin, has a non-optimal success rate in achieving
sustained viral response and causes numerous side effects. Thus, there is a clear and
long-felt need to develop effective therapies to address this undermet medical need.

HCYV is a positive-stranded RNA virus. Based on a comparison of the
deduced amino acid sequence and the extensive similarity in the 5’ untransiated
region, HCV has been classified as a separate genus in the Flaviviridae family. All
members of the Flaviviridae family have enveloped virions that contain a positive
stranded RNA genome encoding all known virus-specific proteins via translation of a
single, uninterrupted, open reading frame.

Considerable heterogeneity is found within the nucleotide and encoded amino
acid sequence throughout the HCV genome due to the high error rate of the encoded
RNA dependent RNA polymerase which lacks a proof-reading capability. At least
six major genotypes have been characterized, and more than 50 subtypes have been
described with distribution worldwide. The clinical significance of the genetic
heterogeneity of HCV has demonstrated a propensity for mutations to arise during
monotherapy treatment, thus additional treatment options for use are desired. The

possible modulator effect of genotypes on pathogenesis and therapy remains elusive,
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The single strand HCV RNA genome is approximately 9500 nucleotides in
length and has a single open reading frame (ORF) encoding a single large polyprotein
of about 3000 amino acids. In infected cells, this polyprotein is cleaved at multiple
sites by cellular and viral proteases to produce the structural and non-structural (NS)
proteins. In the case of HCV, the generation of mature non-structural proteins (NS2,
NS3, NS4A, NS4B, NSS5A, and NS5B) is effected by two viral proteases. The first
one is believed to be a metalioprotease and-cleaves at the NS2-NS3 junction; the
second one is a serine protease contained within the N-terminal region of NS3 (also
referred to herein as NS3 protease) and mediates all the subsequent cleavages
downstream of NS3, both in cis, at the NS3-NS4A cleavage site, and in trans, for the
remaining NS4A-NS4B, NS4B-NS5A, NS5A-NSS5B sites. The NS4A protein

- appears to serve multiple functions by both acting as a cofactor for the NS3 protease

and assisting in the membrane localization of NS3 and other viral replicase
components. The formation of a NS3-NS4A complex is necessary for proper
protease activity resulting in increased proteolytic efficiency of the cleavage events.
The NS3 protein also exhibits nucleoside triphosphatase and RNA helicase activities.
NS5B (also referred to herein as HCV polymerase) is a RNA-dependent RNA
polymerase that is involved in the replication of HCV with other HCV proteins,
including NS5A, in a replicase complex,

Compounds useful for treating HCV-infected patients are desired which
selectively inhibit HCV viral replication. In particular, compounds which are
effective to inhibit the function of the NS5A protein are desired. The HCV NS5A
protein is described, for example, in the following references: S. L. Tan, et al,,
Vifology, 284:1-12 (2001); K.-J. Park, etal., J. Biol Chem.,30711-30718 (2003);
T. L. Tellinghuisen, et al., Nature, 435, 374 (2005); R. A. Love,etal.,J. Virol, 83,
4395 (2009); N. Appel, et al., J. Biol. Chem., 281, 9833 (2006); L. Huang, J. Biol.
Chem., 280, 36417 (2005); C. Rice, et al.,, WO2006093867.

In a first aspect the present disclosure provides a compound of Formula (I)
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or a pharmaceutically acceptable salt thereof, wherein
each m is independently O or 1;

each n is independently 0 or 1;

=3
S5 -%.....’_ _é_ g
L is a bond or is selected from é ,_._ é , ~ , N ,
_é_._\ "
% " ot
3 , PO AL ; wherein each

group is drawn with its left end attached to the benzimidazole and its right end
attached to R';

R} is selected from

xR
-’"‘L’_ 6 [
N
Y/ 7
(RZ)n HN R3 HN
N’
X
(R*)m

‘\ 0 R3

each R? is independently selected from alkyl and halo;
each R® is independently selected from hydrogen and -C(O)R’;
R* is alkyl;
R® and R® are independently selected from hydrogen, alkyl, cyanoalkyl, and
15 halo, or
R® and R, together with the carbon atoms to which they are attached, form a
six- or seven-membered ring optionally containing one heteroatom selected from
nitrogen and oxygen and optionally containing an additional double bond; and
each R’ is independently selected from alkoxy, alkyl, arylalkoxy, arylalkyl,
20 cycloalkyl, (cycloalkylalkyl, heterocyclyl, heterocyelylalkyl, (NR°R%)alkenyl, and
(NR°R%alkyl.

In a first embodiment of the first aspect the present disclosure provides a
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compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein L is
a bond.

In a second embodiment of the first aspect R' is

L

s RO

‘2) /.
N

HN s

R, s
N/
N
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In a third embodiment of the first aspect the present disclosure provides a

compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein L is

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

compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein L is

10 3’*/\;?:.

In a fifth embodiment R’ is selected from

RS

e

RZ)n HN

,Q v
s \
(R2), IR and (R

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

compound of Formula (), or a pharmaceutically acceptable salt thereof, wherein L is
o
v
15 N—]

SOYE SOY
| 1 Vs
In a seventh embodiment L is selected from NJ and ‘ﬂ‘” .

In an eighth embodiment R! is
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In a ninth embodiment of the first aspect the present disclosure provides a

compouhd of Fermula (I), or a pharmaceutically acceptable salt thereof, wherein L is

5 In a tenth embodiment R is

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

compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein L is

]
SN L, =
AN

10 wherein L is selected from and é'; wherein each
group is drawn with ifs left end attached to the benzimidazole and its right end
attached to R

In a twelfth embodiment R! is

(R%n_
15

In a second aspect the present disclosure provides a compound of Formula

an
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or a pharmaceutically acceptable salt thereof, wherein

(R*

each m is independently O or 1;
5 each n is independently 0 or 1;

L is a bond or is selected from

_E_Eé_"é'“ﬁ\“/é "L,/\ah': "?,,/\\rbLL and N—/]

R! is selected from

RE
N R®
5
W™
/
(RZ)n HN ’R.‘i
N
\ \J )H/\}
(R*)m , (R)m ,and R? (R“
10 each R? is independently selected from alkyl and halo;

each R® is independently selected from hydrogen and -C(O)R;
R is alkyl;
R and R6 are independently hydrogen or halo, or
R® and RG, together with the carbon atoms to which they are attached, form a
15 six- or seven-membered ring optionally containing one heteroatom selected from
nitrogen and oxygen and optionally containing an additional double bond; and
each R’ is independently selected from alkoxy, alkyl, arylalkyl, cycloalkyl,
heterocyclyl, heterocyclylalkyl, (NRcRd)alkenyl, and (NRcRd)alkyl.
In a third aspect the present disclosure provides a composition comprising a
20  compound of Formula (I), or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. In a first embodiment of the third aspect the
composition further comprises one or two additional compounds having anti-HCV

activity. In a second embodiment of the third aspect at least one of the additional
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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 lymphoblastiod interferon tau,

In a fourth embodiment of the third aspect the present disclosure provides a
composition comprising a compound of Formula (I), or a pharmaceutically
accepiable 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 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, Imigimod, ribavirin, an inosine 5-monophospate
dehydrogenase inhibitor, amantadine, and rimantadine.

In a fifth embodiment of the third aspect the present disclosure provides a
composition comprising a compound of Formula (), 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 effective to inhibif 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.

In a fourth aspect the present disclosure provides a method of treating an
HCYV infection in a patient, comprising administering to the patient a therapeutically
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt
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 (1), or a pharmaceutically
acceptable salt thereof. In a second embodiment of the fourth aspect at least one of
the additional compounds is an interferon or a ribavirin. In a third embodiment of the
fourth aspect the intetferon is selected from interferon alpha 2B, pegylated interferon
alpha, conseﬁsus interferon, interferon alpha 2A, and lymphoblastiod interferon tau.

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

pharmaceutically acceptable salt thereof, and one or two additional compounds
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having anti-HCV activity prior to, after or simultaneously with the compound of
Formula (J), 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, 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
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
pharmaceutically acceptable salt thereof, and 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, 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 portein, HCV entry, HCV assembly, HCV egress, HCV NS5A protein, and
IMPDH for the treatment of an HCV infection.

Other embodiments of the present disclosure may comprise suitable
combinations of two or more of embodiments and/or aspects disclosed herein.

Yet other embodiments and aspects of the disclosure will be apparent
according to the description provided below.

The compounds of the present disclosure also exist as tautomers; therefore the
present disclosure also encompasses all tautomeric forms.

The description of the present disclosure herein 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? and R%
at a particular location in a molecule be independent of its definitions elsewhere in
that molecule. For example, when n 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

inconsistencies, the present disclosure, including definitions, will prevail.
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As used in the present specification, the following ferms have the meanings
indicated:

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

Unless stated otherwise, all aryl, cycloalkyl, and heterocyctyl 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 "alkoxy," as used herein, refers to an alkyl group attached to the
parent molecular moiety through an oxygen atom.

The term "alkoxycarbonyl," as used herein, refers to an alkoxy group attached
to the parent molecular moiety through a carbonyl group.

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
the compounds of the present disclosure, whenm is 1 and R? is alkyl, the alkyl can
optionally form a fused three- or four-membered ring with an adjacent carbon atom

to provide one of the structures shown below:

N 50
(Rm)w\ z (R

ziae z@j)’

Lo T
where zis 1 or 2, wis 0, 1, or 2, and R* is alkyl. When w is 2, the two R0 atkyl
groups may be the same or different.

The term “aryl,” as used herein, refers to a phenyl group, or a bicyclic fused
ring system .wherein one or both of the rings is a phenyl group. Bicyclic fused ring
systems 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 molecufar 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
disclosure are optionally substituted with one, two, three, four, or five substituents

independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,

20
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alkylcarbonyl, a second aryl group, arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo,
haloalkoxy, haloalkyl, heterocyclyl, heterocyciylalkyl, heterocyelylcarbonyl,
hydroxy, hydroxyalkyl, nitro, -NR*R?, (NR*R")alkyl, oxo, and -P(O)OR,, wherein
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
substituents independently seiected from alkoxy, alkyl, cyano, halo, haloalkoxy,
haloalkyl, and nitro.

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

The term “arylalkyl,” as used herein, refers to an alkyl group substituted with
one, two, or three aryl groups. The alkyl part of the arylalkyl is further optionally |
substituted with one or two additional groups independently selected from alkoxy,
alkylcarbonyloxy, halo, haloalkoxy, haloalkyl, heterocyelyl, hydroxy, and -NR°RY,
wherein the heterocyelyl is further optionally substitued with one or two substituents
independently selected from alkoxy, alkyl, unsubstituted aryl, unsubstituted
arylalkoxy, unsubstituted arylalkoxycarbonyl, halo, haloalkoxy, haloaikyl, hydroxy, -
NR*R?, and oxo.

The term "carbonyl," as used herein, refers to -C{O)-.

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

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, cyclobutyl, cyclopentyl, and cyclohexyl. The cycloalkyl groups of the
present disclosure are optionally substituted with one, two, three, four, or five
substituents independently selected from alkoxy, alkyl, aryl, cyano, halo, haloalkoxy,
haloalkyl, heterocyclyl, hydroxy, hydroxyalkyl, nitro, and -NR*R”, wherein the aryl
and the heterocyclyl are futher optionally substituted with one, two, or three
substituents independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy,
haloalkyl, hydroxy, and nifro.

10
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The term “(cycloalkylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three cycloalkyl groups.

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

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

The terms "halo" and "halogen," as used herein, refer to F, Br, Cl, or 1.

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
bonds, the five-membered ting 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 énother
monocyclic heterocyelyl group, or a four- to six-membered aromatic or non-aromatic
carbocyclic ring; as well as bridged bicyclic groups such as 7-azabicyclo[2.2.1]hept-
7-yl, 2-azabicyclo[2.2.2]oct-2-yl, and 2-azabicyclo[2.2.2]oct-3-yl. The heterocyclyl
groups of the present disclosure can be attached to the parent molecular moiety
through any carbon atom or nitrogen atom in the group, Examples of heterocyelyl
groups include, but are not limited to, benzothienyl, furyl, imidazolyl, indolinyl,
indolyl, isoquinolinyl, isothiazolyl, isoxazolyl, morpholinyl, oxazolyl, piperazinyl,
piperidinyl, pyrazotyl, pyridinyl, pyrrolidinyl, pyrrolopyridinyl, pyrrolyl, quinolinyl,
thiazolyl, thienyl, and thiomorpholinyl. The heterocyclyl groups of the present
disclosure are optionally substituted with one, two, three, four, or five substituents
independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
alkylcarbonyl, aryl, arylalkyl, aryicarbonyl, cyano, halo, haloalkoxy, haloalkyl, a
second heterocyclyl group, heterocyclylalkyl, heterocyclylearbonyl, hydroxy,
hydroxyalkyl, nitro, -NR*R’, (NR*R*)alkyl, and oxo, wherein the alkyl part of the
arylalkyl and the 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.

11



WO 2010/096302 PCT/US2010/023582

10

I5

20

25

The term “heterocyelylalkyl,” as nsed 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
independently selected from alkoxy, alkylcarbonyloxy, aryl, halo, haloalkoxy,
haloalkyl, hydroxy, and -NR°R®, wherein the aryl is further optionally substitued with
on¢ or two substituents independently selected from alkoxy, alkyl, unsubstituted aryl,
unsubstitued arylalkoxy, unsubstituted arylalkoxycarbonyl, halo, haloalkoxy,
haloalkyl, hydroxy, and -NR*R”.

The term .“~NR°Rd,” as used herein, refers to two groups, R® and Rd, which are
attached to the parent molecular moiety through a nitrogen aton. R°and R are
independently selected from hydrogen, alkenyloxycarbonyl, alkoxyalkylcarbonyl,
alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, arylalkoxycarbonyl,
arylaikyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, cycloalkyl,
cycloalkyloxycarbonyl, cycloalkylsulfonyl, formyl, haloalkoxycarbonyl,
heterocyclyl, heterocyclylalkoxycarbonyl, heterocyclylalkyl,
heterocyclylalkylearbonyl, heterocyclylcarbonyl, heterocyclyloxycarbonyl,
hydroxyalkylcarbonyl, (NR*RDalkyl, (NR°RHalkylcarbonyl, (NR*RFcarbonyl,
(NR°R)sulfonyl, -CNCN)YOR’, and -C(NCN)NR*RY, wherein R’ is selected from
alkyl and unsubstituted phenyl, and wherein the alkyl part of the arylalkyl, the
arylalkylcarbonyl, the heterocyclylalkyl, and the heterocyclylalkylcarbonyl are
further optionally substituted with one NR°Rf group; and wherein the aryl, the aryl
part.of the arylalkoxycarbonyl, the arylalkyl, the arylalkylcarbonyl, tﬁe arylcarbonyl,
the aryloxycarbonyl, and the arylsulfonyl, the heterocyclyl, and the heterocyclyl part
of the heterocyclylalkoxycarbonyl, the heterocyclylaikyl, the
heterocyclylalky]carbonyl, the heterocyclylcarbonyl, and the
heterocyclyloxycarbonyl are further optionally substituted with one, two, or three
substituents independently selected from alkoxy, alkyl, eyano, halo, haloalkoxy,
haloalkyl, and nitro.

The term “(NRcRd)alkenyl,” as used herein, refers to

12
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wherein R® and RY are as defined herein and each R® js independently hydrogen or
C~3 alkyl.

The term “(NR°R%Yalky],” as used herein, refers to an alkyl group substituted
with one, twa, or three -NR°R? groups. The alkyl part of the (INR°R%alky! is further
optionally substituted with one or two additional groups selected from alkoxy,
alkoxyalkylcarbonyl, alkoxycarbonyl, alkylsulfanyl, arylalkoxycarbonyl, carboxy,
cycloalkyl, heterocyclyl, heterocyclylearbonyl, hydroxy, and (NR°Rcarbonyl;
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 “-NRR',” as used herein, refers to two groups, R and Rf, 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
heterocyclyl, unsubstituted heterocyclylalkyl, (NR*R")alkyl, and (NR*R*)carbonyl.

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

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
disclosure encompasses all stereochemical isomeric forms, or mixtures thereof,
which possess the ability to inhibit NS5A. Individual sterecisomers 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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followed by separation such as conversion to a mixture of diastereomers followed by
separation or recrystallization, chromatographic techniques, or direct separation of
enantioniers on chiral chromatographic columns. Starting compounds of particular
stereochemistry are either commercially available or can be made and resolved by
techniques known in the art.

Certain compounds of the present disclosure may also exist in different stable
conformational forms which may be separable. Torsional asymmetry due to
restricted rotation about an asymmetric single bond, for example because of steric
hindrance or ring strain, may permit separation of different conformers. The present
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, diastereomers, and salis thereof. Similarly, references to intermediates
are meant to embrace their salts where the context so permits.

The present disclosure is intended to include all isotopes of atoms occurring
in the present compounds. Isotopes include those atoms having the same atomic
number but different mass numbers. By way of general example and without
limitation, isotopes of hydrogen include deuterium and tritium. Isotopes of carbon
include °C and C. Isotopically-labeled compounds of the invention can generally
be prepared by conventional techniques known to those skilled in the art or by
processes analogous to those described herein, using an appropriate isotopically-
labeled reagent in place of the non-labeled reagent otherwise employed. Such
compounds may have a variety of potential uses, for example as standards and
reagents in détermining biological activity. In the case of stable isotopes, such
compounds - may have the potential to favorably modify biological, pharmacological,
or phannacokinetic properties.

The cbmpounds of the present disclosure can exist as pharmaceutically
acceptable salts. The term “pharmacentically 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
medical judgment, suitable for use in contact with the tissues of patients without

excessive toxicity, irritation, allergic response, or other problem or complication
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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 niirogen atom with a suitable acid.
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,
methanesulfbnate, naphthylenesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate,
palmoate, pectinate, persulfate, 3-phenylproprionate, picrate, pivalate, propicnate,
succinate, tartrate, trichloroacetate, trifluoroacetate, phosphate, glutamate,
bicarbonate, .para-tolucnesulfonate, and wndecanoate, Examples of acids which can
be employed to form pharmaceutically acceptable addition salts include inorganic
acids such as hydrochloric, hydrobromic, sulfuric, and phosphoric, and organic acids
such as oxalic, maleic, succinic, and citric.

Basic addition salts can be prepared during the final isolation and purification
of the compounds by reacting a carboxy group with a suitable base such as the
hydroxide, carbonate, or bicarbonate of a metal cation or with ammonia or an organic
primary, secondary, or tertiary amine. The cations of pharmaceutically acceptable
salts include lithium, sodium, potassium, calcium, magnesium, and aluminum, as
well as nontoxic quaternary amine cations such as ammonium,
tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, diethylamine, ethylamine, tributylamine, pyridine,
N,N-dimethylaniline, N-methylpiperidine, N-methylmorpholine, dicyclohexylamine,
procaine, dibenzylamine, N,N-dibenzylphenethylamine, and N,N’-
dibenzylethylenediamine. Other representative organic amines useful for the
formation of base addition salts include ethylenediamine, ethanolamine,
diethanolamine, piperidine, and piperazine.

When it is possible that, for use in therapy, therapeutically effective amounts
of a compound of formula (I}, as well as pharmaceutically acceptable salts thereof],
may be administered as the raw chemical, it is possible to present the active
ingredient as a pharmaceutical composition. Accordingly, the disclosure further

provides pharmaceutical compositions, which include therapeutically effective
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amounts of compounds of formula (I)' or pharmaceutically accepiable salts thereof,
and one or more pharmaceutically acceptable carriers, diluents, or excipients. The
term “theraﬁeutically effective amount,” as used herein, refers to the total amount of
each active éomponent that is sufficient to show a meaningful patient benefit, ¢.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.
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 beiné compatible with the other ingredients of the formulation and not
deleterious to the recipient thereof. In accordance with another aspect of the present
disclosure there is also provided a process for the preparation of a pharmaceutical
formulation including admixing a compound of formula (1), or a pharmaceutically
acceptable salt thereof, with one or more pharmaceutically acceptable carriers,
diluents, or excipients. The term “pharmaceutically acceptable,” as used herein,
refers to those compounds, materials, compositions, and/or dosage forms which are,
within the scope of sound medical judgment, suitable for use in contact with the
tissues of patients without excessive toxicity, irritation, allergic response, or other
problem or complication commensurate with a reasonable benefit/risk ratio, and are
effective for their infended use.

Pharmaceutical formulations may be presented in unit dose forms containing
a predetermined amount of active ingredient per unit dose. Dosage levels of between
about 0.01 and about 250 milligram per kilogram ("mg/kg") body weight per day,
preferably between about 0.05 and about 100 mg/kg body weight per day of the
compounds of the present disclosure are typical in a monotherapy for the prevention
and treatment of 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
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
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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

initiated with small dosages substantially less than the optimum dose of the
compound. Thereafler, 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.

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
and 80% of the dosage normally administered in a inonotherapy regimen.

Pharmaceutical formulations may be adapted for administration by any
appropriate route, for example by the oral (including buccal or sublingual), rectal,
nasal, topical (including buccal, sublingual, or transdermal), vaginal, or parenteral
(including subcutaneous, intracutaneous, intramuscnlar, intra-articular, intrasynovial,
intrasternal, intrathecal, intralesional, intravenous, or intradermal injections or
infusions) route. Such formulations may be prepared by any method known in the art
of pharmacy, for example by bringing into association the active ingredient with the
éarrier(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 agneous or non-aqueons liquids; edible foams or whips; or oil-in-
water liquid emulsions or water-in-oil emulsions.

For instance, for oral administration i 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, giycerol, 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.

17



2

WO 2010/096302 PCT/US2010/023582

10

15

20

25

30

Capsules are made by preparing a powder mixture, as described above, and
filling formed gelatin sheaths. Glidants and Jubricants such as colloidal silica, tale,
magnesium stearate, calcinm 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 info the mixture.
Suitable binders include starch, gelatin, natural sugars such as glucose or beta-
lactose, coin sweeteners, natural and synthetic gums such as acacia, tragacanth or
sodium alginate, carboxymethylceltlulose, polyethylene g]jrcol, and the like.
Lubricants tléed in these dosage forms include sodium oleate, sodium chloride, and
the like, Disintegrators include, without limitation, starch, methyl cellulose, agar,
betonite, xanthan gum, and the like. Tablets are formulated, for example, by
preparing a powder mixture, granulating or slugging, adding a lubricant and
disintegrant, and pressing into tablets. A powder mixture is prepared by mixing the
compound, suitable comminuted, with a diluent or base as described above, and
optionally, with a binder such as cartboxymethylcellulose, an aliginate, gelating, or
polyvinyl pyrrolidone, a solution retardant such as paraffin, a resorption accelerator
such as a quaterﬁary salt and/or and absorption agent such as betonite, kaolin, or
dicalcium plhosphate. The powder mixture can be granulated by wetting with a
binder such as syrup, starch paste, acadia mucilage, or solutions of cellulosic or
polymeric materials and forcing through a screen. As an ailternative to granulating,
the powder mixture can be run through the tablet machine and the result is
imperfectly formed slugs broken into granules. The granules can be lubricated to
prevent sticking to the tablet forming dies by means of the addition of stearic acid, a
stearate salt, tﬁlc, 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
of wax can be provided. Dyestuffs can be added to these coatings to distinguish

different unit dosages.
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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
solution, while elixirs are prepared through the use of a non-toxic vehicle.
Solubilizers and emulsifiers such as ethoxylated isostearyt 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.

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,
way, or the like.

The compounds of formula (I}, and pharmaceutically acceptable salts thereof,
can also be administered in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and multilamellar vesicles.
Liposomes can be formed from a variety of phopholipids, such as cholesterol,
stearylamine, or phophatidylcholines. '

The compounds of formula (1) and pharmaceutically acceptable salts thereof
may also be delivered by the use of monoclonal antibodies as individual carriers to
which the compound molecules are coupled. The compounds may also be coupled
with soluble polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamidephenol,
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,
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 thé recipient for a protonged period of time. For example, the active
ingredient may be delivered from the patch by iontophoresis as generally described in
Pharmaceutical Research 1986, 3(6), 318.
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Pharmaceutical formulations adapted for topical administration may be
formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes,
gels, sprays, aerosols, or oils.

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,
i.e., by rapid inhalation through the nasal passage from a container of the powder
held close up to the nose. Suitable formulations wherein the cartier is a liquid, for
administration as a nasal spray or nasal drops, include aqueous or oil solutions of the
active ingredient,

Pharmaceutical formulations adapted for administration by inhalation include
fine particle dusts or mists, which may be generated by means of various types of
metered, dose pressurized aerosols, nebulizers, or insufflators.

Pharmaceutical formulations adapted for vaginal administration may be
presented as pessaries, tampons, creams, gels, pastes, foams, or spray formulations.

Pharmaceutical formulations adapted for parenteral administration include
aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants,
buffets, bacteriostats, and soutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and non-aqueous sterile suspensions
which may include suspending agents and thickening agents. The formulations may
be presented in unit-dose or multi-dose containers, for example sealed ampoules and
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
{rom sterile powdets, 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.

The tetm "patient" includes both human and other mammals.

The term "treating” refers to: (i) preventing a disease, disorder or condition
: P
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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.e., arresting its development; and (jii) relieving the disease,

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

condition.

The f:ompounds 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 (Hepafology 2003, 38, 1282; Biochem. Biophys. Res.
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

combination therapy, either jointly or separately, or by combining the compounds

into a composition.

Table I
Brand Name Physiclogical Class | Type of Inhibitor or | Source Company
Target

NIM811 Cyclophilin inhibitors | Novartis Debiopharm

Debio-025

Zadaxin Imnunomodulator SciClone

Suvus Methylene blue Bioenvision

Actilon (CPG10101) TLRY agonist Coley

Batabulin (T67) Anticancer B-Tubulin inhibitor | Tularik Inc., South
San Francisco, CA

ISIS 14803 Antiviral Antisense ISIS Pharmaceuticals
Inc, Carlsbad, CA /
Elan Pharmaceuticals
Inc,, New York, NY

Summetrel Antiviral Antiviral Endo Pharmaceuticals
Holdings Inc., Chadds
Ford, PA

(GS-9132 (ACH-806) | Antiviral HCV inhibitor Achillion / Gilead
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Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target
Pyrazolopyrimidine | Antiviral HCYV inhibitors Arrow Therapeutics
compounds and salts Lid.
From
WO 2005/047288
May 26, 2005
Levovirin Antiviral IMPDH inhibitor Ribapharm Inc., Costa
Mesa, CA
Merimepodib Antiviral IMPDH inhibitor Vertex
(VX-497) Pharmaceuticals Inc.,
Cambridge, MA
XTL-6865 Antiviral Monoclonal antibody | XTL
(XTL-002) Biopharmaceuticals
. Ltd., Rehovot, Israel
Telaprevir Antiviral NS3 serine protease | Verlex
(VX-950, inhibitor Pharmaceuticals Inc.,
LY-570310) Cambridge, MA / Eli
Lilly and Co., Inc.,
Indianapolis, IN
HCV-796 Antiviral NSS5B replicase Wryeth / Viropharma
inhibitor
NM-283 Antiviral NS51 replicase Idenix / Novartis
inhibitor
GL-59728 Antiviral NSS5B replicase Gene Labs / Novartis
inhibitor
GL-60667 Antiviral NS5B replicase Gene Labs / Novartis
inhibitor
2'C MeA. Antiviral NS5B replicase Gilead
inhibitor
PSI 6130 Antiviral NS5B replicase Roche
inhibitor
R1626 Antiviral NS5B replicase Roche
inhibitor
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Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target
2'C Methyl Antiviral NSS5B replicase Merck
adenosine inhibitor
JTK-003 Antiviral RdRp inhibitor Japan Tobaceo Inc.,
Tokyo, Japan
Levovirin Antiviral Ribavirin ICN Pharmaceuticals,
Costa Mesa, CA
Ribavirin Antiviral Ribavirin Schering-Plough
Corporation,
Kenilworth, NJ
Viramidine Antiviral Ribavirin prodrug Ribapharm Inc., Costa
Mesa, CA
Heptazyme Antiviral Ribozye Ribozyme
Pharmaceuticals Inc.,,
_ Boulder, CO
BILN-2061 Antiviral Serine protease Boehringer Ingelheim
inhibitor Pharma KG,
Ingetheim, Germany
SCH 503034 Antiviral Serine protease Schering-Plough
inhibitor
Zadazim Immune modulator Immune modulator SciC]one
Pharmaceuticals Inc.,
San Mateo, CA
Ceplene Immunomodulator Immune modulator | Maxim
Pharmaceuticals Inc.,
San Diego, CA
CELLCEPT® Immunosuppressant | HCV 1pG F. Hof{mann-La
immunosuppressant | Roche LTD, Basel,
Switzerland
Civaeir Immunosuppressant | HCV IgG Nabi
immunosuppressant | Biopharmaceuticals
Inc., Boca Raton, FL.
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Brand Name Physiological Class Type of Inhibitor or | Source Company
Target

Albuferon - o Interferon Albumin JFN-a2b Human Genome
Sciences Inc.,
Rockville, MD

Infergen A Interferon IFN alfacon-1 InterMune
Pharmaceuticals Inc.,
Brisbane, CA

Omega IFN Interferon IFN-® Intarcia Therapeutics

IFN-ff and EMZ701 | Interferon IFN-f and EMZ701 | Transition
Therapeutics Inc.,
Ontario, Canada

REBIF® Interferon IFN-f1a Serono, Geneva,
Switzerland

Roferon A Interferon [FN-02a F. Hoffinann-La
Roche LTD, Basel,
Switzerland

Intron A Interferon IFN-02b Schering-Plough

Cotporation,
Kenilworth, NJ

Intron A and Zadaxin

Interferon

IFN-o2b/al-thymosin

RegeneRx
Biopharma. Inc.,
Bethesda, MD /
SciClone

Pharmaceuticals Inc,

San Mateo, CA
Rebetron Interferon JFN-a2b / ribavirin -~ { Schering-Plough
Corporation,
Kenilworth, NJ
Actimmune Interferon INFy InterMune Inc.,
Brisbane, CA
Interferon-f Interferon Interferon-f-la Serono
Multiferon Interferon Long lasting TFN Viragen / Valentis
Wellferon Interferon Lymphoblastoid IFN- [ GlaxoSmithKline plc,
anl Uxbridge, UK
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Brand Name Physiological Class Type of Inhibitor or | Source Company
Target
Omniferon Interferon natural IFN-o Viragen Inc,,
Plantation, FL
Pegasys Interferon PLiGylated IFN-a2a [F. Hoffmann-La
Roche LTD, Basel,
Switzerland
Pegasys and Ceplene | Interferon PEGylated IFN- Maxim
' a2a/immune Pharmaceuticals Inc.,
modulator San Diego, CA
Pegasys and Interferon PEGylated JFN- F. Hoffmann-La
Ribavirin a2a/ribavirin Roche LTD, Basel,
Switzerland
PEG-Intron Interferon PEGylated TRN-a2b | Schering-Plough
Corporation,
Kenilworth, NJ
PEG-Intron / Interferon PEGylated JFN- Schering-Plough
Ribavirin a2b/ribavirin Corporation,
Kenilworth, NJ
1P-501 Liver protection Antifibrotic Indevus
Pharmaceuticals Inc.,
Lexington, MA
IDN-6556 Liver protection Caspase inhibitor Idun Pharnaceuticals
Inc., San Diego, CA
[TMN-19} Antiviral Serine protease IntertMune
(R-7227) inhibitor Pharmaceuticals Inc.,
Brisbane, CA
GL-59728 Antiviral NS5B replicase Genelabs
inhibitor
ANA-9T] Antiviral TLR-7 agonist Anadys
Boceprevir Antiviral Serine protease Schering-Plough
inhibitor
TMS-435 Antiviral Serine protease Tibotec BVBA,
inhibitor Mechelen, Belgium
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Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target
BI-201335 Antiviral Serine protease Boehringer Ingelheim
inhibitor Pharma K@,
Ingelheim, Germany
MK-7009 Antiviral Serine protease Merck
inhibitor
PF-00868554 Antiviral Replicase inhibitor | Pfizer
ANAS98 Antiviral Non-Nucleoside Anadys
NSSB polymerase Pharmaceuticals, Inc.,
inhibitor San Diego, CA, USA
IDX375 Antiviral Non-Nucleoside Idenix
replicase inhibitor Pharmaceuticals,
Cambridge, MA, USA
BILB 1941 Antiviral NS5B polymerase Boebringer Ingelheim
inhibitor Canada Ltd R&D,
Laval, QC, Canada
PSI-7851 Antiviral Nucleoside Pharmasset,
polymerase inhibitor {Princeton, NJ, USA
VCIHI-759 Antiviral NS5B polymerase ViroChem Pharma
inhibitor
VCH-916 Antiviral NS5B polymerase ViroChem Pharma
inhibitor
GS-9190 Antiviral NS5B polymerase Gilead
mhibitor
Peg-interferon lamda | Antiviral Interferon ZymoGenetics /

Bristol-Myers Squibb

The compounds of the present disclosure may also be used as laboratory

reagents. Compounds may be instrumental in providing research tools for designing

of viral replication assays, validation of animal assay systems and structural biology

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 disclostire may also be used to treat or prevent viral
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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, Jaboratory instruments and
garments, and blood collection or transfusion apparatuses and materials.

This disclosure is intended to encompass compounds having formula (1) when
prepared by synthetic processes or by metabolic processes including those occurring
in the human or animal body (in vive) or processes occurring in 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: RT for room temperature or
retention time (context will dictate); R, for retention time; min for minutes; TFA for
trifluoroacetic acid; DMSO for dimethylsulfoxide; Ph for phenyl; THF for
tetrahydrofuran; Et,O for diethyl ether; Boc or BOC for tert-butoxycarbonyl; MeOH
for methanol; Et for ethyl; DMF for dimethylformamide; h or hir for hours; TBDPS
for tert-butyldiphenylsilyl; DMAP for N,N-dimethylaminopyridine; TBAF for
tetrabutylammonium fluoride; Et;N or TEA for triethylamine; HATU for O-(7-
azabenzotriazol-1-y1)-N,N,N’ ,N'-tetramethyluronium hexafluorophosphate; Ac for
acetate or acetyl; SEM for 2-trimethylsilylethoxymethoxy; EDC or EDCI for 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide; EEDQ for N-ethoxycarbonyl-2-ethoxy-1,2-
dihydroquinoline; MeOH for methanol; i-Bu for isobutyl; Bn for benzyl; and Me for
methyl.

The compounds and processes of the present disclosure will be better
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. Tt will be
readily apparent to one of ordinary skill in the art that the compounds defined above
can be synthesized by substitution of the appropriate reactants and agents in the
syntheses shown below. It will also be readily apparent to one skifled in the art that
the selective protection and deprotection steps, as well as the order of the steps
themselves, can be carried out in varying order, depending on the nature of the
variables to successfully complete the syntheses below. The variables are as defined

above unless otherwise noted below.
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Scheme 1: Substituted Phenyliglycine Derivatives

Substituted phenylglycine derivatives can be prepared by a number of
methods shown below. Phenylglycine t-butyl ester can be reductively alkylated
{pathyway A) with an appropriate aldehyde and a reductant such as sodium
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 alkyt halide such as ethyl iodide and a base
such as sodium bicarbonate or potassium carbonate (pathway B). Pathway C
illustrates reductive alkylation of phenylglycine as in pathway A followed by a
second reductive alkylation with an altermate aldehyde such as formaldehyde in the
presence of a reducing agent and acid. Pathway D illustrates the synthesis of
substituted phenylglycines via the corresponding mandelic acid analogs. Conversion
of the secondary alcohol to a competent leaving group can be accomplished with p-
toluelisu]fonyl chloride. Displacement of the tosylate group with an appropriate
amine followed by reductive removal of the benzyl ester can provide substituted
phenylglycine derivatives. In pathway E a racemic substituted phenylglycine
derivative is resolved by esterification with an enantiomerically pure chiral auxiliary
such as but not limited to (+)-1-phenylethanol, (-)-1-phenylethanol, an Evan’s
oxazolidinone, or enantiomerically pure pantolactone. Separation of the
diastereomers is accomf;lished via chromatography (silica gel, HPLC, crystallization,
etc) followed by removal of the chiral auxiliary providing enantiomerically pure
phenylglycine derivatives. Pathway H illustrates a synthetic sequence which
intersects with pathway I2 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 CBrs. The resultant benzylic bromide can be displaced with a variety of mono- or
disubstituted amines in the presence of a tertiary amine base such as triethylamine or
Hunig’s base. Hydrolysis of the methyl ester vig treatment with lithium hydroxide at
low temperature or 6N HCl at elevated temperature provides the substituted
phenylglycine derivatives. Another method is shown in pathway G. Glycine analogs
can be derivatized with a variety of aryl halides in the presence of a source of

palladium (0) such as palladium bis(tributylphosphine) and base such as potassium

phosphate. - The resultant ester can then be hydrolyzed by treatment with base or acid.
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It should be understood that other well known methods to prepare phenylglycine
derivatives exist in the art and can be amended to provide the desired compounds in
this description. It should also be understood that the final phenylglycine derivatives

can be purified to enantiomeric purity greater than 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
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
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).
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Amino-substituted phenylacetic actds may be prepared by treatment of a

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

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

Cond.-MS-W1

Column = XTERRA 3.0 X 50 mm S7
15 Start %B =0

Final %B = 100

Gradient time = 2 min

Stop time =3 min
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Flow Rate
Wavelength
Solvent A
Solvent B

Cond -MS-W2
Column

Start %B
Final %B
Gradient time
Stop time
Flow Rate
Wavelength
Solvent A
Solvent B

Cond.-MS-W5
Column

Start %B
Final %B
Gradient time
Stop time
Flow Rate
Wavelength
Solvent A
Solvent B

Cond.-D1
Column

Start %B
Final %B
Gradient time

Stop time

PCT/US2010/023582

=5 mL/min
=220 nm
=0.1% TFA in 10% methanol/$0%H,0
=0.1% TFA in 90% methanol/10% H,O

=XTERRA 3.0 X 50 mm 87
=0
=100
=3 min
=4 min
= 4 mL/min
=220 nm

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

= XTERRA 3.0 X 50 mm 87
=0
=30
=2 min
=3 min
=5 mL/min
=220 nm
={.1% TFA in 10% methanol/90%H;0
={.1% TFA in 90% methanol/10% H;0

=XTERRA CI8 3.0 X 50 mm S7
=0
=100
=3 min

=4 min
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Flow Rate
Wavelength
Solvent A
Solvent B

Cond.-D2
Column

Start %B
Final %B
Gradient time
Stop time
Flow Rate
Wavelength
Solvent A
Solvent B

Cond.-MD!
Column

Start %B
Final %B
Gradient time
Stop time
Flow Rate
Wavelength
Solvent A
Solvent B

Cond.-M3
Column

Start %B
Final %B
Gradient time

Stop time

=4 mL/min

=220 nim

=(,1% TFA in 10% methanol/90%H,0
=0.1% TFA in 90% methanol/10% H,O

= Phenomenex-Luna 4.6 X 50 mm S10

=0
=100
=3 min
=4 min
=4 mL/min

=220 nm

= (1.1% TFA in 10% methanol/90%H;0
= (0.1% TFA in 90% methanol/10% H,0

= XTERRA 4.6 X 50 mm S5

=0
=100
=3 min
=4 min
= 4 mL/min

=220 nm

=0.1% TFA in 10% methanol/30%H,0
=0.1% TFA in 90% methanol/10% H,0

=XTERRA C18 3.0 X 50 mm S7

=
=40
=2 min

= 3 min
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Condition OL1

Column = Phenomenex-Luna 3.0 X 50 mm S10
Start %B =0

Final %B =100

Gradient time =4 min

Stop time . 5 min

Flow Rate =4 mL/min

Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H;0

Condition OL2

Column = Phenomenex-Luna 50X 2 mm 3 u
Start %B =0

Final %B =100

Gradient time =4 min

Stop time =5 min

Flow Rate = 0.8 mL/min

OvenTemp =40°C
Wavelength =220 nm
Solvent A =(.1% TFA in 10% Acetonitrile/90%H,0

Solvent B =0.1% TFA in 90% Acetonitrile/10% H,0
ConditionI

Column = Phenomenex-Lana 3.0 X 50 mm S10
Start %B =)

Final %B =100

Gradient time = 2 min
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Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0

Solvent B - =0.1% TFA in 90% methanol/10% H,O
Condition II

Column = Phenomenex-Luna 4.6 X 50 mm S10
Start %1 ={)

Final %B =100

Gradient thine =2 min

Stop time =3 min

Flow Rate =5 mL/min

Wavelength =220 nm
Solvent A = ().1% TEA in 10% methanol/90%H,0
Solvent B =0,1% TFA in 90% methanol/10% H,O

Condition III

Column =XTERRA C18 3.0 x 50mm S7
Start %B ={

Final %B = 100

Giradient time = 3 min

Stop time =4 min

Flow Rate =4 mL/min

Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B = ().1% TFA in 90% methanol/10% H,0O

Cap-1

P
- OH

/N‘\
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A suspension of 10% Pd/C (2.0g) in methanol (10 mL) was added to a
mixture of (R)-2-phenylglycine (10g, 66.2 mmol), formaldehyde (33 mL of 37% wt.
in water), 1N HC] (30 mL) and methanol (30 mL), and exposed to H, (60 psi) for 3
hours. The reaction mixture was filtered through diatomaceous earth (Celite®), and
the filtrate was concentrated in vacuo. The resulting crude material was
recrystallized from isopropanol to provide the HCI salt of Cap-1 as a white needle
(4.0 g). Optical rotation: -117.1° [¢=9.95 mg/mL in H;0; A=589 nm]. 'H NMR
(DMSO-dg, 6=2.5 ppm, 500 MHz): 6 7.43-7.34 (m, S5H), 4.14 (s, 1H), 2.43 (s, 6H);
LC (Cond. I): RT=0.25; LC/MS: Anal. Calcd. for [M+H]" CioH14NO; 180.10;
found 180.17; HRMS: Anal. Calcd. for [M+H]" CjoHsNO; 180.1025; found
180.1017.

O
Y "OH
M

NaBH;3CN (6.22g, 94 mmol) was added in portions over a few mintites 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 mlL) was added dropwise over
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 HCI over ~ 45 minutes until the pH of the mixture was ~ 1.5
—2.0. The cooling bath was removed and the stirring was continued while adding
concentrated HCI in order to maintain the pH of the mixture around 1.5-2.0. The
reaction mixture was stirred overnight, filtered to remove the white suspension, and
the filtrate was concentrated in vacuo. The crude material was recrystallized from
ethanol to afford the HC! salt of Cap-2 as a shining white solid in two crops (crop-1:
4.16 g; crop-2: 2.19 ). '"H NMR (DMSO-dg, 5=2.5 ppm, 400 MHz): 10.44 (1.00, br
s, 1H), 7.66 (m, 2H), 7.51 (m, 3H), 5.30 (s, 111}, 3.15 (br m, 2H), 2.98 (br m, 2H),
1.20 (app brs, 6H). Crop-1: [e]* -102.21° (c=0.357, H,0); crop-2: [ct]** -99.7°
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(c=0.357, H,0). LC (Cond. I): RT=0.43 min; LC/MS: Anal. Caled. for [M+H]"
Cle]gNO;z: 208.1 3; found 208.26.

Acetaldehyde (5.0 mL, 89.1 mmol) and a suspension of 10% Pd/C (720 mg)
in methanol/H,0 (4mL/1 mL) was sequentially added to a cooled (~ 15 °C) mixture
of (R)-2-phenylglycine (3.096g, 20.48 mmol), IN ICI (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
H, was replénished 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-d;, 6=2.5 ppm, 400 MHz): 8 14.15 (br s, 1H), 9.55 (br s,
2H), 7.55-7.48 (m, 5H), 2.88 (br m, 1H), 2.73 (br m, 1H), 1.20 (app t, J=7.2, 3H).
LC (Cond. I): RT=0.39 min; >95 % homogeneity index; LC/MS: Anal. Caled. for
[M+H]" CoH;4NO;: 180.10; found 180.18,

A suspension of 10% Pd/C (536 mg) in methanol/H,0 (3 mL/1 mL) was
added to a mixture of (R)-2-(ethylamino)-2-phenylacetic acid/HCI (1.492g, 6.918
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
HC) salt of Cap-3 as a white solid (985 mg). 'H NMR (DMSO-ds, 8=2.5 ppm, 400
MHz): 6 10.48 (br s, 1H), 7.59-7.51 (m, 5H), 5.26 (s, 1H), 3.08 (app br s, 2H), 2.65
(brs, 3H), 1.24 (br m, 3H). LC (Cond. I}: RT=0.39 min; >95 % homogeneity index;
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LC/MS: Anal. Caled. for [M+H]" C{HsNOy: 194.12; found 194.18; HRMS: Anal.
Caled. for [M+H]" CyHgNO,: 194.1180; found 194,1181.

Cap-4

O
Y" "OH

HN\fO

O

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-amine-2-phenylacetate/HCI (9.877
g, 40.52 mmol) and diisopropylethylamine (14.2 mL, 81.52 mmol) over 6 min, and
stirred at similar temperature for 5.5 hours. The volatile component was removed in
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
NaHCO; solution (30 mL), dried (MgSQs), filtered, and concentrated in vacuo. The
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-dg, 5=2.5 ppm, 400 MHz): 7.98 (d, J=8.0, 1H),
7.37-7.29 (m, 5H), 5.09 (d, /=8, 1H), 3.56 (5, 3H), 1.33 (5, 9H). LC (Cond. I):
RT=1.53 min; ~90 % homogeneity index; LC/MS: Anal. Caled. for [M+Na]"
Cy4H9oNNaO,: 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 mi'ﬁture 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
additional 2 hours. The volatile component was removed in vacuo, and the resulting
oil residue was treated with diethyl ether (15 mL) and hexanes (12 mL) to provide a
precipitate. The precipitate was filtered and washed with diethyl 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° [¢=3,7 mg/mL in H;0; A=589 nm). 'H NMR (DMS0-dg,
5=2.5 ppm, 400 MHz): § 12.84 (br s, 1H), 7.96 (4, J=8.3, 1H), 7.41-7.29 (m, 5H),
5.14 (d, /=8.3, 1H), 3.55 (5, 3H). LC (Cond. I): RT=1.01 min; >95 % homogeneity
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index; LC/MS: Anal, Calcd, for [M+H]" C;oH2NO4 210.08; found 210.17; HRMS:
Anal. Caled. for [MAHT' CioH2NO, 210.0766; found 210.0756.

Cap-5

O
~" “OH

N

O

A mixture of (R)- 2-phenylglycine (1.0 g, 6.62 mmol), 1,4-dibromobutane
(1.57 g, 7.27 mmol) and Na,CO; (2.10 g, 19.8 mmol) in ethanol (40 mL) was heated
at 100 °C for 21 hours. The reaction mixture was cooled to ambient temperature and
filtered, and the filtrate was concentrated in 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
white foam (1.0 g). "H NMR (DMSO-dg, §=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
IM+H]" Ci2H)sNOy: 206.12; found 206.25.

Cap-6
PP
v~ “OH
@
Q

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, §=2.5, 500 MHz) & 12.20 (br s, 1H), 7.50 (m, 5H), 4.92 (s, 1H),
3.78 (app br s, 4H), 3.08 (app br s, 2H), 2.81 (app br s, 2H); RT=0.32 minutes (Cond.
I); >98%; LC/MS: Anal. Caled. for [M+H]* C13H;gNO4: 222.11; found 222.20;
HRMS: Anal. Caled. for [M+H]" C)2H;sNOs: 222.1130; found 222.1121.
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Cap-7

0O
OH

N Cap-7a: enantiomer-1
|: j Cap-7b: enantiomer-2
N
|

A CHzCl; (200 mL) solution of p-toluenesulfonyl chloride (8.65 g, 45.4
mmol) was added dropwise 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
temperature between -5 °C and 0 °C. The reaction was stirred at ) °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), 1N HCI (100 mL) and brine (100 mL),
dried (MgSQ,), 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
integrity of the product was not checked and that product was used for the next step
without further purification. "H NMR (DMSO-dg, §=2.5, 500 MHz) & 7.78 (4, J=
8.6, 2H), 7.43-7.29 (m, 10K, 7.20 (m, 2H), 6.12 (s, 1H), 5.16 (d, J=12.5, 1H), 5.10
(d, /=12.5, IH)', 2.39 (s, 3H). RT=3.00 (Cond. TII); >90% homogeneity index;
LC/MS: Anal. Caled. for [M+H]" CoaHaoNaOsS: 419.09; found 419.04.

A THF (75 mL) solution of benzyl 2-phenyi-2-(tosyloxy)acetate (6.0 g, 15.1
mmol), I-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
washed with water and brine, dried (MgSQOy), 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-y1)-2-phenylacetate as an orangish-
brown viscous oil (4.56 g). Chiral FIPLC 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
enantiomers were effected as follow: the product was dissolved in 120 mL of
ethanol/heptane (1:1) and injected (5 mL/injection) on chiral HPLC column (Chiracel
0OJ, 5em ID x 50 cm L, 20 um) eluting with 85:15 Heptane/ethanol at 75 mL/min,
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and monitored at 220 nm. Enantiomer-1 (1.474 g ) and enantiomer-2 (2.2149 g) were
retrieved as viscous oil, 'H NMR (CDCl, 8=7.26, 500 MHz) 7.44-7.40 (m, 2H),
7.33-7.24 (m, 6H), 7.21-7.16 (m, 2H), 5.13 (d, J=12.5, 1H), 5.08 (d, /=12.5, 1H),
4.02 (s, 1H), 2.65-2.38 (app br s, 8H), 2.25 (s, 3H). RT=2.10 (Cond. HI); >98%
homogeneity index; LC/MS: Anal, Caled. for [M+H]+ CaoH25N205: 325.19; found
325.20.

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 1o 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
(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-d(,; 8=2.5, 500 MHz) 8 7.44-7.37 (m, 21), 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);
>90% homogeneity index; LC/MS: Anal. Caled. for [M+H]" CisHyoN,04: 235.14;
found 235.15; HRMS: Anal. Caled. for [M+H]" C)3H,oN,0;: 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-
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,

8a: enantiomer-1
8b: enanfiomer-2

CH
The enantiomeric separation of the intermediate benzyl 2-(4-

hydroxypiperidin-1-yl)-2-phenyl acetate was effected by employing the following
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conditions: the compound (500 mg) was dissolved in ethanol/heptane (5 mL/45 mlL).
The resulting solution was injected (5. mL/injection) on a chiral HPLC column
(Chiracel OJ, 2 em ID x 25 em L, 10 pum) eluting with 80:20 heptane/ethanol at 10
mL/min, monitored at 220 nm, to provide 186.3 mg of enantiomer-1 and 209.1 mg of
enantiomer-2 as Jight-yellow viscous oils. These benzyl ester was hydrogenolysed
according to the preparation of Cap-7 to provide Cap-8: 'H NMR (DMSO-dg, 5=2.5,
500 MHz) 7.40 (d, J=7, 2H), 7.28-7.20 (m, 3H), 3.78 (s 1H), 3.46 (m, 1 H), 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};
>08% homogeneity index; LC/MS: Anal. Caled. for [M+H]" Cj3H1gNO;5: 236.13;
found 236.07; HRMS: Caled. for [M—I—H]+ Ci3HsNO3: 236.1287; found 236.1283,

Cap-9
O
OH
N Oa: 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
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 medivm (10 mI water + 1
mL saturated NaHCOs solution). The organic phase was dried (MgSQy), filtered, and
concentrated in vacuo to provide 92.5 mg of fraction-1 and 59.6 mg of fraction-2.
These benzyl esters were hydrogenolysed according to the preparation of Cap-7 to
prepare Caps 9a and 9b. Cap-9a (diastereomer-1; the sample 1s a TFA salt as a result
of purification on a reverse phase HPLC using HyO/methanol/TFA solvent): '"H NMR
(DMSO-dg, §=2.5, 400 MHz) 7.55-7.48 (m, 5H), 5.38 (d of m, J=53.7, 1H), 5.09 (br
s, 1H), 3.84-2.82 (br m, 41), 2.31-2.09 (m, 2H). RT=0.42 (Cond. 1}; >95%
homogeneity index; LC/MS: Anal. Calcd. for [M+H]" C),HsFNO,: 224.11; found
224.14; Cap-9b (diastereomer-2): 'H NMR (DMSO-ds, 8=2.5, 400 MHz) 7.43-7.21
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{m, SH), 5.19 (d of m, /=55.9, 1H), 3.97 (s, 1H), 2.95-2.43 (m, 4H), 2.19-1.78 (m,
2H). RT=0.44 (Cond. I); LC/MS: Anal. Calcd. for [M+H]" Cy,H15FNO,: 224.11;
found 224.14.

Cap-10
LA
HO :\)
To a solution of D-proline (2.0 g, 17 mmol) and formaldehyde (2.0 mL of
37% wt. in Hy0) ip 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
(DMSO-ds, 6=2.5, 500 MHz) 3.42 (m, 1H), 3.37 (dd, J=9.4, 6.1, 1H), 2.85-2.78 (m,
1H), 2.66 (s, 3H), 2.21-2.13 (m, 1H), 1.93-1.84 (m, 2H), 1.75-1.66 (m, 1H).
RT=0.28 (Cond. 1I); >98% homogeneity index; LC/MS: Anal. Caled. for [M+H]"
CeH)aNO4: 130.09; found 129.96.

A mixture of (28,4R)-4-fluoropyrrolidine-2-carboxylic acid (0.50 g, 3.8
mmol), formaldehyde (0.5 mL of 37% wt. in H,0), 12 N HCL (0.25 mL) and 10%
Pd/C (50 mg) in methanol (20 mL) was stirred under a balloon of hydrogen for 19
hours. The reaction mixture was filtered through diatomaceous earth (Celite®) and
the filtrate was concentrated in vacuwo. The residue was recrystallized from
isopropanol to provide the HCI salt of Cap-11 as a white solid (337.7 mg). '"H NMR
(DMSO-dg, 8=2.5, 500 MHz) 5.39 (d m, J=53.7, 11}, 4.30 (m, 1H), 3.90 (ddd,
J=31.5, 13.5, 4.5, 1H), 3.33 (dd, J=25.6, 13.4, 1H), 2.85 (s, 3H), 2.60-2.51 (m, 1H),
2.39-2.26 (m, 1H). RT=0.28 (Cond. 1I); >98% homogeneity index; LC/MS: Anal.
Caled. for [M+H]" CsH FNO;,: 148.08; found 148.06,
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Cap-12 (same as cap 52)

O
- OYH\_;/U\OH
0o Z
L-Alanine (2.0 g, 22.5 mmol) was dissolved in 10% aqueous sodinm
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
for.4.5 hours and concentrated in vacuo. The resulting white solid was dissolved in
water and acidified with 1N HCl 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;SOy),
filtered, and concentrated iz vacuo to provide a colorless 0il (2.58 g). 500 mg of this
material was purified by a reverse phase HPLC (H;O/methanol/TFA) to provide 150
mg of Cap-12 as a colorless oil . 'H NMR (DMSO-ds, 8=2.5, 500 MHz) 7.44 (d,
J=7.3, 0.8H), 7.10 (br s, 0.2H), 3.97 (m, 1H), 3.53 (s, 3H), 1.25 (d, J=7.3, 3H).

Cap-13
| O

A mixture of L-alanine (2.5 g, 28 mmol), formaldehyde (8.4 g, 37 wt. %), IN
HC1 (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 in vacuo to provide the
HCl salt of Cap-13 as an oil which solidified upon standing under vacuum (4.4 g; the
mass is above theoretical yield). The product was used without further purification.
'H NMR (DMSO-dg, 8=2.5, 500 MHz) & 12.1 (br s, 1H), 4.06 (q, J=7.4, 1H), 2.76 (s,
6H), 1.46 (d, J=7.3, 3H).
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Cap-i4
NH, O
N
CO,t-Bu ! 2 \
2 ©/L0021—Bu - ©/LCOZH
Cap-14

Step 1: A mixture of (R)-(-)-D-phenylglycine tert-butyl ester (3.00 g, 12.3
mmol), NaBHCN (0.773 g, 12.3 mmol), KOH (0.690 g, 12.3 mmol) and acetic acid
(0.352 mL, 6.15 mmo!) were stirred in methanol at 0 °C. To this mixture was added
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 af 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 (MgSQy), filtered and concentrated to
dryness to provide a clear oil. This material was purified by reverse-phase
preparative HPLC (Primesphere C-18, 30 x 100mm; CH;CN-H,0-0.1% TFA) to give
the intermediate ester (2.70 g, 56%) as a clear oil. 'H NMR (400 MHz, CDCl5) &
7.53-7.44 (m, 3H), 7.40-7.37 (m, 2H), 3.87 (d, /=10.9 Hz, 1H), 3.59 (d, /=109 Hz,
1H), 2.99 (t, /=11.2 Hz, 1H), 2.59 (t, J=11.4 Hz, 1H), 2.07-2.02 (m, 2H), 1.82 (d,
J=1.82 Hz, 3H), 1.40 (s, 9H). LC/MS: Anal. Calcd. for C;HzsNO2: 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
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
extraction cai'tridges (2 x 6 g). The cartridges were rinsed with methanol (40 mL)
and then the desired compound was eluted using 2M ammonia in methanol (50 mL).
Product-containing fractions were combined and concentrated and the residue was

taken up in water. Lyophilization of this solution provided the title compound (0.492
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g, 78%) as a light yellow solid. "H NMR (DMSO-dg) § 7.50 (s, SH), 5.13 (s, 1H),
3.09 (br s, 2H), 2.92-2.89 (m, 28), 1.74 (m, 4H), 1.48 (br s, 2H). LC/MS: Anal.
Caled. for Ci3H7NO,: 219; found: 220 (M),

{R)-Cap-15

Step 1. (8)-1-Phenylethyl 2-bromo-2-phenylacetate: To a mixture of -
bromophenylacetic acid (10.75 g, 0.050 mol), (S)-(-)-1-phenylethancl (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
room temperature under Ar for 18 hours and then it was diluted with_ ethyl acetate,
washed (H;0 x 2, brine), dried (Na,SO4), filtered, and concentrated to give a pale
yellow oil. Flash chromatography (SiOy/ 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) & 7.53-7.17 (m, 10H), 5.95 {g, /=-6.6 Hz, 0.5H), 5.94 (q, /=6.6 Hz, 0.5H),
5.41 (s, 0.5H), 5.39 (s, 0.5H), 1.58 (d, J=6.6 Hz, 1.5H), 1.51 (d,J=6.6 Hz, 1.5H).

Step 2. (S)-1-Phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-yl)- 2-
phenylacetate: To a solution of (8)-1-phenylethy! 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
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 {cil bath
temperature) fdr 4 hours. The cooled reaction mixture was then diluted with ethyl
acetate (30 mL), washed (H;0 x2, brine), dried (MgSQO,), filtered and concentrated.
The residue was purified by silica gel chromatography (0-60% ethyl acetate-hexane)
to provide first the (S,R)-isomer of the title compound (0.306 g, 60%) as a white
solid and then the corresponding (S,S)-isomer (0.120 g, 23%), also as a white solid.
(8,R)-isomer: '"H NMR (CD;0OD) 5 7.51-7.45 (m, 2H), 7.41-7.25 (m, 8H), 5.85 (q,
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J=6.6 Hz, 1H), 4.05 (s, 1H), 2.56-2.45 (m, 2H1), 2.41-2.29 (m, 2H), 1.71-1.49 (m,
4H), 1.38 (d, J=6.6 Hz, 3H), 1.18 (s, 3H), LCMS: Anal. Caled. for C;oHz7NO;:
353; found: 354 (M+H)". (8,S)-isomer: ' NMR (CD;0D) 6 7.41-7.30 (m, 5H),
7.20-7.14 (m, 3H), 7.06-7.00 (m, 2H), 5.85 (q, /=6.6 Hz, 1H), 4.06 (5, 1H), 2.70-2.60
(m, 1H), 2.51 (dt, /=6.6, 3.3 Hz, 1H), 2.44-2.31 (m, 2H), 1.75-1.65 (m, 1H), 1.65-
1.54 (m, 3H), 1.50 (d, J=6.8 Hz, 3H), 1.20 (s, 3H). LCMS: Anal. Calcd. for
CaHyNO3: 353; found: 354 (M+H)".

Step 3: (R)-2-(4-Hydroxy-4-methylpiperidin-1-yl)-2-phenylacetic acid: Toa
solution of (8)-1-phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-y1)-2-
phenylacetate (0.185 g, 0.52 mmol) in dichloromethane (3 mL) was added
trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 2
hours. The volatiles were subsequently removed in vacuo and the residue was
purified by reverse-phase preparative HPLC (Primesphere C-18, 20 x 100mm:;
CHgCN-HzO'—O.l% TFA) to give the title compound (as TFA salt) as a pale bluish
solid (0,128 g, 98%). LCMS: Anal. Caled. for Ci4H;sNO;: 249; found: 250
(M+H),

Cap-16
o ; O Me *
oH T 70 — o o
A O R
(R)-Cap-16

Step 1: (S)-1-Phenylethy! 2-(2-fluorophenyl)acetate: A mixture of 2-
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
separated and the aqueous layer back-extracted with ethyl acetate (2x). The
combined organic phases were washed (H,O, brine), dried (Na;SQy), filtered, and
concentrated in vacuo. The residue was purified by silica gel chromatography

(Biotage/ (-20% ethyl acetate-hexane) to provide the title compound as a colorless oil
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(8.38 g, 92%). "H NMR (400 MHz, CD;0D) § 7.32-7.23 (m, 7H), 7.10-7.04 (m, 2),
5.85 (g, /=6.5 Hz, 1H), 3.71 (s, 2H), 1.48 (d, J=6.5 Hz, 311).

Step 2. (R)-({S)-1-Phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-ylacetate:
To a solution of (S)-1-phenylethyl 2-(2-fluorophenyl)acetate (5.00 g, 19.4 mmol) in
THF {1200 mL). at 0 °C was added DBU (6.19 g, 40.7 mmol) and the solution was
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.
NH,ClI and the Jayers were separated. The aqueouns layer was back-extracted with
ethyl acetate (2x) and the combined organic phases were washed (H,0, brine), dried
(N2a;S03), ﬁltéred, and concentrated in vacuo. To the residue was added piperidine
(5.73 mL, 58.1 munol) 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 chrométography (Biotage/ 0-30% dicthyl ether-hexane) to provide a pure mixture
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,0OD) 6 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
(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, /=6.6 Hz, 3H). LCMS: Anal. Calcd. for
Cil124FNO,: 341; found: 342 (M+H)".

Step 3: (R)-2-(2-fluorophenyl}-2-(piperidin-1-yl)acetic acid: A mixiure of
(R)-((S)-1-phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate (0,737 g, 2.16
mmol) and 20% Pd(OH),/C (0.070 g) in ethano! (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 earth (Celite®), and concentrated
in vacuo. This provided the title compound as a colorless solid (0.503 g, 98%). 'H
NMR (400 MHz, CD;0D) & 7.65 (ddd, J=9.1, 7.6, 1.5 Hz, 1H), 7.47-7.53 (m, 1H),
7.21-7.30 (m, 2H), 3.07-3.13 (m, 4H), 1.84 (br 5, 4H), 1.62 (br s, 2H). LCMS: Anal.
Caled. for Cy3H)sFNQ;: 237; found: 238 (M+H)".
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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),
followed by tetrabutylammonium iodide (0.347 g, 0.94 mmol). The reaction mixture
was stirred at room temperature for § 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 (11,0
X2, brine), dried (MgSO,), filtered and concentrated. The residue was purified on a
silica gel column (0-60% ethyl acetate-hexane) to provide an approximately 2:1
mixture of diéstereomers, as judged by '"H NMR. Separation of these isomers was
performed using supercritical fluid chromatography {Chiralcel QI-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%),
also as a yellow oil. (S,R)-isomer: 'H NMR (400 MHz, CD30D) & 7.55-7.47 (m,
4H), 7.44-7.25 (m, 10H), 7.25-7.17 (m, 1H), 5.88 (q, J=6.6 Hz, 1H), 4.12 (s, 111),
2.82-2.72 (m, 1H), 2.64 (dt, /=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, /=12.1, 4.6 Hz, 1H), 2.10 (dt, J=12.1, 4.6 Hz, 1H),
1.72-1.57 (m, 2H), 1.53 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd. for Cy7H3oNOx:
415; found: 416 (M+H)"; (8,S)-isomer: H'NMR (400 MHz, CD3;0D) § 7.55-7.48
(m, 2H), 7.45-7.39 (m, 2H), 7.38-7.30 (m, 5H), 7.25-7.13 (m, 4H), 7.08-7.00 (m,
2H), 5.88 (q, J/=6.6 Hz, 1H), 4.12 (s, 1H), 2.95-2.85 (m, 1H), 2.68 (di, 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,
1H), 2.12 (dt, J=12.1, 4.6 Hz, 1H), 1.73 (dd, J=13.6, 3.0 Hz, 1H), 1.64 (dd, J=13.6,
3.0 Hz, 1H), 1.40 (d, /=6.6 Hz, 3H). LCMS: Anal. Calcd. for Cy7HzoNOs: 415;
found: 416 (M+H)".
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The following esters were prepared in similar fashion:

Intermediate-17a

OYOVQ

N

)
o

Diastereomer 1: '"H NMR
(500 MHz, DMSO-dg) 8
ppm 1,36 (d, J/=6.41 Hz,
3H) 2.23-2.51 (m, 4H)
3.35 (s, 4H) 4.25 (s, 1H)
5.05 (s, 2H) 5.82 (d,
J=6.71 Hz, 1H) 7.15-7.52
{m, 15H).

LCMS: Anal, Caled. for:
CasHyoN,04 458.22;
Found; 459.44 (M+H)".

Diastereomer 2: 'H NMR
(500 MHz, DMSO-dg) &
ppm 1.45 (d, /=6.71 Hz,
3H) 2.27-2.44 (m, 4H)
3.39 (s,4H)4.23 (s, 1H)
5.06 (s, 2H) 5.83 (4,
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. Caled. for:
CogH30N204 458.22;
Found: 459.44 (M+H)".

Intermediate -17b

Diasteromer 1: RT.11.76
minutes (Cond’n IT);
LCMS: Anal. Caled. for:
CaoH2,N,03 338.16
Found: 339.39 (M+H)";

Diastereomer 2:
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RT=10.05 minutes

(Cond’n IT); LCMS: Anal.
Caled. for: ConzzNzo;;
338.16; Found: 339.39

M+H)".

Intermediate -17¢

Diastereomer 1: Tg=4.55
minutes (Cond’n I);
I.CMS: Anal. Caled. for:
Cail126N,0, 338.20
Found: 339.45 (M+H)":
Diastereomer 2: Tp=6.00
minutes (Cond’n I);
LCMS: Anal. Calcd. for:
CaHagN2O, 338.20
Found: 339.45 (M+H)".

Intermediate -17d

:
2

Diastereomer 1: RT.7.19
minutes (Cond’n I);
LCMS: Anal. Caled. for:
Ca7H2oNO; 399.22
Found: 400.48 (M+H)";
Diastereomer 2: RT=9.76
minutes (Cond’'n D);
LCMS: Anal, Caled. for:
C27HzoNO; 399.22
Found: 400.48 (M+H)",

Chiral SFC Conditions for determining retention time

Condition [

Column: Chiralpak AD-H Column, 4.62x50 mm, 5um

Solvents: 90% CO2-10% methanol with 0.1%DEA

Temp: 35°C

Pressure: 150 bar

50

61(



WO 20104096302

10

15

20

Flow rate: 2.0 mL/min.
UV monitored @ 220 nm

Injection: 1.0 mg/3mL methanol

Condition II

Column: Chiralcel OD-H Column, 4.62x50 mm, Spum
Solvents: 90% CO2-10% methanol with 0.1%DEA
Temp: 35 °C

Pressure: 150 bar

Flow rate: 2.0 mL/min.

UV monitored @ 220 nm

Injection: 1.0 mg/mL methanol

PCT/US2010/023582

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

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

phenylacetate (0.350 g, 0.84 mmol) in dichloromethane (5 mL) was added

triflucroacetic acid (1 mL) and the mixture was stirred at room temperature for 2

hours. The volatiles were subsequently removed /n 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 white solid

(0.230 g, 88%). LCMS: Anal, Caled. for C1gHaNOs: 311.15; found: 312 (M+H)".

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

fashion:

Cup-17a OYO \/@
®

- OH
Q

RT-2.21 (Cond’'n II);
'H NMR (500 MHz,
DMSO-ds) & ppm 2.20-
2.35 (m, 2H) 2.34-2.47
(m, 2H) 3.37 (s, 4H)
3.71 (s, 1H) 5.06 (s,
2H) 7.06-7.53 (m,
10H). LCMS: Anal,
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Caled, for: CaeHzN:0,
354.16; Found: 355.38

M+H)".

Cap-17b

ZT

FAEA
\—<O

*

RT.0.27 (Cond’n I1I);
LCMS: Anal. Calcd.
for: CioH14N2O4
234.10; Found: 235.22
M+

Cap-17¢

O
o
X

N/

OH

RT.0.48 (Cond’n II);
LCMS: Anal. Caled.
for: Cy3HisN20,
234.14; Found: 235.31
(M+H)".

Cap-17d

OoH

3

RT-231 (Condn T);
LCMS: Anal. Caled.
for: CoH; WO, 295.16;
Found: 296.33 (M+11)",

LCMS Conditions for determining retention time

Condition I
5  Column: Phenomenex-Luna 4.6 X 50 mm S10

Start % B=0
Fianl % B=100
Gradient Time=4 min
Flow Rate=4 mL/min

10 Wavelength=220
Solvent A=10% methanol — 90% H,0 - 0.1% TFA
Solvent B=90% methanol — 10% H,0 - 0.1% TFA
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Condition II

Column; Waters-Sunfire 4.6 X 50 mm S5

Start % B=0

Fianl % B=100

Gradient Time=2 min

Flow Rate=4 mL/min

Wavelength=220

Solvent A=10% methanol — 90% H,0 - 0.1% TTA
Solvent B=00% methanol — 10% H,0 - 0.1% TFA

Condition 11T

Colurnn: Phenomenex 1011 3.0 X 50 mm

Start % B=0

Fianl % B=100

Gradient Time=2 min

Flow Rate=4 mL/min

Wavelength=220

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

Cap-18
X . SN N
¢ 3
N 2 N OEt N OH
N O Nod 0O Ne.s O

AL X=H C cap-18
1
B: X=8r

Step 1; (R,S)-Ethyl 2-{4-pyridyl)-2-bromoacetate: To a solution of ethyl 4-
pyridylacetate (1.00 g, 6.05 mmol) in dry THF (150 mL) at 0 °C under argon was
added DBU (0.99 mL, 6.66 mmol). The reaction mixture was allowed to warm to
room temperature over 30 minutes and then it was cooled to -78 °C. To this mixture

was added CBr4 (2.21 g, 6.66 mmol) and stirring was continued at -78 °C for 2 hours.
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The reaction mixture was then quenched with sat. aq. NH4Cl and the phases were
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 (Si0,/ hexane-ethyl acetate, 1:1) to provide the title compound (1.40
g, 95%) as a somewhat unstable yellow oil. "H NMR (400 MHz, CDCl3) & 8.62 (dd,
J=4.6, 1.8 Hz, 2H), 7.45 (dd, J=4.6, 1.8 Hz, 2H), 5.24 (s, 1H), 4.21-4.29 (m, 2H),
1.28 (t, J=7.1 Hz, 3H). LCMS: Anal. Calcd. for CoH1oBrNO;: 242, 244; found:
243, 245 (M+)".

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
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 Si0; column; 50%-100% ethyl acetate-hexane) to
provide the title compound (0.539 g, 31%) as a light yellow oil. 'H NMR (400 MHz,
CDCl3) & 8.58 (d, /=6.0 Hz, 2H), 7.36 (d, /=6.0 Hz, 211), 4.17 (m, 2H), 3.92 (s, 1H),
2.27 (s, 6H), 1.22 (1, J=7.0 Hz). LCMS: Anal. Caled. for C;iH;gN2O5: 208; found:
209 (M+H)".

Step 3; (R,S)-2-(4-Pyridy})-2-(N,N-dimethylamino)acetic acid: To a solution
of (R,S)-ethyl 2-(4-pyridy])-2-(N,N-dimethylamino)acetate (0.200 g, 0.960 mmol) in
a mixture of THF-methanol-H,0 (1:1:1, 6 mL) was added powdered LiOH (0.120 g,
4.99 mmol) at room temperature. The solution was stirred for 3 hours and then it was
acidified to pH 6 using 1N HC]. The aqueous phase was washed with ethyl acetate
and then it was lyophilized to give the dihydrochloride of the title compound as a
yellow solid (containing LiCl). The product was used as such in subsequent steps.

'H NMR (400 MHz, DMSO-d;) & 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 vsing the method

described above;

NMe, LCMS: Anal. Calcd. for

Cap-IQ m)\COQH C9H12N202: ]80', found; 181
N (M+H)".
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LCMS: no ionization, 'H NMR
(400 MHz, CD;0OD) 5 8.55 (d,
NMe,
Cap-20 S ot J=4.3 Hz, 1H), 7.84 (app t,
| N J=5.3 Hz, 1H), 7.61 (d, /=7.8
Hz, 1H), 7.37 (app t, /=5.3 Hz,
1H), 4.35 (s, 1H), 2.60 (s, 6H).
NMe, L.LCMS: Anal. Caled. for
Cap-21 | = CO,H CoH,)CIN202: 214, 216; found:
o N 215, 217 (M+1)".
NMe; I.CMS: Anal. Caled. for
Cap-22 @ACOZH CyoH 12N:04: 224: found: 225
O,N (M-+H)".
ez LCMS: Anal. Caled. for
Cap-23 O coH C14H,sNOy: 229; found: 230
O (M+H)".
NMe, LLCMS: Anal. Calcd. for
Cap-24 F:30©(kcoz|-| C\B2FaNO4: 247; found: 248
(M+H)".
NMe; LCMS: Anal. Caled. for
Cap-25 d\cozH CyH12F5NO,: 247; found: 248
CFy (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-26 @\/LcozH C1oH12FNO,: 197; found: 198
F (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-27 F@/kcozH C1oH12FNO,: 247; found: 248
| (M+H)".
Nie, LCMS: Anal. Calcd. for
Cap-28 CI\©/J\002H C16H12CINO,: 213; found: 214
(M+H)",
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MegN/\n/OEt
.0

A

D e
M82

B

56

NT™ NT™
! - I -
1 2
Et ——
N © MEzN OH
0 G

NMe, I.CMS: Anal, Caled. for
Cap-29 d\co?ﬁ CoH1CINO;,: 213; found: 214
ct (M+H)".
NMe; ILCMS: Anal. Caled. for
Cap-30 /@A COH CoH2CINO;: 213; found: 214
Cl (M+H)*.
NMe, LCMS: Anal. Caled. for
Cap-31 s’ﬁ)\ CO,H CeH12N;0,8: 200; found: 201
7 sy
NMe, LCMS: Anal. Caled. for
Cap-32 C‘)\COZH CgH1NO3S: 185; found: 186
S (M+H)",
NMe; LCMS: Anal. Caled. for
C’ap—3'3 S@)\CO H CsH | 1NO,S: 185; found: 186
= (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-34 Q\;T/LC%H C1iHjaN,04: 220; found: 221
oM (M+H)".
NMe; LCMS: Anal. Caled. for
Cap-35 %)\COEH CpH13NO,S: 235; found: 236
S (M+H)".
NMes LCMS: Anal. Calcd. for
Cap-36 _{NI:(LCOZH C12H14N20,8: 250; found: 251
S (M+H)*.
Cap-37

« HCI

cap-37

3
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Step 1; (R,S)-Ethyl 2-(quinolin-3-yl)-2-(N,N-dimethylamino)-acctate: A
mixture of ethyl N,N-dimethylaminoacetate (0.462 g, 3.54 mmol), K;PO4 (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
5 100 °C for 12 hours, after which it was cooled to room temperature and poured into
H,0. The mixture was extracted with ethy! acetate (2x) and the combined organic
phases were washed (H,0, brine), dried (Na;SOy), filtered, and concentrated in
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

10 chromatography (SiO./ hexane-ethy] acetate, 1:1) fo provide the title compound
(0.128 g, 17%) as an orange oil. 'H NMR (400 MHz, CDCl3) § 8.90 (d, J=2.0 Hz,
1H), 8.32 (d, J=2.0 Hz, 1H), 8.03-8.01 (i, 2H), 7.77 (ddd, ./=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, 2I), 2.22 (s, 6H), 1.15 (t,
J=7.0 Hz, 3H). LCMS: Anal. Caled. for CysH,eN,02: 258; found: 259 (M+H)",

15 Step 2; (R,S) 2-(Quinolin-3-yl)-2-(N,N-dimethylamino)acetic acid: A
mixture of (R,S)-ethyl 2-(quinolin-3-yD)-2-(N,N-dimethylamino)acetate (0.122 g,
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,
>100%) as a light yellow foam. The unpurified material was used in subsequent

20 steps without further purification. [.LCMS: Anal. Calced. for Ci3H4N,O2: 230;
found; 231 (M+H)".

Cap-38
g Me
0
; e ‘o’l\© WOH
0 i FNC , Lol
OH + —_— . -
F NR'R? @\)o\ Me
. O
) SRS QL
B Cap-38
25 Step 1, (R)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate

and (8)-({8)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenylacetate; To a
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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-phenylethanct (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 i
vacuo and the residue partitioned with ethyl acetate-H;0. The layers were separated,
the aqueous layer was back-extracted with ethyl acetate (2x) and the combined
organic phases were washed (H;0, brine), dried (Na,SOy), 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; CH;CN-H,0-
0.1% TFA) to give first (S)-1-phenethy! (R)-2-(dimethylamino)-2-(2-
fluorophenyl)acetate (0.501 g, 13%) and then (8)-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, 21), 7.28-7.34 (m, 5H), 6.04 (q, J=6.5 Hz,
1H), 5.60 (s, 1H), 2.84 (s, 6H), 1.43 (d, /=6.5 Hz, 3H). LCMS: Anal. Calcd. for
CysHFNO,: 301; found: 302 (M+H)"; (8,S)-isomer: TH 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, J=6.5
Hz, 1H), 5.60 (s, 1H), 2.88 (s, 6H), 1.54 (d, /=6.5 Hz, 3H). LCMS: Anal. Calcd.
for CigH30FNO2: 301; found: 302 (M+I-I)+.

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
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
(s, [H), 2.86 (s, 6H). LCMS: Anal. Caled. for CoH12FNO;: 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.
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Cap-39

Cl NH,

¢t N7
oH _ OH
o) s)

¢ap-39

A mixture of (R)-(2-chlorophenyl)glycine (0.300 g, 1.62 mmot),
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,
balloon) for 4 hours. The solution was then purged with Ar, filtered through
diatomaceous earth (Celite®) and concentrated in vacto. The residue was purified by
reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH,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,
CD;0D) & 7.59-7.65 (m, 2H), 7.45-7.53 (m, 2H), 5.40 (s, 1H), 2.87 (s, 6H). LCMS:
Anal. Caled. for CoH3CINO,: 213; found: 214 (M+H)".

Cap-40
O
Cl  NH, Cl HNJ\O”
OH OoH
o 0O
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
{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. HCI (2.5 mL). The mixture was
extracted with ethyl acetate (2x) and the combined organic phase was washed (H.0,
bring), dried (Na,SO4), filtered, and concentrated in vacuo to give the title compound
(R)-2-(methoxycarbonylamino)-2-(2-chlorophenylacetic acid as a yellow-orange
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. Caled. for CioH;oCINO4:
243; found: 244 (M-+FH)".
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Cap-41
(S
Cl N\)
O O
OH — OH
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
5  slirred 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
the residue was purified by silica gel chromatography (Biotage/ 0-10% methanol-
CH,Cly) 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),
10 7.29-7.33 (m, 1H), 4.24 (s, 2H), 3.83 (br s, 4I1), 3.68 (s, 2H), 3.14 (br s, 4H). LCMS:
Anal. Caled. - for C3H7NO;3: 235; found: 236 (M+H)+.

The following examples were similarly prepared using the method described
for Cap-41:

LCMS: Anal. Caled. for

()
Cap-42 O C14H19NOy: 233; found:
OH 234 (M+H)".
»

LCMS: Anal. Caled. for

Cap-43 O C13H17;NO;: 219; found:
OH 220 (M+H)",
Me
N<Me LCMS: Anal. Calod. for
Cap-44 o C1H5sNO,: 193; found:
OH 194 (M+H)*.
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LCMS: Anal. Caled. for

' (\NMe
N
Cap-45 0 C14H20N,05: 248; found:
OH 249 (M+H)".

Cap-45a
=0 0
NH; HN._O
+ 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
was quenched by addition of H,O (5 mL) and the resulting precipitate was filtered,
washed with HzO and n-hexanes, and dried under vacuum. (R)-2-(3-methylureido)-
2-p11enylacct{c acid (1.5 g; 82 %).was recovered as a white solid and it was used
without further purification. "H NMR (500 MHz, DMSO-dg) & ppm 2.54 (d, /=4.88
Hz, 3H) 5.17 (d, J=7.93 Hz, 1H) 5.95 (q, /=4.48 Hz, 1H) 6.66 (d, J=7.93 Hz, 1H)
7.26-7.38 (m, SH) 12.67 (s, 1H). LCMS: Anal. Caled. for CyoH2N;0; 208.08
found 209.121 (M+H)"; HPLC Phenomenex C-18 3.0 X 46 mm, 0 to 100% B over 2
minutes, 1 minute hold time, A=90% water, 10% methanol, 0.1% TFA, B=10%
water, 90% methanol, 0.1% TFA, RT=1.38 min, 90% homogeneity index.

Cap-46

: : O

NH, HN._.O
+ pTsOH salt rNH
cap-46
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The desired product was prepared according to the method described for Cap-
45a. "H NMR (500 Mz, DMSO-dg) & ppm 0.96 (t, J/=7.17 Hz, 3H) 2.94-3.05 (mm,
2H) 5.17 (d, J=7.93 Hz, 1H) 6.05 (t, /=5.19 Hz, 1H) 6.60 (d, J=7.63 Hz, 1H) 7.26-
7.38 (m, SH) 12.68 (s, I1H). LCMS: Anal. Caled. for Cy(H4N,O3 222,10 found
223.15 (M+H)". HPLC XTERRA C-18 3.0 X 506 mm, ( to 100% B over 2 minutes,
1 minute hold time, A=90% water, 10% methanol, 0.2% H3PO4, B=10% water, 90%
methanol, 0.2% H3PO4, RT=0.87 min, 90% homogenecity index.

Cap-47
@J& 1 e QL
z & = 0 = 0
NH, Hﬂ\fo HNYO
A /N\ /N\
B Cap-47

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 mi., 10.25 mmol) in DMF (40 m1} was added dimethylcarbamoyl
chloride (0.38 mL, 4.18 mmol) dropwise over 10 minutes. After stirring at room
temperature for 3 hours, the reaction was concentrated under reduced pressure and
the resulting residue was dissolved in ethy! acetate. The organic layer was washed
with H,G, 1N aq. HCI and brine, dried (MgSOy), filtered and concentrated under
reduced pressure. (R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate was
obtained as a white solid ( 0.86 g; 75%) and used without further purification. 'H

NMR (500 MHz, DMSO-dg) 3 ppm 1.33 (s, 9H) 2.82 (s, 6H) 5.17 (d, J=7.63 Hz, 1H)

6.55 (d, J=7.32 Hz, 1H) 7.24-7.41 (m, 5H). LCMS: Anal. Calcd. for CysH2aN,0,
278.16 found 279.23 (M+H)"; HPLC Phenomenex LUNA C-18 4.6 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=2.26 min, 97% homogeneity
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
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stirred at 1t 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,
DMSO0-dg)  ppm 2.82 (s, 6H) 5.22 (d, J=7.32 Hz, 1H) 6.58 (d, J=7.32 Hz, 1H) 7.28
(t, J/=7.17 Hz, 1H) 7.33 (t, J=7.32 Hz, 2H) 7.38-7.43 (m, 2I1T) 12.65 (s, I1). LCMS:
Anal. Calcd. for C)1H14N205: 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% H;3P04, B=10% water, 90% methanol, 0.2% H3PO4, RT=0.75

min, 93% homogeneity index.

Cap-48
= 0 T 0 7 0
NH, HN\]’O HN.__O
B Cap-48

Step I; (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate: To a stirred
solution of (R)-2-amino-2-phenylacetic acid hydrochloride (1.0 g, 4.10 mmol) and
Hunig’s base (1.0 mL, 6.15 mmol) in DMF (15 mL) was added cyclopentyl
isocyanate (0.46 ml., 4.10 mmol) dropwise and over 10 minutes. After stirring at
room temperature for 3 hours, the reaction was concentrated under reduced pressure
and the resulting residue was traken up in ethyl acetate. The organic layer was
washed with H;O and brine, dried (MgS0.,), filtered, and concentrated under reduced
pressure. (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate was obtained as an
opaque oil (1.32 g; 100 %) and used without further purification, 'H NMR (500
MHz, CD;ClI-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, SH). LCMS: Anal. Calcd. for C3gHzN;0;
318.19 found 319.21 (M+H)"; HPLC XTERRA C-18 3.0 x 50 mm, 0 to 100% I3
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.
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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 resuiting solution was stirred at room temperature for 6 hours, The
volatile components were removed under reduced pressure and the crude product was
recrystallized in ethyl acetate/pentanes to yield (R)-2-(3-cyclopentylureido)-2-
phenylacetic acid as a white solid {0.69 g, 64%). 'H NMR (500 MHz, DMSO-dg) &
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, /=7.32 Hz, 1H) 6.48 (d, J/=7.93 Hz,
1H) 7.24-7.40 (m, 5H) 12.73 (s, 1H). LCMS: Anal. Caled. for C)4H;gN,05: 262.31;
found: 263.15 (M+H)". HPLC XTERRA C-18 3.0 X 50 mm, 0 to 100% B over 2
minutes, I minute hold time, A=20% water, 10% methanol, 0.2% HiPO,, B=10%
water, 90% methanol, 0.2% H;PO4, RT=1.24 min, 100% homogeneity index.

Cap-49

oY — oy

cap-49

To a stirred solution of 2-(benzylamino)acetic acid (2.0 g, 12.1 nunol) in
formic acid (91 mL) was added formaldehyde (6.94 mL, 93.2 mmol). After five
hours at 70 °C, the reaction mixture was concentrated under reduced pressure to 20
mL and a white solid precipitated. Following filtration, the mother liquors were
collected and further concentrated under reduced pressure providing the crude
product. Purification by reverse-phase preparative HPLC (Xterra 30 X 100 mm,
detection at 220 nm, flow rate 35 mL/min, 0 to 35% B over 8 min; A= 90% water, 10
% methanol, 0.1% TFA, B=10% water, 50 % methanol, 0.1% TFA) provided the title
compound 2-(benzyl(methyl)-amino)acetic acid as its TFA salt (723 mg, 33%) as a
colorless wax. 'H NMR (300 MHz, DMSO-dg) 5 ppm 2.75 (s, 3H) 4.04 (s, 2H) 4.34

(s, 2H) 7.29-7.68 (in, SH). LCMS: Anal. Calcd. for: CoHsNO; 179.09; Found:
180.20 (M+HY".
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Cap-50

R g

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;CO; (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
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(mcthﬂ)amino)-ﬁi-methylbutanoic acid, TFA salt (126 mg, 19%) as a
colorless wax., 'H NMR (500 MHz, DMSO-dg) § 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 (i, 5H).
LCMS: Anal. Calcd. for: Ci3HsNO, 221.14; Found: 222.28 (M+H)".

Cap-51
b0
7o

NayCO; (1.83g, 17.2 mmol) was added to NaOH (33 mL of IM/H,0, 33
mmol) solution of L-valine (3.9 g, 33.29 mmol) and the resulting solution was cooled
with ice-water bath. Methyl chloroformate (2.8 L, 36.1 mmol) was added dropwise
over 15 min, the cooling bath was removed and the reaction mixture was stirred at
ambient temperature for 3.25 hr. The reaction mixture was washed with ether (50
mL, 3x), and the aqueous phase was cooled with ice-water bath and acidified with
concentrated IICI to a pH region of 1-2, and extracted with CH;Cl, (50 mL, 3x). The
organic phase was dried (MgSQ4) 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
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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). BRMS: Anal. Caled. for [M+H]" C;H4NO4: 176.0923;

found 176.0922.
5 Cap 51 (alternate route).
o ¢
H,N o} 0
A O R Y
O-Bu O-1Bu \(\gH

DIEA (137.5 mL, 0.766 mol) was added to a suspension of (S)-fert-butyl 2-
amino-3-methylbutanoate hydrochloride (75.0 g, 0.357 mol) in THF (900 mL), and the
mixture was cooled to 0 °C (ice/water bath). Methyl chloroformate (29.0 mL, 0.375

10 mol) was added dropwise over 45 min, the cooling bath was removed and the
heterogeneous mixture was stirred at ambient temperature for 3 h. The solvent was
removed under diminished pressure and the residue partitioned between EtOAc and
water (1 I each). The organic layer was washed with H,O (1 L) and brine (1 L), dried
(MgSOQy), filtered and concentrated under diminished pressure. The crude material was

15 passed through a'plug of silica gel (1 kg), eluting with hexanes (4 L) and 15:85
EtOAc/hexanes (4 L) to afford (S)-tert-butyl 2-(methoxycarbonylamino)-3-
methylbutanoate as a clear oil (82.0 g, 99% yield). 'H-NMR (500 MHz, DMSO-ds, 8 =
2.5 ppm) 7.34 (d, J= 8.6, 1 H), 3.77 (dd, /= 8.6, 6.1, 1 H), 3.53 (5,3 H), 1.94 - 2.05
(m, 1 H), 1.39_(3, 9 H), 0.83 - 0.92 (m, 6 H). C-NMR (126 MHz, DMSO-ds, & =39.2

20 ppm) 170.92, 156.84, 80.38, 60.00, 51.34, 29.76, 27.62, 18.92, 17.95. LC/MS:
[M+Na]" 254.17,

Trifluoroacetic acid (343 mL, 4.62 mol) and Et;SiH (142 mL, 0.887 mol) were
added sequentially to a solution of (S)-tert-butyl 2-(methoxycarbonylamino)-3-
methylbutanoate (82.0 g, 0.355 mol) in CH,Cl; (675 mL), and the mixture was stirred

25  at ambient temperature for 4 h. The volatile component was removed under
diminished pressure and the resultant oil triturated with petroleum ether (600 mL) to
afford a white solid, which was filtered and washed with hexanes (500 mL) and
petroleum ether (500 mL). Recrystallization from EtOAc/petroleum ether afforded
Cap-51 as white flaky crystals (54.8 g, 88 % yield). MP = 108.5-109.5 °C. 'H NMR
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(500 MHz, DMSO-dg, 6 = 2.5 ppm) 12.52 (s, 1 H), 7.31 (d, J=8.6, 1 H), 3.83 (dd, /=
8.6, 6.1, 1 H), 3.53 (s, 3 H), 1.94 - 2.07 (m, 1 H), 0.86 (dd, J=8.9,7.0, 6 H). *C NMR
(126 MHz, DMSO-de, 6 = 39.2 ppm) 173.30, 156.94, 59.48, 51.37, 29.52, 19.15, 17.98.
LC/MS: [M+H]"=176.11, Anal. Caled. for CsH;3sNOq: C, 47.99; H, 7.48: N, 7.99.
Found: C, 48.17; H, 7.55; N, 7.99. Optical Rotation: {&] p=-4.16 (12.02 mg/mL;
MeOH). Optical purity: >99.5 % ee. Note: the optical purity assessment was made on
the methyl ester derivative of Cap-51, which was prepared under a standard TMSCHN,
(benzene/MeOH) esterification protocol. HPLC analytical conditions: column,
ChiralPak AD-H (4.6 x 250mm, Sum); solvent, 95% heptane / 5% IPA (isocratic); flow
rate, 1 mL/min; temperature, 35 °C; UV monitored at 205 nm.

[Note: Cap 51 could also be purchased from Flamm.]

Cap-52 (Same as Cap-12)
l
Y9
HN, H\ o
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
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, 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 (i, 1H), 3.53 (s, 3H),
1.25 (d, J=7.3, 3H).

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.

Cap Structure Data
Cap-53a: 'H NMR (DMSO-ds, § = 2.5 ppm, 500
R) ho 0 MHz): §12.51 (br s, 1H), 7.4 (d, J = 7.9,

Cap-53b: /O\H/N\iLOH 0.9H), 7.06 (app s, 0.1H), 3.86-3.82 (m,
(8) © 1H), 3.53 (s, 3H), 1.75-1.67 (m, 1H), 1.62-

1.54 (m, 1HD), 0.88 (d, J =73, 3H). RT =
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0.77 minutes (Cond. 2}; LC/MS: Anal.
Caled. for [M+Na]" CsH||NNaQy : 184.06;
found 184.07. HRMS Calcd. for [M+Na]"
CsH,1NNaQ,: 184.0586; found 184.0592.

Cap-54a:
(R)
Cap-54b:
(S)

"H NMR (DMSO0-dg, 8= 2.5 ppm, 500
MHz): § 12.48 (s, 1H), 7.58 (d, J = 7.6,
0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H),
3.36-3.33 (m, 1H), 1.10-1.01 (m, 1H),
0.54-0.49 (m, 1H), 0.46-0.40 (m, 1H),
0.39-0.35 (m, 1H), 0.31-0.21 (m, 1H).
HRMS Calcd. for [M—i—H]+ CqH1aNOg:
174.0766; found 174.0771

Cap-55

"H NMR (DMSO-ds, 8= 2.5 ppm, 500
MHz): 8§ 12.62 (s, 1H), 7.42 (d, J = 8.2,
0.9H), 7.07 (app s, 0.1H), 5.80-5.72 (m,
1H), 5.10 (d,J =17.1, 1H), 5.04 (4, 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
MHz): §12.75 (s, 1H), 7.38 (4, J = 8.3,
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).

Cap-57

"M NMR (DMSO-dg, 8 =2.5 ppm, 500
MHz): § 12.50 (s, 1H), 8.02 (d, J = 7.7,
0.08H), 7.40 (d, J = 7.9, 0.76H), 7.19 (d, J
= 8.2, 0.07H), 7.07 (d, J = 6.7, 0.09H),
4.21-4.12 (m, 0.08H), 4.06-3.97 (m,
0.07H), 3.96-3.80 (m, 0.85H), 3.53 (s, 3H),
1.69-1.51 (1o, 2H), 1.39-1.26 (m, 2H), 0.85
(t, J =7.4,3H). LC (Cond. 2): RT =139
LC/MS: Anal, Caled. for [M+H]*
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C7H.14N04 : 176.09; found 176.06.

Cap-58

"H NMR (DMSO-dg, § = 2.5 ppm, 500
MHz): § 12.63 (br s, 1H), 7.35 (5,1H), 7.31
(d,J=28.2, 1H), 6.92 (s, 1H), 4.33-4.29
{m, 1H), 3.54 (s, 3H), 2.54(dd, J = 15.5,
5.4,1H), 2.43 (dd, J = 15.6, 8.0, lH). RT
=0.16 min (Cond. 2); LC/MS: Anal.
Calcd. for [M+H}" CsH ) 1N,Os: 191.07;
found 191.14.

Cap-59a:
®)
Cap-59b:
(S)

"H NMR (DMSOQ-dg, 8 = 2.5 ppm, 400
MHz): § 12.49 (br's, 1H), 7.40 (d, J = 7.3,
0.89H), 7.04 (br s, 0.11H), 4.00-3.95 (m,
3H), 1.24 (d,J =7.3,3H), 1.15 (, J = 7.2,
3H). HRMS: Anal. Caled. for [M+H]*
CeHoNO4: 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 high vacuum. '"H NMR (DMSO-dg, & =
2.5 ppm, 400 MHz): & 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).
IIRMS: Anal. Caled. for [M+H]"

CsH oNO4: 160.0610; found 160.0604.

Cap-61

'"H NMR (DMSO-dg, &= 2.5 ppm, 400
MHz): § 12.27 (br s, 1H), 7.40 (br s, 1H),
3.50 (s, 3H), 1.32 (s, 6H). HRMS: Anal.
Caled. for [M+H]" CH1aNO4: 162.0766;
found 162.0765.
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Cap-62

"H NMR (DMSO0-ds, & = 2.5 ppm, 400
MHz): 6 12.74 (br s, 1H), 4.21 (d, J = 10.3,
0.6H), 4.05 (d, J = 10.0, 0.4H), 3.62/3.60
(two singlets, 3H), 3.0 (s, 3H), 2.14-2.05
(m, 1H), 095 (d, J = 6.3, 3H), 081 (d,J =
6.6, 3H). LC/MS: Anal. Caled. for [M-
H] Cgl14NO4: 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, §=2.5
ppm, 400 MHz): 12.21 (brs, 1H), 7.42 (br
s, 1}, 3.50 (s, 311), 2.02-1.85 (m, 4H),
1.66-1.58 (m, 4H). LC/MS: Anal. Calcd.
for [M+H]" CgH4NO4: 188.09; found
188.19.

Cap-64

[Note: the reaction was allowed to run for
longer than what was noted for the general
procedure.] 'H NMR (DMSO-dg, 8 =2.5
ppm, 400 MHz): 12,35 (brs, 1H), 7.77 (s,
0.82H), 7.56/7.52 (overlapping br s,
0.18H), 3.50 (s, 3H), 2.47-2.40 (m, 2H),
2.14-2.07 (m, 2H), 1.93-1.82 (m, 2H).

Cap-65

y 9
Y o
© OH

Methyl chloroformate (0.65 mL, 8.39 mmol) was added dropwise over 5 min
5  toacooled (ice-water) mixture of Nay,CO5 (0,449 g, 4.23 mmol), NaOH (8.2 mL of
1M/H;0, 8.2 mmol) and (S)-2-amine-3-hydroxy-3-methylbutanoic acid (1.04 g, 7.81

mmol). The reaction mixture was stirred for 45 min, and then the cooling bath was

removed and stirring was continued for an additional 3.75 hr, The reaction mixture
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was washed with CH,Cl,, and the aqueous phase was cooled with ice-water bath and
acidified with concentrated 11C! to a pH region of 1-2. The volatile component was
removed in vacuo and the residue was taken up in a 2:1 mixture of MeQH/CH,Cl,
(15 mL) and filtered, and the filterate was rotervaped to afford Cap-65 as a white
s semi-viscous foam (1.236 g). "H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz): § 6.94
(d,J=38.5,09H),6.53 (brs, 0.1H), 3.89 (4, J = 8.8, 1H}, 2.94 (s, 3H), 1.15 (s, 3H),
1.13 (s, 3H).
Cap-66 and -67 were prepared from appropriate commercially available
starting materials by employing the procedure described for the synthesis of Cap-65.
10
Cap-66
0
L o
O Auon
'H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz): 5 12.58 (brs, 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, /= 9.1, 3.5,

15 0.85H), 3.56 (s, 3H), 1.09 (d, J = 6.2, 3H). [Note: only the dominant signals of NH
were noted].

Cap-67

P

N,
) OH

O
hd
© OH
20 "H NMR (DMSO-dg, & = 2.5 ppm, 400 MHz2): 12.51 (br s, 1H), 7.25 (d, J =
8.4,0.75H), 7.12 (br d, J = 0.4, 0.05H), 6.86 (br s, 0.08H), 3.95-3.85 (m, 2H), 3.54
(s, 3H), 1.08 (d, J = 6.3, 3H). [Note: only the dominant signals of NH were noted].

Cap-68
O

\I(H\/U\OH

0 <_.0
\f
O.

Pre
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Methy! chloroformate (0.38 ml, 4.9 mmol} was added drop-wise to a mixture
of 1IN NaOH (aq) (9.0 ml, 3.0 mmal), IM NaHCO; (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
stirred at ambient conditions for 3 hr, and then washed with Ethyl acetate (50 ml, 3x).
The aqueous layer was acidified with 12N HCl to a pH ~ 1-2, and extracted with
ethyl acetate (3 x 50 ml). The combined organic layers were washed with brine,
dried (Na;S04), 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
purification). 'H NMR (DMSO-ds, § = 2.5 ppm, 500 MHz): § 12.88 (br s, 1H), 7.55
(d,J = 8.5, 110), 7.40-7.32 (i, 511), 5.13 (d, J = 12.8, 111), 5.10 (d, /= 12.9, 1H),
4.42-4.38 (m, IH), 3.55 (s, 3M), 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-I~I~I]+ Ci3Hi6NOg:
282.10; found 282.12.

Cap-69a and -69b
\\ 0 Cap-69a. (R)-enantiomer
NN \l)'I\OH Cap-69b: (S)-enantiomer

NaCNBHj; (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
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 HCI was added slowly to the reaction mixture until the pH
reached ~ 1.5, and the resulting mixture was heated for 1 hr at 40 °C. Most of the
volatile component was removed in vacuo and the residue was purified with a
Dowex® 50WX8-100 jon-exchange resin (column was washed with water, and the
compound was eluted with dilute NH4OH, prepared by mixing 18 ml of NH4OH and
282 ml of water) to afford Cap-69 (2.0 g) as an off-white soft hygroscopic solid. 'l
NMR (DMSO-dg, 8 = 2.5 ppm, 400 MI1z): § 3.44 (g, J = 7.1, 1H), 2.99-2.90 (m,
2H), 2.89-2.80 (m, 2H), 1.23 (d, J = 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 appropriafe starting materials.
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Cap-70a:
(R)

Cap-70b: (S)

"H NMR (DMSO-dg, § = 2.5 ppm, 400
MHz): §3.42 (q,J = 7.1, 1H), 2.68-2.60
(m, 4H), 1.53-1.44 (m, 4H), 1.19 (d, J =
7.3,3H), 0.85 (t,J = 7.5, 6H). LC/MS:
Anal. Caled. for [M+H]" CoH30NO;:
174.15; found 174.13.

Cap-71a:
®R)

Cap-71b: (S)

"H NMR (DMSO-dg, & = 2.5 ppm, 500
MHz): §3.18-3.14 (m, 1 H), 2.84-2.77
(m, 2H), 2.76-2.68 (m, 2H), 1.69-1.54
(m, 2H), 1.05 (, /= 7.2, 6H), 0.91 (t, J
= 7.3, 3H). LC/MS: Anal. Caled. for
[M+H]" CsHgNO2 : 160.13; found
160.06.

Cap-72

"H NMR (DMSO-dg, § = 2.5 ppm, 400
MHz): §2.77-2.66 (m, 3H), 2.39-2.31
(m, 2F0), 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]" CoH20NO;: 174.15; found
174.15.

Cap-73

"M NMR (DMSO-dg, 8= 2.5 ppm, 500
MHz): § 9.5 (br s, 1H), 3.77 (dd, J =
10.8, 4.1,1H), 3.69-3.61 ( m, 2H), 3.26
(s, 3H), 2.99-2.88 (m, 4H), 1.13 (t,/ =
7.2, 6H).

Cap-74

NHs

"H NMR (DMSQ-dg, 8= 2.5 ppm, 500
MHz): § 7.54 (s, 1H), 6.89 (s, 1H), 3.81
{t, J = 6.6,k,1H), 2.82-2.71 (m, 4H),
2,63 (dd, J = 15.6, 7.0, 1H), 2.36 (dd, J
= 15.4, 6.3, 1H), 1.09 (t, J = 7.2, 6H).
RT =0.125 minutes (Cond. 2); LC/MS:
Anal. Caled. for [M+H]" CgH;7N,0s:
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Cap-74x ™ 0
LC/MS: Anal. Caled. for [M+H]"

CmngNOg: 188.17; found 188.21

OH

Cap-75

\

O
\,NfLOH

O

|
Cap-75, step a

0O
\ji\\lfko,Bn

OH

NaBH;3CN (1.6 g, 25.5 mmol) was added to a cooled (ice/water bath) water
(25 ml)Ymethanol (15 ml) solution of H-D-Ser-OBzl HC1 (2.0 g, 8.6 mmof).
Acetaldehyde (1.5 ml, 12.5 mmol) was added drop-wise over 5 min, the cooling bath
was removed, and the reaction mixfure was stirred at ambient condition for 2 hr. The
reaction was carefully quenched with 12N HCI and concentrated in vacio. The
residue was dissolved in water and purified with a reverse phase HPLC
(MeOH/H;0/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
ppm, 500 MHz): 6 9.73 (br s, 1H), 7.52-7.36 (m, 5H), 5.32 (4, 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 =
7.2, 6H). LC/MS (Cond. 2): RT = 1.38 min; LC/MS: Anal. Caled. for [M+H]"
C1aH2,NO;: 252,16; found 252.19.

Cap-75
NaH (0.0727 g, 1.82 mmol, 60%) was added to a cooled (ice-water) THF (3.0
mL) solution of the TFA salt (R)-benzyl 2-(diethylamino)-3-hydroxypropanoate
(0.3019 g, 0.8264 mmol) prepared above, and the mixture was stirred for 15 min.
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Methyl iodide (56 uL, 0.90 mmol) was added and stirring was continued for 18 hr
while allowing the bath to thaw to ambient condition. The reaction was quenched
with water and loaded onto a MeOH pre-conditioned MCX (6 g) cartridge, and
washed with methanol followed by compound elution with 2N NH;/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.

Cap-76
b0
_OLN,,

)

NaCNBH; (1.60 g, 24.2 mmol) was added in batches to a chilled (~15 °C)
water/MeOH (12 mL each) solution of (S5)-4-amino-2-(tert-butoxycarbonylamino)
butanoic acid (2.17 g, 9.94 mmol). A few minutes later acetaldehyde (2.7 mL, 48.1
mmoel) 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
was treated with concentrated HCI 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
compound was eluted with dilute NH,OH, prepared from 18 ml of NIH4OH and 282
ml of water) to afford intermediate (S)-2-amino-4-(diethylamino)butanoic acid as an
off-white golid (1.73 g). _

Methy! chloreformate (0.36 mL, 4.65 mmol) was added drop-wise over 11
min to a cooled (ice-water) mixture of Na,CO5 (0.243 g, 2.29 mmol), NaOH (4.6 mL
of IM/H;0, 4.6 mmol) and the above product (802.4 mg). The reaction mixture was

stirred for 55 min, and then the cooling bath was removed and stirring was continued

75



3+

WO 2010/096302 PCT/US2010/023582

10

15

20

25

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
ice-water bafl and acidified with concentrated HCl to a pH region of 2. The volatile
component was then removed in vacuo and the crude material was free-based with
MCX resin (6.0g; column was washed with water, and sample was eluted with 2.0 M
NH;/MeOH) to afford impure Cap-76 as an off-white solid (704 mg). 'H NMR
(MeOH-dy4, 6 = 3.29 ppm, 400 MHz): 6 3.99 (dd, J = 7.5, 4.7, 1H), 3.62 (s, 3H),
3.25-3.06 (m, 6H), 2.18-2.09 (m, 1H), 2.04-1.96 (m, 1H), 1.28 (t, /= 7.3, 6H).
LC/MS: Anal. Caled. for [M+H]" CjoHyN2Oy: 233.15; found 233.24.

Cap-77a and -77b

O
OH
N
Cap-77a: enantiomer-1
Cap-77b: enantiomer-2
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{-?..Z.l ]heptan-7-y1)-2-phenylacetate using the following condition: the

intermediate (303.7 mg) was dissolved in ethanol, and the resulting solution was
injected on a chiral HPLC colump (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-dg, & =2.5 ppm, 400 MHz): § 7.55 (m, 2H), 7.38-7.30 (m, 3H),
4.16 (s, 1H), 3.54 (app br s, 2H), 2.08-1.88 {m, 4 H), 1.57-1.46 (m, 4H). LC (Cond.
1): RT = 0.67 min; LC/MS: Anal. Caled. for [M+H]" C14H sNO,: 232.13; found
232.18. HRMS: Anal. Caled. for [M+H]+ CiaHsNO;: 232.1338; found 232.1340.
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NaCNBHj; (0.5828 g, 9.27 mmol) was added to a mixture of the HC1 salt of
(R)-2-(ethylamino)-2-phenylacetic acid (an intermediate in the synthesis of Cap-3;
0.9923 mg, 4.60 mmel) and (1-ethoxycyclopropoxy)trimethylsilane (1.640 g, 9.40
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 NaCNBH; (52 mg, 0.827 mmol) were added and the reaction
mixture was heated for an additional 3.5 hr. 1t was then allowed to cool to ambient
temperature and acidified to a ~ pH region of 2 with concentrated HCI, and the
mixture was filtered and the filtrate was rotervaped. The resulting crude material was
taken up in i-PrOH (6 mL) and heated to effect dissolution, and the non-dissolved
part 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;0/MeOH/TFA) to afford
the TFA salt of Cap-78 as a colorless viscous oil (353 mg). "H NMR (DMSO-ds, § =
2.5 ppm, 400 MIHz; after D,O exchange): § 7.56-7.49 (m, 5H), 5.35 (S, 111), 3.35 (m,
1H), 3.06 (app br s, 1H), 2.66 (m, 1H), 1.26 (t, J = 7.3, 311), 0.92 (m, 1H), 0.83-0.44
(m, 3H). LC (Cond. 1): RT = 0.64 min; LC/MS: Anal. Caled. for [M+H]
Ci3HsNO;: 220.13; found 220.21. HRMS: Anal. Caled. for [M+H]" Cy3HsNO;:
220.1338; found 220.1343.

Cap-79

O

H
_O._N,

OH

)
0
Ozone was bubbled through a cooled (-78 *C) CH,Cl, (5.0 mL) solution Cap-

55 (369 mg, 2.13 mmo])) for about 50 min until the reaction mixture attained a tint of

b

O
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blue color. Me,S (10 pipet drops) was added, and the reaction mixture was stirred for
35 min. The -78 °C bath was replaced with a -10 "C bath and stirring continued for
an additional 30 min, and then the volatile component was removed in vacuo to
afford a colorless viscous oil,

NaBH;CN (149 mg, 2.25 mmol) was added to a MeOH (5.0 mL) solution of
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 elution) and a reverse
phase HPLC (H,0/MeOH/TFA) to afford Cap-79 containing unknown amount of
morpholine.

Tn order to consume the morpholine contaminant, the above material was
dissolved in CH,Cl; (1.5 mL) and treated with EtsN (0.27 mL, 1.94 mmol) followed
by acetic anhydride (0.10 mL, 1.06 mmol) and stirred at ambient condition for 18 hr.
THF (1.0 mL) and H,0 (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.

Cap-80a and -80b

o .
o) Cap-80a: S/S-diastereomer

Cap-80b: S/R-diastereomer
0- 'ié
5i
\

SOCI; (6.60 mL, 90.5 mmol} was added drop-wise over 15 min to a cooled
(ice-water) mixture of {S)-3-amino-4-(benzyloxy)-4-oxobutanoic acid (10.04g, 44.98
mmol) and MeOH (300 ml), the cooling bath was removed and fhe reaction mixfure
was stirred at ambient condition for 29 hr. Most of the volatile component was
removed in vacro and the residue was carefully partitioned between EtOAc (150 mL)

and saturated NaHCOj; solution. The aqueous phase was extracted with EtOAc (150
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mL, 2x), and the combined organic phase was dried (MgS0Oy), filtered, and
concentrated in vacuo to afford (§)-1-benzyl 4-methyl 2-aminosuccinate as a
colorless oil (9.706g). 'H NMR (DMSO-dg, § = 2.5 ppm, 400 MHz): § 7.40-7.32 (m,
SH), 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. Caled, for [M+H]" CoH;sNOy: 238.11; found 238.22.

Pb(NO3), (6.06 g, 18.3 mmol) was added over 1 min to a CH,Cl, (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
heterogeneous 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
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—methy1 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): 8 7.82 (m, 2H), 7.39-7.13 (m, 16H), 4.71
(d,J =124, 1H), 4.51 (d,J = 12.6, 1H), 3.78 (d, J = 9.1, NH), 3.50 (s, 3H), 2.99 (m,
1H), 2.50-2.41 (m, 2H, partially overlapped with solvent). LC (Cond. 1): RT =2.16
min; LC/MS: Anal. Caled. for [M+H]" Cs3;HsNO,: 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.
Mel (0.57 mL, 9.2 mmol) was added drop-wise over 8 min to the mixture, and
stirring was cpntinued for 16.5 hr while allowing the cooling bath to thaw to room
temperature. After quenching with saturated NH,4Cl solution (5 mL), most of the
organic component was removed in vacue and the residue was partitioned between
CH>Cl, (100 mL) and water (40 mL). The organic layer was dried (MgSOs), filtered,
and concentrated ix vacuo, and the resulting crude material was purified with a
Biotage (350 g silica gel; 25% EtOAc/hexanes) to afford 3.65 g of a 25/38 and 2S/3R
diastereomeric mixtures of 1-benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-
ylamino)succinate in ~1.0:0.65 ratio ('H NMR). The stereochemistry of the
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,
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400 MIiz): major diastereomer, & 4,39 (d, J = 1.2.3, 1H of CHy), 3.33 (s, 3H,
overlapped with ;0 signal), 3.50 (d, J = 10.9, NII), 1.13 (d, J = 7.1, 3H); minor
diastereomer, & 4.27 (d, J =12.3, 1H of CHy), 3.76 (d, J = 10.9, NH), 3.64 (s, 3H),
0.77(d,J=17.0,3H). LC (Cond. 1): RT = 2.19 min; LC/MS: Anal. Caled. for
[M+HT" C33H30NO4: 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
(28)-1-benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)succinate (3.37
g, 6.86 mmol) prepared above, and stirred at -78 °C for 20 hir. The reaction mixture
was removed from the cooling bath and rapidly poured into ~1M HiPO4/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 (MgSQ,), filtered and
concentrated in vacuo. A silica gel mesh of the crude material was prepared and
submitted to chromatography (25% EtOAc/hexanes; gravity elution) to afford 1.1g of
(28,38)-benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9/-fluoren-9-ylamino)butanoate,
contaminated with benzyl alcohol, as a colorless Qiscous oil and (28,3R)-benzyl 4-
hydroxy-3-mefhyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate containing the
(28,3R) stercoisomer as an impurity. The later sample was resubmitted to the same
column chromatography purification conditions to afford 750 mg of purified material
as a white foam. [Note: the (28, 3S) isomer elutes before the (28,3R) isomer under
the above condition]. (28, 38) isomer: ' NMR (DMSO-d, 8 =2.5 ppm, 400 MHz):
7.81 (m, 213), 7.39-7.08 (m, 16H), 4.67 (d, J =12.3, IH), 443 (d,J =124, 1H), 4.21
(app t,J =5.2, OH), 3.22 (d,J = 10.1, NH), 3.17 (m, 1H), 3.08 (m, 1H), ~2.5 (m,
1H, overlapped with the solvent signal), 1.58 (m, 1H), 0.88 (d, /= 6.8, 3H). L.C
(Cond. 1): RT =2.00 min; LC/MS: Anal. Calcd. for [M+H]" C3;HyNO;: 464.45;
found 464,22, (2S, 3R) isomer; 'H NMR (DMSO-dg, 6 = 2.5 ppm, 400 MHz): 7.81
(d,J =175, 2H), 7.39-7.10 (m, 16H), 4.63 (4, J= 12.1, 1H), 4.50 (app t, J = 4.9, 1H),
4.32(d,/=12.1, 1H), 3.59-3.53 (m, 2H), 3.23 (m, 1H), 2.44 (dd, 7 = 9.0, 8.3, 1H),
1.70 (m, 1H), 0.57 (d, J = 6.8, 3H). LC (Cond. 1): RT = 1.92 min; LC/MS: Anal.
Calcd. for [M+H]'+ C31H3oNO3: 464.45; found 464.52.

The relative stercochemical assignments of the DIBAL-reduction products

were made based on NOE studies conducted on lactone derivatives prepared from
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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 (25,38)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (62.7 mg,
0.135 mmol), and the reaction mixture was stirred at similar temperature for ~2 lr.
The volatile component was removed in vacuo and the residue was partitioned
between CH,Cl, (30 mL), water (20 mL) and saturated aqueous NH4CI solution (1
mL). The organic layer was dried (MgSQ,), filtered, and concentrated in vacuo, and
the resulting crude material was submitted to a Biotage purification (40 g silica pel;
10-15% EtOAc/hexanes) to afford (35,45)-4-methyl-3-(9-phenyl-9H-fluoren-9-
ylamino)dihydroﬁ1ran-2(3H)-one as a colorless film of solid (28.1 mg). (2S,3R)}-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9 H-fluoren-9-ylamino)butanoate was
elaborated similarly to (38,4R)-4-methyl-3-(9-phenyl-9H-fluoren-9-
ylamino)dihydrofuran-2(3H)-one. (3S,48)-lactone isomer: *H NMR (DMSO-dg, & =
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=58, 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. Calced. for [i\ri~i-]‘~Ta]’r Cy4Hy)NNaOy: 378.15; found
378.42. (3S,4R)-lactone isomer: "H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz), 7.89
(d,J=17.6,1H), 7.85 (d, J = 7.3, 1H), 7.46-7.20 (m, 11H), 3.95 (dd, 7 = 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,
1H), 0.97 (d, /= 7.0, 3H). LC (Cond. 1): RT = 2.03 min; LC/MS: Anal. Caled. for
[M+Na]" Ca4HzNNaO,: 378.15; found 378.49,

TBDMS-CI (48 mg, 0.312 mmol) followed by imidazole (28.8 mg, 0.423
mmol) were added to a CH2Ci; (3 ml) solution of (25,35 )-benzyl 4-hydroxy-3-
methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (119.5 mg, 0.258 mmol), and
the mixture was stirred at ambient condition for 14.25 hr. The reaction mixture was
then diluted with CH,Cl, (30 mL) and washed with water (15 mL), and the organic
layer was dried (MgS0,), filtered, and concentrated ir vacuo. The resultant crude
material was purified with a Biotage (40 g silica gel; 5% EtOAc/hexanes) to afford
(28,38)-benzyl 4-(tert-butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-
ylamino)butanoate, contaminated with TBIDMS 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-
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butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate.
(28,38)-silyl ether isomer: "H NMR (DMSO-dg, & = 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, /= 12.4, 1H), 4.42 (d, J
=12.3, 1H), 3.28-3.19 (m, 3H), 2.56 (dd, J = 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). L.C (Cond. 1, where the run
time was extended to 4 min): RT = 3.26 min; LC/MS: Anal. Caled. for [M+H]"
C37H44NO5S1: 578.31; found 578.40. (2S,3R)-silyl ether isomer: 'H NMR {DMSO-
dg, 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 = 12.4, 1H), 4.39 (d, J = 12.4, 1 H), 3.61 (dd, J = 9.9, 5.6, 1H), 3.45
(d, /=95, 1H),3.41 (dd, s =10, 6.2, 1H), 2.55 (dd, J = 9.5, 7.3, 1H), 1.74 (m, 1H),
0.77 (s, 9H), 0.61 (d, S = 7.1, 3H), -0.06 (s, 3H), -0.08 (s, 311).

A balloon of hydrogen was attached to a mixture of (2S,35)-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 EtQAc (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
of diatomaceous earth (Cclite-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 resulfing crude
material and submitted to a flash chromatography (8:2:1 mixture of EtOAc/i-
PrOH/H,0) to afford (28,3S)-2-amino-4-(tert-butyldimethylsilyloxy)-3-
methylbutanoic acid as a white fluffy solid (325 mg). (28,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate was
similarly elaborated to (28,3R)-2-amino-4-(tert-butyldimethylsilyloxy)-3-
methylbutanoic acid. (2S,3S)-amino acid isomer: "H NMR (Methanol-dg, § = 3.29
ppm, 400 MHz), 3.76 (dd, J = 10.5, 5.2, 1H), 3.73 (d, J = 3.0, 1H), 3.67 (dd, J =
10.5, 7.0, 1H), 2.37 (m, 1H), 0.97 (d, J = 7.0, 3H), 0.92 (s, 9H), 0.10 (s, 611).
LC/MS: Anal. Caled. for [M+H]" Cy;HagNO;Si: 248.17; found 248.44. (2S,3R)-
amino acid isomer: '"H NMR (Methanol-ds, § = 3.29 ppm, 400 MHz), 3.76-3.75 (m,
2H), 3.60 (d, / = 4.1, 1H), 2.16 (m, 1H), 1.06 (d, J = 7.3, 3H), 0.91 (s, 9H), 0.09 (s,
6H). Anal. Caled. for [M+H]" C;1HyeNO;Si: 248.17; found 248.44,
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Water (1 mL) and NaOH (0.18 mL of 1.0 M/H,0, 0.18 mmol) were added to
a mixture of (25,38)-2-amino-4-(lert-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 eéffect dissolution of reactants. The mixfure was then cooled with an ice-
water bath, methyl chloroformate (0.02 mL, 0.259 mmol) was added over 30 5, 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 HC] 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 (MgSQ.), filtered, and
concentrated in vacue 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~80§: '"H NMR (DMSO-dg, 8= 2.5 ppm, 400 MHz), 12.57 (br s, 1H), 7.64
(d,J=8.3,0.3H),7.19 (d, J = 8.8, 0.7H), 4.44 (dd, /= 8.1, 4.6, 0.3H), 4.23 (dd, / =
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, /=7, 2.1H),
0.02/0.01/0.00 (three overlapping singlets, 6H), LC/MS: Anal. Caled. for [M+Na]*
C13Hz7NNaOsSi: 328.16; found 328.46. Cap-80b: 'H NMR (CDCl3, 8 = 7.24 ppm,
400 MHz), 6.00 (br d, J = 6.8, 1H), 4.36 (dd, J = 7.1, 3.1, 1 H), 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, J = 7.1,
3H), 0.90 (s, 9H), 0.08 (s, 6H). LC/MS: Anal. Caled. for [M+Na]" C;3HyNNaOsSi:

328.16; found 328,53, The crude products were utilized without further purification.

Cap-8]
O

H
-
¢

Prepared according to the protocol described by Falb et al. Synthetic
Communications 1993, 23, 2839, ,

Cap-82 to Cap-85
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
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similar spectral profiles as that of their enantiomers (i.e., Cap-4, Cap-13, Cap-51 and

Cap-52, respectively).

oM Ilf i o_N B
50 R A T on o A,
O Fh O 0
Cap-82 Cap-83 Cap-84 Cap-85
5 , - Cap-86
MeO,CHN
= 0
LI
OMeOH

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

22.55 mmol) in HyO (15 mL) was added CICO;Me (1.74 mL, 22.55 mmol) dropwise
at 0°C. The mixture was allowed to stir for 12 h and acidified to pH 1 using IN HCL

10 The agueous 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 stéps. "HNMR (400 MHz, CDCly) § 4.19 (s, 1H), 3.92-3.97 (m, 1H),
3.66 (s, 3H), 1.17 (d, J = 7.7 Hz, 3H). LCMS: Anal. Caled. for CsH3NOs: 191;

15 found: 190 (M-H).

Cap-87
MeC,C
OLHN 5

~

HO OH
To a mixture of L-homoserine (2.0 g, 9.79 mmol), Na,CO; (2.08 g, 19.59
20 mmol) in H,O (15 mL) was added CICO;Me (0.76 mL, 9.79 mmol) dropwise at 0°C.
The mixture was allowed to stir for 48 h and acidified to pH I using 1IN HCI. The
aqueous phase was extracted with EtOAc and (2X250 mL) and the combined organic
phases were concentrated in vacuo to afford a colorless solid (0.719 g, 28%) which
was of suffici eﬁt purity for use in subsequent steps. 'HNMR (400 MHz, CDCl;) &
25 4.23(dd,J=4.5,9.1 Hz, 1H), 3.66 (s, 3H), 3.43-3.49 (m, 2H), 2.08 — 2.14 (m, 1H),
1.82 —1.89 (m, 1H). LCMS: Anal. Caled. for CyH3sNOs: 191; found: 192 (M+H)",
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A mixture of L-valine (1.0 g, 8.54 mmol), 3-bromopyridine (1.8 mL, 18.7
mmol), K2CO; (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 EtQAc (x2). The organic layers were extracted
with a small amount of H;O and the combined aq phases were acidified fo ca, pI 2
with 6N HCl. The volume was reduced to about one-third and 20g of cation
exchange resin (Strata) was added. The slurry was allowed to stand for 20 min and
loaded onto a pad of cation exchange resin (Strata) (ca. 25g). The pad was washed
with H;0 (200 mL), MeOH (200 mL), and then NH; (3M in MeOH, 2X200 mL).
The appropriate fractions was concentrated in vacuoe and the residue (ca. 1.1 g) was
dissolved in H,0, frozen and lyophyllized. The title compound was obtained as a
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, 119), 2.04
—2.06 (m, 1H), 0.95 (d, J = 6.0 Hz, 3H), 0.91 (d, J = 6.6 Hz, 3[{). LCMS: Anal,
Caled. for C1oH14N,0,: 194; found: 195 (M+H)*.

Cap-89

\(’%’
OH

A mixture of L-valine (1.0 g, 8.54 mmol), 5-bromopyrimidine (4.03 g, 17.0
mmol), K2CO3 (2.40 g, 17.4 mmol) and Cul (179 mg, 0.94 mmol) in DMSO (10 mL)
was heated at 100°C for 12h. The reaction mixture was coocled 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 HCl. 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
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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,0, frozen and lyophyllized. The title compound was obtained as a
foam (1.02 g, 62%). "HNMR (400 MHz, CD;0D) showed the mixture to contain
valine and the purity could not be estimated. The material was used as is in
subsequent reactions. LCMS: Anal. Caled. for CoH3N3O4: 195; found: 196
(M+H)",

Cap—90

COH
mez

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, Caled,
for Cy HysNO,: 193; found: 192 (M-H).

The following caps were prepared according to the method used for

preparation of cap 51 unless noted otherwise:

Cap Structure LCMS
Cap-91 NHCO,Me LLCMS: Anal. Caled. for
COH Cy1H;3NOg: 223; found:
222 (M-HY".
Cap-92 NHCO,Me LCMS: Anal. Caled. for

C(VCOzH CyH13NO4: 223; found:
222 (M-HY.
|

Cap-93 o O LCMS: Anal. Calcd. for
Y Q CioH2N204: 224; found:
HN,,, .
OH 225 (M+H)*.
&
. N
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Cap-94 O LCMS: Anal, Caled, for
«NJ/\‘)LOH CgHj1N304: 213; found:
N HN\[(O\ 214 (M+H)".
O
Cap-95 jj)\ LCMS: Anal. Calcd. for
SOTNH O C3H17NOg: 251; found:
©AMOH 250 (M-H)".
Cap-96 O LCMS: Anal. Calced. for
~0 NH 0 C19Hy3NOy4: 237; found:
OH 236 (M-H)".
Cap-97 ,IC-)L LCMS: Anal. Calcd. for
o7 NH (|3 CoH15NOy: 201; found:
@ OH 200 (M-HY.
Cap-98 jJ\ LCMS: Anal. Calced. for
SO0 NH O CoH,sNO4: 201; found:
O)LOH 202 (M+H)",
Cap-99 )oj\ "HNMR (400 MHz,
07 NH CD;0D) § 3.88 — 3.94 (m,
( z 1H), 3.60, 3.61 (s, 3H),
COH 2.80 (m, 1H), 2.20 (m 1H),
1.82 ~1.94 (m, 3H), 1.45
— 1.71 (m, 2H).
Cap-99a )OL THNMR (400 MHz,
07 NH CD10D) 6 3.88 — 3.94 (m,
Q 1H), 3.60, 3.61 (s, 3H),
“CoH 2.80 (m, 1H), 2.20 (m 1H),

1.82 - 1.94 (m, 3H), 1.45
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—1.71 (m, 2H).
Cap-100 Q LCMS: Anal. Calced. for
\O/U\NH 0 Ci2HgNOyF: 255; found:
OH 256 (M+H)".
F
Cap-101 0 L.CMS: Anal. Calcd. for
\O/U\NH C1,I{13NO4: 223; found:
5COZH 222 (M-H).
Cap-102 O LCMS: Anal. Calcd. for
\O)J\QIH C11H13NOy4: 223; found:
~CoH 222 (M-HY
Cap-103 0 LCMS: Anal. Caled. for
\O)J\T;JH C1o12N504: 224; found:
COzH | 225 (M+H)".
“ "N
P
Cap-104 HN —O—COzH "HNMR (400 MHz,
c>=<O CD;0D) 8 3.60 (s, 3H),
/ 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 HIte <:>—-COZH 'BNMR (400 MHz,
o=(O _ CD;0D) 8 3.60 (s, 31),
/ 3.33 -3.35(m, 1H,
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partially obscured by
solvent), 2.37 — 2.41 and
2.16-2.23 (m, 1H), 1.94
—2.01 (m, 4H), 1.43 -
1.53 (m, 2H), 1.17 - 1.29
{m, 2H).

Cap-106 ""\N __<:>_CO2H "HNMR (400 MHz,
—/ CD;0D) § 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 174 (app, ddd J = 3.5,
acetaldehyde by 12.5, 15.9 Hz, 2H), 1.46
employing a similar | (app dt.7 = 4.0, 12.9 Ha,
procedure described for | o 1), 1.26 (t, J = 7.3 Hz,
the synthesis of Cap-2. 6H)
The crude HCI salt was
passed through MCX
(MeOH/H,0/CH,Cl,
wash; 2 N NHi/MeOH
elution) to afford an cil,
which was dissolved in
CH3CN/H,0 and
lyophilized to afford a
tan solid.
Cap-107 0 LCMS: Anal. Calcd. for
<,N]/\(U\OH CgH)oN;048: 230; found:
57 MNNAOS 231 (M+H)'.
0]
Cap-108 O LLCMS: Anal. Calcd. for
eNngH CISH,-,N;O.j: 303; found:
o JN jg ~ | 304 QMHH)
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Cap-109 o LCMS: Anal. Caled. for
\‘O/U\F\:JH Ciol1;2N204: 224; found:
NGO 225 (M+H)".
@
N
Cap-110 O LCMS: Anal. Caled. for
~07NH C10H12N,04: 224; found:
~COoH 225 (M+)*.
e
SN
Cap-111 G LLCMS: Anal. Caled. for
\o’”\r;m Cy2H¢NOgP: 333; found:
. COH 334 (M+H)".
O\
I‘»ﬂerp\:j_|
Cap-112 Q LCMS: Anal. Caled. for
~o NH C13H4N2Q4: 262; found:
SCoM 263 (M+H)".
o)
NH
Cap-113 O L.LCMS: Anal. Caled. for
\0)L§H CigH9NOs: 329; found:
~CoH 330 (MH+H)",
OBn
Cap-114 \COMe THNMR (400 MHz,
: co CDCl3) & 4.82 - 4.84 (m,

1), 4.00 — 4,05 (m, 2H),
3.77 (s, 3H), 2.56 (s, br,
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Cap-115

CO,H
NHCO,Me

"HNMR (400 MHz,
CDCly) & 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

CO,H
NHCO,Me

"HNMR (400 MHz,
CDCl) & 5.10(d, /= 8.6
Hz, 1H), 3.74 — 3.83 (m,
14), 3.69 (s, 3H), 2.54 —
2.61 (m, 2H), 1.88 (sept, J
= 7.0 Hz, 1H), 0.95 (d,/ =
7.0 Hz, 6H). |

obtained from commercially sources and were deprotected by treatment with 25%

Cap-117 to Cap-123

For the preparation of Cap-117 to Cap-123 the Boc amino acids were

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.
SOTNH O for C1,H1sNOg: 237,
OH found: 238 (M+H)",

N
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Cap-118 O LCMS: Anal. Caled.
SOTTNH O for CoH1NO,S: 243;
OH found: 244 (M+H)".
~ g )
Cap-119 0 LCMS: Anal. Caled.
for C pH13NQO4S: 243;
found: 244 (M+H)".
Cap-120 0 LCMS: Anal. Caled.
\o)LNH o for CyoH;3NO,S: 243;
OH found: 244 (M+)".
X
\ S
Cap-121 O "HNMR (400 MHz,
“‘o)ki;m CDCl;) § 4.06 - 4.16
O,cogH (m, 1H), 3.63 (s, 3H),
3.43 (s, 1H), 2.82 and
2.66 (s, br, 1H), 1.86 -
2.10 (m, 3H), 1.64 —
1.76 (m, 2H), 1.44
1.53 (m, 1H).
Cap-122 o) "HNMR profile is
\O’lkNH similar to that of its
WCOH enantiomer, Cap-121,
Cap-123 0>_NH g LCMS: Anal. Calcd.
d b =0 | for Cyyl1yN;0g: 474;
O.Q o C;HNH found: 475 (M+H)".
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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 vacio to give a colorless oil which
solidified on standing. The agueous layer was concentrated in vacuo ahd the
resulting mixture of product and inorganic salts was triturated with EtOAc-CH,Cls-
MeOH (1:1:0.1) and then the organic phase concentrated in vacuo to give a colorless
oil which was shown by LCMS to be the desired product. Both crops were combined
to give 0.52 g of a solid. "MNMR (400 MHz, CD;0D) § 4.60 (m, 1H), 4.04 (d, J =
5.0 Hz, 1H), 1.49 (d, / = 6.3 Hz, 3H). LCMS: Anal. Calcd. for CsH/NQy: 145;
found: 146 (M-+H)".

Cap-125
/
—N o)
BocHN OH

To a suspension of PA(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-
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, Caled. for CpHypN20Q4:
246; found: 247 (M-+19)". '
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Cap-126

/~NMe N/ \Me
N, CICO,Me, NaHCO4 =

HN"Sco,H  THP/HO/0°C MeD,CHN™ “COH

cf-25 cap-126
This procedure is a modification of that used to prepare Cap-51. To a
suspension of 3-methyl-L-histidine (0.80 g, 4.70 mmol) in THE (10mL) and H,0O (10
5 mL)at 0°C was added NaHCO; (0.88 g, 10.5 mmol). The resulting mixture was
treated with C1CO;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 HCL
The solvents were removed in vacuo and the residue was suspended in 20 mL

10 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
of the methy! ester and the desired product. This material was taken up in THF
(10mL) and H20 (10mL), cooled to 0°C and LiOH (249.1 mg, 10.4 mmol) was
added. After stirring ca. 11 LCMS showed no ester remaining. Therefore the

15 mixture was acidified with 6N HCI and the solvents removed ir vacuo. LCMS and
' NMR confirm the absence of the ester. The title compound was obtained as its
HCl salt contaminated with inorganic salts (1.91 g, >100%). The compound was
used as is in subsequent steps without further purification. 'FINMR (400 MHz,
CD;0D) 4 8:84, (s, 1H), 7.35 (s, 1H), 4.52 (dd, J = 5.0, 9.1 Hz, 1H), 3.89 (s, 3H),

20 3.62 (s, 310), 3.35 (dd, J = 4.5, 15.6 Hz, 1H, partially obscured by sdlven’c), 3.12 (dd,
J=9.0, 15.6 Hz, 1I1).LCMS: Anal. Caled. for Cold)3N304: 227.09; found: 228.09

(M-+H)*,
Cap-127
MeN Me(N \
4 CICO,Me, NaHCO, \N
N N
HN“ScoH  THE/HO/0°C MeO,CHN™ “COZH
25 Gj-26 cap-127
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Cap-127 was prepared according to the method for Cap-126 above starting
fromn (S)-2-amino-3-(1-methyl-1H-imidazol-4-yl)propanoic acid (1.11 g, 6.56 mmol),
NaHCO; (1.21 g, 14.4 mmol) and CICO;Me (0.56 mL, 7.28 mmotl). The title
compound was obtained as its HC] salt (1.79 g, >100%) contaminated with inorganic
salts. LCMS and 'H NMR showed the presence of ca, 5% of the methyl ester. The
crude mixture was used as is without further purification. '"HNMR (400 MHz,
CD10D) 8 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, 111}, 3.08 (m, 1H); LCMS: Anal. Calcd. for CoH,;3N3;0,:
227.09; found: 228 (M+H)".

Preparation of Cap-128

Ph—\
Cbz-Cl/ DMAP . N
li CHyClz | P! IU)\ BnBr/CuS0s5H,0 |
. N
sodium ascorbate
BocHN” ~CO,H BocHN” ~co,8n  NaNa/DMF/H0  gocHN“ 0,80
¢j-27a ¢j-27b 65°C/12h cj-28
Ph—\
- N HN
' H, / PA-C ;
1) TFA/ CH,Cl, N, | 2 N, |
- N MeOH N
2) CICO,Me f NaHCO;,
THFE-H,0 MeO,CHN™ ~CO,Bn MeO,CHN™ CO,H
¢f-29 cap-128

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

BocHN™ ~CO,Bn
¢j-27b

To a solution of ¢j-27a (1.01 g, 4.74 mmol), DMAP (58 mg, 0.475 mmol) and
iPrNEt (1.7 mL, 9.8 mmoi) in CH;Cl, (100 mL) at 0°C was added Cbz-Cl1 (0.68 mL,
4.33 mmol). The solution was allowed to stir for 4 h at 0°C, washed (1N KHSO,,
brine), dried (Na;S0y), filtered, and concentrated in vacuo. The residue was purified

by flash column chromatography (TLC 6:1 hex:EtOAc) to give the title compound
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(1.30 g, 91%) as a colorless cil. '"HNMR (400 MHz, CDCl) § 7.35 (s, 5H), 5.35 (d,
br.J =8.1Hz, 1H), 523 (d,7=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.
Caled. for Ci7H21NO4: 303; found: 304 (M+H)".

Step 2, Preﬁaration of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-2-(tert-
butoxycarbonylamino)propanoate (cj-28).
Ph""\
N
N, |

A

BocHN”™ ~CO,Bn
¢f-28

To a mixture of (S)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (0.50
g, 1.65 mmol), sodium ascorbate (0.036 g, 0.18 mmol), CuS04-5H,0 (0.022 g, 0.09
mmol) and NaN; (0.13 g, 2.1 mmol) in DMF-H,0 (5 mL, 4:1) at rt was added BnBr
(0.24 mL, 2.02 mmol) and the mixture was warmed to 65°C. After Sh LCMS
indicated low conversion. A further portion of NaN; (100 mg) was added and
heating was continued for 12h, The reaction was poured into EtOAc and H,0 and
shaken. The layers were separated and the aqueous layer extracted 3x with EtOAc
and the combined organic phases washed (H;O x3, brine), dried (N2,SO,), filtered,
and concentrated. The residue was purified by flash (Biotage, 40+M 0-5% MeOH in
CH;Cly; TLC 3% MeOH in CH,Cl,) 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-dg) & 7.84 (s, 1H), 7.27 - 7.32 (m, 10H),
5.54 (s, 2H), 5.07 (s, 2H), 4.25 (m, 1H), 3,16 (dd, / = 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 (5, 9H).
LCMS: Anal. Caled. for CosllpsNaOy: 436; found: 437 (M+H)",

96



WO 2010496302 PCT/US2010/023582

Step 3. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2 3-triazol-4-y1)-2-
(methoxycarbonylamino)propanoate (cj-29).
Ph—
N
N, |
N
MeCO,CHN™ “CO,Bn
cf-29
A solution of (8)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-2-(tert-

5  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
concentrated in vacuo to give a colotless ¢il which solidified on standing. This
material wag dissolved in THF-H,C and cooled to 0°C. Solid NaI-ICOj (0.25 g, 3.00
mmol) was added followed by CICO;Me (0.25 mL, 3.25 mmol). After stirring for

10 1.5h the mixture was acidified to pH~2 with 6N HCl and then poured into H,O-
EtOAc. The layers were separated and the aqg phase extracted 2x with EtOAc, The
combined org layers were washed (H;O, brine), dried (Na;SOy), filtered, and
concentrated in vacuo to give a colorless oil (505.8 mg, 111%, NMR suggested the
presence of an unidentified impurity) which solidified while standing on the pump.

15 The material was used as is without further purification. 'HNMR (400 MHz, DMSO-
dg) 8 7.87 (s, 1H), 7.70 (d, J = 8.1 Hz, 1H), 7.27 ~ 7.32 (m, 10H), 5.54 (s, 2H), 5.10
(d,J=12.7Hz, 1H), 5.06 (d, J = 12.7 Hz, 1H), 4.32 - 4.37 (m, 1H), 3.49 (s, 3H),
3.09 (dd, J = 5.6, 14.7 Hz, 1H), 2.98 (dd, .7 = 9.6, 14.7 Hz, 1H). LCMS: Anal.
Caled. for CoyHzN4Oy4: 394; found: 395 (M+H)".

20
Step 4. Preparation of (8)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-
yl)propanocic acid (Cap-128).

HN
N, |

)

M602CHN COsH
Cap-128

(8)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-
25 (methoxycarbonylamino)propanoate {502 mg, 1.11 mmol) was hydrogenated in the

presence of Pd-C (82 mg) in McOH (5 ml.) at atmospheric pressure for 12h, The

97

&



109

WO 2010/096302 PCT/US2010/023582

10

15

20

25

mixture was filtered through diatomaceous earth (Celite®) and concentrated in vacuo.
(5)-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-dg) 6 12.78 (s, br, 1H), 7.59 (s, 1H), 7.50 (d, J = 8.0 Hz, 1H), 4.19 -
4.24 (m, 1H), 3.49 (s, 3H), 3.12 (dd, J = 4.8 Hz, 14.9 Hz, 11), 2.96 (dd, J = 9.9, 15.0
Hz, 1H). LCMS: Anal. Caled. for C;HgNOy: 214; found: 215 (M+H)".

Preparation of Cap-129

o o

,El HN. [{,} 1) Hy Pd-C / MeOH N

CbzHN® YO CH,CN/50°C CszN/[COZH 2) CICO,Me MeO,CHN™ ~CO,H
§-30 .31 NaHCO; / THF-H,0 cap-129

Step 1. Preparation of (S)-2-(benzyloxycarbonylamino)-3-(1H-pyrazol-1-
yl)propanoic acid (cj-31).

N=

')

CbzHN" ~CO,H
¢f-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-
(benzyloxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic acid (330,1 mg). The
filtrate was concentrated in 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. litm.p, 168.5 — 169.5 [Vederas etal. J. Am. Chem. Soc. 1985,
107, 7105]. '"HNMR (400 MHz, CD;0D) 8 7.51 (d, J = 2.0, 1H), 7.48 (s,J=1.5Hz,
1H), 7.24 — 7.34 (m, 5H), 6.23 m, 1H), 5.05 (d, 12.7 H, 1H), 5.03 (d, J = 12.7 Hz,
1H), 4.59 — 4.66 (m, 2H), 4.42 ~ 4.49 (m, 1H). LCMS: Anal. Caled. for
C14H;5N304: 289; found: 290 (M+H)".
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Step 2. Preparation of (S)-2-(methoxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic
acid (Cap-129).

L

MeO,CHN" ~CO,H
cap-129

(8)-2-(benzyloxycarbonylamino)-3-(1 H-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 MeQH,
therefore the reaction mixture was diluted with SmL H,0 and a few drops of 6N HC).
The homogeneous solution was filtered through diatomaceous earth (Celite™), and the
MeOT remO\;eld in vacuo. The remaining solution was frozen and lyophyllized to
give a yellow foam (188.9 mg). This material was suspended in THF-H,0 (1:1,
10mL) and then cooled to 0°C. To the cold mixture was added NaHCOs (146.0 mg,
1.74 mmol) carefully (evolution of CO;). After gas evolution had ceased (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 HCl and poured into
BtOAc. The layers were separated and the aqueous phase extracted with EtOAC
(x5). The combined organic layers were washed (brine), dried (Na;SOg), filtered, and
concentrated to give the title compound as a colorless solid (117.8 mg, 79%)).
'IINMR (400 MHz, DMSO-dg) 8 13.04 (s, 1H), 7.63 (d, J = 2.6 Hz, 1H), 748 (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 ¥z, 1H), 4.29 - 4.41 (m, 2I1), 3.48 (5, 3H). LCMS: Anal. Caled. for
CgH1N304: 213; found: 214 (M+H)".

Cap-130

Q0

AcHN™ > CO,H

Cap-130 was prepared by acylation of commercially available (R)-
phenylglycine analgous to the procedure given in: Calmes, M.; Daunis, J.; Jacquier,
R.; Verduccei, J. Tetrahedron, 1987, 43(10), 2285.
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Cap-131
o o Bn H
a b
Lo — o o
0 HN._.0
NH; HNYO Y
HCI _N_ AN

Step a: Dimethylcarbamoyl chloride (0.92 mL, 10 mmol) was added slowly to
a solution of (8)-benzyl 2-amino-3-methylbutanoate hydrochloride (2.44 g; 10 mmol)

5  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

under reduced pressure. The residue was partitioned between ethyl acetate and water.

The organic layer was washed with brine, dried (MgSO0y), filtered, and concentrated

under reduced pressure. The resulting yellow oil was purified by flash
10 chromatography, eluting with ethyl acetate:hexanes (1:1). Collected fractions were

concenirated under vacuum providing 2.35 g (85%) of clear oil. "H NMR (300

MHz, DMSO-dg) 8 ppm 0.84 (d, J=6.95 Hz, 3H), 0.89 (d, J=6.59 Hz, 3H), 1.98-2.15

(m, 1H), 2.80 (5, 6H), 5.01-5.09 (m, J=12.44 Hz, 1H), 5.13 (d, J=12.44 Hz, 1H),
6.22 (d, J/=8.05 Hz, 1H), 7.26-7.42 (m, 5H). LC (Cond. 1): RT = 1.76 min; MS:
15 Anal. Caled. for [M+H]" C;sHysN,03: 279.17; found 279.03.
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

20 remove the catalyst. The resulting clear solution was then concentrated under

reduced pressure to obtain 1.43 g (89%) of Cap-137 as a white foam, which was used
without further purification. 'H NMR (500 MHz, DMSO-ds) & ppm 0.87 (d, J=4.27
Hz, 3H), 0.88 (d, J=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, J=8.54 Hz, 1I1), 12.36 (s, 1H). LC (Cond. 1): RT = 0.33 min;

25  MS: Anal. Caled. for [M+H]+ CsHj7N204: 189.12; found 189,04,

Cap-132
o OH
YI‘O’B“ — \'AO
HN._.0
NH, Y
HC ~No

100
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Cap-132 was prepared from (S)-benzyl 2-aminopropanoate hydrochloride
according to the method described for Cap-737. 'H NMR (500 MHz, DMSO-dg) &
ppm 1.27 (d, J=7.32 Hz, 3H), 2.80 (s, 6H), 4.06 (qt, 1H), 6.36 (d, J=7.32 Hz, 1H),
12.27 (s, 1H), LC (Cond. 1): RT =0.15 min; MS: Anal. Caled. for [M+H]"
CoH15N,05: 161.09; found 161.00.

Cap-133
O OH
A A
NH, HN._.O
HC) \f

O~g

Cap-133 was prepared from (S)-tert-butyl 2-amino-3-methylbutanoate
hydrochloride and 2-fluoroethyl chloroformate according to the method described for
Cap-47. "H NMR (500 MHz, DMSO-ds) 8 ppm 0.87 (t, J = 6.71 Hz, 6H), 1.97-2.10
(m, 1), 3.83 (dd, /=8.39, 5.95 Hz, 1H), 4.14-4,18 (m, 1H), 4.20-4.25 (m, 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

Cap-134 was prepared from (S)-diethy! alanine and methy! chloroformate
according to the method de'scribed for Cap-51. "H NMR (500 MHz, DMSO-dg) 8
ppin 0.72-0.89 (m,.(SH), 1.15-1.38 (m, 4H), 1.54-1.66 (m, 1H), 3.46-3.63 (m, 3H),
4,09 (dd, 7 = 8.85, 5.19 Hz, 1H), 7.24 (d, J = 8.85 Hz, 1H), 12.55 (5, 1H), LC

(Cond. 2): RT = 0.66 min; LC/MS: Anal. Caled. for [M+H]" CoH1sNOq4: 204.12;
found 204.02.
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A solution of D-2-amino-(4-fluorophenyl)acetic acid (338 mg, 2.00 mmol),
1IN HCI in diethylether (2.0 mL, 2.0 mmol) and formalin (37%, 1 mL) in methano! (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
of Cap-135 as a white foam (316 mg, 80%). 'H NMR (300 MKz, MeOH-d4) § 7.59
(dd, /= 8.80, 5.10 Hz, 2H), 7.29 (t, J/ = 8.6 Hz, 2H), 5.17 (s, 1I1), 3.05 (v br s, 3H),
2.63 (v br s, 3H); Ry = 0.19 min (Cond.-MS-W5); 95% homogenity index; LRMS:
Anal. Caled. for [M+H]" C;oH3FNO;: 198.09; found: 198.10.

Cap-136

N O
\>_.4
[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 -
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
gave a white solid which was suspended in methanol, treated with 1N HCl/diethy!
ether (4 mL) and concentrated in vacuo. Lyophilization of the residne from water (5
mL) afforded the HCI salt of Cap-136 as a white solid (817 mg, 40%). "H NMR (300
MHz, DMSO-dg) & 7.94 (d,J= 1.5 Hz, 1H), 7.71 (d, J= 1.5 Hz, 1H), 7.50-7.31 (m,
SH), 5.77 (s, 2H}); Ry = 0.51 min (Cond.-MS-W5); 95% homogenity index; LRMS:
Anal. Cale. for [M+H]" C;H;12N;04: 203.08; found: 203.11.
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Cap-137

\CN

N

OH

Cap-137, step a

\CN

=N

0

A suspension of 1-chloro-3-cyanoisoquinoline (188 mg, 1.00 mmol; prepared
according to the procedure in WO 2003/ 099274) (188 mg, 1.00 mmol), cesium
fluoride (303.8 mg, 2.00 mmol}), bis(tri-fer-butylphosphine)palladium dichioride (10
mg, 0.02 mmol) and 2-(tributylstannyl)foran (378 plL, 1.20 mmol) in anhydrous
dioxane (10 mL) under nitrogen was heated at 80 °C for 16 h before it was cooled to
25 °C and treated with saturated, aqueous potassium fluoride solution with vigorous
stirring for 1 h. The mixture was partitioned between ethyl acetate and water and the
organic phase was separated, washed with brine, dried over Na,SQ,, filtered and
concentrated. Purification of the residue on silica gel (elution with 0% to 30% ethyl
acetate/hexanes) afforded Cap-137, step a (230 mg, 105%) as a white solid which
was carried forward directly. R;=1.95 min (Cond.-MS-W2); 90% homogeneity
index; LRMS: Anal. Calc. for [M+H]" C14HgN,O: 221.07; found: 221.12.

Cap-137

To a suspension of Cap 137, step @, (110 mg, 0.50 mmol) and sodium
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
NazS0,, 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);
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90% homogeneity index; LCMS: Anal. Calc. for [M-!-I-I]+ C;1HgN,07: 200.08;
found: 200.08:

Caps 138 to 158
5
Synthetic Strategy. Method A.
s
H
N Heon = mepBA S TMSCN XY 5N NaOH =
N THE T _n oo NG TEA ACH N 8C =N
-
BMCL 2001,
11, 1865-1388. CN 0H
Cap-138
™~
S
=N
10 COH

Cap-138, step a

\
N

To a stirred suspension of 5-hydroxyisoquinoline (prepared according to the

15 procedure in WO 2003/ 099274) (2.0 g, 13.8 mmol) and triphenylphosphine (4.3 g,
16.5 mmol) in dry tetrahydrofuran (20 mL) was added dry methanol (0.8 mL) and
diethyl azodicarboxylate (3.0 mL, 16.5 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,SO,, filtered and concentrated. The residue was preabsorbed

20 onto silica gel and chromatographed (elution with 40% ethyl acetate/hexanes) to
afford Cap-138, step a (1.00 g, 45%) as a light yellow solid. 'H NMR (CDCls, 500
MHz) & 9.19 (s, 1H), 8.51 (d, J = 6.0 Hz, 1H), 7.99 (4, /= 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]" CoH;oNO: 160.08; found
25 160.1.
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Cap-138, step b

~o

<j©
+
- N\o_

To a stirred solution of Cap /38, step a (2.34 g, 14.7 mmol) in anhydrous
dichloromethane (50 mL) at room temperature was added meta-chloroperbenzoic
acid (77%, 3.42 g, 19.8 mmol) in one portion. After being stirred for 20 h, powdered
potassium carbonate (2.0 g) was added and the mixture was stirred for 1 h at room
temperature before it was filtered and concentrated in vacuo to afford Cap-138, step b
(2.15 g, 83%) as a pale, yellow solid which was sufficiently pure to carry forward
directly, "H NMR (CDCls, 400 MHz) § 8.73 (d, /= 1.5 Hz, 1H), 8.11 (dd, J = 7.3,
1.7 Hz, 1H), 8.04 (d, J/=7.1 Hz, 1H), 7.52 (t, /= 8.1 Hz, 1H), 7.28 (d, J = 8.3 Hz,
1H), 6.91 (d, /= 7.8 Hz, 1H), 4.00 (s, 3H); R;=0.92 min, (Cond.-D1); 90%
homogenity index; LCMS: Anal. Calc. for [M+H]" CiqH;gNO,: 176.07; found:
176.0,

Cajr-138, step ¢

=

N
N

To a stirred solution of Cap 138, step b (0.70 g, 4.00 mmol) and triethylamine
(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;SO4 and solvent concentration. The residue was flash chromatographed on silica
gel (gradient ellltfﬁn with 5% ethyl acetate in hexanes to 25% ethyl acetate in
hexanes) to afford Cap-138, step ¢ (498.7 mg, 68%) as a white, crystalline solid
along with 223 mg (30%) of additional Cap-138, step ¢ recovered from the filtrate.
'H NMR (CDCl3, 500 MHz) & 8.63 (d,J=5.5 Hz, 1H), 8.26 (d, /= 5.5 Hz, 1H),
7.88(d, /=85 Hz, IH), 7.69 (t, J= 8.0 Hz, 1H), 7.08 (d, /= 7.5 Hz, 1H), 4.04 (s,
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3H); Re= 1.75 min, (Cond.-D1); 90% homogeneity index; LCMS: Anal. Calc. for
[M+H]" C)HgN,0: 185.07; found: 185.10.

' Cap-138

5 Cap-138, step ¢ (0.45 g, 2.44 mmol) was treated with 5N sodium hydroxide
solution (10 mL) and the resultiﬁg suspension was heated at 85 °C for 4 h, cooled to
25 °C, diluted with dichloromethane and acidified with 1N hydrochloric acid. The
organic phase \.Nas separated, washed with brine, dried over Na;SQy, concentrated to
Y4 volume and filtered to afford Cap-138 (0.44g, 88.9%) as a yellow solid. 'H NMR

10 (DMSO-dg, 400 MHZ) & 13.6 (br s, 1H), 8.56 (d, J= 6.0 Hz, 1H), 8.16 (d, /= 6.0

Hz, 1H), 8.06 (d, J= 8.8 Iz, 1H), 7.71-7.67 (m, 1H), 7.30 (d, J = 8.0 Hz, 1H), 4.02
(s, 3H); Ry = 0.70 min (Cond.-D1); 95% homogenity index; LCMS: Anal, Calc. for
[M+H]" CH oNO3: 204,07, found: 204,05,

15 Synthetic Strategy. Method B (derived from Tetrahedron Letters, 2001, 42, 6707).

} b

‘ =y, KCN, dpppe y 5N NaOH =
e ——
. =N Pd(OAc), =N =M
TMEDRA, 150°C
| folusne N OzH

WO 2003/ 099274

Cap-139

=N
O,H
20

Cap-139, step a
A ™
P
N
To a thick-walled, screw-top vial containing an argon-degassed suspension of
I-chloro-6-methoxyisoquinoline (1.2 g, 6.2 mmol; prepared according fo the

25 procedure in WO 2003/ 099274), potassium cyanide (0.40 g, 6.2 mmo}), 1,5-
bis(diphenylphosphino)pentane (0.27 g, .62 mmol) and palladium (II) acetate (70
mg, 0.31 mmol) in anhydrous toluene (6 mL) was added N,N,N’ N '-
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tetramethylethylenediamine (0.29 ml., 2.48 mmol). The vial was sealed, heated at
150 °C for 22 h and then allowed to cool to 25 °C. The reaction mixture was diluted
with ethyl acetate, washed with water and brine, dried over Na;SO,, filtered and
concentrated. The residue was purified on silica gel (gradient elution with 5% ethyl
acetate/hexanes to 25% ethyl acetate/hexanes) to afford Cap-139, step a (669.7 mg,
59%) as a white solid. '"H NMR (CDCls, 500 MHz) & 8.54 (d, J = 6.0 Hz, 1H), 8.22
(d, J=9.0 Hz, 1H), 7.76 {d, J= 5.5 Hz, 1H), 7.41-7.39 (m, 1H), 7.13 (d, /= 2.0 Hz,
1H), 3.98 (s, 3H); R; = 1.66 min (Cond.-D1); 90% homogenity index; LCMS: Anal.
Cale. for [M+H]" C;HoN,O: 185.07; found: 185.2.

Cap-139
Cap-139 was prepared from the basic hydrolysis of Cap-139, step a with 5N
NaOH according to the procedure described for Cap 738. 'H NMR (400 MHz,
DMSO-dg) & 13.63 (v brs, 1H), 8.60 (d, /=93 Hz, 111}, 8.45 (d, J = 5.6 Hz, 1H),
7.95(d, J=159Hz, 1H), 7.49 (d, J = 2.2 Hz, 1I), 7.44 (dd, J= 9.3, 2.5 Hz, 1H), 3.95
(8, 3H); Ry = 0.64 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C1HNOs: 204.07; found: 204.05.

Cap-140
P
O
2N
e

Cap-140, step a
P

To a vigorously-stirred mixture of 1,3-dichloro-5-ethoxyisoquinoline (482
mg, 2.00 nunol; prepared according to the procedure in WO 2005/ 051410),
palladium (IT) acetate (3 mg, 0.04 mmol), sodium carbonate (223 .mg, 2.10 mmol)
and 1,5-bis(diphenylphosphinc)pentane (35 mg, 0.08 mmol) in dry
dimethylacetamide (2 mL) at 25 °C under nitrogen was added N,N,N°*,N’-
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tef;ramethylethylenediamine (60 ml., 0.40 mmol). After 10 min, the mixture was

heated to 150 °C, and then a stock solution of acetone cyanohydrin (prepared from

457 UL of acetone cyanohydrin in 4.34 mL. DMA) was added in 1 mL portions over

18 h using a syringe pump. The mixture was then partitioned between ethyl acetate
and water and the organic layer was separated, washed with brine, dried over
NayS0,, filtered and concentrated. The residue was purified on silica gel (gradient
elution with 10% ethyl acetate in hexanes to 40% ethyl acetate in hexanes) to afford
Cap-140, step a (160 mg, 34%) as a yellow solid. R;=2.46 min (Cond.-MS-W2);
90% homogenity index; LCMS: Anal. Calc. for []‘\/H-I-I]+ C12HoCIN,O: 233.05;
found: 233.08.

Cap-140
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.
R, = 2.24 min (Cond.-MS-W2), 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" Ci2Hy CINO;3: 252.04; found: 252.02.

Cap-141

\F
=N

OoH

Cap-141, step a

X F

ZN
CN

Cap-141, step a was prepared from 1-bromo-3-fluoroisoquinoline (prepared
from 3-amino-1-bromoisoquinoline using the procedure outlined inJ. Med. Chem.
1970, 13, 613) as described in the procedure for the preparation of Cap-140, step a
(vide supra). 'H NMR (500 MHz, CDCl3) & 8.35 (d, J=8.5 Hz, 1H), 7.93 (d, J =
8.5 Hz, 1H), 7.83 (1, /= 7.63 Hz, 1H), 7.77-7.73 (m, 1H), 7.55 (s, 1H); R;= 1.60 min
(Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for [M+H]" CoHgFN,:
173.05; found: 172.99.
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Cap-141
Cap-141, step a (83 mg, 0.48 mmol) was treated with 12NV 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
5 then filtered to afford Cap-141 (44.1 mg, 48%) as an off-white solid. The filtrate was
diluted with dichloromethane and washed with brine, dried over Na;SQy4, and
concentrated to afford additional Cap-141 (29.30 mg, 32%) which was sufficiently
pure to be carried forward directly. "H NMR (DMSO-dg, 500 MHz) & 14.0 (brs,
1H), 8.59-8.57 (m, 1H), 8.10 (d, J = 8.5 Hz, 111), 7.88-7.85 (m, 2H), 7.74-7.71 (m,
10 1H); Ry= 1.33 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C1oHFNO,: 192.05; found: 191.97.

Cap-142
@
N
™
=M
O,H
15
Cap-142, step a
Br
.

AL

N
Cap-142, step a was prepared from 4-bromoisoquinoline N-oxide as
described in the two-step procedure for the preparation of Cap-138, steps b and c. Ry
20 = 1.45 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for
[M-+H]" CyoHeBrNy: 232.97; found: 233.00.

Cap-142, step b
o
()
o

o

CN
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To an argon-degassed suspension of Cap-142, step a (116 mg, 0.50 mmol),
potassium phosphate tribasic (170 mg, 0.80 mmol), palladium (1) acetate (3.4 mg,
0.015 mmol) and 2-(dicyclohexylphosphino)bipheny! (11 mg, .03 mmol) in
anhydrous toluene (1 mL) was added morpholine (61 L, 0.70 mmo!). The mixture
was heated at 100 °C for 16 h, cooled to 25 °C, filtered through diatomaceous earth
(Celite®) and concentrated. Purification of the residue on silica gel (gradient elution
with 10% to 70% ethyl acetate in hexanes) afforded Cap-142, step b (38 mg, 32%) as
a yeliow solid which was carried forward directly. R, = 1.26 min (Cond.-MS-W1);
90% homogenity index; LCMS: Anal. Calc. for [M+H]" C;4H14N450: 240.11; found:
240,13,

Cap-142
Cap-142 was prepared from Cap‘j 42, step b with 5N sodium hydroxide as
described in the procedure for Cap 138. R, = 0.72 min (Cond.-MS-W1); 90%
homogenity index; LCMS: Anal. Cale. for [M+H]" C;4H,;5N;03: 259.11; found:
259.08. ‘

Cap-143

(J

=N

7N

O,H

Cap-143, step a

A

er
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 pL, 2.00 mmol) was added. This mixture was stirred
further at 25 °C for 5 h and at 75 °C for 72 h before it was cooled to 25 °C, quenched

with saturated ammonium chloride solution and diluted with ethyl acetate, The
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organic layer was separated, washed with water and brine, dried over Na; SOy,
filtered and concentrated. Purification of the residue on silica gel (gradient elution
with 0% to 70% ethyl acetate in hexanes) afforded Cap-143, step a (180 mg, 31%) as
a yellow solid. R,= 1.75 min (Cond.-MS-W1); 90% homogenity index; LCMS:
Anal, Cale. for [M-!-H]'[" C1aH14BrN;O: 293.03; found: 293.04.

Cap-143

To a cold (-60 °C) solution of Cap-743, step a (154 mg, 0.527 mmol) in
anhydrous tetrahydroforan (5 mL) was added a solution of r-butyllithium in hexanes
(2.5M, 0.25 mL, 0.633 mmol). After 10 min, dry carbon dioxide was bubbled into
the reaction mixture for 10 min before it was quenched with 1§ HCl and allowed to
warm to 25 °C. The mixture was then extracted with dichloromethane (3 x 30 mL)
and the combined organic extracts were concentrated in vacuo. Purification of the
residue by reverse phase HPLC (MeOH/water/TFA) afforded Cap-143 (16 mg,
12%). Ry= 1'._10 min (Cond.-MS-W1}); 90% homogenity index; LCMS: Anal. Calc.
for [M+H]" C14H15N;05: 259.11; found: 259.08.

Cap-144

\.N/

Cap-144, step a

NOs

\Cl

ZN
o
1,3-Dichloroisoquinoline (2.75 g, 13.89 mmol) was added in smal} portions to
a cold (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
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used directly. R¢=2.01 min (Cond.-D1); 95% homogenity index; LCMS: Anal.
Cale. for [M+I—I]+ CoH5CILN,O4: 242.97; found: 242.92.

Cap-144, step b

~
N/

e
N
Cl
Cap-144, step a (0.30 g, 1.23 mmol) was taken up in methanol (60 mL) and

treated with platinum oxide (30 mg), and the suspension was subjected to Parr
hydrogenation at 7 psi Hz for 1.5 h before formalin (5 mL) and additional platinum
oxide (30 mg) were added. The suspension was resubjected to Parr hydrogenation at
45 psi H, for 13 h before it was suction-filtered through diatomaceous earth {Celite®)
and concentrated down to % volume. Suction-filtration of the ensning precipitate
afforded the title compound as a yellow solid which was flash chromatographed on
stlica gel (gradient elution with 5% ethyl acetate in hexanes to 25% ethyl acetate in
hexanes) to afford Cap-144, step b (231 mg, 78%) as a pale, yellow solid. R,=2.36
min (Cond.-D1); 95% homogenity index; "M NMR (400 MHz, CDCl;) & 8.02 (s,
1H), 7.95 (d, J= 8.6 Hz, 1H), 7.57-7.53 (m, 1H), 7.30 (d, /= 7.3 Hz, 1), 2.88 (s,
6H); LCMS: Anal. Cale. for [M+H]" C;11;1ChNy: 241.03; found: 241,02, HRMS:
Anal. Cale. for [M+H]" Cy H; Cl;N,: 241.0299; found: 241.0296.

Cap-144, step ¢

~p

N
X Cl
=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. Ry=2.19 min (Cond.-
D1); 95% homogenity index; LCMS: Anal. Cale. for [M+H]" Ci2H;,CIN;: 232.06;
found: 232,03, HRMS: Anal. Calc. for [M+H]" C);H;;CIN3: 232.0642; found:
232.0631.
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Cap-144
Cap-144 was prepared according to the procedure described for Cap-141. Ry

= 2.36 min (Cond.-D1); 90%; LCMS: Anal. Calc. for [M+H]" C13H2CIN,O;:

238.01; found: 238.09.

PCT/US2010/023582

5
Caps-145to -162
Caps-145 to 162 were prepared from the appropriate 1-chloroisoquinolines
according to the procedure described for the preparation of Cap-138 (Method A) or
Cap-139 (Method B) unless noted otherwise as outlined below,
10
R, (LC-
Cond.);
%
Cap # Cap Method Hydrolysis homogen
eity
index;
MS data
1.14 min
(Cond.-
MS-W1);
90%;
408 LCMS:
Cap- Lo Anal.
145 Prepared from B 12N HCI Calc. for
commercially available 1,3- [M+H]"
dichloroisoquinoline CioH-CIN
02
208.02;
found:
208.00.
Cap- SO ' 1.40 min
146 r A VRO cond.-
CogH
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Prepared from
commercially available 3-

hydroxyisoquinoline

D1);
95% ;
L.LCMS:
Anal.
Cale. for
[M+H]"
CiiHioN
Oy
204.07;
found:
204.06.

Cap-
147

~

=
N

COH
Prepared from
commercially available 1-
chloro-4-

hydroxyisoquinoline

SN NaOH

0.87 min
(Cond.-
D1y,
95%;
LCMS:
Anal.
Cale. for
[M+H]"
CiiHjoN
0s:
204.07,
found:
204.05.

Cap-
148

S
N
\O =
OzH
Prepared from

commercially available 7-

hydroxyisoquinoline

SN NaOH

0.70 min
{Cond.-
DI},
95%;
L.CMS:
Anal.
Calc. for
[M+HT
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CyHN
Os:
204.07,
found:

204.05.

Cap-
149

S
=N

OH
Prepared from
commercially available 5-

hydroxyisoquinoline

5N NaOH

0.70 min
(Cond.-
D1);
95%;
LCMS:
Anal.
Calc. for
(M+H]"
CiHoN
O3t
204.07;
found:
204.05.

Cap-
150

=
=N TFA
A Cod

Prepared from 8-methoxy-
1-chloroisogquinoline, which
can be synthesized
following the procedure in
WO 2003/ 099274

128 HCI

0.26 min
(Cond.-
D1);
95%,
LCMS:
Anal.
Calc, for
[M+H]"
CiHgN
Os:
204.07;
found:
204.04.
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WO 2010/096302
1.78 min
(Cond.-
N D1);
% ~Cl 90%;
AN LCMS:
Cap- oot Anal.
75y | Trepared from S-methoxy- 12NHCl | Calc. for
1,3-dichloroisoquinoline, [M+H]*
which can be synthesized C1HoCIN
following the procedure in Oy
WO 2005/ 051410. 238.03:
found:
238.09,
1.65 min
{Cond.-
D1);
o O 95%,
N LCMS:
Cap- Oaft Anal.
152 Prepared from I2NHCl | Cale. for
commercially available 6~ - [M-+H]"
methoxy-1,3- C1 HoCIN
dichloroisoquinoline Os:
238.00;
found:
238.09.
Br 1.18 min
=z
Cap- A (Cond.-
153 o evict | oW
Prepared from 4- 95%:
bromoisoquinoline, which LCMS:
can be synthesized Anal.
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following the procedure in Cale, for
WO 2003/ 062241 [M+H]"
CyoH7Br
NO;:
251.97;
found:
251,95,
0.28 min
(Cond.-
MS-W1);
= 90%;
. 2N
ot LCMS:
Cap- Prepared from 7-fluoro-1- Anal,
154 chloroisoquinoline, which 5N NaOH Calc. for
can be synthesized [M+1]"
following the procedure in CioH7FN
WO 2003/ 099274 0y
192.05;
found:
192.03.
0.59 min
{Cond.-
SN MS-W1);
ol =N 90%;
COH LCMS:
Cap- Prepared from 1,7- Anal.
135 dichloroisoquinoline, which SN NaOH Cale. for
can be synthesized IM+H]"
following the procedure in CoH,CIN
WO 2003/ 099274 On:
208.02;
found:
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208.00.
0.60 min
(Cond.~
MS-Wi);
cl
=N
Lo LCMS:
Cap- Prepared from 1,6- Anal.
156 dichloroisoquinoline, which 3¥ NaOH Cale. for
+
can be synthesized [M+H]
following the procedure in Cyol,CIN
WO 2003/ 099274 O::
208.02;
found:
208.03.
1.49 min
{Cond.~
Gl D1);
= 95%:;
7" LCMS:
Oz
Cap'-' PP Anal.
Prepared from 1,4-
157 12N HCI Calc. for
dichloroisoquinoline, .
, ) [M:-+H]
which can be synthesized
. CioH;7C)
following the procedure in NO
WO 2003/ 062241 '
208.02;
found:
208.00.
' 0.69 min
=
Cap- N (Cond.-
158 CO.H 5N NaOH MS-W1};
Prepared from 1,5- 90%;
dichloroisoquinoline, LCMS:
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which can be synthesized Anal,
following the procedure in Cale. for
WO 2003/ 099274 IM+HT
CyoH,;CIN
02!
208.02;
found:
208.01.
0.41 min
(Cond.-
i MS-W1);
X 90%;
7 LCMS:
Cap- Anal.
Prepared from 5-fluoro-1-
159 SN'NaOH Cale., for
chloroisoquinoline, .
, . [M+H]
which can be synthesized
. ) CioH;FN
following the procedure in o
WO 2003/ 099274 i
192.05;
found:
192.03.
0.30 min
(Cond.-
E.
o MS-W1);
~N
oM 90%,
Cap- Prepared from 6-fluoro-1- LCMS:
160 chloroisoquinoline, SN NaOH Anal.
which can be synthesized Cale. for
+
following the procedure in [M+H]
WO 2003/ 099274 CroH7FN
022
192.05;
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found:
192.03,
0.70 min
(Cond.
D1);
\N/
95%:
[y
= LCMS:
N NCogH
Cap- Anal,
i Prepared from 4- wnal
161 o - -- Cale, for
bromoquinoline-2- .
M+H
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Cap-163

OH
OH

O

To a solution of 2-ketobutyric acid (1.0 g, 9.8 mmol) in diethylether (25 ml)
was added phenylmagnesium bromide (22 ml, 1M in THF) dropwise. The reaction
was stirred at ~25 °C under nitrogen for 17.5h. The reaction was acidified with IN
HC1 and the product was extracted with ethyl acetate (3 x 100 ml). The combined
organic layer was washed with water followed by brine and dried over MgSO,. After
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, & =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 (br s, 1H), 2.11 (m, 111), 1.88 (m, 1H), 0.79
(app t, J = 7.4 Hz, 3H).

Cap-164
0]
OH
N
\

A mixture of 2-amino-2-phenylbutyric acid (1.5 g, 8.4 mmol), formaldehyde
(14 ml, 37% in water), 1N HCI (10 mL) and 10% Pd/C (0.5 mg) in MeOH (40 mL)
was exposed to Hj 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
TFA salt of Cap-164 as a white solid (1.7 g). 'H NMR (DMSO-dg, 8= 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, J =
7.3 Hz, 3H).
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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 mi) 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 8. The volatile component was removed in vacuo, and the
residue was dissolved in DMY (14 mL) and purified by a reverse phase HPLC
(MeOH/H,O/TFA) to afford the TFA salt of Cap-165 és a viscous oil (120.2 mg). 'H
NMR (DMSO-dg, 8 =2.5 ppm, 500 MHz): 7.29-7.21 (m, 4 H), 3.61 (d, = 17.4 Hz,
2H), 3.50 (d, J = 17.4 Hz, 2H), 2.75 (s, 6H). LC/MS: Anal. Caled. for [M+H]"
Ci2HisNO4: 206.12; found: 206.07.

Cap-166a and -166b

Q
OH Cap-166a: Diastereomer-1

N Cap-166b: Diastereomer-2
!g‘)\

Caps-166a and -166b were prepared from (1S, 48)-(+)-2-methyl-2,5-
diazabicyclo[2.2.1]heptane {(ZHBr) according to the method described for the
synthesis of Cap-7a and Cap-7h, with the exception that the benzyl ester
intermediate was separated using a semi-prep Chrialcel OJ column, 20 x 250 mn, 10
pm eluting with 85:15 heptane/ethanol mixture at 10 mL/min elution rate for 25 min.
Cap-166b: "HNMR (DMSO-dg, § = 2.5 ppm, 500 MHz): 7.45 (d, ] = 7.3 Hz, 2H),
7.27-7.19 (m, 3H), 4.09 (s, 1H), 3.34 (app br s, 1H), 3.16 (app brs, 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),
1.63 (d, J = 9.8 Hz, 1H). LC/MS: Anal. Caled. for [M+H]" C14H0N,04: 247.14;
found: 247.11.

Cap-167

OH
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A solution of racemic Boc-1,3-dihydro-2H-isoindole carboxylic acid (1.0g,
3.8 mmol) in 20% TFA/CH,Cl; was stirred at ~25 °C for 4h. All the volatile
component was removed in vacto. A mixture of the resultant crude material,
formaldehyde (15 mL, 37% in water), 1N HCI (10 mL) and 10% Pd/C (10 mg) in

5 MeOH was exposed to II, (40 PSI) in a Parr bottle for 23 h. The reaction mixture

was filtered over Celite and concentrated in vacuo to afford CapJ 67 as a yellow
foam (873.5 mg). 'H NMR (DMSO-dg, &= 2.5 ppm, 500 MHz) 7.59-7.38 (m, 4H),
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]" CpH;2NO;: 178.09; found: 178.65.

10
Cap-168
0 OH
NMEZ

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

15 material was employed as such.

A. mixture of 2-amino-2-phenylpropanoic acid hydrochloride (5.0 g, 2.5

20 mmol), formaldehyde (15 ml, 37% in water), IN HCI (15 ml), and 10% Pd4/C (1.32 g)
in MeOH (60 mL) was placed in a Parr boitle and shaken under hydrogen (55 PSI)
for 4 days. The reaction mixture was filtered over Celite and concentrated in vacuo.
The residue was taken up in MeOH and purified by reverse phase prep-HPLC
(MeOH/water/TFA) fo afford the TFA salt of Cap-769 as a viscous semi-solid (2.1

25 g). "HNMR (CDCls, § =7.26 ppm, 500 MHz): 7.58-7.52 (m, EAH), 7.39-7.33 (m,
3H), 2.86 (br s, 3H), 2.47 (brs, 3H), 1.93 (s, 3H). LC/MS: Anal. Caled. for [M+H]"
Ci1HigNO;: 194.12; found: 194.12.
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To (S)-2-amino-2-{tetrahydro-2H-pyran-4-ylacetic acid (505mg; 3.18mmol;
obtained from Astatech) in water {15ml1) was added sodium carbonate {673 mg;
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
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 agueous 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
to afford Cap-170 a colorless residue. 'H NMR (500 MHz, DMSO-dg) dppm 12.65
(1H,brs), 744 (1 H, d, /~8.24 Hz), 3.77-3.95(3H, m),3.54 (3 14, 8), 3.11 - 3.26 (2
H, m), 1.82-1.95 (1 H, m), 1.41 - 1.55 (2 H, m), 1.21 - 1.39 (2 H, m); LC/MS: Anal,
Calced. for [M-i—H]* CoHsNOs: 218.1; found 218.1,

Cap-171
0 O
OLi
HNYO
O
A solution of methyl 2-(benzyloxycarbonylamino)-2-(oxetan-3-

ylidene)acetate (200 mg, 0.721 mmol; II Farmaco {2001), 56, 609-613) in ethyl
acetate (7 mi) and CH,Cl, (4.00 ml) was degassed by bubbling nitrogen for 10min.
Dimethyl dicarbonate (0.116 mi, 1.082 mmol) and Pd/C (20 mg, 0.019 mmol) were
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),S0,, 6g ammonium molybdate, 6ml

sulfuric acid, and 100m] water) indicated complete conversion. The reaction was
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filtered through celite and concentrated. The residue was purified via Biotage® (load
with dichloromethane on 25 samplet; elute on 255 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-(methoxycarbonylamine)-2-
(oxetan-3-yl)acetate as a colorless oil. 'H NMR (500 MHz, CHLOROFORM-D) &
ppm 3.29 - 3.40 (m, /=6.71 Hz, 1 H) 3.70 (s, 3 H) 3.74 (5, 3 H) 4.55 (t, /=6.41 Hz, ]
H) 4.58 - 4.68 (m, 2 H) 4.67 - 4.78 (m, 2 H) 5.31 (br s, 1 H). LC/MS: Anal. Caled.
for [M+H]" CgH14NOs: 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
(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),S0y4, 6g
ammonium molybdate, 6m] 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
placed on high vac ovemnite providing 55mg lithium 2-(methoxycarbonylamino)-2-
(oxetan-3-yhacetate as a colorless solid. 'H NMR (500 MHz, MeOD) 3 ppm 3.39 -
3.47 (m, 1 H) 3.67 (5,3 H) 4.28 (d, /=7.93 Hz, ] H) 4.64 (t, /=6.26 Hz, 1 1) 4.68 (4,
J=7.02 Hz, 1 H) 4.73 (d, /=7.63 Hz, 2 H),

Cap-172

OH

j\\"\ 0

Cap-172, step a

Cl

CI/L\ 0

The following diazotization step was adapted from Barton, A.; Breukelman,
S. P; Kaye, P. T.; Meakins, G. D,; Morgan, D. J. J. C. § Perkin Trans I 1982,
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159-164: A solution of NaNO, (166 mg, 2.4 mmol) in water (0.6 mI) was added
slowly to a stirred, cold (0 °C) solution of methyl 2-amino-5-ethyl-1,3-thiazole-4-
carboxylate (186 mg, 1.0 mmol), CuSO45H>0 (330 mg, 1.32 mmol), NaCl (260 mg,
4.45 mmol) and H,S0; (5.5 mL) in water (7.5 mL). The mixture was stirred at 0 °C
for 45 min and allowed to warm up to room temperature where it stirred further for 1
h before CuCl (118 mg) was added. This mixture was stirred further at room
temperature for 16 h before it was diluted with brine and extracted with ether twice,
The organic layers were combined, dried over MgSO4 and concentrated to give
methyl 2-chloro-5-ethylthiazole-4-carboxylate (i.e. Cap-172, step a) (175 mg, 85%)
as an orange oil (80% pure) which was used directly in the next reaction, R;=1.99
min (Cond.-MD1), LC/MS: Anal. Caled. for [M+H]" CyHyCINO,S: 206.01; found:
206.05.
Cap-172

To a solution of methyl 2-chioro-5-ethylthiazole-4-carboxylate (175 mg) in
THE/H,0/MeOH (20 mL/ 3 mL/ 12 mL) was added LiOH (305 mg, 12.76 mmol).
The mixture was stirred at room temperature overnight before it was concentrated
down and neutralized with 1N¥N HCl in ether (25 mL). The residue was extracted twice
with ethyl acetate and the organic layers were combined, dried over Mg804 and
evaporated to yield Cap-172 (60 mg, 74%) as a red solid which was used without
further purification. 'H NMR (300 MHz, DMSO-dg) § ppm 13.03-13.42 (1 H, m),
316 (2H,q,J=741Hz), 1.23 (3 H,t, /=75 Hz). Ry=1.78 min (Cond.-MD1);
LC/MS: Anal. Caled. for [M+H]" CH;CINO,S: 191.99; found: 191.99,

Cap-173
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The following diazotization step was adapted from Barton, A.; Breukelman,
S. P.,; Kaye, P. T.; Meakins, G. D.; Morgan, D. J. J. C. S, Perkin Trans I 1982,
159-164: A solution of NaNO; (150 mg, 2.17 mmol} in water (1.0 mL) was added
dropwise to a stirred, cold (0 °C) solution of methyl 2-amino-5-ethyl-1,3-thiazole-4-
carboxylate (186 mg, 1.0 mmol) in 50% H3PO, (3.2 mL). The mixture was stirred at
0 °C for | h and allowed to warm up to room temperature where it stirred further for
Zh. After recooling to 0 °C, the mixture was treated slowly with a solution of NaOH
(85 mg) in water (10 mL). The mixture was then diluted with saturated NaHCO4
solution and extracted twice with ether. The organic layers were combined, dried
over MgS04 and concentrated to give methyl 5-ethylthiazole-4-carboxylate (i.e.
Cap-173, step a) (134 mg, 78%) as an orange oil (85% pure) which was used directly
in the next reaction. R,= 1.58 min (Cond.-MD1); LC/MS: Anal. Caled. for [M+H]*
CqH;oNO,S: 172.05; found: 172.05.

Cap-173

To a solution of methyl 5-ethylthiazole-4-carboxylate (134 mg) in
THF/H0/MeOH (18 mL/ 2.7 mL/ 11 mL) was added LiOH (281 mg, 11.74 mmol).
The mixture was stirred at room temperature overnight before it was concenfrated
down and neutralized with 1N HCl in ether (25 mL). The residue was extracted twice
with ethyl acetate and the organic layers were combined, dried over MgSQy and
evaporated to yield Cap-173 (90 mg, 73%) as an orange solid which was used
without further purification. 'H NMR {300 Miiz, DMSO-dg) & ppm 12.74-13.04 (1
H,m),32002H,q,/=73Hz),1.253H,t,/=7.5Hz). R=1.27 min (Cond.-
MD1}), LC/MS: Anal. Calcd. for [M+H]" CsHgNO,S: 158.03; found: 158.04.

Cap-174

\
> OH
N
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Cap-174, step a
N - OSOsCFs
0
Triflic anhydride (5.0 g, 18.0 mmol) was added dropwise to a cold (0 °C)

solution of methyl 3-hydroxypicolinate (2.5 g, 16.3 mmol) and TEA (2.5 mL, 18.0
mmol) in CH,Cl; (80 mlL). The mixture was stirred at 0 °C for 1h before it was
allowed to warm up to room temperature where it stirred for an additional 1 h. The
mixture was then quenched with saturated NaHCOj; solution (40 mL) and the organic
layer was separated, washed with brine, dried over MgSO, and concentrated to give
methyl 3-(triflucromethylsulfonyloxy)picolinate (i.e. Cap-174, step a) (3.38 g, 73%)
as a dark brown oil (>95% pure) which was used directly without further purification.
'H NMR (300 MHz, CDCl3) & ppm 8.72-8.79 (1 H,m), 7.71 (1 H, d, 7= 1.5 Hz),
7.58-7.65 (1 H, m), 4.04 (3 H, 5). R{=1.93 min (Cond.-MD1); LC/MS: Anal.
Caled. for [M.+H]+ CsH7F3NOsS: 286.00; found: 286.08.

Cap-174

To a solution of methyl 3-(triflnoromethylsulfonyloxy)picolinate (570 mg, 2.0
mmol) in DMF (20 mL) was added LiCl (254 mg, 6.0 mmo}),
tributyl(vinyl)stannane (761 mg, 2.4 mmol) and bis(triphenylphosphine)palladivm
dichloride (42 mg, 0.06 mmol). The mixture was heated at 100 °C ovemnight before a
saturated solution of KF (20 mL) was added to the reaction mixture at room
temperature. This mixture was stirred for 4 h before it was fiitered through Celite
and the pad of Celite was washed with ethyl acetate. The aqueous phase of the
filtrate was then separated and concentrated down i vacuo. The residue was treated
with 4N HC] in dioxanes (5 mL) and the resulting mixture was extracted with
methanol, filtered and evaporated to afford Cap-174 (260 mg) as a green solid which
was slightly contaminated with inorganic salts but was used without further
purification, :‘H NMR (300 MHz, DMSO-dg) 6 ppm 8.21 (1 H, 4, J= 3.7 Hz), 7.81-
7.90 (1 H, m), 709 (1 H, dd, /= "7.7,4.8 Hz), 6.98 (1 H, dd,J=17.9, 11.3 Hz), 5.74
{1H,dd, .}'=—'17.9, 1.5 Hz), 5.20 (1 H, d, /=11.0 Hz). R;=0.39 min (Cond.-MD1),
LC/MS: Anal. Caled. for [M+H]" CgHgNO,: 150,06; found: 150.07.
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Cap-175

i

N
& OH
N

Cap-175, step a

|

To a solution of methyl 3-(trifluoromethylsulfonyloxy)picolinate (i.e. Cap
173, step a) (570 mg, 2.0 mmol), an intermediate in the preparation of Cap-174, in
DMF (20 mL) was added LiCl (254 mg, 6.0 mmol), tributyl(vinyl)stannane (761 mg,
2.4 mmol) and bis(triphenylphosphine)pailadium dichloride (42 mg, 0.06 mmol).
The mixture was heated at 100 °C for 4 h before the solvent was removed in vacuo.
The residue was taken up in acetonitrile (50 mL) and hexanes (50 mL) and the
resulting mixture was washed twice with hexanes, The acetoniirile layer was then
separated, filtered through Celite, and evaporated. Purification of the residue by flash
chromatography on a Horizon instrument (gradient elution with 25% ethyl acetate in
hexanes to 65% ethyl acetate in hexanes) afforded methyl 3-vinylpicolinate (i.e.
Cap-175, step a) (130 mg, 40%) as a yellow oil. 'H NMR (300 MHz, CDCl;) § ppm
8.60 (1 H,dd,J=4.6,1.7Hz),7.94 (1 H,d, J=7.7 I1z), 7.33-7.51 2 14, m), 5.72 (1
H,d,J=17.2 Hz), 547 (1 H, d, J=11.0 Hz), 3.99 (3 H, 5). Ry=1.29 min {Cond.-
MD1); LC/MS: Anal. Caled. for [M+H]" CoHpNO,: 164.07; found: 164.06,

Cap-175, step b

|

A
e

N

Palladium on carbon (10%, 25 mg) was added to a solution of methy! 3-

vinylpicolinate (120 mg, 0.74 mmol) in ethanol (10 mL). The suspension was stirred

at room temperature under an atmosphere of hydrogen for 1 h before it was filtered
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through Celite and the pad of Celite was washed with methanol. The filtrate was
concentrated down to dryness to yield methyl 3-cthylpicolinate (i.e. Cap-1735, step b
) which was taken directly into the next reaction. Ry=1.15 min (Cond.-MD1);
LC/MS: Anal. Caled. for [M+H]" CoH|2NO;: 166.09; found: 166.09.

Cap-175

To a solution of methyl 3-ethylpicolinate in THF/H,O0/MeOH (5 mL/ 0.75
mL/ 3 mL) was added LiOH (35 mg, 1.47 mmol). The mixture was stirred at room
temperature for 2 d before additional LiOH (80 mg) was added. Afler an additional
24 h at room temperature, the mixture was filtered and the solvent was removed in
vacuo. The residue was then treated with 4NV HCl in dioxanes (5 mL) and the
resulting suspension was concentrated down to dryness to yield Cap-175 as a yellow
solid which was used without further purification. 'H NMR (300 MHz, DMSO-dg)
ppm 8.47 (1 H,dd, /=4.8, 1.5 Hz), 7.82-7.89 (1 H,m), 7.53 (1 H, dd, J="7.7,4.8
Hz),2.82(2H, q,J=73Hz), 1.17 3 H, t,J="7.5 Hz). R;=0.36 min {Cond.-MD1);
LC/MS: Anal. Caled. for [M+H]+ CgHoNO5: 152.07; found: 152.10.

Cap-176
HO. 20 j\
o
F
F

Cap-176, step a
O 0 O/\@
Ao
0 H
Cd

A solution of 1,4-dioxaspiro[4.5]decan-8-one (15 g, 96 mmol) in EtOAc (150
mL) was added to a solution of methyl 2-(benzyloxycarbonylamino)-2-
(dimethoxyphosphoryl)acetate (21.21 g, 64.0 mmol) in 1,1,3,3-tetramethylguanidine
(10.45 mL, 83 mmo!l) and EtOAc (150 mL). The resulting solution was the stirred at
ambient temperature for 72 h and then it was diluted with EtOAc (25 mL). The
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organic layer was washed with 1N HCI (75 mL), H20 (100 mL} and brine (100 mL),
dried (MgSQ,), filtered and concentrated. The residue was purified via Biotage (5%
{0 25 % EtOAc/Hexanes; 300g column). The combined fractions containing the
product were then concentrated under vacuum and the residue was re-crystallized
from hexanes/EtOAc to give white crystals that corresponded to methyl 2-
(benzyloxycarbonylamino)-2-(1,4-dioxaspiro{4.5]decan-8-ylidene)acetate (6.2 g) 'H
NMR (400 MHz, CDCh-d) 8 ppm 7.30 - 7.44 (5 H,m), 6.02 (1 H, br. s.), 5.15 (2 H,
§), 3.97(4 11, 5),3.76 (3 H, br. s.),2.84 - 2.92 (2 H,m), 2.47 (2 H, t, /=6.40 Hz),
1.74 - 1.83 (4 H, m). LC (Cond. OL1): Ry=2.89 min. LC/MS: Anal. Caled. For
[M+Na]" CioHzNNaQg: 745.21; found: 745.47

Cap 176, step b
O

_0._.0
L0
C

Ester Cap 176, step b was prepared from alkene Cap /76, step a according to
the method of Burk, M. J.; Gross, M. F. and Martinez J. P. (/. 4m. Chem. Soc.,
1995, 117, 9375-9376 and references therein): A 500 mL high-pressure bottle was
charged witl alkene Cap 176, step a (3.5 g, 9.68 mmol) in degassed MeOH (200 mL)
under a blanket of N,. The solution was then charged with (-)-1,2-Bis((2S,58)-2,5-
dimethylphospholano)ethane(cyclooctadiene)rhodium (I) tetrafluoroborate (0.108 g,
0.194 mmol) émd the resulting mixture was flushed with N (3x) and charged with Hs
(3%). The solution was shaken vigorously under 70 psi of H; at ambient temperature
for 72 h. The solvent was removed under reduced pressure and the remaining residue
was taken up in EtOAc. The brownish solution was then filtered through a plug of
Silica Gel and eluted with EtOAc. The solvent was concentrated under vacuum to
afford a clear oil corresponding to ester Cap 176, step b (3.4 g) le NMR (500 MHz,
CDCl3-d) & ppm 7.28 - 7.43 (5 H, m), 5.32 (1 H, d, /=9.16 Hz), 5.06 - 5.16 (2 H, m),
4,37 (1 H, dd, J/=9.00, 5.04 Hz), 3.92 (4 H, t, J=3.05 Hz), 3.75 (3 H, 5), 1.64 - 1.92 (4
H, m), 1.37 - 1.60 (5 H, m). LC (Cond. OL1): R¢=1.95 min. LC/MS: Anal. Calcd.
For [M+H]" C1sHNOg: 364.18; found: 364.27.
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Cap 176, step ¢
0.0 O/\©
NS
H
0

Ester Cap 176, step b (4.78 g, 13.15 mmol) was dissolved in THF (15 mL)
followed by sequential addition of water (10 mL), glacial acetic acid (26.4 mL, 460
mmol) and dichloroacetic acid (5.44 mL, 65.8 mmol). The resulting mixture was
stirred for 72 h at ambient temperature, and the reaction was quenched by slow
addition of solid Nay;CO; with vigorous stirring until the release of gas was no longer
visible. Crude product was extracted into 10% ethyl acetate-dichloromethane and the
organic layers were combined, dried (MgSQ,) filtered and concentrated. The
resulting residue was purified via Biotage (0 to 30% EtOAc/Hex; 25 g column) to
afford ketone Cap 176, step ¢ (3.86g) as a clear oil. ' NMR (400 Mz, CDCls-d) &
ppm 7.28 - 7.41 (5 H, m), 5.55 (1 H, d, J/=8.28 Hz), 5.09 (2 H, 5), 4.46 (1 H, dd,
J=8.16,5.14 Hz),3.74 (3 1, 5), 2.18 - 2.46 (§ H, m), 1.96 - 2.06 (1 H, m), 1.90 (1 H,
ddd, /=12.99, 5.96, 2.89 Hz), 1.44 - 1.68 (2 H, m, J=12.36, 12.36, 12.36, 12.36, 4.77
Hz). LC (Cond.. OL1): R,=1.66 min. LC/MS: Anal. Caled. For [M+Na]"
C17H2NNaQs: 342.13; found: 342.10.

Cap 176, step d

O ;i::@

F‘
F

Deoxo-Fluor® (3.13 mL, 16.97 mmol) was added to a solution of ketone Cap
176, step ¢ (2.71 g, 8.49 mmol) in CH;Cl; (50 mL) followed by addition of a
catalytic ammount of EtOH (0.149 mL, 2,55 mmol). The resulting ycllowish
solution was stirred at rt overnight. The reaction was quenched by addition of sat.
aq. NaHCOj (25 mL) and the mixture was extracted with EtOAc¢ (3X75 mL)). The
combined organic layers were dried (MgSQy), filtered and dried to give a yellowish
oil. The residue was purified via Biotage chromatography (2% to 15% EtOAc/Hex;

90g column) and a white solid corresponding to the difluoro amino acid dilforide Cap
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176, step d (1.5 g) was recovered. 'H NMR (400 MHz, , CDCl3-d) § ppm 7.29 -
7.46 (5H,m), 5.34 (1 H, d, J=8.28 Hz), 5.12 (2 H, 5), 4.41 (1 H, dd, J=8.66, 4.89
Hz),3.77(3 H, 5),2.06 - 2.20 (2 H, m), 1.83 - 1.98 (1 H, m), 1.60 - 1.81 (4 H, m),
1.38 - 1.55 (2 H, m). "F NMR (376 MHz, CDCls-d) & ppm -92.15 (1 F, d, J=237.55
Hz), -102.44 (1 I, d, J=235.82 Hz). L.C (Cond. OL1): R¢=1.66 min, LC/MS:
Anal. Caled. For [2M+Na]+ Ci4H s NaNaOg: 705.28; found: 705.18.

Cap 176, step e
_0._0
NH,
F
F

Diftuoride Cap 176, step d (4 g, 11.72 mmol) was dissolved in MeOH (120
ml.) and charged with Pd/C (1.247 g, 1.172 mmol). The suspension was flushed with
N2 (3x) and the reaction mixture was placed under I atm of H; (balloon). The
mixture was stirred at ambient temperature for 48 h. The suspension was then
filtered though a plug of Celite and concentrated under vacuum to give an oil that
corresponded to amino acid Cap 176, step e (2,04 g) and that was used without
further purification. "H NMR (400 MHz, DMSO-dg) 8 ppm 3.62 (3 H, s), 3.20 (1 H,
d, J=5.77 Hz), 1.91 - 2.09 (2 H, m), 1.50 - 1.88 (7 H, m), 1.20 - 1.45 (2 H, m). “F
NMR (376 MHz, DMSO-dg) 8 ppm -89.39 (1 F, d, /=232.35 Hz), -100.07 (1 F, d,
J=232.35 Hz). “C NMR (101 MHz, DMSO-ds} 8 ppm 175.51 (1 C, s), 124.10 (1 C,
t, J=241.21, 238.90 Hz), 57.74 (1 C, 8), 51.39 (1 C, ), 39.23 (1 C, br. s.), 32.02 -
33.83 (2C,m), 25.36 (1 C, d, J=10.02 Hz), 23.74 (1 C, d, J=9.25 Hz). LC (Cond.
0L2): Ry=0.95 min. LC/MS: Anal. Caled. For [2M+H]" CisH3 FaNoO,: 415,22,
found: 415.40.

Cap 176, step f

A

N~ O
- H
F

Methyl chloroformate (1.495 mL, 19.30 mmol) was added to a solution of
amino acid Cap 176, step e (2 g, 9.65 mmol) and DIEA (6.74 mL, 38.6 mmol) in
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CH,C1; (100 mL). The resulting solution was stirred at rt for 3 h and volatiles were
removed under reduced pressure. The residue was purified via Biotage (0% to 20%
RtOAc/Hex; 90g column). A clear oil that solidified upon standing under vacuum
and corresponding to carbamate Cap-176, step f (2.22 g) was recovered. "M NMR
(500 MHz, CDICls-d) 8 ppm 5.27 (1 H, d, /~8.55 Hz), 4.39 (1 1, dd, J=8.85, 4.88
Hz), 3.77 (3 H, 5), 3.70 (3 H, 5), 2.07 - 2.20 (2 H, m), 1.84 - 1.96 (1 H, m), 1.64 -
1.82 (4 H,m), 1.39 - 1.51 (2 H, m). ’F NMR (471 MHz, CDCl3-d) 8 ppm -92.55 (1
F, d, /=237.13 Hz), -102.93 (1 F, d, J=237.12 Hz). C NMR (126 MHz, CDCl3-d) §
ppm 171.97 (1 C, 5), 156.69 (1 C, s), 119,77 - 125.59 (1 C,m), 57.24 (1 C, br. s.),
52.48 (1 C, br. 8.), 52.43 (1 C,5),39.15 (1 C, 5), 32.50 - 33.48 (2 C, m),25.30 (1 C,
d, /=9.60 Hz), 24.03 (1 C, d, /~9.60 Hz). LC (Cond. OL1): R,=1.49 min. LC/MS:
Anal. Caicd. For [M-I'Na]+ 182 ;I{17F3NN304: 288.10; found: 288.03.

Cap-176

A solution of LiOH (0.379 g, 15.83 mmol) in Water (25 mL) was added to a
solution of carbamate Cap-176, step f (2.1 g, 7.92 mmol) in THF (75 mL) and the
resulting mixture was stirred at ambient temperature for 4 h. THF was removed under
vacuum and the remaining aqueous phase was acidified with 1N HCI solution (2 mL)
and then extracted with EtOAc (2 X 50 mL). The combined organic layers were dried
(MgS0y), filtered and concentrated to give a white foam corresponding to Cap-176
(1.92 g). 'H NMR (400 MHz, DMSO-ds) 8 ppm 12.73 (1 H, s), 7.50 (1 H, d, /=8.78
Hz), 3.97 (1 H, dd, /=8.53, 6.02 Hz), 3.54 (3 H, 5), 1.92 - 2.08 (2 H, m), 1.57 - 1.90 (5
H, m), 1.34 - 1.48 (1 H, m), 1.27 (1 H, qd, J=12.72, 3.26 Hz). "?F NMR (376 MHz,
DMSO-dg) & ppm -89.62 (1 F, d, J=232.35 Hz), -99.93 (1 F, d, J/=232.35 Hz). LC
(Cond. OL2): Ry=0.76 min. LC/MS: Anal. Calcd. For [M-H]" C;old14F2NO4:
250.09; found: 250.10.

EXAMPLES
The present disclosure will now be described in connection with certain
embodiments which are not intended to limit its scope. On the contrary, the present
disclosure covers all alternatives, modifications, and equivalents as can be included

within the scop-c of the claims. Thus, the following examples, which include specific
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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.

Solution percentages express a weight to volume relationship, and solation
ratios express a volume fo volume relationship, unless stated otherwise. Nuclear
magnetic resonance (NMR) spectra were recorded either on a Bruker 300, 400, or
500 MHz spectrometer; the chemical shifts (8) are reported in parts per million,

Purity assessment and low resolution mass analysis were conducted on a
Shimadzu LC system coupled with Waters Micromass ZQ MS system. It should be
noted that retention times may vary slightly between machines. Unless noted

otherwise, the LC conditions employed in determining the retention time (R;) were:

Cond.-J1

Column = Phenomenex-Luna 3.0X 50 mm S10
Start %B = ()

Final %B =100

Gradient time = 2 min

Stop time = 3 min

Flow Rate =4 mL/min

Wavelength =220 nm

Slovent A = 0.1% TFA in 10% methanol/90%water
Solvent B =(.1% TFA i 90% methancl/10% water
Cond.-J2

Column = Phenomenex-Luna 3.0X 50 mm 510
Start %B =0

Final %B =100

Cradient time =4 min

Stop time =5 min

Flow Rate =4 mL/min

Wavelength =220 nm

Slovent A = 0.1% TFA in 10% methanol/90%water
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Solvent B

Cond.-J3
Column

Start %B
Final %B
Gradient time
Stop time
Flow Rate
Wavelength
Solvent A
Solvent B

Cond.-D1
Column

Start %B
Final %B
Gradient time
Stop time
Flow Rate
Wavelength
Slovent A
Solvent B

Cond.-D2
Column

Start %B
Final %3
Gradient time
Stop time
Flow Rate
Wavelength
Slovent A

PCT/US2010/023582

= (),1% TFA in 90% methanol/10% water

= XTERRA C18 S7 (3.0 x 50mm)
=0
=100
=2 min
=3 min
=5 mL/min
=220 nm

= ().1% TFA in 10% methanol/90%water
= 0.1% TFA in 90% methanol/10% water

= Phenomenex-Luna 3.0X50 mm S10
= ()
=100
=3 min
=4 min
=4 mL/min
=220 nm

=0.1% TFA in 10% methanol/90%water
=0.1% TFA in 90% methanol/10% water

= Phenomenex-Luna 4.6X50 mm St0
=)
=100
=3 min
=4 min
=4 mL/min
=220 nm
= (,1% TFA in 10% methanol/90%water
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Solvent B

Cond.-JB-1
Column

Start %B
Final %8B
Gradient time
Stop time
Flow Rate
Wavelengih
Slovent A
Solvent B

S&nthetic Route 1:

Br\©,CHO PhyP(CH),CO,H Br\©/\/\,cogH ——
DMSO 94 He

PCT/US2010/023582

= (.1% TFA in 90% methanol/1 0% walter

= Waters Sunfire Su C18 4.6x30mm
= ()
= 100
=3 min
=4 min
=4 mL/min
=220 nm

=(.1% TFA in 10%acetonitrile/90%water
=0.1% TFA in 90% acetonitirle/10% water

BT\Q/WCOZH
J.2

2. NH,O0H/MeOH

PPA! 130°c|
Br Br.
lzoamyl nitrite \CQ
N—OH THF/ELO o
J3
m Q@raf
HO’ __PioEN HN_
0
N’Boc DMF 80°C

N-Boc

J.4 45

Reference: J Med Chenm. (2005) 48, 7351,

Examples J.1-J5

BrC'A/\, COzH

Ju1
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A 1M solution of potassium tert-butoxide in tetrahydrofuran (80 mL)} was
added dropwise to (3-carboxypropyl)triphenylphosphonium bromide (17 g, 40 mol)
in anhydrous DMSO (20 mL) under nitrogen at 24 °C, and the sotution was stirred 30
min. before addition of 3-bromobenzaldehyde (4.7 mL, 40 mmol). After several
minutes a precipitate was observed and an additional 20 mL of DMSO was added to
aid solvation, and the reaction was stirred 18 h. The solution was poured onto 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 651 Biotage silica gel column, gradient elution from 15-
65% B (A =Hexanes; B = ethyl acetate) over 2L to give J.1, (E)-5-(3-
bromophenyl)pent-4-enoic acid, 8.2 g (82%). 'H NMR (300 MHz, CDCl3) § 7.45 (t,
J=1.5 Hz, 1H), 7.30 (&, T = 7.7, 1.5 Hz, 1H), 7.2-7.16 (m, 1H), 7.12 (t, T = 7.7 Hz,
1H), 6.40-6.32 (m, 1H), 6.23-6.14 (m, 1H), 2.52 (5, 4H). LC (Cond.-J1): RT =2.0
min; LRMS: Al_l'lal. Calcd. for [M-H] CyH;BrO,: 252.97; found: 252.98.

BrU\/\/ CO;H
J.2

1.1, (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
atmospheric pressure and stirred 5 Ir, The catalyst was removed by filtration over
diatomaceous earth (Celite®) and the solvent immediately removed by rotory
evaporation (in order to minimized esterification) to give J.2, 5-(3-
bromophenyl)pentanoic acid 4 g (99%) which was camied forward without further
purification. '"H NMR (500 MHz, CDCl3) § 7.31-7.30 (m, 2H), 7.13 (1, } = 7.6 Hz,
1H), 7.09-7.07 {d, ] = 7.6 Hz, 1H), 2.60 (t, ] = 7.0 Hz, 2H), 2.37 (t, } = 7.0 Hz, 2H),
1.68-1.65 (m, 4H). L.C (Cond.-J1): RT = 2.1 min; LRMS: Anal. Calcd. for [M-H]
C1 Hy3BrO,: 255.00; found: 254.99.

B’W@Q
o]
]
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J.2, 5-(3-bromophenyl)pentanoic acid (4 g, 15.6 mmol) was taken up in
polyphosphoric acid (15 g} and heated to 140 °C for 8 h in a 150 mL pressure vessel,
capped to prevent product loss due to sublimation. The reaction mixture was
partitioned between 150 mL of water and dichloromethane (600 mL). [Caution is
necessary to avoid boiling of dichloromethane.] The organic phase was washed with
water, brine, and concentrated. The crude product was applied to a 40 (S) Biotage
silica gel column and gradient eluted from 5 — 60% (ethy] acetate/hexanes) and gave
1.3 2-bromo-6,7,8,9-tetrahydro-5SH-benzo[ 7]annulen-5-one 1.7 g (40%). 'H NMR
(300 MHz, CDCl3) 6 7.56 (d, ] = 8.1 Hz, 1R), 7.41 (dd, ] = 8.4 Hz, 1.8 Hz, 1II), 7.35
(d, J=1.8 Hz, 1H), 2.86 (t, } = 5.9 Hz, 2H), 2.69 (1, J = 5.8 Hz, 2H), 1.90-1.73 (i,
4H). 1.C (Cond.-11): RT =2.1 min; LRMS: Anal. Calcd. for [M+H]+ CH1 BrO:
239.00; found: 239.14.

Brm

3

N-OH
C

1.3a

J.3, 2-Bromo-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-one (1.5 g, 5.9 mmol)
was dissolved in 2:1 ether/tetrahydrofuran (120 mL) and IN HCl i ether (9 mL) was
added. The solution was cooled to 0 °C before addition of isoamyl nitrite (1.2 mL, 9
mmol) and the reaction was stirred 18 h at 24 °C, concentrated, and applied to 25 (M)
Biotage silica gel column. Gradient elution from 15-100% B (A = Hexanes; B=
ethyl acetate) over 1L and gave J.3a (E)-2-bromo-6-(hydroxyimino)-6,7,8,9-
tetrahydro-5H-benzo[ 7]annulen-5-one 1 g (64%). LC (Cond.-J1); RT = 1.9 min;
LC/MS: Anal. Caled. for [M+H]" C1 HoNBrO;: 268; found: 268.

e

N-OH

N
&Q,Boc

J.4

Concentrated ammonium hydroxide (12 mL, 28%) was added 1o a solution of

J.3a(E)-2-bromo-6-(hydroxyimino)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-one
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(1g, 3.7 mmol) and N-Boc-L-prolinal (850 g, 4.3 mmol) in methanol (35 mL) and
the reaction stirred 18 h at 24 °C. The reaction mixture was concentrated to remove
methanol, the aqueous solution extracted with dichloromethane, and the organic
phase washed with water. Application of the crude product in dichloromethane to a
40 (S) Biotage silica gel column and subjection to gradient elution; Segment 1. 15%-
30% B over 300 mL; Segment 2, 30%-100% B over 700 mL (A =11
hexanes/dichlo&omethane; B = ethyl acetate) gave 1.4 700 mg (44%). 'H NMR (300
MHz, DMSO-dg) 8 11.3 (br. s, 1H), 7.91 (d, ] = 8.4 Iz, 1H), 7.35 (dd, J = 8.4, 1.5
Hz, 1H), 7.31 (d, I = 1.8 Hz, 1H), 5.0/4.87 (m, 11), 3.51-3.46 (in, 1H), 3.42-3.36 (m,
1H), 2.90-2.70 (m, 4H), 2.27-1.80 (m, 6H), 1.38/1.11 (s, 9H). LC (Cond.-J1): RT =
1.9 min; LRMS: Anal. Caled. For [M+H]" Cy;HysBBrN3O5: 488.12; found: 488.14.
HRMS: Anal. Caled. for [M+H]"Cz HasBrN;O5: 488.1236; found: 488.1242.

Triethyl phosphite (0.78 mL, 4.7 mmol) was added to a solution of J.4 (700
mg, 1.57 mmol) in dimethylformamide (2 mL) and the solution heated at 80 °C for
18 h under a nitrogen atmosphere. The reaction mixture was taken up in ethyl acetate
(100 mL) and washed with water and 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 =
dichloromethane; B = ethyl acetate) to give J.5 675 mg (100%). 'H NMR (300
MHz, DMSO-dg) 6 11.7 (br. s, 1H), 7.92(d, J =8.4 Hz, 1H), 7.82 (d, ] = 8.4 Hz,
1H), 7.29 (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 (5, 9H). LC (Cond.-J1): RT = 1.9 min;
LRMS: Anal. Calcd. for [M+H]" CyHaBrN3Oy: 432.13; found: 432.14.
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Examples M.1 - M.4

TBDPSO\/.‘\N S o

l'Boc
M

To a solution of (S)-5-(hydroxymethyl)pyrrolidin-2-one (10 g, 87 mmol) in
dichloromethane (S0 mL) was added tert-butylchlorodiphenylsilane (25.6 g, 93
mmeol}, EtsN (12.1 mL, 87 mimol) and DMAP (1.06 g, 8.7 mmol). The mixture was
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;S0O,), filtered, and concentrated in
vacuo, and fhe crude material was submitted to flash chromatography (silica gel, 30
to 100% of ethyl acetate/hexanes) to afford the silyl ether as a colorless o1l (22.7 g,
74% yield). 'H-NMR (400 MHz, DMSO-dg, &= 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, 211), 2.24-2.04 (m,
3H), 1.87-1.81 (m, 1H), 1.00 (s, 9H). LC/MS [M+H]" = 354.58,

Di-tert-butyl dicarbonate (38.5 g, 177 minol) was added in portions as a solid
over 10 min to a dichloromethane (200 mL) solution of silyl ether (31.2 g, 88.3
mmol}, Et;N (8.93 g, 88 mmol), and DMAP (1.08 g, 8.83 mmol) and stirred for 18 1
at 24 °C. Most of the volatile material was removed in vacuo and the crude material
taken up in 20% ethyl acetate/hexanes and applied to a 2 L funnel containing 1.3 L of
silica gel and then eluted with 3 L of 20% ethyl acetate/hexane and 2 1. of 50% ethyl
acetate). Upon concentration of the desired fractions in a rotary evaporator, a white
slurry of solid formed which was filtered, washed with hexaness and dried in vacuo

to afford carbamate M.1 as a white solid (32.65 g, 82% yield). 'H NMR (400 MHz,
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DMSO-dg, § = 2.5 ppm) 7.61-7.59 (m, 210), 7.56-7.54 (m, 2H), 7.50-7.38 (m, 6H),
4.18 (m, 1H), 3.90 (dd, J = 10.4, 3.6, 11), 3.68 (dd, T = 10.4, 2.1, 1H), 2.68-2.58 (m,
1H), 2.40-2.33 (m, 1H), 2.22-2.12 (m, 1H), 2.01-1.96 (m, 1H), 1.35 (s, 9H), 0.97 (s,
OH). LC/MS [M-Boc+H]* =354.58, Caled, 454.24,

TBDPSO\/E:B
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
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
mmot) was added dropwise over 30 min and the mixture stitred 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 mmaol)
was added in one batch, followed by the addition of trifluorcacetic anhydride (3.6
mL, 25.5 mmot) over 15 min, while maintaining the internal temperature between -50
°C and -45 c’—C. The bath was removed 10 min later, and the reaction mixture was
stirred for 14 h while allowing 1t to rise to ambient temperature. It was diluted with
toluenc (15 mL), cooled with an ice-water bath, and treated slowly with water (55
mL) over 5 min. The phases were separated and the organic layer washed with water
(50 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% Bto 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-ds, § = 2.5 ppm) 7.62-7.58 (m, 4H), 7.49-7.40
(m, 6H), 6.47 (br s, 1H), 5.07/5.01 (overlapping br d, 1H), 4.18 (br s, 1H), 3.89 (br s,
0.49H), 3.69 (br s, 1.51H), 2.90-2.58 (br m, 2H), 1.40/1.26 (overlaping br s, OH),
0.98 (s, 9H). LC/MS: [M+Na]" = 460.19.
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Diethylzine (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
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
washed with water (40 mlL, 2x), dried (MgSQy), 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
oil (3.69 g, 90.7%). [Note: the exact cis/trans-isomer ratio was not determined at this
stage}. Rt =2.39 min under the following HPLC conditions: Solvent gradient from
100% A : 0% Bto 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-d;;, 6= 2.5
ppm} 7.62-7.60 (m, 4H), 7.49-7.40 (m, 6H), 3.77/3.67 (overlapping br s, 3I1), 3.11-
3.07 (m, 1H), 2.23 (app br s, 1), 2.05-2.00 (m, 1), 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

o
o

M “H

Boo

M.4

TBAF (7.27 mL of 1.0 M in tetrahydrofuran, 7.27 mmol) was added dropwise
over 5 min to a tetrahydrofuran (30 mL) solution of silyl ethers M.3 (3.13 g, 6.93

mmol) and the mixture stirred at ambient temperature for 4.75 h. After the addition
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of saturated ammonium chloride solution (5 mL), most of the volatile material was
removed in vacuo and the residue partitioned between dichloromethane (70 mL) and
50% saturated amimonium chloride solution (30 mL). The aqueous phase was
extracted with dichloromethane (30 mL), and the combined organic phase was dried
(MgS0y), filtered, concentrated in vacuo and then exposed to high vacuum overnight.
The crude material was purified using a Biotage (silica gel; 40-50% ethyl
acetate/hexanes) to afford a mixture of alcohols, contaminated with traces of a lower
Rf spot, as a colorless o1l (1.39 g, ~94% yield). [Note: the exact cis/trans isomer ratio
was not determined at this stage.] 'H-NMR (400 MHz, dimethylsulfoxide-ds, 5= 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,
9H), 0.76-0.71 (mn, 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 alechols (2.15 g, 10.08 mmol) in acetonitrile (20 mL) and
carbon tetrachloride (20 mL). Ruthenium trichloride (0.044 g, ¢.212 mmol) was
added immediately and the heterogeneous reaction mixture was stirred vigorously for
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
earth. The pad was washed with dichloromethane (50 mL), and the filtrate was
concentrated in vacuo to afford a light charcoal-colored solid. The crude 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 I 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
acctate (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 ethy} acetate with heating, allowed to stand at
ambient temperature for 1 h, and then 3 mL hexanes was added and stored in a
refrigerator for ~15 h. A second crop of acid M.4 was retrieved similarly (grey
crystals, 0.133 g), for a combined vield of 59%. Rt = 1.48 min under the following
HPLC conditions: Solvent gradient from 100% A : 0% B to 0% A : 100% B (A =
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0.1% TFA in 1:9 methanol/water; B = 0.1% TFA in 9:1 methanol/water) over 3 min;
detection @ 220 nm; Phenomenex-Luna 3.0X50 mm S10 column, MP {dec.) for the
first crop = 147.5-149.5 °C. 'H-NMR (400 MHz, DMSO-dg, § =2.5 ppm) 12.46 (s,
1H), 3.88 (app brs, 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, SH), 0.71
(m, 1H), 0.45 (m, 1H). C-NMR (100.6 MHz, DMSOQ-ds, & = 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. Caled. For C11H17N0O4: C, 58.13;
I, 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): [o] D =-216 and -212 for the first and second crop,
respectively.

ExampleM.4a

[}\KOH
Me' N

éoc 0
M.4a

The synthesis of acid M.4a is reported in patent application:
US200%/0068140.

Synthetic Route 3

O  Boc

i
HOJ\(j)
Br Br Br
O Boc

HATU/DMF N HH,O0Ac n -

N —_— B
& N Xylene 140 °C i \j

N

o 0 ;\l
Boc
4.6 47

J.8

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-
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phenylethanone (8.127 g, 32.44 mmol), in dimethylformamide (105 mL) and stirred
at ambient condition for 55 mimites. Dimethylformamide was removed in vacuo,
and the resulting residue was partitioned between ethyl acetate (300 mL) and water
(200 mL). The organic Jayer was washed with water (200 mL) and brine, dried
(MgSQy), 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 J.6 (S)-tert-butyl 2-(2-(4-bromophenyl)-2-oxoethylcarbamoyl)pyrrolidine-1-
carboxylate as a white solid (12.8 ). 'H NMR (DMSO-dg, & = 2.5 ppm, 400 MHz):
0 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, IH),
3.30-3.23 (m, iH), 2.18-2.20 (m, 1H), 1.90-1.70 (m, 3H), 1.40/1.34 (two app br s,
9H). LC (Cond.-J1): RT = 1.70 min; LCMS: Anal. Calcd. For [M-+Na]®
Ci1gHz3BrN;NaO4: 433.07; found 433.09.

LRMS: Anal. Calcd.
8r For [M+Na]*
1.6a ©Y R e C1gHyBrN;NaOy:

' I 433,07, found:
433.12
LC (Cond.-J1): RT =

Br\@\( 0 Bus 1.7 min; Anal. Caled.
N 1+
For [M+Na
L6b X N’L(\?H | ]
H CioH23BrN;NaOy:

From M.4 445.08; found:
446,93.

I=Z

R
JT

A mixture J.6 (S)-tert-butyl 2-(2-(4-bromophenyl)-2-oxoethylcarbamoyt)-
pyrrolidine-1-carboxylate (12.8 g, 31.12 mmol) and ammonium acetate (12.0 g,

155.7 mmol) in xylenes (155 ml.) was heated in a sealed tube at 140 °C for 2 hours.
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The volatile component was removed in vacuo, and the residue was partitioned
carefully between ethyl acetate and water, whereby enough saturated NaHCO;
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 was
washed with brine, dried (MgSOy), filtered, and concentrated. The resulting material
was recrystallized from ethyl acetate/hexanes to provide two crops of 1.7 (S)-tert-
butyl 2-(5-(4-bromophenyl)-1 H-imidazol-2-yl)pyrrolidine-1-carboxylate, 5.85 g. The
mother liquor was concentrated in vacuo and submitted to a flash chromatography
(silica gel; 30% ethyl acetate/hexanes) to provide an additional 2.23 g. 'H NMR
(DMSO-dg, & = 2.5 ppm, 400 MHz): § 12.17/11.92/11.86 (m, 1H), 7.72-7.46/7.28 (m,
5H), 4.86-4.70 (m, 1H), 3.52 (app br s, 1I1), 3.36 (m, 1H), 2.30-1.75 (m, 4H),
1.40/1.15 (app br 5, 9H). LC (Cond.-J1): RT = 1.71 min; LC/MS: Anal. Calcd. For
[M+H]" C13Ha3BrN3O,: 392.10; found 391.96. HRMS: Anal. Caled. Tor [M-HH]*
C13H23BrN304: 392.0974; found 392.0959.

LRMS: Anal.
Br, Calcd. For
J7a @-é;j‘\ig‘“ (M
Ci3H23BiN30;:
From J.6a 392.10; found:
391.96.
LC (Cond.-11):
RT = 1.5 min;
m—@—{:{" NBOC Anal. Caled. For
I.7b H‘&%H [M+H]"
From J.6b CioHnBrN, Oy
405.09; found:
406.04.
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Synthetic Route 4
B Br Br
r\@ 1. Brp Et;0 \CQ o NH,OAc
2. M.4, Hunig's base Boc Xyleng 1409C =
0 ' 0 OJQ_H N TNH
H Boc~N w’
T
H
43 38 J.9

Examples J.8 ~J 9e

Br
7 B
: ;2 Boc

o
H

J.8 H
5 .

Bromine (0.23 mlL, 4.18 mmol) was added dropwise to a solution of J.3 2-

Bromo-6,7,8,9-tetrahydro-5H-benzo[ 7Jannulen-5-one (1.0 g, 4.18 mmol) in ether (50
mL), after being cooled to 0 °C. The solution was stirred 3 h and a few drops of
additional bromine was and while the reaction was followed by TLC until complete.

10 The solvent was removed by rotory evaporation, the residue was taken up in
acetonitrile (25 mL), M.4 (950 mg, 4.18 mmol), and Hunig’s base (1.4 mL) added
dropwise. The reaction was stirred 18 hours at 60 °C prior to removal of the solvent
by rotory evaporation. The crude product charged (dichloromethane) to a 40 g
Thompson silica gel cartridge and gradient elution 15 - 100% B over 1L (A/B

15 hexanes/ethy! acetate) gave J.8 (1R,38,5R)-3-(2-bromo-5-0x0-6,7,8,9-tetrahydro-5H-
benzo[ 7}annulen-6-yl) 2-tert-butyl 2-azabicyclo[3.1.0]hexane-2,3-dicarboxylate 1 g
(51.5 %) as an oil. RT = 2.2 minutes (Cond.-J1). LCMS: Anal. Calcd. for
Ca2H26BrNO;sNa: 486.10; found: 486,07 (M+Na)".

RT=3.1 min
(Cond.-D2);

J.8a
(Derived from 6-bromo or
O  Boc LC/MS: Anal.
tetral-1-one purchased o ~N .
' 0 Caled. for [M+H]
from J & W PharmLab,

C20H25BrNOs: 438;
LLC) 200125 5

found: 438.
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J.8b
{Derived from 6-bromo
tetral-1-one purchased
from J & W PharmLab,
LLC)

o

o O Boc
mokrr& H
+

From M .4

RT =2.99 min
{Cond. D2},
LCMS: Caled for
C71HysBrNOs
[M+Na]" 472.07;
found: 472.10

J.8¢
(Derived from 4-bromo

2-flucroacetophenone)

RT = 2.87 min
(Cond. D2),
LCMS: Calcd for
Cool22BrFNO;
[M+H]" 464.05;
found: 463.98

J.8d
Derived from 1-(4-
bromophenyl)butan-1-

RT= 2.2 min,
(Cond.-I1); Caled
for CaoH,7BrNOs
[M-Boc]" 340.11;

bromophenyl)-4,4,4-

one)
found: 340.02.
RT = 2.21 min,
1.8 (Cond.-J1); Caled
ond.-J1); Cale
Derived from 1-(4- B ON 0 g
OJ\LN) for C20H24BI'F3N05

trifluorobutan-1-one

0

[M-Boc]"394.08;
found: 394.03,

Br
T
NH

-
Boc-N\é’}
xJH
H

J.8

Ammonium acetate (1.7 g, 21.54 mmol) was added to a solution of J.8 (1.0 g,
2.15 mmol) in xylene (15 ml.) and the reaction mixture stirred at 140 °C for3 hina
5  screw-cap pressure vessel. After being cooled, the reaction mixture was partitioned

between ethyl acetate and sat'd NaHCO; soln, and the aqueous layer was extracted
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with ethyl acetate. The combined organic layers were washed with brine,

concentrated, and the residue applied to 20 g Thomson silica gel column. Gradient

elution (10-50% B over 1 L; A/B hexanes/ethyl acetate). The major and less polar

product (oxazole 450 mg) was separated away to afford 1.9 192 mg (20 %) as a

diastercomeric mixture (favoring J.9; a 3:1 mixture of S/R proline). '"H NMR (300
MHz, CDCl;) 8 10.6/10.3 (br. s, 1H), 8.06 (d, J = 8.2 Hz, 0.6H), 7.34 (dd, T = 6.4,
1.8 Hz, 1H), 7.28 (s, 0.3H), 7.21 (d, ] = 1.8 lz, 0.7H), 7.11 (d, J = 8.6 Hz, 0.3H),
4.83-4.77 (m, 1H), 3.48 (m, 0.68H), 3.23 (m, 1.2H), 2.98 (t, ] = 6.4 Hz, 0.65H), 2.88
(t, H=6.7 Hz, 1.35H), 2.82-2.79 (m, 2H), 2.33 (t, = 9.1 Hz, 1H), 2.01-1.95 (m,
2.4H), 1.76-1.72 (m, 1K), 1.57/1. 48 (s, 9H), 0.87-0.83 (m, 1.3H), 0.44 (br. s, 1H).
LC (Cond.-J1): RT = 1.7 min; LCMS: Anal. Caled. for [M+H]" C2HzBrN;Oy:

444.13; found: 444.07.

J.9a

HNJS-I”

Boe-N

From J.8a

RT = 2.4 min (Cond.-D2);
LC/MS: Anal. Caled. for
[M+I‘I]+ CaoHosBrN;O5:

| 418.11; found: 418.10.

1.9b

e

HN
Hj
B —N‘<§
oc 5 H

H

From J.Bb

RT = 2.3 min (Cond.-D2});
LC/MS: Anal. Caled. for
[M+H]" CyH2sBrN1O5:
430.11; found: 430.16.

HRMS: Anal. Caled. for
[M+H]" CyHpsBrN30,:
430.1125; found
430.1123.

I.9¢

r:xr\(:[:g\S
\“A

From J.8¢

RT = 2.2 min (Cond.-D2);

LLC/MS: Anal. Caled. for

[M+H]" C9H2BIrFN;04:
422 09; found: 422.10.

HRMS: Anal. Caled. for
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[IM+H]" C1gH2BrEN;O4:

422.0877; found
422.0874,

RT = 1.69 min, (Cond.-

oS!
"
N
HNJS
it
QLo
<] “H
¢y

N= J1); Caled for
1.94 NBoc .
b CaoHyBrN;O2 [M+H]
From J.8d 420.13; found: 420.13.
N ‘
J1.9¢ B’m RT = 1.55 min, {Cond.-
Obtained as the more Z NH J1); Caled for
polar product of a N=  Boc N
~1:1 mixture \ Ca0H24BrN4O; [M+H]
containing the CFy 431.11; found: 431.15.
analog. From J.8e
Example J.9f

A cold (0 °C} solution of HCI (0.871 mL, 3.49 mmol, 4N in dioxanes) was

5  added to a solution of J.9b (1.5 g, 3.49 mmol) in MeOH (20 mL). The mixture was

stirred for 2 h before it was concentrated to dryness. The tan solid was taken 1ip in

dioxane (20 mL) and water (20 mL), cooled to 0 °C, and treated with sodium
carbonate (0.369 g, 3.49 mmol) and CBZ-CI1 (0.498 mL, 3.49 mmol). The reaction

mixture was allowed to warm up to room temperature, stirred for 5 h, diluted with

10 ethyl acetate, and washed with saturated sodium bicarbonate solution, The organic

phase was washed with brine and dried over sodiwin sulfate to yield 1.9 (0.97 g,
60%) as a tan foam, RT = 2.47 min (Cond.-D1); LC/MS: Anal. Caled. for [M+H]"
Ca4H2aBrN;O;: 464.10 and 466.10; found: 463.95 and 465.98.
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Synthetic Route 4.a

N
Q Br:
1. HNG, Me OO
Br AcOH Br OG 1. EEDQ, M4a N
 —— —_—— HN-X g
.Boz “NHZ ‘b'

N 2, SHCI2H,0 2. AtDH 60 °C
MoOH NH, Me
J.agi J.9q7 Jag

Examples J 9g! — J 9z

ReS!
N.Boc
H

J5g1

Diphenylphosphoryl azide (17.09 mL, 79 mmol) was added to a solution of 6-
bromo-2-naphthoic acid (16.5 g, 65.7 mmol), triethylamine (18.32 mL, 131 mmol),
and tert-butylaleohol (7.54 ml, 79 mmol) in toluene (225 mL) and stirred for 4 h at
100 °C. The volatiles were removed by rotary evaporation and the residue taken up in
EtOAc (500 mL) and washed with water and brine. A precipitate formed upon
concentration which was isolated by filtration and washed with 1:1 Et;O/Hex to give
Example J.9g1 (10.5 g). A second crop of less pure product was isolated upon
concentration of the mother liquor (9.8 g); combined yield (93%). LC/MS (Cond.
J2): RT=3.44 min. LC/MS Anal. Caled, for [M+Na]" CysHcBrNO;: 345.02;
found 345.03.

NH,
J.0g2

Example J.9g1 (5 g, 15.52 mmol) was diluted in acetic acid (50 ml) and
fuming nitric acid (2.3 mL) was added dropwise over 20 min. The reaction was
stirred for 2 h and the product, isolated by filtration, was partitioned between CH,Cl,
and sat’d NaHCOj; soln. The organic layer was concentrated to provide fert-butyl 6-
bromo-1-nitronaphthalen-2-ylcarbamate 5.7 g (quant). LC/MS (Cond. J2): RT =
3.52 min. LC/MS Anal. Caled. for [M+Na]" CsH;sBrN;O4: 390.02.; found 390.99.

Tm(Il)chloride dehydrate (3 g, 16.34 mmol) was added to a solution of tert-
butyl 6-bromo-1-nitronaphthalen-2-ylcarbamate (2 g, 5.47 mmol) in MeOH (100 mL)
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and the solution was stirred for 18 h at 70 °C. The solvent was removed by rotary
evaporation and Example J.9g2 (assume theoretical 1.25 g) was dried under high
vacuum. LC/MS (Cond. J2): RT = 1.49 min. LC/MS Anal. Caled. for [M+H]"
C1oHoBIN,: 237.00; found 236.96.

499

EEDQ (1.67 g, 6.75 mmol) was added to a solution of Example J.9¢2 (1.6 g,
6.75 mmol) and M.4a (1.55 g, 6.75 mmol) in DCM (100 mL) and stirred for 6h.
(Note: The dianiline was not completely soluble). The reaction mixture was diluted
with DCM (1 vol) and washed with half sat'd NaHCO; soln. Concentration gave a
solid (2.5 g). LC/MS (Cond. J2): RT =3.07 min. LC/MS Anal. Calcd. for
[M+H]" Cg;Ha7BrN3O: 448.13; found 448.11.

The crude solid (2.5 g, 5.58 mmol) was taken up in AcOH (200 mL) and
stirred for 18 h at 60 °C. Concentration under high vacuum removed the solvent.
The residue was taken up in DCM, washed with sat'd NaHCO; soln, and
concentrated. The residue was charged (DCM) to a 80 g Thompson silica gel
cartridge and gradient elution was performed from 15% to 100% B over 750 mL.
(A/B Hex/EtOAc) to give Example J.9¢ (2.6 g). 'H NMR (MeOD, 500 MHz, 8):
8.36-8.35 (m, 2H), 8.0 (d, /= 9Hz, 1H), 7.91 (dd4,/=9,2 Hz, 1H), 7.87 (d, / = 9
Hz, 1H), 5.31-5.28 (m, 1H), 4.17 (br. s, 1H), 2.59-2.56 (i, 1H), 2.39-2.31 (mn, 2H)
1.86-1.83 (m, 1H), 1.52-1.19 (mn, 12H). LC/MS (Cond. J2): RT =2.57 min.

'LC/MS Anal. Caled. for [M+H]" Cg;H2sBrN;0,: 430.12; found 430.09.
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Synthetic Route 5
Boc¢
BF\QNHE 1, EDCI, S-Proline B’\@ N\)_{lj
NH, 2. AcOH 60°C H
110
NH Bac Bog
I\Q 2 1.S-Proling, HATU '\@:N\}_ ‘{lj SEM-CI iUN\)—‘{’J

Nh, 2 AcOHeDC ! Erwae R

2 H

SEM
J44 Ja2
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Examples J10-J.12

Bag
BT\@,N N
)
N
H

410

EDCI-HC] (2.35 g, 12.25 mmol) was added to a mixture of 4-bromobenzene-
1,2-diamine (2.078 g, 11.11 mmol}, N-Boc-L-proline (2.311 g, 10.74 mmol) and 1-
hydroxybenzotriazole (1.742 g, 12.89 mmo]l) in dichloromethane (470 mL), and stirred
at ambient conditions for 19 h. The mixture was then diluted with dichloromethane,
washed with water (2x), dried (brine; MgSOs), filtered, and concentrated in vacuo to
provide a brown foam. Acetic acid (40 mL) was added to the foam, and the mixture
was heated at 65 °C for 90 min. The volatile component was removed in vacuo, and
the residue was dissolved in ethyl acetate and washed carefully with saturated
NaHCQ; solution (2x), and the organic phase was dried (brine; MgSQ,), filtered, and
concentrated in vacuo. The resultant crude material was snbmitted to flash
chromatography (silica gel; ethyl acetate) to provide J.10 as a tan foam (2.5 g). 'H
NMR (DMSO-dg, 6 = 2.5 ppm, 400 MHz): 12.49-12.33 (four br s, 1H), 7.71 (4, T =2,
0.54H), 7.60 {app br s, 0.46H), 7.50 (d, J = 8.6, 0.45H), 7.40 (d, J = 8.4, 0.55H), 7.26
{m, 1H), 4.96-4.87 (m, 1H), 3.64-3.51 (m, 1H), 3.44-3.38 (m, 1H), 2.38-2.21 (m,
1H), 1.99-1.85 (m, 3H), 1.39 (s, 3.7H), 1.06 (s, 5.3H). (Cond.-D2) LC/MS: Anal.
Caled. for [M+H]+ C¢H2,BrN3O;: 368.03; found: 368.18.
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J.10a

Boc,

RT = 1.9 min
(Cond.-J1) LC/MS:
Anal. Caled. for
[M+Nal
C6H20BrN3NaFQ,:
406.06; found:
406.06.

J.10b

From M.4

RT = 1.7 min
(Cond.-D2) LC/MS:
Anal. Caled. for
[M+Na]"
C17HoBrN3;NaQ;:
400.06; found:
400.09

J10c

Bog,

From M .4

RT= 1.9 min
{Cond.-J1} LC/MS:
Anal, Caled. for
[M+Na}*
C17H20BINsNalO,:
418.06; found:
418.06.

J.10d

" Boc
l : \>_._<
N

From M.4a

RT =2.0 min
(Cond.-J2) LC/MS:
Anal. Caled. for
[M+H]"
C7H3:BIN3O3:
380.10; found:
380.03.
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4-Jodo-2-nitroaniline (35.2 g, 0.133 mol) was added in batches via an open

furmel over 25 min fo a heated (65 °C) mixture of SnCl,;.2H,0 (106.86 g, 0.465 molj

and 12N HC1 (200 m!). An additional 12N HCl (30 ml) was added and the reaction
mixture was heated at 65 °C for an additional I h, and stirred at room temperature for
1 h. It was placed in a refrigerator for 15 1, and the precipitate was filtered. The
resultant solid was transferred into a flask containing water (210 ml), cooled
(ice/water), and a solution of NaOH (aq) (35 g in 70 ml of water) was added to it over
10 min with stirring. The cooling bath was removed, and vigorous stirring was
continued for 45 min. The mixture was filtered and the solid was washed with water
and dried in vacuo to provide 4-iodobenzene-1,2-diamine as a tan solid (25.4 g). The
product was used in the next step without further purification. 'H NMR (DMSO-ds,
8= 2.5 ppm, 500 MHz): 6.79 (d, ] =2,1H), 6.63 (dd, J=1.9, 8.1, 1H), 6.31 (4,7 =
8.1, 1H), 4.65 (br s, 2H), 4.59 (br 5, 2H). LC/MS: Anal. Caled. for [M+H]J+
CsHgIN,: 234.97; found: 234.9,

HATU (6.5 g, 17.] mmol) was added to a solution of 4-iodobenzene-1,2-
diamine (4 g, 17.1 mmol), (8)-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid
(3.67 g, 17.1 mmol), and Hunig’s base (3 mL) in dimethylformamide (100 mL). The
reaction mixture was stirred for 4 h before being diluted with ethyl acetate (300 mL)
and washed with sat’d NaHCO;, brine, and dried (Na;S04). The aqueous phase was
extracted twice more with ethyl acetate and combined with the initial organic extract
prior to drying, Concentration gave a residue which was taken up in glacial acetic
acid (100 mL) and heated at 65 °C for 2h. The cooled mixture was concentrated in
vacuo, diluied with ethyl acetate (300 mL) and 1IN NaOH solution (to pH = 10),
washed with brine, and dried (Na;SO,). The crude product was applied applied to a
65 (i) Biotage silica gel cartridge. Segment 1. Hold 15% B for 450 mL; Segment 2,
Gradient elution from 15% to 100% B over 4.5 L (A = hexane; B = ethyl acetate);
Segment 3. Hold 100% B for 2.5 L to give J.11 tert-butyl 2-(5-iodo-1H-
benzo[d}imidazol-2-y)pyrrolidine-1-(8)-carboxylate 7.0 g (99%). 'H NMR (500
MHz, DMSO-dg) 6.7.85 (br.s, 1H), 7.42 (d, J = 8.2 Hz, 1H), 7.34 (br. s, 1H), 4.97-
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4,84 (m, 1H), 3.6 (br. s, 1H), 3.44-3.40 (m, 1H), 2.37-2.25 (m, 1H), 1.99-1.87 (m,
3H), 1.4/ 1.07 (s, H). LC (Cond.-D2): 2.1 min; LCMS: Anal. Caled. for [M+H]"
CmHzoIN;;OzZ 41407, found: 414.08.

| Bog
SEM
Jiz
Unwashed 60% sodium hydride (48 mg, 1.21 mmol) was added in one
portion fo a stirred solution of I.11 tert-butyl 2-(5-jodo-1H-benzofd]imidazol-2-
yhpyrrolidine-1-(S)-carboxylate (500 mg, 1.21 mmol) in dry dimethylformamide (10
mL) under nitrogen. The mixture was stirred § min before addition of SEM-CI (0.21
mL, 1.21 mmol), stirred for 3 h, gquenched with sat’d ammonium chioride (1 mL),
diluted with ethyl acetate (50 mL), and the organic phase was washed with sat’d
NaHCO; soln and brine. The aqueous phase was extracted twice more with ethyl
acetate and E:ornbined with the initial organic extract prior to drying. Concentration
gave a residue applied which was applied (dichloromethane) to a 40 (i) Biotage silica
gel cartridge. Segment 1. Hold 5% B for 150 mnL; Segment 2. Gradient elution from
5% to 100% B over 2.5 L (A = hexane; B = ethyl acetate) B to give regioisomeric
products (SEM location) 1.12 316 mg (48 %). 'H NMR (500 MHz, DMSO-dg) &
7.99 (d, } = 5.8 Hz, 1H), 7.54-7.49 (m, 2I1), 5.77-5.64 (m, 2H), 5.20-5.11 (m, 1H),
3.61-3.43 (m, 4H), 2.89-2.05 {m, 2H), 1.98-1.87 (m, 2H), 1.36/1.04 (s, 9H), 0.91-
0.81 (m, 2H), -0.06 (s, 9H). LC (Cond.-D2): RT = 3.1 min; LRMS: Anal. Caled. for
[M+H]" CoH34IN3038i: 544.15; found: 544,15,

Synthetic Route 6.

0\
B
} o o]
o SN poe § ;r ol LN o
N M
ﬁljt) (Ph)e ° H’K()

Pd

.7 J.13
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To-O—~CH g
TR
H
413

Pd(PhsP)4 (469 mg, 0.406 mmol) was added to a pressure tube confaining a
mixture of J.7 (S)-tert-butyl 2-(5-(4-bromophenyl)-1 H-imidazol -2-yDpyrrolidine-1-
carboxylate (4 g, 10.22 mmol), bis(pinacolato)diboron (5.4 g, 21.35 mmol),
potassium acetate (2.6 g, 26.21 mmo!) and 1,4-dioxane (80 mL). 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 dichloromethane (150 ml.) and an
aqueous medium (50 mL water - 10 mL satorated NaHCOj5 solution). The aqueous
layer was extracted with dichloromethane, and the combined organic phase was dried
(MgSQy), filtered, and concentrated in vacuo. The résulting material was purified
with flash chromatography (sample was loaded with eluting solvent; 20-35% ethyl
acetate/dichloromethane) to provide I.13 (S)-tert-butyl 2-(5-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)-1H-imidazol-2-yDpyrrolidine-1-carboxylate,
contaminated with pinacol, as an off-white dense solid; the relative mole ratio of J.13
to pinacol was about 10:1 ('"H NMR). The sample weighed 3.9 g after ~2.5 days
exposure to high vacuum. 'H NMR (DMSO-dg, §=2.5 ppm, 400 MHz):
12.22/11.94/11.87 (m, 1H), 7.79-7.50/ 7.34-7.27 {(m, 51), 4.86-4.70 (m, 119), 3.52
(app br s, 1H), 3.36 (m, 1H), 2.27-1.77 (m, 4H), 1.45-1.10 (m, 21H). LC (Cond.-J1):
RT = 1.64 min; LC/MS: Anal. Caled. for [M+H]" Cy4l335sBN;304: 440.27; found
440.23,

RT = 1.6 min (Cond.-

Q_(\ N B J1); LC/MS: Anal.
N N,
0-8 HJ\() Caled. for [M-+H]"

J.13a )WO
-~ C24H3 5BN304:
From J.7a 440.27; found:
440.36.
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J.13b

RT = 1.6 min (Cond.-
J1); LC/MS: Anal.
Caled, for [M+H]"

CasH35BN304:
452.27, found:
452.17.

J.13¢

From 1.5

RT = 1.9 min {Cond.-
D2); LC/MS: Anal,
Caled. for [M+H]"

Cy7H33BN3O4:
480; found: 480,

J.13d

;\}‘?’B
Reuge

2
Boc

From. J.10

RT =1.7 (Cond.-J1)
LCMS: Anal. Calcd.
for [M+H]"
CpH33BN3O4 414.25;
found: 414.28.

I.13e

\}9

> S )

R
N NT¥H
HBoé

From 1.10a

RT = 2.1 (Cond.-D2)
LCMS: Anal. Calcd.
for [M+H]"
Ca3H33BN30, 426.29;
found: 426.21.

J.13f

From J.0a

RT = 2.46 (Cond.-D2)
LCMS: Anal. Caled.
for [M+H]*
CosH37BN304 466.28;
found: 466.33.
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N, M
: Q -
BOQ ’Qﬁ E\“ ,N O
¢ N N o :
\©: ) Pd{Phal, SEM
N NaHCO,
: N 3 W NH
SEM NN N
&.BOC N Bac

412 JA3s J.14

Examples J.14 - J.14f1

Bog

g
2 ”

&.Boc

The benzimidazole J.12 (250 mg, 0.46 mmol), boronic ester J.13¢ (217 mg,
0.46 mmol), and NaHCO; (95 mg, 1.13 mmol) were dissolved in 1,2-

J.14

dimethoxyethane (4.5 mL) and water (1.1 mL) was added. The reaction mixture was
evacuated and flushed with nitrogen (3x), Pd(Ph;P)s { 26 mg, 0.022 mmol) was
added, and the mixfure heated (oil bath at 80°C) in a capped pressure vessel for 14 h.
After being cooled, the solution was partitioned into ethyl acetate/water and the
organic layer washed with sat’d NaHCOs, brine, and dried (Na,504). Concentration
gave a residue which was applied to a 25M Biotage SiO; column pre-equilibrated
with 25%B (300 mL). Gradient elution; Segment 1: 25% B (60 m1.); Segment 2: 25-
100% B (1440 ml); Segment 3: Hold at 100% (600 mL.). A = Hexanes; B = ethyl
acetate gave J.14, 101.1 mg (29%). 'H NMR (500 MHz, DMSO-d¢) 5 8.10-8.09 (m,
1H), 7.96/7.91 (s, 1H), 7.65-7.47 (m, 4H), 5.85-5.70 (m, 2H), 5.12/5.14 (s, lﬁ),
4.83/4.73 (s, 1H), 3.62-3.54 (m, 4H), 3.48-3.26 (m, 2H), 2.90 (br. s, 4H), 2.37-1.84
(m, 10H), 1.42/1.08 (s, 9H), 1.37/1.06 (s, 9H), 0.92-0.83 (m, 2H), 0.06 (s, 9H). LC
(Cond.-D2): 2.8 min; LCMS: Anal. Caled, for [M+H]J" Ca3Ha1NgOsS1 769.45;
found: 769.43. HRMS: Anal, Caled. for [M+H]" C43HgNgOsSi: 769.4473; found
769.4484.,
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J.14a

Boc
N /N
E\\" :N Q O
SEM
“ NH

From J.12 and J.13

RT= 2.71 min
{Cond.-D2); LCMS:
Anal. Caled. for
[M+H]" C4oHsNOsSi
729.42; found: 729.43,

HRMS: Anal. Caled,
for [M+H]"
CaoHs;NGOsSi:
729.4160; found:
729.4188.

J.14b

From J.12and J.13a

RT = 2.75 min
(Cond.-D2); LCMS:
Anal. Caled. for
[M+H)" C4oHs7N4O5Si
729.42; found: 729.44,

HRMS: Anal. Calcd.
for [M+H]"
C4oHs57N¢OsSi:
729.4160; found:
729.4191.

J.14c

Boc

<a

_NH

N
iN.Boc
fr H

From J.13eand 1.9

RT= 1.6 min (Cond.-
Ity
LCMS: Anal. Caled.
for [M+H]"
Caol4sN¢O4 663.37,
found: 663.46.

HRMS: Anal. Caled.
for [M-+H]"
Ca9HsNO4 663.3653;
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found: 663.3648.
RT =2.11 min,
(Cond.-D2); Caled for
BoG C36HasNgO4 [M+H]'
d&-(fN @ 625.35; found:
<y
H OQ 625.42,
J.14d N H 8
Boc
o
HRMS: Calcd for
From J.13d and J.9a CisHasNgO4 [M+H]
625.3497; found:
625.3486,
RT = 1.83 min,
. (Cond.-11); Caled for
: 0G
|’\N 3__{;N O CazHasBIN; O
J1de S0 ® [M+H]* 442.12;
Br
found: 442.20.
From J.134d and 1,4-dibromobenzene
RT = 2.40 min,
Br
(Cond.-D2); Caled for
-
.14e.1 i=(" oo CaoHaoBriN;02
b [M+H]" 494.15;
found: 494.14.
From J.13f and 1,4-dibromobenzene ound: 49
Boc .
' RT = 1.66 min
N N »
e
TN O (Cond.-J1); Calcd for
O CapHa7NOq [M+H]"
J.14f Ny
HN -7 675.36; found:
.Boc
}j 675.52.
From J.14e and J.13
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Boc
NN . ; ,
L\\HN O RT: 2.15 min, (Cond.
y O D1); Caled for
J.14f1 NH CaHayoNg Oy

N= Boc
b [M+H]* 701.38;

found: 701.35.
From J.13d and J.14e.1

Synthetic Route 8

Boc

r\t}_(/N Q Boc
oo oSoq
N
b.

Boo ﬂ]-c-)-?- H OO

J.14d J.14g

5 Examples J14g - J 14g.]

Bac
N N
Lo~ I
H
NH
N%,Boc
N
J.14g

Activated manganese dioxide (122 mg, 1.409 mmol) was added in one
portion 1o a stirred solution of J.14d (S)-tert-butyl 2-(7-(2~((S)-1-(tert-
butoxycarbonyl)pyrrolidin-2-yI}-1H-benzo[d]imidazol-5-y1)-4,5-dihydro-1H-

10 naphtho[1,2-d]imidazol-2-yDpyrrolidine-1-carboxylate (88 mg, 0.141 mmol) in dry
dichloromethane (2 mL). The suspension was stirred for 14 h and additional
manganese dioxide (1.5 g) was added. The suspension was stirred for 16 h and
manganese dioxide (1.5 g) was added again and allowed to continue stirring for 24h.
The reaction mixture was filtered through diatomaceous earth (Celite®), concentrated,

15 and placed on high vacuum for 1 h. There was isolated J.14p (85.0 mg, 92 %) as a
yellowish-orange solid, LCMS: 2.14 min (Cond.-D2) Calcd. for CigHa3NgO4
[M+H]" 623.33; found:; 623.46. HRMS: Calcd for C3sHaNgO4 [M+H]" 623.3340;
found: 623.3327.
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T14g.1

Boa

RT: 2.20 min, (Cond.-
D1); Caled for

NH CiHgNgO4
M= Boo )
b [M+H]" 699.37;
found: 699.32.
From J1.14f.1
Synthetic Route 8a
Bog | Bog | Bog
N N 2 N N Sodium N N
Ay N ——————— N\
C t}w |I ﬁ&j suffite ‘ ﬁ%g
JB.A JB.2 JB.3

Examples JB.1 —JB.3

JB.%

Glyoxal (2.0 mL of 40% in water) was added dropwise over 11 minutes to a

methano] solution of NH4OH (32 mL) and (S)-Boc-prolinal (8.56 g, 43.0mmol) and

stirred at ambient temperature for 19 hours. The volatile component was removed in

vacuo and the residue was purified by a flash chromatography (silica gel, EtOAc)
followed by a recrystallization (EtOAc, room temperature) to provide (S)-tert-butyl
2-(1H-imidazol-2-yDpyrrolidine-1-carboxylate (4.43g) as a white fluffy solid. 'H
NMR (DMSO-dg, 400 MHz): 11.68/11.59 (br s, 1H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76
(m, 1H), 348 (m, 1H), 3.35-3.29 (m, 1H), 2.23-1.73 (m, 4H), 1.39/1.15 (s, SH).

RT = 0.87 min (Cond.-JB.1} LC/MS: Anal. Caled. for [M+H]" CaFpoN305:
238.16; found 238.22. The compound shown to have a 98.9 ee% when analyzed

under the chiral HPLC conditions noted below. Column: Chiralpak AD, 10 um, 4.6 x

50 mm  Solvent: 1.7% ethanol/heptane (isocratic) Flow rate: 1 mL/min Wavelength:

either 220 or 256 nm, Relative retention time: 3.25min (R), 5.78 minutes (S)
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Bog

JB.2

lIodine was (16.17 g, 63.7 mmol) was added to a solution of Example JB.1
(6.87 g, 29.0 mmol) and sodium carbonate (9.21 g, 87 mmol) in dioxane (72 mL) and
water (72 mL}) at ambient temperature. The flask was covered with alaminum foil
and stirred for 16 hours. The reaction mixture was diluted with EtOAc and a
saturated aqueous solution of sodium thiosulfate. The mixture was stirred for 15
minutes and the phases were separated. The layers were separated and the aqueous
phase was extracted several times with ethyl acetate. The combined organic phases
were dried (Na;S0O,), filtered and concentrated in vacuo 1o afford (S)-tett-butyl 2-
(4,5-diiodo-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (12.5 g) as a tan solid. 'H
NMR (500 MHz, MeOD) & ppm 4.72 - 4.84 (m, 1H), 3.58 -3.70 (m, 1H), 3.43 -3.54
(m, 1H), 2.36 (br s, 1H), 1.88 - 2.08 (m, 3H), 1.47 (br s, 3H), 1.27 (br s, 6H). RT =
1.40 min (Cond.-JB.1) LC/MS: Anal. Caled. for [M+H]" Cy3H,71N5O,: 488.94
Found; 489.96.

B3

Sodium sulfite (10.31 g, 82 mmol) was added to a solution of Example JB.2
(4.0 g, 8.2 mmol) in ethanol (75 mL) and water (75 mL). The suspension was heated
with an oil ba;ch at 100°C for 4 hours and at 90°C for 16h. The reaction was diluted
with BtOAc and water. The layers were separated and the aqueous layer was
extracted several times with EtOAc. The combined organic phases were dried (brine,
Na2S0y), filtered and concentrated in vacuo. The residue was purified by a flash
chromatography (sample was dry loaded on silica gel and eluted with, 0 to 40% ethyl
acetate/CH,Cly) to afford (S)-tert-butyl 2-(5-iodo-1H-imidazol-2-yl)pyrrolidine-1-
carboxylate (2.17 g) as a white solid. 'H NMR (500 MHz, MeOD) & ppm 7.52-7.64
(m, 1H), 4.95 - 5.10 (m, 1H), 3.57 - 3.70 (m, 1H), 3.47 - 3.57 (m, 1H), 2.37 - 2.55 (m,
1H), 1.94 - 2,10 (m, 3H), 1.46 (s, 4H), 1.27 (s, 5H). RT =0.93 min (Cond.-JB.1)
LC/MS: Anal. Caled. for [M+H]" Ci2H;sIN305 363.04; Found: 364.06.
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A mixture of copper iodide (299.6 mg, 48.1 mmol) and Pd(PPh;);Cl, (1.29 g,
4.41 mmol) was added to a dimethylformamide (200 m1) solution of I.11 (16.0 g,

38.7 mmol), (trimethylsilyl)acetylene (6.8 ml, 48.1 mmol), and triethylamine (16 ml),

and the reaction mixture was stirred at ~25 °C for 19.5 h. The volatile component

10 was removed ir vacuo and a silica gel mesh was prepared from the residue and

submitted to a flash chromatography (silica gel; eluting with 40% ethyl
acetate/hexanes) to provide alkyne J.15 as a tan foam (13.96 g). "H NMR (DMSO-
ds, 8= 2.5 ppm, 500 MHz): 12,52-12.38 (m, 1H), 7.62-7.41(m, 2H), 7.24-7.19 (m,
1H), 5.01-4.85 (m, 1H), 3.64-3.51 (m, 1H), 3.46-3.35 (m, 1H), 2.38-2.21 (m, 1H),

15 2.07-1.81 (m, 3H), 1.39 (s, 4H), 1.04 (s, 5H), 0.23 (s, 9H). RT = 2,09 min (Cond.-J1)
LC/MS: Anal. Caled. for [I\/I+I~i]+ C21H30N30,8i: 384.21; found: 384.27.

|
“~
/Si S Boq
= NN
)
N
F

RT = 1.89 nun, (Cond.-
J1); Caled for

1152 .
Ca1HagN1(,S1 {M"‘H]
From J.10a 402.20; found: 402.26.
Ny RT = 1.92 min, (Cond.-
-5l \\\\ Bog i
NN I1); Caled for
1.15b \@ *C@H ) , .
N CayH3oN30,8i [M+H]
From J.10b 396.21; found: 396.22.
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RT = 2.2 min, (Cond.-

<
S N Bog ’
o N N
2 J1); Caled for
J.15¢c \'QHF‘:@H ) ' .
E CarHz9FN30, 81 [MA-H]

From J.10¢ 414.20; found: 414.26.
\Sl‘
’ \Q\; RT = 1.70 min, (Cond.-
ol J1); Caled for
1154 = ) . )
\b\l CasHagN;30,8i [M+H]

438.26; found: 438,33,
From J.9d

RT = 1.70 min, (Cond.-

N
ASi 2 Boc
A NWMB J1); Caled for
1.15d.1 ;

CHaN+0,81 [M+H]*
From J.10.d 398.23; found: 398.19.
~d
8i § .
RT = 2.43 min, (Cond.-
N D1); Caled for
J.15e AR ) ,
Bon’N\gq, CagHaaN30,81 [M+H]
A" | 448.24; found: 448.82.
From J1.9b
~d:
P S .
LCMS: 2.51 min,
N (Cond.-D1); Caled for
HN-"S ]
1.15f R (‘5 Ca6H3aN30,5i
Boc~ <
H (M+H)* 446.23; found:
From J.15e according to the 446.05
procedure described for T
J.14g,

\ LCMS: 1.5 min, (Cond.-
Ty JB.1; Caled for

N :
IB.4 ‘bﬁm C17HygN30,Si

(M+H)? 334.20; found:
From JB.3
334.14.
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Potassium carbonate (0.5526 g, 4 mmol) was added to solution of alkyne J.15

(13.9 g, 36 .2 mmol) in methanol (200 ml) and the mixture was stirred at room

temperature for 17 h. The volatile component was removed in vaciio, and the residue

was partitioned between ethyl acetate and saturated ammonium chloride (aq)

solution, and the organic layer was separated and washed with brine, dried (MgSQy),

filtered, and concentrated in vacuo (o provide alkyne 1.16 as a tan foam (9.3 g). 'H
NMR (DMSO-dg, & = 2.5 ppm, 500 MHz): 12.58-12.30 (brs, 1H), 7.72-7.36 (two
overlappinglgpp br s, 2H), 7.23 (d, J = 8.1, 1H), 4.97-4.88 (m, 1H), 4.02 (s, 1H),
3.64-3.52 (m, 1H), 3.44-3.36 (m, 1H), 2.40-2.20 (m, 1H), 2.06-1.81 (m, 3H), 1.39 (s,
4H), 1.05 (s, SH). LC/MS: Anal. Caled. for [M+Na]" CigHzN3NaO,: 334.15;

found: 334.24.

- Boc, RT = 1.69 min, (Cond.-
N NN
A J1); Caled for CigHaoN305
I.16a H g
F [M+Na]™ 352.14; found:
From J.15a 352.15.
< Bo RT = 1.40 min, (Cond.-
\\@”\)—&“}H J1; Caled for CioHa N3O
1.16b N ’ ) Lal ) 19kl21 N30
{M+Na] 346.15; found:
From J,15b 346.19.
N y BOGN y RT = 1.36 min, (Cond.-
e J1Y; Caled for
J.16¢ N H .
F Ci9H20FN;0; [M+Na]
From J.15¢ 364.14; found: 364.15.
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S
m RT = 1.30 min, (Cond.-
° NH J1); Caled for CpHaN;0
1164 N ); Caled for CaaHogN30;
N [M+H]" 366.22; found:
From J.15d 366.25.
Boc RT = 2.74 min, (Cond.-
\\@N N-phte Caled for CyoHaaN
N I Cs [
116d.1 \g—d Y, 'H: or C19H2aN30,
[M+H]" 326.19; found:
From J.15d.1 376.13
AN
LCMS: 1.88 min, (Cond.-
J.16e HN%N D1) Caled fox
»
Boc‘N\<§-,,H CaqHy N3Oy M+
H
) 374,19, found: 374.04.
From 1.157
L.CMS: 0.88 min, (Cond.-
S JB-1) Caled for
N Boc
IB.5 b C1oH1 N30 (MHH; -
From JB.4 tBu)* 206.10; found:
206.05.
Synthetic Route 9a
' R
s

J.16e

HN-4
)
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Example J.16f

s
N
HN-~Z

0

o) N

oy
N,
<1
y H
0™
/
J.16f
Example J.16f was obfained from Example J.16e according to the two step
procedure described below. Deprotection as in the preparation of J.19 to formed an
5  HCI salt which was coupled with cap-170 with HATU according the preparation of
J.21 below to give J.16f RT = 1.59 min, (Cond.-D1); Caled for Ca7Hz0N4O4 [M+H]
473.22; found: 473.06.

Synthetic Route 10

Br )
Br
}k = Beo
d\ © $0, NH,OH "
“CHO Q Piperazine HN~Y

10 J17

Example J.17 - 17.a

Br

The ammonium hydroxide (4 mL) was added to a solution of (S)-prolinal
15 (650 mg, 3.26 mmol) in tetrahydrofuran (15 mL) and stirred for 6 h at 48 °C in a
sealed pressure vessel, (x-tosyl—(?:-bromobenzyl) isocyanide (974 mg, 2.77 mmol)
and piperazine (281 mg, 3.26 mmol) were added and the reaction mixture stirred 18 h
at at 48 °C. After being cooled, the reaction mixture was diluted with ethy] acetate
(200 mL) and washed with water and brine and concenfrated. The crude product was

20 taken up in dichloromethane and charged to a 40 g Thomson silica gel cartridge.
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Gradient elution was performed from 20-100% B over 750 mL gave J.17 (S)-tert-
butyl 2-{5-(3-bromophenyl)-1 H-imidazol-4-yl)pyrrolidine-1-carboxylate 413 mg
(31%). "H NMR (CDCl;, & 500 MHz): 10.36/9.90 (br s, 1H), 7.75 (br s, 1H), 7.53
(br. s, 2H), 7.38 (br. s, 1H), 7.24 (br. s, 1H), 5.11 (br. s, 1H), 3.54 (br. s, 2H),

5 2.32/2.19 (m, 1H), 1.95-1.85 (m, 2H), 1.74 (s, 1H), 1.45/1.18 (5, 9H). RT = 1.7
(Cond.-J1) LC/MS: Anal. Calcd. for [M+H]" C gH23BiN30,: 392.09; found: 392.13.

Br ﬂmc RT = 1.7 min, (Cond.-
“N J1); Caled for
J.17a HN-¢

CisH3BN; O, [M+H]
392.09; found: 392.13.

From o-tosyl-(4-

bromobenzyl) isocyanide

Synthetic Route 11,
Bog
N, N
~ 4 " (o~ 1
\@N H\,’ Y :}j Cul H =
NN KN’? W~ Pd(Pha)y O Hoos
Boc Bod |
NN

10 J.16 | 4.7 J.18 Boé

Examples J.18—-JB.6

Bog
N N
.
1 »—«D
N
J.18 Bod

Copper iodide (9.8 mg, 0.051 mmol) and Pd(PPhy)4 (59.4 mg, 0.051 mmol)
15 were added to a nitrogen purged solution of J.16 (S)-tert-butyl 2-(5-ethynyl-1H-
benzofd]imidazol-2-yl)pyrrolidine-1-carboxylate (160 mg, 0.514 mmol) and 1.7 (S)-
tert-butyl 2-(4-(4-bromophenyl)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (171
mg, 0.437 mmol) containing Et;N (0.2 mL) in dimethylformamide (3 mL) and the
reaction mixture stirred at room temperature for 48 h. The volatile component was

20 removed in vacuo and the residue was applied (dichloromethane) to 20 g Thomson
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column and eluted with 50-100 % B over 500 mL (A/B dichloromethane
/20%methanol in ethyl acetate) to provide J.18; 87 mg (26%). 'H NMR (CDCls, 8,
500 MHz): 10.97-10.51 (m, 2H), 7.9 (s, 0.41H), 7.75 (d, J = 8.2, 1.26H), 7.69-7.66

(m, 0.55H), 7.59 (s, 0.54H), 7.54-7.51 (m, 1.85H), 7.42-7.32 (m, 2H), 7.25 (s, 1H),
5 7.22 (br. 5,0.32) (br.s, 1H), 4.99-4.94 (m, 1H), 3.31 (br.s, 3H), 3.04/2.92 (br. s, 2H),
2.19-2.15 (m, 3H), 2.03-1.95 (m, 2H), 1.62/1.50 (br s, 20H). LC (Cond-J1): 1.6 min;

LC/MS: Anal. Caled. for [M+H]" CisHasNgOa: 623.34; found: 623.52; RRMS:
Anal. Caled. for [M+H]" CsHaaNgO4: 623.3340; found: 623.3344.

J18.1

N N
Es'('
N =

RT = 1.4 min
(Cond.-J1);
LCMS: Anal.
Calcd. for
[M+H]"
CsgHarNgO4
651.36; found:
651.46.

J.18.2

From J.16 and J.9¢

RT= 1.34 min
(Cond.-J1);
LCMS: Anal.
Caled. for
[M+H]"
CagHaaN7O4
662.35; found:
662.35,

J.18a

Boc

Hff. N N
Pﬁ:s-«ﬁ
R oM
\__ bfh:}H

Boc

From J.16b and J.7b

RT = 1.6 min
{Cond.-J1);
LCMS: Anal,
Calcd. for
[M+H]
Cagla3NgOs
647.33; found:

172




WO 2010/096302

PCT/US2010/023582

647.39.

J.18b

From J.16c and I.7b

RT= 1.57 min
(Cond.-11);
LCMS: Anal.
Caled. for
[M-+H]"
CisHa2FNGO4
665.33; found;
665.49,

J.18¢

Bog

Hs,, N
<~
H i -.‘\\
O ISR
£ l'\?—-\‘N "y
c

Bo

From J.16b and J.9¢

RT= 1.42 min
(Cond.-I1);
LCMS: Anal.
Caled. for
[M+H]*
C1sHaFN6O4
665.33; found:
665.49.

J.18d

Boc

)
\“"N -
GO

“ N

/
HN Boc
~N

From J.16 and J.9a

RT: 2.27 min,
(Cond.-D2);
Caled for
Cs3gHasNgOq4
[M+H]" 649.35;
found: 649.49,

HRMS: Caled for
C3gHasNgO4
[M+11]"
649,3497,
found:; 649.3484,
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RT: 2.31 min,
(Cond.-D2);
Caled for
N.BOC " CasHa3NsOy
L‘Hpg 4 S [M+H]' 647.33;
99 found: 647.46.
ZON
I.18e HNJ})‘BOC
N
HRMS: Caled for
From J.18d according to the procedure CssH43N6O4
described for J.14g. [(M-+H]"
647.3340;
found: 647.3328,
Boc £
& ,N\© RT: 1.61 min,
Sy = (Cond.-11); Caled
J.18f 2 for C3H4aFNgO4
HN-4 Bos +
b- [M+H]" 667.34;
found: 667.46.
From J.16a and J.9a
Boc £
N N
¢ .
L\EH{?{ @ S RT: 1.64 min,
O‘ (Cond.-J1); Caled
—
I.isg L g, for CagFlpFNsOx
\
% [M+H]" 665.33;
From J.18f according to the procedure found: 665.49.
described for J.14g.

174

(5%



WO 2010/096302

PCT/US2010/023582

Bog
Mi~N_ N
F%[S‘*’ﬁ ¢ RT: 1.44 min,

SN :
O‘ (Cond.-J1); Caled
1.18h el for CapHusNgO4
‘Q‘H [M+H]* 673.35;
H found: 673.43.
From J.16h and J.9b

Bac
Hi. N N
<]/\Q-—<’ @ RT: 1.48 min,
H ﬁ SN

| ; (Cond.-J1); Caled
“N
118 N~ 5o for C4pH43NgO4
" [M+H]" 670.34;
H found: 670.46.
From J.18h according to the procedure
described for J.14g.

Boc .

' - RT: 2.03 min
Hi~N_ N ,
L~
W= N ™ (Cond.-D1);

H =B
J.18i.1 O " Caled for
HN-4 B2 C43Ha3NgO4
H [M+H]" 707.34;
H
found: 707.28.
From }.16b and 1.9f

Boc
L ) RT: 2.10 min,
H SN T

H Oo (Cond.-D1);
7.18i.2 HN/ N oo Caled for
N CaaH4iNgO4
H
W [M+H]" 705.32;
From J.18i.1 according to the procedure found: 705.19.
described for J.14g.
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RT = 1,92 min
poe (Cond.-D1)
M.-N N ond.-D1};
L~
H N x Oe L.LCMS: Calcd for
{
Oy-0 Ca4HagN,Og
11813 MR )8 o
N M+IY" 770.37;
EH found: 770.29.
o
From J.16f and J.10b
Boc F
Hi N N
Lo~ 1] RT: 1.62 min,
HY E}l X
O‘ (Cond.-J1); Caled
1.18j med o | for CuHaFNO,
t‘h [M+H]" 691.34;
H found: 691 .46.
¥rom J.16¢ and J.5b
Boc E RT: 1,66 min,
NN
Lo~ 1] (Cond.-T1); Caled
H N SN
O‘ for C40H42FN(,04
N + + .
118K T [M+H]" 689.33;
N ; found: 689.43.
H
From J.18j according to the procedure
described for J.14¢.
Mo, FO° RT: 3.44 min,
les NN
r\e‘\"—(;N Q « {Cond.-J2); Caled -
H S
118K O for C40H47N504
.18k. N
HNL poe [M+H]" 675.37;
N
e found: 675.33
From J.16d.1 and J.9g
NF“ RT = 1.67 min,
1181 L (Cond.-11); Caled
for C35H43N(,O4
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From J.16 and J.17 [M+H]" 623.34;
found: 623.46.
Boo RT= 1.67 min,
R
[ O m (Cond.-J1); Caled
N Q.\ %, _N.
1.18m SV for Cs6HisNeO4
s [M+H]" 623 34;
From J.16 and J.17a found: 623.46.
oo RT = 1.33 min,
@*’H g O (Cond.~JB.1);
= Calcd for
IB.6 ~ N
HNb,Boc CisHasNgO4
[M+H]" 623.34;
From J.14e and JB.5 found: 623.24.

10

Synthetic Route 12

N N
o¥5e

Boz

"SEM

J.14

NN
<
LH

M,
NH

J.1¢

Example J.14 (85 mg, 0.1} mmol) was dissolved in methanol (1 mL) and 4N

HCl/Dioxane (5 mL) was added and the reaction was stirred 16 hr. The solvents
were removed in vacuo, and the tetra HCl salt J.19 was exposed to high vacuum for

18 h. LC (Cond-D2): 1.4 min; LRMS: Anal. Calcd. for [M+H]* C;7HaNg: 439.26;
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found: 439.29. HRMS: Anal. Caled. for [M+H]" C27H3Ng: 439.2610; found

439.2593.

J.19a

From J.14a

RT= 1.34 min
(Cond.-D2) LCMS:
Anal. Caled. for
[M+H]" CyqHa7Ng:!
399,23, found:
399.24.

HRMS: Anal.
Caled. for [M+H]*
Co4Hz7Ng: 399.2297;
found: 399.2316.

J1.19b

S NoOR
Lx‘:" IN O O |NHJ
H

From J.14b

KT = 1.46 min
(Cond.-D2) LCMS:
Anal. Caled. for
[M+H]" CoyHyNg:
399.23; found:
399.24.

HRMS: Anal.
Caled. for [M+H]"
Ca4Ha9Ng: 399.2297;
found: 399.2298.

J.19¢

H
Hfl’!. N N
Lo~ 1]
HY N

N

N NH

%NH
HH

From J.14¢

RT= L.13 min
(Cond.-J1} LCMS:
Anal. Caled. for
[M+H]" CooHsoNe:
463.26; found:
463.38.
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J.19d

H
CH
O,

N—.
NH

From J.14d

RT = 1.27 min,
(Cond.-D2) LCMS:
Caled for CogHaoNg
[M+H]" 425.24;
found:425.28.

HRMS: Calcd for

CacHaoNg [M+H]"

425.2448; found:
425.2444,

1.19¢

o
Rase ~

From J.14f

RT = 1.30 min,
(Cond.-J1) LCMS:
Calcd for CagHy Ng

[M+H]" 475.26;

found: 475.25.

J.19f

From J.14g

RT = 1.46 min,
(Cond.-D2) LCMS:
Calcd for CygH,7Ng

M+H]" 423.23;

found:423.31.

HRMS: Calcd for

CasHyNs [M+H]"

423.2292; found:
423.,2287.

J.19f.1

, ZX

9

From J.14g.1

RT: 1.73 min,
(Cond.-D1); Caled
for Cs;H3 N
[M+H]" 499.26;
found: 499.22.
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J.20

Ay

N SN
Ol -
1%\;‘
Ny

From J.I8

RT=1.18 min,
(Cond.-J1) LCMS:
Caled for Cqgllz7Ng

[M+H]" 423.23;
found:423.24.

1.20.1

o,
o

From J.18.1

RT = (.99 min
(Cond.-J1); LCMS
Caled for CagHa Ng

(M+H)* 451,25,

found: 451.28,

J.20.2

H
N N
Ls\‘—'« N
R

From J.18.2

RT = 0.98 min
(Cond.-J1); LCMS
Calcd for CygHogN4

(M+H)" 462.24;

found: 462.24.

J1.20a

Hs, H N

\_</
H\L\“' N Q S
H AN

|
N

O H $ AH
; PH

From I.18a

RT =1.21 min,
(Cond.-J1) LCMS:
Calcd for CogH27Ng

[M+H]" 447.23;

found: 447.18.

J.20b

N
i (.
H WH
HEC.
R
N N H

H

From J.18b

RT = 1.04 min,
(Cond.-J1) LCMS:
Caled for CagHagFNg
[M+H]" 465.21;
found: 465.28.

J.20c

RT = 1.07 min,
{Cond.-J1) LCMS:
Calcd for CygHa6FNg
[M+H]" 465.21;
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From J.18¢ found: 465.28.
Y ~ :
(o @ RT = 1.60 min,
= N
H \Q:\l (Cond.-D2) LCMS:
I.20d HI\T’N Caled for CagHasNg
bH [M+H]" 449.24;
found: 449.28.
From J.18d
NN _ .
E\*MN Q RT = 1.78 min,
H *\ o (Cond.-D2) LCMS:
~ N Caled for CzsHa7Ng
1.20e HN .
NH [M+H]" 447.23;
found: 447.25.
From J.18e
o e RT =1.07 min,
L, Q - (Cond.-J1) LCMS:
H =3
1.00f O . Caled for C23H23FN(,
N~ [M+H]" 467.24;
NH
}) found: 467.25.
From J.18f
o i RT =1.17 min,
[, J (Cond.-J1) LCMS:
H
Caled for CagHagFN
HN-4 [M+H]" 465.22;
NH
t‘ found: 465.28.
From J.18g
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1.20g.1

H
Hiy N N
Lo ¢
T 0
—
N
HN-4
NH
H
H
From J.18h

RT =1.43 min,
{Cond.-D1) LCMS:
Calcd for CipHy9Ng

[M+HT" 473.25;

found: 473.13.

1.20h

NN

ey

NS

H ﬁ x
2@

RT =1.09 min,
{Cond.-J1) LCMS:
Caled for CypHa7Ng

[M+H]" 471.23;

found: 471.25.

J.20h.1

Hy N N
L~ 1
H

From J.181.3

RT: 1.60 min,
{Cond.-D1); Calcd
for C3oH4oN704
[M+H]* 670.32;
found: 670.24,

J.20h.2

From J.181.2

RT: 1.77 min,
(Cond.-D1); Calcd
for C43H3 N0,
[M+H]" 605.27,
found: 605.20.
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1.201

H, N
<o
P

RT = 1.09 min,
(Cond.-J1) LCMS:
Calcd for C;oHgFNg
[M+H]" 491.24;
found: 491,25,

1.20§

From J.18k

RT = 1.17 min,
(Cond.-J1) LCMS:
Caled for CygHq6FNg
[M+H]" 489.22;
found: 489.22.

1.205.1

Me,, F} N
i’
ey

S

” L
= N
HN
NH
Me

From J.18k.1

RT =2.73 min,
(Cond.-J2) LCMS:
Calcd for CaoH3 Ng

[M+HT" 475.26;

found: 475.17.

J.20k

RT = 1.0 min
(Cond.-J1)
LCMS: Calced for
CasHz7Ng [M+H]"
423.23; found:
423.24,

J.201

RT = 1.01 min
(Cond.-J1}
LCMS: Caled for
CagHy7Ng [M+HT"
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From J.18m 423.23; found:
423,31,
[H\_q“ @ RT =1.0 min
& N O {Cond.-1B.1)
A LCMS: Caled for
1B.7 ~ N .
HNt CasHaaNg [M+H]
NH
423.23; found:
From JB.6 423.17.
Synthetic Route 13.
' 9
NN NR
(=< X7 o N o
S
H @Q HATU j

NH -

Ny NH

. é)& T

HATU (60 mg, 0.16 mmol) was added to a rapidly stirred solution of example

J.19 (38.18 mg, 0.075 mmol}, N-methoxycarbonyl-L-valine (26.2 mg, 0.15 mmol),
and Hunig’s base (0.095 mL, 0.54 mmol) in dimethylformamide (1.5 mL). The

reaction mixture was stirred for 2 h and the solvent was removed under purge of

nifrogen. The residue was diluted with methano! and subjected to prep. HPLC
(Phenomenex LUNA CI18 (30 x 100 mm); 5% - 100% B over 40 min; Flow Rate =

40 mL/min; Wavelength =220 nm; Solvent A =0.1% TFA in 10% methanol / 90%
water; Solvent B = 0.1% TFA in 90% methanol /10% water) to give the bis TFA salt
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of .21, 17.6 mg (24%). "H NMR (500 MHz, DMSO-dg) 8 7.91-7.84 (m, 1H), 7.72-
7.57 (series m, SH), 7.30-6.8 (m, 2H), 5.50-5.17 (series m, 4H), 4.20 (m, 1H), 4.10
(br. s, 1H), 3.34-3.25 (m, 6H), 3.17 (s, 6H), 3.14-2.90 (series m, 4H), 2.23-2.20 (m,
2H}, 2.13-1.93 (m, 8H), 1.32-1.03 (m, 12H). LC (Cond.-D2}. 1.8 min; LCMS: Anal.
s Caled. for [M+H]" Ca/Hs3sNzOg 753.41; found: 753.55. HRMS: Anal. Caled. for
[M+H]" Ca4yHs3NgOg 753.4088; found: 753.4108.

J.21a

AN

/["k,(

T~

R NH

From J.19

™

e

RT=2.1 min (Cond.-
D2); LCMS: Anal.
Caled. for [M+H]"

Cs1Hg NgO7: 817.49;

found: 817.63.

HRMS: Anal. Calcd.
for [M+H]"
Cs1HgNgOa:
817.4917, found:
817.4927.

1.22

From J.19a

RT= 1.88 min
(Cond.-D2) LCMS:
Anal. Caled. for
[MA+H]" Ca5H49N5O¢:
713.38; found;
713.31.

HRMS: Anal. Caled.
for [M+H]"
CapHlaoNgOg:

713.3775; found:
713.3804.
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J.22a

From J.19a

RT = 1.65 min
(Cond.-D2) LCMS:
Anal. Caled. for
[M+H]" C45HssNsO2:
777.46; found:
777.48.

HRMS: Anal. Caled.
for [M+H]*
CagHseNgO2:
777.4604; found:
777.4636.

1220

From J.19a

RT = 1.99 min
(Cond.-D2);
LCMS: Anal. Calcd.
for [M+H]*
CasHasNgOs: 781.35;
found: 781.37.

HRMS: Anal. Caled.
for [M+H]*
Ca4HasNgOg:

781.3462; found:
781.3483,

J.23

From J.19b

RT = 1.92 min
(Cond.-D2); LCMS:
Amnal, Caled. for
[M+H]" C33H49N5Og:
713.38; found:
713.40.

HRMS: Anal. Calcd.
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for [M-+H]"
C3sH4oN3Os:
713.3804; found:
713.3798.

1.23a

From J.19b

RT =1.72 min
(Cond.-D2); LCMS:
Anal. Caled. for
IM+H]" C4gHssN30;:
771.46; found:
TTT7.48.

HRMS: Anal. Calcd,
for [M+H]"
CagHssNg Oy
777.4604; found:
777.4579.

J.23b

5 iy o

NH =

O

|
N ~F

O
N N
< | >—
= Q:Q\QJ:N U

From J.19b

RT =2.02 min
{Cond.-D2); LCMS:
Anal. Caled. for
[M+H]" C4sHs5N3Og:
781.35; found:
781.37.

HRMS: Anal, Caled.
for [M+H]"
CaaHasNgOg:

781.3462; found:
781.3497.
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J.24

=L
Y
Y kﬁ"
Hi N N
SR8
VTS N

H

\
e

O

)

N\NHO
N
b
- o]
HH

From J.19¢

RT = 1.5 min (Cond.-
J1j; 87%, LCMS:
Caled for C43H53NO5¢
(M+H)" 777.41;
found: 777.49,

HRMS: Caled for
C43HsNgOg (M+H)"
777.4083; found:
777.4088.

1.25

From J.19d

RT=1.83 min
(Cond.-D2); LCMS:
95%, Caled for
CsoHs51NgOs (M+H)"
739.39; found:
739.59,

HRMS: Caled for
CaoHsNgOs (M+H)"
739.3926; found:
739.3916.

J25.a

From J.194

RT =1.58 min
(Cond.-D2); LCMS:
Calcd for CsqHsoNgOo
(M+H)" 803.47,
found: 803.65.

HRMS: Caled for
CspHsoNgOy (M+H)"
803.4755; found:
803.4749,
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J.26

RT = 1,51 min
(Cond.-J1); LCMS
Caled for CyqHs53NgOg
(M+H)" 789.41;
found: 789.55.

127

=
i
O’L E
X
=

From J.19f

RT =1.94 min
(Cond.-D2); LCMS:
95%, Calcd for
CapHaoNgOg (M+IH)*
737.38; found:
737.56.

HRMS: Caled for
CaoHaoNgOs (M+H)"
737.3770; found:
737.3756.

J.27a

From 1.191

RT = 1.67 min
(Cond.-D2); 1.LCMS:
Calcd for CsgHs7NgO-
(M+H)" 801.46;
found: 801.68,

HRMS: Calcd for
CsoHs7NgO (M+H)*
801.4599; found:
801.4592,
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I.27b

RT = 1,94 min
(Cond.-D1); LCMS:
Caled for CasHs3NgOg
(M+H)* 813.41;
found: 813.46.

1.27¢

A

| J
/NNHOY

From J.19f.1

RT = 2.01 min
{Cond.-D1); LCMS:
Caled for CspHagNgOs
(M+H)" 881,38;
found: 881.37.

Ni4

Y

1.28

From J.20

RT = 1.46 min
{Cond.-J1); LCMS
Caled for C4gHa9N3Os
(M+H)* 737.38;
found: 737.42,

HRMS: Calcd for
CaoH4sNgOs (M+H)
737.3770; found:
737.3774.

J.28a

RT =1.30 min
(Cond.-J1); LCMS
Caled for CsgHs7N3O5
(M+H)" 801.46;
found: 801.62.
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L J HRMS: Caled for
FO Csolds:Nz0, (M+H)"
CHN @ 801.4599; found:
= ® 801.4585.
“NHg
N W
N
From 1.20
by
O™ K
.7‘"'%0 RT = 1.29 min
N N
— C d.- y
12821 L}—<ﬁ ¢ S (Cond.-J1); LCMS
@ Calcd for C42H53N305
(<NHo A (M+H)* 765.41;
N HN\«O‘ found: 765.49,
]
From 20.1
¥
O
NH
\wkf'o RT =1.22 min
N N
1ogan | T o« N (Cond.-J1); LCMS
H O Caled for CaHsoNoOy
P (M+H)" 776.39,
b HN=(O~ found: 776.42.
O
From 20.2
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RT=1.25min
{(Cond.-J1); LCMS
Caled for C4yHagNgOg
(M+H)* 761.38;
found: 761.49,

1.28b

RT = 1.44 min
(Cond.-J1); LCMS
Caled for
CaaHasFN3Og (M+H)
779.37; found:
779.45.

J.28¢

RT =1.30 min
(Cond.-J1); LCMS
Caled for
Ca2HagFNgOg (M+H)"
779,37, found:
779.45.

1.28d

1.20¢
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J.28e

From J1.20d

RT =2.02 min
(Cond.-D2); 95%,
Caled for CasHs 1 NgOg
(M+H)" 763.39;
found: 763.59.

HRMS: Caled for
CazHs1NgOg (M+H)"
763.3926; found:
763.3918.

J.28e.1

From J.20d

RT =1.97 min
(Cond.-D1); LCMS:
Caled for C4sH47NgOs
(M+H)" 831.43;
found: 831.36.

J.28f

From J.20e

RT = 2.10 min
(Cond.-D2); 95%,
Caled for Csald49NgOg
(M+H)" 761.38;
found: 761.55.

HRMS: Calcd for
Ca2HaoNgOs (M+H)"
761.3770; found:
761.3765.
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/
o]
)=0
”':Lfo RT =1.95 min
@ NHN O (Cond.-D1); LCMS:
TN = @ O ] Caled for CagHasNgOg
28f1 0 ' - )
J.28f. “n g ELC (M+H)" 829.35;
br i found: §29.45.
From J.20e
--.O _ ,
O)\NH RT =1.46 min
SN F Cond.-J1); LCMS
~ (Cond.-J1);
N N
r\\}—é’ :©\ Calcd for
N A .
J.28g m CaaHsoFNgOg (M+H)'
cad
N-NHO ‘\L 781.39; found:
Y HN© 781.49,
0
From J1.20f
=0
g7 NH
Q
' F
W\E{_«N RT: 1.52 min,
Sy S (Cond.-J1); Caled for
1.28h " oS ) .
NH o . CyaHagFNgOg [M+H]
N--.
Y 779.37; found:
HN‘_‘(O'--
O 779.52.
From 1.20g
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=0
O’LNH
w Q
H'{i;f‘—QN @ RT =1.83 min
S T (Cond.-D1); LCMS:
J.28h.1 0 NHQ v Calcd for C44Hs NgOs
NSO (M-+H)" 787.23;
N HN-‘(O"‘ ’
R 0 found: 787.40.
H
From J.20g.1
O/
HNJEO RT =1.92 min
0 (Cond.-D1); LCMS:
meMN N
R~ . Caled for CsoHa7NsOs
H
J.28h.2 \@ o | (M+H)" 855.36;
NH O YO
Nb} ANH found:; 855.21.
xT'n i )
From J.20g.1
~o
O’LNH
W (0]
" T N RT: 1.34 mijn,
|§L\‘H O X (Cond.-I1); Caled for
J.28i Oe NHo w CaHagNgOg [M+H]"
N= - 785.38; found:
SO 785.55.
From J.20h
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o
“¢;’ RT = 2.01 min
H@HN O {Cond.-D1); LCMS:
_ H™S N SN Caled for CsqHasNgOg
1.281.1 O o Ol;c’: (M+H)* 853.35;
}QN* ‘ found: 853.25.
L H
From J,20h
\O
. Oﬁ(FI}IH RT =2.14 min
F ’ ) o (Cond.-D1); LCMS:
Hllq:\\Hﬁ O S Caled for
J.281.2 OO NH L/d’: ] CsotlssF2NsOs
”}2,: .~ (M+H)* 937.40;
x4 N found: 937.46.
From J.20h
o
\:‘,ﬁ; RT =2.83 min
Q,{.LN\_«N:Q\ (Cond.-D1); LCMS:
12813 e N Q\\\m OI Calcd for CsgHs53NgOg
T 9 Y| (MHH)869.40;
é‘}’% found: 869.35.
s o
From J.20h
=
HNJO*O RT = 1.81 min
“"S¢° (Cond.-D1); LCMS:
H“'; Z‘—(’N O Calcd for CqgHsiNzO7
128i4 | M N =
QO o d (M+H)" 827.39;
N%O ?\!’H found; 827.26.
oo G
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From J.20h.1
0
OJ\P‘:L
W (0] F
4 '<']’\N\—<’N @ RT: 1.49 min,
HY N T (Cond.-J1); Caled for
J.28) 0 = NHo L CaaHsoFNg Qg |:]\«’[+H]Jr
NS 805.39; found:
5 805.55.
H
From J.201
~o
OfJ‘NH

C4sHasFNgOg [M+H]*
~
O

RT: 1.54 min,
{Cond,-J1); Calcd for

803.37; found:
803.58.

e
J.28k g
N“NHO
ﬁgw
b H
From J.20j
\ &)
0
NH
s
Hi,~N N
&\Lﬂ‘}_«N @
1.28k.1 H N x

/
HN LBz
N
H

From J.20h.2

RT: 2.01 min,

(Cond.-D1); Caled for
CasHaaN7Os

[M+H]" 762.34;
found: 762.16.
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1.281

0

b e

o

o7
\\N}—(\

From J.20k

RT=1.46 min
(Cond.-J1); LCMS
Caled for CagblagNgOg
(M+H)" 737.38;

HN:\\N found: 737.56.

HRMS: Calcd for
CaoHagNgOg (M+ID"
737.3770; found:
737.3760.

J1.28m

From J.20k

RT = 1.36 min
(Cond.-J1); LCMS
Caled for Csplis/NgO,
(M+H)" 801.46;

HN found: 801.62.

j HRMS: Caled for
CsoHsiNgO, (M+H)*
801.4599; found:
801.4597.

J.28n

From J.201

RT =1.43 min
(Cond.-J1}; LCMS
Calcd for CypH4oNgO4
(M+H)" 737.38;

x found: not apparent,

HN- HRMS:; Caled for
CaoHggNgOg (M-+H)"
737.3770; found:
737.3759.
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5=
>...!"S’t&0 RT; 1.88 min,
o
@-.Lu\_qw O (Cond.-J2); Caled for
198 T = @ 0 . Ca4Hs3NeOg
TN 0 W IM+H]* 789.41;
‘b'\)j\ found: 789.36,
From J.20j.1
O—‘
HN’&O B
oDuwﬂ:O RT: 1.76 min,
%, l/\N\—_«N@\ (Cond.-J2); Caled for
S Ny -
H = \ CagHs7NgOg
1.28p “ 0,0
@ w g T | IMeHT 873.43;
b\\z\) found: 873.43.
0]
From J.204.1
RT: 1.17 min,
0
4 Cond.-IB.1); Calcd
Q" ( )
B8 Wa ; ;oo for C40H49NgOg
. . O—
°=/<0 b i [M+H]" 737.38;
From JB.7 found: 737.31.
RT: 1.23 nun,
Q,{? (Cond.-JB.1); Calcd
Bal ) {o = o OFP‘ for CagHasNgOy
5. O
°=fo ‘b‘ i~ [IM+HJ* 737.38;
From IB.7 found: 737.33.
M O RT: 1.39 min,
N N ) S (Cond.-JB.1); Caled
0 N O M
B9 O#N...{: N“b»‘-% _‘*(oh for CyeHsNgOg
7’ o [M+H]" 681.32;
From JB.7 found: 681.21.
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RT: 1.08 min,
10 |
QS () (Cond.-JB.1); Caled
° S o ¢ for CaeHasNgO
B0 | oS L G 10HasN5Og
A0 Y "7l IMHH]T769.37
o]
found: 769.31,
From JB.7
RT: 1.33 min,
N
o » 9 (Cond.-TB.1); Caled
N o
BT | o™ TS Q | for CagHestNsOy
P ) N‘«() [M+H]" 805.35;
From JB.7 found: 805.27.
RT: 1.35 min,
N
ran® v (Cond.-JB.1); Caled
N =

fOI' ngHsﬁNgOz
[M+H]" 825.46;
found: 825.34,

From JB.7
Synthetic Route 13a.
o
o4
NH
>
PA{OH) °
> HATU Hi—~N M
J.28k.1 ; O
Hy 1289 . {\\'—(

o
Y N‘);?O
= 0
~ 1.

200
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Examples J.28¢ - JB.13
\ P '

o4

NH
»
0
e
H M

ooy

HN-—4
NH
H
J.28g H

A solution of Example J.28k.1 (286.6 mg, 0.376 mmol) in MeOH (2 mL) was
added to a stirred suspension of 20% palladium hydroxide on carbon (52.8 mg, 0.376
mmol) and potassium carbonate (104 mg, .752 mmol) in MeOH (4 mL) under an
atmosphere of nitrogen. The flask was evacuated and charged with hydrogen (3x;
balloon, 14 psi) and stirred for 3 h. Note: Significant amounts of N-methylated
product form if allowed to go over 3h. The mixture was filtered over celite, and the
celite pad washed with MeOH (100 mL), methylene chloride (50 mL), and MeOH

(100 mL) again. The filtrate was concentrated and placed under high vacuum for 0.5

" h before it was taken up in MeOH and passed through a nylon syringe frit (to remove

traces of catalyst). Example, J.28q was obtained (202 mg, 85 % yield) as a yellow
solid. RT: 1.62 min, (Cond.-D1); Caled for C37HaN-0, [M+H]* 632.34; found:
632.21.

Boc

I
i C  Boc
N

JB.13

10% Pd/C (50 mg, 0.470 mmol) was added in one portion to a suspension of a
TFA salt of Example JB.6 (100 mg, 0.118 mmol) in MeOH (10 mL). The reaction
mixture was purged with hydrogen and stirred under a balloon of hydrogen overnight
atrt. The reaction mixture was filtered through Celite and concentrated. The residue
was purified by prep HPLC (Waters Sunfire C18 column 30 X 150 mm Su eluted
with a gradient of 10 to 100 % ACN -Water + 0.1 % TFA) to yield a TFA salt of tert-
butyl (28)-2-(4-(2-(4-(2-((28)-1-(tert-butox ycarbonyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yl)phenyl)ethyl)-1H-imidazol-2-yl)- 1-pyrrolidinecarboxylate (70
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mg) as a white solid. 'H NMR (500 MHz, MeQD) Sppm 7.95 (d, J/=9.5 Hz, 1H), 7.85
(d, J=9.2 Hz, 2H), 7.66 (br s, 2H), 7.31 - 7.44 (m, 2H), 7.26 (s, 0.5H), 7.14 (s, 0.5H),
5.29 (br s, 1H), 5.04 (br s, 1H), 3.73 - 3.82 (m, 1H), 3.64 (br s, 2H), 3.55 (br s, 1H),
3.02 - 3.15 (m, 4H), 2.56 - 2.70 (m, 1H), 2.41 - 2.55 (m, 1H), 2.24 (br s, 1H), 2.08 -

5 2.18(m, 2H), 2.03 (br s, 3H), 1.49 (d, J=7.9 Hz, 9H), 1.26 (br s, 4.5H), 1.22 (br s,

4,5H). RT: 1.16 min, (Cond.-JB-1); Caled for CysHagNgO4 [M-+H]" 627.37; found:
627.31[M+H]".

Examples J.28r - JB.15

0/
HN0 '
kafo RT=1.78 min
HI<‘];N}—<’N @ (Cond.-D1); LCMS:
R (I o4 | Caled for CagHssNsOg
J.28¢ ROLEE N
' N= N)TH (M+H)" 789.41;
’ found: 789.24.
H
From J.28q according to the procedure
described for J.21
i/
Hfﬂ\ﬁ N RT =1.67 min
WSO
NN (Cond.-D1); LCMS:
LuSie
o~ n . @O o I Caled for C46H55N307
0
J1.28s L E; (M+H)" 831.42;
) Ny% found: 831.26.
H H 0
From J.28q according to the procedure
described for J.21
ii}_(}w Q RT = 0.82 min
N O H (Cond.-JB-1); LC MS:
N HN
JB.14 () Caled for CogHaNg
From JB.13 according to the procedure (M+H)" 427.26;
described for .19 found: 427.28.

202
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e
HNAO _ .
ﬁwkfo ~5 RT = 1.06 min
LN\__«N e o N (Cond.-JB-1); LC MS:
IB.15 ol ) H© Caled for CagHsgNOg
N N
| h;)fQ (M+H)" 741.41;
From JB3.14 according to the procedure found: 741.39.
descitbed for J.21
Synthetic Route 14.
MO
: —\Nj H
0 8r. N R
Br NH; a\,.Ph \C[ > j
NH M.5 N N
2 =
0 Ph
M.6

Mo e

o
° x f — = H
(L) (L)
M.B 7N .7 77\
5 FExamples M.5 - M.9

HO :_>
TN
I om
M.5

Example M.5 was prepared from L-proline according to the procedure
described in Gudasheva, et al. Eur, J. Med. Chem. 1996, 31, 151.
10
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N N

o Ph

M.6

EDCI-HC1 (1.76 g, 9.22 mmol) was added to a mixture of 4-bromobenzene-
1,2-diamine (1.50 g, 8.03 mmol), M.5 (1.88 g, 8.06 mmol) and 1-
hydroxybenzotriazole (1.31 g, 9.70 mmol} in dichloromethane (30 mL), and stirred at
ambient conditions for 19 h. The mixture was then diluted with dichloromethane,
washed with water (2x), dried (brine; MgSQ,), filtered, and concentrated in vacuo to
provide a brown foam. Acetic acid (30 mL) was added to the foam, and the mixture
was heated at 65 °C for 90 min. The volatile component was removed in vacuo, and
the residue was dissolved in ethyl acetate and washed carefully with saturated
NaHCO; solution (2x), and the organic phase was dried (brine; MgS0,), filtered, and
concentrated in vacuo. The resultant crude material was submitted to flash
chromatography (silica gel; ethyl acetate) to provide Example M.6 as a tan foam
(1.67 g). "HNMR (CDCly, = 7.24 ppm, 500 MHz): 10.71/10.68 (overlapping br s,
1H), 7.85 (s, 0.48H), 7.56 (d, J = 8.6, 0.52H), 7.50 (s, 0.52H), 7.35-7.22 (m, 6.48H),
538 (app brd,J=8.1,1H),3.73 (d, J=15.7, IH), 3.67 (d, J = 15.6, 1H), 3.64-3.51
(m, 2H), 3.12-3.04 (m, 1H), 2.41-2.28 (m, 1H), 2.20-2.08 (m, 2H). LC/MS: Anal.
Caled. for [M-+H] * CoH,5BrN;0: 386.07: found: 386.10.

HaN !

A H
N &
puse
N N
O&Ph'
M.7

Pd(PhsP),Cl; (13.3 mg, 0.019 mmol) was added to a mixture of M.6 (152.9
mg, .40 mmol), 4-ethynylaniline (69.6 mg, 0.59 mmol), and Et;N (2.20 mL) in
dimethylformamide (2.0 mL) and the reaction was heated to 50 °C for 8.5 hr. The
volatile component was removed in vacuo and the residue was submitted to flash

chromatography (0-30% methanol/dichloromethane), then further purified on reverse
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phase HPLC (methanol/water/TFA) to afford the TFA salt of M.7 (50 mg). LC/MS:
Anal. Caled. for [M+H]" CyHysN4O: 421.2; Found 421.21.

Q R
B -
O
. N N
© Ph
M.B
5 Dichloromethane (3.0 mL) was added to a mixture of M.7 (57.0 mg, 0.14

mmol), (S)-1-acetylpyrrolidine-2-carboxylic acid (23.3 mg, 0.15 mmol) and EEDQ
(39.0 mg, 0.16 mmol) and stirred at ambient conditions for 16 hr. The volatile
components were removed in vacuo, and the residue was dissolved in methanol and
subjected to a reverse phase HPLC purification {(methanol/water/TFA), followed by

10 free-basing {SCX column; methanol wash; 2.0 M ammonia/methanol elution) and
flash chromatography purification (5-15% methanol/ethyl acetate) to afford M.8 as a
brown solid (38.0 mg). LC/MS: Anal. Calcd. for [M+H]" C34H34NsOa: 560.27;
found: 560.28.

Nate

M.9 ° A

LC/MS: Anal. Caled.

H

() | for PMHH)" CagHiapNsOs:
N

Aoy 636.30; found: 636.29.

[+]

From M.5 and M.7

15
Examples M.10 - M.11
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A mixture of M.8 (24.0 mg, 0.04 mmol) and Pd/C (10%, 14.1 mg) in

methano! (3.0 ml) was stirred under a balloon of H; (1 atm) for 3 hr. The snspension

was filtered through a pad of diatomaceous earth (Celite®) and concentrated in vacuo

to afford M.10 as an off-white foam (22.0 mg). LC/MS: Anal. Calcd. for [M+H]+

5 C34H35N503: 564.30; found: 564.43.

[+]

M.11 o ° L NN
I*” N/>“—\Nj

Ph

LC/MS: Anal. Calcd.
for [M+H]
C40H42N5032 640.33;

From M.9 found: 640.35.
Synthetic Route 15
o .
HN 1. HCI HpN 1. HATU / Boc-L-Proling
2, SnClyH,0
O cl chle HaN ¢ 2. AcOH
s) o}
J.20
N,Boc | 'Boc
NaN; E Sl'lclz HO N N
a
[QHN]@\“A \—< j@\? [
H N NH,
° 0
J-30 132
1. HC
2. HATU KR}-2-(dimethylaminao}-2-phenytaceiic acld
~
N Ny
Q’&FO . o
N N
SnClyHe0 N
7
¢ oL, /
L JOY [ m
¥ NH
© 0
J31a J.32a

10
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Examples J.29 - J.32a

HaN .
HZND\"/\G
0
J.29

N-(4-(2-Chloroacetyl)-2-nitrophenyl)acetamide (25.7 g, 0.1 mol) was
suspended in 250 mL of 3N HCI and heated at 80 °C in 1L pressure vessel for 20 h.
After being cooled to room temperature, 1-(4-amino-3-nitrophenyl)-2-
chloroethanoneeHC] (23.2 g, 92%) was isolated by vacuum filtration as a bright
yellow solid. The salt {23.2 g, 0.092 mol) was suspended in methanol (600 mL) and
tin chloride dihydrate (65 g, 0.29 mol) was added in one portion. The mixture was
heated at 70°°C for 14 h while being vigorously stirred. An additional 20 g of tin
chloride diﬁydrate was added and the reaction stirred 8 h. The solvent was removed
by rotory evaporation and the residue was taken up in ethyl acetate/NalICOs soln
(caution: much carbon dioxide evolution). The precipitated salts were removed by
filtration and the organic layer was separated. The aqueous layer was extracted twice
more (ethyl acetate) and the combined organic layers were washed with brine, dried
(Na;S04) and concentrated to ¥ volume. 2-Chloro-1-(3,4-diaminophenyl) ethanone,
1.29, 10.03 g (59%) was isolated by vacuum filtration as a brick red solid. 'H NMR
(400 MHz, DMSO-dg) 6: 8.17 (dd, J = 8.3, 2.3 Hz, 1H), 7.14 (d, ] = 2.0 Hz, 1H), 6.51
(d, I=8.0 Hz, 1H), 5.57 (br. s, 2H), 4.85 (s, 2H), 4.78 (br. s, 2H). LC (Cond.-D2):
0.65 min; LC/MS: Anal. Caled. for [M+H]" CsH;4CIN,O: 185.05; found: 185.02.
HRMS: Anal. Caled. for [M+H]" CgHgCIN,Q: 185.0482; found: 185.0480. The

reaction was repeated to supply more material,

Boe
I
-

I/\NH::Q\U/\Q

o]
.30

HATU (38.5 g, 101.3 mmol) was added portion wise to a vigorously stirred
solution of .29 (17.6 g, 92 mmol), N-Boc-L-proline (19,82 g, 92 mmol), and
Hunig’s base (17.6 mL, 101.3 mmol) in dimethylformamide (200 mL). After 6 h, the

reaction mixture was concentrated in vacuo to remove solvent and the residue was
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taken up in ethy! acetate, washed with saturated NaHCO; solution, brine, and dried
{(NayS0y4). Concentration yielded a viscous brown oil which was taken up in glacial
acetic acid (100 mL) and heated at 60 °C for 20 h. The solvent was removed in
vacuo and the residue was taken up in ethyl acetate, washed with saturated NaHCO,
solution (adjust with 1N NaOH soln until pH = 9), brine, and dried (Na;S0O4). The
residue obtained upon concentration was pre-adsorbed onto Si0; (dichloromethane)
and subjected to flash chromatography successively eluting with 50%, 75%, 100%
ethyl acetate/hexanes to give J.30 (S)-fert-Butyl 2-(6-(2-chioroacetyl)-1H-
benzo[d]imidazol-2-yl)pyrrolidine-1-carboxylate 22.37 g (67%) was obtained as a
yellow foam. 'H NMR (400 MHz, DMSO-dg) 8: 8.20 (s, 1H), 7.81 (dd, J=83,2.3
Hz, 1H), 7.59 (d, J = 8.0 Hz, 1H), 5.24 (s, 2H), 4.99/4.93 (s, 1H), 3.60 {(br, s, 1H),
3.46-3.41 (m, 1H), 2.36-2.30 (m, 1H), 2.01-1.89 (m, 3H), 1.39/1.06 (s, 9H). LC
(Cond.-D2): 1.85 min; LC/MS: Anal. Caled. for [M+H]" C 55 CIN;O;5: 364.14;
found: 364,20, HRMS: Anal. Caled. for [M+H]" CgH;CIN3O;s: 364.1428; found:
364.1427.

4.3

Sodium azide (1.79 g, 27.48 mmol) was added in one portion to a solution of
1.30 (S)-tert-butyl 2-(6-(2-chloroacetyl)-1H-benzo[d]}imidazol-2-yl)pyrrolidine-1-
carboxylate (10.0 g, 27.48 mmol) in acetonitrile (200 mL) and stirred at 60 °C for 16
h. The reaction mixture was concentrated to 1/5 volume, diluted with ethyl acetate,
and washed with water and brine prior to being dried (Na;S0Q4). Concentration gave
1.31 (S)-tert-butyl 2-(6-(2-azidoacetyl)-1H-benzo[d)imidazol-2-yDpyrrotidine-1-
carboxylate 6.8 g (48%) as a golden crange foam. 'H NMR (500 MHz, DMSO-d¢) &
8.22/8.03 (s, 1H), 7.80-7.75 (m, 1H), 7.65/7.56 (d, J = 8.5 Hz, 1H), 4.99-4.93 (m,
3H), 3.6G (br. s, 1H), 3.46-3.41 (m, 1H), 2.38-2.27 (m, 1H), 2.01-1.89 (m, 3H),
1.40/1.06 (s, 9H). LC (Cond.-D2): 1.97 min; LC/MS: Anal. Caled. for [M+H]"
Ci1sH23NgO3: 371.19; found: 371.32. HRMS: Anal. Caled. for [M+H]" C1gH23NsO;:
371.1832; found: 371,1825.
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N Ny

0
J.31a

To a solution of J.31 (1.8 g, 4.86 mmol) in ethyl acetate (5 mL) was added
HCl/dioxane (10 mL of 4N), and the reaction was stirred 4 hr. The solvents were
removed in vacuo, and the HCI salt was exposed to high vacuum for 18 h to give (S)-
2-azido-1-(2-(pyrrolidin-2-yl)-1H-benzo[d}imidazol-6-yl)ethanone2HC1 a yellow
solid. HATU (1.94 g, 5.10 mmol) was added to the HCl salt of (8)-2-azido-1-(2-
(pyrrolidin-2-y1)-1H-benzo[d}imidazol-6-yl)ethanone (1.8 g, 4.86 mmol), (R)-2-
(dimethylamino)-2-phenylacetic acid HCI salt (1.05 g, 4.86 mmol), and Hunig’s base
(3.4 mL, 19.4 mmol) in dimethylformamide (50 ml.) while being rapidly stirred 6 h.
The solvent \{ras removed in vacuo and the reside was partitioned into two lots and
separately pre-absorbed onto S10; (dichloromethane), and subjected to flash
chromatography on a 40 M Biotage silica gel column pre-equilibrated 2% B, and
eluted with 2% B (150 mL); Segment 2: 2-40% B (1200 mL); Segment 3: 40 — 80%
(600 mL). A =dichloromethane; B =25% methanol/ dichloromethaﬁe to give J.31a
(R)-1-((S)-2-(6-(2-azidoacetyl)-1H-benzo[d]imidazol-2-ypyrrolidin-1-y1)-2-
{dimethylamino)-2-phenylethanone (combined lots: 1.05 g (50%)) as a yellow foam.
' NMR (500 MHz, DMSO-dg) 8: 8.16 (s, 1H), 7.82 (dd, T= 8.8, 1.5 Hz, 1H), 7.65
(d, I=8.5 Hz, 1H), 7.60-7.56 (m, SH), 5.51 (5, 1H), 5.22 (dd,J=8.2, 2.8, 1H), 4.95
(m, 2H), 4.09-4.05 (m, 1H), 3.17-3.12 (m, 1H), 2.90/2.84 (br. s, 6H), 2.23-2.19 (m,
1H), 2.21-1.89 (m, 3H). LC (D-Cond. 1): RT =1.5 min; LC/MS: Anal. Calcd. for
[M—i—H]"‘ Cy3HogN7Oy: 432.22; found: 431.93. HRMS: Anal. Caled. for [M+H]+
C232sN04: 432.2148; found: 432.2127.

Boc

!
NN
Q ~—
SN NH,

0
J.32

209

20



WO 2010/696302 PCT/AUS2010/023582

Tin{IDdichloride dehydrate (12.24 g, 54.26 mmol) was added to J.31 (6.8 g,
18.08 mmol) dissolved in methanol (200 mL). The reaction mixture was heated at 60
°C for 6 h and concentrated and dried under high vacuum to give the HCL salt of J.32
(S)-tert-butyl 2-(6-(2-aminoacetyl)-1 H-benzo[d}imidazol-2-y)pyrrolidine-1-
5  carboxylate, 16.6 éwl1ich contained tin salts. LC (Cond.-D2): 1.21 min; LC/MS:
Anal. Calcd. for [M+H]" Ci5HasN4O+: 345.18; found: 345. The material was used

without purification.
N
N/'
[
J.32a N N
&
N NHy
(o]
10 Synthetic Route 16
0N
7 SnClyH,0 M 1. HATU / Bog-L-Proline
ol N 2. ACOM
CO.Me COsMe
Pac }300
NN NN
l/\\. /: NaOH E\- /:
F N MaOH = N
H
COMe COH
J33 .34

Examples J.33 -J.34a

Boe
NN
e
TN
H
CO,Me
J.33
Tm(IT)chloride dilvydrate (17.25 g, 76.5 mmol) was added in one portion to
15 methyl 2-amino-3-nitrobenzoate (5.0 g, 25.5 mmol} in methanol (100 mL) under
nitrogen. The yellow mixture was vigorously stirred at 65 °C for 16 h, and the

solvent was removed by rotory evaporation to near dryness. The residue was taken
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up in ethyl acefate and the solution was poured into a large beaker containing 1:1
ethyl acetate/NaHCO; soln. (300 mL) and stirred 15 min. The precipitates were
removed by filtration and the organic layer was separated. The aqueous layer was
exiracted twice with ethyl acetate, and the combined organic layers were washed with
saturated NaHCO; solution, brine, and dried (Na;SO,). Concentration gave methyl
2,3-diaminobenzoate as a deep red viscous oil 4.1 g (57%).

HATU (10.66 g, 28.0 mmol) was added in one portion to a stirred solution of
methyl 2,3-diaminobenzoate (4.1 g, 24.7 mmol), N-Boc-L-proline (5.49 g, 25.5
mmol), and Hunig’s base (4.9 mL, 28.0 mmol) in dimethylformamide (50 mL). The
reaction mixture was stirred 3 h and solvent removed in vacuo, and the residue was
diluted with ethyl acetate, washed with 0.1N HCI, sat’d NaHCOs, brine, and dried
(Na;SQy). Concentration gave a reddish brown viscous oil which was taken up in
glacial acetic acid (60 mL) and heated at 60 °C for 16 h. The solvent was removed in
vacuo, and the residie was diluted with ethyl acetate, washed with sat’d NaHCO,
soln., brine, and dried (Na;SQ4). Concentration gave a residue that was divided into

two lots, and each lot pre-adsorbed onto SiO; (dichloromethane), applied {0 a 40 M

‘Biotage 8i0; column, and eluted by gradient 10% - 100% B (1440 mL); A=

hexanes; B = ethyl acetate to give J.33 (8)-methyl 2-(1-(tert-
butoxycarbonyl)pyrrolidin-2-y1)-1H-benzo[d]imidazole-7-carboxylate 7.05 g (83%)
as a reddish oil. "H NMR (500 MHz, DMSO-ds) 8: 7.86 (d, ] = 7.9 Hz, 1H), 7.78 (3,
=5 Hz, 1H), 7.28-7.24 (m, 1H), 5.20-5.11 {m, 1)}, 3.95 (s, 3H), 3.60-3.52 (m, 1H),
3.43-3.38 (m,IIH), 2.33-2.22 (m, 1H), 2.15-2.0 {m, 2H), 1.91-1.86 (m, 1H), 1.40/1.05
(s, 9H). LC (Cond.-D2): RT =1.86 min; LC/MS: Anal. Caled. for [M+1{}*
C1sH24N304: 346.18; found 346.26; HRMS: Anal. Caled. for [M+H]" CisHauN304:
346.1767; found: 346.1776.

RT=10.72 min

N N:@L (Cond.-J3); LC/MS:
\—<. i
Rx? N COMa Amnal, Calcd. for.
[M+H]" C15H24N304:
346.18; found: 346,

J.33a
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Example J.34

J.34

A solution of 5N sodium hydroxide (8 mL) was added to methyl ester J.33
(7.0 g, 20.3 mmol) in methanol (80 mL) and stirred 8 h. An addifional 4 mL was
added and stirring continued stirring for 18 h, at which time the reaction temperature
was raised to 45 °C for a final 8 h to complete the hydrolysis. Most of the methanol
was removed by rotory evaporation, and the basic aqueous solution was diluted with
ethyl acetate. A precipitate formed and was isolated by filtration. The organic layer
was separated and washed with brine. Additional lots of precipitate formed during
partial concentration to ¥4 vol, and the combined lots of J.34 (S)-2-(1-(ters-
butoxycarbonyl)pyrrolidin-2-yl)-1H-benzo[d)imidazole-7-carboxylic acid totaled
549 g (82%) . 'H NMR (500 MHz, DMSO-dg) &: 8.04-8.0 (m, 2H), 7.58 (br. s, 1H),
5.32 (s, 1H), 3.67-3.63 (m, 1H), 3.47-3.43 (m, 1H), 2.44-2.36 (m, 1H), 2.17-2.11 (m,
1H), 2.05-1.93 (m, 2H), 1.40/1.06 (s, 9H). 1.C {Cond.-D2): 1.68 min; LC/MS: Anal.
Calced. for [M+H]+ Cy17H22N304: 332.16; found: 332.25. HRMS: Anal. Calcd. for
[M+H]" C17H5N304: 322.1610; found: 322.1625.

RT = 1.64 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+H]"

Boc Ci7HnN304: 332.16;

N N
(3 :@\ found: 332.14.
~ N CO,H

J.34a H

HRMS: Anal. Calcd.
for [M+H]"
Ci7H2N304: 322.1605;
found: 322.1603.
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Synthetic Route 17.

Boc
’

N N
(4 n
EQ}—([:]Q BUOCOC!

o2 /ﬂ
CO,H
J.34
NH; HCI 1.35

0

Examp!as J.35 —.f. 35a

A

4,35

[‘—{/

Iso-butyl chloroformate (0.45 mL, 3.4 mmol) was added dropwise to a
solution of acid J.34 (1.0 g, 3.02 minol) and N-methyimorpholine (1.2 mL, 10 mmol)
in tetrabydrofuran (50 mL) cooled at 0 °C under nitrogen, and the ice bath was
removed the reaction stirred 30 min. The solution was recooled and an additional 0.5
ml of base was added followed by of 2-nitrophenacylamine HCI (700 mg, 3.2 mmol).
The reaction mixture was stirred for 18 h at room temperature and diluted with ethyl
acetate and sat’d NaHCO; soln. A precipitate was removed by filtration and the
organic phase was concentrated. The residue was taken up in methanol and filtered
to provide a second lot of precipitate. The combine lots of J.35, 796 mg (65%) wote
carried forward without further purification. 'H NMR (300 MHz, DMSO-dg) 6: 10.5
(br. s, 1H), 8.73 (s, 1H), 8.52-8.49 (m, 1H), 7.88 (t, ] = 8.0 Hz, 1H), 7.80 (d, T = 7.7
Hz, 1H), 7.65(d, 1 =7.7 Hz, 1H), 7.25 (t, J = 7.7 Hz, 1H), 5.11-5.05 (in, 3H), 3.70-
3.33 (m, 2H), 2.39-2.31 (m, 1H), 2.14-1.89 (m, 3H}, 1.38/1.07 (s, 9H). LC (Cond.-

J1): 1.64 min; LRMS: Aval. Caled. for [M+H]" CasHsNsOg: 494.21; found: 494.17,

Boc NO, RT = 1.5 min (Cond.-
N
J.35a [\HNJQ)’ J1); LCMS: Anal.

N 4 Caled. for [M+H]"
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From J.34a and 2—amino-1-(3- Cgngng;OGZ 494.20;
nitrophenyl)ethanone found 494,
Synthetic Route 18
Bos 0
n A
NH, </;. NH 132
Me EDC = Mo -
oy n-Boc-L-proline | L on WAL
o) 0
J.38
Poc
N N '
/4 Q ba =
i : b
G O Boc
J.37
5 Examples J.36 -JF37e
Boc o
1
&
= Mo
oM

J1.36

N-(3-Dimethylaminoptopyl)-N-ethylcarbodimide HCI salt (3.1 g, 16.6 mmol)

was added to a suspension of 3-amino-2-methylbenzoic acid (2.5 g, 16.6 mmol) and
N-Boc-L-proline (3.5 g, 16.6 mmol) in dichloromethane (40 mL). The reaction

10 mixture was stirred under nitrogen for 18 h, diluted with solvent (1 vol) and washed
with IN HCI, brine, and dried (MgS0,). Concentration gave a foam with was
applied to a 40 M Biotage Si0; column, and eluted by gradient 20% - 60% B (1000
mL); A = 1% acetic acid / hexanes; B = 1% acetic acid / ethy! acetate to give J.36
(S)-3~(1-(tert-butoxycarbonyl)pyrrolidine-2-carboxamido)-2-methylbenzoic acid 2.6

15 g(45%). 'HNMR (300 MHz, DMSO-dg) 8: 12.5 (br. s, 1H), 9.52/9.46 (s, 1H), 7.57
(d, ¥ =73 Hz, 1H), 7.44-7.40 (m, 1H), 7.29-7.24 (m, 1H), 4.32-4.28 (m, 1H), 3.47-
3.48 (m, 1H), 3.34-3.29 (m, 1H), 2.33 (s, 3H), 1.93-1.80 (m, 4H), 1.41/1.36 (s, 9H).
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LC (Cond.-J1): 1.55 min; LCMS: Anal. Caled. for [M+H]* C1gHzsN,Os: 349.18;

found 349.33.

1.36a

RT =2.12 min (Cond.-D2);
LCMS: Anal. Calcd. for
[M+H]" Cj7HzN,Os:
335.16; found 335.26.

HRMS: Anal. Caled. for
[M-H]_ C|7H2|N2051
333.1450; found: 333.1440.

J.36b

RT = 2.14 min (Cond.-D2);
LCMS: Anal. Caled. for
[M+H]" Ci3H25sN,0s:
349.18; found 349.25,

HRMS: Anal. Caled. for
[M+H]+ C]gHgsNzosi
349.1763; found: 349.1748.

J.36¢

RT = 2.09 min {(Cond.-D2);
LCMS: Anal. Caled. for
[M+H]" C17H2sN20s:
335.16; found 335.25.

HRMS: Anal. Caled. for
[M-H]- C17HQ3N205:
333.1450; found: 333.1467.

J.36d

{Obtain upon deprotection of the

RT = 2.24 min (Cond.-D2);
LCMS: Anal. Calcd. for
[M+H]" Ci7H2FN;Os:
353.15; found 353.22.
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allyl ester via Pd(Phs)s).

HRMS: Anal. Caled. for
[Nl-H]- C17I‘IZUFN205:
351.1356; found: 351.13609.

’Boc
QHNm a  Me q
AESACRS
o 0
J.37

i
Boe

HATU (462 mg, 1.22 mmol) was added in one portion to a stirred solution of
J.32 (450 mg, 1.22 mmol), .36 (423 mg, 1.22 mmot), and Hunig’s base (1.0 mL}in

dimethylformamide (10 mL) and the reaction mixture was stirred 18 h. The solvent

was removed in.vacuo and the residue was applied to a 25 M Biotage Si0, column,
and eluted by gradient 5% - 60% B (500 mL); A = ethyl acetate; B = 10%
methanol/ethyl acetate to give 1.37, 439.6 mg (50%). 'H NMR (300 MHz, DMSO-
dg) 8: 12.73-12.58 (i, 1H), 9.45/9.35 (s, 1H), 8.59 (br s, 1H), 8.33/8.12 (s, 1H) 7.86
(d,J= 8.4 Hz, 1H), 7.66/7.56 (d, ] = 8.4 Hz, 1H), 7.40-7.36 (m, 1H), 7.25 (app br. s,
2H), 5.0-4.92 (m, 1H), 4.79 (d, J = 4.8 H, 2H), 4.33-4.30 (m, 1H), 3.60 (br. s, 11),
3.47-3.41(m, 2H), 3.35-3.29 (m, 1H), 2.24 (s, 3H), 2.02-1.87 (m, 8H), 1.42-1.37/1.05
(m, 18H). LC (Cond.-J1): 1.65 min; LRMS: Anal. Caled. for [M+H]" CasHiNsO7:

675.35; found 675.30.

N
IO i D
1.37a i I NJ\Q’ Y

RT = 2.29 min (Cond.-
J1); LCMS: Anal.
Caled. for [M+H]"

C3sHasNO7: 661.34;
found 661.42.

Boc

137b NG N 0 .
Wﬂp i D
L LY

From J.32 and J.36b

RT = 1.73 min (Cond.-
J1); LCMS: Anal,
Caled. for [M+H]*

CssH47NgOy: 675.37;
found 675.31.
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Boc .
G
= N o a6
1.37¢ : 5 ”J\O\HJ\(F)

From J.32 and 1.36¢

RT = 2.25 min (Cond.-
D2); LCMS: Anal.
Caled. for [M+H]"

C35H4sNgO7: 661.34;
found 661.42.

Boe
NN
T
s H N F 0 Bog
J.37d 5 N y )Lrj')

From J1.32 and J.364

RT = 2.33 min (Cond.-
D2); LCMS: Anal.
Caled. for [M+H]

CisHal'NGgO7: 679.33;

found 679.42,

=0

N\_{N o
< H
H
]

From J.32a and 3-(t-butoxycarbonyl-

1.37e

amino)-4-methylbenzoic acid

RT =2.08 min (Cond.-
D2); LCMS: Anal.
Calcd. for [M+H]"

CssH43NgOs: 639.33;
found 639.67.

Synthetic Route 19

Bog

0
\
NO, N\_/IL NH

Me 1. SnCl2'2H20
2. HATU
n-Boc-L-profine
o] o]

J.36

Me
3. Sﬂciz'ZHzo

o]
Q
1. BniNMe;ICly
&
<—’.__:, 2. NEN3
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(/_ y 1. HCI
it}

\(@’ 2. HATU

) 0/

ey

Q—:_' Me
HaN

o
J.40
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Examples J.38 — J 40

0
\___./U\NH

| :/fjm

(o]

BDC\
N

J.38

Tin(II)dichloride dihydrate (37 g, 168 mmol) was added to 4-methyl-3-
nitroacetophenone (10 g, 56 mmol) dissolved in methanol (350 mL). The reaction
mixture was heated at 60 °C for 18 h, concentrated, and dried under high vacuum to
give to 1-(3-anii_no-dl-methylphenyl)ethanone which contained tin salts, L.C (Cond.-
J1): 0.73 min; LC/MS: Anal. Caled. for [M+H]" CoHy;NO: 150.08; found: 150. The
material was used without purification. HATU (10.6 g, 28 mmol) was added in one
portion to a stirred solution of 1-(3-amino-4-methylphenyl)ethanone (4.1 g, 28
mmol), N-Boc-L-proline (6 g, 28 mmol), and Hunig’s base (25 mL) in DMF (225
ml) and the reaction mixture was stirred 18 h. The solvent was removed in vacuo
and the residue was taken vp in ethy} acetate/methanot (1:1) and applied to a flash
Si0; column. A step elution by gradient 20%; 50%; 75%; 100% B (total elution vol
1500 mL); A =hexanes; B = ethyl acetate; and a final elution with;10%
methanol/ethyl acetate was conducted to give 1.38, 4.4 g (46%). 'H NMR (300 MHz,
DMSO-dg) &: 9.51/9.45 (s, 1H), 7.95-7.92 (m, 1H), 7.70 (4, J = 8.0 Hz, 1H), 7.37 (d,
J=7.7Hz, 1H), 4.33-4.29 (m, 1H), 3.48-3.29 (m, 2H), 2.50 (s, 3H), 2.26 (s, 3H),
1.98-1.80 (m, 4H), 1.41/1,36 (m, 9H). LC (Cond.-J1): 1.70 min; LRMS: Anal.
Caled. for [M+H]" C1oH27N,O4: 347.20; found 347.41.

Me
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Example 1.38 (3 g, 83 mmol) was dissolved in methanol (30 mL) and 4N
HCli/dioxane (50 mL) was added and the reaction was stirred 18 hr. The solvents
were removed in vacuo, and (8)-N-(5-acetyl-2-methylphenyl)pyrrolidine-2-
carboxamide HCI salt was exposed to vacoum. LC (Cond-J1): 0.9 min. HATU (1.4
g, 3.5 mmol) was added in one portion to a stirred solution of (S)-N-(5-acetyl-2-
methylphenyl)pyrrolidine-2-carboxamide HCI (1.0 g, 3.5 mmol), (R)-2-
(methoxycarbonylamino)-2-phenylacetic acid (740 mg, 3.5 mmol), and Hunig’s base
(2.9 mL) in dimethylformamide (25 mL) and the reaction mixture was stiired 18 h.
The solvent was removed in vacuo and the residue was applied to a 40 M Biotage
Si0; column, and eluted by gradient 50% - 100% B (500 mL); A = hexanes; B =
ethyl acetate to give J.39, methyl (R)-2-((S)-2-(5-acetyl-2-
methylphenylcarbamoyl)pyrrolidin-1-yl)-2-oxo-1-phenylethylcarbamate 1.25 ¢
(87%). 'H NMR (300 MHz, DMSO-dg) §: 9.42 (s, 1H), 7.95 (s, 1H), 7.75-7.69 (m,
2I1), 7.43-7.19 (m, 6H), 5.50/5.40 (d, J =7.7 Hz, 1H), 4.49-4.47 (m, 1H), 3.87-3.81
(m, 1H), 3.58-3.54 (m, 1H), 3.50 (s, 3H), 2.54 (s, 3H), 2.27 (5, 3H), 1.99-1.83 (m,
4H). LC (Cond.~J1): 1.65 min; LRMS: Anal. Caled. for [M+H]" Cy4H2sN30s5:
438.20; found 438.20.

Reference: Synthesis (1988) p 545. (Chlorination),

Mea

J.40

Benzyltrimethyldichioroiodate (2.0 g, 5.72 mmol) was added to a solution of
J.39 (1.25 g, 2.86 mmol) in dichloromethane (65 mL) and methanol (20 mL). The
reaction was heated for 3 h at 75 °C before being concentrated by rotory evaporation.
The residue was taken up in ethyl acetate and washed with sodium thiosulfate soln,
brine, and dried (MgS0,) to afford an ¢-chloroketone. LC (Cond.-J1): 1.70 min;
LC/MS: Anal. C:;ﬂcd. for [M+H]" Ca4H27CIN3Os: 471.16; found: 471,
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The a-chloroketone was converted to the a-aminoketone J.40 as described in
example J.31. [o-azidoketone: LC (Cond.-J1): 1.70 min; LRMS: Anal. Calcd. for
[MAH]" Cy4HaN4Os: 479.20; found: 479.20.] 1.26 LC (Cond.-J1): 1.70 min;
LRMS: Anal. Caled. for ([M+H]" CaqHzsN4Qs: 453.21; found: 453.

5
Synthetic Route 20.
o
o"', HN)§0
HN/\*O . ° o
oG
° N N C)L NH
3 HATU = v
C’?_fu\nn + L\‘\_<rﬁ|:©\ccw —  pec i ,\w/@ "
- Me N N
J.34a > D)Lu
HQN/Y©/ E\ H o}
Q..
140 - J.41
HN/gO
PPhg, COLGCl, dL(O 0
Jaz
Example J.41 - J.42h
{
HN ©
Boo o
N N
[ H
S N
H
J.41
10 The a-aminoketone J.40 was coupled with J.34a as described in example J.37

to give J.41: LC (Cond.-J1): 1.90 min; LRMS: Anal. Caled. for [M+H]"
Ca1HagN;0g: 766.36; found: 766.37.
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Boc O

RT = 1.64 min (Cond.-

Boc Q J1); LCMS: Anal.
J4la C'\__q”D/lﬁ Caled. for [M+H]*
TN CasHasNgO7: 661.34;
From J.35a and N-Boc-L-proline, found 661.30.
prepared as described enroute to J.38,
Boe™ N
poc RT = 1.82 min (Cond.-
NN 0% “NH
‘4
E¥—( J1); LCMS: Anal.
=N
J41b H Caled. for [M+H]"

0

From J.35 and N-Boc-L-proline,

prepared as described enroute to 1.38.

C35H45N507: 661 .34;
found 661.32.

oS

| N
N’Boc n <___."-: NH -
E\\H QYO
N r\\‘l /

J.42

A solution of 7.41 (237 mg, 0.31 mmol), triphenylphosphine (162 mg, 0.62

mmol), and triethylamine (0.2 mL, 1.74 mmot} in dichloromethane (3 mL) was

5 stirred about 5 min under nitrogen atmosphere before addition of hexachloroethane

(146 mg, 0.62 mmol) in one portion. The reaction mixture was stirred 18 h, partially

concentrated, and applied to a 12 M Biotage silica gel column and eluted by gradient

40% - 100% B. A = hexanes; B = ethyl acetate to give 1.42, 95 mg (41%). LC
(Cond.-J1): 1.95 min; LRMS: Anal. Caled. for [M4+H]" C4HN,O5: 748.36; found:

10 748.29.
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J.42a

Boc o)

From J.41a

RT = 2.64 min (D-
Cond. 2); LC/MS:
Anal. Caled. for
[M+H]" C35H.3N504:
643.32; found:
643.35.

HRMS: Anal. Caled.
for [M+H]"
C3sHa3NgOs:
643.3244; found
643.3242,

J.42b

I
=
/;
O

=N
Boc,
N-—"

L

From J.41b

RT =2.97 min (D-
Cond. 2); LC/MS:
Anal. Caled. for
[M+H]" C35H43Ng06:
643.32; found:
643.37.

HRMS: Anal. Caled.
for [M+H]"
CasHasNGOe:

643.3244; found
643.3265.

J1.42¢

O ?oc
Boe HN/K[E')
! H
N N Me
L\\\- h oj@
N\
N

From 1.37

RT =2.51 min (D-
Cond. 2); LC/MS:
Anal. Calced. for
IM+H]" C36HasNsOs:
657.34; found:
657.36.
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HRMS: Anal. Calcd.
for [M+H]*
CasHasNsOs:
657.3401; found
657.3407.

J.42d

O Boc

pac I HNJ %
K*}_QN@\CY@
W

From J.37a

RT =2.61 min{D-
Cond. 2); LC/MS:
Anal. Caled. for
[M+H]" C3sH43NsOg:
643.32; found:
643.41.

J.42e

BOC’E
0
Bos NH
‘/\N N Me
S <\N o
\
N

From J.37b

RT =2.63 min (D-
Cond. 2); LC/MS:
Anal. Caled, for
[M+H]" C3¢HasNgOs:
657.34; found:
657.73.

HRMS: Anal. Caled.
for [M-+H]J"
Cs6lasN6Og:

657.3401; found
657.3397,

J.42f

Boc
1 H
H
[N\ :N N._ .0
- \ 0
= N N N,Boc
N

From J.37¢

RT = 1.59 min (D-
Cond. 2); LC/MS:
Anal. Caled. for
[M+H]" C35H43NOs:
643.32; found:
643.41,

42

Boc F
NN N._0
re‘ <\ (o]
B N . Boc
\ N
N

RT = 2.64 min (D-
Cond. 2); LC/MS:
Anal. Caled. for
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From 1.37d

(M+H]
C35H42FN6062 661.3 2;
found: 661.40.

J.42h

N

N-—-—"
Boc
N N
N ,\f Me
. \:Q(jj@
N ®
N

From J.37e

RT =2.41 min (D-
Cond. 2); LC/MS:
Anal. Calcd. for
[M+H]" C36Ha1NgOs:
621.32; found:
621.21.

The pyrrolidines examples 1.42 — J.42h were treated with HCl as described in

Examples J.43 — J.43]

5  example J.39 to give examples J.43 — J.43j as HCl salts.

O/
HNA‘; RT = 1.80 min
| d\\: \/ZO( (Cond.-J1) LCMS:
143 Hoow 3w Anal, Caled. for
E'i HNQ( Oj/ér”'e [M+H]" CagHagN;Os:
N RJ )/ 648.29; found 648.
From J.42
o RT = 1.69 min (D-
. é\:’lLNH Cond. 2); LC/MS:
L% EN\—QH@Y c}/@ Anal. Caled. for
SN ) [M+H]" CasH57N40;:
N 443,22: found:
From J.42a 443,93,
RT = 1.86 min (D-
143 Cond. 2); LC/MS:
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From 1.42b

Anal, Caled, for
[M+H]" C35Ha7NgOx:
443.22; found:
443.07.

HRMS: Anal. Calcd.
for (M+H]"
CysHarNgOs:

443.2195; found
4432213,

J.43¢

%
HN
Ir:li “ Me J/Iv>
[*Hmm
v

From J.42¢

RT = 1.51 min (D-
Cond. 2); LC/MS:
Anal. Caled. for
[MHH]" CasHogN6O3:
457.24; found:
457.19.

J.43d

I, O
L]

From J.42d

RT =1.64 min (D-
Cond. 2); LC/MS:
Anal. Calcd. for
[M+H]" Ca5HasNGOy:
443 .22; found:
44331,

HRMS: Anal. Calcd.
for [M+H]"
CasHayNgOs:
443.2195; found
443.2205.
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RT = 1.70 min (D-
Cond. 2); LC/MS;
Anal. Calcd. for
g [M+H]" CagHaoN6O;:
457.24; found:
45729,

07 “NR
H
J.43e C n MG
S <\N 0
\ '{, HRMS: Anal, Calcd.

for (M+H]"
CasH2NgO7:
457.2352; found
457.2332,
RT =1.59 min (D-
Cond. 2); LC/MS:
Anal. Caled. for
[M+H]" CosH N0

A H
E (. ;@\(’ 7/©/N 0 443.22; found:
=~ O
~ N 44331,
1.43f \ E"‘H

HRMS: Anal. Caled.
for [M+HT"
CasHa7NgO5:

443.2195; found
443.2206.
RT =1.6]1 min (D-
Cond. 2); LC/MS:
H it E oo Anal. Caled. for
S 0 pM+H]
J43g \ NH
N C25H26FN602: 461 .21;
From J.42g found; 461.31.

From J.42e

From J.42f

HRMS: Anal. Calcd.
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for [M+H]"
CysHa6FNGO2:
461.2101; found
461.2101.
RT = 1.70 min (D-
Cond. 2); LC/MS:
Anal. Caled. for
N~ [M+H]" C31H33Ng02:
o) NH, 521.27; found:

Sa%y
N, :N M 521.48.
J'43h [\? \N’J\@L{Y@ e
\

HRMS: Anal. Calcd.
for [MA-H]"
C31H33NgOo:

521.2665; found

From 1.42h

521.2673.
RT = 2.33 min (D-
Cond. 2); LC/MS:
Anal. Caled. for
N e(,w? -
@’Sao .\ S N Caq1HagNOs:
r\NHN Me 718.37; found:
7.43i S \N:@\{ ’, 718.19.
N
From J.43h and N-Boe-L-proline as HRMS: Anal.
described in example J.38. Caled. for [M+H]"
C41H4eN7Os:
718.3717; found
718.3692.
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RT = 1.69 min (D-
Sy “9 Cond. 2); LC/MS:
®/<ﬁo oA, Anal. Caled. for
1.43j l,\N\‘{“ Me [M+H]*
< \N]@\{’V@/ CyeHaoN-Oy:
N 618.32; found:
From J.43i as described in example J.39 618.18.

Examples J.44 — J.53a

Examples J.44 — ].53a were prepared as described in example J.21.

J.44

From 1,43

RT = 1.91 min (Cond.-
J1) LRMS: Anal.
Caled. for [M+H]"
CasHa7NgOg: 839.35;
found 839.29,

HRMS: Anal. Calcd.
for [M+H]*
CasH47:NsOg: 839.3517;
found 839.3492.

J.44a

(< Q\«o/

From J1.43

RT = 1.80 min (Cond.-
J1) LRMS: Anal.
Caled. for [M+H]"
CacHagNgOs: 809.38;
found 809.29.

HRMS: Anal. Calcd.
for [M+H]"
CasHagN3gOg: 809,3775;
found 809.3768. .
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J.45

From J.43a

RT = 2.42 min (D-

Cond. 2); LC/MS:

Anal. Calcd. for
[M+H]" C4sHysNgOg:
825.34; found: 825.40.

HRMS: Anal. Calcd.
for [M+H]"
CasHasNgOg: 825.3360;
found 825.3366.

J.45a

0 G

From J.43a

RT = 2.27 min (D-

Cond. 2); LC/MS:

Anal. Caled. for
[M+H]" CasHaoNgO4:
765.39; found: 765.36.

HRMS: Anal. Caled.
for [M+HJ*
CasHagNgO4: 765.3877;
found 765.3879.

1.45b

From J.43a

RT =2.48 min (D-
Cond. 2); LC/MS:
Anal. Calcd. for
(M+H]" Cq1HagN;O4:
679.30; tound: 679.37.

HRMS: Anal. Caled.
for [M+H]"
C41H3oN¢O4: 679.3033;
found 679.3037.

229



WO 2010096302

PCT/US2010/023582

J.46

From J.43b

RT = 2.10 min (D-

Cond. 2); LC/MS:

Anal. Calcd. for
[M+H]" CasHgoNgO4:
765.39; found: 765.72.

HRMS: Anal. Caled.
for [M+H}"
CasHaoNgO4: 765.3877,
found 765.3899.

J.47

L

- N\‘
i

o
G
NN o 54/
S e
H \'i‘ H
Ma

From J.43¢

RT = 1.77 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+HT"
Ca6HsNgQ4: 779.40;

found: 779.49.

HRMS: Anal. Caled.
for [M+H]"
Cssl151NgQ4a: 779.4033;
found: 779.4042.

J.47a

=~

Q
A

N 0 ?D

N

H N N 07 NJLOf

(¢ Q SR
S0 T 0

From J.43c¢

RT = 2.28 min (Cond.-
D2); LC/MS: Anal,
Caled. for [M+H]"

CasHa7N3Og: 839.35;
found: 839.43.

HRMS: Anal. Calcd.
For [M+H]"
CasHarNgOy: 839.3517,
found: 839.3519.

J.48

RT =2.21 min (Cond.-
D2); LC/MS: Anal.

230



WO 2010/096302

PCT/US2010/023582

.o
HE® o

NN o OH
E‘\_{ﬂ@\@(@ HJ\XNJ

From J.43d

Caled. for [IM+H]'
Cs1H3oNgOg: 711.29;
found: 711.46.

HRMS: Anal. Caled.
for [M+H]"
CaiHaoNeOg: 711.2931,
found: 711.2942.

J48a

From J.43d

RT =2.37 min (Cond.-
D2); LC/MS:; Anal.
Caled. for [M+H]*
CyoHagN3Qg: 757.37;

found: 757.37.

HRMS: Anal. Calcd.
for [M+H]"
C30H49N3Og: 757.3673;
found: 757.3705.

1.48b

; AN
\ N N 7’ N~
¢ “1 S /

From J.43d

RT =1.92 min (Cond.-

D2); LC/MS: Anal,
Caled, for [M+HT"
CasHagNgQ4: 765.39;
found: 765.59.

HRMS: Anal. Caled.
for [M+H]*
C4sH4oNgO4: 765.3877;
found: 765.3841,

1.48¢

o)‘ ﬁ\'

O
Q
NN ] 'N"L
F § 4 @X?\,/@ ¥ N ; ?
o W X

RT =2.26 min (Cond.-
D2); LC/MS: Anal,
Calcd. for [M+H]"

CasHasNgQOg: 793.35;
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From J.43d

found: 793.52.

HRMS: Anal. Caled.
for [M+H]*
CusHasNgOg: 793.3462;
found: 793.3452.

J.48d

Ct

a
# N

! a
0

N N fo) OY%O\
\}H ] Y@\
= I : i\o;, Hj\i‘b

From J.43d

RT = 2.88 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+H]"

Ca7H39C1HNgOg:

881.24; found: 881.50,

HRMS: Anal. Caled.
for [M+H]"
Ca7H3CLNROg:
881.2370; found:
881.2347.

J.49

E’L 0
o
~o ” N N M&O 9 —E’
L&HN@\(_?Y@ N u ¢}
O

From J.43e

RT =2.41 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+H]*
CasTl47NgOyg: 839.35;

found: 839.27.

HRMS: Anal. Calcd.
for [M+H]*
CasH47N3O0s: 839.3517,
found: 839.3535.

J.4%9a

\‘3(0

™

N

v\ _N N Meo 0

10 ~
N N N /
H . N\ H
N

RT = 2.07 min (Cond.-
D2}, LC/MS: Anal.
Caled. for [M+H]

C46H51N8O4: 779.40;,

found: not apparent.
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From J.43e

HRMS: Anal. Calcd.
for [M-+H]*
CA6H51IN8O4:
779.4033; found:
779.4014.

J.50

From J.431

RT =2.26 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+HT*

C41H39NG6O6: 711.29;

found: 711.39.

HRMS: Anal. Calcd.
for [M+H]"
C41H39N606:
711.2931; found:
711.2958.

1.50a

o .
~— -
\ NN PO
L\\‘ }N:Q OY@ 0 ¥
H \Q__ﬁ s} N

From J.43f

RT =1.92 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+H]*

C45H49NBO4: 765.39;

found: 765.53.

HRMS: Anal. Calcd,
for [M+H]"
C45H49NBO4:
765.3877; found:
765.3843,
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J.50b

SE S
E\‘Hﬁ j@\{jg@/ 0 0;8\(0

From J.43f

RT =2.29 min {Cond.-
D2); LC/MS: Anal.
Caled. for {M+H]"

CA45SHA45N806: 793.35;

found: 793.49.

[HRMS: Anal. Calcd.
for [M+HT*
C45H45N8O6:
793.3462; found:
793.3442.

J.50c

A0

-2

From J.43f

0
HoO
N X
U0 0
= N
H b o N/1

Ci

RT =299 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+H]
C47H39CI2NBO6:

881.24; found: 883.41.

HRMS: Anal. Calcd.
for [M+H]}"
C47H39CI2N8O6:
881.2370; found:
881.2349,

151

%

A0, Y

From J.43g

RT = 2.29 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]

C41H38FN6O6:

729.28; found: 729.36,

HRMS: Anal. Caled.
for [M+H]"
C41H38FN6Q6:
729,2837; found:
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729.2847.

J.51a

% 0
\N\' F H 5
) ”71/’\—:\._)
Lx\" N@\(? 0 ;\l
H \ T
N o

From J.43g

RT = 1.93 min (Cond.-
D?2); LC/MS: Anal.
Caled. for [M+H]

C45H48FN8O4:

783.38; found: 783.52,

HRMS: Anal. Calcd.
for [M+H]"
CA4SHA8FNBC4:
783.3783; found:
783.3764.

J.51b

Cl
N
8* E AR
O - H =
V4 H
N N N
o o LY XY
& N \ ) o o 2 0/
H
N bt
il

From J.43g

RT = 2.89 min (Cond.-
D2}, LRMS: Anal.
Caled. for [M+H]"
C47H38CIFNBO6:

809.23; found: 897.19,

'HRMS: Anal. Caled.
for [M+H]"
C47H3I8CIFN8O6:
899.2275; found:
899.2287.

1.52

s~y 0 .
N T
v\ N N Mea °
(¢ 2
H I H
N

TFrom J.43;

RT =2.23 min (Cond.-
D2); T.C/MS: Anal.
Caled. for [M+H]

C44H46N704: 736.36;

found: 737.00.

HRMS: Anal. Caled.
for [M+H]"
C44H46NT704:
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736.3611; found:
736.3622.

J.52a

\N\‘ o 0
\ N N Me
EQHN:Q\CY@ i h?’\INJ
H v HJK(_)

From J.43j

RT = 1.75 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+H]

C40H47N8O4: 703.37;

found: 703.81.

HRMS:; Anal. Caled.
for [M+H]"
C40H47N8O4:
703.3720; found:
703.3748.

J.52b

@
Ry ” | )\p
Q o}
VNN Me
o}
r\\‘}—{N:Q{Y@N N ﬁ"«o
H \t{l H /

From J.43j

RT = 2.22 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+H}

C46H49N806: 809.38;

found: 809.57.

HRMS: Anal. Calcd.
for [M+H]*
C46H49N8O6:
809.3775; found:
809.3803.

J.52¢

From J.43j

RT =2.27 min (Cond.-
D2); LC/MS: Anal
Caled. for [M+H]

C43HSINBO6: 775.39;

found: 775.39.

HRMS: Anal. Caled.
for [M+H]"
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C43H5I1N8O6:
775.3932; found:
775.3921.

1.524

From J .43]

RT =2.09 min (Cond.-
D2}, LC/MS: Anal.
Caled. for [M+H]"

C41H4ATNBOG: 747.36;

found: 747.34,

HRMS: Anal. Caled.
for [M-+H]"
C41H4ATNROG:
747.3619; found:
747.3610.

1.53

O
N N
< 0}_.?
L\ Q:Q\ﬂ?&r@\ﬁ Q N)

From J.43d

RT = 2.22 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+H]

C3sHagNgOu: 607.30;
found: 607.71.

HRMS: Anal. Caled.
for [IM+H]*
C3sH30Ns04: 607.3033;
found: 607.3015.

J.53a

T
w@v@&f

From J.43a

RT = 2.28 min (Cond.-
D2), LC/MS: Anal.
Caled. for [M+H]"

C35H39Ng04: 607.30;
found: 607.34.
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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. Assay methods incorporating luciferase reporters have also been
used as described (Apath.com).

HCV-neo replicon cells and replicon cells containing mutations in the NS5A
region were used to test the currently described family of compounds. The
compounds were determined to have more than 10-fold less inhibitory activity on
cells containing mutations than wild-type cells. Thus, the compounds of the present
disclosure can be effective in inhibiting the function of the HCV NS5A protein and
are understoed to be as effective in combinations as previously described in
application PCT/US2006/022197 and commonly owned WQ/04014852. Further, the
compounds of the present disclosure can be effective against the HCV 1b genotype.
It should also be understood that the compounds of the present disclosure can inhibit
niultiple genotypes of HCV. Table 2 shows the ECsg (Effective 50% inhibitory
concentration) values of representative compounds of the present disclosure against
the HCV 1b genotype. In one embodiment, compounds of the present disclosure are
inhibitory versus la, 1b, 2a, 2b, 3a, 4a, and 5a genotypes. ECsq values against HCV
1b are as follows A (1-10 pM); B (100-999 nM); C (4.57-99 nM); D (2pM-4.57
nM).

The compounds of the present disclosure may inhibit HCV by mechanisms in
addition to or other than NS5A inhibition. In one embodiment the compounds of the
present disclosure inhibit HCV replicon and in another embodiment the compounds
of the present disclosure inhibit NSSA,

Table 2

Example | EC50 | Range Name

methyl ((18)-1-({(25)-2-(8-(4-(2-((28)-1-((28)-2-
((methoxycarbonyl)amino)—3—methylbﬁtanoyl)-Z-pyrro]idiny])-
121 D IH-imidazol-4-yl)phenyt)-1,4,5,6-
tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-y1)-1-
pyrrolidinyl}carbonyl}-2-methylpropyl)carbamate
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J21a

(1R)-2-((28)-2-(R-{2-((28)-1-((2R)-2~(diethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-y1)-1,4,5,6-
tetrahydrobenzo{3,4]cyclohepta[1,2-d}imidazol-2-y1)-1-
pyrrolidinyl)-N,N-diethyl-2-ox0-1-phenylethanamine

1.22

methyl ((18)-1-(((28)-2-(5-(4-(2-{((28)-1-((28)-2-
{{methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-imidazol-4-yl)phenyl)-1H-benzimidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

J22a

(IR)-2-((28)-2-(4-(4-(2-({28)-1-((2R)-2-(diethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-yl)phenyl)-
1H-imidazol-2-yl)-1-pyrrolidinyl)-N,N-diethyl-2-0xo-1-

phenylethanamine

J.22b

methy] ((IR)-2-((25)-2-(4-(4-(2-((2S)-1-((2R)-2-
{{methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-111-
benzimidazol-5-yl)phenyl)-1H-imidazol-2-yl)-1-pyrrolidiny1)-2-

oxo-1-phenylethyl)carbamate

J.23

methyl ((1S)-1-(((2S)-2-(5-(3-(2((28)-1-((28)2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-imidazol-4-yl)phenyl)-1H-benzimidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)cartbamate

J.23a

(IR)-2-((28)-2-(4-(3-(2((28)-1-((2R)-2~(diethylamino)-2-
phenylacetyl)-2-pyrrolidinyi)-1 H-benzimidazol-5-yl)phenyl)-
1H-imidazol-2-yl}-1-pyrrolidinyl)-N,N-diethyl-2-0x0-1-

phenylethanamine

J.23b

methy! ((1R)-2-((28)-2-(4-(3-(2-((28)-1-((2R)-2-
((methoxycarbonyl)amino)-2-phenylaceiyl)-2-pyrrolidiny!)-1H-
benzimidazol-5-yl)phenyl)-1H-imidazol-2-y1)-1-pyrrolidiny])-2-
oxo-1-phenylethyl)carbamate

124

10
M

methyl ((18)-1-(((IR,3S,5R)-3-(8-(2-((1R,38,5R)-2-{((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-
azabicyclo[3.1.0}hex-3-yD)-1H-benzimidazol-5-y1)-1,4,5,6-
tetrahydrobenzo[3,4]cycloheptaf1,2-d]imidazol-2-y1)-2-
azabicyclo[3.1.0Thex-2-y[)carbonyl)-2-methylpropyl)carbamate

J.25

methyl ((18)-1-(((25)-2-(5-(2-((28)-1-({2S)-2-
((methoxycarbonyl)amino}-3-methylbutanoyl)}-2-pyrrolidinyl)-
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4,5-dihydro-3H-naphthol 1,2-d]imidazol-7-y!)-1 H-benzimidazol-
2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

J.26

5pM

methyl ((18)-1-(((2S)-2-(5-(4™-(2-((28)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-imidazol-4-yl)-4-biphenylyl)-1H-benzimidazol-2-y1)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

127

methyl ((18)-1-(((28)-2-(5-(2-((28)-1-((28)-2-
{(methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
3M-naphtho[1,2-d]imidazol-7-y1)-1H-benzimidazol-2-yl)-1-
pyrrolidinylecarbonyl)-2-methylpropyl)carbamate

J27a

(1R)-2-((2R)-2~(7-(2-((2S)-1-((2R)-2-(diethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-y1)-1H-
naphtho[1,2-d)imidazol-2-y1)-1-pyrrolidinyl)-N,N-dicthyl-2-

ox0-1-phenylethanamine

J1.27b

methyl ((15)-1-(((28)-2-(5-(4(2~((25)-1-((28)-2-
({methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-

1H-naphtho{1,2-d]imidazol-7-yD)phenyl)-1H-benzimidazol-2-

yb-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

127¢

3.0
pM

methyl (1R)-2-((28)-2-(7-(4-(2-((28)-1-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yl)phenyl)-1H-naphtho[ 1,2-d]imidazol-2-y])-1-
pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate

J28

methyl ((18)-1-{{(28)-2-(5-((4-(2-((2S)-1-((2S)-2-
{(methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrohidinyl)-
1H-imidazol-4-yl)phenyDethynyl)-1 H-benzimidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

J.28a

(1R)-2-((285)-2-(4~(4-((2-((28)-1-((2R)-2-(diethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-
yhethynyl)phenyl)-1H-imidazol-2-y1)-1-pyrrolidiny])-N,N-

diethyl-2-ox0-1-phenylethanamine

J.28a.1

methyl ((1S)-1-(((2S)-2-(5-((4-(4-ethyl-2-({25)-1-((28)-2-
((methoxycarbonyl)amino}-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-imidazol-5-yl)phenyl)ethynyl)-1H-benzimidazol-2-yi)-1-
pyrrolidinyl}earbonyl)-2-methylpropyl)carbamate

J.28a2

methyl ((18)-1-(((25)-2-(4-(cyanomethyl)-5-(4-((2-({25)-1-
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((25)-2-({methoxycarbonylamine)-3-inethylbutanoyl)-2-
pyrrolidinyl)-1H-benzimidazol-5-yethynyl)phenyl)-1H-
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

J.28b

methyl ((1S)-1-(((1R,38,5R)-3-(5-((4-(2-((1R,38,5R)-2-{(25)-2-
({methoxycarbonyl)amino)-3-methylbutanoyl)-2-
azabicyclo[3.1.0}hex-3-yI)-1H-imidazol-4-y)phenyl)ethynyl}-
1H-benzimidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-
methylpropyl)carbamate

1.28¢c

methyl ((1S)-1-(((1R,38S,5R)-3-(4-(4-((4-fluoro-2-((1R,3S,5R)-
2-((28)-2-((methoxycarbonyl)amino)-3-methylbutanoyl)-2-
azabicyclo[3.1.0Jhex-3-y1)-1H-benzimidazol-6-
ylethynyl)phenyl)-1H-imidazol-2-y})-2-azabicyclo[3.1.0]hex-2-
yl)carbonyl)-2-methylpropyl)carbamate

J.28d

methyl ((18)-1-(((1R,35,3R}-3-(4-(2-fluoro-4-{{2-((1R,35,5R)-
2+(28)-2-((methoxycarbonyl}amino)-3-methylbutanoyl)-2-
azabicyclo[3.1.0]hex-3-y1)-1H-benzimidazol-5-
yDethynyl)phenyl)-1H-imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-
yhcarbonyl)-2-methylpropyl)carbamate

J.28e

methyl ((18)-1-(((28)-2-(5-((2-((25)-1-((2S)-2~
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
4,5-dihydro-3H-naphthof1,2-d}imidazol-7-yljethynyl)-1H-
benzimidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

J.28e.1

methy] ((1R)-2-((28)-2-(7{(2-((2S)-1-((2R)-2-
({(methoxycarbonylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1 H-
benzimidazol-5-yl)ethynyl)-4,5-dihydro-1H-naphtho{ 1,2~
dlimidazol-2-y1)-1-pyrrolidinyl}-2-oxo-1-phenylethyljcarbamate

J.28f

methyl ((18)-1-({(28)-2-(5-((2-((28)-1-((28)-2-
{(methoxycarbonyl)amino}-3-methylbutanoyl)-2-pyrrolidinyl)-
3H-naphthof1,2-d}imidazol-7-yl)ethynyl)-1H-benzimidazol-2-
yl)-1-pyrrolidinyt)carbonyl)-2-methylpropyl)carbamate

1.28f.1

methyl ((1R)-2-((28)-2-(7-((2-((28)-1-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazoi-5-ylethyny!l)-1H-naphtho[1,2-d}imidazol-2-yl)-1-
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pyrrolidiny})-2-oxo-1-phenylethyl)carbamate

J.28g

methyl ((18)-1-({{(28)-2-(4-fluoro-6-((2-((28)-1-((28)-2-
{(methoxycarbonyl)amino}-3-methylbutanoyl)-2-pyrrolidinyl}-
4,5-dihydro-1H-naphtho[1,2-d)imidazol-7-ylethynyl)-1H-
benzimidazol-2-yl}-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

J.28h

120
pM

methyl ((18)-1-{((25)-2-(4-fluoro-6-((2-((25)-1-((28)-2-
((methoxycarbonyf)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-naphtho[ 1,2-d]imidazol-7-ylethynyl)-1H-benzimidazol-2-
yD-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

J.28h.1

D

methyl ((1S)-1-(((1R,3S,5R)-3-(5-((2-((1R,38,5R)-2-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-
azabicyclo[3.1,0]hex-3-yl)-4,5-dihydro-1H-naphtho[1,2-
d}imidazol-7-ylethynyl)-1H-benzimidazol-2-yl)-2-
azabicyclof3.1.0]hex-2-yl)carbonyl)-2-methylpropyl)carbamate

J.28h.2

methyl (1R)-2-((IR,38,5R)-3-(7-((2((1R,38,5R)-2-((2R)-2-
({methoxycarbonylamino)-2-phenylacetyl)-2-
azabicyclo[3.1.0]hex-3-yD)-1H-benzimidazol-5-ylethynyl)-4,5-
dihydro-1H-naphtho[1,2-d)imidazol-2-y1)-2- .
azabicyclo[3.1.0)hex-2-yl)-2-0x0-1-phenylethyl)carbamate

J.28i

methyl ((18)-1-(((1R,3S,5R)-3-(5-((2-((1R,3S,5R}-2-((28)-2-
((methoxycarbonyl}amino)-3-methylbutanoyl)-2-
azabicyclo[3.1.0Thex-3-yl)-1H-naphtho[1,2-d]imidazo}-7-
ylyethynyl)-1H-benzimidazol-2-yl)-2-azabicyclof3.1.0thex-2-
yl}carbonyl)-2-methylpropyl)carbamate

J.28i.1

methyl ((1R)-2-((1R,3S8,5R)-3-(7-((2-((1R,3S,5R)-2-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-
azabicyclof3.1.0]hex-3-yl)-1H-benzimidazol-5-yl)ethynyl)-1H-
naphtho[1,2-d]imidazol-2-y])-2-azabicyclo[3.1.01hex-2-y1)-2-
oxo-1-phenylethyl)carbamate

J.28i.2

0.51
pM

methyl ((15)-1-(4,4-difluorocyclohexyl)-2-({(1R,38,5R)-3-(7-((2-
((1R,35,5R)-2-((28)-2-(4,4-difluorocyclohexyl)-2-
((methoxycarbonyl)amino)acetyl)-2-azabicyclo[3.1.0]hex-3-yl)-
IH-benzimidazol-5-yl)ethynyl)-1 H-naphtho[1,2-djimidazol-2-
yi)-2-azabicyclo[3.1.0Thex-2-yl)-2-oxoethyl)carbamate
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J.28i3

methyl ((18)-2-((1R,38,5R)-3-(7-((2-((1R,35,5R)-2-((28)-2-
((methoxycarbonyl)amino)-2-(tetrahydro-2H-pyran-4-ylacetyl)-
2-azabicyclo[3.1.0]hex-3-yl)-1H-benzimidazol-5-yl)ethyny})-
1H-naphtho[1,2-d}jimidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-y1)-
2-oxo-1-(tetrahydro-2H-pyran-4-yljethyl)carbamate

1.281.4

D

methyl ((18)-2-((1R,3S,5R})-3-(7-((2-({1R,38,5R)-2-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-
azabicyclof3.1.0]hex-3-yl)-lH-benzimidazol-3-ylethynyl)-1H-
naphtho[ 1,2-d}imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-yI)-2-
oxo-1-(tetrahydro-2H-pyran-4-yl)ethyl)carbamate

7.28]

methyl ((15)-1-(((1R,3S,5R)-3-(4-fluoro-6-{((2-((1R,3S,5R)-2-
{(28)-2-({(methoxycarbonyllamino)-3-methylbutanoyl)-2-
azabicycio[3.1.0]hex-3-yl)-4,5-dihydro-1H-naphtho[,2-
d]imidazol-7-yl)ethynyt)-1H-benzimidazol-2-y1)-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-methylpropyl)carbamate

J.28k

methyl ((18)-1-({{1R,38,5R)-3-(4-fluoro-6-{(2-((1R,38,5R)-2-
((25)-2-((methoxycarbonyl)amino)-3-methylbutanoy!}-2-
azabicyclo{3.1.0]hex-3-yi)-1H-naphtho[ 1,2-d}imidazol-7-
yDethynyl)-1H-benzimidazol-2-y!)-2-azabicyclo{3.1.0]hex-2-
yl)carbonyl)-2-methylpropyl)carbamate

1.28k.1

benzyl (1R,38,5R)-3-(7-((2-((1R,38,5R)-2-(N-
(methoxycarbonyl)-L-valyl)-2-azabicyclo[3.1.0]hex-3-yl)-11-
benzimidazol-5-yDethynyl)-1H-naphtho[1,2-d}imidazol-2-y1)-2-
azabicyclo[3.1.0]hexane-2-carboxylate

1.281

7 nM

methyl (18)-1-(((28)-2-(5-(3-((2-((28)-1-((2R)-2-
((methoxycarbonyljamino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-henzimidazol-5-yl)ethynyl)phenyl)-1H-imidazol-4-yl)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

J.28m

557
M

(1R)-2-((28)-2-(5-(3-((2-((28)-1-((2R)-2-(dliethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-
yDethynyDphenyh)-11-imidazol-4-y1)-] -pyrrolidinyl)-N,N-

diethyl-2-ox0-1-phenylethanamine

J.28n

methyl ((18)-1-(({28)-2-(5-((4-(4~((28)-1-((28)-2-
{{methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1 H-imidazol-5-yI)phenyl)ethynyl)- 1 H-benzimidazol-2-yl)-1-

243

23y



W 2010/096302

PCT/US2010/023382

pyrrolidinyl)carhonyl)-2-methylpropyl)carbamate

J.280

methyl ((18)-1-(((2S,58)-2-(5-((2-((2S,55)-1-((25)-2-
{{methoxycarbonyl}amino)-3-methylbutanoyl)-5-methyl-2-
pyrrolidinyl)-1H-naphtho{ 1,2-d}imidazol-7-y}ethynyl)-11-
benzimidazol-2-yl)-5-methyl-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

J.28p

methyl ((18)-2-((28,58)-2-(7-((2-({25,58)-1-((2S}-2-
((niethoxycarbony])amino)-2—(tctrahydro-2H-pyran—tl yhacetyl)-
5-methyl-2-pyrrolidinyl)-1 H-benzimidazol-5-yl)ethynyl)- 1H-
naphtho[ 1,2-d}imidazol-2-yl)-S-methyl-1-pyrrolidinyl)-2-oxo-1-
{tetrahydro-2H-pyran-4-yl)ethyl)carbamate

IB.8

methyl (18)-1-((28)-2-(4-((4-(2((29)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-y1)phenyl)ethynyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl}carbonyl)-2-methylpropyl)carbamate

JB.8.1

methyl ((1R)-1-(({25)-2-(4-((4-(2-((2S)-1-((2R)-2-
({(methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-yphenyl)ethynyl)-1H-imidazot-2-y1)-1-
pyrrolidinyl)carbonyl)-2-methyipropylcarbamate

IB.9

methyl ((18)-2-((28)-2-(5-(4-((2-((28)-1-(N-(methoxycarbonyl)-
L-alanyl)-2-pyrrolidinyl)-1H-imidazol-4-yl)ethynyl)phenyl)-1H-
benzimidazol-2-yl)-1-pyrrolidinyl)-1-methyl-2-
oxoethyl)carbamate

IB.10

methyl ((15,2R)-2-methoxy-1-(((2S)-2-(5-(4-((2-((28)-1-
(N-{methoxycarbonyl)-O-methyl-L-threonyl)-2-
pyrrolidinyl)- 1 H-imidazol-4-ylethynyl)phenyl)-1H-
benzimidazol-2-yl)-1-
pyrrolidinyl)carbonyl)propyl)carbamate

JB.11

methy] ((1R)-2-((28)-2-(4-((4-(2-((28)-1-((2R)-2-~
{{methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yl)phenyl)ethynyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate

IB.12

65.2

2-((28)-1-((2R)-2-phenyl-2-(1 piperidinyl)acetyl)-2-
pyrrolidinyl)-5-(4-((2-((2S)-1-((2R)-2-phenyl-2-(1-
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piperidinyl)acetyl}-2-pyrrolidinyl)-tH-imidazol-4-
yDethynyl)phenyl)-1H-benzimidazole

128r

15.5
pM

methy! ({18)-1-(((1R,38,5R)-3-(7-(2-(2-((1R,38S,5R)-2-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-
azabicyclo[3.1.0]hex-3-y1)-1H-benzimidazol-5-yl)ethyl)-1H-
naphthol[1,2-d}imidazol-2-yl}-2-azabicyclo[3.1.0]hex-2-
yDecarbonyl)-2-methylpropyl)carbamate

J.28s

methyl ((18)2-((1R,38,5R)-3-(7-(2-(2-((1R,3S,5R)-2-((28)-2-
{(methoxycarbonyl)amino)-3-methylbutanoyl)-2-
azabicyclo[3.1.0]hex~3-yl)-1H-benzimidazol-5-yl)ethyl)-1H-
naphtho[1,2-dJimidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-y1)-2-
axo-1-(tetrahydro-2Fl-pyran-4-yljethyl}carbamate

IB.15

methyl ((18)-1-({(2S)-2-(4-(2-(4-(2-((28)-1-((28)-2-
({methoxycarbonyl}amino}-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-y)phenyl)ethyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

M.8

46.4
nM

(S)-1-acetyl-N-(4-((2-((S)-1-(2-phenylacetyl)pyrrolidin-2-yl)-
1H-benzo[d)imidazol-6-yl)ethynyDphenyl)pyrrolidine-2-

carboxamide

M.9

{S)-1-(2-phenylacetyl)-N-(4-{(2-((S)-1-(2-
phenylacetyl)pyrrolidin-2-yl)-11-benzo[d ]imidazol-6-
yhethynylphenylpyrrolidine-2-carboxamide

M.10

202
nM

(S)-1-acetyl-N-(4-(2-(2-((S)-1-(2-phenylacetyl)pyrrolidin-2-y1)
1H-benzo[d])imidazol-6-yl)ethyl)phenyl)pyrrolidine-2-

carboxamide

(S)-1~(2-phenylacetyl)-N-(4-{2-(2-((S)-1-(2-
phenylacetyl)pyrrotidin-2-yl)-1¥1-benzo[d]imidazol-6-
yhethyl)phenyl)pyrrolidine-2-carboxamide

J.44

methyl ((1R)-2-((28)-2-((5-(2+(2-((28)-1-((2R)-2-
{(methoxycarbonyl}amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yl)-1,3-oxazol-5-yl)-2-
methylphenyl}carbamoyl)-1-pyrrolidinyl)-2-0xo-1-
phenylethyl)carbamate

J.44a

methy) (R)-2-((8)-2-(5-(2-(2-((S)-1-((R)-2-(dimethylamino)-2-
phenylacetyDpyrrolidin-2-y1)-1H-benzo[d]imidazol-5-yl)oxazol-
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5-yD)-2-methylphenylcarbamoyl)pyrrolidin-1-yi)-2-0x0-1-
phenylethylearbamate

J.45

methyl (1R)-2-((28)-24(3-(2-(2-((2S)-1((2R)-2-
({methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H--
benzimidazol-5-y1)-1,3-0xazol-5-yl)phenyl)carbamoyl)-1-
pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate

J.45a

1-((2R)-2-(dimethylamino)-2-phenylacetyl)-N-(3-(2-(2-((25)-1-
((2R)-2-(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-y1)-1,3-0xazol-5-y)phenyl)-L-prolinamide

J45b

(8)-1-(2-phenylacetyl)-N-(3-(2-(2-((8)-1-(2-
phenylacetyl)pyrrolidin-2-yl)-1H-benzo[ d]imidazol-5-yl)oxazol-

5-yDphenylpyrrolidine-2-carboxamide

1.46

(8)-1-((R)-2-(dimethylamino)-2-phenylacetyl)-N-(3-(2-(2-((5)-
1-((R)-2-(dimethylamino)-2-phenylacetyl)pyrrolidin-2-yl)-1H-
benzo[d]imidazol-4-yl)oxazol-5-yDphenyl)pyrrolidine-2-

carboxamide

147

1-((2R)-2-(dimethylamino)-2-phenylacety!)-N-(3-(5-(2-({25)-1-
{(2R)-2-(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yl)-1,3-oxazol-2-y1)-2-methylphenyl)-L-

prolinamide

J.47a

methyl ((1R)-2-((28)-2-((3-(5-(2-((28)-1-((2R)-2-
{{methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidiny!)-1H-
benzimidazol-5-y1)-1,3-0xazol-2-yl)-2- '
methylphenyl)carbamoyl)-1-pyrrolidinyl)-2-oxo-1-

phenylethyljcarbamate

148

1-((2R)-2-hydroxy-2-phenylacetyl)-N-(3-(5-(2-((28)-1-((2R)-2~
hydroxy-2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-yl}-

1,3-oxazol-2-yhphenyt)-L-prolinamide

J.48a

methyl ((15)-1-(({2S)-2-(5-(2-(3-((((2S)-2-{(28)-2-
{(methoxycarbonyl)amino)-3-methylbutanoyl)-1-
pyrrolidinyl)carbonyl)amino)phenyl)-1,3-oxazol-5-yl)-1H-
benzirmdazol-2-yl}-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

J.48b

(ZR)-2-(dimethylamino)-N-(3-(5-(2-((28)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
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benzimidazol-5-y1}-1,3-0xazol-2-yl)phenyl)-2-phenylacetamide

J.48¢

1-((2R)-2-acetamido-2-phenylacetyl}-N-(3-(5-(2-((25)-1-((2R)-
2-acetamido-2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-
5-yD)-1,3-oxazol-2-yl)phenyl)-L-prolinamide

J48d

147
nM

1-((3-chloro-5-methoxy-1-isoquinolinyl)carbonyl)-N-(3-(5-(2-
{(28)-1-((3-chloro-5-methoxy-1-isoquinolinyl)carbonyl)-2-
pyrrolidinyl)-1 H-benzimidazol-5-y1)-1,3-oxazol-2-yl)phenyl)-L-

prolinamide

J.49

methyl ((1R)-2-((2S)-2-((5-(5-(2-(1-((2R)-2-
{{methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1 H-
benzimidazol-5-y1)-1,3-0xazol-2-yl)-2-
methylphenyljcarbamoyl)- 1 -pyrrolidiny])-2-oxo-1-
phenylethyl)carbamate

J.49a

(8)-1-((R)-2~(dimethylamino)-2-phenylacetyl)-N-(5-(5-(2~((8)-
1-{(R)-2-(dimethy]amino)-2-phenylacetyl)pyrrolidin-2-yl)-1H-
benzo[d}imidazol-6-yl)oxazol-2-yl)-2-methylphenyl)pyrrolidine-

2-carboxamide

150

1-((2R)-2-hydroxy-2-phenytacetyl)-N-(4-(5-(2-((28)-1-({(2R)-2-
hydroxy-2-phenylacetyl)-2-pyrrolidiny})-1H-benzimidazol-5-y1)-
1,3-0xazol-2-yl)phenyl)-L-prolinamide

1.50a

I-((2R)-2-(dimethylamino)-2-phenylacetyl)-N-(4-(5-(2-((28)-1-
((2R)-2-(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-y1)-1,3-0xazol-2-y)phenyl)-L-prolinamide

1.500b

1-((2R)-2-acetamido-2-phenylacetyl)-N-(4-(5-(2-((28)-1-((2R)-
2-acetamido-2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-
S«yl)-1,3-0xaz0l-2-yl)phenyl)-L-prolinamide

J.50¢

>10
M

1-((3-chloro-5-methoxy-1-isoquinolinyl)carbonyl)-N-(4-(5-(2-
((28)-1-((3-chloro-5-methoxy-1-isoquinolinyi)carbonyl)-2-
pyrrolidinyl}-1H-benzimidazol-5-y1)-1,3-oxazol-2-yl)phenyl}-L-
prolinamide

351

N-(2-fluota-4-(5-(2-((25)-1-((ZR)-2-hydroxy-2-phenylacetyl)-2-
pyrrolidinyl)-1H-benzimidazol-5-y1}-1,3-0xazol-2-yl}phenyl)-1-
{(2R)-2-hydroxy-2-phenylacetyl)-L-prolinamide

J51a

1-((2R)-2-(dimethylamino)-2-phenylacetyl)-N-(4-(5-(2-((2S)-1-
((2R)-2~(dimethylamino)-2-phenylacetyl}-2-pyrrolidinyl)-1H-
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benzimidazol-5-yl)-1,3-oxazol-2-y])-2-fluorophenyl)-L-

prolinamide

J.51b

1-{(3-chloro-3-methoxy-1-isoquinolinyl}carbonyl)-N-(4-(5-(2-
{(2S)-1-((3-chloro-5-methoxy-1-isoquinohinyl)carbonyl)-2-
pyrrolidiny!)-1H-benzimidazol-5-y1)-1,3-oxazol-2-yl)-2-

fluorophenyl)-L-prolinamide

1.52

N-(5-(5-(2-((28)-1-({2R}-2-(dimethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-benzimidazol-5-y1)-1,3-oxazol-2-y1)-2-
methylphenyl)-1-(phenylacetyl}-L-prolinamide

1.52a

N,N-dimethylglycyl-N-(5-(5-(2-((28)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-pyrrolidiny!)-1H-
benzimidazol-5-yl)-1,3-0xazol-2-yi)-2-methylphenyl)-L~

prolinamide

1.52b

methyl ((1R)-2-((2S)-2-((5-(5-(2-((28)-1-((2R)-2~
(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-y1)-1,3-oxazol-2-y1)-2-
methylphenyl)carbamoyl)- L -pyrrolidinyl)-2-oxo-1-
phenylethy!)carbamate

J.52¢

N-(methoxycarbony!)-L-valyl-N-(5-(5-(2-((28)-1-((2R)-2-
(dimethylamine)-2-phenylacetyl)-2-pyrrolidiny!)-1H-
benzimidazol-5-yl)-1,3-0xazol-2-y1)-2-methylphenyl)-L-

prolinamide

J.52d

N-(methoxycarbonyl)-L-alanyl-N-{5-(5-(2-((28)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yl)-1,3-oxazol-2-yl)-2-methylphenyl)-L-

prolinamide

153

1-(cyclopropylacety])-N-(3-(5~(2-((28)-1-(cyclopropylacetyl)-2-~
pyrrolidinyl)-1H-benzimidazol-5-y1)-1,3-0xazol-2-yI)phenyl)-L-
prolinamide

J.53a

1-{cyclopropylacetyl)-N-(3-(2-(2-((2S)-1-(cyclopropylacetyl)-2-
pyrrolidinyl)-1H-benzimidazol-5-yl)-1,3-oxazol-5-yl)phenyl}-L-

prolinamide

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
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specific forms without departing from the essential attributes thereof. It is therefore

desired that the examples be considered in all respects as illustrative and not

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
5  of the claims are therefore intended to be embraced therein.

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
of the present disclosure inhibit NS5A. Compounds of the present disclosure may

10 inhibit multiple genotypes of HCV.
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CLAIMS
WHAT IS CLAIMED IS:
5 1 A compound of Formula (I)
Rz)n
/ 1
---"'"L
(J/(HL
(Rm
@,

or a pharmaceutically acceptable salt thereof, wherein
each m is independently 0 or ;

10 each n is independently 0 or 1;

s S )
L is a bond or is selected from % - é , A ; BT
S -
AN e PN Mogb

_g_!_/ , A 3 , (:z"/\\;?{ , and (f}'\"//] s wherein each
group is drawn with its Ieft end attached to the benzimidazole and its right end
attached to R’;

15 R! is selected from

5
\RRS

(RZ)n HN A

7] *Q

(R?)q
each R%is independently selected from alkyl and halo;

each R’ is independently selected from hydrogen and -C(O)R’;
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R* is alkyl;

R® and R are independently selected from hydrogen, alkyl, cyanoalkyl, and
halo, or

R’ and RS, together with the carbon atoms to which they are attached, form a

5  six- or seven-membered ring optionally containing one heteroator selected from

nitrogen and oxygen and optionally containing an additional double bond; and

each R is independently selected from alkoxy, alkyl, arylalkoxy, arylalkyl,
cycloalkyl, (cycloalkylalkyl, heterocyclyl, heterocyclylaikyl, (NR°R%alkenyl, and
(NR°RHalkyl.

10

2. A compound of claim 1, or a pharmaceutically acceptabie salt thereof,

. wherein L is a bond.

3. A compound of claim 2, or a pharmaceutically acceptable salt thereof,

15 whereinR'is

LY " R®
57
N
HN-%
{R%), R
N
N
Rm
4, A compound of ¢laim 1, or a pharmaeceutically acceptable salt thereof,
wherein L is HE o 55—.
20
5. A compound of claim 1, or a pharmaceutically acceptable salt thereof,
-
wherein L is T .
6. A compound of claim 5, or a pharmaceutically acceptable salt thereof,

25  wherein R! is selected from
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R5
6
%”(’:Q/(
/ y
Rz}n Ra
__/Q N
3 & JH; N
(R \(R “n and R
7. A compound of claim 1, or a pharmaceutically acceptable salt thereof,
o0
¥/,

whereinLis N

8. A compound of claim 7, or a pharmaceutically acceptable salt thereof,
SO0 5. S OLS.

wherein L is selected from é\('hjz and E‘Q_E’z .

9. A compound of claim 8, or a pharmaceutically acceptable salt thereof,

e

(R%),

10 wherein R is

10. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

'3—%@"—5—
wherein L is \/ ’ .

15

11. A compound of claim 10, or a pharmacentically acceptable salt thereof,

wherein R' is.
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N’R3
h!

(R
12. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

S (4 ~§u-©\
s N

5  group is drawn with its left end attached to the benzimidazole and its right end
attached to R

wherein L is selected from

13. A compound of claim 12, or a pharmaceutically acceptable salt thereof,

wherein R! is

10 Rm

14. A compound of Formula (II)

(R
(I},
15 ora pharmaceutically acceptable salt thereof, wherein
each m is independently O or 1; .
each n is independently 0 or 1;

L is a bond or is selected from
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R . S.S:\Obzn
-g-_—-_.—g— L2 S n SPP U IUNCI v/

!is selected from

oY

(R)m ,
each R? is independently selected from afkyl and halo;
5 each R is independently selected from hydrogen and -C(O)R’;
R*is alkyl;
R? and R® are independently hydrogen or halo, or
R’ and RS, together with the carbon atoms to which they are attached, form a
six- or seven-membered ring optionally containing one heteroatom selected from
10 nitrogen and oxygen and optionally containing an additional double bond; and
each R’ is independently selected from alkoxy, alkyl, arylalkyl, cycloalkyl,
heterocyclyl, heterocyclylalkyl, (NR°R%alkenyl, and (NR°R%)alkyl.

15. A compound selected from
15 methyl ((18)-1-(((28)-2-(8-(4-(2-{(28)-1-((2S)-2~((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)- 1 H-imidazol-4-yl)phenyl)-1,4,5,6-
tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-yl}-1-pyrrolidiny])earbonyl)-2-
methylpropyl)carbamate;
(1R)-2+((28)-2-(8-(2-((28)-1-((2R)-2-(diethylamino)-2-phenylacetyl)-2-
20 pyrrolidinyl)-1H-benzimidazol-5-y1)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-
dlimidazol-2-yl)-1-pyrrolidinyl)-N,N-diethyl-2-oxo-1-phenylethanamine;
methyl ((18)-1-(((25)-2-(5-(4-(2-((28)-1-((25)-2-((methoxycarbonyl)amino)-

3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-4-yl)phenyl)-1 H-benzimidazol-2-yl)-

1-pyrrolidinylycarbonyl)-2-methylpropyl)carbamate;
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(1R}-2-((28)-2~(4-(4-(2-((2S)-1-((2R)-2-(diethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-benzimidazol- 5-yl)phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)-N,N-
diethyl-2-oxo0-1-phenylethanamine;

methyl ((1R)-2-((28)-2-(4-(4-(2-((28)-1-((2R)-2-((methoxycarbonyl)amino)-
2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-yl)phenyl)-1 H-imidazol-2-yl)-1-
pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate;

methyl {(18)-1-({(2S)-2-(5-(3-(2-((28)-1-((2S)-2-({methoxycarbonyl}amino)-
3-methylbutanoyl)-2-pyrrolidinyt)-1 H-imidazol-4-yl)phenyl)- 1 H-benzimidazol-2-yl}-
1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

(1R)-2-((28)-2-(4-(3-(2-((28)-1-((2R)-2-(diethylamino)-2-phenylacetyl )-2-
pyrrolidinyl)-1H-benzimidazol-5-ylphenyl)-1H-imidazol-2-yl)- 1-pyrrolidinyl )-N,N-
diethyl-2-ox0-1-phenylethanamine;

methyl ((1R)-2-((28)-2-(4-(3-(2-((2S)-1 -{(2R)-2-((methoxycarbonyl)amino)-
2-phenylacetyl)-2-pyrrolidinyl)-1F-benzimidazol-5-yl)phenyl)-1 H-imidazol-2-y1)-1-
pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate;

methyl ((18)-1-(((1R,38,5R)-3-(8-(2-((1R,38,5R)-2-({28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0thex-3-y1)-1H-
benzimidazol-5-y1)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-y1)-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-methylpropyl)carbamate;

methyl ((15)-1-(((28)-2-(5-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl}-2-pyrrolidinyl)-4,5-dihydro-3H-naphtho[1,2-d}imidazol-7-y1)-1 H-
benzimidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((18)-1-(((28)-2-(5-(4"-(2-((2S)-1-((2S)-2-{(methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-4-y1)-4-biphenylyl)- 1 H-
benzimidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((15)-1-(((28)-2-(5-(2-((28)-1-((28)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-pyrrolidinyl)-3H-naphtho( 1,2-d]imidazol-7-y1)-1H-benzimidazol-
2-y1)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

(IR)-2-((2R)-2-(7-(2-((28)-1-((2R)-2-{diethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)-1'H—benzimidazol-S-yl)-1H.—naphtho[ 1,2-d]imidazol-2-yl)-1-
pyrrolidinyl)-N,N-diethyl-2-0x0-1-phenylethanamine;
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methyl ((18)-1-(((28)-2-(5-(4-(2-((25)-1-((28)-2-((methoxycarbonyl)amino)-

3-methylbutanoyl)-2-pyrrolidinyl)-1H-naphtho[ 1,2-d)imidazol-7-yl)phenyl)-1H-
benzimidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((1R)-2-((28)-2-(7-(4-(2-((2S)-1-((2R)-2-((methoxycarbonyl)amino)-
2-phenylacetyl)-2-pyrrolidinyl)- 1 H-benzimidazol-5-yl)phenyl)-1 H-naphtho[1,2-
dlimidazol-2-y1)-1-pyrrolidinyl)-2-oxo-1-phenylethyljcarbamate;

methyl ((1S)-1-(((28)-2-(5-((4-(2-((25)-1 -((28)-2-((mcthoxjfcarbonyl)amino)—

3-methylbutanoyt)-2-pyrrolidinyl)-1H-imidazol-4-yl)phenyl)ethynyl)- 1 H-
benzimidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

(1R)-2-((25)-2-(4-(4-({2-((2S)-1-((2R)-2-(diethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-benzimidazol-5-yl)ethynyl)phenyl)- | H-imidazol-2-y1)-1-
pyrrolidinyl)-N,N-diethyl-2-oxo-1-phenylethanamine;

methyl (15)-1-(((28)-2-(5-((4-(4-ethyl-2-((28)-1-({(28)-2-
{(methoxycarbonyl)amino)-3-methylbutanoyl}-2-pyrrolidinyl)-1 H-imidazol-5-
y)phenyl)ethynyl)-1H-benzimidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carb.amate;

methyl ((18)-1-(((28)-2-(4-(cyanomethyl)-5-(4-((2-((2S)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyi}-1 H-benzimidazol-5-
ylethynyl)phenyl)-1H-imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((1S5)-1-(((1R,3S,5R)-3-(5-((4-(2-((1R,35,5R)-2-((28)-2~
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-y1}-1H-
imidazoi-4-yl)phenylethiynyl)-1H-benzimidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-
ylcarbonyl)-2-methylpropyl)carbamate;

methyl ((18)-1-(((1R,3S,5R)-3-(4-(4-((4-fluoro-2-((1R,38,5R)-2-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-y1)-1H-
benzimidazol-6-yl)ethynyl)phenyl)-1 H-imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-
yDcarbonyl)-2-methylpropyl)carbamate;

methyl ((18)-1-(((1R,38,5R)-3-(4-(2-fluoro-4-((2-((1R,3S,5R)-2-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-yI)-1H-
benzimidazol-5-yl)ethynyl)phenyl)-1H-imidazol-2-yl)-2-azabicyclo{3.1.0]Thex-2-
yl)carbonyl)-2-methylpropyl)carbamate;
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methyl ((18)-1-(((28)-2-(5-((2-((2S)-1-((28)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-pyrrolidiny!)-4,5-dihydro-3H-naphthof 1,2-d]imidazol-7-
yhethynyl)-1H-benzimidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((1R)-2-((28)-2-(7-((2-((2S)-1-((2R)-2-((methox ycarbonyl)amino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-yl)ethynyl)-4,5-dihydro-1H-
naphtho[1,2-d]imidazol-2-y1)-1-pyrrolidinyl}-2-oxo-1-phenylethyl)carbamate;

methyl ((1S)-1-(((28)-2-(5-((2-((25)-1-((2S)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-pyrrolidinyl)-3H-naphtho{ 1,2-dJimidazol-7-yDethynyl)-1H-
benzimidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((1R)-2-((2S)-2-(7-((2-((2S)~1-((2R)-2-((methox ycarbonyl)Jamino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-yl)ethynyl)-1H-naphtho[1,2-
d}imidazol-2-y1)-1-pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate;

methyl ((1S)-1-(((25)-2-(4-fluoro-6-({2-((25)-1-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-4,5-dihydro-1H-
naphtho[1,2-d)imidazol-7-yl)ethynyl)-1H-benzimidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((18)-1-{(((28)-2-(4-fluoro-6-((2-((25)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-1H-naphtho[ 1,2~
d)imidazol-7-yl)ethynyl)-} H-benzimidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
methylpropyljcarbamate;

methyl ((18)-1-(((1R,38,5R)-3-(5-((2-((1R,38S,5R}-2-((285)-2-
{(methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo{3.1.0]hex-3-y1)-4,5-
dihydro-111-naphtho{1,2-d]imidazol-7-yl)ethynyl)-1H-benzimidazol-2-yl)-2-
azabicyclo[3. 1 .0lhex-2-yl)carbonyl)-2-methylpropyl)carbamate;

methyl ((1R)-2-((1R,3S,5R)-3-(7-((2-((1R,38,5R)}-2-((2R)-2-
((methoxycarbonyl)aminoe)-2-phenylacetyl)-2-azabicyclo{3.1.0]hex-3-yl)-1H-
benzimidazol-5-yl)ethynyt)-4,5-dihydro-1H-naphtho[1,2-d)imidazol-2-y})-2-
azabicyclo[3.1.0}hex-2-yl)-2-oxo- I-phenylethyl)carbamate;

methyl ((18)-1-{((1R,3S,5R)-3-(5-((2-((1R,38,5R)-2-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-yl)-1H-
naphthof 1,2-d}imidazol-7-yl)ethynyl)-1H-benzimidazol-2-y1)-2-
azabicyclof3.1.0]hex-2-yl)carbonyl)-2-methylpropyl)carbamate;
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methyl ((1R)-2-((1R,38,5R)-3-(7-((2-((1R,3S8,5R)-2-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-azabicyclo[3.1.0jhex-3-y1)-1H-
benzimidazo!-5-yl)ethynyl)-1 H-naphtho[1,2-d}Jimidazol-2-y1)-2-
azabicyclo[3.1.0}hex-2-y1}-2-ox0-1-phenylethyl)carbamate;

methyl ((1S)-1-(4,4-difluorocyclohexyl}-2-((1R,38,5R)-3-(7-((2-((1R,3S,5R)-
2-((25)-2-(4,4-difluorocyclohexyl)-2-((methoxycarbonyl)amino)acetyl)-2-
azabicyclo[3.1.07hex-3-yl)- 1H-benzimidazol-5-yl)ethynyl)-1H-naphtho{1,2-
d]imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-y1)-2-oxoethyl)carbamate;,

methyl ((18)-2-((1R,38,5R)-3-(7-((2-((1R,3S,5R)-2-((28)-2-
((methoxycarbonyl)amino)-2-(tetrahydro-2H-pyran-4-ylacetyl)-2-
azabicyclo[3.1.0]Jhex-3-yl)-1H-benzimidazol-5-yl)ethynyl)-1H-naphtho[1,2-
d]imidazol-2-yl)-2-azabicyclof3.1.0]hex-2-y1)-2-ox0-1 -{tetrahydro-2H-pyran-4-
ylethyl)carbamate;

methyl ((18)-2-((1R,38,5R)-3-(7-((2-((! R,3S,5R)-2-((2S)—2—
((met]1oxycar50ny])amin0)-3-met]1y1butanoyl)-2-azabicyclo[3. 1.0]hex-3-yh-1H-
benzimidazol-5-yl)ethynyl)-1H-naphtho[1,2-d]imidazol-2-yl)-2-
azabicyclo[3.1.0}hex-2-y1)-2-0x0-1-(tetrahydro-2H-pyran-4-ylDethyDcarbamate;

methyl ((18)-1-(((1R,38,5R)-3-(4-fluoro-6-((2-((1R,38,5R)-2-((28)-2-
{(methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclof3.1.0]hex-3-y1)-4,5-
dibydro-1H-naphtho[1,2-d)imidazol-7-yDethynyl)-1H-benzimidazol-2-y1)-2-
azabicyclo[3. I OThex-2-yhcarbonyl)-2-methylpropyl)carbamate;

methyl ((18)-1-(((1R,38,5R)-3-(4-fluoro-6-((2-((1R,3S,5R)-2-((25)-2-
({methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-y1)-1H-
paphtho(1,2-d}imidazol-7-yl)ethynyl)- 1 H-benzimidazol-2-yl)-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-methylpropyl)carbamate;

benzyl (1R,3S,5R)-3-(7-((2-((1R,3S,5R)-2-(N-{methoxycarbonyl)-L-valyl)-2-
azabicyclo[3.1.0]hex-3-yl)-1 H-benzimidazol-5-yl)ethynyl)-1 H-naphtho[ 1,2~
d]imidazol-2-yl)-2-azabicyclo[3.1.0]hexane-2-carboxylate;

methyl ((1S)-1-(((25)-2-(5-(3-((2-((2S)-1-((2R)-2-((methoxycarbonyl)Jamino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1 H-benzimidazol-5-yl)ethynyl)phenyl)-1H-
imidazol-4-y1)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;
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(IR)-2-((28)-2-(5-(3-((2-((28)-1-((2R)-2-(diethylamino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-benzimidazol-5-yl)ethynyl)phenyl)-1 H-imidazol-4-y1)-1-
pyrrolidinyl)-N,N-diethyl-2-oxo-1-phenylethanamine;

methyl ((15)-1-({(28)-2-(5-((4-(4-((28)-1-({28)-2-({methox ycarbonyl}amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-5-yl)phenylethynyl)-1 H-
benzimidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

‘methyl ((18)-1-({(25,58)-2-(5-((2-((2S,55)-1-((2S}-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-5-methyl-2-pyrrolidinyl)-1H-
naphthof 1,2-d]imidazol-7-yl)ethynyl)-1H-benzimidazol-2-y1)-5-methyl-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((15)-2~((25,58)-2-(7-((2-({28,55)-1-((28)-2-
((methoxycarbonyhamino)-2-(tetrahydro-2H-pyran-4-yDacetyl)-5-methyl-2-
pyrrolidinyl)-1H-benzimidazol-5-ylethynyl)-1H-naphtho[1,2-d)imidazol-2-y1}-5-
methyl-1-pyrrolidinyl)-2-ox0-1-(tetrahydro-2H-pyran-4-yl)ethylcarbamate;

methyl ((18)-1-(((1R,38,5R)-3-(7-(2-(2-{(1 R, 38,5R)-2-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0Jhex-3-yl)-1H-
benzimidazol-5-yl)ethyl)-1H-naphtho[ 1,2-d}imidazol-2-yl)-2-azabicyclo[3.1.0Thex-2-
yDcarbonyl)-2-methylpropyl)carbamate;

methyl ((18)-2-((1R,38,5R)-3-(7-(2-(2-((1R,38,5R)-2-((25)-2-
((methoxycarbonyl)amino)-3-methytbutanoyl)-2-azabicyclo[3.1.0}hex-3-y)-1H-
benzimidazol-5-yl)ethyl)-1H-naphtho[1,2-d]imidazol-2-yl)-2-azabicyelof3.1.0Thex-2-
y1)-2-0x0-1-(tetrahydro-2H-pyran-4-yljethyl)carbamate;

(S)-1-acetyl-N-(4-((2-((8)-1-(2-phenylacetyl )pyrrolidin-2-yl)-1 H-
benzo{d]imidazol-6-yDethynyl)phenyl)pyrrolidine-2-carboxamide;

(S)-1-(2-phenylacetyl)-N-(4-((2-{(S)-1-(2-phenylacetyl)pyrrolidin-2-y1)-1H-
benzo[d}imidazol-6-yhethynyl)phenyl)pyrrolidine-2-carboxamide;

{(S)-1-acetyl-N-(4-(2-(2-((S)-1-(2-phenylacetyl)pyrrolidin-2-yl)-1 H-
benzo[d]imidazol-6-yl)ethyl)phenyl)pyrrotidine-2-carboxamide;

(S)-1-(2-phenylacetyl)-N-(4-(2-(2-((S)-1-(2-phenylacetyDpyrrolidin-2-yD-1H-
benzo[d]imidazol-6-yl)ethyDphenyl)pyrrolidine-2-carboxamide;

methyl ((1R)-2-((28)-2-((5-(2-(2-((28)-1-((2R)-2-((methox ycarbonyl Jamino)-
2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-y1)-1,3-0xaz01-5-y1)-2~
methylphenyl)carbamoyl)-1-pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate;
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methyl (R)-2-((S)-2-(5-(2-2-((S)-1-((R)-2-(dimethylamino)-2-
phenylacetyl)pyrrolidin-2-y1)-1H-benzo[d}imidazol-5-yl)oxazol-5-y1)-2-
methylphenylearbamoyl)pyrrolidin-1-yl)-2-0x0-1-phenylethylcarbamate;

methyl ((1R)-2-((25)-2-((3-(2-(2-((25)-1-((2R)-2-((methoxycarbonyl )amino)-
2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-yl)-1,3-0xazol-5-
yl)phenyljcarbamoyl)-1-pyrrolidinyl)-2-oxo0-1-phenylethyl)carbamate;

1-((2R)-2-(dimethylamino)-2-phenylacetyl}-N-(3-(2-(2-((2S)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-y1)-1,3-oxazol-
5-yDphenyl)-L-prolinamide;

(8)-1-(2-phenylacetyl)-N-(3-(2-(2-((8)-1-(2-phenylacetyl)pyrrolidin-2-yl)-1H-
benzo[d]ifﬁidazol-5-yl)oxazo]—S-yl)phenyl)pyrrolidine-2-carboxamide;

(8)-1-((R)-2-(dimethylamino)-2-phenylacetyl)-N-(3-(2-(2-((S)-1-((R)-2-
(dimethylamino)-2-phenylacetyl)pyrrolidin-2-yl)-1H-benzo[d]imidazol-4-y))oxazol-
5-yl)phenylpyrrolidine-2-carboxamide;

1 -((2R)-2-(dimcthylamino)-Z—phenylacety1)~N~(3-(5 -(2-((28)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl}-1H-benzimidazol-5-y1)-1,3-0xazol-
2-y1}-2-methylphenyl)-L-prolinamide;

methyl ((1R)-2-((2S)-2-((3~(5-(2-((25)-1-((2R)-2-((methoxycarbonyl)amino)-
2-phenylacetyl)-2-pyrrolidinyl)- 1 H-benzimidazol-5-y1)-1,3-0xazol-2-yl)-2-
methylphenyl)carbamoyl)-1-pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate;

1-((2R)-2-hydroxy-2-phenylacetyl)-N-(3-(5-(2-((28)-1-((2R)-2-hydroxy-2-
phenylacet)}l)-Z—pynolidiny])—1 H-benzimidazol-5-y1)-1,3-o0xazol-2-yl)phenyl)-L-
prolinamide;

methyl ((1S)-1-({(2S)-2-(5-(2-(3-((((28)-2-((25)-2-
((methoxycarbonylYamine)-3-methylbutanoyl)-1-
pyrrolidinyl)carbonyl)amino)phenyl)-1,3-oxazol-5-y1)-1H-benzimidazol-2-yl)-1~
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

(2R)-2-(dimethylamino)-N-(3-(5-(2-((28)-1-((2R)-2-(dimethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)-1 H-benzimidazol-5-¥1)-1,3-oxazol-2-yhphenyl)-2-
phenylacetamide;

1-((2R)-2-acetamido-2-phenylacetyl)-N-{3-(5-(2-((2S)-1-((2R)-2-acetamido-
2-phenylacetyl)-2-pyrrolidinyl)- 1H-benzimidazol-5-yl)-1,3-oxazol-2-yl)phenyl)-L-

prolinamide;
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1-((3-chloro-5-methoxy-1-isequinolinyl)carbonyl)-N-(3-(5-(2-((2S)-1-((3-
chloro-5-methoxy-1-isoquinolinyl)carbonyl)-2-pyrrolidinyl)-1H-benzimidazol-5-y1)-
1,3-oxazol-2-yl)phenyl)-L-prolinamide;
methyl ((1R)-2-((28)-2-((5-(5-(2-(J~((2R)-2-((methox ycarbonyl Yamino)-2-
phenylacetyl)-2-pyrrolidinyl)- 1H-benzimidazol-5-y1)-1,3-0xazol-2-y)-2- )
methylphenyl)carbamoyl)- 1 -pyrrolidinyl)-2-oxo-1-phenylethylcarbamate;
(8)-1-((R)-2-(dimethylamino)-2-phenylacetyl)-N-(5-(5-(2-((S)-1-((R)-2-
(dimethylamino)-2-phenylacetyl)pyrrolidin-2-y1)-1H-benzo[ dimidazol-6-yl)oxazol-
2-yl)-2-methylphenyl)pyrrolidine-2-carboxamide;
1-((2R)-2-hydroxy-2-phenylacety!}-N-(4-(5-(2-((2S)-1-((2R)-2-hydroxy-2-
phenylacefyl)-2-pyrrolidinyl)- 1 H-benzimidazol-5-y1)-1,3-oxazol-2-yl)phenyl)-L-
prolinamide;
1-((2R)-2-(dimethylamino)-2-phenylacetyl)-N-(4-(5-(2-((28)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-11{-benzimidazol-5-y1)-1,3-oxazol-
2-yl)phenyl)-L-prolinamide;
1-{(2R)-2-acetamido-2-phenylacetyl)-N-(4-(5-(2-((2S)-1-((2R)-2-acetamido-
2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-y1)-1,3-oxazol-2-y)phenyl)-L-
prolinamide;
1-((3-chloro-5-methoxy-1-isoquinolinyl )carbonyl)-N-(4-(5-(2-((2S)-1-((3-
chloro-5-methoxy-1-isoquinolinyl)carbonyl)-2-pyrrolidiny!)-1H-benzimidazol-5-yl)-
1,3-0xazol-2-yl)phenyl)-L-prolinamide;
N-(2-fluoro-4-(5-(2-((2S)-1-((2R)-2-hydroxy-2-phenylacetyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-yI}-1,3-oxazol-2-yhphenyl)-1-((2R)-2-hydroxy-2-phenylacetyl)-
L-prolinamide;
1-((2R)-2-(dimethylamino)-2-phenylacetyl)-N-(4-(5-(2-((2S)-1-((2R)-2~
(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-y1)-1,3-oxazol-
2-yl)-2-fluorophenyl)-L-prolinamide;
1-((3-chloro-5-methoxy-1-isoquinolinyl)carbonyl)-N-(4-(5-(2-((2S)-1-((3-
chloro-5-methoxy-1-isoquinolinyl)carbonyl)-2-pyrrolidinyl)-1 H-benzimidazol-5-yl)-
1,3-oxazol-2-yl)-2-fluorophenyl)-L-prolinamide;
N-(5-(5-(2-((28)-1-((2R)-2-(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-y1)-1,3-oxazol-2-yl)-2-methylphenyl)-1 -(phenylacetyl)-L-

prolinamide;
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N,N-dimethyliglycyl-N-(5-(5-(2~((28)-1-((2R)-2-(dimethylamino)-2-
phenylacetyl)-2-pyrrolidiny])-1H-benzimidazol-5-yl1)-1,3 -oxazol-2-y1)-2-
methylphenyl)-L-prolinamide;

methyl ((1R)-2-((28)-2-((5-(5-(2~((25)-1-((2R)-2-(dimethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)- 1 H-benzimidazol-5-y1)-1,3-oxazol-2-y})-2-
methylphenyl)carbamoyl)-1-pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate;

N-(methoxycarbonyl)-L-valyl-N-(5-(5-(2«((28)-1-((2R)-2-(dimethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)- 1 H-benzimidazol-5-y1)-1,3-o0xazol-2-y1)-2-
methylphenyl)-L-prolinamide;

N-(methoxycarbonyl)-L-alanyl-N-(5-(5-(2-((2S)-1-((2R)-2~(dimethylamino)-
2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-yl)-1,3-0xazol-2-y1)-2-
methylphenyl)-L-prolinmnidc;

methy] ((15)-1-({{25)-2-(4-((4-(2-((28)-1-((25)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-benzimidazol-5-y1)phenylJethynyl)- 1 H-
imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl (1R)-1-(((28)-2-(4-((4-(2-((28)-1-((2R)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-1 H-benzimidazol-5-
yl)phenyl)ethynyl)-1H-imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((1S)-2-((2S)-2-(5-(4-((2~((28)-1-(N-(methoxycarbonyl)-L-alanyl)-2-
pyrrolidinyl)-1H-imidazol-4-yl)ethynyl)phenyl)- 1 H-benzimidazol-2-y1)-1-
pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate;

methyl ((1S,2R)-2-methoxy-1-(((25)-2-(5-(4-((2-((28)-1-(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidiny!)-1 H-imidazol-4-
ylethynylphenyl}-1H-benzimidazol-2-y1)-1-
pyrrolidinyl)carbonyl)propyl)carbamate;

methyl ((1R)-2-((2S)-2-(4-((4-(2-((28)-1-((2R)-2-((methoxycarbonyl Jamino)-
2-phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-yl)phenyl)ethynyl)-1 H-imidazol-
2-yl)-1-pyrrolidinyl)-2-oxo- 1 -phenylethyl)carbamate;

2-({28)-1-((2R)-2-phenyl-2-(1 -piperidinyl)acetyl)-2-pyrrolidiny)-5-(4-((2-
((28)-1-((2R)-2-phenyl-2-(1-piperidinyDacetyl)-2-pyrrolidinyl)-1 H-imidazol-4-
yDethynyl)phenyl)-1H-benzimidazole;

262

233



WO 2010/696302 PCT/US2010/023582

10

15

20

25

30

methyl ((18)-1-(((1R,3S,5R)-3-(7-(2-(2-((1R,38,5R)-2-((28)-2-
((methox ycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-y1)-1 H-
benzimidazol-5-yl)ethyl)-1H-naphtho[ 1,2-d]imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-
yhearbonyl)-2-methylpropyl)carbamate;

methyl ((15)-2-((1R,38,5R)-3-(7-(2-(2-((1R,35,5R)-2-{(28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclof3.1.0jhex-3-yl)-1H-
benzimidazol-5-yl)ethyl}-1H-naphtho[1,2-d}imidazol-2-yl)-2-azabicyclof{3.1.0]hex-2-
yh-2-0x0-1-(tetrahydro-2H-pyran-4-yhethyl)carbamate;

methyl ((18)-1-(((28)-2-(4-(2-(4-(2-((28)-1-((28)-2-
{{methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)- 1 H-benzimidazol-5-
yhphenyl)ethyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyljcarbamate;

1-(cyclopropylacetyl)-N-(3-(5-(2-((2S)-1-(cyclopropylacetyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-y1)-1,3-oxazol-2-yl)phenyl)-L-prolinamide; and

1-(cyclopropylacetyl)-N-(3-(2-(2-((25)-1-(cyclopropylacetyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-yi)-1,3-0xazol-5-yl)phenyl)-L-prolinamide;

or a pharmaceutically acceptable salt thereof.

16. A composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically aceeptable carrier.

17. The composition of claim 16 further comprising one or two additional

compounds having anti-HCV activity.

18.  The composition of claim 17 wherein at least one of the additional

compounds is an interferon or a ribavirin.

19.  The composition of claim 18 wherein the interferon is selected from

interferon alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha

2A, and lymphoblastiod interferon tau.

20.  The composition of claim 17 wherein at least one of the additional

compounds is selected from interleukin 2, interleukin 6, interteukin 12, a compound
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that enhances the development of a type 1 helper T cell response, interfering RNA,
anti-sense RNA, Imigimod, ribavirin, an inosine 5'-monophospate dehydrogenase

inhibitor, amantadine, and rimantadine.

21.  The composition of claim 17 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.

22, A method of treating an HCV infection in a patient, comprising administering
to the patient a therapeutically effective amount of a compound of ¢laim 1, or a

pharmaceutically acceptable salt thereof.

23, The method of claim 22 further comprising administering one or two
additional compounds having anti-HCV activity prior to, aftet or simultaneously with

the compound of claim 1, or 2 pharmaceutically acceptable salt thereof.

24, The methed of claim 23 wherein at least one of the additional compounds is

an interferon or a ribavirin.

25, The method of claim 24 wherein the interferon is selected from interferon

alpha 2B, pegylaled interferon alpha, consensus interferon, interferon alpha 2A, and

lymphoblastiod interferon tau.

26.  The method of claim 23 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.

27.  The method of claim 23 wherein at least one of the additional compounds is

effective to inhibit the function of a target selected from HCV metalioprotease, HCV
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serine protease, HCV polymerase, HCV helicase, HCV NS4RB portein, HCV entry,
HCV assembly, HCV egress, ICV NS5A protein, and IMPDYH for the treatment of

an HCV infection.
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INHIBIDORES DEL VIRUS DE LA HEPATITIS C
REFERENCIA A SOLICITUDES RELACIONADAS

Esta solicitud reinvindica el beneficio de la solicitud provisional de
Estados Unidos numero de serie 61/153.186 presentada el 17 de febrero de
2009.

La presente exposicién se refiere de forma general a compuestos
antivirales y, mas especificamente, se refiere a compuestos que pueden inhibir
la funcién de la proteina NSSA codificada por el virus de la hepatitis C (VHC), a
composiciones que comprenden dichos compuestos y a procedimientos para
inhibir la funcién de la proteina NS5A.

El VHC es un importante patdgeno humano que infecta a unos 170
millones de personas en todo el mundo - aproximadamente cinco veces el
nimero de infectados por el virus de la inmunodeficiencia humana tipo 1. Una
fraccidon sustancial de estos individuos infectados con el VHC desarrolla
enfermedad hepatica progresiva grave, incluyendo cirrosis y carcinoma
hepatocelular.

La norma actual para el tratamiento contra el VHC que emplea una
combinacién de interferén pegilado y ribavirina, tiene una tasa de éxitos
inadecuada a fa hora de conseguir una respuesta viral sostenida y causa
numerosos efectos secundarios. Asi, existe una clara y antigua necesidad de
desarrollar terapias eficaces para solucionar esta necesidad médica no
satisfecha

El VHC es un virus ARN de cadena positiva. En base a la comparacion
de la secuencia de aminoacidos deducida y a la extensa similitud en la regién

sin traducir §', el VHC se ha clasificado como un género separado en la familia

29



15

20

25

-

de Flaviviridae. Todos los miembros de la familia Flaviviridae tienen viriones
encapsulados que contienen un genoma de ARN de cadena positiva que
codifica todas las proteinas especificas de virus conocidas mediante traduccién
de un marco de lectura abierto no interrumpido unico.

Dentro de la secuencia de nucledtidos y aminoacidos codificados en
todo el genoma del VHC se encuentra una considerable heterogeneidad debido
a la alta tasa de errores de la ARN polimerasa codificada por ARN que conduce
a una baja capacidad de lectura. Se han caracterizado al menos seis genotipos
principales y se han descrito mas de 50 subtipos con distribucién en todo el
mundo. La significacion clinica de la heterogeneidad genética del VHC ha
demostrado propensiéon a derivar en mutaciones durante el tratamiento de
monoterapia, asi, se desean otras opciones de tratamiento para uso. El posible
efecto modulador de genotipos sobre la patogénesis y tratamiento sigue
mostrandose dificil de alcanzar.

El genoma del ARN del VHC es de aproximadamente 9500 nucleétidos y
tiene un marco de lectura abierto (ORF) que codifica una dnica poliproteina
grande de aproximadamente 3000 aminoacidos. En células infectadas, esta
poliproteina se corta en multiples sitios por proteasas celulares y virales para
producir las proteinas estructurales y no estructurales (NS). En el caso del
VHC, la generacion de proteinas estructurales maduras (NS2, NS3, NS4A,
NS4B, NS5A y NS5B) se efectla por dos proteasas virales. Se cree que la
primera es una metaloproteasa y corta la unién NS2-NS3; la segunda es una
serina proteasa contenida en la region N-terminal de NS3 (también
denominada en la presente memoria proteasa NS3) y media todas los cortes

posteriores cadena abajo de NS3, ambos en cis, en el sitio de corte NS3-NS4A,

¢80
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y en trans, para los sitios NS4A-NS4B, NS4B-NS5A, NS5A-NS5B restantes.
La proteina NS4A parece servir para multiples funciones, actuando tanto como
cofactor para la NS3 proteasa como ayudando en la localizacién de membrana
de NS3 y otros componentes de replicasa viral. La formacion de un complejo
de NS3 con NS4A es necesaria para que la correcta actividad de proteasa de
lugar a una mayor eficacia proteclitica de los sucesos de ruptura. La proteina
NS3 también presenta actividades nucledsido trifosfatasa y ARN helicasa.
NS5B (también denominada en la presente memoria polimerasa del VHC) es
una ARN polimerasa dependiente de ARN que esta implicada en la replicacién
del VHC con oftras proteinas de VCH, incluyendo NS5A, un complejo de
replicasa.

Se desean compuestos Utiles para tratar pacientes infectados por VHC
que inhiban de forma selectiva la replicacién viral del VHC. En particular, se
desean compuestos que sean eficaces para inhibir la funcién de la proteina
NS5A. La proteina NS5A del VHC se describe, por ejemplo, en las siguientes
referencias: S. L. Tan, et al.,, Virology, 284:1-12 (2001); K.-J. Park, et al., J.
Biol. Chem., 30711-30718 (2003); T. L. Tellinghuisen, et al., Nature, 435, 374
(2005); R. A. Love, et al., J. Virol, 83, 4395 (2009); N. Appel, et al., J. Biol.
Chem., 281, 9833 (2006); L. Huang, J. Biol. Chem., 280, 36417 (2005); C.
Rice, et al., W02006093867.

En un primer aspecto, la presente exposicién proporciona un compuesto

de Formula (1)

(R?),
R
'

3 y . 1
A

(R*)m "

2LEI
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(),
o una de sus sales farmacéuticamente aceptables, en la que
cada m es independientemente 0 6 1;

cada n es independientemente 0 6 1;

5 L es un enlace o se selecciona de é

s>

.S -l

s _:@/\:z,, Q\g- wr f’;\\i/ﬁ
& . , ANy N - e Jos que cada

grupo esta representado con su extremo izquierde unido al bencimidazol y su

extremo derecho unido a R';

R' se selecciona de

L

¥/
(Rz)n / HN ’ R3
5‘ )
(R“)m (R%m

%/?j\ J\‘;\(R‘)m

(R%)n
cada R? se selecciona independientemente de alquilo y halo:
cada R® se selecciona independientemente de hidrégeno y -C(O)R;
R* es alquilo;
15 R® y R® se seleccionan independientemente de hidrogeno, alquilo,

cianoalquilo y halo, o
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R%y R, junto con los atomos de carbono a los que estan unidos, forman
un anillo de seis o siete miembros que opcionalmente contiene un heteroatomo
seleccionado de nitrégenc y oxigeno y opcionalmente un doble enlace
adicional; y

cada R’ se selecciona independientemente de alcoxi, alquilo, arilalcoxi,
arilalquile, cicloalquilo, (cicloalquil)alquilo, heterociclilo, heterociclilalquilo,
(NR°R%alquenilo y (NR°R%alquilo.

En una primera realizacién del primer aspecto, la presente exposicién
proporciona un compuesto de Foérmula () o una de sus sales
farmacéuticamente aceptables, en la que L es un enlace.

En una segunda realizacion del primer aspecto R' es

5

PN R RS
. //Q///
- N
2 HN-.%
(R3), "

4

)
R%m
En una tercera realizacion del primer aspecto, la presente exposicion

proporciona un compuesto de Foérmula (), o una de sus sales

farmacéuticamente aceptables, en la que L es _é _ 55-.
En una cuarta realizacién del primer aspecto, la presente exposicién

proporciona un compuesto de Férmula (1), o una de sus sales

-~
farmacéuticamente aceptables, en la que L es AT .

En una quinta realizacion R' se selecciona de
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En una sexta realizacién del primer aspecto, la presente exposicion

proporciona un compuesto de Fomula (I}, o una de sus sales
farmaceéuticamente aceptables, en la que L es

%

¥,
*s\(‘j‘?{ ‘SS{):%'
N y N

En una septima realizacidn, L se selecciona de

£n una octava realizacion R' es

s e

(R,

10 En una novena realizacion del primer aspecto, la presente exposicién
proporciona un compuesto de Fdomula (I}, o una de sus sales
_g__n_l/\_,a_
|
farmacéuticamente aceptables, en la que L es A i

En una décima realizacién R' es
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En una undécima realizacion del primer aspecto, la presente exposicion

propociona un compuesto de Foérmula (1)) o una de sus sales

2

RN s
; estando cada grupo representado con su extremo izquierdo
unido al bencimidazol y con su extremo derecho unido a R'.
En una duocécima realizacion R' es
R6
S A
N
HN -/
Ra

(R)m

. En un segundo aspecto, la presente exposicién proporciona un

compuesto de Férmula (11)

PEAY
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R? N / .
o
P N

(R)m
(D,
0 una de sus sales farmacéuticamente aceptable, en la que
cada m es independientemente 0 6 1;
5 cada n es independientemente 0 6 1;

L es un enlace o se selecciona de

S
A7 T
‘2) y P
N
HN %
R, -
v /@\
> et
R (R4)m (R, \(R‘)m
10 cada R? se selecciona independientemente de alquilo y halo;

cada R* se selecciona independientemente de hidrégeno y -C(O)R”;
R* es alquilo;
R® y R® son independientemente hidrégeno o halo, o
R®y R, junto con los atomos de carbono a los que estan unidos, forman
15 un anillo de seis o siete miembros que opcionalmente contiene un heteroatomo
seleccionado de nitrdgeno y oxigeno y que opcionalmente contiene un doble

enlace adicional; y
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cada R’ se selecciona independientemente de alcoxi, alquilo, arilalquilo,
cicloalquilo, heterociclilo, heteraciclilalquilo, (NR°R%alquenilo y (NRCRd)anuiIO.

En un tercer aspecto la presente exposicibn proporciona una
composicion que comprende un compuesto de Férmula (1), o una de sus sales
farmacéuticamente aceptables, y un vehiculo farmacéuticamente aceptable.
En una primera realizaciéon del tercer aspecto la composiciébn comprende
ademas uno o dos compuestos adicionales que tienen actividad contra el VHC.
En una segunda realizaciébn del tercer aspecto, al menos uno de los
compuestos adicionales es un interferén o una ribavirina. En una tercera
realizacion el interferén se selecciona de interferdn alfa 2B, interferén alfa
pegilado, interferon de consenso, interferén alfa 2A e interferén linfoblastoide
tau. |

En una cuarta realizacién del tercer aspecto la presente exposicién
proporciona una composicién que comprende un compuesto de Férmula (1), o
una de sus sales farmacéuticamente aceptables, un vehiculo
farmacéuticamente aceptable y uno o dos compuestos adicionales que tienen
actividad contra el VHC, seleccionandose al menos uno de los compuestos
adicionales de interleucina 2, interleucina 6, interleucina 12, un compuesto que
potencia el desarrollo de una respuesta de linfocitos T colaborador de tipo 1,
ARN de interferencia, ARN antisentido, imigimod, ribavirina, un inhibidor de
inosina 5'-monofosfato deshidrogenasa, amantadina y rimantadina.

En una quinta realizacion del tercer aspecto la presente exposicién
proporciona una composicién que comprende un compuesto de Férmula (1), o
una de sus sales farmacéuticamente aceptables, un vehiculo

farmacéuticamente aceptable y uno o dos compuestos adicionales que tienen
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actividad contra el VHC, siendo al menos uno de los compuestos adicionales
eficaz para inhibir la funcidn de una diana seleccionada de metaloproteinasa de
VHC, serina proteasa de VHC, polimerasa de VHC, helicasa de VHC, proteina
NS4B de VHC, entrada de VHC, ensamblaje de VHC, salida de VHC, proteina
NS5A de VHC y IMPDH para el tratamiento de una infeccién por VHC.

En un cuarto aspecto la presente exposicidn proporciona un
procedimiento para tratar una infeccion por VHC en un paciente, que
comprende administrar al paciente una cantidad terapéuticamente eficaz de un
compuesto de Férmula (l), o una de sus sales farmacéuticamente aceptables.
En una primera realizaciéon del cuarto aspecto e! procedimiento comprende
ademas administrar uno o dos compuestos adicionales que tienen actividad
contra el VHC antes, despues o de forma simultanea con el compuesto de
Formula (1), o una de sus sales farmacéuticamente aceptables. En una
segunda realizacion del cuarto aspecto al menos uno de los compuestos
adicionales es un interferén o una ribavirina. En una tercera realizacion del
cuarto aspecto el interferén se selecciona de interferén alfa 2B, interferén alfa
pegilado, interferdn de consenso, interferén alfa 2A e interferén linfoblastoide
tau.

En una cuarta realizacion del cuarto aspecto la presente exposicion
proporciona un procedimiento para tratar una infecciéon por VHC en un
paciente, que comprende administrar al paciente una cantidad
terapéuticamente eficaz de un compuesto de Férmula (1), o una de sus sales
farmacéuticamente aceptables y uno o0 dos compuestos adicionales que tienen
actividad contra el VHC antes, después o de forma simuitinea con el

compuesto de Férmula (), o una de sus sales farmacéuticamente aceptables,
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seleccionandose al menos uno de los compuestos adicionales de interleucina
2, interleucina 6, interleucina 12, un compuesto que potencia el desarrollo de
una respuesta de linfocitos T colaboradores de tipo 1, ARN de interferencia,
ARN antisentido, Imigimod, ribavirina, un inhibidor de inosina 5-monofosfato
deshidrogenasa, amantadina y rimantadina.

En una quinta realizacién del cuarto aspecto la presente exposicién
proporciona un procedimiento para tratar una infeccion por VHC en un paciente
que comprende administrar ail paciente una cantidad terapéuticamente eficaz
de un compuesto de Férmula (), 0 una de sus sales farmacéuticamente
aceptables y uno o dos compuestos adicionales que tienen actividad contra el
VHC antes, después o de forma simulténea con el compuesto de Férmula (1), o
una de sus sales farmécéuticamente aceptables, siendo al menos uno de los
compuestos adicionales eficaz para inhibir la funcién de wuna diana
seleccionada de metaloproteinasa de VHC, serina proteasa de VHC,
polimerasa de VHC, polimerasa de VHC, helicasa de VHC, proteina NS4B de
VHC, entrada de VHC, ensamblaje de VHC, salida de VHC, proteina NS5A de
VHC y IMPDH para el tratamiento de una infeccion por VHC,

Otras realizaciones de la presente exposicidon pueden comprender
combinaciones adecuadas de dos o mas de las realizaciones y/o aspectos
expuestos en la presente memoria.

Otras realizaciones y aspectos de la exposicidn seran evidentes de
acuerdo con |la descripcién proporcionada a continuacién.

Los compuestos de la presente exposicion también existen como
tautdmeros; por tanto la presente exposicion también incluye formas

tautoméricas.
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LLa descripcion de la presente exposicién en el presente documento se
interpretara en consonancia con ias leyes y principios de los enlaces quimicos.

Se sobreentiende que los compuestos incluidos en la presente
exposiciébn son aquellos que son adecuados para uso como agentes
farmacéuticos.

Se pretende que la definicion de cualquier sustituyente o variable (por
ejemplo, R? y R*) en una posicion particular en una molécula sea independiente
de sus definiciones en cualquier otra parte de dicha molécula. Por ejemplo,
cuando n es 2, cada uno de los dos grupos R? puede ser igual o diferente.

Todas las patentes, solicitudes de patente y referencias bibliograficas
citadas en esta memoria descriptiva se incorporan a la presente por referencia
en su totalidad. En el caso de inconsistencias, prevalecera la presente
exposicion, que incluye las definiciones.

Tal como se usa en la presente memoria descriptiva, los siguientes
términos tienen los significados indicados:

Tal como se usa en la presente, las formas singulares “un”, “uno” y
“elfla” incluyen la referencia en plural a no ser que el contexto dictamine
claramente lo contrario.

A no ser que se indique de otro modo, todos los grupos arilo, cicloalquilo
y heterociclilo de la presente exposicidon pueden estar sustituidos como se
describe en cada una de sus respectivas definiciones. Por ejemplo, la parte
arilo de un grupo arilalquilo puede estar sustituida como se describe en la
definicion del término “arilo”.

El término “alcoxi,” tal como sé usa en la presente memoria, se refiere a

un grupo alquilo unido al resto molecular principal a través de un atomo de
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oxigeno.

El término “alcoxicarbonilo,” tal como se usa en la presente memoria, se
refiere a un grupo alcoxi unido al resto molecular principal a través de un grupo
carbonilo.

El término “alquilo,” tal como se usa en la presente memoria, se refiere a
un grupo derivado de un grupo hidrocarbonado saturado de cadena lineal o
ramificada que contiene de uno a seis atomos de carbono. En los compuestos
de la presente exposicién, cuando m es 1 y R* es alquilo, el alquilo puede
formar opcionalmente un anillo condensado de tres o cuatro miembros con un
atomo de carbono adyacente proporcionando una de las estructuras mostradas

a continuacion;

A z
I LN
| , 0 i|R3
R

enlasquezes 162 wes 0,162 yR¥es alquilo. Cuando w es 2, los dos
grupos alquilo R*® pueden ser iguales o distintos.

El término “arilo,” tal como se usa en la presente memoria, se refiere a
un grupo fenilo o un sistema de anillo biciclico condensado en el que uno o
ambos de los anillos es un grupo fenilo. Los sistemas de anillo biciclico
condensado estan constituidos por un grupo fenilo condensado con un anillo
carbociclico aromatico o no aromatico de cuatro a seis miembros. Los grupos
arilo de la presente exposicion pueden estar unidos al resto molecular principal
a traves de cualquier atomo de carbono sustituible en el grupo. Ejemplos

representativos de grupos arilo incluyen, aunque sin quedar limitados a los
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mismos, indanilo, indenilo, naftilo, fenilo y tetrahidronaftilo. Los grupos arilo de
la presente exposicion estdn opcionalmente sustituidos con uno, dos, tres,
cuatro o cinco sustituyentes seleccionados independientemente de alcoxi,
alcoxialquilo, alcoxicarbonilo, alquilo, alquilcarbonilo, un segundo grupo arilo,
arilalcoxi, arilalquilo, arilcarbonilo, ciano, halo, haloalcoxi, haloalquilo,
heterociclilo, heterociclilalquilo, heterocicliicarbonilo, hidroxi, hidroxialquilo,
nitro, -NR*RY, (NR*R¥)alquilo, oxo y -P{O)OR,, donde cada R se selecciona
independientemente de hidrégeno y alquilo; y donde ia parte alquilo del
ari\alquilo y el heterociclilalquilo esta no sustituida y donde el segundo grupo
arilo, la parte arilo del arilalquilo, la parte arilo del arilcarbonilo, el heterociclilo y
la paite heterociclilo del heterociclilalquilo y el heterociclilcarbonilo estan
ademas opcionalmente sustituidas con uno, dos o tres sustituyentes
seleccionados independientemente de alcoxi, alquilo, ciano, halo, haloalcoxi,
haloalquilo y nitro.

El termino “arilalcoxi®, tal y como se usa en la presente memoria, se
refiere a un grupo arilalquilo unido al resto molecular principal a través de un
atomo de oxigeno.

El término “arilalquilo,” tal como se usa en la presente memoria, se
refiere a un grupo alquilo sustituido con uno, dos o tres grupos arilo. La parte
alquilo del arilalquilo esta ademas opcionalmente sustituida con unc o dos
grupos  adicionales seleccionados  independientemente de  alcoxi,
alquilcarboniloxi, halo, haloalcoxi, haloalquilo, heteraciclilo, hidroxi y -NR°RY
estando el heterociclilo ademas opcionalmente sustituido con uno o dos
sustituyentes seleccionados independientemente de alcoxi, alquilo, arilo no

sustituido, arilalcoxi no sustituido, arilalcoxicarbonilo no sustituido, halo,
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haloalcoxi, haloalquilo, hidroxi, -NR*R” y oxo.

El término “carbonilo,” tal como se usa en la presente memoria, se
refiere a -C(O)-.

El término “ciancalquilo”, tal y como se usa en la presente memoria, se
refiere a un grupo alquilo sustituido con uno, dos o tres grupos ciano.

El término “cicloalquilo,” tal como se usa en la presente memoria, se
refiere a un sistema de anillo hidrecarbonado saturado monociclico que tiene
de tres a siete atomos y ningln heteroatomo. Ejemplos representativos de
grupos cicloalquilo incluyen, pero no estan limitados a, ciclopropilo, ciclobutilo,
ciclopentilo y ciclohexilo. Los grupos cicloalquilo de la presente exposicion
estan opcionalmente sustituidos con uno, dos, tres, cuatro o cinco sustituyentes
seleccionados independientemente de alcoxi, alquilo, arilo, ciano, halo,
haloalcoxi, haloalquilo, heterociclilo, hidroxi, hidroxialquilo, nitro y -NR*RY,
estando el arilo y el heterociclilo ademas opcionalmente sustituidos con uno,
dos o tres sustituyentes seleccionados independientemente de alcoxi, alquilo,
ciano, halo, haloalcoxi, haloalquilo, hidroxi y nitro.

El termino “(cicloalguil)aiquilo®, tal y como se usa en la presente
memoria, se refiere a un grupo alquilo sustituido con uno, dos o tres grupos
cicloalquilo.

El término “cicloalquiloxi,” tal como se usa en la presente memoria, se
refiere a un grupo cicloalquilo unido al resto molecular principal a través de un
atomo de oxigeno.

El término “cicloalquiloxicarbonilo,” tal como se usa en la presente
memoria, se refiere a un grupo cicloalquiloxi unido al resto molecular principal a

través de un grupo carbonilo.
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Los términos “halo” y “halégeno,” tal como se usan en la presente
memoria, se refierena F, Br, Clo/l.

El término "heterociclilo”, tal como se usa en la presente memoria, se
refiere a un anilio de cuatro, cinco, seis o siete miembros que contiene uno,
dos, tres o cuatro hetercatomos seleccionados independientemente de
nitrégeno, oxigeno y azufre. El anillo de cuatro miembros no tiene ningun doble
enlace, el anillo de cinco miembros tiene de ninguno a dos dobles enlaces y los
anillos se seis y siete miembros tienen de ninguno a tres dobles enlaces. El
termino “heterociclilo” también incluye grupos biciclicos en los que el anillo
heterociclilo esta condensado con otro grupo heterociclilo monociclico o un
anillo carbociclico aromatico o no aromatico de cuatro a seis miembros; asi
como grupos biciclicos con puente tales como 7-azabiciclo[2.2.1]hept-7-ilo, 2-
azabiciclo[2.2.2]oct-2-ilo y 2-azabiciclo[2.2.2]oct-3-ilo. Los grupos heterociclilo
de la presente exposicion pueden estar unidos al resto molecular principal a
traves de cualquier atomo de carbono o atomo de nitrdgeno en el grupo.
Ejemplos de grupos heterociclilo incluyen, aungque sin quedar limitados a los
mismos, benzotienilo, furilo, imidazolilo, indolinilo, indolilo, isoquinolinilo,
isotiazolilo, isoxazolilo, morfolinilo, oxazolilo, piperazinilo, piperidinilo, pirazolilo,
piridinilo, pirrolidinilo, pirrolopiridinilo, pirrolilo, quinclinilo, tiazolilo, tienilo y
tiomorfolinilo. Los grupos heterociclilo de la presente exposicion estan
opcionalmente sustituidos con uno, dos, tres, cuatro o cinco sustituyentes
seleccionados independientemente de alcoxi, alcoxialquilo, alcoxicarbonilo,
alquilo, alquilcarbonilo, arilo, arilalquilo, arilcarbonilo, ciano, halo, haloalcoxi,
haloalquilo, un segundo  grupo heterociclilo, heterociclilalguilo,

heterociclilcarbonilo, hidroxi, hidroxialquilo, nitro, -NR*RY, (NR*RY)alquilo y oxo,
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donde la parte alquilo del arilalquilo y el heterociclilalquilo esta no sustituida y
donde el arilo, la parte arilo del arilalquilo, la parte arilo del arilcarbonilo, el
segundo grupo heterociclilo, y la parte heterociclilo del heterociclilalquilo y el
heterociclilcarbonilo estan ademas opcionalmente sustituidas con uno, dos o
tres sustituyentes seleccionados independientemente de alcoxi, alquilo, ciano,
halo, haloalcoxi, haloalquilo y nitro.

El término “heterociclilalquilo,” tal como se usa en la presente memoria,
se refiere a un grupo alquilo sustituido con uno, dos o tres grupos heterociclilo.
La parte alquilo del heterociclilalquilo estd ademas opcionalmente sustituida
con uno o dos grupos adicionales seleccionados independientemente de alcoxi,
alquilcarboniloxi, arilo, halo, haloalcoxi, haloalquilo, hidroxi y -NR°RY, estando el
arilo ademas opcionalmente sustituido con uno o dos sustituyentes
seleccionados independientemente de alcoxi, alguilo, arilo no sustituido,
arilalcoxi no sustituido, arilalcoxicarbonilo no sustituido, halo, haloalcoxi,
haloalquilo, hidroxi y -NR*RY.

El término “-NR°R? " tal como se usa en la presente memoria, se refiere
a dos grupos, R°y R? que estan unidos al resto molecular principal a través de
un atomo de nitrégeno. R°® y R? se seleccionan independientemente de
hidrégeno, alqueniloxicarbonilo, alcoxialquilcarbonile, alcoxicarbonilo, alquilo,
alquilcarbonilo, alquilsulfonilo, arilo, arilalcoxicarbonilo, arilalquilo,
arilalquilcarbonilo, arilcarbonilo, ariloxicarbonilo, arilsulfonilo, cicloalquilo,
cicloalquiloxicarbonilo,  cicloalquilsulfonilo,  formilo, haloalcoxicarbonilo,
heterociclilo, heterociclilalcoxicarbonilo, heterociclilaiquilo,
heterociclilalquilcarbonito, heterociclilcarbonilo, heterocicliloxicarbonilo,

hidroxialquilcarbonilo, (NR°RNalquilo, (NR®RMalquilcarbonilo, (NR®R"carbonilo,
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(NR®R"sulfonilo, -C(NCN)OR’ y -C(NCN)NR*RY, donde R’ se selecciona de
alquilo y fenilo no sustituido y donde la parte alquilo del arilalquilo, el
arilalquiicarbonilo, el heterociclilalquilo y el heterociclilalquilcarbonilo estan
ademas opcionalmente sustituidos con un grupo -NR°R'; y donde el arilo, la
parte arilo del arilalcoxicarbonilo, e! arilalquilo, el arilalquilcarbonilo, el
arilcarbonilo, el ariloxicarbonilo y el arilsulfonilo, el heterociclilo y la parte
heterociclilo del heterociclilalcoxicarbonilo, el heterociclilalquilo, el
heterociclilalquilcarbonilo, el heterocicliicarbonilo y el heterocicliloxicarbonilo
estan ademas opcionalmente sustifuidas con uno, dos o tres sustituyentes
seleccionados independientemente de alcoxi, alquilo, ciano, halo, haloalcoxi,
halcalquilo y nitro.

El término “(NR°R%alquenilo, tal como se usa en la presente memoria,

se refiere a

R4 R%9.
en la que R®y R? son como se definen en la presente memoria y cada uno de
R? es independientemente hidrégeno o alquilo Cy-3.

El término “(NR°R%alquilo,” tal como se usa en la presente memoria, se
refiere a un grupo alquilo sustituido con uno, dos o tres grupos -NR°R?. La
parte alquilo del (NR°R%alquilo esta ademas opcionalmente sustituida con uno
o dos grupos adicionales seleccionados de alcoxi, alcoxialquilcarbonilo,
alcoxicarbonilo, alquilsulfanilo, arilalcoxicarbonilo, carboxi, cicloaiquilo,
heterociclilo, heterociclilcarbonilo, hidroxi y (NR®Rfcarbonilo; estando el

heterociclilo ademas opcionalmente sustituido con uno, dos, tres, cuatro o cinco
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sustituyentes seleccionados independientemente de alcoxi, alquilo, ciano, halo,
haloalcoxi, haloalquilo y nitro.

El término “-NR°R’ " tal como se usa en la presente memoria, se refiere a
dos grupos, R® y R', que estan unidos al resto molecular principal a través de
un atomo de nitrégeno. R® y R’ se seleccionan independientemente de
hidrégeno, alquilo, arilo no sustituido, arilaiquilo no sustituido, cicloalquilo no
sustituido, (cicloalquilalquilo no sustituido, heterociclilo no sustituido,
heterociclilalquilo no sustituido, (NR*RY)alquilo y (NR*RY)carbonilo.

El término “-NR*RY,” tal como se usa en la presente memoria, se refiere
a dos grupos, R*y RY, que estan unidos al resto molecular principal a través de
un atomo de nitrogeno. R* y R’ se seleccionan independientemente de
hidrogeno, alcoxicarbonilo, alquilo, alquilcarbonilo, arilo no sustituido,
arﬂalcoxicarbonilo no sustituido, arilalquilo no sustituido, cicloalquilo no
sustituido, heterociclilo no sustituido y (NR*RY)carbonilo, seleccionandose R* y
RY independientemente de hidrégeno y alquilo.

En los compuestos de la presente exposicion existen centros
asimétricos. Estos centros estan designados por los simbolos "R” o “S”,
dependiendo de la configuracién de sustituyentes alrededor del atomo de
carbono quiral. Se sobreentiende que la descripcién incluye todas las formas
de isébmeros estereoquimicos, o sus mezclas, que poseen la capacidad de
inhibir NS5A. Se pueden preparar estereoisémeros individuales de
compuestos por medio de sintesis a partir de materiales de partida disponibles
de forma comercial que contienen centros guirales o preparando mezclas de
productos enantioméricos seguido por separacion tal como conversién a una

mezcla de diastereocisomeros seguida por separacion o recristalizacion,
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técnicas cromatograficas o separacion directa de enantibmeros en columnas
cromatograficas quirales. Los compuestos de partida de estereoquimica
particular estan disponibles de forma comercial o se pueden preparar o resolver
por procesos conocidos en la técnica.

Ciertos compuestos de la presente exposiciéon también pueden existir en
diferentes formas conformacionales estables que pueden separarse. La
asimetria de torsion debida a la rotacidn restringida alrededor de un enlace
sencillo asimétrico, por ejemplo, debida a impedimento estérico o tensién en el
anillo, puede permitir la separacion de diferentes conférmeros. La presente
exposicion incluye cada uno de los isbmeros conformacionales de estos
compuestos y sus mezclas.

La expresion “compuestos de la presente exposicion” y expresiones
equivalentes, pretenden incluir compuestos de Férmula (1), y sus enantiomeros,
diastereoisomeros y sales farmacéuticamente aceptables. Igualmente, las
referencias a intermedios pretenden incluir sus sales cuando el contexto asi lo
permita.

La presente exposicidn pretende incluir todos los isétopos de atomos
que estén presentes en los compuestos de la presente invencion. Isétopos
incluyen los atomos que tienen el mismo numero atémico pero diferentes
nameros masicos. A modo de ejemplo general y sin limitacion, los isétopos de
hidrégeno incluyen deuterio v tritio. Los isétopos de carbono incluyen °C y "C.
Compuestos marcados con is6topos de la invencién se pueden preparar de
forma general por téchicas convencionales conocidas por los expertos en la
técnica o por procedimientos analogos a los descritos en el presente

documento, usando un reaccionante apropiado marcado con isétopos en luga
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de los reaccionantes no marcados con isétopos. Tales compuestos pueden
tener una diversidad de usos potenciales, por ejemplo como patrones vy
reaccionantes en la determinacién de la actividad biolégica. En el caso de
isétopos estables, tales compuestos pueden tener el potencial de modificar
favorablemente las propiedades biologicas, farmacologicas o farmacocinéticas.

Los compuestos de la presente exposicion pueden existir como sales

farmaceuticamente aceptables. La expresion “sal farmacéuticamente
aceptable,” tal como se usa en la presente memoria, representa sales o formas
hibridas de los compuestos de la presente exposicion que son solubles o
dispersables en agua o en aceite, que son, dentro del alcance del criterio
médico habitual, adecuados para usar en contacto con los tejidos de pacientes
sin excesiva toxicidad, irritacion, respuesta alérgica u ofro problema o
complicacion proporcionado con la relacion beneficio/riesgo razonable y que
son eficaces para su uso deseado. Las sales se pueden preparar durante el
aislamiento final y purificacion de los compuestos o por separado haciendo
reaccionar un atomo de nitrogeno adecuado con un acido adecuado. Sales de
adicion de acidos representativas incluyen acetato, adipato, alginato, citrato,
aspartato, benzoato, bencenosulfonato, bisulfato, butirato, canforato,
canfosulfonato; digluconato, dihidrobromuro, dihidrocloruro, dihidroyoduro,
glicerofosfato, hemisulfato, heptanoato, hexanoato, formiato, fumarato,
hidrocloruro, hidrobromuro, hidroyoduro, 2-hidroxietanosulfonato, lactato,
maleato, mesitilenosulfonato, metanosulfonato, naftilenosulfonato, nicotinato, 2-
naftalenosulfonato, oxalato, palmoato, pectinato, persulfato, 3-fenilproprionato,
picrato, pivalato, propionato, succinato, tartrato, tricloroacetato, trifluoroacetato,

fosfato, glutamato, bicarbonato, para-toluenosulfonato y undecanoato.
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Ejemplos de acidos que se pueden emplear para formar sales de adicion
farmacéuticamente aceptables incluyen acidos organicos tales como
clorhidrico, bromhidrico, sulfdrico y fosférico y acidos organicos tales como
oxalico, maleico, succinico y citrico.

Sales de adicidn de bases se pueden preparar durante el aislamiento y
purificacion finales de los compuestos haciendo reaccionar un grupo carboxi
con una base adecuada tal como el hidréxido, carbonato o bicarbonato de un
cation metalico o con amoniaco ¢ una amina organica primaria, secundaria o
terciaria. Los cationes de sales farmacéuticamente aceptables incluyen litio,
sodio, potasio, calcio, magnesio y aluminio, asi como cationes de amina
cuaternario no toxicos tales como amonio, tetrametilamonio, tetraetilamonio,
metilamina, dimetilamina, trimetilamina, trietilamina, dietilamina, etilamina,
tributilamina, piridina, N N-dimetilanilina, N-metilpiperidina, N-metilmorfolina,
diciclohexilamina, procaina, dibencilamina, N,N-dibencilfenetilamina y N,N'-
dibenciletilendiamina. Otras aminas organicas representativas (tiles para la
formacidén de sales de adicién de bases incluyen etilendiamina, etanolamina,
dietanolamina, piperidina y piperazina.

Cuando es posible que, para uso en terapia, se puedan administrar
cantidades terapéuticamente eficaces de un compuesto de férmula (I), asi
como sus sales farmaceuticamente aceptables, en forma del compuesto
quimico en bruto, es posible presentar el ingrediente activo como una
composicion farmacéutica.  Por consiguiente, la exposicion proporciona
ademas  composiciones  farmacéuticas que  incluyen  cantidades
terapeuticamente eficaces de compuestos de férmula (I) o sus sales

farmacéuticamente aceptables, y uno o mas vehiculos, diluyentes o excipientes
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farmacéuticamente aceptables. La expresién “cantidad terapéuticamente
eficaz,” tal como se usa en la presente memoria, se refiere a la cantidad total
de cada ingrediente activo que es suficiente para mostrar un beneficio
significativo al paciente, por ejemplo, una reduccién de la carga viral. Cuando
se aplica a un ingrediente activo particular, administrado solo, la expresion se
refiere a dicho ingrediente solo. Cuando se aplica a una combinacion, la
expresién se refiere a cantidades combinadas de los ingredientes que dan
lugar a un efecto terapéutico, cuando se administran en combinacién, en serie
o de forma simultinea. Los compuestos de foérmula () y sus sales
farmacéuticamente aceptables, son como se han descrito antes. El(los)
vehiculo(s), diluyente(s) o excipiente(s) deben ser aceptables en el sentido de
que sean compatibles con el resto de ingredientes de la formulacion y no sean
perjudiciales a su receptor. De acuerdo con otro aspecto de la presente
exposicién se proporciona también un procedimiento para la preparacién de
una formulacién farmacéutica que incluye mezclar un compuesto de formuta (1),
o una de sus sales farmaceéuticamente aceptables, con uno o mas vehiculos,
diluyentes o excipientes farmacéuticamente aceptables. El término
“farmacéuticamente aceptable”, tal como se usa en la presente memoria, se
refiere a los compuestos, materiales, composiciones y/o formas farmacéuticas
que son, dentro del alcance del criterio médico habitual, adecuados para usar
en contacto con los tejidos de pacientes sin excesiva toxicidad, irritacion,
respuesta alérgica u otro problema o complicacién proporcionado con una
relacidn beneficio/riesgo razonable, y son eficaces para su uso deseado.

Las formulaciones farmacéuticas pueden presentarse en formas de

monodosis que contienen una cantidad predeterminada de ingrediente activo
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por monodosis. En una monoterapia para la prevencién y tratamiento de
enfermedad mediada por VHC son tipicos niveles de dosis que varian de
aproximadamente 0,01 a aproximadamente 250 miligramos por kilogramo
("mg/kg”) de peso corporal por dia, con preferencia de aproximadamente 0,05 a
aproximadamente 100 mg/kg de peso corporal por dia de los compuestos de la
presente exposicion. De forma tipica, las composiciones farmaceuticas de esta
exposicion se administraran de aproximadamente 1 a aproximadamente 5
veces por dia o, como alternativa, como una infusién continua. Dicha
administracion se puede usar como una terapia cronica o aguda. lLa cantidad
de ingrediente activo que se puede combinar con los materiales vehiculo para
producir una forma farmacéutica unica variard dependiendo del trastorno que
se esté tratando, la intensidad del trastorno, el tiempo de administracion, la via
de administracion, la velocidad de excrecion del compuesto empleado, la
duracion del tratamiento y la edad, género, peso y estado del paciente. Las
formulaciones de monodosis preferidas son aquellas que contienen una dosis
diaria o subdosis, tal como se ha explicado en {a presente memoria, 0 una
fraccién apropiada de las mismas, del ingrediente activo. El tratamiento se
puede iniciar con pequefias dosis sustancialmente menores que la dosis éptima
del compuesto. A continuacion, se incrementa la dosis en pequefios
incrementos hasta que se alcanza el efecto 6ptimo en las circunstancias dadas.
En general, el compuesto se administra de la forma mas deseable en un nivel
de concentracion que por lo general proporcionard resultados antivirales
eficaces sin causar ningun efecto secundario lesivo o perjudicial.

Cuando las composiciones de esta exposicion comprenden una

combinacion de un compuesto de la presente exposicion y uno ¢ mas agentes
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terapéuticos o profilacticos adicionales, ambos, el compuesto y el agente
adicional estdn presentes normalmente en niveles de dosis de
aproximadamente 10 a 150% y, mas preferentemente de aproximadamente 10
a 80% de la dosis normalmente administrada en una pauta de monoterapia.

Las formulaciones farmacéuticas se pueden adaptar para administracion
por cualquier via adecuada, por ejemplo, por via oral (incluyendo bucal y
sublingual), rectal, nasal, tépica (incluyendo bucal, sublingual o transdérmica),
vaginal o parenteral (incluyendo inyeccién subcutanea, intracutanea,
intramuscular, intraarticular, intrasinovial, intraesternal, intratecal, intralesional,
intravenosa o intradérmica o infusiones). Tales formulaciones se pueden
preparar por cualquier procedimiento conocido en la técnica farmacéutica, por
ejemplo, poniendo en contacto el ingrediente activo con elllos vehiculo(s) o
excipiente(s). Se prefieren la administracion oral o la administracion por
inyeccion.

Las formulaciones farmacéuticas adaptadas para administracion oral
pueden presentarse en forma de unidades discretas tales como capsulas o
comprimidos; polvos o granulados; soluciones o suspensiones en liquidos
acuosos 0 No acuosoes; espumas o batidos comestibles; o emulsiones aceite en
agua o emulsiones agua en aceite.

Por ejemplo, para admini_stracién oral en la forma de un comprimido o
capsula, el componente farmacoldgico activo puede combinarse con un
vehiculo inerte farmaceuticamente aceptable oral no tdxico tal como etanol,
glicerol, agua y similares. Los polvos se preparan triturando el compuesto
hasta un tamafo fino adecuado y mezclando con un vehiculo farmacéutico

triturado de igual modo tal como un carbohidrato comestible como por ejemplo
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almidén o manitol. Tambien pueden estar presentes aromatizantes,
conservantes, dispersantes y colorantes.

Las capsulas se elaboran preparando una mezcla de polvo, como se ha
descrito antes y llenando vainas de gelatina preformadas. Antes de la
operacion de llenado se pueden afadir a la mezcla de polvo deslizantes y
lubricantes tales como silice coloidal, talco, estearato de magnesio, estearato
de calcio o polietilenglicol sélido. También se puede afiadir para mejorar la
disponibilidad del medicamento cuando se ingiera la capsula un agente
disgregante o solubilizante tal como agar-agar, carbonato de calcio o carbonato
de sodio.

Por otro lado, cuando se desee o sea necesario, también se pueden
incorporar en la mezcla ligantes, lubricantes, disgregantes y colorantes
adecuados. Ligantes adecuados incluyen almidén, gelatina, azlcares
naturales tales como glucosa o beta-lactosa, edulcorantes de maiz, gomas
sintéticas y naturales, tales como goma arabica, tragacanto o alginato sédico,
carboximetilcelulosa, polietilenglicol y similares. Los lubricantes usados en
estas formas farmacéuticas incluyen oleato sédico, cloruro sédico y similares
Los disgregantes incluyen, sin limitacidn, almidén, metilcelulosa, agar,
bentonita, goma xantana y similares. Los comprimidos se formulan por
ejemplo, preparando una mezcla de polvo, granulando o peletizando,
anadiendo un lubricante y disgregante y prensando en comprimidos. Una
mezcla de polvo se prepara mezclando el compuesto triturado adecuado con
un diluyente o base como se ha descrito antes y, opcionalmente, con un ligante
tal como carboximetilcelulosa, un alginato, gelatina o polivinilpirrolidona, una

solucion retardante como parafina, un acelerador de la reabsorcién como sal
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cuaternaria y/o un agente de absorcion como bentonita, caolin o fosfato
dicalcico. La mezcla de poivo se puede granular humectando con un ligante
tal como sirope, pasta de almidén, goma arabiga, mucilago o soluciones de
materiales celuldsicos o poliméricos y forzando a través e un tamiz. Como una
alternativa a la granulacion, la mezcla de polvo se puede hacer pasar a través
de la maquina de comprimidos y el resultado es pellas imperfectas que se
rompen en granulos. Los granulos se pueden lubricar para prevenir que se
peguen a los troqueles formadores de comprimidos por medio de la adicion de
acido estearico, una sal estearato, talco o aceite mineral. La mezcla lubricante
se comprime luego en comprimidos. Los compuestos de la presente
exposicion también se pueden combinar con un vehiculo inerte fluido y
comprimirse en comprimidos directamente sin llevarlos a las etapas de
granulacion o peletizado. Se puede disponer un revestimiento protector opaco
o transparente consistente en una capa de goma laca, una capa de azdcar o
material polimérico y un revestimiento final de cera. Se pueden afadir
colorantes a estos revestimientos para distinguir las diferentes monodosis.

Los fluidos orales tales como soluciones, jarabes o elixires se pueden
preparar en forma de monodosis de modo que una cantidad dada contenga
una cantidad predeterminada del compuesto. Los jarabes se pueden preparar
disolviendo el compuesto en una solucibn acuosa adecuadamente
aromatizada, mientras que los elixires se preparan usando un vehiculo no
toxico. También se pueden afiadir solubilizantes y emulsionantes tales como
alcoholes isostearilicos etoxilados y éteres de polioxietilen sorbitol,
conservantes, aditivos aromatizantes como esencia de menta piperita o

edulcorantes naturales, 0 sacarina u otros edulcorantes artificiales.
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Cuando sea apropiado, las formulaciones de monodosis para
administraciéon oral se pueden microencapsular. La formulacion también se
puede preparar para prolongar o retrasar la liberacion como por ejemplo
recubriendo o embebiendo un material en forma de particulas en polimeros,
cera o similares.

Los compuestos de férmula (I) y sus sales farmacéuticamente
aceptables, se pueden administrar también en forma de sistemas de liberacién
de liposomas, tales como vesiculas unilaminares pequefias, vesiculas
unilaminares grandes y vesiculas multilaminares. Los liposomas se pueden
formar a partir de una diversidad de fosfolépidos tales como colesterol,
estearilamina o fosfatidilcolinas.

Los compuestos de férmula {I) y sus sales farmacéuticamente
aceptables también se pueden liberar mediante el uso de anticuerpos
monoclonales como vehiculos individuales a los que se acoplan las moléculas
de compuesto. Los compuestos también se pueden acoplar con polimeros
solubles como portadores de farmaco diana. Tales polimeros pueden incluir
polivinilpirrolidona, copolimero de pirano, polihidroxipropilmetacrilamidafenol,
polihidroxietilaspartamidafenol o polietiienoxidepolilisina sustituida con restos
palitoilo. Ademas, los compuestos se pueden acoplar a una clase de polimeros
biodegradables Utiles para conseguir una liberacién controlada de un farmaco,
por ejemplo, poli(acido lactico), polepsilon caprolactona, poli(acido hidroxi
butirico), poliortoésteres, poliacetales, polidihidropiranos, policianoacrilatos y
copolimeros de blogue de hidrogeles reticulados o anfifilos.

Las formulaciones farmacéuticas adaptadas para administracion

transdérmica se pueden presentar como parches discretos destinados a
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permanecer en contacto intimo con la epidermis del receptor durante un
periodo prolongado de tiempo. Por ejemplo, el ingrediente activo puede
liberarse del parche por iontoforesis como se describe de forma general en
Pharmaceutical Research 1986, 3(6), 318.

Las formulaciones farmacéuticas adaptadas para administracion tdpica
se pueden formular como pomadas, cremas, suspensiones, lociones, polvos,
soluciones, pastas, geles, pulverizaciones, aerosoles o aceites.

Las formulaciones farmacéuticas adaptadas para administracién rectal
pueden presentarse como supositorios 0 enemas.

Las formulaciones farmacéuticas adaptadas para administracién nasal
en las que el vehiculo es un sélido incluyen un polvo grueso que tiene un
tamario de particulas de por ejemplo en el intervaio de 20 a 500 micrémetros
que se administra en la forma en que se toma rape, es decir, por inhalacion
rapida a traves de la via nasal desde un recipiente de polvo mantenido préximo
a la nariz. Formulaciones adecuadas en las que el vehiculo es un liquido, para
administracién como una pulverizacién nasal 0 como gotas nasales incluyen
soluciones acuosas u oleosas del ingrediente activo.

Formulaciones farmacéuticas adaptadas para administracion por
inhalacién incluyen polvos o vaporizaciones de particulas finas, que se pueden
generar por diversos tipos de aerosoles a presion, nebulizadores o insufladores
dosificadores.

Las formulaciones farmacéuticas adaptadas para administracion vaginal
se pueden preparar como formulaciones de pesarios, tampones, cremas, geles,
pastas, espumas o pulverizaciones.

Las formulaciones farmacéuticas adaptadas para administracion
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parenteral incluyen soluciones para inyeccion estériles acuosas y no acuosas
que pueden contener antioxidantes, tampones, bacteriostaticos y otros que
hacen la formulacién isotoénica con la sangre del receptor deseado; vy
suspensiones estériles acuosas y no acuosas que pueden incluir agentes de
suspension y agentes espesantes. Las formulaciones se pueden presentar en
recipientes de monodosis o multidosis, por ejemplo, ampollas y viales sellados,
y pueden almacenarse en estado secado por congelacion (liofilizado) que
unicamente requiere la adicion del vehiculo liquido estéril, por ejemplo agua
para inyeccion, inmediatamente antes de usar. Las soluciones y suspensiones
para inyeccion extemporanea se pueden preparar a partir de polvos, granulos y
comprimidos estériles.

Se sobreentiende que ademas de los ingredientes citados de forma
particular antes, las formulaciones pueden incluir otros agentes convencionales
en la técnica relacionados con el tipo de formulacién en cuestién, por ejemplo
los adecuados para administracién oral pueden incluir agentes aromatizantes.

El término “paciente” incluye seres humanos y otros animales.

El téermino “tratamiento” se refiere a: (i) prevenir la aparicion de una
enfermedad, trastorno o estado patolégico en un paciente que puede estar
predispuesto a ia enfermedad, trastorno y/o estado patolégico pero al que
todavia no se le ha diagnosticado que lo tiene; (ii) inhibir la enfermedad,
trastorno o estado patologico, es decir, detener su desarrollo; y (iii) aliviar la
enfermedad, trastorno o estado patolégico, es decir, causando la regresiéon de
la enfermedad, trastorno y/o estado patologico.

Los compuestos de la presente exposicidbn también se pueden

administrar con una ciclosporina, por gjemplo, ciclosporina A. Ciclosporina A ha
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demostrado ser activa contra el VHC en ensayos clinicos (Hepafology 2003,
38, 1282; Biochem. Biophys. Res. Commun. 2004, 313, 42; J. Gastroenterol.
2003, 38, 567).

La Tabla 1 siguiente enumera algunos ejemplos ilustrativos de
compuestos que se pueden administrar con los compuestos de esta
exposicion. Los compuestos de la exposicion se pueden administrar con otros
compuestos con actividad contra el VHC en terapia de combinacién, bien
conjuntamente o por separado, o combinando los compuestos en una
compaosicion.

Tabla 1

Nombre comercial | Clase ﬁsio!égica T",DO de Inhibidor o Emplr e_sa
Diana suministradora
NIM811 Debio- Inhibidores de Novartis
025 ciclofilina Debiopharma
Zadaxin Immunomodulador | SciClone
Suvus Azul de metileno ‘Bioenvision
Actilon Agonista del TLR9 | Coley
(CPG10101)
) . ] Inhibidor de B- Tularik Inc., South
Batabulina (T67) Anticancerigeno Tubuiina San Francisco, CA
ISIS
Pharmaceuticals
Inc, Carlsbad,
1S1S 14803 Antiviral Antisentido CA/Elan
Pharmaceuticals
Inc., New York,
NY
Endo
- L Pharmaceuticals
Summetrel Antiviral Antivira! _
Holdings Inc.,

Chadds Ford, PA
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Nombre comercial

Clase fisiolégica

Tipo de Inhibidor o
Diana

Empresa
suministradora

GS-9132 (ACH-

Antiviral Inhibidor del VHC Achillion / Gilead
806)
Compuestos y
sales de
pirazolopirimidina
. _ Arrow
Del documento Antiviral Inhibidores del VHC Therapeutics Ltd
WO-2005/047288 peutics Lid.
26 de mayo
de 2005
) o L Ribapharm Inc.,
L i Ant | Inhibidor de IMPDH
evovirina ntivira nhibidor de Costa Mesa, CA
Vertex
Merimepodib .. o Pharmaceuticals
Antiviral Inhibidor de IMPDH
(VX-497) v nhibico Inc., Cambridge,
MA
XTL
XTL-6865 (XTL- . Anticuerpo Biopharmaceutical
Antiviral
002) monoclonal s Ltd., Rehovot,
Israel
Vertex
Pharmaceuticals
Telaprevir inhibidor de la Inc.. Cambridae
(VX-950, LY- Antiviral serina proteasa MA; Eli Lil gCl
iLi )
570310) NS3 -y 0
Inc., Indianapolis,
IN
Inhibi f
HCV-796 Antiviral nhibidor de la Wyeth
replicasa NS5B Viropharma
Inhibidor de |
NM-283 Antiviral nhibidor de 1a Idenix / Novartis
replicasa NS5B
“Inhibidor de | G Labs /
GL-59728 Antiviral nhibidor ae 1a ene Labs
replicasa NS5B Novartis
Inhibidor de | G L 7
GL-60667 Antiviral nhibidor de 1a ene Labs
replicasa NS5B Novartis
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Tipo de Inhibidor o Empresa
Nombre comercial | Clase fisiolbgica 'D : p. .
Diana suministradora
Inhibidor de |
2'C MeA Antiviral nhibidorce a Gilead
replicasa NS5B
Inhibidor de la
PSI 6130 Antiviral . Roche
replicasa NS5B
Inhibidor de |
R1626 Antiviral ribidor ¢e 1a Roche
replicasa NS5B
2'C Metil .. Inhibidor de la
. Antiviral . Merck
adenosina replicasa NS5B
J Tob
JTK-003 Antiviral Inhibidor de RdRp | P | 00acco
Inc., Tokyo, Japan
ICN
Levovirina Antiviral Ribavirina Pharmaceuticals,
Costa Mesa, CA
Schering-Plough
Ribavirina Antiviral Ribavirina Carporation,
Kenilworth, NJ
L L Profarmaco de Ribapharm Inc.,
Viramidina Antiviral L
ribavirina Costa Mesa, CA
Ribozyme
Heptazima Antiviral Ribozima Pharmaceuticals
Inc., Boulder, CO
Boehringer
Inhibidor de la Ingetheim Pharma
BILN-2061 Antivira! ! g _
serina proteasa KG, Ingelheim,
Alemania
Inhibidor de |
SCH 503034 Antiviral nhibidor de fa Schering Plough
serina proteasa
SciClone
. Pharmaceduticals
Zadazim Inmunomodulador | Inmunomodulador

Inc., San Mateo,
CA
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Tipo de Inhibidor o Empresa
Nombre comercial | Clase fisioldgica '.D p. .
Diana suministradora
Maxim

Pharmaceuticals

Ceplene Immunomeodulador | Inmunomodulador )
Inc., San Diego,
CA
Inmunosupresor de F. Hoffmann-La
CELLCEPT® Inmunosupresor Roche LTD,
P IgG de VHCV oene 1L,
Basilea, Suiza
Nabi
Civacir InMUnosLBresor Inmunosupresor de | Biopharmaceutical
P IgG de VHCV s Inc., Boca
Raton, FL
Human Genome
Albuferon - a Interferon IFN'-a?b de Sciences Inc.,
albumina ]
Rockville, MD
IEN InterMune
Infergen A Interferon Pharmaceuticals
alfacon-1 ]
Inc., Brisbane, CA
Omega IFN Interferon IFN-0 intarcia
Therapeutics
Transition
IFN-B y EMZ701 Interferén IFN-B y EMZ701 Therapeutics Inc.,
Ontario, Canada
5 :
REBIF® Interferon IFN-B1a erono, Ginebra,
: Suiza
F. Hoffmann-La
Roferon A Interferén IFN-02a Roche LTD,
Basilea, Suiza
Schering-Plough
Intron A Interferon IFN-a2b Corporation,

Kenilworth, NJ

317



-

-35-
Tipo de Inhibidor o | Empresa
Nombre comercial | Clase fisiolégica p p. _
Diana suministradora
RegeneRx
Biopharma. Inc.,
Bethesda, MD/
IFN-a2b/a1- '
Intron A y Zadaxin | Interferén ) CL, ¢ SciClone
timosina )
Pharmaceuticals
Inc, San Mateo,
CA
Schering-Plough
Rebetron Interferdn IFN-a2b/ribavirina Corporation,
Kenilworth, NJ
. i InterMune Inc.,
Actimmune Interferdn INF-y .
Brisbane, CA
Interferén-3 Interferon Interferon--1a Serono
{FNde | Vi /
Multiferon Interferén ? arga |rage'n
duracién Valentis
IFN-an1 laxoSmithKli
Wellferon Interferon ) on . Glax m_l ne
linfoblastoide plc, Uxbridge, UK
Vira Inc.,
Omniferon Interferon IFN-a natural ! ger_l ne
Plantation, FL
F. Hoffmann-La
Pegasys Interferdn IFN-a2a pegilado Roche LTD,
Basilea, Suiza
Maxim
Pegasys y Interferén IFN-a2a pegilado Pharmaceu‘ticals
Ceplene Inmunomodulador Inc., San Diego,
CA
Pegasys IFN-c2a F. Hoffmann-L.a
s
‘g y y Interferdn _ . Roche LTD,
Ribavirin pegilado/ribavirina . .
Basilea, Suiza
Schering-Plough
PEG-Intron interferén IFN-a2b PEGilado | Corporation,

Kenilworth, NJ

*\):3/3
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Tipo de Inhibidor o | Empresa
Nombre comercial | Clase fisiolégica ",D ¢ p' X
Diana suministradora
Schering-Plough
PEG-Intron / Interferén IFN-a2b Cor ornagtlion "
Ribavirina PEGilado/ribavirina P ’
Kenilworth, NJ
Indevus
Pharmaceuticals
IP-501 Hepatoprotector | Antifibrético acettica
In¢., Lexington,
MA
[dun
inhibidor de Pharmaceuticals
IDN-6556 Hepatoprotector ! .
caspasa Inc., San Diego,
CA
- InterMune
ITMN-191 (R- . Inhibidor de la )
7227) Antiviral cerina broteasa Pharmaceuticals
P inc., Brisbane, CA
Inhibidor de la
GL-59728 Antiviral Genelabs
replicasa NS58B
ANA-971 Antiviral Agonista de TLR-7 | Anadys
Inhibidor de ia
Boceprevir Antiviral ) Schering Plough
serina proteasa
ibidor de i ibotec BVBA
TMS-435 Antiviral Inhibidor de fa Tibatec EVBA,
serina proteasa Mechelen, Bélgica
Boehringer
» Inhibidor de la Ingelheim Pharma
Bl-201335 Antiviral . .
serina proteasa KG, Ingelheim,
Alemania
Inhibidor de |
MK-7009 Antiviral nhibidor ¢e fa Merck
serina proteasa
inhibidor d
PF-00868554 Antiviral inhibidor de Pfizer
replicasa
Ana
Inhibidor de NS58 ds
. ) Pharmaceuticals,
ANAS5E8 Antiviral polimerasa no

nucleosido

Inc., San Diego,
CA, USA

Ty
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Tipo de Inhibidor o | Empresa
Nombre comercial | Clase fisiologica p p. .
Diana suministradora
Ideni
Inhibidor de <
. ) Pharmaceuticals,
IDX375 Antiviral replicasa no )
nucledtido Cambridge, MA.
USA
Boehringer
Inhibidor de NS5B i
BILB 1941 Antiviral n .|b| or de Ingelheim Canada
polimerasa Ltd R&D, Laval,
QC, Canada
Inhibidor de Pharmasset,
PSI -7851 Antiviral polimerasa Princeton, NJ,
nucledsido USA
Antiviral Inhibid
VCH-759 nivire nhibidor de NSSB | | sChem Pharma
polimerasa
Antiviral Inhibidor de NS5B
VCH-916 nivira nhibidor de NS ViroChem Pharma
polimerasa
Antiviral Inhibid
G5-9190 ntivira n 1 idor de NS5B Gilead
polimerasa
Interferon Peg Antiviral . ZymoGenetics/Bri
Interferdn .
lamda stoi-Myers Squibb

Los compuestos de la presente exposicion también se pueden usar
como reactivos de laboratorio. Los compuestos pueden ser instrumentos a la
hora de proporcionar herramientas de investigacion para disefiar ensayos de
replicacion viral, validacion de sistemas de ensayos animales y estudios de
biologia estructural para mejorar aun mas el conocimiento de los mecanismos
de enfermedad del VHC. Ademas, los compuestos de la presente exposicion
son Utiles para establecer o determinar el sitio de unidén de otros compuestos
antiviricos, por ejemplo, por inhibicidn competitiva.

Los compuestos de esta exposicic’m_ también pueden ser utiles para

tratar o prevenir contaminacién viral de materiales y por tanto reducir el riesgo
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de infeccidn viral de laboratorioc o personal médico o pacientes que entren en
contacto con tales materiales, por ejemplo, sangre, tejidos, instrumental y
prendas quirargicas, instrumental y prendas de laboratorio, y aparatos y
materiales para la extraccion o transfusion de sangre.

Esta exposicion pretende incluir compuestos que tienen la férmula (1)
cuando se preparan por procedimientos de sintesis o por procedimientos
metabdlicos que incluyen los que se producen en el cuerpo humano o animal
{(en vivo) o procedimientos que se producen en vitro. |

Las abreviaturas usadas en la presente solicitud, incluyendo en
particular en los esquemas ilustrativos y ejemplos siguientes, son bien
conocidas por los expertos en la técnica. Algunas de las abreviaturas usadas
son las siguientes: TA para temperatura ambiente; Tr para tiempo de retencion;
min para minutos; TFA para acido trifluoroacético; DMSO para dimetilsulfoxido;
Ph para fenilo; THF para tetrahidrofurano; Et,O para éter dietilico; Boc o BOC
para terc-butoxicarbonilo; MeOH para metanol; Et para etilo; DMF para
dimetilformamida; h o hr para horas; TBDPS para terc-butildifenilsililo; DMAP
para N,N-dimetilaminopiridina; TBAF para fluoruro de tetrabutilamonio; EtzsN o
TEA para trietilamina; HATU para hexafluorofosfato de O-(7-azabenzotriazol-1-
H)-N,N,N’,N'-tetrametiluronio; Ac para acetato o acetilo; SEM para 2-
trimetilsililetoximetoxi; EDC 0 EDCI para 1-etil-3-(3-
dimetilaminopropil)carbodiimida; EEDQ para N-etoxicarbonil-2-etoxi-1,2-
dihidroquinoclina; MeOH para metanol; i-Bu para isobutilo; Bn para bencilo; y Me
para metilo. -

Los compuestos y procedimientos de la presente exposiciébn se

comprenderan mejor en relacién con los siguientes esquemas de sintesis que

37¢
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ilustran los procedimientos por medio de los cuales se pueden preparar los
compuestos de la presente exposicién. Los materiales de partida se pueden
obtener de suministradores comerciaies o prepararse por procedimientos de la
bibliografia bien conocidos por los expertos en la técnica. Sera faciimente
evidente para un experto en la técnica que los compuestos definidos antes se
pueden sintetizar por sustitucion de los reaccionantes y agentes apropiados en
las sintesis mostradas a continuacién. También serd evidente para un experto
en ia técnica que las etapas de proteccion y desproteccion selectiva, ademas
del orden de las propias etapas, se pueden llevar a cabo en un orden variable,
dependiendo de la naturaleza de las variables para completar con éxito las
sintesis siguientes. Las variables son como se han definido antes a no ser que

de indigue de otro modo mas adelante.

Esquema 1. Derivados de fenilglicina sustituidos

Los derivados de fenilglicina sustituidos se pueden preparar por una
serie de procedimientos mostrados a continuacién. Se puede alquilar de forma
reductora (ruta A) ester t-butilico de fenilglicina con un aldehido apropiado y un
reductor tal como cianoborohidruro sédico en medio acido. La hidrélisis del
éster t-butilico se puede llevar a cabo con un acido fuerte tal como HCI o acido
trifluoroacético. De forma alternativa, se puede alquilar fenilglicina con un
haluro de alquilo tal como yoduro de etilo y una base como bicarbonato sédico
o carbonato potasico (ruta B). La ruta C ilustra la alquilacion reductora de
fenilglicina como en la ruta A seguida por una segunda alquilacién reductora
con un aldehido alternativo como formaldehido en presencia de un agente

reductor y acido. La ruta D ilustra la sintesis de fenilglicinas sustituidas a través

773
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de los analogos de acido mandélico correspondientes. La conversion del
alcohol secundario a un grupo saliente competente se puede lievar a cabo con
cloruro de p-toluenosulfonilo. El desplazamiento del grupo tosilato con una
amina apropiada seguida por retirada reductora del éster bencilico puede
proporcionar derivados de fenilglicina sustituidos. En la ruta E se resuelve un
derivado de fenilglicina sustituido racémico por esterificacién con un compuesto
auxiliar quiral enantioméricamente puro tal como, aunque sin quedar limitados
a los mismos, (+)-1-feniletanol, (-)-1-feniletanol, una oxazolidinona de Evan, o
pantolactona enantioméricamente pura. La separacion de diastereoisdmeros
se lleva a cabo por cromatografia (gel de silice, HPLC, cristalizacién vy
similares) seguida por la retirada del compuesto auxiliar quiral proporcionando
derivados de fenilglicina enantioméricamente puros. La ruta H ilustra una
secuencia de sintesis que intersecciona con la ruta E en la que se instala el
compuesto auxiliar quiral citado antes de la adicién de la amina. De forma
alternativa, se puede bromar un éster de un acido arilacético con una fuente de
ion bromonio tal como bromo, N-bromosuccinimida o CBrs. El bromuro de
bencilo resultante se puede desplazar con una diversidad de aminas mono o
disustituidas en presencia de una base de amina terciaria tal como trietilamina
o base de Hunig. La hidrélisis del éster metilico por tratamiento con hidroxido
de litio a baja temperatura o HCl 6N a temperatura elevada proporciona los
derivados de fenilglicina sustituidos. Otro procedimiento se muestra en la ruta
G. Los analogos de glicina se pueden obtener con una diversidad de haluros de
arilo en presencia de una fuente de paladio(0) tal como bis{tributilfosfina)
paladio y base como fosfato potasico. El éster resultante se puede hidrolizar

entonces por tratamiento con base o acido. Se sobreentiende que en la técnica

[
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existen otros procedimientos bien conocidos para preparar derivados de
fenilglicina y se pueden maodificar para proporcionar los compuestos deseados
en esta descripcion. Se sobreentiende que los derivados de fenilglicina finales
se pueden purificar hasta una pureza enantiomérica mayor que 98% de ee por

HPLC preparativa.

NH R
2 R?CHO NH
A /'\H,OH G oH
d reduclor Ar
0 0
7
A oH
&8 e A
W /;E) e Ar” TCO.Bn
c / Vg
I TsCl
RZQ ,RZT
-oQ.____L}j]____-_—_ N RZENHRZT QTS
o %, Ar” ~CO,Bn A TCO,BN
B & %
Oo '-5‘/‘9
0’6‘
»
R<,,-R*™®  separacion
N 27 28 27 28
/H‘/ORgfze dimeros R ‘N’R esterificacion 1 ‘N'R
Ar OR¥®?
! " N>
b (R32 = auxiliar quiral) o s}
28N COE H
IR23NHR?7 T
Br Br
2
A COM bromaion 3 ’“)\H’OR D Ar/j\n’OH
' Me Ar” COMe 0 J

Esquema 2: Derivados de aminoécido acilados
En otra realizaciébn de la presente exposicion, se pueden preparar
derivados de fenilglicina acilados como se ilustra a continuacion. Los derivados
de fenilglicina en los que se protege el acido carboxilico como un éster que se
retira facilmente se pueden acilar con un cloruro de acido en presencia de una
base tal como trietilamina para proporcionar las amidas correspondientes (ruta
A). La ruta B ilustra la acilacion del derivado de fenilglicina de partida con un

cloroformiato apropiado mientras que la ruta C muestra la reaccién con un
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isocianato o cloruro de carbamoilo apropiado. Cada uno de los intermedios
mostrados en las rutas A — C se pueden desproteger por procedimientos
conocidos por fos expertos en la técnica (es decir; tratamiento del éster t-

butilico con base fuerte tal como HC! o acido trifluoroacético).

0 o)
27 27
R ‘NJkR%' Acido R ‘N)LR:‘G
—_— OH
2R Ny
o
00 O o
&
i 1
R 27 RZ
NH CICO,RY NJ\OR” Acido N™ “OR¥
o)
. \{/ - R/Hro% AN, OH
O A. O 0
o o ‘%KP\?%
RY = H, alquilo (o
g, Q
oy r2Z .
o ¢ N7 NR¥®R®  Acido R’fINJL NRER
0 —
R/Hr \F o /H_rOH
0
0
5
Esquema 3

Los acidos fenilacéticos sustituidos con amino se pueden preparar por

tratamiento de un acido clorometilfenilacético con un exceso de una amina.

10 Sintesis de caps comunes
Condiciones de ensayo de los compuestos
La valoracidon de la pureza y el andlisis de masas de baja resolucion se
llevaron a cabo en un sistema de CL Shimadzu CL acoplado con un sistema de
EM Waters Micromass ZQ. Se apreciara que los tiempos de retencion pueden

15 variar ligeramente entre maquinas. Condiciones adicionales de CL aplicables a
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la presente seccion, a no ser que se indique de otro modo.

Condiciones de EM-W1

Columna = XTERRA 3,0 X 50 mm S7

% Inicialde B =0

% Final de B = 100

Tiempo de gradiente = 2 min

Tiempo de parada = 3 min

Caudal = 5 ml/min

Longitud de onda = 220 nm

Disolvente A = TFA al 0,1% en metanol al 10%/H,0 al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/H,0 al 10%

Condiciones de EM-W2

Columna = XTERRA 3,0 X 50 mm S7

% Inicial de B = 0

% Final de B = 100

Tiempo de gradiente = 3 min

Tiempo de parada = 4 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = TFA al 0,1% en metanol al 10%/H,QO al 90%
Disolvente B = TFA al 0,1% en metanol al 80%/H,0 at 10%
Condiciones de EM-W5

Columna = XTERRA 3,0 X 50 mm S7

ERN
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% Inicialde B=0

% Final de B = 30

Tiempo de gradiente = 2 min

Tiempo de parada = 3 min

Caudal = 5 ml/min

Longitud de onda = 220 nm

Disolvente A = TFA al 0,1% en metanol al 10%/H,C al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/H,0 al 10%

Condiciones-D1

Columna = XTERRA C18 3,0 X 50 mm S7

% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 3 min

Tiempo de parada = 4 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = TFA al 0,1% en metanol at 10%/H,0 al 80%
Disolvente B = TFA al 0,1% en metanot al 90%/H,0 al 10%

Condiciones-D2

Columna = Phenomenex-Luna 4,6 X 50 mm $S10
% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 3 min

322
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Tiempo de parada = 4 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = TFA al 0,1% en metanol al 10%/H>0 al 80%
Disolvente B = TFA al 0,1% en metanol al 30%/H,0 al 10%

Condiciones-MD1

Columna = XTERRA 4.6 X 50 mm S5
% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 3 min

Tiempo de parada =4 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = TFA al 0,1% en metanol al 10%/H,0 al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/H,0 al 10%

Condiciones-M3

Columna = XTERRA C18 3,0 X 50 mm S7
% Inicialde B= 0

% Final de B = 40

Tiempo de gradiente = 2 min

Tiempo de parada = 3 min

Caudal = 5 ml/min

322
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Longitud de onda = 220 nm
Disolvente A = TFA al 0,1% en metanol al 10%/H,0 al 90%
Disolvente B = TFA al 0,1% en metano! al 90%/H,0 al 10%

Condiciones-OL1

Columna = Phenomenex-Luna 3,0 x 50 mm S$10

% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 4 min

Tiempo de parada = 5 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = TFA al 0,1% en metanol al 10%/H,0 al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/H,0 al 10%

Condiciones-OL2

Columna = Phenomenex-Luna 50 x 2 mm 3 u
% Iniciatde B=0

% Finalde B = 100

Tiempo de gradiente = 4 min
Tiempo de parada = 5 min
Caudal = 0,8 ml/min
Temperatura del horno = 40°C

Longitud de onda = 220 nm

=3 2.(,(
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Disolvente A = TFA al 0,1% en acetonitrilo al 10%/H.0 al 90%
Disolvente B = TFA al 0,1% en acetonitrilo al 80%/H-0 al 10%

Condicion |

Columna = Phenomenex-Luna 3,0X 50 mm S10

% Inicialde B=10

% Final de B = 100

Tiempo de gradiente = 2 min

Tiempo de parada = 3 min

Caudal = 4 ml/min

L.ongitud de onda = 220 nm

Disolvente A = TFA al 0,1% en metanol al 10%/H,0 al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/H,0 al 10%

Condicién 1I

Columna = Phenomenex-Luna 4,6 X50 mm S10

% Inicialde B=0

% Final de B = 100

Tiempo de gradiente = 2 min

Tiempo de parada = 3 min

Caudal = 5 ml/min

Longitud de onda = 220 nm

Disolvente A = TFA al 0,1% en metano! al 10%/H,0 al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/H,0 al 10%
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Condicion Il

Columna = HPLC XTERRA C18 3,0 x 50mm S7

% Inicialde B =0

% Final de B = 100

Tiempo de gradiente = 3 min

Tiempo de parada =4 min

Caudal = 4 ml/min

Longitud de onda = 220 nm

Disolvente A = TFA al 0,1% en metanol al 10%/H,0O al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/H.0 al 10%

Cap-1

Ol %
- QH

/N\

Se afiadié una suspension de Pd al 10%/C (2,0 g) en metanol (10 ml) a
una mezcla de (R)-2-fenilglicina (10 g, 66,2 mmoil), formaldehido (33 mi de 37%
en peso en agua), HC! 1N (30 ml) y metanol (30 ml) y se expuso a Hz (413,57
kPa) durante 3 horas. La mezcla de reaccion se filtré a través de tierra de
diatomeas (Celite®) y el filtrado se concentrd a vacio. El material bruto
resuliante se recristalizé en isopropancl proporcionando la sal HC! de Cap-1
como agujas blancas (4,0 g). Rotacién optica: -117,1° [c = 9,95 mg/ml en HxO;
A = 589 nm]. RMN de "H (DMSO-ds, & = 2,5 ppm, 500 MHz): 5 7,43-7,34 (m,
5H), 4,14 (s, 1H), 2,43 (s, 6H); CL (Cond. I): Tr = 0,25; CL/EM: Anal. Calculado
para [M+H]" C10H14N02 180,10; encontrado 180,17; EMAR: Anal. Calcuiado

para [M+H]" C1gH14NO2 180,1025; encontrado 180,1017.

X6
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SEH
Y OH
M

Se afadié NaBH3;CN (6,22 g, 94 mmol) en porciones durante unos
pocos minutos a una mezcla enfriada (hielofagua) de (R)-2-fenilglicina (6,02 g,
39,8 mmol) y MeOH (100 ml), y se agitd durante 5 min. Se anadi6 acetaldehido
(10 mi) gota a gota durante 10 minutos y se continué agitando a la misma
temperatura fria durante 45 minutos y a temperatura ambiente durante ~6,5 hr.
La mezcla de reaccién se volvid a enfriar con bano de hielo-agua, se tratdé con
agua (3 ml) y luego se inactivo con una adicién gota a gota de HCI concentrado
durante ~ 45 min hasta que el pH de la mezcla fue ~ 1,5 — 2,0. El bafic de
enfriamiento se retird y se continué agitando mientras se afadia HCI
concentrado con el fin de mantener el pH de la mezcla aproximadamente a 1,5-
2,0. La mezcla de reaccion se agitdé durante una noche, se filtré para separar la
suspension blanca y el filtrado se concentré a vacio. El material bruto se
recristalizé en etanol proporcionando la sal HCl de Cap-2 como un sélido
blanco briliante en dos tandas (tanda-1: 4,16 g; tanda-2: 2,19 g). RMN de 'H
(DMSO-dg, § = 2,5 ppm, 400 MHz): 10,44 (1,00, s ancho, 1H), 7,66 (m, 2H),
7,51 (m, 3H), 5,30 (s, 1H), 3,15 {m ancho, 2H), 2,98 (m ancho, 2H), 1,20 (s
ancho aparente, 6H). Tanda-1: [o]*® -102,21° (¢ = 0,357, H;0); canda-2: [o]*® -
99,7° (c = 0,357, H0). CL (Cond. I): Tr = 0,43 min; CL/EM: Anal. Calculado
para [M+H]" C12HsNO,: 208,13; encontrado 208,26

323
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Se afadié secuenciaimente acetaldehido (5,0 ml, 89,1 mmol) y una
suspension de Pd al 10%/C (720 mg) en metanol/H20 (4 mi/1 mi) a una mezcla
enfriada (~ 15 °C) de (R)-2-fenilglicina (3,096g, 20,48 mmol), HCI 1N (30 ml) y
metanol (40 ml). Se retird el bafo de enfriamiento y la mezcla de reaccion se
agité bajo un globo de H; durante 17 horas. Se afnadié mas acetaldehido (10
ml, 178,2 mmol) y se continud agitando en atmoésfera de H,; durante 24 horas
[Nota: el suministro de H; se reponia cuando era necesario a través de la
reaccion]. La mezcla de reaccién se filtrdé a través de tierra de diatomeas
(Celite®) y el filtrado se concentré a vacio. El material bruto resultante se
recristalizé en isopropanol proporcionando la sal HCI de acido (R)-2-(etilamino)-
2-fenilacético como un sélido blanco brillante (2,846 g). RMN de 'H (DMSO-ds,
5 = 2,5 ppm, 400 MHz): & 14,15 (s ancho, 1H), 9,55 (s ancho, 2H), 7,55-7,48
(m, 5H), 2,88 (m ancho, 1H), 2,73 (m ancho, 1H), 1,20 (t aparente, J =7 2, 3H).
CL (Cond. 1): Tr = 0,39 min; indice de homogeneidad >95%; CL/EM: Anal.
Calculado para [M+H]" C1oH14NO>: 180,10; encontrado 180,18,

Se afadidé una suspension de Pd al 10%/C (536 mg) en metanol/H,O (3
ml/1 ml) a una mezcla de acido (R)-2-(etilamino)-2-fenilacético/HCI (1,492 g,
6,918 mmol), formaldehido (20 m! de 37% en peso en agua), HCI 1IN (20 ml) y
metanol (23 mi). La mezcla de reaccion se agitd bajo un globo de H; durante
~72 horas, en el que se el suministro de H, se reanudaba segun se necesitaba.

La mezcla de reaccion se filtré a través de tierra de diatomeas (Celite®) y el

3y
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filtrado se concentré a vacio. El material bruto resultante se recristalizé en
isopropanol (50 ml) proporcionando la sal HCI de Cap-3 como un sélido blanco
(985 mg). RMN de 'H (DMSO-ds, 5 = 2,5 ppm, 400 MHz): & 10,48 (s ancho,
1H), 7,59-7,51 (m, 5H), 5,26 (s, 1H), 3,08 (s ancho aparente, 2H), 2,65 (s
ancho, 3H), 1,24 (m ancho, 3H). CL (Cond. I}: Tr = 0,39 min; indice de
homogeneidad >95%; CL/EM: Anal. Calculado para [M+H]" C11H1gNO2: 194,12;
encontra_do 194,18; EMAR: Anal. Calculado para [M+H]" C1H1gNO,: 194,1180;
encontrado 194,1181.

Se anadié CICO;Me (3,2 ml, 41,4 mmol) gota a gota a una semisolucién
en THF enfriada (hielofagua) (410 ml) de 2-amino-2-fenilacetato de (R)-terc-
butilo/HCI (9,877 g, 40,52 mmol} y diisopropiletilamina (14,2 ml, 81,52 mmol)
durante 6 min, y se agitd a una temperatura similar durante 5,5 horas. El
componente volatil se eliminé a vacio, y el residuo se repartié entre agua (100
ml) y acetato de etilo (200 mi). La fase orgénica se lavo con HCI 1N (25 ml) y
solucién saturada de NaHCO; (30 ml), se secd (MgSQs), se filtré y se
concentrd a vacio. El aceite resultante incoloro se trituré en hexanos, se filtré y
se lavé con hexanos (100 ml) proporcionando 2-(metoxicarbonilamino)-2-
fenilacetato de (R)-terc-butilo como un sélido blanco (7,7 g). RMN de 'H
(DMSO-dg, 8 = 2,5 ppm, 400 MHz): 7,98 (d, J = 8,0, 1H), 7,37-7,29 (m, SH),
5,09 (d, J =8, 1H}, 3,56 (s, 3H), 1,33 (s, 9H). CL (Cond. I}: Tr = 1,53 min; indice
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de homogeneidad ~90 %; CL/EM: Anal. Calculado para [M+Na]" C14H1eNNaQy:
288,12; encontrado 288,15.

Se afnadidé TFA (16 ml) gota a gota a una solucidén enfriada (hielo/agua)
en CH,Cl; (160 ml) del producto anterior durante 7 minutos y se retiré el bafo
de enfriamiento y la mezcla de reaccién se agité durante 20 horas. Puesto que
la desproteccién todavia no fue completa, se afadié mas TFA (1,0 mi} y se
continué agitando durante otras 2 horas mas. El componente volatil se eliminé
a vacio, y el residuo oleoso resultante se tratd con éter dietilico (15 ml) y
hexanos (12 ml) proporcionando un precipitado. El precipitado se filtrd vy se lavé
con éter dietilico/hexanos (relacion ~1:3; 30 ml) y se secé a vacio
proporcicnando Cap-4 como un sélido blanco apelusado (5,57 g). Rotacion
optica: -176,9° [c = 3,7 mg/ml en H>O; A = 589 nm]. RMN de H (DMSO-dg, 6 =
2,5 ppm, 400 MHz}: & 12,84 (s ancho, 1H), 7,96 (d, J = 8,3, 1H), 7,41-7,29 (m,
5H), 5,14 (d, J = 8,3, 1H), 3,55 (s, 3H). CL (Cond. I): Tr = 1,01 min; indice de
homogeneidad >95%; CL/EM: Anal. Calculado para [M+H]" C4oH12NO,4 210,08;
encontrado 210,17; EMAR: Anal. Calculado para [M+H]" C1gH12NO4 210,0766:
encontrado 210,0756.

Cap-5

©\i
Y~ TOH

N

U

Se calentdé a 100°C durante 21 horas una mezcla de (R)- 2-fenilglicina
(1,0 g, 6,62 mmol), 1,4-dibromobutano (1,57 g, 7,27 mmol) y Na,CO3; (2,10 g,

19,8 mmol) en etanol (40 ml). La mezcla de reaccién se enfrio hasta
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temperatura ambiente y se filtr, y el filtrado se concentré a vacio. El residuo se
disolvid en etanol y se acidific6 con HCI 1N hasta pH 3-4, y el componente
volatil se elimind a vacio. El material bruto resultante se purificé por una HPLC
de fase inversa (agua/metanol/TFA) proporcionando la sal TFA de Cap-5 como
una espuma blanca semiviscosa (1,0 g). RMN de 'H (DMSO-dg, & = 2,5, 500
MHz) & 10,68 (s ancho, 1H), 7,51 (m, 5H), 5,23 (s, 1H), 3,34 (s ancho aparente,
2H), 3,05 (s ancho aparente, 2H), 1,95 (s ancho aparente, 4H); Tr = 0,30 min
(Cond. I); indice de homogeneidad >88%; CL/EM: Anal. Calculado para [M+H]"
Ci2H16NO2: 206,12; encontrado 206,25.

Cap-6
Lt
Y~ TOH
&
O

La sal TFA de Cap-6 se sintetizd a partir de (R)-2-fenilglicina y 1-bromo-
2-(2-bromoetoxi)etano usando el procedimiento de preparacién de Cap-5. RMN
de 'H (DMSO-dg, & = 2,5, 500 MHz) & 12,20 (s ancho, 1H), 7,50 (m, 5H), 4,92
(s, 1H), 3,78 (s ancho aparente, 4H), 3,08 (s ancho aparente, 2H), 2,81 (s
ancho aparente, 2H); Tr = 0,32 min (Cond. |); »98%; CL/EM: Anal. Calculado
para [M+H]" CyoH1sNO;: 222,11; encontrado 222,20; EMAR: Anal. Calculado
para [M+H]" C12H1sNO3: 222,1130; encontrado 222,1121.

Cap-7
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O
OH
N Cap-7a: enantibmero 1
[ j Cap-7b: enantiomero 2
N
|

Se anadio gota a gota una solucion en CH,Cl; (200 ml) de cloruro de p-
toluenosulfonilo (8,65 g, 45,4 mmol) a una solucién (-5 °C) en CH,Cl, (200 ml)
de 2-hidroxi-2-fenilacetato de (S)-bencilo (10,0 g, 41,3 mmol), trietilamina (5,75
ml, 41,3 mmol) y 4-dimetilaminopiridina (0,504 g, 4,13 mmol), mientras se
mantenia la temperatura de -5 °C a 0 °C. La reaccion se agité a 0 °C durante 9
horas, y luego se almacend en un congelador (-25 °C) durante 14 horas. Se
dej6 descongelar hasta temperatura ambiente y se lavé con agua (200 ml), HCI
1N (100 ml) y salmuera (100 ml), se secd (MgSQ,), se filtrd y se concentrd a
vacio proporcionando 2-fenil-2-(tosiloxi)acetato de bencilo como un aceite
viscoso que solidificd en reposo (16,5 g). La integridad quiral del producto no se
verificé y dicho producto se usé en la etapa siguiente sin purificacion adicional.
RMN de 'H (DMSO-ds, = 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). Tr = 3,00 (Cond. lll); indice de homogeneidad >90%; CL/EM:
Anal. Calculado para [M+H]" C2;H20Na0sS: 419,09; encontrado 419,04.

Se calentd a 65°C durante 7 horas una solucién en THF (75 ml) de 2-
fenil-2-(tosiloxi)acetato de bencilo (6,0 g, 15,1 mmol), 1-metilpiperazina (3,36
ml, 30,3 mmol) y N,N-diisopropiletilamina (13,2 ml, 75,8 mmol). Se dejé enfriar
la reaccidn hasta temperatura ambiente y el componente volatil se elimind a
vacio. El residuo se repartié entre etilacetato y agua, y la fase organica se lavd

con agua y salmuera, se secd (MgSOy}, se filtré y se concentrd a vacio. El
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material bruto resultante se purificé por cromatografia ultrarrapida (ge! de silice,
etilo acetato)} proporcionando 2-(4-metilpiperazin-1-il}-2-fenilacetato de bencilo
como un aceite viscoso anaranjado-pardc (4,56 g). El analisis HPLC quiral
{Chiraicel OD-H} indicé que la muestra es una mezcla de enantibmeros en una
relacién 38,2 a 58,7. La separacion de los enantidmeros se realizé como sigue:
se disolvié el producto en 120 ml de etanol/heptano (1:1) y se inyectd (5
ml/inyeccién) en una columna HPLC quiral (Chiracel OJ, 5cm ID x 50 cm L, 20
um) eluyendo con 85:15 Heptano/etanol a 75 ml/min, y se control6é a 220 nm. El
enantidmero-1(1,474 g ) y el enantibmero-2 (2,2149 g) se recuperaron como
aceite viscoso. RMN de 'H (CDCls, § = 7,26, 500 MHz) 7,44-7,40 (m, 2H), 7,33-
7,24 (m, 6H), 7,21-7,16 (m, 2H), 5,13 (d, J = 12,5, 1H), 5,08 (d, J = 12,5, 1H),
4,02 (s, 1H), 2,65-2,38 (s ancho aparente, 8H), 2,25 (s, 3H). Tr = 2,10 (Cond.
I); indice de homogeneidad >98%; CL/EM: Anal. Calculado para [M+H]"
CooH25N202: 325,19; encontrado 325,20.

Se anadié una solucidon en metanol (10 ml) de cualquiera de los
enantibmeros de 2-(4-metilpiperazin-1-il)-2-fenilacetato de bencilo (1,0 g, 3,1
mmol) a una suspension de Pd al 10%/C (120 mg) en metanol (5,0 ml). La
mezcla de reaccién se expuso a un globo de hidrogeno con un control
cuidadoso durante <50 min. Inmediatamente después de completarse la
reaccién, se filtrd el catalizador a través de tierra de diatomeas (Celite®) y el
filtrado se concentrd a vacio proporcionando Cap-7, contaminado con acido
fenilacético como una espuma color castafio (867,6 mg; la masa es superior al
rendimiento tedrico). El producto se usd en la etapa siguiente sin purificacion
adicional. RMN de 'H {(DMSO-dg, 8 = 2,5, 500 MHz) & 7,44-7,37 (m, 2H), 7,37-
7,24 (m, 3R), 3,92 (s, 1H), 2,63-2,48 (s ancho ap., 2H), 2,48-2,32 (m, 6H), 2,19
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(s, 3H); Tr = 0,31 (Cond. Il}; indice de homogeneidad >90%; CL/EM: Anal.
Calculado para [M+H]" Ci3H19N20,: 235,14; encontrado 235,15; EMAR: Anal.
Calculado para [M+H]" C13H1sN202: 235,1447; encontrado 235,1440.

La sintesis de Cap-8 y Cap-9 se lievd a cabo de acuerdo con la sintesis
de Cap-7 usando aminas apropiadas para la etapa de desplazamiento de SN,
(es decir, 4-hidroxipiperidina para Cap-8 y (S)-3-fluoropirrolidina para Cap-9) y
condiciones modificadas para la  separacion de los intermedios

estereoisoméricos respectivos, como se describe mas adelante.

Cap-8
0]
OH
N 8a: enantidmero 1
Q 8b: enantiémero 2

OH

La separacién enantiomérica del intermedio 2-(4-hidroxipiperidin-1-il)-2-
fenil acetato de bencilo se efectué empleando las siguientes condiciones: se
disolvic el compuesto (500 mg) en etanol/heptano (5 ml/45 mi). La solucién
resultante se inyecfé (5 mliinyeccién) en una columna HPLC quiral (Chiracel
0OJ, 2 em ID x 25 cm de longitud, 10 um) eluyendo con 80:20 de heptano/etanol
a 10 mi/min, controlada a 220 nm, proporcionando 186,3 mg de enantibmero-1
y 209,1 mg de enantiémefo—Z como aceites viscosos amarillo claro. Estos
ésteres bencilicos se sometieron a hidrogenacion de acuerdo con la
preparacion de Cap-7 proporcionando Cap-8: RMN de 'H (DMSO-dg, & = 2,5,
500 MHz) 7,40 (d, J =7, 2H), 7,28-7,20 (m, 3H), 3,78 (s 1H), 3,46 (m, 1H), 2,93
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(m, 1H), 2,62 {m, 1H), 2,20 (m, 2H}, 1,70 (m, 2H), 1,42 (m, 2H). Tg = 0,28
(Cond. Il); indice de homogeneidad >98%; CL/EM: Anal. Calculado para [M+H)"
C13H1eNO3: 236,13; encontrado 236,07, EMAR: Calculado para [M+H]
C13H1sNO3: 236,1287; encontrado 236,1283.

Cap-9
@]
OH ga: diastereémero 1
N 9b: diasteredmera 2
F

La separacion enantiomérica de! intermedio 2-((S)-3-fluoropirrolidin-1-il)-
2-fenilacetato de bencilo se efectué empleando las siguientes condiciones: se
separo el éster (220 mg) en una columna HPLC quiral (Chiracel OJ-H, 0,46 cm
ID x 25 em L, 5 um) eluyendo con 95% de CO,/ 5% de metanol con 0,1% de
TFA, a una presion de 10x10° Pa, 70 ml/min de Caudal, y una temperatura de
35 °C. Se concentré el eluato de HPLC para los esterecisdmeros respectivos y
el residuo se disolvid en CH.Cl: (20 ml) y se lavé con un medio acuoso (10 ml
agua + 1 ml de solucion saturada de NaHCOs;). La fase organica se secod
(MgSQ,), se filtrd y se concentrd a vacio proporcionando 92,5 mg de fraccion-1
y 596 mg de fraccion-2. Estos ésteres bencilicos se sometieron a
hidrogenacién de acuerdo con la preparacion de Cap-7 para preparar Caps 9a
y 9b. Cap-9a (diasterebmero-1; la muestra es una sal TFA como resultado de la
purificaciébn en una HPLC de fase inversa usando H>O/metanol/TFA como
disolvente): RMN de 'H (DMSO-ds, & = 2,5, 400 MHz) 7,55-7,48 (m, 5H), 5,38
{dde m, J =537, 1H), 5,09 (s ancho, 1H), 3,84-2,82 (m ancho, 4H), 2,31-2,09
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{(m, 2H). Tr = 0,42 (Cond. l); indice de homogeneidad >95%; CL/EM: Anal.
Calculado para [M+H]" Cq:HisFNOz: 224, 11; encontrado 224,14; Cap-9b
(diasteredmero-2): RMN de 'H (DMSO-ds, & = 2,5, 400 MHz) 7,43-7,21 (m, 5H),
519 (dde m, J =55,9, 1H), 3,97 (s, 1H), 2,95-2,43 (m, 4H), 2,19-1,78 (m, 2H).
Tr = 0,44 (Cond. 1); CL/EM: Anal. Calculado para [M+H]" C12H15FNOy: 224,11;

encontrado 224,14,

A una solucién de D-prolina (2,0 g, 17 mmol) y formaldehido (2,0 m! de
37% en peso en H,0) en metanol (15 ml) se afiadié una suspension de Pd al
10%/C (500 mg) en metanol (5 ml). La mezcla se agité bajo un globo de
hidrégeno durante 23 horas. La mezcla de reaccioén se filtrd a través de tierra
de diatomeas (Celite®) y se concentrd a vacio proporcionando Cap-10 como un
solido blanquecino (2,15 g). RMN de "H (DMSO-ds, & = 2,5, 500 MHz) 3,42 (m,
1H), 3,37 (dd, J = 9,4, 6,1, 1H), 2,85-2,78 (m, 1H), 2,66 (s, 3H), 2,21-2,13 (m,
1H), 1,93-1,84 {m, 2H), 1,75-1,66 (m, 1H). Tr = 0,28 (Cond. Il); indice de
homogeneidad >98%; CL/EM: Anal. Calculado para [M+H]" CgH12NO2: 130,09;
encontrado 129,96.

Cap-11

2

HOJ\LN)

T
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Una mezcla de acido (2S5 ,4R)-4-fluoropirrolidin-2-carboxilico (0,50 g, 3,8
mmol), formaldehido (0,5 ml de 37% en peso en H,0), HCI 12 N (0,25 mi) y Pd
al 10%/C (50 mg) en metanol (20 ml) se agité bajo un globo de hidrégeno
durante 19 horas. La mezcla de reaccion se filtré a través de tierra de
diatomeas (Celite®) y el filtrado se concentrd a vacio. El residuo se recristalizd
en isopropanol proporcionando la sal HCl de Cap-11 como un sélido blanco
(337,7 mg). RMN de 'H (DMSO-ds, & = 2,5, 500 MHz) 5,39 (d m, J = 53,7, 1H),
4,30 (m, 1H), 3,90 (ddd, J = 31,5, 13,5, 4,5, 1H), 3,33 (dd, J = 25,6, 13,4, 1H),
2,85 (s, 3H), 2,60-2,51 (m, 1H), 2,39-2,26 (m, 1H). Tr = 0,28 (Cond. ll); Indice
de homogeneidad >98%; CL/EM: Anal. Calculado para [M+H]" CgHq1FNO;:
148,08; encontrado 148,06.

Cap-12 (igual que Cap 52)
0

H
/OYN\)-I\OH

o :

Se disolvid L-alanina (2,0 g, 22,5 mmol) en solucién acuosa al 10% de
carbonato sédico (50 ml), y se afiadi6é a la misma una solucién en THF (50 ml)
de cloroformiato de metilo (4,0 ml). La mezcla de reaccidbn se agité en
condiciones ambientales durante 4,5 horas y se concentré a vacio. El sélido
blanco resultante se disolvié en agua y se acidificé con HCI 1N hasta un pH ~
2-3. Las soluciones resultantes se exirajeron con acetato de etilo (3 x 100 ml), y
la fase organica reunida se secd (Na;SQj), se filtré y se concentrd a vacio
proporcionando un aceite incolofo (2,58 g). Se purificaron 500 mg de este
material por una HPLC de fase inversa (H,O/metanol/TFA) proporcionando 150

mg de Cap-12 como un aceite incoloro. RMN de 'H (DMSO-dg, & = 2,5, 500
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MHz) 7,44 (d, J = 7,3, 0,8H), 7,10 (s ancho, 0,2H), 3,97 (m, 1H), 3,53 (s, 3H),
1,25(d, J = 7,3, 3H).

Cap-13
I 0O

/N\)J\OH

5 z
Se agité una mezcla de L-alanina (2,5 g, 28 mmol), formaldehido (8,4 g,
37% en peso), HCI 1N (30 ml) y Pd al 10%/C {500 mg) en metanol (30 ml) en
una atmosfera de hidrogeno (344,64 kPa) durante 5 horas. La mezcla de
reaccién se filtr6 a través de tierra de diatomeas (Celite®) y el filtrado se
10 concentrd a vacio proporcionando la sal HCl de Cap-13 como un aceite que
solidifico en reposo a vacio (4,4 g; la masa es superior al rendimiento teérico).
El producto se usé sin purificacion adicional. RMN de *H (DMSO-dg, & = 2,5,
500 MHz) & 12,1 (s ancho, 1H), 4,06 (q, J = 7,4, 1H), 2,76 (s, 6H), 1,46 (d, J =

7,3, 3H).

Cap-14
NH, O O
N
copt-Bu__" 2 i
2 ©/LCOzt-Bu - ©/LCOzH

Cap-i4

Etapa 1: Una mezcla éster terc-butilico de (R)-(-)-D-fenilglicina (3,00 g,
12,3 mmol), NaBH;CN (0,773 g, 12,3 mmol), KOH (0,690 g, 12,3 mmol) y acido

20 acético (0,352 ml, 6,15 mmol) se agité en metanol a 0 °C. A esta mezcla se
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afadio dialdehido glutarico (2,23 ml, 12,3 mmol) gota a gota durante 5 minutos.
La mezcla de reaccidn se agitdé calentando hasta temperatura ambiente y se
continud agitando a la misma temperatura durante 16 horas. El disolvente se
elimind seguidamente y el residuo se reparti6 con NaOH acuoso al 10% vy
acetato de etilo. La fase organica se separd, se seco (MgSQ,), se filtré y se
concentré hasta sequedad proporcionando un aceite transparente. Este
material se purificé por HPLC preparativa de fase inversa (Primesphere C-18,
30 x 100mm; CH;CN-H.O-TFA al 0,1%) dando el éster intermedio (2,70 g,
56%) como un aceite transparente. RMN de 'H (400 MHz, CDCl3) § 7,53-7,44
{m, 3H), 7,40-7,37 (m, 2H), 3,87 (d, J = 10,9 Hz, 1H), 3,59 (d, J = 10,9 Hz, 1H),
299 (t, J=11,2 Hz, 1H), 2,59 (t, J = 11,4 Hz, 1H), 2,07-2,02 (m, 2H}, 1,82 (d, J
= 1,82 Hz, 3H), 1,40 (s, 9H). CL/EM: Anal. Calculado para Cy7H2sNO2: 275;
encontrado: 276 (M+H)".

Etapa 2: A una solucién agitada del éster intermedio (1,12 g, 2,88 mmol)
en diclorometano (10 ml} se afadid TFA (3 ml). La mezcla de reaccién se agitd
a temperatura ambiente durante 4 horas y luego se concentrd hasta sequedad
dando un aceite amarillo claro. El aceite se purificé usando HPLC preparativa
de fase inversa (Primesphere C-18, 30 x 100mm; CH3CN-H,O-TFA al 0,1%).
Las fracciones apropiadas se reunieron y se concentraron hasta sequedad a
vacio. El residuo se disclvié entonces en una cantidad minima de metanol y se
aplicé en cartuchos de extraccion MCX LP (2 x 6 g). Los cartuchos se aclararon
con metanol (40 ml) y luego eluyd el compuesto deseado usando amoniaco 2M
en metanol (50 ml). Las fracciones que contenian producto se reunieron y
concentraron y el residuo se suspendid en agua. La liofilizacidon de esta

solucién proporciond el compuesto del epigrafe (0,492 g, 78%) como un soélido
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amarillo claro. RMN de 'H (DMSO-dg) & 7,50 (s, 5H), 5,13 (s, 1H), 3,09 (s
ancho, 2H), 2,92-2,89 (m, 2H), 1,74 (m, 4H), 1,48 (s ancho, 2H). CL/EM: Anal.
Calculado para Cq3Hi7NO2: 219; encontrado: 220 (M+H)".

Cap-15
o
0 1 0O Me 2 ©\_/?L e 3 ©\/U\
OH — : o’k© —_ ¢ TOH
© N N
Br Br Q Q
A B o <Me © HO™ ~Me

(R)-Cap-15

Etapa 1: 2-Bromo-2-fenilacetato de (S)-1-feniletilo: A una mezcla de
acido o-bromofenilacético (10,75 g, 0,060 mol), (S)-(-)-1-feniletanol (7,94 g,
0,065 mol} y DMAP (0,61 g, 5,0 mmol} en diclorometano seco (100 ml) se
anadio EDCI sdlido (12,46 ¢, 0,065 mol) todo de una vez. La solucién
resultante se agité a temperatura ambiente en Ar durante 18 horas y luego se
diluyd con acetato de etiio, se lavo (H20 x 2, salmuera), se secd (NaSO,), se
filtré y se concentrd dando un aceite amarillo palido. La cromatografia
ultrarrépida (SiOs/ hexano-etilo acetato, 4:1) de este aceite proporcioné el
compuesto del epigrafe (11,64 g, 73%) como un sélido bianco. RMN de 'H (400
MHz, CDCls) 8 7,53-7,17 (m, 10H), 5,95 (q, J = 6,6 Hz, 0,5H), 594 (q, J = 6,6
Hz, 0,5H), 5,41 (s, 0,5H), 5,39 (s, 0,5H), 1,58 (d, J = 6,6 Hz, 1,5H), 1,51 (d, J =
6,6 Hz, 1,5H).

Etapa 2: (R)-2-(4-hidroxi-4-metilpiperidin-1-il}-2-fenilacetato de (S)-1-
feniletlo: A una solucidn de 2-bromo-2-fenilacetato de (S)-1-feniletilo (0,464 g,
1,45 mmol) en THF (8 ml) se anadid trietilamina (0,61 ml, 4,35 mmol), seguido

por yoduro de tetrabutilamonio (0,215 g, 0,68 mmol). La mezcla de reaccién se
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agito a temperatura ambiente durante 5 minutos y luego se afiadidé una solucidn
de 4-metil-4-hidroxipiperidina (0,251 g, 2,18 mmol) en THF (2 ml). La mezcla se
agité durante 1 hora a temperatura ambiente y luego se calenté a 55-60 °C
(temperatura de bafo de aceite) durante 4 horas. La mezcla de reaccién
enfriada se diluyé entonces con acetato de etilo (30 ml), se lavd (HO x2,
salmuera), se secd (MgSQ,), se filtrd y se concentrd. El residuo se purificé por
cromatografia sobre gel de silice (0-60% de etilo acetato-hexano)
proporcionando primero el isdmero (S,R) del compuesto del epigrafe (0,306 g,
60%) como un sélido blanco y luego el correspondiente isémero (S,3)(0,120 g,
23%), también como un sdlido blanco. Isémero (S,R): RMN de 'H (CD0D) &
7,61-7,45 (m, 2H), 7,41-7,25 (m, 8H), 5,85 (g, J = 6,6 Hz, 1H), 4,05 (s, 1H),
2,56-2,45 (m, 2H), 2,41-2,29 (m, 2H), 1,71-1,48 (m, 4H), 1,38 (d, J = 6,6 Hz,
3H), 1,18 (s, 3H). CLEM: Anal. Calculado para CxH27NO3: 353; encontrado:
354 (M+H)*. Isémero (S,S): RMN de 'H (CD3;0D) 6 7,41-7,30 (m, 5H), 7,20-7,14
(m, 3H}, 7,06-7,00 (m, 2H), 5,85 (q, J = 6,6 Hz, 1H), 4,06 (s, 1H), 2,70-2,60 {(m,
1H), 2,51 (dt, J = 6,6, 3,3 Hz, 1H), 2,44-2,31 (m, 2H), 1,75-1,65 (m, 1H), 1,65-
1,54 (m, 3H), 1,50 (d, J = 6,8 Hz, 3H), 1,20 (s, 3H). CLEM: Anal. Calculado para
CzH3z7NO3: 353; encontrado: 354 (M+H)*.

Etapa 3. acido (R)-2-(4-hidroxi-4-metilpiperidin-1-il)-2-fenilacético: A una
solucion de (R)-2-(4-hidroxi-4-metilpiperidin-1-il)-2-fenilacetatc de (S)-1-
feniletilo (0,185 g, 0,52 mmol) en diclorometano (3 ml) se afadié acido
trifluoracético (1l ml) v la mezcla se agitd a temperatura ambiente durante 2
horas. Los volatiles se eliminaron seguidamente a vacio y el residuo se purificd
por HPLC preparativa de fase inversa (Primesphere C-18, 20 x 100mm;

CH3CN-H,O-TFA al 0,1%) dando el compuesto del epigrafe (como sal TFA)

3!
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como un sdélido azulado palido (0,128 g, 98%). CLEM: Anal. Calculado para
C14H1gNO3: 249; encontrado: 250 (M+H)".

Cap-16
0 ’ O Me ' 0o
oH 0 — T OH
A l/\J B
5 (R)-Cap-16

Etapa 1: 2-(2-fluorofenil)acetato de (S)-1-feniletilo: Una mezcla de acido
2-fluorofenilacético (5,45 g, 35,4 mmol), (S)-1-feniletanol (5,62 g, 46,0 mmol),
EDCI (8,82 g, 46,0 mmol) y DMAP (0,561 g, 4,60 mmol) en CH,Cl, (100 ml) se
agité a temperatura ambiente durante 12 horas. El disclvente se concentrd a

10 continuacion y el residuo se repartié con H;O-acetato de etilo. Se separaron las
fases y la fase acuosa se volvié a extraer con acetato de etilo (2x). Las fases
organicas reunidas se lavaron (H.O, salmuera), se secaron (Na,SQ.), se
filtraron y se concentraron a vacio. El residuo se purificé por cromatografia
sobre gel de silice (Biotage/ 0-20% de acetato de etilo-hexano) proporcionando

15 el compuesto del epigrafe como un aceite incoloro (8,38 g, 92%). RMN de 'H
(400 MHz, CD3;0D) 6 7,32 - 7,23 (m, 7H), 7,10-7,04 (m, 2), 5,85 (q, J = 6,5 Hz, -
1H), 3,71 (s, 2H), 1,48 (d, J = 6,5 Hz, 3H).

Etapa 2: 2-(2-Fluorofenil)-2-(piperidin-1-il)acetato de (R)-({S)-1-feniletilo):
A una solucion de 2-(2-fluorofenil)acetato de (S)-1-feniietilo (5,00 g, 19,4 mmol)

20 en THF (1200 ml) a 0°C se afiadid DBU (6,19 g, 40,7 mmol) v la solucion se

dejd calentar hasta temperatura ambiente mientras se agitaba durante 30
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minutos. La solucion se enfrié entonces hasta -78 °C y se afiadioé una solucion
de CBrs (13,5 g, 40,7 mmol) en THF (100 ml) y la mezcla se dejé calentar hasta
-10 °C y se agité a esta temperatura durante 2 horas. La mezcla de reaccidn se
inactivo con NH,Cl acuoso saturado y se separaron las fases. La fase acuosa
se volvid a extraer con acetato de etilo (2x) y las fases organicas reunidas se
lavaron (H20, salmuera), se secaron (Na»S0Q,), se filtraron y se concentraron a
vacio. Al residuo se afadid piperidina (5,73 ml, 58,1 mmol) y ia solucién se
agitd a temperatura ambiente durante 24 horas. Los volatiles se concentraron
entonces a vacio y el residuo se purificd por cromatografia sobre gel de silice
(Biotage/ 0-30% de éter dietilico-hexano) proporcionando una mezcla pura de
diastereoisdmeros (relacién 2:1 por RMN de 'H) como un aceite amarillo (2,07
g, 31%), junto con material de partida sin reaccionar (2,53 g, 51%). Otra
cromatografia de la mezcla diastereomérica (Biotage/ 0-10% éter dietilico-
tolueno) proporcioné el compuesto del epigrafe como un aceite incoloro (0,737
g, 11%). RMN de 'H (400 MHz, CD50D) 5 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 (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). CLEM: Anal. Calculado para C,iH:4FNO;: 341:
encontrado: 342 (M+H)".

Etapa 3: acido (R)-2-(2-fluocrofenil)-2-(piperidin-1-il)acético: Una mezcla
de 2-(2-fluorofenit)-2-(piperidin-1-il}acetato de (R)-({S)-1-feniletilo) (0,737 g,
2,16 mmol) y Pd(OH), al 20%/C (0,070 g) en etanol (30 ml) se sometid a
hidrogenacion a temperatura ambiente y presion atmosférica (globo de Ha)
durante 2 horas. La solucidon se purgd entonces con Ar, se filtrd a través de

tierra de diatomeas (Celite®) y se concentré a vacio. Esto proporcioné el



20

-66-

compuesto del epigrafe como un sélido incoloro (0,503 g, 98%). RMN de 'H
(400 MHz, CD3;0D) 8 7,65 (ddd, J = 9,1, 7,6, 1,5 Hz, 1H), 7,47-7,53 (m, 1H),
7,21-7,30 (m, 2H), 3,07-3,13 (m, 4H), 1,84 (s ancho, 4H), 1,62 (s ancho, 2H).
CLEM: Anal. Calculado para Cy3H1sFNQO,: 237, encontrado: 238 (M+H)".

A l;g B HoggPh

(R}-Cap-17

Etapa 1: (R)-2-(4-hidroxi-4-fenilpiperidin-1-il)-2-fenilacetato de (S)-1-
feniletilo: A una solucion de 2-bromo-2-fenilacetato de (S)-1-feniletiio (1,50 g,
4,70 mmol) en THF (25 ml) se afadio trietilamina (1,31 ml, 9,42 mmol), seguido
por yoduro de tetrabutilamonio (0,347 g, 0,94 mmol). La mezcla de reaccién se
agité a temperatura ambiente durante 5 minutos y luego se afadié una solucion
de 4-fenil-4-hidroxipiperidina (1,00 g, 5,64 mmol) en THF (5 ml). La mezcla se
agitd durante 16 horas y luego se diluyd con acetato de etilo (100 ml), se lavé
(H2O x2, salmuera), se secd (MgSQ,), se filtrd y se concentré. El residuo se
purificé en una columna de gel de silice (acetato de etilo 0-60%-hexano)
proporcionando una mezcla aproximadamente 2:1 de diasterecisémeros, como
se juzg6d por RMN de 'H. La separacion de esos isdbmeros se llevé a cabo
usando cromatografia de fluido supercritico (Chiralcei OJ-H, 30 x 250mm; 20%
etanol en CO; a 35 °C), dando primero el isomero (R} del compuesto del

epigrafe (0,634 g, 27%) como un aceite amarillo y luego el isdbmero (S)

1YYy
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correspondiente (0,271 g, 14%), también como un aceite amarillo. Isdmero
(S,R): RMN de 'H (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, J = 6,6 Hz, 1H), 4,12 (s, 1H), 2,82-2,72 (m, 1H), 2,64
(dt, v = 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 =121, 4,6 Hz, 1H), 2,10 (dt, J = 12,1, 4,6 Hz, 1H), 1,72-1,57 (m,
2H), 1,63 (d, J = 6,5 Hz, 3H). CLEM: Anal. Calculado para Ca7;HzgNO;: 415,
encontrado: 416 (M+H)*; Isdmero (S,S): RMN de 'H (400 MHz, CD50D) 6 7,55-
7,48 (m, 2H), 7,45-7,39 (m, 2H), 7,38-7,30 (m, 5H), 7,25-7,13 (m, 4H), 7,08-
7,00 (m, 2H), 5,88 (q, J = 6,6 Hz, 1H), 4,12 (s, 1H), 2,95-2,85 (m, 1H), 2,68 (dt,
J =111, 2,56 Hz, 1H), 2,57-2,52 (m, 1H), 2,42 (dt, J = 11,1, 2,5 Hz, 1H), 2,25
(dt, =121, 4,6 Hz, 1H), 2,12 (dt, J = 12,1, 4,6 Hz, 1H), 1,73 (dd, J = 13,6, 3,0
Hz, 1H), 1,64 (dd, J = 13,6, 3,0 Hz, 1H), 1,40 (d, J = 6,6 Hz, 3H). CLEM: Anal.
Calculado para Cy7HsNO5: 415; encontrado: 416 (M+H)",

Los ésteres siguientes se prepararon de una forma similar.

Intermedio-17a Diastereémero 1: RMN de
0 o\/Q 'H (500 MHz, DMSO-ds) &

T ppm 1,36 (d, J=6,41 Hz,

3H) 2,23 - 2,51 (m, 4H)

ENJ 3,35 (s, 4H) 4,25 (s, 1H)

0 5056 (s, 2H) 582 (d,

mé J=6,71 Hz, 1H) 7,15 - 7,52
{m, 15H).

CLEM: Analisis calculado

para: CogHigN.Q,4 458,22;

Encontrado: 459 44
(M+H)".

Diastereémero 2: RMN de
H (500 MHz, DMSO-dg) §

SUS
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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).

CLEM: Analisis calculado
para: CpgHigN,O, 458,22:
Encontrado: 459 44
(M+H)",

Intermedio -17b Diastereomerc 1: Ty =

H
[Njﬁo 11,76 min (Condicién 1)
N CLEM: Analisis calculado
0 para; CuoH»:N,0, 338,16
m Encontrado: 339,39
(M+H)*; Diasteredomero 2:

Tr = 10,05 min (Condicién
in; CLEM: Analisis

calculado para:
C20H22N,03 338,16;
Encontrado: 339,39
(M+H)",
Intermedio -17¢ | Diasteredomero 1: Tg =
N 4,55 min (Condicion 1
[Nj CLEM: Andlisis calculado

0 para. 021H25N202 338,20
* Encontrado: 339,45
© (M+H)"; Diastereémero 2:

Tr = 6,00 min (Condicion
1); CLEM: Analisis

calculado para:
021 H25N202 338,20
Encontrado: 339,45

(M+H)".




intermedio -17d Diastereomero 1. Tg =
7,19 min (Condicién I);
CLEM: Analisis calculado
para: C,H2NQO, 399,22
N Encontrado: 400,48
-0 (M+H)": Diastereémero 2:
o Tr = 9,76 min (Condicién
1); CLEM: Analisis
calculado para: Co7HygNO,
399,22

Encontrado: 400,48
(M+H)".

Condiciones de SFC quiral para determinar el tiempo de retencion

Condicién |

Columna: Columna Chiralpak AD-H, 4,62X250 mm, 5um
Disolventes: 90% de CO; - metanol al 10% con DEA al 0,1%
Temp: 35 °C

Presion: 15 MPa

Caudal: 2,0 ml/min.

UV controlado a 220 nm

Inyeccion: 1,0 mg/3 ml de metanol

Condicién Il

Columna: Columna Chiralcel OD-H, 4,62X250 mm, 5um
Disolventes: 90% de CO; - metanol al 10% con DEA al 0,1%
Temp: 35 °C

Presion: 15 MPa

Iy}
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Caudal: 2,0 ml/min.
UV controlado a 220 nm

Inyeccién: 1,0 mg/ml de metanol

Cap-17, Etapa 2: acido (R)-2-(4-hidroxi-4-fenilpiperidin-1-il)-2-
fenilacético. A una solucidn de (R)-2-(4-hidroxi-4-fenilpiperidin-1-il)-2-
fenilacetato de (S)-1-feniletilo (0,350 g, 0,84 mmol) en diclorometano (5 m!) se
anadié acido trifluoracético (1 ml) y la mezcla se agité a temperatura ambiente
durante 2 horas. Los volatiles se eliminaron seguidamente a vacio y el residuo
se purificd por HPLC preparativa de fase inversa (Primesphere C-18, 20 x
100mm; CH3CN-H,O-TFA al 0,1%) dando el compuesto del epigrafe (como sal
TFA) como un sélido blanco (0,230 g, 88%). CLEM: Anal. Calculado para
C1gH21NO3: 311,15; encontrado: 312 (M+H)".

Los siguientes acidos carboxilicos se prepararon en forma dpticamente pura de

una forma similar;

Cap-17a Tr = 2,21 (Condicion 1),

o 0\/© | RMN de 'H (500 MHz,

Y DMSO-dg}) 6 ppm 220 -

[ j 2,35 (m, 2H) 2,34 - 2,47

(m, 2H) 3,37 (s, 4H) 3,71

CH (s, 1H) 5,06 (s, 2H) 7,06 -

o 7,563 (m, 10H). CLEM:

Analisis calculado para:

C2oH2oN,04 354,16;

Encontrado: 355,38
(M+H)".

N
N

343
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Cap-17b H Tr = 0,27 (Condicion HI);
ENTO CLEM: Andlisis calculado
Y para: C12H14N203 234,10,
OH Encontrado: 235,22
" M+H)".
o (M+H)
Cap-17¢ | Tr = 0,48 (Condicion II);
[Nj CLEM: Analisis calculado
N para: C13H13N202 234,14,
OH Encontrado: 235,31
(M+H)".
Cap-17d Tr = 2,21 (Condicidn )

CLEM: Andlisis calculado
para. CigHyiNO, 295 16;
Encontrado: 296,33
(M+H)*,

Condiciones de CLEM para determinar el tiempo de retencién

Condicion |

Columna: Phenomenex-Luna 4,6 X 50 mm S10

% Inicialde B=0
% Final de B = 100

Tiempo de gradiente = 4 min

Caudal = 4 ml/min

Longitud de onda = 220

Disolvente A = metanol al 10% - H,O al 90% - TFA al 0,1%

Disolvente B = metanol al 90% - H,O al 10% - TFA al 0,1%

344
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Condicién Il

Columna: Waters-Sunfire 4,6 X 50 mm S5

% Inicialde B=10

% Final de B = 100

Tiempo de gradiente = 2 min

Caudal = 4 ml/min

Longitud de onda = 220

Disolvente A = metanol al 10% - H,O al 90% - TFA al 0,1%
Disolvente B = metanol al 90% - H,O al 10% - TFA al 0,1%

Condicién |1

Columna: Phenomenex 10u 3,0 X 50 mm

% Inicialde B =0

% Final de B = 100

Tiempo de gradiente = 2 min

Caudal = 4 mi/min

Longitud de onda = 220

Disolvente A = metanol al 10% - H,O al 90% - TFA al 0,1%
Disolvente B = metanol al 90% - H,O al 10% - TFA al 0,1%

Cap-18

T30
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X \N/ \N/
QEt 2 3
l S i N QFEt ' N OH
N._ = 0 N. .= O N. = O

A X=H ::J G cap-18
1
B: X=Br

Etapa 1: 2-(4-piridil)-2-bromoacetato de (R,S)-etilo: A una solucién de 4-
piridilacetato de etilo (1,00 g, 6,05 mmol) en THF seco (150 ml) a 0 °C en argén
se anadié DBU (0,99 mi, 6,66 mmol). La mezcia de reaccién se dejd calentar
hasta temperatura ambiente durante 30 minutos y luego se enfrié hasta -78 °C.
A esta mezcla se afiadié CBr4 (2,21 g, 6,66 mmol) y se continué agitando a -78
°C durante 2 horas. Seguidamente la mezcla de reaccidn se inactivé con NH,CI
acuoso saturado y se separaron las fases. La fase organica se lavo (salmuera),
se secd (Nay;SQy), se filtré y se concentré a vacio. El aceite amarillo resultante
se purificd inmediatamente por cromatografia ultrarrapida (SiOy hexano-
acetato de etilo, 1:1) proporcionando el compuesto del epigrafe (1,40 g, 95%)
como un aceite amariilo algo estable. RMN de 'H (400 MHz, CDCl,) § 8,62 (dd,
J =4,6, 1,8 Hz, 2H), 7,45 (dd, J = 4,6, 1,8 Hz, 2H), 5,24 (s, 1H), 4,21-4,29 (m,
2H), 1,28 (t, J = 7,1 Hz, 3H). CLEM: Anal. Calculado para CgoH1oBrNO,: 242,
244; encontrado: 243, 245 (M+H)".

Etapa 2: 2-(4-piridil)-2-(N,N-dimetilamino)acetato de (R,S)-etilo: A una
solucion de 2-(4-piridil)-2-bromoacetato de (R,S)-etilo (1,40 g, 8,48 mmol) en
DMF (10 ml) a temperatura ambiente se afadio dimetilamina (2M en THF, 8,5
ml, 17,0 mmol). Después de completarse la reaccidn {(que se juzgd por
cromatografia en capa fina) los volatiles se eliminaron a vacio y el residuo se

purificé por cromatografia ultrarrapida (columna Biotage, 40+M SiQs; 50%-

351
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100% de acetato de etilo-hexano) proporcionando el compuesto del epigrafe
(0,539 g, 31%) como un aceite amarillo claro. RMN de 'H (400 MHz, CDCly) §
8,58 (d, J = 6,0 Hz, 2H), 7,36 (d, J = 6,0 Hz, 2H), 4,17 (m, 2H), 3,92 (s, 1H),
2,27 (s, 6H), 1,22 (t, J = 7,0 Hz). CLEM: Anal. Calculado para Cy1HsN2O5: 208;
encontrado: 209 (M+H)".

Etapa 3: acido (R,S)-2-(4-piridil)-2-(N,N-dimetilamino)acético: A una
solucion de 2-(4-piridil)-2-(N,N-dimetilaminojacetato de (R,S)-etilo (0,200 g,
0,960 mmol) en una mezcla de THF~metanoI—H20 (1:1:1, 6 ml) se afadié LIOH
en polvo (0,120 g, 4,99 mmol} a temperatura ambiente. La solucién se agitd
durante 3 horas y luego se acidificé hasta pH 6 usando HCI 1N. La fase acuosa
se lavd con acetato de etilo y luego se liofilizo dando el diclorhidrato del
compuesto del epigrafe como un soélido amarillo (que contenia LiCl). El
producto se usd como tal en las posteriores etapas. RMN de 'H (400 MHz,
DMSO-ds) 8 8,49 (d, J = 5,7 Hz, 2H), 7,34 (d, J = 5,7 Hz, 2H), 3,56 (s, 1H), 2,21
(s, 6H).

Los siguientes ejemplos se prepararon de una forma similar usando el

procedimiento descrito antes:

NMe, CLEM:  Anal. Calculado para
Cap-19 ' =X CO;H CoHiN2O,:  180; encontrado: 181
N (M+H)",

CLEM: sin ionizacion. RMN de ‘H
(400 MHz, CD,0D) & 8,55 {d, J = 4,3
Hz, 1H), 7,84 {t aparente, J = 5,3 Hz,
1H), 7,61 (d, J =7.8 Hz, 1H), 7,37 (t
aparente, J = 5,3 Hz, 1H), 4,35 (s,
1H), 2,60 (s, 6H).

NMEQ
Cap-20 | S CO,H
=N

372
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NMe; CLEM: Anal. Calculado para

Cap-21 /@/LC%H CeHy1aN,0,: 214, 216; encontrado:

o1 N 215, 217 (M+H)".

NMe CLEM:  Anal. Calculado para

Cap-22 /©/L002H CioHizN,O4 224; encontrado: 225
ON (M+H)".

NMEz

COH CLEM: Apal. Calculado  para

Cap-23 O 2 CisHisNO,:  229; encontrado: 230
O (M+H)".

NMe; CLEM:  Anal. Calculado para

Cap-24 F3C COM CuHyF3sNO.: 247: encontrado: 248
(M+H)".

NMe;, CLEM:  Anal. Calculado  para

Cap-25 @(LCOZH C1H1FsNO,: 247; encontrado: 248
CF, (M+H)".

NMe, CLEM: Anal. Calculado  para

Cap-26 @[LC%H CioH12FNO,: 197, encontrado: 198
r {(M+H)",

NMe; CLEM: Anal. Calculado para

Cap-27 F CO,H C1oH1FNOs: 247: encontrado: 248
{(M+H)".

NMe, CLEM:  Anal. Calculado para

Cap-28 c COH C1oH12CINO,: 213; encontrado: 214
(M+H)".

NMe CLEM:  Anal. Calculado para

Cap-29 CioH12CINOQ,: 213; encontrado: 214

(M+H)".

TS
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NMe; CLEM: Anal. Calculado para
Cap-30 /©/LC02H CioH12CINO,: 213; encontrado: 214
ol (M+H)*,
e, CLEM:  Anal. Calculado para
Cap-31 S/*#\COZH CsHizN20,S: 200; encontrado: 201
| - (M+HY"
NMe, CLEM:  Anal Calculado  para
Cap-32 @/LCOZH CsiHi1NO,S: 185; encontrado: 186
\ g (M+H)+
NMe, CLEM; Anal. Calculado  para
Cap-33 ﬁ)\COZH CeHiiNO,S: 185; encontrado: 186
S_. (M+H)".
NMe, CLEM: Anal. Calculado para
Cap-34 I CO,H CyiH12N2O5: 220; encontrado: 221
o-N (M+H)".
NMe; CLEM:  Anal. Calculado para
Cap-35 J CO,H Ci2H13NO,S:  235; encontrado: 236
g (M+H)*,
NMe; CLEM: Anal. Calculado para
Cap-36 _</N:©/L002H CioH1aN;0,S: 250; encontrado: 251
S (M+H)".
Cap-37
N™ ™ N7
- ) l
Ot 1
MesN —_—
2 /\g/ MeN~ N OBt e O
A O .Hco ©
B
cap-37

Etapa 1: 2-(quinolin-3-il}-2-(N,N-dimetilamino)-acetato de (R,S)-etilo: Una

3Ty
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mezcla de N,N-dimetilaminoacetato de etilo (0,462 g, 3,54 mmol), KzsPO,4 (1,80
g, 8,95 mmol), Pd(t-BusP), (0,090 g, 0,176 mmol} y tolueno (10 ml) se
desgasificd con una corriente de burbujas de Ar durante 15 minutos. La mezcla
de reaccién se calentd entonces a 100 °C durante 12 horas, después de lo cual
se enfrio hasta temperatura ambiente y se vertié en H,0. La mezcla se extrajo
con acetato de etilo (2x) y las fases organicas reunidas se lavaron (H)O,
saimuera), se secaron (NaSQO,), se filtraron y se concentraron a vacio. El
residuo se purificé primero por HPLC preparativa de fase inversa (Primesphere
C-18, 30 x 100mm; CH3CN-H,0-5 mM NH;OAc) y luego por cromatografia
ultrarrapida (SiO./ hexano-acetato de etilo, 1:1) proporcionando el compuesto
del epigrafe (0,128 g, 17%) como un aceite naranja. RMN de 'H (400 MHz,
CDCl3) 8 8,90 (d, J = 2,0 Hz, 1H), 8,32 (d, J = 2,0 Hz, 1H), 8,03-8,01 (m, 2H),
7,77 (ddd, J=8.,3, 6,8, 1,5 Hz, 1H), 7,62 (ddd, J = 8,3, 6,8, 1,5 Hz, 1H), 4,35 (s,
1H), 4,13 (m, 2H), 2,22 (s, 6H), 1,15 (t, J = 7,0 Hz, 3H). CLEM: Anal. Calculado
para CisH1sN202: 258; encontrado: 259 (M+H)".

Etapa 2: Acido (R,S) 2-(quinolin-3-il)-2-(N,N-dimetilamino)acético: Se
calenté una mezcla de 2-(quinolin-3-il)-2-(N,N-dimetilaminb)acetato de (R,S)-
etilo (0,122 g, 0,472 mmol) y HCI 6M (3 ml) a 100 °C durante 12 horas. El
disolvente se elimind a vacio proporcionando el diciorhidrato del compuesto del
epigrafe (0,169 g, >100%) como una espuma amarillo claro. El material sin
purificar se usoé en las etapas siguientes sin purificacion adicional. CLEM: Anal.

Calculado para Cq3H13N20,: 230; encontrado: 231 (M+H)".

Cap-38
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O Me
: | | EP 0
© OH
Q 1 F_NJ
OH + 2 FAS
F  NR'R? Q\)OL Me *
0
<0
A i ril /Yj Q:)LOH
B Cap-38

Etapa 1: 2-(dimetilamino)-2-(2-fluorofenil)acetato de (R)-((S)-1-feniletilo)
y 2-(dimetilamino)-2-(2-fluorofenil)acetato de (S)-((S)-1-feniletil}: A una mezcla
de acido (RS)-2-{dimetilamino)-2-(2-flucrofenil)acético (2,60 g, 13,19 mmol),
DMAP (0,209 g, 1,71 mmol} y (S)-1-feniletanol (2,09 g, 17,15 mmol) en CH,Cl,
{40 ml) se ahadid EDCI (3,29 g, 17,15 mmol) y la mezcla se dejé agitando a
temperatura ambiente durante 12 horas. El disolvente se eliminé entonces a
vacio y el residuo se repartié con acetato de etilo-H,O. Se separaron las fases,
la fase acuosa se volvid a extraer con acetato de etilo (2x) y las fases organicas
reunidas se lavaron (H2O, salmuera), se secaron (Na,SOQy), se filtraron y se
concentraron a vacio. El residuo se purificé por cromatografia sobre gel de
silice (Biotage/ 0-50% de éter dietilico-hexano). La mezcla diastereomérica
pura resultante se separé entonces por HPLC preparativa de fase inversa
(Primesphere C-18, 30 x 100mm; CHaCN-H,O-TFA al 0,1%) dando primero (R)-
2-(dimetilamino)-2-(2-fluorofenil)acetato de (S)-1-fenetilo (0,501 g, 13%) y luego
(S)-2-(dimetilamino)-2-(2-fluorofenil)-acetato de (S)-1-fenetilo (0,727 g. 18%),
ambas como sus sales TFA. isomero (S,R): RMN de 'H (400 MHz, CD50D) &
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 (g, J = 6,5 Hz, 1H), 5,60 (s, 1H), 2,84 (s, 6H), 1,43 (d, J
= 6,5 Hz, 3H). CLEM: Anal. Calculado para C4gH20FNQO,: 301; encontrado: 302
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(M+H)f; isémero (S,S): RMN de 'H (400 MHz, CDs;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, J = 6,5 Hz, 1H), 5,60
(s, 1H), 2,88 (s, 6H), 1,54 (d, J = 6,5 Hz, 3H). CLEM: Anal. Calculado para
C1gH20FNO3: 301; encontrado: 302 (M+H)*,

Etapa 2: acido (R)-2-(dimetilamino)-2-(2-fluorofenil)acético. Una mezcla
de 2-(dimetilamino)-2-(2-fluorofenil)acetato de (R)-((S)-1-feniletilo), sal TFA
(1,25 g, 3,01 mmol) y 20% de Pd{OH)./C (0,125 g) en etanol (30 ml) se sometid
a hidrogenacion a temperatura ambiente y presion atmosférica {globo de H»)
durante 4 horas. La solucién se purgd entonces con Ar, se filtrd a través de
tierra de diatomeas (Celite®) y se concentrd a vacio. Esto dio el compuesto del
epigrafe como un sdlido incoloro (0,503 g, 98%). RMN de 'H (400 MHz,
CD;0D) & 7,63-7,63 (m, 2H), 7,33-7,38 (m, 2H), 5,36 (s, 1H), 2,86 (s, 6H).
CLEM: Anal. Calculado para CigH1z2FNO;: 197; encontrado: 198 (M+H)".

El isébmero S se podia obtener a partir de 2-(dimetilamino)-2-(2-

fluorofenil)acetato de (S)-({S)-1-feniletilo), sal TFA de una forma similar.

Cap-39

~,
Cl  NH, Cl N

OH OH
0 o

cap-39
Una mezcla de (R)-(2-clorofenil)glicina (0,300 g, 1,62 mmol),

formaldehido (solucidn acuosa al 35%, 0,80 ml, 3,23 mmol) y 20% de
Pd(OH),/C (0,050 g) se sometié a hidrogenacién a temperatura ambiente y
presion atmosférica (globo de Hy) durante 4 horas. La solucién se purgd

entonces con Ar, se filtré a través de tierra de diatomeas (Celite®) y se
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concentrd a vacio. El residuo se purifico por HPLC preparativa de fase inversa
(Primesphere C-18, 30 x 100mm; CH3CN-H,O-TFA al 0,1%) dando la sal TFA
del compuesto del epigrafe acido (R)-2-(dimetilamino)-2-(2-clorofenil)acético
como un aceite incoloro (0,290 g, 55%). RMN de 'H (400 MHz, CDs0D) & 7,59-
7,65 (m, 2H), 7,45-7,53 (m, 2H), 540 (s, 1H), 2,87 (s, 6H). CLEM: Anal.
Calculado para C1gH12CINQ;: 213; encontrado: 214 (M+H)".

Cap-40
0
Cl  NH, Cl HNJJ\O"'
OH OH
o o]
cap-40

A una solucién enfriada en hielo de (R)-(2-clorofenil)glicina (1,00 g, 5,38
mmoi} y NaOH (0,862 g, 21,6 mmol) en H,0 (5,5 ml) se afadid cloroformiato de
metilo (1,00 ml, 13,5 mmol) gota a gota. La mezcla se dejé agitando a 0 °C
durante 1 hora y luegoe se acidificé mediante la adicién de HC! concentrado (2,5
ml). La mezcla se extrajo con acetato de etilo (2x) y la fase organica reunida se
lavd (H20, salmuera), se secd (NapS0,), se filtrd y se concentrd a vacio dando
el compuesto del epigrafe acido (R)-2-(metoxicarbonilamino)}-2-(2-
clorofenil)acético como una espuma amarillo-naranja (1,31 g, 96%). RMN de 'H
(400 MHz, CD30D) 6 7,39 — 7,43 (m, 2H), 7,29 — 7,31 (m, 2H), 5,69 (s, 1H),
3,65 (s, 3H). CLEM: Anal. Calculado para CqgH1gCINQ4: 243: encontrado: 244
(M+H)".

Cap-41
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cap-41

A una suspension de acido 2-(2-(clorometil)fenil)acético (2,00 g, 10,8
mmol) en THF (20 ml} se afiadié morfolina (1,89 g, 21,7 mmol) y la solucién se
agité a temperatura ambiente durante 3 horas. La mezcla de reaccidn se diluyd
entonces con acetato de etilo y se extrajo con H;O (2x). La fase acuocsa se
liofiliz6 y el residuo se purificd por cromatografia sobre gel de silice (Biotage/ 0-
10% de metanol-CH,Cl;) dando el compuesto del epigrafe acido 2-(2-
(morfolinometil)fenil)acético como un sélido incoloro (2,22 g, 87%). RMN de 'H
(400 MHz, CD3;0D) 8 7,37-7,44 (m, 3H), 7,29-7,33 (m, 1H), 4,24 (s, 2H), 3,83 (s
ancho, 4H), 3,68 (s, 2H), 3,14 (s ancho, 4H). CLEM: Apal. Calculado para
C13H17NO;: 235; encontrado: 236 (M+H)'.

Los siguientes ejemplos se prepararon de igual modo usando el

procedimiento descrito para Cap-41:

NO CLEM: Anal. Calculado

Cap-42 O para CyHigNOy  233;
oK encontrado: 234 (M+H)".
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NO CLEM: Anal. Calculado
Cap-43 o para C13H17N02f 219;
OH encontrado: 220 (M+H)*.
Me
N~Me CLEM: Anal. Calculado
Cap-44 o para CyHisNO;:  193;
OH encontrado: 194 (M+H)".
(\NMe
N\) CLEM: Anal. Calculado
Cap-45 0 para CiyHzpoN,Q,: 248:
OH encontrado: 249 (M+H)".

Cap-45a
¥ "0 v 0
NH, HN.__O
* sal pTsOH _NH
Cap-45a

Se afnadié HMDS (1,85 ml, 8,77 mmol) a una suspension de p-
toluenosulfonato del acido (R)-2-amino-2-fenilacético (2,83 g, 8,77 mmol) en
CHCl; (10 mi) y la mezcla se agitd a temperatura ambiente durante 30
minutos. Se afiadié isocianato de metilo (0,5 g, 8,77 mmol) en una porcién
continuando la agitacion durante 30 minutos. La reaccion se inactivd mediante
adicion de H>O (5 ml) y se filtrd el precipitado resultante, se lavé con H;O y n-

hexanos, y se secé a vacio. Se recuperé acido {R)-2-(3-metilureido)-2-
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fenilacético (1,5 g; 82 %) como un sélido blanco y se usd sin purificacion
adicional. RMN de "H (500 MHz, DMSO-ds) & ppm 2,54 (d, J=4,88 Hz, 3H) 5,17
(d, J=7,93 Hz, 1H) 5,95 (q, J=4,48 Hz, 1H) 6,66 (d, J=7,93 Hz, 1H) 7,26 - 7,38
(m, 5H) 12,67 (s, 1H). CLEM: Anal. Calculado para CigHi:N.O; 208,08
encontrado 209,121 (M+H)"; HPLC Phenomenex C-18 3,0 x 46 mm, 0 a 100%
de B durante 2 minutos, tiempo de mantenimiento 1 minuto, A = 90% de agua,
10% de metanol, 0,1% de TFA, B = 10% de agua, 90% de metanol, 0,1% de
TFA, Tr = 1,38 min, indice de homogeneidad 90 %.

Cap-46
= 0 7 70
NH, HNYO
* sal pTsOH rNH

cap-46

El producto deseado se preparé de acuerdo con el procedimiento
descrito para Cap-45a. RMN de 'H (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, J=7,63 Hz, 1H) 7,26 - 7,38 (m, 5H) 12,68 (s, 1H). CLEM: Anal. Calculado
para Cq11H14N203 222,10 encontrado 223,15 (M+H)*.
HPLC XTERRA C-18 3,0 x 506 mm, 0 a 100% de B durante 2 minutos, tiempo
de mantenimiento 1 minuto, A = 90% de agua, 10% de metanol, 0,2% HiPO4, B
= 10% de agua, 90% de metano!l, 0,2% H3PO4, Tr = 0,87 min, indice de
homogeneidad 90 %.
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Cap-47

oL O . O
HN\(O

NH, HNYO
B Cap-47

Etapa 1: 2-(3,3-dimetilureido)-2-fenilacetato de (R)-terc-butilo: A una
solucién agitada de (R)-terc—butil-2-amino-2-fenilacetato (1,0 g, 4,10 mmol) y
base de Hunig (1,79 ml, 10,25 mmol) en DMF (40 mi) se afadié cloruro de
dimetilcarbamoilo (0,38 ml, 4,18 mmol) gota a gota durante 10 minutos.
Después de agitar a temperatura ambiente durante 3 horas, la reaccién se
concentrd a presién reducida y el residuo resultante se disolvio en acetato de
etilo. La fase organica se lavé con H,O, HCl ac. 1N y salmuera, se secod
(MgS0,), se filtrd y se .concentré a presion reducida. Se obtuvo 2-(3,3-
dimetilureido)-2-fenilacetato de (R)-terc-butilo como un sélido blanco ( 0,86 g;
75%) y se usé sin purificacion posterior. RMN de 'H (500 MHz, DMSO-dg) d
ppm 1,33 (s, 9H) 2,82 (s, 6H) 5,17 (d, J=7,63 Hz, 1H) 6,55 (d, J=7,32 Hz, 1H)
7,24 - 741 (m, 5H). CLEM: Anal. Caiculado para CisHN,Q2 278,16
encontrado 279,23 (M+H)"; HPLC Phenomenex LUNA C-18 4,6 x 50 mm, 0 a
100% de B durante 4 minutos, tiempo de mantenimiento 1 minuto, A = 90% de
agua, 10% de metanol, 0,1% de TFA, B = 10% de agua, 90% de metanol, 0,1%
de TFA, Tg = 2,26 min, indice de homogeneidad 87%.

Etapa 2: acido (R)-2-(3,3-dimetilureido)-2-fenilacético: A una solucidén
agitada de 2-(3,3-dimetilureido)-2-fenilacetato de ((R)-terc-butilo (0,86 g, 3,10
mmol) en CH,Cl, (250 ml) se afadid TFA (15 ml) gota a gota y la solucién
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resultante se agqitd a ta durante 3 horas. El compuesto deseado precipitd
entonces en solucidén con una mezcla de EtOAC:Hexanos (5:20), se separd por
filtracién y se secd a presion reducida. Se aisld acido (R)-2-(3,3-dimetilureido)-
2-fenilacetico como un sdlido blanco (0,59g, 86%) y se usé sin purificacion
posterior. RMN de 'H (500 MHz, DMSO-dg) & ppm 2,82 (s, 6H) 5,22 (d, J=7,32
Hz, 1H) 6,68 (d, J=7,32 Hz, 1H) 7,28 (t, J=7,17 Hz, 1H) 7,33 (t, J=7,32 Hz, 2H)
7,38 - 7,43 (m, 2H) 12,65 (s, 1H). CLEM; Anal. Calculado para Cq1H1sNoQO3:
222,24, encontrado: 223,21 (M+H)". HPLC XTERRA C-18 3,0 x 50 mm, 0 a
100% de B durante 2 minutos, tiempo de mantenimiento 1 minuto, A = 90% de
agua, 10% de metanol, 0,2% H3PQO4, B = 10% de agua, 90% de metanol, 0,2%
H3PO4, Tr = 0,75 min, indice de homogeneidad 93%.

Cap-48

©\/Ogor “_'1_““ ©\5/(fjoT — - ©\./OCO
HNYO
A O,NH G,NH

B Cap-48
Etapa 1: 2-(3-ciclopentilureido)-2-fenilacetato de (R)-terc-butilo: A una
solucion agitada de clorhidrato del &cido (R)-2-amino-2-fenilacético (1,0 g, 4,10
mmol} y base de Hunig (1,0 mi, 6,15 mmol) en DMF (15 ml) se afadié
isocianato de ciclopentile (0,46 mi, 4,70 mmol)} gota a gota y durante 10
minutos. Después de agitar a temperatura ambiente durante 3 horas, la

reaccion se concentré a presion reducida y el residuo resultante se suspendi6
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en acetato de etilo. La fase organica se lavé con H,O y salmuera, se seco
(MgSQy), se filtr6 y se concentré a presidn reducida. Se obtuvo 2-(3-
ciclopentilureido)-2-fenilacetato de (R)-terc-butilo como un aceite opaco (1,32 g;
100 %) y se usé sin purificacion posterior. RMN de 'H (500 MHz, CD:CI-D) &
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). CLEM: Anal. Caiculado para CigH2sN203
318,19 encontrado 319,21 (M+H)*; HPLC XTERRA C-18 3,0 x 50 mm, 0 a
100% de B durante 4 minutos, tiempo de mantenimiento 1 minuto, A = 90% de
agua, 10% de metanol, 0;1% de TFA, B = 10% de agua, 90% de metanol, 0,1%
de TFA, Tr = 2,82 min, indice de homogeneidad 96%.

Etapa 2: Acido (R)-2-(3-ciclopentilureido)-2-fenilacético: A una solucion
agitada de 2-(3-ciclopentilureido)-2-fenilacetato de (R)-terc-butilo (1,31 g, 4,10
mmol) en CH,Cl, (25 ml) se afadié TFA (4 ml) y trietilsilano (1,64 ml; 10,3
mmol) gota a gota, y la solucidn resultante se agité a temperatura ambiente
durante 6 horas. Los componentes volatiles se eliminaron a presion reducida y
el producto bruto se recristalizé en acetato de etilo/fpentanos proporcionando
acido (R)-2-(3-ciclopentilureido)-2-fenilacético como un sélido blanco (0,69 g,
64%). RMN de 'H (500 MHz, DMSO-ds) 8 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 - 3,82 (m, 1H) 5,17 (d,
J=7,93 Hz, 1H) 6,12 (d, J=7,32 Hz, 1H) 6,48 (d, J=7,93 Hz, 1H) 7,24 - 7,40 (m,
SH) 12,73 (s, 1H). CLEM: Anal. Calculado para Ci4H.sN2O3: 262,31;
encontrado: 263,15 (M+H)". HPLC XTERRA C-18 3,0 x 50 mm, 0 a 100% de B
durante 2 minutos, tiempo de mantenimiento 1 minuto, A = 90% de agua, 10%
de metanol, 0,2% H3PO,, B = 10% de agua, 90% de metanol, 0,2% HiPQ4, Tr

= 1,24 min, indice de homogeneidad 100%.
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Cap-49

cap-49

A una solucion agitada de acido 2-(bencilamino)acético (2,0 g, 12,1
mmol} en acido férmico (91 ml) se anadié formaldehido (6,94 m!, 93,2 mmol).
Después de cinco horas a 70 °C, la mezcla de reaccién se concentré a presion
reducida hasta 20 ml y precipitd un solido blanco. Después de filtrar, las aguas
madres se recogieron y se concentrd ademas a presion reducida
proporcionando el producto bruto. La purificacién por HPLC preparativa de fase
inversa (Xterra 30 X 100 mm, deteccidon a 220 nm, Caudal 35 ml/min, 0 a 35%
de B durante 8 min; A = 90% de agua, 10 % de metanol, 0,1% de TFA, B =
10% de agua, 90 % de metanol, 0,1% de TFA) proporcioné el compuesto del
epigrafe acido 2-(bencil(metil)-amino)acético como su sal TFA (723 mg, 33%)
como una cera incolora. RMN de 'H (300 MHz, DMSO-ds) & ppm 2,75 (s, 3H)
4,04 (s, 2H) 4,34 (s, 2H) 7,29 - 7,68 (m, 5H). CLEM: Analisis calculado para:
C1oH13NO2 179,09; Encontrado: 180,20 (M+H)".

Cap-50

HE(OH - . KTOH
| N
o @f\ I

O
Cap-50

A una solucién agitada de acido 3-metil-2-(metilamino)butanoico(0,50 g,
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3,81 mmol} en agua ( 30 mi) se afadidé K,CO3 (2,63 g, 19,1 mmol) y cloruro de
bencilo (1,32 g, 11,4 mmol). La mezcla de reaccion se agitd a temperatura
ambiente durante 18 horas. La mezcla de reaccién se extrajo con acetato de
etilo (30 ml x 2) y la fase acuosa se concentrd a presion reducida
proporcionando el producto bruto que se purificd por HPLC preparativa de fase
inversa (Xterra 30 x 100mm, detecciéon a 220 nm, Caudal 40 ml/min, 20 a 80%
de B durante 6 min; A = 90% de agua, 10 % de metanol, 0,1% de TFA, B =
10% de agua, 90 % de metanol, 0,1% de TFA) proporcionando acido 2-
(bencil(metil)amino)-3-metilbutanoico, sal TFA (126 mg, 19%) como una cera
incolora. RMN de 'H (500 MHz, DMSO-ds) 8 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, 5H).
CLEM: Analisis calculado para: Cq3H19NO; 221,14; Encontrado: 222,28 (M+H)".

Cap-51
o0
Yoo
Se afiadié Na,C0O; (1,83g, 17,2 mmol) a una solucion de NaOH (33 m!
de 1M/H,0, 33 mmol) de L-valina (3,9 g, 33,29 mmol) y la solucién resultante
se enfrid con bano de hielo-agua. Se afadié gota a gota durante 15 minutos
cloroformiato de metilo (2,8 ml, 36,1 mmol), se retiré el bafioc de enfriamiento y
la mezcla de reaccidn se agité a temperatura ambiente durante 3,25 horas. La
mezcla de reaccién se lavo con éter (50 ml, 3x), y la fase acuosa se enfridé con
un bano de hielo-agua y se acidifico con HCI concentrado hasta un pH de 1-2, y

se extrajo con CH3Cl; (50 ml, 3x). La fase organica se secé (MgSQOy) y se
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evapord a vacio proporcionando Cap-51 como un sélido blanco (6 g). RMN de
'H para el rotdmero dominante (DMSO-dg, 5 = 2,5 ppm, 500 MHz): 12,54 (s,
1H), 7,33 (d, J = 8,6, 1H), 3,84 (dd, J = 8,4, 6,0, 1H), 3,54 (s, 3H), 2,03 (m, 1H),
0,87 (m, 6H). EMAR: Anal. Calculado para [M+H]" C;HsNQO4: 176,0923;
encontrado 176,0922.

Cap 51 (ruta alternativa)

p
o’ o)

i L O

\(\{HBU \{\{O-HBU \\/\i"‘

Se anadié DIEA (137,5 ml, 0,766 mol} a una suspension de clorhidrato

de 2-amino-3-metilbutanoato de (S)-terc-butilo (75,0 g, 0,357 mol) en THF (800
ml), y la mezcia se enfrié hasta 0 °C (bafio de hielo/agua). Se afiadi6 gota a
gota durante 45 minutos clorofoermiato de metilo (29,0 ml, 0,375 mol), se retird
el bafo de enfriamiento y la mezcla heterogénea se agitd a temperatura
ambiente durante 3 h. El disolvente se elimin6 a presién reducida y el residuo
se repartid entre EtOAc y agua (1 litro de cada uno). La fase organica se lavo
con H,O (1 1) y salmuera (1 1), se secod (MgSQ.), se filtrd y se concentré a
presion reducida. El material bruto se hizo pasar a través de un lecho corto de
gel de silice (1 kg), eluyendo con hexanos {4 1) y EtOAc:hexanos 15:85 (4 1)
proporcionando 2-(metoxicarbonilamino)-3-metilbutanoato de (S)-terc-butilo
como un aceite transparente (82,0 g, 99% de rendimiento). RMN de "H (500
MHz, DMSO-dg, 6 = 2,5 ppm) 7,34 (d, J=8,6, 1 H), 3,77 (dd, J = 8,6, 6,1, 1 H),
3,563 (s, 3 H), 1,94 -2,05(m, 1 H), 1,39 (s, 9 H), 0,83 - 0,92 (m, 6 H). RMN de
3C (126 MHz, DMSO-ds, 5 = 39,2 ppm) 170,92, 156,84, 80,38, 60,00, 51,34,
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29,76, 27,62, 18,92, 17,95. CL/EM: [M+Na]" 254,17.

Se afadieron &cido trifluoroacético (343 ml, 4,62 mol) y Et;SiH (142 m,
0,887 mol) secuencialmente a una solucién de 2-(metoxicarbonilamino)-3-
metilbutanoato de (S)-terc-butilo (82,0 g, 0,355 mol) en CH.Cl, (675 ml), vy la
mezcla se agité a temperatura ambiente durante 4 h. EI componente volatil se
elimin6 a presion reducida y el aceite resultante se triturd con éter de petroleo
(600 ml) proporcionando un sélido blanco, que se filtré y se lavo con hexanos
(500 ml) y éter de petrdleo (500 ml). La recristalizacién en EtQAc/éter de
petroleo proporciond Cap-51 como cristales a modo de escamas blancos (54,8
g, 88 % de rendimiento). PF = 108,5-109,5 °C. RMN de 'H (500 MHz, DMSO-
ds, 8 =2,56ppm) 12,52 (s, 1H), 7,31 (d, /= 8,6, 1 H), 3,83 (dd, J=8,6, 6,1, 1
H), 3,53 (s, 3 H), 1,94 - 2,07 (m, 1 H), 0,86 (dd, J = 8,9, 7,0, 6 H). RMN de *C
(126 MHz, DMSO-d;, § = 39,2 ppm) 173,30, 156,94, 59,48, 51,37, 29,52, 19,15,
17,98. CL/EM: [M+H]" = 176,11. Analisis calculado para C;H13NO4: C, 47,99; H,
7,48, N, 7,99. Encontrado: C, 48,17; H, 7,55; N, 7,99. Rotacion optica: [a]p = -
4,16 (12,02 mg/ml; MeOH). Pureza 6ptica: >99,5 % ee. Nota: la valoracion de la
pureza Optica se realizé en el derivado éster metilico de Cap-51, que se
prepard segun un protocolo de esterificacion normalizado en TMSCHN,
(benceno/MeOH). Condiciones del analisis de HPLC: columna, ChiralPak AD-H
(4,6 x 250mm, 5um); disolvente, heptano al 95% / IPA al 5% (isocratico);
caudal, 1 ml/min; temperatura, 35 °C; UV controlado a 205 nm.

[Nota: Cap 51 también se podia adquirir de Flamm.]

Cap-52 (Ilgual que Cap-12)

LY
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Cap-52 se sintetizd a partir de L-alanina de acuerdo con el

procedimiento descrito para la sintesis de Cap-51. Con fines caracterizadores,

se purificdé una porciéon del material bruto por una HPLC de fase inversa

(H2O/metanclfTFA) proporcionando Cap-52 como un aceite incoloro viscoso.

RMN de "H (DMSO-ds, 6= 2,5 ppm, 500 MHz): 12,49 (s ancho, 1H), 7,43 (d, J

= 7,3, 0,88H), 7,09 (s ancho aparente, 0,12H), 3,97 (m, 1H), 3,53 (s, 3H), 1,25

(d, J=7.3, 3H).

Cap-53 a -64 se prepararon a partir de materiales partida apropiados de

acuerdo con e! procedimiento descrito para la sintesis de Cap-51, con las

modificaciones indicadas si las hubiera.

Cap

Estructura

Datos

Cap-53a: (R)
Cap-53b: (S)

RMN de 'H (DMSO-dg, 3 = 2,5 ppm, 500
MHz): 6 12,51 (s ancho, 1H), 74 (d, J = 7.9,
0,9H), 7,06 (s ap., 0,1H), 3,86-3,82 (m, 1H),
3,63 (s, 3H), 1,75-1,67 (m, 1H), 1,62-1,54
(m, 1H), 0,88 (d, J = 7,3, 3H). Tr = 0,77
minutos {Cond. ll); CLUEM: Anal. Calculado
para [M+Na]’ CgH;;NNaO, 184,06;
encontrado 184,07. EMAR Calculado para
[M+Na)" CsH{NNaQ,: 184,0586; encontrado
184,0592.

Cap-54a: (R)
Cap-54b; (S)

RMN de 'H (DMSO-ds, 5 = 2,5 ppm, 500
MHz): § 12,48 (s, 1H), 7,58 (d, J = 7.6,
0,9H), 7,25 (s ap., 0,1H), 3,52 (s, 3H), 3,36-
3,33 (m, 1H), 1,10-1,01 (m, 1H), 0,54-0,49
(m, 1H), 0,46-0,40 (m, 1H), 0,39-0,35 (m,

J€4
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1H), 0,31-0,21 (m, 1H). EMAR Calculado
para  [M+H]"  C;H;;NOy 174,0766;
encontrado 174,0771

Cap-55

RMN de 'H (DMSO-ds, 8 = 2,5 ppm, 500
MHz): § 12,62 (s, 1H), 7.42 (d, J = 82,
0,9H), 7,07 (s ap., 0,1H), 5,80-5,72 (m, 1H),
510 (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

RMN de 'H (DMSO-ds, & = 2,5 ppm, 500
MHz): & 12,75 (s, 1H), 7,38 (d, J = 8,3,
0,9H), 6,96 (s ap., 0,1H), 4,20-4,16 (m, 1H),
3,60-3,55 (m, 2H), 3,54 (s, 3H), 3,24 (s, 3H).

Cap-57

RMN de 'H {DMSO-ds;, 6 = 2,5 ppm, 500
MHz): & 12,50 (s, 1H), 8,02 d, J = 7,7,
0,08H), 740 (d, J =79, 0,76H), 7,19 (d, J =
8,2, 0,07H), 7,07 (d, J = 6,7, 0,09H), 4,21-
4,12 (m, 0,08H), 4,06-3,97 {m, 0,07H), 3,96-
3,80 (m, 0,85H), 3,53 (s, 3H), 1,69-1,51 (m,
2H), 1,39-1,26 (m, 2H), 0,85 (t, J = 7,4, 3H).
CL (Cond. 1}; Tp = 1,39 CL/EM: Anal
Calculado para [M+H]" C;H,NO, : 176,09;
encontrado 176,06.

Cap-58

RMN de 'H (DMSO-ds, § = 2,5 ppm, 500
MHz). 8 12,63 (s ancho, 1H), 7,35 (s,1H),
7,31 (d, J=8.2, 1H), 6,92 (s, 1H), 4,33-4,29
{m, 1H), 3,54 (s, 3H), 2,54(dd, J = 15,5, 54,
1H), 2,43 (dd, J = 15,6, 8,0, 1H). Tr = 0,16
min (Cond. Il}; CL/EM: Anal. Calculado para
[M+H]" CsHiN,Os : 191,07, encontrado
191,14,

Cap-59a: (R)
Cap-58b: (S)

RMN de 'H (DMSO-ds, § = 2,5 ppm, 400
MHz): & 12,49 (s ancho, 1H), 7,40 (d, J =
7,3, 0,88H), 7,04 (s ancho, 0,11H), 4,00-3,95
(m, 3H), 1,24 (d, J =73, 3H), 1,15 (t, J =
7.2, 3H). EMAR: Anal. Calculado para
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[M+H]" CgH{:NO4. 162,0766; encontrado
162,0771.

Cap-60

El material bruto se purificé con una HPLC
de fase inversa {(H,O/MeOH/TFA)
proporcionando un aceite viscoso “incoloro
gque cristalizd en un sélido blanco al
exponerse a alto vacio. RMN de 'H (DMSO-
ds, 3 = 2,5 ppm, 400 MHz): & 12,38 (s ancho,
1H), 7,74 (s, 0,82H), 7,48 (s, 0,18H),
3,54/3,51 (dos s, 3H), 1,30 (m, 2H), 0,98 (m,
2H). EMAR: Anal. Calculado para [M+H]
CeH1oNO4: 160,0610; encontrado 160,0604.

Cap-61

RMN de 'H (DMSO-d;, 8 = 2,5 ppm, 400
MHz)}: & 12,27 (s ancho, 1H), 7,40 (s ancho,
1H), 3,50 (s, 3H), 1,32 (s, 6H). EMAR: Anal.
Calculado para [M+H]" CgH12NQ4: 162,0766;
encontrado 162,0765.

Cap-62

RMN de 'H (DMSO-d;, § = 2,5 ppm, 400
MHz): & 12,74 (s ancho, 1H), 4,21 (d, J =
10,3, 0,6H), 4,05 (d, J = 10,0, 0,4H),
3,62/3,60 (dos singletes, 3H), 3,0 (s, 3H),
2,14-2,05 (m, 1H), 0,95 (d, J = 6,3, 3H), 0,81
(d, J = 6,6, 3H). CL/EM: Anal. Calculado
para [M-H]" CgH.4NQO,: 188,09; encontrado
188,05.

Cap-63

\

O
o~
: =X

O
u

[Nota: se dejo proceder la reaccién durante
mas tiempo que el indicade para el
procedimiento general.] RMN de 'H (DMSO-
ds, & = 2,5 ppm, 400 MHz): 12,21 (s ancho,
1H), 7,42 (s ancho, 1H}, 3,50 (s, 3H), 2,02-
1,85 {m, 4H), 1,66-1,58 (m, 4H). CL/EM:
Anal, Calculado para [M+H]' CgHNOy:
188,09; encontrado 188,19.

Cap-64

[Nota: se dejé proceder la reaccién durante
mas tiempo que el indicado para el
procedimiento general.} RMN de 'H (DMSO-

By
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ds, & = 2,5 ppm, 400 MHz): 12,35 (s ancho,
1H), 7,77 (s, 0,82H), 7,56/7,52 (s ancho
solapante, 0,18H), 3,50 (s, 3H), 2,47-2,40
(m, 2H}, 2,14-2,07 (m, 2H), 1,93-1,82 (m,
2H).

Cap-65

AN o

Se anadi6é cloroformiato de metilo (0,65 ml, 8,39 mmol) gota a gota
durante 5 minutos a una mezcla enfriada (hielo-agua) de'NaZCO3 (0,449 g, 4,23
mmol), NaOH (8,2 ml de 1M/H;O, 8,2 mmol) y acido (S)-2-amino-3-hidroxi-3-
metilbutanoico (1,04 g, 7,81 mmol). La mezcla de reaccién se agitd durante 45
min, ¥ luego se retird el bafio de enfriamiento y ;e continud agitando durante
otras 3,75 hr. La mezcla de reaccidn se tavé con CH,Cl,, y la fase acuosa se
enfrid con bafio de hielo-agua y se acidificdé con HCI concentrado hasta una
region de pH de 1-2. El componente volatil se elimind a vacio y el residuo se
suspendio en una mezcla 2:1 de MeOH/CH,Clo (15 ml) y se filtrd, y el filtrado se
sometié a evaporacion rotativa proporcionando Cap-65 como una espuma
semiviscosa blanca (1,236 g). RMN de 'H (DMSO-dg, 6 = 2,5 ppm, 400 MHz): &
6,94 (d, J = 8,5, 0,9 H), 6,53 (s ancho, 0,1H), 3,89 (d, J = 8,8, 1H), 2,94 (s, 3H),
1,15 (s, 3H), 1,13 (s, 3H).

Cap-66 y -67 se prepararon a partir de materiales de partida disponibles
comercialmente empleando el procedimiento descrito para la sintesis de Cap-

65.
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RMN de 'H (DMSO-dg, § = 2,5 ppm, 400 MHz): & 12,58 (s ancho, 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). [Nota: solo se indican las

sefnales dominantes de NH]

RMN de 'H (DMSO-dg, § = 2,5 ppm, 400 MHz): 12,51 (s ancho, 1H),
7,25 (d, J = 8,4, 0,75H), 7,12 (d ancho, J = 0,4, 0,05H), 6,86 (s ancho, 0,08H),
3,95-3,85 (m, 2H), 3,54 (s, 3H), 1,08 (d, J = 6,3, 3H). [Nota: sclo se indican las
sefales dominantes de NH]

Cap-68

T 0

o =0
Y
O.

Bn
Se afiadid cloroformiato de metilo (0,38 ml, 4,9 mmol) gota a gota a una
mezcla de NaOH 1N (ac) (9,0 ml, 9,0 mmol), NaHCO3 1M (ac) (9,0 ml, 9,0 mol),
éster B-bencilico del acido L-aspartico (1,0 g, 4,5 mmol) y dioxano (9 ml). La

mezcla de reaccion se agité en condiciones ambientales durante 3 hr, y luego
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se lavo con acetato de etilo (50 mi, 3x). La fase acuosa se acidificé con HCI
12N hasta un pH ~ 1-2, y se extrajo con acetato de etilo (3 x 50 ml). Las fases
organicas reunidas se lavaron con salmuera, se secaron (Na;SQy,), se filtraron
y se concentraron a vacio proporcionando Cap-68 como un aceite amarillo
claro (1,37g; la masa es superior al rendimiento tedrico, y el producto se usé
sin purificacion adicional). RMN de H (DMSO-ds, 8 = 2,5 ppm, 500 MHz): &
12,88 (s ancho, 1H), 7,55 (d, J = 8,5, 1H), 7,40-7,32 (m, 5H), 5,13 (d, J = 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,
5,6, 1H), 2,71 (dd, J =16,2, 8,3, 1H). CL (Cond. ll): Tr = 1,90 min; CL/EM:
Analisis calculado para [M+H]" C43HgNQs: 282,10; encontrado 282,12.

Cap-69a y -69b

™ 9 Cap-69a: enantiémero (R)

\/N\‘)J\OH Cap-89b: enantibmero (S)

Se afiadi® NaCNBHs (2,416 g, 36,5 mmol) en lotes a una solucion
acuosa enfriada (~15 °C) (17 ml}/MeOH (10 ml) de alanina (1,338 g, 15,0
mmol). Unos pocos minutos después se ainadio gota a gota durante 4 minutos
acetaldehido (4,0 ml, 71,3 mmol), se retir6 entonces el bafio de enfriamiento y
la mezcla de reaccidén se agité en condiciones ambientales durante 6 hr. Se
anadié mas acetaldehido (4,0 m!) y la reaccién se agitd durante 2 hr. Se anadi6
HCI concentrado lentamente a la mezcla de reaccidon hasta que el pH alcanzé ~
1,5, y la mezcla resultante se calenté durante 1 hora a 40°C. La mayoria del
componente volatil se eliminé a vacio y el residuo se purificd con uné resina de
intercambio i6nico Dowex ® 50WX8-100 (la columna se lavé con agua y el

compuesto se eluyd con NH,OH diluido, preparado mezclando 18 ml de

314
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NHsOH y 282 ml de agua) proporcionando Cap-69 (2,0 g) como un sélido

higroscépico blando blanquecino. RMN de 'H (DMSO-ds, & = 2,5 ppm, 400
MHz): § 3,44 (q, J =7,1, 1H), 2,99-2,90 (m, 2H), 2,89-2,80 (m, 2H), 1,23 (d, J =

7,1, 3H), 1,13 (1, J = 7,3, 6H).

Cap-70 a -74x se prepararon de acuerdo con el procedimiento descrito

para la sintesis de Cap-69 empleando materiales de partida apropiados.

Cap-70a: (R}
Cap-70b: (S)

RMN de 'H (DMSO-ds, & = 2,5 ppm, 400
MHz). 6 3,42 (q, J = 7,1, 1H), 2,68-2,60 (m,
4H), 1,53-1,44 (m, 4H), 1,19 (d, J = 7,3, 3H),
0,85 (t, J =7,5, 6H). CL/EM: Anal. Calculado
para [M+H]" CqHxoNO,: 174,15; encontrado
174,13,

Cap-71a: (R)
Cap-71b: (S)

RMN de 'H (DMSO-ds, 8 = 2,5 ppm, 500
MHz): & 3,18-3,14 (m, 1H), 2,84-2,77 (m,
2H), 2,76-2,68 {m, 2H), 1,69-1,54 {(m, 2H),
1,056 (t, J =72, 6H), 091 (t, J = 7,3, 3H).
CL/EM: Anal. Calculado para [M+H]
CgH1sNQO,: 160,13; encontrado 160,06.

Cap-72

RMN de 'H (DMSQO-ds, & = 2,5 ppm, 400
MHz): & 2,77-266 (m, 3H), 2,39-2,31 (m,
2H), 1,94-1,85 (m, 1H), 0,98 ({t, / = 7,1, 6H),
0,81 (d, J =65, 3H), 0,85 (d, J = 6,5, 3H).
CL/EM: Anal. Calculado para [M+H]
CoH2NO,: 174,15; encontrado 174,15.

Cap-73

RMN de 'H (DMSO-dg, § = 2,5 ppm, 500
MHz): 8 9,5 (s ancho, 1H), 3,77 (dd, J =
10,8, 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).
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Cap-74 RMN de 'H (DMSO-ds, 8 = 2,5 ppm, 500
MHz): § 7,54 (s, 1H), 6,89 (s, 1H), 3,81 (t, J
™ 9 = 6,6, k,1H), 2,82-2,71 (m, 4H), 2,63 (dd, J =
NANCAon 15,6, 7,0, 1H), 2,36 (dd, J = 15,4, 6,3, 1H),
0] 1,09 (t, J = 7.2, 6H). Tgx = 0,125 minutos
NH, (Cond. Il); CL/EM: Anal. Calculado para
[M+H]" CgH7N.Os; : 189,12; encontrado

189,13.

Cap-74x \\ 0

NN oH CL/EM: Anal. Calculado para [M+H]

CioH2:NOs5 : 188,17 encontrado 188,21

Cap-75

\:\\l\ﬁLO,Bn

Cap-75, etapa a

0

OH

Se anadié NaBH3;CN (1,6 g, 25,5 mmol) a una solucién enfriada (bafo

de hielo/agua) en agua (25 ml)/metanol (15 ml) de H-D-Ser-OBzl HCI (2,0 g, 8,6

mmol). Se afnadié acetaldehido (1,5 ml, 12,5 mmol) gota a gota durante 5 min,

se retird el bafio de enfriamiento, y la mezcla de reaccién se agité en

condiciones ambientales durante 2 hr. La reaccion se inactivd cuidadosamente

con HCI 12N y se concentrd a vacio. El residuo se disolvid en agua y se purificd

con una HPLC de fase inversa (MeOH/H,O/TFA) proporcionando la sal TFA de

35
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2-(dietilamino)-3-hidroxipropanoato de (R)-bencilo como un aceite incoloro
viscoso (1,9 g). RMN de "H (DMSO-dg, § = 2,5 ppm, 500 MHz): & 9,73 (s ancho,
1H), 7,52-7,36 (m, §H), 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 = 7,2, 6H). CL/EM
(Cond. 1) Tg = 1,38 min; CL/EM: Anal. Calculado para [M+H]" Cy4H2NO;:
252,16; encontrado 252,19.

Cap-75
Se afiadid NaH (0,0727 g, 1,82 mmol, 60%) a una solucién enfriada

(hielo-agua) en THF (3,0 ml) de Ila sal TFA de 2-(dietilamino)-3-

hidroxipropanoato de (R)-bencilo {0,3018 g, 0,8264 mmol) preparada antes, y la

mezcla se agité durante 15 min. Se anadid yoduro de metilo (56 pl, 0,90 mmol)
y se continud agitando durante 18 hr dejando que el bafo se descongelara
hasta condiciones ambiente. La reaccién se inactivé con agua y se cargé en un
cartucho MCX preacondicionado con MeOH (6 g) y se lavé con metanol
seguido por elucidn del compuesto con NH3z 2N/Metanol. La eliminacion del
componente volatil a vacio proporcioné Cap-75, contaminado con acido (R)-2-
(dietilamino)-3-hidroxipropanoico, como un semisdlido amarillo (100 mg). El

producto se us6 como tal sin purificacién adicional.

Cap-76

H
/O\H,N,,, o
0

®

3
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Se anadié NaCNBHsz (1,60 g, 24,2 mmol) en cargas a una solucidén
enfriada (~15 °C) en agua/MeOH (12 ml cada uno)} de acido (S)-4-amino-2-
(terc-butoxicarbonilamino) butanoico (2,17 ¢, 9,94 mmol). Unos pocos minutos
después se anadid acetaldehido (2,7 mi, 48,1 mmol) gota a gota durante 2 min,
se retirdo el bafo de enfriamiento y la mezcla de reaccion se agitd en
condiciones ambientales durante 3,5 hr. Se afadié mas acetaldehido (2,7 ml,
48,1 mmol) y la reaccidn se agitd durante 20,5 hr. Se elimind a vacio la mayoria
del componente MeOH, y la mezcla restante se tratd con HCI concentrado
hasta que su pH llegé a ~ 1,0 y luego se calentd durante 2 horas a 40 *C. El
componente volatil se elimind a vacio, y el residuo se tratd con HCI 4
M/dioxano (20 ml) y se agitd en condiciones ambientales durante 7,5 hr. El
componente volatil se elimind a vacio y el residuo se purificé con resina de
intercambio ibnico Dowex ® 50WX8-100 (la columna se lavd con agua y el
compuesto se eluyd con NH4OH diluido, preparado a partir de 18 m! de NH,;OH
y 282 ml de agua) proporcionande el intermedio acido (8)-2-amino-4-
(dietilamino)butanoico como un sélido blanguecino (1,73 g).

Se afiadid cloroformiato de metilo (0,36 ml, 4,65 mmol) gota a gota
durante 11 min a una mezcla enfriada (hielo-agua) de Na,CO; (0,243 g, 2,29
mmol), NaOH (4,6 ml de 1M/H,0, 4,6 mmol) y el producto anterior (802,4 mg).
La mezcla de reaccién se agité durante 55 min, y luego se retird el bafio de
enfriamiento y se continud agitando durante otras 5,25 hr. La mezcla de
reaccion se diluyé con un volumen igual de agua y se lavé con CH,Cl, (30 ml,
2x), y la fase acuosa se enfrido con bafo de hielo-agua y se acidificé con HCI
concentrado hasta un pH en torno a 2. El componente volatil se eliminé a vacio

y el material bruto se desbasifico con resina MCX (6,0g; la columna se lavé con

33y



20

-101-

agua, y la muestra se eluyé con NH; 2,0 M/MeOH) proporcionando Cap-76
impuro como un sélido blanquecino (704 mg). RMN de 'H (MeOH-d,, & = 3,29
ppm, 400 MHz): 6 3,99 (dd, J = 7,5, 4,7, 1H), 3,62 (s, 3H), 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). CL/EM: Anal.
Calculado para [M+H]" C1gH2:1N204: 233,15; encontrado 233,24,

Cap-77ay-77b

O
A,

N Cap-77a: enantibmero 1

;b Cap-77b: enantidmero 2
La sintesis de Cap-77 se llevé a cabo de acuerdo con el procedimiento
descrito para Cap-7 usando 7-azabiciclo[2.2.1]heptano para la etapa de
desplazamiento SN, y efectuando la separacion enantiomérica dei intermedio
2-(7-azabiciclo[2.2.1]heptan-7-il)-2-fenilacetato de bencilo usando las siguientes
condiciones: el intermedio (303,7 mg) se disolvid en etanol, y la solucion
resultante se inyecté en una columna HPLC quiral (columna Chiracel AD-H, 30
x 250 mm, & um) eluyendo con 90% de CO5-10% de EtOH a 70 ml/min, y una
temperatura de 35 °C proporcionando 124,5 mg de enantiémero-1y 133,8 mg
de enantibmero-2. Estos ésteres bencilicos se sometieron a hidrogenacion de
acuerdo con la preparacidn de Cap-7 proporcionando Cap-77: RMN de 'H
(DMSO-dg, & = 2,5 ppm, 400 MHz): § 7,55 (m, 2H), 7,38-7,30 (m, 3H), 4,16 (s,
1H), 3,54 (s ancho aparente, 2H), 2,08-1,88 (m, 4 H), 1,57-1,46 (m, 4H). CL
(Cond. 1): Tr = 0,67 min; CI/EM: Anal. Calculado para [M+H]" C14HsNO3:
232,13; encontrado 232,18. EMAR: Anal. Calculado para [M+H]" C14H1sNO2:

397
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232,1338; encontrado 232,1340.

Se anadié NaCNBH3 (0,5828 g, 9,27 mmol) a una mezcla de la sal HCI
de acido (R)-2-(etilamino)-2-fenilacético (un intermedio en la sintesis de Cap-3;
0.,9923 mg, 4,60 mmol) y (1-etoxiciclopropoxijtrimetilsilano (1,640 g, 9,40 mmol)
en MeOH (10 ml), y se calent6 la mezcla semiheterogénea a 50 °C con un bafio
de aceite durante 20 hr. Se anadieron mas (1-etoxiciclopropoxijtrimetilsilano
(150 mg, 0,86 mmol) y NaCNBH3; (52 mg, 0,827 mmol) y la mezcla de reaccion
se calentd otras 3,5 hr. Se dejé enfriar hasta temperatura ambiente y se
acidificé ~ pH entorno a 2 con HCI concentrado, y la mezcla se filtrd y el filtrado
se evapord en un rotavapor. El material bruto resuitante se suspendié en i-
PrOH (6 ml) y se calentd para efectuar la disolucién y la parte no disuelta se
separ6 por filtracién y el fitrado se concentrd a vacio. Se purificd
aproximadamente 1/3 del material bruto resultante con una HPLC de fase
inversa (H:O/MeOH/TFA) proporcionando la sal TFA de Cap-78 como un aceite
incoloro viscoso (353 mg). RMN de 'H (DMSO-dg, § = 2,5 ppm, 400 MHz;
después de intercambio de D,0): & 7,56-7,49 (m, 5H), 5,35 (S, 1H), 3,35 (m,
1H}, 3,06 (s ancho aparente, 1H), 2,66 (m, 1H), 1,26 (t, J = 7,3, 3H), 0,92 (m,
1H), 0,83-0,44 (m, 3H). CL (Cond. !): Tr = 0,64 min; CL/EM: Anal. Calculado
para [M+H]" Cy3H1gNO;: 220,13; encontrado 220,21. EMAR: Anal. Calculado
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para [M+H]* C1aHsNO,: 220,1338; encontrado 220,1343.

Cap-79
q 0
O N.’,_

N
)

Se burbujed ozono a través de una solucion enfriada (-78 °C) en CH.Cl;
(5,0 ml) de Cap-55 (369 mg, 2,13 mmol) durante aproximadamente 50 min
hasta que la mezcla de reaccién alcanzé un tinte de color azul. Se afiadid Me,S
(10 gotas de pipeta) y la mezcla de reaccién se agitd durante 35 min. Se
reemplazd el bano de -78 "C con un bafio a -10 'C y se continud agitando
durante otros 30 min, y luego se eliminéd el componente volati a vacio
proporcionando un aceite viscoso incoloro.

Se afnadié NaBH;CN (149 mg, 2,25 mmol) a una solucién en MeOH (5,0
ml) del material bruto anterior y morfolina (500 pl, 5,72 mmol) y la mezcla se
agitd en condiciones ambientales durante 4 hr. Se enfrié hasta temperatura de
hielo-agua y se traté con HCI concentrado para llevar el pH a ~2,0, v luego se
agitd durante 2,5 hr. El componente volatil se eliminé a vacio, y el residuo se
purificd con una combinacién de resina MCX (lavado con MeOH; elucion con
NH; 2,0 N/MeOH) y una HPLC de fase inversa (H.O/MeOH/TFA)
proporcionando Cap-79 que contenia una cantidad desconocida de morfolina.

Con el fin de consumir ia morfolina contaminante, se disolvio el material
anterior en CH,Cl; (1,5 ml) y se tratdé con EtzN (0,27 ml, 1,894 mmol) seguido por

anhidrido acetico (0,10 ml, 1,06 mmol) y se agité en condiciones ambientales
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durante 18 hr. Se anadieron THF (1,0 ml} y H2O (0,5 ml) y se continué agitando
durante 1,5 hr. El componente volatil se elimind a vacio, y el residuo‘resultante
se hizo pasar a traves de resina MCX (lavado con MeOH; elucién con NH3 2,0
N/MeOH) proporcionando Cap-79 impuro como un aceite viscoso marrén, que

se uso para la etapa siguiente sin purificacion adicional.

Cap-80a y -80b

H 0O
/O\n/ Nfr, OH
G Cap-80a: diastereémero 5/5
Cap-80b: diastereémero /R

e
O-g;
\

Se anadié SOCI; (6,60 ml, 90,5 mmol) gota a gota durante 15 min a una
mezcla enfriada (hielo-agua) de acido (S)-3-amino-4-(benciloxi)-4-oxobutanoico
(10,049, 44,98 mmol) y MeOH (300 ml), se retird el bafio de enfriamiento y la
mezcla de reacciéon se agitd en condiciones ambientales durante 29 hr. Se
elimind la mayor parte del componente volatil a vacio y el residuo se repartio
cuidadosamente entre EtOAc (150 ml) y solucidon saturada de NaHCOs. La fase
acuosa se extrajo con EtOAc (150 mi, 2x), y la fase organica reunida se seco
(MgSQy), se filtrdb y se concentrdé a vacio proporcionando 4-metil-2-
aminosuccinato de (S)-1-bencilo como un aceite incoloro (9,706g). RMN de 'H
(DMSO-ds, 8 = 2,5 ppm, 400 MHz): & 7,40-7,32 (m, 5H), 5,11 (s, 2H), 3,72 (t
aparente, 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). CL (Cond. 1): Tr = 0,90 min, CL/EM: Anal.
Calculado para [M+H]" C12H16NQO4: 238,11; encontrado 238,22.

Se afiadid Pb(NOs); (6,06 g, 18,3 mmol) durante 1 minuto a una solucion
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en CH2Cl; (80 ml) de 4-metil-2-aminosuccinato de (S)-1-bencilo (4,50 g, 19,0
mmol), 9-bromo-9-fenil-9H-fluoreno (6,44 g, 20,0 mmol) y EtaN (3,0 ml, 21,5
mmol) y la mezcla heterogénea se agitd en condiciones ambientales durante 48
hr. La mezcla se filtrd y el filtrado se traté con MgSQO, y se filtrd de nuevo vy el
filtrado final se concentré. El material bruto resultante se sometié a una
purificacion en Biotage (350 g gel de silice, elucién con CH,Cl,) proporcionando
4-metil 2-(9-fenil-9H-fluoren-9-ilamino)succinato de (S)-1-bencilo como aceite
incoloro muy viscoso (7,93 g). RMN de '"H (DMSO-dg, 6 = 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, 1H), 2,50-2,41 ({m, 2H, parcialmente
solapado con disolvente). CL (Cond. 1): Tr = 2,16 min; CL/EM: Anal. Calculado
para [M+H]" C31H2sNO,: 478,20; encontrado 478,19.

Se afadié LIHMDS (9,2 ml de 1,0 M/THF, 9,2 mmol) gota a gota durante
10 min a una solucién enfriada (-78 "C) THF (50 ml) de 4-metil 2-(9-fenil-9H-
fluoren-9-ilamino)succinato de (S)-1-bencilo (3,907 g, 8,18 mmol) y se agitd
durante ~1 hr. Se afnadié Mel (0,57 ml, 9,2 mmol) gota a gota durante 8 min a la
mezcla y se continué agitando durante 16,5 hr dejando que el bafo de
enfriamiento se descongelara hasta temperatura ambiente. Después de
inactivar con solucién saturada de NH4CI (5 ml), se elimind a vacio la mayor
parte del componente organico y el residuo se repartio entre CH,Cl (100 ml) y
agua (40 ml). La fase organica se secod (MgSOy), se filtré y se concentro a
vacio, y el material bruto resultante se purificé con un Biotage (350 g gel de
silice; 25% de EtOAc/hexanos) proporcionando 3,65 g de una mezcla de
diastereoisémeros 2S/3S y 2S/3R de 4-metil 3-metil-2-(9-fenil-9H-fluoren-9-

ilamino)succinato de 1-bencilo en una relacion ~1,0:0,65 (RMN de 'H). La
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estereoquimica del isbmero dominante no se determind en este paso y la
mezcla se sometié a la etapa siguiente sin separacién. Datos parciales de RMN
de 'H (DMSO-ds, & = 2,5 ppm, 400 MHz): Diastereémero mayoritario, & 4,39 (d,
J =123, 1H de CHy), 3,33 (s, 3H, solapado con sedal de H,0), 3,50 (d, J =
10,9, NH), 1,13 (d, J = 7,1, 3H); Diasteredmero minoritario, & 4,27 (d, J =12,3,
1H de CH,), 3,76 (d, J = 10,9, NH), 3,64 (s, 3H), 0,77 (d, J = 7,0, 3H). CL
(Cond. I): Tr = 2,19 min; CL/EM: Anal. Calculado para [M+H]" C3:HaoNO,:
492,22; encontrado 492,15.

Se anadié hidruro de diisobutilaluminio (20,57 ml de 1,0 M en hexanos,
20,57 mmol) gota a gota durante 10 min a una solucion enfriada (-78 °C) en
THF (120 ml) de 4-metil-3-metil-2-(9-fenil-OH-fluoren-9-ilamino)succinato de
(25)-1-bencilo (3,37 g, 6,86 mmol) preparado antes y se agit6é a -78 °C durante
20 hr. La mezcla de reaccidon se separd del bafio de enfriamiento y se vertid
rapidamente en HiPO4 ~1M/H20 (250 ml) con agitacidn y la mezcla se extrajo
con eter (100 ml, 2x). La fase organica reunida se lavd con salmuera, se seco
(MgSQ,), se filtré y se concentrd a vacio. Se preparé una malla de gel de silice
del matenal bruto y se sometid a cromatografia (25% de EtOAc’hexanos;
elucién por gravedad) proporcionando 1,1 g de 4-hidroxi-3-metil-2-(9-fenil-9H-
fluoren-9-lamino)butancate de (25,3S)-bencilo, contaminado con alcohol
bencilico, como un aceite incoloro viscoso y 4-hidroxi-3-metil-2-(9-fenil-9H-
fluoren-9-ilamino)butanoato de (25,3R)-bencilo que contenia el estereoisémero
(25,3R) como una impureza. La muestra anterior se volvid a someter a las
mismas condiciones de purificacibn de cromatografia en columna
proporcionando 750 mg de material purificado como una espuma blanca. [Nota:

el isomero (25, 33) eluye antes que el isdbmero (2S,3R) en las condiciones
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anteriores]. Isémero (2S, 3S): RMN de 'H (DMSO-dg, 5 = 2,5 ppm, 400 MHz):
7,81 (m, 2H), 7,39-7,08 (m, 16H), 4,67 (d, J = 12,3, 1H), 4,43 (d, J = 12,4, 1H),
4,21 (t aparente, J = 5,2, OH), 322 (d, J = 10,1, NH), 3,17 (m, 1H), 3,08 (m,
1H}, ~2,5 (m, 1H, solapado con la sefal del disolvente), 1,58 (m, 1H), 0,88 (d, J
= 6,8, 3H). CL (Cond. I): Tg = 2,00 min; CL/EM: Anal. Calculado para [M+H]"
Ca1H30NO;: 464,45; encontrado 464,22. Isémero (2S, 3R): RMN de 'H (DMSO-
ds, 8 = 2,5 ppm, 400 MHz): 7,81 (d, J = 7,5, 2H), 7,39-7,10 (m, 16H), 4,63 (d, J=
12,1, 1H), 4,50 (t aparente, J = 4,9, 1H), 4,32 (d, J = 12,1, 1H), 3,59-3,53 (m,
2H), 3,23 (m, 1H), 2,44 (dd, J = 9,0, 8,3, 1H), 1,70 {m, 1H), 0,57 (d, J = 6,8,
3H). CL (Cond. I): Tr = 1,92 min; CL/EM: Anal. Calculade para [M+H]'
C31H3oNOj3: 464,45; encontrado 464,52,

Las asignaciones estereoquimicas relativas de los productos de
reduccién con DIBAL se hicieron basandose en estudios NOE llevados a cabo
en derivados lactona preparados a partir de cada isémero empleando el
siguiente protocolo: Se afadi6 LIHMDS (50 pl de 1,0 M/THF, 0,05 mmol) a una
solucién enfriada (hielo-agua) en THF (2,0 ml) de 4-hidroxi-3-metil-2-(9-fenil-
9H-fluoren-9-ilamino)butanoato de (28,3S)-bencilo (62,7 mg, 0,135 mmol), y la
mezcla de reaccidn se agité a temperatura similar durante ~2 hr. El
componente volatil se eliminé a vacio y el residuo se repartié entre CH,Cl, (30
mi), agua (20 ml) y solucidn acuosa saturada de NH,CI (1 ml). La fase organica
se secd (MgS0y), se filtrd y se concentrd a vacio, y el material bruto resultante
se sometid a una purificacién Biotage (40 g gel de silice; 10-15% de
EtOAc/hexanos) proporcionando (35,45)-4-metil-3-(9-fenil-9H-fluoren-9-
ilamino)dihidrofuran-2(3H)-ona como una pelicula incolora de sélido (28,1 mg).

Se elabord  4-hidroxi-3-metil-2-(9-fenil-9H-fiuoren-9-ilamino)butanoato  de
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(2S,3R)-bencilo de forma similar a (35,4R)-4-metil-3-(9-fenil-9H-fluoren-9-
ilamino)dihidrofuran-2(3H)-ona. Isomero (33,4S)-lactona; RMN de "H (DMSO-
ds, & = 2,5 ppm, 400 MHz), 7,83 (d, J = 7,5, 2H), 7,46-7,17 (m, 11H), 4,14 (t
aparente, J = 8,3, 1H), 3,60 (d, J = 5,8, NH), 3,45 (t aparente, J = 9,2, 1H),
~2.47 (m, 1H, parcialmente solapado con ia sefial del disolvente), 2,16 (m, 1H),
0,27 (d, = 6,8, 3H). CL (Cond. I): Tr = 1,98 min; CL/EM: Anal. Calculado para
[M+Na]™ Ca4H21NNaQ,: 378,15; encontrado 378,42. isémero (3S,4R)-lactona:
RMN de 'H (DMSO-ds, & = 2,5 ppm, 400 MHz), 7,89 (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, 1H), 0,97 (d, J = 7,0,
3H). CL (Cond. I): Tr = 2,03 min; CUEM: Anal. Calculado para [M+Na]’
C24H21NNaO,: 378,15; encontrado 378,49,

Se anadieron TBDEM-CI (48 mg, 0,312 mmol) seguido por imidazol
(28,8 mg, 0,423 mmol) a una solucién en CH,Cl; (3 ml) de 4-hidroxi-3-metil-2-
(9-fenil-9H-fluoren-9-ilamino)butancato de (28,3S)-bencilo (119,5 mg, 0,258
mmol), y la mezcla se agité en condiciones ambientales durante 14,25 hr. La
mezcla de reaccidn se diluyé entonces con CH2Cl (30 mi) y se lavd con agua
(15 ml), y la fase organica se secé (MgSQ,), se filtrd y se concentré a vacio. El
material bruto resultante se purificé con una Biotage (40 g gel de silice; 5% de
EtOAc/hexanos) proporcionando 4-(terc-butildimetilsililoxi)-3-metil-2-(9-fenil-9H-
fluoren-9-ilamino)butanoato de (2S,3S)-bencilo, contaminado con impurezas
con base de TBDMS, como un aceite incoloro viscoso (124,4 mg). Se elabord
4-hidroxi-3-metil-2-(9-fenil-9H-fluoren-9-ilamino)butancato de (2S,3R)-bencilo
de forma similar a 4-(terc-butildimetilsililoxi}-3-metil-2-(9-fenil-9H-fluoren-9-

ilamino)butanoato de (2S,3R)-bencilo. Isémero (2S,3S)-silil éter; RMN de 'H
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(DMSO-ds, 5 = 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, J = 10,1, 5,5, 1H), 1,61 (m, 1H)}, 0,90 (d, J = 6,8, 3H), 0,70 (s,
gH), -0,13 (s, 3H), -0,16 (s, 3H). CL (Cond. 1, donde el tiempo de ejecucion de
prolongd hasta 4 min): Tr = 3,26 min; CL/EM: Anal. Calculado para [M+H]"
Ca7H4sNO3SI: 578,31; encontrado 578,40. Isémero (2S,3R)-silil éter: RMN de H
(DMSO-ds, 5 = 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), 4,39 (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).

Se unid un globo de hidrégeno a una mezcla de 4-(terc-
butildimetilsilitoxi)-3-metil-2-(9-fenil-9H-fluoren-9-ilamino)butancato de (2S,3S)-
bencilo (836 mg, 1,447 mmol) y Pd al 10%/C (213 mg) en EtOAc (16 ml) y la
mezcla se agitd a temperatura ambiente durante ~ 21 hr, recargandose el globo
con H; cuando fue necesario. La mezcla de reaccion se diluyé con CHuCl; vy se
filtré a través de un lecho de tierra de diatomeas (Celite-545%), y se [avd el
lecho con EtOAc (200 ml), EtOAc/MeOH (mezcla 1:1, 200 ml) y MeOH (750
ml). La fase organica combinada se concentré y se prepar6 una malla de gel de
silice a partir del material bruto resultante y se sometié a una cromatografia
ultrarrapida (mezcla 8:2:1 de EtOAc/i-PrOH/H;0) proporcionando acido
(2S,3S)-2-amino-4-(terc-butildimetilsililoxi)-3-metilbutancico como un sdlido
apelusado blanco (325 mg). Se elaboré 4-(terc-butildimetilsililoxi)-3-metil-2-(9-
fenil-9H-fluoren-9-ilamino)butanoato de (2S,3R)-bencilo de forma similar a

acido (2S,3R)-2-amino-4-(terc-butildimetilsitiloxi)-3-metilbutanoico.  (lsémero
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25,3S)-amino acido: RMN de 'H (Metanol-ds, & = 3,29 ppm, 400 MHz), 3,76
(dd, J = 10,5, 5,2, 1H), 3,73 (d, J = 3,0, 1H), 3,67 (dd, J = 10,5, 7,0, 1H), 2,37
(m, 1H), 0,97 (d, J = 7,0, 3H), 0,92 (s, 9H), 0,10 (s, 6H). CL/EM: Anal.
Calculado para [M+H]" Cq4HsNO3Si: 248,17; encontrado 248,44 Isémero
(2S,3R)-amino acido: RMN de 'H (Metanol-d4, § = 3,29 ppm, 400 MHz), 3,76-
3,75 (m, 2H), 3,60 (d, J = 4,1, 1H), 2,16 (m, 1H), 1,06 (d, J = 7,3, 3H), 0,91 (s,
9H), 0,09 (s, 6H). Anal. Calculado para [M+H]" Ci1HsNO3Si: 248,17;
encontrado 248,44,

Se anadieron agua (1 ml} y NaOH (0,18 ml de 1,0 M/H;0O, 0,18 mmol) a
una mezcla de acido  (25,35)-2-amino-4-(terc-butildimetilsililoxi)-3-
metilbutanoico (41,9 mg, 0,169 mmol) y Na,CO; (11,9 mg, 0,112 mmol), y se
sometid a ultrasonidos durante aproximadamente 1 minuto para efectuar |a
disolucidn de los reaccionantes. La mezcla se enfrié entonces con un bafo de
hielo-agua, se afiadid cloroformiato de metilo (0,02 ml, 0,259 mmol) se durante
30 s y se continud con agitacion vigorosa a temperatura similar durante 40
minutos y luego a temperatura ambiente durante 2,7 hr. La mezcla de reaccién
se diluyd con agua (5 ml}), se enfrié con bario de hielo-agua y se tratd gota a
gota con solucién acuosa de HCI 1,0 N HCI (~0,23 mil). La mezcla se diluyd
adicionalmente con agua (10 ml) y se extrajo con CH,Cl; (15 ml, 2x). La fase
organica reunida se secd (MgSQy), se filtrd y se concentr6 a vacio
proporcionando Cap-80a como un solido blanquecino. Se elabord acido
(2S,3R)-2-amino-4-(terc-butildimetilsililoxi)-3-metilbutanoico de forma similar a
Cap-80b. Cap-80a: RMN de 'H (DMSO-ds, 3 = 2,5 ppm, 400 MHz), 12,57 (s
ancho, 1H), 7,64 (d, J=8,3, 0,3H), 7,19 (d, J = 8,8, 0,7H), 4,44 (dd, /= 8,1, 4,6,
0,3H), 4,23 (dd, J = 8,7, 4,4, 0,7H), 3,56/3,53 (dos singletes, 3H), 3,48-3,40 (m,
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2H}, 2,22-2,10 (m, 1H), 0,85 (s, 9H), ~0,84 (d, 0,9H, solapado con la sefal de t-
Bu), 0,79 (d, J =7, 2,1H), 0,02/0,01/0,00 (tres singletes solapados, 6H). CL/EM:
Anal. Calculadoe para [M+Na]" Cq:H:yNNaOsSi: 328,16; encontrado 328,46.
Cap-80b: RMN de H (CDCl3, & = 7,24 ppm, 400 MHz), 6,00 (d ancho, J = 6,8,
1H), 4,36 (dd, J = 7,1, 3,1, 1H), 3,87 (dd, J = 10,5, 3,0, 1H), 3,67 (s, 3H), 3,58
(dd, J =106, 4,8, 1H}, 2,35 (m, 1H), 1,03 (d, J = 7,1, 3H), 0,90 (s, 9H), 0,08 (s,
6H). CL/EM: Anal. Calculado para [M+Na]* C13H2zNNaQOsSi: 328,16: encontrado

328,53. Los productos brutos se utilizaron sin purificacién adicional.

Cap-81

Se prepard de acuerdo con el protocolo descrito por Falb et al. Synthetic
Communications 1993, 23, 2839.
Cap-82 a Cap-85
Cap-82 a Cap-85 se sintetizaron a partir de los materiales de partida
apropiados de acuerdo con el procedimiento descrito para Cap-51 o Cap-13.
Las muestras presentaron perfiles espectrales similares a los de sus

enantidmeros (es decir, Cap-4, Cap-13, Cap-51y Cap-52, respectivamente).

Ho§ 9 Ho b 9
/O N’I_ N /O N O N
i OH - OH il OH N OH
O Ph 0 )

Cap-82 Cap-83 Cap-84 Cap-85

Cap-86
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MeO,CHN
el o
OMeoH

A una mezcla de O-metil-L-treonina (3,0 g, 22,55 mmol), NaOH (0,802 g, 22,55
mmol) en HzO (15 ml) se afadié CICO;Me (1,74 ml, 22,55 mmol) gota a gota a
0°C. La mezcla se dej¢ agitando durante 12 h y se acidificé hasta pH 1 usando
HCI 1N. La fase acuosa se extrajo con EtOAc y (2x250 ml) y MeOH al 10% en
CH,Cl; (250 mi) y las fases organicas reunidas se concentraron a vacio
proporcionando un aceite incoloro (4,18 g, 97%) que era de pureza suficiente
para usar en las etapas siguientes. RMN de 1H' (400 MHz, CDCl3) 6 4,19 (s,
1H), 3,92-3,97 (m, 1H), 3,66 (s, 3H), 1,17 (d, J = 7,7 Hz, 3H). CLEM: Anal.
Calculado para C;H13NOs: 191; encontrado: 190 (M-H)".

Cap-87

MeOQCHN o

MeO OH

A una mezcla de L-homoserina (2,0 g, 9,79 mmol), NaCO3 (2,08 g, 19,59
mmol} en H,O (15 ml) se anadié CICO,Me (0,76 ml, 9,79 mmol) gota a gota a
0°C. La mezcla se dejé agitando durante 48 h y se acidificé hasta pH 1 usando
HCI 1N. La fase acuosa se extrajo con EtOAc y {2X250 ml} y las fases
organicas reunidas se concentraron a vacio proporcionande un sélido incoloro
(0,719 g, 28%) que era de pureza suficiente para usar en las etapas siguientes.
RMN de 'H (400 MHz, CDCl3) & 4,23 (dd, J = 4,5, 9,1 Hz, 1H), 3,66 (s, 3H),
3,43-3,48 (m, 2H), 2,08 — 2,14 (m, 1H), 1,82 — 1,89 (m, 1H). CLEM: Anal.
Calculado para C7H13sNOs: 191; encontrado: 192 (M+H)".
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Se calentd una mezcla de L-valina (1,0 g, 8,54 mmol), 3-bromopiridina (1,8 ml,
18,7 mmol), K.COs3 (2,45 g, 17,7 mmol) y Cul (168 mg, 0,887 mmol) en DMSO
(10 ml) a 100°C durante 12h. La mezcla de reaccion se enfrié hasta ta, se
vertio en H O (aproximadamente 150 ml) y se lavé con EtOAc (x2). Las fases
organicas se extrajeron con una pequefia cantidad de H,0 y las fases acuosas
reunidas se acidificaron hasta aproximadamente pH 2 con HCi 6N. El volumen
se redujo hasta aproximadamente la tercera parte y se afiadieron 20 g de
resina de intercambio idnico (Strata). La suspension se dejé reposar durante 20
min y se cargé en un lecho de resina de intercambio catidnico (Strata)
(aproximadamente 25 g). Se lavé el lecho con H;O (200 ml}, MeOH (200 ml) y
luego NHiz (3M en MeOH, 2X200 ml). Se concentraron las fracciones
apropiadas a vacio y el residuo (aproximadamente 1,1 g) se disolvié en H,0, se
congeld y liofilizd. El compuesto del epigrafe se obtuvo como una espuma (1,02
g, 62%). RMN de 'H (400 MHz, DMSO-ds) & 8,00 (s ancho, 1H), 7,68 — 7,71 (m,
1H), 7,01 (s ancho, 1H), 6,88 (d, J = 7,5 Hz, 1H), 5,75 (s ancho, 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).
CLEM: Anal. Calculado para C1gH14N202: 194; encontrado: 195 (M+H)".

Cap-89

39/
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N/ TR

~ %
Se calentd a 100°C durante 12 horas una mezcla de L-valina (1,0 g, 8,54
mmol), 5-br0mopirirriidina (4,03 g, 17,0 mmol), K.CO3 (2,40 g, 17,4 mmol) y Cul
(179 mg, 0,94 mmol} en DMSQO (10 ml). La mezcla de reaccién se enfrid hasta
TA, se vertié en HO (aproximadamente 150 ml) y se lavo con EtOAc (x2). Las
fases organicas se extrajeron con una pequefia cantidad de H;O vy las fases
acuosas reunidas se acidificaron hasta aproximadamente pH 2 con HCI 6N. El
volumen se redujo hasta aproximadamente la tercera parte y se afadieron 20 g
de resina de intercambio catiénico (Strata). La suspension se dejé reposar
durante 20 minutos y se cargo en un lecho de resina de intercambio catiénico
(Strata) (aproximadamente 25g). El lecho se lavé con H,O (200 ml), MeOH
(200 ml) y luego NH3; (3M en MeOH, 2x200 ml). Se concentraron las fracciones
apropiadas a vacio y se disolvio el residuo (aproximadamente 1,1 g) en H,0, se
congélé y liofilizé. El compuesto del epigrafe se obtuvo como una espuma (1,02
g, 62%). La RMN de 'H (400 MHz, CD10D) mostré que la mezcla contenia
valina y no se pudo estimar la pureza. El material se usé como tal en las

posteriores reacciones. CLEM:. Anal. Calculado para CgHy3N3O02: 195;

encontrado: 196 (M+H)".

Cap-90

COH
%62

Se prepard Cap-90 de acuerdo con el procedimiento descrito para la

372



preparacion de Cap-1. El material bruto se usd como tal en las etapas

posteriores. CLEM: Anal. Calculado para Cy1H1sNO7: 193; encontrado: 192 (M-

H)".

Los siguientes caps se prepararon de acuerdo con el procedimiento del usado

para la preparacién del cap 51, a menos que se indique de otro modo:

Cap Estructura CLEM
Cap-91 NHCO,Me CLEM: Apal. Calculado para
COzH C1H1aNO,: 223; encontrado: 222
(M-Hy".
Cap-92 NHCO,Me CLEM. Anal. Calculado para
~_COH C1Hi3NOy: 223 encontrado: 222
g\/ (M-HY". '
Cap-93 | CLEM: Anal. Calculado para
OYO 0O CioH12N204 224; encontrado: 225
HN,, o (M+H)".
7
=N
Cap-94 0 CLEM: Anal. Calculado para
(NJ/\HLOH CeHiN:O,: 213; encontrado: 214
M+H)".
N— HN.__O (
H b
O
Cap-95 0 CLEM: Anal. Calculado para
\OJ\NH 0 CiaH;NOy: 251, encontrado: 250

(M-H)".
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Cap-96 0 CLEM: Anal. Calculado para
~o" NH O CyHsNOy4: 237, encontrado: 236
H {(M-HY".
OH
Cap-97 0 CLEM: Anal. Calculado para
\O)LNH 0 CoHisNOy,: 201; encontrado: 200
f J (M-HY".
" "QH
Cap-98 0 CLEM: Anal. Calculado para
\O)]\NH 0 CoHisNOy4: 201; encontrado: 202
(M+H)".
OH
Cap-99 0 RMN de 'H (400 MHz, CD,OD) &
\OJLNH 3,88 — 3,94 (m, 1H), 3,60, 3.61 (s,
3H), 2,80 (m, 1H), 2,20 (m 1H), 1,82
- 1,94 (m, 3H), 1,45- 1,71 (m, 2H).
CO,H
Cap-99a 0 RMN de 'H (400 MHz, CD.OD) §
~o 3,88 — 3,94 (m, 1H), 3,60, 3,61 (s,
: 3H), 2,80 (m, 1H), 2,20 (m 1H), 1,82
O - 1,94 (m, 3H), 1,45-171 (m, 2H).
ToM
Cap-100 0 CLEM. Anal. Calculado para
\OJ\NH 0 CH14NOLF: 255; encontrado: 256
(M+H)".
CH

Zay
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Cap-101

CLEM: Anal. Calculado para
Cy41H4aNO4: 223, encontrado: 222
{M-H)".

Cap-102

CO,H

CLEM: Anal. Calculade para
C11HsNQ,: 223; encontrado: 222
(M-Hy

Cap-103

CLEM:  Arnal. Calculado para
CioH12N2Q4: 224; encontrado; 225
(M+H)".

Cap-104

RMN de 'H (400 MHz, CD,0D) &
3,60 (s, 3H), 3,50 — 3,53 (m, 1H),
2,66 — 2,69 y 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

RMN de 'H (400 MHz, CD,OD) &
3,60 (s, 3H), 3,33 — 3,35 (m, 1H,
parcialmente oscurecido por
disolvente), 2,37 — 241 y 2,16 ~
2,23 (m, 1H), 1,94 — 2 01 (m, 4H),
1,43 -1,53 (m, 2H), 1,17 = 1,29 (m,
2H).

Cap-106

A
N CO,H
_/

Se prepard a partir de acido cis-
4-aminociclohexanocarboxilico

y acetaldehido empleando u
procedimiento similar descrito

RMN de 'H (400 MHz, CD;0OD) §
3,16 (q, J =7,3 Hz, 4H), 2,38 - 2,41
{(m, 1H), 2,28 — 2,31 (m, 2H), 1,79 -
1,89 (m, 2H), 1,74 (app, ddd J =
3,5, 12,5, 159 Hz, 2H), 1,46 (dt
aparente J=4,0, 12,9 Hz, 2H), 1,26

333
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para la sintesis de Cap-2. La sal [ (t, /J=7,3 Hz, 6H).
HCI bruta se hizo pasar a través | -
de MCX (lavado con
MeQH/H,O/CH,Cly; elucion con
NH; 2N /MeOH) proporcionando
un aceite que se disclvid en
CH;CN/H,O y se liofilize
proporcionando un solido coler
castafo.
Cap-107 o) CLEM:  Anal. Calculado para
(NNOH (Ch:HI:);\fzo,,s: 230; encontrado: 231
g— HN._O_ MR
T
Cap-108 0 CLEM: Anal. Calculado para
</NNOH - CisHN;O¢ 303; encontrado: 304
N—  HN.__O (M+H)",
Ph"‘/ jC‘)r
Cap-109 0 CLEM: Apal. Calculado para
\O/U\NH CioHi2N,O4: 224; encontrado: 225
H {(M+H)".
CO,H
@
N
Cap-110 o) CLEM:. Anal. Calculado para
\O/U\NH CioH2N20,4: 224; encontrado: 225
: (M+H)".
CO,H

394
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Cap-111 0 CLEM: Anal. Calculado para
\O)LNH C12H1eNOgP: 333; encontrado: 334
: (M+H)".
E "CO,H
O\\P’O
MeQ” \OH
Cap-112 o) CLEM: Anal. Calculado para
\OANH CisH1aN2O4: 262; encontrado; 263
: (M+H)".
CO,H
X
NH
Cap-113 0O CLEM: Apal. Calculado para
\‘OJ\NH CigH1sNOs: 329, encontrado: 330
: (M+H)".
E “CO,H
OBn
Cap-114 CO,Me RMN de 'H (400 MHz, CDCly) &
EN\ 4,82 — 4,84 (m, 1H), 4,00 — 4,05 (m,
CO,H 2H), 3,77 (s, 3H), 2,56 {s ancho,
2H)
Cap-115 CO,M RMN de 'H (400 MHz, CDCIl;) &
NHCO,Me 5,13 (s ancho, 1H), 4,13 (s ancho,
1H), 3,69 (s, 3H), 2,61 {d, J = 5,0
Hz, 2H), 1,28 (d, J = 9,1 Hz, 3H).
Cap-116 RMN de 'H (400 MHz, CDCL) §
CO,H 510(d, J=8,6 Hz, 1H), 3,74 — 3,83
NHCO,Me (m, 1H), 3,69 (s, 3H), 2,54 — 2,61

(m, 2H), 1,88 (sept, J = 7,0 Hz, 1H),
0,95 (d, J = 7,0 Hz, 6H).

293
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Cap-117 a Cap-123

Para la preparacion de Cap-117 a Cap-123 los Boc aminoacidos se

obtuvieron de suministradores comerciales y se desprotegieron por tratamiento

con TFA al 25% en CH,Cl,. Después de completarse la reaccion que se juzgd

por CLEM se eliminaron los disolventes a vacio y se carbamoilé la sal TFA

correspondiente del aminoacido con cloroformiato de metilo de acuerdo con el

procedimiento descrito para el Cap-51.

Cap Estructura CLEM
Cap-117 0 CLEM: Anal. Calculado
\O)I\NH o para C12H15NO4S: 237,
encontrado: 238 (M+H)™.
OH
Cap-118 0 CLEM: Anal. Calculado
~o"“ni o para  CigHiNO,S:  243;
encontrado: 244 (M+H)",
CH
g
Cap-119 ) CLEM: Anal. Calculado
para C10H13NO4S: 243,
encontrado: 244 (M+H)".
Cap-120 CLEM: Anal. Calculado

OH

vy

para C1UH13NO4S: 243;
encontrado: 244 (M+H)".

329
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Cap-121

RMN de 'H (400 MHz,
CDCl;) & 4,06 — 4,16 (m,
1H}, 3,63 (s, 3H), 3,43 (s,
1H), 2,82 y 2,66 (s ancho,
1H), 1,86 — 2,10 {(m, 3H),
1,64 — 1,76 (m, 2H), 1,44 -
1,53 (m, 1H).

Cap-122

El perfil de RMN de 'H es
similar al de su
enantidémero, Cap-121.

Cap-123

CLEM: Anal. Calculado
para ngH 25N 205: 474,
encontrado: 475 (M+H)".

Cap-124

O
N
/1.
O% g OH
0

Se carbamoild 1a sal clorhidratoe de éster terc-butilico de L-treonina de

acuerdo con el procedimiento para Cap-51. La mezcla de reaccidén bruta se

acidificé con HCI 1N hasta pH~1 y [a mezcla se extrajo con EtOAc (2X50 ml).

Las fases organicas reunidas se concentraron a vacio dando un aceite incoloro

que solidificé en reposo. La capa acuosa se concentré a vacio y la mezcla

resultante de producto y sales inorganicas del producto y sales inorganicas se

trituré con EtOAc-CH2Cl>-MeOH (1:1:0,1) y luego se concentrd la fase organica

a vacio dando un aceite incoloro que por CLEM se mostrd que era el producto

399
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deseado. Ambas tandas se reunieron dando 0,52 g de un sélido. RMN de 'H
(400 MHz, CD,0D) 8 4,60 (m, 1H), 4,04 (d, J = 5,0 Hz, 1H), 1,49 (d, J = 6,3 Hz,
3H). CLEM: Anal. Calculado para CsH;NQ4: 145; encontrado: 146 (M+H)".

5 Cap-125
/
Bocin  CH

A una suspensién de Pd(OH), (20%, 100 mg), formaidehido acuoso

(37% en peso, 4 ml), Acido acético (0, 5 ml) en metanol (15 ml) se afadi6 acido

10 (S)-4-amino-2-(terc-butoxicarbonilamino)butanocico (1 g, 4,48 mmol), La
reaccion se purgd varias veces con hidrogeno y se agité durante la noche bajo

un globo de hidrégeno a temperatura ambiente. L.a mezcla de reaccién se filtré

a través de un lecho de tierra de diatomeas (Celite®) y se eliminé el compuesto
volatil a vacio. El material resultante bruto se usé como tal para la etapa

15 siguieﬁte. CLEM: Anal. Calculado para Ci1Hz2N2Q4 246; encontrado: 247

(M+H)Y".
Cap-126
[NMe (/"NMe

> CICO,Me, NaHCO, NZ

N

H,N CO,H THF / H,O / 0°C MeO,CHN COH

25 cap-126
20 Este procedimiento es una modificaciéon del que se usd para preparar

Cap-51. A una suspension de 3-metil-L-histidina (0,80 g, 4,70 mmol) en THF
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{(10mL} y H20 (10 ml) a 0°C se afadié NaHCO; (0,88 g, 10,5 mmol). La mezcla
resultante se tratdé con CICO;Me (0,40 ml, 5,20 mmol) y se dejé agitar la mezcla
a 0°C. Después de agitar durante aproximadamente. 2h la CLEM no mostré
material de partida. La reaccién se acidificd hasta pH 2 con HCI 6 N.

Los disolventes se eliminaron a vacio y el residuo se suspendié en 20 ml
de MeOH al 20% en CH:Cl,. La mezcla se filtro y se concentré dando una
espuma amarillo claro (1,21 g,). La CLEM y RMN de 'H mostraron que el
material era una mezcla 9:1 del éster metilico y el producto deseado. Este
material se suspendié en THF (10 ml) y HO (10 ml), se enfrié hasta 0°C y se
ariadié LIOH (249,1 mg, 10,4 mmol). Después de agitar aproximadamente 1h la
CLEM mostrd que no quedaba éster. Seguidamente la mezcla se acidificd con
HCI 6N y los disolventes se eliminaron a vacio. La CLEM y RMN de 'H
confirmaron la ausencia del éster. El compuesto del epigrafe se obtuvo como
su sal HCI contaminada con sales inorganicas (1,91 g, >100%). El compuesto
se usd como tal en posteriores etapas sin purificacién adicionai. RMN de 'H
(400 MHz, CD;0D) 5 8,84, (s, 1H), 7,35 (s, 1H), 4,52 (dd, J = 5,0, 9,1 Hz, 1H),
3,89 (s, 3H), 3,62 (s, 3H), 3,35 (dd, J = 4,5, 15,6 Hz, 1H, parcialmente
oscurecido por disolvente), 3,12 (dd, J = 9,0, 15,6 Hz, 1H). CLEM: Analisis
calculado para CgH13N304: 227,09; encontrado: 228,09 (M+H)".

Cap-127
MeN Me-<N \
3
<\le CICO,Me, NaHCO, Y
H,N"YcoH  THF/H0/0°C MeO,CHN™ “CO,H

cf-26 cap-127

lof
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Cap-127 se preparo de acuerdo con el procedimiento para Cap-126 anterior
partiendo de acido (S)-2-amino-3-(1-metil-1H-imidazol-4-il)propanoico (1,11 g,
6,56 mmol), NaHCOs (1,21 g, 14,4 mmol) y CICO;Me (0,56 ml, 7,28 mmol). El
compuesto del epigrafe se obtuvo como su sal HCI (1,79 g, >100%)

5 contaminado con sales inorganicas. La CLEM y RMN de '"H mostraron la
presencia de aproximadamente 5% del éster metilico. La mezcla bruta se usé
como tal sin purificacion adicional. RMN de 'H (400 MHz, CDs0OD) & 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).

10 CLEM: Anal. Calculado para CqH13N304: 227,09; encontrado: 228 (M+H)",

Preparacion de Cap-128

Ph—\
Cbz-Cl/ DMAP N
BnBr/CuSO,5H,0
Il chchriprner 1l i R S N
ascorbato sédico N
0°C
BocHN” “CO,H BocHN™ >CO,Bn NaN?{JDMF"Hzo BocHN” CO,8n
c-27a 6j-27b 65°C/12 h ¢-28
Ph—\
N HN
, Hy / Pd-C )
1) TFA/ CHyCl, N, | 2 N, |
- N MeOH N
2) CICO,Me / NaHCO,
THF-H,0 MeO,CHN" "CO.Bn MeO,CHN™ ~CO.H
cji-29 cap-128

Etapa 1. Preparacién de 2-(terc-butoxicarbonilamino)pent-4-inoato de (S)-

15 bencilo (cj-27b).



20

-125-

BocHN™ "CO,Bn
¢j-27b

A una solucion de ¢j-27a (1,01 g, 4,74 mmol), DMAP (58 mg, 0,475 mmol) y
iPraNEt (1,7 ml, 9,8 mmol) en CH>Cl, (100 ml) a 0°C se afiadié Cbz-Cl (0,68 m,
4,83 mmol). La solucién se dejé agitando durante 4 h a 0°C, se lavd (KHSO,
1N, salmuera), se seco (Na,S0Q,), se filtré y se concentré a vacio. El residuo se
purificd por cromatografia en columna ultrarrapida (TLC 6:1 hex:EtOAc) dando
el compuesto del epigrafe (1,30 g, 91%) como un aceite incoloro. RMN de 'H
(400 MHz, CDCI3) & 7,35 (s, 5H), 5,35 (d anche, J = 8,1 Hz, 1H), 523 (d, J =
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). ’CLEM: Anal. Calculado para
C17H21NQ4: 303; encontrado: 304 (M+H)".

Etapa 2. Preparacion de 3-(1-bencil-1H-1,2,3-triazol-4-il)-2-(terc-
butoxicarbonilamino)propanoato de (S)-bencilo (cj-28).
Ph—\
N
N, |
N

BocHN™ "CO;Bn
cf-28

A una mezcla de 2-(terc-butoxicarbonilamino)pent-4-inoato de (S)-bencilo (0,50
g. 1,65 mmol), ascorbato sédico (0,036 g, 0,18 mmol), CuS0,4-5H,0 (0,022 g,
0.09 mmol) y NaNz (0,13 g, 2,1 mmol) en DMF-H,O (5 mi, 4:1) a ta se afadio
BnBr (0,24 ml, 2,02 mmol) y la mezcla se calenté hasta 65°C. Después de 5

horas, la CLEM indicé baja conversion. Se afiadié una porcién adicional de

493
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NaN; (100 mg) y se continué calentando durante 12 horas. La reaccién se
vertid en EtOAc y H,O vy se agitd. Las fases se separaron y la fase acuosa se
extrajo tres veces con EtOAc y las fases organicas reunidas se lavaron (H.O
x3, salmuera), se secaron (Na,S0,), se filtraron y concentraron. E! residuo se
purificd por cromatografia ultrarrapida (Biotage, 40+M 0-5% de MeOH en
CHCl;; TLC 3% de MeOH en CH,Cl) proporcionando un aceite amarillo claro
que solidificé en reposo (748,3 mg, 104%). La RMN fue consistente con el
producto deseado pero sugirié la presencia de DMF. El material se us6é como
tal sin purificacion adicional. RMN de 'H (400 MHz, DMSO-dg) & 7,84 (s, 1H),
7,27 — 7,32 (m, 10H), 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,
gH).

CLEM: Anal. Calculado para C4H28N4Q4: 436; encontrado: 437 (M+H)".

Etapa 3. Preparacion de 3-(1-bencil-1H-1,2,3-triazol-4-il)-2-

(metoxicarbonilamino)propanoato de (S)-bencilo (¢j-29).

MeQ,CHN™ "C0Q,Bn
¢-29

Se afadidé TFA (4 ml) a una solucion de 3-(1-bencil-1H-1,2, 3-triazol-4-il)-2-(terc-
butoxicarbonilamino)propanoato de (S)-bencilo (0,52 g, 1,15 mmol) en CH,Cl,.
La mezcla se dej6 agitando a temperatura ambiente durante 2h. La mezcla se
concentré a vacio dando un aceite incoloro que solidificé en reposo. Este

material se disolvié en THF-H,O y se enfrié hasta 0°C. Se anadié NaHCO;
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solido (0,25 g, 3,00 mmol) seguido por CICO,Me (0,25 ml, 3,25 mmol).
Después de agitar durante 1,5h la mezcla se acidificé hasta pH~2 con HCI 6N y
luego se vertié en HO-EtOAc. Las capas organicas se separaron y se extrajo
la capa acuosa 2x con EtOAc. Las capas organicas reunidas se lavaron (H,0,
salmuera), se secaron (Na;SO,), se filtrarcn y se concentraron a vacio dando
un aceite incoloro (505,8 mg, 111%, la RMN sugirié la presencia de una
impureza no identificada) que solidificd en reposo en la bomba. El material se
usd como tal sin purificacién posterior. RMN de 'H (400 MHz, DMSQ-dg) & 7,87
(s, 1H), 7,70 (d, J = 8,1 Hz, 1H), 7,27 = 7,32 (m, 10H), 5,54 (s, 2H), 5,10 (d, J =
12,7 Hz, 1H), 5,06 (d, J = 12,7 Hz, 1H), 4,32 ~ 4,37 (m, 1H), 3,49 (s, 3H), 3,09
(dd, J = 5,6, 14,7 Hz, 1H), 2,98 (dd, J = 9,6, 14,7 Hz, 1H). CLEM: Anal.
Calculado para C21H22N4O4: 394; encontrado: 395 (M+H)".

Etapa 4. Preparacion de acido (S)-2-(metoxicarbonilamino)-3-(1H-1,2,3-triazol-
HN
N, |
N

MeO,CHN" "CO,H
Cap-128

4-il)propanoico (Cap-128).

Se sometid 3-(1-bencil-1H-1,2,3-triazol-4-il)-2-(metoxicarbonilamino)propanoato
de {S)-bencilo (502 mg, 1,11 mmol) a hidrogenacién en presencia de Pd-C (82
mg)} en MeOH (5 ml) a presién atmosférica durante 12h. La mezcla se filtré a
través de tierra de diatomeas (Celite®) y se concentré a vacio. Se obtuvo &cido
(S)-2-(metoxicarbonilamino)-3-(1H—1,2,3-triézol-4-il)propanoico €OmMoO una goma
incolora (266 mg, 111%) que estaba contaminada con aproximadamente 10%

del éster metilico. El material se usoé sin purificacién adicional.

Yoy
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RMN de 'H (400 MHz, DMSO-dg) § 12,78 (s ancho, 1H), 7,59 9s, 1H), 7,50 d, J
=8,0 Hz, 1H), 4,19 - 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). CLEM: Anal. Calculado para C;HgN4Os:
214; encontrado: 215 (M+H)".

Preparacién de Cap-129

) g

| N"" |

,Ec.ik HN-/ ,:1} 1) Hy Pd-C / MeOH /(N}
2) CICO,Me

CszN. O CHLCN/SO°C (1 COLH MeO,CHN™ ~CO,H
¢f-30 6-31 NaHCQj,3 / THF-H,0

cap-129

Etapa 1. Preparaciéon de acido (S)-2-(benciloxicarbonilamino)-3-(1H-pirazol-1-

l';,]—-—
N7
CbzHN" “CO,H
¢j-31

ipropanoico(cj-31).

Se calentd una suspension de 2-oxooxetan-3-ilcarbamato de (S)-bencilo (0,67
g, 3,03 mmol) y pirazol (0,22 g, 3,29 mmol) en CHiCN (12 m!) a 50°C durante
24h. La mezcla se enfrid hasta TA durante la noche y el sélido se filtrd
proporcionando acido (S)-2-(benciloxicarbonilamino)-3-(1H-pirazol-1-
il)propanoico (330,1 mg). El filtrado se concentrd a vacio y luego se triturd con
una pequefia cantidad de CH3;CN (aproximadamente 4 ml) proporcionando una
segunda tanda (43,5 mg). Rendimiento total 370,4 mg (44%).

p.f. 165,5 - 168°C. p.f. lit 168,5 — 169,5 Vederas et al. J. Am. Chem. Soc. 1985,
107, 7105.

RMN de 'H (400 MHz, CD;0D) 8 7,51 (d, J = 2,0, 1H), 7,48 (s, J = 1,5 Hz, 1H),
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7,24 — 7,34 (m, 5H), 6,23 m, 1H), 5,05 (d, 12,7 H, 1H), 5,03 (d, J = 12,7 Hz,
1H), 4,68 - 4,66 (m, 2H), 4,42 — 4 42 (m, 1H). CLEM: Anal. Calculado para
C14H1sN304: 289; encontrado: 290 (M+H)™.

Etapa 2. Preparacion de acido (S)-2-(metoxicarbonilamino)-3-(1H-pirazol-1-

illpropanoico (Cap-129).

L

MeO,CHN CO.H
cap-129

Se sometid acido (S)-2-(benciloxicarbonilamino)-3-(1H-pirazol-1-il)propanoico
(0,20 g, 0,70 mmol) a hidrogenacion en presencia de Pd-C (45 mg) en MeOH
(5 ml) a presion atmosférica durante 2h. El producto parecia ser insoluble en
MeOH, por tanto se diluy6 la mezcla rxn con 5 ml de H,O y unas pocas gotas
de HCI 6N. La solucion homogenea se filtré a través de tierra de diatomeas
(Celite®), y el MeOH se elimind a vacio. La solucién restante se congeld y se
liofilizé dando una espuma amarilla (188,9 mg). Este material se suspendié en
THF-H20 (1:1, 10 ml) y luego se enfrié hasta 0°C. A la mezcla fria se afadi
NaHCOs; (146,0 mg, 1,74 mmol) cuidadosamente (generacidn de CO,).
Después de cesar la generacion de gas (aproximadamente 15 min) se afadio
CICOs-Me (0,06 ml, 0,78 mmol) gota a gota. La mezcla se dejé agitando durante
2 horas y se acidificé hasta pH~2 con HCI 6N y se vertiéb en EtOAc. Las fases
se separaron y la fase acuosa se extrajo con EtOAC (x5). Las fases organicas
reunidas se lavaron (salmuera), se secaronl (Na,S0,), se filtraron vy
concentraron dando el compuesto del epigrafe como un sélido incoloro (117,8

mg, 79%).
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RMN de *H (400 MHz, DMSO-d) 3 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 (t aparente, 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). CLEM: Anal.
Calculado para CgH11N3O4: 213; encontrado: 214 (M+H)*.

Cap-130

»

AcHN” >CO,H
Cap-130 se prepard por acilacion de (R)-fenilglicina disponible comercialmente
de forma analoga al procedimiento dado en: Calmes, M.; Daunis, J.; Jacquier,

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

Cap-131
o o Bn OH
a b
)\I/L o Bn _— )\l/go e}
HN._.O
NH, HN-20 Y
HCl N AN

Etapa a: Se afadié cloruro de dimetilcarbamoilo (0,92 ml, 10 mmol)

15 lentamente a una solucién de clorhidrato de 2-amino-3-metilbutancato de (S)-
bencilo (2,44 g; 10 mmol) y base de Hunig (3,67 ml, 21 mmol) en THF (50 ml).

La suspension blanca resultante se agité a temperatura ambiente durante la
noche (16 horas) y se concentrd a presion reducida. El residuo se repartié entre
acetato de etilo y agua. La fase organica se lavd con salmuera, se secd

20 (MgSQ.), se filtrd y se concentrdé a presion reducida. El aceite amarillo

resultante se purificd por cromatografia ultrarrapida, eluyendo con acetato de

{re3
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etilo:hexanos (1:1). Las fracciones recogidas se concentraron a vacio
proporcionando 2,35 g (85%) de aceite transparente. RMN de. 'H (300 MHz,
DMSO-dg) 8 ppm 0,84 (d, J=6,95 Hz, 3H), 0,89 (d, J=6,59 Hz, 3H), 1,98-2,15
{m, 1H), 2,80 (s, 6H), 5,01-5,08 (m, J=12,44 Hz, 1H), 5,13 (d, J=12,44 Hz, 1H),
6,22 (d, J=8,05 Hz, 1H), 7,26-7 42 (m, 5H). CL (Cond. 1): Tr = 1,76 min; EM:
Analisis calculado para [M+H]" C1gH22N203: 279,17; encontrado 279,03.

Etapa b: A una solucién en MeOH (50 ml} del intermedio preparado antes (2,35
g; 8,45 mmol) se arnadié Pd/C (10%; 200 mg) y la suspensién negra resultante
se llend con Nz (3x) y se colocd en 1 atm de H,. La mezcla se agité a
temperatura ambiente durante la noche y se filtrd6 a través de un filtro de
microfibra para separar el catalizador. La solucién transparente resultante se
concentré entonces a presion reducida obteniendo 1,43 g (89%) de Cap-131
como espuma blanc.a, que se usd sin purificacion posterior. RMN de 'H (500
MHz, DMSO-ds) 8 ppm 0,87 (d, J=4,27 Hz, 3H), 0,88 (d, J=3,97 Hz, 3H), 1,93-
2,11 (m, 1H), 2,80 (s, 6H), 3,90 (dd, J=8,39, 6,87 Hz, 1H), 5,93 (d, J=8,54 Hz,
TH), 12,36 (s, 1H). CL (Cond. 1): Tr = 0,33 min; EM: Analisis calculado para
[M+H]" CgH17N203: 188,12; encontrado 189,04.

Cap-132
CH
Q
.Bn —_— Q
Q

HN 0

NH, b
HCI AN

Cap-132 se prepar¢ a partir de clorhidrato de 2-aminopropanoato de (S)-

bencilo de acuerdo con el procedimiento descrito para Cap-131. RMN de 'H

Yog
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(500 MHz, DMSO-dg) 6 ppm 1,27 (d, J=7,32 Hz, 3H), 2,80 (s, 6H), 4,06 (ct, 1H),
6,36 (d, J=7,32 Hz, 1H), 12,27 (s, 1H). CL (Cond. 1): Tr = 0,15 min; EM:
Analisis calculado para [M+H]" CgH13N20s: 161,09; encontrado 161,00.

5 Cap-133
0 OH
NH HN._.O
: Y
HCI O

Cap-133 se preparé a partir de clorhidrato de 2-amino-3-metilbutanoato
de (S)-terc-butilo y cloroformiato de 2-fluoroetiio de acuerdo con el
procedimiento descrito para Cap-47. RMN de 'H (500 MHz, DMSO-ds) & ppm

10 087 (t, J = 6,71 Hz, 6H), 1,97-2,10 (m, 1H), 3,83 (dd, J=8,39, 5,95 Hz, 1H),
4,14-4,18 (m, 1H), 4,20-4,25 (m, 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\fO
E o<

Cap-134 se preparé a partir de (S)-dietil alanina y cloroformiato de metilo
de acuerdo con el procedimiento descrito para Cap-51. RMN de 'H (500 MHz,
DMSO-ds) 8 ppm 0,72-0,88 (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

20 (s, 1H). CL (Cond. 2): Tr = 0,66 min; CL/EM: Analisis calculado para [M+H]"
CgH4gNO4: 204,12; encontrado 204,02.

Uro
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5 Una solucién de acido D-2-amino-(4-fluorofenil)acético (338 mg, 2,00
mmol), HCI 1N en éter dietilico (2,0 ml, 2,0 mmol) y formalina (37%, 1 ml) en
metano! (5 ml) se sometié a hidrogenacién bajo un globo en paladio al 10%
sobre carbon (60 mg) durante 16 h a 25°C. La mezcla se filtr6 a través de Celite
proporcionando la sal HC| de Cap-135 como una espuma blanca (316 mg,

10 80%). RMN de "H (300 MHz, MeOH-d,) 8 7,59 (dd, J = 8,80, 5,10 Hz, 2H), 7,29
(t, J = 8,6 Hz, 2H), 5,17 (s, 1H}, 3,05 (s muy ancho, 3H), 2,63 (s muy ancho,
3H); Tr = 0,19 min {Condiciones de EM-WS5); indice de homogeneidad del 95%;
EMBR: Analisis calculado para [M+H]" CioHisFNQO,: 198,09; encontrado:
198,10.

Cap-136

N O
[
N OH

A una suspension enfriada (-50 °C) de 1-bencil-1H-imidazol (1,58 g, 10,0
mmol) en éter dietilico anhidro (50 ml} en nitrégeno se afadié n-butil litio (2,5 M

20 en hexanos, 4,0 ml, 10,0 mmol) gota a gota. Después de agitar durante 20
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minutos a -50 °C, se hizo burbujear didxido de carbono (pasado a través de
Drierite) en la mezcla de reaccién durante 10 minutos antes de dejar calentar
hasta 25°C. El precipitado pesado que se formé al afiadir didxido de carbono a
la mezcla de reaccion se fiitré proporcionando un sélido blanco higroscépico
que se recogit en agua (7 ml), se acidificé hasta pH = 3, se enfrié y se indujo a
cristalizar con raspado. La filtracion de este precipitado dio un sélido blanco
que se suspendié en metanol, se tratdo con HCI 1A/éter dietilico (4 ml) y se
concentrd a vacio. La liofilizacion del residuc en agua (5 ml) proporciond la sal
HCI de Cap-136, (230 mg, 105%) como un sélido blanco (40%). RMN de 'H
(300 MHz, DMSO-dg) & 7,94 (d, /= 1,5 Hz, 1H), 7,71 (d, J = 1,5 Hz, 1H), 7,50-
7,31 (m, 5H), 5,77 (s, 2H); Tr = 0,51 min (Condiciones de EM-WS5); indice de
homogeneidad del 95%; EMBR: Analisis calculado para [M+H]" Cy4H12N2O5:
203,08; encontrado: 203,11.
Cap-137

\CN

=N

COM

Cap-137, etapa a

\CN

=N

“ 0

Una suspensién de 1-cloro-3-cianoisoquinolina (188 mg, 1,00 mmol,
preparada de acuerdo con el procedimiento del documento WO 2003/ 099274)
(188 mg, 1,00 mmol), fluoruro de cesio (303,8 mg, 2,00 mmol), dicloruro de

tie
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bis(tri-terc-butilfosfina)paladio (10 mg, 0,02 mmol) y 2-(tributilestannil}furano
(378 pl, 1,20 mmol) en dioxano anhidro (10 ml) en nitrégeno se calent6 a 80 °C
durante 16 horas de enfriar hasta 25°C y se tratdé con solucién acuosa saturada
de fluoruro potasico con agitacién vigorosa durante 1 h. La mezcla se repartio
entre acetato de etilo y la fase organica se separd, se lavé con salmuera, se
secd sobre Na,SQy, se filtré y se concentré. La purificacién del residuo sobre
gel de silice (elucién con acetato de etilo de 0% a 30%/hexanos) proporciond
Cap-137, etapa a (230 mg, 105%) como un sdlido blanco que se usd
directamente a continuacion. Tr = 1,95 min (Condiciones de EM-W2), indice de
homogeneidad del 90%; EMBR: Analisis calculado para [M+H]" Cy4HgN,O:
221,07, encontrado: 221,12.

Cap-137

\CN

=N

COH

A una suspension de Cap 137, efapa a, (110 mg, 0,50 mmol) y
peryodato sodico (438 mg, 2,05 mmol) en tetracloruro de carbono {1 ml),
acetonitrilo (1 ml) y agua (1,5 ml) se anadié tricloruro de rutenio hidratado (2
mg, 0,011 mmol). La mezcla se agité a 25 °C durante 2 h y luego se repartié
entre diclorometano y agua. La fase acuosa se separd, se extrajo dos veces
més con diclorometano y se secaron los extractos reunidos sobre Na,SQ,4 se
filtraron y concentraron. La trituracidn del residuo con hexanos proporcioné
Cap-137 (65 mg, 55%) como un sdlido de color grisaceo. Tgr = 1,10 min
(Condiciones de EM-W2); indice de homogeneidad del 90%; CLEM: Analisis
calculado para [M+H]" C11HgN2O,: 200,08: encontrado: 200,08.

Gz
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Caps 138 a 158

Estrategia de sintesis. Procedimiento A.

H
o 3532 _MCPBA TMSCN NaOH 5N
N THE “DeM _ TEA, TEA, ACN Tasc

BMCL 2001,

11, 1885-1888. COH
Cap-138
~o
e
=N
CO,H

Cap-138, etapa a

: SN
=N

A una suspension agitada de 5-hidroxiisoquinolina (preparada de
acuerdo con el procedimiento de! documento WO 2003/ 099274) (2,0 g, 13,8
mmol) y trifenilfosfina (4,3 g, 16,5 mmol) en tetrahidrofurano seco (20 ml) se
anadié metanol seco (0,8 ml) y azodicarboxilato de dietilo (3,0 ml, 16,5 mmol)
en varias porciones. La mezcla se agité a temperatura ambiente durante 20 h
antes de diluir con acetato de etilo y se lavdé con salmuera, se secé sobre
NaxS0,, se filtré y se concentrd. El residuo se preabsorbié sobre gel de silice y
se sometid a cromatografia (elucién con acetato de etilo al 40%/hexanos)
proporcionando Cap-138, etapa a (1,00 g, 45%) como un sélido amarillo claro.
RMN de 'H (CDCls, 500 MHz) § 9,19 (s, 1H), 8,51 (d, J = 6,0 Hz, 1H), 7,99 (d, J
= 6,0 Hz, 1H), 7,52-7,50 (m, 2H), 7,00-6,99 (m, 1H), 4,01 (s, 3H); Tr = 0,66 min

Uiy
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(Cond. D2); indice de homogeneidad del 95%; CLEM: Analisis caiculado para
[IM+H]" C14H1oNO: 160,08; encontrado 160,10.

Cap-138, efapa b

~0

=
+
s N\O—

A una solucidon agitada de Cap 138, etapa a (2,34 g, 14,7 mmol) en
diclorometano anhidro (50 ml) a temperatura ambiente se anadio acido meta-
cloroperbenzoico (77%, 3,42 g, 19,8 mmol) en una porcién. Después de agitar
durante 20 horas, se afnadidé carbonato potasico en poivo (2,0 g) y la mezcla se
agité durante 1 hora a temperatura ambiente antes de que se filtrara y
concentrara a vacio proporcionando Cap-138, etapa b (2,15 g, 83,3%) como un
solido amarillo palido que era suficientemente puro para usarse posteriormente
directamente. RMN de 'H (CDCls, 400 MHz) & 8,73 (d, J = 1,5 Hz, 1H), 8,11
(dd, J =73, 1,7 Hz, 1H), 8,04 (d, J=7,1 Hz, 1H), 7,52 (t, J = 8,1 Hz, 1H), 7,28
(d, J = 8,3 Hz, 1H), 6,91 (d, J = 7,8 Hz, 1H), 4,00 (s, 3H); Tr = 0,92 min,
(Condiciones-D1); indice de homogeneidad del 90%; CLEM: Analisis calculado

para [M+H]" C1oH1oNQO,: 176,07; encontrado: 176,0.

Cap-138, etapa c

=
N

CN
A una solucién agitada de Cap 138, etapa b (0,70 g, 4,00 mmol) y

trietitamina (1,1 ml, 8,00 mmol) en acetonitrilo seco (20 ml) a temperatura

Uiy



15

-138-

ambiente en nitrdgeno se afadié cianuro de trimetilsililo (1,60 ml, 12,00 mmol).
La mezcla se calento a 75 °C durante 20 h antes de enfriar hasta temperatura
ambiente, se diluyd con acetato de etilo y se lavd con solucién saturada de
bicarbonato sédico y salmuera antes de secar sobre Na,SQ, y concentrar el
disolvente. El residuo se sometié a cromatografia ultrarrapida sobre gel de
silice (eluciébn con gradiente de acetato de etilo al 5%/en hexanos) hasta
acetato de etilo al 25%/en hexanos) proporcionando Cap-138, efapa ¢ (498,7
mg, 68%) como un sélido blanco cristalino junto con 223 mg (30%) de mas
Cap-138, etapa ¢ recuperado del filtrado. RMN de 'H (CDCls, 500 MHz) 5 8,63
(d, J=55Hz, 1H), 8,26 (d, J=5,5 Hz, 1H), 7,88 (d, J= 8,5 Hz, 1H), 7,69 (t, J=
8,0 Hz, 1H), 7,08 (d, J= 7,5 Hz, 1H), 4,04 (s, 3H); Tr = 1,75 min, (Condiciones-
D1), indice de homogeneidad del 90%; CLEM: Analisis calculado para [M+H]"
C11HaN>O: 185,07: encontrado: 185,10.

Cap-138
~o
T
~N
COH

Se traté Cap-138, etapa ¢ (0,45 g, 2,44 mmol) con solucién de hidroxido
sodico 5N (10 ml) y la suspensién resultante se calenté a 85°C durante 4 h, se
enfrib6 hasta 25 °C, se diluyé con diclorometano y se acidificé con acido
clorhidrico 1N. La fase organica se separd, se lavd con salmuera, se secod
sobre Na;S0O,, se concentrd hasta % del volumen y se filtré proporcionando
Cap-138 (0,44 g, 88,9%) como un sélido amarillo. RMN de 'H (DMSO-dg, 400
MHz) & 13,6 (s ancho, 1H}, 8,56 (d, J = 8,0 Hz, 1H), 8,16 (d, J = 6,0 Hz, 1H),

Ut b
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8,06 (d, J=8,8 Hz, 1H), 7,71-7,67 (m, 1H), 7,30 (d, J = 8,0 Hz, 1H), 4,02 (s,
3H); Tr = 0,70 min (Condiciones-D1); indice de homogeneidad del 95%; CLEM:
Analisis calculado para [M+H]" C11H1oNO3: 204,07; encontrado: 204,05.

Estrategia de sintesis. Procedimiento B (derivado de Tetrahedron Letters, 2001,
42, 6707).
|

o | I
Xy KCN,dpppe © Xy NaOHSN O X
=N Pd(QAc), =N =N
'{HianA 150°C
n
oluenc eN

Cl COyH
WO 2003/ 099274

Cap-139

O S
=N

COH

Cap-139, etapa a

/0 =
=N
CN

A un vial a rosca de pared gruesa que contenia una suspension
desgasificada en argén de 1-cloro-6-metoxiisoquinolina (1,2 g, 6,2 mmol;
preparado de acuerdo con el procedimiento de! documento WO 2003/ 099274),
cianuro potasico (0,40 g, 6,2 mmol), 1,5-bis(difenilfosfino)pentano (0,27 g, 0,62
mmol) y acetato de paladio (Il) (70 mg, 0,31 mmol) en tolueno anhidro (6 ml) se
afiadid N,N,N’,N-tetrametiletilendiamina (0,29 ml, 2,48 mmol). El vial se sellé,

se calentd hasta 150 °C durante 22 h y luego se dejé enfriar hasta 25 °C. La
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mezcla de reaccion se diluy6 con acetato de etilo, se lavd con agua y salmuera,
se secd sobre Na,SO,, se filtrd y se concentrd. El residuo se purificd sobre gel
de silice (efucion con gradiente de acetato de etilo al 5%/hexanos hasta acetato
de etilo al 25%/hexanos proporcionando Cap-139, etapa a (669,7 mg, 59%)
como un sdlido blanco. RMN de 'H (CDCls, 500 MHz) 6 8,54 (d, J = 6,0 Hz,
1H), 8,22 (d, J = 9,0 Hz, 1H), 7,76 (d, J = 5,5 Hz, 1H), 7,41-7,39 (m, 1H), 7,13
(d, J = 2,0 Hz, 1H), 3,98 (s, 3H); Tr = 1,66 min (Condiciones-D1); indice de
homogeneidad del 90%; CLEM: Analisis calculado para [M+H]" Cq;HgN,O:
185,07; encontrado: 185,2.

Cap-139

Cap-139 se prepard a partir de la hidrélisis basica de Cap-139, efapa a
con NaOH 5N de acuerdo con el procedimiento descrito para Cap 738. RMN de
'H (400 MHz, DMSO-ds) 5 13,63 s muy ancho, iH), 8,60 (d, J = 9,3 Hz, 1H),
8,45 (d, J=5,6Hz, 1H), 7,95 (d, J=5,9 Hz, 1H), 7,49 (d, J = 2,2 Hz, 1H), 7,44
(dd, J = 9,3, 2,5 Hz, 1H), 3,95 (s, 3H); Tr = 0,64 min (Condiciones-D1); indice
de homogeneidad del 90%; CLEM: Analisis calculado para [M+H]" Cy1H{gNO3:
204,07; encontrado: 204,05, '

Cap-140
P
™ Cl
~=N
CO,H

Cap-140, etapa a
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\CI

=N

N

A una mezcla agitada vigorosamente de 1,3-dicloro-5-etoxiisoquinolina
(482 mg, 2,00 mmol; preparada de acuerdo con el procedimiento del
documento WO 2005/ 051410), acetato de paladio (i) (9 mg, 0,04 mmol),
carbonato sédico (223 mg, 2,10 mmol) y 1,5-bis(difenilfosfino}pentano (35 mg,
0,08 mmol) en dimetilacetamida seca (2 mi) a 25 °C en nitrdgeno se afadid
N,N,N’,N’-tetrametiletilendiamina (60 mi, 0,40 mmol). Después de 10 min, la
mezcla se calenté hasta 150 °C, y luego se afadid una solucién patrén de
acetona cianochidrina (preparada a partir de 457 pl de acetona cianohidrina en
4,34 ml de DMA) en porciones de 1 ml durante 18 h usando una bomba de
jeringa. La mezcla se repartié entonces entre acetato de etilo y agua y se
separo la fase organica, se lavd con salmuera, se secd sobre Na; SO, se filtrd
y se concentrd. El residuo se purificd sobre gel de silice (elucién con gradiente
de acetato de etilo al 10% en hexanos hasta acetato de etilo al 40% en
hexanos) proporcionando Cap-140, etapa a (160 mg, 34%) como un sdlido
amarillo. Tr = 2,46 min (Condiciones de EM-W2); indice de homogeneidad del
90%; CLEM: Analisis calculado para [M+H]" C12HsCIN2O: 233,05; encontrado:
233,08.

Cap-140
N
2 C!
N

CO,H

W
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Cap-140 se prepard por la hidrélisis acida de Cap-140, etapa a con HCI
12N como se describe en el procedimiento para la preparacion de Cap 147,
descrito mas adelante. Tp = 2,24 min (Condiciones de EM-W2); indice de
homogeneidad de! 90%; CLEM: Analisis calculado para [M+H]" Cy,H41CINOa3;
252,04; encontrado: 252,02.

Cap-141

=N

COH

Cap-141, etapa a

™ F

~N

CN

Cap-141, etapa a se prepar6 a partir de 1-bromo-3-fluoroisoquinolina
(preparada a partir de 3-amino-1-bromoisoquinolina usando el procedimiento
esbozado en J Med. Chem. 1970, 13, 613) como se describe en el
procedimiento para la preparacién de Cap-140, etapa a (vide supra). RMN de
"H (500 MHz, CDCls) 5 8,35 (d, J = 8,5 Hz, 1H), 7,93 (d, J = 8,5 Hz, 1H), 7,83 (t,
J =763 Hz, 1H), 7,77-7,73 (m, 1H), 7,55 (s, 1H); Tr = 1,60 min (Condiciones-
D1); indice de homogeneidad del 90%; CLEM: Analisis calculado para [M+H]"
CioHsFN>: 173,05; encontrado: 172,99.

Cap-141



10

-143-

o F

N

COM

Se traté Cap-141, etapa a (83 mg, 0,48 mmol} con HCI 12N (3 mi y la
suspension resultante se calenté a 80 °C durante 16 h antes de enfriar hasta
temperatura ambiente y se diluyé con agua (3 ml). La mezcla se agité durante
10 min y luego se filtré6 proporcionando Cap-141 (44,1 mg, 47,8%) como un
solido blanquecino. El filtrado se diluyd con diclorometano y se lavoé con
salmuera, se secd sobre Na,SO, y se concentré proporcionando mas Cap-141
(29,30 mg, 32%) que era suficientemente puro para usarlo posteriormente.
RMN de "H (DMSO-ds, 500 MHz) & 14,0 (s ancho, 1H), 8,59-8,57 (m, 1H), 8,10
(d, J = 8,5 Hz, 1H), 7,88-7,85 (m, 2H), 7,74-7,71 (m, 1H); Tr = 1,33 min
(Condiciones-D1); indice de homogeneidad del 90%; CLEM: Analisis calculado

para [M+H]" C1oH;FNO,: 192,05; encontrado: 191,97.

Cap-142

()

N

COH

Cap-142, efapa a

r

S

=N

CN
Cap-142, etapa a se prepar6 a partir de N-Oxido de 4-bromoisoquinolina

como se describe en el procedimiento en dos etapas para la preparacion de

U2t
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Cap-138, etapas b y ¢. Tp = 1,45 min (Condiciones de EM-W1): indice de
homogeneidad del 90%; CLEM: Analisis calculado para [M+H]" CigHgBrNy:
232,97 encontrado: 233,00.

5 Cap-142, efapa b
QO
()
X
o

CN

A una suspensién desgasificada en argdn de Cap-142, efapa a (116 mg,

0,50 mmol), fosfato potasico tribasico (170 mg, 0,80 mmol), acetato de paladio

(I1) (3,4 mg, 0,015 mmol) y 2-(diciclohexilfosfino)bifenilo (11 mg, 0,03 mmol) en

10 tolueno anhidro (1 ml) se anadié morfolina (61 pl, 0,70 mmol). La mezcla se
calentd a 100 °C durante 16 h, se enfrié hasta 25 °C, se filtrd a través de tierra

de diatomeas (Celite®) y se concentré. La purificacion del residuo sobre gel de
silice, {eluciéon con gradiente de acetato de etilo del 10% a 70% enhexanos
proporciond Cap-142, etapa b (38 mg, 32%) como un solido amarillo, que se

15 llevé a etapas posteriores directamente. Tr = 1,26 min (Condiciones de EM-

W1); indice de homogeneidad del 90%; CLEM: Andlisis calculado para [M+H]"
C14H14N30: 240,11; encontrado: 240,13,

Cap-142
Q
()
=
N

20 QO;H
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Cap-142 se prepard a partir de Cap-7142, etapa b con hidroxido sodico
SN como se describe en el procedimiento para Cap 7138. Tr = 0,72 min
(Condiciones de EM-W1); indice de homogeneidad del 90%; CLEM: Analisis
calculado para [M+H]* C14H15N205: 259,11; encontrado; 259,08.

5
Cap-143
S N\j
=N
CO.H
10 Cap-143, etapa a

. J

2N
Br

A una solucion agitada de 3-amino-1-bromoisoquinolina (444 mg, 2,00

mmol) en dimetilformamida anhidra (10 ml) se afiadié hidruro sodico (60%, sin

lavar, 96 mg, 2,4 mmol) en una porcién. Esta mezcla se agitd a 25 °C durante 5

15 min antes de afadir éter 2-bromoetilico (90%, 250 p!, 2,00 mmol). La mezcla se

agitd otra vez a 25 °C durante 5 h y a 75 °C durante 72 h antes de enfriar hasta

25 °C, se inactivé con soluciéon saturada de cloruro aménico y se diluyd con

acetato de etilo. La fase organica se separo, se lavd con agua y salmuera, se

secéd sobre Na,S0,, se filtrd y se concentré. La purificacion del residuo sobre

20 gel de silice (elucién con gradiente de acetato de etilo al 0% a 70% en hexanos

proporciond Cap-143, etapa (180 mg, 31%) a como un sdlide amarillo. Tg =
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1,75 min {(Condiciones de EM-W1); indice de homogeneidad del 90%; CLEM:
Analisis calculado para [M+H]" Cy3H14BrN,O: 293,03: encontrado: 293,04,

Cap-143

A una solucién fria (-60 °C) de Cap-743, etapa a (154 mg, 0,527 mmol)
en tetrahidrofurano anhidro (5 mi) se afadio una solucién de n-butil litio en
hexanos (2,5 M, 0,25 ml, 0,633 mmol). Después de 10 min, se burbujed didxido
de carbono en la mezcla de reaccion durante 10 minutos antes que se
inactivara con HCl 1N y se dejo calentar hasta 25°C. La mezcla se extrajo
entonces con diclorometano (3 x 30 ml) y los extractos organicos reunidos se
concentraron a vacio. La purificacion del residuo por una HPLC de fase inversa
(MeOH/agua/TFA) proporcioné Cap-143 (16 mg, 12%). Tr = 1,10 min
{Condiciones de EM-W1); indice de homogeneidad del 90%; CLEM: Andlisis
calculado para [M+H]" C14H1sN20O3: 259,11; encontrado: 259,08.

Cap-144
\N/

Cl

COH

Cap-144, etapa a
NO,
cl
=N

Cl

Ly
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Se afiadid 1,3-dicloroisoquinolina (2,75 g, 13,89 mmol) en pequefias
porciones a una solucién fria (0 °C) de acido nitrico fumante (10 ml) y acido
sulfdrico concentrado (10 ml). La mezcla se agité a 0°C durante 0,5 horas antes
de que se calentara gradualmente hasta 25°C a la que se agité durante 16
horas. La mezcla se vertié entonces en un vaso de precipitados que contenia
hielo triturado y agua y la suspension resultante se agité durante 1 hora a 0°C
antes de que se filtrara proporcionando Cap-144, etapa a (2,73 g, 81%) como
un solido amarillo que se usé directamente. Tr = 2,01 min. (Condiciones-D1);
indice de homogeneidad del 95%; CLEM: Andlisis calculado para [M+H]"
CeHsClN20,: 242 97; encontrado: 242,92.

Cap-144, etapa b

~
N/

Cl
=N

Cl

Se suspendid Cap-144, efapa a (0,30 g, 1,23 mmol) en metanol (60 ml) y
se tratd con Oxido de platine (30 mg) y la suspensidon se sometié a
hidrogenacién de Parr a 48,26 kPa de H durante 1,5 h. Antes se afiadieron
formalina (5 ml) y mas &xido de platino (30 mg). La suspension se volvié a
someter a hidrogenacién de Parr a 310,26 kPa de H; durante 13 h antes de
someter a filtracién por succién a través de tierra de diatomeas (Celite®) y se
concentré hasta % de su volumen. La filtracién por succién del precipitado
proporciond el compuesto del epigrafe como un solido amarillo que se sometié
a cromatografia sobre gel de silice (elucidn con gradiente de acetato de etilo al

5% en hexanos hasta acetato de etilo al 25% en hexanos) proporcionando

Ly
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Cap-144, etapa b (231 mg, 78%) como un sélido amarilio palido. Tg = 2,36 min
(Condiciones-D1); indice de homogeneidad del 95%; RMN de 'H (400 MHz,
CDCl3) 8 8,02 (s, 1H), 7,95 (d, J = 8,6 Hz, 1H), 7,57-7,53 (m, 1H), 7,30 (d, J =
7,3 Hz, 1H), 2,88 (s, 6H); CLEM: Andlisis calculado para [M+H]" C1:H;1CI:Ny:

s 241,03; encontrado: 241,02. EMAR: Analisis calculado para [M+H]"
C14H41ClaN2: 241,0299; encontrado: 241,0296.

Cap-144, etapa ¢

e
N

\Cl

~N

CN

. 10 Cap-144, etapa ¢ se prepar6 a partir de Cap-744, efapa b de acuerdo
con el procedimiento descrito para la preparacion de Cap-139, efapa a. Tg =
2,19 min (Condiciones-D1); indice de homogeneidad del 95%; CLEM: Analisis
calculado para {M+H]" C12H41CIN3: 232,06; encontrado: 232,03. EMAR: Analisis
calculado para [M+H]" C12H11CIN3: 232,0642; encontrado: 232,0631.
15
Cap-144

\N/

\CI

=N

COzH
. Cap-144 se preparo de acuerdo con el procedimiento descrito para Cap-
141. Tr = 2,36 min (Condiciones-D1); 90%; CLEM: Analisis calculado para
20 [M+H]" Cq2H12CIN2O2: 238,01; encontrado: 238,09.



Caps-145a 162
Caps-145 a 162 se prepararon a partir de las 1-cloroisoquinolinas apropiadas
de acuerdo con el procedimiento descrito para la preparacion de Cap-138

(Procedimiento A) o Cap-139 (Procedimiento B) a no ser que se describa de

otro modo mas adelante.
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T, (Condicién de CL);
Procedi- indice de
Cap n?® Ca Hidrdlisis
P P miento homogeneidad, %,;
datos EM
1,14 min
SN (Condiciones de EM-
N . Qf
145 COH B 12N HC : Andlisis
Preparado a partir de 1,3- calculado para
dicloroisoquinolina disponible [M+H]" C1oH;CINO:
comercialmente 208,02; encontrado:
208,00.
1,40 min
SN (Condiciones-D1);
N 95%
Cap- . -
146 COH A NaOH CLEM: Analisis
Preparado a partir de 3- SN calcuiado para
hidroxiisoquinolina disponible [M+H]" Cy4H1oNO3:
comerciaimente 204,07; encontrado:
204,06.
~, 0,87 min
(Condiciones-D1);
o
95%;
Cap- ZN o
NaOH CLEM: Analisis
147 CO.H B
5N calculado para
Preparado a partir de 1-cioro-4- [M+H]™ C11H1oNOs:
1 -
hidroxiiscquinolina disponible 204.07: encontrado:
comercialmente ’ 2’0 405

42+
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0,70 min
= {Condiciones-D1);
~ =N /..
Cap- o K
148 COsH A NaOH CLEM: Analisis
Preparado a partir de 7- 5N caleulado para
hidroxiisoquinolina disponible [M+H]" Cy4HoNO3:
comercialmente 204,07; encontrado:
204,05.
~ 0,70 min
{Condiciones-D1);
i
95%:
Cap- 2N o
NaQOH CLEM: Analisis
149 COH A
_ 5N calculado para
| Pre?arad_c) a .partn: de 5.- [M+H]" C1yH1oNOs:
hndroxusoqum9l1na disponible 204,07: encontrado:
comercialmente 204,05.
= 0,26 min
2N TFA {Condiciones-D1);
O  COH %
Cap- " ; i CLEI\j's : s
150 Preparado a partir de 8-metoxi- A HCI 12N S Analisis
1-cloroisoquinolina, que se calculado para
puede sintetizar siguiendo el [M+H]" Cy1H:oNO3:
procedimiento del documento 204,07, encontrado:
WO 2003/ 099274 204,04,
~
cl 1,78 min
=
{Condiciones-D1};
=N
Cap 90%;
- COH -
CLEM: Analisis
151 i . i B HCI 12N
I:repa_ralndo .a parflr d.e 5-metoxi calculado para
,3-dic or'0|so_qumo_[|na-i, que se [IVI+H]+ C11HCINO:
puedels1r.1tet|zar siguiendo el 238,03; encontrado:
procedimiento del documento 238.00.
WO 2005/ 051410,
A0 ™ 1,65 min
o i Y-
Cap- 2 (Condlgi;;(_as D1);
152 COoM B HCI 12N .
Preparado a partir de 8-metoxi- CLEM: Analisis
1,3-dicloroisoquinglina calculado para
disponible comercialmente [M+H]" C1:HaCINOy:

wy
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238,00; encontrado:

238,09
Br
1,18 min
=
(Condiciones de EM-
=N
W1); 95%;
cap- eoat CLEM: Analisis
153 Preparado a partir de 4- A HCI 8N )
bromo ol calculado para
ro | 1
moisoquinoine, que se [MH]" C.absBINOS
ede sintetizar siguiendo e
pu ! I_ guien 251,97, encontrado:
procedimiento del documento 251 95
WO 2003/ 062241 T
=2 0,28 min
F =N (Condiciones de EM-
Cap CO,H W1); 90%;
154 Preparado a partir de 7-fluoro-1- B NaOH CLEM: Anélisis
cloroisoquinolina, que se puede SN calculado para
sintetizar siguiendo el [M+H]" CyoH;FNO,:
procedimiento del documento 192.05; encontrado:
WO 2003/ 099274 192,03,
= 0,59 min
¢l =N (Condiciones de EM-
Cﬂp- CO,H W1), 90%'; -
155 Preparado a partir de 1,7- B NaGH CLEM: Analisis
dicloroisoguinolina, que se 5N calciulado para
puede sintetizar siguiendo el [M+H]" C1oH,CINO;:
procedimiento del documento 208,02; encontrado:
WO 2003/ 099274 208,00.
“ EN 0,60 min
2N (Condiciones de EM-
CO,H WH1); 90%;
Cap- i .
156 Preparado a partir de 1,6- B NaOH CLEM: Andlisis
dicloroisoquinolina, que se SN calculado para
puede sintetizar siguiendo el [M+H]" C1oH;CINO;:
procedimiento del documento 208,02, encontrado:
WO 2003/ 099274 208,03.
' 1,49 min
Cap- = (Condiciones-D1});
157 B HCI 12N '
2N 95%;
COzH CLEM: Analisis
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Preparado a partir de 1,4-
dicloroisoquinoling,
que se puede sintetizar

calculado para
IM+H]" C1oH47CINO:
208,02; encontrado;

siguiendo el procedimiento del 208,00.
documento WO 2003/ 062241
i
0,69 min
\ . -
N (Condiciones de EM-
W1), 90%;
Cap- CO,H .
. NaCH CLEM: Analisis
158 Preparado a partir de 1,5- B
dicloroisoquinoli 5N calculado para
ue' - 'u 03“'"_ t'”t"f" [M+H]' CyoH,CINO,;
) q puede Slfq Pf 1zar 208,02; encontrado:
siguiendo el procedimiento del 208 01
documento WO 2003/ 099274 Y
F
0,41 min
~
N {Condiciones de EM-
W1); 90%;
Cap- COzH .
] NaOH CLEM: Analisis
159 Preparado a partir de 3-fluoro-1- B
cloreisoauinolina 5N calculado para
roi noli .
ue se e?ie 'ntet‘. (M+H]" CroH,FNO;:
. q Py SI, . zar 192,05; encontrado:
siguiendo el procedimiento del 192 03
documento WO 2003/ 099274 o
F SN 0,30 min
N (Condiciones de EM-
Cap— COH W‘l)j 90%;
160 | Preparado a partir de 6-fluoro-1- B NaOH CLEM: Anaiisis
cloroisoguinolina, SN calculado para
que se puede sintetizar [M+H]" C1HFNOy:
siguiendo el procedimiento del 192,05; encontrado:
documento WO 2003/ 099274 192,03.
Sy 0,70 min {Cond. D1};
95%,
S
Cap- P CLEM: Analisis
161 N" "COH - -- calculado para
Preparado a partir de Acido 4- [M+H]" Cy2H1sNO:
bromoquinolin-2-carboxilico y 217,10; encontrado:
dimetilamina (DMSQ, 100 °C) 217,06,
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~ 0,65 min
- P {Condiciones-M3);
o) N~ TCO,H 95%:
Cap- Preparado a partir de m- CLEM: Analisis
162 anisidina siguiendo el - - calculado para
procedimiento descrito en J. [M+H]" Cq1H1oNO3:
Hefero. Chem. 1993, 17y 204,07 encontrado:
Heterocycles, 2003, 60, 953. 203 94.
Cap-163
OH
OH
O

A una solucidon de acido 2-cetobutirico (1,0 g, 9,8 mmol) en éter dietilico
(25 ml) se afadié gota a gota bromuro de fenilmagnesio {22 ml, 1M en THF).
lLa reaccion se agité a ~25 °C en nitrégeno durante 17,5h. La reaccién se
acidificé con HCI 1N y el producto se extrajo con acetato de etilo (3 x 100 ml).
La fase organica reunida se lavé con agua seguido por salmuera y se secd
sobre MgSQO4. Después de concentrar a vacio se obtuvo un sélido blanco. El
solido se recristalizd en hexanos/acetato de etilo proporcionando Cap-163
como agujas blancas (883,5 mg). RMN de 'H (DMSO-dg, 5 = 2,5 ppm, 500
MHz): 12,71 (s ancho, 1 H), 7,54-7,52 (m, 2H), 7,34-7,31 (m, 2H), 7,26-7,23 (m,
1H), 5,52-5,39 (s ancho, 1H), 2,11 (m, 1H), 1,88 (m, 1H), 0,79 (t ap, J = 7,4 Hz,
3H).

Cap-164

O
OH
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Se expuso a H; a 344,74 kPa en un frasco de Parr durante 42 horas una
mezcla de acido 2-amino-2-fenilbutirico (1,5 g, 8,4 mmol), formaldehido (14 m,
37% en agua}, HCI 1N {10 ml) y Pd al 10%/C (0,5 mg) en MeOH (40 ml). La
reaccion se filtré sobre Celite y se concentré a vacio, el residuo se suspendié
en MeOH (36 ml) y el producto se purifico con una HPLC de fase inversa
(MeOH/H,O/TFA) proporcicnando la sal TFA de Cap-164 como un sdlido
blanco (1,7 g). RMN de 'H (DMSO-de, 5 = 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 (t ap, J = 7,3 Hz, 3H).

Cap-165

A una mezcla de acido 2-amino-2-indanocarboxilico (258,6 mg, 1,46
mmol) y acido férmico (0,6 ml, 15,9 mmol) en 1,2-dicloroetano (7 ml) se anadié
formaldehido (0,6 ml, 37% en agua). La mezcla se agitdé a ~25 °C durante 15
min luego se calentd a 70 °C durante 8h. El componente volatil se elimind a
vacio y el residuo se disolvid en DMF (14 ml}) y se purificé por una HPLC de
fase inversa (MeOH/H,O/TFA) proporcionando la sal TFA de Cap-165 como un
aceite viscoso (120,2 mg). RMN de 'H (DMSO-ds, & = 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, 2H), 2,75 (s, 6H).
CL/EM: Analisis calculado para [M+H]" C1:HsNO2: 206,12; encontrado: 206,07.

B2
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Cap-166a y -166b

¥
OH Cap-166a; Diastereomero-1

N Cap-166b: Diasteredmero-2

A

/

Caps-166a y -166b se prepararon a partir de (1S, 4S5)-(+)-2-metil-2,5-
diazabiciclo[2.2.1]heptano (2HBr) de acuerdo con el procedimiento descrito
para la sintesis de Cap-7a y Cap-7b, con la salvedad de que se separd el éster
bencilico intermedio usando una columna semipreparativa Chiraicel OJ, 20 x
250 mm, 10 pm eluyendo con una mezcla 85:15 de heptano/etanol a 10 ml/min
de caudal de elucién durante 25 min. Cap-166b: RMN de 'H (DMSQ-dg, 6 = 2,5
ppm, 500 MHz): 7,45 (d, J = 7,3 Hz, 2H), 7,27-7,19 (m, 3H), 4,09 (s, 1H), 3,34
(s ancho ap, 1H), 3,16 (s ancho ap, 1H), 2,83 (d, J=10,1 Hz, 1H), 2,71 (m, 2H),
2,46 {m, 1H), 2,27 (s, 3H), 1,77 (d, J = 9,8 Hz, 1H), 1,63 (d, J = 9,8 Hz, 1H).
CL/EM: Andlisis calculado para [M+H]" CisH1sN2O2: 247,14; encontrado:
247 11.

Cap-167

OH

L33
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Se agitd una solucién de acido Boc-1,3-dihidro-2H-isoindol carboxilico
racémico (1,0g, 3,8 mmol) en TFA al 20%/CH,Cl; a ~25 °C durante 4h. Se
eliminé todo el componente volati! a vacio. Se expuso una mezcla del material
bruto resultante, formaldehido (15 ml, 37% en agua), HCI 1N (10 ml) y Pd al

5 10%/C (10 mg) en MeOH a H; (275,71 kPa) en un frasco de Parr durante 23 h.
La mezcla de reaccion se filird sobre Celite y se concentré a vacio
proporcionando Cap-167 como una espuma amarilla (873,5 mg). RMN de 'H
(DMSO-dg, & = 2,5 ppm, 500 MHz) 7,59-7,38 (m, 4H), 5,59 (s, 1H), 4,84 (d, J =
14 Hz, 1H), 4,50 (d, J = 14,1 Hz, 1H), 3,07 (s, 3H). CL/EM: Analisis calculado

10 para [M+H]" CioH{2NO,: 178,09; encontrado: 178,65.

Cap-168

OH
NMGZ

15 Se prepard Cap-168 racémico a partir de acido Boc-aminoindano-1-
carboxilico racémico de acuerdo con el procedimiento descrito para la

preparacién de Cap-167. El producto bruto se empled como tal.
Cap-169

0
OH
N__.

20
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Se colocd una mezcla de clorhidrato de acido 2-amino-2-fenilpropanoico
(5,0 g, 2,5 mmol}, formaldehido (15 ml, 37% en agua), HCI 1N (15 ml) y Pd al
10%/C (1,32 g) en MeOH (60 ml) en un frasco de Parr y se agitd en hidrogenoc
(379,11 kPa) durante 4 dias. L.a mezcla de reaccién se filtrd sobre Celite y se
concentrd a vacio. El residuo se suspendid en MeOH y se purificé por HPLC
preparativa de fase inversa (MeOH/agua/TFA) proporcionando la sal TFA de
Cap-169 como un semisolido viscoso (2,1 g). RMN de 'H (CDCls, 8 = 7,26 ppm,
500 MHz): 7,58-7,562 (m, 2 H), 7,39-7,33 (m, 3H), 2,86 (s ancho, 3H), 2,47 (s
ancho, 3H), 1,93 (s, 3H). CL/EM: Analisis calculado para [M+H]" Cy;HsNO4:
194,12; encontrado: 184,12.

A acido (S)-2-amino-2-(tetrahidro-2H-piran-4-il)acético (505 mg; 3,18
mmol; obtenido de Astatech) en agua (15ml) se anadié carbonato sédico (673
mg; 6,35 mmol) y la mezcla resultante se enfrid hasta 0°C momento en el que
se afiadio cloroformiato de metilo (0,26mi; 3,33mmol) gota a gota durante 5
minutos. Se dejé agitando la reacciéon durante 18 horas llegando lentamente a
temperatura ambiente a medida que se fundia el bafio de hielo. La mezcla de
reaccion se repartio entonces entre HCI 1N y acetato de etilo. La fase organica
se separd y la fase acuosa se extrajo de nuevo con dos porciones mas de
acetato de etilo. Las fases organicas reunidas se lavaron con salmuera, se

secaron sobre sulfato de magnesio, se filtraron y se concentraron a vacio
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dando un residuo incoloro. RMN de 'H (500 MHz, DMSO-dg) & ppm 12,65 (1 H,
s ancho), 7,44 (1 H, d, J=8,24 Hz), 3,77 - 3,95 (3 H, m), 3,54 (3 H, s), 3,11 -
3,26 (2H, m), 1,82-195 (1 H, m), 1,41 -155(2H, m), 1,21 - 139 (2 H, m),
CL/EM: Analisis calculado para [M+H]" CsHigNOs: 218,1; encontrado 218,1.

Cap-171
0 o
oLi
HNYO
0

Una solucidn de 2-(benciloxicarbonilamino)-2-(oxetan-3-iliden)acetato de
metilo (200 mg, 0,721 mmol; 1l Farmaco (2001), 56, 609-613) en acetato de
etilo (7 ml) y CH2Cl> (4,00 ml) se desgasificé burbujeando nitrégeno durante
10min. Se afnadieron entonces dicarbonato de dimetilo (0,116 ml, 1,082 mmol)
y Pd/C (20 mg, 0,019 mmol), la mezcla de reaccion se ajustd bajo un globo de
hidrogeno y se dejd agitando a temperatura ambiente durante la noche
momento en el que la TLC (955 CH,Cl; / MeOH: visualizada con tincién
realizada en 1g de Ce(NH4).SO4, 6g de molibdato aménico, 6 ml de &cido
sulfirico y 100 ml de agua) indicé la conversién completa. La reaccion se filtré
a través de Celite y se concentré. El residuo se purificé por Biotage® (cada con
diclorometano en 25 de muestra; elucién en columna 25S con diclorometano
para 3CV luego 0 a 5% de MeOH / diclorometano sobre 250ml luego
mantenido a 5% de MeOH / diclorometano para 250ml; fracciones de 8 ml). Las
fracciones obtenidas que contenian material deseado y se concentraron hasta
120 mg (81%) de 2-(metoxicarbonilamino)-2-(oxetan-3-il)acetatc de metilo

como un aceite incoloro. RMN de 'H {500 MHz, CLOROFORMO-D) & ppm 3,29

Y35
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- 3,40 (m, J=6,71 Hz, 1 H) 3,70 (s, 3 H) 3,74 (s, 3 H) 4,55 (t, J=6,41 Hz, 1 H)
458 -468 (m, 2 H) 4,67 -4,78 (m, 2 H) 5,31 (s ancho, 1 H). CL/EM: Analisis
calculado para [M+H]" CgH4NOs: 204,2; encontrado 204,0.

Se afiadid a 2-(metoxicarbonilamino)-2-(oxetan-3-il)acetato de metilo (50
mg, 0,246 mmol) en THF (2 ml} y agua (0,5 ml) hidréxido de litio monohidratado
(10,33 mg, 0,246 mmol). La solucidn resultante se dejoé agitando durante la
noche a temperatura ambiente. La TLC (1:1 EA / Hex; tincién de Hanessian [1g
de Ce(NH,4)2.S04, 6 g de molibdato amédnico, 6 mi de acido sulfurico y 100 ml de
agua)) indicé que quedaba ~10% de material de partida. Se anadieron otros 3
mg de LiOH y se dej6 agitando durante la noche momento en el que la TLC
rﬁostr() que no quedaba material de partida. Se concentrd a vacio y se colocéd
en alto vacio durante la noche proporcionande 55 mg de 2-
(metoxicarbonilamino)-2-(oxetan-3-iljacetato de litio como un sélido incoloro.
RMN de 'H (500 MHz, MeOD) & ppm 3,39 - 3,47 (m, 1 H) 3,67 (s, 3 H) 4,28 (d,
J=7,93 Hz, 1 H) 4,64 (t, J=6,26 Hz, 1 H) 4,68 (t, /=7,02 Hz, 1 H) 4,73 (d, J=7,63
Hz, 2 H).

Cap-172

U3y
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La siguiente etapa de diazotacion se adapté de Barton, A.; Breukelman,
S. P.; Kaye, P. T.; Meakins, G. D.; Morgan, D. J. J. C. S. Perkin Trans | 1982,
159-164: Se anadié una solucién de NaNO; (166 mg, 2,4 mmol) en agua (0,6
ml) a una solucion agitada, fria (0 °C) de 2-amino-5-etil-1,3-tiazol-4-carboxilato
de metilo (186 mg, 1,0 mmol), CuSO4*5H;0 (330 mg, 1,32 mmol), NaCl (260
mg, 4,45 mmol) y H;SO4 (5,5 ml) en agua (7,5 ml). La mezcla se agité a 0 °C
durante 45 min y se dejo calentar hasta temperatura ambiente donde se agitd
durante cotra 1 h antes de anadir CuCl (118 mg). Esta mezcla se agitdé de nuevo
a temperatura ambiente durante 16 h antes de diluirse con salmuera y
extraerse con éter dos veces. Las fases orgdnicas se reunieron, se secaron
scbre MgS0O,4 y se concentraron dando 2-cloro-5-etiltiazol-4-carboxilato de
metilo (es decir, Cap-172, etapa a) (175 mg, 85%) como un aceite naranja
(80% de pureza) que se usé directamente en la siguiente reaccion. Tr = 1,99
min (Condicién-MD1); CL/EM: Andlisis calculado para [M+H]" C;HsCINQ,S:
206,01; encontrado: 206,05.

Cap-172

A una solucion de 2-cloro-5-etiltiazol-4-carboxilato de metilo (175 mg) en
THF/H20/MeOH (20 ml/ 3 ml/ 12 ml) se anadio LiOH (305 mg, 12,76 mmol). La
mezcla se agitdé a temperatura ambiente durante la noche antes de concentrar
y neutralizar con HCI 1N en éter (25 mi). El residuo se extrajo dos veces con
acetato de efilo y las fases organicas se reunieron, se secaron sobre MgSQO, y
se evaporaron proporcionando Cap-172 (60 mg, 74%) como un sélido rojo que
se uso sin purificacion posterior. RMN de 'H (300 MHz, DMSO-dg) & ppm
13,03-1342 (1H, m), 3,16 2H,q, J=74Hz), 1,23 (3H,t,J=75Hz). Tg=
1,78 min (Condicion-MD1); CL/EM: Analisis calculado para [M+H]
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CeH7CINO,S: 191,99, encontrado: 191,99.

Cap-173
s OH
VAR

La siguiente etapa de diazotacion se adaptd de Barton, A.; Breukelman,
S. P.; Kaye, P. T.; Meakins, G. D.; Morgan, D. J. J. C. S. Perkin Trans | 1982,
159-164: Se anadio una solucidén de NaNO; (150 mg, 2,17 mmol) en agua (1,0
ml) gota a gota a una solucion agitada, fria (0 °C) de 2-amino-5-¢til-1,3-tiazo!-4-
carboxilato de metilo (186 mg, 1,0 mmol) en H3PO; al 50% (3,2 ml). La mezcla
se agitd a 0 °C durante 1 h y se dej6 calentar hasta temperatura ambiente
donde se agitd durante otras 2h. Después de volver a enfriar hasta 0 °C, la
mezcla se traté lentamente con una solucion de NaOH (85 mg) en agua (10
ml). La mezcla se diluyé entonces con solucién saturada de NaHCO; y se
extrajo dos veces con éter. Las fases organicas se reunieron, se secaron sobre
MgSO4 y se concentraron dando 5-etiltiazol-4-carboxilato de metilo (es decir,
Cap-173, efapa a) (134 mg, 78%) como un aceite naranja (85% de pureza) que
se usé directamente en la siguiente reaccion. Tg = 1,58 min (Condicion-MD1);
CL/EM: Andlisis calculado para [M+H]" C;HoNOsS: 172,05 encontrado:
172,05.

BE
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Cap-173

A una solucién de 5-etiltiazol-4-carboxilato de metilo (134 mg) en
THF/H,O/MeOH (18 ml/ 2,7 ml/ 11 ml) se afadié LIOH (281 mg, 11,74 mmol).
La mezcla se agitd a temperatura ambiente durante la noche antes de
concentrar y neutralizar con HCI 1N en éter (25 ml). El residuo se extrajo dos
veces con acetato de etilo y las fases organicas se reunieron, se secaron sobre
MgSQO, y se evaporaron proporcionando Cap-173 (90 mg, 73%) como un sélido
naranja que se usd sin purificacién posterior. RMN de 'H (300 MHz, DMSO-d;)
d ppm 12,74-13,04 (1 H, m), 3,20 (2 H,q, J=7,3 Hz), 1,25 3 H, t, J = 7,5 Hz).
Tr = 1,27 min (Condicién-MD1); CL/EM: Andlisis calculado para [M+H]"
CeHsNO2S: 158,03; encontrado: 158,04.

Cap-174

|
=
l/ OH
N

Cap-174, etapa a

.~ OSO5CF3
Nid O~
O

Se afnadid anhidrido triflico (5,0 g, 18,0 mmol) gota a gota a una solucién

fria (0 °C) de 3-hidroxipicolinato de metilo (2,5 g, 16,3 mmol) y TEA (2,5 ml,

uyo
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18,0 mmol) en CH,Cl, (80 ml). La mezcla se agitd a 0 °C durante 1h antes de
dejar calentar hasta temperatura ambiente, momento en el que se agitdé durante
una hora mas. La mezcla se inactivé entonces con solucién saturada de
NaHCO; (40 ml) y la fase organica se separo, se lavd con salmuera, se secd
sobre MgSO, y se concentré dando 3-(trifluorometilsulfoniloxilpicolinato de
metilo (es decir, Cap-174, etapa a) (3,38 g, 73%) como un aceite marrén
oscuro (>95% de pureza) que se usd directamente sin purificacion posterior.
RMN de 'H (300 MHz, CDCl;) 8 ppm 8,72-8,79 (1 H, m), 7,71 (1 H, d, J = 1,5
Hz), 7,568-7,65 (1 H, m), 4,04 (3 H, s). Tr = 1,93 min {Condicién-MD1); CL/EM:
Analisis calculado para [M+H]" CgH;F3sNOsS: 286,00; encontrado: 286,08.

Cap-174

A una solucién de 3-(trifluorometilsulfoniloxi)picolinato de metilo (570
mg, 2,0 mmol) en DMF (20 ml) se afadié LiCl (254 mg, 6,0 mmol),
tributil(vinil)estannano (761 mg, 24 mmol) vy dicloruro de
bis(trifenilfosfina)paladio (42 mg, 0,06 mmol). La mezcla se calentd a 100 °C
durante la noche antes d afadir una solucién saturada de KF (20 ml) a la
mezcla de reaccion a temperatura ambiente. Esta mezcla se agitdé durante 4 h
antes de filtrar a través de Celite y el lecho de Celite se lavd con acetato de
etilo. La fase acuosa del filtrado se separd entonces y se concentré a vacio. El
residuo se traté con HCI 4N en dioxanos (5 ml) y la mezcla resultante se extrajo
con metanol, se filtré y se evapord proporcionando Cap-174 (260 mg) como un
solido verde que estaba ligeramente contaminado con sales inorganicas pero
que se usd sin purificacion posterior. RMN de 'H (300 MHz, DMSO-ds) 8 ppm
821 (1 H,d J=3,7 Hz), 7,81-7,90 (1 H, m), 7,09 (1 H, dd, J = 7,7, 4,8 Hz),
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6,98 (1H,dd, J=179,113Hz), 574 (1 H,dd, J=179,15Hz),520 (1H,d, J
= 11,0 Hz). Tr = 0,38 min (Condicion-MD1}; CL/EM: Analisis calculado para
[M+H]" CgHaNO,: 150,06; encontrado: 150,07.

5 Cap-175

Cap-175, etapa a
|

10 A una soluciéon de 3-(trifluorometilsulfoniloxi)picolinato de metilo (es
decir, Cap 173, etapa a) (670 mg, 2,0 mmol), un intermedio en la preparacion
de Cap-174, en DMF (20 ml} se afadid LiCl (254 mg, 6,0 mmol),
tributil(vinil)estannano (761 mg, 24 mmol) vy dicloruro de
bis(trifenilfosfina)paladio (42 mg, 0,06 mmo!}. La mezcla se calenté a 100 °C

t5 durante 4 h antes de eliminar el disolvente a vacio. El residuo se suspendié en
acetonitrilo (50 ml) y hexanos (50 ml) y la mezcla resultante se lavé dos veces
con hexanos. Se separd entonces la fase de acetonitrilo, se filtré a través de
Celite y se evaporo6. La purificacidon del residuo por cromatografia ultrarrapida
en un aparato Horizon (elucién con gradiente de acetato de etilo al 25% en

20  hexanos hasta acetato de etilo al 5% en hexanos) proporcioné 3-vinilpicolinato

de metilo (es decir, Cap-175, etapa a) (130 mg, 40%) como un aceite amarillo.
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RMN de 'H (300 MHz, CDCly) & ppm 8,60 (1 H, dd, J = 4,6, 1,7 Hz), 7.94 (1 H,
d,J=77Hz), 7337861 (2H m), 572 (1H,d, /=172 Hz),547 (1H, d, J=
11,0 Hz), 3,99 (3 H, s). Tr = 1,29 min (Condicién-MD1); CL/EM: Analisis
calculado para [M+H]" CgH1gNOa2: 164,07; encontrado: 164,086.

Cap-175, etapa b

Se afadié paladio sobre carbén (10%, 25 mg) a una solucién de 3-
vinilpicolinato de metilo (120 mg, 0,74 mmol) en etanol (10 ml). La suspensién
se agité a temperatura ambiente en una atmdsfera de hidrégeno durante 1 h
antes de filtrar a través de Celite y se lavd el lecho de Celite con metanol. El
filtrado se concentré hasta sequedad proporcionando 3-etilpicolinato de metilo
(es decir, Cap-175, etapa b) que se llevo directamente a la siguiente reaccién.
Tr = 1,15 min (Condicion-MD1); CL/EM: Analisis calculado para [M+H]
CgH12NO2: 166,09; encontrado: 166,09.

Cap-175
A una solucién de 3-etilpicolinato de metilo en THF/H,O/MeOH (5 ml/
0,75 mlf 3 ml) se anadié LIOH (35 mg, 1,47 mmol). La mezcla se agité a
temperatura ambiente durante 2 dias antes de afadir mas LiOH (80 mg).
Después de otras 24 horas mas a temperatura ambiente, la mezcla se filtro y el
disolvente se eliminé a vacio. El residuo se tratd entonces con HCI 4N en

dioxanos (5 ml) y la suspensién resultante se concentré hasta sequedad
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proporcionando Cap-175 como un sdlido amarillo que se uso sin purificacién
posterior. RMN de 'H (300 MHz, DMSO-dg) & ppm 8,47 (1 H, dd, J = 4,8, 1,5
Hz), 7,82-7,89 (1 H, m), 7,53 (1 H,dd, J=7,7,48Hz), 282 (2 H, q, J=7,3 Hz),
117 3 H, t, J = 7,6 Hz). Tr = 0,36 min (Condicion-MD1); CL/EM: Analisis
calculado para [M+H]" CgH1NO,: 152,07; encontrado: 152,10.

Cap-176
HO 20
NJLO/
. H
F

Cap-176, efapa a

0.0 Of\@
& N’J*o
0 H

¢

Se afiadié una solucién de 1,4-dioxaspiro[4,5]decan-8-ona {15 g, 96
mmol) en EtOAc (150 mi) a una solucién de 2-(benciloxicarbonilamino)-2-
(dimetoxifosforil)acetato de metilo (21,21 g, 64,0 mmol) en 1,1,3,3-
tetrametilguanidina (10,45 ml, 83 mmol) y EtOAc (150 ml). La solucién
resultante se agitdé a temperatura ambiente durante 72 h y luego se diluyé con
EtOAc (25 ml). La fase organica se lavd con HCI 1N (75 ml), H,O (100 ml) y
salmuera {100 ml}, se secod (MgSO,), se filtrd y se concentrd. El residuo se
purificé por Biotage (EtOAc al 5% hasta 25 %/Hexanos; 300g columna). Las

fracciones reunidas que contenian el producto se concentraron entonces a

LUy
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vacio y el residuc se volvié a cristalizar en hexanos/EtOAc dando cristales
blancos que corresponden a 2-(benciloxicarbonilamino)-2-(1,4-
dioxaspiro[4,5]decan-8-iliden)acetato de metilo (6,2 g) RMN de 'H (400 MHz,
CDCls-d) & ppm 7,30 - 7,44 (5 H, m), 6,02 (1 H, s ancho), 5,15 (2 H, s), 3,97 (4
H, s), 3,76 (3 H, s ancho), 2,84 - 2,92 (2 H, m), 247 {2 H, t, J=6,40 Hz), 1,74 -
1,83 (4 H, m). LC (Cond. OL1): Tr = 2,89 min. CI/EM: Analisis calculado para
[M+Na]" C1gH23NNaQg: 745,21; encontrado; 745,47

Cap 176, etapa b
0

0 ; i/()\@
Co

Se preparé el éster Cap 176, etapa b a partir del alqueno Cap 176, etapa
a de acuerdo con el procedimiento de Burk, M. J.; Gross, M. F. and Martinez J.
P. (J. Am. Chem. Soc., 1995, 117, 9375-9376 y referencias en el mismo): Se
cargd una botella a alta presiéon de 500 ml con el alqueno Cap 176, etapa a (3.5
g, 9,68 mmol) en MeOH desgasificado (200 ml) en una capa de N,. La solucion
se cargd entonces con tetrafluoroborato de (-)-1,2-bis((2S,55)-2,5-
dimetilfosfolano)etano(ciclooctadienojrodio (1) (0,108 g, 0,194 mmol} y la
mezcla resultante se cubrié con N; (3x) y se cargd con Ha (3x). La solucién se
agitd vigorosamente a 482 kPa de H; a temperatura ambiente durante 72 h. El
disolvente se eliminé a presion reducida y el residuo que quedd se suspendid
en EtOAc. La solucién pardusca se filtré entonces a través de un lecho de gel
de silice y se eluyé con EtOAc. El disolvente se concenir6 a vacio

proporcionando un aceite transparente que correspondia al éster Cap 176,
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etapa b (3,4 g), RMN de 'H (500 MHz, CDCly-d) 8 ppm 7,28 - 7,43 (5 H, m),
5,32 (1 H, d, J=9,16 Hz), 5,06 - 5,16 (2 H, m), 4,37 (1 H, dd, J=9,00, 5,04 Hz),
3,92 (4 H,t J=3,05Hz), 3,75(3 H,s),1,64-1,92(4H, m), 1,37 - 1,60 (5 H, m).
LC (Cond. OL1): Tr = 1,95 min. CL/EM: Andlisis calculado para [M+H]"
C19H2sNOg: 364,18; encontrado: 364,27.

Cap 176, etapa c

OO
iqe
O

Se disolvid el éster Cap 176, efapa b (4,78 g, 13,15 mmol) en THF (15
ml) seguido por la adicion secuencial de agua (10 ml), acido acético glacial
(26,4 ml, 460 mmol) y acido dicloroacético (5,44 ml, 65,8 mmol). La mezcla
resultante se agitd durante 72 h a temperatura ambiente, y la reaccién se
inactivé mediante la adicién lente de Na,CO; sélido con agitacion vigorosa
hasta que no fue visible la generacién de gas. El producto bruto se extrajo en
acetato de etilo al 10%-diclorometano y las fases organicas se reunieron, se
secaron (MgS0Q,), se filtraron y concentraron. El residuo resultante se purifico
por Biotage (EtOAc al 0 hasta 30%/Hex, 25 g de columna) proporcionando la
cetona Cap 176, etapa c (3,869) como un aceite transparente. RMN de *H (400
MHz, CDCl3-d) 8 ppm 7,28 - 7,41 (5 H, m), 5,55 (1 H, d, J=8,28 Hz), 5,09 (2 H,
s), 4,46 (1 H, dd, J=8,16, 5,14 Hz), 3,74 (3 H, s), 2,18 - 246 (5 H, m), 1,96 -
2,06 (1 H, m), 1,90 (1 H, ddd, J=12,99, 5,96, 2,89 Hz), 1,44 - 168 (2 H, m,
J=12,36, 12,36, 12,36, 12,36, 4,77 Hz). LC (Cond. OL1): Tg = 1,66 min. CL/EM:
Andlisis calculado para [M+Na]* C17H;:NNaOs: 342,13; encontrado: 342,10.
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Cap 176, etapa d
00 o/\@
NAO

H

Se afadid Deoxo-Fluor® (3,13 ml, 16,97 mmol) a una solucién de la

F
F

cetona Cap 176, efapa ¢ (2,71 ¢, 8,49 mmol) en CH,Cl; (50 ml} seguido por la
adicion de una cantidad catalitica de EtOH (0,149 ml, 2,55 mmol). La solucion
amarillenta resultante se agitd a ta durante la noche. La reaccion se inactivd
mediante la adicion de NaHCO; acuoso saturado (25 ml) y la mezcla se extrajo
con EtOAc (3X75 ml)). Las fases organicas reunidas se secaron (MgSQ,), se
filtraron y se secaron dando un aceite amarillento. El residuo se purificé por
cromatografia en Biotage (EtOAc al 2% hasta 15%/Hex; 90g de columna) y se
recuperé un solido blanco correspondiente al difluoruro de difluoro aminoacido
Cap 1786, etapa d (1,5 g). RMN de 'H {400 MHz, CDCl3-d) 6 ppm 7,29 - 7,46 (5
H, m), 5,34 (1 H, d, J=8,28 Hz), 5,12 (2 H, s), 4,41 (1 H, dd, J=8,66, 4,89 Hz),
377 (3H,s),206-220(2H, m),1,83-198(1H m),160-181(4H, m),
1,38 - 1,55 (2 H, m). RMN de 'F (376 MHz, CDCls-d) & ppm -92,15 (1 F, d,
J=237,55 Hz), -102,44 (1 F, d, J=235,82 Hz). LC (Cond. OL1): Tr = 1,66 min.
CL/EM: Analisis calculado para [2M+Na]" CasHaFsNoNaQg: 705,28 encontrado:
705,18.

Cap 176, elapa e
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Se disolvié el diflucruro Cap 176, etapa d (4 g, 11,72 mmol) en MeOH
(120 ml) y se cargé con Pd/C (1,247 g, 1,172 mmo!). Se inyectdé en la
suspension N» (3x) y la mezcla de reaccién se colocd bajo una presion de 101
kPa de H; (globo). La mezcla se agité a temperatura ambiente durante 48 h. La
suspension se filtrd entonces a través de un lecho de Celite y se concentré a
vacio dando un aceite que corresponde al aminoacido Cap 176, etapa e (2,04
g) ¥ que se usd sin purificacion posterior. RMN de 'H (400 MHz, DMSO-ds) &
ppm 3,62 (3 H, s8), 3,20 (1 H, d, J=5,77 Hz), 1,91- 2,09 (2 H, m), 1,50 - 1,88 (7
H, m), 1,20 - 1,45 (2 H, m). RMN de "F (376 MHz, DMSO-ds) 8 ppm -89,39 (1
F, d, J=232,35 Hz), -100,07 (1 F, d, J=232,35 Hz). RMN de C (101 MHz,
DMSO-dg) & ppm 175,51 (1 C, s), 124,10 (1 C, t, J=241,21, 238,90 Hz), 57,74
(1C,s),51,39(1C, s), 39,23 (1 C, s ancho), 32,02 - 33,83 (2 C, m), 25,36 {1 C,
d, J=10,02 Hz), 23,74 (1 C, d, J=9,25 Hz). LC (Cond. OL2): Tr = 0,95 min.
CUEM: Andlisis calculado para [2M+H]" CisH3:F4N202: 415,22; encontrado:
415,40.

Cap 176, etapa f

0.0

Se afadi6 cloroformiato de metilo (1,495 ml, 19,30 mmol) a una solucién

de aminoacido Cap 176, efapa e {2 g, 9,65 mmol) y DIEA (6,74 ml, 38,6 mmol)
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en CH.CI; (100 ml). La soluciéon resultante se agitdé a ta durante 3 h y se
eliminaron los volatiles a presion reducida. El residuo se purificé por Biotage
(EtOAc al 0% hasta 20%/Hex; 80 g de columna). Se recuperé un aceite
transparente gue solidificé en reposo a vacio y que correspondia al carbamato
Cap-176, etapa f (2,22 g). RMN de 'H (500 MHz, CDCls-d) & ppm 5,27 (1 H, d,
J=8,55 Hz), 4,39 (1 H, dd, J=8,85, 4,88 Hz), 3,77 (3 H, s), 3,70 (3 H, s), 2,07 -
220(2H,m), 1,84-1986(1H, m), 1,64 -182(4 H, m), 1,39 -1,51(2H, m).
RMN de 'F (471 MHz, CDCls-d) & ppm -92,55 (1 F, d, J=237,13 Hz), -102,93
(1F, d, J=237,12 Hz). RMN de "*C (126 MHz, CDCls-d) 8 ppm 171,97 (1 C, s),
156,69 (1 C, s), 119,77 - 125,59 (1 C, m), 57,24 (1 C, s ancho), 52,48 (1 C, s
ancho), 52,43 (1 C, s), 39,15 (1 C, s), 32,560 - 3348 (2 C, m), 25,30 (1 C, d,
J=9,60 Hz), 24,03 (1 C, d, /=9,60 Hz). LC (Cond. OL1): Tgr = 1,49 min. CL/EM:
Analisis calculado para [M+Na]* C1:H;7Fs2NNaQ,: 288,10; encontrado: 288,03.

Cap-176

Se anadié una solucic’)n.de LiOH (0,379 g, 15,83 mmol) en agua (25 ml) a
una solucién de carbamato Cap-176, etapa f(2,1 g, 7,92 mmol) en THF (75 ml) y
la mezcla resultante se agité a temperatura ambiente durante 4 h. Se eliminé el
THF a vacio y la fase acuosa restante se acidificd con solucién de HCI 1N (2 ml)
y luego se extrajo con EtOAc (2 X 50 ml). Las fases organicas reunidas se
secaron (MgSQ,), se filtraron y se concentraron dando una espuma que
correspondia al Cap-176 (1,92 g). RMN de "H (400 MHz, DMSO-dq) & ppm 12,73
(1H,s), 7,50 (1 H, d, J=8,78 Hz), 3,97 (1 H, dd, J=8,53, 6,02 Hz), 3,54 (3 H, s),
102 -208 (2H m), 1,57 - 1,90 (5 H, m), 1,34 - 1,48 (1 H, m), 1,27 (1 H, qd,

J=12,72, 3,26 Hz). RMN de "°F (376 MHz, DMSO-ds) & ppm -8962 (1 F, d,
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J=232,36 Hz), -99,93 (1 F, d, J=232,35 Hz). CL (Cond. OL2): Tr = 0,76 min.
CL/EM: Analisis calculado para [M-H]" C1gH14sF2NO4: 250,09: encontrado: 250,10,

EJEMPLOS

La presente exposicion se describird ahora con relacién a ciertas
realizaciones que no pretenden limitar su alcance. Por el contrario, la presente
exposicion cubre todas las alternativas, modificaciones y equivalentes que se
pueden incluir en el alcance de las reivindicaciones. Asi, los siguientes
ejemplos que incluyen realizaciones especificas, ilustraran una practica de la
presente exposicién, sobreentendiéndose que los ejemplos tienen fines
ilustrativos de ciertas realizaciones y se presentan proporcionando lo que se
cree es la descripcion mas utii y facilmente comprensible de sus
procedimientos y aspectos conceptuales.

Los porcentajes en solucion expresan una relacion peso a volumen y las
relaciones de solucion expresan una relacién volumen a volumen, a no ser que
se.indique de otro modo. Los espectros de resonancia magnética nuclear
(RMN) se registraron bien en un espectrometro Bruker 300, 400 o 500 MHz; los
desplazamientos quimicos (&) se expresan en partes por millén.

La valoracién de la pureza y el andlisis de masas de baja resolucién se
llevaron a cabo en un sistema de CL Shimadzu acoplado con un sistema de
EM Waters Micromass ZQ. Se apreciara que los tiempos de retencién pueden
variar ligeramente entre maquinas. A no ser que se indique de otro modo, las
condiciones de CL empleadas en la determinacion del tiempo de retencién (Tr)

fueron:
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Condiciones-J1
Columna = Phenomenex-Luna 3,0X 50 mm S10
% Inicial de B =0
% Final de B =100
Tiempo de gradiente =2 min
Tiempo de parada =3 min
Caudal = 4 ml/min
Longitud de onda =220 nm
Disolvente A = TFA al 0,1% en metanol al 10%/agua al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/agua al 10%
Condiciones-J2
Columna = Phenomenex-Luna 3,0X50 mm S10
% Inicial de B =0
% Final de B =100
Tiempo de gradiente =4 min
Tiempo de parada =5 min
Caudal = 4 ml/min
Longitud de onda =220 nm
Disolvente A = TFA al 0,1% en metanol al 10%/agua al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/agua al 10%
Condiciones-J3
Columna = XTERRA C18 57 (3,0 x 50mm)

% Inicial de B =0

s/
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% Final de B =100
Tiempo de gradiente =2 min
Tiempo de parada =3 min
Caudal =5 ml/min
Longitud de onda =220 nm
Disolvente A = TFA al 0,1% en metanol al 10%/agua al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/agua al 10%
Condiciones-D1
Columna = Phenomenex-Luna 3,0X 50 mm S10
% Inicial de B =0
% Final de B =100
Tiempo de gradiente =2 min
Tiempo de parada =3 min
Caudal =4 ml/min
Longitud de onda =220 nm

Disolvente A = TFA al 0,1% en metanol al 10%/agua al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/agua al 10%

Condiciones-D2?

Columna = Phenomenex-Luna 4,6 X50 mm S10
% Inicial de B =0

% Final de B =100

Tiempo de gradiente =3 min

Tiempo de parada =4 min
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Caudal » = 4 ml/min
Longitud de onda =220 nm
Disolvente A = TFA al 0,1% en metanol al 10%/agua al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/agua al 10%
Condiciones-JB-1
Columna = Water Sunfire 5 u C 18 4,6 x 30 mm
% Inicial de B =0
% Final de B =100
Tiempo de gradiente = 3 min
Tiempo de parada =4 min
Caudal = 4 mi/min
Longitud de onda =220 nm

Disolvente A = TFA al 0,1% en acetonitrilo al 10%/agua al 90%
Disolvente B = TFA al 0,1% en acetonitrilo al 90%/agua al 10%

uss
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Ruta de sintesis 1:

Br\©,CHO PhyP{CH4);CO;H
DMSO

Br\@/\/\,COzH PH{S):
H
Ja ?

CHO Br R
[f \@ Iscamil nitrito

N-B >

oc X N-OH THFIELO
J.3a
2. NH,OH/MeOH
( I "
HO-N =N

J.4

Referencia: J.Med.Chem. (2005) 48, 7351.

Ejemplos J.1-J.5

BTWCOQH

J.1

P{OEt);
6.]'500 DMF 80°C

usYy

BI'\@N\,COQH
J.2

PPA / 13D°Cl

Se afadio una solucion 1M de terc-butdxido potasico en tetrahidrofurano

(80 ml) gota a gota a bromuro de (3-carboxipropiltrifenilfosfonio (17 g, 40 mol)

en DMSO anhidro (20 ml) en nitrégeno a 24°C, y la solucién se agité 30 min.

antes de la adicion de 3-bromobenzaldehido (4,7 ml, 40 mmol). Después de

varios minutos se observé un precipitado y se afadieron otros 20 ml de DMSO

para ayudar a solvatar, y la reaccién se agitd 18 horas. La solucién se vertié en

agua (120 mi) y se lavd con cloroformo. La fase acuosa se acidificé con HCI

conc. y se extrajo con cloroformo (3 x 250 ml). La fase organica se concentré y
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se aplicé a una columna de gel de silice 65i Biotage, elucién con gradiente
desde 15-65% de B (A = Hexanos; B = acetato de etilo) durante 21 dando J.1,
acido (E)-5-(3-bromofenil)pent-4-enoico, 8,2 g (82%). RMN de 'H (300 MHz,
CDCl3) 6 7,45 (t, J = 1,6 Hz, 1H), 7,30 (dt, J = 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).
CL (Condiciones-J1): Tr = 2,0 min, EMBR: Analisis calculado para [M-H]
C11H44BrO2: 252,97; encontrado: 252,98.

BI’\@/\/\,COzH

J.2

J.1, Se disolvié acido (E)-5-(3-bromofenil)pent-4-enoico (4 g, 15,8 mmol)
en etanol absoluto (200 ml) y se inyecté con nitrégeno antes de la adiciéon de
sulfuro de platino al 5% sobre carbon (2,5 g). La solucién se inyecté con
hidrégeno a presion atmosférica y se agitoé 5 horas. El catalizador se separé por
filtracion sobre tierra de diatomeas (Celite®) y el disolvente se elimino
inmediatamente por evaporacion rotatoria (con el fin de minimizar la
esterificacion) dando J.2, acido 5-(3-bromofenil)pentanocico 4 g (99%) que se
utilizé a continuacién sin purificacion adicional. RMN de 'H (500 MHz, CDCl3) &
7,31-7,30 (m, 2H), 7,13 (t, J = 7,6 Hz, 1H), 7,09-7,07 (d, J = 7,6 Hz, 1H), 2,60 (t,
J =7,0 Hz, 2H), 2,37 (t, J = 7,0 Hz, 2H), 1,68-1,65 (m, 4H). CL (Condiciones-
J1): Tr = 2,1 min; EMBR: Andlisis calculado para [M-H] C41H43BrO,: 255,00,

Er\C@
o
43

encontrado: 254,99,
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J.2, Se suspendié acido 5-(3-bromofenil)pentanoico (4 g, 15,6 mmol) en
acido polifosforico (15 g) y se calentd hasta 140°C durante 8 h en un recipiente
a presion de 150 ml, tapado para evitar la pérdida de producto debido a
sublimacidon. La mezcla de reaccion se repartid entre 150 ml de agua vy
diclorometano (600 ml). [Precaucién, es necesario evitar la ebullicion del
diclorometano.] La fase organica se lavd con agua, salmuera y se concentré. El
producto bruto se aplicé a una columna de gel de silice 40 (S) Biotage y se
eluyé con gradiente desde 5 — 80% (acetato de etilo/hexanos) y dio J.3 2-
bromo-6,7,8,9-tetrahidro-5H-benzo[7]annulen-5-ona 1,7 g (40%). RMN de 'H
(300 MHz, CDCl3) 4 7,56 (d, J = 8,1 Hz, 1H), 7,41 (dd, J = 8,4 Hz, 1,8 Hz, 1H),
7,35(d, J =18 Hz, 1H), 2,86 (t, J = 5,9 Hz, 2H), 2,69 (t, J = 5,8 Hz, 2H), 1,90-
1,73 (m, 4H). CL (Condiciones-J1): Tr = 2,1 min; EMBR: Analisis calculado
para [M+H]" C4,H4BrO: 239,00; encontrado: 239,14,

J.3a

J.3, Se disolvidé 2-bromo-6,7,8,8-tetrahidro-5H-benzo[7]annulen-5-ona
(1,5 g, 5,9 mmol) en eéter/tetrahidrofurano 2:1 (120 ml) y se anadié HCI 1N en
éter (9 ml). La solucidon se enfrid hasta 0°C antes de afadir isoamil nitrito (1,2
mi, 9 mmol) y la reaccion se agitd 18 h a 24°C, se concentrd, y se aplicé a una
columna de gel de silice 25 (M) Biotage. Elucién con gradiente desde 15-100%
de B (A = Hexanos; B = acetato de etilo) durante 1 | y dio J.3a (E)-2-bromo-6-
(hidroxiimino)-6,7,8,9-tetrahidro-5H-benzo[7]annulen-5-ona 1 ¢ (64%). CL
(Condiciones-J1); Tr = 1,9 min; CL/EM: Andlisis calculado para [M+H]"

YA
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C11H1oNBrO,: 268; encontrado: 268.

Br

N N-QH

&.Boc

J.4

Se anadi6 hidréxido de amonio concentrado (12 ml, 28%) a una solucion
de J.3a(E)-2-bromo-6-(hidroxiimino)-6,7,8,9-tetrahidro-5H-benzo[7]annulen-5-
ona (1g, 3,7 mmol) y N-Boc-L-protinal (850 mg, 4,3 mmol) en metanol (35 ml) y
la reaccién se agitd 18 h a 24°C. La mezcla de reaccién se concentré para
eliminar el metanol, la solucidn acuosa se extrajo con diclorometano, y la fase
organica se lavo con agua. La aplicacion del producto bruto en diclorometano a

una columna de gel de silice 40 (S) Biotage y someter a elucién con gradiente;

- Segmento 1. 15%-30% de B durante 300 ml; Segmento 2. 30%-100% de B

durante 700 ml (A = 1:1 hexanos/diclorometano; B = acetato de etilo) dio J.4
700 mg (44%). RMN de *H (300 MHz, DMSO-dg) § 11,3 (s ancho, 1H), 7,91 (d,
J=8,4Hz, 1H), 7,35 (dd, J = 8,4, 1,5 Hz, 1H}, 7,31 (d, J = 1,8 Hz, 1H), 5,0/4,87
(m, 1H), 3,51-3,46 (m, 1H), 3,42-3,36 (m, 1H), 2,90-2,70 (m, 4H), 2,27-1,80 (m,
6H), 1,38/1,11 (s, 9H). CL (Condiciones-J1): Tr = 1,9 min; EMBR: Analisis
calculado para [M+H]" C,(H26BrN3Os: 488,12; encontrado; 488,14. EMAR:
Anilisis calculado para [M+H]"C21H26BrNaO4: 488,1236; encontrado: 488,1242.
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B’
N NH
&. Boc

J.5

Se afadio trietilfosfito (0,78 ml, 4,7 mmol) a una solucién de J.4 (700 mg,

1,57 mmol) en dimetilformamida (2 ml) y la solucién se calent6 a 80 °C durante

18 h en una atmdsfera de nitrégeno. La mezcla de reaccién se suspendid en

5 acetato de etilo (100 ml) y se lavd con agua y salmuera. Después de concentrar

el producto bruto se aplicd a una columna de gel de silice 40 (S) Biotage y

sometid a elucidbn con gradiente; Segmento 1. 5%-15% de B durante 300 ml;

Segmento 2. 15%-100% de B durante 600 mi (A = diclorometano; B = acetato

de etilo) dando J.5 675 mg (100%). RMN de 'H (300 MHz, DMSO-dg) & 11,7 (s

10 ancho, 1H), 7,92 (d, J = 8,4 Hz, 1H), 7,82 (d, J = 8,4 Hz, 1H), 7,29 (s, 1H),

4,78/4,69 (s ancho, 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). CL (Condiciones-J1): Tg = 1,9 min;

EMBR: Analisis calculado para [M+H]" C,iH2BrN:O,: 432,13: encontrado:
432,14,

Ruta de sintesis 2

HO_  F | 1.TBOPS-Cl  7RpPSO, T LIEtBH  TBOPSO ?”B
\/\N fo} S EEE— \/\N a —— e
N 2. (Boe);0 , DMAPITEA N
Boc Boc
M.1 m.2
.\\H ,\\H
HO *7 1. TBAF TBDPSO. :‘*“57 (Et)aZn l
Y\N ./H -— \/\_N ",
o ! 2. RuCly, Nalo, N 'H iCH,CI
Boc Boc

M.4 M.3
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Ejemplos M.1- M.4

TBDPSO\/?\ 5 o
N
Boc
M.1

A una solucion de (S)-5-(hidroximetil)pirrolidin-2-ona (10 g, 87 mmol) en
diclorometano (50 ml) se afiadid terc-butilclorodifenilsilano (25,6 g, 93 mmol),
EtsN (12,1 ml, 87 mmol) y DMAP (1,06 g, 8,7 mmo!). La mezcla se agité a
temperatura ambiente hasta que la pirrolidinona de partida se consumid
totalmente y luego se diluyé con diclorometano (50 ml) y se lavo con agua (50
mi). La fase organica se secd (Na,S0y), se filtré y se concentré a vacio, y el
material bruto se sometid a cromatografia ultrarrapida (gel de silice; 30 hasta
100% de acetato de etilo/hexanos) proporcionando el éter de sililo como un
aceite incoloro (22,7 g, 74% de rendimiento). RMN de 'H (400 MHz, DMSO-ds,
& =25 ppm) 7,69 (s ancho, 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). CL/EM [M+H]" = 354,58.

Se afiadio dicarbonato de di-terc-butilo (38,5 g, 177 mmol) en porciones
como un solido durante 10 min a una solucién en diclorometano (200 ml) de
éter de sililo (31,2 g, 88,3 mmol), Et;N (8,93 g, 88 mmol) y DMAP (1,08 g, 8,83
mmol) y se agitd durante 18 h a 24°C. La mayor parte del material volatil se
elimind a vacio y el material bruto se suspendié en acetato de etilo al
20%/hexanos y se aplicd a un embudo de 2 litros que contenia 1,3 | de gel de
silice y luego eluyé con 3 | de acetato de etilo al 20%/hexano y 2 | de acetato
de etilo al 50%). Tras concentrar las fracciones deseadas en un evaporador

rotatorio, una suspension blanca del sélido formado que se filtr6, se lavé con

us
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hexanos y se secd a vacio proporcionando carbamato M.1 como un sélido
blanco (32,65 g, 82% de rendimiento). RMN de 'H (400 MHz, DMSO-dg, §=2.5
ppm) 7,61-7,58 (m, 2H}), 7,56-7,54 (m, 2H), 7,50-7,38 (m, 6H), 4,18 (m, 1H),
3,90 (dd, J = 104, 3,6, 1H), 3,68 (dd, J = 10,4, 2,1, 1H), 2,68-2,58 (m, 1H),
2,40-2,33 (m, 1H), 2,22-2,12 (m, 1H), 2,01-1,96 (m, 1H), 1,35 (s, 9H), 0,97 (s,
gH). CL/EM [M-Boc+H]" = 354,58. Calculado 454,24,

TBDPSO\/»‘\}
éoc
M2

Se cargd un matraz de tres bocas equipado con un termometro y una
entrada de nitrbgeno con el carbamato M.1 (10,05 g, 22,16 mmol) y tolueno (36
ml), y se sumergié en un bafio de enfriamiento a -55°C. Cuando la temperatura
interna de la mezcla alcanzd -50 °C, se afadié gota a gota durante 30 min
trietilborohidruro de litic (23 mi de 1,0 M/tetrahidrofurano, 23,00 mmol) y la
mezcla se agitd durante 35 min manteniendo la temperatura interna entre -50
°C y -45 °C. Se afadi6 gota a gota durante 10 min base de Hunig (16,5 mi, 94
mmol). A continuacion, se afiadié DMAP (34 mg, 0,278 mmol) en una porcién,
seguido por la adicion de anhidrido trifluoroacético (3,6 mi, 25,5 mmol) durante
15 min, manteniendo la temperatura interna entre -50 °C y -45 °C. El bafo se
retird 10 minutos después, y la mezcla de reaccidon se agitd durante 14 h
mientras se dejaba llegar hasta temperatura ambiente. Se diluyd con tolueno
(15 ml), se enfrié6 con un bafio de hielo-agua, y se traté lentamente con agua
(55 ml) durante 5 min. Se separaron las fases y la fase organica se lavé con
agua (50 mi, 2x) y se concentré a vacio. El material bruto se purificé por

cromatografia ultrarrapida (gel de silice; acetato de etilo al 5%/hexanos)

YL O
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proporcionando dihidropirrol M.2 como un aceite viscoso incoloro (7,947 g, 82%
de rendimiento). Tk = 2,41 min en las siguientes condiciones de HPLC:
Gradiente de disolvente desde 100% de A : 0% de B hasta 0% de A : 100% de
B (A = TFA al 0,1% en metanolfagua 1:9; B = TFA al 0,1% en 9:1
metanol/agua) durante 2 min y mantenido durante 1 min; deteccion a 220 nm;
Columna Phenomenex-Luna 3,0X50 mm $10. RMN de 'H (400 MHz, DMSO-
ds, 8 = 2,5 ppm) 7,62-7,58 (m, 4H), 7,49-7,40 (m, 6H), 6,47 (s ancho, 1H),
5,07/5,01 {d ancho sclapando 1H), 4,18 (s ancho, 1H), 3,89 (s ancho, 0,49H),
3,69 (s ancho, 1,51H), 2,90-2,58 (m ancho, 2H), 1,40/1,26 (s ancho solapando
9H), 0,98 (s, 9H). CL/EM: [M+Na]" = 460,19.

~H

TBOPS ?_y
O\/\ "y

N H

Boc

M.3

Se anadidé gota a gota durante 15 min dietilcinc (19 ml de ~1,1 M en
tolueno, 20,9 mmol) a una solucién en tolueno (27 ml) enfriada (-30 °C) de
dihidropirrol M.2 (3,94 g, 9,0 mmol). Se anadié gota a gota durante 10 min
cloroyodometano (estabilizado sobre cobre; 3,0 ml, 41,2 mmol) y se agitd
mientras se mantenia la temperatura del bafio a -25 °C durante 1 h y de -25 °C
a -21 °C durante 18,5 h. Se abri¢ al aire la mezcla de reaccién y se inactivd
mediante la adicion lenta de solucién saturada al 50% de NaHCO; (40 ml), y
luego se retird del bafio de enfriamiento y se agité a temperatura ambiente
durante 20 min. Se filtrd a través de un papel de filtro y la torta blanca se lavd
con 50 ml de tolueno. La fase organica del filtrado se separ6 y se lavé con agua

(40 mi, 2x), se secd (MgS0,), se filtré y se concentrd a vacio. El material bruto
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se purificd usando un sistema Biotage {350 g de gel de silice; la muestra se
cargd con acetato de etilo al 7%/hexanos; eluyé con acetato de etilo 7-20%
/hexanos) proporcionando una mezcla de metanopirrolidinas (M.3 predomina)
como un aceite viscoso incoloro (3,69 g, 90,7%). [Nota: la relacién exacta de
isdmeros cis/trans no se determind en esta etapal. Tr = 2,39 min en las
siguientes condiciones de HPLC: Gradiente de disolvente desde 100% de A :
0% de B hasta 0% de A : 100% de B (A = TFA al 0,1% en metanol/agua 1.9; B
= TFA al 0,1% en 9:1 metanolfagua) durante 2 min, y mantenido durante 1 min;
deteccidn a 220 nm; columna Phenorﬁenex-Luna 3,0X50 mm S$10. RMN de 'H
(400 MHz, DMSO-dg, 8= 2,5 ppm) 7,62-7,60 (m, 4H), 7,49-7.40 (m, 6H),
3,77/3,67 (s ancho solapando, 3H), 3,11-3,07 (m, 1H), 2,23 (s ancho aparente,
1H}), 2,05-2,00 (m, 1H), 1,56-1,50 (m, 1H), 1,33 (s muy ancho, 9H), 1,00 (s, 9H),
0,80 (m, 1H), 0,30 (m, 1H). CL/EM: [M+Na]" = 474,14,

Se afadid gota a gota durante 5 min TBAF (7,27 ml de 1,0 M en
tetrahidrofurano, 7,27 mmol} a una solucidon en tetrahidrofurano (30 ml) de
eteres de sillo M.3 (3,13 g, 6,93 mmol) y la mezcla se agitd a temperatura
ambiente durante 4,75 h. Después de la adicion de solucion saturada de
cloruro aménico (5 ml), la mayor parte del material volatil se elimind a vacio y el
residuc se repartié entre diclorometano (70 ml) y solucién saturada al 50% de
cloruro aménico (30 mi). La fase acuosa se extrajo con diclorometano (30 mi), y

la fase organica reunida se secé (MgSQ,), se filtré, se concentro a vacio y
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luego se expuso a alto vacio durante la noche. El material bruto se purificd
usando un sistema Biotage (gel de silice; 40-50% de acetato de etilo/hexanos})
proporcionando una mezcia de alcoholes, contaminada con trazas de una
mancha de Rf menor, como un aceite incoloro (1,39 g, ~84% de rendimiento).
[Nota: la relacion exacta de isdbmeros cisftrans no se determind en esta etapa.]
RMN de 'H (400 MHz, dimetilsulfoxido-ds, 5= 2,5 ppm) 4,70 {t, J = 5,7, 1H),
3,62-3,56 (m, 1H), 3,49-3,44 (m, 1H), 3,33-3,27 (m, 1H), 3,08-3,04 (m, 1H),
2,07 (m ancho, 1H), 1,93-1,87 (m, 1H), 1,51-1,44 {m, 1H), 1,40 (s, 9H), 0,76-
0,71 {m, 1H), 0,26 (m, 1H). CL/EM [M+Na]" = 236,20.

Una semisolucion de peryodato sédico (6,46 g, 30,2 mmol) en agua (31
ml) se afadidé a una solucién de alcoholes (2,15 g, 10,08 mmol) en acetonitrilo
(20 ml) y tetracloruro de carbono (20 ml). Se afiadié inmediatamente tricloruro
de rutenio (0,044 g, 0,212 mmol) y la mezcla de reaccion heterogénea se agito
intensamente durante 75 min. La mezcla de reaccidn se diluyé con agua (60
ml) y se extrajo con diclorometano (50 ml, 3x). La fase organica reunida se trat
con 1 mi metanol, se dejd reposar durante aproximadamente 5 min, y luego se
filtrd a través de tierra de diatomeas. El lecho se lavo con diclorometano (50
ml), y el filtrado se concentrd a vacio proporcionando un sdlido claro color
carbéon. El material bruto se disolvi6 en acetato de etilo (~10 ml) con
calentamiento y se dejé reposar a temperatura ambiente con iniciadores.
Aproximadamente 15 minutos en la fase de enfriamiento se observd una rapida
formacion de cristales. Aproximadamente 1 hora después, se afadieron
hexanos (~6 ml) y la mezcla se refrigeré durante la noche {no parecia que
precipitara material adicional). La mezcla se filtrd y se lavd con hexanos/acetato

de etilo enfriado con hielo/agua (relacion 2:1; 20 ml) y se secod a alto vacio

Y¢s
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proporcionando fa primera tanda del acido M.4 (cristales blanquecinos, 1,222
g). Las aguas madres se concentraron a vacio, y el residuo se volvié a disolver
en ~3 ml de acetato de etilo con calentamiento, se dejo reposar a temperatura
ambiente durante 1 h, y luego se anadieron 3 ml de hexanos y se almacend en
un frigorifico durante ~15 h. Se obtuvo igualmente una segunda tanda del acido
M.4 (cristales grises, 0,133 g), con un rendimiento combinado de 59%. Tg =
1,48 min en las siguientes condiciones de HPLC: Gradiente de disolvente
desde 100% de A ; 0% de B hasta 0% de A : 100% de B (A = TFA al 0,1% en
metanol/agua 1:9; B = TFA al 0,1% en 9:1 metanol/agua) durante 3 min;
deteccion a 220 nm; columna Phenomenex-Luna 3,0X50 mm S10. PF (desc))
para la primera tanda = 147,5-149,5 °C. RMN de 'H (400 MHz, DMSO-dg, & =
2,5 ppm} 12,46 (s, 1H), 3,88 (s ancho aparente, 1H), 3,27 (s ancho aparente,
1H; solapado con la sefal del agua), 2,28 {m ancho, 1H), 2,07 (s ancho
aparente, 1H), 1,56 (s ap, 1H), 1,40/1,34 (dos s sclapados, 9H), 0,71 (m, 1H),
0,45 (m, 1H). RMN de "*C (100,6 MHz, DMSO-ds, & = 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, 14,563, 13,69. CL/EM [M+Na]" = 250,22. Analisis calculado para
C11H17NO4: C, 58,13; H, 7,54, N, 6,16. Encontrado (para la primera tanda): C,
58,24; H, 7,84; N, 6,07. Rotacién éptica (10 mg/ml en CHCl3): [«] D = -216 y -

212 para la primera y segunda tanda, respectivamente.

Ejemplo M.4a

IL‘(OH
Me' N

1
Bac o

M.4a

La sintesis del acido M.4a se describe en la solicitud de patente US

UbYy
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2009/0068140.

Ruta de sintesis 3

Q ?oc
Br Br Br.
©Y\ HATUIDMF ©Y\ @ Boc \(:)XH
NH2 - NJIN) NHOAC N §
H Xileno 140°C (<)

o] 0

Se afladié gota a gota durante 15 minutos N,N-diisopropiletilamina (18
ml, 103,3 mmol) a una mezcla heterogénea de N-Boc-L-prolina (7,139 g, 33,17
mmol), HATU (13,324 g, 35,04 mmol), la sal HCI de 2-amino-1-(4-bromo-
fenil)etanona (8,127 g, 32,44 mmol), en dimetilformamida (105 ml) y se agit6 en
condiciones ambientales durante 55 minutos. Se elimind la dimetilformamida a
vacio, y el residuo resultante se repartié entre acetato de etiio {300 ml) y agua
(200 ml). La fase organica se lavo con agua (200 ml) y salmuera, se secd
(MgSO0,), se filtrd y se concentrd. Se prepard una malla de gel de silice a partir
del residuo y se sometié a cromatografia uitrarrapida (gel de silice; acetato de
etilo al 50-60%/hexanos) proporcionando J.6 2-{2-(4-bromofenil)-2-
oxoetilcarbamoil)pirrolidin-1-carboxilato de (S)-terc-butilo como un sélido blanco
(12,8 g). RMN de 'H (DMSO-ds, & = 2,5 ppm, 400 MHz): & 8,25-8,14 (m, 1H),
7,92 (d ancho, J = 8,0, 2H), 7,75 {(d ancho, 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-

Uty



-188-

3,23 (m, 1H), 2,18-2,20 (m, 1H), 1,90-1,70 (m, 3H), 1,40/1,34 (dos s anchos
aparentes, 9H). CL (Condiciones-J1): Tr = 1,70 min; CLEM: Analisis calculado
para [M+Na]" C1gH2aBrNaNaQ4: 433,07; encontrado 433,09.

Br EMBR: Analisis

e I calculado para [M+Na)'
. ﬁkﬂ) C1sH23BrN,NaO,: 433,07;

encontrado: 433,12

or o e CL (Condiciones-JT1). Tg
©Y“ M = 1,7 min; Analisis
J.6b HJ\L@H calculado para [M+Na]'
H C1oH23BrN,NaQ,: 445,08;

A partir de M.4 encontrado; 446,93,

Iz

Se calentd en un tubo sellado a 140°C durante 2 horas una mezcla de
J.8 2-(2-(4-bromofenil)-2-oxoetilcarbamoil)-pirrolidin-1-carboxilato de (S)-terc-
butilo (12,8 g, 31,12 mmol) y acetato amonico (12,0 g, 155,7 mmol) en xilenos
(155 ml). EI componente volatil se elimindé a vacio, y el residuo se repartio
cuidadosamente entre acetato de etilo y agua, tras lo cual se anadio suficiente
solucion saturada de NaHCO; para que el pH de la fase acuosa fuera
ligeramente basico después de agitar el sistema bifasico. Las fases se
separaron, y la fase acuosa se extrajo con acetato de etilo adicional. La fase
organica reunida se lavo con salmuera, se secé (MgSQ,), se filtré y se
concentrd. El material resultante se recristalizd en acetato de etilo/hexanos

proporcionandc dos tandas de J.7 2-(5-(4-bromofenil)-1H-imidazol-2-

V24
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ilpirrolidin-1-carboxilato de (S)-terc-butilo, 5,85 g. Las aguas madres se
concentraron a vacio y sometieron a una cromatografia ultrarrapida (gel de
silice; 30% acetato de etilo/hexanos) proporcionando otros 2,23 g. RMN de 'H
(DMSO-dg, & = 2,5 ppm, 400 MHz): § 12,17/11,92/11,86 (m, 1H), 7,72-7,46/7,28

s (m, 5H), 4,86-4,70 (m, 1H), 3,52 (s ancho aparente, 1H}, 3,36 (m, 1H), 2,30-
1,75 (m, 4H), 1,40/1,15 (s ancho aparente, 9H). CL (Condiciones-J1): Tr = 1,71
min; CL/EM: Andlisis calculado para [M+H]" CygH22BriN2QO2: 392,10; encontrado
391,96. EMAR: Andlisis calculado para [M+H]" Cy3H23BrN3O: 392,0974;
encontrado 392,0959.

="

Br EMBR: Analisis
17 G—(\ A o calculado para [M+H]"
’ J\[) C13H23BTN302: 392,10,
A partir de J.6a encontrado: 391,96.
CL (Condiciones-J1):

7 N
er—_) <N'&[§;° T = 1,5 min: Analisis
H

J.7b : calculado para [M+H]"
H C1oH23BrN,O,: 405,09;
A partir de J.6b encontrado: 406,04.

1

Ruta de sintesis 4

Br
\(I > ‘[ :[ Z NH(OAC ‘[ I ?
1. BrE,0 O Xileno 140°C
I W4, Eas'e de S Ojtgc N/ NH

¢) Hunig
H Boc-N N
X7'H
H
Je

J.3 J.8

Ejemplos J.8 - J.9e
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H

J.8

Se afadid bromo (0,23 ml, 4,18 mmol) gota a gota a una solucion de J.3
2-bromo-8,7,8 9-tetrahidro-5H-benzo[7]annulen-5-ona (1,0 g, 4,18 mmol) en
éter (50 ml), después de enfriarse hasta 0 °C. La solucion se agité 3 h y se
afiadieron unas pocas got'as de bromo adicional y mientras se seguia la
reaccion por TLC hasta finalizacién. El disolvente se eliminé por evaporacioén
rotatoria, el residuo se suspendié en acetonitrilo (25 ml), M.4 (850 mg, 4,18
mmol} y se afadié gota a gota base de Hunig (1,4 ml). La reaccion se agitdé 18
horas a 60 °C antes de eliminar el disolvente por evaporacion rotatoria. El
producto bruto se carg6 (diclorometano) en un cartucho de gel de silice de 40 g
Thompson y la elucién con gradiente 15 - 100% de B durante 1 | (A/B
hexanosfacetato de etilo) dio J.8 2-azabiciclo[3.1.0)hexano-2,3-dicarboxilato de
(1R,35,5R)-3-(2-bromo-5-0x0-6,7,8,9-tetrahidro-5H-benzo[7]annulen-6-ilo) y 2-
terc-butilo 1 g (51,5 %) como un aceite. Tr = 2,2 minutos (Condiciones-J1).
CLEM: Analisis calculado para Cx;H2sBrNOsNa: 486,10; encontrado: 486,07
(M+Na)".

TR = 3,1 min
J.8a (Condiciones-D2);
(Derivado de 6-bromo B’\@ig\ O Boc CL/EM:; Analisis
tetral-1-ona adquirido de J 0 OJTI‘) calculado para [M+H]"
& W PharmlLab, LLC) CooH2sBrNO5: 438;
encontrado: 438.

LU 5§
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. Tr = 2,99 min (Cond.
J.8b R pec D2), CLEM: Calculado
(Derivado de 6-bromo OJ\K\N;H p;ara C H BrNO

- 0 210125 5
tetral-1-ona adquirido de J R [M+NaJ* 472,07;

& W PharmLab, LLC) A partir de M.4 encontrado: 472,10
Tr = 2,87 min (Cond.

Br F o Boc
J.8c \Ej\ro ! D2), CLEM: Calculado
0 H para ngszB rFNO;
W

{Derivado de 4-bromo 2-

fluoroacetofenona) [M+H]" 464,05;
A partir de M.4 encontrado: 463,98

Tr= 2,2 min, (Cond.-J1);
Calculado para

J.8d B o .
ac
Derivado de 1-(4- \Q\P\C’Aﬂ) CaoHarBrNOs [M-Boc}’
0

bromofenil}butan-1-ona) 340,11; encontrado:
340,02

Tr= 2,21 min, (Cond.-

-8e J1): Calculado para
Derivado de 1-(4- NN o g ’ P
. N CgonBl’FaNOs [M"
bromofenil)-4,4,4- o .
trifluorobutan-1-ona © Boc] 394,08,
| - -
encontrado: 394,03

Se anadid acetato amoénico (1,7 g, 21,54 mmol) a una solucién de J.8
(1,0 g, 2,15 mmol) en xileno (15 ml) y la mezcla de reaccién se agité a 140 °C
durante 3 h en un recipiente a presion con tapa a rosca. Después de enfriarse,
la mezcla de reaccién se repartié entre acetato de etilo y solucidn saturada de
NaHCOQs;, y la fase acuosa se extrajo con acetato de etilo. Las fases organicas

reunidas se lavaron con salmuera, se concentraron, y el residuo se aplicé a una
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columna de gel de silice de 20 g Thomson. La elucién con gradiente (10-50%
de B durante 1 |, A/B hexanos/acetato de etilo). El producto mayoritario y
menos polar (oxazol 450 mg) se separd proporcionando J.9 192 mg (20 %)
como una mezcla diastereomérica (favoreciendo J.9; una mezcla 3:1 de S/R
prolina). RMN de 'H (300 MHz, CDCl3) & 10,6/10,3 (s ancho, 1H), 8,06 (d, J =
8,2 Hz, 0,6H), 7,34 (dd, J = 6,4, 1,8 Hz, 1H), 7,28 (s, 0,3H), 7,21 (d, J = 1,8 Hz,
0,7H), 7,11 (d, J = 8,6 Hz, 0,3H), 4,83-4,77 (m, 1H), 3,48 (m, 0,68H), 3,23 (m,
1,2H), 2,98 (t, J = 6,4 Hz, 0,65H), 2,88 (t, H = 6,7 Hz, 1,35H), 2,82-2,79 (m, 2H),
2,33 (t, J = 9,1 Hz, 1H), 2,01-1,95 (m, 2,4H), 1,76-1,72 (m, 1H), 1,567/1. 48 (s,
9H), 0,87-0,83 (m, 1,3H), 0,44 (s ancho, 1H). CL (Condiciones-J1): Tg = 1,7
min; CLEM: Analisis calculado para [M+H]" Ca2H26BrN3O2: 444,13; encontrado:
444 07.

Br Tr = 2,4 min
{Condiciones-D2};
e HN\JSN"” caI((:: I]-;i':: ):rnaé;il';iiH]*
u
Boc‘N\) P

C20H25B|'N302: 4181 1,

A partir de J.8a encontrado: 418,10.

Tr=2,3min
(Condiciones-D2};
o CL/EM: Analisis

calculado para [M+H]*
N C21H2sBrN3;O,: 430,11;

HN\"S
J4.9b o encontrado: 430,16.
Boc‘N\A-.,H

H
A partir de J.8b

EMAR: Analisis
calculado para [M+H]*
C21H2sBrN,O,: 430,1125;
encontrado 430,1123.

Uy
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TR = 2,2 min
(Condiciones-D2);
CL/EM: Analisis
calculado para [M+H]"

Br: F
/N C1oH2:BrFN;O,: 422.09;
[/
196 HN’S..H encontrado: 422,10.
Boc’N\A’"H
H EMAR: Analisis
A partir de J.8¢ calculado para [M+H]"
C1oH2BrFN;O,:
422,0877; encontrado
422,0874.
Br Tr = 1,69 min, (Cond.-
mNH J1); Calculado para
J.od N‘bl Boc CaoH27BrN;O, [M+H]*
420,13; encontrado:
A partir de J.8d 420,13.
Br ac S Tr =1,55 min, (Cond.-
J.9e

Obtenido como el producto
mas polar de una mezcla
~1:1 que contiene el
analogo CF,.

-

- H
Nt\ Boc
N

A partir de J.8e

J1); Calculado para

C20H24BrN,O; [M+H]+

431,11; encontrado:
431,15.

Ejemplo J.9f

Br
\@N

HN~4

oy
NN \<§
o M

H

Se afadidé una solucién fria (0 °C) de HCI (0,871 ml, 3,49 mmol, 4N en
dioxanos) a una soluciéon de J.9b (1,5 g, 3,49 mmol) en MeOH (20 ml). La

mezcla se agitd durante 2 h antes de concentrar a sequedad. El sélido color
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castaio se suspendié en dioxano (20 ml) y agua (20 ml), se enfrié hasta 0 °C, y
se traté con carbonato sédico (0,369 g, 3,49 mmol) y CBZ-Cl (0,498 ml, 3,49
mmol). Se dejo calentar la mezcla de reaccioén hasta temperatura ambiente, se
agitd durante 5 horas, se diluyd con acetato de etilo y se lavd con soluciéon
saturada de carbonato sadico. La fase organica se lavd con salmuera y se secé
sobre sulfato sodico proporcionando J.9f (0,97 g, 60%) como una espuma color
castario, Tr = 2,47 min (Condicién-D1); CL/EM: Anélisis calculado para [M+H]*
C24H23BrN30;: 464,10 y 466,10; encontrado: 463,95 y 465,98.

Ruta de sintesis 4.a

L Br
1. HNO, Me OO
Br AcOH Br 1.EEDQ, M.4a N
-Boc OO HN Boc
N NH; 2. ACOH 60 °C N

2, SnCl;2H,0
MoOH NH;

J.9g1 J.og2 J.bg

Ejemplos J.9g1 - J.9g

RSS!
N,Boc

J.9g1

Se aradio azida de difenilfosforilo (17,09 ml, 79 mmol) a una solucién de
acido 6-bromo-2-naftoico (16,5 g, 65,7 mmol), trietilamina (18,32 mi, 131 mmol)
y alcohol ferc-butilico (7,54 mi, 79 mmol) en tolueno (225 ml) y se agitd durante
4 h a 100 °C. Los volatiles se eliminaron por evaporacién rotatoria y el residuo
se suspendid en EtOAc (500 ml) y se lavé con agua y saimuera. Tras
concentraciéon se formd un precipitado que se aisl6 por filtracion y se lavd con

Et,O/Hex 1:1 dando el Ejemplo J.991 (10,5 g). Se aisldé una segunda tanda de

ule
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producto menos puro tras concentrar las aguas madres (9,8 g); rendimiento
combinado (93%). CL/EM {Cond. J2}. Tr = 3,44 min. CL/EM Analisis calculado
para [M+Na]" C1sH1sBrNO,: 345,02; encontrado 345,03.

NH;,

J.9g2

Se diluyd el Ejfemplo J.9g1 (5 g, 15,52 mmol} en acido acético (50 ml) y
se afiadid gota a gota Acido nitrico fumante (2,3 ml) durante 20 min. La
reaccion se agité durante 2 h y el producto se aisld por filtracion, se repartié
entre CH,Cl, y solucion saturada de NaHCO;. La fase organica se concentré
proporcionando 6-bromo-1-nitronaftalen-2-ilcarbamato de terc-butilo 5,7 g
(cuant). CL/EM (Cond. J2): Tr = 3,52 min. CL/EM Analisis calculado para
[M+Na]* C15H15BrN2O4: 390,02.; encontrado 390,99.

Se anadid cloruro de estano (ll) deshidratado (3 g, 16,34 mmol) a una
solucién de 6-bromo-1-nitronaftalen-2-ilcarbamato de terc-butilo (2 g, 5,47
mmol) en MeOH (100 ml) y la solucién se agitdé durante 18 h a 70 °C. El
disolvente se eliminé por evaporacién rotatoria y se secd el Ejemplo J.9g2 (se
supone tedrico 1,25 g) a alto vacio. CL/EM (Cond. J2): Tgr = 1,49 min. CL/IEM
Analisis calculado para [M+H]" C1oHgBrN»: 237,00; encontrado 236,96.

RS
,N
RN Boc
N
Me
J4.99

Se afiadié EEDQ (1,67 g, 6,75 mmol) a una solucién de Ejemplo J.9g2

U
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(1,6 g, 6,75 mmol) y M.4a (1,55 g, 6,75 mmol) en DCM (100 ml) y se agitd
durante 6h. {Nota: La dianilina no era totaimente soluble). La mezcla de
reaccion se diluyé con DCM (1 vol) y se lavd con la mitad del volumen de
solucidén saturada de NaHCO3;. La concentracién dio un sélido (2,5 g). CL/EM
(Cond. J2): Tgr = 3,07 min. CL/EM Analisis calculado para [M+H]
C21H27BrN,O35: 448,13: encontrado 448,11.

El sdlido bruto (2,5 g, 5,58 mmol) se suspendié en AcOH (200 ml) y se
agitd durante 18 h a 60 °C. La concentracion a alto vacio elimind el disolvente.
El residuo se suspendié en DCM, se lavd con solucion saturada de NaHCO; y
se concentré. El residuo se cargé {DCM) en un cartucho de gel de silice de 80
g Thompson y se llevé a cabo una elucién con gradiente desde 15% hasta
100% B durante 750 mi. (A/B Hex/EtOAc) dando el Ejemplo J.99 (2,6 g). RMN
de 'H (MeOD, 500 MHz, 5): 8,36-8,35 (m, 2H), 8,0 (d, J = 9Hz, 1H), 7,91 (dd, J
=9, 2 Hz, 1H), 7,87 (d, J = 9 Hz, 1H), 5,31-5,28 (m, 1H), 4,17 (s ancho, 1H),
2,59-2,56 (m, 1H), 2,39-2,31 (m, 2H) 1,86-1,83 (m, 1H), 1,52-1,19 (m, 12H).
CL/EM (Cond. J2): Tr = 2,57 min. CL/EM Andiisis calculado para [M+H]"
C21H25BrN2O2: 430,12; encontrado 430,09.

Ay
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Ruta de sintesis 5
Boc
Br\C[NHz 1. EDCI, S-Prolina Br N N
- e A
NH; 2. AcOH 60°C \©: h‘)_Q

J.10

| NH, 1 S-Profina, HATU : Boc | Bog
NH, 2. AcOH 60°C H NaH N
SEM
4.1 J.i2

Ejemplos J.10 - J.12
Boc

BrU >_.\NJ

J.10

IZ =7

Se afadid EDCI-HCI (2,35 g, 12,25 mmol) a una mezcla de 4-
bromobenceno-1,2-diamina (2,078 g, 11,11 mmol), N-Boc-L-prolina (2,311 g,
10,74 mmol) y 1-hidroxibenzotriazo! (1,742 g, 12,89 mmol) en diclorometano
(40 ml), y se agitd en condiciones ambientales durante 19 h. La mezcla se
diluyé entonces con diciorometano, se lavo con agua (2x), se secé (salmuera;
MgSQOy), se filtrd y se concentrdé a vacio proporcionando una espuma marron.
Se anadié acido acético (40 ml) a la espuma y la mezcla se calentdé a 65 °C
durante 90 min. El componente volatil se eliminé a vacio, y el residuo se
disolvié en acetato de etilo y lavé cuidadosamente con solucién saturada de
NaHCO; (2x), y la fase organica se secd (salmuera; MgSQ.), se filtro y se
concentrd a vacio. El material bruto resultante se sometid a cromatografia
ultrarrapida (gel! de silice; acetato de etilo) proporcionando J.10 como una
espuma color castaio (2,5 g). RMN de 'H (DMSO-ds, & = 2,5 ppm, 400 MHz):
12,49-12,33 (cuatro s anchos, 1H), 7,71 (d, J = 2, 0,54H), 7,60 (s ancho

Uy
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aparente, 0,46M), 7,50 (d, J = 8,6, 0,45H), 7,40 (d, J = 8,4, 0,55H), 7,26 (m,
1H), 4,96-4,87 (m, 1H), 3,64-3,51 (m, 1H), 3,44-3,38 (m, 1H), 2,38-2,21 (m,
1H), 1,99-1,85 (m, 3H), 1,39 (s, 3,7H), 1,06 (s, 5,3H). (Condiciones-D2) CL/EM:
Analisis calculado para [M+H]+ C16H21BrN3O2: 368,03; encontrado: 368,18.

Tr=19min
(Condiciones-J1} CL/EM:
Boc Analisis calculado para
Br NN [M+Na]"
10 \Q[Hw C1sHzoBrNsNaFO;:
F 406,06; encontrado:
406,06.
Tr= 1,7 min
B (Condiciones-D2) CL/EM:
Br N  NH Analisis calculado para
J.10b UH@H [M+NaJ* C17H;0BrN;NaOy:
400,06; encontrado:
A partir de M.4 400,09
Tr =19 min
(Condiciones-J1) CL/EM:
ar " BOCN " Andlisis calculado para
2 +Nal*
R T R
A partir de M.4 418,06; encontrado:
418,08,
foc Tr = 2,0 min {Cond.-J2)
Br N N CL/EM: Analisis.
J.10d \Qg_d Calculado para [M+H]'
A partir de M.4a Ci7H23BrN2O,: 380,10;
encontrado: 380,03.
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Se afadid 4-yodo-2-nitroanilina (35,2 g, 0,133 mol) en lotes a través de
un embudo abierto durante 25 minutos a una mezcla calentada (65 °C) de
SnCl;,2H,0 (106,86 g, 0,465 mol) y HCI 12N (200 ml). Se afiadié mas HCI 12N
(30 ml) y la mezcla de reaccion se calentd a 65 °C durante 1 hora mas, y se
agité a temperatura ambiente durante 1 h. Se colocé en un frigorifico durante
15 h, y se filtr6 el precipitado. El sélido resultante se transfirid a un matraz que
contenia agua (210 ml}, se enfrid (hielo/agua), y se afiadid al mismo durante 10
minutos con agitacién una solucidn de NaOH (ac) (35 g en 70 ml de agua). Se
retird el bafo de enfriamiento y se continud con agitacién vigorosa durante 45
min. La mezcla se filtré y el sélido se lavd con agua y se secO a vacio
proporcionando 4-yodobenceno-1,2-diamina como un soélido color castafo
(25,4 g). El producto se usd en la etapa siguiente sin purificacidn posterior.
RMN de "H (DMSO-dg, 8= 2,5 ppm, 500 MHz): 6,79 (d, J = 2,1H), 6,63 (dd, J =
1,9, 8,1, 1H), 6,31 (d, J = 8,1, 1H), 4,65 (s ancho, 2H), 4,59 (s ancho, 2H).
CL/EM: Analisis calculado para [M+H]+ CgHglN2: 234,97; encontrado; 234,9.

Se anadié HATU (6,5 g, 17,1 mmol) a una solucién de 4-yodobenceno-
1,2-diamina (4 g, 17,1 mmol), acido (S)-1-(terc-butoxicarbonil)pirrolidin-2-
carboxilico (3,67 g, 17,1 mmol), y base de Hunig (3 ml) en dimetiiformamida
(100 ml). La mezcla de reaccion se agitd durante 4 h antes de diluir con acetato
de etilo (300 mil) y se lavé con NaHCOj; saturado, salmuera y se secd
(Na,SOy). La fase acuosa se extrajo dos veces mas con acetato de etilo y se

combiné con el extracto organico inicial antes de secar. La concentracion dio

Y2
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un residuo que se suspendio en acido acético glacial (100 ml) y se calentd a 65
°C durante 2h. La mezcla fria se concentré a vacio, se diluy6é con acetato de
etilo (300 ml) y solucién 1N de NaOH (hasta pH = 10), se lavd con salmuera y
se secd (Naz;S0O4). El producto bruto se aplicéd a un cartucho de gel de silice 65
(i) Biotage. Segmento 1. Mantenimiento 15% de B durante 450 ml; Segmento 2.
Eiucidon con gradiente desde 15% hasta 100% de B durante 4,5 | (A = hexano;
B = acetato de etilo); Segmento 3. Mantenimiento 100% de B durante 2,5 |
dando J.11 2-(5-yodo-1H-benzo[d)imidazol-2-il)pirrolidin-1-(S)-carboxilato de
terc-butilo 7,0 g (99%). RMN de "H (500 MHz, DMSO-dg) & 7,85 (s ancho, 1H),
7,42 (d, J = 8,2 Hz, 1H), 7,34 (s ancho, 1H), 4,97-4 84 (m, 1H), 3,6 (s ancho,
1H), 3,44-3,40 (m, 1H), 2,37-2,25 (m, 1H), 1,99-1,87 (m, 3H), 1,4/ 1,07 (s, 9H).
CL (Condiciones-D2). 2,1 min; CLEM: Analisis calculado para [M+H]*
C1gH20IN1O5: 414,07; encontrado: 414,08.

Bag
-
N
SEM
Jiz
Se afiadio en una porcién hidruro sodico sin lavar al 60% (48 mg, 1,21
mmol} a una solucién agitada de J.11 2-(5-yodo-1H-benzo[d]imidazol-2-
ihpirrolidin-1-(S)-carboxilato de terc-butilc (500 mg, 1,21 mmol) en
dimetilformamida seca (10 ml) en nitrégeno. La mezcla se agité 5 min antes de
la adicién de SEM-CI (0,21 mi, 1,21 mmol), se agité durante 3 h, se inactivé con
cloruro aménico saturado (1 ml), se diluyé con acetato de etilo (50 ml), y la fase
organica se lavé con solucién saturada de NaHCOQ; y salmuera. La fase acuosa

se extrajo dos veces mas con acetato de etilo y se combiné con el extracto

v
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organico inicial antes de secar. La concentracidon dio un residuo que se aplicé
(diclorometano) a un cartucho de gel de silice 40 (i) Biotage. Segmento 1.
Mantenimiento 5% de B durante 150 ml; Segmento 2. Elucion con gradiente
desde 5% hasta 100% de B durante 2,5 | (A = hexano; B = acetato de etilo) B
5 dando productos regioisoméricos (localizacién SEM } J.12 316 mg (48 %). RMN
de "H (500 MHz, DMSO-ds) § 7,99 (d, J = 5,8 Hz, 1H), 7,54-7,49 (m, 2H), 5,77-
5,64 (m, 2H), 520-5,11 (m, 1H), 3,61-3,43 (m, 4H), 2,89-2,05 (m, 2H), 1,98-
1,87 (m, 2H), 1,36/1,04 (s, 9H), 0,91-0,81 (m, 2H), -0,06 (s, 9H). CL
(Condiciones-D2): Tr = 3,1 min; EMBR: Andlisis calculado para [M+H]
10 C2oH34IN3O3Si: 544,15; encontrado: 544,15.

Ruta de sintesis 6. 7

0\
B
0
2 o}
(O~ XL
N N [a]
H)b Pd{Phs)e

27 JA3

Boc
¥

Iz

%

15 Ejemplos J.13 - J.13f

jﬁ@?

J13

I Bee

="

Se aradié Pd(PhsP)s (469 mg, 0,406 mmol) a un tubo de presion que
contenia una mezcla de J.7 2-(5-(4-bromofenil)-1H-imidazol-2-il)pirrolidin-1-
carboxilato de (S)-terc-butilo (4 g, 10,22 mmol), bis(pinacolato)diboro (5,4 g,

20 21,35 mmol), acetato potasico (2,6 g, 26,21 mmol) y 1,4-dioxano (80 ml). El
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matraz de reaccion se purgd con nitrégeno, se tapd y se calentd (bafio de
aceite 80 °C) durante 16 horas. La mezcla de reaccién se filtro y el filtrado se
concentré a vacio. El material bruto se repartid6 cuidadosamente entre
diclorometano (150 ml) y un medio acuoso (50 ml agua + 10 ml de solucidn
saturada de NaHCQj3). La fase acuosa se exirajo con diclorometano, y la fase
organica reunida se secod (MgSQ,), se filtrd y se concentrd a vacio. El material
resultante se purifico con cromatografia ultrarrapida (la muestra se cargd con
disolvente de elucién, 20-35% de acetato de etilo/diclorometano)
proporcionando J.13 2-(5-(4-(4,4,5 5-tetrametil-1,3,2-d ioxaborofan-2-i|)fenii)—1 H-
imidazol-2-il)pirrolidin-1-carboxilato de {S)-terc-butilo, contaminado con pinacol,
como un sélido denso blanquecino; la relacién molar relativa de J.13 a pinaco!l
fue de aproximadamente 10:1 (RMN de 'H). La muestra pesé 3,9 g después de
~2,5 dias de exposicion a alto vacio. RMN de 'H (DMSO-ds, & = 2,5 ppm, 400
MHz): 12,22/11,94/ 11,87 (m, 1H), 7,79-7,50/ 7,34-7 27 (m, 5H), 4,86-4,70 (m,
1H), 3,52 (s ancho aparente, 1H), 3,36 (m, 1H), 2,27-1,77 (m, 4H), 1,45-1,10
(m, 21H). CL (Condiciones-J1): Tr = 1,64 min; CL/EM: Analisis calculado para
[M+H]* Co4H35BN3O4: 440,27; encontrado 440,23.

Tr = 1,6 min (Condiciones-

Q—{ j‘\C.;ac J1); CL/EM: Analisis
H

calculado para [M+H]'

J.13a o
X\« CoaHssBN;O4: 440,27:

) encontrado: 440,36.
A partir de J.7a

;to Tr = 1,6 min (Condiciones-
B
o}

J.13b @‘{'N oo J1); CL/EM: Andlisis
| Hh“ calculado para [M+H]"
H

025H358N304: 452,27,

o
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A partir de J.7b

encontrado: 452, 17.

e
O‘B
J.13¢ NH

N
&.Boc

A partir de J.5

Tr = 1,9 min (Condiciones-
D2); CL/EM: Analisis
calculado para [M+H]"
Ca7H3sBN;O;:
480; encontrado: 480.

J.13d O‘BU >—(]

H Boc
A partir de J.10

Tr = 1,7 (Condiciones-J1)
CLEM: Andlisis calculado
para [M+H]" C2H33BN;0;
414,25, encontrado:
414,28,

-B N H
0 N
J.13e @NHN >

H Boc
A partir de J.10a

Tr = 2,1 (Condiciones-D2)
CLEM: Andlisis calculado
para [M+H]" C23H3:8N50,
426,29, encontrado:
426,21.

Na:
J.13f CQ NH

N= Boc
N

A partir de J.9a

Tr = 2,46 (Cond.-D?)
CLEM: Analisis calculado
para [M+H]" CysHa7BN,O,

466,28; encontrado:

466,33.

Ruta de sintesis 7

1 B
1 0
N NH NaHCO,

JuAZ J.13c

Ejemplos J. 14 - J 14f.1

Boc
N ,N
s
SEM

J.14

ugl
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Boc

N
ee

J.14

Se disolvieron el bencimidazol J.12 (250 mg, 0,46 mmol), éster bordnico
J.13¢ (217 mg, 0,46 mmol) y NaHCOj3 (95 mg, 1,13 mmol) en 1,2-dimetoxietano
(4,5 ml) y se afadio agua (1,1 ml). La mezcla de reaccién se evacud y se
inyectd nitrogeno (3x), se anadiéo Pd(PhiP)s { 26 mg, 0,022 mmol), y la mezcla
se calentd (bafio de aceite a 80°C) en un recipiente a presion tapado durante
14 h. Después de enfriar, la solucidn se repartié en acetato de etilo/agua y la
fase organica se lavé con NaHCO; saturado, salmuera y se secé (Na,SOy). La
concentracion dio un residuo que se aplicd a una columna 25M Biotage de SiO;
previamente equilbrada con 25% de B (300 ml). Elucién con gradiente:
Segmento 1: 25% de B (60 ml); Segmento 2. 25-100% de B (1440 ml);
Segmento 3: Mantenimientb a 100% (600 ml), A = Hexanos; B = acetato de
etilo dio J.14, 101,1 mg (29%). RMN de 'H (500 MHz, DMSO-ds) & 8,10-8,09
(m, 1H), 7,96/7,91 (s, 1H), 7,65-7,47 (m, 4H), 5,85-5,70 (m, 2H}, 5,12/5,14 (s,
1H), 4,83/4,73 (s, 1H), 3,62-3,54 (m, 4H), 3,48-3,26 (m, 2H), 2,90 (s ancho,
4H), 2,37-1,84 (m, 10H), 1,42/1,08 (s, 9H), 1,37/1,06 (s, 9H), 0,92-0,83 (m, 2H),
0,06 (s, 9H). CL (Condiciones-D2): 2,8 min; CLEM: Analisis calculado para
[M+H]" C43Hs1NsOsSi 769,45; encontrado: 769,43. EMAR: Analisis calculado
para [M+H]" C43He1NsOsSi: 769,4473; encontrado 769,4484,

LT
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J.14a

Boc

N N
(<X
A
SEM
“ "NH

N= Boc
N

A partirde J.12y J.13

Te=2,71 min
{Condiciones-D2);
CLEM: Analisis
calculado para [M+H]"
C4oHs7NsOsSi 729,42,
encontrado: 729,43.

EMAR: Anélisis
calcutado para [M+H]"
CaoHs7NsO:Si:
729,4160; encontrado:
729,4188.

J.14b

Boc Boc,

N N N\ N
[, 2] ~ iH>—Q

SEM

A partirde J.12y J.13a

Tr=2,75 min
{Condiciones-D2);
CLEM: Analisis
calculado para [M+H]
CaoHs7NgO5Si 729,42;
encontrado: 729,44,

+

EMAR: Andlisis
calculado para [M+H]
CaoHs7NsO5Si:
729,4160; encontrado:
729,4191.

+

J.14c

H, NBoc N
=0
TN
L
é%rtﬂoc
H H

A partirde J.13ey J.9

Tr=1,6 min
{Condiciones-J1);
CLEM: Andlisis
calculado para [M+H]"
C3oH4sNegO4 663,37
encontrado: 663,46.

EMAR: Andlisis
calculado para [M+H]"
CagHsNegO4 663,3653;
encontrado: 663,3648,

U3
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Boc
N N
L~ I
N
H

Tr= 2,11 min,
(Condiciones-D2);
Calculado para
CasHasNgO, [M+H]'
625,35 encontrado:

J.14d v N 625,42,
b,Boc
EMAR: Calculado para
A partirde J.13d y J.9a CagHasNgO4 [M+H]*
625,3497; encontrado:
625,3486.
Tr = 1,83 min,
Boc {Condiciones-J1);
E"i\_(,: Calculado para )
J 14e H O . C2oH25BrN; O, [M+H]
f 442, 12; encontrado:
A partirde J.13d y 1,4~ 442 20.
dibromobenceno
Br O Tr = 2,40 min, (Cond.-
O‘ " D2), Calculado para
J.14e.1 N})NBDC C2sH2eBrN;O; [M+H]"
494,15, encontrado:
A partir de J.13f y 1,4- 494,14.
dibromobenceno
Tg = 1,66 min,
(Condiciones-J1);
Calculado para
J.14f CaoHazNsO4 [M+H]"

A partir de J.14e y J.13

675,36; encontrado:
675,52,

Ug
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Boc
Q“\_J: 23 Tx: 2,15 min, (Cond.-
H O D1); Calculado para

J.14f.1 OQ " Ca2HaoNsOs
NBB% [M+H]* 701,38;
encontrado: 701,35.

A partir de J.13d y J.14e.1

Ruta de sintesis 8

Boc

=1 Lt
H %Boc M. L\ E @ OG
N

N:b_Boc
N
JA4d J.4g

Ejemplos J.14g - J. 14g.1

Boc
N N
O
= N
A oe
NH
N= Boce
N
J.14g

Se afadid dibxido de manganeso activado (122 mg, 1,409 mmol) en una
porcibn a una solucidbn agitada de J.14d  2-(7-(2-((S)-1-(terc-
butoxicarbonil)pirrolidin-2-il)-1H-benzo[d]imidazol-5-il}-4,5-dihidro-1H-nafto[1,2-
d]imidazol-2-il)pirrolidin-1-carboxilato de (S)-terc-butilo (88 mg, 0,141 mmol) en
diclorometano seco (2 ml). La suspensi()n se agitd durante 14 h y se afadio
dioxido de manganeso adicional (1,5 g). La suspension se agité durante 16 h y

se afnadié de nuevo didxido de manganeso (1,5 g) y se dejdé continuar la

ey
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agitacién durante 24h. La mezcla de reaccidon se filtrd a través de tierra de
diatomeas (Celite®), se concentré y se colocé en alto vacio durante 1 hora. Se
aislo J.14g (85,0 mg, 92 %) como un sélido amarillento-naranja. CLEM: 2,14
min (Condiciones-D2) Calculado para CisHssNgO4 [M+H]" 623,33; encontrado:

5 623,46. EMAR: Calculado para Ci3gHiaNsO, [M+H]" 623,3340; encontrado:
623,3327.

Boc Tr: 2,20 min,
N N
L=, ¢ (Condicién-D1);
H
O Oe Calculado para
J.14g.1 NH

szBoc CiHaNeQ,
[M+H]® 699,37;
A partir de J.14f.1 encontrado; 699,32,

Ruta de sintesis 8a

N O ' on Sulfito N
[N»_‘J - |IN\>_&j - sédico WIN»_‘:I

H H H

JB.1 ' JB.2 Ja.3

Efemplos JB.1 - JB.3

JB.1
Se afadio glioxal (2,0 ml de 40% en agua) gota a gota durante 11

15 minutos a una solucién en metanol de NH,OH (32 ml) y (S)-Boc-prolinal (8,56
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g, 43,0mmol) y se agitd a temperatura ambiente durante 19 horas. El
componente volatil se elimind a vacio y el residuo se purificé por cromatografia
ultrarrapida (gel de silice, EtOAc) seguido por recristalizacion (EtOAc,
temperatura  ambiente)  proporcionando  2-(1H-imidazol-2-il)pirrolidin-1-
carboxilato de (S)-terc-butilo {4,43g) como un sélido blanco apelusado. RMN de
'H (DMSO-ds, 400 MHz): 11,68/11,59 (s ancho, 1H}, 6,94 (s, 1H), 6,76 (s, 1H),
4,76 (m, 1H), 3,48 (m, 1H), 3,35-3,29 (m, 1H), 2,23-1,73 (m, 4H), 1,39/1,15 (s,
9H).

Tr = 0,87 min (Condicién-JB,1) CL/EM: Andlisis calculado para [M+H]
C12H20N304: 238,16; encontrado 238,22. El compuesto mostré que tenia un ee
del 98,9 % cuando se analizéd en las condiciones de HPLC quiral indicadas a
continuacién. Columna: Chiraipak AD, 10 um, 4,6 x 50 mm Discivente: 1,7%
etanol/heptano (isocratico) Caudal: 1 ml/min Longitud de onda: bien 220 6 256

nm. Tiempo de retencion relativo: 3,25 min (R), 5,78 minutos (S)

N BoqN
-0
JB.2
Se afadié yodo (16,17 g, 63,7 mmol) a una solucidén de Ejemplo JB.1
(6,87 g, 29,0 hmol) y carbonato sédico (9,21 g, 87 mmol) en dioxano (72 ml) y
agua (72 mi} a temperatura ambiente. El matraz se cubrié con una lamina de
aluminio y se agité durante 16 horas. La mezcla de reaccion se diluyd con
EtOAc y una solucion acuosa saturada de tiosulfato sédico. La mezcla se agitd
durante 15 minuto y se separaron las fases. Se separaron las fases y la fase

acuosa se extrajo varias veces con acetato de etilo. Las fases organicas

reunidas se secaron {(Na;SOy), se filtraron y concentraron a vacio

L&y
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proporcionando  2-(4,5-diyodo-1H-imidazol-2-il)pirrolidin-1-carboxilato de (S)-
terc-butilo (12,5 g) como un sélido color castafio. RMN de 'H (500 MHz, MeOD)
S ppm 4,72 - 4,84 (m, 1H), 3,68 - 3,70 (m, 1H), 3,43 - 3,54 (m, 1H), 2,36 (s
ancho, 1H), 1,88 - 2,08 (m, 3H), 1,47 (s ancho, 3H), 1,27 (s ancho, 6H). Tg =
1,40 min (Condicion-JB,1} CL/EM: Analisis calculado para [M+H]" Ci2H171oN303:
488,94 Encontrado; 489,96.

JB.3

Se afadio sulfito sodico (10,31 g, 82 mmol) a una solucién de Ejemplo
JB.2 (4,0 g, 8,2 mmol) en etanol (75 ml) y agua (75 mi). La suspensién se
calenté con un bafio de aceite a 100°C durante 4 horas y a 90°C durante 16h.
La reaccién se diluyd con EtOAc y agua. Se separaron las fases y la fase
acuosa se extrajo varias veces con EtOAc. Las fases organicas reunidas se
secaron (salmuera, Na;SQ,), se filtraron y concentraron a vacio. El residuo se
purificd por cromatografia ultrarrapida (la muestra se cargé seca sobre gel de
silice y eluyd con 0 hasta 40% de acetato de etilo/CH,Cl,) proporcionando 2-(5-
yodo-1H-imidazol-2-il)pirrolidin-1-carboxilato de (S)-terc-butilo (2,17 g) como un
solido blanco. RMN de 'H (500 MHz, MeOD) & ppm 7,52-7.64 (m, 1H), 4,95 -
5,10 (m, 1H), 3,57 - 3,70 (m, 1H), 3,47 - 3,57 (m, 1H), 2,37 - 2,55 (m, 1H), 1,94
- 2,10 {m, 3H), 1,46 (s, 4H), 1,27 (s, 5H). Tr = 0,93 min {Condicién-JB,1)
CL/EM: Analisis calculado para [M+H]" Ci.H15IN3O; 363,04; Encontrado:
364,06.

U8
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Pd{Phs}:Cl;

Boc
l N N {Pha}Cla
\CEN‘)_U TiMS-etino
H
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Ejemplos J.15- JB.4

~ 4
-Si

Bog
S ]
\QN\ N KoC Oy
N>_Q MeOH
H

u89

Se anadio una mezcla de yoduro de cobre (299,6 mg, 48,1 mmol) y

Pd(PPh3).Clz (1,29 g, 4,41 mmol} a una solucidén en dimetilformamida (200 ml)

de J.11 (16,0 g, 38,7 mmol), (trimetilsilillacetileno (6,8 ml, 48,1 mmol), y

trietilamina (16 ml), y la mezcla de reaccién se agité a ~25 °C durante 19,5 h. El

10 componente volatil se elimind a vacio y se preparé una malla de gel de silice a

partir del residuo y se sometié a una cromatografia ultrarrapida (gel de silice;

eluyendo con 40% acetato de etilo/hexanos) proporcionando el alquino J.15

como una espuma color castafio (13,96 g). RMN de 'H (DMSO-dg, § = 2,5 ppm,

500 MHz): 12,52-12,38 (m, 1H), 7,62-7 41(m, 2H), 7,24-7,19 (m, 1H), 5,01-4,85
15 {m, 1H}, 3,64-3,51 (m, 1H), 3,46-3,35 (m, 1H}, 2,38-2,21 (m, 1H), 2,07-1,81 (m,
3H), 1,39 (s, 4H), 1,04 (s, 5H), 0,23 (s, 9H). Tr = 2,09 min (Condiciones-J1)

CL/EM: Analisis calculado para [M+H]" C2iHaoN3O2Si: 384,21; encontrado:

384,27.
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! Tr=1,89 min,
S “ Boc {Condiciones-J1);
\Q%_{"J Calculado para
J.15 ;
2 I N C21H2sN302Si [M+H]*
A ) 402,20: encontrado:
partir de J.10a 402.26.
Tgr = 1,92 min,
di < oor (Condiciones-J1);
N N Calculado para
J.15b \@ — L
N H CaoH3oN3O,Si [M+H]”
A partir de J.10b 396,21; encontrado:
306,22
| Tr=2,2 min,
>si “ Boc (Condiciones-J1);
1156 \@EN»_‘N:@H Calculado para
‘ I N H CazH2eFN;O,Si [M+H]*
A ir de J1 414,20, encontrado:
partir de J.10c 414,26,
~J.
““x Tr= 1,70 min, (Cond.-
\©\T>\ J1); Calculado
J.15d fNH ) paraCasHssNa0,Si [M+H]'
Qc
b 438,26 encontrado;
438,33.
A partir de J.9d
N Tr=1,70 min, (Cond-J1);
i o B8 Calculado
J.15d.1 _ N‘>—d paraCazHyN;O,Si [M+H]*
H 398,23, encontrado:
A partir de J.10.d 398,19.
Ny
s
™ Tr = 2,43 min, (Cond.-
OO N D1); Calculado
J.15e paraCst34N3028i ['\IH'H]+

HN-4
"l
B —N\A-,
QC % ,H

H
A pattir de J.8b

448,24: encontrado:
448 B2,

Y90
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=
OG LCMS: 2,51 min, (Cond.-
s N D1); Calculado
J.15f “S..” para026H32N3028i
B°°’N\.,<\' N (M+H)* 446,23;

H

A partir de J.15e de acuerdo
con el procedimiento descrito

encontrado: 446,05.

para J.14g.
-~ LCMS: 1,5 min, (Cond.-
S .
\:\IN X JB.1); Calculado
JB.4 'b oc paraC47HogN30,Si
: (M+H)* 334,20;
A partir de JB.3 encontrado: 334,14,

Ejemplo J.16 - JB.5

Se afiadié carbonato potasico (0,5526 g, 4 mmol) a solucién del alquino
J.15 (13,9 g, 36 ,2 mmol) en metanol (200 ml) y la mezcla se agitd a
temperatura ambiente durante 17 h. El componente volatil se eliminé a vacfo, y
el residuo se repartid entre acetato de etilo y solucion de cloruro aménico
saturado (ac) y la fase organica se separd y se lavé con salmuera, se seco
(MgS0.), se filtrd y se concentrd a vacio proporcionando el alquino J.16 como
una espuma color castafo (9,3 g). RMN de "H (DMSO-dg, 5 = 2,5 ppm, 500
MHz): 12,58-12,30 (s ancho, 1H), 7,72-7,36 (dos s anchos aparentes
solapando, 2H), 7,23 (d, J = 8,1, 1H), 4,97-4,88 (m, 1H), 4,02 (s, 1H), 3,64-3,52
(m, 1H), 3,44-3,36 (m, 1H), 2,40-2,20 (m, 1H), 2,06-1,81 (m, 3H), 1,39 (s, 4H),
1,05 (s, 5H). CL/EM: Andlisis calculade para [M+Na]" CigH21NsNaO;: 334,15;



encontrado: 334,24.
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- Bog
YIN N
G\
N
H
F

Tr = 1,69 min,
{Condiciones-J1};
Calculado para

J.16a
C1sH20N;0; [M+Na]*
A partir de J.15a 352,14; encontrado:
352,15.
Tr = 1,40 min,
N Y aocN Y (Condiciones-J1),
J.16b \©: »—‘} Calculado para
. H H C19H21N302 [M+Na]’
A partir de J.15b 346,15; encontrado:
346,19.
Tg = 1,36 min,
_ v LK (Condiciones-J1);
J16¢ \QN\F&:@H Calculado para
. F N CigHz0FN;O, [M+Na]*
A partir de J.15¢ 364,14; encontrado:
364,15,
\Q\} Tr = 1,30 min, (Condicién-
I;,NH J1); Calculado para
J.16d NBoc
CasH2aN30; [M+H]" 366,22;
A partir de J.15d encontrado: 366,25.
B Tr = 2,74 min, (Condicién-
% N UC‘N Me
\©: \)_d J2); Calculado para
J.16d.1 N

A partir de J.15d.1

C1oH24N30; [M+H]* 326,19,

encontrado: 326,13.

€72,
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= CLEM: 1,88 min,
OO N {Condicién-D1} Calculado
J.16e HN—’S .
N\'Q para CzsHzN2O;z (M+H)
Boc~ -
H ’ 374,19; encontrado:
A partir de J.15f 374,04,
CLEM: 0,88 min,
ey
“\f\,N . (Condicién-JB-1) Calculado
Boc
JB.5 Jkﬂ para CigHy N3O, (M+H; -
tBu)* 206,10; encontrado:
A partirde JB.4 ) ontra
206,05.

Ruta de sintesis 9a

J.16e AN el N HATU

Ejemplo J.16f
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J.16f
El Ejemplo J.16f se obtuvo a partir del Ejemplo J.16e de acuerdo con el
procedimiento en dos etapas descrito a continuacion. Desproteccion como en
la preparacién de J.19 para formar una sal HCI que se acoplé con cap-170 con
5 HATU de acuerdo con la preparacién de J.21 siguiendo dando J.16f Tg = 1,59
min, (Condicion-D1); Calculado para Ci7HzgN4O4 [M+H]" 473,22; encontrado:
473,06,

Ruta de sintesis 10

Br
0)'4 @\r 1§ ﬁ
N, = N
ko @ Boc

50; NH.OH

N
Q\ e —_ !N
CHO Piperazina HN-Z

10 J.17

i

Ejemplo J. 17 - 17.a

JA7

El hidroxido de amonio (4 ml) se anadié a una solucién de {S)-prolinal
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(650 mg, 3,26 mmol) en tetrahidrofurano (15 ml) y se agité durante 6 h a 48 °C
en un recipiente a presion sellado. Se afadieron isocianuro de o-tosil-(3-
bromobencile} (974 mg, 2,77 mmol} y piperazina (281 mg, 3,26 mmol) y la
mezcla de reaccion se agité 18 h a 48 °C. Después de enfriarse, la mezcla de
reaccion se diluyd con acetato de etilo (200 ml} y se lavd con agua y salmuera
y se concentré. El producto bruto se suspendid en diclorometano y se cargd en
un cartucho de gel de silice de 40 g Thomson. La elucién con gradiente
realizada desde 20-100% de B durante 750 ml dio J.17 2-(5-(3-bromofenil)-1H-
imidazol-4-il)pirrolidin-1-carboxilato de {S)-terc-butilo 413 mg (31%). RMN de 'H
(CDCl3, 8 500 MHz): 10,36/9,90 (s ancho, 1H), 7,75 (s ancho, 1H), 7,53 (s
ancho, 2H), 7,38 (s ancho, 1H), 7,24 (s ancho, 1H), 5,11 (s ancho, 1H), 3,54 (s
ancho, 2H), 2,32/2,19 (m, 1H), 1,95-1,85 (m, 2H), 1,74 (s, 1H), 1,45/1,18 (s,
9H). Tr = 1,7 (Condiciones-J1) CL/EM: Analisis calculado para [M+H]
C4gH23BrN1O,: 392,09; encontrado: 392,13.

Tr=1,7 min,
o /M - ,
N (Condiciones-J1);
= Calculado para
JA7 N
a HN~7 C1sH2sBrN; O, [M+H]*
A partir de isocianuro de a- 392,09; encontrado:
tosil-(4-bromobencilo) 392,13.

gy
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Ruta de sintesis 11.
Boc
N N
N H Br E\%\_«N O ~
R oS RCU UL b
NN ‘ ,?’*uj Pd(Phy), Ol s
Boc Boc \ h;)'_\Nj
J.16 J.7 J.18 Bod

Ejemplos J.18 JB.6

Boc

N N
E\\" ¢ Q
N >
Do .
L,
N
J.18 Bod

Se afiadieron yoduro de cobre (9,8 mg, 0,051 mmol) y Pd{PPh3), (59,4
mg, 0,051 mmol) a una solucién purgada en nitrogeno de J.16 2-(5-etinil-1H-
benzo[d)imidazol-2-il)pirrolidin-1-carboxilato de (S)-terc-butilo (160 mg, 0,514
mmol) y J.7 2-(4-(4-bromofenil}-1H-imidazol-2-il}pirrolidin-1-carboxilato de (S)-
terc-butilo (171 mg, 0,437 mmol) que contenia Etz;N (0,2 ml) en
dimetilformamida (3 ml) y la mezcla de reaccidn se agité a temperatura
ambiente durante 48 h. El componente volatil se elimind a vacio y el residuo se
aplico (diclorometano) a una columna de 20 g Thomson y eluyé con 50-100 %
de B durante 500 ml (A/B diclorometano /20% de metanol en acetato de etilo)
proporcionando J.18; 87 mg (26%). RMN de 'H (CDCls, §, 500 MHz): 10,97-
10,61 (m, 2H), 7.9 (s, 0,41H), 7,75 (d, J = 8,2, 1,26H), 7,69-7,66 (m, 0,55H),
7,59 (s, 0,54H), 7,54-7,51 {m, 1,85H), 7,42-7,32 (m, 2H), 7,25 (s, 1H), 7,22 (s
ancho, 0,32) (s ancho, 1H), 4,99-4,94 (m, 1H), 3,31 (s ancho, 3H), 3,04/2,92 (s
ancho, 2H), 2,19-2,15 (m, 3H), 2,03-1,95 (m, 2H), 1,62/1,50 (s ancho, 20H). CL

b
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(Cond-J1): 1,6 min; CL/EM: Analisis calculado para {M+H]" CisHsaNsQO4: 623,34
encontrado: 623,52; EMAR: Analisis calculado para [M+H]" CigHa3NgO4:

623,3340; encontrado: 623,3344.

Boc

o
IZJ:Z
(O

J.18,1

Tr =14 min
(Condicién-J1);
CLEM: Analisis
calculado para

[M+H]" CasHe7NeOy4
651,36, encontrado:
651,46.

J.18,2

A partir de J.16 y J.9e

Tr = 1,34 min
(Condicion-J1);
CLEM: Andlisis
calculado para
[M+H]" CasHa4N;O4
662,35; encontrado:
662,35.

o Boc

4 N N
<o~ 1
J.18a O u}_\\j;

I=
V4

A partirde J.16b y J.7b

Tr= 1,6 min
{(Condicidon-J1);
CLEM: Analisis
calculado para

[M+H]" CasHsaNsO,4
647,33; encontrado:
647,39,

Ty
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J.18b

Boc B
Hh, N N
Lo~ X
NS
H H N
ﬂ ¥ aH
‘I\{}__\N iy
Boc

A partir de J.16c y J.7b

Tr = 1,57 min
(Condicién-J1);
CLEM: Analisis
calculado para

[M+H]®

CagHazFNs O,

£665,33; encontrado:

665,49,

J.18¢c

Boc
H/, N

S

H

J

T "vZ

=
H
O N ;\j;H
F 1& N IH
Boc

A partirde J.16b y J.9c

Tr=1,42 min
(Condicién-J1);
CLEM: Analisis
calculado para
[M+H]"
CagH42FN:O,

665,33; encontrado:

665,49.

J.18d

Boc

N N
L\\}_(,N
’ O‘

N

o
i/
HN Boc
N

A partirde J.16 y J.9a

Tr: 2,27 min,
(Condicién-D2);
Calculado para

CasHasNeO4 [M+H]

649,35: encontrado:

649,49,

EMAR: Calculado
para CagHssNsO4
[M+H]* 649,3497;

encontrado:

27
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649,3484.

hee

Tr: 2,31 min,
(Condicion-D2);
Calculado para

CagHaaNeO4 [M+H]"
647,33, encontrado:
647 46.

“N
J.18e HN‘fb.Boc
N
EMAR: Calculado
A partir de J.18d de acuerdo con el para CagH4sNsOy4
procedimiento descrito para J.14g. [M+H]" 647,3340;
encontrado:
647,3328.
Boe Tr: 1,61 min,
N N
[ O (Condicién-J1):
N AN
Calculado para
1 L,
HN*’b-B‘.JC CasHaisFNgOy [M+H]+
N
667,34; encontrado:
A partir de J.16ay J.9a 667,46.
Tr: 1,84 min,
o ; (Condicion-J1)
NN ondicién-J1);
L~ X
118 N X Calculado para
189 20

I
HN Boc
N

CasHazFNgO, [M+H]"
665,33; encontrado:
665,49,

99
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A partir de J.18f de acuerdo con el

procedimiento descrito para J.14g.

Boc

D)
\ o N
H H

N

e

Tr: 1,44 min,
(Condicion-J1};

Calculado para

J.18h Ry
%2[;00 CaoHasNeOy [M+H]
5 A 673,35; encontrado:
. 673,43.
A partir de J.16by J.9b
Boc
~N N
P 2] Te: 1.48 min,
HY H X
O‘ (Condicién-J1):
N Calculado para
J.18i B
H CaoHaaNsO4 [M+H]"
H 670,34; encontrado:
A partir de J.18h de acuerdo con el 670,46.
pracedimiento descrito para J.14g.
Boc Tr: 2,03 min
Mo -N N R £, ,
<L~ I
H N x (Condicion-D1Y:
J.18i.1 O‘ Calculado para

/,N

HN LBz
N

H

H

A partirde J.16b y J.9f

Ca3HaaNeOy4
[M+H]" 707,34,

encontrado: 707,28.

b
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Boc

Hi, N N
i’
L=
H

H

Ree

Tr: 2,10 min,
(Condiciéon-D1);

J.181.2 9 Calculad
18i. HN—4 coe alculado para
H CusH41NsO4

H | [M+H]" 705,32,

A partir de J.18i,1 de acuerdo con el encontrado: 705.19,

procedimiento descrito para J.14g.
TR = 1,92 min
“g(NEi:“ @ (Condicién-D1);
Y N CLEM: Calculado
” e *
o)
21813 SN para Balafis

Q)?\J (M+H)* 770,37;

H Sy encontrado: 770,29,

A partir de J.16f y J.10b
B 3 ) .
H@&N O Tr: 1,62 min,
H N N (Condicion-J1);
O. Calculado para
J.18]

= /N
HN Boc
N
H

H

A partir de J.16¢c y J.9b

CaoHaaFNsO4 [M""H]*
691,34; encontrado:
691 486.

SuY
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J.18k

Boc F

L)
N
H ﬁ x

A partir de J.18j de acuerdo con el

procedimiento descrito para J.14g.

Tgr: 1,66 min,
(Condicion-J1);
Cal¢ulado para

CsoHazFNgO, [M+H]
689,33; encontrado:
689,43.

J.18k.1

Bac

Me/. N’ N
e=ie
\\‘
M *

Tr: 3,44 min,
{Condicion-J2);
Calculado para

CaoHazNgO4 (M+H]*
675,37; encontrado:
675,33

J. 181

Tr= 1,67 min,

(Condicion-J1),

Calculado para
CaeHaaNgOs [M+H]'
623,34, encontrado;
623,46.

J.18m

N=/

A partirde J.16 y J.17a

Tr = 1,67 min,

{Condicién-J1);

Calculado para
CasH43NsO4 [M+H]"
623,34, encontrado;
623,46.

S0
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Jo3

=z

Iz

Boc
S0
SN
=

JB,6 “N

HNJé;
Boc
N

A partir de J.14e y JB.5

Tr = 1,33 min,
(Condicion-JB,1);
Calculado para
CasHaaNsOy [M+H]*
623,34; encontrado:
623,24.

Ruta de sintesis 12

NBOC N
oSoe

N
SEM OQ 4N HCI

NH

Nz
6.800
J.14

Ejemplos J.19 - UB.7

H
N N

N=
&

J.19

10 El Ejemplo J.14 (85 mg, 0,11 mmol) se disolvid en metano! (1 ml) y se

anadié HCI 4N/Dioxano (5 ml) y la reaccion se agitdé 16 hr. Los disolventes se

eliminaron a vacio, y la sal tetra HCI J.19 se expuso a alto vacio durante 18 h.

CL (Cond-D2): 1,4 min; EMBR: Analisis calculado para [M+H]" Ca7H3iNs:



439,26; encontrado: 439,29. EMAR: Analisis calculado para [M+H]" Cp7H31Ns:

-226-

439,2610; encontrado 439,2593.

J.19a

A partir de J.14a

Tr = 1,34 min
(Condicién-D2) CLEM:
Analisis calculado
para [M+H]" CasHa7Ng:
399,23 encontrado:
399,24,

EMAR: Analisis
calculado para [M+H]*
CoaHarNg: 399,2297;
encontrado: 399,2316.

J.19b

A partir de J.14b

Tr = 1,46 min
(Condicién-D2) CLEM:
Analisis calculado
para [M+H]* CpsHx7Ng:
399.23; encontrado:
399,24,

EMAR: Analisis
calculado para [M+H]"
Ca4H2Ng: 399,2297;
encontrado: 399,2298.

5o,
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J.19¢c

NN
e
H\\' = N

0

Ny NH

%NH
HH

A partir de J.14c

Tr=1,13 min

(Condicidén-J1) CLEM:

Analisis calculado

para [i‘\ﬂ"‘H]+ C29H30N5:

463,26; enconfrado:
463,38.

J.19d

A partir de J.14d

Tr=1,27 min,

(Condicion-D2) CLEM:

Calculado para
CaHaNs [M+H]
425 24;
encontrado:425,28.

EMAR: Calculado
para CagHaoNg [M+H]"

425,2448; encontrado:

425,2444.

J.19e

7,
B

aSe e

I=

oL

HN N
NH

A partir de J.14f

Tr = 1,30 min,

(Condicién-J1) CLEM:

Calculado para
CaoHa1Ng [M+H]"
475,26; encontrado:
475,25.
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J.19f

H
N N
\\Hf

NH
N—..
NH

A partir de J.14g

Tr=1,46 min,

(Condicién-D2) CLEM:

Calculado para
CagH27Ng [M+H]"
423,23,
encontrado:423,31.

EMAR: Calculado
para C25H27N5 [M"“Hr

423,2292: encontrado:

423,2287.

J.19f.1

A partir de J.14g.1

Tr: 1,73 min,
(Condicién-D1);
Calculado para

Caz2HatNs
[M+H]" 499 26;
encontrado: 499,22,

J.20

A
H

=

Z
Iz

A partir de J.18

Tr= 1,18 min,

(Condicién-J1} CLEM:

Calculado para
CosHaz7Ng [M+H]*
423,23;
encontrado:423,24.

AV S
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J.20.1

H
N N
[ 4 Q\

Tr = 0,99 min
{Condicién-J1); CLEM
Calculado para
CasHaiNg (M+H)"
451,25, encontrado:

451,28.

J.20.2

A partir de J.18.2

Tr = 0,98 min
(Condicién-J1); CLEM
Calculado para
CosHaeN7 (M+H)'
462,24 encontrado;
462,24.

J.20a

H
Ho, N N
=10
N
H N N

Ta=1,21min,
(Condicidn-J1) CLEM:
Calculado para
CasHzrNg [M+H]"
447,23, encontrado:
447 18.

J.20b

A partir de J.18b

Tr = 1,04 min,
(Condicién-J1) CLEM:
Calculado para
CagH2sFNg [M+H]"
465,21; encontrado:
465,28.

30y
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J.20c

Hy, }I\-."

Lo

rz" vz

J

x
.\\H

H
N &

\ )’_’\N 'in
N H

F

A partir de J.18¢c

Tr = 1,07 min,

(Condicién-J1) CLEM:;

Calculado para
CasHsFNg [M+H]
465,21; encontrado:
465,28.

J.20d

H
N N
e

g

A partir de J.18d

Tk = 1,60 min,

(Condicidon-D2) CLEM:

Calculado para
CasHagNg [M+H]"
449,24; enconfrado:
449,28.

J.20e

H
N N
[
N
H

g

Te=1,78 min,

(Condicién-D2) CLEM:

Calculado para
CaeH27Ng [M+H]*
447 23; encontrado:
447,25,

J.20f

A partir de J.18f

Tr = 1,07 min,

(Condicion-J1) CLEM:

Calculado para
CasHzsFNg [M+H]*
467,24, encontrado:
467,25.

ik
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J.20g

Tr = 1,17 min,

{Condicién-J1) CLEM:

Calculado para

CaH26F Ng [M+H]*

N
HN~4
NH 465,22; encontrado:
465 ,28.
A partir de J.18g
H{L}ﬂ /N O TR = 1,43 min,
HS N S (Condicion-D1) CLEM:
J.20g.1 0 N Calculado para
HN~4
\@ CaoH2oNg [M+H]"
H
B 473,25; encontrado:
A partir de J.18h 473,13.
MM N
I
<LQ}_</ O T = 1,09 min,
H E X
O‘ (Condicién-J1) CLEM:
J.20h Calculado para

/,N
HN
NH
H

H

A partir de J.18i

CaoH27Ng [M+H]
471.23; encontrado:
471,25,

607



31O

-232-
N Ta: 1,60 min
Hy N N R 1, )
Lo~ 1
v > (Condicién-D1);
/
J-20h 1 OO NH O OYO Calculado para
N= NH
Q)?ﬁ CaoHioN: O
PR [M+H]" 670,32;
A partir de J.18i.3 encontrado: 670,24.
H¢ H N .
<L Q Te: 1,77 min,
H N SN

(Condicién-D1);

HN-{ gy Calculado para
N
H CasHasNsO;

H IM+H]" 605,27;
A partir de J.18.2 encontrado: 605,20.
] c Tr = 1,08 min,
MHN O {Condicién-J1) CLEM:
H ” R
O Calculado para
J.20i N CaoHzaFNe [M+H]"
@H - 491,24, encontrado:;
H 491 25,

A partir de J.18]
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F
NN
“gr\\_< O Tr = 1,17 min,
H* N _

A partir de J.18k

(Condicién-J1) CLEM:
Calculado para
CagHzsFNg [M+H]
489,22; encontrado:
489,22.

J.20].1

Tr = 2,73 min,
{Condicién-J2) CLEM:
Calculado para
CaoHa1Ng [M+H]"
475,26, encontrado:
47517.

J.20k

A partir de J.18l

Tr=1,0 min
{Condicion-J1)
CLEM: Calculado para
Ca26HzNg [M+H]*
423,23, encontrado:
423,24.

J.201

H H
e
o =
SN = /)

Tr = 1,01 min
(Condicidén-J1)
CLEM: Calculado para
CaeHz7Ng [M+H]*

St/
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hYrad

A partir de J.18m

423,23; encontrado:
423.31.

JB.7

H
NN

(o~ 1)
=N
H

®

=

g

HNf
NH

A partir de JB.6

Tr=1,0min
(Condicién-JB,1)
CLEM: Calculado para
CaeHz7Ng [M+H]"
423,23, encontrado:
42317,

Rufa de sintesis 13.

N_ N

>

C u
N NH
&

J.19

~0
o
j

\\

Ejemplos J.21 a JB.12

O

—

£ H
J.21 H
& o
o]

N NH 0 y
J.21 H
23“& o
(e}

Se afadid HATU (60 mg, 0,16 mmol) a una solucion rapidamente
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agitada del Ejemplo J.19 (38,18 mg, 0,075 mmol), N-metoxicarbonil-L-valina
(26,2 mg, 0,15 mmol), y base de Hunig (0,095 ml, 0,54 mmol) en
dimetilformamida (1,5 ml). La mezcla de reaccién se agité durante 2 h y el
disolvente se elimind en purga de nitrégeno. El residuo se diluyé con metanol y
se sometié a HPLC prep. (Phenomenex LUNA C18 (30 x 100 mm}; 5% - 100%
de B durante 40 min; Caudal = 40 ml/min; Longitud de onda = 220 nm;
Disolvente A = TFA al 0,1% en 10% metanol / 90% agua; Disolvente B = TFA al
0,1% en 90% metanol /10% agua) dando la sal bis TFA de J.21, 17,6 mg
(24%). RMN de 'H (500 MHz, DMSO-dg) & 7,91-7,84 (m, 1H), 7,72-7,57 (serie
m, 5H), 7,30-6,8 (m, 2H), 5,50-5,17 (serie m, 4H), 4,20 (m, 1H), 4,10 (s ancho,
1H), 3,34-3,25 {m, 6H), 3,17 (s, 6H), 3,14-2,90 (serie m, 4H), 2,23-2,20 (m, 2H),
2,13-1,83 (m, 8H), 1,32-1,03 (m, 12H). CL (Condiciones-D2): 1,8 min; CLEM:
Analisis calculado para [M+H]" C41Hs3NgOg 753,41; encontrado: 753,55. EMAR:
Andlisis calculado para [M+H]" C41Hs3NaOgs 753,4088; encontrado: 753,4108.

Tg= 2,1 min {Condicion-
D2); CLEM: Analisis

calculado para [M+H}"

AP CsHg:NeO2: 817,49;
gesie
§ N OQ encontrado: 817 ,63.
J.21a
N, NH
é ,@/@ EMAR: Andlisis
fN7 calculado para [M+H]"

Cs1He1NaO2:

A partir de J.19
817,4917, encontrado:

817,4927.
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S"f_({

J.22

55
" i j’{ o

A partir de J.19a

Tr= 1,88 min
(Condicion-D2) CLEM:
Andlisis calculado para

[M+H]" C3gHoNgOs:
713,38; encontrado:

713,31.

EMAR: Analisis
calculado para [M+H]"
CasHaoNgOs: 713,3775;
encontrado: 713,3804.

J.22a

/NHO(

A partir de J.19a

Tr = 1,65 min
{Condicion-D2) CLEM:
Analisis calculado para

[M+H]" C4sHseNaOa:
777,46, encontrado:
777.48.

EMAR: Analisis
calculado para [M+H]"
CiaHssNaOy: 777,4604;
encontrado: 777,4636.
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J.22b

A partir de J.19a

Tr = 1,989 min
(Condicion-D2);
CLEM: Analisis calculado
para [M+H]" CaqHisNgOs:
781,35; encontrado:

781,37.

EMAR: Analisis
calculado para [M+H]*
CaaHasNgOg: 781,3462;
encontrado: 781,3483.

J.23

A partir de J.19b

Tr= 1,92 min
(Condicién-D2); CLEM:
Analisis calculado para

[M+H]" C35HagNeOs:
713,38; encontrado:
713,40.

EMAR: Analisis
calculado para [M+H]"
CasHioNgOe:
713,3804; encontrado:
713,3798.

J.23a

Tr = 1,72 min
(Condicion-D2); CLEM:
Analisis calculado para

[M+H]" CagHseNgOy:
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A partir de J.19b

777 ,46: encontrado;
777,48,

EMAR: Analisis
calculado para [M+H]"
CasHseNaQ,: 777,4604,
encontrado: 777,4579.

J.23b

1) (<]

O/
O

H‘I\_I"g
01/\©

" ZT

A partir de J.19b

Tr=2,02 min
(Condiciéon-D2); CLEM:
Analisis calculado para

[M+H]" CasHasNsOs:
781,35; encontrado:
781,37.

EMAR: Analisis
calculado para [M+H]"
CaHasNgOs: 781,3462;
encontrado: 781,3497.

J.24

e

NoNH

H
&y
H O

H

A partir de J.19¢

Tr = 1,5 min {(Condicion-
J1); 87%, CLEM:
Calculado para
CasHsaNgOg (M+H)*
777,41, encontrado:
777,49

EMAR: Calculado para
CasHssNaOg (M+H)"

Jré
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777,4083; encontrado;

777,4088.

J.25

o]

O)"NH o

~W\\\‘
N N
G~ L

A partir de J.19d

Tr = 1,83 min

(Condicion-D2); CLEM:

95%, Calculado para

CaoHs1NsOg (M+H)’

739,39; encontrado:
739,58.

EMAR: Calculado para
CaoHs51NgOg (M+HY"
739,3926; encontrado:
739,3916.

J.25.a

A partir de J.19d

Tr = 1,58 min

(Condicién-D2); CLEM:

Calculado para
CsoHseNgO2 (M+H)"
803,47, encontrado:

803,65.

EMAR: Calculado para
CsoHsoNsO, (M+H)”
803,4755; encontrado:
803,4749.
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Tr=1,51 min
{Condicién-J1), CLEM

Calculado para

J.26 O CaaH53Ng0g (M+H)"
= 789,41; encontrado:
i § H_ oo
})N Y 789,55.
A partir de J.1%e
Tr = 1,94 min
(Condicion-D2); CLEM:
\3\ 95%, Calculado para
W 5 CaoHasNeOs (M+H)"
\\ Q\_«: Q 737,38; encontrado:
J.27 H OO 737,56.
NH O H o
Repsy
N o)
EMAR: Calculado para
A partir de J.19f CaoHasNeOs (|V|'|'H)+
737,3770; encontrado:
737,3756.
LN) o Tr = 1,67 min
EN\—<fN Q (Condicion-D2); CLEM:
= N OO Calculado para
J.27a '/

A partir de J.19f

CsoHs7NaO2 (M+H)"
801,46; encontrado:
801,68.

SV3
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EMAR: Calculado para
CsoHs7NgO2 (M+H)
801,4599; encontrado:

801,4592.
/ Tr = 1,94 min
o
W (Condicién-D1); CLEM:
\\“"\fo Calculado para
NN
L‘S\_(N O CusHssNsOg (M+H)+
J.27b O ,
OO 0 O%° 813,41; encontrado:
N NH
“\0.)3\ 813,46,
A partir de J.19f.1
J Tge= 2,01 min
H,i;(; {Condicion-D1); CLEM:
@ EN>—<’N Q Calculado para
¥ ¥ O CszH4eNgOs (M+H)'
J.27¢ e o c')
O Ny O 881,38, encontrado:
N= NH
)b w8137
A partir de J.19f.1
~0 Tr =146 min
O)\T“ 0 (Condicion-J1); CLEM
\\ NN
E\\\_«N O Calculado para
J.28 H Q*\ C40H49N305 (M+H)+

737,38; encontrado:
737,42,
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A partir de J.20

EMAR: Calculado para
CaoHsoNsOg (M+H)*
737,3770; encontrado:
737,3774.

Tr= 1,30 min
{Condicién-J1); CLEM

Calculado para
» p
o CsoHs7NaO, (M+H)"
C‘\'\_{: @ _ 801,46; encontrado:
J.28a H S O 801,62.
" NHg
N N’
b')b EMAR: Calculado para
C50H57N302 (M+H)+
A partir de J.20 801,4599; encontrado:
801,4585.
AN
0
O .
NH Tr= 1,29 min
i
l’\N\—<fN O (Condicién-J1); CLEM
J.28a.1 S N Calculado para

“ NHg
N -
o

HNW( -
O

A partir de J.20.1

CazHssNgOg (M+H)*
765,41, encontrado:
765,49.
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J.28a.2

Tr= 1,22 min
(Condicién-J1); CLEM
Calculado para
CaaHsoNgOg (M+H)*
776,39: encontrado:
776,42

J.28b

NH L
N= -
HNW( -
H

H

A partir de J.20a

Tr = 1,25 min
{Condicion-J1); CLEM
Calculado para
CiaH4gNgOs (M+H)*
761,38, encontrado:
761,49,

J.28¢

A partir de J.20b

Tr = 1,44 min
(Condicién-J1); CLEM
Calculado para
CzHegFNgOs (M+H)Y"
779,37, encontrado:
779,45,

S
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J.28d

J.20¢

Tr =1,30 min
(Condicion-J1); CLEM
Calculado para
CazH4gFNgOs (M+H)*
779,37; encontrado:
779,45,

J.28e

A partir de J.20d

Tr = 2,02 min
{Condicion-D2); 95%,
Caleulado para
C42H51NgOs (M+H)*
763,39; encontrado:
763,59.

EMAR: Calculado para
Ca2Hs1NgOg (M+H)"
763,3926; encontrado:
763,3918.

J.28e.1

Tr=1,87 min
(Condicién-D1); CLEM:
Calculado para
CasHa7NgOs (M+H)"
831,43, encontrado:
831,36.
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A partir de J.20d

Tr = 2,10 min
(Condicion-D2); 95%,
Calculado para
CizHagNsOs (M+H)*
761,38; encontrado:

J.28f % 761,55.
NHO \\
N= )\\\‘\\
N Hn- O~
“‘;‘; EMAR: Calculado para
+HY
A partir de J.20e CazHasNsOs (M+H)
761,3770; encontrado:
761,3765.
S
HN):O Tr=1,95min
.\\\kfo (Condicién-D1); CLEM:
© d\-—c: O Calculado para
R
J.28f,1 H CagHasNgOs (M+H)*
NH ooYé 48H4sNg O ( )
N= NH 829, 35: encontrado:
N
K| e

A partir de J.20e

oY
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“j\ Tr = 1,46 min
oW, .
W\\\f F (Condicién-J1); CLEM
N N
L\\}“’{N @ Calculado para
N =
J 28 (1) CaaHlaoFNsOs (MHH)"
NH
N= N?HL 781,39; encontrado:
0 781,49.
A partir de J.20f
~0
O)\NH
o E
\\ LN\_{/N O Tr: 1,52 min, (Condicién-
SIS “
H =N J1); Calculado para
J.28h (O
N""NHO \\ CasHsaFNzQ4 [M"'Hr
N}:{\,‘«o\ 779,37: encontrado;
0 779,52,
A partir de J.20g
~o
A
2 ,g&o Te = 1,83 min
w
H¢<.]/\N\~<,N O (Condicién-D1); CLEM:
H N A Calculado para
J.28h.1 (1)
N/:"NHO \\ C44H51N305 (M+H)+
N)DN & 787,23; encontrado:
nho 0 787,40,
A partir de J.20g.1
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P Tr = 1,92 min
i
HN O {Condicion-D1); CLEM:
o)
TN N
HY

o0 |
Q
NH ©O YO
N= WNH
H
H

A partir de J.20g.1

Calculado para
CsoHarNgOg (M+H)*
855,36, encontrado:
855,21.

J.28i
o

Tr: 1,34 min, (Condicién-

J.28i.1

H )

NN O
I$T\\“Hm =
O ot

NH © YO
N—.

~NH
‘Q’
H
H

A partir de J.20h

X J1}; Calculado para
_‘ NHo L CqaHegNgOg [M+H]*
NH\ 785,38: encontrado:
HN~‘( -
o H 785,55.
A partir de J.20h
e
o .
Tr=2,01
HN’&O r = 2,01 min
O

(Condicion-D1); CLEM:
Calculado para
CsoHasNeOs (M+H)"
853,35: encontrado:
853,25.
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\
Og(‘:m T = 2,14 min
i L (Condicion-D1); CLEM:
o)
M- NN Calculado para
H<LL<H O = .
J.28i.2 OO F g CsoHsslFzNgOs (M+H)
N= NH SLQ 937,40, encontrado:
N =
kdm HN~(~~ 937,46.
H 0
A partir de J.20h
0/
Tr = 2,83 mi
" g R min
w0 Condicion-D1), CLEM:;
@ KNf N ( )
Mo @ Calculado para
H\ o~ N \
H =
J.281.3 O 04 CagHssNOg (M+H)"
NH ©
N}A NH 869,40; encontrado:
H 869,35.
H 0
A partir de J.20h
o’ )
HN/&O Te = 1,81 min
“"‘};0 (Condicién-D1); CLEM:
H““ N N
R Calculado para
LA p
J.28i 4 CagHs1NsO7 (M+H)"

A partir de J.20h.1

827.39; encontrado:
827.286.

3G
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e

>"—o/

\\"

I_/

Tr: 1,49 min, (Condicién-

N
28 \\ N J1); Calculado para
28] .
L NHO k CasHsoFNQOg [M+H]
b}' N‘«O‘“ 805,39; encontrado:
oo 805,55.
A partir de J.20i
~o
O’I‘NH
W O F
K:’: N Tr: 1,54 min, {Condicién-
H{\“{/
HES N > J1); Calculado para
J.28k
OO NH o \\ CasHasFNgOg [M+H]"
N= -
b}"“ﬂ O- 803,37; encontrado:
HNW{
bH O 803,58.
A partir de J.20j
0
Y04
>. NH Tr: 2,01 min, (Condicién-
o
H, \_(/N Q D1), Calculado para
J.28k.1 H\ N CasHaaN;O5

A partir de J.20h.2

[M+H]* 762,34;
encontrado: 762,16.
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J.28

~0

PN

o]

N
s

e
NS N

H N OOYO\
oyt

A partir de J.20k

Tr = 1,46 min
(Condicion-J1); CLEM
Calculado para
CaoHagNsOg (M+H)*
737,38, encontrado:
737,56.

EMAR: Calculado para
CoHagNgQg (M+H)"
737,3770; encontrado:
737,3760.

J.28m

A partir de J.20k

Tr= 1,36 min
(Condicién-J1); CLEM
Calculado para
CsoHs7NsO2 (M+H)*
801.,46: encontrado:
801,62.

EMAR: Caiculado para
CsoHs7NpO2 (M+H)*
B01,4599; encontrado:
801,4597.

J.28n

Rebs

NOO o
~%

Tr= 1,43 min
(Condicién-J1); CLEM
Calculado para
CaoHagNgQsg (M+H)"

737,38; encontrado: no

SE
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—

§29

A partir de J.20l

aparente

EMAR: Calculado para
CaoH4gNeOs (M+H)"
737,3770; encontrado:
737,3759.

Tr: 1,88 min, (Condicion-

J2); Calculado para

J.280 o (\) C44H53N306
CL, o \
N})N:L}\ [M+H]" 789,41;
encontrado; 789,36.
A partir de J.20j.1
o~
OD,"HSNjo Tx: 1,76 min, (Condicién-
o
% NN J2); Calculado para
(-~ T
H = \ CasHsN:Op
J.28p Oe 05
{_NH Oy [M+H]" 873,43;
% encontrado: 873,43.
o
A partir de J.20j.1
Tgr: 1,17 min, (Condicién-
M O JB,1); Calculado para
e PN
0 CaoHasNeOg
JB.8 Ni

A partir de JB.7

[M+H]" 737,38;
encontrado: 737,31,
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Tr: 1,23 min, {Condicion-
O,(/N O O JB,1); Calculado para
N
" o S N O)L_?& CaoHoNsOs
JB.8.1 o= I
b “N‘\g [M+H]" 737,38;
A partir de JB.7 encontrado: 737,33,
Tr: 1,39 min, (Condicién-
MN O O JB,1); Calculado para
" S CasHaiNsO
N"'Z:O Moo Me 36141 NgOs
JB.9 oS4 2 o .
e N S [M+H]" 681,32;
A partir de JB.7 encontrado: 681,21,
Tr: 1,08 min, {Condicion-
M
. ’N G O JB,1); Calculado para
/
A S N oo & CaoHaaNgOg
/,
JB.10 o~ Yo N .
e \ N R [M+H]" 769,37,
G
) encontrado: 769,31.
A partir de JB.7
Tr: 1,33 min, {(Condicién-
MN O O JB,1); Calculado para
N S Ay
JB.11 ’ -4 @ CaeliaNeOs
| °=/<o ‘b N~ [M+H]’ 805,35

A partir de JB.7

encontrado: 805,27.

SO
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JB.12

Tr: 1,35 min, (Condicién-
JB,1); Calcuiado para
CsoHssNs O,
[M+H]* 825 46;
encontrado: 825,34,

A partir de JB.7
Ruta de sintesis 13a.
5\ O
o4
NH
>hl~
. o
Pd(OH) HATU )
J.28Kk.1 : 4,28 N O
" AR Rasse
H
0._
Hh,'/go N O HN—
E O HN Fe)
J.28¢0 NW
oH
H
H

Ejemplos J.28q— JB.13
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J.28q H
Se afadié una solucion del Ejemplo J.28k,1 (286,6 mg, 0,376 mmol) en
MeOH (2 ml) a una suspensidon agitada de hidroxido de paladio al 20% sobre
carbon (52,8 mg, 0,376 mmol) y carbonato potasico (104 mg, 0,752 mmol) en
MeOH (4 mi) en una atmdésfera de nitrégeno. El matraz se evacud y se cargd
con hidrégeno (3x; globo, 96,5 kPa) y se agité durante 3 h. Nota: Si se deja
mas de 3 horas se forman cantidades significativas de producto N-metilado. La
mezcla se filtrd sobre Celite y se lavé el lecho de Celite con MeOH (100 ml),
cloruro de metileno (50 ml) y MeOH (100 ml) de nuevo. El filtrado se concentro
y se colocd a alto vacio durante 0,5 h antes de que se suspendiera en MeOH y
se hiciera pasar a través de una frita de jeringa de nailon (para eliminar las
trazas de catalizador). EI Ejemplo, J.28q se obtuvo (202 mg, 85 % de
rendimiento) como un solido amarillo. Tg: 1,62 min, (Condicién-D1); Calculado

para C37H4oN702 [M+H]" 632,34; encontrado: 632,21,

Boc

N N
=

JB.13
Se afadié Pd al 10%/C (50 mg, 0,470 mmol) en una porcién a una
suspension de una sal TFA del Ejemplo JB.6 (100 mg, 0,118 mmol) en MeOH

9
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(10 ml). La mezcla de reaccién se purgd con hidrégeno y se agitd bajo un globo
de hidrdégeno durante la noche a ta. La mezcla de reaccion se filtro a través de
Celite y se concentro. El residuo se purificé por HPLC prep (columna Waters
Sunfire C18 30 X 150 mm 5u que eluyd con un gradiente de 10 hasta 100 % de
ACN -agua + TFA al 0,1 %) proporcionandc una sal TFA de (2S)-2-(4-(2-(4-(2-
((2S)-1-(terc-butoxicarbonil)-2-pirrolidinil)-1H-bencimidazol-5-il)fenil)etil)-1H-
imidazol-2-il}-1-pirrolidincarboxilato de terc-butilo (70 mg) como un sélido
blanco. RMN de *H (500 MHz, MeOD) & ppm 7,95 (d, J=9,5 Hz, 1H), 7,85 (d,
J=9,2 Hz,'2H), 7,66 (s ancho, 2H), 7,31 - 7,44 (m, 2H), 7,26 (s, 0,5H), 7,14 (s,
0,5H), 5,29 (s ancho, 1H), 5,04 (s ancho, 1H), 3,73 - 3,82 (m, 1H), 3,64 (s
ancho, 2H), 3,55 (s ancho, 1H), 3,02 - 3,15 (m, 4H), 2,56 - 2,70 (m, 1H), 2,41 -
2,55 (m, 1H), 2,24 (s ancho, 1H), 2,08 - 2,18 (m, 2H), 2,03 (s ancho, 3H), 1,49
(d, J=7,9 Hz, 9H), 1,26 (s ancho, 4,5H), 1,22 (s ancho, 4,5H). Tr: 1,16 min,
(Condicion-JB-1); Calculado para CasHeNsO4 [M+H]® 627,37, encontrado:
627,31[M+H]".
Ejemplos J.28r— JB.15

O/
HNJ*D Tr=1,78 min
W\\"%O L
NN (Condicién-D1); CLEM:
HL ;
|§£‘*HN O O / Calculado para
" (LA, ooy .
Q)j\ 789,41; encontrado:
H
H 789,24,
A partir de J.28q de acuerdo con el
procedimiento descrito para J.21

533
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O/
HNAO

7

)

Tr = 1,67 min
(Condicion-D1); CLEM:
Caleulado para

CasHssNsQ7 (M+H)"

J.28s N
NQ’?;H 831,42; encontrado:
ENH 5 831,26.
A partir de J.28q de acuerdo con el
procedimiento descrito para J.21
H _ -
N N Tg = 0,82 min
G~ X
N O H {Condicion-JB-1); LC
N HN
JB.14 ! h{)"\j MS: Calculado para
A partir de JB.13 de acuerdo con el CasHNs (M+H)" 427,26
procedimiento descrito para J.19 encontrado: 427,28
O/
NSO Tr = 1,06 min
ﬁ“"f\fo ~o (Condicién-JB-1); LC
(=0 0231( MS: Calculad
& : Calculado para
N o)
JB.15 N O 1o
|

}_Q

N
A partir de JB.14 de acuerdo con el

procedimiento descrito para J.21

C4oHseNeQg (M+H)’
741,41; encontrado:

741,39.

Ruta de sintesis 14.
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&
HO;C_-\
N H
Br
Br NH; Oﬁk/ N &
Ph \©: />
- N N
NH3 M.5
o P
M.6
H
/&o ° ™ \
X N — N .
LoD CL—)
N N N N
0 0
M8 Ph M.7 Ph

Ejemplos M.5 - M.9

Wo. T \
TN
o O)\/Ph

M.5

El Ejemplo M.5 se preparé a partir de I-prolina de acuerdo con el

procedimiento descrito en Gudasheva, et al. Eur. J. Med. Chem. 1996, 31, 151.

Br H <
g
N N

0 Ph

M.6

10 Se anadid6 EDCI-HCI (1,76 g, 9,22 mmol) a una mezcla de 4-
bromobenceno-1,2-diamina (1,50 g, 8,03 mmol), M.5 (1,88 g, 8,06 mmol) y 1-

NELY
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hidroxibenzotriazol (1,31 g, 9,70 mmol) en diclorometano (30 ml} y se agitdé en
condiciones ambientales durante 19 horas. La mezcla se diluyé entonces con
diclorometano, se lavd con agua (2x), se secd (salmuera; MgS0,), se filiré y se
concentré a vacio proporcionando una espuma marron. Se anadié acido
acético (30 ml) a la espuma y la mezcla se calentd a 65°C durante 90 minutos.
El componente volatil se eliminéd a vacio y el residuo se disolvié en acetato de
etilo y se lavé cuidadosamente con solucién saturada de NaHCO; (2x), y la
fase organica se seco (salmuera; MgSQO,), se filtré y se concentré a vacio. El
material bruto resultante se sometié a cromatografia ultrarrdpida (gel de silice;
acetato de etilo) proporcionando el Ejemplo M.6 como una espuma color
castario (1,67 g). RMN de 'H (CDCl3, 5= 7,24 ppm, 500 MHz): 10,71/10,68 (s
ancho solapando, 1H), 7,85 (s, 0,48H), 7,56 (d, J = 8,6, 0,52H), 7,50 (s, 0,52H),
7,35-7,22 (m, 6,48H), 5,38 (d ancho aparente, J = 8,1, 1H), 3,73 (d, J = 15,7,
1H), 3,67 (d, Jd = 15,6, 1H), 3,64-3,51 (m, 2H), 3,12-3,04 (m, 1H), 2,41-2,28 (m,
1H), 2,20-2,08 (m, 2H). CL/EM: Analisis calculado para [M+H] * CqgH1sBrN;O:
386,07; encontrado: 386,10.

HoN .
xR

H
Ny &
=]
N N
0;[\,Ph

Se afadié Pd(PhisP)Cl; (13,3 mg, 0,019 mmol) a una mezcla de M.6

M.7

(152,9 mg, 0,40 mmol), 4-etinilanilina (69,6 mg, 0,59 mmol) y Et;N (2,20 mi) en

dimetiformamida (2,0 ml) y la reaccién se calent6 hasta 50 °C durante 8,5

SRC
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horas. El componente volatil se eliminé a vacio y el residuo se sometié a
cromatografia ultrarréapida {(metanol al 0-30%/diclorometano), luego se volvio a
purificar sobre HPLC de fase inversa (metanol/agua/TFA) proporcionando la sal
TFA de M.7 (50 mg). CL/EM: Anélisis calculado para [M+H]" C,7H2sN,O: 421,2;
Encontrado 421,21.

CL0
Oﬁk, Ph

Se afadi6 diclorometano (3,0 ml) a una mezcla de M.7 (57,0 mg, 0,14

M.8

mmol), acido (S)-1-acetilpirrolidin-2-carboxilico (23,3 mg, 0,15 mmol) y EEDQ
(39,0 mg, 0,16 mmol) y se agitd en condiciones ambientales durante 16 horas.
Los componentes volatiles se eliminaron a vacio y el residuo se disolvié en
metanol y se sometid a purificacion por HPLC de fase inversa
(metanol/agua/TFA), seguido por desbasificacién (columna SCX; lavado con
metanol; elucién con amoniaco 2,0 M/metanol) y purificacién por cromatografia
ultrarrapida {metanol al 5-15%/acetato de etilo} proporcionando M.8 como un
solido marrén (38,0 mg). CL/EM: Analisis calculado para [M+H]" C34H34NsO3:
560,27, encontrado: 560,28.
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q(n
N
N @ CL/EM: Analisis calculado
M.9 ° = s .
=] para [M+H]" CaoHrNsOs:
oK o 636,30; encontrado: 636,29.
A partirde M5y M7

Ejemplos M.10 - M. 11

© Ph

M.10
Se agitd una mezcla de M.8 (24,0 mg, 0,04 mmol) y Pd/C (10%, 14,1
mg)} en metanol (3,0 ml) bajo un globo de H; (101 kPa) durante 3 horas. La
suspensién se filtré a través de un lecho de tierra de diatomeas (Celite®) y se
concentrd a vacio proporcionando M.10 como una espuma blanquecina (22,0

mg). CL/EM: Analisis calculado para [M+H]+ C34H3sN503: 564,30; encontrado:
564,43.

on <"j\n’n O CL/EM: Analisis calculado
M.11 A, ° Nos '
O N/>_\h:| para [M+H]" CsoHsoNsOa:

o Ph

640,33; encontrado:

A partir de M.9 640,35.

378
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Ruta de sintesis 15

HN 1 HCI HzN 1. HATU /Bqgc-L-Prolina
:@Y\ 2. SnClH,0 DY\ 2. AcOH
HaN cl
0
J.29
OC

Poc
NN NaN3 SnClyH,0 i
\_</ E\_{ ' Ho N ;N
E\\ N N E\\" :
H 2 N NH.
o} 0

0
J.30 / J.31 432
1. HCI
2. HATU [ &cido (R)-2-{dimetilamino}-2- femlacetlco
\ —
N S
O r O
Cf\ ,:N SnClyH,0 NN
~ \..._</
SN N, Ec:"
H 3 N NH,
© 0
J.31a J.32a

Ejemplos J.29 - J.32a

Se suspendié N-(4-(2-cloroacetil)-2-nitrofenil)acetamida (25,7 g, 0,1 mol)
en 250 ml de HCI 3N vy se calenté a 80 °C en un recipiente a presion de 1 litro
durante 20 h. Después de enfriarse hasta temperatura ambiente, se aisld 1-(4-

10 amino-3-nitrofenil)-2-cloroetanonasHCI (23,2 g, 92%) por filtracién a vacio como
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un sélido amarillo brillante. La sal (23,2 g, 0,092 mol) se suspendié en metanol
(600 ml) vy se anadié en una porcidén cloruro de estano dihidrato (65 g, 0,29
mol). La mezcla se calentd a 70 °C durante 14 h mientras se agitaba
intensamente. Se afadieron otros 20 g mas de cloruro de estafio dihidrato y la
reaccion se agitd 8 h. El disolvente se elimind por evaporacion rotatoria y el
residuo se suspendié en solucién de acetato de etilo/NaHCO; (precaucion:
gran generacion de didxido de carbono. Las sales precipitadas se separaron
por filtracién y la fase organica se separé. La fase acuosa se extrajo dos veces
mas (acetato de etilo) y las fases organicas reunidas se lavaron con salmuera,
se secaron (Na;SQ,} vy concentraron hasta ¥ del volumen. Se aisloé 2-cloro-1-
(3,4-diaminofenil) etanona, J.29, 10,03 g (59%) por filtracién a vacio como un
sélido color rojo ladrillo. RMN de 'H (400 MHz, DMSO-dg) &: 8,17 (dd, J = 8,3,
2,3 Hz, 1H), 7,14 (d, J = 2,0 Hz, 1H), 6,51 (d, J = 8,0 Hz, 1H), 5,57 (s ancho,
2H), 4,85 (s, 2H), 4,78 (s ancho, 2H). CL (Condiciones-D2): 0,65 min; CL/EM:
Analisis calculado para [M+H]" CgHioCIN;O: 185,05; encontrado: 185,02.
EMAR: Analisis calculado para [M+H]" CgH1,CIN,O: 185,0482; encontrado:

185,0480. La reaccion se repitid para suministrar mas material.

Boc

E
N N
e
X
N
H Cl

0
J.30

Se afiadi® HATU (38,5 g, 101,3 mmol) en varias porciones a una
solucion intensamente agitada de J.29 (17,0 g, 92 mmol), N-Boc-L-prolina
(19,82 g, 92 mmol) y base de Hunig (17,6 ml, 101,3 mmol) en dimetilformamida

(200 ml). Después de 6 h, la mezcla de reaccién se concentrd a vacio para
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eliminar el disolvente y el residuo se suspendié en acetato de etilo, se lavo con

solucién saturada de NaHCO3, salmuera y se secéd (Na;S0,). La concentracion

proporcion6 un aceite viscoso que se suspendié en acido acético glacial (100

mi) y se calentdé a 60 °C durante 20 h. El disolvente se eliminé a vacio y el

s residuo se suspendid en acetato de etilo, se lavd con solucién saturada de

NaHCO; (ajustando con solucidn 1N de NaOH hasta pH = 9), salmuera y se

secOd (NapxS0,). E! residuo obtenido tras concentrar se adsorbid previamente

sobre SiO; (diclorometano) y se sometid a cromatografia ultrarrapida

sucesivamente eluyendo con acetato de etilo al 50%, 75%, 100%/hexanos

lo  dando J.30 2-(6-(2-cloroacetil)-1H-benzo[d]imidazol-2-il)pirrolidin-1-carboxilato

de (S)-terc-butilo, se obtuvieron 22,37 g (67%) como una espuma amarilla.

. RMN de 'H (400 MHz, DMSO-ds) 6: 8,20 (s, 1H), 7,81 (dd, J = 8,3, 2,3 Hz, 1H),

7,89 (d, J = 8,0 Hz, 1H), 5,24 (s, 2H), 4,99/4,93 (s, 1H), 3,60 (s ancho, 1H),

3,46-3,41 (m, 1H), 2,36-2,30 (m, 1H), 2,01-1,89 (m, 3H), 1,39/1,06 (s, 9H). CL

15 (Condiciones-D2): 1,85 min, CL/EM: Andlisis calculado para [M+H]

C18H23CINa2O3: 364,14; encontrado: 364,20. EMAR: Analisis calculado para
[M+H]" C1gH23CIN2O3: 364,1428; encontrado: 364,1427.

J.31

. 20 Se afiadié azida de sodio (1,79 g, 27,48 mmol) en una porcién a una
solucién de J.30 2-(6-(2-cloroacetil)-1H-benzo[d]imidazol-2-il)pirrolidin-1-
carboxilato de (S)-terc-butilo (10,0 g, 27,48 mmol} en acetonitrilo (200 ml) y se

agitd a 60 °C durante 16 h. La mezcla de reaccion se concentrd hasta 1/5 del
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volumen, se diluyé con acetato de etilo, y se lavd con agua y salmuera antes de
secar (NaxSO4). La concentracion dio J.31 2-(6-(2-azidoacetil)-1H-
benzold]imidazol-2-il)pirrolidin-1-carboxilato de (S)-terc-butilo 6,8 g (48%)} como
una espuma naranja dorada. RMN de 'H (500 MHz, DMSO-dg) 5: 8,22/8,03 (s,
1H), 7,80-7,75 (m, 1H), 7,65/7,56 (d, J = 8,5 Hz, 1H), 4,99-4,93 (m, 3H), 3,60 (s
ancho, 1H), 3,46-3,41 (m, 1H), 2,38-2,27 (m, 1H), 2,01-1,89 (m, 3H), 1,40/1,06
(s, 9H). CL (Condiciones-D2): 1,97 min; CL/EM: Analisis calculado para [M+H]"
C1sH23NgQ3: 371,19; encontrado: 371,32. EMAR: Anélisis calculado para
[M+H]" C4gH23Ns0O3: 371,1832; encontrado: 371,1825.

J.31a

A una solucién de J.31 (1,8 g, 4,86 mmol} en acetato de etilo (5 ml) se
anadié HCl/dioxano (10 ml de 4N), y la reaccidon se agité 4 horas. Los
disolventes se eliminaron a vacio, y la sal HCI se expuso a alto vacio durante
18 h dando (S)-2-azido-1-(2-(pirrolidin-2-il)-1H-benzo[d])imidazol-6-
il)etanona:2HCI como un sélido amarillo. Se afadid HATU (1,94 g, 5,10 mmol)
a la sal HCI de (8)-2-azido-1-(2-(pirrolidin-2-il)-1H-benzo[d}limidazol-6-il)etanona
(1,8 g, 4,86 mmol), acido (R)-2-(dimetilamino)-2-fenilacético, sal HCI (1,05 g,
4,86 mmol), y base de Hunig (3,4 ml, 19,4 mmol) en dimetilformamida (50 ml)
mientras se agitaba rapidamente 6 h. El disolvente se eliminé a vacio y el
residuo se repartid en dos lotes y se preadsorbié por separado sobre SiO;

(diclorometano), y se sometié a cromatografia ultrarrapida en una columna de

SH
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gel de silice 40 M Biotage previamente equilibrada con B al 2%, y eluyé con 2%
de B (150 mi); Segmento 2: 2-40% de B (1200 ml); Segmento 3: 40 ~ 80% (600
mi). A = diclorometano; B = 25% metanol/ diclorometano dando J.31a (R)-1-
((S)-2-(6-(2-azidoacetil)-1H-benzo[d]imidazol-2-il)pirrolidin-1-il)-2-
(dimetilamino)-2-feniletanona (lotes combinados: 1,05 g (50%)) como una
espuma amarilla. RMN de "H (500 MHz, DMSO-de) &: 8,16 (s, 1H), 7,82 (dd, J =
8,8, 1,5 Hz, 1H), 7,65 (d, J = 8,5 Hz, 1H), 7,60-7,56 (m, 5H), 5,51 (s, 1H), 5,22
(dd, J = 8,2, 2,8, 1H), 4,95 (m, 2H), 4,094,05 (m, 1H), 3,17-3,12 (m, 1H),
2,90/2,84 (s ancho, 6H), 2,23-2,19 (m, 1H), 2,21-1,89 (m, 3H). CL (D-Cond. 1):
Tr =1,5 min; CLYEM: Andlisis calculado para [M+H]" CasHagN;O,: 432,22:
encontrado: 431,93. EMAR: Analisis calculado para [M+H]" CaaHzeN;Os:
432,2148; encontrado: 432,2127.

Boc

I
N N
E ¢
~
H NH,

Q
J.32

Se afiadi6 dicloruro de estario (Il) deshidratado (12,24 g, 54,26 mmol) a
J.31 (6,8 g, 18,08 mmol) disueito en metanol (200 ml). La mezcla de reaccién
se calentd a 60 °C durante 6 h y se concentré y secd a alto vacio dando la sal
HCI de  J.32 2-(6-{2-aminoacetil)-1H-benzo[d]imidazol-2-il)pirrolidin-1-
carboxilato de (S)-terc-butilo, 16,6 g gque contenia sales de estafio. CL
(Condiciones-D2): 1,21 min; CL/EM: Analisis calculado para [M+H]

C13H25N403:_ 345,18; encontrado: 345. El material se usé sin purificacion.
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\ —r—r
N
J.32 0
N N
a E N
= N NH,
o]
Ruta de sintesis 16
O,N H,N
SnClyH,0 2
SMRTY 1. HATU / Boc-L-Proffpa
HZN HzN 2. ACOH
CO,Me CO,Me
Poc . Poc
N N N N
& ﬁ MeQH = H
CO,Me COH
J.33 J.34

Ejemplos J.33 - J34.a
}30(:
N N
[
= N
H
CO;Me
J.33
Se anadié cloruro de estafio (Il) dihidratado (17,25 g, 76,5 mmol) en una
porcidn a 2-amino-3-nitrobenzoato de metilo (5,0 g, 25,5 mmol) en metanol
10 (100 ml) en nitrogeno. La mezcla amarilla se agité intensamente a 65 °C
durante 16 h, y el disolvente se eliminé por evaporacion rotatoria casi hasta

sequedad. El residuo se suspendio en acetato de etilo y la solucién se vertid en



20

25

-267-

un vaso de precipitados grande que contenia solucidén 1:1 de acetato de
etilo/NaHCQO3; (300 ml) y se agitdé 15 min. Los precipitados se eliminaron por
filtracion y la fase organica se separd. La fase acuosa se extrajo dos veces con
acetato de etilo, y las fases organicas reunidas se lavaron con solucién
saturada de NaHCQOs;, salmuera y se secd (Na;SO,). La concentracion dio 2,3-
diaminobenzoato de metilo como un aceite viscoso rojo intenso 4,1 g (97%).

Se anadio HATU (10,66 g, 28,0 mmol) en una porcidon a una solucién
agitada de 2,3-diaminobenzoato de metilo (4,1 g, 24,7 mmol), N-Boc-L-prolina
(5,49 g, 25,5 mmol) y base de Hunig (4,9 ml, 28,0 mmol) en dimetilformamida
(50 ml). La mezcla de reaccidn se agit6é 3 h y el disolvente se eliminé a vacio, y
el residuo se diluyd con acetato de etilo, se lavo con HCI 0,1N, NaHCO;
saturado, salmuera y se secd (Na,SQ4). La concentracion dio un aceite viscoso
rojizo que se suspendid en acido acético glacial (60 ml) y se calenté a 60 °C
durante 16 h. El disolvente se elimindé a vacio, y el residuo se diluydé con
acetato de etilo, se lavo con solucic')n‘saturada de NaHCOQ3;, salmuera y se secé
(NazS04). La concentracion dio un residuo que se dividid en dos lotes, y se
preadsorbio cada lote sobre SiO, (diclorometano), se aplicé a una columna 40
M Biotage de SiO,, y eluyd en gradiente 10% - 100% de B (1440 ml); A =
hexanos, B = acetato de etilo dando J.33 2-(1-(terc-butoxicarbonil)pirrolidin-2-
i}-1H-benzo[d]imidazol-7-carboxilato de (S)-metilo 7,05 g (83%) como un aceite
rojizo. RMN de 'H (500 MHz, DMSO-dg) &: 7,86 (d, J = 7,9 Hz, 1H), 7,78 (t, J =
5 Hz, 1H), 7,28-7,24 (m, 1H), 520-511 {m, 1H), 3,95 (s, 3H), 3,60-3,52 (m,
1H), 3,43-3,38 (m, 1H), 2,33-2,22 {m, 1H), 2,15-2,0 (m, 2H), 1,91-1,86 (m, 1H),
1,40/1,05 (s, 9H). CL (Condiciones-D2): Tr =1,86 min; CL/EM: Analisis
calculado para [M+H]" C1gH24N3O4: 346,18; encontrado 346,26; EMAR: Analisis

SUY
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calculado para [M+H]" C1gH24N304: 346,1767; encontrado: 346,1776.

Tr=0,72 min
(Condiciones-J3);

NN "
E ¢ @\ CL/EM: Analisis
J.33a = N CO,Me calculado para [M+H]"

C13H24N304: 346,18;
encontrado: 346.

Boc

Ejemplo J.34

J.34

Se afiadié una solucion de hidréxido sodico 5N (8 ml) a éster metilico
J.33 (7.0 g, 20,3 mmol) en metano! (80 ml) y se agité 8 h. Se anadieron otros 4
ml y se continud agitando durante 18 h, momento en el que se elevd la
temperatura hasta 45 °C durante las 8 horas finales hasta completar la
hidrélisis. Se elimind la mayor parte del metanol por evaporacion rotatoria, y la
solucion acuosa basica se diluyé con acetato de etilo. Se formé un precipitado
y se aislo por filtracidn. La fase organica se separd y se lavé con salmuera. Se
formaron lotes adicionales de precipitado durante la concentracion parcial hasta
Ya del volumen y los lotes reunidos de J.34 acido (S)-2-(1-(ferc-
butoxicarbonil)pirrolidin-2-il)-1H-benzo[d]imidazo!l-7-carboxilico totalizaron 5,49
g (82%) . RMN de "H (500 MHz, DMSO-dg) &: 8,04-8,0 (m, 2H), 7,58 (s ancho,
1H}), 5,32 (s, 1H), 3,67-3,63 (m, 1H), 5,47-3,43 {m, 1H), 2,44-2,36 (m, 1H), 2,17-
2,11 (m, 1H), 2,05-1,93 (m, 2H), 1,40/1,06 (s, 9H). CL (Condiciones-D2): 1,68
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min; CL/EM: Analisis calculado para [M+H]" Cy7H2:N304: 332,16; encontrado:
332,25. EMAR: Andlisis calculado para [M+H]' Cy7H22N304 322,1610;
encontrado: 322,1625.

Tr = 1,64 min
(Condiciones-D2);
CL/EM: Analisis
calculado para [M+H]"

N /N C17H22N304: 332,16,
L\\‘ < :©\ encontrado: 332,14.
CO,H .
EMAR: Analisis
calculado para [M+H]*

C17H22N304: 322, 1 605,
encontrado: 322,1603.

J.34a

Ruta de sintesis 17.

Boc Boc

h +
N N
N N
QN_\__Q i-BuOCOCI E\\\-_(’
= N _— H
H

NO,
CO,H 0% N NG,
H
NH; HCI

J.34 0

J.35

10 Ejemplos J.35 - J35.a
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EWKEY@

J.35

Se afadid cloroformiato de iso-butiio (0,45 mi, 3,4 mmol) gota a gota a
una solucion del acido J.34 (1,0 g, 3,02 mmol} y N-metilmorfoiina (1,2 ml, 10
mmol} en tetrahidrofurano (50 ml) enfriada hasta 0 °C en nitrégeno, y se retird
el bafno de hielo y la reaccion se agitdé 30 min. La solucion se volvit a enfriar y
se afadieron otros 0,5 ml de base seguido por 2-nitrofenacilaminaHCI (700 mg,
3,2 mmol). La mezcla de reaccidon se agité durante 18 h a temperatura
ambiente y se diluyd con acetato de etilo y solucién saturada de NaHCQO3. Se
separd un precipitado por filtracion y la fase organica se concentré. El residuo
se suspendid en metanol y se filtrd proporcionando un segundo lote de
precipitado. Los lotes reunidos de J.35, 796 mg (65%) se lievaron a la siguiente
etapa sin purificacion posterior. RMN de 'H (300 MHz, DMSO-dg) &: 10,5 (s
ancho, 1H), 8,73 (s, 1H), 8,52-8,49 (m, 1H), 7,88 (t, J=8,0 Hz, 1H), 7,80 (d, J =
7,7 Hz, 1H), 7,65 (d, J=7,7 Hz, 1H), 7,25 (t, J = 7,7 Hz, 1H), 5,11-5,05 (m, 3H),
3,70-3,33 (m, 2H), 2,39-2,31 (m, 1H), 2,14-1,89 {m, 3H), 1,38/1,07 (s, 9H). CL
(Condiciones-J1): 1,64 min; EMBR: Andlisis calculado para [M+H]" CsH2gN5056:
494 21; encontrado: 494,17.

T = 1,5 min

PDC NOg
N N P (Condiciones-J1);
J.35 \_<
2 E\\" < CLEM: Analisis
ﬂ NH o
o

calculado para [M+H]"

SY3
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A partir de J.34a y 2-amino-1-(3- CasHagNsOg: 484,20;
nitrofenil)etanona encontrado 494,
Ruta de sintesis 18
Boc o
1

e </; J.32
Me EDC | Me
n-Boc-L-prolina HATU
OH OH

O 0
J.36

Poc
C\}—(/N]Q\f 0 Me ',I} :/>
RASSRCRS
o o]
J.37

1
Boc

Ejemplos J.36 - J37.e

NER

OH

.36
Se afadié sal HC! de N-(3-dimetilaminopropil)-N-etilcarbodimida (3,1 g,

16,6 mmal) a una suspension de acido 3-amino-2-metilbenzoico (2,5 g, 16,6

1o mmol) y N-Boc-L-prolina (3,5 g, 16,6 mmol) en diclorometano (40 ml). La
mezcla de reaccidn se agité en nitrégeno durante 18 h, se diluyé con disolvente

(1 vol) y se lavo con HCI 1N, salmuera y se secd (MgSQ,). La concentracién

dio una espuma que se aplicd a una columna 40 M Biotage de SiO;, y eluyé

Y4
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con gradiente de 20% - 60% de B (1000 ml); A = acido acetico al 1% / hexanos;
B = &acido acético al 1% / acetato de etilo dando J.36 acido (S)-3-(1-(terc-
butoxicarbonil)pirrolidin-2-carboxamido)-2-metilbenzoico 2,6 g (45%). RMN de
'H (300 MHz, DMSO-ds) &: 12,5 (s ancho, 1H), 9,52/9,46 (s, 1H), 7,57 (d, J =
7,3 Hz, 1H), 7,44-7,40 (m, 1H), 7,29-7,24 (m, 1H), 4, 32-4 28 (m, 1H), 3,47-3,48
(m, 1H), 3,34-3,29 (m, 1H), 2,33 (s, 3H), 1,93-1,80 (m, 4H), 1,41/1,36 (s, 9H).
CL (Condiciones-J1): 1,55 min; CLEM: Andlisis calculado para [M+H]"
C1sH25N-05: 349,18; encontrado 349,33.

Tr = 2,12 min (Condiciones-
D2); CLEM: Analisis calculado
para [M+H]" Ci7H33N,0s:

o -_f> 335,16; encontrado 335,26.

H :
J.36a Ho)k@NY\H
o  Boc EMAR: Analisis calculado

para [M-H]" C{7H3N,Os:
333,1450; encontrado;
333,1440.

Ta = 2,14 min (Condiciones-
D2); CLEM: Analisis calculado
para [M+H]" CysH25N20s:
349,18; encontrado 349,25.

o) _/>
H F
J.36b Ho N o
0  Boc EMAR: Analisis calculado
Me

para [Ml"‘l"”+ C13H25N205:
349,1763; encontrado:
349,1748.

y ;/> Tr = 2,09 min (Condiciones-

N ~ . . ,an o
N D2); CLEM: Analisis calculado
J.36¢ A :
Hop 0  Boc para [M+H]" C,7H:sN,Os:

o 335,16: encontrado 335,25.
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EMAR: Analisis calculado
para {M-H]" C,7H23N2Cs:
333,1450; encontrado:

333,1467.
Tr = 2,24 min (Condiciones-
D2); CLEM: Analisis calculado

F =
H\n/:i/> para [M+H]" Ci7H22FN,Os:
N
"o b b 353,15; encontrado 353,22,
EMAR: Analisis calculado
para {M-H]" C17H3,FN,Os:

351,1356; encontrado:
351,1369.

Poc
[%“]@w‘ﬁ L e DD
SN mJ\(j’ N
o] &}
J.37

J.36d

(Obtenido tras desproteccidon del
éster alilo mediante Pd(Pha),).

Boc

Se afladié HATU (462 mg, 1,22 mmol) en una porcién a una solucién
agitada de J.32 (450 mg, 1,22 mmol}, J.36 (423 mg, 1,22 mmol), y base de
Hunig (1,0 ml) en dimetilformamida (10 ml) y la mezcla de reaccidon se agitd 18
h. El disolvente se eliminé a vacio y el residuo se aplicd a una columna 25 M
Biotage de SiO», y eluyd con gradiente de 5% - 60% de B (500 ml); A = acetato
de etilo; B = 10% metanol/acetato de etilo dando J.37, 439,6 mg (50%). RMN
de 'H (300 MHz, DMSO-dg) &: 12,73-12,58 (m, 1H), 9,45/9,35 (s, 1H), 8,59 (s
ancho, 1H), 8,33/8,12 (s, 1H) 7,86 (d, J = 8,4 Hz, 1H), 7,66/7,56 (d, J = 8,4 Hz,
1H), 7,40-7,36 (m, 1H), 7,25 (s ancho aparente, 2H), 5,0-4,92 (m, 1H), 4,79 (d,
J=48H, 2H), 4,33-4,30 {(m, 1H), 3,60 (s ancho, 1H), 3,47-3,41(m, 2H), 3,35-
3,29 (m, 1H), 2,24 (s, 3H), 2,02-1,87 (m, 8H), 1,42-1,37/1,05 (m, 18H). CL

$3Y
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(Condiciones-J1): 1,65 min; EMBR: Analisis calculado para [M+H]" CagHa7NsO1:

675,35; encontrado 675,30.

J.37a

[+¢]
N N
> P
N N J‘\@ \n/\ N
H H 1
0 [s] Boc

A partir de J.32 y J.36a

Tr=2,29 min
(Condiciones-J1);: CLEM:
Analisis calculado para
[M+H]" Ca5HasNeO7:
661,34; encontrado
661,42

J.37b

Tr=1,73 min
(Condiciones-J1); CLEM:
Analisis calculado para
[M+H]" C36H47NO7:
675,37; encontrado
675,31.

J.37¢

Tr= 2,25 min
(Condiciones-D2);
CLEM: Analisis calculado
para [M+H]" CasHasNsO;:
661,34; encontrado
661,42,

J.37d

A partir de J.32 y J.36d

Tr=2,33 min
(Condiciones-D2);
CLEM: Analisis calculado
para (M+H]"
CisHasFNgO;: 679,33;
encontrado 679,42.

J.37e

“

N—

O
EWJQ‘AL@

A partir de J.32a y acido 3-(t-butoxicarbonil-
amino)-4-metilbenzoico

Tr = 2,08 min
{Condiciones-D2);
CLEM: Analisis calculado
para [M+H]" CasH43NgOs:
639,33, encontrado
639,67.

$T°L
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Ruta de sintesis 19

NO; \)I\
Mo 1. SnCl;2H,0 {; Me 1. HA
2 HATI| 2. HATU
/
n-Boc-L-prolina

Me . =
3. SnCI2'2H20 <'/ Me

o] HN
fe) o}
1. BnNMe,!Cl; o]
d\ﬁ\i NH N \/u\

NER

J.38

Se afiadié dicloruro de estaiio (ll) dihidratado (37 g, 168 mmol) a 4-metil-
. 3-nitroacetofenona (10 g, 56 mmol) disuelta en metano! (350 mi). La mezcla de
10 reaccion se calentdé a 60 °C durante 18 h, se concentrd y se seco bajo alto

vacio dando 1-(3-amino-4-metilfenil)etanona que contenia sales de estafio. CL
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(Condiciones-J1): 0,73 rﬁin; CL/EM: Analisis calculado para [M+H]" CgHq1NO:
150,08, encontrado: 150. El material se uso sin purificacion. Se afiadio HATU
(10,6 g, 28 mmol) en una porcion a una solucion agitada de 1-(3-amino-4-
metilfenil)etanona (4,1 g, 28 mmol), N-Boc-L-prolina (6 g, 28 mmol), y base de
Hunig (25 ml) en DMF (225 ml) y la mezcla de reaccién se agitd 18 h. Se
elimind el disolvente a vacio y el residuo se suspendid en aéetato de
etilo/metanol (1:1) y se aplicé a una columna ultrarrapida de SiO,. Se llevo a
cabo una etapa de elucidn con gradiente de 20%; 50%; 75%:; 100% de B
{(volumen total de elucién 1500 ml); A = hexanos; B = acetato de etilo; y una
elucion final con;10% de metanol/acetato de etilo dando J.38, 4,4 g (46%).
RMN de 'H (300 MHz, DMSO-dg) &: 9,51/9,45 (s, 1H), 7,95-7,92 (m, 1H), 7,70
(d, d = 8,0 Hz, 1H), 7,37 (d, J = 7,7 Hz, 1H), 4,33-4,29 (m, 1H), 3,48-3,29 (m,
2H), 2,50 (s, 3H), 2,26 (s, 3H), 1,98-1,80 (m, 4H), 1,41/1,36 (m, SH). CL
(Condiciones-J1): 1,70 min; EMBR: Analisis calculado para [M+H]" C1gH27N204:
347 20; encontrado 347 ,41.

Se disolvid el Ejemplo J.38 (3 g, 83 mmol) en metanol (30 ml) y se
afadié HCI 4N/dioxano (50 ml) y la reaccidn se agitd 18 horas. Los disolventes

se eliminaron a vacio, y se expuso a vacio la sal HC| de (S)-N-(5-acetil-2-
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metilfenil}pirrolidin-2-carboxamida. CL (Cond-J1): 0,9 min. HATU (1,4 g, 3,5
mmol) se afiadié en una porcidn a una solucion agitada de (S)-N-(5-acetil-2-
metilfenil)pirrolidin-2-carboxamidaHCl (1,0 g, 3,5 mmol), acido (R)-2-
(metoxicarbonilamino)-2-fenilacético (740 mg, 3,5 mmol), y base de Hunig (2,9

5 mi) en dimetilformamida (25 ml) y la mezcla de reaccién se agité 18 h. El
disolvente se eliminé a vacio y el residuo se aplicd a una columna 40 M Biotage
de SiQ;, y eluyd con gradiente de 50% - 100% de B (500 ml); A = hexanos; B =
acetato de etilo dando J.39, (R)-2-((S)-2-(5-acetil-2-
metilfenilcarbamoil)pirrolidin-1-il)-2-oxo-1-feniletilcarbamato de metilo 1,25 g

10 (87%). RMN de 'H (300 MHz, DMSO-ds) 5: 9,42 (s, 1H), 7,95 (s, 1H), 7,75-7.69
(m, 2H), 7,43-7,19 (m, 6H), 5,50/5,40 (d, J = 7,7 Hz, 1H), 4,49-4,47 (m, 1H),
3,87-3,81 (m, 1H), 3,58-3,54 (m, 1H), 3,50 (s, 3H), 2,54 (s, 3H), 2,27 (s, 3H),
1,99-1,83 (m, 4H). CL (Condiciones-J1): 1,65 min; EMBR: Analisis calculado
para [M+H]" C24H2sN30s5: 438,20; encontrado 438,20.

Referencia: Synthesis (1988) pagina 545. (Chlorination).

Me

4.40

Se afiadié trimetildicloroyodato de bencilo (2,0 g, 5,72 mmol) a una
solucion de J.39 (1,25 g, 2,86 mmol) en diclorometano {65 ml) y metanol (20
20 ml). La reacciéon se calentd durante 3 h a 75 °C antes de concentrase por

evaporacion rotatoria. El residuo se suspendié en acetato de etilo y se lavd con
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solucién de tiosulfato sédico, salmuera y se secd (MgS0Q,) proporcionando una
a-clorocetona. CL (Condiciones-J1): 1,70 min; CL/EM: Andlisis calculado para
[M+H]" C24H27CIN3Os: 471,16; encontrado: 471.

La o-clorocetona se convirtid en la a-aminocetona J.40 como se
describe en el Ejemplo J.31. [a@-azidocetona: CL (Condiciones-J1): 1,70 min;
EMBR: Analisis calculado para [M+H]' Ci4H2NgOs: 479,20; encontrado:
479,20.] J.26 CL (Condiciones-J1): 1,70 min, EMBR: Analisis calculado para
[M+HT" C24H29N405: 453,21; encontrado: 453.

Ruta de sintesis 20.

0
PPhs, CCICCly @/‘\( o

N\/‘L
POC H 2 NH
N N Me
[e‘\'—{\N o
\
\ J
J.42

Ejemplo J.41- J.42h
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}30(: O
N N
N
I/\H/ D)LH
>~ N
H

J.a1

La o-aminocetona J.40 se acopldé con J.34a como se describe en el
Ejemplo J.37 dando J.41. CL (Condiciones-J1): 1,90 min; EMBR: Analisis
calculado para [M+H]* C41H4sN7Og: 766,36; encontrado: 766,37.

G Tr = 1,64 min

Boc G (Condiciones-J1); CLEM:

1
N N Analisis calculado para
J.41a L \_(, D)LH A p

=N [M+H]" C35MH4sNsO7:

H 661,34: encontrado

A partir de J.35a y N-Boc-L-prolina, 661.30
preparado como se describe en la ruta para
J.38.

Boc’N
Bac Tr = 1,82 min
EN\__</N 0% “NH (Condiciones-J1); CLEM:
1416 N HJS) /\r© Analisis calculado para
[M+H]" CasH4sNsOy:
° H 3 661,34; encontrado

. 661,32.
A partir de J.35 y N-Boc-L-prolina, preparado

como se describe en la ruta para J.38.
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o
o]
m\/ﬂa
Boc <
A o .
|/\Q}_<\ @\(o
N g /
N

J.42

Se agité aproximadamente 5 minutos en atmésfera de nitrdgeno antes
de la adicion de hexacloroetano (146 mg, 0,62 mmol) en una porcién una
solucion de J.41 (237 mg, 0,31 mmol), trifenilfosfina (162 mg, 0,62 mmol) y
trietilamina (0,2 ml, 1,74 mmol} en diclorometano (3 ml). La mezcla de reaccién
se agité 18 h, se concentrd parcialmente, y se aplicé a una columna de gel de
silice 12 M Biotage y eluyd con gradiente de 40% - 100% de B. A = hexanos; B
= acetato de etilo dando J.42, 95 mg (41%). CL (Condiciones-J1): 1,95 min;
EMBR: Andlisis calculado para [M+H]" CsHaN,O7: 748,36: encontrado:
748,29.

Tg = 2,64 min (D-Cond.

2); CL/EM: Analisis
B¢ o calculado para [M+H]*

Bo C_: " CasHasNeOs: 643,32;

J 423 N%N@\( encontrado: 643,35.

Es‘ N 0
\ EMAR: Andlisis

A partir de J.41a calculado para [M+H]"
CisH4aNgOg: 643,3244;
encontrado 643,3242.

533
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J.42b

Tr = 2,97 min (D-Cond.
2); CL/EM: Analisis
calculado para [M+H]"
CasHasNgOg: 643,32,
encontrado: 643,37.

EMAR: Analisis
calculado para [M+H]"
CasH43NgOs: 643,3244;
encontrado 643,3265,

J.42¢c

Tr =2,51 min {D-Cond.
2); CL/EM: Analisis
calculado para [M+H]"
CasHisNeQOe: 657,34;
encontrado: 657,36.

EMAR: Analisis
calculado para [M+H]"
CasHasNsO4: 657,3401;
encontrado 657,3407.

J.42d

A partir de J.37a

Tr = 2,61 min (D-Cond.
2); CL/EM: Analisis
calculado para [M+H]"
C3:sH43NsOs: 643,32;
encontrado: 643,41.

J.42e

Bot:"N

Boc 07 “NH
L%J@LQ/@
= N o
\
N

A partir de J.37b

Tr = 2,63 min (D-Cond.
2); CL/EM: Analisis
calculado para [M+H]"
CasHasNeOg: 657,34;
encontrado: 657,73.

EMAR: Analisis
calculado para [M+H]"
C35H45N505: 657,3401 .

337
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encontrado 657,3397.

Tr = 1,59 min (D-Cond.

Boc
ﬂ\_(ﬁ N0 2); CL/EM: Analisis
J.42f =N \0,7/©/ éN,Boc calculado para [M+H}'
N CasHasNeOg: 643,32;
A partir de J.37¢ encontrado: 643,41.

Tr = 2,64 min {D-Cond.

Boc F -
Nl H 2); CLUEM: Analisis
N._.O
.42 Rc‘ 4 0§/©/ calculado para [M+H]"
. = N .
g \ I‘{l N Boc C35H42FN505: 661,32,

encontrado: 661,40.
A partir de J.37d

AN
N/

Tk = 2,41 min (D-Cond.
2); CL/EM: Andlisis

NH
H
J.42h C\ :\N Me calculado para [M+H]"
S \0 / CasHaiNsO,: 621,32,
. N

encontrado: 621,21.

A partir de J.37e

Ejemplos J.43 - J.43j
Las pirrolidinas ejemplos J.42 — J.42h se trataron con HCI como se

describe en el Ejemplo J.39 dando los ejemplos J.43 — J.43j como sales HCI.

0/

HN™ 0

o Tr = 1,80 min
©/k”( \i (Condiciones-J1) CLEM:
J.43 " " <__:=: NH Analisis calculado para
N N Me [M+H]" C3sH3sN;Os:
L\\HN:@\«O‘/]/@ 648,29; encontrado 648.
N

A partir de J.42
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o2 .
NI Tr = 1,69 min (D-Cond.
Hoo (_,s‘ hH 2); CL/EM: Andlisis
J.43a EH\ @\(0‘7@ calculado para [M+H]"
SN ¢ CasH2yNsO2: 443,22,
N encontrado: 443,23,
A partir de J.42a
Tr = 1,86 min (D-Cond.
O 2); CL/IEM: Analisis
N\_/tL calculado para [M+H]*
' Li‘ " CasHarNsO4: 443,22,
1.43b @j’o encontrado: 443,07.
HN \ 4
=N EMAR: Analisis calculado
HN—", para [M+H]" CasHyzNgOo:
443 2195; encontrado
A partir de J.42b 443 2213,
7w Te = 1,51 min (D-Cond.
Hoon " ””Jb 2); CLUEM: Analisis
J.43c E\\% o\}D calculado para [M+H]
“]@\& ] CaaHzsNs 02 457,24;
encontrado: 457,19,
A partir de J.42¢
Tr = 1,64 min (D-Cond.
2); CL/EM: Analisis
0 ) calculado para [M+H]"
" H HNJ(LN) CasHayyNg O 443 22:
N N encontrado: 443,31.
ol B0
L

A partir de J.42d

EMAR: Andlisis calculado
para [M+H]" CasHzzNsOy:
443,2195; encontrado
443,2205.

6T
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J.43e

s)
H y NH
EN. N Me
S <\N \O/
N

HN

A partir de J.42e

Tr = 1,70 min (D-Cond.
2); CL/EM: Analisis
calculado para [M+H]"
CoeH2oNs 052 457,24,
encontrado: 457,29,

EMAR: Analisis calculado
para [M+H]" CagHaoNgO2:
457,2352; encontrado
457 2332,

J.43f

™ N
\ ;\’l NH

A partir de J.42f

Tr = 1,59 min {(D-Cond.,
2); CL/EM: Andlisis
calculado para [M+H]*
CogHa7NeOy: 443,22;
encontrado: 443,31.

EMAR: Analisis calculado
para [M+H]" CasH2;NsOs:
443,2195; encontrado
443,22086.

J.43g

H H F y
N N N. O
E\.- \:Q‘\CY@E
>~ N
\Y rﬂ NH

A partir de J.42g

Tr = 1,61 min (D-Cond.
2); CL/EM: Analisis
calculado para [M+H]’
CasHasFNsO4: 461,21,
encontrado: 461,31,

EMAR: Analisis calculado
para [M+H]"
CasHFNgO,: 461,2101;
encontrado 461,2101.

J.43h

AN

@#0 H NH2
N N Me
E‘\\. ) m\f?’é/
N
L

N.-"

Tr = 1,70 min (D-Cond.
2), CL/EM: Andlisis
calculado para [M+H]"
CaiHasNgO4: 521,27,
encontrado: 521,48.

SE
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763

A partir de J.42h

EMAR: Andlisis calculado

para [M+H]" Ca;Ha3NgO2:

521,2665; encontrado
521,2673,

J.43i

\N” Boc—N

@#O O™ ™ nH
NN Ve
l\\" <\:©\C
N
$
N

A partir de J.43h y N-Boc-L-prolina como se
describe en el Ejemplo J.38.

Tr = 2,33 min (D-
Cond. 2); CL/EM:
Analisis calculado
para [M+H]*
CaiHagN7Os: 718,37,
encontrado: 718,19,

EMAR: Analisis
calculado para [M+H]'
Ca1H4aN;Os: 718,3717;
encontrado 718,3692.

J.43]

AN HN
N——‘
o] o]
[N \N:OX "
< < o
~ N
/
\ N
A partir de J.43i como se describe en el Ejemplo
J.39

Tr = 1,69 min (D-
Cond. 2); CLUEM:;
Analisis calculado

para [M+H]*

CasHaoN7O5: 618,32;

encontrado: 618,38,

Efemplos J.44 - J53.a

Los Ejemplos J.44 — J.53a se prepararon como se describe en el
Ejemplo J.21.
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D/

~
D

/kho O)\Y
0 \J(

Tr=191 min
(Condiciones-J1) EMBR:
Analisis calculado para
[M+H]" C4gHa7NgOpg:
839,35; encontrado

J.44 H 839,29.
%”Il r I©
N EMAR: Analisis calculado
para [M+H}" Cy5Ha7NgOs:
A partir de J.43 839,3517; encontrado
839,3492.
Tr = 1,80 min
(Condiciones-J1) EMBR:
°/ Analisis calculado para
[M+H]" CysHagNgOs:
809,38, encontrado
J.44a ©/1Y " Q*{\JL 809,29.
L\‘HN:@\(?@ME
N L EMAR: Analisis calculado
A partir de J.43 para [M+H]" CuHssN5Qs:
809,3775; encontrado
809,3768.
Tk = 2,42 min (D-Cond.
o 2); CL/EM: Analisis
o a0 calculado para [M+H]"
o \ojf\ CasHasNgOg: 825,34,
o N encontrado: 825,40.
J.45 @J\f y (_: NH
Le\"(\,,@\(o EMAR: Andlisis calculado
N para [M+H]* CesHasNsOs:
A partir de J.43a 825,3360; encontrado

825,3366.
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J.45a

~N
o)
¥ I
o N
G0 O
N
\

A partir de J.43a

Tr = 2,27 min {D-Cond.
2), CL/EM: Analisis
calculado para [M+H]"
CasHaoNgO4: 765,39;
encontrado: 765,36.

EMAR: Analisis calculado
para [M+H]" CsH4gNsO4:
765,3877; encontrado
765,3879.

J.45b

S

Gt S
\ 4

A partir de J.43a

Tr = 2,48 min (D-Cond.
2); CL/EM: Anadlisis
calculado para [M+H]"
C41H1oNgO,: 679,30;
encontrado: 679,37.

EMAR: Analisis calculado
para [M+H]" Cy4H1oNgO4:
679,3033; encontrado
679,3037.

J.46

A partir de J.43b

Tr = 2,10 min (D-Cond.
2); CL/EM: Analisis
calculado para [M+H]"
CasHaoNeOy: 765,39;
encontrado: 765,72.

EMAR: Analisis calculado
para [M+H]" C.sHagNgOy:
765,3877; encontrado
765,3899.

J.47

.o
“\N\ 0
VN N o N~
L\‘}—eN OYQ\ N I
H W N
N Me

Te =177 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]" C4sHs1NsQs:
779,40; encontrado:
779,49.

AYS Y
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A partir de J.43c

EMAR: Analisis calculado
para [M+H]" C4sHs:NsOy4:
779,4033; encontrado:
779,4042.

J.47a

A partir de J.43c

Te = 2,28 min
(Condiciones-D2);
CL/EM: Anélisis calculado
para [M+H]" C4sH47NgOs:
839 35; encontrado:
839,43.

EMAR: Analisis calculado
para [M+H]" CysHa7NeOg:
839,3517; encontrado:
839,3519.

J.48

\gie
HO o
N /N o OH
E\?. N Oj/@ NH‘N_)
H \ f:l H

A partir de J.43d

Tr=2,21 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]" C41H3sNsOs:
711,29; encontrado:
711,46.

EMAR: Andlisis calculado
para [M+H]" C41HasNsOs:
711,2931; encontrado:
711,2942,

J.48a

A partir de J.43d

Tr = 2,37 min
(Condiciones-D2);
CL/EM: Andlisis calculado
para [M+H]" C3sHssNgOs:
757,37; encontrado:
757,37.

EMAR: Andlisis calculado
para [M+H]" CagHagNsOq:
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757,3673; encontrado:
757,3705.

J.48b

0
'-..N\ O
VNN o N
L\\“ ¢ OY@ N
N W N
N H

A partir de J.43d

Te=1,92 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]" CysH4oNaOu:
765,39; encontrado:
765,59.

EMAR: Analisis calculado
para [M+H]" C45H4gNsO4:
765,3877; encontrado:
765,3841.

J.48¢c

o

Y o L L
G0, A 2 7
"N w uj\(_]

A partir de J.43d

Tgr = 2,26 min
(Condicicnes-D2);
CL/EM: Analisis calculado
para [M+H]" C,s5HsNgOg:
793,35; encontrado:
793,52

EMAR: Analisis calculado
para [M+H]" CysH4sNgOs:
793,3462; encontrado:
793,3452,

J.48d

Cl
Cl

&
N7
O 0 |
Vd N N o Y 0\
L\‘H OVQ\ N
N w N
N H

A partir de J.43d

Tr = 2,88 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]"
C47H3aCI:NgOs: 881,24;
encaontrado: 881,50.

EMAR: Andlisis calculado
para [M+H]"
C47H39CIzNgOg: 881,2370;
encontrado: 881,2347.

NES
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J.49

o]

o\ N N MeO Q _z—'
hY (/
H Y N
N H

A partir de J.43e

Tr = 2,41 min
(Condiciones-D2),
CL/EM: Analisis calculado
para [M+H]" C4sH47NsOs:
839,35, encontrado:
839,27.

EMAR: Analisis calculado
para [M+H]" CagHa7NsOs:
838,3517; encontrado;
8309,3535.

J.49a

hS e
~N
VN N Me Q
II\\_</ O Q N~
=N NN
H N H
N

A partir de J.43e

Tr = 2,07 min
(Condiciones-D2);

CL/EM: Analisis calculado -

para [M+H]"
C46H51N80O4: 779,40;
encontrado: no
apparente.

EMAR: Analisis calculado
para [M+H]"
C46H51N804: 779,4033;
encontrado: 779,4014.

J.50

0
HC" H =
N N N~
(< o 71/\:)
T w o
N o}

A partir de J.43f

Tr= 2,26 min
(Condiciones-D2);
CL/EM: Andlisis calculado
para [M+H]’
C41H39NBOS6: 711,29,
encontrado: 711,39,

EMAR: Analisis calculado
para [M+H]"
C41H39N606: 711,2931;
encontrado:; 711,2958.
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J.50a

0
\N\' H s
\ N N N _)
[ o TN
& N W 0 N
H N o

A partir de J.43f

Tr = 1,92 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]"
C45H49NBO4: 765,39,
encontrado: 765,53.

EMAR: Andlisis calculado
para [M+H]"
C45H49NBO4: 765,3877,;
encontrado: 765,3843.

J.50b

OA\H\. NO N N5
L\‘HN:@\C%/@ \C[’(\N N0
H Ly o ] A

A partir de J.43f

Ter=2,29 min
(Condiciones-D2);
CL/EM: Andlisis calculado
para [M+H]"
C45H45N806: 793,35;
encontrado: 793,49.

EMAR: Analisis calculado
para [M+H]"
C45H45N806: 793,3462;

- encontrado: 793,3442.

J.50¢

cl

ZN

--.\ 0
(0] H =
” N N )

[ YON
'y 0{ o P o/
H A~ 4] ’ |

Cl

A partir de J.43f

Tr = 2,89 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]"
C47H39CI2N8O6:
881,24; encontrado:
883,41.

EMAR: Analisis calculado
para [M+H]"
C47H39CI2N806:
881,2370; encontrado:
881,2349.
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J.51

o
HO" P F
N N N\n/\_>
r\\_« (o) N
SN < o OH
H N o

A partir de J.43g

Tr= 2,29 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]"
C41H38FN606: 729,28,
encontrado: 729,36.

EMAR: Andlisis calculado
para [M+H}'
C41H38FNGOS6:;
729,2837; encontrado:
729,2847.

J.51a

o
VN N Nﬁf\_)
[ o N"
SN o] N
H N AT
N o

A partir de J.43g

Te = 1,93 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]"
C45H48FN8Q4: 783,38;
encontrado: 783,52.

EMAR: Analisis calculado
para [M+H]"
C45H48FNBQ4;
783,3783; encontrado:
783,3764.

J.51b

o
#N

W0
O E =
"& N S
L\“\'_e 0 IF/\N 7
H L oN/l °

Cl
A partir de J.43g

Tr = 2,89 min
(Condiciones-D2); EMBR:
Analisis calculado para
[M+H]" C47H3BCIFN8OS:
899,23; encontrado:;
897,19.

EMAR: Analisis calculado
para [M+H]"
C47H38CIFNBOS:
899,2275; encontrado:
899,2287.

S0
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J.52

N 0
~N
\' N N Meo o
L‘?‘; , OY@ N
N L N
N H

A partir de J.43j

Tr=2,23 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]"
C44H46N704: 736,36;
encontrado: 737,00.

EMAR: Analisis calculado
para [M+H]"
C44H46N704: 736,3611;
encontrado: 736,3622.

J.52a

R o
N
\ N N Meo Q
¢ N~
E\\‘ NQ&?»QN% /
H N
N H

A partir de J.43}

Tr=1,75min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]"
C40H47N8O4: 703,37,
encontrado: 703,81.

EMAR: Analisis calculado
para [M+H]"
C40H47N80O4: 703,3720;
encontrado: 703,3748.

J.52b

A O
N
\ N N Me Q 0
LH/ 0 N4
H \ N /
N

A partir de J.43j

- Tr=2.2Z2 min
(Condiciones-D2),
CL/EM: Andlisis calculado
para [M+H]"
C46H49N8O6: 809,38;
encontrado: 809,57,

EMAR: Analisis calculado
para [M+H]"
C46H49N8O6: 809,3775;
encontrado: 809,3803.

NS T
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J.52c

~

A partir de J.43j

N 0
N
VN N Me Q ., O
(o o/ nX
S o N H O
H § H !
N

Tr=2,27 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]"
C43H51N8O6: 775,39,
encontrado: 775,39.

EMAR: Analisis calculado
para [M+H]"

C43H51N8QO6: 775,3932;

encontrado; 775,3821.

J.52d

A partir de J.43j

Tr = 2,09 min
(Condiciones-D2);
CL/EM: Analisis calculado
para [M+H]"
C41H47NBO6: 747,36;
encontrado: 747,34.

EMAR: Analisis calculado
para [M+H]"
C41H47NBOB: 747,3619;
encontrado: 747,3610.

J.53

1,
@HNQ\(?,,@ O>j>
R W uf((\“)

A partir de J.43d

Tr = 2,22 min (Cond.-D2);
CLC/EM: Analisis
calculado para [M+H]"
CasHigNgO4: 607,30;
encontrado: 607,71.

EMAR; Analisis calculado
para [M+H]" Ca5H3eNsQy:
607,3033; encontrado:
607,3015.
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on Tr = 2,28 min (Cond.-D2),
NN CL/ES: Analisis calculado
)-532 QHN@\,oj/@ o 0)—)> para [M+H]" CasHagNsOs:
" N ﬁ&r\”} 607,30; encontrado:
607,34.
A partir de J.43a
ACTIVIDAD BIOLOGICA

Se utilizé un ensayo de replicon del VHC en la presente exposicién y se
prepard, llevd a cabo y validé como se describe en el documento
PCT/US2006/022197 del mismo solicitante y en O'Boile et. al. Antimicrob
Agents Chemother. 2005 Apr;49(4):1346-53. También se han usado
procedimientos de ensayo que incorporan informadores de luciferasa como se
describe {Apath. com).

Se usaron células de replicon de VCH y células de replicon que
contienen mutaciones en la regibn NS5A para ensayar la familia de
compuestos. Los compuestos se determiné que tenian mas de 10 veces menos
actividad inhibidora sobre células que contienen las mutaciciones sobre las
celulas naturales. Asi, los compuestos de la presente exposicidon pueden ser
eficaces en la inhibicidon de la funcién de la proteina NS5A del VHC vy se
sobreentiende que son eficaces en combinaciones qgue se han descrito
previamente en la solicitud PCT/US2006/022197 y el documento
WO/04014852 del mismo solicitante. Ademas, los compuestos de la presente
exposicion pueden ser eficaces contra el genotipo 1b del VHC. Se
sobreentiende que los compuestos de la presente exposicion pueden inhibir
multiples genotipos de VHC. La tabla 2 muestra los valores de CEsp

{concentracién inhibidora eficaz al 50%) de compuestos representativos de la
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presente exposicion contra el genotipo 1b del VHC. En una realizacion los

compuestos de la presente exposicion son inhibidores contra genotipos 1a, 1b,

2a, 2b, 3a, 4a y 5a. Los valores de CEsp contra VHC 1b son como sigue: A (1-
10 uM); B (100-999 nM); C (4,57-99 nM); D (2 pM-4,57 nM).

Los compuestos de la presente exposicidon pueden inhibir VHC por

mecanismos diferentes o distintos de la inhibicion de NS5A. En una realizacion

los compuestos de la presente exposicién inhiben el replicon del VHC y en otra

realizacién los compuestos de la presente exposicién inhiben NS5A.

Tabla 2

Ejemplo

EC50

Intervalo

Nombre

J.21

((15)-1-{((25)-2-(8-(4-(2-((25)-1-((25)-2-
{{metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil)-1H-imidazoi-4-il)fenil)-1,4,5,6-
tetrahidrobenzo[3,4]ciclohepta[1,2-d]imidazol-2-il)-
1-pirralidinil)carbonil)-2-metilpropil)carbamato de
metilo

J.21a

(1R)-2-((2S)-2-(8-(2-((2S)-1-((2R)-2-{dietilamino)-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)-

1,4,5 6-tetrahidrobenzo[3,4]ciclohepta[1,2-
d]imidazol-2-il)-1-pirrolidinil}-N,N-dietil-2-oxo-1-
feniletanamina

J.22

((15)-1-{((25)-2-(5-(4-(2-((25)-1-((25)-2-
({metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil)-1H-imidazoi-4-il)fenil}-1H-bencimidazol-
2-il)-1-pirrolidinil)carbonil)-2-metilpropil)carbamato
de metilo

J.22a

(1R)-2-{(2S)-2-(4-(4-(2-((2S)-1-((2R)-2-
(dietilamino)-2-fenilacetil)-2-pirrolidinif)-1H-
bencimidazol-5-il)fenil)-1H-imidazol-2-il)-1-
pirrolidinil)-N,N-dietil-2-oxo-1-feniletanamina

S
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J.22b

((1R)-2-((25)-2-(4-(4-(2-((2S)-1-((2R)-2-
({(metoxicarbonil)amino)-2-fenilacetil)-2-pirrolidini)-
1H-bencimidazol-5-il)fenil)-1H-imidazol-2-il)-1-
pirrolidinil}-2-oxo-1-feniletil)carbamato de metilo

J.23

((15)-1-(((25)-2-(5-(3-(2-((25)-1-((25)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil)-1H-imidazol-4-if)fenil)-1H-bencimidazol-
2-i-1-pirrolidinilycarbonil)-2-metilpropil)carbamato
de metilo

J.23a

(1R)-2-((25)-2-(4-(3-(2-((2S5)-1-((2R)-2-
(dietilamino)-2-fenilacetil)-2-pirrolidinil)-1H-
bencimidazol-5-il)fenil)- 1H-imidazol-2-il)-1-
pirrolidinil)-N,N-dietil-2-oxo-1-feniletanamina

J.23b

((1R)-2-{(25)-2-(4-(3-(2-((2S)-1-((2R)-2-
((metoxicarbonil)amino)-2-fenilacetil)-2-pirrolidinil)-
1H-bencimidazol-5-ibfenil)-1H-imidazol-2-il)-1-
pirrolidinil)-2-oxo-1-feniletil)carbamato de metilo

J.24

10

((18)-1-(((1R,35,5R)-3-(8-(2-((1R,35,5R)-2-((25)-
2-((metoxicarbonil)amino)-3-metilbutanoil}-2-
azabiciclo[3.1.0]hex-3-il)-1H-bencimidazol-5-il)-
1,4,5,6-tetrahidrobenzo[3,4]ciclohepta[1,2-
d]imidazol-2-il)-2-azabiciclo[3.1.0)hex-2-il)carbonil)-
2-metilpropif)carbamato de metilo

J.25

((15)-1-(((25)-2-(5-(2-((25)-1-((25)-2-
((metoxicarbenil)amino)-3-metilbutanoil)-2-
pirrolidinil)-4,5-dihidro-3H-nafto[1,2-d]imidazol-7-il)-
1H-bencimidazol-2-il)-1-pirrolidinil}carbonil)-2-
metilpropil)carbamato de metilo

J.26

((15)-1-(((25)-2-(5-(4"-(2-((25)-1-((25)-2-
({(metoxicarbonil)amino)-3-metilbutanoil}-2-
pirrolidinil)-1H-imidazol-4-il)-4-bifenilil)-1H-
bencimidazol-2-il)-1-pirrolidinil)carbonil)-2-
metilpropil)carbamato de metilo

By
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J.27

((18)-1-(((25)-2-(5-(2-((25)-1-((25)-2-
{(metoxicarbonil)amino}-3-metilbutanoil)-2-
pirrolidinil)-3H-nafto[1,2-d]imidazol-7-il)-1H-
bencimidazol-2-il)-1-pirrolidinil)carbonil)-2-
metilpropil)carbamato de metilo

J.27a

(1R)-2-((2R)-2-(7-(2-({2S)-1-({2R)-2-(diethylamino}-
2-phenylacetyl)-2-pyrrolidinyl)- 1H-benzimidazol-5-
yl)-1H-naphtho[1,2-d}imidazol-2-yl)-1-pyrrolidinyl)-
N, N-diethyl-2-oxo-1-phenylethanamine

J.27b

methyl ((1S)-1-({(25)-2-(5-(4-(2-((2S)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-
pyrrolidinyl)-1H-naphtho{1,2-d]imidazol-7-
yl)phenyl)-1H-benzimidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

J.27¢

3.0
pM

methyl {(1R)-2-((25)-2-(7-(4-(2-((2S)-1-((2R)-2-
{({(methoxycarbonyl)amino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-benzimidazol-5-yl)phenyl}-1H-
naphtho[1,2-d]imidazol-2-yl}-1-pyrrolidinyl)-2-oxo-
1-phenylethyl)carbamate

J.28

((13)-1-(((25)-2-(5-((4-(2-{(25)-1-((25)-2-
{((metoxicarbonit)amino}-3-metilbutanoil)-2-
pirrolidinil)-1H-imidazol-4-i)fenil)etinil)-1H-
bencimidazol-2-il)-1-pirrolidinil)carbonil)-2-
metilpropil)carbamato de metilo

J.28a

(1R}-2-((2S)-2-(4-(4-((2-((2S)-1-((2R)-2-
(dietilamino)-2-fenilacetil}-2-pirrolidinil)-1H-
bencimidazol-5-il)etinil)fenil)-1H-imidazol-2-il)-1-
pirrolidinil}-N,N-dietil-2-oxo-1-feniletanamina

J.28a.1

methyl ((15)-1-({(25)-2-(5-((4-(4-ethyl-2-((2S)-1-
((2S)-2-((methoxycarbonyl}yamino)-3-
methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-5-
yl)phenyliethynyl)-1H-benzimidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

S6
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J.28a.2

methyl ((1S)-1-({(2S5)-2-(4-(cyanomethyl)-5-(4-((2-
((2S)-1-((25)-2-({methoxycarbonyl)amino}-3-
methylbutanoyl)-2-pyrrolidinyl)-1H-benzimidazol-5-
yl)ethynyl)phenyl)-1H-imidazol-2-y!)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

J.28b

((15)-1-({((1R,3S8,5R)-3-(5-({4-(2-((1R,3S,5R)-2-
((2S)-2-({metoxicarbonilyamino)-3-metilbutanoil)-2-
azabiciclo[3.1.0]hex-3-il)-1H-imidazol-4-
ihfenil)etinil)-1H-bencimidazol-2-il)-2-
azabiciclo[3.1.0]hex-2-il)carbonil)-2-
metilpropiljcarbamato de metilo

J.28¢c

((1S)-1-({{1R,3S,5R)-3-(4-(4-((4-fluoro-2-
((1R,35,5R)-2-((2S)-2-((metoxicarbonii)amino)-3-
metilbutancil)-2-azabiciclo[3.1.0]Jhex-3-il)-1H-
bencimidazol-6-il)etinihfenil)-1H-imidazol-2-il}-2-
azabiciclo[3.1.0]hex-2-il)carbonil)-2-
metilpropil)carbamato de metilo

J.28d

((18)-1-(((1R,35,5R)-3-(4-(2-flucro-4-((2-
((1R,3S,5R)-2-((25)-2-((metoxicarbonil)amino)-3-
metilbutanoii)-2-azabiciclo[3.1.0}hex-3-il)-1H-
bencimidazol-5-il)etinil)fenil)-1H-imidazol-2-il)-2-
azabiciclo[3.1.0lhex-2-il)carbonil)-2-
metilpropil)carbamato de metilo

J.28e

(15)-1-(((25)-2-(5-((2-((25)-1-((25)-2-
({(metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil)-4,5-dihidro-3H-nafto[1,2-d]imidazol-7-
iljetinil)-1H-bencimidazol-2-il}-1-
pirrolidinil)carbonil)-2-metilpropil)carbamato de
metilo

J.28e.1

methyl ((1R)-2-((25)-2-(7-((2-((2S)-1-((2R)-2-
{{methoxycarbonyl)amino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-benzimidazol-5-yl)ethynyl)-4,5-
dihydro-1H-naphtho[1,2-d]imidazol-2-yl)-1-

S
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pyrrolidinyl)-2-oxo-1-phenylethyllcarbamate

J.28f

((15)-1-(((25)-2-(5-((2-((25)-1-((25)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil)-3H-nafto[1,2-d]imidazol-7-il)etinit)-1H-
bencimidazol-2-il)-1-pirrolidinil)carbonil)-2-
metilpropil)carbamato de metilo

J28g

((15)-1-({{25)-2-(4-fluoro-6-((2-((2S)-1-((25)-2-
{(metoxicarbonil)amino)-3-metilbutanail)-2-
pirrolidinil)-4,5-dihidro-1H-nafto[1,2-d]imidazol-7-
i)etinit)-1H-bencimidazol-2-il)-1-
pirrolidinitycarbonil)-2-metilpropil)carbamato de
metilo

J.28h

120
pM

((18)-1-(((2S5)-2-(4-fluoro-6-((2-((2S)-1-((2S5)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil}-1H-nafto[1,2-d]imidazol-7-il)etinil)-1H-
bencimidazol-2-il)-1-pirrolidinil)carbonil)-2-
metilpropil)carbamato de metilo

J.28h.1

methyl ((1S)-1-({(1R,3S,5R)-3-(5-((2-((1R,3S,5R)-
2-((25)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-yl)-4,5-
dihydro-1H-naphtho[1,2-d]imidazol-7-yl)ethynyi)-
1H-benzimidazol-2-yl}-2-azabicyclo[3.1.0]hex-2-
yl)carbonyl)-2-methylpropyljcarbamate

J.28h.2

methyl ((1R)-2-((1R,3S5,5R)-3-(7-((2-((1R,3S,5R)-2-
((2R)-2-({methoxycarbonyl)amino)-2-phenylacetyl)-
2-azabicyclo[3.1.0]hex-3-yl)-1H-benzimidazol-5-
ylhethynyl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-
2-yl}-2-azabicyclo[3.1.0]hex-2-yl)-2-ox0-1-
phenylethyl)carbamate

J.28i

{(1S)-1-(((1R,3S,5R)-3-(5-((2-({1R,3S,5R)-2-((2S)-
2-((metoxicarbonil)amino}-3-metilbutanoil)-2-
azabiciclo[3.1.0]hex-3-il}-1H-nafto[1,2-d]imidazol-7-
iNetinil)-1H-bencimidazol-2-il)-2-
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azabiciclo[3.1.0]hex-2-il)carbonil)-2-
metilpropil)carbamato de metilo

J.281.1

methyl ((1R)-2-((1R,3S,5R)-3-(7-((2-({1R,3S,5R)-2-
((2R)-2-((methoxycarbonyl}amino)-2-phenylacetyl)-
2-azabicyclo[3.1.0]hex-3-yl)-1H-benzimidazol-5-
yl)ethynyl)-1H-naphtho[1,2-d}imidazol-2-yl)-2-
azabicyclo[3.1.0]hex-2-yl)-2-ox0-1-
phenylethyl)carbamate

J.28i.2

0.51
pM

methy! ((1S)-1-(4,4-difluorocyclohexyl)-2-
((1R,38,5R)-3-(7-((2-((1R,38,5R)-2-((25)-2-(4,4-
difluorocyclohexyl)-2-
{(methoxycarbonyl}amino)acetyl)-2-
azabicyclo[3.1.0]hex-3-yl)-1H-benzimidazol-5-
yl)ethynyl)-1H-naphthol1,2-d]imidazol-2-yl)-2-
azabicyclo[3.1.0]hex-2-yl)-2-oxoethyl)carbamate

J.281.3

methyl ((15)-2-((1R,35,5R)-3-(7-((2-((1R,38,5R)-2-
((2S)-2-((methoxycarbonyl}amino)-2-{tetrahydro-
2H-pyran-4-yl)acetyl)-2-azabicycio[3.1.0]hex-3-yl)-
1H-benzimidazol-5-yl)ethynyl)-1H-naphtho[1,2-
d]imidazol-2-yh)-2-azabicyclo[3.1.0]hex-2-yl)-2-0xo-
1-(tetrahydro-2H-pyran-4-yl)ethyljcarbamate

J.281.4

methyl ((1S)-2-({(1R,3S,5R)-3-(7-((2-({(1R,35,5R)-2-
((2S)-2-{(methoxycarbonyl)amino)-3-
methylbutanoyl)-2-azabicyclo[3.1.0lhex-3-yl)-1H-
benzimidazol-5-yl)ethynyl)-1H-naphtho[1,2-
d]imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-yl)-2-oxo-
1-(tetrahydro-2H-pyran-4-yl}ethyl)carbamate

728

((18)-1-(((1R,35,5R)-3-(4-fluoro-6-({2-((1R,3S,5R)-
2-((25)-2-((metoxicarbonil)amino)-3-metilbutanoil)-
2-azabiciclo[3.1.0]hex-3-il)-4,5-dihidro-1H-
nafto[1,2-d]imidazol-7-il)etinil)-1H-bencimidazol-2-
it)-2-azabiciclo[3.1.0]hex-2-il)carbonil)-2-
metilpropil)carbamato de metilo

539
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J.28k

methyl ((1S)-1-(({1R,3S,5R)-3-(4-fluoro-6-((2-
((1R,3S,5R)-2-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-yl)-1H-
naphtho[1,2-dlimidazol-7-yl)ethynyl)-1H-
benzimidazol-2-yl)-2-azabicyclo[3.1.0thex-2-
yl)carbonyl)-2-methylpropyl)carbamate

J.28k.1

benzyl (1R,35 5R)-3-(7-((2-((1R,3S,5R}-2-(N-
{methoxycarbonyl)-L-valyl)-2-azabicyclo[3.1.0]hex-
3-yD-1H-benzimidazol-5-yl)ethynyl)-1H-
naphtho[1,2-d]imidazol-2-yl)-2-
azabicyclo[3.1.0]hexane-2-carboxylate

J.28l

7 nM

((15)-1-(((25)-2-(5-(3-((2-((25)-1-((2R)-2-
((metoxicarbonil}amino)-3-metilbutanoil)-2-
pirrolidinil)- 1H-bencimidazol-5-il)etinil)fenii}-1H-
imidazol-4-il)-1-pirrolidinif)carbonil)-2-
metilpropil)carbamato de metilo

J.28m

55,7
nM

(1R)-2-((25)-2-(5-(3-((2-((2S)-1-((2R)-2-
(dietilamino)-2-fenilacetil)-2-pirrolidinil)-1H-
bencimidazol-5-il)etinil)fenil)-1H-imidazol-4-il)-1-
pirrolidinil)-N,N-dietil-2-oxo-1-feniletanamina

J.28n

((15)-1-(((25)-2-(5-((4-(4-((25)-1-((25)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil)-1H-imidazol-5-il)fenil)etinil)-1H- -
bencimidazol-2-il}-1-pirrolidinil}carbonil)-2-
metilpropil)carbamato de metilo

J.280

methyl ((15)-1-(((2S,5S)-2-(5-((2-((2S,55)-1-((2S)-
2-({(methoxycarbonyl)amino)-3-methylbutanoyl)-5-
methyl-2-pyrrolidinyl)-1H-naphtho[1,2-d]imidazol-7-
ylethynyl)-1H-benzimidazol-2-yl}-5-methyl-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

J.28p

methyl ((15)-2-({25,55)-2-(7-({(2-((25,55)-1-((2S)-
2-((methoxycarbonyl)amino)-2-(tetrahydro-2H-
pyran-4-yl)acetyl)-5-methyl-2-pyrrolidiny!)-1H-

SEO
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benzimidazol-5-yljethynyl)-1H-naphtho[1,2-
d)imidazol-2-yl)-5-methyl-1-pyrrolidinyl)-2-oxo0-1-
{tetrahydro-2H-pyran-4-yl)ethyl)carbamate

JB.8

methyl ((15)-1-(((25)-2-(4-((4-(2-((2S)-1-((2S)-2-
({(methoxycarbonyl)amino}-3-methylbutanoyl)-2-
pyrrolidinyl)-1H-benzimidazol-5-yl)phenyl)ethynyl)-
1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl}carbamate

JB.8.1

methyl ((1R)-1-(((2S)-2-(4-((4-(2-((25)-1-{(2R)-2-
((methoxycarbonyl}amino)-3-methylbutanoyi)-2-
pyrrolidinyl)-1H-benzimidazol-5-yl)phenyl)ethynyl)-
1H-imidazol-2-yl}-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

JB.9

methy! ((15)-2-((2S5)-2-(5-(4-((2-({25)-1-(N-
(methoxycarbonyl)-L-alanyl)-2-pyrrolidinyt}-1H-
imidazol-4-yl)ethynyl)phenyl)-1H-benzimidazol-2-
yh-1-pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate

JB.10

methyl ((15,2R)-2-methoxy-1-({(2S)-2-(5-(4-((2-
((25)-1-(N-(methoxycarbonyl)-O-methyl-L-
threonyl)-2-pyrrolidinyl)-1H-imidazol-4-
yhethynyl)phenyl)-1H-benzimidazol-2-yl)-1-
pyrrolidinyl)carbonyl)propyl)carbamate

JB.11

methyl ((1R)-2-((2S5)-2-(4-((4-(2-((2S)-1-((2R)-2-
{{methoxycarbonyl)amino)-2-phenylacetyl)-2-
pyrrolidinyl)-1H-benzimidazol-5-yl)phenyl)ethynyl)-
1H-imidazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-
phenylethyl)carbamate

JB.12

65.2

2-((2S5)-1-((2R)-2-phenyl-2-(1-piperidinyl)acetyl)-2-
pyrrolidiny!)-5-(4-((2-({(2S)-1-((2R)-2-phenyl-2-(1-
piperidinyl)acetyl)-2-pyrrolidinyl)-1H-imidazol-4-
yhethynyl)phenyl)-1H-benzimidazole

J.28r

15.5

methyl ((1S)-1-(((1R,35,5R)-3-(7-(2-(2-

<3/
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pM

({(1R,35,5R)-2-((25)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl}-2-azabicyclo[3.1.0]hex-3-yl}-1H-
benzimidazol-5-yl)ethyl)-1H-naphtho[1,2-
d]imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-
ylicarbonyl)-2-methylpropyl)carbamate

J.28s

methyl ((1S)-2-((1R,3S,5R)-3-(7-(2-(2-((1R,3S,5R)-
2-((2S)-2-({methoxycarbonyl)amino}-3-
methylbutanoyl)-2-azabicyclo[3.1.0]hex-3-yl)-1H-
benzimidazol-5-yl)ethyl)-1H-naphtho[1,2-
d]imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-yl)-2-0x0-
1-(tetrahydro-2H-pyran-4-yl)ethyl)carbamate

JB.15

methyl ((15)-1-(((25)-2-(4-(2-(4-(2-((2S)-1-((25)-2-
({(methoxycarbonyl)amino)-3-methylbutanoyl)-2-
pyrrolidinyl}-1H-benzimidazo!-5-yl)phenyl)ethyl)-
1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

M.8

46 .4
nM

(S)-1-acetil-N-(4-((2-((S)-1-(2-fenilacetil)pirrolidin-2-
il}-1H-benzo[d]imidazol-6-il)etinil)fenil)pirrolidin-2-
carboxamida

M.9

(S)-1-(2-fenilacetil}-N-(4-((2-((S)-1-(2-
fenilacetil)pirrolidin-2-il)-1H-benzo[d]imidazol-6-
ietinil)feni)pirrolidin-2-carboxamida

M.10

202
nM

(S)-1-acetil-N-(4-(2-(2-((S)-1-(2-fenilacetil}pirrolidin-
2-il)-1H-benzo[d]imidazol-6-il)etil)fenil)pirrolidin-2-
carboxamida

M.11

(S)-1-(2-fenilacetil)-N-(4-(2-(2-((S)-1-(2-
fenilacetil)pirrolidin-2-il)-1H-benzo[d]imidazol-6-
ieti)fenil)pirrolidin-2-carboxamida

J.44 -

((TR)-2-((25)-2-((5-(2-(2-((25)-1-((2R)-2-
{((metoxicarbonilyamino)-2-fenilacetil)-2-pirrolidini)-
1H-bencimidazol-5-il}-1,3-oxazol-5-il)-2-
metilfenil)carbamoil)-1-pirrolidinil)-2-oxo-1-
feniletil)carbamato de metilo

9L
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J.44a

(R)-2-((S)-2-(5-(2-(2-((S)-1-((R)-2-(dimetilamino)-2-
fenitacetil)pirrolidin-2-il}-1H-benzo[d]imidazol-5-
ilfoxazol-5-il)-2-metilfenilcarbamoil)pirrolidin-1-il)-2-
oxo-1-feniletilcarbamato de metilo

J.45

((1R)-2-((25)-2~((3-(2-(2-((25)-1-((2R)-2-
{{metoxicarbonil)amino)-2-fenilacetil}-2-pirrolidinil)-
1H-bencimidazol-5-il}-1,3-oxazol-5-
iYfenil)carbamoit)-1-pirrolidinil)-2-oxo-1-
feniletil)carbamato de metilo

J.45a

1-((2R)-2-(dimetilamino)-2-fenilacetil)-N-(3-(2-(2-
{(25)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-
pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-5-
ihfenil)-L-prolinamida

J.45b

(S)-1-(2-fenilacetit)-N-(3-(2-(2-((S)-1-(2-
fenilacetil)pirrolidin-2-il}-1H-benzo{d]imidazol-5-
iyoxazol-5-ilfenil)pirrolidin-2-carboxamida

J.46

{S)-1-((R)-2-(dimetilamino)-2-fenilacetil)-N-(3-(2-(2-
((S)-1-({R)-2-(dimetilamino}-2-fenilacetil)pirrolidin-
2-i)-1H-benzo[d]imidazol-4-il)oxazo!-5-
ilffenilpirrolidin-2-carboxamida

J.47

1-((2R)-2-{dimetilamino)-2-fenilacetil)-N-(3-(5-(2-
((2S)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-
pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-2-il)-2-
metilfenil)-L-prolinamida

J.47a

((1R)-2-({25)-2-((3-(5-(2-((25)-1-((2R)-2-
{(metoxicarbonil)amino)-2-fenilacetil)-2-pirrolidinil)-
1H-bencimidazol-5-il)-1,3-oxazol-2-il)-2-
metilfenil)carbamoil)-1-pirrolidinil)-2-oxo-1-
feniletiijcarbamato de metilo

J.48

1-((2R)-2-hidroxi-2-fenilacetil}-N-(3-(5-(2-((2S)-1-
((2R)-2-hidroxi-2-fenitacetil)-2-pirrolidinil)-1H-
bencimidazol-5-il)-1,3-oxazol-2-il)fenil)-L-
prolinamida

g
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J.48a

((18)-1-(((25)-2-(5-(2-(3-((((2S)-2-((25)-2-
({metoxicarbonil)amino)-3-metilbutanoil)-1-
pirrolidinil)carboniljamino)fenil)-1,3-oxazol-5-il)-1H-
bencimidazol-2-il)-1-pirrolidinit}carbonil)-2-
metilpropil)carbamato de metilo

J.48b

(2R)-2-(dimetilamino)-N-(3-(5-(2-{(25)-1-((2R)-2-
(dimetilamino)-2-fenilacetil)-2-pirrolidinil)-1H-
bencimidazol-5-il)-1,3-oxazol-2-il)fenil)-2-
fenilacetamida

J.48¢

1-((2R)-2-acetamido-2-fenilacetil)-N-(3-(5-(2-((2S)-
1-((2R)-2-acetamido-2-fenilacetil)-2-pirrolidinil)- 1H-
bencimidazol-5-il}-1,3-oxazol-2-il)fenil)-L-
prolinamida

J.48d

147
nM

1-((3-cloro-5-metoxi-1-isoquinolinil)carbonil)-N-(3-
(5-(2-((2S)-1-((3-cloro-5-metoxi-1-
isoquinolinil)carbonil)-2-pirrolidinil)-1H-
bencimidazol-5-il)-1,3-oxazol-2-il)fenil)-L-
prolinamida

J.49

((1R)-2-((28)-2-((5-(5-(2-(1-((2R)-2-
((metoxicarbonil)amino}-2-fenilacetil)-2-pirrolidinil)-
TH-bencimidazol-5-il)-1,3-oxazol-2-il)-2-
metilfenil)carbamoil)-1-pirrolidinil)-2-oxo-1-
feniletilcarbamato de metilo

J.49a

(5)}-1-((R)-2-(dimetilamino)-2-fenilacetil)-N-(5-(5-(2-
((S)-1-((R)-2-(dimetilamino)-2-fenilacetil)pirrolidin-
2-il)-1H-benzo[d]imidazol-6-il)oxazol-2-il)-2-
metilfenil}pirrolidin-2-carboxamida

J.50

1-((2R)-2-hidroxi-2-fenilacetil)-N-(4-(5-(2-((2S)-1-
((2R)-2-hidroxi-2-fenilacetil)-2-pirrolidinil)-1H-
bencimidazol-5-il)-1,3-oxazol-2-il)fenil)-L-
prolinamida

J.50a

1-((2R)-2-(dimetilamino)-2-fenilacetil)-N-(4-(5-(2-
((28)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-

T
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pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-2-
ilYfenil)-L-prolinamida

J.50b

1-((2R)-2-acetamido-2-fenilacetil)-N-(4-(5-(2-((25)-
1-((2R)-2-acetamido-2-fenilacetil)-2-pirrolidinil)- 1H-
bencimidazol-5-il)-1,3-oxazol-2-il)fenil)-L-
prolinamida

J.50c

>10

1-((3-cloro-5-metoxi-1-isoquinolinifycarbonil)-N-(4-
(5-(2-((2S)-1-((3-cloro-5-metoxi-1-
isoquinolinit)carbonil)-2-pirrolidinil}-1H-
bencimidazol-5-il)-1,3-oxazol-2-il)fenil)-L-
prolinamida

J.51

N-(2-fluoro-4-(5-(2-((2S)-1-((2R)-2-hidroxi-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)-1,3-
oxazol-2-ilyfenil)-1-((2R)-2-hidroxi-2-fenilacetif)-L-
prolinamida

J.b1a

1-((2R)-2-(dimetilamino)-2-fenilacetil)-N-{4-(5-(2-
((28)-1-((2R)-2-(dimeti!amino)-2-fehilaceti|)-2-
pirrolidinil}-1H-bencimidazol-5-il)-1,3-oxazol-2-il)-2-
fluorofenil)-1.-prolinamida

J.51b

1-{{3-cloro-5-metoxi-1-isoquinolinilycarbonil}-N-{4-
(5-(2-((2S)-1-((3-cloro-5-metoxi-1-
isoquinolinil)carbonil)-2-pirrolidinil)-1H-
bencimidazol-5-il}-1,3-oxazol-2-il)-2-fluorofenil)-L-
prolinamida

J.52

N-(5-(5-(2-((2S)-1-((2R)-2-(dimetilamino)-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)-1,3-
oxazol-2-il)-2-metilfenil)-1-(fenilacetil)-L-
prolinamida

J.62a

N,N-dimetilglicil-N-(5-(5-(2-((2S)-1-({(2R)-2-
(dimetilamino)-2-fenilacetil)-2-pirrolidinil)-1H-
bencimidazol-5-il}-1,3-oxazol-2-il)-2-metilfenil)-L-
prolinamida

J.62b

((1R)-2-((28)-2-((5-(5-(2-((25)-1-((2R)-2-

TS
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(dimetilamino)-2-fenilacetil)-2-pirrolidinil}-1H-
bencimidazol-5-il)-1,3-oxazol-2-il)-2-
metilfenil)carbamoil)- 1-pirrolidinit)-2-oxo-1-
feniletill)carbamato de metilo

N-(metoxicarbonil)-L-valil-N-(5-(5-(2-((2S)-1-((2R)-
2-(dimetilamino)-2-fenilacetil)-2-pirrolidinil)-1H-
bencimidazol-5-il}-1,3-0xazol-2-il)-2-metilfenil)-L-
prolinamida

J4.52¢ D

N-(metoxicarbonil)-L-alanil-N-(5-(5-(2-((2S}-1-
((2R)-2-(dimetilamino}-2-fenilacetil)-2-pirrolidinil)-
1H-bencimidazol-5-il)-1,3-oxazol-2-il)-2-metilfenil)-
L-prolinamida

J.52d D

1-(cyclopropylacetyl)-N-(3-(5-(2-((2S)-1-
(cyclopropylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yi)-1,3-oxazol-2-yl}phenyl)-L-
prolinamide

J.53 B

1-(cyclopropylacetyl)-N-(3-(2-(2-((2S)-1-
(cyclopropylacetyl)-2-pyrrolidinyl}-1H-
benzimidazol-5-yl)-1,3-oxazol-5-yl)yphenyl)-L-
prolinamide

J.53a A

Sera evidente para un experto en la técnica que la presente exposicién
no esta limitada a los anteriores ejemplos ilustrativos y que puede llevarse a la
practica en otras formas especificas sin apartarse de sus atributos esenciales.
Por tanto se desea que los ejemplos sean considerados en todos los aspectos
como ilustrativos y no restrictivos, haciéndose referencia a las reivindicaciones
adjuntas, en lugar de a los ejemplos anteriores, y se pretende que todos los
cambios que estan dentro del significado y alcance de equivalencia de las
reivindicaciones por tanto estén incluidos en la presente.

Los compuestos de la presente exposicion pueden inhibir VHC por

S
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mecanismos diferentes o distintos a la inhibicion de NS5A. En una realizacion
los compuestos de la presente exposicion inhiben el replicén del VHC y en otra
realizacion los compuestos de la presente exposicion inhiben NS5A. Los
compuestos de ia p'resente exposicion pueden inhibir multiples genotipos de

VHC.
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Habiendo descrito la invencidon como antecede, se declara como propiedad lo
contenido en las siguientes

REIVINDICACIONES

1. Un compuesto de formula (1)
. (R,

R
N By 1

(ﬁﬂ Ié’“ﬂ

=
/ m
(R

(1),
o una de sus sales farmacéuticamente aceptables, en la que
cada m es independientemente 0 6 1;

cada n es independientemente 0 6 1;

P el T . N -~
¥

A
_ . - g l é
L es un enlace o se selecciona de = : A AN

5L .
| S L’u- = N j‘r\ob]"‘
"é"'(j\ | h S arN y (,E,_//? .

; en los que cada

grupo esta representado con su extremo izquierdo unido al bencimidazol y su
extremo derecho unido a R":

R! se selecciona de

5§73
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RG

‘a% S

/ ’ /Ra

T )

\(Rﬂm' \(R“)m,
,,Q
e )KL”
(R, (R“

cada R? se selecciona independientemente de alquilo y halo;

cada R® se selecciona independientemente de hidrégeno y -C(O)R”;

R* es alquilo;

R® y R® se seleccionan independientemente de hidrégeno, alquilo,
cianoalquilo y halo, o

R®y R®, junto con los atomos de carbono a los que estan unidos, forman
un anillo de seis o siete miembros que opcionalmente contiene un heteroatomo
seleccionado de nitrégeno y oxigeno y opcionalmente un doble enlace
adicional; y

cada R’ se selecciona independientemente de alcoxi, alquilo, arilalcoxi,
arilalquilo, cicloalquilo, (cicloalquil)alquilo, heterociclilo, heterociclilalquilo,

(NR°RNalquenilo y (NR°R%alquilo.

2. Un compuesto de la reivindicacibn 1, o una de sus 'sales

farmacéuticamente aceptables, en el que L es un enlace.

3. Un compuesto de la reivindicacion 2, o una de sus sales
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farmacéuticamente aceptables, en el que, en el que R' es

)

(RH,  HN
TI
RYm
4, Un compuesto de la reivindicacion 1, o una de sus sales

5 farmacéuticamente aceptables, en el que L es —é = é_.

5. Un compuesto de Ia reivindicacion 1, o una de sus sales
farmacéuticamente aceptables, en el que L es - oz,,/\,"z,,
10 6. Un compuesto de Ila reivindicacién 5, o una de sus sales

farmacéuticamente aceptables, en el que R' se selecciona de

N
(RZ)H HN s
A =3 O R3 R
/|/ f N
2 y/ N 3
H
(R%), Iwe (R)m
7. Un compuesto de la reivindicaciébn 1, o una de sus sales
o0
7

=z

15 farmaceuticamente aceptables, en el que Les
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8. Un compuesto de la reivindicacion 7, o una de sus sales

é\(i?:?’
N y

farmacéuticamente aceptables, en el que L se selecciona de

55 \CE’Z

9. Un compuesto de la reivindicacion 8, o una de sus sales

farmacéuticamente aceptables, en el que R' es

%’7@\ JkL> (R")m

(R3),

10.  Un compuesto de la reivindicacion 1, o una de sus sales

N
S

farmaceuticamente aceptables, en el que L es

11.  Un compuesto de la reivindicacién 10, o una de sus sales

farmacéuticamente aceptables, en el que R' es

ey

(R%,

(R
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12.  Un compuesto de la reivindicacion 1, o una de sus sales
5t S s
-

farmaceuticamente aceptables, en el que L se selecciona de &

=
55'; en los que cada grupo esta representado con su extremo

izquierdo unido al bencimidazol y su extremo derecho unido a R'.

13. . Un compuesto de Ila reivindicacion 12, o una de sus sales

farmacéuticamente aceptables, en el que R' es

RB

14.  Un compuesto de Formula (ll)

. (R%)y
R
N AY 1
(‘17/( Caa
o
e H

(R*m
(m,
o una de sus sales farmacéuticamente aceptables, en la que
cada m es independientemente 0 6 1;
cada n es independientemente 0 6 1

I_ es un enlace o se selecciona de
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S==s TS g gy L
R' se selecciona de
RS

TN RS

%)/.T/'/ _
N

(RZ)n HN Y,
//I” !
j - y/ NJ\LN/
X X Nl
R ROm y  ®3 R,

cada R? se selecciona independientemente de alquilo y halo;

5 cada R® se selecciona independientemente de hidrégeno y -C(O)R’;
R* es alquilo;
R’y R® son independientemente hidrégeno o halo, o
R® y RS junto con los atomos de carbono a los que estan unidos, forman
un anillo de seis o siete miembros gue opcionalmente contiene un heteroatomo
10 seleccionado de nitrégeno y oxigeno y que opcionalmente ocntiene un doble
enlace adicional; y
cada R’ se selecciona independientemente de alcoxi, alquilo, arilalquilo,

cicloalquilo, heterociclilo, heterociclilalquilo, (NR°R%alquenilo y (NR°R%alquilo.

15 15,  Un compuesto seleccionado de
((1S)-1-(((25)-2-(8-(4-(2-((25)-1-((2S)-2-{(metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil)- 1H-imidazol-4-il)fenil)-1,4,5,6-
tetrahidrobenzo[3,4]ciclohepta[1,2-d]imidazol-2-il)-1-pirrolidinil)carbonil)-2-
metilpropil)carbamato de metilo;

20 (1R)-2-((2S)-2-(8-(2-((2S)-1-((2R)-2-(dietilamino)-2-fenilacetil)-2-
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pirrolidinil)-1H-bencimidazol-5-il)-1,4,5,6-tetrahidrobenzo[3 4]ciclohepta[1,2-
d]imidazol-2-il)-1-pirrolidinil)-N,N-dietil-2-oxo-1-feniletanamina;
((18)-1-({{28)-2-(5-(4-(2-((2S)-1-((2S)-2-({metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil)-1H-imidazol-4-iiffenil)-1 H-bencimidazol-2-il)-1-
pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;
(1R)-2-((2S)-2-(4-(4-(2-({2S)-1-((2R)-2-(dietilamino}-2-fenilacetif)-2-
pirrolidinil)-1H-bencimidazoi-5-il)fenil)-1H-imidazol-2-il)-1-pirrolidinil}-N,N-dietil-
2-oxo-1-feniletanamina,
((1R)-2-((2S)-2-(4-(4-(2-((2S)-1-((2R)-2-((metoxicarboni)amino)-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)fenil)- 1H-imidazol-2-il)-1-
pirrolidinil)-2-oxo-1-feniletil)carbamato de metilo;
((1S)-1-({({2S)-2-(5-(3-(2-((2S)-1-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil}-1H-imidazol-4-il)fenil)- 1H-bencimidazol-2-il)-1-
pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;
(1R)-2-((25)-2-(4-(3-(2-((25)-1-((2R)-2-(dietilamino)-2-fenilacetil)-2-
pirrolidinil)-1H-bencimidazol-5-il)fenil)-1H-imidazol-2-il}-1-pirrolidinil)-N, N-dietil-
2-oxo-1-feniletanamina:
{((1R)-2-((2S)-2-(4-(3-(2-((25)-1-{(2R)-2-({(metoxicarbonil)amino)-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)fenil)- 1H-imidazol-2-il)-1-
pirrolidinil}-2-oxo-1-feniletil)carbamato de metilo;
((18)-1-(({(1R,3S,5R)-3-(8-(2-((1R,38,5R)-2-((2S)-2-
((metoxicarbonil)yamino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-1H-
bencimidazo!-5-il)-1,4,5,6-tetrahidrobenzo[3,4]ciclohepta(1,2-d]imidazol-2-il)-2-
azabiciclo[3.1.0]hex-2-il)carbonil)-2-metilpropil)carbamato de metilo;

((18)-1-{((28)-2-(5-(2-({2S)-1-((28)-2-({metoxicarbonil)amino)-3-
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metilbutanoil)-2-pirrolidinil)-4,5-dihidro-3H-nafto[ 1,2-d]imidazol-7-il)-1H-
bencimidazol-2-il)-1-pirrolidinilycarbonil)-2-metilpropil)carbamato de metilo;
((1S)-1-(((25)-2-{5-(4"-(2-((2S)-1-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinif)- 1H-imidazol-4-il)-4-bifenilil)-1H-bencimidazol-2-il)-1-
pirrolidinil)carbonil)-2-metilpropil}carbamato de metilo;
((15)-1-(((28)-2-(5-(2-((2S)-1-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil)-3H-nafto[1,2-d]imidazol-7-il}-1H-bencimidazol-2-il)-1-
pirrolidiniI)carboniI)—Z-metilpfopiI)carbamato de metilo;
(1R)-2-((2R)-2-(7-(2-((25)-1-{(2R)-2-(dietilamino)-2-fenilacetil)-2-
pirrolidinil)-1H-bencimidazol-5-il}-1H-nafto[1,2-d]imidazol-2-i!)-1-pirrolidinil)-N, N-
dietil-2-oxo-1-feniletanamina;
((15)-1-(((28)-2-(5-(4-(2-({2S)-1-({28)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil)-1H-nafto[1,2-d]imidazol-7-il}fenil)-1H-bencimidazol-
2-il)-1-pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;
((1R)-2-((25)-2-(7-(4-(2-((2S)-1-((2R)-2-{(metoxicarbonil)amino)-2-
fenilacetil)-2-pirrolidinil)- 1H-bencimidazol-5-ilfenil)- 1H-nafto[1,2-d]imidazol-2-il)-
1-pirrolidinil}-2-oxo-1-feniletil)carbamato de metilo;
((15)-1-(((2S8)-2-(5-((4-(2-((2S)-1-((2S)-2-((metoxicarbonil}amino)-3-
metiibutanoil)-2-pirrolidinif)-1H-imidazol-4-il)fenil)etinil)- 1H-bencimidazol-2-il)-1-
pirrolidinil)carbonil)-2-metiipropif)carbamato de metilo;
(1R)-2-((25)-2-(4-(4-{(2-((25)-1-((2R)-2-(dietilamino)-2-fenilacetil)-2-
pirrolidinil)-1H-bencimidazol-5-il)etinil)fenil}-1H-imidazol-2-il)-1-pirrolidinil)-N, N-
dietil-2-oxo-1-feniletanamina;
((1S)-1-(((25)-2-(5-((4-(4-etil-2-((2S)-1-((2S)-2-((metoxicarbonil)amino)-3-

metilbutanoil)-2-pirrolidinil)- 1H-imidazol-5-il)fenil)etinil)- 1H-bencimidazol-2-i)-1-
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pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;
((1S)-1-(((2S5)-2-(4-(cianometil)-5-(4-((2-({2S)-1-({2S5)-2-

{{metoxicarbonil)amino)-3-metilbutanoil)-2-pirrolidinil)-1H-bencimidazol-5-

ihetinil)fenil)-1H-imidazol-2-il)-1-pirrolidinil)carbonil)-2-metilpropil)carbamato  de

metilo;

((15)-1-(({1R,3S,5R)-3-(5-({(4-(2-((1R,3S,5R)-2-({25)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-if)-1H-
imidazol-4-il)fenil)etinil)-1H-bencimidazol-2-il}-2-azabiciclo[3.1.0]hex-2-
ilycarbonil)-2-metilpropil)carbamato de metilo;

((15)-1-(({(1R,3S,5R)-3-(4-(4-((4-fluoro-2-((1R,3S,5R)-2-((28)-2-
((metoxicarbonil)amino}-3-metilbutancil)-2-azabiciclo[3.1.0]hex-3-il)-1H-
bencimidazol-6-il)etinil)fenil)-1H-imidazol-2-il)-2-azabiciclo[3.1.0jhex-2-
ilcarbonil)-2-metilpropil)carbamato de metilo;

((18)-1-(({(1R,38,5R)-3-(4-(2-fluoro-4-((2-((1R,3S,5R)-2-((28)-2-
{({(metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-1H-
bencimidazol-5-i)etinil)fenil)-1H-imidazol-2-il)-2-azabiciclo[ 3. 1.0]hex-2-
il)carbonil)-2-metilpropil)carbamato de metilo;

((15)-1-(((2S)-2-(5-((2-({2S)-1-((2S)-2-({metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil)-4,5-dihidro-3H-nafto[1,2-d]imidazo!-7-il)etinil)-1H-
bencimidazol-2-il)-1-pirrolidinil}carbonil)-2-metilpropil)carbamato de metilo;

((1R)-2-((2S)-2-(7-((2-((28)-1-{(2R)-2-({(metoxicarbonil)amino)-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)etinii)-4, 5-dihidro-1H-nafto[1,2-
d])imidazol-2-il)-1-pirrolidinil}-2-oxo-1-feniletil)carbamato de metilo;

{(15)-1-(((28)-2-(5-((2-((2S)-1-((2S)-2-((metoxicarbonilyamino)-3-

metilbutanoil}-2-pirrolidinil)-3H-nafto[1,2-d]imidazol-7-il)etinil)-1H-bencimidazol-

Sq6
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2-i)-1-pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;
((1R)-2-((28)-2-(7-((2-((2S)-1-((2R)-2-({metoxicarbonil}amino)-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)etinil)-1H-nafto[1,2-d]imidazol-2-
il}-1-pirrolidinil)-2-oxo-1-feniletil}carbamato de metilo;
((1S)-1-(((25)-2-(4-fiuoro-6-((2-((2S)-1-((2S)-2-({(metoxicarbonilyamino)-3-
metiibutanoil)-2-pirrolidinil)-4,5-dihidro-1H-nafto[1,2-d]imidazol-7-il)etinil)-1H-
bencimidazol-2-il}-1-pirrolidinil}carbonil)-2-metilpropil)carbamato de metilo;
((1S)-1-({(2S)-2-(4-fluoro-6-({2-((2S)-1-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil)-1H-nafto[1,2-d]imidazo!-7-ii)etinil)-1H-bencimidazol-
2-il)-1-pirrolidinil)ycarbonil)-2-metilpropil)carbamato de metilo;
((1S)-1-(((1R,38,5R)-3-(5-((2-((1R,3S,5R)-2-({25)-2-
{{(metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-4,5-dihidro-
1H-nafto[1,2-d]imidazol-7-il)etinii}-1H-bencimidazol-2-il)-2-azabiciclo[3.1.0]hex-
2-il)carbonil)-2-metilpropil)carbamato de metiio;
((1R)-2-((1R,35,5R)-3~(7-((2-((1R,35,5R)-2-((2R)-2-
((metoxicarbonil)amino)-2-fenilacetil)-2-azabiciclo[3.1.0Jhex-3-il)-1H-
bencimidazol-5-il)etinil)-4,5-dihidro-1H-nafto[1,2-d]imidazol-2-il)-2-
azabiciclo[3.1.0}hex-2-il)-2-oxo-1-feniletil)carbamato de metilo;
((1S)-1-(((1R,3S,5R)-3-(5-((2-((1R,3S,5R)-2-((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-1H-
nafto[1,2-d]imidazol-7-il)etinil)- 1H-bencimidazol-2-il}-2-azabiciclo[3.1.0]hex-2-
iNcarbonil)-2-metilpropil)carbamato de metiio;
((1R)-2-((1R,35,5R)-3-(7-((2-((1R,38,5R)-2-((2R)-2-
((métoxicarboniI)amino)—Z-feniIacetiI)—2—azabiciclo[3. 1.0]hex-3-il)-1H-

bencimidazol-5-il)etinil)-1H-nafto[1,2-d]imidazol-2-il)-2-azabiciclo[3.1.0]hex-2-il)-
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2-oxo-1-feniletit)carbamato de metilo;
((1S5)-1-(4,4-difluorociclohexil)-2-((1R,3S,5R)-3-(7-({2-((1R,3S,5R)-2-
{(25)-2-(4,4-difluarociclohexil)-2-({metoxicarbonil)amino)acetil)-2-
azabiciclof3.1.0]hex-3-i)-1H-bencimidazol-5-ihetinil)-1H-nafto[ 1,2-d]imidazol-2-
ih-2-azabiciclo[3.1.0}hex-2-il)-2-oxoetil)carbamato de metilo:
{(15)-2-((1R,3S,5R)-3-(7-({(2-((1R,3S,5R)-2-((2S)-2-
{{metoxicarbonil)amino)-2-(tetrahidro-2H-piran-4-il)acetil)-2-
azabiciclo[3.1.0thex-3-if)-1H-bencimidazol-5-il)etinil)-1 H-nafto[fl ,2-d}imidazol-2-
it)-2-azabiciclo[3.1.0}hex-2-il)-2-oxo-1-(tetrahidro-2H-piran-4-it)etil)carbamato de
metilo; -
((18)-2-((1R,38,5R)-3-(7-((2-((1R,3S,5R)-2-((2S)-2-
({metoxicarbonityamino}-3-metilbutanoil)-2-azabiciclo[3. 1 .O]hex-3.~il)-1 H-
bencimidazol-5-il)etinil)- 1H-nafto[1,2-d]imidazol-2-il)-2-azabiciclo{3. 1.0]hex-2-il)-
2-oxo-1-(tetrahidro-2H-piran-4-ihetil)carbamato de metilo; |
((18)-1-(({(1R,3S,5R)-3-(4-fluoro-6-((2-((1 R,38,5R)—2—((28)-2-
((metoxicarboniljamino)-3-metilbutanoil)-2-azabicicio[ 3.1 .O]hex-3-i|574,5-dihidro-
1H-naftof1,2-d]imidazol-7-il)etinil)-1 H—bencimidazo|-2-iI)-2-azabiciclc:'?[3. 1.0}hex-
2-ilycarbonil)-2-metilpropil)carbamato de metilo; :.
((18)-1-{((1R,3S,5R)-3-(4-fluoro-6-((2-((1R,3S,5R)-2-((2S)-2-
{{metoxicarbonil)amino)-3-metilbutanoii)-2-azabiciclo] 3.1 .O]hex-3-i|)-1:H—
nafto[1,2-d]imidazol-7-il)etinil)- 1H-bencimidazoi-2-il}-2-azabiciclo[3. 1 .d]hex-2-
i)carbonil)-2-metilpropif)carbamato de metilo;
(1R,3S,5R)-3-(7-((2-((1 R,SS,5R)-2—(N-(metoxicarbonil)-L—vaIil)—2li
azabiciclo[3.1 .O]hex-3;il)-1 H-bencimidazol-5-il)etinil}-1H-nafto[ 1 ,2-d]imid_azo|-2-

il)-2-azabiciclo[3.1.0]hexano-2-carboxilato de bencilo;
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((18)-1-(((2S)-2-(5-(3-((2-((2S)-1-((2R)-2-((metoxicarbonil)amino)-3-
metilbutanoil}-2-pirrolidinil)- 1H-bencimidazol-5-il)etinil)fenil)- 1H-imidazol-4-i)-1-
pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo; |

(1R)-2-((2S)-2-(5-(3-((2-((25)-1-((2R)-2-(dietilamino)-2-fenilacetil)-2-
pirrolidinil)-1H-bencimidazol-5-il)etinil)fenil)-1H-imidazol-4-il)-1-pirrolidinil)-N,N-
dietil-2-oxo-1-feniletanamina; |

((1S)-1-(((2S)-2-(5-((4-(4-((2S)-1-((2S)-2-((metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil)- 1H-imidazol-5-il)fenil)etinil)- 1H-bencimidazol-2-il)-1-
pirrolidinil)carbonil)-2-metilpropil)jcarbamato de metilo; |

((1S)-1-(((25,58)-2-(5-((2-((2S,58)-1-((2S)-2-((metoxicarbonilyaming)- 3-
metilbutanoil)-5-metil-2-pirrolidinil)- 1H-nafto[ 1,2-d]imidazol-7-il)etinil)-1H-
bencimidazol-2-il)-5-metil-1-pirrolidinil)carbonil)-2-metilpropil)carbamato de
metilo; |

((1S)-2-((25,55)-2-(7-((2-({2S,5S)-1-((25)-2-({(metoxicarbonil)amino)-2-
(tetrahidro-2H-piran-4-il)acetil)-5-metil-2-pirrolidinil)-1H-bencimidazol-5-ihetinil)-
1H-nafto[1,2-d]imidazol-2-i1)-5-metil-1-pirrolidinif)-2-oxo-1-(tetrahid ro-2H-piiran-
4-il)etil}carbamato de metilo;

((19)-1-(((1R,3S,5R)-3-(7-(2-(2-((1R,3S,5R)-2-((2S)-2-

i

((metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-1H-
bencimidazol-5-il)etil)-1H-nafto[ 1,2-d]imidazol-2-il}-2-azabiciclo[3.1.0]hex-2-
ilcarbonil)-2-metilpropil)carbamato de metilo;
((15)-2-((1R,3S,5R)-3-(7-(2-(2-((1R,3S,5R)-2-((2S)-2- |
{(metoxicarboniljamino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il}-1H- |
bencimidazol-5-il)etit)- 1H-nafto[1,2-d]imidazol-2-il)-2-azabiciclo{3.1.0]hex-2-i)-2-

oxo-1-(tetrahidro-2H-piran-4-iletil)carbamato de metilo;
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(S)-1-acetil-N-(4-((2-((S)-1-(2-fenilacetil)pirrolidin-2-il)-1H-
benzo[d]imidazol-6-il)etinil)fenil)pirrolidin-2-carboxamida;
(S)-1-(2-fenilacetil)-N-(4-((2-((S)-1-(2-fenilacetil)pirrolidin-2-il)-1H- |
benzo[d)imidazol-6-il)etinil)fenil)pirrolidin-2-carboxamida; |
(S)-1-acetil-N-(4-(2-(2-((S)-1-(2-fenilacetil)pirrolidin-2-il)-1H-
benzo[d]imidazol-6-i)etil¥fenil)pirrolidin-2-carboxamida; .
(S)-1-(2-fenilacetil)-N-(4-(2-(2-((S}-1-(2-fenilacetil)pirrolidin-2-il)-1H-
benzo[d]imidazol-6-il)etilYfenil)pirrolidin-2-carboxamida; |
((1R)-2-((25)-2-((5-(2-(2-((2S)-1-((2R)-2-((metoxicarbonil)amino)-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)- 1,3-oxazol-5-il)-2- |
metilfenilycarbamoil)-1-pirrolidinil)-2-oxo-1-feniletil)carbamato de metilo; |
(R)-2-((S)-2-(5-(2-(2-((S)-1-((R)-2-(dimetilamino)-2-fenilacetil)pirrolidin-2-
i)-1H-benzo[d]imidazol-5-iloxazol-5-il)-2-metilfenilcarbamoil)pirrolidin-1 -il)|-2-
oxo-1-feniletiicarbamato de metilo; !
((1R)-2-({25)-2-((3-(2-(2-((2S)-1-((2 R)-Z-((metoxicarbonil)amino)-2—I
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-5-il)fenil)carbamoil)-1-
pirrolidinil)-2-oxo-1-feniletil)carbamato de metilo;
1-((2R)-2-(dimetilamino)-2-fenilacetil)-N-(3-(2-(2-({(2S)-1-((2R)-2- '
(dimetilamino)-2-fenilacetil)-2-pirrolidinil)- 1H-bencimidazol-5-il)-1,3-oxazol-5-
ilYfenil)-L-prolinamida;
(S)-1-(2-fenilacetil)-N-(3-(2-(2-((S)-1-(2-fenilacetil}pirrolidin-2-il)-1H- 1
benzo[d]imidazol-5-ilYyoxazol-5-il)fenil)pirrolidin-2-carboxamida;
(S)-1-((R)-2-(dimetilamino)-2-fenilacetil)-N-(3-(2-(2-((S)-1-((R)-2- |
(dimetilamino)-2-fenilacetil)pirrolidin-2-il)-1H-benzo[dlimidazol-4-il)oxazol-5+

ifenil)pirrolidin-2-carboxamida;
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1-({(2R)-2-(dimetilamino)-2-fenilacetil)-N-(3-(5-(2-({2S)-1-{(2R)-2-
{dimetilamino)-2-fenilacetil)-2-pirrolidinii}-1H-bencimidazol-5-il)-1 ,3-oxazol—2-ii)—
2-metilfenil)-L-prolinamida; '
((1R)-2-((2S)-2~((3-(5-(2-((2S8)-1-({2R)-2- ((metoxicarbonilyamino)-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il}-1,3-oxazol-2-il)-2-
metilfenil}carbamoil)-1-pirrolidinil)-2-oxo-1-feniletilycarbamato de metilo;
1-((2R)-2-hidroxi-2-fenilacetil}-N-(3-(5-(2-{(2S8)-1-((2R)-2-hidroxi-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-it)-1, 3-oxazol-2-il)fenil)-L-
prolinamida;
((15)-1-(((25)-2-(5-(2-(3-({({2S)-2-((2S)-2-{(metoxicarbonil)amino)-3- |
metilbutanoil)-1-pirrolidinilycarbonil)amino)fenil)-1,3-oxazol-5-il)-1H- .
bencimidazol-2-il)-1-pirrolidinil)carbonif)-2-metilpropil)carbamato de metilo; |

(2R)-2-(dimetilamino)-N-(3-(5-(2-((2S)-1-((2R)-2-(dimetilamino)-2- .

fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-2-il}fenil)-2-
fenilacetamida; II
1-((2R)-2-acetamido-2-fenilacetil}-N-(3-(5-(2-((2S)-1-((2R)-2-acetamido-
2-fenilacetil)-2-pirrolidinil}-1H-bencimidazol-5-il)-1,3-oxazo!-2-il)fenil)-L-
prolinamida; .I
1-((3-cloro-5-metoxi-1-isoquinolinil}carbonil)-N-(3-(5-(2-((2S)-1-((3-cloro-
5-metoxi-1-isoquinolinilycarbonit)-2-pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-
2-il)fenil)-L-prolinamida: .'
((1R}-2-((25)-2-((5-(5-(2-(1 -((2R)-2-((metoxicarbonil)amino)-2-feniIa:cetil)-
2-pirrolidinif)-1H-bencimidazol-5-il)-1,3-oxazol-2-il)-2-metilfeniicarbamoil)-1-

pirrolidinil)-2-oxo-1-feniletil)carbamato de metilo;

(S)-1-((R)-2-(dimetilamino)-2-fenilacetil)-N-(5-(5-(2-((S)-1-((R)-2-

g ol
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(dimetilamino)-2-fenilacetil)pirrolidin-2-il)-1H-benzo[d]imidazol-6-il)oxazol-2-il)-2-
metilfenil)pirrolidin-2-carboxamida;
1-((2R)-2-hidroxi-2-fenilacetil)-N-(4-(5-(2-((2S)-1-((2ZR)-2-hidroxi-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-2-il)fenil)-L-
prolinamida;
1-((2R)-2-{dimetitamino)-2-fenilacetil)-N-(4-(5-(2-{((25)-1-({2R)-2-
(dimetilamino}-2-fenilacetil}-2-pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-2-
iNfenil)-L-prolinamida;
1-((2R)-2-acetamido-2-fenilacetil)-N-(4-(5-(2-((2S)-1-((2R)-2-acetamido-
2-fenilacetil)-2-pirrolidinil}-1H-bencimidazol-5-il)- 1,3-oxazol-2-i)fenil)-L-
prolinamida;
1-((3-cloro-5-metoxi-1-isoquinolinil)carbonil}-N-(4-(5-(2-((2S)-1-({3-cloro-
5-metoxi-1-isoquinolinil)carbonil)-2-pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-
2-i{}fenil)-L-prolinamida;
N-(2-fluoro-4-(5-(2-((2S)-1-((2R)-2-hidroxi-2-fenilacetil)-2-pirrolidinil)-1H-
bencimidazol-5-il)-1,3-oxazol-2-il)fenil)-1-((2R)-2-hidroxi-2-feniiacetil)-1.-
prolinamida;
1-((2R)-2-(dimetilamino)-2-fenilacetil)-N-(4-(5-(2-((2S)-1-((2R)-2-
(dimetilamino)-2-fenilacetif)-2-pirrolidinil)-1H-bencimidazol-5-il)-1, 3-oxazol-2-il)-
2-fluorofenil)-L-prolinamida;
1-((3-cloro-5-metoxi-1-isoquinolinil)carbonil)-N-(4-(5-(2-((2S)-1-((3-cloro-
5-metoxi-1-isoquinalinil)carbonil)-2-pirrolidinil)-1H-bencimidazol-5-il}-1, 3-oxazol-
2-il}-2-fluorofenil)-L-prolinamida;
N-(6-(5-(2-((2S)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-pirrolidinil)-1H-

bencimidazol-5-i1)-1,3-oxazol-2-il)-2-metilfenil)-1-(fenilacetil)-L-prolinamida;

L0
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N,N-dimetilglicil-N-(5-(5-(2-((2S)-1-((2R)-2-(dimetilamino)-2-fenilacetil)-2-

pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-2-il)-2-metilfenil)-L-prolinamida;

((1R)-2-((2S)-2-((5-(5-(2-((28)-1 —((2R)—2-(dimetilamino)-2—feniiacetil)-2-
pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-2-il)-2-metilfenil)carbamoil)-1-
pirrolidinil)-2-oxo-1-feniletil)carbamato de metilo;

N-(metoxicarbonil}-L-valil-N-(5-(5-(2-((2S)-1-((2R}-2-(dimetilamino)-2-
fenilacetiI')-2-pirrolidinil)-1 H-bencimidazol-5-il)-1,3-oxazol-2-il)-2-metilfenil)-L-
prolinamida;

N-(metoxicarbonil)-L-alanil-N-{5-(5-(2-({2S)-1-((2R)-2-(dimetilamino)-2-
fenilacetil)-2-pirrolidinil)-1H-bencimidazol-5-il)-1,3-oxazol-2-il)-2-metilfenil)-L-
prolinamida;

((1S)-1-(((2S)-2-(4-((4-(2-((28)-1-((2S)-2-((metoxicarbonil)amino)-3-

metilbutanotl)-2-pirrolidini{}-1H-bencimidazol-5-il)fenil)etinil)-1H-imidazol-2-il)-1-

pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo:

(1R)-1-(((2S)-2-(4-((4-(2-((2S)-1-((2R)-2-({metoxicarbonil)amino)-3-

metilbutanoil)-2-pirrolidinil}- 1H-bencimidazol-5-il)fenil)etinil)-1H-imidazol-2-il)-1-

pirrolidinilycarbonil)-2-metilpropil}carbamato de metilo;

((1S)-2-((2S)-2-(5-(4-({2-((2S)-1-(N-(metoxicarbonil)-L-alanil)-2-
pirrolidinil)-1H-imidazoi-4-il)etinif)fenil)-1H-bencimidazol-2-il)-1-pirrolidinil)-1-
metil-2-oxoetil)carbamato de metilo;

((15,2R)-2-metoxi-1-(((2S)-2-(5-(4-((2-((2S)-1-(N-(metoxicarbonil)-O-

metil-L-treonil)-2-pirrolidinil)-1H-imidazol-4-ii)etinil)fenil)-1H-bencimidazol-2-il)-1

pirrolidinil)carbonil)propil)carbamato de metito;
((1R)-2-((2S5)-2-(4-((4-(2-((25)-1-({2R)-2-((metoxicarbonil)amino)-2-

fenilacetii)-2-pirrolidinil)-1H-bencimidazol-5-il)fenii)etinil)- 1 H-imidazol-2-il)-1-
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pirrolidinil)-2-oxo-1-feniletil)carbamato de metilo;

2-((28)-1-((2R)-2-fenil-2-(1-piperidinil)acetil)-2-pirrolidinil)-5-(4-((2-{(2S)-
1-((2R)-2-fenil-2-(1-piperidinilyacetil)-2-pirrolidinil)- 1H-imidazol-4-iNetinil)fenit)-
1H-bencimidazol;

((18)-1-(((1R,38,5R)-3-(7-(2-(2-((1R,35,5R)-2-((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclo[3.1.0]hex-3-il)-1H-
bencimidazol-5-il)etil)-1H-nafto[ 1,2-d]imidazol-2-il)-2-azabiciclo[3.1.0]hex-2-
il)carbonil)-2-metilpropil)carbamato de metilo;

((18)-2-((1R,38,5R)-3-(7-(2-(2-((1R, 3S,5R)-2-((2S)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-azabiciclof3.1.0]hex-3-il)-1H-
bencimidazol-5-il)etil)-1H-nafto[1,2-d}imidazol-2-il}-2-azabiciclo[3.1.0]hex-2-il)-2-
oxo-1-(tetrahidro-2H-piran-4-il)etil}carbamato de metilo;

((18)-1-(({25)-2-(4-(2-(4-(2-((28)-1-({2S)-2-({(metoxicarbonil)amino)-3-
metilbutanoil)-2-pirrolidinil)- 1H-bencimidazol-5-il}fenil)etil)-1H-imidazol-2-il)-1-
pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;

1-(ciclopropilacetil)-N-(3-(5-(2-({2S)-1-(ciclopropilacetil)-2-pirrolidinil)-1H-
bencimidazol-5-il)-1,3-oxazol-2-il)fenil)-L-prolinamida; y

1-(ciclopropilacetil)-N-(3-(2-(2-((2S)-1-(ciclopropilacetil)-2-pirrolidinil)-1H-
bencimidazol-5-il)-1,3-oxazol-5-il)fenil)-L_-prolinamida;

0 una de sus sales farmacéuticamente aceptables.

16.  Una composicion que comprende un compuesto de la reivindicacién 1, o
una de sus sales farmacéuticamente aceptables, y un vehiculo

farmacéuticamente aceptable.
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17.  La composicion de la reivindicacion 16, que comprende ademas uno o

dos compuestos adicionales que tienen actividad contra el VHC.

18.  La composicion de la reivindicacién 17, en la que al menos uno de los

compuestos adicionales es un interferdn o una ribavirina.

19. La composicién de la reivindicacion 18, en la que el interferon se
selecciona de interferén alfa 2B, interferon alfa pegilado, interferon de

consenso, interferon alfa 2A e interferén tau linfoblastoide.

20. La composicidon de la reivindicacion 17, en la que al menos uno de los
compuestos adicionales se selecciona de interleucina 2, interleucina 6,
interleucina 12, un compuesto que potencia el desarrollo de la respuesta de
linfocitos T colaboradores de tipo 1, ARN de interferencia, ARN antisentido,
imigimod, ribavirina, un inhibidor de inosina 5'-monofosfato deshidrogenasa,

amantadina y rimantadina.

21.  La composicién de la reivindicacion 17, en la que al menos uno de los
compuestos adicionales es eficaz para inhibir la funcidén de una diana
seleccionada de metaloproteasa del VHC, serina proteasa del VHC, polimerasa
del VHC, helicasa del VHC, proteina NS4B del VHC, entrada del VHC,
ensamble del VHC, salida del VHC, proteina NS5A de!l VHC y IMPDH para el

tratamiento de una infeccién por el VHC.

22. Un procedimiénto para tratar una infeccion por VHC en un paciente, que

!
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comprende administrar al paciente una cantidad terapéuticamente eficaz de un
compuesto de la reivindicacibn 1, o una de sus sales farmacéuticamente

aceptables.

23. El procedimiento de la reivindicacién 22, que comprende ademas
administrar uno o dos compuestos adicionales que tienen actividad contra el
VHC antes de, después de o simultaneamente con el compuesto de la

reivindicacién 1, o una de sus sales farmacéuticamente aceptables.

24.  El procedimiento de la reivindicacion 23, en el que al menos uno de los

compuestos adicionales es un interferdn o una ribavirina.

25. El procedimiento de la reivindicacion 24, en el que el interferén se
selecciona de entre interferédn alfa 2B, interferon alfa pegilado, interferén de

consenso, interferon alfa 2A e interferén tau linfoblastoide.

26. El procedimiento de la reivindicacion 23, en el que al menos uno de los
compuestos adicionales se selecciona de entre interleucina 2, interleucina 6,
interleucina12, un compuesto que potencia el desarrollo de la respuesta de
linfocitos T colaboradores de tipo 1, ARN de interferencia, ARN antisentido,
Imigimod, ribavirina, un inhibidor de inosina 5'-monofosfato deshidrogenasa,

amantadina y rimantadina.

27.  El procedimiento de la reivindicacién 23, en el que al menos uno de los

compuestos adicionales es eficaz para inhibir la funcién de una diana

6o
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seleccionada de metaloproteasa del VHC, serina proteasa del VHC, polimerasa
del VHC, helicasa del VHC, proteina NS4B de! VHC, entrada del VHC,
ensamble del VHC, salida del VHC, proteina NS5A del VHC y IMPDH para el

tratamiento de una infeccion por el VHC.
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RESUMEN
La presente exposicidbn se refiere a compuestos, composiciones vy
procedimientos para el tratamiento de infeccidén por el virus de la hepatitis C
(VHC). También se exponen composiciones farmacéuticas que contienen tales
compuestos y procedimientos para usar estos compuestos en el tratamiento de

infeccion por VHC.

6%



— —y

[s3u3aod]

]



RO : POD-4002 64

. ';»")

" . TRADUCCION OFICIAL N° 0507071 al espafiol de un documento escrito en inglés, efectuada por
Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogoté, Traductor e Intérprete Oficial
inglés-espaniolinglés segin Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio de
Justicia de la Republica de Caolombia 4{
. H M ot

rd

PODER OTORGADO POR BRISTOL-MYERS SQUIBB COMPANY

APOSTILLA

1. PAIS: ESTADOS UNIDOS DE AMERICA

2. ESTE DOCUMENTO PUBLICO HA SIDO FIRMADO POR:
SALLY B. HANSEN

3. QUIEN ACTUA EN CALIDAD DE NOTARIO PUBLICO DE NUEVA JERSEY
4. LLEVA EL SELLO DE:
SALLY B. HANSEN, NOTARIC

. CERTIFICADO

5. EN TRENTON, NUEVA JERSEY

EL 28 DE JUNIO DE 2007

Noo

POR BRADLEY ABELOW, TESORERO DE NUEVA JERSEY
8.  N°A295716
9.  SELLO (APARECE ADHERIDO SELLO DORADO)

10. FIRMA (FIRMADO) BRADLEY ABELOW

. Texto en inglés y en espafiol mediante el cual BRISTOL-MYERS SQUIBB
COMPANY domiciliada en Nueva York, Nueva York, otorga poder a ALVARO
CORREA ORDONEZ ylo OLGA GEORGETTE OTERO ylo RICARDO METKE

ylo JUAN PABLO CONCHA

Dado y suscrito el 30 de mayo de 2007

‘-;-



TRADUCCION OFICIAL N° 0507071 al espafiol de un documento escrito en inglés, efectuada por
Jaime Armmando Garavito Burgos, c.c. N°® 19.130.702 de Bogota, Traductor e Intérprete Oficial
_inglés-espaniol-inglés seglin Resolucién N° 034 de enero 11 de 1983 expedida por gl Ministerio de
Justicia de la Replblica de Colombia

CERTIFICACION NOTARIAL

Texto en inglés y en esparfiol mediante el cual el suscrito Notario certifica el 30 de
mayo de 2007 la existencia legal de la sociedad BRISTOL-MYERS SQUIBB
COMPANY asi como las funciones y firma de su representante autorizado
Anastasia P. Winslow, Senior Patent Counsel (Abogado de Patentes Senior) para
lo cual se basd en los documentos relacionados en inglés en el punto 6 de la
certificacion los cuales se traducen aqui al espafiol, a saber:

Certificacidn suscrita por el Vicepresidente Senior y el Asesor Legal de Bristol-
Myers Squibb Company el 7 de abril de 2007.

Certificado de Constitucion Enmendado y Replanteado de Bristol-Myers Squibb
Company fechado mayo 24, 2005.

[Firmado] SALLY B. HANSEN, Notario Pablico

[Sello-en tinta que dice: “SALLY B. HANSEN. Notario Pulblico de Nueva Jersey. Mi
comisidon vence el & de junio de 20107

[Aparece sello realzado]

La anterior es traduccion fiel y completa de ia cual se deja copia en esta oficina

para su confrontacién,

LG5

Jaime Armando Garavito Burgos

c.c. N° 19.130.702 de Bogota

Traductor e Intérprete Oficial segln Resolucién N° 034 de enero 11 de 1983
expedida por el Ministerio de Justicia

(8]
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APOSTILLE

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

COUNTRY: UNITED STATES OF AMERICA

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:

SALLY B HANSEN

ACTING IN THE CAPACITY OF:

NOTARY PUBLIC OF NEW JERSEY

BEARS THE SEAL/STAMP QOF:

SALLY B HANSEN, NQTARY

CERTIFIED

AT TRENTON, NEW JERSEY

THE 28TH DAY OF JUNE

2007

BY: Bradley Abelow, NEW JERSEY TREASURER

NO. A295716

SEAL/STAMP:

10. SIGNATURE
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POWER OF ATTORNEY

The undersigned.

BRISTOL-MYERS SQUIBR COMPANY
dommiciled in

Route 206 and Province Line Road, Princeton,
New Jersey 035434000 United States of America

declares that it hereby grants to

ALVARQO CORREA-ORDONEZ and/or
OLGA GEORGETTE OTERO nnd/or
RICARDPO METXE and/or
JUAN PABLO CONCHA
with domicile at Av. B2 No. 10 — 62, 6Th floor, of Bagots I,
C.. Colombia, 2 fall and sufficient power of attorney © obtain
the protection of my (our) industrial property and against the
unfair competition, for which purpose 1 (we) authorize the said
artorneys to represent me (us) before any aurhorities ot persons,
with or withowr jurisdiction, specially those administrative,
dminiztrative contentious and judicizl, as well ag before
Qbitmrion Court, in all matters concerning the following: a)
tasinmenr of patents, wrility models, induewial desipns,
integmated circuits, layour-designs and vegetal varieties; the
registration of trademarks, denominarions of origin, commercial
nanies, trade emblems, slogans and domain names; its renewal,
assignmnents, chenge of name or domicile, voluntary
cancellation; and the registration of licenses of use of the above
rights; b)Processes of protection to the consumer, nnfair
competition, oppositions, cancellations, nullity, precautionary
injunctions, infiingement, granting of licensex, writ mandamus,
the protection of trade secrets, and in general the civil, penal, an
admministrative processes relating to those rights. And that in all
the above matters they may subsdwte this Power of Attomey,
¢ompromise, conciliate, admit the facts of the case, desist,
cancel, Teceive, resign, and ratify acts dowe by representatives
without 2 power of attomey.

I hereby ratify all actions previonsly taken on behalf of this
company by the aforementioned attorneys with respect to the
mentioned marer,

Dong and subscribed in
@ 30
Sigoature of the person Issuing tie Power

@u ‘V N

Anastasia P. Winslow
Senior Patent Counsel

day of m d’byf 2007

RAISBECK

(B&M} BTA COL. #6048 2.004

Ralsteck, Lara, Rodriguer & Rueds
Av. 82 No, 10 ~ B2 8th Fioor
Bogoto, Colombia

NIT: 880.068,840-3
Tol: +57 1 834 1500
Fox: »B7 1 3786 2411
weww, bakeomet.com

PODER DE AROGADO
La abajo firmeda,
BRISTOL-MYERS SQUIBB COMPANY

domiciliada en

Ttonte 206 and Province Line Rozad, Princeton,
New Jerscy 08543-4000 Estados Unides de América

declama por el pregents que otorga a

ALVARO CORREA-ORDOREZ y/o

OLGA GEORGETYE OTEROD y/o

RICARDO METKE y/o

JUAN PABLO CONCHA
con domicilio en la Av. 82 No. 10 « 62 Piso 6 en Bogoti D. C.,
Colombia, pedsar especial amplio vy suficiente, para obtener Ia
protsceion de o (mestra) propiedad indusnial y conta la
compefencia desleal, a cuyo efexto zurorizo (amos) a los dichos
apoderados para que me (ries) representen ante cualesquiera
sutoridadss o personas, ejerzan o no jurisdiccién, especialmente
ante las del orden admmnistrative, contencioso-administrativo v
Jodicial, csl como los tribunzles de abhitramento, en todo lo
concernienic a los siguientes asuntos: a) Obtencién de patentes
de invencién, modelos de wutilidad, disefios industriales,
esquemas de tazado de circuitos integredos y veriedades
vegetales; ¢l registro de marcas, denominaciones de origen,
nombres cormexciales, ensefias, lemas comerciales y nombres de
dominio; §u renovacién, trespaso, cambio de nombre o
domicilio, cancelacién voluntaria; v el registro de licencias de
uso de esos devechos: b} Los procesos pare la proteceidn del
consumidor, competencia desleal, oposiciones, cancelaciones,
nulidades, medidas cautelares, infracciones, concesiom de
licenciag, la tutela, la proteccién de secretos induvstriales, y en
geneml procesos civiles, penales, administrativos relacionados
con estos derechos. Y pars que en fodos los asumtos arriba
determinndos, pusdan sustituir ¢ste mapdato, wansigir, conciliag,
admitir los hechos del caso, deristit, sancelar, recibir, renunciar,
v ratificar los actos de agentes oficiosos.

Iguaimente, ratifico todo lo actuado hasta ¢l momento en los
mismos asunfos, por cualquiera de los mencionados apoderados
en répregentacion de £ste sociedad.

Dado y firmado en.

Alos 30 dies de] mes de de 2007

mayo

Firma de la persoca que firma el Poder

!

o OTARIO 38 DE BOGOTA pre +
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NOTARIAL CERTIFICATION

On this 3 o day of /37

2007 , the undersigned Wotary
CERTIFIES
1. That Name of the person jssulng the power

. Anastasia P. Winslow
of legal age and domiciled in
Princeton, NJ USA
Ad’dress, city, state, country

sct his hand on the foregoing document,

2. That the grentor is to me personally Jonown and that hefshe has
legal capacity to exegule the instrument,

3. That the grantor has executed ths forepoing document as

Senior Patent Counsel
Pogsition of the person fssuing the Power

the judicial person BRISTOL-MYERS SQUIBR

COMPANY
4." That the judicial person ~ BRISTOL~-MYERS SQUIBB
COMPANY

having itz home office in

Route 206 nnd Provinee Line Road, Princeton,
New Jersey 08543-4000 United Stares of Amerjca

is duly organized, has present legal exisience and that the
purposes for which the power of attorncy is granted are within
the scope of its corporate purposes.

5. Thot the grantor has in fact the referred to authority and thar
hissher representation iv legal.

6, That I have based certifications 3, 4 and 5 ohove on the
following zuthentic documents for such purpoge exhibited 1o me
apd which T mention specifically, giving their dates and their

igin or sonrce:

ease fudlcate here the documents such as the arficles of
neorporation, by Jaws or resoluttan from the Boavd of
Directors and their dates, on which the notary rolled to
grant the certification)

~ Certification executed by Sr. Vice President

and General Counsel of Bristol-Myers Squibb Company

on April 7, 2007

- Amended and Restated Certificate of Incorporation

(B&M) BTA COL.

#6649 P.DOB

&1

CERTTFICACION NOTARIAL

A los 30 digs del mes de mayo

de 2007 | ¢! suserito Notario

DA FE
1 Que Anastasia P. Winslow

mayor y domiciliado en  Princeton , NJ
Estados Unidos de América

suscribié de su puile ¥ letra €] documento que antecede.

2. Que conozco 2l otorpante y que éste Tiene capacidad legal
para <l otorgemicnto,

3 Que ¢l otorgante ba suscrito el referidn docimento en su
cardcter de

Abogados de Patentes Senior
de 1a persona juridica  BRISTOL~-MYERS SQUIBB
COMPANY

4 Que la persona juridica EBRISTOL-MYERS SQUIBB

COMPANY

con gede en.

Route 206 and Province Line Road, Princeton,
New Jerscy 08543-4000 Estados Unidos de Amérlea

esti legalments constitiida, que tiene existencia lepal
actral ¥ que el scto psra ¢l cusl se otorga ¢l poder estd
carprendide entre los que constituyen su objeto social.

5  Que el otorgante tiene efectivamente la representacién que
ostonta y que £sta s legitima. '

6, Que he basado las certificaciones 3, 4 y § anterjores en los
siguientes  docanmentos muténticos que al efecto @s me
¢xhibieron ¥ gue menciono especificamente con expresién
de sus fechas y de su origen o procedencia:

- Cettificacidn suscrita por el Vicepresidente

Senior y el Asesor Legal de Bristol-Myers

Squibb Company el 7 de abril de 2007.

~ Certificado de Constitucifn Enmendado y

Replanteado de Bristol-Myers Squibb

Company fechado el 4 de mayo de 2005.

of Bristol-Mrers Squibb Company dated May 24, 2005

K/ QY %MM
T AT BANSEN

Notary Pubiic of New Jerscy
My Commloslon’ :

v

DPIA DF opes
E ORYGH
| ok s 1.
il RESPECIIVG |5
mtum

El Notario Piblico
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Industria v-Comercio A SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

LT
PATENTE DE INVENCION [ | MODELO DE UTIL  Fecta: 2%&%1\(5“57:2;'0%22953300gm.NUEVASCR

Eve: 37
Act. 411 PRESENTACION Follog. g‘QSSENACIONAU

T e e —
e

Indicacién gue se solicita una patenta. -
Datos de identificacidn del solicitante o de la persona que presenta la solicitud
Descripcién de la invencion

Dibujos de ser estos pertinentes

ENEEE

Comprobante de pago de las tasas establecidas (De ser el caso formato de descuento)

Completa D incompileta [:I

PATENTE EVWENCION PCT [ﬁDELO DE UTILIDAD PCT I___l Art.33 Decision 486/00, Circular Unica

IZ[ ‘ndicacién que se solicita una PCT

Copia de la soticitud en espaiiol, tal como fue presentada inicialmente (capitulo descripfivo,
reivindicatorio, resumen)
I___‘ Dibujos de ser estos pertinentes

Comprobante de pago de las tasas establecidas (de ser el caso formato de descuento)

Complata E] Incompleta [:’

DISENO INDUSTRIAL I:l (Art. 119 Decision 486/00)
D Indicacion que se solicita Disefio industrial
D Datos de identificacion del solicitante o de la persona que presenta la solicitud
D Representacion grafica y fotografica del Disefio industrial o muestra del material que incorpora el
disefio
EI Comprobante de pago de las tasas establecidas
Completa I:I incompleta l:]
ESQUEMA DE TRAZADO | | (Art. 92 Decision 486/00)

Indicacién qde se solicita un esquema de trazado
Datos de identificacion del solicitante o de ta persona que presenta la solicitud
Representacion grafica de un esquema de trazado

Comprohante de pago de ias tasas establecidas

Completa I:l incompleta D

O OO
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