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CONFORMATIONALLY RESTRICTED BIPHENYL DERIVATIVES
FOR USE AS HEPATITIS C VIRUS INHIBITORS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Serial No.
61/028,266 filed February 13, 2008.

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 NS3A protein.

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

Presently, the most effective HCV therapy employs a combination of alpha-
interferon and ribavirin, leading to sustained efficacy in 40% of patients. Recent
clinical results demonstrate that pegylated alpha-interferon is superior to unmodified
alpha-interferon as monotherapy. However, even with experimental therapeutic
regimens involving combinations of pegylated alpha-interferon and ribavirin, a
substantial fraction of patients do not have a sustained reduction in viral load. Thus,
there is a clear and long-felt need to develop effective therapeutics for treatment of
HCYV infection.

HCV is a positive-stranded RNA virus. Based on a comparison of the
deduced amino acid sequence and the extensive similarity in the 5° untranslated
region, HCV 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. At least six major genotypes have been
characterized, and more than 50 subtypes have been described. The major genotypes
of HCV differ in their distribution worldwide, and the clinical significance of the
genetic heterogeneity of HCV remains elusive despite numerous studies of the

possible effect of genotypes on pathogenesis and therapy.
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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)

5 proteins. In the case of HCV, the generation of mature non-structural proteins (NS2,
NS3, NS4A, NS4B, NSSA, and NS5B) is effected by two viral proteases. The first
one is believed to be a metalloprotease 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 fncdiates all the subsequent cleavages

10 downstream of NS3, both in cis, at the NS3-NS4A cleavage site, and in trans, for the
remaining NS4A-NS4B, NS4B-NSSA, NS5A-NS5B sites. The NS4A protein
appears to serve multiple functions, acting as a cofactor for the NS3 protease and
possibly assisting in the membrane localization of NS3 and other viral replicase
components. The complex formation of the NS3 protein with NS4A seems necessary

15 to the processing events, enhancing the proteolytic efficiency at all of the sites. The
NS3 protein also exhibits nucleoside triphosphatase and RNA helicase activities.
NS3B (also referred to herein as HCV polymerase) is a RNA-dependent RNA
polymerase that is involved in the replication of HCV.

Compounds useful for treating HCV-infected patients are desired which

20 selectively inhibit HCV viral replication. In particular, compounds which are
effective to inhibit the function of the NSSA protein are desired. The HCV NSSA
protein is described, for example, in Tan, S.-L., Katzel, M.G. Virology 2001, 284, 1-
12; and in Park, K.-J.; Choi, S.-H, J. Biological Chemistry 2003.

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

R R?' R2 R?
Y/ \7 %,
RY R
25 (R1)u' (R1)u
@,

or a pharmaceutically acceptable salt thereof, wherein
uand u’ are independently 0, 1, 2, or 3;

D and E are each five-membered aromatic rings containing one, two, or three
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heteroatoms independently selected from nitrogen, oxygen, and sulfur;

each R' and R' is independently selected from alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl,
hydroxy, hydroxyalkyl, -NR‘R®, (NR*R")alkyl, and (NR*R®)carbonyl;

R? and R?, together with the carbon atoms to which they are attached, form a
five- to cight-membered unsaturated ring optionally containing one or two
heteroatoms independently selected from nitrogen, oxygen, and sulfur; wherein the
five- to eight-membered unsaturated ring is optionally substituted with one, two, or
three substituents independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkyl, alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloalkoxy,
haloalkyl, hydroxy, hydroxyalkyl, -NR°R®, (NR*R)alkyl, (NR*R®)carbonyl, oxo, and
spirocycle;

R’ and R are each independently sclected from hydrogen, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, arylalkoxycarbonyl, carboxy, halealkyl,
heterocyclylalkyl, hydroxyalkyl, (NR*R®)carbonyl, and trialkylsilylalkoxyalkyl;

R* and R* are each independently selected from

5
J{;*(/R ) N/\“\ (R%) 6 J‘)"< R
i, g
m : m

each m is independently @, 1, or 2;

7 .
: and R ; wherein

cach o 1s independently 1, 2, or 3;

each s is independently 0, 1, 2, 3, or 4;

each X is independently selected from O, S, $(0), SO,, CH,, CHR?®, and
C(R’)y; provided that when n is 0, X is selected from CH,, CHR®, and C(R%);;

each R’ is independently selected from alkoxy, alkyl, aryl, halo, haloalkyl,
hydroxy, and -NRR®, wherein the alkyl can optionally form a fused three- to six-
membered ring with an adjacent carbon atom, wherein the three- to six-membered
ring is optionally substituted with one or two alkyl groups;

each R® is independently selected from hydrogen and R'°-C(0)-, and
R'*-C(S)-;

R’ is sclected from hydrogen and alkyl;

R® and R’ are cach independently selected from hydrogen, alkenyl,

000016
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alkoxyalkyl, alkyl, haloalkyl, and (N R“Rb)a]kyl; or,

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

5 each R'® is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonylalkyl, aryl, arylalkenyl, arylalkoxy,
arylalkyl, aryloxyalkyl, cycloalkyl, (cycloalkyl)alkenyl, (cycloalkyl)alkyl,
cycloalkyloxyalkyl, haloalkyl, heterocyclyl, heterocyclylalkenyl, heterocyclylalkoxy,
heterocyclylalkyl, heteracyclyloxyalky!l, hydroxyalkyl, -NR°R?, (NR°R%alkenyl,

10 (NR'R%Yalkyl, and (NR°R%)carbonyl.

In a first embodiment of the first aspect the present disclosure provides a
compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein R*
and R" are each

A

NN

)“‘/(Rf')s

RG‘NQX
m

15 In a second embodiment of the first aspect each m is 1. In a third
embodiment of the first aspect each X is CH,.
In a third embodiment of the first aspect aspect the present disclosure
provides a compound of Formula (1), or a pharmaceutically acceptable salt thercof,
wherein R* and R* are each

]

N

. N)“‘./ms)s
R~ X
VA

20 ; and

wherein s 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 R*
and R* are each
o~
o- N@—;(Rs)s

25 m ; and

wherein each R® is R'-C(0)-. In a fifth embodiment of the first aspect cach R'® is
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independently selected from arylalkyl, (cycloalkylalkyl, and (NR°R%alkyl.

In a sixth embodiment of the first aspect the present disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein u
and u’ are each 0.

In a seventh embodiment of the first aspect the present disclosure provides a
compound of Formula (1}, or a pharmaceutically acceptable salt thercof, wherein
wherein R* and R* are each hydrogen.

In an eight embodiment of the first aspect the present disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein R?
and R, together with the atoms to which they are attached, form a five-membered
ring optionally containing an oxygen or nitrogen atom, wherein said ring is optionally
substituted with one or two substituents independently selected from alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkyl, alkylsulfonyl, aryl, arylalkyl, arylsulfonyl,
carboxy, formyl, halo, haloalkoxy, haloalkyl, hydroxy, hydroxyalkyl, -NR*R®,
(NR*RP)aikyl, (NR*R)carbonyl, and oxo.

In a ninth embodiment of the first aspect the present disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein R?
and R”', together with the atoms to which they are attached, form a seven-membered
ring containing a heteroatom selected from oxygen and nitrogen, wherein said ring is
optionally substituted with one, two, or three substituents independently selected
from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, alkylsulfonyl, aryl, arylalkyl,
arylsulfonyl, carboxy, formyl, halo, haloalkoxy, haloalkyl, hydroxy, hydroxyalkyl, -
NR°R®, (NR*R")alkyl, (NR*R®)carbonyl, and oxo.

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

(I

(N:H,NH A~ 8~ HN\(DN\
Ré N| \/)\\/j>—® N R
N 7/ N\ _/
an;
or a pharmaceutically acceptable salt thereof, wherein
A is absent or CR''R'%;
G is selected from CR''R'"?, O, and NR*;
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J is absent or CR''R'?;

R’ and R* are each independently selected from hydrogen and R'-C(0)-;

each R'? is independently selected arylalkyl, (cycloalkylalkyl, and
(NR°R%Yalkyl;

5 cach R'' and R'? are independently selected from hydrogen, alkyl, and -

NR°R®; or

R'"' and R"? together form an oxo group; or

R'' and R"?, together with the carbon atom to which they are attached, form a
three- to eight-membered spirocycle; and

10 each R" is independently selected from hydrogen, alkoxyalkyl, alkyl, and
arylsuifonyl.

In a third aspect the present disclosure provides a composition comprising a
compound of Formula (T), or a pharmaceutically acceptable salt thercof, and a
pharmaceutically acceptable carrier. In a first embodiment of the third aspect the

15 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
compounds is an interferon or a ribavirin. In a third embodiment of the third aspect
the interferon is selected from interferon alpha 2B, pegylated interferon alpha,
consensus interferon, interferon alpha 2A; and lymphoblastiod interferon tau.

20 In a fourth embodiment of the third aspect the present disclosure provides a
composition comprising a compound of Formula (T), or a pharmaceutically
acceptable salt thereof, a pharmaceutically acceptable carrier, and one or two
additional compounds having anti-HCV activity, wherein at least one of the
additional compounds is selected from interleukin 2, interleukin 6, interleukin 12, a

25 compound that enhances the development of a type 1 helper T cell response,
interfering RNA, anti-sensc RNA, Imiqimod, 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

30 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 inhibit the function of a target selected from

HCV metalloprotease, HCV serine protease, HCV polymerase, HCV helicase, HCV
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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
HCV infection in a patient, comprising administering to the patient a therapeutically
effective amount of 2 compound of Formula (1), or a pharmaceutically acceptable salt
thercof. In a first embodiment of the fouth aspect the method further comprises
administering one or two additional compounds having anti-HCV activity prior to,
after or simultancously with the compound of Formula (T), or the pharmaceutica]l_y
acceptable salt thercof. 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 interferon is selected from interferon alpha 2B, pegylated interferon
alpha, consensus interferon, interferon alpha 2A, and lymphoblastiod interferon tau.
IMPDH for the treatment of an HCV infection.

In a fourth 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 t.wo additional compounds having
anti-HCV activity prior to, after or simultaneously with the compound of Formula (1),
or the 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 | helper T cell response, interfering RNA,
anti-sense RNA, Imiqimod, 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 (1), 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 (1),
or the pharmaceutically acceptable salt thereof, wherein at least one of the additional
compounds iseffective 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 NS3A protein, and IMPDH

for the treatment of an HCV infection.
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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. In some instances it
may be necessary to remove a hydrogen atom in order accommodate a substitutent at
any given location,

It should be understood that the compounds encompassed by the present
disclosure are those that arc suitably stable for use as pharmaceutical agent.

It is intended that the definition of any substituent or variable (e.g., R', R, R,
R®, etc.) at a particular location in a molecule be independent of its definitions
elsewhere in that molecule. For example, when u is 2, each of the two R' groups
may be the same or different.

All patents, patent applications, and literature references cited in the
specification are hercin incorporated by reference in their entirety. In the case of
inconsistencies, the present disclosure, including definitions, will prevail.

As used in the present specification, the following terms have the meanings
indicated:

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

Unless stated otherwise, all aryl, cycloalkyl, and heterocyclyl groups of the
present disclosure may be substituted as described in each of their respective
definitions. For example, the aryl part of an arylalkyl group may be substituted as
described in the definition of the term ‘aryl’.

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

The term “alkenyloxy,” as used herein, refers to an alkeny| group attached to
the parent molecular moiety through an oxygen atom,

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

attached to the parent molecular moiety through a carbonyl group.
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The term “alkoxy,” as used herein, refers to an alky! group attached to the
parent molecular moiety through an oxygen atom.

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

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

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

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

The term “alkyl,” as used herein, refers to a group derived from a straight or
branched chain saturated hydrocarbon containing from one to six carbon atoms. In
the compounds of the present disclosure, whenmis 1 or 2; X is CHR?, and R® is
alkyl, cach alkyl can optionally form a fused three- to six-membered ring with an

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

(R%%),,

B .

(H\S")w
(RO a1y J S f
(R¥)s1) ~I_ \ ) . -
A (s:1)
'y or

Fl¥6 ’ RO R6 .
where zis 1,2, 3, 0r4, wis 0, 1, or 2, and R* is alkyl. When w is 2, the two R
alkyl groups may be the same or different.

The term “alkylcarbonyl,” as used herein, refers to an alky! group attached to
the parent molecular moicty through a carbonyl group.

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

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

The term “alkylene,” as used herein, refers to a divalent group derived from a
straight or branched chain saturated hydrocarbon containing from one to six carbon

atoms.
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The term “alkylsulfanyl,” as used herein, refers to an alkyl group attached to
the parent molecular moiety through a sulfur atom,

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

The term “aryl,” as used hercin, refers to a phenyl group, or a bicyclic fused
ring system wherein one or both of the rings is a phenyl group. Bicyclic fusled 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 molecular moiety through any substitutable carbon atom in the group.
Representative examples of aryl groups include, but are not limited to, indanyl,
indenyl, naphthyl, phenyl, and tetrahydronaphthyl. The aryl groups of the present
disclosure are optionally substituted with one, two, three, four, or five substituents
independently setected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
alkylcarbonyl, a second aryl group, arylalkoxy, arylalkyl, arylcarbonyl, cyano, halo,
haloalkoxy, haloalkyl, heterocyclyl, heterocyclylalkyl, heterocyclylcarbonyl,
hydroxy, hydroxyalkyl, nitro, -NR*RY, (NR*RMalkyl, oxo, and -P(O)OR,, wherein
cach R is independently sclected 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 selected from alkoxy, alkyl, cyano, halo, haloalkoxy,
haloalkyl, and nitro.

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

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

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

The term “arylalkoxyalkylcarbonyl,” as used herein, refers to an

“arylalkoxyalkyl group attached to the parent molecular moiety through a carbonyl

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

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, heterocyclyl, hydroxy, and -NR°R¢,
wherein the heterocyclyl is further optionally substitued with one or two substituents
independently selected from alkoxy, alkyl, unsubstituted aryl, unsubstituted
arylalkoxy, unsubstituted arylalkoxycarbonyl, halo, haloalkoxy, haloalkyl, hydroxy,
and -NR*R”. -

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

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

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

The term “aryloxyalkyl,” as used herein, refers to an alkyl group substituted

- with one, two, or three aryloxy groups.

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

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

“parent molecular moiety through a sulfonyl group.

The terms “Cap” and “cap” as used herein, refer to the group which is placed
on the nitrogen atom of the terminal nitrogen-containing ring, i.e., the pyrrolidine
rings of the compound of Formula (I}. It should be understood that “Cap” or “cap”
can refer to the reagent used to append the group to the terminal nitrogen-containing
ring or to the fragment in the final product, i.e., “Cap-51” or “The Cap-51 fragment
found in Example 5”.

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

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

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

The term “cycloalkyl,” as used herein, refers to a saturated monocyclic,

hydrocarbon ring system having three to seven carbon atoms and zero heteroatoms.
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Representative examples of cycloalkyl groups include, but are not limited to,
cyclopropyl, 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,

s heterocyclyl, hydroxy, hydroxyalkyl, nitro, and -NR*R?, wherein the aryl and the
heterocyclyl are futher optionally substituted with one, two, or threc substituents
independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl,
hydroxy, and nitro.

The term “(cycloalkyl)alkenyl,” as used herein, refers to an alkenyl group

10 substituted with one, two, or three cycloalkyl groups.

The term “(cycloalkylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three cycloalkyl groups. The alkyl part of the
(cycloalkylalkyl is further optionally substituted with one or two groups
independently selected from hydroxy and -NR°R®.

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

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

The term “cycloalkylsulfonyl,” as used herein, refers to a cycloalkyl group

20 attached to the parent molecular moiety through a sulfonyl group.

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

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

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

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

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

The term “heterocyclyl,” as used herein, refers to a four-, five-, six-, or seven-

30 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 ring has zero to two double bonds, and the six- and seven-

membered rings have zero to three double bonds. The term “heterocyclyl” also
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includes bicyclic groups in which the heterocyclyl ring is fused to another
monocyclic heterocyclyl group, or a four- to six-membered aromatic or non-arormatic
carbocyclic ring; as well as bridged bicyclic groups such as 7-azabicyclo[2.2.1Thept-
7-yl, 2-azabicyclo[2.2.2]oc-2-tyl, and 2-azabicyclo[2.2.2]oc-3-tyl. The heterocyclyl
s 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 heterocyclyl
groups include, but are not limited to, benzothienyl, furyl, imidazolyl, indolinyl,
indolyl, isothiazolyl, isoxazolyl, morpholinyl, oxazolyl, piperazinyl, piperidinyl,
pyrazolyl, pyridinyl, pyrrolidinyl, pyrrolopyridinyl, pyrrolyl, thiazolyl, thienyl,

10 thiomorpholinyl, 7-azabicyclo[2.2.1]hept-7-yl, 2-azabicyclo[2.2.2]oc-2-tyl, and 2-
azabicyclo[2.2.2]oc-3-tyl. The heterocyclyl groups of the present disclosure are
optionally substituted with one, two, three, four, or five substituents independently
selected from alkoxy, alkoxvalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, aryl,
arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a second heterocyclyl

15 group, heterocyclylalkyl, heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -
NR*R?, (NR*R¥)alkyl, and oxo, wherein the alky] 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

20 substituted with one, two, or three substituents independently selected from alkoxy,
alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro.

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

The term “heterocyclylalkoxy,” as used herein, refers to a heterocyclyl group

25 attached to the parent molecular moiety through an alkoxy group.

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

The term “heterocyclylalkyl,” as used herein, refers to an alkyl group

30 substituted with one, two, or three heterocycly! groups. The alkyl part of the
heterocyclylalkyl is further optionally substituted with one or two additional groups
independently selected from alkoxy, alkylcarbonyloxy, aryl, halo, haloaikoxy,
haloalkyl, hydroxy, and -NR°R®, wherein the aryl is further optionally substitued with
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one or two substituents independently selected from alkoxy, alkyl, unsubstituted aryl,
unsubstitued arylalkoxy, unsubstituted arylalkoxycarbonyl, halo, haloalkoxy,
haloalkyl, hydroxy, and -NR*R”.

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

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

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

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

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

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

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

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

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

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

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

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

The term “-NRRY,” 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, alkenyloxycafbonyl, alkoxyalkylcarbonyl,
alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, cycloalkyl,
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cycloalkylsulfonyl, formyl, haloalkoxycarbonyl, heterocyclyl,
heterocyclylalkoxycarbonyl, heterocyclylalkyl, heterocyclylalkylcarbonyi,
heterocyclylcarbonyl, heterocyciyloxycarbonyl, hydroxyalkylcarbonyl, (N Rch)alkyl,
(NR°RHalkylcarbonyl, (NR°R carbonyl, (NR*RNsulfonyl, -C(NCN)OR", and -
C(NCN)NR'R’, wherein R’ is sclected 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 -NRR®
group; and wherein the aryl, the aryl part of the arylalkoxycarbonyl, the arylalkyl, the
arylalkylcarbonyl, the arylcarbonyl, the aryloxycarbonyl, and the arylsulfonyl, the
heterocyclyl, and the heterocyclyl part of the heterocyclylalkoxycarbonyl, the
heterocyclylalkyl, the heterocyclylalkylcarbonyl, the heterocyclylcarbonyl, and the
heterocyclyloxycarbony!l arc further optionally substituted with one, two, or three
substituents independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy,
haloalkyl, and nitro.

The term “(NR°R%alkenyl,” as used herein, refers 1o an alkenyl group
substituted with one, two, or three -NR°R? groups.

The term “(NR°R%)alkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three -NR°R? groups. The alkyl part of the (NR°R%)alkyl is further
optionally substituted with one or two additional groups selected from alkoxy,
alkoxyalkylcarbonyl, alkoxycarbonyl, alkylsulfanyl, arylalkoxyalkylcarbonyl,
carboxy, heterocyclyl, heterocyclylcarbonyl, hydroxy, and (NR*R"carbonyl; wherein
the heterocyclyl is further optionally substituted with one, two, three, four, or five
substituents independently selected from alkoxy, alkyl, cyano, halo, halealkoxy,
haloalkyl, and nitro.

The term “(NR°R®)carbonyl,” as used herein, refers to an -NRR? group
attached to the parent molecular moicty through a carbonyl group.

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

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

with one, two, or three -NR°R groups.



000029

WO 2009/102568 PCT/US2009/032830

10

12
L

16

The term “(NR°RDalkylcarbonyl,” as used herein, refers to an (NR*RDalky!
group attached to the parent molecular moiety through a carbonyl group.

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

The term “(NR°Rsulfonyl,” as used herein, refers 1o an -NR°R” group
attached to the parent molecular moiety through a sulfonyl group.

The term “-NR*R”,” as used herein, refers to two groups, R* and R”, which
are attached to the parent molecular moiety through a nitrogen atom. R* and RY are
independently selected from hydrogen, alkoxycarbonyl, alkyl, alkylcarbonyl,
unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl,
unsubstituted cycloalkyl, unsubstituted heterocyelyl, and (NR*RY )ecarbonyl, wherein
R* and RY are independently selected from hydrogen and alkyl.

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

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

The term “o0x0,” as used herein, refers to =0.

The term “spirocyclyl,” as used herein, refers to an alkylene diradical, cach
end of which is attached to the same carbon atom of the parent molecular moiety
forming a bicyclic moiety.

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

The term “trialkylsilyl,” as used herein, refers to -SiRs, wherein R is alkyl.
The R groups may be the same or different,

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

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

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

Asymmetric centers exist in the compounds of the present disclosure. These
centers are designated by the symbols “R” or “S”, depending on the configuration of
substituents around the chiral carbon atom. It should be understood that the

disclosure encompasses all stereochemical isomeric forms, or mixtures thereof,
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which possess the ability to inhibit NS5A. Individual stereoisomers of compounds
can be prepared synthetically from commercially available starting materials which
contain chiral centers or by preparation of mixtures of enantiomeric products
followed by separation such as conversion to a mixture of diastereomers followed by
separation or recrystallization, chromatographic techniques, or direct separation of
enantiomers on chiral chromatographic columns. Starting compounds of particular
stereochemistry are either commercially available or can be made and resolved by
techniques known in the art. |

Certain compounds of the present disclosure may also cxist 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 (), and pharmaceutically acceptable
enantiomers, diastereomers, and salts thereof. Similarly, references to intermediates
are meant to embrace their salts where the context so permits.

The compounds of the present disclosure can exist as pharmaceutically
acceptable salts. The term “pharmaceutically acceptable salt,” as used herein,
represents salts or zwitterionic forms of the compounds of the present disclosure
which are water or oil-soluble or dispersible, which are, within the scope of sound
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 reasonablie benefit/risk ratio, and are effective for their intended
usc The salts can be preparcd during the final isolation and purification of the
compounds or separately by reacting a suitable nitrogen 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,

methanesulfonate, naphthylenesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate,
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palmoate, pectinate, persulfate, 3-phenylproprionate, picrate, pivalate, propionate,
succinate, tartrate, trichloroacetate, trifluoroacetate, phosphate, glutamate,
bicarbonate, para-toluenesulfonate, and undecanoate. Examples of acids which can
be employed to form pharmaceutically acceptable addition salts include inorganic

acids such as hydrochloric, hydrobromic, sulfuric, and phospheric, and organic acids

w

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

10 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, tetragthylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, diethylamine, ethylamine, tributylamine, pyridine,

15 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,
dicthanolamine, piperidine, and piperazine.

20 When it is possible that, for use in therapy, therapeutically effective amounts
of a compound of Formula (1), as well as pharmaccutically acceptable salts thereof,
may be administcred 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

25 amounts of compounds of Formula (I) or pharmaceutically acceptable salts thereof,
and one or more pharmaceutically acceptable carriers, diluents, or excipients. The
term “therapeutically effective amount,” as used herein, refers to the total amount of
each active component that is sufficicnt to show a meaningful patient benefit, ¢.g., a
reduction in viral load. When applied to an individual active ingredient, administered

30 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
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described above. The carrier(s), diluent(s), or excipient(s) must be acceptable in the
sense of being compatible with the other ingredients of the formulation and not
deleterious to the recipient thereof. In accordance with another aspect of the present
disclosure there is also provided a process for the preparation of a pharmaceutical

formulation including admixing a compound of Formuia (I), or a pharmaceutically

th

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

10 tissues of patients without excessive toxicity, irritation, allergic response, or other
problem or complication commensurate with a reasonable benefit/risk ratio, and are
effective for their intended use.

Pharmaceutical formulations may be presented in unit dose forms containing

a predetermined amount of active ingredient per unit dose. Dosage levels of between

15 about 0.01 and about 250 milligram per kilogram ("mg/kg") body weight per day,
preferably between about 0.05 and about {00 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

20  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

[0S]
“Ln

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. Thereafter, the dosage is increased by small increments until the

30 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 cffects.

When the compositions of this disclosure comprise a combination of a
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compound of the present disclosure and one or more additional therapeutic or
prophylactic agent, both the compound and the additional agent arc usually present at
dosage levels of between about 10 to 150%, and more preferably between about 10
and 80% of the dosage normally administered in a monotherapy regimen.

3 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, intracutancous, intramuscular, intra-articular, intrasynovial,
intrasternal, intrathecal, intralesional, intravenous, or intradermal injections or

10 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
carrier(s) or excipicnt(s). Oral administration or administration by injection are
preferred.

Pharmaceutical formulations adapted for oral administration may be prescnted

15 as discrete units such as capsules or tablets; powders or granules; solutions or
suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in-
water liquid emulsions or water-in-oil emulsions.

For instance, for oral administration in the form of a tablet or capsule, the
active drug component can be combined with an oral, non-toxic pharmaceutically

20 acceptable inert carrier such as cthanol, glycerol, water, and the like. Powders are
prepared by comminuting the compound to a suitable fine size and mixing with a
similarly comminuted pharmaceutical carrier such as an edible carbohydrate, as, for
example, starch or mannitol. Flavoring, preservative, dispersing, and coloring agent
can also be present.

25 Capsules are made by preparing a powder mixture, as described above, and
filling formed gelatin sheaths. Glidants and lubricants such as colloidal silica, talc,
magnesium stearate, calcium stearate, or solid polyethylene glycol can be added to
the powder mixture before the filling operation. A disintegrating or solubilizing
agent such as agar-agar, calcium carbonate, or sodium carbonate can also be added to

30 improve the availability of the medicament when the capsule is ingested.

Morcover, when desired or nccessary, suitable binders, lubricants,
disintegrating agents, and coloring agents can also be incorporated into the mixture.

Suitable binders include starch, gelatin, natural sugars such as glucose or beta-
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lactose, corn swecteners, natural and synthetic gums such as acacia, tragacanth or
sodium alginate, carboxymethylcellulose, polyethylene glycol, and the like.
Lubricants used in these dosage forms include sodium oleate, sodium chloride, and
the like. 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 carboxymethylcellulose, an aliginate, gelating, or
polyvinyl pyrrolidone, a solution retardant such as paraffin, a resorption accelerator
such as a quaternary salt and/or and absorption agent such as betonite, kaolin, or
dicalcium phosphate. The powder mixture can be granulated by wetting with a
binder such as syrup, starch paste, acadia mucilage, or solutions of cellulosic or
polymeric materials and forcing through a screen. As an alternative to granulating,
the powder mixture can be run through the tablet machine and the result is
imperfectly formed slugs broken into granules. The granules can be lubricated to
prevent sticking to the tablet forming dies by means of the addition of stearic acid, a
stearate salt, talc, or mineral oil. The lubricated mixture is then compressed into
tablets. The compounds of the present disclosure can also be combined with a free
flowing incrt 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 thesc coatings to distinguish
different unit dosages.

Oral fluids such as solution, syrups, and elixirs can be prepared in dosage unit
form so that a given quantity contains a predetermined amount of the compound.
Syrups can be prepared by dissolving the compound in a suitably flavored aqueous
solution, while elixirs arc prepared through the use of a non-toxic vehicle.
Solubilizers and emulsifiers such as ethoxylated isostearyl alcohols and
polyoxyethylene sorbitol ethers, preservatives, flavor additive such as peppermint oil
or natural sweeteners, or saccharin or other artificial sweeteners, and the like can also
be added.

Where appropriate, dosage unit formulations for oral administration can be



000035

WO 2009/102568 PCT/US2009/032830

10

15

22

microencapsulated. The formulation can also be prepared to prolong or sustain the
release as for example by coating or embedding particulate material in polymers,
wax, or the like.

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 (I) 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 polyethylencoxidepolylysine substituted
with palitoyl residues. Furthermore, the compounds may bc 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 the recipient for a prolonged 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.

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,

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

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 acrosols, 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,
buffers, 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-dese 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. Extemporancous injection solutions and suspensions may be prepared
from sterile powders, granules, and tablets.

It should be understood that in addition to the ingredients particularly
mentioned above, the formulations may include other agents conventional in the art
having regard to the type of formulation in question, for example those suitable for
oral administration may include flavoring agents.

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

The term "treating” refers to: (1) preventing a disease, disorder or condition
from occurring in a patient that may be predisposed to the disease, disorder, and/or
condition but has not yet been diagnosed as having it; (ii) inhibiting the disease,
disorder, or condition, i.e., arresting its development; and (iii) relieving the disease,
disorder, or condition, i.e., causing regression of the disease, disorder, and/or
condition.

The compounds of the present disclosure can also be administered with a
cyclosporin, for example, cyclosporin A. Cyclosporin A has been shown to be active
against HCV in clinical trials (Hepatology 2003, 38, 1282; Biochem. Biophys. Res.
Commun. 2004, 313,42;J. Gastroenterol. 2003, 38, 567).
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Table 1 below lists some iilustrative 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

5 into a composition.
Table 1

Type of Inhibitor or | Source
Brand Name Physiological Class
Target Company

NIMS811 Cyclophilin Inhibitor | Novartis

Zadaxin Immunomodulator Sciclone

Suvus Methylene blue Bioenvision
Actilon (CPG10101) TLRY agonist Coley

Tularik Inc.,
Batabulin (T67) Anticancer B-tubulin inhibitor South San
Francisco, CA
1818
Pharmaceutical
s Inc, Carlsbad,
ISIS 14803 Antiviral antisense CA/Elan

Phamaceuticals
Inc., New York,
NY

Endo

Pharmaceutical

Summetrel Antiviral antiviral s Holdings Inc.,
Chadds Ford,
PA

Achillion /
Gilead

(GS-9132 (ACH-806) Antiviral HCV Inhibitor

Pyrazolopyrimidine
Artow
compounds and salts

From W(0-2005047288

26 May 2005

Antiviral HCYV Inhibitors Therapeutics
Led.

Ribapharm Inc.,

Levovirin Antiviral IMPDH inhibitor Costa Mesa,
CA
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Tvpe of Inhibitor or | Source
Brand Name Physiolagical Class
Target Company
Vertex
Pharmaceutical
Merimepodib o o
Antiviral IMPDH inhibitor s Inc.,
(VX-497) .
Cambridge,
MA
XTL
Biopharnaceuti
XTL-6865 (XTL-002) Antiviral monoclonal antibody
cals Ltd.,
Rehovot, Isreal
Vertex
Pharmaceutical
s Inc.,
Telaprevir NS3 serine prolease Cambridge,
Antiviral
(VX-950, LY-570310) inhibitor MA/ Eli Lilly
and Co. Inc.,
Indianapolis,
N
. NS5B Replicase Wyeth /
HCV-796 Antiviral }
Inhibitor Viropharma
NS5B Replicase Idenix /
NM-283 Antiviral
Inhibitor Novartis
NS5B Replicase Gene Labs /
GL-59728 Antiviral
Inhibitor Novarts
NS5B Replicase Gene Labs /|
GL-60667 Antiviral .
Inhibitor Novartis
NS5 Replicase
2°C MeA Antiviral Gilead
Inhibitor
NSSB Replicase
PSI 6130 Antiviral Roche
Inhibitor
. NS5B Replicase
R1626 Antiviral Roche
Inhibitor
. o NS5B Replicase
2°C Methyl adenosine Antiviral o Merck
Inhibitor
Japan Tobacco
JTK-003 Antiviral RdRp inhibitor Inc., Tokyo,

Japan




600039

WO 2009/102568 PCT/US2009/032830

26

Type of Inkibitor or | Source
Brand Name Physiological Class
Target Company

ICN

Pharmaceutical

Levovirin Antiviral ribavirin
5, Costa Mesa,

CA
Schering-
Plough

Ribavirin Aniiviral ribavirin .
Corporation,

Kenilworth, NJ

Ribapharm Inc.,
Viramidine Antiviral Ribavirin Prodrug Costa Mesa,
CA

Ribozyme

o Pharmaceutical
Heptazyme Antiviral ribozyme
s Inc., Boulder,
CO

Bochringer

Ingelheim
_ . sering proteasc
BILN-2061 Antiviral ) Pharma KG,
inhibitor
Ingelheim,

Germany

o serine protease Schering
SCH 503034 Antiviral
inhibitor Plough

SciCione

. Pharmaceutical
Zadazim Immune modulator Immune modulator
s Inc., San

Mateo, CA

Maxim

] Pharmaceutical
Ceplenc Immunomodulator immune modulator
s Inc., San

Diego, CA

F. Hoffmann-
HCV 1gG La Roche LTD,

CellCept Immunosuppressant |
mmmunosuppressant Basel,

Switzerland
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Brand Name

Physiological Class

Type of Inhibitor or
Target

Source

Company

Civacir

Immunosuppressant

HCV IgG

immunosuppressant

Nabi
Biopharmaceuti
cals Inc., Boca
Raton, FL

Albuferon -

Interferon

albumin IFN-¢2b

Human
Genome
Sciences Inc.,
Rockville, MD

Infergen A

Interferon

IFN alfacon-1

InterMune
Pharmaceutical
s Inc., Brisbane,

CA

Omega IFN

Interteron

IFN-@

Intarcia

Therapeutics

1IFN-f3 and EMZ701

Interferon

IFN-3 and EMZ701

Transition
Therapeutics
Inc., Ontario,

Canada

Rebif

Interferon

IFN-Bla

Serono,
Geneva,

Switzerland

Roferon A

Interferon

IFN-t2a

F. Hoffmann-
La Roche LTD,
Basel,

Switzerland

Intron A

Interteron

IFN-u2b

Schering-
Plough
Corporation,

Kenilworth, NJ

Intron A and Zadaxin

Interferon

IFN-a2b/c ] -thymosin

RegeneRx
Biopharmiceuti
cals Inc.,
Bethesda, MDY/
SciClone
Pharmaceutical
s Inc, San
Mateo, CA
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Tvpe of Inhibitor or | Source
Brand Name Physiological Cluss
Target Company
Schering-
o Plough
Rebetron Interleron IFN-e2b/ribavirin .
Corporation,
Kenilworth, NJ
. InterMune Inc.,
Actimmune Interferon INF-y
Brisbane, CA
Interferon-fB Interferon Interferon-B-la Serono
. Viragen/Valenti
Multiferon Interferon Long lasting IFN
§
- GlaxoSmithKli
lymphoblastoid IFN-
Wellferon Interferon , ne ple,
an
Uxbridge, UK
) Viragen Inc.,
Omniferon Interferon natural IFN-a
Plantation, FL
F. Hoffmann-
[.a Roche LTD,
Pegasys Interferon PEGylated IFN-c2a
Rasel,
Switzerland
Maxim
PEGylated IFN-a2a/ Pharmaceutical
Pegasys and Ceplene Interferon
immune modulator s Inc., San
Dicgo, CA
F. Hoftmann-
o PEGylated 1FN- La Roche LTD,
Pegasys and Ribavirin Interferon
aa/ribavirin Basel,
Switzerland
Schering-
N Plough
PEG-Intron Interferon PEGylated IFN-a2b
Corporation,
Kenilworth, NJ
Schering-
. o PEGylated IFN- Plough
PEG-Intron / Ribavirin Interferon )
a2b/ribavirin Corporation,

Kenilworth, NJ

000041
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Type of Inhibitor or | Source
Brand Name Physiological Class
Target Company
Indevus
. Pharmaceutical
1P-501 Liver protection antifibrotic
s Inc.,
Lexington, MA
Idun
. ) Pharmaceutical
IDN-6556 Liver protection caspase inhibitor
s Inc., San
Diego, CA
InterMune
serine prolease Pharmaceutical
ITMN-191 (R-7227) Antiviral )
inhibitor s Inc., Brisbane,
CA
o NS5B Replicase
GL-59728 Antiviral - Genelabs
Inhibitor
ANA-97] Antiviral TLR-7 agonist Anadys

The compounds of the present disclosure may also be used as laboratory
reagents. Compounds may be instrumental in providing research tools for designing
of viral replication assays, validation of animal assay systems and structural biology
studies to further enhance knowledge of the HCV disease mechanisms. Further, the
compounds of the present disclosure are useful in establishing or determining the
binding site of other antiviral compounds, for example, by competitive inhibition.

The compounds of this disclosure may also be used to treat or prevent viral
contamination of materials and therefore reduce the risk of viral infection of
laboratory or medical personnel or patients who come in contact with such materials,
e.g., blood, tissue, surgical instruments and garments, laboratory instruments and
garments, and blood collection or transfusion apparatuses and materials.

This disclosure is intended to encompass compounds having Formula (1)
when prepared by synthetic processes or by metabolic processes including those
occurring in the human or animal body (i 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: HATU for O-(7-
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azabenzotriazol-1-y1)-N,N,N’ N’-tetramethyluronium hexafluorophosphate; NH,;OAc
for ammonium acetate; Boc or BOC for tert-butoxycarbonyl; NBS for N-
bromosuccinimide; TFA for triflucroacetic acid; MeOH for methanol; DMSO for
dimethylsulfoxide; THF for tetrahydrofuran; RT for room temperature or retention
5 time (context will dictate); tg for retention time; DMAP for 4-

dimethylaminopyridine; EDCI for 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochleride; DEA for diethylamine; DBU for 1,8-diazabicyclo[5.4.0Jundec-7-ene;
t-BusP for tri-tert-butylphosphine; HMDS for hexamethyldisilazide; DMF for N,N-
dimethylformamide; EtOAc or EtOAC for ethy! acetate; Me,S for dimethylsulfide;

10 Et;N or TEA for triethylamine; LiIHMDS for lithium hexamethyldisilazide; DIBAL
for diisobutyl aluminum hydride; TBDMSCI for tert-butyldimethylsilyl chloride;
iPrOH for isopropyl alcohol; Cb z for carbobenzyloxy; iPr, EtN or DIPEA or DIEA
for diisopropylethylamine; BnBr for benzyl bromide; KOAc for potassium acctate;
CAN for ceric ammonium nitrate; SEM-CI for (trimethylsilylethoxymethyl chloride;

15 Me,NH for dimethylamine; TMS for trimethylsilyl; OAc for acetate; PPhs for
triphenylphosphine; Mel for methyl iodide; MeCN for acetonitrile; n-BuLi for n-
butyllithium; and TBDMSOTT for tert-butyldimethylsilyl triflate.

The compounds and processes of the present disclosure will be better

understood in connection with the following synthetic schemes which illustrate the

20 methods by which the compounds of the present disclosure may be prepared.
Starting materials can be obtained from commercial sources or prepared by well-
established literature methods known to those of ordinary skill in the art. It will be
readily apparent to one of ordinary skill iﬁ the art that the compounds defined above
can be synthesized by substitution of the appropriate reactants and agents in the

25 syntheses shown below. It will also be readily apparent to one skilled in the art that
the selective protection and deprotection steps, as well as the order of the steps
themselves, can be carried out in varying order, depending on the nature of the
variables to successfully complete the syntheses below, The variables are as defined
above unless otherwise noted below.

30
Scheme 1:

Dibromide / could be elaborated to boronate ester 2 and then coupled with

bromoimidazole 3 using standard Suzuki-Miayura coupling conditions (Journal of
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Organic Chemistry 1995, 60, 7508; Angew Chem. Int. Ed. Engl 2001, 40, 4544, or
variation thereof). It should be noted that the boronic acid analog of 2 may be used in
place of the ester, and that imidazole 3 could be employed as a mixture of
regioisomers, regarding the position of R*, and is inconsequential to the final
outcome of thé synthetic route. Deprotection of the pyrrolidine group of 4, in the
case where R' = t-butyl, could be accomplished by treatment with strong acid such
as HCI or trifluoroacetic acid. Acyiation of 5 can be accomplished under standard
acylation conditions. A coupling reagent such as HATU in combination with an
amine base such as Hunig’s base can be used in this regard. Alternatively, 5 may be

reacted with an isocyanate or a carbamoyl chloride to provide compounds of formula

6 where R'C is an amine. Pyrrolidine 5 can also be reacted with chloroformates to
afford 6 where R'® is an alcohol.

Intermediates 4 could also be prepared through an alternative route. The
coupling of bromide / with imidazole 7 under palladium assisted electophilic
aromatic substitution condition could afford 4 (Org. Let. 2003, 5, 4835). Alkylation
of keto-bromide 8 with appropriately substituted actd 9 could afford ketoester /0,
which could be cyclized into imidazole 7/ by reacting with NH4OAc in solvents such
as toluene, under thermal or microwave heating conditions. Conversion of 7/ to 5 is

accomplished in analogous fashion to the methods used to prepare 5 from 4.
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Scheme 2:

Pyrrolidine 5 can be converted to a separable mixture of amides /2 and 13,
using standard amide coupling conditions such as HATU with an amine base, such as
s Hunig’s base. By employing the same coupling conditions, either of the mono-
derivitized products (/2 or 13) could be converted to /4, where the R™ groups on the
two pyrrolidine moieties could be different or the same. In the event where the two

R'® groups of /4 are the same, it will be identical with 6.
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Compounds such as /8 (or its regioisomer 19) could be synthesized from
dibromide / by integrating the two imidazopyrrolidines 7 and /7 in a sequential
manner via a palladium assisted electrophilic aromatic substitution reaction. It is
apparent to one of ordinary skill in the art that monocoupled products /5 and /6
might need to be separated before proceeding to the sccond coupling step. Mono-
deprotection of the pyrrolidine moiety of /8 may be accomplished when the two R
groups are different. When one R™ =benzyl, and the other R'* = t-butyl treatment
with hydrogenolytic conditions produces 20. For example, Pd/C catalyst in the
presence of hydrogen gas and a basc such as potassium carbonate can be used.
Acylation of 20 can be accomplished under standard acylation conditions. A
coupling reagent such as HATU in combination with an amine base such as Hunig’s
base can be used in this regard. Alternatively, 20 may be reacted with an isocyanate,
carbamoyl chloride or a chloroformate to provide compounds of formula 2/ where
R'”is an amine or an alcohol. Further deprotection of 2/ can be accomplished by
treatment with strong acid such as HCI or trifluoroacetic acid. Standard conditions
analogous to those uscd to convert 20 to 2/can be used to prepare 23 from 22. In
another embodiment where cach R' = t-Bu, direct conversion of /8 to 24 can be
accomplished by treatment with strong acid such as HCI or trifluoroacetic acid.

Conversion of 24 to 23 is accomplished in analogous fashion to the methods used to
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prepare 23 from 22. In this instance, however, the caps in 23 will be identical. It is
apparent to one of ordinary skill in the art that compound 79 could also be claborated
under similar route as the one described for /8 to prepare the corresponding

regioisomeric final products.
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Scheme 4:

Compound 25 (25 = 6 (Scheme 1) wherein each R' is -CH(NHBoc)R'®) can

be converted to 26 via treatment with strong acid such as HCI or trifluoroacetic acid.
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Amine 26 could be acylated under coupling conditions such as HATU/Hunig’s base
to afford amide 274, Treatment of amine 26 with appropriate chloroformate,
isocyanate or carbamoyl chloride, or sulfonyl chloride affords compounds 275, 27¢

or 27d respectively.
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Scheme 5:

The starting materials required for the synthetic sequences depicted in
Schemes 1-4 could be prepared according to the following procedures. Key
intermediate 33 is prepared from keto-amide 36 or keto-ester 32 via heating with
ammonium acetaté under thermal or microwave conditions. Keto-amide 36 can be
prepared from 35 via condensation with an appropriate cyclic or acyclic amino acid
under standard amide formation conditions. Bromide 30 can be converted to 32 by
reacting with an appropriate cyclic or acyclic N-pfotected amino acid in the presence
of base such as Hunig’s base. Bromination of 33 (or its alkoxy methyl protected
derivative 7) with a source of bromonium ion, such as bromine or NBS, results in the
formation of 3. A special case of imidazole 33 (where R® = H) can be prepared from
appropriately substituted N-protected amino acids by reacting with glyoxal in a

methanolic solution of ammonium hydroxide.
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Scheme 6:

Substituted phenylglycine derivatives can be prepared by 4 number of
methods exemplified 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 triflucroacetic acid. Altcrnatively,
phenylglycine can be alkylated with an alkyl halide such as ethyl iodide and a base
such as sodium bicarbonate or potassium carbonate (pathway B). Pathway C
illustrates reductive alkylation of phenylglycine as in pathway A followed by a
sccond reductive alkylation with an alternate aldehyde such as formaldehyde in the
presence of a reducing agent and acid. Pathway D illustrates the synthesis of
substituted phenylglycines via the corresponding mandclic acid analogs. Conversion
of the secondary alcohol to a competent leaving group can be accomplished with p-
toluensulfonyl chloride. Displacement of the tosylate group with an appropriate
amine followed by reductive 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 (+)-I-phenylethanol, (-)-1-phenylethanol, an Evan’s
oxazolidinone, or enantiomerically pure pantolactone. Separation of the
diastereomers is accomplished via chromatography (silica gel, HPLC, crystallization,
etc) followed by removal of the chiral auxiliary providing enantiomerically pure
phenylglycine derivatives. Pathway H illustrates a synthetic sequence which

intersects with pathway E wherein the aforementioned chiral auxiliary is installed
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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 CBry. The resultant benzylic bromide can be displaced with a variety of mono- or
di-substituted 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 HCI 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.
It should be understood that other well known methods to prepare phenylglycine
dertvatives 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
using for example chiral column. It is apparent to one of ordinary skill in the art the
approaches described for the synthesis of aromatic glycine derivatives is equally

applicable to the synthesis glycine derivatives containing non-aromatic group at C-2.

NH R
2 o NH; oH R¥CHO NH
Y Y N
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o, N R = R R o
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Scheme 7:

In another embodiment of the present disclosure, acylated glycine derivatives
may be prepared as illustrated below. Glycine 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 tricthylamine to provide the corresponding amides
(pathway A). Pathway B illustrates the acylation of the starting glycine derivative
with an appropriate chloroformate while pathway C shows reaction with an
appropriate isocyanate or carbamoyl chloride. Each of the threc intermediates shown
in pathways A — C may be deprotected by methods known by those skilled in the art

(i.e., treatment of the t-butyl ester with strong base such as HCI or trifluoroacetic
acid).
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Scheme 8

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

chloromethylphenylacetic acid with an excess of an amine.
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Compound analysis conditions

000052

PCT/US2009/032830

Purity assessment and low resolution mass analysis were conducted on a

Shimadzu LC system coupled with Waters Micromass ZQ MS system. It should be

noted that retention times may vary slightly between machines, The L.C conditions

employed in determining the retention time (RT) were;

Condition 1

Column * = Phenomenex-Luna 3.0X 50 mm S10
Start %8B =0

Final %B =100

Gradient time =2 min

Stop time =3 min

Flow Rate =4 mL/min

Wavelength =220 1nm

Slovent A =0.1% TFA in 10% methanol/90%H,0
Solvent B =(.1% TFA in 90% methanol/10% H,O
Condition 2 ‘

Column = Phenomenex-Luna 4.6X50 mm S10
Start %B =0

Final %B =100

Gradient time =2 min

Stop time =3 min

Flow Rate =5 mL/min

Wavelength =220 nm

Slovent A =0.1% TFA in 10% methano]/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H,0

Condition 3

Column = HPLC XTERRA C18 3.0 x 50mm S7
Start %B =0
Final %B =100

Gradient time = 3 min



WO 2009/102568 PCT/US2009/032830
40
Stop time =4 min
Flow Rate =4 mL/min

30

Wavelength =220 nm

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

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

Condition M1

Column: Luna 4.6X 50 mm S10

Start %B =0

Final %B =100

Gradient time = 3 min

Stop time =4 min

Flow rate =4 mL/min

Solvent A1 =95% H;0: 5% CH;CN, 10 mm Ammonium acetate
Solvent B: = 5% H,0 : 95% CH:CN; 10 mm Ammonium acetate

Synthesis of common caps

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

Cond -MS-W 1

Column = XTERRA 3.0 X 50 mm S7

Start %B =0

Final %B =100

Gradient time =2 min

Stop time ' =3 min

Flow Rate =5 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H,0O
Cond.-MS-W?2

Column = XTERRA 3.0 X 50 mm §7

000053
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Start %B
Final %B
Gradient time
Stop time
Flow Rate
Wavelength
Solvent A
Solvent B

Cond.-MS-W3
Column

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

Cond.-D]
Column

Start %B
Final %B
Gradient time
Stop time
Flow Rate

Wavelength
Solvent A

Solvent B

Cond.-D2

Column
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=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 S7
o o
=30
=2 min
=3 min
=5 mL/min
=220 nm
=0.1% TFA in 10% methanol/90%H,0
=0.1% TFA in 90% methanol/10% H,O

= XTERRA Ci8 3.0 X 50 mm S7
=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,O

= Phenomenex-Luna 4.6 X 50 mm S10
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Start %B =0
Final %B =100
Gradient 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 =0.1% TFA in 90% methanol/10% H,0
Cond.-M3
Column = XTERRA CI8 3.0 X 50 mm S7
Start %B =0
Final %B =40
Gradient time =2 min
Stop time =3 min
Flow Rate =5 mL/min
Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H,0
Condition T
Column = Phenomenex-Luna 3.0 X 50 mm Si0
Start %B =0
Final %B =100
Gradient time =2 min
Stop time - 3 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 11

Column = Phenomenex-Luna 4.6 X 50 mm S10

PCT/US2009/032830

000055
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Start %B =0
Final %B =100
Gradient time =2 min
Stap time =3 min
Flow Rate =5 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 IIT
Column =XTERRA C18 3.0 x 50mm S7
Start %B =0
Final %B =100
Gradient 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 =0.1% TFA in 90% methanol/10% H,0
Cap-1
A,
H CH
/N\

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), IN HCI (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, §=2.5 ppm, 500 MHz): & 7.43-7.34 (m, 5H), 4.14 (s, 1H), 2.43 (s, 6H);
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LC (Cond. T): RT=0.25; LC/MS: Anal. Calcd. for [M+H] C;oH14NO; 180.10;
found 180.17; HRMS: Anal. Caled. for [M+H]" CioHsNO; 180.1025; found
180.1017.

Bt
T OH
o

NaBH3CN (6.22g, 94 mmol) was added in portions over a few minutes to a
cooled (ice/water) mixture of (R)-2-Phenylglycine (6.02 g, 39.8 mmol) and methanol
(100 mL), and stirred for 5 minutes. Acetaldehyde (10 mL) was added dropwise over
10 minutes and stirring was continued at the same cooled temperature for 45 minutes
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 HCI salt of Cap-2 as a shining white solid in two crops (crop-1:
4.16 g; crop-2: 2.19 g). 'H NMR (DMSO-ds, &2.5 ppm, 400 MHz): 10.44 (1.00, br
s, IH), 7.66 (m, 2H), 7.51 (m, 3H), 5.30 (s, 1H), 3.15 (br m, 2H), 2.98 (br m, 2H),
1.20 (app br s, 6H). Crop-1: [a]®® -102.21° (c=0.357, H,0); crop-2: [a]* -99.7°
(¢=0.357, H,0). LC(Cond. I): RT=0.43 min; LC/MS: Anai. Caled. for [M+H]
Ci2H5NO,: 208.13; found 208.26.
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Acctaldehyde (5.0 mL, 89.1 mmol) and a suspension of 10% Pd/C (720 mg)
in methanol/H,O (4mL/1 mL) was sequentially added to a cooled (~ 15 °C) mixture
of (R)-2-phenylglycine (3.096g, 20.48 mmol), IN HCI (30 mL) and methanol (40
mL). The cooling bath was removed and the reaction mixture was stirred under a
balloon of H, for 17 hours. An additional acetaldehyde (10 mL, 178.2 mmol) was
added and stirring continued under H, atmosphere for 24 hours [Note: the supply of
H» was replenished as needed throughout the reaction]. The reaction mixture was
filtered through diatomaceous earth (Celite®), and the filtrate was concentrated /n
vacuo. The resulting crude material was recrystallized from isopropanol to provide
the HCl salt of (R)-2-(cthylamino)-2-phenylacetic acid as a shining white solid
(2.846g). 'H NMR (DMSO-ds, 5=2.5 ppm, 400 MHz): 8 14.15 (brs, 1H), 9.55 (brs,
2H), 7.55-7.48 (m, SH), 2.88 (br m, 1H), 2.73 (br m, 1H), 1.20 (app t, /=7.2, 3H).
LC (Cond. I): RT=0.39 min; >95 % homogeneity index; LC/MS: Anal. Caled. for
[M+H]" C1oH14NOy: 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 Hj supply was replenished as needed. The reaction mixture was filtered
through diatomaceous carth (Celite®) and the filtrate was concentrated in vacuo. The
resulting crude material was recrystallized from isopropanol (50 mL) to provide the
HCI salt of Cap-3 as a white solid (985 mg). 'H NMR (DMSO-ds, §=2.5 ppm, 400 -
MHz): 6 10.48 (brs, 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;
LC/MS: Anal. Caled. for [M-!~H]+ CiiH16NO,: 194,12; found 194.18; HRMS: Anal.
Caled. for [M+H]™ CiiH1sNO5: 194.1180; found 194.1181.

Cap-4

ClR
v OH
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CICO;Me (3.2 mL, 41.4 mmol) was added dropwise to a cooled (ice/water)
THF (410 mL) semi-solution of (R)-rerr-butyl 2-amino-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
NaHCOj; solution (30 mL), dried (MgSQOy), filtered, and concentrated in vacuo. The
resultant colorless oil was tnturated 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, §=2.5 ppm, 400 MHz): 7.98 (d, /=8.0, 1H),
7.37-7.29 (m, 5H), 5.09 (d, /=8, 1H), 3.56 (s, 3H), 1.33 (s, 9H). LC (Cond. I):
RT=1.53 min; ~90 % homogeneity index; LC/MS: Anal. Calcd. for [M+Na]*
Ci4H19NNaQy: 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 ¢ooling bath was removed and
the reaction mixture was stirred for 20 hours. Since the deprotection was still not
complete, an additional TFA (1.0 mL) was added and stirring continued for an
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; =589 um]. 'H NMR (DMSO-ds,
6=2.5 ppm, 400 MHz): 5 12.84 (brs, 1H), 7.96 (d, /=8.3, IH), 7.41-7.29 (m, 5H),
5.14 (d, J=8.3, 1H), 3.55 (s, 3H). LC (Cond. I): RT=1.01 min; >95 % homogeneity
index; LC/MS: Anal. Caled. for [M+H]" CjoH;2NO4 210.08; found 210.17; HRMS:
Anal. Caled. for [M+H]" C1oH12NO, 210.0766; found 210.0756.

Cap-5

of
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A mixture of (R)- 2-phenylglycine (1.0 g, 6.62 mmol), 1,4-dibromobutane
(1.57 g, 7.27 mmol) and NayCO; (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
5  ethanol and acidified with IN 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-ds, §=2.5, 500 MHz) 8 10.68 (brs, 1H), 7.51
(m, 5H), 5.23 (s, 1H), 3.34 (ap}ﬁ brs, 2H), 3.05 (app brs, 2H), 1.95 (app br s, 4H);

10 RT=0.30 minutes (Cond. 1); >98% homogeneity index; LC/MS: Anal. Calcd. for
[M+H]" C1,H16NOy: 206.12; found 206.25.

Cap-6
O
¥ “oH
@
0

15 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-ds, 8=2.5, 500 MHz) & 12.20 (br s, 1H), 7.50 (m, SH), 4.92 (s, 1H),
3.78 (app br s,.4H), 3.08 (app brs, 2H), 2.81 (app br s, 2H); RT=0.32 minutes (Cond.
D); >98%; LC/MS: Anal. Caled. for [M+H]" CioHgNOx: 222.11; found 222.20;

20 HRMS: Anal. Caled. for [M+H]" Cj;H¢NO3: 222.1130; found 222.1121.

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

A CH,Cl; (200 mL) solution of p-toluenesulfonyl chloride (8.65 g, 45.4
25 mmol) was added dropwise to a cooled (-5 °C) CH,Cl; (200 mL) solution of (S)-



000051

WO 2009/102568 ' PCT/US2009/032830

10

48

benzyl 2-hydroxy-2-phenylacetate (10.0 g, 41.3 mmol), tricthylamine (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 0 °C for 9 hours,
and then stored in a freezer (-25 °C) for 14 hours. It was allowed to thaw to ambient
temperature and washed with water (200 mL), IN HCI (100 mL) and brine (100 mL),
dricd (MgSQ,), filtered, and concentrated /n vacuo to provide benzyl 2-phenyl-2-
(tosyloxy)acetate as a viscous 0il 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-de, 8=2.5, 500 MHz) 6 7.78 (d, J=
8.6, 2H), 7.43-7.29 (m, 10H), 7.20 (m, 2H), 6.12 (s, 1H), 5.16 (d, /=12.5, 1H), 5.10
(d, J/=12.5, 1H), 2.39 (s, 3H). RT=3.00 (Cond. ILI); >90% homogeneity index;
LC/MS: Anal. Caled. for [M+H]" CaHaoNaOsS: 419.09; found 419.04.

A THF (75 mL) solution of benzy! 2-phenyl-2-(tosyloxy)acetate (6.0 g 15.1
mmol), 1-methylpiperazine (3.36 mL, 30.3 mmol) and N,N-diisopropylethylamine
(13.2 mL, 75.8 mmol) was heated at 65 °C for 7 hours. The reaction was allowed to
cool to ambient temperature and the volatile component was removed in vacuo. The
residue was partitioned between ethylacetate and water, and the organic layer was
washed with water and brine, dried (MgSQ,), filtered, and concentrated in vacuo.
The resulting crude material was purified by flash chromatography (silica gel, ethyl
acetate) to provide benzyl 2-(4-methylpiperazin-1-yl)-2-phenylacetate as an orangish-
brown viscous 0il (4.56 g). Chiral HPLC analysis (Chiralcel OD-H) indicated that
the sample is a mixture of enantiomers in a 38.2 to 58.7 ratio. The separation of the
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
OJ,5em 1D x 50 cm L, 20 um) eluting with 85:15 Heptane/ethanol at 75 mL/min,
and monitored at 220 nm. Enantiomer-1 (1.474 g ) and enantiomer-2 (2.2149 g) were
retrieved as viscous oil. 'H NMR (CDCls, 6=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, /=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. I1I); >98%
homogeneity index; LC/MS: Anal. Calcd. for [M+H]" CaoHasN,0;: 325.19; found
325.20.
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A methanol (10 mL) solution of either enantiomer of benzyl 2-(4-
methylpiperazin-1-yl)-2-phenylacetate (1.0 g, 3.1 mmol) was added to a suspension
of 10% Pd/C (120 mg) in methanol (5.0 mL). The reaction mixture was exposed to a
balloon of hydrogen, under a careful monitoring, for <50 minutes. Immediately after
5 the completion of the reaction, the catalyst was filtered through diatomaccous 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
(DMSO0-ds, 8=2.5, 500 MHz) & 7.44-7.37 (m, 2H), 7.37-7.24 (m, 3H), 3.92 (s, 1H),
10 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]" Ci:H1gN20,: 235.14;
found 235.15; HRMS: Anal. Calcd. for [M+H]+ C13H9N;05: 235.1447; found
235.1440.
The synthesis of Cap-8 and Cap-9 was conducted according to the synthesis
15 of Cap-7 by using appropriate amincs for the SN, displacecment step (i.e., 4-
hydroxypiperidine for Cap-8 and (S)-3-flucropyrrolidine for Cap-9) and modified
conditions for the separation of the respective stercoisomeric intermedites, as

described below.

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

OH
The enantiomeric separation of the intermediate benzyl 2-(4-
hydroxypiperidin-1-yl)-2-phenyl acetate was effected by employing the following
conditions: the compound (500 mg) was dissolved in ethanol/heptane (5 mL/45 mL).
25 The resulting solution was injected (5 mL/injection) on a chiral HPLC column
(Chiracel OJ, 2cm ID x 25 cm L, 10 pm) eluting with 80:20 heptanc/ethanol at 10
mL/min, monitored at 220 nm, to provide 186.3 mg of cnantiomer-1 and 209.1 mg of
enantiomer-2 as light-yellow viscous oils. These benzyl ester was hydrogenolysed

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

5
Cap-9
O
OH
N 9a: diasterecmer-1
( Z 8b: diastereomer-2

=
The diastercomeric separation of the intermediate benzyl 2-((S)-3-
fluoropyrrolidin-1-yl)-2-phenylacetate was effected by employing the following
10 conditions: the ester (220 mg) was separated on a chiral HPLC column (Chiracel QJ-
H, 046 cm ID x 25 cm L, S um) 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 CH2Cl; (20 mL) and washed with an aqueous medium (10 mL water + 1
15 mL saturated NaHCOj; 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 is a TFA salt as a result
of purification on a reverse phase HPLC using H,O/methanol/TFA solvent): 'H NMR
20 (DMSO-dg, 8=2.5, 400 MHz) 7.55-7.48 (m, SH), 5.38 (d of m, J=53.7, 1H), 5.09 (br
s, 1H), 3.84-2.82 (br m, 4H), 2.31-2.09 (m, 2H). RT=0.42 (Cond. 1); >95%
homogeneity index; LC/MS: Anal. Caled. for [M+H]" C,H,sFNQ,: 224.11; found
224.14; Cap-9b (diastercomer-2): 'H NMR (DMSO-dg, 5=2.5, 400 MHz) 7.43-7.21
(m, 5H), 5.19 (d of m, J=55.9, 1H), 3.97 (s, 1H), 2.95-2.43 (m, 4H), 2.19-1.78 (m,
2H). RT=0.44 (Cond. 1); LC/MS: Anal. Calcd. for [M+H]" C;HsFNO3: 224.11:
found 224.14.

2
w
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Cap-10

O

To a solution of D-proline (2.0 g, 17 mmol) and formaldehyde (2.0 mL of
37% wt. in H,O) in methanol (15 mL) was added a suspension of 10% Pd/C (500
mg) in methanol (5 mL). The mixture was stirred under a balloon of hydrogen for 23
hours. The reaction mixturc was filtered through diatomaceous earth (Celite™) and
concentrated in vacuo to provide Cap-10 as an éff-white solid (2.15 g). 'HNMR
(DMSO-dg, 8=2.5, 500 MHz) 3.42 (m, 1H), 3.37 (dd, /=9.4, 6.1, 1H), 2.85-2.78 (m,
1H), 2.66 (s, 3H), 2.21-2.13 {m, 1H), 1.93-1.84 (m, 2H), 1.75-1.66 (m, 1H).
RT=0.28 (Cond. II); >98% homogeneity index; LC/MS: Anal. Calcd. for [M+H]"
CeH12NO2: 130.09; found 129.96.

A mixture of (28,4R)-4-fluoropyrrolidine-2-carboxylic acid (0.50 g, 3.8
mmotl), formaldehyde (0.5 mL of 37% wt. in H,0), 12 N HCI (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 carth (Celitc®) and
the filtrate was concentrated in vacuo. 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, §=2.5, 500 MHz) 5.39 (d m, /=53.7, 1H), 4.30 (m, 1H), 3.90 (ddd,
J=31.5,13.5,4.5, 1H), 3.33 (dd, /=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. II); >98% homogeneity index; LC/MS: Anal.
Caled. for [M+H]" CsH,,FNO;: 148.08; found 148.06.

Cap-12 (same as cap 52)
0

H
/o\n,N\)kOH

O =
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L-Alanine (2.0 g, 22.5 mmol) was dissolved in 10% aqueous sodium
carbonate solution (50 mL), and a THF (50 mL) solution of methyl chloroformate
(4.0 mL) was added to it. The reaction mixture was stirred under ambient conditions
for 4.5 hours and concentrated in vacuo. The resulting white solid was dissolved in
water and acidified with IN 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,SO,),
filtered, and concentrated 717 vacuo to provide a colorless oil (2.58 g). 500 mg of this
material was purified by a reverse phase HPLC (H,O/methanol/TFA) to provide 150
mg of Cap-12 as a colorless oil . 'H NMR (DMSO-dg, §=2.5, 500 MHz) 7.44 (d,
J=7.3,0.8H), 7.10 (br s, 0.2H), 3.97 (m, 1H), 3.53 (s, 3H), 1.25 (d, J=7.3, 3H).

Cap-13
| O

/N\)LOH

A mixture of L-alanine (2.5 g, 28 mmol), formaldchyde (8.4 g, 37 wt. %), IN
HCI1 (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
HCI 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, IH), 2.76 (s,
6H), 1.46 (d, /=7.3, 3H).

Cap-14

H, ® ®
N
COt-Bu__ 2 1
2 @kCOZt-BU ©)\C02H

Cap-i14

Step 1: A mixture of (R)-(-)-D-phenylglycine tert-butyl ester (3.00 g, 12.3
mmol), NaBH3;CN (0.773 g, 12.3 mmol), KOH (0.690 g, 12.3 mmol) and acctic acid

(0.352 mL, 6.15 mmol) were stirred in methanol at 0 °C. To this mixture was added
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glutaric dialdehyde (2.23 mL, 12.3 mmol) dropwise over 5 minutes. The reaction
mixture was stirred as it was allowed to warm to ambient temperature and stirring
was continued at the same temperature for 16 hours. The solvent was subsequently
removed and the residue was partitioned with 10% aqueous NaOH and ethyl acetate.
The organic phase was separated, dried (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; CH3;CN-H,0-0.1% TFA) to give
the intermediate ester (2.70 g, 56%) as a clear oil. '"H NMR (400 MHz, CDCl3) &
7.53-7.44 (m, 3H), 7.40-7.37 (m, 2H), 3.87 (d, /=10.9 Hz, 1H), 3.59 (d, /=10.9 Hz,
1H), 2.99 (t, /=11.2 Hz, 1H), 2.59 (1, 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;7H25NQ;: 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 cartridges (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
g, 78%) as a light yellow solid. '"H NMR (DMSO-dg) & 7.50 (s, SH), 5.13 (s, 1H),
3.09 (brs, 2H), 2.92-2.89 (m, 2H), 1.74 (m, 4H), 1.48 (brs, 2H). LC/MS: Anal.
Caled. for Ci3H 7NO,: 219; found: 220 (M+H)".
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Cap-15
0

Q Me
oH o : ©
Br Br Q
c

OH

HO” “Me HO™ "Me
(R)-Cap-15

Step 1. (S)-1-Phenylethyl] 2-bromo-2-phenylacetate: To a mixture of -
bromophenylacetic acid (10.75 g, 0.050 mol), (S)-(-)-1-phenylethanol (7.94 g, 0.065
mol) and DMAP (0.61 g, 5.0 mmol) in dry dichloromethane (100 mL) was added

A B

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;SOy), filtered, and concentrated to give a pale
yellow oil. Flash chromatography (Si0,/ hexane-ethyl acetate, 4:1) of this il
provided the title compound (11.64 g, 73%) as a white solid. '"H NMR (400 MHz,
CDCly) 8 7.53-7.17 (m, 10H), 5.95 (q, J=6.6 Hz, 0.5H), 5.94 (q, J=6.6 Hz, 0.5H),
5.41 (s, 0.5H), 5.39 (s, 0.5H), 1.58 (d, J=6.6 Hz, 1.5H), 1.51 (d, J=6.6 Hz, 1.5H).
Step 2: (S)-1-Phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-yl)- 2-
phenylacetate: To a solution of (S)-1-phenylethyl 2-bromo-2-phenylacetate (0.464 g,
1.45 mmol) in THF (8 mL) was added tricthylamine (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 S 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 | hour at room temperature and then it was heated at 55-60 °C (oit bath
temperature) for 4 hours. The cooled reaction mixturc was then diluted with cthyl
acetate (30 mL), washed (H,O x2, brine), dried (MgSQ,), filtered and concentrated.
The residue was purified by silica gel chromatography (0-60% ethy! acctate-hexane)
to provide first the (S,R)-isomer of the title compound (0.306 g, 60%) as a white
solid and then the corresponding (S,S)-isomer (0.120 g, 23%), also as a white solid.
(S,R)-isomer; 'H NMR (CD;OD) 8 7.51-7.45 (m, 2H), 7.41-7.25 (m, 8H), 5.85 (q,
J=06.6 Hz, 1H), 4.05 (s, 1H), 2.56-2.45 (m, 2H), 2.41-2.29 (m, 2H), 1.71-1.49 (m,
4H), 1.38 (d, J=6.6 Hz, 3H), 1.18 (s, 3H). LCMS: Anal. Calced. for CyHyNO;:
353; found: 354 (M+H)". (8,S)-isomer: 'H NMR (CD;0D) § 7.41-7.30 (m, SH),
7.20-7.14 (m, 3H), 7.06-7.00 (m, 2H), 5.85 (q, /=6.6 Hz, 1H), 4.06 (s, 1H), 2.70-2.60
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(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). LCMS: Anal. Calcd. for
C22H27NO3: 353; found: 354 (M+H)".

Step 3. (R)-2-(4-Hydroxy-4-methylpiperidin-1-yl)-2-phenylacetic acid: Toa
solution of (S)-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;
CH3CN-H;0-0.1% TFA) to give the title compound (as TFA salt) as a pale bluish
solid (0,128 g, 98%). LCMS: Anal. Calcd. for Ci4HsNO;: 249; found: 230
(M+H)".

Cap-16
O 1 O Me o
oH T g — > OH
. .

(R)-Cap-16

Step 1: (S)-1-Phenylethyl 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 rcom 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 phascs were washed (H,O, brine), dried (Na,SO,), filtered, and
concentrated in vacuo. The residue was purified by silica gel chromatography
(Biotage/ 0-20% ethyl acetate-hexane) to provide the title compound as a colorless oil
(8.38 g, 92%). '"H NMR (400 MHz, CD;0D) § 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).

Step 2. (R)-((S)-1-Phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate:
To a solution of (S)-1-phenylethyl 2-(2-fluorophenyl)acetate (5.00 g, 19.4 mmol) in



000059

WO 2009/102568 PCT/US2009/032830

10

30

56

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.
NH4Cl and 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,SQ,), filtered, and concentrated in vacuo. To the residue was added piperidine
(5.73 mL, 58.1 mmol) and the solution was stirred at room temperature for 24 hours.
The volatiles were then concentrated /# vacuo and the residue was purified by silica
gel chromatography (Biotage/ 0-30% diethyl 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
unrcacted starting material (2.53 g, 51%). Further chromatography of the
diastereomeric mixture (Biotage/ 0-10% dicthyl ether-toluene) provided the title
compound as a colorless oil (0.737 g, 11%). 'H NMR (400 MHz, CD;0D) § 7.52
(ddd, J=9.4, 7.6, 1.8 Hz, 1H), 7.33 ~ 7.40 (m, 1), 7.23 - 7.23 (m, 4H), 7.02 - 7.23
(m, 4H), 5.86 (q, /=6.6 Hz, 1H), 4.45 (s, 1H), 2.39 - 2.45 (m, 4H), 1.52 — 1.38 (m,
4H), 1.40 - 1.42 (m, 1H), 1.38 (d, /=6.6 Hz, 3H). LCMS: Anal. Caled. for
C21H,4FNO;y: 341; found: 342 (M+H)".

Step 3: (R)-2-(2-fluorophenyl)-2-(piperidin-1-yl)acetic acid: A mixture of
(R)-((S)-1-phenylethyl) 2-(2-fluorophenyl!)-2-(piperidin- I -yl)acetate (0.737 g, 2.16
mmol) and 20% Pd(OH),/C (0.070 g) in ethanol (30 mL) was hydrogenated at room
temperature and atmospheric pressure (H; balloon) for 2 hours. The solution was
then purged with Ar, filtered through diatomaccous earth (Celite®), and concentrated
in vacuo. This provided the title compound as a colorless solid (0.503 g, 98%). 'H
NMR (400 MHz, CDs0OD) 6 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 s, 4H), 1.62 (brs, 2H). LCMS: Anal.
Caled. for Ci3H6FNOy: 237; found: 238 (M+H)".
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Cap-17

o)

: N

Br Cg Q

A HO” ~ph B HO™ ~Ph

(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,
5 4,70 mmol) in THF (25 mL) was added tricthylamine (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 5 minutes and then a solution of 4-phenyl-4-
hydroxypiperidine (1.00 g, 5.64 mmol) in THF (5 mL) was added. The mixture was
stirred for 16 hours and then it was diluted with ethyl acetate (100 mL), washed (H,O

10 x2, bnne), dried (MgSQy,), filtered and concentrated. The residue was purified on a
silica gel column (0-60% cthyl acetate-hexane) to provide an approximately 2:1
mixture of diastereomers, as judged by 'H NMR. Separation of these isomers was
performed using supercritical fluid chromatography (Chiralcel OJ-H, 30 x 250mm;
20% cthanol in CO;, at 35 °C), to give first the (R)-isomer of the title compound

15 (0.534 g, 27%) as a yellow o1l and then the corresponding (S)-isomer (0.271 g, 14%),
also as a yellow oil. (S,R)-isomer: 'H NMR (400 MHz, CD;0D) § 7.55-7.47 (m,
4H), 7.44-7.25 (m, 10H), 7.25-7.17 (m, 1H), 5.88 (q, /=6.6 Hz, 1H), 4.12 (s, 1H),
2.82-2.72 (m, 1H), 2.64 (dt, J=11.1, 2.5 Hz, 1H), 2.58-2.52 (m, 1H), 2.40 (dt,
J=11.1, 2.5 Hz, 1H), 2.20 (dt, J=12.1, 4.6 Hz, 1H), 2.10 (dt, /=12.1, 4.6 Hz, 1H),

20 1.72-1.57 (m, 2H), 1.53 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd. for C»;HyoNO;:
415; found: 416 (M+H)"; (S,S)-isomer: H'NMR (400 MHz, CD;0D) & 7.55-7.48
(m, 2H), 7.45-7.39 (m, 2H), 7.38-7.30 (m, SH), 7.25-7.13 (m, 4H), 7.08-7.00 (m,
2H), 5.88 (q, /=6.6 Hz, 1H), 4.12 (s, 1H), 2.95-2.85 (m, 1H), 2.68 (dt, J=11.1, 2.5
Hz, 1H), 2.57-2.52 (m, 1H), 2.42 (dt, J=11.1, 2.5 Hz, 1H), 2.25 (dt, J=12.1, 4.6 Hz,

25 1H), 2.12(dt,J=12.1, 4.6 Hz, 1H), 1.73 (dd, J=13.6, 3.0 Hz, |H), 1.64 (dd, J=13.6,
3.0 Hz, 1H), 1.40 (d, J=6.6 Hz, 3H). LCMS: Anal. Calcd. for Cy3HyoNO;:: 415;
found: 416 (M+H)".
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The following esters were prepared in similar fashion:

Intermediate-17a \/@ Diastercomer 1: 'H NMR
‘ OYO (500 MHz, DMSO-dg) &
N ppm 1.36 (d, /=6.41 Hz,

[Nj 3H) 2.23-2.51 (m, 4H)
@)\ro 3.35 (s, 4H) 4.25 (s, 1H)
0 5 5.05 (s, 2H) 5.82 (d,
J=6.71 Hz, 1H) 7.15-7.52
(m, 15H).
LCMS: Anal. Calcd. for:

C23H30N104 45822,
Found: 459.44 (M+H)".

Diastereomer 2: 'H NMR
(500 MHz, DMSO-dg) 6
ppm 1.45 (d, /=6.71 Hz,
3H) 2.27-2.44 (m, 4H)
3.39(s,4H) 4.23 (s, |H)
5.06 (s, 2H) 5.83 (d,
J=6,71 Hz, 1H) 7.12 (dd,
J=6.41, 3.05 Hz, 2H)
7.19-7.27 (m, 3H) 7.27-
7.44 (m, 10H).

LCMS: Anal. Caled. for:
CosHagN204 458.22;
Found: 459.44 (M+H)".
Diasteromer 1;: RT-11.76

0
[ T minutes (Cond’n II);

o LCMS: Anal. Calcd. for:
m CaoHpN;0s 338.16
Found: 339.39 (M+H)";

Diastereomer 2:

Intermediate -17b
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RT=10.05 minutes
(Cond’n 1I); LCMS: Anal.
Caled. for: CooH22N205
338.16; Found: 339.39
(M+H)",
Intermediate -17c | Diastercomer 1: Tg-4.55
[ j minutes (Cond’n I);
N | LCMS: Anal. Calcd. for;
m © CoHagN2O;z 338.20
© Found: 339.45 (M+H)";
Diastercomer 2; Tg-6.00

minutes (Cond’n 1);
LCMS: Anal. Caled. for:
Ca1Hz26N0, 338.20
Found: 336.45 (M+H)".
Diastereomer 1: RT-7.19

Intermediate -17d _

minutes (Cond’n [);

LCMS: Anal. Calcd. for:
. N Cy7H2oNO, 399.22
mo Found: 400.48 (M+H)";

0] Diastercomer 2: RT=9.76

minutes (Cond’'n I);
LCMS: Anal. Caled. for:
C27H2oNO; 399.22
Found: 400.48 (M+H)".

Chiral SFC Conditions for determining retention time

Condition [

5 Column: Chiralpak AD-H Column, 4.62x50 mm, 5um
Solvents: 90% CO2-10% methanol with 0.1%DEA
Temp: 35 °C

Pressure: 150 bar
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Flow rate: 2.0 mL/min.
UV monitored @ 220 nm

Injection: 1.0 mg/3mL methanol

5 Condition II
Column: Chiralcel OD-H Column, 4.62x50 mm, 5pum
Solvents: 90% CO2-10% methanol with 0.1%DEA
Temp: 35 °C
Pressure: 150 bar

10 Flow rate: 2,0 mL/min.
UV monitored @ 220 nm

Injection; 1,0 mg/mL methanol

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

15 acid: To asolution of (S)-1-phenylethyl (R)-2-(4-hydroxy-4-phenylpiperidin-1-y1)-2-
phenylacetate (0.350 g, 0.84 mmol) in dichloromethane (5 mL) was added
trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 2
hours. The volatiles were subsequently removed in vacuo and the residue was
purified by reverse-phase preparative HPLC (Primesphere C-18, 20 x 100mm;

20 CH;CN-H»0-0.1% TFA) to give the title compound (as TFA salt) as a white solid
(0.230 g, 88%). LCMS: Anal. Calcd. for C1oH2NOz: 311.15; found: 312 (M+H)".

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

fashion:
Cap-17a \/© RT-2.21 (Cond’n IT); 'H
OYO NMR (500 MHz, DMSO-

[Nj d¢) & ppm 2.20-2.35 (m,
N
(0]

2H) 2.34-2.47 (m, 2H)

@/,K’rOH 3.37 (s, 4H) 3.71 (s, 1H)
5.06 (s, 2H) 7.06-7.53 (m,

10H). LCMS: Anal.

Caled. for: CyoHyaN>04
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354.16; Found: 355.38
(M+H)*,

Cap-17b H o RT:O.Z? (Cond’n-IIT);
[ T LCMS: Anal. Caled. for:
N on C1aH14N,04 234.10;
m Found: 235.22 (M+H)".
Cap-17¢ ri\! RT-0.48 (Cond’n 1I);
[ j LCMS: Anal. Caled. for:
N on C13H1sN20, 234.14;
m Found: 235.31 (M+H)".
Cap-17d RT-2.21 (Cond’n I);
LCMS: Anal. Caled. for:
Ci9H21NO; 295.10;
N Found: 296.33 (M+H)".
A__OH
og

LCMS Conditions for determining retention time

Condition 1

Column: Phenomenex-Luna 4.6 X 50 mm S1i0
Start % B=0

Fianl % B=100

Gradient Time=4 min

Flow Rate=4 mL/min

Wavelength=220

Solvent A=10% methanol — 90% H,O0 — 0.1% TFA
Solvent B=90% methanol - 10% H,0 - 0.1% TFA

Condition []
Column: Waters-Sunfire 4.6 X 50 mm S5
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Start % B=0

Fianl % B=100

Gradient Time=2 min

Flow Rate=4 mL/min

Wavelength=220

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

Condition ITT

Column: Phenomenex 10p 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,O - 0.1% TFA
Solvent B=90% methanol — 10% H,0 - 0.1% TFA

Cap-18
X \N/ \N/
OEt 3
I = . 2 I X OEt I x OH
N O Nes O N~ O

A: X=H C cap-18
1
B: X=Br

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 CBry (2.21 g, 6.66 mmol) and stirring was continued at -78 °C for 2 hours.
The reaction mixture was then quenched with sat. aq. NH4Cl and the phases were

separated. The organic phase was washed (brine), dried (Na;SQ,), filtered, and
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concentrated /n vacuo. The resulting yellow oil was immediately purified by flash
chromatography (Si0y/ hexane-ethyl acetate, 1:1) to provide the title compound (1.40
g, 95%) as a somewhat unstable yellow oil. 'H NMR (400 MHz, CDCl5) 6 8.62 (dd,
J=4.6, 1.8 Hz, 2H), 7.45 (dd, /=4.6, 1.8 Hz, 2H), 5.24 (s, 1H), 4.21-4.29 (m, 2H),
1.28 (t, /=7.1 Hz, 3H). LCMS: Anal. Calcd. for CoHoBrNO;: 242, 244; found:
243, 245 (M+H)".

Step 2; (R,S)-Ethyl 2-(4-pyridyl)-2-(N,N-dimethylamino)acetate: To a
solution of (R,S)-ethyl 2-(4-pyridyl)-2-bromoacetate (1.40 g, 8.48 mmol) in DMF (10
mLY} 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 SiQO; column; 50%-100% ethyl acetate-hexanc) to
provide the title compound (0.539 g, 31%) as a light yellow oil. 'H NMR (400 MHz,
CDCl3) 6 8.58 (d, /=6.0 Hz, 2H), 7.36 (d, J=6.0 Hz, 2H), 4.17 (m, 2H), 3.92 (s, |H),
2.27 (s, 6H), 1.22 (t, /=7.0 Hz). LCMS: Anal. Calcd. for C;H,sN>O;: 208; found:
209 (M+H)™,

Step 3; (R,5)-2-(4-Pyridyl)-2-(N,N-dimethylamino)acetic acid: To a solution
of (R,S)-ethyl 2-(4-pyridyl)-2-(N,N-dimethylamino)acetate (0.200 g, 0.960 mmol) in
a mixture of THF-methanol-H,O (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 IN HCI. 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 8.49 (d, J=5.7 Hz, 2H), 7.34 (d, J=5.7 Hz, 2H),
3.56 (s, 1H), 2.21 (s, 6H).
The following examples were prepared in similar fashion using the method

described above;

NMe, LCMS: Anal. Calcd. for
Cap-19 | = CO,H CoH;3N,0,: 180; found: 181

/

N (M+H)".




000077

WO 2009/102568 PCT/US2009/032830
64
LCMS: no ionization. 'H NMR
(400 MHz, CD;0D) 8 8.55 (d,
NMe,
Cap-20 x oM J=4.3 Hz, |H), 7.84 (app t,
LN J=5.3 Hz, 1H), 7.61 (d, J=7.8
Hz, IH), 7.37 (app t, J=5.3 Hz,
1H), 4.35 (s, 1H), 2.60 (s, GH).
NMe, LCMS: Anal. Calcd. for
Cap-21 /@(%OM CoH1 CIN,Oy: 214, 216; found:
cl” "N 215,217 (M+H)".
NMe; LCMS: Anal. Calcd. for
Cap-22 @C%H CioH12N;04: 224; found: 225
O,N (M+H)".
Ve LCMS: Anal. Caled. for
Cap-23 O COaM CiaH1sNOy: 229; found: 230
O (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-24 Fzs'cj@/‘\COzH C11H12F3NOy: 247; found: 248
(M+H)",
NMe, LCMS: Anal. Caled. for
Cap-25 ©:J\COZH C1H12F3sNOy: 247; found: 248
CFs (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-26 dccw C1oH12FNO;: 197; found: 198
F (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-27 F \©)\COZH C1oH2FNO,: 247; found: 248
(M+H)".
NMe, LCMS: Anal. Caled. for
Cap-28 CIUkcozH CioH12CINO;: 213; found: 214
(M+H)".
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NMe, . LCMS: Anal. Calcd. for
Cap-29 ©\)\C02H CioH12CINO,: 213; found: 214
cl (M+H)".
NMe; L.CMS: Anal. Calcd. for
Cap-30 /©)\cozH CoHzCINOy: 213; found: 214
cl (M+H)".
NMe; LCMS: Anal. Caled. for
Cap-31 S/TJ\ COH CsH12N20,S: 200; found: 201
)’ (M+H).
NMe, LCMS: Anal. Caled. for
Cap-32 @2\002H - CsH1NO,S: 185, found: 186
N5 (M+HY.
NMe, LCMS: Anal. Calcd. for
Cap-33 S(irj\cozH CsH11NO,S: 185; found: 186
== (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-34 Q\M/kcozH CnHi2N;03: 220; found: 221
o-N (M+H)".
NMe; LCMS: Anal. Calcd. for
Cap-35 Q])\COZH CizH3NQO;S: 235; found: 236
S (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-36 ,:N COH | CiaHaN20,8: 250; found: 251
S (M+H)",
Cap-37
N7~ NS
l 2 2 I L
OEt 1
MesN —_
i /\(r)r MeN" Ot Moy O
A O .HCa ©
B

cap-37
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Step 1; (R,S)-Ethyl 2-(quinolin-3-y1)-2-(N,N-dimethylamino)-acetate: A
mixture of ethyl N,N-dimethylaminoacetate (0.462 g, 3.54 mmol), KzPO. (1.90 g,
8.95 mmol), Pd(t-BusP); (0.090 g, 0.176 mmol) and toluene (10 mL) was degassed
with a stream of Ar bubbles for 15 minutes. The reaction mixture was then heated at
100 °C for 12 hours, after which it was cooled to room temperature and poured into
H>C. The mixture was extracted with ethyl acetate (2x) and the combined organic
phases were washed (H,O, brine), dried (Na,SQ,), filtered, and concentrated in
vacuo. The residue was purified first by reverse-phase preparative HPLC
(Primespherc C-18, 30 x 100mm; CH:CN-H-0-5 mM NH4OAc) and then by flash
chromatography (SiO,/ hexane-cthyl acetate, 1:1) to 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, /=2.0 Hz, 1H), 8.03-8.01 (m, 2H), 7.77 (ddd, /=8.3, 6.8, 1.5 Hz, 1H),
7.62 (ddd, ./=8.3, 6.8, 1.5 Hz, 1H), 4.35 (s, 1H), 4.13 (m, 2H), 2.22 (s, 6H), 1.15 (4,
J=7.0 Hz, 3H). LCMS: Anal. Caled. for C;sH)sN,O;: 258; found: 239 (M+H)".

Step 2; (R,S) 2-(Quinolin-3-yD-2-(N,N-dimethylamino)acetic acid: A
mixture of (R,S)-ethyl 2-(quinolin-3-y1)-2-(N,N-dimethylamino)acetate (0.122 g,
0.472 mmol) and 6M 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
steps without further purification. LCMS: Anal. Caled. for Ci3H 4N,O;: 230;
found: 231 (M+H)".

Cap-38
O Me
E; 0
O/k@ on
o)
1 FNS F _N
OH + 2 -
< . "
F  NR'R? O Me
[; 0
A : Ok@ OH
F _N :
N N
F /N\
B Cap-38

Step 1, (R)'-(('S)-l-phcnylethyl) 2-(dimethylamino)-2-(2-fluorophenybacetate
and (S)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate: To a
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mixture of (RS)-2-(dimethylamino)-2-(2-flucrophenyl)acetic acid (2.60 g, 13.19
mmol), DMAP (0.209 g, 1.71 mmol) and (S)-1-phenylethanol (2.09 g, 17.15 mmol)
in CH,Cl, (40 mL) was added EDCI (3.29 g, 17.15 mmol) and the mixture was
allowed to stir at room temperature for 12 hours. The solvent was then removed in
vacuo and the residue partitioned with ethyl acetate-H;O. The layers were separated,
the aqueous layer was back-cxtracted with ethyl acetate (2x) and the combined
organic phases were washed (H>O, brine), dried (Na,SO,), filtered, and concentrated
in vacuo. The residue was purified by silica gel chromatography (Biotage/ 0-50%
diethyl ether-hexane). The resulting pure diastereomeric mixture was then separated
by reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH;CN-H,0-
0.1% TFA) to give first (§)-1-phenethyl (R)-2-(dimethylamino)-2-(2-
fluorophenyl)acetate (0.501 g, 13%) and then (8)-1-phenethyl (S)—v2-
(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=9.4,81, 1.5 Hz, 1H), 7.36-7.41 (m, 2H), 7.28-7.34 (m, 5H), 6.04 (q, J=6.5 Hz,
IH), 5.60 (s, 1H), 2.84 (s, 6H), 1.43 (d, /=6.5 Hz, 3H). LCMS: Anal. Calcd. for
CisH20FNO,: 301; found: 302 (M+H)"; (S,S)-isomer: '"H NMR (400 MHz, CD:OD) &
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), 2.8 (s, 6H), 1.54 (d, J=6.5 Hz, 3H). LCMS: Anal. Caled.
for C1gH20FNO,: 301; found: 302 (M+H)".

Step 2; (R)-2-(dimethylamino)-2-(2-fluorophenylacetic 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 temperaturc and atmospheric pressure (H, balloon) for 4 hours. The solution
was then purged with Ar, filtered through diatomaceous earth (Ce]ite‘g’), and
concentrated in vacuo. This gave the title compound as a colorless solid (0.503 g,
08%). 'H NMR (400 MHz, CD;0D) & 7.53-7.63 (m, 2H), 7.33-7.38 (m, 2H), 5.36
(s, 1H), 2.86 (s, 6H). LCMS: Anal. Caled. for CioH2FNO;: 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, ¢ N7
OH OH
0 ©
cap-39

10

A mixture of (R)-(2-chlorophenylglycine (0.300 g, 1.62 mmol),
formaldehyde (35% aqueous solution, 0.80 mL, 3.23 mmol) and 20% Pd(OH),/C
(0.050 g) was hydrogenated at room temperature and atmospheric pressure (H,
balloon) for 4 hours. The solution was then purged with Ar, filtered through
diatomaccous earth (Celite™) and concentrated in vacuo. The residue was purified by
reverse-phase preparative HPLC (Primesphere C-1 8,‘30 x 100mm; CH:CN-H,0-
0.1% TFA) to give theTFA salt of the title compound (R)-2-(dimethylamino)-2-(2-
chlorophenyl)acctic acid as a colorless oil (0.290 g, 55%). 'H NMR (400 MHz,
CDs0D) 8 7.59-7.65 (m, 2H), 7.45-7.53 (m, 2H), 5.40 (s, 1H), 2.87 (s, 6H). LCMS:
Anal. Caled. for CoH;CINO;: 213; found: 214 (M+H)",

Cap-40
o]
Cl NH, Cl HNJ\O/
OH OH
oY oY
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,O,
brine), dried (Na,SOy), 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. Calcd. for CigHoCINO,:
243; found: 244 (M+H)".
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Cap-41
(S
Cl N

0 o]
OH — = OH

cap-41

To a suspension of 2-(2-(chloromethyl)phenylacetic acid (2.00 g, 10.8 mmol)
in THF (20 mL} was added morpholine (1.89 g, 21.7 mmol) and the solution was

stirred at room temperature for 3 hours. The reaction mixture was then diluted with

w

cthyl acetate and cxtracted with H,O (2x). The aqueous phase was lyophilized and
the residue was purified by silica gel chromatography (Biotage/ 0-10% methanol-
CH»Cl,) to give the title compound 2-(2-(Morpholinomethyl)phenyl)acetic acid as a
colorless solid (2.22 g, 87%). 'H NMR (400 MHz, CD;0D)  7.37-7.44 (m, 3H),

10 7.29-7.33 (m, 1H), 4.24 (s, 2H), 3.83 (br s, 4H), 3.68 (s, 2H), 3.14 (br s, 4H). LCMS:
Anal. Caled. for C3H;7NOs: 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 C1aH 1oNO;y: 233; found:
OH 234 (M+H)".
2

LCMS: Anal. Calcd. for

Cap-43 0o Cy3H7NOy: 219; found:
OH 220 (M+H)",

LCMS: Anal. Calcd. for

Cap-44 . O CuiHisNOa: 193; found:
OH 194 (M+H)".
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(‘NMe
N\) LCMS: Anal, Calced. for
Cap-45 O C14HaoN204: 248; found:
OH 249 (M+H)".
Cap-45a
Q\il Q\JCLH
~~ 0 ]
NH, HNYO
« 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.%3 g, 8.77 mmol) in CH,ClL, (10 mL) and the

i

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 H;O and n-hexanes, and dned under vacuum. (R)-2-(3-methylureido)-

10 2-phenylacetic acid (1.5 g; 82 %).was recovered as a white solid and it was used
without further purification. 'H NMR (500 MHz, DMSO-ds) 8 ppm 2.54 (d, /=4.88
Hz, 3H) 5.17 (d, /=7.93 Hz, 1H) 5.95 (q, /=4.48 Hz, 1H) 6.66 (d, /=7.93 Hz, IH)
7.26-7.38 (m, SH) 12.67 (s, IH). LCMS: Anal. Calcd. for CgH;;N,0; 208.08
found 209.121 (M+H)+; HPLC Phenomenex C-18 3.0 x 46 mm, 0 to 100% B over 2

15 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.

Cup-46
=0 -0
NH, HN_ O
*» pTsOH salt rNH
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The desired product was prepared according to the method described for Cap-
45a. 'H NMR (500 MHz, DMSO-ds) & 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, /=5.19 Hz, 1H) 6.60 (d, J=7.63 Hz, 1H) 7.26-
7.38 (m, SH) 12.68 (s, 1H). LCMS: Anal. Caled. for C H14N>Q; 222,10 found
5 223.15 (M+H)". HPLC XTERRA C-18 3.0 x 506 mm, 0 to 100% B over 2 minutes,
| minute hold time, A=90% water, 10% methanol, 0.2% H:PO,, B=10% water, 90%
methanol, 0.2% HiPO4, RT=0.87 min, 90% homogeneity index.

Cap-47
QL - QI > §.
z O z o = 0
NH, HKIYO HN\fo
A /N\ /N\
B Cap-47

Step 1; (R)-tert-butyl 2-(3,3-dimethylurcido)-2-phenylacetate: To a stirred
solution of (R)-tert—butyl-2-amino-2-phenylacctate (1.0 g, 4. 10 mmol) and Hunig’s
base (1.79 mL, 10.25 mmol) in DMF (40 mL) was added dimethylcarbamoy!
chloride (0.38 mL, 4.18 mmol) dropwise over 10 minutes. After stirring at room

15 temperature for 3 hours, the reaction was concentrated under reduced pressure and
the resulting residue was dissolved in ethyl acetate. The organic layer was washed
with H»O, IN aq. HCI and bring, dried (MgSO,), 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

20 NMR (500 MHz, DMSO-d¢) 8 ppm 1.33 (s, 9H) 2.82 (s, 6H) 5.17 (d, /=7.63 Hz, [H)
6.55 (d, /=732 Hz, 1H) 7.24-7.41 (m, 5H). LCMS: Anal. Caled. for C;sH»pN,0;
278.16 found 27923 (M+H)"; HPLC Phenomenex LUNA C-18 4.6 x 50 mm, 0 to
100% B over 4 minutes, | minute hold time, A=90% water, 10% methanol, 0.1%
TFA, B=10% water, 90% methanol, 0.1% TFA, RT=2.26 min, 97% homogencity

25 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 rt for 3 hours. The desired compound was then precipitated out of solution
with a mixture of EtOAC:Hexanes (5:20), filtered off and dried under reduced
pressure. (R)-2-(3,3-dimethylureido)-2-phenylacetic acid was isolated as a white
solid (0.59g, 86%) and uscd without further purification. 'H NMR (500 MHz,
DMSO-de) 8 ppm 2.82 (s, 6H) 5.22 (d, J=7.32 Hz, 1H) 6.58 (d, J=7.32 Hz, 1H) 7.28
(t, /=7.17 Hz, 1H) 7.33 (t, J=7.32 Hz, 2H) 7.38-7.43 (m, 2H) 12.65 (s, 1H). LCMS:
Anal. Calcd. for Cy H4N,O3: 222.24; found: 223.21 (M+H)". HPLC XTERRA C-
18 3.0 x 50 mm, 0 10 100% B over 2 minutes, 1 minute hold time, A=90% water,
10% methanol, 0.2% H3;PQ4, B=10% water, 90% methanol, 0.2% HiPO4, RT=0.75

min, 93% homogeneity index.

Cap-48
" 70 7 0 T 0
NH, HNYO HN.__O
”* o T
B Cap-48

Step 1; (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 minutcs. After stirring at
room temperature for 3 hours, the reaction was concentrated under reduced pressure
and the resuiting residue was traken up in ethyl acetate. The organic layer was
washed with H,O and brine, dried (MgSO,), 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;CI-D) 8 ppm 1.50-1.57 {m, 2H) 1.58-1.66 (m, 2H) 1.87-1.97 (m, 2H) 3.89-
3.98 (m, 1H) 5.37 (s, 1H) 7.26-7.38 (m, SH). LCMS: Anal. Calcd. for CgHysN;0a
318.19 found 319.21 (M+H)"; HPLC XTERRA C-18 3.0 x 50 mm, 0 to 100% B
over 4 minutes, | 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 (1.3‘1 g, 4.10 mmol) in
CH.Cl; (25 mL) was added TFA (4 mL) and trietheylsitane (1.64 mL; 10.3 mmol)
dropwise, and the resulting solution was stirred at room temperature for 6 hours. The
volatile components were removed under reduced pressure and the crude product was
recrystallized i 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-d¢) &
ppm 1.17-1.35 (m, 2H) 1.42-1.52 (m, 2H) 1.53-1.64 (m, 2H) 1.67-1.80 (m, QH) 3.75-
3.89 (m, 1H) 5.17 (d, /=7.93 Hz, 1H) 6.12 (d, /=7.32 Hz, 1H) 6.48 (d, /=7.93 Hz,
1H) 7.24-7.40 (m, 5H) 12.73 (s, 1H). LCMS: Anal. Calcd. for C;4H1sN,03: 262.31;
found; 263.15 (M+H)". HPLC XTERRA C-18 3.0 x 50 mm, 0 to 100% B over 2
minutes, | minute hold time, A=90% water, 10% methanol, 0.2% H1PO,, B=10%
water, 90% methanol, 0.2% HiPO,, RT=1.24 min, 100% homogeneity index.

Cap-49

©/\ﬁ/\g/OH

To a stirred solution of 2-(benzylamino)acetic acid (2.0 g, 12.1 mmol) in
formic acid (91 mL) was added formaldehyde (6.94 mL, 93.2 mmol). After five

@\T/\IJOH

cap-49

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 § min; A= 90% water, 10
% methanol, 0.1% TFA, B=10% water, 90 % methanol, 0.1% TFA) provided the title
compound 2-(benzyl(methyl)-amino)acetic acid as its TFA salt (723 mg, 33%) as a
colorless wax. 'H NMR (300 MHz, DMSO-dg) 8 ppm 2.75 (s, 3H) 4.04 (s, 2H) 4.34
(s, 2H) 7.29-7.68 (m, 5H). LCMS: Anal. Calcd. for: CoH;3sNO, 179.09; Found:
180.20 (M+H)".
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Cap-50
0 | o
Cap-50

n

To a stirred solution of 3-methyl-2-(methylamino)butanoic acid (0.50 g, 3.81
mmol) in water { 30 mL) was added KxCO1 (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
aqucous layer was concentrated undcr reduced pressure providing the crude product
which was purified by reverse-phase preparative HPLC (Xterra 30 x 100mm,
detection at 220 nm, flow rate 40 mL/min, 20 to 80% B over 6 min; A= 90% water,
10 % methanol, 0.1% TFA, B=10% water, 90 % methanol, 0.1% TFA) to provide 2-
(benzyl(methyl)amino)-3-methylbutanoic acid, TFA salt (126 mg, 19%) as a
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 (m, SH).
LCMS: Anal. Caled. for: Ci3HoNO> 221.14: Found: 222.28 (M+H)+.

Cap-51
|
o

Na,CO; (1.83g, 17.2 mmol) was added to NaOH (33 mL of 1M/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 mL, 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 HCI to a pH region of 1-2, and extracted with CH,Cl, (50 mL, 3x). The
organic phase was dried (MgSOy) and evaporated /# viacuo to afford Cap-51 as a

white solid (6 g). 'H NMR for the dominant rotamer (DMSO-ds, 52.5 ppm, 500
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MHz): 12.54 (s, 1H), 7.33 (d, /=8.6, 1H), 3.84 (dd, ./=8.4, 6.0, 1H), 3.54 (s, 3H),
2.03 (m, 1H), 0.87 (m, 6H). HRMS: Anal. Calcd. for [M+H]" C;H4NO.: 176.0923;
found 176.0922.

5 Cap-52 (Same as Cap-12)
|
g
HNI,_HKOH
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-
10 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 (m, 1H), 3.53 (s, 3H),
1.25 (d, /=7.3, 3H).

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

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

Cap Structure Data
Cap-53a: '"H NMR (DMSO-ds, 8 = 2.5 ppm, 500
(R) MHz): 8 12.51 (brs, 1H), 7.4 (d, J = 7.9,
Cap-53b: 0.9H), 7.06 (app s, 0.1H), 3.86-3.82 (m,
(S) o] 1H), 3.53 (s, 3H), 1.75-1.67 (m, 1H), 1.62-

H
/OYNﬁLOH 1.54 (m, 1H), 0.88 (d, J = 7.3, 3H). RT =

0.77 minutes (Cond. 2); LC/MS: Anal.
Caled. for [M+Na]™ CsH, NNaO,: 184.06;
found 184.07. HRMS Caled. for [M+Na]"
CsH1iNNaOQ,: 184.0586; found 184.0592.

Cap-54a: '"H NMR (DMSO-ds, 8 = 2.5 ppm, 500
(R) PR MHz): § 12.48 (s, 1H), 7.58 (d, J = 7.6,
Cap-54b: /O\n’N OH 0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H),
(S) © 3.36-3.33 (m, 1H), 1.10-1.01 (m, 1H),

0.54-0.49 (m, 1H), 0.46-0.40 (m, 1H),
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0.39-0.35 (m, 1H), 0.31-0.21 (m, 1H).
HRMS Calcd. for [M+H]" C;H2NOy:
174.0766; found 174.0771

Cap-55

'H NMR (DMSO-dg, & = 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,
TH), 5.10 (d, J = 17.1, TH), 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, [H).

Cup-56

'H NMR (DMSO-dg, 8 = 2.5 ppm, 500
MHz): § 12.75 (s, 1H), 7.38 (d, 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). |

Cuap-57

'H NMR (DMSO-dg, 8§ = 2.5 ppm, 500
MHz): & 12.50 (s, 1H), 8.02 (d, /= 7.7,
0.08H), 7.40 (d, J = 7.9, 0.76H), 7.16 (d, J
=8.2,0.07H), 7.07 (d, J = 6.7, 0.09H),
4.21-4.12 (m, 0.08H), 4.06-3.97 (m,
0.07H), 3.96-3.80 (m, 0.85H), 3.53 (s, 3H),
1.69-1,51 (m, 2H), 1.39-1.26 (m, 2H), 0.85
(t,J =7.4,3H). LC (Cond. 2): RT =139
LC/MS: Anal. Caled. for [M+H]"
C7H1uNO, . 176.09; found 176.06.

Cap-58

'"H NMR (DMSO-dg, & = 2.5 ppm, 500
MHz): 6 12.63 (brs, 1}1), 7.35 (s,1H), 7.31
(d,J =82, 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, IH). RT
=0.16 min (Cond. 2); LC/MS: Anal.
Calcd. for [M+H]" C¢H{(N2Os: 191.07;
found 191.14,
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Cap-59a:
(R}
Cap-59b:
&)

'H NMR (DMSO-dg, & = 2.5 ppm, 400

MHz): 5 12.49 (brs, 1H), 7.40 (d, ./ = 7.3,
0.89H), 7.04 (br s, 0.1 1H), 4.00-3.95 (m,
3H), 1.24 (d,J=7.3,3H), 1.15(t,J = 7.2,
3H). HRMS: Anal. Calcd. for [M+H]"
CeH12NO,: 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
to high vacuum. 'H NMR (DMSO-dg, 8 =
2.5 ppm, 400 MHz): § 12.38 (brs, 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).
HRMS: Anal. Calcd. for [M+HY
CeH1oNO4: 160.0610; found 160.0604.

Cap-61

'H NMR (DMSO-dg, & = 2.5 ppm, 400
MHz): 8 12.27 (br s, 1H), 7.40 (br s, 1H),
3.50 (s, 3H), 1.32 (s, 6H). HRMS: Anal.
Calcd. for [M+H]" CsH,,NO,: 162.0766;
found 162.0765.

Cap-62

'H NMR (DMSQ-de, & = 2.5 ppm, 400
MHz): 8 12.74 (brs, 1H), 4.21 (d, /= 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), 0.95 (d, J = 6.3,3H),0.81 (d, / =
6.6, 3H). LC/MS: Anal. Caled. for [M-
HY CsHsNO,: 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, §=12.5

ppm, 400 MHz): 12.21 (br s, 1H), 7.42 (br
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s, 1H), 3.50 (s, 3H), 2.02-1.85 (m, 4H),
1.66-1.58 (m, 4H). LC/MS: Anal. Calcd.
for [M+H]" CgH4NO,: 188.09; found
188.19.

Cap-64 [Note: the reaction was allowed to run for
longer than what was noted for the general
y © procedure.] '"H NMR (DMSO-dg, 8= 2.5
’OT N&OH ppm, 400 MHz): 12.35 (br s, 1H), 7.77 (s,
0.82H), 7.56/7.52 (overlapping br s,
0.18H), 3.50 (s, 3H), 2.47-2.40 (m, 2H),
2.14-2.07 (m, 2H), 1.93-1.82 (m, 2H).

Cap-635

Ayt o

Mcthyl chloroformate (0.65 mL, 8.39 mmol) was added dropwise over 5 min
5 toacooled (ice-water) mixture of Na,COs (0.449 g, 4.23 mmol), NaOH (8.2 mL of
IM/H,0, 8.2 mmol) and (§)-2-amino-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
was washed with CH,Cl,, and the aqueous phase was cooled with ice-water bath and
10 acidified with concentrated HCI 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 MeOH/CH,Cl,
(15 mL) and filtered, and the filterate was rotervaped to afford Cap-65 as a white
semi-viscous foam (1.236 g). 'H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz): 8 6.94
(d, /=18.5,0.9 H), 6.53 (brs, 0.1H), 3.89 (d, J = 8.8, 1H), 2.94 (s, 3H), 1.15 (s, 3H),
15 1.13 (s, 3H).
Cap-66 and -67 were prepared from appropriate commercially available

starting materials by cmploying the procedure described for the synthesis of Cap-65.
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'H NMR {(DMSO-dg, 8 =2.5 ppm, 400 MHz): 6 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,
s . 0.85H), 3.56 (s, 3H), 1.09 (d, J = 6.2, 3H). [Note: only the dominant signals of NH

were noted].

Cap-67
o N,
Ao on
O CH
10 "H NMR (DMSO-dg, 8 =2.5 ppm, 400 MHz): 12.51 (brs, 1H), 7.25 (d, J =
8.4, 0.75H), 7.12 (brd, 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

- Oj]’ H\.;)J\OH
0 -\fo
: O‘Bn
Methyl chloroformate (0.38 ml, 4.9 mmol) was added drop-wisc to a mixture
of IN NaOH (aq) (9.0 ml, 9.0 mmol), 1M NaHCOs (aq) (9.0 ml, 9.0 mol), L-aspartic
acid B-benzyl ester (1.0 g, 4.5 mmol) and Dioxane (9 ml). The reaction mixture was
stirred at ambient conditions for 3 hr, and then washed with Ethyl acetate (50 ml, 3x).
20 The aqueous layer was acidified with 12N HCI to a pH ~ 1-2, and extracted with

ethyl acetate (3 x 50 ml). The combined organic layers were washed with brine,

dried (Na;S0Oyu), 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, 8 = 2.5 ppm, 500 MHz): & 12.88 (br s, 1H), 7.55
25 (d,J=28.5, 1H), 7.40-7.32 (m, SH), 5.13 (d, J = 12.8, 1H), 5.10 (d, / = 12.9, IH),
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4.42-4.38 (m, 1H), 3.55 (s, 3H), 2.87 (dd, J = 16.2, 5.5, 1H), 2.71 (dd, / =16.2, 8.3,
1H). LC (Cond. 2): RT = 1.90 min; LC/MS: Anal. Caled. For [M+H]" C1:aH¢NOg:
282.10; found 282.12.

Cap-69a and -69b
\\ Q Cap-69a: (R)-enantiomer
NN w)\OH Cap-69b: (S}-enantiomer

NaCNBHj; (2.416 g, 36.5 mmol) was added in batches to a chilled (~15 °C)
water (17 mL)YMeOH (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 thé
volatile component was removed /# vacuo and the residue was purified with a Dowex
® S0WX8-100 ion-exchange resin (column was washed with water, and the
compound was eluted with dilute NH,OH, prepared by mixing 18 ml of NH;OH and
282 ml of water) to afford Cap-69 (2.0 g) as an off-white soft hygroscopic solid. 'H
NMR (DMSO-ds, 6 = 2.5 ppm, 400 MHz): 8 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 (t, /= 7.3, 6H).

Cap-70 to -74x were prepared according to the procedure described for the

synthesis of Cap-69 by employing appropriate starting materials.

Cap-70a: 'H NMR (DMSO-ds, 8 =2.5 ppm, 400

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

Cap-70b: (S) H o) (m, 4H), 1.53-1.44 (m, 4H), 1.19(d, J =
/\/N\’)LOH 7.3, 3H), 0.85 (t, J = 7.5, 6H). LC/MS:

Anal. Calcd. for [M+H]" CoHpoNO;:
174.15; found 174.13.

Cap-71a: =™ 9 ) _

H NMR (DMSO-dg, § =2.5 ppm, 500
(R) NN OH

MHz): § 3.18-3.14 1H), 2.84-2. ,
Cap-71b: (S) 2 (m, 1H), 2.84-2.77 (m
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2H), 2.76-2.68 (m, 2H), 1.69-1.54 (m, 2H),
1.05 (t, J=7.2, 6H), 0.91 (t,.J = 7.3, 3H).
LC/MS: Anal. Caled. for [M+H]"

CgH sNO, : 160.13; found 160.06.

Cap-72

'H NMR (DMSO-ds, & = 2.5 ppm, 400
MHz): § 2.77-2.66 (m, 3H), 2.39-2.31 (m,
2H), 1.94-1.85 (m, 1H), 0.98 (t, J = 7.1,
6H), 0.91 (d, ./ = 6.5, 3H), 0.85 (d, .J = 6.5,
3H). LC/MS: Anal. Caled. for [M+H]"
CgoH2pNO,: 174.15; found 174.15.

Cap-73

'H NMR (DMSO-dg, = 2.5 ppm, 500
MHz): § 9.5 (brs, 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 (1, J = 7.2, 6H).

Cap-74

NH,

'H NMR (DMSO-dg, 6 = 2.5 ppm, 500
MHz): §7.54 (s, LH), 6.89 (s, [H), 3.81 (1,
J=66,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. Calcd.
for [M+H]" CsH,7N,05 : 189.12; found
189.13.

Cup-74x

LC/MS: Anal. Caled. for [M+H]"
CioH22NO, : 188.17; found 18R8.21
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Cap-75, step a
0

\tf\\lfLo,Bn

OH

NaBH;CN (1.6 g, 25.5 mmol) was added to a cooled (ice/water bath) water
(25 ml)/methanol (15 ml) solution of H-D-Ser-OBz! HCI (2.0 g, 8.6 mmol).
Acetaldehyde (1.5 ml, 12.5 mmol) was added drop-wise over 5 min, the cooling bath
was removed, and the reaction mixture was stirred at ambient condition for 2 hr. The
reaction was carefully quenched with 12N HCI and concentrated in vacuo. The
residue was dissolved in water and purified with a reverse phase HPLC
(MeOH/H,O/TFA) to afford the TFA salt of (R)-benzyl 2-(diethylamino)-3-
hydroxypropanoate as a colorless viscous oil (1.9g). 'H NMR (DMSO-dq, § =2.5
ppm, 500 MHz): § 9.73 (brs, 1H), 7.52-7.36 (m, 5H), 532 (d,/ = 12.2, 1H), 5.27 (d,
J=125,1H),4.54-4.32 (m, 1H), 4.05-3.97 (m, 2H), 3.43-3.21 (m, 4H), 1.23 (1, J =
7.2, 6H). LC/MS (Cond. 2): RT = 1.38 min; LC/MS: Anal. Calcd. for [M+H]"
Ci4H22NO3: 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) preparced above, and the mixture was stirred for 15 min.
Methy! 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 NHy/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.
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NaCNBHj; (1.60 g, 24.2 mmol) was added in batches to a chilled (~13 “d)
water/MeOH (12 mL cach) solution of (S8)-4-amino-2-(tert-butox ycarbonylamino)
butanoic acid (2.17 g, 9.94 mmol). A few minutes later acetaldehyde (2.7 mL, 48.1
mmol) was added drop-wise over 2 min, the cooling bath was removed, and the
reaction mixture was stirred at ambient condition for 3.5 hr. An additional
acctaldehyde (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
® S0WX8-100 ion-exchange resin (column was washed with water and the
compound was cluted with ditute NH4OH, prepared from 18 ml of NH,OH and 282
ml of water) to afford intermediate (S)-2-amino-4-(diethylamino)butanoic acid as an
off-white solid (1.73 g).

Methyl chloroformate (0.36 mL, 4.65 mmol) was added drop-wise over 11
min to a cooled (ice-water) mixture of Na;CO3 (0.243 g, 2.29 mmo!), 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
for an additional 5.25 hr. The reaction mixture was diluted with cqual volume of
water and washed with CH,Cl, (30 mL, 2x), and the aqueous phase was cooled with
ice-water bath and acidified with concentrated HCI 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
NH3:/MeOH) to afford impure Cap-76 as an off-white solid (704 mg). 'H NMR
(MeOH-dy, & = 3.29 ppm, 400 MHz): § 3.99 (dd, J = 7.5, 4.7, 1H), 3.62 (s, 3H),
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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]" CioH2N204: 233.15; found 233.24.

Cap-77a and -77b

O
AL,
) Cap-77a: enantiomer-1
;b 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[2.2.1 Jheptan-7-yl)-2-phenylacetate using the following condition: the
intermediate (303.7 mg) was dissolved in cthanol, and the resulting solution was
injected on a chiral HPLC column (Chiracel AD-H column, 30 x 250 mm, § um)
eluting with 90% CO2-10% EtOH at 70 mL/min, and a temperature of 35 °C to
provide 124.5 mg of enantiomer-1 and 133.8 mg of enantiomer-2. These benzyl
esters were hydrogenolysed according to the preparation of Cap-7 to provide Cap-77:
'H NMR (DMSO-ds, 8 = 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]" Ci4HsNO;: 232.13; found
232.18. HRMS: Anal. Calcd. for [M+H]" C4HsNO,: 232.1338; found 232.1340.

Cap-78

NaCNBH; (0.5828 g, 9.27 mmol) was added to a mixture of the HCl salt of
(R)-2-(ethylamino)-2-phenylacetic acid (an intermediate in the synthesis of Cap-3;
0.9923 mg, 4.60 mmol) and (1-ethoxycyclopropoxy)trimethylsilane (1.640 g, 9.40
mmol) in 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,
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0.86 mmel) and NaCNBH;3 (52 mg, 0.827 mmo!) were added and the reaction
mixture was heated for an additional 3.5 hr. It was then allowed to cool to ambient
temperature and acidified to a ~ pH region of 2 with concentrated HCI, and the
mixture was filtered and the filtrate was rotervaped. The resulting crude material was
taken up in i-PrOH (6 mL) and heated to effect dissolution, and the non-dissolved
part was filtered off and the filtrate concentrated in vacuo. About 1/3 of the resultant
crude material was purified with a reverse phase HPLC (H-O/MeOH/TFA) to afford
the TFA salt of Cap-78 as a colorless viscous oil (353 mg). 'H NMR (DMSO-dg, & =
2.5 ppm, 400 MHz; after D,O exchange): 8 7.56-7.49 (m, 5H), 5.35 (S, 1H), 3.35 (m,
1H), 3.06 (app br's, 1H), 2.66 (m, 1H), 1.26 (t, J = 7.3, 3H), 0.92 (m, 1H), 0.83-0.44
(m, 3H). LC (Cond. 1): RT =0.64 min; LC/MS: Anal. Caled. for [M+H]"
Ci3HsNOy: 220.13; found 220.21. HRMS: Anal. Caled. for [M+H]" CiaH;sNO»:
220.1338; found 220.1343.

Cap-79
H O
O N/,‘

N
L/

Ozone was bubbled through a cooled (-78 "C) CH,Cl, (5.0 mL) solution Cap-
55 (369 mg, 2.13 mmol) for about 50 min until the reaction mixture attained a tint of
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.

NaBH3CN (149 mg, 2.25 mmol) was added to a MeOH (5.0 mL) solution of
the above crude material and morpholine (500 uL, 5.72 mmel) 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 residuc was purified with a

combination of MCX resin (MeOH wash; 2.0 N NH3/MeOH elution) and a reverse
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phase HPLC (H,O/MeOH/TFA) to afford Cap-79 cbntaining unknown amount of
morpholine.

In order to consume the morpholine contaminant, the above material was
dissolved in CH,Cl; (1.5 mL) and treated with Et:N (0.27 mL, 1.94 mmol) followed
by acetic anhydride (0.10 mL, 1.06 mmol) and stirred at ambient condition for 1§ hr,
THF (1.0 mL) and H,O (0.5 mL) were added and stirring continued for 1.5 hr. The
volatile component was removed in vacuo, and the resultant residue was passed
through MCX resin (MeOH wash; 2.0 N NH1/MeOH clution) to afford impure Cap-
79 as a brown viscous oil, which was used for the next step without further

purification.
Cap-80a and -80b

Ao
Cap-80a: S/S-diasterecmer

o Cap-80b: S/R-diastereomer
7
O‘Si~<~
\

SOCl, (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 the reaction mixture
was stirred at ambient condition for 29 hr. Most of the volatile component was
removed in vacuo and the residue was carefully partitioned between EtOAc (150 mL)
and saturated NaHCOj solution. The aqueous phase was extracted with EtQOAc (150
mL, 2x), and the combined organic phase was dried (MgSO,), filtered, and
concentrgted in vacuo to afford (S)-1-benzyl 4-methyl 2-aminosuccinate as a
colorless 0il (9.706g). 'H NMR (DMSO-dg, 8= 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, /= 15.9, 6.8, 1H), 1.96 (s, 2H). 1.C (Cond. 1): RT =0.90 min; LC/MS:
Anal. Caled. for [M+H]" C2HsNOy: 238.11; found 238.22.

Pb(NOs), (6.06 g, 18.3 mmol) was added over | 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
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filtered and the filtrate was treated with MgSQ, 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-methyl 2-(9-
phenyl-9H-fluoren-9-ylamino)succinate as highly viscous colorless oil (7.93 g). 'H
5 NMR (DMSO-dg, & =2.5 ppm, 400 MHz): & 7.82 (m, 2H), 7.39-7.13 (m, 16H), 4.71
(d,J=12.4,1H), 451 (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]" C3H,sNOy: 478.20; found 478.19.
LiHMDS (9.2 mL of 1.0 M/THF, 9.2 mmol) was added drop-wise over 10
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.
MeT (0.57 mL, 9.2 mmol) was added drop-wisc over 8 min to the mixture, and
stirring was continued for 16.5 hr while allowing the cooling bath to thaw to room
temperature. After quenching with saturated NH,4Cl solution (5 mL), most of the
15 organic component was removed /7 vacuo and the residue was partitioned between
CH;Cl; (100 mL) and water (40 mL). The organic layer was dried (MgSQ,), filtered,
and concentrated in 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 28/3S and 2S/3R
diastereomeric mixtures of 1-benzyl 4-methyl 3-methyl-2-(9-phenyi-9H-fluoren-9-
20 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, 8 = 2.5 ppm,
400 MHz): major diastereomer, § 4.39 (d, J = 12.3, IH of CH,), 3.33 (s, 3H,
overlapped with HO signal), 3.50 (d, / = 10.9, NH), 1.13 (d, / = 7.1, 3H); minor
25 diastereomer, 8 4.27 (d, J =12.3, 1H of CH,), 3.76 (d, J = 10.9, NH), 3.64 (s, 3H),
0.77 (d, J = 7.0, 3H). LC(Cond. 1): RT =2.19 min; LC/MS: Anal. Calcd. for
[M+H]™ C3,H30NO,: 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
30 (25)-1-benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fiuoren-9-ylamino)succinate (3.37
g, 6.86 mmol) prepared above, and stirred at -78 °C for 20 hr. The reaction mixture
was removed from the cooling bath and rapidly poured into ~IM H3PO4/H,0 (250
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mL) with stirring, and the mixture was extracted with ether (100 mL, 2x). The
combined organic phase was washed with brine, dried (MgSQy), 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
(25,3S)-benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate,
contaminated with benzyl alcohol, as a colorless viscous o1l and (25,3R)-benzyl 4-
hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate containing the
(25,3R) stereoisomer 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 (25, 3S) isomer elutes before the (25,3R) isomer under
the above condition]. (28, 3S) isomer: "H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz):
7.81 (m, 2H), 7.39-7.08 (m, 16H), 4.67 (d, / = 12.3, IH), 4.43 (d, / = 12.4, [H), 4.21
(appt,J =5.2,0H),322(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). LC
(Cond. 1) RT =2.00 min; LC/MS: Anal. Caled. for [M+H]" C3H3gNO4: 464.45;
found 464.22. (28, 3R) isomer: '"H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz): 7.81
(d, /= 17.5, 2H), 7.39-7.10 (m, 16H), 4.63 (d, J=12.1, 1H), 4.50 (app t, J = 4.9, 1H),
4.32(d,J =12.1, 1H), 3.59-3.53 (m, 2H), 3.23 (m, LH), 2.44 (dd, J = 9.0, 8.3, [ H),
1.70 (m, 1H), 0.57 (d, / = 6.8, 3H). LC (Cond. 1): RT = 1.92 min; LC/MS: Anal.
Caled. for [M+H]" C31H3oNOs: 464.45; found 464.52.

The relative stereochemical assignments of the DIBAL-reduction products
were made based on NOE studies conducted on lactone derivatives prepared from
each isomer by employing the following protocol: LIHMDS (50 pL of 1.0 M/THF,
0.05 mmol) was added to a cooled (ice-water) THF (2.0 mL) solution of (2S,3S)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (62.7 mg,
0.135 mmol), and the reaction mixture was stirred at similar temperature for ~2 hr.
The volatile component was removed in vacuo and the residue was partitioned
between CH,Cl, (30 mL), water (20 mL) and saturated aqueous NH,CI solution (1
mL). The organic layer was dried (MgSQy), filtered, and concentrated in vacuo, and
the resulting crude material was submitted to a Biotage purification (40 g silica gel;
10-15% EtOAc/hexanes) to afford (35,45)-4-methyl-3-(9-phenyl-9 H-fluoren-9-
ylamino)dihydrofuran-2(3/)-one as a colorless film of solid (28.1 mg). (2S,3R)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate was
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claborated similarly to (3S,4R)-4-methyl-3-(9-phenyl-9H-fluoren-9-
ylamino)dihydrofuran-2(3/)-one. (35,4S)-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 = 5.8, NH), 3.45 (app t, / = 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. Calcd. for [M+Na]" Cp4Hy NNaO;: 378.15; found
378.42. (38,4R)-lactone isomer: 'H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz), 7.89
(d,J=7.6,1H),7.85(d, J =173, 1H), 7.46-7.20 (m, 11H), 3.95 (dd, /= 9.1, 4.8,
1H),3.76 (d, / = 8.8, 1H), 2.96 (d, / = 3.0, NH), 2.92 (dd, / = 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]” CaaH2NNaO;: 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 CHzClz (3 m!) solution of (2S,3S)-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 (MgSQ,), filtered, and concentrated in vacuo. The resultant crude material was
purified with a Biotage (40 g silica gel; 5% EtOAc/hexanes) to afford (25,35)-benzyl
4-(tert-butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-
ylamino)butanoate, contaminated with TBDMS based impuritics, as a colorless
viscous 0il (124.4 mg). (2S,3R)-benzyl 4-hydroxy-3-methy!-2-(9-phenyl-9H-
fluoren-9-ylamino)butanoate was elaborated similarly to (2S,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate.
(28,3S)-silyl ether isomer: '"H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz), 7.82 (d,J=
4.1, 1H), 7.80 (d, / = 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, 9H), -0.13 (s, 3H), -0.16 (s, 3H). LC (Cond. 1, where the run
time was extended to 4 min): RT = 3,26 min; LC/MS: Anal. Calcd. for [M+H]"
C37H44NO;Si: 578.31; found 578.40. (2S,3R)-silyl ether isomer: 'H NMR (DMSO-
dg, 6 =2.5 ppm, 400 MHz), 7.82 (d, / = 3.0, IH), 7.80 (d, / = 3.1, 1H), 7.39-7.10 (m,
16H), 4.66 (d, / = 12.4, 1H), 4.39 (d, /= 12.4, IH), 3.61 (dd, J = 9.9, 5.6, I1H), 3.45
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(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).

A balloon of hydrogen was attached to a mixture of (25,38)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (836
mg, 1.447 mmol) and 10% Pd/C (213 mg) in EtOAc (16 mL) and the mixture was
stirred at room temperature for ~ 21 hr, where the balloon was recharged with Hj as
necessary. The reaction mixture was diluted with CH,Cl; and filtered through a pad
of diatomaceous earth (Celitc-545®), and the pad was washed with EtOAc (200 mL),
EtOAc/MeOH (1:1 mixture, 200 mL) and MeOH (750 mL). The combined organic
phase was concentrated, and a silica gel mesh was prepared from the resulting crude
material and submitted to a flash chromatography (8:2:1 mixture of EtOAc/i-
PrOH/H,0) to afford (25,3S)-2-amino-4-(tert-butyldimethylsilyloxy)-3-
methylbutanoic acid as a white fluffy sohid (325 mg). (2S,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyi-9H-fluoren-9-ylamino)butanoate was
similarly elaborated to (25,3R)-2-amino-4-(tert-butyldimethylsilyloxy)-3-
methylbutanoic acid. (2S,3S)-amino acid isomer: 'H NMR (Methanol-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, / =
10.5, 7.0, 1H), 2.37 (m, 1H), 0.97 (d, J = 7.0, 3H), 0.92 (s, 9H), 0.10 (s, 6H).
LC/MS: Anal. Calcd. for [M+H]" C H6NO;3Si: 248.17; found 248.44. (25,3R)-
amino acid isomer: 'H NMR (Methanol-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, / = 7.3, 3H), 0.91 (s, 9H), 0.09 (s,
6H). Anal. Caled. for [M+H]" C; H¢NOsSi: 248.17; found 248.44.

Water (1 mL) and NaOH (0.18 mL of 1.0 M/H,0, 0.18 mmol) were added to
a mixture of (25,3S)-2-amino-4-(tert-butyldimethylsilyloxy)-3-methylbutanoic acid
(41.9 mg, 0.169 mmol) and Na,COs (11,9 mg, 0.112 mmol), and sonicated for about
1 min to effect dissolution of reactants. The mixture was then cooled with an ice-
water bath, methyl chloroformate (0.02 mL, 0.259 mmol) was added over 30 s, and
vigorous stirring was continued at similar temperature for 40 min and then at ambient
temperature for 2.7 hr. The reaction mixture was diluted with water (5 mL), cooled
with ice-water bath and trcated drop-wise with 1.0 N HCI aqueous solution (~0.23
mL). The mixture was further diluted with water (10 mL) and extracted with CH,Cl,

(15 mL, 2x). The combined organic phase was dried (MgSO,), filtered, and
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concentrated in vacuo to afford Cap-80a as an off-white solid. (2S,3R)-2-amino-4-
(tert—butyldimethylsilyloxy)~3—methylbutanoic acid was similarly ¢laborated to Cap-
80b. Cap-80a: 'H NMR (DMSO-de, & = 2.5 ppm, 400 MHz), 12.57 (br s, 1H), 7.64
(d,/=18.3,03H), 7.19(d, /= 8.8,0.7H), 4.44 (dd, / = 8.1, 4.6, 0.3H), 4.23 (dd, J =
5 B.7,44,0.7H), 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]
C1:H27NNaQsSi: 328.16; found 328.46. Cup-80b: 'H NMR (CDCls, & = 7.24 ppm,
400 MHz), 6.00 (brd, J = 6.8, 1H), 4.36 (dd, /= 7.1, 3.1, 1H), 3.87 (dd, J = 10.5,
10 3.0, IH), 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]" C3H7NNaOsSi:
328.16; found 328.53. The crude products were utilized without further purification.

Cap-81

Prepared according to the protocol described by Falb et al. Synrhetic
Communicarions 1993, 23, 2839,

Cap-82 io Cap-85
20 Cap-82 to Cap-85 were synthesized from appropriate starting materials
according to the procedure described for Cap-51 or Cap-13. The samples exhibited
similar spectral profilcs as that of their enantiomers (i.e., Cap-4, Cap-13, Cap-51 and

Cap-52, respectively).

H Q v| 9 H 0 y 0
SO N, N SO N Y
A OH - OH hil OH N OH
0] FPh : O Is)
Cap-82 Cap-83 Cap-84 Cap-85
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Cap-86

MeO,CHN
T 0

Hey,

OMe OH

To a mixture of O-methyl-L-threonine (3.0 g, 22.55 mmol), NaOH (0.902 g,
22.55 mmol) in H>O (15 mL) was added CICO.Me (1.74 mL, 22.55 mmol) dropwise
at 0°C. The mixture was allowed to stir for 12 h and acidified to pH 1 using IN HCI.
The aqueous phasc was extracted with EtOAc and (2x250 mL) and 10% MeOH in
CHCl; (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 usc in
subsequent steps. _'HNMR (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). LCMS: Anal. Calcd. for C7H3NOs: 191;
found: 190 (M-H)".

Cap-87
MeO,CHN -
HO/\/\gH
To a mixture of L-homoserine (2.0 g, 9.79 mmol), Na,CO; (2.08 g, 19.59

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 1 using IN HCL. 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 sufficient purity for use in subsequent steps. 'HNMR (400 MHz, CDCls) &
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, [ H),
1.82 — 1.89 (m, 1H). LCMS: Anal. Caled. for C;H;3NOs: 191; found: 192 (M+H)".

Cap-88
N
7\
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A mixture of L-valine (1.0 g, 8.54 mmol), 3-bromopyridine (1.8 mL, 18,7
mmol), K>COj3 (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,0O (ca. 150 mL) and washed with EtOAc (x2). The organic layers were extracted
s with a small amount of H,0 and the combined aq phases were acidified to ca. pH 2
with 6N HCI. The volume was reduced to about one-third and 20g of cation
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 NH3 (3M in MeOH, 2X200 mL).

10 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, DMSO-de) & 8.00 (s, br, 1H), 7.68 — 7.71
(m, 1H), 7.01 (s, br, 1H), 6.88 (d, J = 7.5 Hz, 1H), 5.75 (s, br, 1H), 3.54 (s, 1H), 2.04
—2.06 (m, 1H), 0.95 (d, / = 6.0 Hz, 3H), 0.91 (4, J = 6.6 Hz, 3H). LCMS: Anal.

15 Caled. for CoHsN20;: 194; found: 195 (M+H)".

Cap-89

.
A mixture of L-valine (1.0 g, 8.54 mmol), 3-bromopyrimidine (4.03 g, 17.0
20 mmol), K,CO1 (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 cooled to RT, poured into
H,0O (ca. 150 mL) and washed with EtOAc (x2). The organic layers were extracted
with a small amount of H,O and the combined aq phases were acidified to ca. pH 2
with 6N HCI. The volume was reduced to about one-third and 20g of cation
25 exchange resin (Strata) was added. The slurry was allowed to stand for 20 min and
loaded onto a pad of cation exchange resin (Strata) (ca. 25g). The pad was washed
with H;O (200 mL), MeOH (200 mL), and then NH; (3M in MeOH, 2x200 mL).

The appropriate fractions was concentrated in vacuo and the residue (ca. 1.1 g) was

dissolved in H,O, frozen and lyophyllized. The title compound was obtained as a
30 foam (1.02 g, 62%). 'HNMR (400 MHz, CD;OD) showed the mixture to contain
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valine and the purity could not be estimated. The material was used as is in
subsequent reactions. LCMS: Anal. Calcd. for CoH 3N302: 195; found: 196
(M+H)".
Cap-90
CO,H

Cap-90 was prepared according to the method described for the preparation of Cap-1.

2

The crude material was used as is in subsequent steps. LCMS: Anal. Caled. for
C11H,sNO;: 193; found: 192 (M-HY.

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 LCMS: Anal. Calcd. for
CO;H .
©)\/ 2 C11H13NOy: 223; found:
222 (M-HY'.
Cap-92 NHCO,Me LCMS: Anal. Caled. for

@f\/cozH | €11 H;3NOy: 223: found:
222 (M-H).

Cap-93 o é LCMS: Anal. Caled. for
ﬁ/ O C10H12N2042 224; found:
HN.,, N
OH 225 (M+H)".
a
N
Cap-94 LCMS: Anal. Caled. for

214 (M+H)".

Q
(/N]/\HI\OH CgH:“N_;Oq: 213, found:
N HN._ O
H 7&’ ~
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Cap-95 jJ)\ LCMS: Anal. Caled. for
SOTNH © C13H17NOy: 251; found:
Q/VULOH 250 (M-Hy.
Cap-96 j)\ LCMS: Anal. Caled. for
~ C12H1sNO4: 237; found:
236 (M-HY.
Cap-97 JC-)L LCMS: Anal. Calcd. for
~O7NH JCJJ\ CoH,sNOy: 201; found:
© OH 200 (M-H)".
Cap-98 i LCMS: Anal. Caled. for
SOTNH O CoHsNOy: 201; found:
(‘J)LOH 202 (M+H)".
Cap-99 )OL "HNMR (400 MHz,
07 NH 'CD;0D) § 3.88 — 3.94 (m,
Q 1H), 3.60, 3.61 (s, 3H),
CO,H 2.80 (m, 1H), 2.20 (m 1H),
1.82 - 1.94 (m, 3H), 1.45
— 1.71 (m, 2H).
Cap-99a )OL "HNMR (400 MHz,
07N CD30D) & 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).
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Cap-100

LCMS: Anal. Calcd. for
C12H14NO4F.' 255; found:
256 (M+H)".

Cap-101

LCMS: Anal. Caled. for
Ci11Hi3NQOy: 223; found:
222 (M-H)Y".

Cap-102

LCMS: Anal. Calcd. for
C|1H|3NO42 223; found:
222 (M-HY

Cap-103

LCMS: Anal. Caled. for
CioH12N;04: 224; found:
225 (M+H)".

Cap-104

"HNMR (400 MHz,
CD;0D) & 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

HNI--<:>—002H
o~

"HNMR (400 MHz,
CD:0D) § 3.60 (s, 3H),
3.33-3.35 (m, 1H,
partially obscured by
solvent), 2.37 - 2.41 and
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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 _<:>_COEH "THNMR (400 MHz,
— CD;0D) 8 3.16(q,J =
7.3 Hz, 4H), 2.38 - 2.41
Prepared from cis-4- (m, 1H), 2.28 - 2.31 (m,
aminocyclohexane 2H), 1.79 — 1.89 (m, 2H),
carboxylic acid and 1.74 (app, ddd J = 3.5,
acetaldehyde by 12.5, 15.9 Hz, 2H), 1.46
employing a similar (app dtJ = 4.0, 12.9 Hz,
procedure described for 2H), 1.26 (t, J = 7.3 Hz,
the synthesis of Cap-2. 6H)
The crude HCI salt was
passed through MCX
(MeOH/H,0O/CH,Cl,
wash; 2 N NH3/MeOH
elution) to afford an oil,
which was dissolved in
CH;CN/H,0 and
lyophilized to afford a
tan solid.
Cap-i107 0 LCMS: Anal. Caled. for
(N]/\[)LOH CsH gN204S: 230; found:
57 NNAON 231 (M+H)",
0]
Cap-108 o LCMS: Anal. Caled. for
eij\gH C15H7N304: 303; found:
o JN jor ~ | 304 (M+H)*,
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Cap-109 o LCMS: Anal. Caled. for
\OJ\QIH CioH12N;04: 224; found:
~coH 225 (M+H)".
Z
N
Cap-110 o LCMS: Anal. Calcd. for
\O/LLI*:JH CioH12N204: 224; found:
: CO,H 225 (M+H)".
4
Y
Cap-111 0 LCMS: Anal. Caled. for
\oJLrgH C12H1sNOsP: 333; found:
<S\COQH 334 (M+H)",
MeO’\P\(’:)(:i
Cap-112 O LCMS: Anal. Caled. for
\O)Lr:\JH Ci3H 14N, Oy 262; found:
. CO,H 263 (M+H)".
X
NH
Cap-113 o LCMS: Anal. Calcd. for
\o)]\rgH CisH1sNOs: 329; found:
<5‘co'2H 330 (M+H)".
OBn
Cap-114 yCOMe | "THNMR (400 MHz,
\—%CozH CDCl3) 8 4.82 — 4.84 (m,
1H), 4.00 — 4.05 (m, 2H),
3.77 (s, 3H), 2.56 (s, br,
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Cap-115

CO,H
NHCO,Me

"THNMR (400 MHz,
CDCl3) & 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

COH
NHCO,Me

"HNMR (400 MHz,
CDCI3) 8 5.10 (d, J = 8.6
Hz, 1H), 3.74 — 3.83 (m,
I1H), 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).

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

5 TFA in CH,Cl,. After complete reaction as judged by LCMS the solvents were

Cap-117 to Cap-123
For the preparation of Cap-117 to Cap-123 the Boc amino acids 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 C12H sNOy: 237;
OH found: 238 (M+H)".
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Cap-118 0 LCMS: Anal. Calcd.
\O’U\NH 0 for C1oH13NQ,S: 243;
OH found: 244 (M+H)".
!
Cap-119 0 LCMS: Anal. Calcd.
)J\ for CjoH 3NO,S; 243;
found: 244 (M+H)".
Cap-120 9] LCMS: Anal. Calcd.
\O)LNH 0 for CioH 5NQ,S: 243;
OH found: 244 (M+H)".
$
Cap-121 o 'HNMR (400 MHz,
\OJ‘@H CDCL) § 4.06 - 4.16
O’C%H (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 @ 'HNMR profile is
\O)LNH similar to that of its
é-“COzH enantiomer, Cap-121.
Cap-123 0>_NH O/ LCMS: Anal. Calcd.
0 .‘.N>|;=O for Cy7H26N,06: 474;
O. 0 found: 475 (M+H)".
Q OH
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Cap-124

H 0 |
O%Nh' OH
O

The hydrochloride salt of L-threonine tert-butyl ester was carbamoylated
according to the procedure for Cap-51. The crude reaction mixture was acidified
with IN HCl to pH~1 and the mixture was extracted with EtOAc (2X50 mL). The
combined organic phases werc concentrated in vacuo to give a colorless oil which
solidified on standing. The aqueous layer was concentrated in vacuo and the
resulting mixture of product and inorganic salts was triturated with EtOAc-CH,Cl,-
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. '"HNMR (400 MHz, CD;0D) & 4.60 (m, IH), 4.04 (d, J =
5.0 Hz, 1H), 1.49(d, / = 6.3 Hz, 3H). LCMS: Anal. Calcd. for CsH,NO,: 145;
found: 146 (M+H)".

Cap-125
/
—N 0
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 bailloon
room temp. The reaction mixture was filtered through a pad of diatomaceous earth
(Celite®), and the volatile component was removed in vacuo. The resulting crude
material was used as is for the next step. LC/MS: Anal. Calcd. for Cy1H2aN,Oy:
246; found: 247 (M+H)".
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Cap-126
/~NMe N \Me
N CICO,Me, NaHCO, =

H N7 NCOLH THF /HO/0°C MeO,CHN™ ~“CO,H
cj-25 cap-126
This procedure is a modification of that used to prepare Cap-51. Toa
suspension of 3-methyl-L-histidine (0.80 g, 4.70 mmol) in THF (10mL) and H,0 (10
5 mL) at 0°C was added NaHCO; (0.88 g, 10.5 mmol). The resulting mixture was
treated with CICO;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 of20% 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 methyl ester and the desired product. This material was taken up in THF
(10mL) and Hy0 (10mL), cooled t0 0°C and LiOH (249.1 mg, 10.4 mmol) was
added. After stirring ca. 1h LCMS showed no ester remaining, Therefore the
15 mixturc was acidified with 6N HCI and the solvents removed /77 vacuo. LCMS and
'H NMR confirm the absence of the ester. The title compound was obained as its
HCI salt contaminated with inorganic salts (1.91 g, >100%). The compound was
used as is in subsequent steps without further purification. 'HNMR (400 MHz,
CDs0D) 6 8.84, (s, 1H), 7.35 (s, |H), 4.52(dd, J = 50 9.1 Hz, tH), 3.89.(s, 3H),
20 3.62 (s, 3H), 3.35(dd, J = 4.5, 15.6 Hz, 1H, partially obscured by solvent), 3.12 (dd,
J=29.0,15.6 Hz, IH).LCMS: Anal. Calcd. for CoH;3N;Q4: 227.09; found: 228.09

(M+H)",
Cap-127
MeN 'V'e<N \
(\N | CICO,Me, NaHCO, N\

HNTSCoH  THF/HZ0/0°C MeO,CHN™ “COLH

25 cj-26 cap-127
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Cap-127 was prepared according to the method for Cap-126 above starting from (S)-
2-amino-3-(1-methyl-1H-imidazol-4-yl)propanoic acid (1.11 g, 6.56 mmol),
NaHCO; (1.21 g, 14.4 mmol) and CICO:Me (0.56 mL, 7.28 mmol). The title
compound was obtained as its HCI 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,
CD2:0D) & 8.90 (s, 1H), 7.35 (s, 1H), 4.48 (dd, ./ = 5.0, 8.6 Hz, 1H), 3.89 (s, 3H),
3.62 (s, 3H), 3.35 (m, 1H), 3.08 (m, 1H); LCMS: Anal. Calcd. for CoH:N:Oy:
227.09; found: 228 (M+H)".

Preparation of Cap-128

Ph"'\
Cbz-Cl / DMAP N
BnBr / CuSO,- ;
| CHoCly / PENEL | NBr/CuSOsSHO N, |
) N
sodium ascorbate
0°C
BocHN™ ~CO,H BocHN” ~CO,Bn  NaNa/DMF/H0  gocHN™ >co,Bn:
cj-27a ¢j-27b 65°C/712h ¢j-28
Ph—\
N HN
; H, / Pd-C J
1) TFA/ CH,Cl, N, | 2 N, |
N MeOH
2) CiCOosMe / NaHCOg
THE-H,0 MeQ,CHN” ~CO,8n MeO,CHN" >CO,H
cf-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
iProNEt (1.7 mL, 9.8 mmol) in CH,Cl, (100 mL) at 0°C was added Cbz-Cl (0.68 mL,
4.83 mmol). The solution was allowed to stir for 4 h at 0°C, washed (1N KHSOQy,

brine), dried (Na,SO,), filtered, and concentrated in vacuo. The residue was purified
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by flash column chiomatography (TLC 6:1 hex:EtOAc) to give the title compound
(1.30 g, 91%) as a colorless oil. 'HNMR (400 MHz, CDCl3) & 7.35 (s, 5H), 5.35 (d,
br, /=8.1Hz 1H), 523 (d,J=12.2 Hz, IH), 5.17(d,J =12.2 Hz, 1H), 4.48 —-4.53
(m, 1H), 2.68 - 2.81 (m, 2H), 2.00 (t,/ = 2.5 Hz, 1H), 1.44 (s, 9H). LCMS: Anal.
Caled. for C7H2 NOy: 303; found: 304 (M+H)".

Step 2. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-(tert-
butoxycarbonylamino)propancate (¢j-28).
Ph—'\

N, |
N

BocHN™ "CO,Bn
cj-28

To a mixture ot (S)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (0.50
g, 1.65 mmol), sodium ascorbate (0.036 g, 0.18 mmol), CuS0,4-5H,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 mixturc 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,O and
shaken. The layers were scparated and the aqueous layer extracted 3x with EtOAc
and the combined organic phases washed (H,O x3, brine), dried (Na,SO,), filtered,
and concentrated. The residue was puritied by flash (Biotage, 40+M 0-5% MeOH in
CH,Cl,; TLC 3% McOH 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, J = 1.0, 5.3 Hz, 1H), 3.06 (dd, J =
5.3, 14.7Hz), 2.96 (dd, J = 9.1, 14.7 Hz, 1H), 1.31 (s, 9H).
LCMS: Anal. Caled. for CyyHpsN4Oy: 436; found: 437 (M+H)™.

Step 3. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-

(methoxycarbonylamino)propanoate (¢j-29).
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MeQ,CHN™ "CO.Bn
cf-29 _

A solution of (S)-benzyl 3-(l‘-benzyl-iH—l,2,3-triéid]-4-yl)-2-(tert-
butoxycarbonylamino)propanoate (0.52 g, 1.15 mmol) in CH,Cl, was added TFA (4
mL). The mixture was allowed to stir at room temperature for 2h. The mixture was
concentrated in vacuo to give a colorless oil which solidified on standing. This
material was dissolved in THF-H>O and cooled to 0°C. Solid NaHCOs (0.25 g, 3.00
mmol) was added followed by CICO,Me (0.25 mL, 3.25 mmol). After stirring for
1.5h the mixture was acidified to pH~2 with 6N HCI and then poured into H,O-
EtOAc. The layers were separated and the aq phase extracted 2x with EtOAc¢. The
combined org layers were washed (H,0, brine), dried (Na,;SO,), filtered, and
concentrated /» vacuo to give a colorless oil (505.8 mg, 111%, NMR suggested the
presence of an unidentified impunty) which solidified while standing on the pump.
The material was used as is without further purification. 'HNMR (400 MHz, DMSO-
de) 8 7.87 (s, 1H), 7.70 (d, J = 8.1 Hz, 1H), 7.27 — 7.32 (m, 10H), 5.54 (s, 2H), 5.10
(d,J =12.7 Hz, IH), 5.06 (d,/ = 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, 1 H). LCMS: Anal.
Caled. for CzH»N404: 394; found: 395 (M+H)".

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

HN
N, |

N\

MeO,CHN" ~CO,H
Cap-128
(S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-2-
(methoxycarbonylamino)propanoate (502 mg, 1.11 mmol) was hydrogenated in the
presence of Pd-C (82 mg) in MeOH (5 mL) at atmospheric pressure for 12h. The
mixture was filtered through diatomaceous earth (Celite®) and concentrated in vacuo.

(8)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-yl)propanoic acid was obtained
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as a colorless gum (266 mg, 111%) which was contaminated with ca. 10% of the
methyl ester. The material was used as is without further purification. "HNMR (400
MHz, DMSO-de) 8 12.78 (s, br, IH), 7.39 (s, 1H), 7.50 (d, /= 8.0 Hz, 1H), 4.19 —
4.24 (m, 1H), 3.49 (5, 3H), 3.12 (dd, J = 4.8 Hz, 14.9 Hz, 1H), 2.96 (dd, /= 9.9, 15.0
Hz, IH). LCMS: Anal. Caled. for C7HoN4Oy: 214; found: 215 (M+H)".

Preparation of Cap-129

D .
| N= |
J:ik HN-/ ,{,} 1) Hy Pd-C / MeOH /[N:/>

CbzHN . O CH4CN/50°C CbzHN CO,H 2) CICO,Me MeO,CHN CO,;H
¢j-30 cj-31 NaHCO3 { THF-H;O cap-129

Step 1. Preparation of (§)-2-(benzyloxycarbonylamino)-3-(1H-pyrazol-1-

[\Ij_—
N
CbzHN™ “COH
cj-31

yDpropanoic aecid (¢j-31).

A suspension of (S)-benzyl 2-oxooxetan-3-ylcarbamate (0.67 g, 3.03 mmol),
and pyrazole (0.22 g, 2.29 mmol} in CHLON (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-( I H-pyrazol-1-yl)propanoic acid (330.1 mg), The
filtrate was concentrated /n vacio and then triturated with a small amount of CH;CN
(ca. 4 mL) to afford a second crop (43.5 mg). Total yield 370.4 mg (44%). m.p.
165.5 - 168°C. lit m.p. 168.5-169.5 [Vederas et al. J Am. Chem. Soc. 1985,
107, 7105). "HNMR (400 MHz, CD;0D) § 7.51 (d, J = 2.0, 1H), 7.48 (s, / = 1.5 Hz,
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. Calcd. for
C14HsN204: 289; found: 290 (M+H)".

Step 2. Preparation of (S)-2-(methoxycarbonylamine)-3-( 1 H-pyrazol-1-ylpropanoic
acid (Cap-129).
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'
N/
MeO,CHN™ ~CO,H
: . cap-129 L ,
(S)-2-(benzy'loxycarbony]amino)—3-(]H-pyrazbl-l-yl)propanoic acid (0.20 g,
0.70 mmol) was hydrogenated in the presence of Pd-C (45 mg) in MeOH (5 mL) at
atmospheric pressure for 2h. The product appeared to be insoluble in MeOH,

5  therefore the reaction mixture was diluted with 5SmL H,0 and a few drops of 6N HCI.
The homogeneous solution was filtered through diatomaceous earth (Celite®), and the
MeOH removed in vacuo. The remaining solution was frozen and lyophyllized to
give a yellow foam (188.9 mg). This material was suspended in THF-H,O (1:1,
10mL) and then cooled to 0°C. To the cold mixture was added NaHCOs (146.0 mg,

10 1.74 mmol) carefully (evolution of CQO,). After gas evolution had ccased (ca. 15
min) CICO,Me (0.06 mL, 0.78 mmol) was added dropwise. The mixture was
allowed to stir for 2h and was acidified to pH~2 with 6N HCI and poured into
EtOAc. The layers were separated and the aqueous phase extracted with EtOAC
(x5). The combined organic layers were washed (brine), dried (Na,SQy), filtered, and

15 concentrated to give the title compdund as a colorless solid (117.8 mg, 79%).
'HNMR (400 MHz, DMSO-ds) 5 13.04 (s, 1H), 7.63 (d, J = 2.6 Hz, 1H), 7.48 (d, J =
8.1 Hz, 1H), 7.44 (d, /= 1.5 Hz, 1H), 6.19 (app 1, J = 2.0 Hz, 1H), 4.47 (dd, J = 3.0,
12.9 Hz, 1H), 4.29 - 4.41 (m, 2H), 3.48 (s, 3H). LCMS£ Anal. Caled. for
CsH11N10y: 213; found: 214 (M+H)",

Cap-130

®

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,
25 R.; Verducel, J. Tewrahedron, 1987, 43(10), 2285.
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Cap-131

B

o o n OH
o a ) Ao b
/\*l)LO,Bn — ‘o 0
: HN.__0
NH, HN\(O Y
HCI N

N AN

PN

Step a: Dimethylcarbamoyl chloride (0.92‘mL, 10 mmol) was added slowly to a
solution of (S)-benzyl 2-amino-3-methylbutanoate hydrochloride (2.44 g; 10 mmol)
and Hunig’s base (3.67 mL, 21 mmol) in THF (50 mL). The resulting white
suspension was stirred at room temperature overnight (16 hours) and concentrated
under reduced pressurc. The residue was partitioned between ethyl acetate and water.
The organic layer was washed with brine, dried (MgSQ,), filtered, and concentrated
under reduced pressure. The resulting yellow oil was purified by-ﬂash
chromatography, eluting with ethy! acetate:hexanes (1:1). Collected fractions were
concentrated under vacuum providing 2.35 g (85%) of clear oil. 'H NMR (300
MHz, DMSO-dg) 6 ppm 0.84 (d, /=6.95 Hz, 3H), 0.89 (d, J/=6.59 Hz, 3H), 1.98-2.15
(m, 1H), 2.80 (s, 6H), 5.01-5.09 (m, J=12.44 Hz, 1H), 5.13 (d, J/=12.44 Hz, |H),
6.22 (d, J=8.05 Hz, 1H), 7.26-7.42 (m, 5H). LC (Cond. 1): RT = 1.76 min; MS:
Anal. Calcd. for [M+H]" C1sHxN,0;: 279.17; found 279.03.

Stepb: Toa MeOHI(_SO 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 Hy. The mixture was stirred at room
tempcrature overnight and filtered though a microfiber filter to remove the catalyst.
The resulting clear solution was then concentrated under reduced pressure to obtain
1.43 g (89%) of Cap-131 as a white foam, which was used without further
purification. 'H NMR (500 MHz, DMSO-ds) & ppm 0.87 (d, J=4.27 Hz, 3H), 0.88
(d, /=3.97 Hz, 3H), 1.93-2.11 (m, 1 H), 2.80 (s, 6H), 3.90 (dd, /=8.39, 6.87 Hz, 1H),
5.93 (d, J=8.54 Hz, IH), 12.36 (s, 1H), LC (Cond. 1) RT =0.33 min; MS: Anal.
Caled. for [M+H]" CsH,7N,03: 189.12; found 189.04.
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Cap-132
OH

o) .

,Bn — C
o)

Y, HNYO

HCI NG

Cap-132 was prepared from (S)-benzyl 2-aminopropanoate hydrochloride
according to the method described for Cap-131. 'H NMR (500 MHz, DMSO-ds) &
ppm 1.27 (d, /=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. Calcd. for [M+H]"
CeH13N-0O3: 161.09; found 161.00.

Cap-133
o] OH
)\[/U\OX - . /j\rgo
NH, HN._.O
T
F

Cap-133 was prepared from (S)-terr-butyl 2-amino-3-methylbutanoate
hydrochloride and 2-fluoroethyl chloroformate according to the method described for
Cuap-47. "HNMR (500 MHz, DMSO-dg) 8 ppm 0.87 (t, / = 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, / = 8.54 Hz, |H), 12.54 (s, 1H).

| Cap-134

Cap-134 was prepared from (S)-diethyl alanine and methy! chloroformate
according to the method described for Cap-5/. 'H NMR (500 MHz, DMSO-dg) &
ppm 0.72-0.89 (m, 6H), 1.15-1.38 (m, 4H), 1.54-1.66 (m, 1H), 3.46-3.63 (m, 3H),
4,09 (dd, J = 8.85, 5.19 Hz, 1H), 7.24 (d, J = 8.85 Hz, [H), 12.55 (s, IH). LC
(Cond. 2): RT =0.66 min; LC/MS: Anal. Caled. for [M+H]™ CoH sNOy: 204.12;
found 204.02.
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Cap-135

0 F
HO

/N\

A solution of D-2-amino-(4-fluorophenyl)acetic acid (338 mg, 2.00 mmol),

IN-HC! in diethylether (2.0 mL, 2.0 mmol) and formalin (37%, 1 mL) in methanol (5

h

mL) was subjected to balloon hydrogenation over 10% palladium on carbon (60 mg)
for 16 hat 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 MHz, McOH-d,) & 7.59
(dd, J=8.80, 5.10 Hz, 2H), 7.29 (t, J = 8.6 Hz, 2H), 5.17 (s, 1H), 3.05 (v br s, 3H),

10 2.63 (v brs, 3H); R=0.19 min (Cond,-MS-W35); 95% homogenity index; LRMS:
Anal. Caled. for [M+H]" CioH;3FNO;: 198.09; found: 198.10.

Cap-136

O
5
N OH

15 To a cooled (-50 °C) suspension of 1-benzyl-1H-imidazole (1.58 g, 10.0
mmol) in anhydrous diethy! ether (50 mL) under nitrogen was added »#-buty! 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 Dricrite) was bubbled into the reaction
mixture for 10 min before it was allowed to warm up to 25 °C. The heavy precipitate

20 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 [N HCl/diethyl
ether (4 mL) and concentrated in vacuo. Lyophilization of the residue from water (5

mL) afforded the HCl salt of Cap-136 as a white solid (817 mg, 40%). 'H NMR (300
MHz, DMSO-d¢) 8 7.94 (d, /= 1.5 Hz, 1H), 7.71 (d, J= 1.5 Hz, IH), 7.50-7.31 (m,

(L)
wn
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SH), 5.77 (s, 2H); Ry = 0.51 min (Cond.-MS-W35); 95% homogenity index; LRMS:
Anal. Calc. for [M+H]" C11H12N203: 203.08; found: 203.11.

Cap-137

x CN
=N

5 CO,H

Cap-137, step a

\CN

=N

e

10 A suspension of |-chloro-3-cyanoisoquinoline (188 mé, £.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-terz-butylphosphine)palladium dichloride (10
mg, 0.02 mmol) and 2-(tributylstannyl)furan (378 pL, 1.20 mmol) in anhydrous
dioxane (10 mL) under nitrogen was heated at 80 °C for 16 h before it was cooled to

15 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,SQy, filtered and
concentrated. Purification of the residue on silica gel (elution with 0% to 30% cthyl
acetate/hexanes) afforded Cap-137, step a as a white solid which was used as is (230

20 mg, 105%). R,=1.95 min (Cond.-MS-W2); 90% homogeneity index; LRMS: Anal.
Cale. for [M+H]" C14HsN.0: 221.07; found: 221.12.

Cap-137

\CN

ZN
COH
25 To a suspension of Cap {37, step a, (110 mg, 0.50 mmol) and sodium
periodate (438 mg, 2.05 mmol) in carbon tetrachloride (I mL), acetonitrile (1 mL)

and water (1.5 mL) was added ruthenium trichloride hydrate (2 mg, 0.011 mmol).
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The mixture was stirred at 25 °C for 2 h and then partitioned between
dichloromethane and watcer. The aqueous layer was separated, extracted twice more
with dichloromethane and the combined dichloromethane extracts were dried over
Na;8Q,, filtered and concentrated. Trituration of the residue with hexanes afforded
Cap-137 (55 mg, 55%) as a grayish-colored solid. Ry=1.10 min (Cond.-MS-W2);
90% homogeneity index; LCMS: Anal. Calc. for [M+H]" C; HgN,O»: 200.08;
found: 200.08.

Caps 138to 158

Synthetic Strategy. Method A.

.,
H " - o

Ny el X mcPBA = TMSCN =Y 5N NaOH o
N THF N OCM /N: _ TEA ACN N 85'C =N
BMCL 2001, ° OH
11.1885-1888, N 2

Cap-138

~
~n
=N

Cap-138, step a

S
=N

To a stirred suspension of 5-hydroxisoquinoline (prepared according to the
procedure in WO 2003/099274) (2.0 g, 13.8 mmol} and triphenylphosphine (4.3 g,
16.5 mmol) in dry tetrahydrofuran (20 mL) was added dry methanol (0.8 mL) and
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,SOy, filtered and concentrated. The residue was preabsorbed

onto sitica gel and purified (elution with 40% ethyl acetate/hexanes) to afford Cap-
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138, step a as a light yellow solid (1.00 g, 45%). 'H NMR (CDCls, 500 MHz) 8 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); R,=0.66 min (Cond. D2); 95% homogeneity index;
LCMS: Anal. Calc. for [M+H]" CoH,oNO: 160.08; found 160.10.

Cap-138, step b
~,

&?
.
~ N\O_

To a stirred solution of Cap 138, step a (2.34 g, 14.7 mmol) in anhydrous
dichloromethane (50 mL) at room temperature was added mera-chtoroperbenzoic
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 | h at room
temperature before it was filtered and concentrated to afford Cap-738, step b as a
pale, yellow solid which was sufficiently pure to carry forward (2.15 g, 83.3%). 'H
NMR (CDCl;, 400 MHz)  8.73 (d, /J=1.5Hz, I1H),8.11 (dd, /= 7.3, 1.7 Hz, 1H),
8.04 (d, /=7.1 Hz, 1H), 7.52 (t, J=8.1 Hz, 1H), 7.28 (d, /= 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]" CioHgNO;: 176.07; found: 176.0.

Cap-138, step ¢

~o

X

N
CN
To a stirred solution of Cap 138, step b (0.70 g, 4.00 mmeol) 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°Cfor20h before it was cooled to room teﬁperature, diluted with ethyl acetate
and washed with saturated sodium bicarbonate solution and brine prior to drying over
Na,S0, and solvent concentration. The residuc was flash chromatographed on silica
gel (elution with 5% ethyl acetate/hexanes) to 25% ethyl acetate/hexanes to afford

Cap-138, step ¢ (498.7 mg) as a white, crystalline solid along with 223 mg of
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additional Cap-138, step ¢ recovered from the filtrate, "H NMR (CDCls, 500 MHz) &
8.63 (d, J=5.5Hz, 1H), 8.26 (d, /= 5.5 Hz, IH}, 7.88 (d, /= 8.5 Hz, 1H), 7.69 (t, J
= 8.0 Hz, 1H), 7.08 (d, /= 7.5 Hz, 1H), 4.04 (5, 3H); R(= 1.75 min, (Cond.-D1); 90%
homogeneity index; LCMS: Anal. Calc. for [M+H]" C, HoN,O: 185.97; found:

185.10.

Cap-138
~o
X
ZN
CO,H

Cap-138, step ¢ (0.45 g, 2.44 mmol) was treated with SN sodium hydroxide

solution (10 mL) and the resulting suspension was heated at 85 °C for 4 h, cooled to

25 °C, diluted with dichloromethane and acidified with 1N hydrochloric acid. The

organic phase was separated, washed with brine, dricd over Na;SQ., concentrated to

Y4 volume and filtered to afford Cap-138 as a yellow solid (0.44g, 88.9%). '"H NMR
(DMSO-dg, 400 MHz) & 13.6 (brs, 1H), 8.56 (d, /= 6.0 Hz, 1H), 8.16(d, J = 6.0
Hz, 1H), 8.06 (d, /= 8.8 Hz, 1H), 7.71-7.67 (m, 1H), 7.30 (d, /= 8.0 Hz, 1H), 4.02
(s, 3H); R, =0.70 min (Cond.-D1); 95% homogenity index; LCMS: Anal. Calc. for
[M+H]" C1HoNO3: 204.07; found: 204.05.

Synthetic Strategy. Mcthod B (derived from Terrahedron Lerters, 2001, 42, 6707).

=
=N

(o4
WO 20037 099274

KCN, dpppe O = S 5N NaOH =
Pd(OAC); S | _N N
TMEDA, 150°C

toluene CN COH

Cap-139

/O X

=N

COH
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Cap-139, step a

/QI:IQI

CN

To a thick-walled, screw-top vial containing an argon-degassed suspension
of 1-chloro-6-methoxyisoquinoline (1.2 g, 6.2 mmol; prepared according to the
procedure in WO 2003/ 099274), potassium cyanide (0.40 g, 6.2 mmol), 1,5-
bis(diphenylphosphino)pentane (0.27 g, 0.62 mmol) and palladium (IT) acetate (70
mg, 0.31 mmol) in anhydrous toluene (6 mL) was added NN, N’ N -
tetramethylethylenediamine (0.29 mL, 2.48 mmol). The vial was sealed, heated at
150°C for22h and‘thcn 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 eluting with 5% ethyl
acetate/hexanes to 25% cthyl acetate/hexanes to afford Cap-139, step a as a white
solid (669.7 mg). "H NMR (CDCls, 500 MHz) & 8.54 (d, /= 6.0 Hz, 1H), 8.22 (d,J
=9 0Hz IH), 7.76 (d, /= 5.5 Hz, 1H), 7.41-7.39 (m, 1H), 7.13 (d, /= 2.0 Hz, 1H),
3.98 (s, 3H); Ry=1.66 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc.
for [M+HT" C,;HoN,O: 185.07; found: 185.20.

Cap-139
/O S
=N
COH
Cap-139 was prepared from the basic hydrolysis of Cap-139, step a with SN

NaOH according to the procedure described for Cap /38. 'H NMR (400 MHz,
DMSO-dg) 8 13.63 (v brs, 1H), 8.60 (d, /= 9.3 Hz, 1H), 8.45 (d, J=56 Hz, 1H),
7.95(d,/J=5.9 Hz, 1H), 7.49 (d, /J=2.2 Hz, 1H), 7.44 (dd, /=9.3, 2.5 Hz, 1H), 3.95
(s, 3H); R; = 0.64 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C;HoNO;: 204.07; found: 204.05.
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Cap-140

N
Cl

=N

O2H

Cap-140, step a

PN

\Cl

=N

CN

To a vigorously-stirred mixture of 1,3-dichloro-5-cthoxyisoquinoline (482
mg, 2.00 mmol; prepared according to the procedure in WO 2005/ 051410),
palladium (II) acetate (9 mg, 0.04 mmol), sodium carbonate (223 mg, 2.10 mmol)
and 1,5-bis(diphenylphosphino)pentane (35 mg, 0.08 mmol) in dry
dimethylacetamide (2 mL) at 25 °C under nitrogen was added N,N,N’,N?-
tetramethylethylenediamine (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 OL 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
Na>SQ,, filtered and concentrated. The residue was purified on silica gel eluting with
10% ethyl acetate/hexanes to 40% cthyl acetatc/hexanes to afford Cap-140, step a as
a yellow solid (160 mg, 34%). R;=2.46 min (Cond.-MS-W2); 90% homogenity
index; LCMS: Anal. Calc. for [M+H]" C;2HoCIN,O: 233.05; found: 233.08.

Cap-140
P
N Cl
=N
0H

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 /41, described below.
R¢=2.24 min (Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C12H,,CINO;: 252.04; found: 252.02.
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Cap-141

=N

COpH

Cap-141, step a

S E

=N
5 ' v CN o

Cap-141, step a was prepared from 1-bromo-3-fluoroisoquinoline (prepared
from 3-amino-1-bromoisoquinoline using the procedure outlined in J. Med. Chem.
1970, /3, 613) as described in the procedure for the breparation of Cab-]40, step a
(vide supra). 'H NMR (500 MHz, CDCl;) & 8.35 (d, J= 8.5 Hz, IH), 7.93 (d, J =

10 8.5Hz, IH), 7.83 (t, /= 7.63 Hz, 1H), 7.77-7.73 (m, 1H), 7.55 (s, H); R, = 1.60 min

(Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for [M+H]" C oHeFNy:
173.05; found: 172.99. = S

Cap-141
15

. \ F

ZN
CO,H
Cap-141, step a (83 mg, 0.48 mmol) was treated with 12N HC! (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
20 then filtered to afford Cap-/417 as an off-white solid (44.1 mg, 47.8%). The filtrate
was diluted with dichloromethane and washed with brine, dried over Na;SO,, and
concentrated to afford additional Cap-741 which was sufficiently pure to be carried
forward directly (29.30 mg, 31.8%). 'H NMR (DMSOQ-ds, 500 MHz) 8 14.0 (br's,
1H), 8.59-8.57 (m, 1H), 8.10 (d, /= 8.5 Hz, 1H), 7.88-7.85 (m, 2H), 7.74-7.71 (m,
1H); R,= 1.33 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" CoH7FNO,: 192.05; found: 191.97.

(3]
wn
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Cap-142
.
R

=N

CO,H

Cap-142, step a
r

s

=N
5 CN
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 ¢. R,
= 1.45 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for

[M+H]" CoHgBrN;: 232.97; found: 233.00.

Cap-142, step b

()

e
=N
CN
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,
15 0.015 mmol)and 2-(dicyclohexylphosphino)bipheny! (11 mg, 0.03 mmol) in
anhydrous toluene (1 mL) was added morpholine (61 uL, 0.70 mmol). The mixture
was heated at 100 °C for 16 h, cooled to 25 °C and filtered through diatomaceous
earth (Celite®). Purification of the residue on silica gel, eluting with 10% to 70%
cthyl acetate/hexanes afforded Cap-142, step b (38 mg, 32%) as a yellow solid,
20 which was carried forward directly. R, =1.26 min (Cond.-MS-W1); 90%
homogenity index; LCMS: Anal. Calc. for [M+H]" C14H;4N30: 240.11; found:
240.13.
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Cap-142

()

=N

CQO.H
Cap-142 was prepared from Cap-142, step b with SN sodium hydroxide as
described in the procedure for Cap 7/38. R, = 0.72 min (Cond.-MS-W1); 90%
homogenity index; LCMS: Anal. Calc. for [M+H]" Cp4HisN;01: 259.11; found:

259.08.

Cap-143

0

NP
@I
2H

Cuap-143, step a

9

=N

To a stirred solution of 3-amino-1-bromoisoquinoline (444 mg, 2.00 mmol) in
anhydrous dimethylformamide (10 mL) was added sodium hydric_le (60%, unwashed,
96 mg, 2.4 mmol} in one portion. The mixture was stirred at 25 °C for 5 min before
2-bromoethyl ether (90%, 250 uL, 2.00 mmol) was added. The mixture was stirred
further at 25 °C for 5 h and at 75 °C for 72 h before it was cooled to 25 °C, quenched
with saturated ammonium chloride solution and diluted with ethyl acetate. The
organic layer was separated, washed with water and brine, dried over Na;SQ,,
filtered and concentrated, Purification of the residue on silica gel eluting with 0% to
70% ethyl acetate/hexanes afforded Cap-143, step a as a yellow solid (180 mg, 31%).
R = 1.75 min (Cond.-MS-W1}; 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C3H4BrN;O: 293.03; found: 293.04.
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Cap-143

e

=N

H
To a cold (-60 °C) solution of Cap-143, step a (154 mg, 0.527 mmol) in

anhydrous tetrahydrofuran (5 mL) was added a solution of n-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 1NV HCI 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 a reverse phase HPLC (McOH/water/TFA) afforded Cap-143 (16 mg,
12%). Ry=1.10 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc.
for [M+H]" C14H1sN203: 259.11; found: 259.08.

Cap-144

\N/

Cl
A

COH

Cap-144, step a

NO,

\CI

=N
cl
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 @ (2.73 g, 81%) as a yellow solid which was
used directly. R,= 2.0l min. (Cond.-D1); 95% homogenity index; LCMS: Anal.
Cale. for [M+H]" CoHsCIN,0,: 242.97; found: 242.92.
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Cap-144, step b

\N/

N

ZN

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 H, for 1.5 h. Then formalin (5 mL) and additional platinum
oxide (30 mg) were added, and the suspension was resubjected to Parr hydrogenation
at 45 psi Hs for 13 h. It was then suction-filtered through diatomaceous earth
(Celite®) and concentrated down to ¥ volume. Suction-filtration of the ensuing
precipitate afforded the title compound as a yellow solid which was flash
chromatographed on silica gel cluting with 5% ethyl acetate in hexanes to 25% ethyl
acetate in hexanes to afford Cap-7144, step b (231 mg, 78%) as a pale yellow solid. R,
=2.36 min (Cond.-D1); 95% homogenity index; 'H NMR (400 MHz, CDCly) § 8.02
(s, 1H), 7.95 (d, /= 8.6 Hz, 1H), 7.57-7.53 (m, 1H), 7.30 (d, /= 7.3 Hz, 1H), 2.88 (s,
6H); LCMS: Anal. Cale. for [M+H]" C; H;;CloNy: 241.03; found: 241.02. HRMS:
Anal. Calc. for [M+H]" C)\HClaN2: 241.02099; found: 241.0296.

Cap-144, step ¢

~

N
N 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. Calc. for [M+H]" Cj;H,,CIN;: 232.06;
found: 232.03. HRMS: Anal. Calc. for [M+H]" Cj,H,;,CIN;: 232.0642; found:
232.0631.
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Cap-144

\N/

\Cl

=N
COH
Cap-144 was prepared according to the procedure described for Cap-141. R,
=2.36 min (Cond.-D1); 90%; LCMS: Anal. Calc. for [M+H]" C;2H2CIN;Oy:
5 238.01; found: 238.09.

Caps-145 to 162
Caps-145to 162 were prepared from the appropriate 1-chloroisoquinolines according
to the procedure described for the preparation of Cap-138 (Method A) or Cap-139

10 (Method B) unless noted otherwise as outlined below.

R, (LC-
Cond.); %
Cap # Cap Method Hydrolysis homogeneity
index; MS
data
1.14 min
(Cond.-MS-
o W1); 90%;
=N LCMS: Anal.
cap- Ot Cale. for
145 Prepared from commercially B [2NHCI [M+HT*
available 1,3- C1oH,CINO,:
dichloroisoquinoline 208.02;
found:
208.00.
Cap- SO 1.40 min
146 C/ONH A SN NaOH (Cognscl'/-l_)l);
Prepared from commercially LCMS: /;na].
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available 3- Cale. for
hydroxyisoquinoline [M+H]"
Ci1HoNOs:
204.07;
found:
204.006.
(.87 min
(Cond.-D1);
o 95%;
~ LCMS: Anal.
Cuap- =N
147 - . svNeoH | e
Prepared from commercially [M+H]
available 1-chloro-4- CiiHoNOs:
hydroxyisoquinoline 204.07;
found:
204.05.
0.70 min
(Cond.-D1);
x 95%;
~o =N LCMS: Anal.
cap- coH Calc. for
148 Prepared from commercially SN NaOH [M+H]
available 7- C1 H1oNOs:
hydroxyisoquinoline 204.07;
found:
204.05.
h 0.70 min
Cap- :N {(Cond.-D1);
CO.H 95%;
149 SN NaOH
Prepared from commercially LCMS: Anal.
available 5- Calc. for
hydroxyisoquinoline [M+H]"
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CiiHigNOx:
204.07;
. found:
204.05.
0.26 min
e , (Cond.-D1);
@;)“ TFA , 95%:
ca ~0 N LCMS: Anal.
15/; Prepareé fron'q S—T*nethox'y-l- . N Calc. for
chloroisoquinoline, which [M+H]*
can be synthesized following Cy1H;oNO::
the procedure in WQO 2003/ 204.07:
099274 found:
| 204.04.
1.78 min
™o (Cond.-D1);
N 90%;
ZN ;
Cap- COH LCMS: Anal.
15 Prepared from 5-methoxy- 5 12N HCI Calc. f(il'
1,3-dichloroisoquinoline, [M+H]
which can be synthesized CiiHsCINOs:
following the procedure in 238.03;
WO 2005/051410. found:
238.09.
1.63 min
_o O (Cond.-D1);
Cap- /ONH 95%;
152 | prepared f . I B 12N HCI LCMS: Anal
pared from commercially Cale. for
available 6-methoxy-1,3- [M+H]"
dichloroisoquinoline C HsCINOs:
238.00;
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WO 2009/102568
found:
238.09.
1.18 min
‘ (Cond.-MS-
s
/N W1); 95%;
COH LCMS: Anal.
Cap-
Prepared from 4- Calc. for
153 6N HCI s
bromoisoquinoline, which [M+H]
can be synthesized following CyoHsBINO;:
the procedure in WO 2003/ 251.97,
062241 found:
251.95.
0.28 min
. (Cond.-MS-
F 2N W1); 90%,;
- ach LCMS: Anal.
ap- - -1-
Prepared from 7-fluoro-1 Cale. for
154 chloroisoquinoline, which SN NaOH [M+HT*
can be synthesized following C1oH,FNO,:
the procedure in WO 2003/ 192.05-
099274 found:
192.03.
0.59 min
= (Cond.-MS-
¢l 2N W1); 90%;
c OH LCMS: Anal.
- Prepared from 1,7- Calc. for
155 . ) o . SN NaOH
dichloroisoquinoline, which [M+H]"
can be synthesized following C1oH;CINO,:
the procedure in WO 2003/ 208.02;
099274 found:
208.00.
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0.60 min
cl N (Cond.-MS-
\@4 W1); 90%,;
oaHt LCMS: Anal.
Cap- Prepared from 1,6- Calc. for
156 dichloroisoquinoline, which SN NaOH [M+H]"
can be synthesized following C1oH,CINOy:
the procedure in WO 2003/ 208.02:
099274 found:
208.03.
1.49 min
! (Cond.-D1);
=
_N 95%;
CoH LCMS: Anal.
Cap-
Prepared from 1,4- Calc. for
157 12N HCI .
dichloroisoquinoline, [M+H]
which can be synthesized CioH7CINO:
following the procedure in 208.02;
WO 2003/ 062241 found:
208.00.
0.69 min
’ (Cond.-MS-
=
N W1); 90%;
OMH LCMS: Anal.
Cap-
Prepared from 1,5- Calc. for
158 _ . 5N NaOH .
dichloroisoquinoline, [M+H]
which can be synthesized C1oH+CINO;:
following the procedure in 208.02;
WO 2003/099274 found:
208.01,
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0.41 min
F (Cond.-MS-
! W1); 90%:
O,H LCMS: Anal.
Cap-
Prepared from 5-fluoro-1- Calc. for
159 _ o B SN NaOH .
chloroisoquinoline, [M+H]
which can be synthesized CioH7FNO;:
following the procedure in 192.05;
WO 2003/ 099274 found:
192.03.
0.30 min
. ~ (Cond.-MS-
2N W1); 90%;
O LCMS: Anal.
Cap- Prepared from 6-fluoro-1- Cale. for
160 chloroisoquinoline, B SN NaOH [M+HT"
which can be synthesized C1oH-ENO»:
following the procedure in 192.05-
WO 2003/ 099274 found:
192.03.
0.70 min
~ (Cond. D1);
95%:;
X
P LCMS: Anal.
Cap- N COH
Ic. f
161 Prepared from 4- - - Cale (ir
+
bromoquinoline-2-carboxylic [M+H]
acid and dimethylamine CiatlaN20z:
217.10;
(DMSO, 100 °C) ’
found:
217.06.
Cap- m 0.65 min
162 ~o N cop - (Cond.-M3);
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Prepared from m-anisidine 95%;
following the procedure LCMS: Anal.
described in.J. Hetero. Calc. for
Chem. 1993, 17 and [M+H]"
Heterocycles, 2003, 60, 953. C1H¢NOs:
204.07;
found:
203.94.
Cap-163
OH
OH
O
5

To a solution of 2-ketobutyric acid (1.0 g, 9.8 mmol) in diethylether (25 ml)
was added phenylmagnesium bromide (22 ml, IM in THF) dropwise. The reaction
was stirred at ~25 °C under nitrogen for 17.5h. The reaction was acidified with IN
HCI and the product was extracted with cthy] acetate (3 x 100 ml). The combined

10 organic layer was washed with water followed by brine and dried over MgSO,. After
concentration i» vacuo, a white solid was obtained, The solid was recrystallized from
hexanes/ethyl acetate to afford Cap-763 as white ncedles (883.5 mg). '"H NMR
(DMSO-de, 8= 2.5 ppm, 500 MHz): 12.71 (brs, 1 H), 7.54-7.52 (m, 2H), 7.34-7.31
(m, 2H), 7.26-7.23 (m, 1H), 5.52-5.39 (brs, 1H), 2.11 (m, 1H), 1.88 (m, 1H), 0.79

15 (appt,J=74Hz 3H).

Cap-164
0]
OH
N
\
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A mixture of 2-amino-2-phenylbutyric acid (1.5 g, 8.4 mmol), formaldehyde
(14 mL, 37% in water), IN HC! (10 mL) and 10% Pd/C (0.5 mg) in MeOH (40 mL)
was exposed to H, 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,0/TFA) to afford the
TFA salt of Cap-164 as a white solid (1.7 g). 'H NMR (DMSO-dg, & = 2.5 ppm, 500
MHz) 7.54-7.47 (m, 5H), 2.63 (m, I H), 2.55 (s, 6H), 2.31 (m, 1H), 0.95 (app t, J =
7.3 Hz, 3H).

Cap-165

To a mixture of 2-amino-2-indanecarboxylic acid (258.6 mg, 1.46 mmol) and
formic acid (0.6 ml, 15.9 mmol) in 1,2-dichloroethane (7 ml) was added
formaldehyde (0.6 ml, 37% in water). The mixture was stirred at ~25 °C for 15 min
then heated at 70 °C for 8h. The volatile component was removed i# vacuwo, and the
residue was dissolved in DMF (14 mL) and purified by a reverse phase HPLC
(MeOH/H,O/TFA) to afford the TFA salt of Cap-165 as a viscous oil (120.2 mg). 'H
NMR (DMSO-ds, 8 =2.5 ppm, 500 MHz): 7.29-7.21 (m, 4 H), 3.61 (d,J = 17.4 Hz,
2H), 3.50 (d, J = 17.4 Hg, 2H), 2.75 (s, 6H). LC/MS: Anal. Calcd. for [M+H]"
Ci2H1gNO3y: 206.12; found: 206.07.

Cap-166a and -166b

0
OH Cap-166a: Diastereomer-1

N Cap-166b: Diastereomer-2

A

!
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Caps-166a and -166b were prepared from (18, 48)-(+)-2-methyl-2,5-
diazabicyclo[2.2.1}heptane (2HBr) according to the method described for the
synthesis of Cap-7a and Cap-7b, with the exception that the benzyl ester
intermediate was separated using a semi-prep Chrialcel OJ column, 20 x 250 mm, 10
pm eluting with 85:15 heptane/ethanol mixture at 10 mL/min elution rate for 25 min.
Cap-166b: 'H NMR (DMSO-dg, 8 = 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 (app br s, 1H), 3.16 (app brs, 1H), 2.83 (d,
J=10.1 Hz, ]H), 2.71 (m, 2H), 2.46 (m, 1H), 2.27 (s, 3H), 1.77 (d, ] = 9.8 Hz, 1H),
1.63 (d, ] = 9.8 Hz, |H). LC/MS: Anal. Calcd. for [M+H]" Ci4HsN;O4: 247.14;
found: 247.11.

Cap-167

OH

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 vacuo. A mixture of the resultant crude material,
formaldehyde (15 mL, 37% in water), IN HCI (10 mL) and 10% Pd/C (10 mg) in
MeOH was exposed to H, (40 PS1) in a Parr bottle for 23 h, The reaction mixture
was filtered over Celite and concentrated in vacuo 10 afford Cap-167 as a yellow
foam (873.5 mg). 'H NMR (DMSO-dg, 3 = 2.5 ppm, 500 MHz) 7.59-7.38 (m, 4H),
5.59 (s, 1H), 4.84 (d, ] = 14 Hz, 1H), 4.50 (d, J = 14.1 Hz, 1H), 3.07 (s, 3H). LC/MS:
Anal. Caled. for [M+H]™ C oH2NO,: 178.09; found: 178.65.

Cap-168

OH
NMe,
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Racemic Cap-168 was prepared from racemic Boc-aminoindane-1-carboxylic
acid according to the procedure described for the preparation of Cap-/67. The crude

material was employed as such,

5 Cap-169

><o
OH
N—

|
A mixture of 2-amino-2-phenylpropanoic acid hydrochloride (5.0 g, 2.5
mmol), formaldehyde (15 ml, 37% in water), IN HCI (15 ml), and 10% Pd/C (1.32 g)
10 1in MeOH (60 mL) was placed in a Parr bottle and shaken under hydrogen (55 PSI)
for 4 days. The reaction mixture was filtered over Celite and concentrated in vacuo.
The residue was takenlup in MeOH and purified by reverse phase prep-HPLC
(MeOH/water/TFA) to afford the TFA salt of Cap-169 as a viscous semi-solid (2.1
g). 'HNMR (CDCls, & = 7.26 ppm, 500 MHZ): 7.58-7.52 (m, 2 H), 7.39-7.33 (m,
15 3H), 2.86 (brs, 3H), 2.47 (brs, 3H), 1.93 (s, 3H). LC/MS: Anal. Calcd. for [M+H]"
Ci11H16NO2: 194.12; found; 194.12.

Cap-170

) )
L,
HNYO
0
20 To (8)-2-amino-2-(tetrahydro-2 H-pyran-4-yljyacetic acid (505mg; 3.18mmol;
obtained from Astatech) in water (15ml) was added sodium carbonate (673mg;
6.35mmol), and the resultant mixture was cooled to 0 °C and then methyl
chloroformate (0.26ml; 3.33mmol) was added dropwise over 5 minutes. The reaction
was allowed to stir for 18 hours while allowing the bath 1o thaw to ambient
35 temperature. The reaction mixture was then partitioned between 1IN HCI and ethyl
acetate. The organic layer was removed and the aqueous layer was further extracted

with 2 additional portions of ethy! acetate. The combined organic layers were
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washed with brine, dried over magnesium sulfate, filtered and concentrated in vacuo
to afford Cap-170 a colorless residue. 'H NMR (500 MHz, DMSO-ds) & ppm 12.65
(1H,brs), 744 (1 H,d, /=824 Hz),3.77-395(3 H, m),3.54 (3 H,s),3.11-326(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.
Caled. for [M+H]" CoH6NOs: 218.1; found 218.1.

Cap-171

A solution of methyl 2-(benzyloxycarbonylamino)-2-(oxetan-3-
ylidene)acetate (200 mg, 0.721 mmol; Il Farmaco (2001), 56, 609-613) in ethyl
acetate (7 ml) and CH,Cl; (4.00 mt) was degassed by bubbling nitrogen for 10min.
Dimethyl dicarbonate (0.116 ml, 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 lg Ce(NH4)2SO,, 6g ammonium molybdate, 6ml
sulfuric acid, and 100ml water) indicated complete conversion. The reaction was
filtered through celite and concentrated. The residue was purified via Biotage® {load
with dichloromethane on 25 samplet; elute on 25S column with dichloromethane for
3CV then 0 to 5% MeOH / dichloromethane over 250ml then hold at 5% MeOH /
dichloromethane for 250ml; 9m! fractions). Collected fractions containing desired
material and concentrated to 120mg (81%) of methyl 2-(methoxycarbonylamino)-2-
(oxetan-3-yl)acetate as a colorless oil. 'H NMR (500 MHz, CHLOROFORM-D) &
ppm 3.29 - 3.40 (m, J=6.71 Hz, 1 H) 3.70 (s, 3 H) 3.74 (s, 3 H) 4.55 (1, /=6.41 Hz, 1
H) 4.58 - 4.68 (m, 2 H) 4.67 - 4.78 (m, 2 H) 5.31 (brs, | H). LC/MS: Anal. Calcd.
for [M+H]" CsH4NOs: 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(NH,4),S0,, 62
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ammonium molybdate, 6ml sulfuric acid, and 100ml water]) indicated ~10% starting
material remaining. Added an additional 3mg LiOH and allowed to stir overnight at
which time TLC showed no starting material remaining, Concentrated in vacuo and
placed on high vac overnite providing 55mg lithium 2-(methoxycarbonylamino)-2-
(oxetan-3-yl)acetate as a colorless solid. "H NMR (500 MHz, MeOD) & ppm 3.39 -
3.47 (m, 1 H) 3.67 (s, 3 H) 4.28 (d, /=7.93 Hz, 1 H) 4.64 (t, /=6.26 Hz, 1 H) 4.68 (t,
J=17.02 Hz, 1 H)4.73 (d, /=7.63 Hz, 2 H).

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 scope of the claims. Thus, the following examples, which include specific
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 arc presented to provide what is believed to be the most useful and
readily understood description of its procedures and conceptual aspects.

Solution percentages express a weight to volume relationship, and solution
ratios express a valume to volume relationship, unless stated otherwise. Nuclear
magnetic resonance (NMR) spectra were recorded either on a Bruker 300, 400, or
500 MHz spectrometer; the chemical shifts (8) are reported in parts per million,
Flash chromatography was carried out on silica gel (Si0,) according to Still’s flash
chromatography technique (J. Org. Chem. 1978, 43, 2923).

Purity assessment and low resolution mass analysis were conducted on a
Shimadzu LC system coupled with Waters Micromass ZQ MS system. It should be
noted that retention times may vary slightly between machines. The LC conditions
employed in determining the retention time (RT) were:

Retention times were determined according to the following LC/MS conditions:

Condition |

Column: Phenomenex-Luna 4.6 X 50 mm S10
Start % B =0

Final % B = 100
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Gradient Time = 4 min

Flow Rate =4 mL/min

Wavelength = 220

Solvent A = 10% CH3;OH - 90% H,0 - 0.1% TFA
Solvent B = 90% CH;0H - 10% H,0 - 0.1% TFA

Condition I1

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

Final % B = 100

Gradient Time = 3 min

Flow Rate = 4 mL/min

Wavelength = 220

Solvent A = 10% CH3;0H - 90% H,0 - 0.1% TFA
Solvent B = 90% CH30H - 10% H,0 -~ 0.1% TFA

Condition 111

Column: Xbridge C18 4.6 X 50 mm S5

Start% B =0

Final % B = 100

Gradient Time = 3 min

Flow Rate =4 mL/min

Wavelength = 220

Solvent A =H,0 : ACN 95% : 5% 10 mm Ammonium Acetate
Solvent B =H,0 : ACN 5% : 95% 10 mm Ammonium Acetate

Condition 1V

Column: Phenomenex C18 10u 4.6 X 30 mm
Start % B=0

Final % B =100

Gradient Time = 3 min

Flow Rate =4 mL/Min

Wavelength = 220

000147
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Solvent A = 10% CH30OH - 90% H;0 - 0.1% TFA
Solvent B = 90% CH3OH - 10% H;0 - 0.1% TFA

Condition V

Column: Phenomenex C18 10u 4.6 X 30 mm

Start % B =0

Final % B = 100

Gradient Time = 10min

Flow Rate = 4 mL/Min

Wavelength = 220

Solvent A =H,0 : ACN 95% : 5% 10 mm Ammonium Acetate
Solvent B=H;0 : ACN 5% :95% 10 mm Ammonium Acetate

Condition VI

Column: Phenomenex 10u 3.0 X 50 mm

Start % B =0

Final % B =100

Gradient Time = 3 min

Flow Rate = 4 mL/Min

Wavelength = 220

Solvent A = 10% CH.OH - 90% H,O - 0.1% TFA
Solvent B = 90% CH;0H - 10% H,0 - 0.1% TFA

Condition VII

Start %B =0

Final %B = 100

Gradient time = 2 min

Stop time = 3 min

Flow rate = 4mL/min

Wavelength = 220 nm

Solvent A = 10% CH3;OH / 90%H,0 /0.1% TFA
Solvent B = 90% CH;0H / 10% H,0/0.1% TFA

Column 2 = Phenomenex-Luna 3.0 x 50 mm S10
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Example 1

HN#o H ?/B
OO -

methyl ((18)-1-(((28)-2-(5-(7-(2-((2S)- I-((25)-2-((methoxycarbonyl)amina)-3-
methylbutanoyl)-2-pyrrolidinyl)- 1 H-imidazol-5-y1)-9-oxo-9H-fluoren-2-yi)- 1 H-
imidazol-2-vl)-1-pyrrolidinyljcarbonyl}-2-methylpropyl)carbamate

Example 1, Step a

H
L

Boc
1a

Glyoxal (2.0 mL of 40% in water) was added dropwise over 11 minutes to a
CH30H solution of NH4OH (32 mL) and (5)-Boc-prolinal (8.564 g, 42 98 mmol) and
stirred at ambient temperature for 19 hours. The volatile component was removed in
vacuo and the residue was purified by a flash chromatography (sitica gel, EtOAc) -
followed by a recrystallization (EtOAc, room temperature) to afford imidazole 1a as
a white fluffy solid (4.43g). 'H NMR (DMSO-ds, & = 2.50, 400 MHz): 11.68/11.59
(brs, IH), 6.94 (s, |H), 6.76 (s, 1H), 4.76 (m, 1H), 3.48 (m, 1H), 3.35-3.29 (m, 1 H),
2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H).

LC (Cond. VII): RT = 0.87 min; >95% homogeneity index
LC/MS: Anal. Calcd. for [M+H]™ C3H,0N30; 238.16; found 238.22

Imidazole 1a had an ee of 98.9% when analyzed under chiral HPLC condition noted
below.

Column: Chiralpak AD, 10 um, 4.6 x 50 mm

Solvent: 1.7% ethanol/heptane (isocratic)

Flow rate: | mi/min

Wavelength: either 220 or 256 nm

Relative retention time: 3.25min (R), 5.78 minutes (S)
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Example 1, Step b

oo
/E N Nj
N [
Br Boc
1ib

N-bromosuccinimide (838.4 mg, 4.71 mmol) was added in batches, over 15
minutes, to a cooled (ice/water) CH>Cl» (20 mL) solution of imidazole 1a (1.0689 g,
5 4.504 mmol), and stirred at similar temperature for 75 min. The volatile component
was removed /n vacuo, and the crude material was purified by a reverse phase HPLC
system (H,O/CH3;0H/TFA) to separate bromide 1b from its dibromo-analog and the
non-consumed starting material. The HPLC elute was neutralized with excess
NH3/CH3;OH (2.0 M) and the volatile component was removed in vacuo. The residue
10 was partitioned between CH,Cl; and water, and the aqueous layer was extracted with
CHCl;. The combined organic phase was dried (MgSQy), filtered, and concentrated
in vacuo to afford 1b as a white solid (374 mg). 'H NMR (DMSO-dg, J = 2.50, 400
MHz): 12.12 (br s, 1H), 7.10 (m, 1H), 4.70 (m, 1H), 3.31 (m, 1H; overlapped with
water signal), 2.25-1.73 (m, 4H), 1.39/1.17 (s, 3.8H + 5.2H).
15 LC(Cond. VII): RT = 1.10 min; >95% homogencity index
LC/MS: Anal. Caled. for [M+H]" Ci2H19BrN;O, 316.07; found 316.10

Example I, Step ¢
o} je.
io’ BB‘oﬁ
Q
1c

20 Pd(Ph3P)4 (750 mg, 0.649 mmol) was added to a pressure tube containing the
mixture of 2,7-dibromo-9H-fluoren-9-one (5.124 g, 15.16 mmol),
bis(pinacolato)diboron (15.03 g, 59.19 mmol), and KOAc (3.526 g, 35.92 mmol) in
dioxane (60 mL). The reaction vessel was flushed with nitrogen, capped, and heated
at 90 °C for~106 hr. The reaction mixture was allowed to cool to ambient

25 temperature, the volatile component was removed in vacuo and the crude material
was partitioned between CHCl, (150 mL) and 50 % saturated NaHCO:z solution (60
mL). The organic layer was dried (MgSQy), filtered, and concentrated in vacuo.

The resultant semi-solid oil was triturated from hexanes (100 mL), and the yellow



000151

WO 2009/102568 PCT/US2009/032830

15

138

solid was filtered and washed with hexanes (100 m1.) to afford impure bis-boronate
lc (5.011 g). The product was submitted to the coupling step without further
purification. 'H NMR (CDCls, J = 7.24, 400 MHz): 8.11 (s, 2H), 7.93 (dd, J = 7.3,
1.0, 2H), 7.54 (d, J = 7.6, 2H), 1.33 (8, 24H).

Example 1, Step d

. )

NN =)
H H

s !

1d

H :
N

T oo

Pd(Ph3P)s (93.3 mg, 0.081 mmol) was added to a pressure tube containing
bis-boronate I¢ (508.7 mg, 1.177 mmol), bromoimidazole 1b (714 mg, 2.26 mmol),
NaHCO; (635.6 mg, 7.566 mmol)} in DME (18 mL) and water (6 mL). The pressure
tube was purged with nitrogen, capped and heated at 80 "C for ~30 h, and then
atlowed to cool to ambient condition. The volatile component was removed in
vacuo, and the residue was partitioned between CH,Cl; and water. The organic layer
was dried (MgSQ,), filtered, and concentrated in vacuo, and purified with a Biotage®
(silica gel; FtOAc) followed by reverse phase HPLC (CH3;OH/H,O/TFA). The
HPLC elute was neutralized with excess NH3/CH;OH (2.0 N) and the volatile
component was removed in vacuo. The residue was partitioned between CH,Cl; and
~3% saturated NaHCOj solution. The organic layer was dried (MgSQO4), filtered,
and concentrated in vacuo to afford carbamate 1d as a deep-red semi-solid (145 mg).
'H NMR (DMSO-ds, 0 = 2.50, 400 MHz): 12.26-11.94 (three br s, 2H), 7.97-7.41 (m,
8H), 4.85-4.77 (m, 2H), 3.55 (m, 2H), 3.37 (m, 2H), 2.30-1.79 (m, 8H), 1.40 (s, 7.5
H), 1.16 (s, 10.5H).

LC (Cond. VII): RT = 1.37 min; >95% homogeneity index
LC/MS:; Anal. Caled. for [M+H]™ Ci7Ha43NgOs 651.33; found 651.26
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Example 1, Step e

{j/ Ay (47 N
o}
1e
Carbamate 1d {184 mg, 0.283 mmol) was treated with 25% TFA/CH,Cl, (4.0
mL) and the reaction mixture was stirred at ambient condition for 6 hours. The
volatile component was removed in vacuo and the residue was free-based with MCX
(2 g; CH30OH wash; 2.0 M NH3/CH;OH elution) to afford pyrrolidine Ie as a red A
foam (129.8 mg; ~3 mg above the theoretical yield). 'H NMR (DMSO-ds, & = 2.50,
400 MHz): 11.91 (br s, 2H), 7.96-7.94 (m, 4H), 7.69 (d, J = 8.1, J = 8.1, 2H), 7.61 (s,
2H), 4.16 (m, 2H), 2.99-2.93 (m, 2H), 2.89-2.83 (m, 2H), 2.10-2.01 (m, 2H), 1.94-
1.86 (m, 2H), 1.82-1.66 (m, 4H).
LC {Cond. VII): RT = 1.01 min; >95% homogeneity index
LC/MS: Anal. Caled. for [M+H]" CyyHyNgO 451.22; found 451.27.

Example |

HATU (216.3 mg, 0.569 mmol) was added in one batch to a DMF (4.0 mL)
solution of pyrrolidine le (126 mg, 0.280 mmol), (S)-2-(methoxycarbonylamino)-3-
methylbutanoic acid (109.6 mg, 0.626 mmol) and /-Pr, EtN (0.12 mL, 0.689 mmol),
and the resulting mixture was stirred at ambient condition for ~6 hours. The volatile
component was removed in vacuo, and the residue was purified first by MCX
(methanol wash; 2.0 M NHi/methanol ¢lution) and then by a reverse phase HPLC
system (H,O/methanol/TFA) to provide the TFA salt of Example 1 as a reddish
orange foam (208.9 mg). "H NMR (DMSO-dg, 6 =2.50, 400 MHz): 8.18-7.99 (m,
&H), 7.33 (d, ./ = 8.5, 2H), 5.53 (m, 0.16H), 5.13 (m, 1.84H), 4.12 (m, 2H), 3.91-3.80
(m, 4H), 2.42-2.33 (m, 2H), 2.25-1.94 (m, 8H), 0.91-0.79 (m, 12H).
LC (Cond. VII): RT = 1.26 min; >95% homogeneity index
LC/MS: Anal. Caled. for [M+H]" CyHayoNgQ7 765.37; found 765.39.
HRMS: Anal. Calcd. for [M+H]" 765.3724; found 765.3723
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Example 2

=0 -’5
WY o e

methyl ((18)-1-(((28)-2-(5-(9-hydroxy-7-(2-((25)-1-((25)-2-

({methoxycarbonyl)anting)-3-methylbutanoyl)-2-pyrrolidinyi)- 1 H-imidazol-5-y1)-9H-

5 fluoren-2-yl)-1H-imidazol-2-yl)- -pyrrolidinyl)carbonyl)-2-methvipropyl)carbamate

NaBH, (41 mg, 1.08 mmol) was added to a cooled (ice/water) CHiOH (3 mL)

solution the TFA salt of Example 1 (165 mg, 0.166 mmol} and stirred for 25 min.
The reaction mixture was directly passed through MCX column (6g; washed with
50% H,0O/CH;0H, followed by CH30H; eluted with 2.0 N NHy/CH3OH), and then

10 purified with a reverse phase HPLC (CAN/H;O/NH,OACc) to afford Example 2,
containing about ~2 equiv of acetic acid, as a beige foam (91 mg). 'H NMR (DMSO-
de, 0 =2.50, 400 MHz): 7.97/7.92 (two br s, 2H), 7.76-7.65 (m, 4H), 7.52/7.45 (two
brs, 2H), 7.29 (d, J = 8.3, ~2H), 5.48/5.46 (two s, 1H), 5.26 (m, 0.26H), 5.09 (m,
1.74 H), 4.07 (m, 2H), 3.81/3.54-3.45 (m, 10H), 2.23-1.89 (10H), 0.9 (d, / = 6.8,

15 6H),0.85(d, J=06.5, 6H).
LC (Cond. VII): RT = 1.21 min; >95% homogeneity index
LC/MS: Anal. Calcd. for [M+H]" C4HsiNgO7 767.39; found 767.26

Example 3

7
O

HN)EOO H -/>
~ - OOT -

methvl ((18)-1-(((25)-2-(3-(9-(dimethylaming)-7-(2-((28)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)- 1 H-imidazol-5-y1)-9H-
fluoren-2-vi)-1H-imidazol-2-yl)- I-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate
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Example 3, Step

BrBr

Ja

A heterogeneous mixture of 2,7-dibromo-9H-fluorene (4.98 g, 15.37 mmol)
and N-bromosuccinimide (2.77 g, 15.56 mmol) was refluxed for ~5.5 hours.
Additional N-bromosuccinimide (0.41 g, 2.30 mmol) was added and refluxing was
continued for an additional 1h. The reaction mixture was allowed to cool to ambient
temperature, and the volatile component was removed in vacuo.

A portion of the above crude material (~ 5.1g) was added over 10 minutes to a
cooled (ice/water) THF solution of dimethylamine (30 mL of 2.0 M), and the cooling
bath was removed and the heterogeneous mixture was stirred for 2 hours. The. ‘
volatile component was removed in vacuo, and the residue was partitioned between
CH,Cl; and water, and the organic layer was dried (MgSOs), filtered, and
concentrated /n vacuo. The resulting material was submitted to a Biotage
purification (0-5% CH3;OH/CH,Cl,) to afford amine 3a as a dark yellow viscous oil
that slowly yielded a dense solid (1.327). 'H NMR (DMSO-de, § = 2.50, 400 MHz):
7.83 (d, J = 8.4, 2H), 7.73 (app br s, 2H), 7.61 (dd, J = 8.1, 1.3, 2H), 4.98 (s, 1H),
2.22 (s, 6H).

LC (Cond. VII): RT =1.32 min
LC/MS: Anal. Caled. for [M+H]" C)sH1aBraN: 367.95; found 367.81 (for the

dominant isotope)

Example 3
Example 3 (TFA salt) was prepared starting from amine 3a according to the

procedure described for the synthesis of Example 1 from 2,7-dibromo-94-fluoren-9-
one. 'H NMR (DMSO-dg, d = 2.50, 400 MHz): 8.27-7.99 (m, 8H), 7.33 (d, J = 8.3,
1.88H), 6.91 (brs, 0.12H), 5.92 (brs, ~1H), 0.12 (brs, 0.12H), 5.17 (m, 1.88 H), 4.12
(m, 1.88H), 3.91-3.79 (m, 4H), 3.55 (s, ~6H), 2.75 (app br s, 6H), 2.43-2.35 (m, 2H),
2.24-1.95 (m, 8H), 0.91-0.78 (m, 12H). [Note: some of the chemical shifts of the
minor rotamer were not identified, and that is partly why approximate values are

given for some of the integrations].
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LC (Cond. VII); RT = 1.09 minutes, >95% homogeneity index
LC/MS: Anal. Caled. for [M+H]™ Ca3HseNoQg: 794.43; found 794.29.

Example 4
‘ a
o N o~
| 5

/
methvl ((18)-1-(((28)-2-(5-(7-(2-((25)-1-((2S5)-2-((methoxycarbonyl)amino)-3-
methvlbutanaoyl)-2-pyrrolidinyl)-1 H-imidazol-5-y1)-9H-fluoren-2-yl)- 1 H-imidazol-2-
yl)-1-pyrrolidinyl)carbonyl)-2-methyilpropyl)carbamate

Example 4, Step a
§EM

<,/

Boc’
4a

NaH (243 mg of 60%, 6.08 mmol) was added in one batch to a DMF (15 mL)
semi-solution of imidazole la (1.228 g, 5.17 mmol), and stirred for 75 min. SEM-CI
(1.0 mL, 5.65 mmol) was added dropwisc over 7 minutes, and the reaction mixture
was stirred for an additional 3.5 hours. The volatile component, including the
solvent, was removed in vacuo and the residue was partitioned between CH,Cl, and
water. The organic layer was dried (MgSOy), filtered, and concentrated in vacuo.
The resulting material was purified with a Biotage® (100 g silica gel; 60-100%
EtOAc/hexanes) to afford imidazole 1a as a colorless viscous oil (1.649 g). "H NMR
(DMSO-dg, 0 = 2.50, 400 MHz): 7.16/7.13 (overlapping singlets, 1H), 6.80/6.78
(overlapping singlets, 1H), 5.61 (d, /= 10.8, 0.41H), 538 (d, /= 11.1,0.59 H), 5.26
(d,./=11.4, 1H), 4.95-4.85 (m, 1H), 3.51-3.33 (m, 4H), 2.25-2.00 (m, 2H), 1.90-1.77
(m, 2H), 1.35 (s, 3.79H), 1.12 (5, 5.21 H), 0.91-0.76 (m, 2H), -0.04 (s, 9H). LC/MS:
Anal. Caled. for [M+H]" CisH3.N30;Si: 368.24; found 368.23.
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Example 4, Step b

SEM

N &

Br‘E'J)—_.\Nj

Boé

4b
A CH;3CN (6 mL) solution of NBS (5§73 mg, 3.22 mmol) was added dropwise
over 8 minutes to a cooled (ice/water) CHiCN (10 mL) solution of amine 4a, and
5 stirred for 95 min. The cooling bath was removed and stirring was continued for an

additional 35 min. The volatile component was removed in vacuo, and the resulting

crude material was directly submitted to a Biotage® purification (100 g silica gel; 40-

50% EtOAc/hexanes) to afford bromide 4b as light-yellow viscous oil (0.895 g).

According to 'H NMR the product appears to be a mixture of regioisomers (in a ratio
10 of 7.1:1.0), and was submitted to the next step as such.

LC (Cond. VII): RT = 1.77 min
LC/MS: Anal, Caled. for [M+H]" CisHi3BrN30:Si: 446.15; found 446.07

Example 4, Step ¢

e

N N

Boc\N I\Ir: Q.O \\lr!l/\ éoc
Q/. SEM -

Carbamate 4c was prepared starting from 2,7-dibromo-9H-fluoren-9-one and
bromide 4b, via a Suzuki coupling, according to the procedure described for the
synthesis of carbamate 1d. The above SEM regiochemical assignment for the main
product is based on NOE studics, albeit it is inconsequential for the current purpose.

20 'HNMR (DMSO-ds, d = 2.50, 500 MHz): 8.04-8.02 (m, 2H), 7.74-7.70 (m, 2H),
7.56-7.49 (m, 2H), 7.06 (br s, 2H), 5.62-5.60 (m, 0.82H), 5.43-5.41 (m, 1.18H), 5.27
(m, 2H), 5.09 (m, 0.86H), 1.14 (m, 1.14H), 4.02 (s, 2H), 3.63-3.38 (m, 8H), 2.33-2.09
(m, 4H), 2.01-1.84 (m, 4H), 1.39 (s, 7.56H), 1.18 (s, 10.44H), 0.92-0.81 (m, 4H), -
0.04 (s, 18H).

LC (Cond. VII): RT =1.92 min

LC/MS: Anal. Caled. for [M+H]" CyH73NgQO6Siz: 897.51; found 897.37

2
W
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Example 4, Step d

N
OO
o w
Dioxane solution of HCI (3 mL of 4.0 N, 12 mmol) was added to compound
4c¢ (133 mg, 0.148 mmol) and the resultant heterogencous reaction mixture was
5 stirred for ~14 h, and then CH;OH (1.0 mL) was added and stirring continued for an
additional ~4.5 hours, The volatile component was removed in vacuo, and dried

under high vacuum, and submitted to the next step without purification.

Example 4
10 Pyrrolidine 4d was elaborated to the TFA salt of Example 4 according to the

protocol described for the synthesis of Example 1, with a notable exception that 6

mol equiv of i-Pr,EtN was employed. 'H NMR (DMSO-dg, d = 2.50, 400 MHz):

8.11-7.82 (m, 8H), 7.34 (d, J/ = 8.3, 1.89H), 6.92 (app brs, 0.11H), 5.55 (m, 0.14H),

5.16-5.13 (m, 1.86H), 4.14-3.74 (m, 8H), 3.55/3.35 (two s, 6H), 2.45-2.34 (m, 2H),
15 2.20-1.74 (m, 8H), 0.91-0.78 (m, 12H). '

LC (Cond. VII); RT = 1.28 min

LC/MS: Anal. Caled. for [M+H]" Ca1HsiNsOs: 751.39; found 751.24

Example 5

O/

HN_/EOO ’ /N>
E o Q\/NH

methyi ((18,2R)-2-methoxy-1-(((28)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-O-
methyl-L-threonyl)-2-pyrrolidinyl)- 1 H-imidazol-5-vi)-9H-fluoren-2-yl)- 1 H-imidazol-
2-yl)-I-pyrrolidinyljcarbonyl) propyl)carbamate
The TFA salt of Example 5 was prepared from pyrrolidine 4d and appropriate
25 acid according to the procedure described for Example 4. "H NMR (DMSO-dg, & =
2.50, 400 MHz): 8.11-7.82 (m, 8H), 7.23 (d, J = 8.3, 1.87H), 6.75 (app brs, 0.13H),
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5.65 (m, 0.17H), 5.17-5.13 (m, 1.83H), 4.33-4.22 (m, 2H), 4.09 (s, 2H), 3.93-3.72
(m, 4H), 3.61-3.19 (m, 14H), 2.44-2.33 (m, 2H), 2.21-1.72 (m, 6H), 1.10(d, J = 6.3,
0.58H), 5.42 (d, J = 6.0, 5 42H),
LC (Cond. VII): RT =1.17 min

5 LC/MS: Anal. Caled. for [M+H]" C4HsNgOg: 783.38; found 783.23

Example 6-7
MeNH; (4.9 mL, 9.87 mmol) and Na;CO; (0.349 g, 3.29 mmol) were added

to a THF (6.5 mL) solution of 4,4"-dibromo-2,2"-bis{bromomethyl)biphenyl (0.328 g,
10 0.658 mmol), and the reaction mixture was refluxed for 3 hours. The volatile

component was removed in vacuo, and the residue was passed through MCX

(CH3OH wash; 2.0 M NH3/CH;OH elution) to afford 3,9-dibromo-6-methyl-6,7-

dihydro-SH-dibenzo[c,e]azepine as a white solid (0.24 g). '"H NMR (DMSO-dg, 6 =

2.50, 500 MHz): 2.31 (s,3 H), 3.24 (s,4 H), 747 (d,J = 7.9, 2 H), 7.55-7.82 (m, 4
15 H).

L.C (Cond.IIT): RT = 2.42 min

LC/MS: Anal. Calcd. for [M+H]" C;sH 4Br:N: 367.95; found 368.17 (for dominant

isotope)

20 Example 6-7 were prepared starting from 3,9-dibromo-6-methyl-6,7-dihydro-
SH-dibenzo[c,e]azepine by employing the procedures described for the synthesis of

Example 4 from 2,7-dibromo-9H-fluoren-9-one.

N 1)
RN_{Q (O )Tk
G iy

i
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Example Compound Name R RT (LC-Cond.); %
homogeneity index;
MS data
6 methyl ((1S)-1-(((2S)-2-(S5- NS 1.98 minutes
(9-(2-((28)-1-((28)-2- o)\;)\ (Cond. IV); >95%
((methoxycarbonyl)amino)- NHCO,Me
3-methylbutanoyl)-2- LC/MS: Anal.
pyrrolidinyl)-1H-imidazol- Caled. for [M+H]"
S-vl)-6-methyl-6,7- C43Hs6NoOs:
dihydro-3H- 794.43; found
dibenzofc,e]azepin-3-yi)- 795.27
1 H-imidazol-2-vl)-1-
pyrrolidinyl)carbonyl)-2-
methyipropylcarbamate
7 (18,1'S)-2,2-((6-methyl- A 1.82 minutes
6, 7-dihvdro-5H- OA\{ Ph | (Cond. 11D); >95%
dibenzo[c,e]azepine-3,9- e N g
diyl)bis(1H-imidazole-4,2- LC/MS: Anal.
diyl(25)-2.1- Calcd. for [M+H]"
pyrrolidinedivi) ) bis(N,N- CsaHgaNsO4:
diethyl-2-0xo-1- 858.52; found
phenylethanamine) 859.07.

Example §8-12

HBr (11 mL, 97 mmol) was added to a THF (10 mL) solution of (4,4'-

dibromobiphenyl-2,2'-diyl)dimethanol (for preparation, see: Tetrahedron Letters

52004, 45,2801; 1.3 g, 3.49 mmol), and the mixture was refluxed for six hours and

then allowed to cool to ambient temperature. Most of the organic component was

removed with a rotervap, and the residue was extracted with CH,Cl, (10 mL, 3x).

The combined organic phase was dricd (MgSOy), filtered, and concentrated in vacuo

to afford a brown oil, which when dissolved in 5 mL acetone and allowed to stand at
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ambient condition for 1 h afforded a precipitate. Filtration and drying in vacuo

afforded 3,9-dibromo-35,7-dihydrodibenzo[c,e]oxepine as a white solid (0.628 g, 51
% yield). 'H NMR (DMSO-dg, & = 2.50, 500 MHz): 4.23-4.29 (m, 4H), 7.53-7.60
(m, 2H), 7.74 (dd, J = 7.9, 2.1, 2H) 7.79 (d, / = 2.1, 2H).

Example 8-12 were prepared starting from 3,9-dibromo-5,7-

dihydrodibenzof{c,e]oxepine by employing the procedures described for the synthesis

of Example 4 from 2,7-dibromo-9H-fluoren-9-one and appropriate substrates.

WP

N N
RN.N'FN? AT
G .

Example R Compound Name RT (LC-
Cond.); %
homogeneity
index;

MS data
8 nwr methyl (18)-1-(((28)-2-(5-(9-(2-((25)- | 2.31 minutes
o)\;)\ 1-((28)-2-((methoxycarbonyl)amino)-3- | (Cond. IV);
NHCCMea methylbutanoyl)-2-pyrrolidinyl)-1H- | >95%
imidazol-4-yl)-5, 7-
dihydrodibenzofc,eJoxepin-3-y{)-1H- | LC/MS:
imidazaol-2-yl)- I-pyrrolidinyl)carbonyl)- | Anal.
2-methylpropyl)carbamate Calcd. for
[M+H]"
Cu2Hs3NgO7:
781.40;
found

781.59
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9 v methyl ((18)-2-((2S)-2-(4-(9-(2-((25)-1- | 2.08 minutes
0)\;/ (N-(methoxycarbonyl)-L-alanyl)-2- (Cond. TVY;
NHCO,Me pyrrolidinyl)- 1 H-imidazol-4-yi)-5,7- >95%

dihydrodibenzofc,ejoxepin-3-yi)-1H-

imidazol-2-ylj-1-pyrrolidinyi)-I-methyl- | LC/MS;
2-oxoethyl)carbamate Anal.

Calced. for
[M+H]
CagHasNsO7:
725.34;
found

725.32

10 o o dimethyl (5,7- 2.06 minutes
O)\/O dihvdrodibenzofc.e]oxepine-3,9- (Cond. 1IV);

-’:_IHCOQMG diylbis(l1 H-imidazole-4, 2-diyi(25)-2,1- | >95%
pyrrolidinediyl((15)-2-oxo-1-
(tetrahydro-2H-pyran-4-yl)-2,1- LC/MS:

ethanedivl)))biscarbamate Anal.

Calcd. for
[M+H]"
CueHs7NgOs:
865.42;
found
865.89.

10A N 0 dimethyl (5,7- 2.09 minutes
o dihydrodibenzofc,e]oxepine-3,9- (Cond. 1V);
NHCO,Me diylbis(1 H-imidazole-4,2-divi(25)-2,1- | >95%
pyrrolidinedivil(2-oxo-1-(tetrahvdro-2H-
pyran-4-yl)-2,1- LC/MS:

ethanedivi})))biscarbamate Anal,
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Calcd. for
IM+H]"
CasHs7NsOo:
865.42,
found
865.22.

11

-~

NHCO,Me

methy! ((18,2R)-2-methoxy-1-(((25)-2-
(4-(9-(2-((25)-1-(N-(methoxycarbonyl)-
O-methyl-L-threonvl)-2-pyrrolidinyi)-
1H-imiduzol-4-yl)-5,7-
dihvdrodibenzofc,ejoxepin-3-yi)-1H-
imidazol-2-yli)- 1-
pvrrolidinyl)carbonyl)propvl)carbamate

2.15 minutes
(Cond. 1V);
>95%

LC/MS:
Anal,

Calcd. for
[M+HT"
Ca2HsaNgOq:
813.39;
found
814.31

12

(18, 1'S)-2,2"-(5,7-
difydrodibenzofc,e]oxepine-3,9-
divibis(1H-imidazole-4,2-diyi(2§)-2, 1 -
pyrrolidinedivl)) bis(N,N-diethyl-2-oxo-

I-phenylethanamine)

1.26 minutes
(Cond. 1I);
>95%

LC/MS:
Anal.

Calcd. for
[M+HT*
CsHgiNgOs:
845.49;
found
845.22.
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Example 13

o/

W
~ 000 "ﬁ»)‘

methyl ((1S)-1-(((28)-2-(5-(9-(dimethylamino)-7-(2-((25)-1-((25)-2-
((methoxycarbonyl)aniing)-3-methylbutanoyl)-2-pyrrolidinyi)-1 H-imidazol-5-yi)-9-
5 methvl-9H-fluoren-2-yl)- 1 H-imidazol-2-yl)- I -pyrrolidinyi)carbonyl)-2-

methyipropylcarbamate

Example 13, Step a

13a

10 NaN(TMS), (3.40 ml of 1.0 M/THF, 3.4 mmol) was added dropwise over 2
minutes to a THF solution of amine 3a (1.14 g, 3.10 mmol), and stirred for 20 min.
Then Mel (.27 mL, 4.33 mmol) was added dropwise over 3 minutes, and stirring .
was continued for ~65 min. The reaction was treated with excess CH3OH and all the
volﬁtile component was removed in vacuo. The resultant crude material was purified

15 with a flash chromatography (10% EtOAc/hexanes) to afford amine 13a as off-white
solid (793 mg). 'H NMR (DMSO-dg, & = 2.50, 400 MHz): 7.80 (d, J = 8.0, 2H), 7.67
(d,J=17,2H),7.58 (dd, J/ = 8.1, 1.8, 2H), 2.06 (s, 6H), 1.58 (s, 3H). LC/MS: Anal.
Caled. for [M+H]" CisH6BraN: 381.96; found 381.90 (for the dominant isotope).

20 Example 13, Step b
SEM )
OO
N A=l ”
2 SEM NMEZ
13b

Pd(OAc); (5.3 mg, 0.024 mmol) was added to the mixture of dibromide 13a
(101.8 mg, 0.267 mmol), imidazole 13a (145.6 mg, 0.396 mmol), PhiP (12.5 mg,
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0.048 mmol) and K;CO; (116 mg, 0.839 mmol) in dioxane (2.5 mL), and nitrogen
was bubbled through it for | minute and then heated at 140 °C (microwave) for 3
hours. The mixture was treated with CHaOH (2 mL), filtered through a cotton plug
and the volatile component was removed in vacwo. The crude material was purified

5 by areverse phase HPLC system (H,O/CH3OH/TFA), and the HPLC elute was
neutralized with excess NHi/CH;OH and the volatile component was removed /n
vacuo. The resultant material was partitioned between CH,Cl; and water, and the
aqueous layer was extracted with CH,Cl. The combined organic phase was dried
(MgSQy), filtered, and concentrated in vacuo to afford 13b as a white foam (56,1

10 mg). The regiochemical make up of 13b was not determined as it is inconsequential
for the current purpose. LC/MS: Anal. Caled. for [M-SEM+H]" CasHesN7O5Si:
824.49; found 824.34.

Example 13
15 The TFA sait of Example 13 was prepared starting from compound 13b by
employing the procedures described for the synthesis of Example 4 from intermediate
4c, with the exception that the corresponding pyrrolidine precursor employed for the
last step was free-based with MCX, and that only 2 mol equiv of /-Pr,EtN was
employed for the HATU-coupling step. '"H NMR (DMSO-ds, & = 2.50, 400 MHz):
20 8.24-7.96 (m, 8H), 7.32 (m, 1.89H), 0.89 (app brs, 0.11H), 5.52 (app brs, 0.12H),
5.17-5.14 (m, 1.88H), 4.13-4.09 (m, 2H), 3.85 (m, 2H), 3.54/3.36 (two s, 6H), 2.63
(app br s, 6H), 2.43-1.93 (m, 13H), 0.91-0.78 (m, 12H).
LC (Cond. VII): RT = 1.14 min
LC/MS: Anal. Caled. for [M+H]" CuyHssNoOs: 808.45; found 808.32

Example 14

O/

Toraety
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methyl ((18)-1-(((28)-2-(5-(7-(2-((2S)-1-((28)-2-((methoxycarbonyl)amino)-3-
methylbutanaoyl)-2-pyrrolidinyl)-1 H-imidazol-5-y1)-9,9-dimethvi-9H-fluoren-2-yl)-
1H-imidazal-2-yl)-1-pyrralidinyl)carbonylj-2-methyipropyijcarbamate

Example 14, Step a
s

14a

Powdered KOH (0.970 g, 17.3 mmol) was added in batches over 1 minute to
a heterogeneous mixture of 2,7-dibromo-9H-fluorene (1.30 g, 4.01 mmol) and Mel
(0.560 mL, 9.00 mmol) in DMSO (10 mL), and stirred at ambient condition for ~17.5
hours. The mixture was diluted with water (100 mL) and extracted with hexanes
(100 mL). The organic layer was washed with water (20 mL), dried (MgSOa),
filtered, and concentrated in vacuo. The resulting crude material was purified with a
flash chromatography (sample was loaded as a silica gel mesh; hexanes) to afford 14a
(728 mg) contaminated with the corresponding mono-methyl intermediate in a 12:1
ratio ("H NMR).

NaN(TMS); (0.5 mL of 1.0 M/THF, 0.50 mmol) was added to a THF (4.0
mL) solution of the above mixture (702 mg) and stirred for 10 min. Then Mel (0.15
mL, 2.41 mmol) was added dropwise over a few minutes and stirred for 75 min. It
was then quenched with CH3OH (10 mL) and the volatile component was removed in
viecuo. The residue was partitioned between CH,Cl, and water, and the organic layer
was dried (MgSO,), filtered, and concentrated i» vacuo to afford 14a as a light
yellow solid, free of the mono-methylated impurity. The crude material was
submitted to the next step without purification. 'H NMR (CDCl;, = 7.24, 400
MHz): 7.53 (d, J = 7.8, 2H), 7.53 (d, J = 2, 2H) 7.45 (dd, J = 8.1, 1.8, 2H), 1.45 (s,
6H).
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Example 14, Step b

e
oo r\;k {
{l/- NSEM

14b

Compound 14b was prepared from dibromide 14a according to the procedure
described for the synthesis of 13b from dibromide 6a. LC/MS: Anal. Caled. for [M-
SEM+H]" Cy4sHesNeOsSi: 795.46; found 795.33.

Example 14, Step ¢

-0
&/LN

HCl/dioxane (5 mL of 4N, 20 mmeol) was added to compound 14b (124.5 mg,
0.135 mmol) and stirred to effcct total dissolution. The solution was cooled with
ice/water bath and treated with 1 mL of 33% conccﬁtrated HCl solution dropwise
over 2 min, Then the cooling bath was removed and the reaction mixture was stirred
for ~22.5 hours. The volatile component was removed in vacuo, and the residue was
first free-based with MCX (2 g; CHiOH wash; 2.0 N NH3/CH3;OH eiution) and then
purified with a reverse phase HPLC (CH3;OH/H,O/TFA). The HPLC elutc was
concentrated and the resultant product was free-based with MCX as noted above to
afford pyrrolidine 14¢ as a reddish-orange foam, contaminated with unidentified
impurity (38.7 mg). 'H NMR (DMSO-de, 6 = 2.50, 400 MHz): 1.83 (s, 2H), 7.74-
7.69 (m, 4H), 7.49 (app br s, 2H), 4.24-4.20 (m, 2H), 3.04-2.98 (m, 2H), 2.93-2.87
(m, 2H), 2.13-2.05 (m, 2H), 1.95-1.70 (6H), 1.48 (s, 6H).
LC (Cond. VII): RT = 1.03 min
LC/MS: Anal. Calcd. for [M+H]+ Ci9H33Ng: 465.28, found 465.21.

Example 14
Example 14 was prepared as a TFA salt starting from 14c according to the
procedure described for the synthesis of Example 1 from intermediate le. 'H NMR
(DMSO-dg, & = 2.50, 400 MHz): 8.13 (s, 2H), 8.06-8.01 (m, 2H), 7.85-7.79 (m, 2H),
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7.39-7.33 (m, 1.89H), 6.93 (m, 0.11H), 5.61 (m, 0.14H), 5.17-5.14 (m, 1.86H), 4.15-
4.06 (m, 2H), 3.91-3.80 (m, 4H), 3.54/3.33 (two s, 6H), 2.46-2.38 (m, 2H), 2.22-1.99
(m, 8H), 1.53 (s, 6H), 0.92-0.78 (m, 12H).

LC (Cond. VII): RT = 1.37 min

LC/MS: Anal. Caled. for [M+H]™ C43HssN3gOg: 779.42; found 779.23

Example 15

/s
9]

e o Iy |
~ - OT 3

dimethyl ((9,9-dimethyl-9H-fluorene-2,7-diyl)bis(1 H-imidazole-5,2-divl(28)-2,1-
pyrrolidinedivi((1S)-1-cvelopropyl-2-ox0-2, 1-ethanedivi)) )biscarbamate
Example 15 (TFA salt) was prepared according to the protocol described for

Example 14 by employing the appropriate acid for the final step. 'H NMR (DMSO-
de, 0 =2.50, 400 MHz): 8.11-8.01 (m, 6H), 7.83-7.79 (2H), (d, J = 7.8, 1.84H), 7.47
(m, 0.16H), 5.46 (m, 0.19H), 5.18-5.15 (m, 1.81H), 3.89-3.72 (m, 6H), 3.55/3.33
(two s, 6H), 2.45-2.34 (m, 2H), 2.23-1.95 (m, 6H), 1.54 (s, 6H), 1.21-1.04 (m, 2H),
0.51-0.23 (m, 8H).
LC (Cond. VII): RT = 1.25 min
LCMS: Anal. Caled. for [M+H]" C43Hs;NgOg: 775.39; found 775.36

Example 16-17

Powdered KOH (983 mg, 17.5 mmol) was added in batches over 1 minute to
a heterogeneous mixture of 2,7-dibromo-9H-fluorene (1.31 g, 4.04 mmol) and 1,3-
dibromopropane (837 mg, 4.15 mmol) in DMSO (20 mL), and stirred at ambient
condition for ~5 days. The mixture was diluted with water (200 mL) and extracted
with 10% CH,Cly/hexanes (100 mL, 2x). The combined organic phase was dried
(MgSQy), filtered, and concentrated in vacuo. The resulting crude material was
purified with a column chromatography (sample was loaded as a silica gel mesh;
hexanes, with gravity elution) to afford 2',7'-dibromospiro[cyclobutane-1,9'-fluorene]
as a white fluffy solid (600 mg). 'H NMR (CDCl, ¢ = 7.24, 400 MHz): 7.86 (d, J
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1.8, 2H), 7.48 (d, J = 8.0, 2H), 7.44 (dd, / = 8.1, 1.8, 2H), 2.61 (app t, / = &.1, 4H),
2.42-2.34 (m, 2H).
Example 16-17 (TFA salt) were prepared starting from 2',7'-

dibromospiro[cyclobutane-1,9'-fluorene] by employing the procedure described for

s the synthesis of Example 14 from dibromide 14a.

o

W q Ly

R/\(N\_)NL; O‘O \N\ICN)\/NZ
¢ °~

Example R Compound Name RT (LC-Cond.}; %
homogeneity index;
MS data
16 2 methyl ((18)-1-(((2S)-2-(5- | 1.38 minutes {(Cond. VII);
\r (7-(2-((28)-1-((28)-2- >05%
({methoxycarbonyl)amino)-
3-methylbutanoyl)-2- LC/MS: Anal. Calcd. for
pyrrolidinyl)-1 H-imidazol- | [M+H]" Ca4HssNgOg:
S-yDspiro[cyclobutane- | 791.42; found 791.32
1,9 -fluoren]-2"-yl)-1 H-
imidazol-2-yl)-1-
pyrrolidinvl}carbonyl)-2-
methyipropyl)carbamate
17 : ch’z methyl ((15)-2-((2S)-2-(5- | 1.22 minutes (Cond. VII);
(7"(2-((28)-1-(N- >05%
(methoxyvearbonyl)-L-
alanyl)-2-pyirolidinyl)-1H- | LC/MS: Anal. Caled. for
imidazol-3- [M+H]" C4oH.47N5Os:
yi)spirofcvclobutane-1,9"- | 735.36; found 735.28.

000168
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Suaoren]-2"-yl)-1H-
imidazol-2-yi)-1-
pyrrolidinyl)-1-methvi-2-

oxoethyl)carbamate

Examples 18-21

Example 18-21 were prepared starting from 3,7-dibromodibenzo[b,d]furan
(which in turn was prepared according to Eur. J. Med. Chem. 1999, 34, 205) by

s employing the procedures described for the synthesis of Example 14 from dibromide

14a.
R NN
}\I\)LN> . . !
G T
Example R Compound Name RT (LC-Cond.); %
homogeneity index;
MS data
18 methyl ((18)-1-(((25)-2-(4- | 'H NMR (DMSO-ds, o

(7-(2-((28)-1-((2S)-2-
({methoxycarbonyl)amino)-
3-methyibutanoyl)-2-
pyrrolidinvi)- 1 H-imidazol-
4-vi)dibenzo[b,d]furan-3-
vl)-iH-imidazol-2-vi)-1-
pyrrolidinyl)carbonyl)-2-

methylpropyl)carbamate

=2.50, 500 MHz):
14.60 (s, 2H), 8.32 (d,
J=17.9,2H), 8.14-8.24
(m, 4H), 7.87 (d, J =
8.2,2H),7.34 (d,J =
8.5,2H), 5.17 (app t, J
=72,2H),4.13(,J =
7.9, 2H), 3.79-3.92 (m,
4H), 3.55 (s, 6H),
2.41(m, 2H), 1.94-2.26
(m, 8H), 0.71 - 0.95
(m, 12 H)
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2.27 minutes (Cond.
VID); >95%
LC/MS: Anal, Caled,
for [M+H]"
CuaoHaoN3O7: 753.37;
found 753.88
19 o dimethyl 2.18 minutes (Cond.
o)\;/A (dibenzofb,d]furan-3,7- VI); >95%
NHCOzMs divibis(l H-imidazole-4,2-
divl(28)-2,1- LC/MS: Anal, Calced.
pyrrolidinediyl((1S)-1- for [M-+H]"
cvclopropyl-2-oxo-2, 1 - CaoHysNgO7: 749.34;
ethanedivl)))biscarbamate | found 749.78
20 s methyl ((18)-1-(((25)-2-(4- | 2.51 minutes (Cond.
o)\:/k (7-(2-((28)-1-((25)-2- Vi), >95%
NHCO.Ms ({methoxycarbonyl}amino)-
3,3-dimethylbutanoyl)-2- | LC/MS: Anal. Calcd.
pyrrolidinvl)-1H-imidazol- | for [M+H]"
4-yldibenzo[b,d]furan-3- | C4aHs3sNgO7: 781.40;
yl)-1H-imtidazol-2-yl)-1- found 781.85
pyrrolidinyl)carbonyl)-2,2-
dimethyipropyl)carbamate
21 M 9, methyl ((18)-2-hydroxy-1- | 2.16 minutes (Cond.
07 (((25)-2-(4-(7-(2-((28)-1- | V]); >95%
NHCOMe ((2S)-3-hydroxy-2-

{(methoxycarbonyl)amino)-
3-methylbutanoyl)-2-
pyrrolidinyl)-1H-imidazol-
4-yl)dibenzo[b,d] furan-3-

LC/MS: Anal. Calcd.
for [M+H]"
CaoHaoNsOg: 785.36;
found 785.89
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yl)-1H-imidazol-2-yl)-1-
pyrrolidinyvl)carbonyl)-2-

methvipropyl)carbamate

Example 22

H H
LS O
MeC,CHN,, r,g N N N ,/t\rNHcone
0! Me o)

methyl ((1S)-2-((28)-2-(5-(7-(2-((28)- 1-(N-(methoxycarbonyvl)-L-alanyl)-2-
5 pyrrolidingl) -1 H-imidazol-5-yi)-9-methyl-9H-carbazol-2-yl)- 1 H-imidazol-2-yi)- 1-

pyrrolidinyl)-1-methvi-2-oxoethyl)carbamate

Example 22, Step a

0 - N (&
Me
22a
10 To a stirred solution of 2,7-dibromo-9-methyl-9H-carbazole (1.52 g, 4.47

mmol) in anhydrous THF (150 mL) at -78°C was added n-BuLi (1.06 M in hexane,
12.6 mL, 13.4 mmol) over 10 min. The resulting suspension was stirred at -78 °C for
6 h, after which N—methyI-N-metlloxyaéetamide (1.43 mL, 13.4 mmol) was added.
Stirring was continued as the reaction mixturc was allowed to warm to room

15 temperaturc over 18 hours. The mixture was then quenched with 2 N NaH,PQ,,
extracted with ethyl acetate and the organic phase was dried (MgSO,), filtered, and
concentrated to dryness. The residue was purified by column chromatography
(Biotagc® Horizon system/ 2-55% ethyl acetate-hexanes) to afford 22a (0.560 g,
47%) as a yellow solid. 'HNMR (400 MHz, DMSO-d¢) § 8.35 (d, J = 8.09 Hz, 2H),

20 8.27 (s, 2H), 7.86 (m, 1H), 7.84 (m, 1H), 4.05 (s, 3H), 2.72 (s, 6H). LC/MS: Anal.
Calcd. for Cy7HsNQO;: 265; found: 266 (M+H)+.
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Example 22, Step b

TBDMSOOTBDMS
N

Ve
22b
To an ice-cold suspension of 22a (0.661 g, 2.49 mmol) in toluene (20 mL)
was added triethylamine (1.39 mL, 9.96 mmol) and then rert-butyldimethylsilyl
5  triflate (1.-72 mL, 7.47 mmol). Stirring was continued at 0 °C for 10 minutes and

then the reaction mixture was allowed to warm to room temperature. After 3 h the
reaction mixturc was partitioned with EtOAc-H;0 and the organic phase was dried
(MgSO0.,), filtered, and concentrated to dryness to give 22b as a light brown solid in
essentially quantitative yield. This material was used as such in the next step without

10 further manipulation.

Example 22, Step ¢

O f?l O
Me
22¢
To a stirred solution of 22b in anhydrous THF (25 mL) at 0 °C was added N-
15 bromosuccinimide (0.709 g, 3.98 mmol) in one portion. Stirring was continued at 0
°C for an additional 30 minutes and the resulting suspension was filtered. The filter-
cake was air-dried to give 22¢ (1.05 g, 100%) as a yellow solid. 'HNMR (400 MHz,
DMSO-d¢) 8 8.41 (d, J = 8.59 Hz, 2H), 8.37 (s, 2H), 7.89 (m, 2H), 5.10 (s, 4H), 4.07
(s, 3H). LC/MS: Anal. Caled. for C(7H3Br,NO,: 421; found: 422 (M+H)".

Example 22, Step d

N \I N
Bod N / N \ N Boc

!
Me
22d
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A mixture of 22¢ (1.05 g, 2.49 mmol), Boc-L-proline (1.07 g, 4.98 mmol) and
DIEA (0.867 mL, 4.98 mmol) in acetonitrilé (20 mL) was heated at 85 °C in a sealed
tube for 2 hours. The cooled mixture was then concentrated to dryness to give a solid
residue. A mixture of this material and NH,OAc (1.92 g, 0.025 mol) in toluene (32
5 mL) was heated at 120 °C in a sealed tube for 2.5 h and then the cooled reaction
mixture was partitioned with EtOAc-brine. The organic phase was dried (MgSQy),
filtered, and concentrated and the residue was purified by preparative HPLC (C18/
- CH31CN-H;0+0.1% TFA) to give the TFA salt of 22d (as 0.840 g, 34% overall) as a
yellow solid. '"HNMR (400 MHz, CH:OH-d) & 8.28 (m, 2H), 7.95 (m, 4H), 7.60 (m,
10 2H), 5.14 (m, 2H), 4.03 (s, 3H), 2.56 (m, 2H), 2.09 (m, 6H), 1.93 (m, 2H), 1.48 (s,
8H), 1.30 (s, 10H). LC/MS: Anal. Caled. for C37H4sN;O4: 651; found: 652 (M+H).*

Example 22, Step e

i OO0

I
|}J N
Me
22e
15 To a solution of the TFA salt of 22d (0.840 g, 0.845 mmol) in

dichloromethane (5 mL) was added TFA (15 mL) and the mixture was stirred at
room temperature for 3 hours. The mixture was then concentrated to dryness and the
residue was dissolved in CH3OH and applied to a plug of MCX extraction gel (12 g,
pre-conditioned with CH3OH-dichloromethane, 1:1). The plug was eluted with

20 CH:OH- dichloromethane (1:1) and then 2 N NH5 in CH3;OH, and the preduct-
containing fractions were combined and concentrated to give 22¢ as a yellow solid

(quantitative yield). This material was used as such in subsequent steps.

Example 22

I~
%]

To a mixture of (§)-2-(methoxycarbonylamino)propanoic acid (0.022 g, 0.150
mmol) and HATU (0.057 g, 0.150 mmol) in DMF (1 mL) was added DIEA (0.104
mL, 0.60 mmol), and the mixture was stirred at room temperature for 15 min. A
solution of 22¢ (0.034 g, 0.075 mmol) in DMF (2.5 mL) was then added and stirring

was continued at room temperature for 2 hours. The mixture was then partitioned
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with ethyl acetate-water (1:1) and the organic phase was dried (MgSQO,), filtered, and
concentrated to dryness. The residue was purified by preparative HPLC (C-18/
MeCN-H,0+0.1%TFA) and product-containing fractions were concentrated to
dryness. The residue was lyophilized from CH;3;CN-H,0 (1:1) to give the TFA salt of
Example 22 (0.0064 g, 8%) as a yellow solid. 'HNMR (400 MHz, CH3OH-ds) 8 8.25
(d, J = 8.08 Hz, 2H), 7.93 (m, 4H), 7.58 (d, J = 8.08 Hz, 2H), 5.30 (m, 2H), 4.49
(quart, J = 7.07 Hz, 2H), 4.20 — 3.98 (m, 1.5 H), 4.00 (s, 3H), 3.88 (m, 2H), 3.65 (s,
6H), 2.55 (m, 2H), 2.23 (m, 6H), 1.34 (d, / = 7.07 Hz, 6H). LC/MS: Anal. Calcd.
for C37HusN;704: 709; found: 710 (M+H)".

Example 23-24

N7 O O N
! / \_ &

R N [I\I
Me

Example 23-24 were prepared according to the general method noted in Example 22,

by using appropriate acids.

Example R Compound Name Description
(Yield)
'H NMR and
LC/MS data
23 o7 methvl ((18,2R)-2-methoxy-1- Yellow solid
OA\/?\ (((28)-2-(5-(7-(2-((25)-1-(N- {0.011 g, 12%);

:r\THcone (methoxycarbonyl)-O-methyi-L- 'HNMR (400
threonyl)-2-pyrrolidinyl)- 1 H- MHz, CH30H-d,)
imidazol-5-yl)-9-methy(-9H- & 8.25 (m, 2H),

cm'bazol—2-yi)-1H—imidazol-2-y-1)- 7.94 (m, 4H),

I- 7.59 (d,J =8.08
pyrrolidinyljcarbonyl)propyl)carb | Hz, 2H), 5.31 (m,
amate 2H), 4.49 (m,
2H), 4.07 (m,

2H), 3.99 (m,
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3H), 3.91 (m,
2H), 3.73 (m,
2H), 3.67 (s, 6H),
2.59 (m, 2H),
2.22 (m, 6H),
1.14 (m, 2H).
LC/MS: Anal.
Caled. for
Ca1Hs 1 NgOs: 797;
found: 798
(M+H)".

24

O)\_/\/O\

NHCO,Me

methvl ((18)-3-methoxy-1-(((25)-
2-(5-(7-(2-((2S)-1-(N-
(methoxvcarbonyvi)-O-methyi-L-
homoseryi)-2-pyrrolidinyl)- 1 H-
fn1idazol;5 -vi)-9-methvi-9H-
carbazol-2-yi)- 1 H-imidazol-2-yl)-
i-

pyrrolidinyl)carbonyl)propyvlcarb

amate

Yellow solid
(0.0203 g, 26%).
'HNMR (400
MHz, CH;0H-d,)
88.26(d, J =
8.08 Hz, 2H),
7.94 (s, 4H), 7.59
(d,J = 8.59 Hg,
2H), 5.31 (m,
2H), 4.59 (quart,
J =4.55 Hz, 2H),
4.02 -3.99 (m,
2.5H),4.0] (s, .
3H), 3.90 (m,
3H), 3.65 (s, 6H),
3.45 (m, 5H),
2.57 (m, 2H),
2.23 (m, 6H),
2.08 (m, 3H),
1.81 (m, 3H).
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LC/MS: Anal.
Calcd. for

Ca1Hs  NoOs: 797,
found: 798
(M+H)",

Example 25

H H

CL(N ) Nﬂ

N \/ \/ N

MeO,CHN,, N N N NHCO,Me
8] l\rAe O

methyl ((18)-1-(((25)-2-(5-(7-(2-((25)-1-((2S)-2-((methoxycarbonyl)amino)-3-
3 methylbutanoyl)-2-pyrrolidinyl)-1 H-imidazol-5-yl)-9-methyl-9H-carbazol-2-vi)- 1 H-
imidazol-2-yl)-1-pyrrolidinvl)carbonyl)-2-methyvipropyl)carbamate
The crude product obtained according to the general method noted in
Example 22, using (5)-2-(methoxycarbonylamino)-3-methylbutanoic acid (0.024 g,
0.138 mmol) and 9-methyl-2,7-bis(2-((S)-pyrrolidin-2-y1)-1H-imidazol-5-y1)-9H-

10 carbazole (0.021 g, 0.046 mmol), was purified by prep HPLC (C-18/ MeCN-H,0-
NH,OAc) to afford Exampie 25 (0.0207 g, 59%) as a white solid. 'HNMR (400
MHz, CH:OH-d4) 8 7.98 (m, 3H), 7.82 (m, 0.6H), 7.74 (m, 2.4H), 7.53 (d, J = 7.07
Hz, 0.5H), 7.64 (m, 2.5H), 7.39 (m, 0.6H), 7.34 (m, 2.4H), 5.34 (m, 0.6H), 5.20 (dd,
J =15.31,7.83 Hz, 2.4H), 4.24 (d, J = 7.07 Hz, 2H), 4.01 (m, 2H), 3.65 (s, 6H), 2.37

15 —=2.19(m, 6H),2.09 —2.02 (m, 4H), 0.94 (m, 12H). LC/MS: Anal. Calcd. for
CaiHs1NgQg: 765; found: 766 (M+H)".

Example 26
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methyl ((15)-2-((25)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-L-alanyl)-2-
pyrrolidinyl)-1H-imidazol-5-v])-9-(phenylsulfonyl)-9H-carbazol-2-yl)-1 H-imidazol-
2-vi)-1-pyrrolidinyl)- 1-methyl-2-oxoethyi)carbamate

5 Example 26, Step a

N
SO,Ph
26a

A mixture of freshly pulverized KOH (1.31 g, 23.4 mmol) in DMSO (28 mL)

was stirred vigorously at ambient temperature for 10 minutes, after which solid 2,7-
dibromocarbazole (1.90 g, 5.85 mmol) was added in one portion. The mixture stirred

10 for ! h and then benzenesulfony! chioride (1.49 mL, 11.7 mmol) was added and
stirring was continued for 18 hours. The mixture was then diluted with water (150
mL) and the resulting precipitate was filtered off and the filter-cake was washed with
water and air-dricd. The resulting beige powder was triturated with dichloromethane-
hexanes, filtered and dried in vacuo to give 26a (2.10 g, 77%) as a beige solid.

15 'HNMR (400 MHz, CDCl:) § 8.47 (d, ./ = 1.52 Hz, 2H), 7.83 (d, J = 8.59 Hz, 2H),
7.72 (d, J = 8.59 Hz, 2H), 7.50 (m, 3H), 7.40 (t, J = 8.08 Hz, 2H). LC/MS: Anal.
Calcd. for CygH;BraNO,S:463; found: 464 (M+H)."

Example 26, Step b

$0,Ph
26b
To a solution of 26a (2.086 g, 4.48 mmol) in dry THF (60 mL) at -78 °C
under argon was added n-BuLi (1.29M in hexanes, 10.4 mL, 13.4mmol) dropwise
over 5 min. The resulting mixture was stirred at -78 °C for 70 minutes and then N-
methoxy-N-methylacetamide (1.43 mL, 13.45 mmol) was added and the cooling bath
25 was allowed to warm to room temperature over 18 hours. The reaction was then

quenched with 2N NaH,PO, and extracted with EtOAc. The organic phase was dried
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(MgS0,), filtered, and concentrated to dryness to give a tan-colored sclid, This solid
was triturated with hexanes-acetonitrile and the resulting precipitate was filtered and
dried in vacuo 10 give 26b (1.16g, 66%) as a light beige solid. 'HNMR (400 MHz,
DMSO-dg) & 8.79 (s, 2H), 8.40 (d, J = 8.08 Hz, 2H), 8.10(d, / = 8.08 Hz, 2H), 7.85
(d,J =7.07 Hz, 2H), 7.64 (m, 2H), 7.50 (m, 3H), 2.74 (s, 6H). LC/MS: Anal.
Caled. for C32H17N0,S:391; found: 392 (M+H)",

Example 26, Step ¢

TBDMSOOTBDMS
N

SO,Ph
26c¢
To an ice-cold suspension of 26b (1.16 g, 2.96 mmol) and triethylamine (1.65

mL, 11.8 mmol) in toluene (50 mL) was added TBDMSOT( (2.04 mL, 8.88 mmol)
and the mixture was stirved for 2 h at 0 °C and then it was then allowed to warmm to
room temperature over 18 hours. The mixture was then partitioned with E1tOAc-
water and the organic phase was dried (MgSQy), filtered, and concentrated to give
26¢ as an orange oil in a quantitative yield. This material was used as such in the
next step without purification. "HNMR (400 MHz, CDCl3) & 8.60 (d, J = 1.52 Hz,
2H), 7.79 (m, 4H), 7.62 (dd, J = 1.52, 8.59 Hz, 2H), 7.44 (m, 1H), 7.29 (m, 2H),
7.17 (m, 1H), 5.03 (d, J = 2.02 Hz, 2H), 4.53 (d, J = 2.02 Hz, 2H), 1.07 (s, 18H),
0.27 (s, 12H). LC/MS: Anal. Caled. for C34HysNO4SSiz: 619, found: 620 (M+H)".

Example 26, Step d

|
SO,Ph
26d

To a solution of 26¢ (2.96 mmol) in THF (40 mL) was added NBS (0.948 g,
5.34 mmol) and the mixture was stirred at room temperature for 24 hours. The dark
amber-colored reaction mixture was then concentrated to near dryness and hexanes
was added until a brown precipitate had formed. The mixture was filtered to give

(after drying in vacuo) 26d as a brown solid in a quantitative yield. This material was
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used as such in the next step without purification. 'HNMR (400 MHz, DMSO-dg) &
8.84 (s, 2H), 8.44 (d, J = 8.08 Hz, 2H), 8.14 (d, J = 8.59 Hz, 2H), 7.93 (d, J = 7.07
Hz, 2H), 7.65 (m, 1H), 7.51 (m, 2H), 5.13 (s, 4H).

s Example 26, Step e
H H
OO,
\ i
éoc N / I}J \ N éoc
SO,Ph
26e

A solution of 26d (2.96 mmol), N-BOC-L-proling (1.27 g, 5.92 mmol), and
DIEA (1.03 mL, 5.92 mmol) in acetonitrile (40 mL) was heated in a sealed tube at ca.
85 °C for 2 hours. After being allowed to cool to room temperature, the mixture was

10 concentrated to dryness to give a brown oil.

A mixture of the crude ol obtained above and NH4OAc (2.28 g, 29.6 mmol)
in toluene (40 mL) was heated at 125 °C in a sealed tube for 3 hours. The cooled
mixture was partitioned with EtOAc-water and the organic phase was dried (MgSQO.,),
filtered and concentrated to dryness. The residue was purified by celumn

15 chromatography (Biotage® Horizon system/ 0-10% methanol-dichloromethane) to
give 26¢ (1.09 g, 47%) as a brown solid. THNMR (400 MHz, CDCl:) 8 8.57 (brs,
1H), 7.80 (d, J = 7.58 Hz, 6H), 7.39 (m, 3H), 7.28 (m, 2H), 5.01 (m, 2H), 3.55 - 3.43
(m, 5H), 3.06 (br s, 2H), 2.19 (m, 4H), 1.99 (m, 3H), 1.51 (s, 18H). LC/MS: Anal.
Calcd. for C4pH4iN706S: 777; found: 778 (M+H)".

Example 26, step f

H H
G O -y
\ /
H Nt N \_y H
SO,Ph
26f
To a solution of 26f (0.868 g, 1.12 mmol) in dichloromethane (20 mL) was

added TFA (5 mL) and the mixture was stirred at room temperature for 2 h and then

1~
N

concentrated to dryness. The residue was taken up in CH,OH and applied to a pre-

conditioned (CH3OR) pad of SCX extraction gel (3cm x 3cm). The pad was washed
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with CH3OH and then eluted with 2M NHj in CH3;OH. Product-containing fractions
were concentrated to give 9-(phenylsulfonyl)-2,7-bis(2-((S)-pyrrolidin-2-yl)- 1 H-
imidazol-5-y1)-9H-carbazole (0,382 g, 90%.) as a dark amber solid which was

immediately used in the next step.

Example 26

To a solution of (S5)-2-(methoxycarbonylamino)propanoic acid (0.061 g, 0.412
mmol) and HATU (0.157 g, 0.412 mmol) in DMF (5 mL) was added DIEA (0.359
mL, 2.06 mmol) and the mixture was stirred at room temperature for 10 min. To this
solution was added a crude 26f (0.119 g, 0.206 mmol) and stirring was continued for
2 hours. The reaction mixture was then partitioned with EtQAc-water (1:1) and the
organic phase was dried (MgSO,), filtered and concentrated to dryness. The resulting
residue was purified by preparative HPLC (C-18/ CH3;CN-H,O-NH4OAc) and
product-containing fractions were concentrated to dryness. The residue was
lyophilized from H;O-CHiCN (7:3) to give Example 26 (0.122 g, 66%) as a white
solid. 'HNMR (400 MHz, CH3OH-dy) 8 8.64 (s, 0.5H), 8.59 (s, 1.5H), 7.89 (m, 4H),
1.74 (d, /= 8.08 Hz, 0.5H), 7.66 (d, / = 8.08 Hz, 1.5H), 7.48 (m, 1.5H), 7.36 (m,
3.5H), 5.25 (m, 2H), 4.50 (quart, J = 6.91 Hz, 1.5H), 4.27 (m, 0.5H), 3.89 (¢, J = 6.57
Hz, 3H), 3.59 (m, 6H), 2.48 — 1.99 (m, 9H), 1.36 (m, 6H). LC/MS: Anal. Calcd. for
C42HusNgOsS: 835, found: 836 (M+H)".

Example 27
/L;i?\(/ \7/C;:)\
HSCO NH SOZPh Hi oc:H3

methyl ((18)-1-(((28)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-5-yi)-9-(phenyisulfony()-9H-carbazol-
2-yl)-1H-imidazol-2-yl)- I-pyrrolidinyl)carbonyl)-2-methylpropvi)carbamate
To a solution of (§)-2-(methoxycarbonylamino)-3-methylbutanoic acid (0.045
g, 0.256 mmol) and HATU (0.097 g, 0.256 mmol) in DMF (1 mL) was added DIEA

(0.223 mL, 1.28 mmol) and the mixture was stirred at ambient temperature for 10
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min. To this mixture was added a solution of 26f (0.074 g, 0.128 mmol) in DMF (2
mL). The reaction mixture was stirred at room temperature for 5 h and then water (5
mL) was added and the mixture was concentrated to dryness in vacuo. The residue
was purified by prep HPLC (C-18/ CH3CN - H;0 + 0.1% TFA) and the product-

s containing fractions were concentrated to dryness and repurified by prep HPLC (C-
18/ CH;CN-H,O0-NH4OAc) to give Example 27 (0.0591 g, 52 %) as a beige solid,
"HNMR (400 MHz, CH;0H-d,) 8 8.63 (s, 0.5H), 8.58 (s, 1.5H), 7.90 (m, 4H), 7.74
(m, 0.5H), 7.67 (m, 1.5H), 7.48 (m, 1.5H), 7.36 (m, 3.5H), 5.22 (dd, J = 5.05, 7.58
Hz, 2H), 4.25 (d, J = 7.58 Hz, 2H), 4.02 (m, 2H), 3.92 (m, 2H), 3.65 (s, 5H), 3.47 (s,

10 1H),2.41 -2.20 (m, 5.5H), 2.12 - 2.04 (m, 4.5H), 0.96 (m, 12H). LC/MS: Anal.
Calcd. for CyHs3:NoOsS: 891, found: 892 (M+H)".

Example 28
oy G-
\ /
o : .
H3CO7,,NH SOs5Ph HN OCH;,
0

0
15 methyl ((1S)-3-methoxy-1-(((28)-2-(5-(7-(2-((25)- I-(N-(methoxycarbonyl)-O-methyl-
L-homoseryl)-2-pyrrolidinyl)- | H-imidazol-5-y)-9-(phenylsulfonyl)-9H-carbazol-2-
yi)-1H-imidazol-2-y1)- 1-pyrrolidinyv])carbonyvlpropyl)carbamate
To a solution of (5)-4-methoxy-2-{methoxycarbonylamino)butanoic acid

(0.076 g, 0.398 mmol) and HATU (0.151 g, 0.398 mmol) in DMF (5 mL) was added
20  DIEA (0.348 mL, 1.99 mmol) and the mixture was stirred at room temperature for 10
min. To this mixture was added 26f (0.115 g, 0.199 mmol), stirring was continued
for 2 h and then the reaction mixture was partitioned with EtOAc-brine (1:1). The
organic phase was dried (MgSQ,), filtered and concentrated to dryness. The residue
was purified by prep HPLC (C-18/ CHiaCN-H,O-NH,OACc) and product-containing
fractions were lyophilized to give Example 28 (0.122 g, 66%) as a white solid.
"HNMR (400 MHz, CH;OH-d,) & 8.64 (s, 0.5H), 8.59 (s, 1.5H), 7.90 (m, 4H), 7.68
(m, 2H), 7.49 (m, 1.5H), 7.37 (m, 3.5H), 5.40 (m, 0.5H), 5.25 (dd, J = 4.04, 8.08 Hz,
1.5H), 4.61 (m, ].SH), 4.40 (m, 0.5H), 3.93 (m, 3H), 3.65 (s, 4.5H), 3.54 (s, 1.5H),
3.49 (m, 4H), 3.34 (m, 2H), 2.49 (m, 1H), 2.38 — 2.32 (m, 2H), 2.27 — 2.08 (m, 8H),

[O%)
wn
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2.04 - 1.80 (6H). LC/MS: Anal. Calcd. for C4Hs3sNoO,oS: 923; found: 463

[(M/2)+H)".
Example 29
H H
9] 0] :
HaCOYNH SO,Ph HN\‘(OCH;;
0 O

methyl rac-((1R,25)-2-methoxy-1-(((2R)-2-(5-(7-(2-((2R)-1-(N-(methoxycarbonyl)-O-
methyl-D-threonyl)-2-pyrrolidinyi)- 1 H-imidazol-5-y1)-9-(phenvisulfonyl)-9H-
carbazol-2-yl)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)propvi)carbamate
Example 29 was prepared according to the method described for Example 28,
10 and was isolated as a white solid (0.083 g, 44%). '"HNMR (400 MHz, CH;0H-dy) &
8.63 (s, 0.5H), 8.58 (s, 1.5H), 7.89 (m, 4H), 7.72 (m, 0.5H), 7.66 (m, 1.5H), 7.47 (m,
1.5H), 7.37 (m, 3.5H), 5.56 (m, 0.4H), 5.25 (dd, J = 4 .80, 7.83 Hz, 1.6H),4.47 (d, J
= 5.56 Hz, 1.5H), 4.35 (m, 0.5H), 3.94 (m, 3H), 3.83 (m, 1H), 3.73 — 3.69 (m, 1.3H),
3.66 (s, 6H), 3.61 — 3.56 (m, 0.7H), 2.40 — 2.22 (m, 6H), 2.07 (m, 3H), 1.21 (d, J =
15  6.06 Hz, 6H). LC/MS: Anal. Calcd. for CysHsiNpQO(¢S: 923, found: 463 [(M/2)+H]".

Example 30
H H
\ \ !
N N N
\[/&O H O)\':/ OCH
HSCOW,NH HNs‘( 3
0 O

methyl ((18)-2-((25)-2-(5-(7-(2-((25)- 1-(N-(methoxycarbonyl)-L-alanyl)-2-
20 pyrrolidinyl)-1H-imidazol-5-v1)-9H-carbazol-2-yl)- 1H-imidazol-2-yl)- -
pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate
To a mixture of Exampe 26 (0.033 g, 0.039 mmol) and Na,HPOQ, (0.022 g,
0.051 mmol) in absolute EtOH (2 mL) was added freshly pulverized 6% Na amalgam
(0.079 g). The resulting suspension was stirred at ambient temperature for 6 h then it

was filtered using a 0.45 uM syringe filter. The filtrate was concentrated in vacuo

h2>
w

and the residue was taken up in CHiOH (2 mL) and purified by preparative HPLC
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(C-18/ CH3CN-H,O-NH4OAc). Product-containing fractions were concentrated to
dryness and the residue was lyophilized from H,O-CH3CN (7:3) to give Example 30
(0.014 g, 53%) as a beige solid. 'HNMR (400 MHz, CH:OH-d;) 8 7.98 (m, 2H),
7.79 (s, 0.5H), 7.71 (s, 1.5H), 7.52 (m, 0.5H), 7.44 (d, / = 8.08 Hz, 1.5H), 7.37 (s,

5 0.5H), 7.28 (s, 1.5H), 5.21 (dd, J = 4.29, 7.83 Hz, 2H), 4.48 (quart, J = 7.07 Hz,
1.5H), 4.27 (m, 0.5H), 3.87 (t, ./ = 6.32 Hz, 3H), 3.64 (s, 4H), 3.57 (s, 2H), 2.48 -
1,92 (m, 9H), 1.33 (d, J =7.07 Hz, 6H). LC/MS: Anal. Calcd. for C36HgNeQg:
695; found: 696 (M+H)’.

10 Example 31-32
Example 31-32 were prepared from the respective sulphonamide precursors

by employing the procedure described for the synthesis of Example 30.

R N H N R
Example R Compound Name Product
- description

(Yiela)
'"H NMR and
LC/MS data-

31 wwn methyl ((1S)-3-methoxy-1- Yellow solid
QJ\_/\/O\ (((25)-2—(5-(7-(2-((2&)-1-(N— (0.029 g, 26%);

NHCOMe (methoxycarbonyl)-O- 'HNMR (400

methyi-L-homoseryl)-2- MHz, CH;0H-d,) ‘

pyrrolidinyl)-1H-imidazol-5- | 822 (d,.J =
yl)-9H-carbazol-2-yi)- 1 H- 8.59 Hz, 2H),

imidazol-2-y])-1- 7.90 (s, 0.35H),
pyrrolidinylycarbonyl)propyl | 7.86-7.84 (m,
Jearbamate : 3.65H), 7.60 (m,

0.3H), 7.54 (d, J
= 8.08 Hz, 1.7H),
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5.66 (m, 0.3H),
529(dd,J =
5.56, 8.08 Hz,
1.7H), 4.58 (dd, ./
=4.55,9.09 Hz,
1.7H), 4.33 {m,
0.3H), 4.02-3.87
(m, 4H), 3.65 (s,
6H), 3.47 (m,
SH), 3.34 (m,
2H), 2.55 (m,
2H), 2.26-2.16
(m, 7H), 2.12~
2.04 (m, 4H),
1.85-1.77 (m,
2H). LC/MS:
Anal. Calcd. for
CuoH4oNoOg:783;
found: 784
(M+H)".

32 " methyl ((18)-1-(((25)-2-(5- | Light yellow solid
o)\;)\ (7-(2-((2S)-1-((2S)-2- (0.003 g, 1.6%);
NHCO,Me ((methoxycarbonvl)amino)- | "HNMR (400
3-methyibutanoyl}-2- MHz, CH3;0H-d.)
pyrrolidinyl)-1H-imidazol-5- | § 8.22 (d, J =
v)-9H-carbazol-2-yl)-1H- | 8.59 Hz, 2H),
imidazol-2-y])-1- 7.84(d,J=3.54
pyrrolidinyl)carbonyl)-2- | Hz, 3.5H), 7.76
methyipropylcarbantate {m, 0.5H), 7.61
(m, 0.3H), 7.53
(d, J = 8.59 Hz,
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1.7H), 7.15 (m,
1.5H), 5.26 (t,J =
7.07 Hz, 2H),
4.24 (m, 2H),
4.10 (m, 2H),
3.88 (m, 2H),
3.65 (s, SH), 3.43
(s, 1H), 2.57 (m,
2H), 2.37-1.95
(m, 10H), 0.94 (d,
J = 7.07 Hz, 6H),
090, J=17.07
Hz, 6H). LC/MS:
Anal. Caled. for
CaoHaoNsOg: 751;
found: 752
(M+H)".

Example 33
H
<;kr2r41§?1ip\(ﬁrlf>
\ 7N
NH HN ~
r 3

OCHg
methvl ((1S)-1-(((25)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonvi)amino)- 3-
5 methylbutanoyi)-2-pyrrolidinyl)- 1 H-imidazol-5-v1)-9-(2-methoxyethyl)-9H-carbazol-
2-yl)-1H-imidazol-2-yl)- 1-pyrrolidinyl)carbonvl)-2-methyipropvi)carbamate

10
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Example 33, Step a

)
CH,CH,OMe
33a

To an ice-cold suspension of NaH (60% in oil, 0.201 g, 5.02 mmol;
previously washed with 3x5 mL of hexanes under Ar) in DMF (5 mL) was added a
solution of 2,7-dibromo-9H-carbazole (1.419 g, 4.37 mmol) in DMF (25 mL). The
mixture was stirred at 0 °C for 5 minutes and then 2-chloroethyl methyl ether (1.40
mL, 15.3 mmol) was added and the reaction mixture was warmed to 60 °C and stirred
for 40 min. The cooled mixture was then poured into ice water (300 mL) and the
resulting white precipitate was filtered off and dried under vacuum to afford 33a
(1.54 g, 92%) as a white solid which was used without further purification. 'HNMR
(400 MHz, CDCl3) 8 7.87 (d, J = 8.08 Hz, 2H), 7.59 (s, 2H), 7.34 (dd, J = 8.34, .77
Hz, 2H), 4.37 (t, J = 5.81 Hz, 2H), 3.74 (1, J = 5.81 Hz, 2H), 3.29 (s, 3H).LC/MS:
Anal. Calcd. for CisH3BrNO: 381; found: 382 (M+H)+.

Example 33, Step b

|
CH2CH20M9
33b

To a stirred solution of crude 33a (1.577 g, 4.12 mmol) in dry THF (40 mL) at
-78 °C under Ar was added n-BuLti (1.20M in hexane, 9.53 mL, 12.3 mmol) drop-
wise over 5 min. Stirring was continued at the same temperature for 2 h and then V-
methoxy-N-methylacetamide (1.31 mL, 12.3 mmol) was added and the cooling bath
was allowed to warm to room temperature over 18 hours. The reaction mixture was
then quenched with 2N Na,HPO, and extracted with ethyl acetate (2x30 mL). The
organic phase was dried (MgSQy), filtered and concentrated to dryness to give an
amber colored oil which was purified by column chromatography (Biotage, 40+M
column/ 10-60% ethyl acetate-hexanes). Product-containing fractions were

combined, filtered, and concentrated to give 33b (0.967 g, 76%) as a yellow solid.
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'HNMR (400 MHz, CDCl;) 6 8.11 (m, 3H), 7.83 (dd, J = 8.34, 1.26 Hz, 1H), 7.55-
7.47 (m, 2H), 7.28-7.24 (m, 1H), 4.52 (t, J = 5.81 Hz, 2H), 3.78 (t, J = 5.81 Hz, 2H),
3.29 (s, 3H), 2.73 (s, 3H). LC/MS: Anal. Caled. for CioH1gNOs: 309; found: 310
(M+H)".

Example 33, Step ¢

TBDMSOOTBDMS
N

|
CH,CH;OMe
33c

To an ice-cold suspension of 33b (0.967 g, 3.12 mmol) and tricthylamine
(1.74 mL, 12.5 mmol) in toluene (50 mL} was added TBDMSOTf (2.15 mL, 9.38
mmol} and the mixture was stirred for 20 minutes at 0 °C and then it was allowed to
warm to room temperature over 24 hours. The mixture was partitioned with EtOAc-
water and the organic phase was dried (MgSQOy), filtered, filtered, and concentrated
to give 33c as an oil in a quantitative yield. This material was not stable to 'HNMR

or LC/MS analysis and was used as such in the next step without purification,

Example 33, Step d

|
SO,Ph
33d

To a solution of 33¢ (3.12 mmol) in THF (20 mL) was added NBS (1.00 g,
5.62 mmol) and the mixture was stirred at room temperaturc for 45 min. The
resulting yellow slurry was filtered, the fliter-cake was washed with a minimum
volume of THF and the solid was dried i vacuo to give 33d (0.66 g, 45%) as a
yellow solid. This material was used as such in the next step without further
purification. 'HNMR (400 MHz, DMSO-d) 8 8.40 (m, 4H), 7.88 (dd, J = 8.34, 1.26
Hz, 2H), 5.08 (s, 4H), 4.77 (t, J = 5.31 Hz, 2H), 3.77 (, J = 5.31 Hz, 2H), 3.18 (s,
3H). LCMS: Anal. Calcd. for CioH,;7Br;NQ;: 465; found: 466 (M+H)".
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Example 33, Step e

H H
N N,
S Oy
N N N Boc

Boc \
CH,CH,0Me
33e

A solution of 33d (0.662 g, 1.42 mmol), N-BOC-L-proline (0.611 g, 2.84
mmol), and DIEA (0.495 mL, 2,84 mmol) in acetonitrile (20 mL) was heated in a
sealed tube at ca. 85 °C for 2.5 hours. After being allowed to cool to room
temperature, the mixture was concentrated to dr).mess to give a yellow solid. LC/MS:
Anal. Calcd. for C3oHyN30y,: 735; found: 736 (M+H)".

A mixture of the above solid and NH,0Ac (1.09 g, 14.2 mmol) in toluene (20
mL) was heated at 125 °C in a sealed tube for 3 hours. The cooled mixture was
concentrated under reduced pressure, partitioned with EtQAc-brine, and then the
organic phase was dried (MgSQ,), filtered and concentrated to dryness. The residue
was purified by preparative HPLC (C-18/ MeCN-H20+0.1% TFA) to give 33¢
(0.810 g, 82%) as a beige solid. 'HNMR (400 MHz, DMSO-de) 8 8.31 (d, J = 8.08
Hz, 2H), 8.20 (m, 1H), 8.14 (m, 1H), 8.08 (s, 2H), 7.66 (d, J = 8.59 Hz, 2H), 5.06 (m,
2H), 4.63 (t, J = 5.31 Hz, 2H), 3.80 (m, 2.5H), 3.64-3.58 (m, 2.5H), 3.48-3.39 (m,
2.5H), 3.18 (s, 3H), 2.45-2.40 (m, 2H), 2.11-1.94 (m, 7.5H), 1.79 (m, 1H), 1.41 (s,
8H), 1.19 (s, 10H). LC/MS: Anal. Calcd. for CsgHaNoOs: 695; found: 696 (M+H)".

Example 33, Step f

33f
OCH,4

To a solution of 33¢ (0.810 g, 1.16 mmol) in dichloromethane (20 mL) was
added TFA (8 mL) and the mixture was stirred at room temperature for 24 h and then
concentrated to dryness. The residue was taken up in CH3OH and applied to a pre-
conditioned (CH3OH) pad of SCX extraction gei (3cm x Scm). The pad was washed
with CH30H and then eluted with 2M NH; in CH;OH. Product-containing fractions

were concentrated to give 33f (0.380 g, 66%.) as an orange solid which was used as
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such in the next step. 'HNMR (400 MHz, CH:OH-d,) 6 8.01 (d, J = 8.08 Hz, 2H),
7.86 (s, 2H), 7.54 (dd, J = 8.34, 1.26 Hz, 2H), 7.49 (s, 2H), 4.68 (t, J = 8.08 Hz, 2H),
4.57 (t, J = 5.56 Hz, 2H), 3.83 (1, J = 5.56 Hz, 2H), 3.43-3.36 (m, 2H), 3.33-3.28
(m, 2H), 3.26 (s, 3H), 2.48-2.05 (m, 8H). LC/MS: Anal. Caled. for CygH3:N;O:

5 495; found: 496 (M+H)",

Example 33
To a solution of (5)-2-(methoxycarbonylamino)-3-methylbutanoic acid (0.051

g, 0.29 mmol) and HATU (0.110 g, 0.29 mmol) in DMF (3 mL) was added DIEA

10 (0.252 mL, 1.45 mmol) and the mixture was stirred at room temperature for 10 min,
To this solution was added 33f (0.072 g, 0.145 mmol) and stirring was continued for
4 hours. The reaction mixture was then partitioned with EtOAc-brine (1:1) and the
organic phase was dricd (MgSQ,), filtered and concentrated to dryness. The resulting
residue was purified by preparative HPLC (C-18/ CH3;CN-H,0+0.1% TFA) and

15 product-containing fractions were concentrated to dryness. This afforded the TFA
salt of Example 33 (0.055 g, 37%) as a yellow solid. 'HNMR (400 MHz, CH;0H-d,)
8 8.25 (d, J = 8.08 Hz, 2H), 7.96 (s, 2H), 7.94 (s, 2H), 7.58 (d, J = 8.08 Hz, 2H),
5.28 (t,J = 7.33 Hz, 2H), 4.67 (t, / = 5.05 Hz, 2H), 4.24 (d, / = 7.58 Hz, 2H), 4.14-
4.09 (m, 2H), 3.93-3.86 (m, 4H), 3.65 (s, 6H), 3.25 (s, 3H), 2.62-2.57 (m, 2H), 2.31-

20 2.04 (m, 8H), 0.94 (d, J = 6.57 Hz, 6H), 0.90 (d, J = 7.07 Hz, 6H). LC/MS: Anal.
Caled. for Cy3HssNeO7: 809; found: 810 (M+H)", '

Example 34

}FNH NT(
OCH3 0
25 methyvl ((18)-2-((25)-2-(5-(7-(2-((25)- 1-(N-(methoxycarbonyi)-L-alanyi)-2-
pyrrolidinyl)-1H-imidazol-5-vi)-9-(2-methoxyethyl)-9H-carbazol-2-vl)- | H-imidazol-
2-yl}-1-pvrrolidinyl)- 1-methyl-2-oxoethyl)carbamate
The TFA salt of Example 34 was prepared according to the procedure

described for Example 33, and was retrieved as a yellow solid (0.0387 g, 27%).



000130

WO 2009/102568 PCT/US2009/032830

177

"HNMR (400 MHz, CH3;0H-d,) 8 8.26 (d, J = 8.08 Hz, 2H), 7.96 (s, 2H), 7.92 (s,

2H), 7.58 (dd, J = 8.08, 1.52 Hz, 2H), 5.29 (m, 2H), 4.68 (m, 2H), 4.49 (m, 2H), 4.00

(m, 2H), 3.88 (m, 4H), 3.65 (s, 6H), 3.25 (s, 3H), 2.61-2.53 (m, 2H), 2.26-2.18 (m,

6H), 1.34 (d, J = 7.07 Hz, 6H). LC/MS: Anal. Calcd. for C3H4:NoO;7: 753; found:
5 754 (M+H)".

Example 35

H H
MeQ (Nj\WW—Jf’,\} OMe
O/S/&O " ) " o)\/\
- ?],NH H : HN\‘(O\
0] OCH;,4 0
methyl ((18,2R)-2-methoxy-1-(((25)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-O-
10 methyi-L-threonyl)-2-pyrrolidinvl)-1 H-imidazol-5-yI)-9-(2-methoxvethvl)-9H-
carbazol-2-yl)-1H-imidazol-2-yl)- I-pyrrolidinvi)carbonyl)propyl)carbamate
The TFA salt of Example 35 was prepared according to the procedure
described for Example 33. This material was repurified by preparative HPLC (C-18/
MeCN-H,0-NH,0Ac) to give the free base as a beige solid (0.031 g, 25%). '"HNMR
15 (400 MHz, CH3OH-ds) 8 7.99 (m, 2H), 7.86 (m, 0.5H), 7.80 (s, 1.5H), 7.54 (d, J =
8.59 Hz, 0.5H), 7.47 (d, J = 8.08 Hz, 1.5H), 7.41 (m, 0.5H), 7.36 (s, 1.5H), 5.54 (m,
0.5H), 5.23 (dd, J = 7.83, 4.8 Hz, 1.5H), 4.60-4.54 (m, 2H), 4.46 (d, J = 5.05 Hz,
1.5H), 4.35 (d, J = 5.05 Hz, 0.5H), 4.00-3.82 (m, 6H), 3.70-3.63 (m, 7H), 3.49 (s,
1H), 3.37 (s, 2H), 3.28 (m, 7H), 2.39-2.02 (m, 8H), .18 (d, J = 6.06 Hz, 6H).
20 LC/MS: Anal. Caled. for Cs3sHssNoOy: 841 found: 842 (M+H)",

BIOLOGICAL ACTIVITY
An HCV Replicon assay was utilized in the present disclosure, and was
prepared, conducted and validated as described in commonly owned
25 PCT/US2006/022197 and in O’Boyle et. al. Antimicrob Agents Chemother. 2005
Apr;49(4):1346-53.
HCV 1b-377-neo replicon cells were used to test the currently described

compound series as well as cells resistant to compound A containing a Y2065H

mutation in NSSA (described in application PCT/US2006/022197). The compounds
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tested were determined to have more than 10-fold less inhibitory activity on cells
containing the mutation than wild-type cells iﬁdicating a related mechanism of action
between the two compound series. Thus, the compounds of the present disclosure
can be effective to inhibit the function of the HCV NS5A protein and are understood
to be as effective in combinations as previously described in application
PCT/US2006/022197 and commonly owned WO/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
multible genotypes of HCV. Table 2 shows the EC50 values of representative
compounds of the present disclosure against the HCV 1b genotype. In one
embodiment compounds of the present disclosure are active against the la, 1b, 2a,
2b, 3a, 4a, and 5a genotypes. EC50 ranges against HCV 1b are as follows: A =>100
nM; B =1-99 nM; C = 101-999 pM; and D = 1-100 pM.

The compounds of the present disclosure may inhibit HCV by mechanisms in
addition to or other than NS3A 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.

Table 2
Example Range/ 11 146 24 C
Value pM 25 D
1 9 pM 12 C 26 D
2 C 13 b 27 D
3 C 14 D 28 D
4 D 15 52 pM 29 D
5 D 16 D 30 20nM
6 2nM 17 D 3t B
7 C 18 D 32 C
8 D 19 D i3 D
9 D 20 D 34 B
10 C 21 D a5 662
10A B 22 B pM
23 D
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It will be evident to one skilled in the art that the present disclosure is not
limited to the foregoing illustrative examples, and that it can be embodied in other
specific forms without departing from the essential attributes thereof. It is therefore
desired that the examples be considered in all respects as illustrative and not
restrictive, reference being made to the appended claims, rather than to the foregoing
examples, and all changes which come within the meaning and range of equivalency
of the claims are therefore intended to be embraced therein.

The compounds of the present disclosure may inhibit HCV by mechanisms in
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

inhibit multiple genotypes of HCV.
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CLAIMS
WHAT 1S CLAIMED 1S
5 L A compound of Formula (1)

10

, a4
R* R R2 R

|7/ \|7
(F)y, (R),

(D,

or a pharmaceutically acceptable salt thereof, wherein

uand v’ are independently 0, 1, 2, or 3;

D and E are each five-membered aromatic rings containing one, two, or three
heteroatoms independently selected from nitrogen, oxygen, and sulfur;

each R' and R" is independently selected from alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkyl, arylalkoxycarbonyl, carboxy, formyl, halo, haloalkyl,
hydroxy, hydroxyalkyl, -NR'R®, (NR*RPYalkyl, and (NR*R")carbony!:

R? and R?', together with the carbon atoms to which they are attached, form a
five- to eight-membered unsaturated ring optionally containing one or two
heteroatoms independently selected from nitrogen, oxygen, and sulfur; wherein the
five- to eight-membered unsaturated ring is optionally substituted with one, two, or
three substituents independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkyl, alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloalkoxy,
haloalkyl, hydroxy, hydroxyalkyl, -NR°R®, (NR*RMalkyl, (NR*R")carbonyl, oxo, and
spirocycle;

R* and R" are each independently selected from hydrogen, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, arylalkoxycarbonyl, carboxy, haloalkyl,
heterocyclylalkyl, hydroxyalkyl, (NR*R)carbonyl, and trialkylsilylalkoxyalkyl;

R*and R* are each independently selected from
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N GER . .

y N)“\ 5 J\)"< RS

~—(R%)s R6 HQ
Ré-N ) R N\@, X N

0
m - m - and R’ : wherein

each m is independently 0, 1, or 2;

each o is independently 1, 2, or 3;

cach s is independently 0, 1, 2, 3, or 4;

5 each X is independently selected from O, S, S$(0), SO, CH», CHR®, and
C(RS)Z; provided that when n is 0, X is selected from CHo, CHR’, and C(RS))_;

each R’ is independently sclected from alkoxy, alkyl, aryl, halo, haloalkyl,
hydroxy, and -NR"R”, wherein the alkyl can optionally form a fused three- to six-
membered ring with an adjacent carbon atom, wherein the three- to six-membered

10 ring is optionally substituted with one or two alkyl groups;

each RS is independently selected from hydrogen and R'*-C(O)-, and
R'%-C(S)-;

R is selected from hydrogen and alkyl;

R* and R? are each independently selected from hydrogen, alkenyl,

15 alkoxyalkyl, alkyl, haloalkyl, and (NR*RMalkyl: or,

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

each R' is independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,

20  alkoxycarbonylalkyl, alkyl, alkylcarbonylalkyl, aryl, arylalkenyl, arylalkoxy,
arylalkyl, aryloxyalkyl, cycloalkyl, (cycloalkylalkenyl, (cycloalky!alkyl,
cycloalkyloxyalkyl, haloalkyl, heterocyclyl, heterocyclylalkenyl, heterocyclylalkoxy,
heterocyclylalkyl, heterocyclyloxyalkyl, hydroxyalkyl, -NRR, (NRCRd)alkenyl,
(NR°R%alkyl, and (NR°R®)carbonyl.

2. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein R* and R* are each

Al

N

. Nh.——mf‘)s
R~ X
.
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3. A compound of ¢laim 2, or a pharmaceutically acceptable salt thereof,

wherein each m is 1.

4, A compound of claim 2, or a pharmaceutically acceptable salt thereof,

wherein each X is CH,.

5. A compound of claim 2, or a pharmaceutically acceptable salt thercof,

wherein s 15 0.

6. A compound of claim 2, or a pharmaceutically acceptable salt thereof,
wherein each R® is R'°-C(0)-.

7. A compound of claim 6 wherein each R' is independently selected from

arylalkyl, (cycloatkyl)alkyl, and (NR°R%)alkyl.

8. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein u and v’ are each 0.

9. A compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein R® and R*" are each hydrogen.

10. A compound of claim 1 wherein R? and R”, together with the atoms to which
they are attached, form a five-membered ring optionally containing an oxygen or
nitrogen atom, wherein said ring is optionally substituted with one or two substituents
independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, atkyl,
alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo, haloatkoxy,
haloalkyl, hydroxy, hydroxyalkyl, -NR*R", (NR*RP)alkyl, (NR*R")carbonyl, and oxo.

11. A compound of claim 1 wherein R? and R” together with the atoms to which
they are attached, form a seven-membered ring containing a heteroatom selected
from oxygen and nitrogen, wherein said ring is optionally substituted with one, two,
or three substituents independently selected from alkoxy, alkoxyalkyl,

alkoxycarbonyl, alkyl, alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy, formyl,
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halo, haloalkoxy, haloalkyl, hydroxy, hydroxyalkyl, -NR°R®, (NR*R™)alkyl,
(NR°RP)carbonyl, and oxo.

12 A compound of Formula (IT)

<;t1\“,NH A~y HN»K/I:;>
R L = AN P
)<

(10);

or a pharmaceutically acceptable salt thereof, wherein

A is absent or CR''R'%

G is selected from CR''R'?, O, and NR"?;

Jis absent or CR''R'?;

R’ and R? are each independently selected from hydrogen and R'*-C(0)-;

each R'% is independently selected arylalkyl, (cycloalkylalkyl, and
(NR°R%alkyl;

cach R'! and R'? are independently selected from hydrogen, alkyl, and -
NR'R®; or

R'" and R" together form an oxo group; or

R'" and R", together with the carbon atom to which they are attached, form a
three- to eight-membered spirocycle; and

each R" is independently selected from hydrogen, alkoxyalkyl, alkyl, and
arylsulfonyl.

13. A compound selected from;

methyl ((1S)-1-(((2S)-2-(5-(9-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)- | H-imidazol-5-y1)-6-methyl-6,7-dihydro-5H-
dibenzo[c,c]azepin-3-yl)- |H-imidazol-2-yl)- 1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyt ((1S)-1-(((25)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-5-y1)-9-0x0-9H-fluoren-2-yl)-1H-
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methyipropyl)carbamate;
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methyl ((18)-1-(((2S)-2-(5-(9-hydroxy-7-(2-((2S)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)- 1H-imtdazol-5-yl)-
9H-fluoren-2-yl)- 1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((1S)-1-(((2S)-2-(5-(9-(2-((25)-1-((28)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-4-y1)-5,7-
dihydrodibenzo[c,e]Joxepin-3-yl)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((18)-1-(((25)-2-(5:(9-(dimethylamino)-7-(2-((2S)-1-((25)-2-
((methoxycarbonyl)amino)-3-methyibutanoyl)-2-pyrrolidinyl)-1H-imidazol-5-yl)-
9H-fluoren-2-yl)-1H-imidazol-2-yl)- 1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl {((1S)-1-(((28)-2-(5-(7-(2-((2S)-1-((25)-2-({methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyt)- | H-imidazol-5-y1)-9-methyl-9H-carbazol-2-y!)-
1H-1midazol-2-y)-1-pyrrolidinyhcarbonyl)-2-methylpropyl)carbamate;

methyl ((1S)-1-(((28)-2-(5-(7-(2-((25)-1-((2S)-2-({(methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1 H-imidazol-5-y1)-9H-fluoren-2-y)- 1 H-imidazol-
2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((18)-1-(((2S)-2-(5-(9-(dimethylamino)-7-(2-((28)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)- 1H-imidazol-5-y1)-9-
methyl-9H-fluoren-2-y1)-1 H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((18)-2-((25)-2-(5-(7-(2-((2S)-1 -(I\I-(mcthoxycarbonyl)-L-alanyf)Q-
pyrrolidinyl}-1H-imidazol-5-y1)-9-methyl-9H-carbazol-2-yl)- IH-imidazol-2-y1)-1-
pyrrolidinyl}-1-methyl-2-oxoethyl)carbamate;

methyl ((1S,2R)-2-methoxy-1-(((25)-2-(5-(7-(2-((2S)-1-(N-
(methoxycarbonyl)-O-methy!-L-threonyl)-2-pyrrolidiny!)-1 H-imidazol-5-y1)-9-
methyl-9H-carbazol-2-yl)-1H-imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)propyl)carbamate;

methyl ((1S)-3-methoxy-1-(((25)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-
O-methyl-L-homoseryl)-2-pyrrolidinyl)- 1H-imidazol-5-y1)-9-methyl-9H-carbazol-2-
yD-1H-imidazol-2-y1)-1-pyrrolidinylcarbonyl)propyl)carbamate;
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methyl ((1S)-1-(((28)-2-(5-(7-(2-((2S)-1-((2S)-2-({methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-5-y1)-9-(phenylsulfonyl)-9H-
carbazol-2-yl)- 1H-imidazol-2-yl)- 1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

5 (18,1'S)-2,2"-((6-methyl-6,7-dihydro-5H-dibenzo[c,eJazepine-3,9-diy!)bis(1 H-
imidazole-4,2-diy1(2S)-2,1-pyrrolidinediyl))bis(N,N-diethyl-2-0x0-1-
phenylethanamine);

methyl ({1 S)—2-((2S)~2—(4~(9-(2-((28)-1-(N-(methoxycarbonyl)-L-alany])-2—-
pyrrolidinyl)-1H-imidazol-4-yl)-5,7-dihydrodibenzo[c,eJoxepin-3-y1)-1H-imidazol-2-

10 yD-1-pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate;

methyl ((1S)-3-methoxy-1-(((2S)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-
O-methyl-L-homoseryl)-2-pyrrolidinyl)-1H-imidazol-5-y1)-9-(phenylsulfonyl)-9H-
carbazol-2-yl)-1H-imidazol-2-y1)-1-pyrrolidinyl)carbonyl)propyl)carbamate;
methyl rac-((1R,28)-2-methoxy-1-(((2R)-2-(5-(7-(2-((2R)- 1 -(N-

15 (methoxycarbonyl)-O-methyl-D-threonyl)-2-pyrrolidinyl)-1H-imidazol-5-y1)-9-
(phenylsulfonyl)-9H-carbazol-2-yl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)propyl)carbamate;

methyl ((1S)-2-((2S)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-L-alanyl)-2-
pyrrolidinyl)- 1H-imidazol-5-y1)-9-(phenylsulfonyl)-9H-carbazol-2-y1)- 1 H-imidazol-

20 2-yD)-1-pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate;

methyl ((1S,2R)-2-methoxy-1-(((25)-2-(5-(7-(2-((2S)-1-(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidiny1)-1H-imidazol-5-y1)-9H-
fluoren-2-yl)-1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)propyl)carbamate;

methyl ((1S)-2-((2S)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-L-alanyl)-2-

25  pyrrolidinyl)-1H-imidazol-5-y1)-9H-carbazol-2-yl)-1H-imidazol-2-yI)-1-

pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate;

methyl ((18)-1-({(25)-2-(5-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)- 1 H-imidazol-5-y1)-9,9-dimethyl-9H-fluoren-2-y1)-
1H-imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

30 dimethyl ((9,9-dimethyl-9H-fluorene-2,7-diyl)bis(1H-imidazole-5,2-diyl(2S)-
2,1-pyrrolidinediyl((1S)-1-cyclopropyl-2-oxo-2,1-ethanediyl)))biscarbamate; '
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methyl ((185)-1-(((2S)-2-(5-(7'-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-5-y1)spiro[cyclobutane-1,9"-fluoren]-
2'-y1)-1H-imidazol-2-yl1)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((1S)-2-((2S)-2-(5-(7'-(2-((2S)-1-(N-(methoxycarbonyl)-L-alanyl)-2-
pyrrolidinyl)-1H-imidazol-5-yl)spiro{cyclobutane-1,9'-fluoren]-2'-y1)-1H-imidazol-2-
yh)-1-pyrrolidinyl)- 1 -methyl-2-oxoethyl)carbamate;

dimethyl (5,7-dihydrodibenzo[c,e]oxepine-3,9-diylbis(1H-imidazole-4,2-
diyl(28)-2,1-pyrrolidinediyl((1S)-2-oxo-1-(tetrahydro-2H-pyran-4-yl)-2,1-
ethanediyl)))biscarbamate;

dimethyl (5,7-dihydrodibenzo[c,e]oxepine-3,9-diylbis(1 H-imidazole-4,2-
diyl(2S)-2,1-pyrrolidinediyl(2-oxo- I-(tetrahydro-2H-pyran-4-y1)-2,1 -
ethanediyl)))biscarbamate;

methyl ((18,2R)-2-methoxy- [-(((2S)-2-(4-(9-(2-((2S)-1-(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidinyl)-1H-imidazol-4-yl)-5,7-
dihydrodibenzo[c,e]oxepin-3-yl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)ycarbonyl)propyl)carbamate;

methyl ((1S)-3-methoxy-1-(((25)-2-(5-(7-(2-((2S)-1-(N-(methoxycarbonyl)-
O-methy}-L-homoseryl)-2-pyrrolidiny!)-1H-imidazol-5-yl)-9H-carbazol-2-yl)- 1H-
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)propyl)carbamate;

{15,1'S)-2,2"-(5,7-dihydrodibenzo(c,e]oxepine-3,9-diylbis( 1 H-imidazole-4,2-
diyl(2S)-2,1-pyrrolidinediyl))bis(N,N-diethyl-2-ox0-1-phenylethanamine);

methy! ((1S)-1-(((25)-2-(5-(7-(2-((2S)-1-({2S)-2~((methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)-1 H-imidazol-5-y1)-9H-carbazol-2-yl)- 1 H-
imidazol-2-yl)- 1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((15)-1-(((2S)-2-(5-(7-(2-((2S)-1-((2S)-2-({methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)- 1 H-imidazol-5-y1)-9-(2-methoxyethyl)-9H-
carbazol-2-yl)-1H-imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((18)-2-((25)-2-(5-(7-(2-((28)-1-(N-(methoxycarbony|)-L-alanyl)-2-
pyrrolidinyl)- 1 H-imidazol-5-y1)-9-(2-methoxyethyl)-9H-carbazol-2-yl)- 1 H-imidazol-
2-yD)-1-pyrrolidinyl)- 1-methyl-2-oxoethyl)carbamate;

methyl ((1S,2R)-2-methoxy-1-(((2S)-2-(5-(7-(2-((28)- 1 -(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidinyl)- 1 H-imidazol-5-y1)-9-(2-
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methoxyethyl)-9H-carbazol-2-yl)-1H-imidazol-2-yI)-1-
pyrrolidinyl)carbonyl)propy!)carbamate;

methyl ((1S)-1-(((2S)-2-(4-(7-(2-((2S)-1-((25)-2-({methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidinyl)- |H-imidazol-4-yl)dibenzo[b,d}furan-3-yl)-1H-
imidazol-2-yl}-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

dimethyl (dibenzo[b,d]furan-3,7-diylbis( |IH-imidazole-4,2-diy1(25)-2,1-
pyrrolidinediyl((1S)-1-cyclopropyl-2-oxo-2,1-ethanediyl)))biscarbamate;

methyl ((1S)-1-(((28)-2-(4-(7-(2-((2S)-1-((2S)-2-((methoxycarbonyl)amino)-
3,3-dimethylbutanoyl)-2-pyrrolidinyl)- 1H-imidazol-4-yl)dibenzo[b,d]furan-3-y1)- 1 H-
imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2,2-dimethylpropyl)carbamate; and

methy! ((1S)-2-hydroxy-1-(((2S)-2-(4-(7-(2-((25)-1-((2S)-3-hydroxy-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)- |H-imidazol-4-
yhdibenzo[b,d}furan-3-y)-1 H-imidazol-2-yi)-1-pyrrolidinyl)carbonyl)-2-

methylpropyl)carbamate.

14, A composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

15. The composition of claim 14 further comprising one or two additional

compounds having anti-HCV activity.

16. The composition of claim 15 wherein at least one of the additional

compounds is an interferon or a ribavirin.

17.  The composition of claim 16 wherein the interferon is selected from
interferon alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha

2A, and lymphoblastiod interferon tau.

18.  The composition of claim 15 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.
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19.°  The composition of claim 15 wherein at least one of the additional
compounds is effective to inhibit the function of a target selected from HCV
metalloprotease, HCV serine protease, HCV polymerase, HCV helicase, HCV NS4B
protein, HCV entry, HCV assembly, HCV egress, HCV NS3A protein, and IMPDH

for the treatment of an HCV infection,

20. A method of treating an HCV infection in a patient, comprising administering
to the patient a therapeutically effective amount of a compound of claim 1, ora

pharmaceutically acceptable salt thereof.

21. The method of claim 20 further comprising administering onc or two
additional compounds having anti-HCV activity prior to, after or simultaneously with

the compound of claim 1, or a pharmaceutically acceptable salt thereof.

22.  The method of claim 21 wherein at least one of the additional compounds is

an interferon or a ribavirin.

23. The method of claim 22 wherein the interferon is selected from interferon
alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha 24, and

lymphoblastiod interferon tau.

24.  The method of claim 21 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 | helper T cell response, interfering RNA, anti-sense RNA,
Imigimed, ribavirin, an inosine 5'-monophospate dehydrogenase inhibitor,

amantadine, and rimantadine.

25.  The method of claim 21 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,
HCYV assembly, HCV egress, HCV NS5A protein, and IMPDH for the treatment of
an HCV infection.
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DERIVADOS DE BIFENILO CONFORMACIONALMENTE RESTRINGIDO PARA

USO COMO INHIBIDORES DEL VIRUS DE LA HEPATITIS C

Campo de la Invencién

La presente invencién se refiere de forma general a

‘compuestos antivirales y, mas especificamente se refiere a

compuestos que pueden inhibir la funcién de la proteina NS5A
codificada por el virus de la hepatitis C (VHC), a
compoéiciones que comprenden los compuestos Yy a

procedimientos para inhibir la funcidén de la proteina NSSA.

Antecedentes de la Invencidén

El VHC es un importante patdgenoc humanco que infecta a
unos 170. millones de ©personas en todo el mundo -
aproximadamente cinco veces el nlmero de infectados por el
virus de la inmunodeficiencia humana tipo 1. Una fraccién
sﬁstancial de estos individuos infectados con el VHC

desarrolla enfermedad hepatica progresiva grave, incluyendo

cirrosis y carcinoma hepatocelular.

En la actualidad, la terapia m&s eficaz contra el VHC
emplea unalhcombinaéién de interferén alfa y ribavirina,
conduciendo a una} eficacia sustancial en el 40% .de los
pécientes. Los recientes resultados clinicos demuestran gue

el interferdn alfa pegilado es superior al interferdédn alfa no

modificado como monoterapia. No obstante, incluso con pautas

terapéuticas experimentales que conllevan combinaciones de
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interferén alfa ©pegilado y ribavirina, una fraccidn
sustancial de pacientes no experimenta una reduccién
sostenida en la carga viral. Asi, existe una clara y antigua
necesidad de desarrollar compuestos terapéuticos eficaces
para la terapia de la infeccidn por>VHC.

El VHC es un virus ARN de cadena positiva. En base a la
comparacidén de 1la secuencia de aminoacidos deducida y a la
exﬁensa similitud en la regidén sin traducir 5’, el VHC se ha
ciasificado como un género separado en la familia de
Flaviviridae. Todos los miembros de la familia Flaviviridae
tienen viriones -encapsulados que contienen un gencma de ARN
de cadena positiva que codifica todas las proteinas.
especificas de wvirus conocidas mediante traduccidén de un
marco de lectﬁra abierto no interrumpido dnico.

Dentro de 1la secuencia de nucledtidos y aminoacidos
codificados en todo el genoma del VHC se encuentra una
considerable heterogeneidad. Se han caracterizado al menos
seis genotipos principales y se han descrito mds de 50
subtipos. Los genotipos principales del VHC se diferencian en
su distribucién en todo el mundo y la significacién clinica
de la heterogeneidad genética del VHC sigue siendo dificil de
conseggir a pesar de numerosos estudios del efecto positivo
dé genotipos sobre la patogénesis y fratamiento.

El genoma del ARN del VHC es de aproximadamente 5500

nucledtidos y tiene un marco de lectura abierto (ORF, por sus
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siglas en inglés) que codifica una UGnica poliproteina grande
de aproximadamente 3000 aminodcidos. En células infectadas,
esta poliproteina se corta en miltiples sitios por proteasas
celulérés y virales para producir las proteinas estructurales
Yy no estructurales (NS, por sus siglas eﬁ inglés) . En el caso
del VHC, la generacidén de proteinas estructurales maduras
(NS2, NS3, NS4A, NS4B, NS5A vy NSSB} se efecta por dos
proteasas virales. Se cree que la prihera es una
metaloproteasa y corta la unidén NS2-NS3; la segunda es una
serina proteasa contenida en la regidén N-terminal de NS3
(también denominada en la presente proteasa NS3) y media
todas los cortes posteriores cadena abajo de NS3, ambos en
cis, en el sitio de corte NS3-NS4A, y en trans, para los
sitios NS4A-NS4B, NS4B-NSSA, NSSA—NéSB restantes. La proteina
NS4A parece servir para midltiples funciones, actuando como
cofactor para la NS3 proteasa y posiblemente ayudando en la
localizacidén de membrana de NS3 vy otros componentes de
replicasa viral. La compleja formacidén de la proteina NS3 con
NS4A parece necesaria para los sucesos de procesamiento,
potenciando la eficacia proteolitica en todos los sitios. La
proteina NS3 también presqyta actividades nucledsido
trifosfatasa y ARN helicasa. NS5B (también denominada en 1la

presente polimerasa del  VHC) es una ARN polimerasa

dependiente de ARN que estd implicada en la replicacién del

VHC.
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Se desean cdmpuestos Utiles para tratar pacientes
infectados por VHC que inhiban de forma selectiva la
replicacién wviral del VHC. En particular, se desean
compuestos que son eficaces para inhibir la funcibén de la
proteina NSKA. La proteina NS5A del VHC se describe, por
ejemplo, en Tan, S.-L., Katzel, M.G. Vifology 200%, =284, 1-
12; v en Park, -K.—J.; Choi, 8.-H, J. Biological Chemistry
2003.

Descripcidn Detallada de la Invencidn

En un primer aspecto, la presente invencidn proporciona

un compuesto de Formula (I)

RY R

7,

o una de sus sales farmacéuticamente aceptables, en la que
u y u’ son independientemente 0, 1, 2 & 3;

cada uno de D y E es un anillo aromatico de cinco

miembros que contiene uno, dos Lo} tres heterodtomos
seleccionados independientemente de  nitrégeno, oxigeno vy
azufre;

cada Ry R* se selecciona independientemente de alcoxi,
alcoxialquilo, alcoxicarbonilo, alquilo, arilalcoxicarbonilo,

carboxi, formilo, halo, haloalquilc, hidroxi, hidroxialquilo,
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-NR®R®, (NR®R®)alquilo y (NR®R®)carbonilo;

R*> v R?*’, junto con los Atomos de carbono a los que estén
unidos, forman un anillo insaturado de cinco a ocho miembros
que opcionalmente contiene uno e} dos heterocatomos
seleccionados independientemente de nitrégeno, oxigeno y
azufre; estando el anillo insaturadec de cinco a ocho miembros
opcionalmente sustituido con uno, dos © tres sustituyentes

seleccionados independientemente de alcoxi, alcoxialquilo,

alcoxicarbonilo, alquilo, alquilsulfonilo, . arilo,
arilalquilo, arilsulfonilo, carboxi, formilo, halo,
haloalcoexi, haloalquilo, hidroxi, hidroxialquilo, -NR®*R®,

(NR?R®) alquilo, (NR®*R®)carbonilo, oxo y espirociclo;

cada uno de R’ y R’ se selecciona independientemente de
hidrdégenoc, alcoxialquilo, alcoxicarbonilo,
alcoxicarbonilalgquilo, alquilo, arilalcoxicarbonilo, carboxi,
halocalquilo, heterociclilalqulio, hidroxialquilo,
(NR*R®) carbonilo y trialquilsililalcoxialquilo;

R' v R' se seleccionan cada unc independientemente de

\ (RS)S \ .
L NN N s
)7/ )“TL,(R%S' RS /><iF§
RS‘NW) RG'N@,x “NTOR
0
m ; m y R ; en la que

cada m es ihdependientemente 0, 1 6 2;

O
w

cada o es independientemente 1, 2

cada s es independientemente 0, 1, 2, 3 & 4;

cada X se selecciona independientemente de O, S, S{0),
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S0;, CH,, CHRS'y C(R°),; con la condicién de gue cuando n es 0,
X se selecciona de CH,, CHR® y C(R®);;

cada R° sev selecciona independientemente de alcoxi,

alquilo, arilo, halo, héloalquilo, hidroxi y -NR®R®, pudiendo

5 formar el alquilo opcionalmente un anillo de tres a seis
miembros fusionado con un adtomo de carbono adyacente, estando
el anillo de tres a seis miembros opcionalmente sustituido
con unc o dos grupos alquilo;

cada R® se selecciona independientemente de hidrégeno y

10 R¥-c(0)-, vy
R*-C(8)-;

R’ se selecciona de hidrégeno y alquilo;

cada uno de R® y R’ se selecciona independientemente de
hidrégeno, alquenilo, alcoxialquilo, alquilo, haloalquilo vy

15 (NR®*R®)alquilo; o,

R® vy R’, junto con el Aatomo de carbono al gque estan
unidos, forman un anillo saturado de cinco © seis miembros
que opcionalmente contiene uno o dos heterocatomos
seleccionados de NR*, O, y S; selecciocné&ndose R? de hidrégenc

20 vy alquilo; vy

cada R' se selecciona independientemente de alcoxi,

alcoxialquilo, alcoxicarbonilo, - alcoxicarbonilalquilo,
alquilo, algquilcarbonilalquilo, arilo, arilalquenilo,
arilalcoxi, arilalquilo, ariloxialquilo, cicloalquilo,

25 (cicloalquil)alquenilo, - (cicloalquil)alquilo,
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cicloalgquiloxialquilo, haloalquilo, heterociclilo,
heterociclilalquenilo, heterociclilalcoxi,
heterociclilalquilo, heterocicliloxialguilc, hidroxialquilo,
-NR°R?, (NR°RY)alquenilo, (NR°R%)alquilo y (NR°R?)carbonilo.

En una primera modalidad del primer aspecto la presente
invencidén proporciona un compuesto de Foérmula (I}, © una de

sus sales farmacéuticamente aceptables, en la que R* y R* son

cada uno

\

o

Rs,ﬁ}‘tif(sﬁs
En una segunda modalidad del primexr aspecto cada m es 1.
En una tercera modalidad del.primer aspecto cada X es CH,.
En una tercera modalidad del primer aspecto la presente
invencidn proporcicna un compuesto de Formula (I}, © una de

sus sales farmacéuticamente aceptables, en la que R* y R* son

cada uno

s

Nath

RG'Nf“T(RS)s
Hm
en la que s es 0.
En una cuarta modalidad del primer aspecto la presente
invencién proporciona un compuesto de Férmula (I), o una de

sus sales farmacéuticamente aceptables, en la que R* y R* son

cada uno 0.
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v

o

. N)\‘,/(RS)S
R®~ X
.

en la que cada R® es R'"-C(0)-. En una quinta modalidad del

'

primer aspecto, cada R'® se selecciona independientemente de
arilalquilo, {cicloalquil)alquilo y (NR°R%)alquilo.

En.una sexta modalidad del primer aspecto la presente
invencién proporciona un compuesto de Foérmula (I), o una de
sus sales farmacéuticamente aceptables, en la que u y u’ son
cada uno.

En una séptima modalidad del primer aspecto la presente
invencidén proporciona un compuesto de Foérmula (I), o una de
sus sales farmacéuticamente aceptables, en la que R’ y R’ son
cada uno hidrdgeno.

En una octava modalidad del primer aspecto, la presente
invencién proporciona un compuesto de Foérmula (I), o una de
sus sales farmacéuticamente aceptables, en la que R®* y R?,
junto con los Atomos a los que estdn unidos, forman -un anillo
de cinco miembros gque opcicnalmente contiene un &Atomo de
oxigenoc o nitrdgeno, estando el anillo opcionalmente
sustituido con wuno o dos sustituyentes seleccionados de
alcoxi, alcoxialquilo, alcoxicarbonilo, alquilo,
alquilsulfonilo, arilo, arilalquilo, arilsulfonilo, carboxi,
formilo, halo, haloalcoxi, hidroxi, hidroxialquilo, -NR®RP,

(NR*R®)alquilo, (NR®R®)carbonilo y oxo.
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En una novena modalidad del primer aspecto, la presente
invencidén proporciona un compuesto de Férmula (I), o una de
sus sales farmacéuticamente aceptables, en la que R* y R?,
juntc con los Aatomos de carbono a los que estdn unidos,

5 forman un anilloco de siete miembros gque contiene un
heteroadtomo seleccionado de oxigeno y nitrégeno, estando el
anillo opcionalmente -sustituido con  uno, dos o tres
sustituyentes seleccicnados independientemeﬁte de alcoxi,
alcoxialguilo, alcoxicarbonilo, alquilo, alquilsulfonilo,

10 arilo, arilalquilc, arilsulfonilo, carboxi, formilo, halo,
haloalcoxi, haloalquilo, hidroxi, hidroxialguilo, -NR%@,
(NR®R®) alquilo, (NR®R®) carbonilo y oxo.

En un sequndo aspecto la presente invencidén proporciona

un compuesto de Fdérmula (II)

156

N NH A O~ HN \ N

J — — 3

R le/)\ A/N R

N/ N\ /
(1IT),
0 una de sus sales farmacéuticamente aceptables, en la que

20 A no esta presente o CRYR'?;

G se selecciona de CR™R™, O y NR™;
J no estd presente o CR™R'?;
cada uno de R® y R* se selecciona independientemente de

hidrégeno y R'@-C(0)-;

25 - cada R se selecciona independientemente de arilalquilo,
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(cicloalquil)alquilo y (NR°R%)alquilo;

cada R"™ y R se selecciona independientemente de
hidrégeno, aiquilo vy -NR®RP; o

R*™ v R' forman juntos un grupo oxo; o

R y R, junto con el Atomo de carbono al gque estén
unidos, forman un espirociclo de tres a ocho miembros; y

cada R se selecciona independientemente de hidrdgeno,
alcoxialqﬁilo, algquilo y'arilsulfonilo.

En un tercer aspecto la presente invencibén proporciona
una composicién gque comprende un compuesto de Férmula (I), ©
una de sus sales farmacéuticamente aceptables, y un vehiculo
farmacéuticamente aceptable. En una primera modalidad del
tercer aspecto la composicién comprende ademdas uno o dos
compuestos adicionales que tienen actividad anti-VHC. En- una
segunda modalidad del tercer aspecto al menos uno de los
compuestos adicionales es un interferdn o una ribavirina. En
una tercera modalidad el interferén del tercer aspecto el
interferén se selecciona de interferdn alfa 2B, interferdn
alfa pegilado, interferdn de consenso, interferén alfa 2A e
interferén linfoblastoide tau.

En una cuarta modalidad del tercer aspecto la presente
invencién proporciona una composicidén que comprende un
compuésto 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 anti-VHC, seleccionandose al mencs uno de los
compuestos adicionales de interleucina 2, interleucina 6,

interleucina 12, un compuesto que potencia el desarrollo de

una reapuesta de linfocitos T cooperador tipo I, ARN

interferente, ARN antisentido, Imigimod, -ribavirina, urn
inhibidor de inosina 5'-monofosfato deshidrogenasa,
amantadina y rimantadina.

En una quinta modalidad del tercer aspecto la presente
invencién proporciona una composicién gue comprende un
compuesto de Formula (I, o una de sus sales
farmacéuticamente aceptables, un vehiculec farmacéuticamente
aéeptable Yy uno o dos compuestos adicionales gue tienen
actividad anti—VHc; siendo al menos uno de los compuestocs
adicionales eficaz para inhibir 1la funcidén de una diana
seleccio;ada 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 VHCV,
proteina NS5A de HCV y IMPDH ﬁara la terapia de una infeccidn
por VHC.

En un cuarto aspecto la presente invencidn proporciona u
procedimiento para tratar una infeccién por VHC -en un
paciente, que comprende administrar al paciente una cantidad
terapéuticamente eficaz de un compuesto de Férmula (I), o una

de sus salesg farmacéuticamente aceptables. En una primera

modalidad del cuarto aspecto el procedimiento comprende
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ademas administrar uno o dos compuestos adicionales que
tienen actividad anti-VHC antes, después . o de forma
simulténea con el compuesto de Fdrmula (I), o© sus sales
farmacéuticamente aceptables. En una sedgunda modalidad del
cuarto aspecto al menos uno de los compuestos adicicnales es
un interferdén o una ribavirina. En una tercera modalidad del
cuarto aspecto el interferdn se selecciona de interferdn alfa
2B, interferdn alfa pegilado, interferén de consenso,

interferdén alfa 2A e interferdn linfoblastoide tau.

' IMPDH para la terapia de una infeccién por VHC.

En una cuarta modalidad del cuarto aspectc la presente

-invencidn proporciona un procedimiento para tratar. una

infeccidén por VHC en un paciente, gque comprende administrar
al paciente wuna cantidad terapéuticamente eficaz de un
compuesto de Foérmula (1), o} una de sus sales
farmacéuticamente aceptables Y uno o dos compuestos
adicionales que tienen actividad anti-VHC antes, después o de
forma simulté&nea con el compuesto de Férmula (I),'o sus sales
farmacéuticamente aceptables, seleccionadndose 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 colaberadores tipo I, ARN
interferente, ARN antisentido, -Imigimod, ribavirina, un
inhibidor de iﬁosina 5’ -monofosfato deshidrogenasa,

amantadina y rimantadina.
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En una quinta modalidad del cuarto aspecto la presegte
invencidén proporciona un procedimiento para tratar una
infeccidén por VHC en un paciente que comprende administrar al
paciente una cantidad terapéutiéamente eficaz de un compuesto
de Fo6rmula (I), o wuna de sus sales farmacéuticamente
aceptables y uno o dos compuestos adicionales gque tienen
actividad anti-VHC antes, después o de forma simultanea con
el compuestc de Foérmula (I), o sus sales farmacéuticamente
aceptables, siendo al menos uno de los compuestos adicionales
eficaz para inhibir la funcién de una diana seleccionada de
metaloproteinasa de VHC, serina prcteasa de VHC, polimerasa
de VHC, helicasa de VHC, proteina NS4B de VHC, entrada de
VHC, ensamblaje de VHC, salida de VHCV, proteina NSS5A de HCV
y IMPDH para la terapia de una infeccidn por VHC.

Otras modalidades de 1la presente invencidn pueden
comprender combinaciones adecuadas de dos o mas de las
modalidades y/o aspectos revelados en la presente.

Otras modalidades y aspectos de 1la invencidn seran
evidentes de acuerdo con 1la descripcidn proporcionada a
continuacién.

Los compuestos de la presente invencidén también existen
como tautdémeros; por tanto la presente invencidén también
incluye formas tautoméricas.

La descripcidn de la presente invencidén en el presente

documento se interpretara en consconancia con las leyes Vv
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principios de los enlaces quimicds. En algunos casos, puedé
ser necesario retirar un &atomo de hidrdgeno para acomodar un
sustituyente en una posicidén dada.

Se sobreentiende que los compuestos incluidos en la
presente invencidén son aquellos que son adecuados para uso
como agentes farmacéuticos.

Se pretende Que la definicién de cualquier sustituyente
o variable (por ejemplo, R', R?®, R°, R®, etc.) en una posicidén
parficular en una molécula sea independiente de‘ sus
definiciones dondequiera que esté en la molécula. Pox
ejemplo, cuando u es 2, cada uno de los dos grupos R' puede
ser el mismo o diferente.

Todas las patentes, solicitudes de patente y referencia
bibliograficas citadas en esta memoria descriptivé se
incorporan a la presente por referencia en su totalidad. En
el caso de inconsistencias, prevalecerd la presente invencidn
incluyendo definiciones.

Tal como se wusa en la presente descripcidn, los
siguientes términos tienen los significados indicados:

Tal como se usa en la presente, las formas singulares
“un”, “uno” y “el/la” incluyen la referencia en plural a no
ser que el contexto dictamine claramente lo contrario.

A no ser que se indique de ctro modo, todos los grupos
arilo, cicloalquilo y heterociclilo de la presente invencién

pueden estar sustituidos como se describe en cada una de sus
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respectivas definiciones. Por ejemplo, la parte arilo de un
grupc arilalquilo puede estar sustituida como se describe en
la definicidn del término “arilo”.

El término *alquenilo,” tal como se usa en la presente,
se refiere a un grupo de cadena lineal o ramificada de dos a
seis Atomos de carbono que contiene al menos un doble enlace
carbono-carbono.

El términc “alqueniloxi,” tal como se usa en la
presente, se refiere a un grupc alquenilo unido al resto
molecular principal a través de un atomo de oxigeno.

El término “alqueniloxicarbonilo,” tal como se usa en la
presente, se refiere a un grupo alqueniloxi unido al resto
molecular principal a través de un grupo carbonilo.

El término “alcoxi,” tal comc se usa en la presente, se
refiere a un grupo alquilc unido al resto molecular principal
a través de un atomo de oxigeno.

El término “alcoxialquilo,” tal como se usa en la
presente, se refiere a un grupo alquilo sustituido con uno,
dos o tres grupos alcoxi.

El término “alcoxialquilcarbonilo,” tal como se usa en
la presente, se refiere a un grupo alcoxialquilo unido alv
resto molecular principal a través de un grupo carbonilo.

El término “alcoxicarbonilo,” tal como se usa en la
presente, se refiefe a un grupce alcoxi wunido al resto

molecular principal a través de un grupo carbonilo.
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El término “alcoxicarbonilaléuilo,” tal como se.usa en
15 presente, se refiere a un grupo alquilo sustituido con
uno, dos o tres grupos alcoxicarbonilo.

El términc “alquile,” tal como se usa en la presente, se
refiere a un gfupo derivédo de un grupo hidrocarbeonado
saturado de cadena lineal o ramificada que contiene de uﬁo a
seis Aatomos de carbono. En los compuestos de lal presente
invencién, cuando m es 1 & 2; X es CHR®, Yy R® es.alquilo{ cada
~alquilo puede formar opcicnalmente un anillo céndensado de
tres a seis miembros con un &atomo de carbono adyacente

proporcionando las estructuras mostradas a continuacidn:

(R, .
(R, \ )
PA

(R59),, ~2\z (R5)(5_1) \ \
(R%)s1) ~_ \ /k E f ) , i .
fz:L\N ﬁg T %L) N/)

| , 5 P or |
Re R R6 .
en las que z es 1, 2, 3 6 4, wes 0, 1 06 2, vy R*® es alquilo.
Cuando w es 2, los dos grupos algquilo R*° pueden ser iguales o

distintos.
El término “alquilcarbonilo,” tal como se usa en la

presente, se refiere a un grupo alquilo unido al resto

molecular principal a través de un grupo carbonilo.
- E1l término “alquilcarbonilalquilo,” tal como se usa en

la presente, se refiere a un grupo alquilo sustituido con’

uno, dos o tres grupos algquilcarbonilo.
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El término “alquilcarboniloxi,” tal como se usa en la
presente, se vrefiere a un grupo alguilcarbonilo unido al
resto molecular principal a tfavés de un atomo de oxigeno.

El término “alquileno,” tal comc se usa en la presente,
se refiere a un grupo divalente derivado de un grupo
hidrocarbonado saturado de cadena lineal o famificada que
contiene de unc a seis atomos de carbono.

El término *“alquilsulfanilo,” tal como se usa en la
presente, -se refiere a un grupo algquilo unido al zresto
molecular principal a través de un atomo de azufre.

El término “alquilsulfonilo,” tal como se usa en la
presente, se refiere a wun grupc alquile unido al resto
molecular principal a través de un grupo sulfonilo.

El término “arilo,” tal como se usa en ia presente, se
refiere a un grupc fenilo o un sistema de anillo biciclico
condensado en el gue 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 aromdtico de cuatro a seis
miembros. Los grupos arilo de la presente invencidén pueden
estar wunidos al resto molecular .principal a través de
cualquier &tomo de carbono sustituible en el grupo. Ejemplos
representativos de grupos arilo incluyen, aunéue sin quedar
limitados a los mismos, indanilo, indenilo, naftilo, fenilo y

tetrahidronaftilo. Los grupos arilo de la presente invencién

000218
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est&n opcionalmente sustituidos con uno, dos, tres, cuatroc o

cinco sustituyentes seleccionados independientemente de

alcoxi, alcoxialquilo, alcoxicarbonilo, alquilo,
alquilcarbonilo, un segundo grupo arilo, arilalcoxi,
-arilalquilo, arilcarkonilo, ciano, halo, haloalcoxi,
haloalquilo, ' heterociclilo, heterociclilalquilo,

heterociclilcarbonilo, hidroxi, hidroxialquilo, nitro, -NR*RY,
(NR*RY)alquiio, oxo y -P{O)OR,, donde cada R se seleccioné
independientemente de hidrégenoc y alquilo; y donde la parte
alquilo del arilalguilo y el heterociclilalquilo esta no
sustituida y donde el segundo grupo arilc, la parte arilo del
arilalquilo, la parte arileoc del arilcarbenilo, el
heterociclilo Yy la parte heterociclilo del
heterociclilalquilo y el heterociclilcarbonilo estan ademas
opcionalmente sustituidas con uno, dos o tres sustituyentes
seleccionados independientemente de alcdxi, alquilo, cianc,
halo, halcalcoxi, haloalquilo y nitro.

El término *“arilalquenilo,” -tal como Sse usa en la
presente, se refiere a un grupc alquenilo sustituido con uno,
dos o tres grupos arilo.

El término ‘“arilalcoxi,” tal como se usa en la presente,
se refiere a un grupo arilo wunido al resto molecular
principal a través de>un grupo alcoxi:

El término “arilalcoxialquilo,” tal como se usa en la

presente, se refiere a un grupo alquilo sustituido con uno,

-
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dos o tres grupos arilalcoxi.

El término “arilalcoxialquilcarbonilo,” tal como se usa
en la presente, se refiere a un grupo arilalcoxialguilo unido
al resto molecular principal a través de un grupo carbonilo.

E1l ﬁérmino “arilalcoxicarbonilo,” tal como se usa en la
presente, se refiere a un grupo arilalcoxi unido al resto
molecular principal a través de un grupo carbonilo.

El término *“arilalquileo,” tal como se usa en la
presente, se refiere a un grupo alquilo sustituido con uno,
dos o tres grupos arilo. La parte alquilo del arilalguilo
estad ademds opcionalmente sﬁstituida con uno o dos Jgrupos
adicionales seleccionados independientemente de  alcoxi,
alquilcarboniloxi, halo, haloalcoxi, haloalquilo,
heterociclilo, hidroxi vy -NR°R?, estando el heterociclilé
ademas opcionalmente sustituido con uno o dos sustituyentes
seleccionados independientemente de alcoxi, alquilo,'arilo no
sustituido, arilalcoxi no sustituido, arilélcoxicarbonilo no
sustituido, halo, haloalcoxi, haloalquilo, hidroxi y -NR™RY.

El término “arilalquilcarbonilo,” tal como se usa en la
presente, se refiere a un grupo arilalquilo unido al resto
molecular principal a través de un grupo carbonilo.

El términc “arilcarbonilo,” tal como se usa en la
presente, se refiere a un grupo arilo wunido al resto
molecular principal a través de un grupo carbonilo.

El término “ariloxi,” tal como se usa en la presente, se

000220
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refiere a un grupo arilo unido al resto molecular principal a
través de un atomo de oxigeno.

El término “ariloxialquilo,” tal como se usa en la
presente, se refiere é un grupo alquilo sustituide con uno,
dos o tres grupos ariloxi.

El término "“ariloxicarbonilo,” tal como se usa en la
presente, se refiere a un grupo ariloxi unido al resto
molecular principal a través de un grupo carbonilo.

El término “arilsulfonilo,” tal como se usa en 1la
presente, se refiere a un grupo arilo unido al resto
molecular principal a través de un grupo sulfonilo.

Los términos “Extremo” y “extremo” tal ébmo se usan en
la presente, se refieren al grupo que estd colocado en el
atomo de nitrdégeno del anillo qgue contiene nitrégenc
terminal, es decir, los anillos pirrolidona del compuesto de
Férmula (I). Se sobreentiende que “Extremo” o ‘“extremo”
pueden hacer referencia al reaccionante usado para unir el
grupo al anillo que contiene nitrdégeno terminal o al
fragmento en el producto final, es decir, "“Extremo-51" o “El
fragmento Extremo-51 encontrado en el Ejemplo 5”.

El término “carbonilo,” tal como se usa en la presente,
se refiere a -C(0)-.

El término “carboxi,” tal como se usa en la presente, se

refiere a -~CO,H.

El término “ciano,” tal como .se usa en la presente, se

000221
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refiere a -CN.

El términoc “cicloalquilo,” tal <como se usa en la
presente, se refiere a un sistema de anille hidrocarbonato
saturado monociclico que tiene de tres a siete atomos vy
ningin heterodtomo. Ejemplos <representativos de grupos
cicloalquilo iﬁcluyen, aungue sin gquedar limitados a 1los
mismos, ciclopropilo, ciclopentilo y ciclohexilo. Los grupos
cicloalquilo de la presente invencidén estén opcionalmente
sustituidos con unc, dos, tres, cuatro o cinco sustituyentes
seleccicnados independientemente de alcoxi, alquilo, arilo,
ciano, halb, haloalcoxi, haloalquilc, heterociclilo, hidroxi,
hidroxialquilo, nitro vy -NR*RY, estando el arilo vy el
heterociclilo ademds opcionalmente sustituidos con uno, dos o
tres sustituyentes seleccionados independientemente de
alcoxi, alquilo, ciano, halo, halocalcoxi, halocalquilo,
hidroxi y nitro.

El término “(cicloalquil)alquenilo,” tal como sSe usa en
la presente, se refiere a un grupo alquenilo sustituido con
uno, dos o tres grupos cicloalquilo.

El término “(cicloalquil)alquilo,” tal como se usa en la
presente, se refiere a un grupo alquilo sustituido con uno,
dos o tres grupos cicloalquilo. La parte alquilo del
{(cicloalquil)alquilo estd ademés opcionalmente sﬁstituida con

uno o dos grupos seleccionados independientemente de hidroxi

25 vy -NR°RY.
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El término “ciclecalquiloxi,” tal comc se usa en la
presente, se refiere a un grupo cicloalquilo unido al resto
molecular principal a través de un atomo de oxigenoc.

El término “cicloalquiloxialquilo," tal comec se usa en
la presente, se refiere a un grupo alquilo sustituido con
uno, dos o tres grupos cicloalquiloxi.

El términc “cicloalquilsulfonilo,” tal come se usa en la
presente, se refiere a un grupo cicloalquilo unido al resto
molecular principal a través de un grupo sulfonilo.

El término “formilo,” tal como se usa en la presente, se

refiere a -CHO.

Los términos “halo” y “halégeno,” tal comc se usan en la
presente, se refieren a F, Cl, Br o I,

El término “haloalcoxi,” tal como se usa en la presente,
se refiere a un grupo haloalquilc unido al resto molecular
principal a través de un atomo de oxigeno.

El término “haloalcoxicarbonilec,” tal como se usa en la

presente, se refiere a un grupo haloalcoxi unido al resto

molecular principal a través de un grupo carbonilo.

El término Qhaloalquilo,” tal como se wusa en la
presente, se refiere a un grupo alquilco sustituido con uno,
dos, tres o cuatro atomos de haldbgeno.

El término “hetercciclileo,” tal como se usa en la
presente, se refiere a un anillo de cuatro, cinco, seis o

siete miembros que contiene wuno, dos, tres o cuatro
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heterocdtomos seleccionados independientemente de mnitrdégeno,
oxigeno y azufre. El anillo de cuatro miembros no tiene
ningan 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 término
*heterociclilo” también incluye grupos biciclicos en los gque
el anillo heterociclilo estd condensado con ofro grupo
heterociclilo monociclico o un anillo carbociclico aromético
o no aromdtico de cuatro a seis miembres; asi como grupos
biciclicos con puente tales como 7—azabiciclo[2.2.lihept~7—
ilo, 2-azabiciclo[2.2.2]oc-2-tilo y 2-azabiciclo[2.2.2]oc-3-
tilo. Los grupos heterociclilo de 1la presente invencién
pueden estar unidos al resto molecular principal a través de
cualquier atomo de carbono o atomo de nitrdgeno en-el grupé.
Ejemplos de grupos heterociclilo incluyen, aunque_sin quedar
limitados a los mismos, benzotienilo, furiio, imidazolilo,
indolinilo, indolilec, isotiazolilo, isoxazolilo, morfolinilo,
oxazolilo, piperazinilo, ‘ piperidinilo, pirazolilo,
piridinilo, pirrolidinilo, pirrclopiridinilo, pirrolilo,
tiazolilo, tienilo, tiomorfoliniio, 7-azabiciclo[2.2.1] hept-
7-1ilo, 2—azabicicio[2.2.2]oc—2-tiio, y 2-azabiciclo[2.2.2]cc-
3-tilo. Los grupos heterociclilo de la presente invencidn
estadn opciconalmente sustituidos con uno, dos, tresg, cuatro o

cinco  sustituyentes seleccionados independientemente de

alcoxi, alcoxialquilo, alcoxicarbonilo, alquilo,
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alquilcarbonilo, arilo, arilalquilco, arilcarbonilo, c¢iano,

halo, halocalcoxi, haloalquilo, un segundo grupo
heterociclilo, heterociclilalquilac, heterociclilcarbonilo,
hidroxi, hidroxialquilo, nitro, -NR*RY, (NR™RY}alquilo vy oxo,

donde la parte alquilo del arilalquilo Y el
heterociclilalquilo estd no sustituida y donde el arilo, la
parte arilo del arilalquilo, la parte arilo del
arilcarbonile, el segundo grupo heterociclilo, y 1la parte
heterociclilo del heterociclilélquilo vy el
heterociclilcarbonilo estan ademas opéionalmenté sustituidas
con uno, dos o tres sustituyentes seleccionados
independientemente de alcoxi, alquilo, ciano, halo,
haloalcoxi, haloalquilo y nitro.

El término “heterociclilalquenilo,” tal como se usa en
la presente, se refiere a un grupo alquenilo sustituido con
uno, dos b tres grupos heterociclilo.

Bl téfmino “heterociclilalcoxi,” tal como se usa en la
presente, se refiere a un grupo heterociclilo unido al resto
molecular principal a través de un grupc alcoxi.

El término "“heterociclilalcoxicarbonilo,” tal como se
usa en lalpresente, se refiere a un grupo heterociclilalcoxi
gnido al resto molecular principal a través de un grupo
carbonilo.

El término “heterociclilalquilo,” tal como se usa en la

presente, se refiere a un grupo alquilo sustituido con uno,
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dos o tres grupos heterociclilo. La parte alquilo del
heterociclilalquilo estd ademds opcionalmente sustituida con
uno o dos grupos adicionales seleccionados independientemente
de alcoxi, alquilcarboniloxi, arilo, halo, haloalcoxi,
haloalquilo, hidroxi y -NR°R?, estando el arilo ademas
opcionalmente sustituido con uﬁo o dos sustituyentes
seleccionados independientemente de alcoxi, alquilo, arilo no
sustituido, arilalcoxi no sustituido, arilalcoxicarbonilo no
sustituido, halo, héloalcoxi, haloalguilo, hidroxi y —NR?R%

El término “heterociclilalquilcarbonilo,” tal comc se
usa en la presente, se refiere a un grupo heterociclilalquilo
unido al resto molecular principal a través de un grupo
carbonilo.

El término “heterociclilcarbonilo,” tal como se usa en
la presente, se refiere a un grupo heterociclile unido al
resto molecular principal a través de un grupo carbonilo.

Bl término “heterocicliloxi,” tal comec se usa en la
presente, se refiere a un grupo heterociciilo unide al resto
molecular principal a través de un atomo de oxigeno.

El término “heterocicliloxialquilo,” tal como se usa ‘en
la presente, se fefiere a un grupo alquilo sustituido con
uno, dos o tres grupos heterocicliloxi.

El término “heterocicliloxicarbonilo,” tal como se usa
en la presente, se refiere a un gruﬁo heterociclilexi unido

al resto de la molécula principal a través de un grupo
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"carbonilo.

El término “hidroxi,” tal como se usa en la presente, se
refiere a -OH.

El término “hidroxialquilec,” tal como se usa en la
presente, se refiere a un grupo alquilo sustituido con uno,
dos o tres grupos hidroxi.

El término “hidroxialquilcarbonilo,” tal como se usa en
la presente, se refiere a un grupo hidroxialquilo unido al
resto de la molécula principal a través de un dgrupo
carboni}o.

El término “nitro,” tal como se usa en la presente, se
refiere a -NO,.

El término “-NR®R®,” tal como se usa en la presente, se
refiere a dos grupos, R* y R®, que estdn unidos al resto
molecﬁlar principal a través de un atomo de nitrdégeno. ﬁa y
R°® se seleccionan independientemente ‘de hidrégeno, alcquenilo
y alquilo.

Bl término' *(NR®RP)alquilo,” tal como se usa en la
presente, se refiere a un grupo alquilo sustituido con uno,
dos o tres grupos -NR®R®.

El término “(NR?Rb)cafbonilo," tal como se usa en la
presente, se refiere a un grupo -NR?R® unide al resto
molecular principal a través de un grupo carbonilo.

El término “-NR°R?,” tal como se usa en la presente, se

refiere a dos grupos, R° vy R@, que estan unidos al resto




10

15

20

25

27

molecular principal a través de un atomo de nitrégenoc. R y
RY se seleccionan independientemente de | hidrégeno,
alqueniloxicarbonilo, alcoxialquilcarbonilo, alcoxicarbonilo,
alquilo, alguilcarbonilo, alquilsulfonilo, arilo,
arilalcoxicarbonilo, arilalquilo,‘ arilalquilcarbonilo,

arilcarbonilo, ariloxicarbonilo, arilsulfonilo, cicloalguilo,

cicloalquilsulfonilo, formilo, halocalcoxicarbonilo,
heterociclilo, heterociclilalcoxicarbonile,
heterociclilalquilo, heterociclilalquilcarbonilo,
hetefociclilcarbonilo, heterocicliloxicarbonilo,
~ hidroxialquilcarbonilo, , | _ (NRﬁf)aiquilo,
(NRFRf)alquilcarbonilo, (NReRf)carbonilé, (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 alguilo del
arilalquilo, el arilalquiicarbonilo, el heterociclilalquilo y
el heterociclilalquilcarbonilo estdn ademds opcionalmente
sustituidos con un grupc -NR°RY; y donde el arilo, la parte
arilo del arilalcoxicarbonilo, el arilaiquilo, el
arilalquilcarbonilo,.el arilcérbonilo, el ariloxicarbonilo y
el arilsulfonilo, el heterociclilo y la parte heterdciclilo
del heterociclilalcoxicarbonilo, el heterociclilalquilo, el
heterociclilalquilcarbonilo, el heterociclilcarbonilo y el
heterocicliloxicarbonilo estéan ademas opcionalmente
sustituidas con uno, dos o tres sustituyentes seleccionados

independientemente de alcoxi, alquilo, ciano, halo,

000228



10

15

20

25

28

haloalcoxi, haloalquilo y nitro.

'E1 término * (NR°R?) alquenilo, ” tal como se usa en la

" presente, .se refiere a un grupo alquenilo sustituido con uno,

dos o tres grupos -NR°RY.

El término *(NR°RY)alquilo,” tal como se usa en la
presente, se refiere a un grupo alquilo sustituido con uno,
dos o tres grupcs -NR°R®. La parte alquilo del (NR°R%)alquilo
estd ademds opcionalmente sustituida con uno o dos grupos
adicionales seleccionados de alcoxi, alcoxialquilcarbonilo,
alcoxicarbonilo, alquilsulfanilo, arilalcoxialquilcarbonilo,
carboxi, heterociclilo, heterociclilcarbonilo, hidroxi vy

(NRﬁf)carbonilo; estando el heterociclilo ademés

opcionalmente sustituide con uno, dos, tres, cuatro o cinco
sustituyentes seleccionados independientemente de alcoxi,*
alquilo, ciano, halo, haloalcoxi, halcalquilo y nitro.

El término “(NR°R%) carbonilo,” tal como se usa en la
presente, se refiere a un grupo -NR°R® unido al resto
molecular principal a través de un grﬁpo carbonilo.

El término “-NR°Rf,” tal como se usa en la presente, se
refiere a dos grupos, R® y RE, que estdn unidos al resto
molecular princibal a través de un atomo de nitrégeno. R° y
R’ se seleccionan independientemente de hidrégeno, alquilo,
arilo no sustituido, arilalquilo no sustituido, ciclocalgquilo
no  sustituido, (ciclolalquil)alquilo no sustituido,

heterociclilo o sustituido, heterociclilalquilo noc

060229
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sustituido, (NR*RY)alquilo y (NR*RY)cérbonilo.

El términoc *(NR°Rf)alquilc,” tal como se usa en la
presente, se refiere a un grupo alquiloc sustituido con uno,
dos o tres grupos -NR°RE.

E1 término v (NR°Rf)alquilcarbonilo,” tal como se usa en
la presente, se refiere a un grupo (NR®RY)alquilo unido al
resto molecular principal a través de un grupo carbonilo.

El término ™ (NR°Rf)carbonilc,” tal como se usa en la
presente, se refiere a un grupo -NR°R® unido al resto
molecular principal a través de un grupo carbonilo.

El término “(NR°Rf)sulfonilo,” tal como .se usa en la

f unido al resto

presente, se refiere a un grupo -NR°R
molecular principal a través de un grupo sulfonilo.

El término "“-NR*RY,” tal como se usa en la presente, se
refiere a dos grupos, R* y RY, que estéan unidos al resto
molecular principal a través de un atomo de nitrégeno. R* y
RY se seleccionan independientemente de hidrégenac,
alcoxicarbonilo, alquilo, alquilcarbonilo, arilo no
sustituido, arilalcoxicarbonilo no sustituido, arilalquilo no
sustituido, <cicloalquilo no sustituido, heterociclilo no
sustituido y (NR*RY )carbonilo, selecciondndose R* y RY
independientemente de hidrégeno y alquilo.

El término “(NR*RY)alquilo,” tal como se usa en la
presente, se refiere a un grupo alguilo sustituido con uno,

dos o tres grupos -NR*RY.
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El término “(NR?RY)carbonilo,” tal_ como Se usa en la
presente, se refiere a wun grupo -NR*RY unido al resto
molecular principal a través de un grupo cafbonilo.

E1l términok“oxo," tal como se usa en la presente, se
refiere a =0.

El término ‘“espirociclilo,” tal como se usa en la
presente, se refiere a un diradical alquileno, el cual tiene
cada uno de sus extremos ﬁnido al mismc &tomo de carbono del
resto molecular'principal formandoc un resto biciclico.

El término “sulfonilo,” tal como se usa en la presente,

se refiere a -S0,-.

El término *“trialquilsililo,” tal como se usa en la
presente, se refiere a -5iR;, siendo R alquilo. Los grupos R
pueden ser iguales o distintos.

El término “trialgquilsililalquilo,” tal como se usa en

la presente, se refiere a un grupo alquilo sustituido con

uno, dos o tres grupos trialquilsililo.

El término “trialquilsililalcoxi,” tal como se usa en la
presente, se refiere a un grupo trialguilsililalquilo unido
al resto molecular.principal a través de un atomec de oxigeno.

El término *“trialquilsililalcoxialguilo,” tal como .se
usa en la presente, se refiere a un grupo alquilo sustituido

con uno, dos o tres grupos trialquilsililalcoxi.
En los compuestos de la presente invencién existen.

centros asimétricos. Estos centros estdn designados por los
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simbolos "R” o “8”, dependiendo de la configuracién de
sustituyentes alrededor del A&atomo de carbono guiral. Se
sebreentiende que la descripcién incluye todas las formas_de
isébmeros estereoquimicos, o© sus mezclas, que poseen la
capacidad de inhibir NS5A. Se pueden preparar estereoisdmeros
individuales de compuestcs por medio de sintesis a partir de
materiales de partida disponibles de forma comercial gue
contienen centros gquirales o preparando mezclaé'de productos
enantioméricos seguido por separacidén tal como conﬁersién a
una mezcla de diastereocisdmeros seguida por separacién o
recristalizacién, técnicas cromatograficas o} separacidn
directa de enantidmeros en columnas cromatograficas quirales.
Los compuestos de partida de estereoquimica particular estén
disponibles de forma comercial ‘© sge pueden preparar o
resoiver por procesos conocidos en la técnica.

Ciertos combuestos de la presente invenciédn también
pueden existir en diferentes formas conformacionales estables
gque pueden separarse. La asiﬁetria de torsién debida a-la
rotacién restringida alrededor de un enlace sencillo
asimétrico, por ejemplo, debida a impedimento estérico o
tensién en el anillo, puede permitir- la separacién de
diferentes conférmeros. La presente invencidn incluye cada
uno de los isbmeros conformacionales de estos compuestos vy

sSus mezclas.

La expresién “compuestos de la presente invencién” vy
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expresiones . equivalentes, pretenden incluir compuestos de
F6érmula (I), vy sus enantibdmeros, diastereocisémeros y sales
farmacéuticamente aceptables. Igualmente, las referencias a
intermediocs pretenden incluir sus sales cuando el contexto
asi lo permita.

Los compuestos de la presente invencidén pueden existir
como sales farmacéuticamente aceptables. La expresién “sal
farmacéuticamente aceptable,” tal como se usa en la
presente, representa sales o formas hibridas de los
compuestos de la presente invencidédn gque son sclubles o
dispersables en agua o en aceite, gue son, dentro del alcance
del criterio médico habitual, adecuados para usar en contacto
con los tejidos de pacientes sin excesiva toxicidad,
irritacidén, respuesta alérgica u otro problema o complicacién_
proporcionade con la relacidén beneficio/riesgo razonable vy
que son eficaces para su uso deseado. Las sales se pueden
preparar durante el aislamiento final y purificacién de los
compuestos © por separado haciendo reaccionar un &atomo de
nitrégeno adecuado con un acido adecuado. Sales de adicidén de
acidos representativas incluyen acetato, adipato, alginato,
citrato, aspartato, benzoato, bencenosulfonato, bisulfato,
butirato, canforato, canforsulfonato; digluconato,
dibromhidrato, diclorhidrate, diyodhidrato, glicerofosfate,
hemisulfato, heptanoato, hexanoato, formiato, fumarato,

clorhidrato, bromhidrato, yodhidrato, 2-
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hidroxietanosulfonato, lactato, maleato, mesitilenosulfonato,
metanosulfonato, naftilenosulfonato, nicotinato, 2-
naftalenosulfonato, cxalato, palmoato, pectinatq, persulfato,
3-fenilproprionato, picrato, bivalato, propionato, succinato,
tartrato, tricloroacetato, trifluorocacetato, fosfato,
glutamato, bicarbonatco, para-toluencsulfonatce y undecancato:.
Ejemplos de acidos que se pueden emplear para formar sales de
adicién farmacéuticamente aceptables incluyen acidos
organicos tales comc clorhidrico, bromhidrico, sulfirico vy
fosférico vy vécidos organicos tales como oxdlico, maleico,
succilnico y citrico.

Sales de adicibn de bases se pueden preparar durante el
aislamiento y purificacién finales de los compuestos haciendo
reaccionar un grupo carboxi con una base adecuada tal coﬁo el
hidréxido, carbonato o bicarbonato de un catidén metdlico o

con amoniaco o© 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 téxicos tales como
amohio, tetrametilamonio, tetraetilamonio, metilamina,
dimetilamina, trimetilamipa, trietilamina, dietilamina,
etilamina, tributilamina, piridina, N,N-dimetilanilina, N-
metilpiperidina, N-metilmorfolina, diciclohexilam;na,

procaina, dibencilamina, N,N-dibencilfenetilamina y N,N’-

dibenciletilendiamina. Otras aminas orgdnicas representativas
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Gtiles para la formacidén de sales de adicidn de bases
incluyen etilendiamina, etanolamina, dietanolamina,
piperidina y piperazina.

Cuando es posible que, para uso en terapia, se pueden
administrar cantidades terapéuticamente eficaces de un
compuesto de Foérmula (1), asi como sus sales
farmacéuticamente aceptables, en forma de compuestos quimiéos
en bruto, es posible pfesentar el ingrediente activo como una
composicidn farmacéutica. Por consiguiente, la invencidn
proporciona ademas composiciones farmacéuticas que incluyen
cantidades terapéuticamente eficaces de compuestos de Férmula
(I) o sus sales farmacéuticamente aceptables, y uno o mas
vehiculos, diluyentes o excipientes farmacéuticamente
aceptables. La expresidén “cantidad terapéuticamente eficaz,”
tal como se usa en la presente, se refiére a la cantidad
total de cada ingrediente activo dque es suficiente para
mostrar un beneficio significativo al paciente, por ejemplo,
una reduccidén de la carga viral. Cuando se aplica a un
ingrediente activo particular, administrado solo, la
expresidn se refiere al ingrediente soloc. Cuando se aplica a
una combinacién, la expresién se refiere a cantidades
combinadas de los ingredientes que dan. lugar a un efecto
terapéutico, cuandc se administran en combinacién, en serie o
de forma simulténea. Los compuestos de >F6rmu1a (I) y sus

sales farmacéuticamente aceptables, son como se han descrito
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antes. El(los) wvehiculo(s), diluyente(s) o ‘excipiente(s)
deben ser aceptables en el sentido de que sean compatibles
con el resto de ingredientes de la formulacidén y no sean
perjudiciales a su receptor. De acuerdo con otro aspecto de
la presente invencién se proporciona también un procedimiento
para la preparacidén de una formulacidén farmacéutica gque
incluye mezclar un compuesto de Férmula (I), © una de sus
sales farmacéuticamente aceptables, con uno o mas vehiculos,
diluyentés 0 excipientes farmacéuticamente aceptables. El
término “farmacéuticamente aceptable”, tal como se usé en la
presente, | se refiere a los compuestos, materiales,
composiciones y/o formas de dosificacidén qﬁe son, dentro del
alcance del criterio médico habitual, adecuados para usar en
contacto con los tejidos de pacientes sin excesiva toxicidad,
irritacién, respuesta alérgica u otro problema o complicacidn
proporcionado con una relacidn beneficio/riesgo razonable, Y
son eficaces para su uso deseado.

Las formulaciones farmacéuticas pueden presentarse en
formas de dosis unitaria gque contienen una cantidad
predeterminada de ingrediente activo por dosis unitaria. 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 -
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mg/kg de peso corporal por dia de los compuestos de la
presente invencién. De forma tipica, 1las composiciones
farmacéuticas de esta invencidén se administraran de
aproximadamente 1 a aproximadamente 5 veces por dia o, como
alternativa, como una infusidén continua. La administracidén se
puede usar como una terapia crénica o aguda. La cantidad de
ingrediente activo que se puedg combinar con los materiales
vehiculo para producir una forma de dosificacidn Gnica
variard dependiendo del trastornc que se esté tratando, 1la
intensidad del trastorno, el tiempo de administracidn, la via
de administracién, la velcocidad de excrecidén del compuesto
empleado, la duracidn de la terapia y la edad, género, peso y
estado del paciente. Las formulaciones de dosis unitarias
preferidas son aquellas que contienen una dosis diaria o
subdosis, tal como se ha explicado en la presente, © una
fraccidn apropiada de las mismas, del ingrediente activo. La
terapia se puede iniciar con pequefias dosig sustancialmente
menores que la dosis éptima del compuesto. A continuacién, se
incrementa la dosis en pequefios incrementos hasta‘ gue se
alcanza el efecto oOptimo en las  circunstancias dadas. En
general, el compuesto se administra de la forma mas deseable
en un nivel de concentracidén que poxr lo general proporcionard
resultados antivirales gficaces sin causar ningin efecto
secundario leéivo o perjudicial.

Cuando las composiciones de esta invencidén comprenden
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una combinaciédn de un compuesto de la presente invencidn y
uno © mas agentes terapéuticos o profilacticos adicionales,
ambos, él compuesto y el égente. adicional estan 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
administracidén por cualgquier via adecuada, por ejemplo, por
via oral (incluyendo bucal o sublingual), rectal, nasai,
tépica (incluyendo bucal, sublingual o transdérmica), vaginal
o parenteral (incluyendo inyeccidén subcutanea, intracuténea,
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
el/los vehiculo(s) o excipiente(s). Se prefieren Ila
administracidén oral o la administracidn por inyeccidn.

Las formulaciones farmacéuticas ~ adaptadas para
administracién oral pueden presentarse en forma de unidades
discretas tales como céapsulas o© comprimidos; polvos o
granulados; soluciones o suspensiones en 1iquidos acuosos o
nc acuosos; espumas 0 batidos comestibles; o emulsiones

aceite en agua o emulsiones agua en aceite.

Por ejemplo, para administracién oral en la forma de un
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comprimidc o cépsula, el componente farmacoldgico activo
puede combinarse c¢on un vehiculo inerte farmacéuticamente
aceptable oral no tdxico tal como etancl, glicerol, agua y
similares. Los polvos se preparan triturando el compuesto
hasta un tamafic fino adecuado y mezclando con un vehiculo
farmacéutico triturado de igual modo tal como un carbohidrato
comestible como por ejemplo almidén o manitcl. También pueden
estar presentes aromatizantes, conservantes, dispersantes vy
colorantes.

Las céﬁsulas se elaboran preparando una mezcla de polvo,
como se ha descrito antes y 1llenando wvainas de gelatina
preformadas. Antes de la operacidén de 1llenadc se pueden
afiadir a la mezcla de polvo deslizantes y lubricantes tales
como silice coloidal, taléo, estearatc de magnesio, estearato
de calcio o polietilenglicol sélideo. También se puede afiadir
para mejorar la disponibilidad del medicamentc cuando se
ingiera la capsula un agente disgregante o solubilizante tal
como agar-agar, carbonato de calcio o carbonaté de scdio.

Por otro lado, cuando se desee o0 sea necesario, también

se pueden incorporar en la mezcla ligantes, lubricantes,

disgregantes y colorantes adecuados. Ligantes adecuados
incluyen almidén, gelatina, azlGcares naturales tales como
glucosa o beta-lactosa, edulcorantes de maiz, gomas
sintéticas y naturales, tales éomo goma arabica, tragacantoc o

alginato sédico, carboximetilcelulosa, polietilenglicol vy
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similares. Los lubricantes wusados en estas formas de
dosificacidén incluyen oleato sdédico, cloruro sédico vy
similares Los disgregantes incluyen, sin limitaciédn,

almidén, metilcelulosa; agar, bentonita, goma xantana vy
similares. Los comprimidos se formulan por ejemplo,
preparando una mezcla de polvo, granulando o briqueteando,
afiadiendo un lubricante vy disgregante vy ©prensando en
comprimidos. Una mezcla de polvo se preparar mezclando el
compuesto triturado adecuado con un diluyente o base como se
ha descrito antes y, opcicnalmente, con un ligante tal como
carboximetilcelulosa, un alginato, gelatina o)
pelivinilpirrolideona, una .sclucidén retardante como parafina,
un acelerador de la reabsorcidén como sal cuaternaria y/o un
agente de absorcién como bentonita, caoiin o fosfato
dicalcico. La mezcla de pelve se puede granular humectando
con un liganté tal como sirope, pasta de almidén, goma
arabiga, mucilago o soluciones de materiales celulésicos o
poliméricos y forzando a través e un tamiz. Como una
alternativa a la granulacidn, la mezcla de polvo se puede
hacer pasér a través de la magquina de comprimidos vy él
resultado es briquetas 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 1la
adicién de &cido estearico, una sal estearato,'talco O aceite

mineral. La mezcla lubricante se comprime luego en
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comprimidos. Los compuestos de la presente invencidn también
se pueden combinar con un vehiculo inerte fluido vy
comprimirse en comprimidos directamente sin llevarlos a las
etapas de graﬁulacién. o briqueteado. Se puede disponer un
revestimiento protector opaco o transparente consistente en
una capa de goma Jlaca, una capa de azlcar o© material
polimérico y un revestimientc final de cera. Se pueden afiadir
colorantes a estos revestimientos para distinguir las
diferentes dosis unitarias.

Los fluidos orales tales como soluciones, jarabes o
elixires se pueden preparar en forma de dosis unitaria de
modo que una cantidad dada contenga  una cantidad
predeterminada del compuestc. Los jarabes se pueden preparar
disolviendo el compuesto en una solucidén acuosa adecuadamente
aromatizada, mientras gque los elixires se preparan usando un
vehiculo no téxico. También se pueden afiadir sclubilizantes y
emulsionantes tales como alcoholes isostearilicos etoxilados
Y éteres de polioxietilen sorbitol, conservantes, aditivos
aromatizantes como esencia de menta piperita o edulcorantes
naturales, o sacarina u otros edulcorantes artificiales.

Cuando sea apropiado, las formulaciocnes de dosis
unitaria para administracién oral ée pueden microencapsular.
La formulacién también se puede preparar para prolongar o
retrasar la liberacidén como por ejemplo recubriendo o

embebiendo un material en forma de particulas en polimeros,
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cera o similares.

Los compuestos de Formula (1) "% sus sales
farmacéuticamente aceptables, se pueden administrar también
en forma de sistemas de liberacién de liposomas, tales como
vesiculas unilamelares  pedquelias, vesiculas unilamelares
grandes y vesicﬁlas multilamelares. Los liposomas se pueden
formar a partir de una diversidad de fosfolipidos tales como
colesterol, estearilamina o fosfatidilcolinas.

Los compuestos ae Férmula (I) Y sus sales
farmacéuticamente aceptables también se pueden liberar
medianté el uso de anticuerpos monoclonales como portadores
individuales a los que se acoplan las moléculas de compuesto.
Los compuestos también se pueden acoplar con polimeros
solubles como portadbres de féfmaco diana. Tales polimeros
pueden incluir polivinilpirrclidona, copolimero de pirano,
polihidroxipropilmetacrilamidafenocl,
polihidroxietilaspartamidefencl o polietilenoxidepolilisina
sustituida con restos palitoilo. Ademas, los compuestos se
puédén acoplar a una clase de polimeros biodegradables utiles

para conseqguir una liberacidédn contrcolada de un farmaco, por

ejemplo, peoli(acido lactico), polepsilon caprolactona,
poli{acido hidroxi butirico), poliortoésteres, poliacetales,
polidihidropiranos, policianoacrilatos vy copolimerocs de

bloque de hidrogeles reticulados o anfipaticos.

Las formulaciones farmacéuticas adaptadas para
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administrécién transdérmica se pueden presentar como parches
discretos destinados a permanecer en contacto intime con 1la
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
administracién topica se pueden formular comoc pomadas,
cremas, suspensiones, lociones, polvos, soluciones, pastas,
geles, pulverizaciones, aerosoles o aceites. .

Las formulaciones farmacéuticas adaptadas para
administracién rectal pueden presentarse como supositorios o
enemas.

Las formulaciones farmacéuticas adaptadas para
administracién nasal en las que el vehiculo es un sdlido
incluyen un pélvo grueso que tiene un tamafio de particulas de
por ejemplo en el intervalo de 20 a 500 micrdmetros que sge
administra en la forma en que se toma rape, es decir, por
inhalacidén r&pida a través de 1la via nasal desde un
recipiente de polvo mantenido proximo a la nariz.
Formulaciones adecuadas en las gque el vehiculo es un liquido,
para administracidén como una pulverizacién nasal o como gotas
nasales incluyen soluciones acuosas u oleosas del ingrediente
activo.

Formulaciones farmacéuticas adaptadas para
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administracién por inhalacidn incluyen pclvos o
vapcrizaciones de particulas finas, que se pueden genera por
diversos tipos de aerosoles a presidn, nebulizadores o
insufladores dosificadores.

Las formulaciones farmacéuticas adaptadas para

administracidén vaginal se pueden preparar como formulaciones

de pesarios, tampones, c¢remas, dgeles, pastas, espumas o
pulverizaciones.
Las formulaciones farmacéuticas adaptadas para

administracién parenteral incluyen soluciones para inyeccidn
estériles acuosas |y 1no acuosas que pueden contener
antioxidantes, tampones, bacteriostiticos y sales que hacen
la formulacidén isotdénica con la sangre del receptor deseado;
y suspensiones estériles acuosas y no acuosas que pueden
in;luir agentes de suspensién y agentes espesantes. Las
formulaciones se pueden presentar en recipientes de dosis
unitaria o multidosis, por ejemplo, ampollas vy viales
sellados, y pueden almacenarse en estado secado por
congélacién (liofilizadof que Unicamente requiere la adicién
del wvehiculo 1liquido estéril, por ejemplo agua para
inyeccidén, inmediatamente antes de usar. Las socluciones vy
suspensiones para inyeccidén extemporanea se pueden préparar a
partir de polvos, granulos y comprimidos estériles.

Se sobreentiende gque ademas de los ingredientes citados

de forma particular antes, las formulaciones pueden incluir




10

15

20

25

44 000245

otros agentes convencionales en la técnica relacionados con
el.tipo de formulacibén en cuestidn, por ejemplo los adecuados
para administracidn oral pueden incluir agentes
aromatizantes.

El término ‘'"paciente" incluye seres humanos y otros
mamiferos.

El término "tratamiento" se refiere a: {i) prevenir la
aparicidén de una enfermedad, trastorno o estado patoldgico en
un paciente que puede estar predispuesto a la enfermedad,
trastorno y/o estado patoldgico pero al que toddvia no se le
ha diagncsticado que lo tiene; (ii) inhibir la enfermedad,
trastorno e} estado patoldgico, es decir, detener su
desarrollo; y {(iii) aliviar la enfermedad, trastorno o estado
patolédgico, es decir, causando la regresidn de la enfermedad,
trastorno y/o estado patolégico.

Los compuéstos de 1la presente invéncién también se
pueden administrar con una ciclosporina, por ejemplo,
ciclosporina A. Ciclosporina A ha demostrado ser activa
contra el VHC en ensayos clinicos (Hepatology 2003, 38, 1282;
Biochem. Biophys. Res. Commuri. 2004, 313, 42; J.
Gaétroenterol. 2003, 38, 567).

La Tabla 1 isiguiente enumera algunos ejemplos

ilustrativos de compuestos que se pueden administrar con los

compuestos de esta invencidén. Los compuestos de la invencién

se pueden administrar con otros compuestos con actividad
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bien conjuntamente o por

separado, o combinando los compuestos en una composicidn.
.Tabla 1
Tipo de
) Clase o Empresa
Nombre comercial o Inhibidor o .
fisiolbdgica ) suministradora
Diana
Inhibidor de .
NIM811 . Lo Novartis
- cicleofilina
Zadaxina Inmunomodulador | Sciclone
Azul de ) o
Suvus ) Bloenvision
metilenc .
Actilon Agonista de
Coley
(CPG10101) TLRS
L Tularik Inc.,
. . Inhibideor de B-
Batabulina (T67) Anticanceroso i South San
tubulina .
Francisco, CA
ISTS
Pharmaceuticals
Inc, Carlsbad,
ISIS 14803 Antivirico Antisentido CA/Elan
' Phamaceuticals
Inc., New York, |
NY '
Endo
oL Lo Pharmaceuticals
Summetrel Antavirico Antivirico .
Holdings Inc.,
Chadds Ford, PA
. Inhibidor de | Achillion /
GS-9132 (ACH-806) antivirico ;
VHC Gilead
Compuestos de
pirazolopirimidi-
na y sales del . : Arrow
. Inhibidores de
documento WO- | Antivirico VHC Therapeutics
2005047288 Ltd.
26 de mayo
de 2005
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46
Tipo de
Clase o Empresa
Nombre comercial oL Inhibidor o ..
fisiclégica ) suministradora
Diana
. Do Inhibidor de | Ribapharm Inc.,
Levovlirina Antivirico
IMPDH Costa Mesa, CA
Vertex
Merimepodib o Inhibidor de | Pharmaceuticals
Antivirico ]
(VX-497) IMPDH Inc., Cambridge,
MA
XTI,
XTL-6865 (XTL- Lo Anticuerpo Bicpharmaceutica
Antivirico .
002) monoclonal 1ls Ltd.,
Rehovot, Israel
Vertex
) . Pharmaceuticals
Telaprevir Inhibider de ,
oL ) Inc., Cambridge,
(VX-950, LY- | Antivirico serina proteasa ,
. MA/ Eli Lilly
570310) de NS3
and Co. Inc.,
Indianapolis, IN
Inhibidor de
L _ Wyeth /
HCV-796 Antivirico replicasa de .
Viropharma
NSSR
Inhibidor de
v . Idenix /
NM-283 Antivirico replicasa de ,
Novartis
NSSB
Inhibidor de
oL ) Gene Labs /
GL-55728 Antivirico replicasa de ‘
Novartis
NS5RB
Inhibidor de
: e . Gene Labs /
GL-60667 Antivirico replicasa de .
Novartis
NS5B
Inhibidor de
"2'C MeA Antivirico replicasa . de|Gilead
NS5B '
Inhibidor de
PST 6130 Antivirico replicasa de | Roche
NSHB
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Tipo de
i Clase S Empresa
Nombre comercial . Inhibidor o .
fisioldgica , suministradora
Diana
Inhibidor de
R1626 Antivirico replicasa de | Roche
NSG5B
. Inhibidor de.
2'C Metil o .
) Antivirico replicasa de | Merck
adenosina
NSS5B
. Japan Tobacco
o Inhibidor . de ‘
JTK-003 Antivirico Inc., Tok10,
RdARp .
Japdn
ICN
Levovirina Antivirico Ribavirina Pharmaceuticals,
Costa Mesa, CA
Schering-Plough
Ribavirina Antivirico Ribavirina Corporation,
Kenilworth, NJ
. D Lo Profarmaco de | Ribapharm Inc.,
Viramidina Antivirico . ..
Ribavirina Costa Mesa, CA
Ribozyme
. L _ ) Pharmaceuticals
Heptazima Antivirico Ribozima
Inc., Boulder,
CO
Boehringer
Lo Inhibidor de | Ingelheim Pharma-
BILN-2061 Antivirico ) ,
serina proteasa | KG, Ingelheim,
Alemania
.. Inhibidor de .
SCH 503034 Antivirico ) Schering Plough
serina proteasa
} SciClone
. Modulador Modulador Pharmaceuticals
Zadazim ) .
inmune inmune Inc., San Mateo,

ca
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Tipo de
, Clase o Empresa
Nombre comercial L Inhibidor o .
fisioclbgica . suministradora
Diana
Maxim )
Inmunomodulad | Modulador Pharmaceuticals
Ceplene . .
or lnmune Inc., San Diego,
5 ca
F. Hoffmann-La
Inmunosupresc | Inmunosupresor
CellCept Roche LTD,
r de IgG de VHC . )
Basilea, Suiza
Nabi
) ) Inmunosupreso | Inmunosupresor Biopharmaceutica
Cilvaclr
r de IgG de VHC ls Inc., Boca
: Raton, FL
10 , Human Genome
_ albumina IFN- .
Albuferon - o Interferdn b Sciences Inc.,
: o2
Rockville, MD
InterMune
. Pharmaceuticals
Infergen A Interferdn IFN alfacon-1 .
Inc., Brisbane,
Ca
. Intarcia
15 | Omega IFN Interferdn IFN- »
Therapeutics
Transition
B Therapeutics
IFN-B y EMZ701 Interferdn IFN-$ y EMZ701 ,
Inc., Ontario,
Canada
. _ Seronc, Ginebra,
Rebif Interferdn IFN-Bla .
Suiza
20 F. Hoffmann-La
Roferon A Interferén IFN-02a Roche LTD,
Basilea, Suiza
Schering-Plough
Intron A Interferdn IFN-a2b Corporation,

Kenilworth, NJ

25
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‘ Tipo de
) Clase o Empresa
Nombre comercial o Inhibidor o o
fisiolbgica ) suministradora
Diana
RegeneRx
Biopharmiceutica
1ls : Inc.,
Intron A y ) IFN-o2b/ol- Bethesda, MD/
. Interferdn . , .
Zadaxina timosina ScicClone
Pharmaceuticals
Iinc, San Mateo,
ca
Schering-Plough
) IFN- I I
Rebetron Interferdn . o Corporation,
a2b/ribavirina ) .
Kenilworth, NJ
, . . InterMune Inc.,
Actimmune Interferdn INF -y .
Brisbane, CA
Interferén-f3 Interferdn Interferdén-f-la | Sercno
. B IFN de accidn ] ]
Multiferon Interferdn Viragen/valentis
prolongada
GlaxoSmithKline
_ IFN-onl .
Wellferon Interferdn . i plc, Uxbridge,
linfoblastoide
UK
o B Viragen Inc.,
Omniferon Interferén IFN-a natural )
Plantation, FL-
F. Hoffmann-La
) IFN-02a
Pegasys Interferdn _ Roche LTD,
PEGilado , .
Bagilea, Suilza
IFN-a2a Maxim
B PEGilado/ Pharmaceuticals
Pegasys y Ceplene | Interferdn )
. Modulador Inc., San Diego,
inmune Ca
IFN-c2a F. Hoffmann-La
Pegasys Y B i
. .. Interferdn PEGilado Roche LTD,
Ribavirin ]
/ribavirina Basilea, Suiza
Schering-Plough
. IFN-a2b ,
PEG-Intron Interferdn . Corporation,
PEGilado

Kenilworth, NJ
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1 Tipo de
. Clase o Empresa
Nombre comercial . Inhibidor ¢ )
fisioldgica ) suministradora
Diana
IFN-a2b Schering-Plough
PEG-Intron / B ) .
 baviri Interferdn PEGilado Corporation,
Ribavirin i
/ribavirina Kenilworth, NJ
Indevus
Protector L Pharmaceuticals
IP-501 L Antifibroético )
hepatico Inc., Lexington,
MA
Idun
Protector Inhibidor de | Pharmaceuticals
IDN-6556 . ,
hepético caspasa Inc., San Diego,
CA
InterMune
L. Inhibidor de | Pharmaceuticals
ITMN-191 (R-7227) | Antivirico i .
gserina proteasa | Inc., Brisbane,
CA
Inhibidor de
GL-59728 Antivirico replicasa de | Genelabs
NS5B
L Agonilsta de
ANA-971 Antivirico Anadys
TLR-7

Los compuestos de 1la presente invencidén también se
pueden usar comoe reactives de laboratorio. Los compuestos

pueden ser instrumentos a la hora de proporcicnar

herramientas de investigacién para diseflar . ensayocs de

replicacidén wviral, wvalidacidn de sistemas de ensayos
animales y estudios de biologia estructural para mejorar
aun mas el conocimiento de los mecanismos de enfermedad
del VHC. Adémés, los compuestos de la presente invencidn

son QUtiles para establecer o determinar el sitic de unién
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de otros compuestos antiviricos, por ejemplo, por

_ inhibicién competitiva.

Los compuestos de esta invencidén también pueden ser
Utiles para tratar o prevenir contaminacidén viral de

materiales y por tanto reducir el riesgo de infeccibn

viral de laboratorio o personal médico o pacientes que

entren en contacto con tales  materiales, por ejemplo,
sangre, tejidos, instrumental y ©prendas quirGrgicas,
ihstrumental y prendas de laboratorio, y aparatos vy
materiales para la extraccidn o transfusidn de sangre.

Esta invencién preténde incluir compuestos que tienen
la Foérmula (I} cuandor se preparan por procedimientcs de
sintesis o por procedimientos metabdlicos que incluyen los
gque se producen en el cuerpo humano © animal (in vivo) o
procedimientos que se producen in vitro.

Las "abreviaturas wusadas en la presente solicitud,
incluyendo en particular en 1los esquemas de reaccién
ilustrativos y ejemplos siguientes, son bien conocidas por
los éxpertés en la técnica. Algunas de las abreviaturas
usadas son las siguientes: HATU para hexafluorfosfato de
O—(7-azabenzotriazo;—1—i1)-N,N,N',N’gtetrametiluronio;
NH,0Ac para acetato amdbnico; Boc o BOC para terc-
butoxicarbonilo; NBS para N-bromosuccinimida; .TFA para
dcido trifluoracético; MeOH para metanol; DMSO para

dimetilsulféxido; THF para tetrahidrofurano; TA ©para
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temperatura ambiente; ¢ty para tiempo de retencién; DMAP
para 4-dimetilaminopiridina; EDCI para clorhidrato de 1-
(3-dimetilaminopropil) -3-etilcarbodiimida; DEA para
dietilamina; DBU para 1,8-diazabiciclo([5.4.0]Jundec-7-eno;
t-Bu,P para tri-terc-butilfesfina; HMDS para
hexametildisilazida; DMF para N,N-dimetilformamida; EtbAc

o EtOAC para acetato de etilo; Me,S para dimetilsulfuro;

EtiN o TEA para trietilamina; LiHMDS para
hexametildigilazida de litio; DIBAL ©para hidruro de
diisobutil aluminio; TBDMSC1l para clorurc de  terc-

butildimetilsililo; iPrOH para alcohol isopropilico; Cbz
para carbobenciloxi; iPr,EtN o DIPEA o DIEA para
diisopropiletilamina; BnBr para bromuro de bencilo; KOAc
para acetato potasico; CAN para nitrato cérico ‘aménico;
SEM-Cl para cloruro de (trimetilsilil)etoximetilo; Me,NH
para dimetilamina; TMS para trimetilsililo; OAc para
acetato; PPh; para trifenilfosfina; MeI para yoduro de
metilo; MeCN para acetonitrilé;_n—BuLi para n-butil litio;
y TBDMSOTE para triflato de terc-butildimetilsililo.

Los compuestos y procedimientos de ;a presente
invencidén se comprenderan mejor en relacién «con los
siguientes esqueﬁas de reaccidn de sintesis que ilustran
los procedimientos por medio de 1los cuales se pueden
preparar los compuestos de la presente invencidén. Los

materiales de partida se pueden obtener de suministradores
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comerciales o] prepararse per proéedimientos de la
bibliografia bien conocidos por los expertos en la
técnica. Serd facilmente evidente para un experto en la
técnica que los compuestos definidos antes se pueden
sintetizar por sustitucidn de los reacciqnantes Yy agentes
apropiados en las sintesis mostradas a continuacidn.
También serd evidente para un experto en la técnica gue
las etapas de prbtecéién y desproteccidn selectiva, ademésv
del orden de las propias etapas, se pueden lleﬁar 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 indique dé otro modo_més-adelante.

Esquema de reaccidn 1:

El dibrcmuro 1 puede elaborarse para dar el éster.de
boronato 2 y después acoplarse con bromoimidazol 3 usando
condiciones de acopiamiento de B8Suzuki-Miayura (Journal of
Organic Chemistry 1995, 60, 7508; Angew Chem. Int. Ed.
Engl 2001, 40, 4544, o variaciones del mismo). Debe
apreciarse que el anadlogo de Aacido bérico de 2 .puede
usarse en lugar del éster, y gque el imidazol 3 puede
emplearse como una mezcla de regiolisdbmeros, en relacidn
con la posicién de R“ﬂ y 1no tiene importancia para la
salida £final de la ruta sintética. La desproteccidén del

grupo pirrolidina de 4, en el caso en el dgue RY™ = t-

000254
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butilo, puede realizarse por tratamiento con un A&cido
fuerte tal como HCl o acido trifluorocacético. La acilacidn
de 5 puede realizarse en condiciones de acilacidn
convencionales. A este respecto, puede usarse un reactivo.
de acoplamiento tal como HATU junto con una base de amina
tal como base de Hunig. Como alternativa, puede hacerse
reaccionar 5 con un isocianato o un cloruro de carbamoilo
para proporcionar compuestos de férmula 6 en la gque Rmves
una amina. La pirrolidina 5 también puede hacerse
reaccionar con cloroformiatos para producir 6 donde R' es
un alcohol.

Lecs intermedios 4 también pueden prepararse a través
de una ruta alternativa. El acoplamiento del bromuro 1 con
el 1imidazol 7 en condicicnes de sustitucién aromdtica
electré6fila asistida con paladio puede producir. 4 (Org.
Let. 2003, 5,-4835). La alguilacidén del ceto-bromurc 8 con
el &cido apropiadamente sustituido 9 puede producir el
cetoéster 10, gque puede ciclarse para dar el imidazocl 11
por reaccidn con NH,OAc en disgolventes tales como tolueno,
en condiciones térmicas o de calentamiento con microondas.

La conversidén de 11 en 5 se realiza de manera andloga a

‘los procedimientos usados para preparar 5 a partir de 4.
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Esguema de reaccidn 2:
La pirrolidina 5 puede convertirse en una mezcla de
amidas separables 12 y 13, usandoc condiciones de acoplamiento
20 '

de amida convencionales tales como HATU con una amina base,
tal como base de Hunig. Empleando las mismas condiciones de
acoplamiento, cualquiera de lés productos mono-derivatizados
(12 6 13) puede convertirse en 14, donde los grupos R'® en los

dos restos pirrolidina pueden ser iguales o diferentes. En
25
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caso de que los dos grupes R de 14 sean iguales, sera

idéntico a 6.

rn(q j)\ (R1 Rl)u R3

5 mm
(WL l R,
. , X
T/L DI » &R HT))I Ol
Rw”( \/ \/ ' j/L>—<\ /HIH P
(R' m(Q R")y (RYy R?
R,
mm 12 (>
10 (R,
o} — N N
r10 RN
Lo\ WS s
IT‘Q \ H (Rr)u‘ (R1) RJ
N 1
Esquema de reaccidn 3:
Pueden sintetizarse compuestos tales como 18 (o su
,15 regioisbmero 19) a partir del dibromuro 1 por integraciébn
de las dos imidazopirrolidinas 7 y 17 de una manera
secuencial con una reaccidén de sustitucidédn aromatica
electrdfila asistida con paladic. Es evidente para un
especilalista en la técnica que los productos monoacoplados
20

15 y 16 pueden necesitar separarse antes de proqeder con la
segunda etapa de acoplamiento. La mono-desproteccidn del
festo pirrclidina de ;8 >puede realizarse cuando los dos
grupos R'* son diferentes. Cuando un R' = bencilo, y el otro

R* = t-butilo, la terapia con condiciones hidrogenoliticas
25
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produce 20. Por ejemplo, puede usarse catalizador de P4/C
en presencia de gas hidrdégenc y una base tal cémo carbonato
potééico. La acilacién de 20 puede realizarse en
condiciones de acilacidn convencionales. A este respecto,
puede usarse un reactivo de acoplamiento tal como HATU
junto con una amina. base tal como base de Hunig. Como
alternativa, puede hacerse reaccionar 20 con un isocianato,
cloruro de carbamoilc o un cloroformiato para proporcionar
compuestos de férmula 21 en la que R' es una amina o un
alcohol. L.a desproteccidén adicional de 21 puede realizarse
por tratamiento con un acido fuerte tal como HCl1 o 4&cido
trifluoroacético. Puegen usarse condiciones convencionales
andlogas a las usadas para convertir 20 en 21, para
preparar 23 a partir de 22. En otra modalidad en la dque
cada RY™ = t-Bu, la conversién directa de 18 en 24 puede
realizarse por tratamiento con un dcido fuerte tal como HCL
o dacido trifluorcacético. La conversidn de 24 en 23 se
realiza de manera analoga a los procgdimientos usados para
preparar 23 a partir de 22. En este caso, sin embargo, los
extremos de 23 seradn idénticos. Es evidente para un
especialista en la técnica que el compuesto 19 también
puede elaborarse por una ruta similar a la descrita para 18

para preparar los productos finales regioisoméricos

correspondientes.
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Esquema de reaccidn 4:

El compuesto 25 (25 = 6 (Esguema de reaccidén 1) en el
que cada R' es -CH(NHBoc)R') puede convertirse en 26 por
tratamiento con wun Acido fuerte tal como HCl ¢ A&cido

25 trifluorocacético.

La amina 26 puede acilarse en condiciones
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de acoplamiento tales como HATU/base de Hunig para producir
la amida 27a. La terapia de la amina 26 con cloroformiato,
isocianato 5 clorur§ de carbamoilo apropiade, o clorurc de
sulfonilo, produce los compuestos 27b, 27¢c o] 27d,
respectivamente.

(R"'), (R%),

e oo

BocHN ” H N
. R‘IB | R'*
O O — sy
NH
n,m /% R’ NHBoc ®Y R 2

(R%), (R”)s
25 26 !

(R®),

e
P Sagrare:

®e @Y R "

27a (T =COR%%)

276 (T = CO2R%®)
27¢ (T = CONR’R2%)
27d (T = SO,R?Y)

Esquema de reaccidn 5:

Los materiales de partida requeridos para las secuencias
sintéticas representadas en los esquemas de reaccidén 1-4
pueden prepararse de acuerdo con los siguientes
procedimientos. El intermedic clave 33 se prepara a partir de
la ceto-amida 36 o el cetoc-éster 32 por calentamiento con
acetato de amonio en condiciones térmicas o de microondas. La
ceto-amida 36 puede prepararse a partir de 35 por
condensacién con un aminéécido ciclico o aciclico apropiado
en condiciones convencionales de formacién de amida. El

bromurc 30 puede convertirse en 32 por reaccidn con un
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aminodcido N-protegido ciclice o aciclico apropiado en
presencia de una base tal como base de Hunig. La bromacidn de
33 (o su derivado protegido con alcoxi metilo 7) con una
fuente de 1i6n bromonic, tal comc bromo o NBS, da como
5 resultade la formacidén de 3. Un caso especial del imidazol 33
(en el que R’ = H) puede prepararse a partir de aminodcidos
N-protegidos apropiadamente sustituidos por reaccidn con

glioxal en una solucidén metandlica de hidrdxido de amonio.

(R5)5 B (Rs)s ‘ (RS)S 20 5

10 HOMY Rs”( r R3—(o)—(7(Y 3 n)_(“f\' NB yo
& wd) © o d W, . RS ) — WE»—(M

L " 30 oA, N NTm W ot

o 0 o] O’I\O o

Rfd

o)

14 Ri4 ;
R R4

9 32
: 3 7 (R¥ = alcoximelilo}

AN |
RS), / R®  (R®),

(
NH, HC : B _n
R-{ 3;<4Y j:» i
15 b QSO A h?_(:#) .
0 ¢ m R
35 oﬁg oﬁ$
.R1'4 Ri4

36 3 (RZD = aicoximetilo o H)

- Esquema de reaccidn 6:
Pueden prepararse derivados de fenilglicina sustituidos
799 Por varios procedimientos que se ejemplifican a continuacidn.
Puede alquilarse de ‘forma reductora éster t-butilico de
fenilglicina (ruta A} con un aldehido apropiadc y un agente
reductor tal como cianoborochidruro sédico en medio acido. La
hidrdlisis del éster t-butilico puede realizarse con un acido

25 fuerte tal como HC1 o) acido trifluorcacético. Como
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alternativa, puede alquilarse fenilglicina con un haluro de
alquilo tal como vyoduro de etilo y wuna base tal como
bicarbonato sédico o carbonato potésico (ruta B). La ruta C
ilustra la algquilacidn reductora de fenilglicina como en la
ruta A seguldo de una segunda alquilacién reductora con un
aldehido alternativo tal como formaldehide en presencia de un
agente reductor y Aacido. La ruta D ilustra la sintesis de
fenilglicinas sustituidas a través de andlogos de écido
mandélico correspondientes. La conversién del alcohol
secundario en un grupo saliente competente ﬁuede realizarse
con cloruro de p-toluenosulfonilo. El1 desplazamiento del
grupo tosilatc con una amina apropiada seguido de retirada
reductora del éster bencilico puede proporcionar derivados de
fenilglicina sustituidos. En la ruta E, un derivado de
feﬁilglicina racémico sustituido se resuelve por
esterificacién con un auxiliar quirél enantioméricamente puro
tal como, pero sin limitacidn, {+)-1-feniletanol, (-)-1-
feniletanol, wuna oxazolidinona de ‘Evan, o pantolactona
enantioméricamente pura. La separacién de los diasteredmeros
se realiza por cromatografia (gel de silice, HPLC,
cristalizacidn, etc) seguido de retirada del auxiiigr quiral,
propcrcionande derivados de fenilglicina enantioméricamente
puros. La ruta H ilustra una secuencia sintética que se cruza
con la ruta -E donde el auxiliar quiral mencionado

anteriormente se instala antes de la adicidén de la amina.
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Como alternativa, un éster de un &cido arilacético puede
bromarse con una fuente de 1i6n bromonio tal como bromo, N-
bromosuccinimida o© CBrs,. El bromuro bencilico resultante
puede desplazarse con varias aminas mono- o di-sustituidas en
presencia de una base de amina terciaria tal como
trietilamina o base de Hunig. La hidr6lisis del éster
metilico por tratamiento con hidréxido de litio a baja
temperatura o HCl 6 N a temperatura elevada proporciona los
derivados de fenilglicina sustituidos. Otroc procedimiento se

muestra en la zruta G. Los andlogos de glicina pueden

derivatizarse con una diversidad de haluros de arilo en

presencia de una fuente de paladio (0) tal como
bis(tributilfosfina)paladio vy una base tal como fosfato
potasico. Después, el éster resultante puede hidrolizarse por
tratamiento con una base o acido. Debe entenderse que existen
en la técnica otros procedimientos bien conocidos para
preparar derivados de fenilglicina y pueden enmendarse para
proporcionar los compuestos deseados en esta descripcidn.
También debe entenderse que los derivados de fenilglicina
finales pueden purificarse para alcanzar una pureza
enantiomérica mayor del 98% de ee por HPLC preparativa
géando, por ejemplo, una columna gquiral. Es evidente para un
especialista en la técnica que las caracteristicas descritas
para la sintesis de derivados de glicina aromdticos pueden

aplicarse igualmente a al sintesis de derivados de glicina
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que no contienen ningtin grupo aromatico en C-2.

27
NHy NH, 27 R NH
o OH R“'CHO oH
Ar Ar Ar/H‘/
o o agente i
° \’J reductor
) QH
A" CO,Bn

I TsCl

R%® _R¥
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N -
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2dﬂdimercos R% R RY R
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26 27 OR3? +—— N esq_ N
'57 . RinR A'/kn’ Ar)\rrOR“ *[(OH
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. Qb )\ o} Ar
R Ar” TCOMe (R* = auxiliar quiral) o °
RzanCOZEl H
lRZENHRZ'f . 1
Br Br
32
bromacién  Br Ar/kn’ OR™ - Ar/Hr OH
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Esquema de reaccidn 7:
En otra modalidad de la presente invencidn, pueden

prepararse derivados de glicina acilados como se ilustra a

continuacién. Los derivados de glicina en los que el &cido
carboxilico estd protegido en forma de un éter facilmente
retirable pueden acilarse con un cloruro de &cido en presencia
de una base tal como trietilamina para proporcionarllas amidas
correspondientes (ruta A). La ruta B ilustra la acilacidén del
derivado de glicina de partida con un cloroformiatc apropiado
mientras que la ruta C muestra la reaccidén con un isocianato o
cloruro de carbamoilo apropiado. Cada uno de 1los tres
intermedios mostrados en las rutas A - C puede protegerse por

procedimientos conocidos por los especialistas en la técnica




o4 000265

(es decir, la terapia del éster t-butilico con una base fuerte

tal como HCl o acido trifluorocacético).

O o
27 27
R M oo RL M x
A R/pr\f: _— RJW(OH
<
F
i g L
R : 27 R _
NH CICO,RY R ‘NJ\OR” Acide N7 ~ORY
o —_— OH
Y T RN Ny
o Rz 0 0
o Ry
R27 = H o alguile AVOO
R C o
e, RZ ; 0
R OO c “N NR38R39 Acido RZZNJJ\NRJBRSQ
o
O

‘Esquema de reaccidn 8
Pueden prepararse Aacidos fenilacéticos sustituidos con
amino por tratamiento de un &cido clorometilfenilacético con

15 un exceso de una amina.

R39
]
cl SO Nepo
\ .
l\‘ e H_ . X
Z  COH Z “CO,H

Condiciones de andlisis de compuestos
20 La determinacién de la pureza y el analisis de masas de
baja resolucién se realizaron en un sistema Shimadzu LC
acoplado con un sistema Waters Micromass ZQ MS. Debe
apreciarse que los tiempos de retencidén pueden variar

ligeramente entre méquinas. Las condiciones de LC empleadas

25 en la determinacidén de los tiempos de retencidén (TR) fueron:
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Condicidn 1

Columna = Phenomenex-Luna 3,0 x 50 mm S10

% de B de partida = 0

% de B final = 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 metancl al 10%/H,0 al 90%
Disolvente B = TFA al 0,1% en metanocl al 90%/H,0 al 10%
Condicidén 2 |

Columna = Phencomenex-Luna 4,6 x 50 mm S10

% de B de partida =0

% de B final = 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,C al 290%
Disolvente B = TFA al 0,1% en metanol al 90%/H,0 al 10%
Condicién 3

Columna = HPLC XTERRA Cl1l8 3,0 x 50 mm 87

% de B de partida = 0

% de B final .= 100

Tiempo de gradiente = 3 min
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Tiempo de parada
Caudal
Longitud de Onda

Disclvente A

. Disolvente B

Condicién M1
Columna: Luna 4,6 X

% de B de partida

% de B final

Tiempo de gradiente

- Tiempo de parada

Caudal
Disolvente A:
de amonio
Disclvente B:

amonio

1l

Il

o 000267

4 min

4 ml/min

220 nm

TFA al 0,1% en metanol al 10%/H,0 al 90%

TFA al 0,1% en metanol al 90%/H,0 al 10%

50 mm S10

]

Il

0

100

3 min

4 min

4 ml/min

H,O0 al 95%:CH)CN al 5%, 10 mm de acetato

H,O al 5%:CH;CN al 95%; 10 mm de acetato de

Sintesis de extremos comunes

Condiciones de LC adicionales aplicables a la seccidn

actual, a menos que se indique lo contrario.

- Cond.-MS-W1

Columna
% de B de partida
% de B final

Tiempo de gradiente

Tiempo de parada

XTERRA 3,0 x 50 mm s7
0

100

2 min

3 min
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Caudal = 5 ml/min

Longitud de Onda = 220 nm

Disolvente A = TFA al 0,1% en metanpl al 10%/H,O0 al 90%
Disolvente B= TFA al 0,1% en metanol al 90%/H,0 al 10%

Cond.-MS-W2

Columna = XTERRA 3,0 x 50 mm S7
% de B de partida = 0

% de B final = 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,O0 al 90%
Disolvente B= TFA.al 0,1% en metanol al 90%/H,0 al 10%

Cond. -MS-W5

Columna = XTERRA 3,0 x 50 mm S7
% de B de partida =0

% de B final = 30

Tiempo de gradiente = 2 min

Tiempo de parada = 3 min

Caudal = 5 ml/min

Longitud de Onda = 220 nm

Disoclvente A = TFA al 0,1% en metanol al 10%/H,0 al 390%

Disclvente B= TFA al €,1% en metanol al 90%/H,0 al 10%
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Cond. -D1

Columna

% de B de partida

% de B final

Tiempo de gradierite
Tiempo de parada

Caudal

Longitud de Onda

68
000769

= XTERRA C18 32,0 x 50 mm 87

=0

= 100

= 3 min

= 4 min

= 4 ml/min

= 220 nm

Disolvente A = TFA al 0,1% en metanol al 10%/H,0 al 90%

Disgolvente B= TFA al 0,1% en metanol al 920%/H,O0 al 10%

Cond. -D2
Columna
% de B de partida
% de B final

Tiempo de gradiente

. Tiempo de parada

Caudal

Longitud de Onda
Disolvente A
Disolvente B
Cond. -M3

Columna

¥ de B de partida

% de B final

Tiempo de gradiente

= Phenomenex-Luna 4,6 X 50 ﬁm 510

= 0

= 100

= 3 min

= 4 min

= 4 ml/min

= 220 nm

= TFA al 0,1% en metanol al 10%/H,0 al 90%

= TFA al 0,1% en metanol al‘90%ﬂho al 10%

= XTERRA C18 3,0 x 50 mm S7
= 0

= 40

= 2 min
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Tiempo de parada
Caudal

Longiﬁud de Onda
Disolvente A
Disolvente B
Condicidn I
Columna

% de B de partida
% de B final
Tiempo de gradiente
Tiempo de parada
Caudal

Longitud de Onda
Disolvente A
Disolvente B
Condicidén IT
Columna

% de B de partida
% de B final
Tiempc de gradiente
Tiempo de parada
Caudal

Longitud de Onda
Disolvente A

Disolvente B

I
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3 min

5 ml/min’

220 nm

TFA al 0,1% en metanol al 10%/H,0 al 90%

TFA al 0,1% en metancl al 90%/HO al 10%

Phenomenex-Luna 3,0 x 50 mm S10

0

100

2 min

3 min

4 ml/min

220 nm

TFA al 0,1% en metancl al 10%/H,0 al 90%

TFA al 0,1% en metanol al 90%/H,O0 al 10%

Phencomenex-Luna 4,6 x_SO mm S10

0

160

2 min

3 min

5 ml/min

220 nm

TFA al 0,1% en metanol al lO%/PbO al 90%

TFA al 0,1% en metanol al 90%/H,0 al 10%
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Condicidn III

Columna = XTERRA C18 3,0 x 50 mm S7

% de B de partida = 0

% de B final = 100

Tiempo de gradiente = 3 min |

Tiempo de parada = 4 min

Caudal = 4 ml/min

Longitud de Onda = 220 nm

Disclvente A = TFA al 0,1% en metapol al 10%/H:0 al 90%
Disolvente B = TFA al 0,1% en metanol al 90%/H0 al 10%

Extremo-1

DR
T CH
,/N\\
Una suspensidén de Pd al 10%/C (2,0 g) en metanol (10 ml)
se afladid® a una mezcla de ‘(R)—Z—fenilglicina (10 g, 66,2
mmol) , formaldehido (33 ml de una solucidn al 37% en agua),

HCl1 1 N (30 ml) y metanol (30 ml) y se expuso a H; (413,68

kPa (60 psi)) durante 3 horas. La mezcla de reaccidn se

filtré a través de tierra de diatomeas (Celite®) y el

filtrado se concentré al vacio. E1 material en bruto
resultante se recristalizdé en isopropancl, proporcioconandec la
sal HCl del Extremo-1 en forma de una aguja de color blanco
(4,0 g). Rotacidén optica: -117,1° [c = 9,95 mg/ml en H,0; A=

589 nm] . RMN de 'H (DMSO-dg, 8= 2,5 ppm, 500 MHz): & 7,43-7,34
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(m, 5H), 4,14 (s, 1H), 2,43 (s, 6H); LC (Cond. I): TR = 0,25;
CL/EM: An&l. calc. para [M+H]" CigH;,NO, 180,10; encontrado
180,17; EMAR: An&l. calc. para‘ [M+H]}* C1¢H.4NO; 180,1025;
encontrado 180,1017.

Extremo-2

LR
- OH

N
]

Se afladid en porciones NaBH3;CN (6,22 g, 94 mmol) durante
unos minutos a una mezcla enfriada (hielo/agua) de (R)-2-
Fenilglicina (6,02 g, 39,8 mmol) y metanol (100 ml) yn’se
agitd durante 5 minutos. Se afiadid® gota a gota acetaldehido
(10 ml) durante 10 minutos y la agitacién se continudé a la
misma temperatura fria durante 45 minutos y a temperatura
ambiente durante ~6,5 horas. La mezcla de reaccidn se enfrid
de nuevo con un bafic de hielo-agua, se tratd con agua (3 ml)
y después se inactivé con la adicién gota a gota de HC1
concentrado durante ~ 45 minutos hasta que el pH de la mezcla
fue de ~ 1,5 - 2,0. El bafio de refrigeracidén se retird y la
agitacidén se continudé mientras se afladia HCl concentrado con
el fin de mantener el pH de la mezcla a aproximadamente 1,5-
2,0. La mezcla de reaccién se agitdé durante una noche, se
filtrd para retirar la suspensidn de color blanco y el

filtrado se concentrd al: - vacio. El1 material en bruto se
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recristalizd en etancl para producir la sal HCl del Extremo-2
en forma de un sélido de color blanco_ brillante en dos
extracciones (extraccién-1: 4,16 g; extraccién-2: 2,19 g).
RMN de *H (DMSO-dgs, 6= 2,5 ppm, 400 MHz): 10,44 (1,00, s a,
1H), 7,66 (m, 2H), 7,51 {(m, 3H), 5,30 (s, 1H), 3,15 (m a,
2H), 2,98 {(m a, 2H), 1,20 (s a ap., 6H). Extraccién-1: [u]?®
102,21° (c = 0,357, H,0); extraccién-2: [a]l®® -99,7° (c =
0,357, H,0). LC (Cond. I): TR = 0,43 min; CL/EM: Anal. calc.
para [M+H]® C3,Hi1gNO,: 208,13; encontrado 208, 26.

Extremo-3

/Nj

Se afladieron secuencialmente acetaldehido (5,0 ml, 89,1
mmol) y una suspension de Pd al 10%/C (720 mg) en metanol/H,0
(4 ml/1 ml) a wuna mezcla enfriada (-~ 15°C) de (R)-2-
fenilglicina (3,096 g, 20,48 mmol), HC1 1 N (3C ml) y metanol
(40 ml). El bafic de refrigeracidn se retird y la mezcla de
reaccidén se agité en un globo de H, durante 17 horas. Se
afladid® més acetaldehido (10 ml, 178,2 mmol) y la agitacidn se
continud en atmdésfera de H; durante 24 horas [Nota: el
suministro de H; se recargd segln era necesario a lo largo de
la reaccidn]. La mezcla de reaccidén se filtrd a través de
tierra de diatomeas (Celite®) y el filtrado se concentrd al

vacio. El material en bruto resultante se recristalizdé en
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isopropanol, proporcionando la sal HC1 de &cido (R)-2-
(etilamino) -2-fenilacético en forma de un sdé6lido de color
blanco brillante (2,846 g). RMN de 'H (DMSO-ds, &= 2,5 ppm,
400.MHZ): § 14,15 (s a, 1H), 9,55 (s a, 2H), 7,55-7,48 (m,
5H), 2,88 {m a, 1H), 2,73 (m a, 1H), 1,20 (t ap., J = 7,2,
3H). LC (Cond. 1I): fR. = 0,39 min; indice de homogeneidéd
>95%; CL/EM: Anal. calc. para [M+H] " CipH14NO;: 180,10;
encontrado 180,18.

Una suspensidén de Pd al 10%/C (536 mg) en metanol/H,0 (3
ml/1 ml) se afiadidé a una mezcla de &acido (R)-2-(etilamino}-2-
fenilacético/HCl (1,492 g, 6,918 mmol), formaldehido (20 ml
de una solucidn al 37% en agua), HCl 1 N (20 ml) y metanol
(23 ml). La mezcla de reaccidn se agitd en un globo de H;
durante ~72 horas, donde el suministro de H; se recargd segun
fue necesaric. La mezcla de reaccién se filtrd a través de
tierra de diatomeas (Celite®) y el filtrado se concentrd al
vacico. El1 material en bruto resultante se recristalizd en
isoﬁropanol {50 ml), proporcionmando la sal HCl del Extremo-3
en forma de un sélido de color blanco (985 mg). RMN de 'H
(DMSO-dg, & = 2,5 ppm, 400 MHz): & 10,48 (s a, 1H), 7,59-7,51
(m, B5H), 5,26 (s, 1H), 3,08 (s a ap., 2H), 2,65 (s a, 3H),
1,24 (m a, 3H). LC (Cond. I): TR = 0,39 min; indice de
homogeneidad >95%; CL/EM: Andl. calc. para [M+H]' C11H;eNO;:
194,12; encontrédo 194,18; EMAR: Andl. calc. para [M+H]?

Ci11H1gNO,: 194,1180; encontrado 194,1181.
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Extremo-4

Se afiadié gota a gota ClCO;Me (3,2 ml, 41,4 mmecl) a una

solucién enfriada (hieloc/agua) THF (410 ml) de 2-amino-

2-fenilacetato de (R)-terc-butilo/HCl (9,877 g, 40,52 mmol)} y

diisopropiletilamina (14,2 ml, 81,52 mmol) durante 6 min y se

agitd
compo
repar

fase

a una temperatura similar durante 5,5 horas. El
nente volatil se retiré al wvacio y el residuo se
tid entre agua (100 ml) y acetato de etilc (200 ml). La

organica se lavd con HCl1 1 N (25 ml) y una sclucidn

saturada de NaHCO; (30 ml), se secd (MgSQ,), se filtrd y se

conce

ntrd al vacio. El1 aceite incoloro resultante se triturd

en hexanos, se £filtré y se lavé con hexanos (100 ml),

propo

terc-

rcionando 2- {metoxicarbonilamino)-2-fenilacetato de (R) -

butilo en forma de un sdlido de color blanco (7,7 g).

RMN de 'H (DMSO-d¢, & = 2,5 ppm, 400 MHz): 7,98 (d, J = 8,0,

1H),
1,33
homog

288,1

enfri

7,37-7,2% (m, SH), 5,09 (d, J

]

8, 1H), 3,56 (s, 3H},

{s, 9H). LC (Cond. I): TR

1,53 min; indice de
eneidad ~90%; CL/EM: Andl. calc. para [M+Nal]* Ci4H;sNNaOQ,:
2; encontradco 288,15.

Se afadid gota a gota TFA (16 ml) a una solucidn

ada (hielo/agua) en CH,Cl, (160 ml) del producto anterior
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durante 7 minutos, el bafic de refrigeracidén se retird y la
mezcla de reaccidn se agité durante 20 horas. Como atn no se
habia completado 1la desproteccidn, se afiadid una cantidadr
adiciocnal de TFA (1,0 ml) y la agitacidén se continud dura.n'te

5 2 horas mas. El componente volatil se retird al vacio y el
residuo olecso resultante se tratd con éter dietilico (15 ml)
y hexanos (12 ml), proporcionando un precipitado. E1l
precipitado se filtrd y se lavd con éterx dietilico/hexanos
{proporcién -~1:3; 30 ml) y se secdO al vacio, proporcionando

10 el Extremo-4 en forma de un sdlido de color blanco esponjoso
(5,57 g}. Rotacidn optica: -176,9° [c = 3,7 mg/ml en H,0; A=
589 nm] . RMN de *H (DMSO-dg¢, & = 2,5 ppm, 400 MHz): & 12,84 (s
a, 1H), 7,96 {d, J = 8,3, 1H), 7,41-7,29 (m, 5H), 5,14 (4, J
= 8,3, 1H), 3,55 (s, 3H). LC (Cond. I): TR = 1,01 min; indice

15 de homogeneidad >95%; CL/EM: Anal. calc. pafa'[M+H]+(LﬂHmNO4
210,08; encontrado 210,17; EMAR: Anal. calc. para [M+H]"
C10H1,NOQ, 210,0766; encontrado 210,0756.

Extremo-5

20

of

Una mezcla de (R)-2-fenilglicina (1,0 g, 6,62 mmol), 1,4-
dibromobutano (1,57 g, 7,27 mmol} y Na,CO; (2,10 g, 19,8 mmol)

en etanocl (40 ml) se calentd a 100°C durante 21 horas. IlLa
25
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mezcla de reaccidn se enfrid a temperatura'ambiente, se filtrd
y el filtrado se concentrd al vacio. El residuc se disolvid en
etanol, se acidificd con HCl1 1 N a pH 3-4, y el componente
volatil se retird al vacio. El1 material en bruto resultante se
purificé ‘por una HPLC de fase inversa (agua/metanol/TFA),
proporcionando la sal TFA del Extremo-5 en forma de una espuma
semi-viscosa de color blanco (1,0 g). RMN de 4 (DMSO-dg, & =
2,5, 500 MHz) & 10,68 (s a, 1H), 7,51 (m, 5H), 5,23 (s, 1H),
3,34 (¢ a ap., 2H), 3,05 (s a ap., 2H), 1,95 (s a ap., 4H); TR
= 0,30 minutos {Cond. I); indice de homogeneidad >98%; CL/EM:
Andl. calc. para [M+H]' C;3Hi16NO,: 206,12; encontrado 206,25.

Extremo-6
O
" TOH
. N
o
La sal TFA de Extremo-6 se sintetizd a partir de (R)-2-
fenilglicina Y . l-bromo-2-(2-bromoetoxi)etanoc usando el
procedimiento de la preparacién del Extremo-5. RMN de 'H
(DMSO-dgs, & = 2,5, 500 MHz) & 12,20 (s a, 1H), 7,50 (m, 5H),
4,92 (s, 1H), 3,78 (s a ap., 4H), 3,08 (s a ap., 2H), 2,81 (s
a ap., 2H); TR = 0,32 minutos (Cond. I); >98%; CL/EM: Anal.’

calc. para [M+H]* C1H,¢NO;: 222,11; encontrado 222,20; EMAR:

Anal. calc. para [M+H]* Ci,HieNO;: 222,1130; encontrado

222,1121.
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Extremo-7

0]

OH

N extremo-7a: enantiomero-1
[ j extremo-7b: enantiomero-2

N
I

Una solucidén en CH;Cl, (200 ml) de cloruro de p-
toluencsulfonilo (8,65 g, 45,4 mmeol) se afladid® gota a gota a
una solucidn enfriada ﬂ-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
entre -5°C y 0°C. La reaccidén se agitd a 0°C durante 9 horas
v deépués se almacend en un congelador (-25°C) durante 14
horas. Se dejd descongelar hasta que se derritié a
temperatura ambiente, se lavd con agua (200 ml), HCl 1 N (1OQ
ml) y salmuera (100 ml), se secd (MgSO,), se filtrd y se
concentré al vacio, proporcionando 2-fenil-2-
(tosiloxi)acetato de bencilo en forma de un aceite viscoso
que solidificd deSpuéé'de un periocdo de reposo (16,5 é). La
integridad quiral del producto no se comprobd y ese producto
se usd® para la siguiente etapa sin purificacidén adicional.

RMN de 'H (DMSO-dg, & = 2,5, 500 MHz) & 7,78 (d, J = 8,6, 2H),

7,43-7,2% (m, 10H), 7,20 (m, 2H), 6,12 (s, 1H), 5,16 {(d, J

12,5, 1H), 5,10 (4, J = 12,5, 1H), 2,39 (s, 3H). TR = 3,00
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(Cond. III); indice de homogeneidad >90%; CL/EM: Anal. calc.
para [M+Hi+ CyoH,oNaOsS: 419,09; encontrado 419,04.

Uné solucidén en THF (75 ml) de 2-fenil-2-
(tosiloxil)acetato de Dbencilo (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 calenfé a 65°C
durante 7 horas. La reaccidn se dejé enfriar a temperatura
ambiente y el componente volatil se retird al vacioc. E1
residuo se repartidé entre acetato de etilo y agua y la fase
organica se lavd con agua y salmuera, se secd (MgSO,), se
filtrd y se concentré al wvacio. El material en bruto
resultante se purificd por cromatografia ultrarrépida (gel de
silice, acetato de etilo)}, proporcionando 2-(4-
metilpiperazin-1-il)-2-fenilacetato de bencilo en forma de un
aceite viscoso de c¢olor anaranjado-pardo (4,56 g). E1
analisis por HPLC quiral (Chiralcel O©D-H) indicdé que la
muestra era una mezcla de enantidmeros en una proporcidn 38,2
a.58,7. La separacidén de 1los enantiémeroskse realizd como se
indica a continuacidén: el producto se disolvidé en 120 ml de
etanocl/heptanc (1:1) y se inyectd (5 ml/inyeccién) sobre una
columna de HPLC quiral (Chiracel OJ, 5 ¢m de DI x 50 cm de L,
20 Om) eluyendo con 85:15 de Heptano/etanol a 75 ml/min, y se
controld a 220 nm. El enantidmero-1 (1,474 g) vy el
enantiémero—z (2,2149 g) se recuperaron en forma de un aceite

viscoso. RMN de *H (CDCl;, & = 7,26, 500 MHz) 7,44-7,40 (m,

600279
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2H), 7,33-7,24 (m, 6H), 7,21-7,16 (m, 2H), 5,13 (4, J

]
=
A8
un

1H), 5,08 (d, J = 12,5, 1H), 4,02 (s, 1H), 2,65-2,38 (s a
ap., 8H), 2,25 (s, 3H). TR = 2,10 (Cond. III); indice de
homogeneidad >98%; CL/EM: Andl. calc. para [M+H]® CpoHsN,0,:
325,19; encontrado 325, 20.

ﬁna solucidn en metanol (10 ml) de cualgquier enantidémero
de 2-(4-metilpiperazin-1-il)-2-fenilacetato de bencilo (1,0
g, 3,1 mmol) se afiadié a una suspensién de Pd al 10%/C (120
mg) en metanol (5,0 ml). La mezcla de reaccidn se expusc a un
globec de hidrégeno, bajo un control cuidadoso, durante <50
minutos. Inmediatamente despuéé de que se completara la
reaccidn, el catalizador se filtrd a través de tierra de
diatomeas (Celite®) y el filtrado se concentrd al vacio,
proporcionando el Extremo-7, contaminado con &cido
fenilacético en forma de una espuma de color castafio (867,6

mg; la masa estd por encima del rendimiento tedrico}. EL

‘producto se usd® para la siguiente etapa sin purificacién

adicional. RMN de 'H (DMSO-dg, & = 2,5, 500 MHz) & 7,44-7,37
(rﬁ, 2H), 7,37-7,24 (m, 3H), 3,92 (s, 1H), 2,63-2,48 (s a ap.,
2H), 2,48-2,32 (m, 6H), 2,19 (s, 3H); TR = 0,31 (Cond. II);
indice de homogeneidad >90%; CL/EM: Anadl. calc. para [M+H]"
C13H1N20,: 235,14; encontrado 235,15; EMAR: Andl. calc. para
{M+H}* Ci13H19N,0,: 235,1447; encontrado 235,1440.

La sintesis del Extremo-8 y el Extremo-9 se realizd de

acuexrdo con la sintesis del Extremo-7 usando aminas
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apropiadas para la etapa de desplazamiento de SN, (es decir,

4-hidroxipiperidina pai:a el Extremo-8 Yy (8)-3-
fluoropirrolidina para el Extremo-9) y en condiciones
modificadas paré la separacidén de” los intermedios
estereoisoméricos respectivos, como se describe a
continuacién.

Extremo-8

0

OH

N 8a: enantiomero-1
8b: enantiomero-2

OH

La separacidn enantiomérica del intermedio 2-(4-
hidroxipiperidin-1-il)-2-fenilacetato de bencilo se realizd
empleando las siguientes condiciones: el compuesto (500 mg)
se disolvidé en etanol/heptanc (5 ml/45 ml). La solucidn
resultante se inyectdé (5 ml/inyeccién) en una columna de HPLC
gquiral (Chiracel OJ, 2 cm de DI x 25 cm de L, 10 um) eluyendo
éon 80:20 de heptano/etanol a 10 ml/min y se controld a 220
nm, proporcionando 186,3 mg del enantidmerc-1 y 209,1 mg del
enantidmero-2 en forma de aceites viscesos de color amarillo
claro. Este ééter bencilico se hidrogenolizé de acuerdo con
la preparacidén del Extremo-7, propércionando el Extremo-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 (m, 1H),

LOU281
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2,62 {(m, 1H), 2,20 (m, 2H)‘, 1,70 {(m, 2H), 1,42 (m, ZH).' TR =
0,28 (Cond. II); indice de homogeneidad >98%; CL/EM: Anal.
calc. para [M+H]" C;3H;gNO;: 236,13; encontrado 236,07; EMAR:
Calc. para [M+H]" Cj;3H1sNOs: 236,1287; encontrado 236,1283.

Extremo-9

0

COH ) ,
N 9a: diasteredmero-1

( z 9b: diasteredmero-2

F

La separacidn diastereomérica del intermedio 2-(({S5)-3-
fluorcopirrolidin-1-il) -2-fenilacetato de bgncilo se realizd
empleando las siguientes condiciones: el éster (220 mg) se
separd en una columna de HPLC quiral (Chiracel OJ-H, 0,46 .cm
de DI x 25 cm de L, 5 pm) eluyendo con CO; al 95%/metanol al
5% con TFA al 0,1%, a una presién de 10 bar, caudal de 70
ml/min, y a una temperatura de 35°C. El eluido de HPLC para
los e.stereoi‘sémeros respectivos se concentrd y el residuc se
disolvid en CHCl, (20 ml) y se lavd con un medio acuosoc (10
ml de agua + 1 ml de solucidén saturada de NaHCC;). La fase
orgadnica se secd (MgSO,;), se filtrd y se concentrd al vacio,
proporcionando 92,5 mg de la fraccidén-1 y 59,6 mg de la
fraccidén-2. Estos ésteres bencilicos se hidrogenolizaron del
acuerdo con la preparacidn del Extremo-7 para preparar las

Extracciones %a y 9b. Extremo-9a (diasteredmero-1; la muestra

000282
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es una sal TFA como resultado de la purificacidn sobre una
HPLC de fase inversa usando disclvente de H,0/metanol/TFA) :
RMN de 'H (DMSO-dg, & = 2,5, 400 MHz) 7,55-7,48 (m, S5H), 5,38
(d de m, J = 53,7, 1H), 5,09 (s a, 1H), 3,84-2,82 (m a, 4H),
2,31-2,089 {(m, 2H) . TR = 0,42 (Cond. I); indice de
homogeneidad >95%; CL/EM: Andl. calc: para [M+H]" C;2H;sFNO;:
224,11; encontrado 224,14; Extremo-9b (diasteredmero-2}: RMN
de 'H (DMSO-d¢, 8 = 2,5, 400 MHz) 7,43-7,21 (m, 5H), 5,19 (d
de 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. I); CL/EM: Anal. calc. para
[M+H] " Ci2H sFNO,: 224,11; encontrado 224,14.
Extremo-10

oot
é\)

A una solucién de D-prelina (2,0 g, 17 mmol) vy
formaldehido (2,0 ml de una solucidén al 37% en peso en H;0)
en metanol (15 ml) se le afiadidé una suspensidén de Pd al 10%/C
(500 mg) en metancl (5 ml). La mezcla se agitd en una
atmésfera de hidrdégenco durante 723 horas. La mezcla de
reaccidn se filtrdé a través de tierra de diatomeas (Ceiite®)
Yy se concentrd al vacio, prdporcionando el Extremo-10 en
forma de un sélido de color blanquecino (2,15 g). RMN de 'H
(DMSO-dg, 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). TR = 0,28 (Cond. II);
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indice de homogeneidad >98%; CL/EM: An&l. calc. para [M+H]"
C¢H12NO,: 130,09; encontrado 129, 96.

Extremo-11

Q
HO)%
®
Una mezcla de Acido (25,4R) -4-fluoropirrolidina-2-
carboxilicc (0,50 g, 3,8 mmol), formaldehido (0,5 ml de una

solucidén al 37% en peso en H;O0), HC1 12 N (0,25 ml) y Pd al
10%/C (50 mg) en metanol (20 ml) se agitd en una atmdsfera de
hidrégeno durante 19 horas. La mezcla de reaccidén se filtrd a
través de tierra de diatbmeas (Celite®) y el filtrado se
concentrd al vacio. El residuo se recristalizé en
isopropanol, proporcionando la sal HC1l del ﬁxtremo—ll en
forma de un sélido de color blanco (337,7 mg). RMN de *H
(DMSO-dgs, & = 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 (=, 3H), 2,60-2,51 (m, 1H), 2,39-2,26
(m, 1H). TR = 0,28 (Cond. II); inaice de homogeneidad >98%;
CL/EM: Anal. calc. para [M+H]* C¢H11FNO,;: 148,08; encontrado

148, 06.

Extremo-12 (el mismo que el ext 52)

000284
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Se disolvid L-alanina (2,0 g, 22,5 mmcl) en una solucidn
acuosa al 10% de carbonato sédico (50 ml) y se le afiadid una
solucidn en THF (50 ml) de cloroformiato de metilo (4,0 ml).
La mezcla de reaccidn se agitd en condiciones ambientales

5 durante 4,5 horas y se concentrd al vacio. E]l sbélido de color
blanco resultante se disolvidé en agua y se acidificd con HC1
1 N a un pH ~ 2-3. Las solucilones resultantes se extrajeron
con acetato de etilo (3 x 100 ml) vy 1la fase orgénica
combinada se secd (Na,S0,), se filtrd y se concentrd al vacio,
10 proporcionando un aceite incoclcocro (2,58 g). Se purificaron
500 mg de este material por una HPLC .de fase inversa
(H,0/metanol/TFA), proporcionando 150 mg del Extremo-12 en
forma de un aceite incoloro. RMN de 'H (DMSO-d¢, & = 2,5, 500
MHz) 7,44 (4, J = 7,3, 0,8H), 7,10 (s a, 0,2H), 3,97 (m, ;H),

15 3,53 (s, 3H), 1,25 (d, J = 7,3, 3H).

Extremo-13

/N\;/lkOH

20 Una mezcla de L-alanina (2,5 g, 28 mmol), formaldehido

(8,4 g, al 37% en peso), HC1 1 N (30 ml) y Pd al 10%/C (500 mg)
en metanol (30 ml) se agitdé en una atmésfera de hidrdgeno

(344,74 kPa (50 psi)) durante 5 horas. La mezcla de reaccidn se

filtré a través de tierra de diatomeas (Celite®) y el filtrado
25
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se concentrd al vacio, proporcionando la sal HCl del Extremo-13
en forma de un acelte que solidificd después de un periodo de
reposo al vacio (4,4 g; la masa estd por encima del rendimiento
tedrico) . El producto se usd sin purificacidédn adiciconal. RMN de
'H (DMSO-dg, & = 2,5, 500 MHz) & 12,1 (s a, 1H), 4,06 (c, J =
7.4, 1H), 2,76 (s, 6H), 1,46 (d, J = 7,3, 3H).

Extremo-14

CO,t-Bu ©)\002t—8u —_ dCOZH
Extremo-14
Etapa 1l: Una mezcla de éster terc-butilico de (R)-(-)-D-

fenilglicina (3,00 g, 12,3 mmol), NaBH;CN (0,773 g, 12,3
mmol), KCH (0,690 g, 12,3 mmol) vy Aacido acético (0,352 ml,
6,15 mmol) se agitaron en metanol a 0°C. A esta mezcla se le

afladié gota a gota dialdehido glutdrico (2,23 ml, 12,3 mmol)

+durante 5 minutos. La mezcla de reaccién se agitd tal cual,

se dejdé calentar a temperatura ambiente y la agitacidn se
continud a la misma temperatura durante 16 horas.
Posteriormente, el disolvente se retird y el residuo se
repartidé entre NaOH acuoso al 10% y acetato de etilo. La fase
orgénica se separ®, se secd (MgSQ;), se filtrd y se concentrd

a sequedad, proporcionando un aceite transparente. Este

material se purificd por HPLC preparativa de fase inversa
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(Primesphere C-18, 30 x 100 mm; CH,CN-H,O-TFA al 0,1%) para
dar el éster intermedic (2,70 g, 56%) en forma de un aceite
transparente. RMN de *H (400 MHz, CDCls;) & 7,53-7,44 (m, 3H),
7,40-7,37 (m, 2H), 3,87 (4, J = 10,9 Hz, 1H), 3,59 (4, J =
10,9 Hz, 1H), 2,99 (¢, J = 11,2 Hz, 1H), 2,59 (t, J = 11,4
Hz, 1H), 2,07-2,02 (m, 2H), 1,82 (4, J ; 1,82 Hz, 3H), 1,40
(s, 9H). CL/EM; Andl. calc. para C;;7HzsNO;: é75; encontrado:
276 (M+H)". -

Etapa 2: A una solucibdn agitada del é&ster intermedio
(1,12 g, 2,88 mmol) en diclorometano (10 ml) se le afladid TFA
(3 ml). La mezcla de reaccidén se agité a temperatura ambiente
durante 4 horas 'y después se concentrd a sequedad para dar un
aceite de color amarillo claro. El aceite se purificd usando
HPLC preparativa de fase inversa {Primesphere C-18, 30 x 100
mm; CH,CN-H,O0-TFA al 0,1%). Las fracciones apropiadas se
combinaron y se concentraron a sequedad al vacio. Después, el
residuo se disolvid en una cantidad minimé de metanol y se
aplicé a cartuchos de extraccién MCX LP (2 x 6 g). Los
cartuchos se aclararon con metancl (40 ml} y después el
compuestc deseado se eluyd usando amoniaco 2 M en metanol (50
ml) . Las fraﬁciones que contenian el producto se combinaron y
se concentrarcn y el residuo se recogid en agua. La
liofilizacidén de esta solucidn proporciond el compuesto del
titulo (0,492 g, 78%) en forma de un sélide'de color amarillo

claroc. RMN de 'H (DMSO-d¢) & 7,50 (s, 5H), 5,13 (s, 1H), 3,09
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(s a, 2H), 2,92-2,89 (m, 2H), 1,74 (m, 4H), 1,48 (s a, 2H).
CL/EM: Anal. calc. para Ci3HisNO;: 219; encontrado: 220 (M+H)".

Extremo-15

: 0
OH o] R N
Br CBr Q Q
c
HO

Me - HO” “Me
(R)-Extremo-15

A B

Etapa 1: 2-Bromo-2-fenilacetato de (5)-1-feniletilo: A
una mezcla de acido a-bromofenilacético (10,75 g, 0,050 mol),
(S)-(-)-1-feniletanol (7,94 g, 0,065 mol) y DMAP A(o,sl g, 5,0
mmol) en diclorometano seco (100 ml) se le afiadi® todo de una
vez EDCI so6lido (12,46 g, 0,065 mol). La solucidn resultante se
agitd a temperatura ambiente en atmdsfera de Ar durante 18
horas y después se diluyé con acetato de etilo, se lavd (H0 x
2y salmﬁera), se secé (Na,80,), se filtrd y se concentrd para
dar un aceite de color amarillé palido. La cromatografia
ultrarridpida (SiO,/hexanc-acetato de etilo, 4:1) de este aceite
proporciond el compuesto del titulo (11,64 g, 73%) en forma de
un sélido de color blanco. RMN de ‘H (400 MHz, CDCl;) & 7,53-
7,17 {m, 10H}, 5,95 (¢, J = 6,6 Hz, 0,5H), 5,94 (¢, J = 6,6 Hz,
0,5H), 5,41 (s, O0,5H), 5,39 (s, O,5H), 1,58 (4, J = 6,6 Hz,
1,5H), 1,51 (d, J = 6,6 Hz, 1,5H).

Etapa 2: (R) -2~ (4-hidroxi-4-metilpiperidin-1-1il)-2-
fenilacetato de (S)-1l-feniletilo: A una solucién de 2-bromo-2-

fenilacetato de (S)-1-feniletilo (0,464 g, 1,45 mmol) en THF (8
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ml) se le afiadié trietilamina (0,61 ml, 4,35 mmol), seguido de
yoduro de tetrabutilamonio (0,215 g, 0,58 mmol). La mezcla de
reaccidén se agitd a temperatura ambiente durante 5 minutos vy
después se afladié una solucidn de 4»meti1-4—hidfoxipiperidina
(0,251 g, 2,18 mmol) en THF (2 ml). La mezcla se agitd durante
1 hora a temperatura ambiente y después se calentd a 55-60°C
(temperatura del bafio de aceite} durante 4 horas. La mezcla de
reacciédn enfriada después se diluyd con acetato de etilo (30
ml), se lavé (H,O x 2 y salmuera), se secd (MgSO,), se filtxrd y
se concentrd. El residuo se purificé por cromatografia sobre -
gel de silice (acetato de etilo al 0-60%-hexanoc) ,
proporcionando primero el isdémero (S,R) del compuesto del
titulo (0,306 g, 60%) en forma de un sélido de color blanco y.
después el isdmero (S,S8) correspondiente (0(120 g, 23%),
también en forma de un sdlidc de color blanco. Isdmerc (S,R):-
RMN de 'H (CD;OD) & 7,51-7,45 (m, 2RKH), 7,41-7,25 (m, 8H), 5,85‘
(c, J=6,6 Hz, 1H), 4,05 (s, 1H), 2,56-2,45 (m, 2H), 2,41-2,29
(m, 2H), 1,71-1,49 (m, 4H), 1,38 (d, J = 6,6 Hz, 3H), 1,18 (s,
3H) . CLEM: Anal. calc. para Cy;Hz;NO3;: 353; encontrado: 354
(M+H)*. Isémero (S,5): RMN de *H (CD;OD) & 7,41-7,30 (m, G5H),
7,20-7,14 {m, 3H), 7,06-7,00 (m, 2H), 5,85 (¢, 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. calc. para

Cy2H,7NO,: 353; encontrado: 354 (M+H) ™.
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Etapa 3: Acido (R)-2-(4-hidroxi-4-metilpiperidin-1-i1)-2-

" fenilacético: A una solucidn de (R)-2-{4-hidroxi-4-

metilpiperidin-1-il)-2-fenilacetato de (S)-1l-feniletilo (0,185
g, 0,52 mmol) en diclorometano (3 ml) se le afiadié acido
trifluorcacético (1 ml) y la mezcla se agitd a temperatura
ambiente durante 2 horas. Los volatiles se ‘retiraron
secuencialmente al vacico y el residuo se purificd por HPLC
preparativa de fase inversa (Primesphere C-18, 20 x 100 mm;
CH3CN-H,O-TFA al 0,1%}, dando el compuesto del titulo {(en forma
de la sal TFA) en forma de un sdélido de color azulado palido
(0,128 g, 98%). CLEM: Andl. calc. para Ci;4HigNO3: 249;
encontrado: 250 (M+H)'.

Extremo-16

o ; 0 Me o
oH T 0 —_ T OH
O .

A

(R)-Extremo-16

Etapa 1: 2-(2-Fluorofenil)acetato de (S)-1-feniletilo:
Una wmezcla de &acido 2-fluorcfenilacético (5,45 g, 35,4 mmol),
(S);l—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 agitd
a temperatura ambiente durante 12 horas. Después, el
disolvente se concentrd y el residuo sé repartid® entre H,0-

acetato de etilo. Las fases se separaron y la fase acuosa se

extrajo de nuevo con acetato de etilo (2 x). Las fases

40U29g
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organicas combinadas se lavaron (H;O0 y salmuera), se secaron
{Na,S80,), se filtraron y se concentraron al vacio. El residuo
se purificd  por cromatografia sobre gel de silice
(Biotage/acetato de etilo al 0-20%-hexano), proporcionando el
compuesto del titulo en forma de un aceite incoloro (8,38 g,
92%). RMN de 'H (400 MHz, CD,OD) & 7,32-~7,23 (m, 7H), 7,10-
7,04 {(m, 2), 5,85 (¢, 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)acetatc de
(R)-{(S)-1-feniletilo) : A una solucidn de 2-{2-
fluorofenil)acetato de (S)-1-feniletilo (5,00 g, 19,4 mmol)
en THF (1200 ml) a 0°C se le afiadi®é DBU (6,19 g, 40,7 mmol) vy
la solucidn se dejd calentar a temperatura ambiente mientras
se agitaba durante 30 minutos. Después, la solucidn se enfrid
a -78°C, se afiadido una solucidén de CBrs (13,5 g, 40,7 mmol) en
THF (100 ml) y la mezcla se dejd calentar a -10°C y se agitd
a esta temperatura durante 2 horas. La mezcla de reaccién se
inactivé con NH,Cl ac. saturado y las fases se separaron. La
fase acuosa se extrajo de nuevo con acetato de etilo (2 x} y
las fases org&nicas combinadas se lavaron (Hﬂj y salmuera),
se secaron (Na,S0,;), se filtraron y se concentraron al vécio.
Al residuc se le afadié piperidina (5,73 ml, 58,1 mmol) y la
solucién se agitd a temperatura ambiente durante 24 horas.
Después, los volatiles se concentraron al vacio y el residuo

se purificdé por cromatografia sobre gel de silice
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" (Biotage/éter dietilico al Q~30%~hexano), proporcionando una
mezcla pura de diasteredmeros (proporcién 2:1 por RMN de 'H)
en forma.de un aceite de color amarillo (2,07 g, 31%), junﬁo
con material de partida sin reaccionar (2,53 g, 51%). La
cromatografia adicional de la mezcla diastereomérica
(Biotage/éter dietilico al 0-10%-toclueno) proporciond el
compuesto del titulo en forma de un aceite incoloro {0,737 g,
11%). RMN de 'H (400 MHz, CD,OD) & 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 (¢, 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. calc. para CuHmFNOg: 341; |
encontrado: 342 (M+H)*.

Etapa 3: Acido (R)-2-(2-fluorofenil)-2-(piperidin-1-
il)acético: Una mezcla de V2~(2~f1uor9feni1)—2—(piperidin—1—
il)acetato de (R)—((S)wl—feniletilo) (0,737 g, 2,16 mmol) v
PA(OH), al 20%/C (0,070 g) en etanocl (30 ml) se hidrogend a
temperatura ambiente y a ﬁresién atmosférica (globo de H;}
durante 2 horas. Después, la solucidn se purgd con Ar, se
filtré a través de tierra de diatomeas (Celite®), y se
concentrd al vacio. Esto proporciond el compuesto del titulo
en forma de un sélido incoloro (0,503 g, 98%). RMN de 'H (400
MHz, CD3QD) 7,65 (ddd, J = 9,1, 7,6, 1,5 Hz, 1H), 7,4'7-7,53'
(m, 1H), 7,21-7,30 (m, 2H), 3,07-3,13 (m, 4H), 1,84 (s a,

4H}, - 1,62 (s a, 2H). CLEM: Andl. calc. para Ci;3H;sFNO,: 237;
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encontrado: 238 (M+H)*.

Extremo-17

o
i Y ! ©\)o'\ i\ 2 ©\-/U\
o ﬁ N
Br Q Q.
A . B HO™ ~Ph

HO™ “Ph
(R)-E:dremo-ﬂ
FEtapa 1: (R)-2-(4-hidroxi-4-fenilpiperidin-1-il) -2-
fenilacetato de (S}-1l-feniletilo: A una solucidn de 2-

bromo-2-fenilacetato de (5)-1-feniletilo (1,50 g, 4,70
mmol) en THF (25 ml) se le afiadidé trietilamina (1,31 ml,
9,42 mmol), seguido de yoduro de tetrabutilamonio (0,347
g, 0,94 mmol). La mezcla de reaccidn se -agité a
temperatura ambiente durante 5 minutos y después se ahadid
una solucién de 4-fenil-4-hidroxipiperidina (1,00 g, 5,64
mmol) en THF (5 ml)l‘La mezcla se agitd durante 16 horas vy
después se diluyd con acetato de etilo (100 ml), se lavd
(HbO x 2 y salmuera), se secd (MgSO,), se £filtrdé y se
cohcentré. El residuo se pﬁrificé sobre una columna de gel
de silice (acetato de etilo al 0—609—hexanof,
proporcionando una mezcla aproximadamente 2:1 de
diasteredmeros, segun se determind mediante andlisis por

1 . - P e L e
RMN de "H. La separacidén de estos isdédmeros se realizd
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ﬁsando cromatografia de fluidos supércriticos (Chiralcel
O0J-H, 30 x 250 mm; etanol al 20% en CO, a 35°C), dando
primero el iséméfo (R) del compuesto del titulo (0,534 g,
27%) en forma de un aceite de color amarillo y después el
isomero (8) correspondienfe (0,271 g, 14%), también en
forma de un aceite de color amarillo. Isdmero (S,R): RMN

de 'H (400 MHz, CD,OD) & 7,55-7,47 (m, 4H), 7,44-7,25 (m,

10H), 7,25-7,17 (m, 1H), 5,88 (c, J = 6,6 Hz, 1H), 4,12
(s, 1H), 2,82-2,72 (m, 1H), 2,64 {dt, J = 11,1, 2,5 Hz,
1H), 2,58-2,52 (m, 1H), 2,40 {(dt, J = 11,1, 2,5 Hz, 1H),

2,20 (8t, J = 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).
CLEM: BAndl. calc. para C;;H;sNC;: 415; encontraao: 416
(M+H)*; isémero (S,5): RMN de 'H (460 MHz, CD;OD) & 7,55-
7,48 (m, 2H), 7,45-7,39 (m, 2H), 7,38j7,30 (m, 5H), 7,25-
7,13 (m, 4H), 7,08-7,00 (m, 2H), 5,88 (¢, J = 6,6 Hz, 1H),
4,12 (s, 1H}, 2,95-2,85 (m, 1ﬁ), 2,68 (dt, J = 11,1, 2,5
Hz, 1Hj, 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, 0 = 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.
calc. para C;7H33NO;: 415; encontrado: 416 (M+H)™.

Los siguientes ésteres se prepararon de una manera

similar:

000294
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Inﬁerﬁedio—l?a

Diasteredmeroc 1: RMN de
4 (500 MHz, DMSO-dg) &
ppm 1,36 (d, J = 6,41

N
[ :] Hz, 3H) 2,23-2,51 (m,
N 4H) 3,35 (s, 4H) 4,25
0 (s, 1H) 5,05 (s, 2H)
© 5,82 (d, J = 6,71 Hz,
1H) 7,15-7,52 (m, 15H).
CLEM: Anal. Calc. para:
CagH3 N0, 458,22;
Encontrado: 459,44
(M+H) *. '
Diasteredmero 2: RMN de-
'Y (500 MHz, DMSO-dg) &
pem 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 (ad, J = 6,41,
3,05 Hz, 2H) 7,19-7,27
(m, 3H) 7,27-7,44 (m,
10H) .
CLEM: Anal. Calc. péra:
CzsH30N20, 458,22;
Encontrado: 459,44
(M+H) ".
Intermedio - | H o Diasteredmero 1: TR =
17b [.:T’ 11,76  minutos  (Cond.
N II); CLEM: An&l. cCalc.
~.0 para: CyoHz2N,0; 338,16
0 Encontrado: .339,39

(M+H)*; Diasteredmero 2:
TR = 10,05 minutos
(Cond., II); CLEM: Anal.
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Calc. para: C2pH25N505
338,16; Encontrado:
339,39 (M+H)".

Intermedio
17c

Diasterebmerc 1: Tp =
4,55 minutos (Cond. I);
CLEM: Anal. Calc. para:
C21H26N,0, 338,20
Encontrado: 339,45
(M+H)*; Diasteredmero 2:
Tr = 6,00 minutos (Cond.
I); CLEM: Aanal. Calc.
para: CpHyeN,0, 338,20
Encontrado: 339,45
(M+H)*,

Intermedio
17d

Diastereédmerc 1: TR =
7,19 minutos (Cond. I);
CLEM: An&l. Calc. para:
Cp7H,gNO, 399,22
Encontrado: 400,48
(M+H)*; Diasterefmero 2:
TR = 9,76 minutos (Cond.
I}); CLEM: Anal. Calc.
para: C,;H,sNO, 399,22
Encontrado: 400,48
(M+H) ™.
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Condicicnes de SFC quiral para determinar el tiempo de
retencién

Condicién I

Columna: Columna Chiralpak AD—H, 4,62 x 50 mm, 5 um
Digolventes: CO2 al 90%-metanol al 10% con DEA al 0,1%
Temp. : 35°C

Prgsién: 150 bar

Caudal: 2,0 ml/min.

UV controladc @ 220 nm-

Inyeccidn: 1,0 mg/3 ml de metanol

Condicidn II

Columna: Columna Chiralcel OD-H, 4,62 x 50‘mm,_5 pm
Disblventes: ‘C02 al 90%-metanol al 10% con DEA al 0,1%
Temp. : 35°C

Presidn: 150 bar

Caudal: 2,0 ml/min.

UV controclado @ 220 nm
Inyeccién: 1,0 mg/ml de metanol

Extremo 17, Etapa  2; Acido (R)-2-(4-hidroxi-4-
fenilpiperidin-1-il) -2-fenilacético: A una solucidén de (R)-2-
(4-hidroxi-4-fenilpiperidin-1-il)-2-fenilacetato de (§)-1-
feniletilo (0,350 g, 0,84 mmol) en diclorometano (5 ml) se le

afladié acido triflucrcacéticc (1 ml) y la mezcla se agitd a

. temperatura ambiente durante 2 horas. Los volatiles se

retiraron secuencialmente al vacioc y el residuo se purificé

000297



97
000298

por HPLC preparativa de fase inversa (Primesphere C-18, 20 x
100 mm; CH;CN-H,O-TFA al 0,1%), dando el compuesto del titulo
(en forma de la sal TFA). en forma de .un s6lido de color
blanco (0,230 g, 88%). CLEM: BAnal. calc. para CisHz1NO;:

5 311,15; encontrado: 312 (M+H)*. -
Los siguientes &cidos carboxilicos se prepararon en

forma Opticamente pura de una manera similar:

Extremo-17a TR =_2,21 (Cond. II); RMN de

o) o\/© 'H (500 MHz, DMSO-d¢) & ppm

T 2,20-2,35 (m, 2H) 2,34-2,47

10 [j (m, 2H) 3,37 (s, 4H) 3,71

| (s, 1H) 5,06 (s, 2H) 7,06~
@(OH ' 7,53 (m, 10H). CLEM: Anal.
0 Calc. para: 'C20H22N204 354,16;

Encontrado: 355,38 {M+H)".

Extremo-17b H o TR = 0,27 (Cond. III); CLEM:
[ f Anal. Calc. para: C12H14N203'
15 N 234,10; Encontrade: 235,22

A OH (M+H) *.
0
|

L .
Extremo-17c¢C : TR = 0,48 {(Cond. II); CLEM:
N - .
[ j Anal. Calc. para: C13H;5N5204
N 234,14; Encontrado: 235,31

TR = 2,21 (Cond. I); CLEM:
Anal. Calc. para: CysH;NO;
295,16; Encontrado: 296,33
(M+H) *.

| Extremo-17d

. . ~OH (M+H)".
20 &
ENE

. WOH
25 - ©




10

156

20

25
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Condiciones de CLEM

Condicidén I

08 _ ' 0003@97

para determinar el tiempo de retencidn

Columna: Phenomenex-Luna 4,6 x 50 mm S10

% de B de partida

% de B final

Tiempo de gradiente

Caudal =

I

Longitud'de Cnda

Disolvente A

Disclvente B

Condicién IXI

Q

100

= 4 min

4 ml/min

220

metanol al 10% - H,C al 90% - TFA al 0,1%

metanol al 90% - H,0 al 10% — TFA al 0,1%

Columna: Waters-Sunfire 4,6 x 50 mm S5

% de B de partida

% de B final

- Tiempo de gradiente

Caudal =

Longitud de Onda

Disolvente A

It

Condicidn IIT
Columna: Phenomenex
% de B de parfida

% de B final

Tiempo de gradiente

Caudal = 4 ml/min

0

100

= 2 min

4 ml/min

220

metanol al 10% - H,O0 al 90% - TFA al 0,1%
metanol al 90% - H,O0 al 10% - TFA al 0,1%
10p 3,0 x 50 mm

= 0

1]

100

Il

2 min
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Longitud de Onda = 220

Disolvente A

metanol al 10% - H,O al 90% - TFA al 0,1%

Disolvente B

metanol al 90% - H,O0 al 10% - TFA al 0,1%.

Extremo-18

X . ~, Ny

N N
X OEt 2 OEt 3 OH

| S
N © N~ ©O N O

A: X=H C extremo-18
1 .
B: X=Br .

Etapa 1; 2-(4-Piridil)-2-bromoacetatc de (R,S)-etilo: A

una solucidn de 4-piridilacetato de etilo (1,00 g, 6,05 mmol)
en THF seco (150 ml) a 0°C en atmésfera de argdén se le afiadid
DBU (0,99 ml, 6,66 mmol). La mezcla de reaccidn se dejod
calentar a temperatura ambiente durante 30 minutos y después
se enfrid a -78°C. A esta mezcla se le afiadidé CBr, (2,21 g,
6,66 mmol) y la agitacién se continud a -78°C durante 2
horas. Degpués, la mezcla de reaccidn se inactivd con NH,C1
ac. sat. y las fases se separaron. La fase orgdnica se lavo
(salmuera), se seéé (Na,S0;), se £filtrd y se concentrd al
vacio. El aceite de c¢olor amarillo resultante se 'purificé
inmediatamente por cromatografié ultrarrapida (Si0,/hexano-
acetato de etilo, 1:1), proporciocnandoc el compuesto del
titulo (1,40 g, 95%) en forma de un aceite de color amarillo
algo inestable. 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,
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1H), 4,21-4,29 (m, 2H), 1,28 {(t, J = 7,1 Hz, 3H). CLEM: Anal.
calc. para CsH;oBrNO,: 242, 244; encontrado: 245, 245 (M+H)*.

-Etapa 2; 2-(4-Piridil)-2-(N,N-dimetilamino)acetato de
(R,S) -etilo: A una solucidn de 2-(4-piridil)-2-bromoacetato
de (R,S)-etilo (1,40 g, 8,48 mmol) en DMF (10 ml) a
teﬁperatura ambiente se le afiadi® dimetilamina (2 M en THF,
8,5 ml, 17,0 mmcl). Después de'que se completara la reaccidn
(segin se determind por cromatografia de capa £fina), 1los
volatiles se retiraron al vacio y el residuo se purificd por
cromatografia ultrarrébida (Biotage, columna 40+M S5i10;;
acetato de etilo al 50%-100%-hexano}, proporcionandé el
compuesto del titulo (0,539 g, 31%) en forma de un aéeite de
color amarillo claro. RMN de H (400 MHz, CDCl;) & 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, T = 17,0 Hz) . CLEM: Anal.
calc. para CjiH;eN,0,: 208; encontrado: 209 (M+H)*.

Etapa 3; Acido (R,S)-2-(4-piridil) -2- (N, N-
dimetilamino)acético: A una solucidén de 2-(4-piridil)-2- (N,N-
dimetilémind)acetato de (R,S)-etilo (O,ZOQ g, 0,960 mmol) en
una mezcla de THF-metanol-H,O (1:1:1, 6 ml) se le afiadidé LiOH
en polvo (0,120 g, 4,99 mmol) a temperatura ambiente. La
solucién se agitd durante 3 horas y después se acidificd a pH
6 usando HCl 1 N. La fase acuosa se lavd con acetato de etilo
y después se liofilizd, dando el diclorhidrato del compuesto

del titulc en forma de un sdélido de color amarillo (que
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contenia LiCl). El1 producto se usdé tal cual en etapas
posteriores. RMN de 'H (400 MHz, DMSO-ds) & 8,49 (4, J = 5,7
Hz, 2H), 7,34 (4, J = 5,7 Hz, 2H), 3,56 (s, 1H), 2,21 (s, 6H).

Los siguientes ejemplos se prepararon de una manera

similar usando el procedimiento descrito anteriormente;

NMe, CLEM:  Anal. calc. para
Extremo-19 | ~ COyH CgH15N,05: 180; encontrado:
N/ 181 (M+H)*

CLEM: sin ionizacidén. RMN de
'y (400 MHz, CD;OD) & 8,55

NMe, (d, J = 4,3 Hz, 1H), 7.84 (t
Extremo-20 l CO,H ap., J = 5,3 Hz, 1H), 7,61
=N (d, ¥ = 7,8 Hz, 1H), 7,37 (t

ap., J = 5,3 Hz, 1H), 4,35
(s, 1H), 2,60 (s, 6H).

NMe, CLEM: Anal. calc. para
Extremo-21 ﬁcoz CgH11C1N,0,: 214, 216;
ol N7 encontrado: 215, 217 (M+H)®.
NMe, CLEM: . Anal. calc. para
Extremo-22 J[::TJ\COZ C1oH12N50, 224; encontrado:
O,N 225 (M+H)* '
NMe, _
_ CLEM: Anal. calc. para
Extremo-23 O COH C14H15NO, : 229; encontrado:
O 230 (M+H)".

NMe, CLEM: Anal. calc para

Extremo-24 | i€ COH | CuHioF3sNO;:  247;  encontrado:
. 248 (M+H)™. .

£00102
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NMe; CLEM: Andl. calc. para

Extremo-25 {::]:%\00ﬂ4 C,1H;,F3NO,:  247; encontrado:
. CF, 248 (M+H)".

NMe, CLEM: Anal. calc. para

Extremo-26 [::I:l\cozH C1oH12FNO5 : 197; encontrado:
F 198 (M+H)".

- NMe, CLEM: Anal. calc. para

Extremo-27 F CO,H C1gH12FNO; ¢ 247 ; encontrado:
248 (M+H)".

NMe, CLEM: Anal. calc. para

Extremo-28 Cl CO,H C10H12C1NO,: 213; encontrado:
214 (M+H)".

NMe, CLEM: Bnal. calc. para

Extremo-29 [::j:%\co2H CyoH12CINO,: 213; encontrado:
cl _ 214 (M+H)".

NMe, CLEM: Anal. calc. para

Extremo-30 /l:::rJ\COQ4 C10H12C1NO,:  213; encontrado:
cl 214 (M+H)".

NMe, CLEM: Anal. calc. para

Extremo-31 S/Eﬁ/)\00ﬂ1 CgH;,N;0,S: 200; encontrado:
>’N 201 (M+H)".

NMe, CLEM: Anal. calc. para

Extremo-32 <if7/i\COZH CgH11NG,S: 185; encontrado:
\_s 186 (M+H)®.

NMe, CLEM: Anal. calc. para

Extremo-33 S:j/&COZH CBVHJ_;LNOzS : 185; encontrado:
== 186 (M+H)*..

NMe, CLEM: Anal. calc. para

Extremo-34 <:;>7f)\coﬂ1 C11H12N504 : 220; encontrado:
o-N 221 (M+H)".




10

15

20

25

o

103 £80304

NMe, CLEM: Anal. calc. para

Extremo-35 ’ CO,H CyoH13NO,S:  235; encontrado:
s— 236 (M+H)".

NMe, CLEM: Andl. calc. para

Extremo-36 _</N CO,H | C12H1aN20,8: 250; encontrado:
S 251 (M+H)".

Extremo-37

' N7 N7
' l = ) ! =
OEt 1
Me,N -_— OBt — OH
/ﬁg Me,N MeaN
0 o)

A « HCI

B
extremo-37

Etapa 1; 2—(Quinolin—3—i1)—2—(N;N>dimetilamino)—acetato
de (R,S)-etilo: Una mezcla de N}N-dimetilamipoacetato de
etilo (0,462 g, 3,54 mmol), K;PO; (1,90 g, 8,95 mmol), PdA(t-
Bu;P), (0,090 g, 0,176 mmol) vy tolueno (10 ml) gse desgasificd
con una corriente de burbujas de Ar durante 15 minutos.
Después, la mezcla de reaccidn se calentd a 100°C durante 12
horas, después de lo cual se enfrid a'temperatura ambiente vy
se vertidé en H,0. La mezcla se extrajo con acetato de etilo
(2 x) y las fases organicas combinadas se - lavaron (Hﬂ) Yy
salmuera), se secaron {Na,SO,), se filtraron y se concentraron
al vacio. El residuo se purificd primero por HPLC preparativa

de fase inversa (Primesphere C-18, 30 x 100 mm; CH3;CN-H,0-

NH,OAc 5 mM) vy después por cromatografia ultrarrapida
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(8i0,/hexano-acetato de etilo, 1:1), proporcionando el
compuesto del titulo (0,128 g, 17%) en forma de un aceite de
color naranja. RMN de 'H (400 MHz, CDCl;) & 8,90 (d, J = 2,0
Hz, 1H), 8,32 (d, J = 2,0 Hz, 1H), 8,03-8,01 (m, 2H), 7,77

{dad, J

1l
a0}
w

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, EH), 1,15 (t, J
= 7,0 Hz, 3H). CLEM: Anidl. calc. para CisHigN:0p: 258;
encontrado: 259 (M+H)".

Etapa  2; Acido (R,8)-2-(gquinolin-3-il1)-2- (N, N-
dimetilamino)acético: Una mezcla de 2-(quinolin-3-il)-2-(N,N-
dimetilamino)acetato de (R,S)-etilo (0,122 g, 0,472 mmol) vy
HCl 6 M (3 ml) se calentd a 100°C durante 12 horas. EL
disolvente se retird al vacio, proporcionando el
diclorhidrato.del compuesto del titulo (0,169 g, >100%) en
forma de una espuma de color amarillo clara. El material no
purificado se usd ~en etapas posteriores sin purificacién
adicional. CLEM: Andl. calc. para Cuﬁlﬂhoz: 230; encontrado:
231 (M+H)*.

Extremo-38

0 Me
0
© OH
0
1 PN F _N
OH + 2 AN
F o NR'R? [:;]\\/jL Me ' *
o
-0 [ 1 I
A F N /LT::j = oA
S F _N
AN
B

Extremo-38
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Etapa 1; 2-(Dimetilamino)-2-(2-fluorofenil)acetato de
{R}-((8)-1-feniletilo) v 2- (dimetilamino) -2- (2-
fluorofenil)acetato de (S)-((S)-1-feniletilo): A una mezcla

de acido (RS)—2—(dimetilamino)~2—(2—fluorofenil)acético (2,60
g, 13,19 mmol), DMAP (0,209 g, 1,71 mmol) y (S)-1l-feniletanol
(2,09 g, 17,15 mmol) en CH,Cl, (40 ml) se le afadid EDéI (3,29
g, 17,15 mmol) y la mezcla se dejd en agitacidn a temperatura
ambiente durante 12 horas. Después, el disolvente se retird
al vacio y el residuo se repartié entre acetato de etilo-H;0.
Las fases se seéararon, la fase acuosa se extrajo de nuevo
con acetato de etilo (2 x) y las fases organicas combinadas
se lavaron (H20 y salmuera), se secaron (Na,S04), se filtraron
y se conceﬁtraron al vacio. El residuo se purificd por
cromatografia sobre gel de silice (Biotage/éter dietilico al
0-50%-hexano) . Después, la mezcla diastereomérica pura
resultante se separd por HPLC preparativa de fase inversa
(Primesphere C-18, 30 x 100 mm; CH;CN-H,O-TFA al 0,1%), dando
primero (R)-2-(dimetilamino)-2-(2-fluorofenil)acetato de (S)-
l1-fenetilo (0,501 g, 13%) y después (S)-2-(dimetilamino)-2-
(2—fluorofénil)—acetato de (S)-l—feﬁetilo (0,727 g. 18%), los
dos en forma de sus sales TFA. Isémero (S,R): RMN de 'H (400
MHz, CD;OD} & 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, SH), 6,04

(¢, J = 6,5 Hz, 1H), 5,60 (s, 1H), 2,84 (s, 6H), 1,43 (d, J =

6,5 Hz, 3H) . CLEM: Anal. calc. para C1gHZoFNO, : 301;
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'

encontrado: 302‘(M+H)+; igémero (S,8): RMN de 'H (400 MHz,
Ccp,oD) & 7,58-7,63 {m, 1H), 7,18-7,31 (m; 6H), 7,00 (dd, J =
8,5, 1,5 Hz, 2H), 6,02 (¢, J = 6,5 Hz, 1H), 5,60 (s, 1H),
2,88 (s, 6H), 1,54 (d, J = 6,5 Hz, 3H). CLEM: Anal. calc.

para CigHoFNO,: 301; encontrado: 302 (M+H)".

Etapa 2; Acido (R)-2- (dimetilamino) -2- (2-
fluorofenil)acético: Una mezcla de sal TFA de 2-
(dimetilaming) -2-{(2-fluorofenil)acetato de (R)-((8)-1-

feniletilo) (1,25 g, 3,01 mmol) y Pd(OH), al 20%/C (0,125 g)
en etanol (30 ml) se hidrogendé a temperatura ambiente y a
presidén atmosférica (globo de H;) durante 4 horas. Después,
la solucibén se purgd con Ar, se filtrd a través de tierra de
diatomeas (Celite®) y se concentré al vacio. Esto dio el

compuesto del titulo en forma de un sélido incoloro (0,503 g,

88

o\

). RMN de 'H (400 MHz, CD;OD) & 7,53-7,63 (m, 2H), 7,33-
7,38 {(m, 2H), 5,36 (s, 1H), 2,86 (s, 6H). CLEM: Anal. calc.
para C;oH;,FNO,: 197; encontrado: 198 (M+H)*.

El isSmero S puede obtenerse a partir de la sal TFA de

2- (dimetilamino) -2~ (2-fluorofenil)acetato de (8)-((8)-1-

feniletilo) de una manera similar.

Extremo-39

Cl NH, c N7
CH OH
O : ' O
extremo-39
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Una mezcla de (R)-(2-clorofenil)glicina (0,300 g, 1,62
mmol), formaldehido ({solucidén acucsa al 35%, 0,80 ml, 3,23
mmol) y PdA{OH), .al 20%/C (0,050 g) se hidrogendé a temperaturé
ambiente Yy a presidn atmosférica - (globo de H;) durante 4
horas. Después, la soclucidén se purgd con Ar, se.filtré a
través de tierra deAdiatomeas (Celite®) y se concentré al
Vacio_. El residuo se purificé por HPLC preparativa de fase
inversa (Primesphere C-18, 30 x 100 mm; CH;CN-H,O-TFA al
0,1%)-, dando la sal TFA del compuesto del titulo &cido (R)-2-

(dimetilamine) -2-{2-clorofenil)acético en forma de un aceite

incoloro (0,2%0 g, 55%). RMN de 'H (400 MHz, CD;OD) 8 7,59-

7,65 (m, 2H), 7,45-7,53 {(m, 2H), 5,40 (s, 1H}, 2,87 (s, 6H}.

_ CLEM: Anal. calc. para CpoH;3CINO,: 213; encontrado: 214

(M+H) *.
Extremo-40

hiy
Cl  NH, Cl HN o
OH OoH

'9) @)

extremo-40
A una solucién enfriada. con hielo de (R)-1({2-

clorofenil)glicina (1,00 g, 5,38 mmol) y NaOH (0,862 g, 21,6
mmol) en H;0 (5,5 ml) se le afiadid® gota a gota cloroformiato
de metilo (1,00 ml, 13,5 mmel). La mezcla se dejdé en

agitacién a 0°C durante 1 hora vy después se acidificd

600308
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mediante la adiéién' de HCl conc. (2,5 - ml). La mezcla se
extrajo con acetato de etilo (2 x) y 1la fase organica
combinada se 1lavdé (H,O y salmuera), se secd (NapS0,), se
filtrd y se concentrd al vacilo, dando el compuesto del titulo

5 acido (R)-2-(metoxicarbonilamino)-2-(2-clorofenil)acético en
forma de una espuma de color amarillo-naranja (1,31 g, 96%).
RMN de 'H (400 MHz, CD;OD) & 7,39 - 7,43 (m, 2H), 7,29 - 7,31
(m, 2H), 5,69 (s, 1H), 3,65 (s, 3H). CLEM: Anal. calc. para
C10H10C1NO,;: 243; encontrado: 244 (M+H)".

10 - Extremo-41

O @
CH OH

extremo-41

15

A una suspensidén de &dcido 2-(2-{clorometil)fenil)acético
(2,00 g, 10,8 mmol) en THF (20 ml) se 1le afladi® morfolina
(L,89 g, 21,7 mmol) y la solucidén se agitd a temperatura
ambiente durante 3 horas. Después, la mezcla de reaccién se
o0 diluyd con acetato de etilo y se extrajo con H0 (2 x). La
fase acuosa se 1liofilizé y el residuo se purificé por
cromatografia sobre gel de silice {Biotage/metanol al 0-10%-
CH,C1,), dando el compuesto del titulo dcide 2—(2— 
(morfolinometil) fenil)acético en forma de un sdélidec incoloro

25 (2,22 g, 87%). RMN de 'H (400 MHz, CD;OD) & 7,37-7,44 (m, 3H),
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7,29-7,33 {m, 1H), 4,24 (s, 2H), 3,83 (s a, 4H); 3,68 (s,
2H), 3,14 (s a, 4H). CLEM: Anal. calc. para Ci3HyoNO;: 2355
encontrado: 236 (M+H)".

Los siguientes ejemplos se prepararon de forma similar

usando el procedimiento descrito para el Extremo-41:

gi:} CLEM: Anal. calc. para
Extremoc- :
iz 0O C14H1gNO,: 233; “encontrado:
OH 234 (M+H)+.
&i:7 CLEM: Anal. calc. para
Extremo-
43 0 Cy3H17NO; : 219; encontrado:
OH - 220 (M+H)".
Me
~ CLEM: Anal. calc. ara
Extremo- N~Me 0 P
44 C11H1s5NO5 : 193; encontrado:
' , OH 194 (M+H)*.
(’“NMe
CLEM: Anal. calc. ara
Extremo- N‘J) P
45 0 C14H2oN,0,: 248; encontrado:
OH 249 (M+H) ™.

Extremoc-45a

Q - O

Z

Ha HN.___O
* sal pTsOH
_NH
Extremo-45a
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Se afiadié HMDS (i,85 ml, 8,77 mmol) a una suspensién de
p—toluenosuifonato del &acido (R)-2-aminoc-2-fenilacético (2,83
Q, 8,77 mmol) en CHCl, (10 ml) y la mezcla se agité a
temperatura ambiente durante 36 minutos. Se afladié en una
porcidén isocianato de wmetilo (0,5 g, 8,77 mmol) y la
agitacién se continud durante 30 minutos. La reaccidén se
interrumpié mediaﬁte la adicién de H;O (5 ml) vy el
precipitado resultante se filtrd, se lavé con H;O y n-hexanos
y se secd al vacio. Se recuperé acido (R)-2-(3-metilureido) -
2-fenilacético (1,5 g; 82%) en forma de un sdlido de color
blanco y se usd sin purificacién adicional. RMN de 'H (500
MHz, DMSO-d¢) & ppm 2,54 (d, J = 4,88 Hz, 3H) 5,17 (4, J =
7,93 Hz, 1H) 5,95 (¢, J = 4,48 Hz, 1H) 6,66 (d, J = 7,93 Hz,
1H) 7,26-7,38 (m, SH) 12,67 (s, 1H). CLEM: Anadl. calc. para
CyoH12N,0; 208,08 encontrado 209,121 (M+H)'; HPLC Phenomenex C-
18 3,0 x 46 mm, B del 0 al 100% durante 2 minutos, tiempo de
mantenimiento de 1 minuto, A = agua al 90%, metanol al 10%,
TFA al 0,1%, B = agua al 10%, metanol al 90%, TFA al 0,1%, TR
= 1,38 min, indice de homogeneidad del 90%.

Extremo-46 -~

oL, — O
z o) Y O

NH, HN_ O

» sal pTsOH ' (NH
extremo-46
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El producto deseado se prepard de acuerdo con el

'procedimiento descrito para el Extremo-45a. RMN de 'H (500

MHz, DMSO-dg¢) & ppm 0,96 (t, J = 7,17 Hz, 3H) 2,94-3,05 (m,
2H) 5,17 (4, 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, calc. para C1:H;4N,03 222,10 encontrado 223,15 (M+H)'.
HPLC XTERRA C-18 3,0 x 506 Iﬁm, B del ¢ al 100% dufante 2
minutos, tiempo de mantenimiento de 1 minute, A = agua al
90%, metanol al 10%, HsPO; al 0,2%, B = agua al 10%, metanol
al 90%, H;PO, al 0,2%, TR = 0,87 min, indice de homogeneidad
del 90%. |

Extremo-47

0 70 T

NH, HN Yo HN\fO
A -~ N ~ ‘ ~ N ~
B . - Extremo-47

AEtapa 1; 2-(3,3-dimetilureido)-2-fenilacetato de (R)-
terc-butilo: A una solucién agitada de 2-amino-2-fenilacetato
de (R)-terc-butilo (1,0 g, 4,10 mmol) y base de Hunig (1,79
ml, 10,25 mmol) en DMF (QO ml) se le afiadi® gota a gota
cloruro de dimetilcarbamocilo (0,38 ml, 4,18 mmol) durante 10

minutos. Después de agitar a temperatura ambiente durante 3

horas, 1la reaccién se concentrd a presién reducida y el

residuo resultante se disclvid en acetato de etilo. La fase

000312
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organica se lavd con H;O, HClI ac. 1 N y salmuera, se secd
(MgS0,), se £filtrd y se concentrd a presidn reducida. Se
obtuvo 2-(3,3-dimetilureido)-2-fenilacetato de (R)-terc-butilo
en forma de un sdélido de color blanco (0,86 g; 75%) y se usé
sin purificacién adicional. RMN de 'H (SOO.MHz, DMSO-dg) & 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, B5H). CLEM: Anal. calc. para
CysH2oN,05; 278,16 encontrado 279,23 (M+H)"; HPLC Phenomenex LUNA
C-18 4,6 X 50 mm, B del 0 al 100% durante 4 minutos, tiempo de
mantenimiento de 1 minuto, A = agua al 90%, metanol al 10%,
TFA al 0,1%, B = agua al 10%, metanol al 90%, TFA al 0,1%, TR
= 2,26 min, indice de homogeneidad del 97%.

Etapa 2; &acido (R)-2-(3,3-dimetilureido)-2-fenilacético:
A una solucidn agitada de 2-(3,3-dimetilureido) -2~
fenilacetato de (R)—terc—butilo (0,86 g,. 3,10 mmol) en CHzélz
(250 ml) se le afiadid gota a gota TFA (15 ml) y la solucién
resultante se agitd a ta durante 3 horas. Después, el

compuesto deseado se precipitdé de la solucién con una mezcla

de EtOAc:Hexanos (5:20), se retird por filtracién y se secd a
presidén reducida. Se aislé acido (R)—2-(3,3—dimetilureido)-2-
fenilacético en forma de un sdlido de color blanco k0,59 g,
86%) y se usd sin purificacién adicional. RMN de 'H (500 MHz,
DMSO-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 (£, d0 =

7,32 Hz, 2H) 7,38-7,43 (m, 2H) 12,65 (s, 1H). CLEM: Anal.
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calc. para CpiHp;4N;03: 222,24; encontrado: 223,21 (M+H)". HPLC
XTERRA C-18 3,0 x 50 mm, B del 0 al 100% durante 2 minutos,
tiempo de mantenimiento de 1 minuto, A = agua al 90%, metanol
al 10%, HiPO, al 0,2%, B = agua al 10%, metanol al 90%, H3PO,
al 0,2%, TR = 0,75 min, indice de homogeneidad del 93%.
Extremo-48
T O
o T o
j¢

Q\;’SV—M

NH, HN.__O HN. -0
’* o ™
B Extremo-48

Etapa 1; 2—(3—ciciopentilureido)—2-fenilacetato de (R)-
teré~butilo: A una solucién agitada de clorhidrato del acido
(R) -2-amino-2-fenilacético (1,0 g, 4,101mmol) y base de Hunig
(L,0 ml, 6,15 mmol) en DMF (15 ml) se le afladi® gota a gota
isccianato de ciclopentilo (0,46 ml, 4,10 mmol) durante 10
minutos. Después de agitar a temperatura ambiente durante 3
horas, la reaccidédn se concentrd a presidn reducida y el
residuo resultante sge recogid en acetato de etilo. La fase
orgdnica se lav® con H;0 y salmuera, se secd (MgSO,;), se
filtrd y se concentrd a presidn reducida. Se obtuvo 2-(3-
ciclopentilureido) -2-fenilacetato de (R)-terc-buti;o en forma
de un aceite opacc (1,32 g; 100%) y se usd sin purificacién

adicional. RMN de 'H (500 MHz, CD;Cl-D) & ppm 1,50-1,57 (m,
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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, B5H). CLEM: 2andl. calc. para
C1gHz¢N,03 318,19 encontrado 319,21 (M+H)'; HPLC XTERRA C-18
3,0 x 50 mm, B del 0 al 100% durante 4 minutos, tiempo de
mantenimiento de 1 minuto, A = agua al 90%, metanol al 10%,
TFA al 0,1%, B = agua al 10%, metanol al 90%, TFA al 0,1%, TR
= 2,82 min, indice de homogeneidad del 96%.

Etapa 2; acidoe (R)—2—(3—cic10pentiiureido)—2—
fenilacético: A una solucién agitada dev 2-(3-
ciclopentilureido)—z—fenilacetato de (R)-terc-butilo (1,31 g}
4,10 mmol} en CH,Cl, (25 ml) se le afladiercn gota a gota TFA
(4 ml) y trietilsilano (1,64 ml; 10,3 mmol) y la solucidn
resultante se agitd a temperatura aﬁbiente durante 6 horas.

Los componentes volatiles se retiraron a presidén reducida y

el producto en Dbruto se recristalizdé en acetato de
egilo/pentanos, produciendo acido (R)-2-(3-
ciclopentilureido) -2-fenilacético en forma de un sélido de
color blanco (0,69 g, 64%). RMN de 'H (500 MHz, DMSO-ds) & 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,‘J = 7,93 Hz, 1lH} 6,12
{(d, J = 7,32 Hz, 1H) 6,48 (d, J = 7,93 Hz, 1H) 7,24-7,40 (m,
5H) 12,73 (s, 1H). CLEM: Anal. calc. para C14H1gN205: 262,31,
encontrado: 263,15 (M+H)'. HPLC XTERRA C-18 3,0 x 50 mm, B de
0 al 100% durante 2 miﬁutos, tiempo de mantenimiento de 1

minuto, A = agua al 90%, wmetanol al 10%, H;PO, al 0,2%, B =




10

15

20

25

s - 000316

agua al 10%, metanol al 90%, H;PO, al 0,2%, TR = 1,24 min,
indice de homogeneidad 100%.

Extremo-49

OH '
N _ OH
H/\Tr —_— N/\Tr
0 I o
extremo-49

A una solucidén agitada de &acido 2- (bencilamino)acético
(2,0 g, 12,1 mmel) en acido fdérmico (91 ml) se le afadid
formaldehido (6,94 ml, 93,2 mmol}. Después de cinco horas a
70°C, la mezcla de reéccién se concentrd a presidén reducida
hasta alcanzar un volumen de 20 ml y precipitdé un sélido de
color blanco. Después de la filtracidén, las aguas madre se
recogieron .y se concentraron adicicnalmente a presidn

reducida, proporcionando el producto en bruto.. La

purificacién por HPLC preparativa de fase inversa (Xterra 30

X 100 mm, deteccidén a 220 nm, caudal 35 ml/min, B del 0 al

35% durante 8 min; A = agua al 90%, metanol al 10%, TFA al
0,1%, B = agua al 10%, metanol al 90%, TFA al 0,1%)
proporciond el compuesto del titulo &cido 2- (bencil{metil)-
amino)acético en forma de su sal TFA (723 mg, 33%) en forma
de una cera incolora. RMN de 'H (300 MHz, DMSO-dg) & ppm 2,75
(s, 3H) 4,04 (s, 2H) 4,34 (s, 2H) 7,29-7,68 (m, 5H). CLEM:

Anal. Calc. para: C;¢H;3NC,; 179,09; Encontrado: 180,20 (M+H)'.
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Extremo-50

HN ©OH T CH
| N
o AR
Extremo-50
A una solucidn agitada de acido 3-metil-2-

(metilamino)butanocico (0,50 g, 3,81 mmol} en agua (30 ml)
se le afiadieron K,CO; (2,63 g, 19,1 mmol} y cloruro de
bencilo (1,32 g, 11,4 mmol). La mezcla de reaccidén se agitd
a temperatura ambiente durante 18 horas. La mezcla de
reaccidn se extrajo cbn acetato de etilo (30 ml x 2) y la
fase acucsa se concentrd a présién reducida, proporcionando
el producto en bruto que se purificé por HPLC preparativa

de fase inversa (Xterra 30 x 100 mm, deteccién a 220 nm,

caudal 40 ml/min, B del 20 al 80% durante 6 min; A = agua

al 90%, metanol al 10%, TFA al 0,1%, B = agua_al 10%,
metanol al 90%, TFA al 0,1%), A&acido proporcionando 2-
(bencil (metil)amino}-3-metilbutanoico, sal TFA (126 mg,

19%) en forma de una cera incolora. RMN de *H (500 MHz,
DMSC-ds) & ppm 0,98 (d, 3H) 1,07 (4, 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: Andl. Calec. para: Ci3H:sNO, 221,14; Encontrado:

222,28 (M+H)*™*.
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Extremo-51

0.0
HN,,.

OH

Se afiadi® Na,CO; (1,83 g, 17,2 mmol) a una solucién en
NaOH (33 ml de 1 M/HZO,‘ 33 mmol) de L-valina (3,9 g, 33,29
mmol) y la soluciébn resultante se enfridé con un Dbafic de
hielo-agua. Se afladidé gota a gota éloroformiato de metilo
(2,8 ml, 36,1 mmol) durante 15 min, el bafio de refrigeracidn
se retird y la mezcla de reaccidn se agitd a temperatura
ambiente durante 3,25 h. La mezcla de reaccidén se lavd con
éter (50 ml, 3 x) y la fase acuosa se enfrid con un bafic de
hielo-agua, se acidificd con HC1l concentrado a un valor de pH
de 1-2 y se extrajo con CH;Cl, (50 ml, 3 x). La fase organica
se secév(MgSO4) y se evapord al vacio para producir Extremo-
51 en forma de un s&lido de color blanco (6 g). RMN de 2H
para el rotadmero dominante (DMSO-dg, & = 2,5 ppm, 500 MHz):
12,54 (s, 1H), 7,33 {(d, J = 8,6, 1H), 3,84 (ad, J = 8,4, 6,0,
1H), 3,54 (s, 3H), 2,03 (m, 1H), 0,87 (m, 6H). EMAR: Anal.
calc. para [M+H]® C;H14NO,: 176,0923; encontrado 176,0922.

Extremo-52 (El1 mismo que el Extremo-12)

|
OYO o

HN.,
_ ﬁLOH

El Extremo-52 se sintetizdé a partir de L-alanina de
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acuerdo. con- el procedimiento descrito para la sintesis_del
Extremo-51. Para los propésitos de caractéfizaciéﬁ, una
porcidén del material en bruto se purificdé por una HPLC de
fase inversa (H,O/metanol/TFA), produciendo el Extremo-52 en
forma de un aceite viscoso incoloro. RMN de 'H (DMSO-dg, & =
2,5 ppm, 500 MHz): 12,49 (s a, 1H), 7,43 (4, 3 = 7,3, 0,88H),
7,69 (s a ap., 0,12H), 3,97 (m, 1H)f 3,53 (s, 3H), 1,25 (d, J
= 7,3, 3H).

Los Extremos-53 a -64 se prepararon a partir de los
materiales de partida apropiados de acuerdo con el

procedimiento descrito para la sintesis del Extremo-51, con

modificaciones indicadas si las hay.

Extremo Estructura - Datos
Extremo- RMN de 'H (DMSO-dg, & = 2,5 ppm,
53a: (R) 500 MHz): & 12,51 (s a, 1H), 7,4
Extremo- (¢, 09 = 7,9, 0,9H), 7,06 (s ap.,
53b:  (9) 0,1H), 3,86-3,82 (m, 1H), 3,53 (s,
o 3H), 1,75-1,67 (m, 1H), 1,62-1,54
o. H (m, 1H), 0,88 (d, J = 7,3, 3H). TR
g ?; \[iLOH = 0,77 minuteocs (Cond. 2); CL/EM:
Anal. calc. para [M+Na]”
CeH11NNaQ, : 184,06; encontrado

184,07, EMAR Calc. para [M+Nal®
CeH11NNaQ, : 184, 0586; encontrado

184,0592,
Extremo- o RMN de *'H (DMSO-dg, 6 = 2,5 ppm,
54a: (R} ”O\H/n OH 500 MHz): & 12,48 (s, 1H), 17,58
Extremo- o (d, J = 7,6, 0,9H), 7,25 (s ap.,
54b: (8) 0,1H), 3,52 (s, 3H), 3,36-3,33 {(m,
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1H), 1,10-1,01 {m, 1H), 0,54-0,49
(m, 1H), 0,46-G,40 (m, 1H), Q,39-
0,35 {(m, 1H}, 0,31-0,21 {m, 1H).
EMAR Calc. para [M+H]® C;Hy,NO,:
174,0766; encontrado 174,0771

Extremo- RMN de “H (DMSO-ds, 8 = 2,5 ppm,
55 500 MHz): & 12,62 (s, 1H), 7,42
H 0 (d, J = 8,2, 0,%9H), 7,07 (s ap.,
/O\rrN\:)J\OH 0,1H), 5,80-5,72 (m, 1H), 5,10 (d,
0 = J = 17,1, 1H), 5,04 (4, J = 10,4,
W 1H), 4,01-3,96 (m, 1H), 3,53 (s,
3H), 2,47-2,42 (m, 1H), 2,35-2,29
{m, 1H). ' _
Extremo- RMN de "H (DMSO-d¢, & = 2,5 ppm,
56 L0 500 MHz): & 12,75 (s, 1H), 7,38
/OTN\i)J\OH (d, J = 8,3, 0,9H), 6,96 (s ap.,
0 3, 0,1H), 4,20-4,16 (m, 1H), 3,60-
| 3,55 {(m, 2H), 3,54 (s, 3H), 3,24
(s, 3H).
Extremo- RMN de ‘H (DMSO-ds, & = 2,5 ppm,
57 500 MHz): & 12,50 (s, 1H), 8,02
(@, J=17,7, 0,08H), 7,40 (d, J =
7,9, 0,76H), 7,19 (4, J = 8,2,
0,07H), 7,07 {(d, J = 6,7, 0,09H),
o H\)OL 4,21-4,12 (m, 0,08H), 4,06-3,97
WY oH (m, 0,07H), 3,96-3,80 (m, O,85H),

3,53 (s, 3H), 1,69-1,51 (m, 2H),
1,39-1,26 (m, 2H), 0,85 (t, J =
7,4, 3H). LC (Cond. 2): TR = 1,39
CL/EM: Aanal. calc. para [M+H]"

C7H14NQ, : 176,09; encontrado
176,06,
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Extremo- RMN de 'H (DMSC-d¢, & = 2,5 ppm,
58 500 MHz): 8§ 12,63 (s a, 1H), 7,35
(s,1H), 7,31 (d, J = 8,2, 1H),
H 0] 6,92 (s, 1H), 4,33-4,29 (m, 1H},
/O\H/Nn OH 3,54 (s, 3H), 2,54(dd, J = 15,5,
O NH, 5,4, 1H), 2,43 (dd, J = 15,6, 8,0,
0 1H). TR = 0,16 min (Cond. 2);
CL/EM: Andl. calc. para [M+H]"
CgH11N,05 : 191,07; encontrado
191,14,
Extremo- RMN de ‘O (DMSO-dg, § = 2,5 ppm,
59a: (R) 400 MHz): & 12,49 (s a, 1H), 7,40
Extremo- _ {d, 0 = 7,3, 0,88%H), 7,04 (s a,
59b: (9) 0 H 0 0,11H), 4,00-3,95 {m, 3H), 1,24
hi W/U\OH (da, J = 7,3, 3H), 1,15 (t, J =
° 7,2, 3H). EMAR: Andl. calc. para
[M+H]* CgH12NO, 5 162,0766;
encontrado 162,0771,
Extremo- El material en bruto se purificd
&0 con una HPLC de fase inversa
(H,0/MeOH/TFA) , produciendo un
aceite viscoso incoloro que
cristalizé, dando un sdélido de
color blanco después de la
0 Hzgﬁt exposicién a alto vacic. RMN de H
\Ig OH (DMSO-dg, & = 2,5 ppm, 400 MHz): &
12,38 (s a, 1H), 7,74 (s, 0,82H),
7,48 (s, 0,18H), 3,54/3,51 (dos g,
3H), 1,30 (m, 2H), 0,98 {(m, 2H).
EMAR: An&l. calc. para [M+H]®
CeH,oNO;, : 160,0610; encontrado
160, 0604,

00032
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Extremo- RMN de 'H (DMSO-ds, 6§ = 2,5 ppm,
61 400 MHz): & 12,27 (s a, 1H), 7,40
Ho] (s a, 1H), 3,50 (s, 3H), 1,32 (s,
-0 N7<¥\OH < +
\[r 6H) . EMAR: Andl. calc. para [M+H]
° C¢Hq2NO, : 162,0766; encontrado
162,0765,
Extremo- RMN de 'H (DMSO-d¢, & = 2,5 ppm,
62 400 MHz): 8§ 12,74 (s a, 1lH), 4,21
| (d, J = 10,3, 0,6H), 4,05 (4, J =
| C . 10,0, 0,4H), 3,62/3,60 {des
/O\H/N\:)J\OH singletes, 3H), 3,0 (s, 3H), 2,14-
0 _AL 2,05 (m, 1H), 0,95 (d, J = 6,3,
3H), 0,81 (4, J = 6,6, 3H). CL/EM:
Andl. calc. para [M-H] CgH14NOs:
188,09; encontradc 188,05,
Extremo- [Nota: la reaccidn  se dejo
63 proceder durante mas tiempc del
indicado para el procedimiento
o general.] RMN de 'H (DMSC-dg, & =
‘/O\H’H o 2,5 ppm, 400 MHz): 12,21 (s a,
5 1H), 7,42 (s a, 1H), 3,50 (s, 3H),
2,02-1,85 (m, 4H), 1,66-1,58 {m,
4H). CL/EM: Anal. calc. para
[M+H]"* CgHy4NO,: 188,09; encontrado
188,19,
Extremo- ) [Nota: Ta reaccidn se dejod
64 A proceder durante mis tiempo del
indicado para el procedimiento
y 0 general.] RMN de *H (DMSO-dg, & =
/ojrﬁzjf\OH 2,5 ppm, 400 MHz): 12,35 (s a,
o) 1H), 7,77 (s, 0,82H), 7,56/7,52
(solapamientc s a, O0,18H), 3,50

{s, 3H),
2,07 (m,

2,47-2,40 (m,
2H) ,

2H), 2,14-
1,93-1,82 (m, 2H).
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‘Extremo-65

OH

Se afiadid® gota a gota cloroformiato de metilo (0,65 ml,
8,39 mmol) durante 5 min a una mezcla enfriada (hielc-agua)
de Na,CO; (0,449 g, 4,23 mmol), NaOH (8,2 ml de 1 M/H;0, 8,2
mmol) vy acido (S)-2-amino-3-hidroxi-3-metilbutanoico (1,04 g,
7,81 mmecl). La mezcla de reaccidén se agitd durante 45 min.y
después el bafioc de refrigeracidén se retird y la agitacidn se
continud durante 3,75 h mas. La mezcla de reaccidn se lavd
con CHgCl; y la fase acuosa se enfrid® con un bafio de hielo-
agua y se acidificdé con HC1l concentrado a un valor de pH de
1-2. El componente volatil se retiré al vacio y el residuo se
recogid® en una mezcla 2:1 de MeOH/CH,Cl, (15 ml), se filtrd y
el filtrado se sometid® a evaporacidn rotatoria, produciendo
el Extremo-65 en forma de una espuma semi-viscosa de color
blanco (1,236 g). RMN de 'H (DMSO—dG,-S = 2,5 ppm, 400 MHz): §
6,94 (4, J = 8,5, 0,9 H), 6,53 (s a, 0,1H), 3,89 (d, J = 8,8,
1H), 2,94 (s, 3H), 1,15 (s, 3H), 1,13 (s, 3H).

Los Extremos-66 y -67 se prepararon a, partir de los

‘materiales de partida apropiados disponibles en el mercado

empleando el procedimientc descrito para la sintesis del

Extremo-65,

000323
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Extremo-66

5 RMN de *H (DMSO-dg, b = 2,5 ppm, 400 MHz): & 12,58 (s a,
1H), 7,07 (4, J = 8,3, 0,13H), 6,81 (d, J = 8,8, 0,867H),
4,10-4,02 {m, l,lSH), 3,91 (ad, J = 9,1, 3,5, 0,85H), 3,56
{s, 3H), 1,09-(d, J = 6,2, 3H). [Nota: sélo se indicaron las

sefiales dominantes de NH] .

10 ) Extremo-67
Yo
© OH

RMN de 'H (DMSO-d¢, & = 2,5 ppm, 400 MHz): 12,51 (s a,
15 1H), 7,25 (d, J = 8,4, 0,75H), 7,12 (d a, J = 0,4, 0,05H),
6,86 (s a, 0,08H), 3,95-3,85 (m, 2H), 3,54 (s, 3H), 1,08 (d,
J = 6,3, 3H). [Nota: s6lo se indicaron las seflales dominantes
de NH] .
Extremo-68

0]
“ /o\n,ﬁ\_)LOH
0 17¢o
O‘Bn

Se afladid gota a gota cloroformiato de metilo (0,38 ml,

4,9 mmocl) a una mezcla de NaOH 1 N (ac.) (9,0 ml, 9,0 mmol),
25




10

15

20

25

124 - 000325

NaHCO; 1 M (ac.) (9,0 ml, 9,0 mol), éster &-bencilico del
dcido L-aspartico (1,0 g, 4,5 mmol) vy dioxano (9 ml). .La
mezcla de reaccidén se agitdé en condiciones ambientales
durante 3 h y después se lavd con acetato de etilo (50 ml, 3
x). La fase acuosa se acidificé con HCl 12 N a un pH ~ 1-2 vy
se extrajo con acetato de etilo (3 x 50 ml). Las fases
organicas combinadas se Jlavaron con salmuera, sSe secaron
(Na,S0,), se filtraron Yy se concentraron ai vacio, produciendo
el Extremo-68 en forma de un aceite de color amarillo claro
(1,37 g; la masa estd por encima del rendimiento tedrico, vy
el producto se usd® sin purificacién adicional). RMN de 'H
(DMSO-ds, & = 2,5 ppm, 500 MH?): 6 12,88 (s a, 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 (d4dd,
J = 16,2, 5,5, 1H), 2,71 (dd, J =16,2, 8,3, 1H). LC (Cond.
25: TR = 1,90 min; CL/EM: Anal. Calc. bara [M+H]* C13H16NOg:
282,10; encontrado 282,12.

Extremo-69a y -69b

- © Exiremo-69a: enantiémero (R)

NN \[/lk on Extremo-68b: enantiémero (S)
Se afiadid en extracciones NaCNBH; (2,416 g, 36,5 mmol) a
una solucidén enfriada (~15°C) en agua (17 ml)/MeOH (10 ml) de
alanina (1,338 g, 15,0 mmol). Uncs minutos después, se afiadid

gota a gota acetaldehido (4,0 ml, 71,3 mmol) durante 4 min,
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el bafic de refrigeracidn se retird y la mezcla de reaccidn se
agitd en condiciones ambientales durante 6 h. Se afiadidé una
cantidad adicional de acetaldehido (4,0 ml) vy lalreaccién se
agitd durante 2 h. A la mezcla de reaccién se le afiadid
lentamente HCl hasta que el pH alcanzé -~1,5 y 1la mezcla
resultante se calentd durante 1 h a 40°C. La mayor parte del
componente volatil se vretiré al vacio y el residuc se
purificé con una resina de intercambio iénico Dowex @ 50WX8 -
100 (la columna se lavd con agua y el compuesto se eluyd con
NH4,OH diluido, preparado mezclando 18 ml de NH,OH y 282 ml de
agua), produciendo el Extremo-69 (2,0 g). en forma dg un
sélido higroscépico blando de color blanguecino. RMN de *H
(DMSO-dg, & = 2,5 ppm, 400 MHz): & 3,44 {(c, 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).

Los Extremos-70 a -74x se prepararon de acuerdo con el
procedimiento descrito para la sintesis del Extremo-69

empleando materiales de partida apropiados.

Extremo- RMN de 'H (DMSO-dg, & = 2,5 ppm,

70a: (R) 400 MHz): & 3,42 {c, J = 7,1, 1H),

Extremo- Lj 2,68-2,60 {m, 4H), 1,53-1,44 {m,
0

70b: (S5) N 4H), 1,19 (4, J = 7,3, 3H), 0,85

i j)\o“ (t, J = 7,5, 6H). CL/EM: Anal.
calc, para [M+H]' CoHoNO,: 174,15;
encontrado 174,13,

00032¢
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Extremo- RMN de 'H (DMSO-ds, & = 2,5 ppm,
7la: (R) 500 MHz): & 3,18-3,14 (m, 1H),
Extremo- \\ o 2,84-2,77 (m, 2H), 2,76-2,68 (m,
71b: () | \_N o 2H), 1,69-1,54 (m, 2H), 1,05 (t, J|.
= 7,2, 6H), 0,91 (t, J = 17,3, 3H).
CL/EM: Andl. calc. para [M+H]"
CgH1gNO5 : 160,13; encontrado
160,06,
Extremo- RMN de "H (DMSO-dgs, & = 2,5 ppm,
72 400 MHz): & 2,77—2,66_ {m, 3H),
\\ o 2,39-2,31 {m, 2H), 1,94-1,85 (m,
\/N o 1H), 0,98 (t, .J = 7,1, 6H), 0,91
(&, J = 6,5, 3H), 0,85 {(d, J =
6,5, 3H). CL/EM: Anal. calc. para
[M+H]* CgH,NO,: 174,15; encontrado
174,15,
Extremo- RMN de "H (DMSO-ds, & = 2,5 ppm,
73 \ Q 500 MHz): &6 9,5 (s a, 1H), 3,77
\/N\g)LOH (dd, J = 10,8, 4,1,1H), 3,69-3,61
_\O {m, 2H), 3,26 (s, 3H), 2,99-'2,88
| (m, 4H), 1,13 {t, J=7,2, 6H).
Extremo- RMN de "H (DMSO-dg, 6 = 2,5 ppm‘,
74 500 MHz): & 7,54 (s, 1H), 6,89 (s,
1H), 3,81 {t, J = 6,6, k,1H),
™ 9 2,82-2,71 (m, 4H), 2,63 (dd, J =
NN Ao 15,6, 7,0, 1H), 2,36 (dd, J =
0 15,4, 6,3, 1H), 1,09 (t, J = 7,2,
NH, 6H). TR = 0,125 minutos (Cond. 2);
CL/EM: An&dl. calc. para [M+H]"
CgH;7N205 : 189,12; encontrado
189,13,
Extremo- - 9 CL/EM: Andl. calc. para [M+H]?
7ax NN OH C1oH22NO; ¢ 188,17; encontrado
188,21
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Extremo-75

N 0

o)
I

Extremo-75, etapa a

O

o

CH.

Se aﬁadié NaBHsCN (1,6 g, 25,5 mmol) a wuna solucidn
enfriada (bafio de hielo/agua) en agua (25 ml)/metanol (15 ml)
de H-D-Ser-OBzl HCl (2,0 g, 8,6 mmol). Se afiadid gota a gota
acetaldehido (1,5 ml, 12,5 mmol) durante 5 min, el bahc de
refrigeracidén se retird y la mezcla de reaccidn se agitd en
condiciones ambientales durante 2 h. La reaccidén se
interrumpié cuidadosamente con HC1 12 N y se concentrd al
vacio. El residuo se disolvid en agua y se purificdé con una
HPLC de fase inversa (MeOCH/H,O/TFA), produciendo la sal TFA
de 2-(dietilamino)-3-hidroxipropancatoc de (R)-bencilo en
forma de un aceite viscoso incoloro (1,9 g). RMN de *H (DMSO-
d¢, 8 = 2,5 ppm, 500 MHz): & 9,73 (s a, 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). CL/EM (Cond. 2): TR = 1,38 min; CL/EM: Anal. -

calc. para [M+H]* Cy14H,,NO;: 252,16; encontrado 252,19.
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Extremo-75

Se afiadié NaH (0,0727 g, 1,82 mmol, al 60%) a una
solucién enfriada (hielo-agua) en THF (3,0 ml) de ia gsal TFA
de 2-(dietilamino)-3-hidroxipropancato de (R)-bencilo (00,3019
g, 0,8264 mmol) preparada anteriormente y la mezcla se agitd
durante 15 min. Se afiadid yoduro de metiio (56 pl, 0,90 mmol)
y la agitacidn se continud durante 18 h mientras se dejaba
descongelar el bafio en condiciones ambientales. La reaccidn
se interrumpidé con agua, se cargd sobre un ;artucho MCX (6 g)
preacondicionado con MeOH, y se lavd con metancl seguido de
elucidn del compuesto con NH; 2 N/Metancl. La retirada del
componente volatil al vacio  produjo el Extremo-75,
contaminado | con dcido (R)-2- (dietilamino)-3-
hidroxipropancico, . en forma de un semi-sélido de color

amarillo (100 mg). El1 producto se wusé tal cual sin

purificacidén adicional.

Extremo-76

)
‘Se afladié en extracciones NaCNBH; (1,60 g, 24,2 mmol) a
una solucidén enfriada (~15°C) en agua/MeOH (12 ml cada wuno)

de &cido (S) -4-amino-2- (terc-butoxicarbonilamino)butancico

(2,17 g, 9,94 mmol). Unos minutos mds tarde, se afiadid gota a
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gota acetaldehido (2,7 ml, 48,1 mmol) durante 2 min, el bafio
de refrigeracidén se retiré y la mezcla de reaccidn se agitod
en condiciones ambientales durante 3,5 h. 8Se afiadié una
cantidad adicional de acetaldehido (2,7 ml, 48,1 mmel) y 1la
reaccidén se agitd durante 20,5 h. La mayor parte del
componente de MeOH se retird al vacio y la mezcla restante se
tratd con HCl concentrade hasta que su pH alcanzd ~ 1,0 y
después se calentd durante 2 h a 40°C. El componente volatil
se retird al vacio y el residuc se tratd con HCl 4 M/dioxano
(20 ml) y se agitdé en condiciones ambientales durante 7,5 h.
El componente volatil se retird al vacio y el residuo se
purificé con resina de intercambio iénico Dowex ® 50WX8-100
(la columna se lavdé con agua y el compuestc se eluyd con
NH,OH diiuido, preparado a partir 18 ml de NH,OH y 282 ml de
agua) , produciendo el intermedio A&cido (S)-2-amino-4-
(dietilamino)butanoico en forma de un sélido de color
blanquecino (1,73 g).

Se afiadi® gota a gota clorocformiato de metilo (0,36 ml,
4,65 mmol) durante 11 min a una mezcla enfriada (hielo-agua)
de Na,CO; (0,243 g, 2,29 mmol), NaOH (4,6 ml de 1 M/H,0, 4,6
mmol) y el producto anterior (802,4 mg). La mezcla de
reacciébn se agitdé durante 55 min vy despuéé el bafo de
refrigeracién se retird y la agitacidén se continud durante
5,25 h mas. La mezcla de reaccidn se diluyd® con un volumen

igual de agua, se lavd con CH,Cl, (30 ml, 2 x) y la fase
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acuosa se enfrid con un bafio de hielo-agua y se acidificd con
HCl concentrado a uﬁ valor de pH de 2. Después, el componente
volatil se retird al vacio y el material en bruto se liberd
de la base con resina MCX (6,0 g; la columna se lavd ¢on agua
y la muestra se eluyd con NH; 2,0 M/MeOH), produciendo el
Extremo-76 iﬁpuro en forma de un sélido de coclor blanguecino
(704 mg). RMN de 'H (MeOH-d,, & = 3,29 ppm, 400 MHz): & 3,99
(da, o = 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. calc. pafa [M+H]* C1oH21N3;04: 233,15; encontrado
233,24.

Extremo-77a y -77b

O

OH
N

Extremo-77a: enantiomero-1

;b Extremo-77b: enantiémero-2
La sintesis del Extremo-77 se realizd de acuerdo con el
procedimiento descrito para el Extremo-7  usando 7-
azabiciclo[2.2.1]lheptano para la etapa de desplazamiento de
SN, y realizando la separacidén enantiomérica del intermedio
2-(7-azabiciclo[2.2.1]heptan-7-1il)-2-fenilacetato de bencilo
usandce las siguientes condiciones: el intermedio (303,7 mg)
se disolvid en etanol y la solucidn resultante se inyectd en
una columna de HPLC quiral (columna Chiracel AD-H, 30 x 250

mm, 5 um) eluyendo con CO, al 90%-EtOH al 10% a 70 ml/min, y
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a una temperatura de 35°C, proporcionando 124,5 mg del
enantiémero-1 y 133,8 mg del enantidmero-2. Estos ésteres
bencilicos se hidrogenolizarpn de acuerdo con la preparacidn
del Extremo-7, proporcionando el Extremo-77: RMN de 'H (DMSO-
d¢, 00 = 2,5 ppm, 400 MHz): & 7,55 {m, 2H), 7,38-7,30 (m, 3H),
4,16 (s, 1H), 3,54 (s a ap., 2H), 2,08-1,88 (m, 4‘H), 1,57-
1,46 (m, 4H)l LC (Cond. 1): TR = 0,67 min; CL/EM: Anal. calc.
para [M+H}" C14H1sNOz: 232,13; encontrado 232,18, EMAR: ‘Anal.
calc. para [M+H]* C;43H;gNO,: 232,1338; encontrado 232,1340.

Extremo-78
@\/?1\

T OH
Y7/N\//

Se afladidé NaCNBH; (0,5828 g, 9,27 mmol) a una mezcla de
la sal HC1 de &cido (R)-2-(etilaminc)-2-fenilacético (un
intermedio en la sintesis del Extremo-3; 0,9923 mg, 4,60
mmol) vy (1—e£oxiciclopropoxi)t;imetiléilano (1,640 g, 9,40
mmol) en MeCH (10 ml) y 1la mezcia semi-heterogénea se calentd
a SO;C con un bafio de aceite durante 20 h. Se aﬁédieron mas
cantidad de (l-etoxiciclopropoxi)trimetilsilano (150 mg, 0,86
mmol) y NaCNBH; (52 mg, 0,827 mmol) y la mezcla de reaccidn
.se calentd durante 3,5 h mas. Después, se dejd enfriar a
temperatura ambiente, se acidificé a un valor de pH de ~2 con

HCl concentrado, la mezcla se filtrd y el filtrado se sometid
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a evaporacidén rotatoria. El material en bruto resultante se
recogié en 1i-PrOH ({6 ml), se calentd para producir la
disclucién, la parte no disuelta se retird por filtracidén y
el filtrado se concentrd al vacio. Aproximadamente 1/3 del
material en bruto resultante se purificé con una HPLC de fase
inversa (H,0/MeOH/TFA), produciendo la sal TFA del Extremo-78
en forma de un aceite viscoso incoloro (353 mg). RMN de ‘H
(DMSO-ds, & = 2,5 ppm, 400 MHz; después del intercambio de
D,0): & 7,56-7,49 (m, S5H), 5,35 (8, 1H), 3,35 (m, 1H), 3,06
(s a ap., 1H), 2,66 {m, 1H), 1,26 (¢, J = 7,3, 3H), 0,92 (m,
1H), 0,83-0,44 {m, 3H). LC (Cond. 1): TR = 0,64 min; CL/EM:
Anal. calc. para [M+H]" C)3H3gNO,: 220,13; encontrado 220,21,
EMAR: Anal. calc. para [M+I:-I]+ C13H15NO,: 220,1338; encontrado
220,1343.

Extremo-79

N
&
Se burbujed ozono a través de una solucidén enfriada (-
78°C) en CH,Cl, (5,0 ml) del Extremo-55 (369 mg, 2,13 mmol)
durante aproximadamente 50 min hasta que la mezcla de

reaccidén alcanzdé un tinte de color azul. Se afiadidé Me,S (10

gotas de pipeta) y la mezcla de reaccidn se agitd durante 35
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min. E1 bafio a -78°C se reemplazd por un bafio a -10°C, la
agitacién se continudé durante 30 min mas y después él
componente volatil se retiré al vacio, produciendo un aceite
viscoso incoloro.

Se_aﬁadié NaBH;CN (149 mg, 2,25 mmol) a una solucidn en
MeOH (5,0 ml) del material en bruto anterior y morfolina (500
pl, 5,72 mmol) vy 1la mezcla se agitdé en condiciones
ambientales durante 4 h. Se enfridé a la temperatura de un
bafic de hielo-agua y se tratd con HCl concentrado, llevandc
su pH a ~2,0, y después se agité durante 2,5 h. El compcnente
volatil se retird al vacio y el residuo se purificdé con una
combinacién de resina MCX (lavada con MeOH; elucidn con NH;
2,0 N/MeOH) y una HPLC de fase inversa (H,0/MeOH/TFA),
produciendo .el Extremo-79 que contenia una cantidad
desconocida de morfolina.

Con el fin de consumir el contaminante de morfolina, el
material anterior se disolvid en CH,Cl; (1,5 ml), se tratd con
Et;N (0,27 ml, 1,%4 mmol) seguido de»anﬁidrido acético (0,10
ml, 1,06 mmol) y se agitd en condiciones ambientales durante
18 h. Se afadieron THF (1,0 ml) y H,O (0,5 ml) y la agitacién
se continudé durante 1,5 h. El componente volatil se retird al
vacio y el residuo resultante se pasd a través de resina MCX
{lavada con MeOH; elucién con NH; 2,0 N/MeOH), produciendo el
Extremo-79 impuro en forma de un aceite pardo viscoso, que se

usd para la siguiente etapa sin purificacidén adicional.
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Extremo-80a y -80b

CH Extremo-80a: diastereémero S/S
@] Extremo-80b: diasteredémero S/R

0~a¢<}
\

Se afladidé gota a gota SOCl, (6,60 ml, 90,5 mmol} durante
15 min a una mezcla enfriada (hielo-agua) de &cido (S8)-3-
amino-4- (benciloxi) -4-oxobutanoico (10,04 g, 44,98 mmol) vy
MeOH‘(30b ml), el baflo de refrigeracidn se retix® y la mezcla
de reaccidn se agitd en condiciones ambientales durante 29 h.
La mayor parte del componente voldtil se retiré al vacio vy el
residuc se repartid cuidadosamente entre EtOAc (150 ml) y una
solucién saturada de NaHCO,. La fase acuosa se extrajo con
EtOAc (150 ml, 2 x), y la fase organica combinada se secd
(MgsS0,), se filtrd y se concentré al vacio, produciendo 4-
metil 2-aminosuccinato de (S)-l-bencilo en forma de un aceite
incoloro (9,706 g). RMN de 'H (DMSO-d¢, & = 2,5 ppm, 400 MHz) :
g 7,40-7,32 (m, 5H), 5,11 (s, 2H), 3,72 (t ap., 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): TR = 0,90 min;
CL/EM: Andl. calc. para [M+H]® CioH;gNO,: 238,11; encontrado
238,22,

Se anadidé Pb{NO,) (6,06 g, 18,3 mmel) durante 1 min a

una solucién en CH,Cl, (80 ml) de 4-metil 2-aminosuccinato de

25 (S)-1l-bencilo. (4,50 g, 19,0 mmol), 9-bromo-9-fenil-9H-
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fluorenc (6,44 g, 20,0 mmol) vy Et3N (3,0 ml, 21,5 mmol) 'y la
mezcla heterogénea se agitd en -condiciones ambientales
durante 48 h. La mezcla se filtrd, el filtrado se tratd con
ﬁgSO4 y se filtrd de nuevo y el filtrado final se concentrd:
El material en bruto resultante se sometidé a una purificacidn
Biotage (350 g de gel de silice, elucidén con CH,Cl,),
produciendo 4-metil 2-(9—fenil—9H-fluoreh-9-ilamino}succinato
de ksj-l—bencilo en forma de un aceite incoloro muy viscoso
(7,93 g). RMN de 'H (DMSO-d¢, & = 2,5 ppm, 400 MHz): & 7,82
(m, 2H), 7,39-7,13 {(m, 16H), 4,71 (4, J = 12,4, 1H), 4,51 (&,
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 disoclvente).
LC (Cond. 1): TR = 2,16 min; CL/EM: Andl. calc. para [M+H]}"
C31H23NO,: 478,20; encontrado 478,19.

Se afiadié gota a gota LiHMDS (9,2 ml de 1,0 M/THF, 9,2
mmol) durante 10 min a una solucién enfriada (-78°C) en THF
(50 ml) de 4-metil 2-(9-fenil-9H-fluoren-9-ilamino)succinato
de (8)-1-bencilo (3,907 g, 8,18 mmol) y se agitd durante -~1
h. A la mezcla se le afiadié gota a gota MeI (0,57 ml, 9,2
mmol) durante 8 min y la agitacién se continud durante 16,5 h-
mientras el bafioc de refrigeracién se dejaba descongelar a
temperatura ambiente. Después de inactivar con una solucién
saturada de NH,Cl (5 ml), la mayor parte del componente
organico se retird al vacio y el résiduo se repartid entre

CH;Cl, (100 ml) y agua (40 ml). La fase orgdnica se secd
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(Mgs0Q,), se filtrd y se concentrd al vacio y el material en
bruto resultante se purificd con un Biotage (350 g de gel de
silice; EtOAc al 25%/hexanos), produciendo 3,65 g de una
mezcla diastereomérica 28/38 y 28/3R de 4-metil 3-metil-2-(9-
fenil-9H-fluoren-9-ilamino)succinato de 1l-behicilo en una
proporcién ~1,0:0,65 (RMN de 'H). La estereoquimica del
isémero dominante no se determindé en esta coyuntura, y la
mezcla se sometid a la siguiente etapa sin separacidn. Datos
parciales de RMN de 'H (DMSO-ds, & = 2,5 ppm, 400 MHz):
diasteredmero principal, & 4,39 (d, J = 12,3, 1H de CH;)},
3,33 (s, 3H, solapado éon seflal de H,0), 3,50 (d, J = 10,9,
NH), 1,13 {(d, J = 7,1, 3H); diastereéméro minoritario, © 4,27
(d, J =12,3, 1H de CH;), 3,76 (d, J = 10,9, NH), 3,64 (s,
3H), 0,77 (4, J = 7,0, 3H). LC (Cond. 1): TR = 2,15 min;
CL/EM: Aﬁél. calc. para [M+H]' CiHyoNOs: 492,22; encontrado
492,15.

Se afiadié gota a gota hidruro de diisobutilaluminio
(20,57 ml de 1,0 M en hexanos, 20,57 mmol) durante 10 min a
una sclucidén enfriada (-78°C) en THF (120 ml) de 4-metil 3-
metil-2-(9-fenil-9H-fluoren-9-ilamino)succinato de (25} -1-
bencilo (3,37 g, 6,86 mmol) preparada anteriormente y se
agitd a -78°C durante 20 h. La mezcla de reaccidn se retird
del bafic de refrigeracidn, se vertid rapidamente en H;PO, ~1
M/H,O (250 ml) con agitacién y la mezcla se extrajo con éter

{100 ml, 2 x). La fase orgdnica combinada se lavé con

000337
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salmuera, se secd (MgS0O,), se filtrb y se concentrd al vacio.
se preparé.una malla de gel de silice del material en bruto y
se sometid a cromatografia (EtOAé al 25%/hexanos; elucidn por
gravedad), produciendo 1,1 g de 4-hidroxi-3-metil-2-(9-fenil-
9H>fluorenv9—ilamind)butanoato - de (25,35) -bencilo,
contaminado con alcohol bencilico, en forma de un aceite
viscoso incolofo y 4-hidroxi-3-metil-2-{9-fenil-9H-fluoren-9-
ilamino)butanoato de (25,3R) -bencilo que contenia el
estereoisdmero (28,3R) como una impureza. La Gltima muestra
se sometid de nuevo a las ﬁismas condiciones de purificacidn
por cromatografia en columna, produciendo 750 mg de material
purificado en forma de una espuma de color blanco. [Nota: el
isbmero (25,35) eluye antes que el isbmero (2S5,3R) en las

condiciones anteriores]. Isémero {(2S5,35): RMN de 'H (DMSO-ds,

'§ = 2,5 ppm, 400 MHz): 7,81 (m, 2H), 7,39-7,08 (m, 16H), 4,67

{d, J = 12,3, 1H), 4,43 (4, J = 12,4, 1H), 4,21 (t ap., J =
5,2, oH), 3,22 (4, J = 10,1, NH), 3,17 (m’.lH)' 3,08 (m,‘lH),
~2,5 (m, 1H, solapado con la sefial del disclvente), 1,58 {m,
1H), 0,88 (d, J = 6,8, 3H). LC'(Cond. l): TR = 2,00 min;
CL/EM: Anal. calc. para [M+H]® C;3,H30NO;: 464,45; encontrado
464,22. Isémero (25,3R): RMN de 'H (DMSO-d¢, & = 2,5 ppm, 400
MHz): 7,81 (d, J = 7,5, 2H), 7,39-7,10 (m, LGH), 4,63 (d, J =
12,1, 1H), 4,50 (t ap., J = 4,9, 1H), 4,32 (d, J = 12,1, 1H),
3,59-3,53 (m, 2H), 3,23 (m, 1H), 2,44 (d4, J = 9,0, 8,3, 1H),

1,70 (m, 1H), 0,57 (4, J = 6,8, 3H). LC (Cond. 1): TR = 1,92
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min; CL/EM: Anal. calc. para [M+H]"' C;3;H3NO;: 464,45;
enceontrado 464,52.

Las asignaciones estereoquimicas relativas de los
productos de réduccién con DIBAL se prepararon basandose en
estudios NOE realizados sobre derivados de lactona preparados
a partir de cada isdmero empleando el siguiente protocolo: se
afiadié LiHMDS (50 pl de 1,0 M/THF, O,OSImmol) 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 (28,38) -bencilo
(62,7 mg, 0,135 mmol) y la mezcla de reaccidén se agitd a una
temperatura similar durante ~2 h. El1 componente volatil se
retird al vacio y el residuo se repartid entre CH,Cl; (30 ml),

agua (20 ml) y una solucidn acucsa saturada de NH, Cl (1 ml).

La fase organica se secd (MgSQO,), se filtx0 y se concentrd al

vacio y el material en brutc resultante se sometidé a una
purificacién Biotage (40 g de gel de silice; EtOAc al 10-
15%/hexanocs) , produciendo (35,485)-4-metil-3-(9-fenil-9H-
ﬁluoren—B—ilamino)dihidrofuran-2(3H)-ona en forma de una
pelicula incolora de sdélido f28,1 mg) . Se elabord 4-hidroxi-
3-metil-2-({9-fenil-9H-fluoren-S5-ilamino)butancato de {23, 3R)-
bencilo de una wanera similar a {(35,4R)-4-metil-3-(9-fenil-
9H—fluéren-9—ilamino)dihidrofuran—2(3H)—ona. Isdmero de
(35,45) -lactona: RMN de 'H (DMSO-d¢, & = 2,5 ppm, 400 MHz),
7,83 (d, J = 7,5, 2H), 7,46-7,17 (m, 11H), 4,14 (t ap., J =

8,3, 1H), 3,60 (d, J = 5,8, NH), 3,45 (t ap., J = 9,2, 1H),

000339



10

15

20

25

139 _ : 000340

~2,47 (m, 1H, parcialmente solapado con la sefial del
disolvente), 2,16 (m, 1H), 0,27 (d, J = 6,6, 3H). LC (Cond.
1): TR = 1,98 min; CL/EM: An&l. calc. para-[M+Na]+(h4HﬁNNaOy
378,15; encontrado 378,42. Isdmero de (35,4R)-lactona: RMN de
'H (DMSO-d¢, & = 2,5 ppm, 400 MHz), 7,8% (d, J = 7,6, 1H),
7,85 (4, J = 17,3, 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, g = 6,8, 3, NCH), 1,55 (m, 1H), 0,97 (d, J = 7,0, 3H).
LC (Cond. 1): TR = 2,03 min; CL/EM: An&l. calc. para [M+Nal]"®
C;4H;3:NNaQ,: 378,15; encontrado 378,49.

Se afladieron TBDMS-Cl1 (48 mg, 0,312 mmol) seguido de
imidazol (28,8 mg, 0,423 mmol) a una solucidén en CH,Cl, (3 ml)
de 4-hidroxi-3-metil-2-(9-fenil-9H-fluoren-9-
ilamino}butanocato de (25,38)-bencilo (119,5 mg, 0,258 mmol) Yy
la mezcla se agitd en condiciones ambientales durante 14,25
h. Después, la mezcla de reaccidn se diluyé con CH,Cl, (30
ml), se lavdé con agua (15 ml) y la fase orgénica se secd
(MgS0,), se filtrd y se concentrd al vacio. El material en
bruto resultante se purificé con un Biotage (40 g de gel de
silice; EtOAC al 5%/hexanocs) , produciendo 4-(terc-
butildimetilsililoxi)-3-metil-2-(9-fenil-9H-fluoren-9-
ilamino)}butanocato de (25,38) -bencilo, contaminado con
impurezas basadas en TBDMS, en forma de un aceite viscoso
incoloro (124,4 mg). Se elabord 4~hidroxi~3—metil—2—(9—fe£il—

9H-fluoren-S-ilamino) butancato de (25,3R)-bencilc de forma
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similar a 4—(terc—butiidimetilsi1iloxi)—3—metil-2—(9—fenil—
9H-fluoren-9-ilamino)butancatc de {25,3R)-bencilo. Isdmeroc de
éter de (25,35)-sililo: RMN de 'H (DMSO-dg, 8§ = 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 (4, 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, 9H), -0,13 (s, 3H), -
0,16 (s,‘3H). LC (Cond. 1, donde el tiempo de modalidad se
prolongd hasta 4 min): TR = 3,26 min; CL/EM: Andl. calc. para
[M+H]* C3,H4NO3S8i: 578,31; encontrado 578,40. Isdmero de éster
de (25,3R)-sililo: RMN de 'H (DMSO-ds, & = 2,5 ppm, 400 MHz),
7,82 (4, J = 3,0, 1H), 7,80 (4, J = 3,1, 1H), 7,39-7,10 (m,
16H),_4,66 (d, 0 = 12,4, 1H), 4,39 (4, J = 12,4, 1H), 3,61
(dd, J = 9,9, 5,6, 1H), 3,45 (d, J = 9,5, 1lH), 3,41 (d4, J =
10, 6,2,_1H), 2,55 (dd, J = 9,5, 7,3, 1H), 1,74 }m, 1H), 0,77
(s, 9H), 0,61 (4, J = 7,1, 3H), -0,06 (s, 3H), —0,0é (s, 3H).
Se adhiridé un globo de hidrdgeno a una mezcla de 4-
(terc-butildimetilsililoxi}-3-metil-2-(9-fenil-9H-fluoren-9-
ilamino)butancato de (25,38)-bencilo (836 mg, 1,447 mmcl) vy

Pd al 10%/C (213 mg) en EtOAc (16 ml) y la mezcla se agitd a

- temperatura ambiente durante ~ 21 h, momento en el que el

globo se recargd con H, segin fue necesario. La mezcla de
reaccidn se diluyd con CHp;Cl, y se filtrd a través de una capa
de tierra de diatomeas (Celite-545%) vy 1la capa se lavd con

EtOAc {200 ml), EtOAc/MeOH (mezcla 1:1, 200 ml) y MeOH (750

000341
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ml). La fase orxrgdnica combinada se concentrd, se prepard una

malla de gel de silice a partir del material en bruto
resultante y se sometid a una cromatografia ultrarripida
(mezcla 8:2:1 de EtOAc/i-PrOH/H,0), produciendo &acido
(2S,BS)—2—amino—4-(terc—butildimetilsili;oxi)—3—
metilbutancico en forma de un sdlido esponjoso de color
blanco (325 mg). Se elabord 4-(terc-butildimetilsililoxi)-3-
metil-2- (9-fenil-9H-fluoren-9-ilaminoc)butanoato de (25,3R)-
bencilo de forma similar a &cide (2S,3R)-2-amino-4-(terc-
butildimetilsililoxi)-3-metilbutancico. Isdmero de (25,385)-
amino &cido: RMN de 'H (Metanol-d,, & = 3,29 ppm, 400 MHz),
3,76 (d4d, 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. calc. para [M+H}"
C11H2gNO3S1i: 248,17; encontrado 248,44. Isdmero de {25,3R)-
amino acido: RMN de 'H (Metanol-d,, & = 3,29 ppm, 400 MHz),
3,76-3,75 {m, 2H), 3,60 (d, J = 4,1, 1H), 2,16 (m, 1H), 1,06
(da, g9 = 7,3, 3H5, 0,91 (s, 9H), 0,09 (s, €H). Anadl. calc.
para [M+H]* C711H25N03Si: 248,17; encontrado 248,44.

Se afnadieron agua (1 ml) y NaOH (0,18 ml de 1,0 M/H;0,
0,18 mmol} a una mezcla de &cido (28,38)-2-amino-4- (terc-
butildimetilsililoxi)-3-metilbutancico (41,9 mg, 0,169 mmol)

Yy Na,Co; (11,9 mg, 0,112 mmol) y se sonicaron durante

aproximadamente 1 min para realizar la disolucidén de 1los

reactivos. Después, la mezcla se enfrid con un bafio de hielo-

000
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agua, se éﬁadié cloroformiato de metilo (0,02 ml, 0,259 mmol)
durante 30 s y 1la agitacidn vigoroéa se continud a ﬁna
temperatura similar durante 40 min y después a temperatura
ambiente durante 2,7 h. La mezcla de reaccién se diluyé con
agua (5 ml}, se enfridé con un bafio de hielo—agua y se tratd
gota a gota con una éolucién acuosa 1,0 N de HCl (~0,23 ml).
La mezcla se .diluyé adicionalmente con agua (10 ml) y se
extrafo con CH;Cl, (15 ml, 2 x). La fase orgénica combinada se
secd (MgSO.), se filtrd y se concentrd al vacio, produciendo
el Extremo-80a en forma de un sélido de color blénquecino..Se
elabord &cido (25,3R)-2-amino-4-(terc-butildimetilsililoxi) -
3-metilbutanoico de forma similar al Extremo-80b. Extremo-
80a: RMN de 'H (DMSO-dg¢, 6 = 2,5 ppm, 400 MHz), 12,57 (s a,

1H), 7,64 (4, J = 8,3, 0,3H), 7,19 (4, J

1l
o]
[0.¢)

0,7H), 4,44
(dd, . g = 8,1, 4,6, 0,3H), 4,23 (4, J = 8,7, 4,4, 0,7H),
3,56/3,53 (dos singletes, 3H), 3,48-3,40 (m, 2H), 2,22-2,10
{m, 1H), 0,85 (s, 9H), ~0,84 (d, 0,9H, solapado con seflal de
t-Bu), 0,79 (4, J =7, 2,1H), 0,02/0,01/0,00 (solapamientc de
tres singletes, 6H). CL/EM: Andl. calc. para [M+Nal”’
C13Hy,NNaOsSi: 328,16; encontrado 328,46, Extremo-80b: RMN de
*H (CDCli;, & = 7,24 ppm, 400 MHz), 6,00 {(d a, 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 = 10,6, 4,8, 1H), 2,35 (m, 1H),
1,03 (@, J = 7,1, 3H), 0,90 (s, 9H), 0,08 (s, 6H). CL/EM:

Anal. calc. para [M+Nal® Cy3H;sNNaOsSi: 328,16; encontrado
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328,53. Los productos en bruto se utilizarcn sin purificacién
adicicnal,

Extremo-81

Se prepard de acuerdo con el protocolo descrito por Falb
et al. Synthetic Communications 1993, 23, 2839.
Extremo-82 a Extremo-85

Del Extremo-82 a Extremo-85 se sintetizaron a partir de

10
materiales de partida apropiados de acuerdo con el
procedimiento descrito para el Extremo-51 o el Extremo-13.
Las muestras mostraron perfiles espectrales similares a los
de sus enantiémeros - (es decir, Extremo-4, Extremo-13,
15 Extremo-51 y Extremo-52, respectivamente).-
O
o_N & i o N i Hog
-~ “ N
) o T G T e
O Fh o o
Extremo-82 Extremo-83 Extremo-84 Extremo-85
20
Extremo-86
MeO,CHN
S0
OMeOH

A una mezcla de O-metil-L-treonina (3,0 g, 22,55 mmol) vy
25 '
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NaOH (0,902 g, 22,55 mmol) en H,O (15 ml) se le afladié gota a
gota ClCO,Me (1,74 ml, 22,55 mmol) a 0°C. La mezcla se dejd
en agitacién duraﬁte 12 h y se acidificd a pH 1 usando HCl1l 1
N. La fase acucsa se extrajo con EtOAc (2 x 250 ml) y MeOH al
10% en CHﬁﬂQ (250 ml) y las fases organicas combinadas se
concentraron al vacio, produciendo un aceite incoloro (4,18
g, 97%) que era de suficiente pureza para el uso en etapas
posteriores. RMN de 'H (400 MHz, CDCl;) & 4,19 (s, 1H), 3,92-

3,97 (m, 1H), 3,66 (=, 3H), 1,17 (d, J = 7,7 Hz, 3H). CLEM:

" Anal. calc. para C;Hi;3NOs: 191; encontrado: 190 (M-H) .

Extremo-87

M HN
E(izi/:\(o
HO OH

A una mezcla de L-homoserina (2,0 g, 9,79 mmol} y Na,CO;
(2,08 g, 19,59 mmol) en HO0 (15 ml) se le afiadid gota a gota
ClCO,Me (0,76 ml, 9,79 mmol) a 0°C. La mezcla se dejd .en
agitacién durante 48 h y se acidificé a pH 1 usando HC1 1 N.
La fase acucsa se extrajo con EtOAc (2 x 250 ml) y las fases
orgédnicas combinadas se concentraron al vacio, produciendo un
s6lido incoloro (0,719 g, 28%) que era de suficiente pureza
para el uso en etapas posteriores. RMN de 'H (400 MHz, CDCl,)
6 4,23 (dd, J = 4,5, 9,1 Hz, 1H), 3,66 (s, 3H), 3,43-3,49 (m,
2H) , 2,Q8 - 2,14 (m, 1H), 1,82 ~- 1,89 (m, 1H). CLEM: 2anal.

calc. para C;H;aNO5: 191; encontrado: 192 (M+H)®*.
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Extremo-~-88

N
7\
— N__H 0
Una mezcla de L-valina (1,0 g, 8,54 mmol} , 3-

bromopiridina (1,8 ml, 18,7 mmol), K;CO; (2,45 g, 17,7 mmol) vy
Cul (169 mg, 0,887 mmol) en DMSO (10 mkl) se calentd a 100°C
durante 12 h. La mezcla de reaccidn se enfrid a ta, se wvertid
en H,O0 (aprox. 150 ml) vy s'e lavé con EtOAc (x 2). Las fases
orgénicas se extrajeron con una pequefia cantidad de HyO y las
fases ac. éombinadas se acidificaron aprox. a pH 2 con HCl 6
N. El volumen se redujo a aproximadamente un tercib Yy se
afladieron 20 g de resina de intercambio catidnico ({(Strata).
La suséensién se dejdé en reposo durante 20 min y se cargd
sobre una capa de resina de intercambio catidnicc (Strata)
(aprox. 25 g) . La capa se lavd con H;O (200 ml), MeOH (200
ml}, y después NH; (3 M en MeOH, 2 x 200 ml). Las fracciones
apropiadas se concentraron al vacio y el residuo (aprox. 1,1
g) se disolvié en H,O0, se congeld y se 1liofilizdé. E1

compuesto del titulo se obtuvo en forma de una espuma (1,02

o\

g, 62%). RMN de 'H (400 MHz, DMSO-d¢) & 8,00 (s, a, 1H), 7,68
7,71 (m, 1H), 7,01 (s, a, 1H), 6,88 (d, J = 7,5 Hz, 1H),
5,75 (s, a, 1H), 3,54 (s, 1H), 2,04 - 2,06 (m, 1H), 0,95 (4,

J = 6,0 Hz, 3H), 0,91 (d, J = 6,6 Hz, 3H). CLEM: Anal. calc.
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para CioH14N;05: 194 encontrado: 195 {M+H) .

Extremo-89 .

Una mezcla de L-valina (1,0 g, 8,54 mmol) , 5-

bromopirimidina (4,03 g, 17,0 mmol), K,CO; (2,40 g, 17,4 mmol)

Yy Cul (179 mg, 0,94 mmol) en DMSO (10 ml) se calentdé a 100°C

durante 12 h. La mezcla de reaccidén se enfrid a TA, se vertid
en H,O0 (aprox. 150 ml) y se lavé con BtOAc (x 2). Las fases
organicas se extrajeron coﬁ una pequefia cantidad de H;O y las
fases ac. combinadas se acidificaron a aprox. pH 2 con HC1l 6
N. El volumen se redujo a aproximadamente un tercio y se
aladieron 20 g de resina de intercambio catiénico (Strata).
La suspensidn se dejd® en reposo durante 20 min y se cargd
sobre una capa de resina de intercambio catidénico (Strata)
(aprox. 25 g). la capa se lavd con H,0 (200 ml), MeOH (200
ml), y después NH; (3 M en MeOH, 2 x 200 ml). Las fracciones
apropiadas se concentraron al vacio y el residuo (aprox. 1,1
g) se disolvié en H,0, se congeld y se liofilizé. E1
compuesto del titulo se obtuvo en forma de una espuma (1,02
g. 62%). La RMN de 'H (400 MHz, CD,;0D) mostrd® que la mezcla
contenia valina y no pudo estimarse la pureza. El material se

usdé tal cual en reacciones posteriores. CLEM: Anal. calc.
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para CgH;3N3;0,: 195; encontrado: 196 (M+H)™.

Extremo-90

CO,H

5 El Extremo-90 se prepard de acuerdo con el procedimiento

=2

descrito para la preparacién del Extremo-1. El1l material en

bruto se usd tal cual en etapas posteriores. CLEM: Anal.
calc. para C;3HisNO;: 193; encontrado: 1%2 (M-H) .

Los siguientes extremos se prepararon de acuerdo con el

10 procedimiento usado pafa la preparacién_-del extremo 51 a

menos que se indique lo contrario:

Extremo Estructura CLEM
Extremo-91 NHCO,Me CLEM: Anal. calc. para C;;H;3NO,:
COzH 223; encontrado: 222 (M-H) .
15 '
Extremo-92 NHCO,Me CLEM: Anal. calc. para C;;H;3NO,:
©/\/002H 223; encontrado: 222 (M-H) .
Extremo-93 | CLEM: Anal.  caic. para
O
Yoo CioH12MN20,: 224; encontrado: 225

{M+H) *.

' HN,
20
=
X

Extremo-94

CLEM: Anal. calc. para CgH;;N;O,:

“ OH
|
N
O
<§]rz\1/ﬂ\OH 213; encontrado: 214 (M+H}".
N HNw(O\.
0 _

H

25 -
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Extremo-95 0 CLEM: Anal. calc. para Cy3H;-NO,:
\OJ\NH o 251; encontrado: 250 (M-H).
o
Extremo-96 o) CLEM: Anal. calc. para CipHisNO4:
)LNH 0 237; encontrado: 236 (M-H) .
OH
Extremo-97 | 0 CLEM: Andl. calc. para CyHisNO4:
O)LNH o 201; encontrado: 200 (M-H) .
‘ | ‘
@"‘J\OH
Extremo-98 0 CLEM: Anal. calc. para CgHisNO,:
O)J\NH 0 201; encontrado: 202 (M+H)".
Shs
Extremo-99 0 RMN de "H (400 MHz, CD;OD) &
O/U\NH 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
CO,H - 1,71 {(m, 2H).
Extremo- o) RMN de °'H (400 MHz, CD,OD) &
99a O)kNH 3,88 - 3,94 (m, 1H), 3,60, 3,61
; (s, 3H), 2,80 (m, 1H), 2,20 {(m
Q 1H), 1,82 - 1,94 (m, 3H), 1,45
TOzH - 1,71 (m, 2H).
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Extremo- 0 CLEM: Anal. calc. para
100 \O)LNH 0 C15H14NO4F: 255; encontrado: 256
(M+H) .
OH :
F
Extremo- CLEM: Anal, calc. para C;;Hi3NO,:

O
101 \O/U\NH 223; encontrado: 222 (M-H) .

Extremo- CLEM: Anal. calc. para C11H13NO, :

O
102 \OJ\NH 223; encontrado: 222 (M-H)~

Extremo- 0 CLEM: Anal. calc. para
103 \O)LNH C10H12N204 H 224 H encontrado: 225
H (M+H) *.
COzH
N
S [
Extremo- RMN de *H (400 MHz, CD;0D) §
HN CO,H
104 o 3,60 (s, 3H), 3,50 - 3,53 (m,
/o 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).
Extremo- RMN de *'H (400 MHz, <CD,OD) &
HNie COZH
105 O=< 3,60 (s, 3H), 3,33 - 3,35 (m,
/O 1H, parcialmente oscurecido por
el disqlvente), 2,37 - 2,41 vy
2,16 - 2,23 (m, 1H), 1,94 -

2,01 (m, 4H), 1,43 - 1,53 (m,
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2H), 1,17 - 1,29 (m, 2H).
Extremo- —\ RMN de “H {400 MHz, CDsOD) 3§
106 __/N_<C:j>-coﬂ4 3,16 (¢, J = 7,3 Hz, 4H), 2,38
- 2,41 (m, 1H), 2,28 - 2,31 {m,
Se prepard al|2H), 1,79 - 1,89 (h, 2H), 1,74
partir de 4&acido| (ap., ddd J = 3,5, 12,5, 15,8
cis-4- Hz, 2H), 1,46 {(dt ap., J = 4,0,
aminociclohexano | 12,9 Hz, 2H), 1,26 (t, J = 7,3
carboxiliceo v | Hz, 6H)
acetaldehido
empleando un
procedimiento
similax al \
descrito para la
sintesis del
Extxemo—z, La

sal HC1 en bruto

se pas® a través

de MCX {lavada
con
MeOH/H,0/CH,Cl,;

elucidn con NH; 2
N/MeOH) ,

produciendo un
aceite, que se
disolvid en
CH;CN/H,0 y se
liofilizé,
produciendo un
sd6lido de color
castaflo.
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Extremo- 0 CLEM: anal, calc. para
107 <$]T/\1/ﬂ\OH CgHi1oN,0,S: 230; encontrado: 231
- +
S HNTO\ (M+H) ™.
O
Extremo- 0 CLEM: Anal. calc. para
108 éT]/”\rJ\OH CysH17N30,: 303; . encontrado: 304
N HN\H/O\ (M+H) ",
PhJ o)
Extremo- 0 CLEM: Anal. calc. para
109 \\OJLNH C10H12N04: 224 encontrado: 225
\ - (M+H) *.
CO,H
N
Extremo- 0 CLEM: Anal. calc. para
110 ‘\O)LNH CioH12N2Cy: 224; encontrado: 225
- (M+H) *.
CO,H
|
N
Extremo- 0 CLEM: Anal. calc. para
111 \OJ\NH C12H 6NOgP: 333; encontrado: 334
- (M+H) *.
CO,H :
w O
P
N
MeO OH
Extremo- 0 CLEM: Anal. calc. para
112 ‘\O/H\NH Ci13HuuN,Q, 1 262; encontrado: 263
- M+H)*.
CO,H ( )
N
NH
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Extremo- 0 CLEM: Andl. calc. para CigH;NOs:
113 "\OJLNH 329; encontrado: 330 (M%H)*.
~coH
OBn
Extremo- CO,Me RMN de "H {400 MHz, CDCl;} 3
114 [:E\ 4,82 - 4,84 {(m, 1H), 4,00 -
COzH 4,05 (m, 2H), 3,77 (s, 3H),
2,56 (s, a, 2H)
Extremo- CO,H RMN de 'H (400 MHz, CDCl;) &
115 NHCO,Me 5,13 (s, a, 1H), 4,13 (s, a,
1H), 3,69 (s, 3H), 2,61 (4, J =
5,0 Hz, 2H}), 1,28 {d, J = 9,1}
Hz, 3H).
Extremo- RMN de 'H (400 MHz, CDCl;) 3
116 CO,H 5,10 (4, J =.8,6 Hz, 1H), 3,74
NHCO,Me - 3,83 (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).

Extremo-117 a Extremo-123

Para la preparacién del Extremo-117 a Extremo-123, los

aminoacidos

de Boc se

obtuvieron a

partir de

fuentes

comerciales y se desprotonaron por tratamiento con TFA al 25%

en CH2C12 .

se determind® mediante andlisis por CLEM,
retiraron

aminocacido

al

se

Después de que se completara la reaccidn,

vacio vy

carpbamoild con cloreoformiate de

sal TFA

acuerdo con el procedimiento descrito para el Extremo-51,

tal como
los disolventes se

correspondiente del

metilo de
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Extremo Estructura CLEM
Extremo- 0 CLEM: Andl. calc. para
117 \O)LNH 0 C1oH1sNO,: 237; encontrado:
) +
OH 238 (M+H)".
Extremo- 0 CLEM: Anal. calc. para
118 \O)LNH 0 CioH13NO4S: 243, encontrado:
- \ 244 (M+H)*.
OH
~ 3
Extremo- o) CLEM: Anal. calc. para
119 /U\_ C10H13NO4S: 243; encontrado:
244 (M+H)".
Extremo- 0 CLEM: Anal. calc. para
120 \O/lLNH 9] C10H1aNO,S: 243; encontrado:
244 (M+H)".
OH
N
\_d |
Extremo- 0 RMN de "H (400 MHz, CDCl;) 38
121 \OJ\NH 4,06 — 4,16 {(m, 1H), 3,63 (s,
- COZH 3H) ’ 3,43 (S, lH) ; 2,82 Y
2,66 (s, a, 1H), 1,86 - 2,10
{m, 3H), 1,64 - 1,76 (m, 2H),
1,44 - 1,53 (m, 1H).
Extremo- 0 El perfil de RMN de 'H es
122 \OJ\NH similar al de su
.wCOZH enantiémero, Extremo-121.
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Extremo- 0 CLEM: An&al. calc. para

NH
123 o>\— CosHa6N;0g: 474; encontrado:

O. o 475 {(M+H)*.

Extremo-124

0O
H

0O

La sal clorhidrato de éster terc-butilico de L-treonina
se carbamoildé de acuerdo con el procedimiento para el
Extremo-51. La mezcla de reaccidén en bruto se acidificé con
HCl 1 N a pH ~1 y la mezcla se extrajo con EtOAc (2 x 50 ml).
Las fases orgénicas combinadas se concentraron al vaclo,
dando un aceite incoloro que solidificéd deépués de un periodo
de repéso. La fase acuosa se concentrd al vacio, 1la mezcla»
resultante del producto y las sales inorganicas se triturd
con EtOAc-CH,Cl,-MeOH (1:1:0,1) y después la fase organica se
concentrd al vacio, dando un aceite incecloro que se demostrd
mediante analisis por CLEM que era el producto deseado. Las
dos extracciones se combinéron, dando 0,52 g de un sdélido.
RMN de 'H (400 MHz, CD;OD) & 4,60 (m, 1H), 4,04 (@, J = 5,0
Hz, 1H), 1,49 (d, J = 6,3 Hz, 3H). CLEM: Anal. calc. para

CsHNO,: 145; encontrado: 146 (M+H)®'.
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Extremo-125

/
BocHN OH
A una suspensién de PA(CH),, (20%, 100 mg), formaldehido

acuoso (al 37% en peso, 4 ml) y &acido acético (0,5 ml) en

metanol (15 ml) se 1le afiadié acido (S)-4-amino-2-(terc-
butoxicafbonilamino)butanoico (L g, 4,48 mmol). La reaécién se
purgdé varias veces con hidrégeno y se agitd durante una noche
con un globo de hidrégeno a temperatura ambiente. La mezcla de
reaccién se filtrd a través de una capa de. tierra de diatomeas
(celite®) y el componente volatil se retird al vacio. El material
en bruto resultante se usé tal cual para la siguiente etapa.
CL/EM: Anal. calc. para CiiHpN,04: 246; encontrado: 247 (M+H)'.

Extremo-126

//‘“NMe N//"NMe
P CICO,Me, NaHCO; =

H,N7 Sco,H  THR/H0/0°C  MeO,CHN™ “CO,H

cj-25 extremo-126
Este procedimiento es una modificacidn del usado para
preparar el Extremo-51. A una suspensidén de 3-metil-L-
histidina (0,80 g, 4,70 mmol) en THF (10 ml) y H,O (10 ml) a
0°C se le afiadid NaHCO; (0,88 g, 10,5 mmol). La mezcla

resultante se tratd con ClCO,Me (0,40 ml, 5,20 mmol) vy la

mezcla se dejdé en agitacién a 0°C. Después de agitar durante
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aprox. 2 h, el andlisis por CLEM no mostrd material de partida
restante. La reaccidn se acidificdé a pH 2 con HCl 6 N.
Los disolventes se retiraron al vacio y el residuo se
suspendi® en 20 ml de MeCH al 20% en CHyCl,. La mezcla se filtrd vy
5 se concentrd, dando una espuma de color amarillo claro (1,21 g).
Los andlisis por CLEM y RMN de ‘H mostraron que el material era una
mezcla 9:1 del éster metilico y el productc deseado. Este material
se recogid® en THF (10 ml) y HO (10 ml), se enfrid a 0°C y se
afiadié LiOH (249,1 mg, 10,4 mmcl). Después de agitar durante
10 aprox. 1 h, el analisis por CLEM no mostrd éster restante. Por lo
tanto, la mezcla se acidificd con HC1 6 N y los disclventes se
retiraron al vacio. Los andlisis por CLEM y RMN de 'H confirmaron
ia ausencia del éster. El compuesto del titulo se obtuvo en forma
de su sal HCl contaminada con sales inorgénicas (1,91 g, >100%).
15 El1 compuesto se usd tal cual en etapas posteriores sin
purificacién adicional. RMN de *H (400 MHz, CD,OD) & 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 (a4, J = 4,5, 15,6 Hz, 1H, parcialmente oscurecido
por el disolventé), 3,12 (dd, J = 9,0, 15,6 Hz,.lH).CLEM: Anal.
20 calc. para CsHi;3N;O4: 227,09; encontrado: 228,09 (M+H)*.

Extremo-127

MeN MeN
<\N \ CICO,;Me, NaHCO4 <\N

HoN~ > CO,H THF/H,0/0°C  MeO,CHN” ~CO,H

¢j-26 extremo-127

25
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El Extremo-127 se prepard de acuerdo con el procedimiento
para el Extremo-126 anterior partiendo de écido (8) -2-amino-3-
(1-metil-1H-imidazol-4-il)propanoice (1,11 g, 6,56 mmol),
NaHCO; (1,21 g, 14,4 mmol) y ClCO;Me (0,56 ml, 7,28 mmol). El
compuesto del titulo se obtuvo en forma de su sal HCl1 (1,79 g,
>106%) contaminada con sales inorganicas. Los andlisis por CLEM
y RMN de 'H mostrarcn la presencia de aprox. un 5% del éster
metilico. La mezcla en bruto se usd tal cual sin purificacidn
adicional. RMN de H (400 MHz, CD,OD) & 8,90 (s, 1H), 7,35 (s,
lH), 4,48 (dad, J = 5,0, 8,6 Hz, 1H), 3,89 (s, 3H), 3,62 (s,
3H), 3,35 {m, 1H), 3,08 (m, 1H); CLEM: Anal. calc. para
CoH13N30,: 227,09; encontrado: 228 (M+H)™.

Preparacién del Extremo-128

Ph—\
Chz-Cl/ DMAP N
BnBr / CuSO,- ‘
| CH,Cly /iPENEL | nBr / CuSO,-5H,0 NG |
ascorbato sédico
0°C
BocHN ™ ~CO,H BocHN” co,Bn  NaNs/DMF/H0  gocHN”~co,Bn
cj-27a G-27b 85°C/12h Gj-28
F’h'—\
N HN
; H, / Pd-C ;
1) TFA 1 CH,Cl, N, | 2 N, |
N MeOH
2) CICO,Me / NaHCO;
THF-Hzo MEOZCHN COan MeOZCHN COzH
¢j-29 extremo-128

Etapa 1. Preparacidn de 2-(terc-butoxicarbonilamino)pent-4-

ionato de (8)-bencilc (cj-27b).

BocHN™ "CO,Bn
G-27b
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A una solucién de cj-27a (1,01 g, 4,74 mmol), DMAP (58
mg, ‘0,475 mmol) e iPr,NEt (1,7 ml, 9,8 mmol) en CH,Cl, (100
ml) a 0°C se le afiadié Cbz-Cl (0,68 ml, 4,83 mmovl). La
solucidn se dejd en agitacidn durante 4 h a 0°C, se lavd
5 (KHSOy; 1 N y salmuera), se secd (Na,S0,), se filtrd y se
concentxd al vacio. El residuo se purificé por cromatografia
en columna ultrarrdpida (TLC, 6:1 de hex:EtOAc), dando el
compuesto del titulo (1,30 g, 91%) en forma de un aceite
incoloro. RMN-de 'H (400 MHz, CDCl;) & 7,35 (s, S5H), 5,35 (d,
10 a, J = 8,1 Hz, 1H), 5,23 (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, lH),. 1,44 (s, 9H). CLEM: BAnal. calc. para
C17H;1NO,: 303; encontrado: 304 (M+H)'.
Etapa 2. Preparacidén de 3-(l-bencil-1H-1,2,3-triazol-4-11)-2-
15 (terc-butoxicarbonilamino)propancato de (S)-bencilo (cj-28).

Ph“—*\

N, |
N

W)

BocHN CO5Bn
cj-28

20 A una mezcla de 2-(terc-butoxicarbonilamino)pent-4-
ionato de (S) -bencilo (0,50 g, 1,65 mmol), ascorbato sddico
(0,03.6 g, 0,18 mmol), CuS0s-5H,0 (0,022 g, 0,09 mmol) y NaN,
{0,13 g, 2,1 mmcl) en DMF-H,0 (5 ml, 4:1) a ta se le afladid
BnBr (0,24 ml, 2,02 mmol) y la mezcla se calentd a 65°C.

‘25 Después de 5 h, el andlisis por CLEM indicd una baja
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conversién. Se afiadié una porcidn adicional de NaN; (100 mg)
y el calentamiento se continud durante 12 h. La reaccidn se
vertid en EtOAc y H,O0 y se agitd. Las fases se separaron, la
fase acuosa se extrajo 3 veces con EtOAc y la fase organica
combinada se lavdé (H;O x 3 vy salmuéra), se secdO {(Na,80,), se
filtrd y se concentrd. E1 residuo se purificd de forma
ultrarrdpida (Biotage, 40+M, MeOH al 0-5% en CH,Cl,; TLC, MeOH
al 3% en CH,Cl;), produciendo un aceite de color amarillo
claro que solidificé después de un periodo de reposo (748,3
mg, 104%). El1 andlisis por RMN fue coherente con el producto
deseado pero sugiere la presencia de DMF. El material se usd
tal cual sin purificacién 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, 1lH),

1,31 (s, 9H).
CLEM: Andl. calc. para C,3H,gN;0,: 436; encontrado: 437 (M+H)".
Etapa 3. Preparacién de 3-(l-bencil-1H-1,2,3-triazol-4-il)-2-

(metoxicarbonilamino)propanocato de (S)-bencilo (cj-29).

MeO,CHN" “CO,Bn
cj-29

A una solucidén de 3-(l-bencil-1H-1,2,3-triazol-4-1il) -
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2- (terc-butoxicarbonilamino) propancato de (S)—bencilo
(0,52 g, 1,15 mmol) en CH,Cl, se le afiadié TFA (4 ml). La
mezcla se dejdé en agitacidédn a temperatura ambiente durante
2 h. ALa mezcla  se coﬁcentré al wvacio, dando un aceite
incoloro gue solidificd después de un periodo de reposo.
Este material se disolvid en THF-H;O0 y se enfridé a 0°C. Se
afladidé NaHCO; sbélido (0,25 g, 3,00 mmol) seguido de
ClCO,Me (0,25 ml, 3,25 mmol). Después de agitar durante
1,5 h, la mezcla se acidificé a pH ~2 con HCl 6 N vy
después se vertid en H,0-EtOAc. Las fases se separaron y
la fase ac. se extrajo 2 veces con EtOAc. Las fases org.
combinadas se lavaron (H,O0 vy salmuera), se secaron
(Na;S04), se filtraron y se concentraron al vacio, dando
un éceite incoloro (505,8 mg, 111%. El analisis por RMN
sugirid la presencia de una impureza no identificada) que
solidificé mientras permanecia en reposo en la bomba. El
material se usdé tal cual sin purificacidén adicional. RMN
de 'H (400 MHz, DMSO-d¢) 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 =
i2,7 Hz, 1H), 5,06 (d, J = 12,7 Hz, 1H), 4,32 - 4,37 {(m,
1H), 3,49 (s, 3H), 3,09 {(ad, J = 5,6, 14,7 Hz, 1H), 2,98
(dd, o = 9,6, 14,7 Hz, 1H). CLEM: Anal. calc. para

Cy1H23N Oy : 394; encontrado: 395 (M+H)*.
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Etapa 4. Preparacidén de &cido (S)-2-(metoxicarbonilamino)-3-
(1H-1,2,3-triazol-4-1il)propancico (Extremo-128).

HN
N

\

(N3

N

5 | MeO,CHN" ~CO,H
Extremo-128

Se hidrogend 3-(1-bencil-1H-1,2,3-triazecl-4-il)-2-
(metoxicarbonilamino)propancato de (S)-bencilo (502 mg, 1,11
mmol) en presencia de Pd-C (82 mg) en MeOH (5 ml) & presidn

10 atmosférica durante 12 h. La mezcia se filtrd a través de
tierra de diatomeas (Celite®) y s=e concentrd al vacio. Se
obtuvo &cido (8)-2-(metoxicarbonilamino)-3-(1H-1,2,3-triazol-
4-ii)propanoico en forma de una goma incolora (266 mg, 111%)

<

que estaba contaminada con aprox. un 10% del éster metilico.
15 El material se usd tal cual sin purificacidn adicionai. RMN
de 'H (400 MHz, DMSO-d¢) & 12,78 (s, a, 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, 1H), 2,96 (44, J = 9,9, 15,0
Hz, 1H). CLEM: An&l. calc. para C;H;oNsO4: 214} enconﬁrado: 215
20 (M+H)*.

Preparacién del Extremo-129

1Y N? N/
i N= A
(l:i HN -/ ,\',} 1) H, Pd-C / MeOH /[N}

CbzHN O CH3CN/50°C CbzHN CO,H 2) CICO,Me MeO,CHN CO,H

Cj-30 ‘ Cj—31 NaHCO3 ! THF-Hzo extremo-129

25
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Etapa 1. Preparacidén de &cido (S)-2-(benciloxicarbonilamino) -

3-(1H-pirazol-1-il}propanoico (cj-31).

L

CbzHN” ~CO,H
¢j-31

Una suspensidén de 2~oxooxetan—3—i1carbamato de (9)-
bencilo (0,67 g, 3,03 mmol) y pirazol (0,22 g, 3,29 mmol) en
CH;CN (12 ml) se calentd a 50°C durante 24 h. La mezcla se
enfrié a ta durante una noche y el s6lido se filtrd,
produciendo dcido (S)—2—(benciloxicarbonilamino)-3~(1H—
pirazol-1-il)propanoico (330,1 mg). El filtrado se concentrd
al wvacic y después se triturd con una pequenia cantidad de
CH;CN (aprox. 4 ml), produciendo una segunda extraccidn (43,5
mng) . Rendimiento total 370,4 mg (44%). p.f£. 165,5 - 168°C.
p.£. 1lit. 168,5 - 169,5 [Vederas et al. J. Am. Chem. Soc.
1985, 107, 7105]. RMN de *H (400 MHz, CD;OD) & 7,51 (4, J =
2,0, 1H), 7,48 (s, J = 1’5' Hz, 1H), 7,24 - 7,34 {(m, SI;i), 6,23
m, 1H), 5,05 (4, 12,7 H, 1H), 5,03 (d, J = 12,7 Hz, 1H), 4,59
- 4,66 (m, 2H), 4,42 - 4,49 (m, 1H). CLEM: Anal. calc. para

C14H1:N30,4: 289; encontrado: 290 (M+H)™.

000363
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Etapa 2. Preparacién de 4cidc (S)-2- (metoxicarbonilamino)-3-

(1H-pirazol-1-il)propanoico (Extremo-129).

L

MeO,CHN" "CO,H
extremo-129

Se hidrogend acido (S)-2;(benciloxicarbonilamino)—3—(1H—
pirazol-1-il)propanoico (0,25 g, 0,70 mmol) en presencia de
Pd-C (45 mg) en MeOH (5 ml) a presidn atmosférica durante 2
h. El producto parecia ser insoluble en MeOH, por lo;que la
mezcla de reaccidén se diluy® con 5 ml de H,0 vy uﬁas gotas de
HCl 6 N. La solucidén homogénea sevfiltré a través de tierra
de diatomeas (Celite?®) y el MeOH se retirdé al vacio. La
solucidén restante se congeld y se liofilizd, dando una espuma
de coior amarillo (188,92 mg). Este material se suspendid en
THF-H,O (1:1, 10 ml) y después se enfrid a 0°C. A la mezcla
fria se le afiadid cuidadosamente NaHCO; (146,0 mg, 1,74 mmol)
(desprendiﬁiento de COz). Después de que <cesara el
desprendimiento de gas (apro#. 15 min), se afiadid gota a gota
ClCO,Me (0,06 ml, 0,78 mmol). La mezcla se dejé en agitacién
durante 2 h, se acidificé a pH ~2 con HCl 6 N y se vertid en
EtOAc. Las fases se separaron y la fase acucsa se extrajo con
EtOAc. (x 5). Las fases orgdnicas combinadas se lavaron

(salmuera), se secaron (Na;S0,) , se filtraron y se

concentraron, dando el compuesto del titulo en forma de un
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sélido incoloro (117,8 mg, 79%). RMN de 'H (400 MHz, DMSO-dg)
& 13,04 (s, 1H), 7,63 {(d, J§ = 2,6 Hz, 1H), 7,48 {4, J = 8,1
Hz, 1H), 7,44 (d, j = 1,5 Hz, 1H), 6,19 (t ap., J = 2,0 Hz,
1H), 4,47 (d4d, J = 3,0, 12,9 Hz, 1H), 4,29 - 4,41 (m, 2H),

5 3,48 (s, 3H) . CLEM: Anal. calc. para CgH;i1N;0,: 213;
encontrado: 214 (M+H)".

Extremo-130

»

10 ACHN™ “CO,H
E; Extremo-130 se prepard® por acilacidén de (R) -
fenilglicina disponible en el mercado de forma analoga al
procedimiento dado en: Calmes, M.; Daunis, J.; Jacquier, R.;
Verducci, J. Tetrahedron, 1987, 43(10), 2285.

15 Extremo-131

.Bn OH
O
)Yom : o A
.Bn —_— o
© HN
NH; . HN \fo \f
N

HCI PN

(e o)

~N<
Etapa a: Se afiadid lentamente cloruro de dimetilcarbamoilo
20 (0,92 ml, 10 mmol) a una solucidén de clorhidrato de 2-amino-
3-metilbutanocato de (S)-bencilo (2,44 g; 10 mmdl) y base de
Hunig (3,67 ml, 21 mmol) -en THF (50 ml). La suspensién de
color blanco resultante se agitd a temperatura ambiente
durante wuna noche (16 horas) y se concentrd a presién

25 reducida. El residuo se repartid entre acetato de etilo vy
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agua. La fase organica se lavd con. salmuera, se secd (MgSO,),
se filtrd y se concentrd a presién-reducida. El aceite de
color amarillo resultante se purificd por cromatografia
ultrarrapida, eluyendo‘ con acetato de etilo:hexanos (1:1).
Las fracciones recogidas se concentraron al vacio,
proporcionéndo 2,35 g (85%) de un aceite transparente. RMN de
'H (300 MHz, DMSO-d¢) & ppm 0,84 (4, J = 6,95 Hz, 3H), 0,89
(d, 3 = 6,59 Hz, 3H), 1,98-2,15 (m, 1H), 2,80 (s, 6H), 5,01-
5,09 (m, J = 12,44 Hz, 1H), 5,13 (4, J = 12,44 Hz, 1H), 6,22
(d, J = 8,05 Hz, 1H), 7,26-7,42 (m, 5H). LC (Cond. 1): TR =
1,76 min; MS: Andl. calc. para [M+H]* CigH»oNp05: 279,17;
encontrado 279,03.

Etapa b: A una solucidén en MeOH (50 ml) Del intermedic
preparado anteriormente (2,35 g; 8,45 mmol) se le afiadid pd/C
{al 10%; 200 mg) y la suspensidn de coler negrc resultante se
lavd abundantemente con N; (3 X) y se pusc en 1 atm de H,. La
mezcla se agitd a temperatura ambiente durante una noche y se
filtrd a través de un filtro de microfibras para retirar el
catalizador. Después, la solucidn transparente resultante se
concentrd a presién reducida, obteniendo 1,43 g (89%) del
Extremo-131 en forma de una espuma de color blanco, gque se
usé sin purificacién adicional. RMN de *H (500 MHz, DMSO-d¢) &

ppm 0,87 (d, J = 4,27 Hz, 3H), 0,88 (4, J 3,97 Hz, 3H),

1,93-2,11 (m, 1H}, 2,80 (s, 6H), 3,90 (dd, J

i1H), 5,93 (4, J = 8,54 Hz, 1H), 12,36 (s, 1H). LC (Cond. 1):

8,39, 6,87 Hz,

A00158
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TR = 0,33 min; MS: Andl. calc. para [M+H]" CgHysN,03: 189,12;

encontrado 189, 04.

Extremo-132

OH

Q \T)§

\T)L,Bn —_— @]
(@]

.HN O

NHi e

HCI AN

El Extremo-132 se prepard a partir de clorhidrato de 2-
amincpropanoato de (S) -bencilo de ‘acuerdé con el
procedimiento descrito para el Extremo-131. RMN de 'H (500
MHz, DMSO-dg¢) & ppm 1,27 (d, J = 7,32 Hz, 3H), 2,80 (s, sH)
4,06 (ct, 1H), 6,36 (d, J = 7,32 Hz, 1H), 12,27 (s, 1H). LC
(Cond. 1): TR = 0,15 min; MS: Anal. calc. para [M+H]"
CgH13N,05;: 161,09; encontrado 161, 00.

Extremo-133

0 OH
)\HLOX - . )ﬁ/&o
NH, HNYO
HCI O~
F .
El Extremo-133 se prepard® a partir de clorhidrato de 2-
amino-3-metilbutancato de (S)-terc-butilo y cloroformiato de

2-fluoroetilo de acuerdo con el procedimiento descrito para

el Extremo-47. RMN de 'H (500 MHz, DMSO-d¢) & ppm 0,87 (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).

000367
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Extremo-134

o - ‘ OH
OH ——» o
NH, HNﬁéo
O

El Extremo-134 se prepard a partir de (S)-dietil alanina
y cloroformiato de ‘metilo de acuerdo con el procedimiento
descritc para el Extremo-51. RMN de *H (500 MHz, DMSO-dg) &
ppmAO,72—O,89 (m, 6H), 1,15-1,38 (m, 4H), 1,54-1,66 (m, 1H),
3,46-3,63 (m, 3H), 4,09 {(dd, J = 8,85, 5,19 Hz, 1H), 7,24 (4,
J = 8,85 Hz, 1H), 12,55 (s, 1H). LC {(Cond. 2): TR = 0,66 min;
CL/EM: Andl. calc. para [M+H].+ CgH.3NO,: 204,12; encontrado
204,Q2.

Extremo-135

HO

/N\

Una solucidn de 4&cidec D-2-amino- (4-fluorofenil)acético
(338 mg, 2,00 mmol), HCl 1 N en éter dietilico (2,0 ml, 2,0
mmcl) y formalina {(al 37%, 1 ml) en metancl (5 ml) se sometid
a hidrogenacidén en globo sobre paladio al 10% sobre carbono
(60 mg) durante 16 h a 25°C. Después, la mezcla se filtrd a
través de Celite, produciendo la sal HCl del Extremo-135 en

forma de una espuma de color blanco (316 mg, 80%). RMN de 'H

0002368
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(300 MHz, MeOH-d,) & 7,59 (dd, J = 8,80, 5,10 Hz, 2H), 7,29
‘(t, J = 8,6 Hz, 2H),‘5,l7.(s, 1H), 3,05 fs muy a, 3H), 2,63
(s muy a, 3H); R, = 0,19 min {(Cond.-MS-W5); indice de
homogeneidad del 95%; LRMS: Andl. calc. para [M+H]" CygH13FNO;:

5 _198,09; encontrado: 198,10.

Extremo-136
N O
[\> q

N OH

10

A una suspensién enfriada (-50°C) . de 1l-bencil-1H-

imidazol (1,58 g, 10,0 mmol) en éter dietilico anhidro (50

ml) en atmésfera de nitrdégeno se le afiadidé gota a gota n-
butillitio (2,5 M en hexanos, 4,0 ml, 10,0 mmol). Después de

45 agitar durante 20 min a -50°C, se burbujed didxido de carbono
seco (pasado a través de Drierite) en la mezcla de reaccién
durante 10 min antes K de que se dejara calentar a 25°C. El
precipitado pesado que se formdé después de la adicidén de
diéxido de carbono a la mezcla de reaccién se £filtrd,

20 Produciendo un sdlido higroscdpico de color blanco que se
recogid en agua (7 ml), se acidificdé a pH = 3, se enfrid y se
indujo su. cristalizacidn con raspado. La filtracién de este
precipitado dio un sé6lido de color blanco que se suspendid en
metanol, se tratd coﬁ HC1 1 N/éter dietilico (4 ml) y se

25 concentrd al vacio. La liofilizacién del residuo en agua (5
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ml) produjo la sal HCl del Extremo-136 en forma‘de un soélido
de color blanco (817 mg, 40%). RMN de 'H (300 MHz, DMSO-dg)} §
7,94 (4, J = 1,5 Hz, 1H), 7,71 (4, J = 1,5 Hz, 1H), 7,50-7,31
{m, SH), 5,77 (s, 2H); R = 0,51 min (Cond.-MS-W5); indice de
homogeneidad del 95%; LRMS: Anal. Calc. para [M+H]"' C11H;1pN20,:
203,08; encontrado: 203,11.

Extremo-137

SN

~ozN

COgH

Extremo-137, etapa a

Una suspensioén dé l-cloro-3-cianoisoquinclina (188 mg,
1,00 mmol; preparada de acuerdo con el procedimiento del
documento WO 2003/099274) (188 mg, 1,00 mmolf, fluorurc de
cesio (303,8 mg, 2,00 mmol), dicloruro de bfs(tri-terc—
butilfosfina)paladio (10 mg, 0,02 mmol) Yy 2-
(tributilestannil) furano .(378 pl, 1,20 mmol) en diqxano
anhidro (16 ml) en atmésfefa de nitrdgeno se calentd a 80°C
durante 16 h antes de enfriarse a 25°C y se tratd con una
solucidén acuosa saturada de fluoruro potdsico con agitacidn

vigeorosa durante 1 h. La mezcla se repartid® entre acetato de

000370



10

15

20

25

170 ' 600371

etilo y agua y la fase organica se separ®, se lavd con
salmuera, se secd sobre Na,80,, se fiitré y se concentrd. La
purificacién del residuo sobre gel de silice (elucidn con
acetato de etilo del 0% al 30%/hexanos) produjo el Extremo-
137, etapa a en forma de un-sélido de color blanco que se usd
tal cual (230 mg, 105%). R = 1,95 min (Cond.-MS-W2); iIndice
de. homogeneidad del 90%; LRMS: Anal. | Calc. para [M+H]®
C14HgN,0: 221,07; encontrado: 221,12. |

Extremo-137

\CN

=N

COzH

A una suspensidén del Extremo 137, etapa a, (110 mg, 0,50
mmol) y peryodato sdédico (438 mg, 2,05 mmol) en tetracloruro
de carbono (1 ml), acetonitrilo (1 ml) y agua (1,5 ml) se 1le
anadidé triclorurc de zrutenio hidrato (2 mg, 0,011 mmol). La
mezcla se aéité a 25°C durante 2 h y después se repartid
entr_e diclorometanc y agua. La fase acuosa se separd, se
extiajo dos veces mas lCOI’_l diclorometano y los extractos de
diclorometano combinados se secarcn sobre Na;S0Q,, se filtrarcn
Y se concentraron. La trituracidn del reéiduo con hexanos
produjo el Extremo-137 (55 mg, 55%) en forma de' un sélido de
color grisadceo. Ry = 1,10 min (Cond.-MS$-W2); indice de
homogeneidad del 90%; CLEM: Anal. Calc. para [M+H]" C11HgN0; :

200,08; encontrado: 200,08.
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Extremos 138 a 158

Estrategia Sintética. Procedimiento A.

. -~ ™,
OH o~ o 0 0
= 35%% =y mCPBA = TMSCN Xy, NaOH5N SN
N THE N oM /Nir TEA, ACN. _N  85°C N
BMCL 2001, ,
5 11, 1885-1888. N OH
Extremo-138
~o0
=
=N
CO,H
10

Extremo-138, etapa a

=
~N

A una suspensién agitada de 5-hidroxisoquinolina
15 (preparada de acuerdo con el procedimiento del documento WO
2003/099274) (2,0 g, 13,8 mmel) y trifenilfosfina (4,3 g,
16,5 mmol) en tetrahidrofurano seco (20 ml) se 1e-aﬁadieron
en porciones metancl seco (0,8 ml) y azodicarboxilato de
dietilo (3,0 ml, 16,5 mmol). La mezcla se agitdé a temperatura
20 ambiente durante 20 h antes de diluirse con acetato de etilo,
se lavé con salmuera, se secd sobre Na,S0O;, se filtrdé y se
concentrd. El residuo se preabsorbid sobre gel de silice y se
purificd (elucidn con acetato de etilo al 40%/hexanos),
produciendo el Extremo-138, etapa a en forma de un sdélido de

25  olor amarillo claro (1,00 g, 45%). RMN de 'H (CDCl,, 500 MHz)
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$ 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);
R. = 0,66 min (Cond. D2); 1indice de homogeneidad del 95%;
CLEM: Andl. Calc. para [M+H]® CioHioNO: 160,08; encontrado
160,10.

Extremo-138, etapa b

AN
N+
e \0—-

A una solucidén agitada del Extremo 138, etapa a (2,34 g,
14,7 mmol) en diclorometano anhidro (50 ml) a temperatura
ambiente se le afiadi® en una porcidén acido meta-
clorcperbenzoico (77%, 3,42 g, 19,8 mmol). Después de agitar
durante 20 h, se anadio carbonato potéasico en polve (2,0 g) vy
la mezcla se agitd durante 1 h a temperatura ambiente antes
de filtrarse y se concentrarse, produciendo el Extremo—‘lBB,
etapa b en forma de un sdélido de color amarillo péalido que
era lo suficientemente pufo para llevarlec a continuacidn
(2,15 g, 83>,3%). RMN de 'H (CDCl,, 400 MHz) &6 8,73 (d, J = 1,5
Hz, 1H), 8,11 (dd, J = 7,3, 1,7 Hz, 1H), 8,04 (d, J = 7,1 Hz,
1), 7,52 (¢, 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); Ry = 0,92 min, (Cond.-D1);
indice de homogeneidad del 90%; CLEM: Andl. Calc. para [M+H]'

C10H19pNO,: 176,07; encontrado: 176,0.

000373
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Extremo-138, etapa c¢

o

“

ZN

CN
A una solucidén agitada del Extremo 138, etapa b (0,70 g,
4,00 mmol) y trietilamina (1,1 ml, 8,00 mmol) en acetonitrilo
seco (20 ml) a temperatura ambiente en atmdésfera de nitrdgeno
se le anadid cianuro de trimetilsililo (1,60 ml, 12,00 mmol).
La mezcla se calentd a 75°C durante 20 h antes de enfriarse a
températura ambiente, se diluyé con acetato de etilo y se
lavé con una solucién saturada de bicarbonato sédico vy
salmuera antes de secarse sobre Na,S0, y de la concentracién
del disolvente. El1 residuo se sometidé a cromatografia
ultrarridpida sobre gel de silice (elucidn con acetato de
etilo al 5%/hexanos) a acetato de etilo al 25%/hexanos,
produciendo el Extremo-138, etapa c¢ (498,7 mg) en forma de un
s6lido cristalino de color blanco Jjunto con una cantidad
adicional de 223 mg del Extremo-138, etapa ¢ recuperado del
filtrado. RMN de 'H (CDCl,, 500 MHz) & 8,63 (d, J = 5,5 Hz,
1H), 8,26 (d, J = 5,5 Hz, 1H), 7,88 (d, J = 8,5 Hz, 1H), 7,69

(¢, J = 8,0 Hz, 1H), 7,08 (d, J = 7,5 Hz, 1H), 4,04 (s, 3H);

. Ry = 1,75 min, (Cond.-Dl); indice de homogeneidad del 90%;

CLEM: Anal. Calc. para [M+H]' C;;HsN,O: 185,07; encontrado:

185, 10.
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Extremo-138
~

=
=N

CO,H

El Extremo-138, etapa ¢ (0,45 g, 2,44 mmol) se tratd cén
una solucién 5 N de hidrdxido sédico (10 ml) y la suspensién
resultante se calentd a 85°C durante 4 h, se enfrid a 25°C,
se diluyd con diclorometano y - se acidificd con acido
clorhidrico 1 N. La fase organica se separd, se lavd con
salmuera, se secd sobre Na,S0O,, se concentrd hasta Y del
volumen y se filtrd, produciendo el Extremo-138 en forma de
un sélido de color‘amarillo (0,44 g, 88,9%). RMN de 'H (DMSO-
de¢, 400 MHz) & 13,6 (s a, 1H), 8,56 (d, J = 6,0 Hz, 1H), 8,16
{(d, J = 6,0 Hz, 1H), 8,06 {(d, J = 8,8 Hz, 1H), 7,71-7,67 _(m,
1), 7,30 (4, J = 8,0 Hz, 1H), 4,02 (s, 3H); Rt = 0,70 min
(Cond.-D1); indice de homogeneidad del 95%; CLEM: Anal. Calc.
para [M+H]" C11H10NO3: 204,07; encontrédo: 204,05.
Estrategia Sintética. Procedimiento B (derivado de

Tetrahedron Letters, 2001, 42, 6707).

l ! |

O o) Q

Xy, KCN, dpppe X», NaOHSN =
_N Pd{OAc) _N N
TMEDA, 150°C

cl tolueno N COH
WO 2003/ 099274 .
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Extremo-139

Extremo-139, etapa a

/O X

e

CN
A un vial con tapén a rosca y paredes dgruesas dque
contenia una suspensién desgasificada con argén de l-cloro-6-
metoxiisoquinolina (1,2 g, 6,2 mmol; preparada de acuerdo con
el procedimienﬁo del documento WO 2003/099274), cianuro
potasico (0,40 g, 6,2 mmol), 1,5-bis{difenilfosfino)pentanc
(0,27 g, 0,62 mmcl) y acetato de paladio (II) (70 mg, 0,31
mmol) en tolueno anhidro (6 ml) se' le afadidé N,N,N’,N’-
tetrametiletilendiamina (0,29 ml, 2,48 mmol). El1 vial se
cerr® herméticamente, calenté a 150°C durante 22 h y después
se dejo enfriar a 25°C. La mezcla de reaccidn se diluydé con
acetato de etilo, se lavd con agua y salmuera,-se secd sobre
Nagsb4, se filtrd y se concentrd. El residuo se purificd sobre
gel de silice eluyendo con acetato de etilo al 5%/hexanos a
acetato de etila al 25%/hexanos, produciendo el Extremo-139,
etapa a en forma de un sélido de color blanco (669,7 mg). RMN
de H (CDC1l;, 500 MHz) &6 8,54 (4, J = 6,0 Hz, 1H), 8,22 (4, J

= 9,0 Hz, 1H), 7,76 (&, J = 5,5 Hz, 1H), 7,41-7,39 (m, 1H),

000376
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7,13 (d, J = 2,0 Hz, 1H), 3,98 (s, 3H); R = 1,66 min (Cond.-
D1); indice de homogeneidad del 90%; CLEM: Anal. Calc. para
[M+H]* C;;HsN,O0: 185,07; encontrado: 185,20,

Extremo-139

5 A0 e
=N

COgH
El Extremo-139 se prepard a partir'de la hidrélisis
basica del Extremo-139, etapa a con NaOH 5 N de acuerdo con-

el procedimiento descrito para el Extremo 138. RMN de 'H (400

10
MHz, DMSO-d¢)} 6 13,63 (s muy a, 1H), 8,60 {(d, J = 9,3 Hz,
1H), 8,45 (d, J = 5,6 Hz, 1H), 7,9% (d, J = 5,9 Hz, 1H), 7,49
(d, J = 2,2 Hz, 1H), 7,44 (a4, J = 9,3, 2,5 Hz, 1H), 3,95 (s,
3H); R, = 0,64 min (Cond.-Dl); indice de homogeneidad del
90%; CLEM: An&l. Calc. para [M+H]® Ci1HioNOs;: 204,07;
15
encontrado: 204, 05.
‘ Extremo-140
o
!
=N
CO.H
20
Extremo-140, etapa a
P
X C!

=N

CN
A una mezcla -agitada vigorosamente de 1,3-dicloro-5-

25 etoxiisoquinoclina (482 mg, 2,00 mmol; preparada de acuerdo
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con el procedimiento del documento WO 2005/051410), acetato
de paladioc (II) (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 ml) a 25°C en atmdsfera de
nitrégeﬁo se le afiadid N,N,N’,N’'-tetrametiletilendiamina (60
ml, 0,40 mmol). Después de 10 min, la mezcla se calentd a
150°C y después se afiadid en porciones de 1 ml una solucidn
madre de acetona cianochidrina (preparada a partir de 457 ul
de acetona cianohidrina en 4,34 ml de DMA) durante 18 h
usando una bomba de jeringa. Después, la mezcla se repartid
entre acetato de etilo y agua y la fase organica se separd,
ée lavd con salmuera, se secd sobre Na,80,, se filtrd y se
concentré. El  residuo se purificd sobre gel de silice
eluyendo con acetato de etilo él 10%/hexanos a acetato de
etilo al 40%/hexanos, produciendo el Extremo-140, etapa a en
forma de un sélido de color amarillo {160 mg, 34%). Tp = 2,46
min (Cond.-MS-W2); indice de homogeneidad del 90%; CLEM:
Anal. Calc. para [M-FH]+ C12HCIN,0: 233,05; encontrado: 233,08.
Extremo-140

N

\Cl

=N

CO.H
El Extremo-140 se prepard por la hidrélisis &cida del

Extremo-140, etapa a con HCL 12 N como se describe en el

procedimiento para la preparacién del Extremo 141, que se
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describe a contimia.cic’)n. Tp = 2,24 min (Cond.-MS-W2); indice
de homogeneidad del 90%; CLEM: Anal. . Calc. para ([M+H]"
C1oH11CINO3: 252,04; encontrado: 252,02.

Extremo-141

=N

CORH

Extremo-141, etapa a

s F

~N

CN

El Extremo-141, etapa a se prepard a partir de 1l-bromo-
3-fluoroiscquinolina (preparada a partir de 3—amin§-1-
bromoisoquinolina usando el procedimientc indicade en J. Med.
Chem.‘1970, 13, 613} como se ha descrito en el procedimiento
para la preparacidn del Extremo-140, etapa a (vide supra).
RMN de 'H (500 MHz, CDCl;) & 8,35 (d, J = B,S{Hz, 1H), 7,93
(d, J = 8,5 Hz, 1H}), 7,83 (t, J = 7,63 Hz, iH), 7,77-7,73 {(m,
1H), 7,55 (s, 1H); Tk = 1,60 min (Cond.-D1); 1indice de
homégeneidad del 90%; CLEM: Anal. Calc. para [M+H]' CyoHgFN,:
173,05; encontrado: 172,99.

Extremo-141

=N

CO,H

000379
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El Extremo-141, etapa a (83 mg, 0,48 mmol) se tratdé con
HCl 12 N (3 ml) y la suspensién resultante se calentd a 80°C

durante 16 h, antes de enfriarse a temperatura ambiente y

"diluirse con agua (3 ml). La mezcla se agitd durante 10 min y

después se filtrd, produciendo el Extremo-141 en forma de un
g6lido de color blanquecino (44,1 mg, 47,8%). E1l filtrado se
diluyé con diclorometanc, se lavd con salmuera, se secd sobre
Na,S0; y se concentrd, produciendo mas cantidad del Extremo-
141 gue era lo suficientemente puroc para lleQarse
directamente a continuacién (29,30 mg, 31,8%). RMN de H
(DMSO-d,, 500 MHz) & 14,0 (s a, 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); Tx
= 1,33 min (Cond.-Dl1); indice de homogeneidad del 90%; CLEM:
Anal. Calc. para [M+H]' C1oH;FNO,: 182,05; encontrado: 191,97.

Extremo-142
®
N
R

=N

COzH

Extremo-142, etapa a

Br

=N

CN
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El Extremo-142, etapa a se prepard a partir de N-6xido
de 4-bromoisoquinolina como se ha descrite en el
procedimiento en dos etapas para 1la preparacién del
Extremo-138, etapas b y c¢. Tz = 1,45 min (Cond.-MS-W1) ;
indice de homogeneidad del 90%; CLEM: An&al. Calc. para
[M+H] " Cl&kBerz 232,97; encontrado: 233,00.

Extremo-142, etapa b
®
N
=

=N

CN

A.una suspensidn desgasificada con-argén del Extremo-
142, etapa a (116 mg, 0,50 mmeol), fosfato potéasico
tribasico (170 mg, 0,80 mmol), acetato de paladio (II)}
(3,4 mg, 0,015 mmol) vy 2—(diciclohexilfosfino)bifenilo (11
mg, 0,03 mmol) en tolueno anhidro (1 ml) se le afadid
morfoliﬁa (61 pul, 0,70 mmol). La mezcla se calentd a 100°C
durante 16 h, se enfrid a 25°C y se filtrd a través de
tierra de diatomeas (Celite®). La purificacién del residuo
sobre gel de silice, eluyendo con acetato de etilc del 10%
al 70%/hexancs produjo el Extremo-142, etapa b (38 mg,
32%) en forma de un s6lido de color amarillo, gue se llevd
directamente a continuacidén. Tz = 1,26 min {(Cond.-MS-W1);
indice de homogeneidad del 90%; CLEM: Anal. Calc. para

[M+H]* C14H14N30: 240, 11; encontrado: 240,13.
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Extremo-142

)

) CO,H
"El Extremo-142 se prepard a partir del Extremo-142,
etapa b con hidréxido sddico 5 N como se ha descrito en el
procedimiento para el Extremo 138, Tr = 0,72 min (Cond.-MS-
W1} ; indice de homogeneidad del 90%; CLEM: Angl. Calc. para

10 [M+H]" C14H15N;05: 259,11; encontrado: 259,08.

Extremc-143

e

COH

15 ' Extremo-143, etapa a

Br
A una solucién agitada de 3-amino-l-bromoisoquinoclina

20 (444 mg, 2,00 mmcl) en dimetilformamida anhidra (10 ml) se le
afiadid® en una porcidén hidruro sédico (al 60%, sin lavar, 96

mg, 2,4 mmol). La mezcla se agitd a 25°C durante 5 wmin antes

de que se afiadiera 2-bromoetil éter (al 90%, 250 ul, 2,00
mmol) . La‘mezcla se agitd adicionalmente a 25°C durante 5 h y

25 a 75°C durante 72 h antes de que se enfriara a 25°C, se
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inactivé con una solucidn saturada de cloruro de amonioc y se
diluyd® con acetato de etilo. La fase orgdnica se separd, se
lavé con agua y salmuera, se secd sobre Na,S0,, se filtrd y se
concentrd. La purificacién del residuo sobre gel de silice
eluyendo con acetato de etilo del 0% al 70%/hexanos predujo
el Extrémo—l43, etapa a en forma de un s6lido de color
amarillo (180 mg, 31%). Tz = 1,75 min (Cond.-MS-W1l); indice
de homogeneidad del 90%; CLEM: Anal. éalc. para [M+H]"
C13H14BrN,0: 293,03; encontrado: 293,04.
Extremo-143

™ N

J
=N
COH
A una solucidn fria (—60;C) del Extremo-143, etapa a
(154 mg, 0,527 mmol) en tetrahidrofuranoc anhidro (5 ml) se le
afiadié una solucidén de n-butillitio en hexanos (2,5 M, 0,25
ml, 0,633 mmol). Después de 10 min, se burbujed didxido de
carbono seco en la mezcla de reaccidén durante 10 min antes de
que se 1inactivara con HCl1 1 N y se dejdé calentar a 25°C.
Después, la mezcla se extrajo con diclorometano (3 x 30 ml) y
los extractos orgdnicos combinados se concentraron al vacio.
La purificacién del residuo por una HPLC de fase inversa
(MeOH/agua/TFA) produjo el Extremo-143 (16 mg, 12%). Tr =

1,10 min (Cond.-MS-Wl); indice de homogeneidad del 90%; CLEM:

o5 Anal. Calc. para [M+H]" Cy4HisN;03: 259,11; encontrado: 259,08.

600383
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Extremo-144

~N

CO,H
Extremo-144, etapa a

NO, _
Cl

=N
Cl
Se afladid en pedueifias - porciones 1,3~
dicloroisogquinolina (2,75 g, 13,89 mmol} a una solucién
fria (0°C) de acide nitrico fumante (10 ml) y Aacido
sulfarico concentrado (10 ml). La mezcla se agitdé a 0°C
durante 0,5 h antes de dgque se c¢alentara gradualménte a
25°C, momento en el que se agitd durante 16 h. Después, la
mezcla se vertid en un vaso de precipitacidén que contenia
hielo picado y agua y la suspensidén resultante se agitd
durante' 1 h a 0°C antes de filtrarse, produciendc el
Extremo-144, etapa a (2,73 g, 81l%) en forma de un so6lido
de coleor amarille que se usé directamente. Tz = 2,01 min.
{Cond.-D1); indice de homogeneidad del 95%; CLEM: Anal.

Calc. para [M+H]*' CyHsCl,N,0,: 242,97; encontrado: 242,92.

000384
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Extremo-144, étapa b

\N/

N Cl
=N

cl

El Extremc-144, etapa a (0,30 g, 1,23 mmol) se recogid en

metanol (60 ml), se tratd con O6xido de platino (30 mg) y la

suspensidn se sometidé a hidrogenacidén Parr a 48,26 kPa (7 psi)
de H; durénte 1,5 h. Después, se afladieron formalina (5 ml) y
mds ©Oxido de platino (30 mg) y la suspensidén se sometid de
nuevo . a hidrogenacidén Parr a 310;264 kPa (45 psi) de H;
durante 13 h. Después, se filtrd por succidn a través de
tierra de diatomeas (Celite®) y se concentrd hasta alcanzar %
de su volumen. La filtracidén por succidén del precipitado
subsiguiente produjo el compuesto del titulo en forma de un
s6lido de color amarillo que se sometid a cromatografia
ultrarrdpida sobre gel de silice eluyendo con acetatc de etilo
al 5% en hexanos a acetato de etilo al 25% en hexanos,
produciendo el Ektreﬁo—144, etapa b (231 mg, 78%) en forma de
un sbélido de color amarillo palide. Tr = 2,36 ﬁin (Cond. -D1) ;
indice de homogeneidad del 95%; RMN de *H (400 MHz, CDCl;) &
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: Anal. Calc. para
[M+H] * C;;H.:Cl.N,: 241,03; encontrado: 241,02, EMAR: Anal.

Calc. para [M+H]' Cy33H,3C1,N,: 241,0299; encontrado: 241,0296,
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Extreﬁo-144, etapa c

N

\CI

=N

CN

El Extremo-144, etapa c se prepard® a partir del Extremo-
144, etapa b de acuerdo con el procedimiento descrito para 1la
preparacién del Extremo-139, etapa a. Ty = 2,19 min (Cond.-
D1); indice de homogeneidad del 95%; CLEM: Anal. Calc. para
[M+H]* C;2H,;CIN,;: 232,06; encontrado: 232,03, EMAR: Anal.
Calc. para [M+H]" C;5,H.;C1N;: 232,0642; encontrado: 232,0631.l

Extremo-144

\N/
™ Cl
=N
COpH
El Extremo-144 se prepard de acuerdo con el
procedimiento descrito para el Extremo-141, Tz = 2,36 min

(_cOnd._Dl),- 90%; CLEM: Anal. Calc. para [M+H]_+ C12H1,C1N,0,:
238,01; encontrado: 238,09.
Extremos-145 a 162
Los Extremos-145 a’162 se prepararon a partir de las 1-
cloroisoquinolinas aﬁropiadas de acuerdo con el procedimiento
descrito para la preparacibén del Extremo-138 (Procedimiento
A) 6 el Extremo-139 (Procedimiento B) a mehos que  se indigque

lo contrario como sSe resume a continuacidn.
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Tr (LC-Cond.};
, indice de
Extremo \ U .
N Extremo Proc. | Hidrdlisis homogeneidad
en %; Datos de
' EM
1,14 min
! (Cond.-MS-W1) ;
=N 90%;
:COH CLEM: Anal.
Extremoc- _ .
Se prepard a partir Calc. para
145 : B HClL 12 N .
de 1,3- [M+H]
dicloroisoquinolina C10H7c1N02:
disponible en el 208,02;
mercado enicontrado:
208,00,
1,40 min
NP (Cond.-D1) ;
=N 95% ;
CO.H CLEM: Anal.
Extremo- . ]
Se prepard a partir Calc. para
146 A NaOH 5 N .
de 3- o [M+H]
hidroxiiscquinolina C11H1oNO5 :
disponible en el 204,07;
mercado ' encontrado:
204,06,
0,87 min
)
(Cond. -D1) ;
=  95%;
=N
: CLEM: An&l.
Extremo- COH
: - . Calc. para
147 Se prepard a partir B NaCOH 5 N MaH] *
de 1-cloro-4- ' [M+H]
hidroxiisoquinolina C11H10M0; :
. . 204,07;
disponible en el
encontrado:
mercado
204,05,
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0,70 min
e (Cond.-D1);
~o =N 95%;

A CoH CLEM: Anal.
Extremo-| go prepard a partir _ Calc. para
148 de 7- NaOH 5 N Ml

hidroxiisoquinclina C11H;oNOs :
disponible en el 204,07;
mercado encontrado:
204,05,
0,70 min
™o {Cond.-D1) ;
g ™ 95%;
=N
CLEM: Anal.
Extremo- €0
: 149 Se preparé a partir NaCH 5 N Calc. para
de S- [M+H] *
hidroxiisoquinolina C12H10NO;3 =
disponible en el 204,07;
mercado encontrado:
204,05,
S
=N TFA 0,26 min
O COoM (Cond. -D1) ;
Se prepard a partir 95%;
de 8-metoxi-1- CLEM: An&l.
Extremo- cloroisoquinclina, Calc. para
150 que puede [M+H] *
sintetizarse C11H1oNO; :
siguiendo el 204,07;
procedimiento del encontrado:
documento WO 204,04,
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o
cl
s 1,78 min
=N
(Cond. -D1) ;
COgH
g - rtir 90%;
e prepard a pa
prep .p CLEM: Anal.
Extremo- " de 5-metoxi-1,3-
. . . . - Calc. para
5 151 diclorciscquinolina, B HC1 12 N (MaH] *
o+
e puede |
.q.u p. C11H9C1NO3 H
sintetizarse
. . 238,03;
siguiendo el :
.. encontrado:
procedimiento del
. 238,09,
documento WO 2005 .
/051410,
1,65 min
10 A SR (Cond.-D1);
=N 95%;
CO,H CLEM: An&al.
Extremo- . )
Se prepard® a partir Calec. para
152 . B " HCL 12 N .
de 6-metoxi-1,3- [M+H]
dicloroisocquinolina C1,HyC1NO;
disponible en el 238,00;
mercado encontrado:
15 ‘ 238,09,
Br
\ 1}
1,18 min
=N
CO,H {Cond.-MS-W1) ;
Se prepard a partir 5%
’ CLEM: Anal.
Extremo- de 4- .
9 153 bromoisoquinolina,. 2 HCL 6 N Calc. p?ra
0 que puede ‘ [M+H]
sintetizarse C1oH7BYNO;:
siguiendo el 251,97;
procedimiento del encontrado:
. documentc WO 251,95,
2003/062241

25




00390

189
X
] N 0,28 min
COzH (Cond.-MS-W1) ;
Se prepard a partir 90%;
de 7-fluoro-1- CLEM: Anal.
Extremo- cloroisoquinolina, Calc. para
154 NaCH 5 N
5 que puede [M+H]*
sintetizarse ‘C1oHsFNO;: -
siguiendo el 192, 05;
procedimiento del encontrado:
documento WO 192,03,
2003/099274
R
cl =N 0,59 min
10 COgH (Cond.-MS-W1) ;
Se prepard a partir 90%;
de 1,7- CLEM: An&al.
Extremo-
diclorcisoquinolina, Calc. para
155 NaCH 5 N .
que puede (M+H]
sintetizarse C,¢H;C1NO, :
siguiendo el 208, 02;
procedimiento del encontrado:
15 ‘ documento WO 208,00,
2003/099274
Cl N
=N 0,60 min
CO,H (Cond. -MS-W1) ;
Se prepard a partir 90%;
de 1,6- CLEM: An&al.
Extremo- , ) . ,
20 156 dlclorglsoqulnollna, NaOH S N Calc. para
que puede [M+H]*
sintetizarse C10H;CINO,:
gsiguiendo el 208,02;
procedimiento del encontrado:
documento WO 208,03,
2003/099274

25
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Cl

A rN 1,49 min
OH (Cond.-D1) ;
Se prepard a partir 95%;
Extremo- de 1,4- CLEM: AnAal.
157 dicloroisoquinolina, Hel 12 N Calc. para
que puede [M+H]*
sintetizarse Cy0H;7C1NO:
siguiendo el 208,02;
procedimiento del encontrado:
documento WO 208,00,
2003/062241
o]
S .
=N _ 0,69 min
CO,H (Cond.-MS-W1) ;
Se prepard a partir 90%;
Extremo- de 1,5- CLEM: Anal.
158 dicloroisoquinolina, Naoq 5 N Calc. para
que puede [M+H] "
sintetizarse C10H7C1NO;:
siguiendo el 208,02;
procedimiento del encontrado:
documento WO - 208,01,
2003/099274
F
NS
ZN 0,41 min
CoH (Cond. -MS-W1) ;
Se prepard a partir 90%;
Extremo- de 5-fluoro-1- CLEM: An&al.
159 cloroiscquinolina, NaOH 5.N' Calc. para
gue puede (M+H]*
sintetizarse C1oH,FNO; :
siquiendo el 192,05;
procedimiento del encontrado:
192,03,

documento WO
2003/099274
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F N
N 0,30 min
CO;H (Cond.-MS-W1) ;
Se prepard a partir 90%;
de 6-fluoro-1- CLEM: Anal.
Extremo- . . .
cloroiscoquinolina, Calc. para
160 NaCH 5 N .
5 que puede [M+H]} ¥
sintetizarse C1oH7FNO, :
siguiendo el 192,05;
procedimiento del encontrado:
documento WO 192,03,
2003/099274
~N 0,70 min
(Cond. D1);
10 = 95%;
o
ot N7 COMH CLEM: An&l.
xtremo- A :
‘ e Se prepard a partir calc. para
de acido 4- - [M+H] *
bromoqul?o}lna—2- C1oH13N,0, :
carboxilico y 217,10;
dimetilamina (DMSO, encontrado:
100°C) 217,06,
15
IO\ e
o NZ SCoH (Cond.-M3);
Se prepard a partir 95%;
de m-anisidina CLEM: Anal.
Extremo-

162 siguiendo el . Calc. para
procedimiento [M+H] *
descrito en J. C11H10NO;5 =

20 Heterc. Chem. 1993, 204,07;
17 y Heterocicles, encontrado:
2003, 60, 953, 203,94,

25




10

16

20

25

192

Extremo-163

OH
OH

18]

A una solucidén de acido 2-cetobutirico (1,0 g, 9,8 mmol)}
en éter dietilico (25 ml) sé le afiadid gota a gota bromuro de
feﬁilmagnesio (22 ml, 1 M en THF). La reaccidn se agitdé a
~25°C en atmdsfera de nitrdgeno durante 17,5 h. La reaccidn
se acidificd con HClL 1 N v el producto se extrajo con acetato
de etilo (3 x 100 ml). La fase orgénica combinada se ‘lavé con
agua seguidc de salmuera y se secd sobre MgSQO,. Después de la
concentracidén al wvacio, se obtuvo un sélide de color blanco.
El s&lido se recristalizd®é en hexanos/acetato de etilo,
produciendo el Extremo-163 en forma de agujas blancas (883,5
mg). RMN de 'H (DMSO-dg, & = 2,5 ppm, 500 MHz): 12,71 (s a, 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 a, 1H), 2,11 (m, 1H), 1,88 (m, 1K), 0,79 (t ap.,
J = 7,4 Hz, 3H). |

Extremo-164

O

OH
N
\

Una mezcla de acido 2-amino-2-fenilbutirico (1,5 g, 8,4

mmol), formaldehido (14 ml, al 37% en agua), HCl 1 N (10 ml)

y Pd al 10%/C (0,5 mg) en MeOH (40 ml) se expuso a H; a
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344,74 kPa (50 psi) en una botella Parr durante 42 h. La
reaccidén se filtrd sobre Celite y se concentré al vacio, el
residuc se recogid en MeOH (36 ml) y el producto se purificd
con una HPLC de fase inversa (MeOH/H,0/TFA), produciendo la
sal TFA del Extremo-164 en forma de un sélido de color blanco
(1,7 g). RMN de 'H (DMSO-d¢, & = 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 (&
ap., J = 7,3 Hz, 3H).
Extremo—l65'

0

A una mezcla de acido 2-gmino-z—indanocarboxilico (258,6
mg, 1,46 mmol) y &cido fdérmico (0,6 ml, 15,9 mmol) en 1,2-
dicloroetano (7 ml) se le afiadid® formaldehido (0,6 ml, al 37%
en agua). La mezcla sé agitd a ~25°C durante 15 min y después
se calentd é 70°C durante 8 h. El‘ componente Qolétil se
retiré al vacio y el residuo se disolvié en DMF (14 ml) y se
purificé por una HPLC de fase inversa (MeOH/H,O/TFA),
produciendo la sal TFA del ﬁxtremo—165 en forma de un aceite
viscoso {120,2 mg). RMN de 'H (DMSO-d¢, & = 2,5 ppm, 500 MHz):
7,29-7,21 {(m, 4 H), 3,61 (4, J = 17,4 Hz, 2H), 3,50 (d, J =
17,4 Hz, 2H), 2,75 (s, 6H). CL/EM: An&l. calc. para. [M+H]"?

C12H15N02 : 206,12; encontrado: 206 ,07.
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Extremo-166a y -166b

o}
OH  Extremo-166a; Diastereomero 1

N Extremo-166b: Diasteredbmero-2

5 oA
/

Los Extremos-166a y -166b se prepararon a partir de
(15,48)-(+)-2-metil-2,5-diazabiciclo[2.2.1]heptano (2HBr) de
acuerdo con el procedimiento descrito para la sintesis del
Extremo-7a y el Extremo-7b, con 1la excepcién de que el
'intermedi‘o de éster bencilico se separd® usando una columna
Chrialcel OJ semi-prep, 20 x 250 mm, 10 pm eluyendo con una
mezcla 85:15 de heptano/etanol a una velocidad de elucidén de
10 ml/min durante 25 min. Extremo-166b: RMN de 'H (DMSO-ds, &
= 2,5 ppm, 500 MHz): 7,45 (d, 0 = 7,3 Hz, 2H), 7,27-7,19 (m,
3H), 4,09 (s, 1H), 3,34 (s a ap., 1lH), 3,16 (s a ap., 1H),
2,83 {(d, 0 = 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 (4, J = 9,8 Hz, 1H).

CL/EM: An&al. calc. para [M+H]" Ci14H;sN,0,: 247,14; encontrado:

247,11.

Extremo-167

N_

CH
0

Una solucidn de acido Boc-1,3-dihidro-2H-isoindol
25 ‘
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carboxilico racémico (1,0 g, 3,8 mmol) en TFA al 20%/CH;Cl, se
agitdé a ~25°C durante 4 h. Todo el componente volatil se
retird al vacio. Una mezcla del material en bruto resultante,
formaldehido (15 ml, al 37% en agua), HCl 1 N (10 ml) vad al
10%/C (10 mg) en MeOH se expuso a H; (275,79 kPa (40 psi)) en
una botella Parr durante 23 h. La mezcla de reaccidn se
filtré sobre Celite .y se concentré al vacio, produciendo el
Extremo-167 en forma de una espuma de color amarillc (873,5
mg). RMN de 'H (DMSO-dg, & = 2,5 ppm, 500 MHz) 7,59-7,38 (m,
44), 5,59 (s, 1H), 4,84 (d, dJ = 14 Hz, 1H), 4,50 (d, J = 14,1
Hz, 1H), 3,07 (s, 23H). CL/EM: Anal. calc. para [M+H]}"
C10H12NC,: 178,09; encontrado: 178,65.
Extremo-168 .

o OH

NMB;

El Extremo-168 racémico se prepard® a partir de acido
Boc-aminoindano-1l-carboxilico racémico de acuerdc con el
procedimiento descrito para la preparacidn del Extremo-167.
El material en brutc se empled tal cual.

Extremo-169

O
OoH
N—

Una mezcla de clorhidrato del écidd 2-amino-2-
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fenilpropancico (5,0 g, 2,5 mmel), formaldehido (15 ml, 37%
en agua}), HC1 1 N (15 ml), y Pd al 10%/C (1,32 g) en MeOH (60 -
ml) se pusc en una botella Parr y se agitd en atmésfera de
hidrégeno (379,21 kPa (55 psi)) durante 4 dias. La mezcla de
reaccién se filtr6 sobre Celite y se concentrd al vacio. El
residuc se recogid en MeCOH y se purificd por HPLC prep. de
fase inversa (MeOH/agua/TFA), produciendo la sal TFA del
Extremo-169 en forma de un semi-séiido viscoso (2,1 g). RMN
de *H (CDCl;, & = 7,26 ppm, 500 MHz): 7,58-7,52 (m, 2 H),
7,39-7,33 (m, 3H), 2,86 (s a, 3H), 2,47 (s a, 3H), 1,93 (s,
3H). CL/EM: An&dl. calc. para [M+¢H]' C;HigNO,: 194,12;
encontrado: 194,12.

Extremo-170

O 0O
OH

HN\fAD
0O
A acido (8)-2-amino-2-{tetrahidro-2H-piran-4-il)acético
{505 mg; 3,18 mmol; obténido en Astatech} en agua (15 ml) se
le afiadidé carbonato sédico (673 mg; 6,35 mmol), y la mezcla
resultante se enfridé a 0°C y después se afadid gota a gota
cloroformiato de metilo (0,26 ml; 32,33 mmol) duranté 5
minutos. La reaccién se dejdé en agitacidén durante 18 horas

mientras el bafio se dejaba descongelar a temperatura

ambiente. Después, la mezcla de reaccidn se repartid entre
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HCl 1 N y acetato de etilo. La fase organica se retird y la
fase acuosa_sé extrajo adicionalmente con 2 porciones mas de
acetato de etilo. Las fases organicas combinadas se lavaron
con salmuera, se secaron sobre sulfato de magnesio, se
filtraron y se concentraron al vacio, produciendo el Extremo-
170 en forma de un residuo incoloro. RMN de *H (500 MHz,
DMSO-dg) & ppm 12,65 (1 H, s a), 7,44 (1 H, 4, J = 8,24 Hz),
3,77 - 3,95 (3 H, m), 3,54 (3 H, s), 3,11 - 3,26 (2 H, m),
1,82 - 1,95 (1 H, m), 1,41 - 1,55 (2 H, m), 1,21 - 1,39 (2 H,
m) ; CL/EM: Anadl. calc. para [M+H]" CgH;¢NOs: 218,1; encontrado
218,1.

Extremo-171

0 O
\1\])(%
HNjfo

e
Una solucidn de 2-(benciloxicarbonilamino)-2- (oxetan-3-
ilideno)acetato de metile (200 mg, 0,721 mmol; Il Farmaco
(2001), 56, 609-613) en acetato de etilec (7 ml) y CH,Cl, (4,00
ml) se desgasificdé burbujeando nitrégeno durante 10 min.
Después, se afiladieron dicarbonato de dimetilo (0,116 ml,
l,OBé mmol) y Pd/C (20 mg, 0,019 mmol) y la mezcla de
reaccidén se equipdé con un globo de hidrédgeno y se dejé en

agitacién a temperatura ambiente durante una noche, momento

en el gque el anilisis por TLC (95:5 de CH,CLl,/MeOH:
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visualizado con una mancha hecha de 1 g de Ce{NH4),S0,, 6 g de
molibdato‘ de amonio, 6 ml de &cido sulfarico y 100 ml de
agua) indicd la conversidn completa. La reaccidén se filtrd a
través de celite y se concentrd. El residuo se purificd por
Biotage® (cargado con diclorometanc en un " Samplet 25;
eluyendo scbre una columna 258 con diclorometano paré 3 VC vy
despﬁés MeOH del 0 al 5%/diclorometano sobre 250 ml y después
con un mantenimiento en MeOH al 5%/diclorometanc durante 250
ml; fracciones de 9 ml). Las fracciones recogidas gque
contenian el material deseado se concentraron haspa alcanzaf
120 mg. (81%) de 2- {(metoxicarbonilamino) -2- (oxetan-3-
il)acetato de metilo en forma de un aceite incoloro. RMN de

'H (500 MHz, CLOROFORMO-D) & ppm 3,29 - 3,40 (m, J = 6,71 Hz,

"1 H) 3,70 (s, 3 H) 3,74 (s, 3 H) 4,55 (t, J = 6,41 Hz, 1 H)

4,58 - 4,68 (m, 2 H) 4,67 - 4,78 (m, 2 H) 5,31 (s a, 1 H).

"CL/EM: Anal. calc. para [M+H]' CgH;,NOs: 204,2; encontrado

204, O

A 2—(metoxicarbonilamino)—2—(éxetan—B—il)acétato de
metilo (50 mg, 0,246 mmol) en THF (2 ml} y agua (0,5 ml) se
le afiadid hidrdxido de 1itio monohidrato (10,33 mg, 0,246
mmol) . La solucidn resultante se dejd en agitacidédn durante
una noche a temperatura ambiente. El andlisis por TLC (1:1 de
AE/Héx; mancha de Hanéssian " [1 g de Ce(NH,),S0,, 6 g de
molibdato de amonio, 6 ml de &cido sulfiirico y 100 ml de

agua)) indicé ~10% . de material de partida restante. Se
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afiadieron 3 mg mas de LIiOH y se dejé en agitacidn durante una
noche, momento en el que el andlisis por TLC no mostrd
material de partida restante. Se concentrd al vacioc y se puso
a altoc vacio duran;e una noche, proporcionando 55 mg de 2-
(metoxicarbonilamino) -2- (oxetan-3-il)acetato de litio en
forma de 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 = 5,26 Hz, 1 H) 4,68 (t, J = 7,02 Hz, 1 H) 4,73

(d, J = 7,63 Hz, 2 H).
EJEMPLOS

La presente invencidn se describira ahora en relacién

con ciertas modalidades que no pretenden limitar su alcance.

Por el contrario, la presente descripcién incluye todas las

alternativas, modificaciones 7y equivalentes que pueden

incluirse dentro del alcance de las reivindicaciones. Por 1lo

" tanto, 1los - siguientes ejemplos, que incluyen modalidades

especificas, ilustraran una practica de la presente
invencién, entendiéndose que los ejemplos s8loc tienen fines

de ilustracién de ciertas modalidades y se presentan para

proporcionar lo gque se cree que es la descripcidn mas Gtil y

facilmente comprensible de sus procedimientos y aspectos
conceptuales.
Los porcentajes de solucidn expresan una relacidn de

peso a volumen, y las proporciones de solucidn expresan una

relacidén de volumen a volumen, a mencs gue se indique lo
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contrario. Los espectros de resonancia magnética nuclear
(RMN) se registraron en un espectrdmetro Bruker de 300, 400 &
500 MHz;  1los desplazamientos quimicos (8) se indican en
partes por millén. La cromatégrafia ultrarrapida se realizd
sobre gel de silice (8i0;) de acuerdoc con 1la técnica de
cromatcgrafia ultrarrdpida de Still (J. Org. Chem. 1978, 43,
2923),

La determinacién de la pureza y el andlisis de masas de
baja resolucidén se realizaron en un sistema Shimadzu LC
acoplado con un sistema Waters Micromass 2Q MS. Debe
apreciarse gque los tiempos de ,reteqcién pueden variar
ligeramente entre maguinas. Las condiciones de LC empleadas

en la determinacién. de los tiempos de retencidn (TR) fueron:
‘Los tiempos de retencidn se determinaron de acuerdo con

las siguientes condiciones de CL/EM:

Condicidén I

Columna: Phenomenex-Luna 4,6 X 50 mm S10

% de B de partida =0

% de B final = 100
Tiempo de Gradiente = 4 min
Caﬁdal = 4 ml/min

Longitud de Onda 220

Displvente A CH;O0H al 10% ~ H;O al 90% - TFA al 0,1%

Disolvente B

CH3;0H al 90% -~ H,O al 10% - TFA al 0,1%

000401
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Condicidén IT

Columna: Phenomenex-Luna 3,0 x 50 mm S10

% de B de partida = 0

% de B final = 1od
Tiempo de Gradiente = 3 min
Caudal = 4 ml/min

Longitud de Onda = 220

Disolvente A

CH;0H al 10% - H,O al 90% - TFA al 0,1%

Disclvente B CH;0H al %0% - H,0 al 10% - TFA al 0,1%

Condicién IIT

Columna: Xbridge C18 4,6 x 50 mm S5

% de B de partida. =0

% de B final = 100
Tiempo de Gradiente = 3 min
Caudal = 4 ml/min
Longitud de Onda = 220

Disolvente A

Il

95%:5% de H,0:ACN 10 mm de Acetato de Amonio

Disolvente B

5%:95% de H,O0:ACN 10 mm de Acetato de Amonio

Condicién IV

Columna: Phenomenex . Cl8 10u 4,6 X 30 mm

% de B de partida = 0

% de B final = 100
Tiempo de Gradiente = 3 min
Caudal = 4 ml/Min
Longitud de Onda = 220




Disolvente A
Disolvente B
Condicién V
Columna: Phencmenex

[

% de B de partida

"% 'de B final

Tiempo de Gradiente
Caudal

Longitud de Onda
Disolvente A
Disolvente B
Condicién VI

Columna: Phenomenex

% de B de partida

% de B final

Tiempo de Gradiente
Caudal

Longitud de Onda
Disolvente A

Disclvente B

" Condicién VII

3

% de B de partida

o\°

de B final
Tiempo de gradiente

Tiempo de parada

CH;OH al 10% - H,O0 al 90% - TFA al 0,1%

CH,OH al 90% - H,0 al 10% - TFA al 0,1%

Cl8 10u 4,6 X 30 mm

0

100

10 min

4 ml/Min

220

95%:5% de H;0:ACN 10 mm de Acetato de Amonio

5%:95% de H,O:ACN 10 mm de Acetato de Amonio

10u 3,0 x 50 mm

1l

il

I

0

100

3 min

4 ml/Min

220

CH,OH al 10% - H,0 al 90% - TFA al 0,1%

CH,OH al 90% - H,0 al 10% - TFA al 0,1%

100
2 min

3 min
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Caudal = 4 ml/min
Longitud de Onda = 220 nm
Disolvente A = CH,O0H al 10% /H,O al ¢0% /TFA al 0,1%
Disolvente B = CH;0H al 90% /H,C al 10% /TFA al 0,1%
Columna 2 = Phenomenex-Luna 3,0 x 50 mm S10
Ejemplo 1
S

((lS)-l-(((25)-2~(5-(7~(2-((2S)—l-((25)—2-

((metoxicafbonil)amino)43—metilbutanoil)-2-pirrolidinil)-lHe

imidazol-5-11)-9-oxo-9H-fluoren-2-1i1)-1H-imidazol-2-11)-1-

pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo

Ejemplo 1, Etapa a

H
N =
EN/%—\P

Boc
1a

Se afiadidé gota a gota Glioxal (2,0 ml de 40% en agua)

durante 11 minutos a una solucidn en CH;O0H de NH;OH (32 ml) v

(S) -Boc-prolinal (8,564 g, 42,98 mmol) y se agitd a

temperatura ambiente durante 19 horas. El componente volatil

sSe

retird al wvacio y el residuc se purificd por a

cromatografia ultrarrapida {(gel de silice, EtOAc) seguido de

una

recristalizacién (EtOAcC, temperatura ambiente),
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produciendo el imidazol la en forma de un sélido esponjoso de
color blanco (4,43 g). RMN de 'H (DMSO-ds, & = 2,50, 400 MHz):
11,68/11,59 (s a, 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).
LC (Cond. VII): TR = 0,87 min; indice de Homogeneidad >95%
CL/EM: Anal. calc. para [M+H]" C;3HyoN;0, 238,16; encontrado
238,22

El Imidazol la tenia un ee de 98,9% cuando se analizd en
las condiciones de HPLC quiral que se indican a continuacién.
Columna: Chiralpak AD, 10 um, 4,6 x 50 mm
Disclvente: etancl al 1,7%/heptano (isocratico)
Caudal: 1 ml/min
Longitﬁd de Onda: 220 & 256 nm
Tiempo de retencibn relativo; 3,25 min (R), 5,78 minutos (S)

Ejemplo 1, Etapa b
N -

S

Boc
1b

Br

Se afadidé en extracciones N-bromosuccinimida (838,4 mg,
4,71 mmol), durante 15 minutos, a una solucién enfriada
(hielo/agua) en CH,Cl, (20 ml) del imidazecl 1la (1,0689 g,
4,504 mmol) y se agitd a una temperatura similar durante 75
min.  E1 componente volatil se retifé al vacio y el material

en bruto se purificd por un sistema de HPLC de fase inversa
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(H,0/CH;0H/TFA) bara separar el bromuro 1lb de su analogo
dibromo y del material de partida no consumido. El eluido de
HPLC se neutralizdé con exceso de NH;/CH;0H (2,0 M) y el
componente volatil se retird al vacio. El residuo se repartid
entre CH;Cl, y agua y la fase acuosa se extrajo con CH,Cl,;. La
fase crgénica combinada se secd (MgS0,), se £filtrd y se
concentrd al vacio, pfoduciendo 1b en forma de un sdélido de
color blancc (374 mg). RMN de 'H (DMSO-ds, & = 2,50, 400 MHz):
12,12 (s a, 1H), 7,10 {(m, 1H), 4,70 {(m, 1H), 3,31 {(m, 1H;
solapado con seflal de agua), 2;25—1,73 (m, 4H), 1,39/1,17 (s,
3,8H + 5,2H).

LC (Cond. VII): TR = 1,10 min; indice de homogeneidad =95%
CL/EM: Anal. calc. para [M+H]' Ci;H;sBrN,;0, 316,07; encontrado
316,10 |

Ejemplo 1, Etapa c

i‘;:aB:Zﬁ

se afiadié Pd(Ph;P), (750 mg, 0,649 mmol) a un tubo a
presidén que contenia la mezcla de 2,7-dibromc-9H-fluoren-9-ona
(5,124 g, 15,16 mmol), bis(pinacolato)diboro (15,03 g, :59,19
mmol) y KOAc (3,526 g, 35,92 mmol) en dioxano (60 ml). El
recipiente de reaccidn se lavé abundantemente con nitrdégeno,

se tapd y se calentd a 90°C durante ~16 h. La mezcla de

000406
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reaccién se dej6 enfriar a temperatura ambiente, el componente
voldtil se retird al vacio y el material en bruto se repartid
entre CH,Cl, (150 ml} y una solucidén saturada al 50% de NaHCO;
(60 ml). La fase organica se secd (MgSOs), se filtrd y se
concentrd al vacio. El1 aceite semi-sélido resultante se
triturd en hexanos (100 ml) y el s6lido de color amarillo se
filtrd y se lavd con hexanos (100 ml), produciendo el bis-
boronatc impuro 1c (S,Qll g). El producto se sometid a la
etapa de acoplamiento sin purificacién adicional. RMN de 'H
(CDC1l;, & = 7,24, 400 MHz): 8,11 (s! 2H), 7,93 (dda, J = 7,3,
1,0, 2H), 7,54 (d, J = 7,6, 2H), 1,33 (S, 24H).

Ejemplo 1, Etapa d

.
N N
Boc\N | N\ll\ll/\ Boc
. 0
1d .

Se afiadié Pd(Ph;P), (93,3 mg, 0,081 mmol} a un tubo a
presién gque contenia el bis-boronato 1lc (508,7 mg, 1,177
mmol}, el bromoimidazol 1b (714 mg, 2,26 mmol) y NaHCO;
{635,6 mg, 7;566 mmol) en DME (18 ml) vy agua (6 ml). El1 tubo
a presidn se purgd con nitrdgenc, se tapd, se calentd a 80°C
durante ~30 h y después se dejdé enfriar en condiciones
ambienﬁales. El componente volatil se retird al vacio y el
residuo se repartidé entre CH,Cl, y agua. La fase organica se

secd (MgS0Q,), se filtrd, se concentrd al vacio y se purificd
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con un Biotage® (gel de silice; EtOAc)

seguido de HPLC de

fase inversa (CH;OH/H,O/TFA). El eluido de HPLC se neutralizd

con exceso de NH3/CH3;0H (2,0 N) y el compconente volatil se

retird al vacio. El residuo se repartid entre CH,Cl, y una

solucidén saturada al ~3% de NaHCC;. La fase organica se secd

(Mgs04), se filtrd y se concentrdé al vacio, produciendo el

carbamato 1ld en forma de un semi-sélido de color rojo oscuro

(145 mg). RMN de 'H (DMSO-dg, & = 2,50, 400 MHz): 12,26-11,94

(tres s a, 2H), 7,97-7,41 (m, 8H), 4,85-4,77 {(m, 2H),‘3,55

(m, 2H), 3,37 (m, 2H), 2,30-1,79 (m, 8H), 1,40 (s, 7,5 H),

1,16 {s, 10,5H).

LC (Cond. VII): TR = 1,37 min; indice de -homogeneidad

>95%

CL/EM: Anal. calc. para [M+H]*  C37H43NgOs  651,33;

encontrado 651,26

Ejemplo 1, Etapa e

1e

El carbamato 1d (184 mg, 0,283 mmol) se tratd con TFA al

25%/CHyCl; (4,0 ml) vy la mezcla de reaccidn se agitd en

condiciones ambientales durante 6 horas. El1 componente

volatil se retird al vacio y el residuo se liberd de la base

con MCX (2 g; lavado con CH3;O0H; elucién con NH; 2,0 M/CH;0H),

000408
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produciendo pirrolidina le en forma de una espuma de color
rojo (129,8 mg; ~3 mg por encima del rendimiento tedrico).
RMN de 'H (DM8O-d¢, & = 2,50, 400 MHz): 11,91 (s a, 2H), 7,96-
7,94 (m, 4H), 7,69 (d, J = 8,1, J‘= 8,1, 2H), 7,61 (s, 2H),
4,16 (m, 2H}), 2,99-2,93 {m, 2H), 2,8%-2,83 (m, 2H), 2,10-2,01
(m, 2H), 1,94-1,86 (m, 2H), 1,82-1,66 (m, 4H).
LC (Cond. VIT): TR = 1,01 min; indice de homogeneidad >95%

CL/EM: Anal. calc. ©para [M+H]®  Cy7H37NgO  451,22;
encontrado 451,27.

Ejemplo 1

Se afladi® en una extraccidén HATU (216,3 mg, 0,562 mmol)
a una solucidén en DMF (4,0 ml) de la pirrolidina le (126 mg,
0,280 mmol) , dcido (S)—2—(metoxicarbonilamino)—5—
metilbutanoico (109,6 mg, 0,626 mmol) e i-Pr;EtN (0,12 ml,
0,689 mmol) y la mezcla resultante se agitd en condiciones
ambientales durante ~6 horas. El componente voldtil se retiro
al vacio y el residuo se purificd primero por MCX (lavada con
metanol; elucidén con NH; 2,0 M/metanol) y después por un
sistema de HPLC de fase inversa {H,O0/metancl/TFA),
proporcicnando la sal TFA del Ejemplo' 1 en forma de una
espuma de color naranja rojizo (208,9 mg). RMN de 'H (DMSO-d,
8 = 2,50, 400 MHz): 8,18-7,99 {(m, BH), 7,33 (4, J = 8,5, 2H),
5,53 (m, 0,16H), 5,13 (m, 1,84H), 4,12 (m, 2H), 3,91-3,80 (m,
4H), 2,42-2,33 (m, 2H), 2,25-1,94 {(m, 8H), 0,91-0,79 (m,

12H) .
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LC (Cond. VII): TR = 1,26 min; indice de homogeneidad
>95%
CL/EM: Anal. calc. para (M+H] " C41H49NgO4 ‘765,37;
encontrado 765,39.
5 EMAR: Andl. calc. para [M+H]® 765,3724; encontrado
765,3723
Ejemplo 2

4
Q

=0 {”>
™o N ~n
CH

((15)-1—(((25}-2—(5-(9—hidroxi—7—(2—((25)—1-((23)—2—
( (metoxicarbonil)amino)-3-metilbutanoil) -2-pirrolidinil)-1H-
imidazol-5-il1}-9H-fluoren-2-il)-1H-imidazol-2-11)-1-
5 pirrolidinil)carbonil) -2-metilpropil)carbamato de metilo
Se anadié NaBﬁ4 (41 mg, 1,08 mmel) a una solucidn
enf;iada (hielo/agua) en CH;OH (3 ml) de la sal TFA del
Ejemplo 1 (165 mg, 0,166 mmol) y se agitd durante 25 min. La
mezcla de zreaccién se pasd directamente a través de una
0 columna MCX (6 g; lavada con H;0 al 50%/CH;OH, seguido de
CH;0H; eluyendo con NH; 2,0 N/CH;0H) y después se purificd con -
una HPLC de fase inversa (CAN/H,0/NH,OAc), produciendo él
Ejemplo 2, que contenia aproximadamente ~2 eguiv. de A&cido
acético, en forma de una espuma de color beige (91 mg). RMN

25 de 'H (DMSO-dg, & = 2,50, 400 MHz): 7,97/7,92 (dos s a, 2H),
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7,76-7,65 {(m, 4H), 7,52/7,45 (dos s a, 2H), 7,29 (d, J = 8,3,
~2H), 5,48/5,46 (dos s, 1H), 5,26 {m, 0,26H), 5,09 {(m, 1,74
H), 4,07 {(m, 2H), 3,81/3,54-3,45 (m, 10H), 2,23-1,89 (10H},
0,9 (d, J =6,8, 6H), 0,85 (d, J = 6,5, 6H).

LC (Cond. VII): TR = 1,21 min; indice de homogeneidad
>95%

CL/EM: Anal. calc. para [M+H]Y  C41Hs1NgO;  767,39;
encontrado 767,26

Ejemplo 3

O/

HN}E%) H ;A>
LR O
: H e OngH

((18)-1-(((2S)-2-(5-(9-(dimetilamino)-7-(2-((25)-1-((25)-2-
(fmetoxicarbonil)amino)—3—metilbutanoil)—2—pirrolidinil)-lH—
imidazol-5-il)-9H-fluoren-2-il)-1H-imidazol-2-11)-1-
pirrolidinil)carbonil) -2-metilpropil)carbamato de metilo

Ejemplo 3, Etapa a

BrBr
/N\

da
Una mezcla hetercogénea de 2, 7-dibromo-9H-fluoreno (4,98
g, 15,37 mmol) y N-bromosuccinimida (2,77 g, 15,56 mmol) se

calenté a reflujo durante ~5,5 horas. Se afiadidé mas cantidad
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de N-bromosuccinimida (9,41 g, 2,30 mmol) y el calentamiento
a reflujo se continudé durante 1 h mds. La mezcla de reaccién
se dejd® enfriar a temperatura ambiente y el componente
volatil se retiré al vacio,

Se afladidé una porcidén del material en bruto anterior (-~
5.1 g) durante 10 minutos a una sclucibén enfriada
(hielo/agua) en THF de dimetilamina (30 ml de 2,0 M), el bafio
de refrigeracién se retird y la mezcla heterogénea se agitd
durante 2 horas. El componente volatil se retiré al vacio y
el residuo se repartid entre CH,Cl, y agua y la fase orgéanica
se secd (MgSQO,), se filtrd y se concentrd al vacio. EI
material resultante se sometid® a una purificacién Biotage
(CH3OH al 0-5%/CH,Cl,), produciendo la amina 3a en forma de un
aceite viscoso de <color amarillo oscuro que produjo
lentamente un sélido denso (1,327). RMN de 'H (DMSO-ds, & =
2,50, 400 MHz): 7,83 (d, J = 8,4, 2H), 7,73 (s a ap., 2H),
7,61 (ad, J = 8,1, 1,3, 2H), 4,98 (s, 1H), 2,22 (s, 6H).

LC (Cond. VII): TR = 1,32 min

CL/EM: Anal. calc. para [M+H]® CisHiBr;N: 367,95;
encontrado 367,81 (para el isétopo dominante}

Ejemplo 3

El Ejemplo 3 (sal TFA) se prepard partiendo de la amina
3a de acuerdo con el procedimiento descrito para la sintesis
del Ejemplo 1 a partir de 2,7-dibromo-9H-fluocren-9-ona. RMN

de 'H (DMSO-dg¢, & = 2,50, 400 MHz): 8,27-7,99 (m, 8H), 7,33

000412
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(d, 0 =8,3, 1,88H), 6,91 (s a, 0,12H), 5,92 (s a, ~1H), 0,12
(s a, 0,22H), 5,17 {(m, 1,88 H), 4,12 (m, 1,88H}, 3,81-3,7¢
(m, 4H), 3,55 (=, ~6H), 2,75 (s a ap., 6H), 2,43-2,35 (m,
2H), 2,24-1,95 {(m, BH), 0,91-0,78 {(m, 12H). [Nota: algunos de
los desplazamientos gquimicos del rotamero minoritario no se
identificaron, y eso se debe en parte a que se dan valores
aproximados para algunas de las integraciones]. |

LC (Cond. VII)}: TR = 1,09 minutos, indice de
homogeneidad >95%

CL/EM: - Andl. calc. para [M+H]" C43HseNgOg:  794,43;
encontrado 794, 29.

Ejemplo 4

O/ ) »

HQ}tﬁ) ‘ N ?jP
i .

({18)-1-(((28)-2-(5-(7-(2-((25)-1-((28)-2-
((metoxicarbonil)amino)-3-metilbutanoil)-2-pirrolidinil)-1H-
imidazol-5-1il) -9H-fluoren-2-1i1)-1H-imidazol-2-11)-1-
pirrolidinil)carbonil)—2-metilprqpii)carbamato de metilo
Ejemploc 4, Etapa a
SEM
e

Boc
4a

000413
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Se afiadi®é en una extraccién NaH {243 mg de 60%, 6,08
mmol) a una semi-soluciédn en DMF (15 ml) de imidazeol 1la
(1,228 g, 5,17 mmol) y se agitdé durante 75 min. Se afiadid
gota a gota SEM-C1l (1,0 ml, 5,65 mmol) durante 7 minutos y la

5 mezcla de reaccidén se agitd durante 3,5 horas mas. EL
componente  volatil, incluyendo el disolvente, se retird al
vacio y el residuo se repartié entre CH;Cl, y agua. La fase
orgdnica se secd {(MgSO;), se filtrdé y se concentrd al vacio.
El material resultante se purificd con un BioEage®'(100 g de

10 gel de silice; EtOAc al 60-100%/hexanos), produciendo el
imidazol la en forma de un aceite viscoso incoloro (1,649 g).
RMN de 'H (DMSO-&, & = 2,50, 400 MHz): 7,16/7,13
{sclapamiento singletes, 1H), 6,80/6,78 (solapamiento
singletes, 1H), 5,61 (d, J = 10,8, 0,41H), 5,38 (4, J = 11,1,

15 0,59 H), 5,26 (4, VJ= 11,4, 1H), 4,95-4,85 (m, 1H}, 3,51-3,33
(m, 4H), 2,25-2,00 (m, 2H), 1,90-1,77 (m, 2H), 1,35 (s,
3,794), 1,12 (s, 5,21 H), 0,91-0,76 (m, 2H), -0,04 (s, 9H).
CL/EM: Anal. calc. para ([M+H]' CigH34N30;Si: 368,24; encontrade
368,23.

20 Ejemplo 4, Etapa b

SEM
Br'E':?’\P
Boc
4b

Una solucidén en CH;CN (6 ml) de NBS (573 mg, 3,22 mmol)

25 se afiadid gota a gota durante 8 minutos a una solucidn
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enfriada (hielo/agua) en CH;CN (10 ml) de la amina 4a y se
agitd durante 95 min. El1 bafio de refrigeracidn se retird y la
agitacidén se continud durante 35 min mé&s. El componente
volatil se retirdé al vacio y el material en bruto fesultante
se sometid directamenté a una purificacidén por Biotage® (100
g ée gel de silice; EtOAc al 40-50%/hexanos), produciendo el
bromuro 4b en forma de un aceite viscoso de color amarillo
claro (0,895 g). De acuerdo con el analisis por RMN de 'H, el
producto parece ser una mezcla de regioisdmeros (en una

proporcidén de 7,1:1,0) y se sometidé a la sigulente etapa tal

cual.

LC (Cond. VII): TR = 1,77 min
CL/EM: An&dl. calc. para [M+H]' CigHa3BrN;0;8i: 446,15;
encontrado 446,07

Ejemplo 4, Etapa c

SeM 1)

N N
o OO
\ \N Boc
NN L)
4c

QV; SEM

A
El -carbamato 4c se prepard partiendo de 2,7-dibromo-9H-
fluoren-9-ona y el bromuro 4b, mediante un acoplamiento de

Suzuki, de acuerdo con el procedimiento descrito para 1la

sintesis de carbamato 1d. La asignacidén regioquimica SEM

anterior para el producto principal se basa en estudios NOE,

aunque no tiene trascendencia para el propdsitoc actual. RMN
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de H (DMSO-dg, & = 2,50, 500 MHz): 8,04-8,02 (m, 2H), 7,74-
7,70 (m,‘ZI-I), 7,56-7,49 {(m, 2H), 7,06 (s a, 2H), 5,62-5,60
(m, O0,82H), 5,43-5,41 (m, 1,18H), 5,27 {(m, 2H), 5,09 (m,
0,86H), 1,14 (m, 1,14H), 4,02 (s, 2H), 3,63-3,38 (m, 8H),
2,33-2,09 (mf 4H), 2,01-1,84 (m, 4H), 1,39 (s, 7,56H), 1,18
(s, 10,44H), 0,92-0,81 (m, 4H), -0,04 (s, 18H).

LC (Cond. VII): TR = 1,92 min

CL/EM: Andl. calc. para [M+H]' CusHy3NgOsSi,: 897,51;
encontrado 897,37

Ejemplo 4, Etapa d

Se afiadié una solucidén en dioxano de HCl1 (3 ml de 4,0 N,
12 mmol) él compueéto 4c (133 mg, 0,148 mmol) y la mezcla de
reaccidén heterogénea resultante se agité durante ~14 h,
después se afiadié CH;OH (1,0 ml) y la agitacién se continud
durante ~4,5 horas mas. .El componente voldtil se retiré al
vacio, se secd a alto vacio y se sometid a la siguiente etapa
sin purificacién.

' Ejemplo 4

La pirrolidina 4d se elaboré para dar la sal TFA del

Ejemplo 4 de acuerdo con el protocolo descrito para la

sintesis del Ejemplo'l, con la excepcidédn notable de gque se

ago

4

t

16
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emplearon 6 equiv. mol de i-Pr,EtN. RMN de 'H (DMSO-dg, & =
ZLSO' 460 MHz): 8,11-7,82 (m, 8H), 7,34 (d, J = 8,3, 1,89H)},
6,92 (s a ép., 0,11H), 5,55 (m, 0,14H), 5,16-5,13 {(m, 1,86H),
4,14-3,74 (m, 8H), 3,55/3,35 {(dos s, 6H), 2,45-2,34 {(m, 2H),
bl 2,20-1,74 (m, 8H), 0,91-0,78 (m, 12H).
LC (Cond. VII}): TR = 1,28 min
CL/EM: Anadl. calc. para [M+H]" C41Hs1NgOg:  751,39;
encontradc 751,24
Ejemplo 5

0 o

HS%“Q N n\(i:}.
Meoﬂ \)L‘N O}\ﬁ?om
N o~

/
((1S,2R)-2-metoxi-1-(((258)-2-(5-(7-(2-((25)-1-(N-
5 (metoxicarbonil) -O-metil-L-treonil)-2-pirrolidinil)-1H-
imidazol-5-1i1) -9H~-fluoren-2-1i1)~1H-imidazol-2-i1)}-1-
pirrolidinil)carbonil)propil)carbamato de metilo
La sal TFA del Ejemplo 5 se prepard a partir de la
pirrolidina 44 y el &cido apropiado de acuerdo con el
0 procedimiento descritc para el Ejemplo 4. RMN de H (DMSC-dg,
& = 2,50, 400 MHz): 8,11-7,82 {(m, 8H), 7,23 (d, J = 8,3,
1,87H), 6,75 (s a ap., 0,13H), 5,65 (m, 0,17H), 5,17-5,13 (m,
1,83H), 4,33-4,22 (m, 2H), 4,09 (s, 2H), 3,93-3,72 (m, 4H),
3,61-3,19 (m, 214H), 2,44-2,33 (m, 2H), 2,21-1,72 {m, 6H)},

25 1,10 (4, J = 6,3, 0,58H), 5,42 (d, J = 6,0, 5,42H).
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LC (Cond. VII): TR = 1,17 min

CL/EM: Anal. calc. para [M+H]"  C41Hg1NgO4: 783,38;
encontrado 783,23 |

Ejemplo 6-7

Se afiadieron MeNH,; (4,9 ml, 9,87 mmol} y Na,CO; {0,349 g,
3,29 mmel) a una solucidn en THF (6,5 ml) de 4,4'-dibromo-
2,2'-bis{(bromometil)bifenilo (0,328 g, 0,658 mmol) y la mezcla
de reaccidn se calenté a reflujo durante 3 horas. EI1
componente volatil se retird al vacio y el residuc se pasd a
través de MCX (lavada CH;0H; elucidn éon NH; 2,0 M/CH;0H),
produciendo 3,9-dibromo~-6-metil-6, 7-dihidro-5H-
dibenzolc,elazepina en forma de un sdélido de color blanco
(0,24 g). RMN de 'H (DMSO-dg, & = 2,50, 500 MHz): 2,31 (s, 3
H), 3,24 (s, 4 H}), 7,47 {4, J =7,9, 2 H), 7,55-7,82 (m, 4 H}.

LC (Cond.III): TR = 2,42 min

CL/EM: Andl. calc. para [M+H]' CysHi4sBr;N: 367,95;
encontrado 368,17 (para el isdtopo dominante)

Los Ejemplos 6-7 se prepararon partiendo de 3, 9-dibromo-
6-metil-6,7-dihidro-5H-dibenzo [c,ejazepina empleando los
procedimientos descritos para la sintesis del Ejemplo 4 a

partir de 2,7-dibromo-9H-fluoren-9-ona.
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Ejemplo Nombre del Compuesto R TR (LC-
Cond.) ;
indice de
homogeneidad
en %;

Datos de EM

6 ((15)-1-({((258)~-2-(5-(9- oo 1,98 . minutos

(2-((28)-1-((28)-2- OM " | {Cond. Iv);

{ (metoxicarbonil)amino) -3- ﬁHCOﬂWe >95%

metilbutanoil)-2-

pirrolidinil}-1H-imidazol- CL/EM: Anal.
5-11)-6-metil-6, 7-dihidro- calc. para
5H-dibenzo[c,e]azepin-3- |- [M+H]*
il)-1H-imidazol-2-i1)-1-- Ca3HsgNgOg ¢
pirrolidinil)carbonil)-2- 794,43;
metilpropil)carbamato de encontrado
metilo - 795, 27
7 (15,1'8)-2,2'-({6-metil- 1,82 minutos

6, 7-dihidro-5H-

SN
O4l\I’Ph (Cond. I1I);

dibenzofc,ejazepina-3,9- N >95%
diil)bis (1H-imidazol-4,2- S
diil(28)-2,1- CL/EM: Anal.
pirrolidinadiil) )bis (N, N- calc. para
dietil-2-oxo-1- (M+H] "
feniletanamina) Cs3HggNgO; -
858,52;
encontrado
859, 07.

Ejemplo 8-12
Se afiadidé HBr (11 ml, 87 mmol) a una solucidn en THF {10

ml) de (4,4"'-dibromobifenil-2,2'-diil)dimetancl (para 1la




5

219

preparacidén, véase: Tetrahedron Letters 2004, 45, 2801; 1,3
g, 3,49 mmol), y la mezcla se calenté a reflujo durante seis
horas y después se dejdé enfriar a temperatura ambiente. La
mayor parte del componente organico se retiré con un
evaporador rotatorio y el resgiduo se extrajo con CHyCl, {10
ml, 3 x). La fase orgdnica combinada se secd (MgS0Os;)., se
filtrdé y se concentrdé al vacio, produciendo ﬁn aceite pardo,
que cuando se disolvid en 5 ml de acetona y se dejd en reposo
en condiciones ambientales durante 1 h, produjo un
precipitado. La filtracidén y el secado al vacio produjeron
3,9-dibromo-5,7-dihidrodibenzo[c,eloxepina en forma de un
sdlido de coipr blanco (0,628 g, rendimiento del 51%). RMN de
H {DMSO-dg, & = 2,50, 500 MHz): 4,23-4,29 (m, 4H), 7,53~7,60
{(m, 2H), 7,74 (a4, J = 7,9, 2,1, 2H) 7,79 (d, J = 2,1, 2H}.
Los Ejemplos 8-12 se prepararon partiendo de 3,9;dibromo—
5,7-dihidrodibenzo(c,e] oxepina empleando los procedimientos
descritos para la sintesis del Ejemplo 4 a partir de 2,7-

dibromo-9H-fluoren-9-ona y los sustratos apropiadcs.

e
5 w OO~
: H

& o

000429
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dihidrodibenzo [c, e]oxepina-
3,9-diilbis(1H-imidazol-~4,2-
diil(2s8)-2,1-
pirrolidinadiil ((1S)-2-oxo-
1- (tetrahidro-2H-piran-4-
il)-2,1-
etanodiil)))biscarbamato de

dimetilo

Ejemplo R Nombre del Compuesto TR (LC-Cond.) ;
indice de
homogeneidad en
Datos de EM

8 v ((1S)-1-(((28}-2-(5-(9-(2- | 2,31 minutos
044\\,l\\ ((28)-1-((28)-2- (Cond. IV); >95%
ﬁHCOzMe ( (metoxicarbonil)amino)-3-
metilbutancil)-2- CL/EM: Anal.
pirrolidinil)-1H-imidazol-4- | calc. para
il)-5,7- [M+H] " Cu2HsaNgO4:
dihidrodibenzo(c,ejoxepin-3- | 781,40;
il)-1H-imidazol-2-i1)-1- éncontrado
pirrolidinil) carbonil)-2- | 781,59
metilpropil)carbamato de
metilo
9 V) ((18)-2-((28)-2-(4-(9-(2- 2,05 minutos
| O¢J\\// ((28)~1-(N- (metoxicarbonil)- | (Cond. IV); »>95%
ﬁHCOﬂWe L-alanil)-2-pirrolidinil)}-
1H~-imidazol-4-1i1)-5,7- CL/EM: Anal.
dihidrodibenzo(c, ejoxepin-3- | calc. para
11)-1H-imidazol-2-11)-1- [M+H]" CsgHesNg07:
pirrolidinil) -1-metil-2- 725,34;
oxoetil)carbamato denmetilo encontrado
725,32
10 (5,7- 2,06 minutos

(Cond. IV); >95%

CL/EM: Anal.
calc. para
[M+H] " CygHs7Ng0s:
865,42;
encontrado

865, 89.

000421
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10A Py ol (5, 7- 2,09 minutos
dihidrodibenzo[c,e]oxepina- | (Cond. IV); >95%
© NHGO,Me 3,9-diilbis(1H-imidazol-4,2-
diil(2s)-2,1- CL/EM: Anal.
pirrolidinadiil (2-oxo-1- calc. para
(tetrahidro-2H-piran-4-il)- | [M+H]® CaeHsrNgOs:
; 2,1-etancdiil) ) )biscarbamato | 865,42;
de dimetilo encontrado
865,22,
11

A~ ' ((15,2R) -2-metoxi-1-(((28)- | 2,15 Minutos
044\\//Lﬁ3,, 2~ (4-(9-(2-((2S)-1- (N- (Cond. IV); >95%
- (metoxicarbonil) -O-metil-L-

treonil)-2-pirrolidinil)-1H- | CL/EM: Anal.
imidazol-4-il)-5,7- calc. para

NHCO,Me

dihidrodibenzo [c,e]oxepin-3- | [M+H]" CyHg3NgOs:
il)-1H-imidazol-2-1i1l)-1- 813,39;
pirrolidinil)carbonil)propil | encontrado
)carbamato de metilo 814,31

12 Wavy (18,1'5)-2,2"'-(5, 7~ 1,26 minutos
41\I/Ph dihidrodibenzo(c, ejoxepina- | (Cond. II); >95%

3,9-diilbis({1H-imidazol-4, 2-

a’N‘a 4
diil(2s)-2,1- CL/EM: Anal.
pirrolidinadiil) )bis (N, N- calc. para

dietil-2-oxo-1- [M+H]"  CyHg1NgOs:

feniletanamina) 845,49;
encontrado
845,22.

Ejemplo 13

O/

o oo
i O N N N
Q/} H _ o NH
) ps

((18)-1-(((258)-2-(5-(9-(dimetilamino)-7-(2-((25)~1-((258)-2-

000422
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( (metoxicarbonil)amino)-3-metilbutancil)-2-pirrolidinil)-1H-
imidazol-5-1i1)-9-metil-9H-fluoren-2-1i1)-1H-imidazol-2-11)-1-
pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo

Ejemplo 13, Etapa a

13a

Se afiadidé gota a gota NaN(TMS), (3,40 ml de 1,0 M/THF, 3,4
mmol) durante 2 minutos a una scolucidén en THF de la amina 3a
(1,14 g, 3,10 mmecl) y se agitd dufante 20 min. Después, se
afladié gota a gota Mel (0,27 ml, 4,33 mmol) durante 3 minutos y
la agitacién se continué durante ~65 min. La reaccidn se tratd
con exceso de CH;OH y todo el componente volatil sé retird al

vacio. El material en bruto resultante se purificdé con una

cromatografia ultrarrapida (EtOAc al 10%/hexanos), produciendo.

la amina 13a en forma de un sdlido de color blangquecino (793

mg). RMN de 'H (DMSO-dg, [J = 2,50, 400 MHz): 7,80 {4, J

I
o]
o

2H), 7,67 (4, J = 1,7, 2H), 7,58 (dd, J = 8,1, 1,8, 2H), 2,06

(s, 6H), 1,58 (s, 3H). CL/EM: Anal. calc. para [M+H]" Ci¢HisBroN:

381,96; encontrado 381,90 (para el isdtopo dominante) .

Ejemplo 13, Etapa b

_ SEM ¢
N~ N
Bog N| N O O m/\ \
i \_N Boc
NN A=) |
2 SEM Me NMe,
13b
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Se afiadid Pd(OAc), (5,3 mg, 0,024 mmol) a la mezcla del
dibromuro 13a (101,8 mg, 0,267 mmol), el imidazol 13a (145,6
mg, 0,396 mmol), PhiP (12,5 mg, 0,048 mmol) y K,CO; (116 mg,

0,839 mmol) en dioxano (2,5 ml), se burbujed nitrégenc a su

"través durante 1 minuto y después se calentd a 140°C

{microondas) durante 3 horas. La mezcla se tratd con CH,OH (2
ml), se f£filtrd a través de un 1lecho de algodén y el

componente voldatil se retird al vacio. El1 material en bruto

se purificé por un sistema de HPLC de fase inversa -

(H,O0/CH;0H/TFA), el eluido de HPLC se neutralizd con exceso de

NH;/CH3;0H y el componente vol&atil se. retird al vacio. El

material resultante se repartid entre CH,Cl, y agua y la fase

acuosa se extrajo con CHpCl,. La fase orgdnica combinada se
secd (MgSOQ,), se filtrdé y se concentré al vacio, produciendo
13b en forma de una espuma de color blanco (56,1 mg). Lé
preparacidén regioguimica de 13b no se determiné ya gque era
intrascendente para el propdsito actual. CL/EM: Anal. calc.
para [M-SEM+H]" C4cHggN-0sSi: 824,49; encontrado 824,34.
Ejemplo 13 |

La» sal TFA del Ejemplo 13 se prepard partiendo del
compuesto 13b empleando los procedimientos descritos para la
sintesis del Ejemplo 4 a partir del intermedio 4c, con la
excepcién de que el precursor de pirrolidina correspondiente
empleado para la UGltima etapa se liberd de la base con MCX, y

de que sb6lo se emplearon 2 equiv. mol de I-Pr,EtN para la
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etapa de acoplamiento de HATU. RMN de 'H (DMSO-dg, & = 2,50,
400 MHz): 8,24-7,96 (m, 8H), 7,32 {(m, 1,89H), 6,89 (s a ap.,
0,11H), 5,52 (s a ap., 0,12H), 5,17-5,14 (m, 1,88H), 4,13~

4,09 (m, 2H), 3,85 (m, 2H), 3,54/3,36 (dos s, 6H), 2,63 (s a

-ap., 6H), 2,43-1,93 (m, 13H), 0,91-0,78 (m, 12H).

LC {Cond. VII): TR = 1,14 min
CL/EM: Andl. calc. para [M+H]" Cy4HsgNsOg:  808,45;
encontrado 808,32
Ejemplo 14

O/

O e
RO
“T(\z;EJ\H ‘l’ O:XTH

((18)-1-(((25)~-2-(5-(7-(2-((258)-1-((25)-2-
((metoxicarbonil)amino)—3—metilbutanoil)—Z—pirrélidinil)—lH-
imidazol-s-il)—9,9—dimetil—9H—f1uoren—2—ii)—1H-imidazol<2—
il)—l—pirrolidinil)carbonil)—2—metilpropil)carbamato de
metilo

Ejemplo 14, Etapa a

Y4

Se afiadi® en extracciones KOH en polvo (0,970 g, 17,3

mmol) durante 1 minuto a una mezcla heterogénea de 2,7-
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dibromo—9H-fluoreno'(1,30 g, 4,01 mmol) y MeI (0,560 ml, 9,00
mmol) en DMSO (10 ml) y se agitd en condiciones ambientales
durante ~17,5 horas. La mezcla se diluyd® con agua (100 ml) y
se extrajo con hexanos (100 ml). La fase organica se lavd con
agua (20 ml), se secd (MgS04), se filtrd y se concentré al
vacio. El material en bruto resultante se purificd con una
cromatografia ultrarrapida (la muestra se cargdé en forma de
una malla de gel de silice; hexanos), produciendo 1l4a (728
mg) contaminado con el intermedio de mono-metil
correspondiente en una proporcién 12:1 (RMN de 'H).

Se afladi® NaN(TMS), (0,5 ml de 1,0 M/THF, 0,50 mmol) a
una solucién en THF (4,0 ml) de la mezcla anterior (702 mg) vy
se agitd durante 10 min. Después, se afladié gota a gota Mel
(0,15 ml, 2,41 mmol) durante unos minutos y se agitd durante
75 min. Después, se inactivé con CH;OH (10 ml) vy el
componente volatil se retird al vacio. El residuo se repartid
entre CH;Cl; y agua y la fase organica se secd {(MgS0,), se
filtrd y se concentrdé al vacio, produciendo l4a en forma de
un s6lido de color amarillo claro, libre de la impureza mono-
metilada. El1 material en Dbruto se sometié a la siguiente
etapa sin purificacidn. RMN dé 4 (cpCcl,, & = 7,24, 400 MHz):
7,53 {4, 5= 7,8, 28B), 7,53 (&, J =2, 2H) 7,45 (4d, J = 8,1,

1,8, 2H), 1,45 (s, 6H).

000426
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Ejemplo 14, Etapa b

SEM

s, {28 e

o SEM
14b

_El compuesto 14b se prepardé a partir del dibromurc 1l4a
de acuerdo con el procedimiento descrito para la sintesis de
13b a partir del dibromuro 6a. CL/EM: Anal. calc. para [M-
SEM+H] " C4sHg3NgOsSi: 795,46; encontrado 795, 33.

Ejemplo 14, Etapa c¢

W iy

"Se afiadié HCl/dioxanc (5 ml de 4 N, 20 mmol) al compuesto

1l4b (124,5 mg,‘ 0,135 mmocl) Yy se agitd para realizar una

disolucién total. ILa solucién se enfrié con un bafic de |

hielo/agua y se tratdé gota a gota con 1 ml de una solucién
concentrada al 33% de HCl durahte 2 min. Después, el barno de

refrigeracién se retird y la mezcla de reaccién se agitd durante

~22,5 horas. El componente voldtil se retird al vacio y el

residuoc se liberd primero de la base con MCX (2 g; lavada con
CH,0H; elucidén con NH; 2,0 N/CH3OH)_ vy después se purificd con una
HPL.C de fase inversa (CH;0H/H,O/TFA). El1 eluido de HPLC se
concentrd y el producto resultante se liberd de la base éon MCX

como se ha indicado anteriormente, produciende la pirrolidina
i’

000427
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l4c en forma de una espuma'de celor rojizo-naranja, contaminado
con una impureza sin identificar (38,7 mg). RMN de H (DMSO-d¢,
d = 2,50, 400 MHz): l,A83 (s, 2H), 7,74-7,69 (m, 4H), 7,49 (s a
ap., 2H), 4,24-4,20 (m, 2H), 3,04-2,98 (m, 2H), 2,93-2,87 (m,
2H), 2,13-2,05 (m, 2H), 1,95-1,70 (eH), 1,48 (s, 6H).

LC (Cond. VII): TR % 1,03 min

CL/EM: Anal. calc, para [M+H]*  Cy9H33Ne: 465,28,
encontradec 465, 21.

Ejemplo 14

El Ejemplo 14 se prepard en forma de una sal TFA partiendo
de 1l4c de acuerdo con el procedimiento descrito para la sintesis
del Ejemplo 1 a partir del intermedio le. RMN de ‘H (DMSO-dg, &
= 2,50, 400 MHz): 8,13 (s, 2H), 8,06-8,01 (m, 2H), 7,85-7,79 (m,
2H), 7,39-7,33 {(m, 1,89H), 6,93 (m, 0,11H), 5,61 (m, O,1l4H),
5,1%—5,14 (m, 1,86H), 4,15-4,06 (m, 2H), 3,91-3,80 (m, 4H),
3,54/3,33 (dos s, 6H), 2,46-2,38 (m, 2H), 2,22-1,99 (m, 8H),
1,53 (s, €6H), ©0,92-0,78 {(m, 12H).

LC (Cond. VII): TR = 1,37 min

CL/EM: Anadl. calc. para [M+H]® C43HssNgOg:  779,42;
encontrado 779,23

Ejemplo 15

O/

o O
~ D-OOST 3L
TR,
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((9,9-dimetil—9H—f;uoreno—2,7—di;1)bis(1H-imidazol—5,2—
diil(23)—2,l—pirrolidinadiil((lS)—l-cicloprqpil—z-oxq-Z,1-
etanodiil)))biscarbamato de dimetilo

El Ejemplo 15 (sal TFA) se prepard de acuerdo.con el
protocolo descritc para el Ejemplo 14 empleando el &cido
apropiado para la etapa final. RMN de 'H (DMSO-dg, & = 2,50,
400 MHz): 8;11-8,01 {m, 6H}, f;8347,79 (2H), (4, J = 7,8,
1,84H), 7,47 {m, O0,1leH), 5,46 (m, O0,19H), 5,18-5,15 (m,
1,81H), 3,89-3,72 {(m, 6H), 3,55/3,33 (dos s, 6H), 2,45-2,34
(m, 2H), 2,23-1,95 (m, 6H), 1,54 (s, 6H), 1,21-1,04 (m, 2H),
0,51-0,23 (m, 8H).

LC (Cond. VII): TR = 1,25 min

CL/EM: Ani&l. calc. para [M+H]*  C43H5:NgOs: 775,39;
encontrado 775,36

Ejemplo 16-17

Se afiadid en extracciones XOH en polvo (983 mg, 17,5
mmol) durante 1 minuto a una mezcla heterogénea de 2,7-
dibromo-9H-fluoreno (1,31 g, 4,04 mmoi) y 1,3-dibromopropano
(837 mg, 4,15 mmol) en DMSO (20 ml) y se agitdé en condiciones
ambientales durante ~5 dias. La mezcla se diluyd con agua
(200 ml) y se extrajo con CH;Cl; al 10%/hexanos (100 ml, 2 x).
La fase orgénica combinada se secd (MgS0,), se filtrd y se
concentrd al wvacio. El material en bruto resultante se
purificé con una cromatografia en columna {la muestra se

cargd en forma de una malla de gel de silice; hexanos, con
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elucidn por gravedad) , . produciendo 2',7¢-
dibromoespiro[ciclobutano—l,9'—f.luoreno] en forma de un
.sb6lido esponjosc de color blanco (600 mg). RMN de 'H (CDCl;, &
= 7,24,‘400.MH;): 7,86 (d, J 1,8, 2H), 7,48 (d, J = 8,0, 2H},
7,44 (dd, J = 8,1, 1,8, 2H), 2,61 {(t ap., J = 8,1, 4H), 2,42-
2,34 (m, 2H).

Los Ejemplos 16-17 (sal TFA) se prepararon partiendo de
2',7'-dibromoespiro[ciclobutanc-1, 9'-fluoreno] emplea.ﬁdo el
procedimiento descrito para la sintesis del Ejemplo 14 a

partir del dibromuro 1l14a.

{
HN Oo H\(:}
NN R
IO T
SN : o
Py
Ejemplo R Nombre del Compuesto TR (LC-Cond. ) ;
indice de
homogeneidad en
Datos de EM
16 < ((1S)-1-(((25)-2-(5-(7"'-(2- 1,38 minutos
\( ((25)-1-((28)-2- (Cond. VII) ;
( (metoxicarbonil)amino) -3- >95%
metilbutanoil)-2-
pirrolidinil)-1H-imidazol-5- | CL/EM: Anal.,
il)espiro[ciclobutano-1,9"'- calc. para [M+H]*
fluoren] -2'-il1)-1H-imidazol-2- | C4HssNgOs: 791,42;
il)-1-pirrolidinil)carbonil)- | encontrado
2-metilpropil)carbamato de 791,32
metilo

000430
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17 HC:% ((15)-2-((28)-2-(5-(7"'-(2- 1,22 minutos
- : {(28)-1-(N- (Cond. VII) ;
(metoxicarbonil) -L-alanil)- | >95%
2-pirrolidinil)-1H-
imidazol-5- CL/EM: aAnal.
il)espiroc[ciclobutano-1,9'- |calc. para
fluoren]-2'-11)-1H- [M+H]* C4oHy7NgOs :
imidazol-2-1i1)-1- 735, 36;
pirrolidinil)-l1-metil-2- encontrado
oxoetil)carbamato de metilo | 735,28.

Ejemplos 18-21
Los Ejemplos 1B-21 se prepararon partiendo de 3,7-
dibromodibenzo [b,d] furano (que a su vez se prepard de acuerdoc
con FEur. J. Med. Chem. 1999, 34, 205) empleando los

procedimientos descritos para la sintesis del Ejemplo 14 a

partir del dibromuro 1l4a.

Ejemplo R Nombre del Compuesto TR (LC-Cond.) ;
. indice de
homogeneida en

o . :

Datos de EM

18 o ((18)-1-(((28)-2-(4-(7- |RMN de "H (DMSO-
O4L\“/L\ (2-((258)-1-((28)-2- dg, 8 = 2,50, 500
ﬁHCOﬂWe ((metoxicarbonil)amino) - | MHz): 14,60 (s,
3-metilbutancil)-2- 2H), 8,32 (4, J

pirreclidinil) -1H- = 7,9, 2H},

imidazol-4- 8,14-8,24 {m,

000431
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Ejemplo

Nombre del'Compuesto

TR (LC-Cond.) ;
indice de
homogeneidad en

Datos de EM

il)dibenzo[b,d] furan-3-

il)-1H-imidazol-2-11)-1-

pirrclidinil)carbonil) -

2-metilpropil)carbamato
de metilo

4H), 7,87
= 8,2, 2H),

(d, J
7,34

4,13
= 7,9,
3,79-3,92
4H) , 3,55 (s,
6H) , 2,41 (m,
2H) , 1,94-2,26
{m, 8H), 0,71 -
0,95 (m, 12 H)

2,27 minutos
(Cond. VI); >95%

CL/EM:
calc.

Anal.
[M+H]*
753,37;

para
CsoHqagNgO7:
encontrado
753,88

19

NHCO,Me

(dibenzo[b,d]furan—B,?-
diilbis{1H-imidazol-4,2-
diil(28)-2,1-
pirrolidinadiil((1S8)-1-
ciclopropil-2-oxo-2,1-
etanodiil)}))biscarbamato

de dimetilo

2,18 minutos
(Cond. VI); >95%

CL/EM: Anal.
calc. para [M+H]*?
CqoHesNgO7: 749,34,
encontrado

749,78
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Ejemplo R Nombre del Compuesto TR (LC-Cond.) ;
indice de
homogeneidad en
Bétos de EM

20 o ((18)-1-(((25)-2-(4-(7- | 2,51 minutos
0)\)< (2-{(28)-1-((25)-2- {(Cond. VI); >95%
ﬁHCOﬂWe ( (metoxicarbonil)amino) -
3,3-dimetilbutanoil)-2- | CL/EM: Anal.
pirrolidinil) -1H- calc. para [M+H]”
imidazol-4- C4oH53NgO5: 781,40;
il)dibenzofb,d] furan-3- | encontrado
il)-1H-imidazol-2-11)-1-|"781, 85
pirrolidinil)carbonil) -
2,2-
dimetilpropil) carbamato
de metilo
21 ) ((18)-2-hidroxi-1- | 2,16 minutos
O)\/kc’” (((28)-2- (4 (7-(2-((25) - | (Cond. VI); >95%
ﬁHCOﬂWe 1-((28}-3-hidroxi-2- |
( (metoxicarbonil)amino) - | CL./EM: An&l.
3-metilbutanoil) -2- calc. para [M+H]"
pirrolidinil)-1H- CsoH4gNgOg: 785, 36;
imidazol-4- encontrado
il)dibenzo[b,d] furan-3- | 785,89

il)-1H-imidazol-2-1i1)-1-

pirrolidinil)carbonil) -

2-metilpropil)carbamato
de metilo

0

Ejemplo 22

MeOZCHN,,;_zj\(\M

N N N
Me O

NHCO,Me

((18)-2-((28)-2-(5-(7-(2-((28)-1- (N- (metoxicarbonil) -L-
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alanil)-2-pirrolidinil)-1H-imidazol-5-1i1)-9-metil-9%H-
carbazol-2-i1)-1H~imidazol—2~il)—l—pirrolidinil)—l—metil-z-
oxcetil)carbamato de metilo

Ejemploc 22, Etapa a

A una solucibén agitada de 2,7-dibromo-9-metil-9H-
carbazol (1,52 g, 4,47 mmol) en THF anhidro (150 ml) a -78°C
se le aﬁadié n-Buli (1,06 M en hexano, 12,6 ml, 13,4 ﬁmol)
durante 10 min. La suspensién resultante se agitdé a -78°C
durénte 6 h, después de 1lo cual se afiadi® N-metil-N-
metoxiacetamida (1,43 ml, 13,4 mmol). La agitacidén se
continudé as la mezcla de reaccidn se dejd calentar a
temperatura ambiente durante 18 horas. Después, la mezcla se
inactivé con NaH;PO, 2 N, se extrajo con acetato de etilo vy la
fase organica se secd {(MgSQ,), se filtrd y se concentrd a
sequedad. El residuo se purificé por cromatografia en columna
(sistema Biotage® Horizon/acetato de etilo al 2-55%-hexanos),
produciendc 22a (0,560 g, 47%) en forma de un sélido de color
amarillo. RMN de 'H (400 MHz, DMSO-dg) 6 8,35 (d, J = 8,09 Hz,
éH), 8,27 (s, 2H); 7,86 (m, 1H), 7,84 (m, 1H), 4,05 (s, 3H),
2,72 (s, 6H) . CL/EM: Anal. calc. para Ci4H3sNO;: 265;

encontrado: 266 (M+H)®.

000434



10

15

20

25

234

Ejemplo 22, Etapa b

TBDMSOOTBDMS
. _

i
Me
22b

A una suspensiodn enfriada con hielo de 22a (0,661 g,
2,49 mmol) en tolueno (20 ml) se le afiadid trietilamina (1,39
ml, 9,96 mmol) y después triflato de terc-butildimetilsililo

(1,72 ml, 7,47 mmol). La agitacidén se continudé a 0°C durante

10 minutos y después la mezcla de reaccidn se de]jd calentar a

temperatura ambiente. Después de 3 h, 'la mezcla de reaccidn
se repartid entre EtOAc-H,O0 y 1la fase organica se secé
(MgS0O,), se £filtré y se concentr® a segquedad, dando 22b en
forma -de un sélido de color parde claro con rendimiento
esencialmente cuantitativo. Este material se usdé tal cual en
la siguiente etapa sin manipulacidén adiciocnal.

Ejemplo 22, Etapa c

A una solucidén agitada de 22b en THF anhidro (25 ml) a
0°C se le afladié en una porcidén N-bromosuccinimida (0,709 g,

3,98 mmol). La agitacidén se continudé a 0°C durante 30 minutos

méds y la suspensién resultante se f£iltrd. La torta de filtro

se secd al aire, dandeo 22c¢ (1,05 g, 100%) en forma de un

000435
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s6lido de color amarillo. RMN de 'H (400 MHz, DMSO-d¢) & 8,41
(d, 0 = 8,59 Hz, 2H), 8,37 (s, 2H)}, 7;89 (m, 2H), 5,10 (s,
4H), 4,07 (s, 3H). CL/EM: Andl. calc. para C;;H;3Br;NO,: 421;
encontrado: 422 (M+H)".

5 Ejemplo 22, Etapa d

10 Una mezcla de 22c (1,05 g, 2,49 mmol.), Boc-L-prolina -
(1,07 g, 4,98 mmol) y DIEA (0,867 ml, 4,98 mmol) en
acetonitrilc (20 ml) se calentdé a 85°C en un tubo cerrado
herméticamente durante 2 horas. Después, la mezcla enfriada
se concentré a sequedad, dando un residuo sdélido. Una mezcla
15 de este material y NH,OAc (1,92 g, 0,025 mol) en tolueno (32

ml) se calentd a 120°C en un tubo cerrado herméticamente

durante 2,5 h y después la mezcla de reaccidén enfriada se

repartié entre EtOAc-salmuera. La fase orgdnica se secd

(MgsSQ0,) , .s.e filtrd y se concentrd y el residuo se purificd
20 por HPLC preparativa (Cl8/CH;CN-H,O+TFA al 0,1%) . dando la sal
| TFA de 22d (as 0,840 g, toﬁal del 34%) en forma de un sélido
de color amarillo. RMN de 'H (400 MHz, CH;0H-ds) & 8,28 (m,
2H), 7,95 (m, 4H), 7,60 (m, 2H), 5,14 (m, 2H), 4,03 (s, 3H),
2,56 {m, 2H), 2,09 (m, 6H), 1,93 (m, 2H), 1,48 (s, 8H), 1,30

25 (s, 10H). CL/EM: ‘Andl, calc. para C;i;HssN;0,: 651; encontrado:
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652 (M+H)." >

Ejemplo 22, Etapa e

3
Me
22e

A una solucién de la sal TFA de 224 (0,840 g, 0,845
mmol) en diclorometanco (5 ml) se le afiadid TFA (15 ml) y la
mezcla se agitd a temperatura ambiente durante 3 horas.
Después, la mezcla se concentrd a sequedad y el residuo se
disolvidé en CH30H y se aplicd a un lecho de gel de extraccién
MCX (12 g, acondicionado previamente con CH;OH-diclorometano,
1:1). El lecho se eluyd con CH3;0H- diclorometanoc (1:1) vy
después NH; 2 N en CH;OH, vy las fracciones éue contenian el
producto se combinaron y se concentraron, dando 22e en forma
de un sbélido de coleor amarillo (rendimiento cuantitativo).
Este material se uséd tai cual en etapas posteriores.

Ejemplo 22

A una mezcla de dcido (8)-2-
(metoxicarbonilamino)propancice (0,022 g, 0,150 mmol) y HATU
(0,057 g, 0,150 mmol) en DMF (1 ml) se le afiadié DIEA (0,104 ml,
0,60 mmol) y la mezcla se agitd a temperatura ambiente durante
15 min. Después, se afiadid una solu_cic’m de 22e (0,034 g, 0,075
mmol) en DMF (2,5 ml) y la agitacidn se continudé a temperatura

ambiente durante 2 horas. Después, la mezcla se repartidé entre
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acetato de etilo-agua (1:1) y la fase organica se secd (MgSOQ4),
se filtrd y se concentrdé a sequedad. El1 residuo se purificé‘por
HPLC preparativa (C-iB/MeCN—H20+TFA. al 0,1%) y las fracciénes
que contenian el producto se concentraron a sequedad. El residuo
se liofilizd en CH;CN-H,CO (1:1), dando la sal TFA del Ejemplo 22
(0,0064 g, 8%) en forma de un s6lido de color amarillo. RMN de
H (400 MHz, CH,OH-d,) & 8,25 (d, J = 8,08 Hz, 2H), 7,93 (m, 4H),
7,58 (4, J = 8,08 Hz, 2H), 5,30 {(m, 2H), -4,49 (cuadr., J = 7,07
Hz, 2H), 4,20 - 3,98 (m, 1,5 H), 4,00 (s, 3H), 3,88 (m, 2H),
3,65 (s, 6H}), 2,55 (m, 2H), 2,23 (m, 6H), 1,34 (d, J = 7,07 Hz,
6H). CL/EM: BAnAl. calc.. para Ci;HssN,O.: 709; encontrado: 710
(M+H) *.

Ejemplo 23-24

Los Ejemplos 23-24 se prepararon de acuerdo con el

procedimiento general del Ejemplo 22, usando los 4&cidos

apropiados.
Ejemplo R Nombre del Compuesto 4Descripcién
(Rendimiento)
RMN. de 'H y Datos
de CL/EM
23 " o7 ((18,2R}-2-metoxi-1- S6lido de color
)\/?\ (((28)-2-(5-(7-(2- |amarille (0,011 g, |
o -
= 25)-1-(N- 12%) ;
NHCO,Me ((28) ( )
(metoxicarbonil) -O- RMN de 'H . (400
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Ejemplo R Nombre del Compuesto Descripcidn
' (Rendimiento)
RMN de 'H y Datos
de CL/EM
metil-L-treonil)-2- MHz, CH,OH-ds} ©
pirrolidinil)-1H- 8,25 (m, 2H), 7,94
imidazol-5-il)-9-metil- | (m, 4H), 7,59 (d,
SH-carbazol-2-il1)-1H- J = 8,08 Hz, 2H),
imidazol-2-11)-1- 5,31 (m, 2H), 4,49
pirrolidinil)carbonil)p | (m, 2H), 4,07 (m,
ropil)carbamato de 2H), 3,99 (m, 3H),
metilo 3,91 {m, 2H), 3,73
(m, 2H), 3,67 (s,
6H), 2,59 (m, 2H),
2,22 {m, 6H), 1,14
(m, 2H). CL/EM:
Anal. calc. para
C41Hs1NgOg : 797 ;
encontrado: 798
(M+H) *.
24 I ((15)-3-metoxi-1- S6lido de color
OA\_/\/O\ ({(28)-2-(5-(7-(2- amarillo (0,0203
ﬁHmhMe ((28)-1- (N- g, 26%).
(metoxicarbonil) -O- RMN de 'H (400
metil-L-homoseril)-2- |MHz, CH;OH-d,) &
pirrolidinil)-1H- 8,26 (d, J = 8,08
imidazol-5-il)-9-metil- |Hz, 2H), 7,%4 (s,
9H-carbazol-2-i1)-1H- 4H), 7,59 (d, J =
imidazol-2-11)-1- 8,59 Hz, 2H), 5,31
pirrolidinil)carbonil)p | (m, 2H) , 4,59
ropil)carbamaté de (cuadr., J = 4,55
metilo Hz, 2H), 4,02 -
3,99 {m, 2,5 H),
4,01 (s, 3H), 3,90




- r/
Ejemplo R Nombre del Compuesto Descripcién
' (Rendimiento)
RMN de *H y Datos
de CL/EM

(m, 3H), 3,65 (s,
6H), 3,45 (m, 5H),
5 2,57 (m, 2H), 2,23
(m, 6H), 2,08 (m,
3H), 1,81 (m, 3H}.
‘CL/EM: Anal. calc.

para C41H51N903 :
797; encontrado:
798 (M+H)",
10
Ejemplo 25
H H
(\)YN ) Njﬂ
MeO,CHN,, N N N NHCO,Me
|
0 Me 0
15
((18)-1-(((28)-2-(5-(7-(2-((28)-1-((28)-2-
((metoxicarbonil)amineo)-3-metilbutancil) -2-pirrolidinil)-1H-
‘imidazol—s—il)-9—metil—9H-carbazol-2-il)-1H—imidazol—2-il)—l4
pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo
20 El prcducto "en bruto obtenido de acuerdo con el

procedimiento general indicado en el Ejemplo 22, usando acido
(S) -2- (metoxicarbonilamino) -3-metilbutancico (0,024 g, 0,13é
mmol) vy 9—meti1—2,7—bis(2—((S)-pirrolidin-z-il)—lHFimidazol;S—
il) -9H-carbazol (0,021 g, 0,046 mmol), se purificd por HPLC

25 prep (C-18/MeCN-H,0-NH,0Ac), produciendo el Ejemplo 25 (0,0207
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g, 59%) en forma de un sdlido de color blanco. RMN de 'H (400
MHz, CH;OH-d;) & 7,98 (m, 3H), 7,82 {m, O0,6H), 7,74 (m, 2,4H),
7,53 (d, J = 7,07 Hz, O0,5H), 7,64 (m, 2,5H), 7,39 (m, 0,6H),
7,34 (m, 2,4H), 5,34 (m, 0,6H), 5,20 (dd, J = 5,31, 7,83 Hz,

5 2,4H), 4,24 (4, J = 7,07 Hz, 2H), 4,01 (m, 2H), 3,65 (s, 6H),
2,37 - 2,19 (m, 6H), 2,09 - 2,02 (m, 4H), 0,94 {(m, 12H). éL/EM;
Anal. calc. para C;HsNgOs: 765; encontrado: 766 (M+H)" .

Ejemplo 26

H H
10 \ /
Y& N7 N LN P
O L~ O
H3CO77/NH SO,Ph
o
((ls)—2—{(2S)—2—(5~(7—(2—((25)-1—{Nl(methicarbonil)—L—
alanil)-2-pirrolidinil) -1H-imidazol-5-11)-9- (fenilsulfonil) -
15 SH-carbazol-2-il)-1H-imidazol-2-1il)-1-pirrolidinil)-1-metil-
2-oxocetil)carbamato de metilo

Ejemplo 26, Etapa a

N
SO,Ph
20 ' 26a

Una mezcla de KOH recién pulverizadeo (1,31 g, 23,4 mmol)

en DMSC (28 ml) se agitd® vigorosamente a temperatura ambiente

durante 10 minutos, después de lo cual se afiadié en una

porcién 2, 7-dibromocarbazcl s6lide (1,90 g, 5,85 mmol). La
25"
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mezcla se agitd® durante 1 h, después se afladid cloruro de
bencenosﬁlfonilo (1,49 ml, 11,7 mmol) y 1la agitacidn se
continué durante 18 horas. Después, la mezcla se diluydé con
agua (150 ml) y el precipitado resultante se retird por
filtracién y la torta de filtro se lavd con agua y,se secd al
aire. El polvo de color beige resultante se triturd con
diclorometano-hexanos, se filtrd y se secd al vacio, dando
26a (2,10 g, 77%) en forma de un s6lido de color beige. RMN
de "H (400 MHz, CDCl;) & 8,47 (4, J = 1,52 Hz, 2H), 7,83 (4, J
= 8,59 Hz, 2H), 7,72 (d, J = 8,59 Hz, 2H), 7,50 (m,‘ 3H), 7,40
(t, J = 8,08 Hz, 2H) . CL/EM: Anal. calc. para
C1gH11BroNO,S:463; encontrado: 464 (M+H)."

Ejemplo 26, Etapa b

YO~

0 N 0
SO,Ph
26b

A una solucién de 26a (2,086 g, 4,48 mmcl) en THF seco
(60 ml) a -78°C en atmdsfera de argdén se le afiadié gota a

gota n-Buli (1,29 M en hexanos, 10,4 ml, 13,4 mmol) durante 5

"min. La mezcla resultante se agitd a -78°C durante 70

minutos, después se afladid® N-metoxi-N-metilacetamida (1,43
ml, 13,45 mmol) y el bafio de refrigeracién se dejé calentar a

temperatura ambiente durante 18 horas. Después, la reaccién

se interrumpié con NaH,PQ, 2 N y se extrajo con EtOAc. La fase




10

15

20

25

242

000443

organica se secd (MgSO,), se filtrd vy se vconcentré a
sequedad, dando un s6lido de coclor castafio. Este s6lido se
triturd® con hexanos-acetonitrilo y el precipitado resultante
se filtré y se secd al vacio, dando 26b (1,16 g, 66%) en
forma de un sélido de color beige claro. RMN de 'H (400 MHz,
DMSO-dg¢) 06 8,79 (s, 2H), 8,40 (4, J =l8,08 Hz, 2H), 8,10 (4,
J = 8,08 Hz, 2H), 7,85 (d, J = 7,07 Hz, 2H), 7,64 (m, 2H),
7,50 {(m, 3H), 2,74 (s, 6H). CL/EM: Anal. calc. para
C,,H19NO,S8:391; encontrado: 392 (M+H)".

Ejemplo 26, Etapa ¢

TBDMSOOTBDMS
N

|
SO,Ph
26¢c

A una suspensidén enfriada con hielo de 26b (1,16 g, 2,96
mmol) y trietilamina (1,65 ml, 11,8 mmol) en tolueno (50 ml)
se le afiadié TBDMSOTf (2,04 ml, 8,88 mmol) y la mezcla se
agité durante 2 h a 0°C y después se dejé calentar a
temperatura ambiente durante 18 horas. Después, ia mezcla se
repartidé entre EtOAc-agua Y la fase organica se secé& (MgSQ,),
se filtré y se concentrd, dando 26c en forma de un aceite de

color naranja con un rendimiento cuantitativo. Este material

se usd tal cual en la siguiente etapa sin purificacién. RMN

de 'H (400 MHz, CDCl;) & 8,60 (d, J = 1,52 Hz, 2H), 7,79 (m,

4H), 7,62 (dd, J = 1,52, 8,59 Hz, 2H), 7,44 {(m, 1H), 7,29 {(m,




2H), 7,17 {(m, 1H), 5,03 (d, J = 2,02 Hz, 2H), 4,53 (d4d, J =
2,02 Hz, 2H), 1,07 (s, 18H), 0,27 (s, 12H). CL/EM: Anal.
calc. para Ci34H,sNO,SSi,: 619, encontrado: 620 (M+H)".

Ejemplo 26, Etapa d

{
SO,Ph
26d

A una solucidén de 26c (2,96 mmol) en THF (40 ml) se le

aﬁadié NBS (0,948 g, 5,34 mmol) y la mezcla se agitdé a

19 temperatura ambiente durante 24 horas. Después, la mezcla de
reaccidn de color ambar oscuro se concentrd casi a sequedad y

se afladieron hexanos hasta que se formd® un precipitado de
cdlor pardo. La mezcla se filtré, dando (después del secado

al wvacio) 26d en forma de un sélido de color pardo con un

15 )
rendimiento cuantitativo. Este material se usd tal cual en la

siguienteAetapa sin purificacién. RMN de 'H (400 MHz, DMSO-dg)
e 8,84>(S, 2H), 8,44 (d, J = 8,08 Hz, 2H), 8,14 (d, J = 8,59
Hz, 2H), 7,93 (d, J = 7,07 Hz, 2H), 7,65 (m, lHi, 7.51 (m,
2H), 5,13 (s, 4H).

20
' Ejemplo 26, Etapa e

|
S0O,Ph
26e

25 " Una solucidén de 26d (2,96 mmol), N-BOC-L-prolina (1,27
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g, 5,92 mmol}) y DIEA (1,03 ml, 5,92'mmol) en acetonitrilo (40
ml) se calentd en un tubo cerrado herméticamente a aprox.
85°C durante 2 horas. Después de déjarse enfriar é
temperatura ambiente, la mezcla se concentrd a sequedad,
dando un aceite pardo.

Una mezcla del aceite en bruto obtenido anteriormente vy
NH,OAc (2,28 g, 29,6 mmol) en tolueno (40 ml) se calentd a
125°C en un tubo cerradc herméticamente durante 3 horas. La
mezcla enfriada se repartid entre EtOAc-agua y 1la fase
organica se secd (MgS80,), se filtré vy se concentrd a
sequedad. El residuc se purificd por cromatografia en columna
(sistema Biotage® Horizon/metanol al 0-10%-diclorometano),
dando 26e (1,09 g, 47%) en forma de un sdlido de color pardo.
RMN de 'H (400 MHz, CDCl;) 6 8,57 (s a, 1H), 7,80 (d, J = 7,58
Hz, ¢éH), 7,39 (m, 3H), 7,28 (m, 2H), 5,01 (m, 2H), 3,55 -
3,43 {m, S5H), 3,06 (s a, 2H), 2,19 {(m, 4H), 1,99 (m, 3H),
1,51 (s, 18H). CL/EM: B2Anal. calc. para C4HyN.0s8: 777;
encontrado: 778 (M+H)*.

Ejemplo 26, etapa f

N “N
H l\\l / N \ :(1 H

$0,Ph
26f

A una solucidén de 26fF (0,868 g, 1,12 mmol) en

diclorometano (20 ml) se le afiadié TFA (5 ml) y la mezcla se
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agitd a temperatura ambiente durante 2 h y después se concentrd
a sequedad. El residuo se recogid en CH;OH y se aplicdé a una
capa acondicionada previamente (CH;0H) de gel de extraccidén SCX
(3 cm x 3 cm). La capa se lavd con CH3;0H y después se eluyd con
NH, 2 M en CH,OH. Las fracciones que contenian el producto se

concentraron, dando 9-(fenilsulfonil)-2,7-bis(2-((S) -

- pirrolidin-2-il)-1H-imidazol-5-il)-9H-carbazol (0,582 g, 90%.)

en forma de un s6lidc de color &ambar oscurc gque se usd
inmediatémente en la siguiente etapa.
Ejemplo 26
A una solucidén de acido (S)-2-
(ﬁetoxicarbonilamino)propénoico (0,061 g, 0,412 mmol) y HATU
(0,157 g, 0,412 mmol) en DMF (5 ml) se le anadidé DIEA (0,359
ml, 2,06 mmol) y la mezcla se agitd a temperatura ambiente
duraﬁte 10 min. A esta solucidn se 1le afiadidé 26f en bruto
(0,119 g, 0,206 mmol) y la agitacidédn se continud durante 2
horas. Después, la mezcla de reaccidn se repartid entre
EtOAc-agua (1:1) y la fase orgédnica se secd (MgSQ,), se
filtrd y se concentrd a sequedad. El residuo resultante se
pﬁrificé por HPLC preparativa (C—18/CH3CN;H20—NH4OAC) y las
fracciones que contenian el producto sé concentraron a

sequedad. El residuo se liofilizd en H,0-CH;CN (7:3), dando el

Ejemplo 26 (0,122 g, 66%) en forma de un sélidec de color

blanco. RMN de 'H (400 MHz, CH,0H-d,}) & 8,64 (s, 0,5H), 8,59

(s, 1,5H), 7,89 (m, 4H), 7,74 (&, J = 8,08 Hz, 0,5H), 7,66
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(d, J = 8,08 Hz, 1,5H), 7,48 {m, 1,5H), 7,36 (m, 3,5H), 5,25
(m, 2H), 4,50 {cuadr., J = 6,91 Hz, 1,5H), 4,27 (m, 0,5H),
3,89 (¢, J = 6,57 Hz, 3H), 3,59 {m, 6H), 2,48 - 1,99 (m, 9H),
1,36 (m, 6H) . CL/EM: Anal. calc. para C4HysNgOg5: 835,

5 encontrado: 836 (M+H)".

Ejemplo 27
H H
-y
| O -
H3CO77/NH © SO,Ph Hi_OCHs
10 0 ©

((18)-1-(((28) -2~ (5-(7-(2-((25)-1-((25)-2-
{ (metoxicarbonil}amino)-3-metilbutanoil)-2-pirrolidinil}-~1H-
imidaqu—S—il)—9—(fenilsulfonil)—9H-carbazol-2-il)—1H-
imidazol-2-1il1)-1-pirrolidinil)carbonil)-2-
15 metilpropil)carbaﬁato de metilo-
A una solucién de Aacido (S)-2- (metoxicarbonilamino) -3-

metilbutanoico (0,045 g, 0,256 wmmol) y HATU (0,097 g, 0,256

mmel) en DMF (1 ml) se le afiadié DIEA (0,223 ml, 1,28 mmol) vy
la mezcla se agitd a temperatura ambiente durante 10 min. A
20 esta mezcla se afiadid una solucidn de 26f (0,074 g, 0,128
mmol) en DMF (2 ml). La mezcla de reaccidn se agitd a
temperatura ambiente durante 5 h, después se afiadidé agua (5
ml) y la mezcla se concentrd a sequedad al vacio. El residuo
se purificdé por HPLC prep (C-18/CH;CN - H,0 + TFA al 0,1%) vy

o5 las fracciones que contenian el producto se concentraron a
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sequedad y se purificaron de nuevo por HPLC prep (C-18/CH;CN-
H,0-NH,0Ac), dando el Ejemplc 27 (0,0591 g, 52%) en forma de’
un s6lido de color beige. RMN de 'H (400 MHz, CH,;OH-d,) & 8,63
(s, 0,5H), 8,58 (s, 1,5H), 7,90 {(m, 4H), 7,74 (m, 0,5H),» 7,67
5 (m, 1,5H), 7,48 f{(m, 1,5H), 7,36 (m, 3,5H), 5,22 {dd, J =
5,05, 7,58 Hz, 2H), 4,25 (d, J = 7,58 Hz, 2H), 4,02 (m, 2H),
3,92 (m, 2H), 3,65 (s, S5H), 3,47 (s, 1H), 2,41 - 2,20 (m,
5,5H), 2,12 - 2,04 {(m, 4,5H), 0,96 (m, 12H). CL/EM: Anal.

calc. para Cy¢HsiNgOgS: 891, encontrado: 892 (M+H)".

10 _ Ejemplo 28
MeO %H O O § il O
\ /
KA N/ N \ N )\/(
H3CO7]/NH ©  SO,Ph O i OCH;
O 0]
15 ((18)-3-metoxi-1-(((28)-2-(5-(7-(2-((2S)-1-(N-

(metoxicarbonil)-O-metil-L-homoseriil)-2-pirrolidinil)-1H-
imidazol-5-il1)-9-(fenilsulfonil)-9H-carbazol-2-il)-1H-
imidazol—2—il)—l—pirrolidinil)cafbonil)propil)carbamato de
metilo
20 . A una solucidn - de acido (S8) -4-metoxi-2-
(metoxicarbonilamino)buténoico {0,076 g, 0,398 mmol) y HATU
(0,151 g, 0,398 mmol) en DMF (5 ml) se le afiadi® DIEA (0,348
ml, 1,99 mmol) y'la mezcla se agitd a temperatura ambiente
durante 10 min. A esta mezcla se le afiadidé 26f (0,115 g,

25 0,199 mmol), la agitacidn se continué durante 2 h y después




248 000449

la mezcla de reaccidn se repartid entre EtOAc—salﬁuera (1:1).
La fase organica se secdé (MgSC;), se filtrd y se concentré a
sequedad. El residuc se purificé por HPLC prep (C-18/CH;CN-
H,O0-NH,0Ac) vy las fracciones gque contenian el producto se
5 1liocfilizaron, dando el Ejemplo 28 (0,122 g, 66%) en forma de
un sé6lido de color blanco. RMN de 'H (400 MHz, CH;0H-d;) 3§
8,64 (s, 0,5H), 8,59 (s, 1,5H), 7,90 (m, 4H), 7,68 {(m, 2H),
7,49 (m, 1,5H), 7,37 (m, 3,5H), 5,40 (m, O0,5H), 5,25 (dd, J =
4,04, 8,08 Hz, 1,5H), 4,61 (m, 1,5H), 4,40 {m, O,SH), 3,93
10 (m, 3H), 3,65 (s, 4,5H), 3,54 (s, 1,5H), 3,49 (m, 4H), 3,34
(m, 2H), 2,49 (m, 1H), 2,38 - 2,32 (m; 2H}), 2,27 - 2,08 (m,
8H), 2,04 - 1,80 (6H). CL/EM: Andl. calc. para CsHs5:Ng01,0S:

923; encontrado: 463 [(M/2)+H)".

Ejemplo 29
15 ' H H
MeD N \N/ O O \N/ N OMe

C
rac-((1R,2S)-2-metoxi-1-(((2R)-2-(5-(7-(2-((2R)-1-(N-
20 (metoxicarbonil)-O-metil-D-treonil)-2-pirrolidinil)-1H-
imidazol-5-11)-9-(fenilsulfonil)-9H-carbazol-2-1i1)-1H-
imidazol-2-il)-1-pirrolidinil)carbonil)propil)carbamato de
metilo
El Ejemplo 29 se prepard de acuerdo con el proéedimiento

25 descrito para el Ejemplo 28 y se aisld en forma de un sdlido
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de color blanco (0,083 g, 44%). RMN de 'H (400 MHz, CH,OH-d,)
8,63 (s, 0,5H), 8,58 (s, 1,5H), 7,89 (m, 4H), 7,72 (m,
0,5H), 7,66 {(m, 1,5H), 7,47 (m, 1,5H), 7,37 (m, 3,5H), 5,56
(m, 0,4H), 5,25 (dd, J = 4,80, 7,83 Hz, 1,6H), 4,47 (d, J =
5 5,56 Hz, 1,5H), 4,35 {(m, 0,5H), 3,94 (m, 3H), 3,83 (m, 1H),
3;73 - 3,69 (m, 1,3H), 3,66 ks, 6H), 3,61 - 3,56 (m, 0,7H),

2,40 - 2,22 (m, 6H), 2,07 (m, 3H), 1,21 (d, J = 6,06 Hz, 6H).

CL/EM:' Anal. calc. para CusHs3Ng010S: 923, encontrado: 463

((M/2) +H]".
10 Ejemplo 30
H H
WSO Oy
' \ /
Y& N / n \ N
0] z
H3CO7I/NH ° KR /OCHs
s o)
15 ((18)-2-((25)-2-(5-(7-(2-((25)-1- (N- (metoxicarbonil)-L-

alanil}-2-pirrolidinil)-1H-imidazol-5-1il1)-9H-carbazol-2-il1)-
1H-imidazol—2—il)-l-pirrolidinil)—1—metil—2—oxoetil)carbamato

de metilo
A una mezcla del Ejemplo 26 (0,033 g, 0,039- mmel) vy
20 NaHPO, (0,022 g, 0,051 mmol) en EtOH absoluto (2 ml) se le
aﬁadié amalgama de Na al 6% recién pulverizada (0,079 g).-La
suspensiéh resultante se agitd a temperatura ambiente durante 6
h y después se filtré usando un filtro de jeringa 0,45 uM. El
filtrado se concentré al vacio y el residuo se recogié en CH,0H

25 (2 ml) y se purificé por HPLC preparativa (C-18/CH;CN-H,0-
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NH4;OAc) .. Las fracciones que contenian el producto se
concentraron a sequedad y el residuo se liofilizd en H;O-CH;CN
{(7:3), dando el Ejemplo 30 (0,014 g, 53%) en forma de un sdélido
de color beige. RMN de 4 (400 MHz, CH;0H-d4) & 7,98 (m, 2H),

7,79 (s, 0,5H), 7,71 (s, 1,5H), 7,52 {(m, 0,5H), 7,44 (d, J

8,08 Hz, 1,5H), 7,37 (s, 0,5H), 7,28 (s, 1,5H), 5,21 (d&d, J

If

4,29, 7,83 H;, 2H), 4,48 kcuadr., J = 7,07 Hz, 1,5H), 4,27 (m,
0,5H), 3,87 (t, J = 6,32 Hz, 3H), 3,64 (s, 4H), 3,57 {s, 2H),
2,48 - 1,92 {(m, 9H), 1,33 (d, J = 7,07 Hz, 6H). CL/EM: Anal.
calc. para CigHsNgOg: 695; encqntrado: 696 (M+H)".
Ejemplo 31-32
Los Ejemplos 31-32 se prepararon a partir de los
precursores de sulfonamida respectivos empleando el

procedimiento descrito para la sintesis del Ejemplo 30.

R N N N
H
Ejemplo R Nombre del Compuesto Descripcidén del
' producto
{(Rendimiento)
RMN de H Y
. Datos de CL/EM
31 v < ((18) -3-metoxi-1- Sélido de color
O)\_/\,O\ (((28)-2-(5-(7-(2- amarillo (0,029
NHCO,Me ((28)-1-(N- g, 26%);
(metoxicarbonil) -O- RMN de 'H (400
metil-L-homoseril)-2- MHz, CH;O0H-d,;) 3§
pirrolidinil)-1H- 8,22 (4, J =




10

15

20

25

251

000452

Ejemplo

Nombre del Compuesto

Descripcién del
producto
(Rendimiento)
RMN de 'H y
Datos de CL/EM

imidazol-5-11) -9H-
carbazol-2-11)-1H-
imidazol-2-11)-1-
pirrolidinil)carbonil)p
ropil)carbamato de

metilo

8,59 Hz, 2H),

7,90 (s,
0,35H), 7,86-
7,84 (m,
3,65H), 7,60
(m, 0,3H), 7,54
(@, J = 8,08

Hz, 1,7H), 5,66
(m, 0,3H), 5,29
(dd, J = 5,56,
8,08 Hz, 1,7H),
4,58 (dd, J =
4,55, 9,09 Hz,
1,7H), 4,33 (m,
0,3H), 4,02-
3,87 (m, 4H),
3,65 (s, 6H),
3,47 {m, 5H),
3,3¢  (m, 2H),
2,55 (m, 2H),
2,26-2,16 (m,
7H) , 2,12-2,04
(m, 4H), 1,85-
1,77 (m, 2H).
CL/EM: Anal.
calc. para
CaoHqoNgOg: 783 ;
encontrado: 784
(M+H) ",
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Ejemplo R Nombre del Compuesto Descripcidn del
' producto
(Rendimiento)
RMN de 'H vy
. Datos de CL/EM
32 i ((15)-1-(((258)-2-(5-(7- | S6lido de color
OM (2-((25)-1-((258)-2- tamarillo claro
ﬁHCOﬂMe { (metoxicarbonil)amino) | (0,003 g,
-3-metilbutanoil}-2- 1,6%);
pirrolidinil) -1H- RMN de 'H {400
imidazol-5-11)-9H- MHz, CH;0H-d;} &
carbazol-2-1i1)-1H- 8,22 ({d, J =
imidazol-2-1i1)-1- 8,59 Hz, 2H),
pirrolidinil)carbonil)- | 7,84 (d, J =
2-metilpropil)carbamato| 3,54 Hz, 3,5H),
de metilo 7,76 (m, 0,5H),
7,61 (m, 0,3H),
7,53 (d, J =
8,59 Hz, 1,7H),
7,15 (m, 1,5H),
5,26 (t, J =

7,07 )
4,24 )
4,10 * (m, 2H),
3,88 (m, 2H)

3,65 (s, SH),
3,43 (s, 1H),
2,57 (m, 2H),
2,37-1,95 (m,
10H), 0,94 (4,
J = 17,07 Hz,
€6H), 0,90 (d, J
= 7,07 Hz, 6H).
CL/EM: Anal.
calc. para
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Ejemplo - R Nombre del Compuesto Descripcidn del
‘ producto

(Rendimiento)

RMN de 'H y
Datos de CL/EM
CaoHasNgOg © 751;
5 encontrado: 752
(M+H)*

Ejemplo 33

X JY?\Q’“‘QY/}\)\

QKNH HI \g

OCHj.
((18)-1-(((28)-2-(5-(7-(2-((28)-1-((25)-2-
( (metoxicarbonil)amino) -3-metilbutanocil)-2-pirrolidinil)-1H-

imidazol-5-11)-9-{2-metoxietil)-9H-carbazol-2-11)-1H-

15
imidazol-2-il)-1-pirrolidinil)carbonil)-2-
metilpropil)carbamato de metilo
FEjemplo 33, Etapa a
BrBr
20 N
CHchzoMe
33a

A una suspensién enfriada con hielo de NaH (al 60% en
aceite, 0;201 g, 5,02 mmol; lavada previamente con 3 x 5 ml
de hexanos en atmésfera de Ar) en DMF (5 ml) se le afiadidé una

25 golucién de 2,7-dibromo-9H-carbazol (1,419 g, 4,37 mmol) en
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DMF (25 ml). La mezcla se agitd a 0°C durante 5 minutos y
después se afiadid 2-cloroetil metil éter (1,40 mi, 15,3 mmol)
vy la mezcla de reaccidn se calentd a 60°C y se agitd durante
40 min. Después, la mezcla enfriada se vertié en agua
enfriada con hielo (300 ml) y el precipitado de célor blanco
resultante se retird por filtracidén y se secd al, vacio,
produciendo 33a (1,54 g, 92%) en forma de un sélido de color
blanco que se usd sin purificacién adicional. RMN de *H (400
MHz, CDCl,) & 7,87 (4, J = 8,08 Hz, 2H), 7,59 l(s, 2H), 7,34
(Add, J = 8,34, 1,77 Hz, 2H), 4,37 (t, J = 5,81 Hz, 2H), 3,74
(t, J = 5,8i Hz, 2H), 3,29 (s, 3H).CL/EM: Anal. calc. para
CisH12Br,NO: 381; encontrado: 382 (M+H)'.

Ejemplo 33, Etapa b

0 N 0
CH,CH,OMe
33b

A una solucidn agitada de 33a en bruteo (1,577 g, 4,12
mmol) en THF seco (40 ml) a -78°C en atmbésfera de Ar se le
afladid® gota a goté n-Buli (1,29M en hexano, 9,53 ml, 12,3
mmol) durante 5 min. La agitacidn se continud a la misma
temperatura durante 2 h, después se afiadi® N-metoxi-N-
metilacetamida (1,31 ml, 12,3 mmol) Y el bafio de

refrigeracién se dejd calentar a temperatura ambiente durante

18 horas. Después, la mezcla de reaccidén se inactivé con

000433



10

15

20

25

255

000456

Na,HPO, 2 N y se extrajo con acetato de etilo (2 x 30 ml). La
fase orgénica se secd (MgSO,;), se £filtrd y se concentrd a

sequedad, dando un aceite de color &ambar que se purificéd por

~ cromatografia en columna (columna Biotage, 40+M/acetato de-

etilo al 10-60%-hexancs). Las ﬁracciones que contenian el
producto se combinaron, se filtraron y se concentraron, dando
33b (0,967 g, 76%) en forma de un sdlido de color amarillo.
RMN de 1H_(4OO MHz, CDCl;) & 8,11 (m, 3H), 7,83 {(dd, J = 8,34,
1,26 Hz, 1H), 7,55-7,47 (m, 2H), 7,28-7,24 {(m, 1H), 4,52 (t,
J'= 5,81 Hz, 2H), 3,78 (t, J = 5,81 Hz, 2H), 3,29 (s, 3H),
2,73 (&, 3H) . CL/EM: Anal. calc. para CisHpsNO3: 309;
encontrado: 310 (M+H)®'.

Ejemplo 33, Etapa c¢

TBDMSOOTBDMS
/ N

|
CH,CH,0OMe
33c

A una suspensién enfriada con hielo de 33b (0,967 g,
3,12 mmol) y trietilamina (1,74 ml, 12,5 mmcl) en tolueno (50
ml) se le arfiadié TBDMSOTE (2,15 ml, 92,38 mmol), la mezcla se
agité durante 20 minutos a 0°C y después se dejd calentar a
temperatura ambiente durante 24 horas. La mezcla se repartid
entre EtOAc-agua y la fase organica se secd (MgS0,), se
filtrd y selconcentré, dando 33c¢ en forma de un aceite con un

rendimiento cuantitativo. Este material no era estable para
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el andlisis por RMN de 'H o CL/EM y se usd tal cual en la
siguiehte etapa sin purificacién.
Ejemplo 33, Etapa d
: BrBI‘
S | 0 N o)

$0,Ph
33d

A una solucidén de 33c (3,12 mmol) en THF (20 ml) se le
afladié NBS (1,00 g, 5,62 mmol) vy 1la mezcla se agité a

temperatura ambiente durante 45 min. La suspensién. de color

19 amarillo resultante se filtrd, la torta de filtro se lavé con
un volﬁmen minimo de THF vy el sélido se secd al vacio, dando
33d (0,66 g, 45%) en forma de un sb6lido de cclor amarillo. Este
material se usd tal cual en la siguiente etapa sin purificacién
adicicnal. RMN de H (400 MHz, DMSO;dd o 8,40 (m, 4H), 7,88

15

(dd, J = 8,34, 1,26 Hz, 2H), 5,08 (s, 4H), 4,77 (t, J = 5,31
Hz, 2H), 3,77 (t, J = 5,31 Hz, 2H), 3,18 (s, 3H). CLEM: Anal.
calc. para Ci9H1,Br,NO;: 465; encontrado: 466 (M+H)*. .

Ejemplo 33, Etapa e

70 SO O
\ ]
{oc N4 \Y

1
CHchQOMe
33e

Una solucidn de 33d (0,662 g, 1,42 mmol), N-BOC-L-prolina
(0,611 g, 2,84 mmol) vy DIEA (0,495 ml, 2,84 mmol) en

25 acetonitrile (20 ml) se calent® ‘en un tubo cerrado
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herméticamente a aprox. 85°C durante 2,5 horas. Después de
dejarse enfriar a temperatura ambiente, la mezcla se concentré
a sequedad, dando un sb6lido de color amarillo. CL/EM: Anal.
calc. para CisHsoN3;0;,: 735; encontrado: 736 (M+H)".

Una mezcla del sé6lido anterior y NH,;OAc (1,09 g, 14,2
mmol} en tolueno (20 ml) se calentd a 125°C en un tubo
cerrado herméticamente durante 3 horas. La mezcla enfriada se
conceﬁtré a presidén reducida, se repaftié ‘entre EtOAc-
salmuera y después la fase organica se secd (MgSQ,), se
filtrd y se concentrd® a sequedad. El residuo se purificé por
HPLC  preparativa (C—18/MeéN—H20+TFA al 0,1%), dando 33e
{0,810 g, 82%) en forma de un s8lido de coclor beige. RMN de
'H (400 MHz, DMSO-d¢) & 8,31 (d, J = 8,08 Hz, 2H), 8,20 (m,
iH), 8,14 (m, 1H), 8,08 (s, 2H), 7,66 (d, J = 8,59 Hz, 2H),
5,06 {m, 2H), 4,63 (t, J = 5,31 Hz, 2H), 3,80 {(m, 2,5H),
3,64-3,58 (m, 2,5H), 3,48-3,39 (m, 2,5H), 3,18 (s, .3H), 2,45~
2,40 {(m, 2H), 2,11-1,94 (m, 7,5H), 1,79 (m, 1H), 1,41 (s,
8H), 1,192 (s, 10H). CL/EM: Anal. calc. para C3gHqNsOg: 695;
encontrado: 696 (M+H)™.

Ejemplo 33, Etapa f
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A una solucidén de 33e (0,810 g, 1,16 mmol) en
diclorometano (20 ml) se le aifiadidé TFA (8 ml) y la mezcla
se agitd a temperatura ambiente duraﬁte 24 h y después se
concentrd a sequedad. El1 residuo se recégié en CH;0H y se
aplicdé a una capa acondicionada previamente (CH;0H) de gel
de extraccién SCX (3 cm.x 5 cm). La capa se lavd con CH;0H
y después eluyendo con NH; 2 M en CH;0H. Las fracciones gque
contenian el producto se concentraron, dando 33f (0,380 g,
66%.) en forma de un s6lido de color naranja gque se usd
tal cual en la siguiente etapa. RMN de *H (400 MHz, CH;0H-
d,) 6 8,01 (d, J = 8,08 Hz, 2H), 7,86 (=, 2H), 7,54 (dd, J
= 8,34, 1,26 Hz, 2H), 7,49 (s, 2H), 4,68 (t, J = 8,08 Hz,
2H), 4,57 (t, J = 5,56 Hz, 2H), 3,83 (t, J = 5,56 Hz, 2H),
3,43-3,36 (m, 2H), 3,33-3,28 (m, 2H), 3,26 (‘s, 3H), 2,48—'
2,05 (m, 8H). CL/EM: 2An&dl. calc. para CygH3:3N;0: 495;
encontrado: 496 (M+H)".

Ejemplo 33

A una solucidén de &acido (S}-2-(metoxicarbonilamino)-3-
metilbutancico (0,051 g, 0,29 mmol) y HATU (0,110 g, 0,2%
mmol) en DMF (3 ml) se le afiadi® DIEA (0,252 ml, 1,45 mmol) y
la mezcla se agitdé a temperatura ambiente durante 10 min. A
esta solucidén selle afladié 33f (0,072 g, 0,145 mmol) y la
agitacién se continud durante 4 horas. Después, la mezcla de
reaccidén se reparti® entre EtOAc-salmuera (1:1) y la fase

organica se secd (MgSQ;), se filtrdé y se concentré a
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sequedad. E1 residuo resultante ‘se purificé por HPLC
preparativa (C—lB/CHﬂﬁL&bO+TFA ai 0,1%) y las fracciocnes que
contenian el productc se concentraron a sequedad. - Eéto
produjo la sal TFA del Ejemplo 33 (0,055 g, 37%) en forma de
5 un s6lido de color amarillo. RMN de 'H (450 MHz, CH;0H-d,) &

8,25 (d, J = 8,08 Hz, 2H), 7,96 {(s, 2H), 7,94 (s, 2H), 7,58

(d, J = 8,08 Hz, 2H), 5,28 (t, J = 7,33 Hz, 2H), 4,67 (t, J
5,05 Hz, 2H), 4,24 (4, J = 7,58 Hz, 2H), 4,14-4,09 (m, 2H),
3,93-3,86 (m, 4H), 3,65 (s, 6H), 3,25 (s, 3H), 2,62-2,57 (m,

10 2H), 2,31-2,04 (m, 8H), 0,94 (d, J = 6,57 Hz, 6H), 0,90 (d, J
= 7,07 Hz, 6H). CL/EM: BAnal. calc. para C4HssNoO;: 809;
encontrado: 810 (M+H)"

Ejemplo 34

15 | \):féii\T/ p "!iirq‘!iis \J :E\\//

NH H
gr— CH,4 ‘wg

((18) -2~ ((28) -2-(5-(7-(2-((28) -1- (N- (metoxicarbonil) -I-

O
Z

alanil)-2-pirrolidinil)—iH-imidazol—S—il)—9-(2—metoxietil)-A

20 9H-carbazol-2-1il)-1H-imidazol-2-i1)-1-pirrolidinil)-1-metil-
2-oxoetil)carbamato de metilo

La sal TFA del Ejemplo 34 se prepard de acuerdo con el

procedimiento descrito para el Ejemplo 33, y se recuperd en

forma de un sdélido de color amarillo (00,0387 g, 27%). RMN de
25
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'y (400 MHz, CH,OH-d,) & 8,26 (d, J = 8,08 Hz, 2H), 7,96 (s,
2H), 7,92 (s, 2H), 7,58 (dd, J = 8,08, 1,52 Hz, 2H), 5,29 (m,
2H), 4,68 (m, 2H), 4,49 (m, 2H), 4,00 (m, 2H), 3,88 (m, 4H),
3,65 (s, 6H), 3,25 (s, 3H), 2,61-2,53 (m, 2H), 2,26-2,18 (m,
6H), 1,34 (d, J = 7,07 Hz, 6H). CL/EM: Andl. calc. para.

CyoH47NgO7: 753; encontrado: 754 (M+H)™'.

Ejemplo 35
MY ONTY ) O O LN QMe
W/NH rJ HN\«O\
o OCH,4 o)

((18,2R)-2-metoxi-1-(((28)-2-(5-(7-(2-((28)-1-(N-
(metoxicarbonil)—O—metil-L-treonil)—2—pirrolidinii)—1H—
imidazol-5-11)-9- (2-metoxietil)-9H-carbazol-2-11)-1H-
imidazol-2-11)-1-pirrolidinil)carbonil)propil)carbamato de
metilo

La sal TFA del Ejemplo 35 se prepard de acuerdo con el
procedimiento descrito para el Ejemplo.33. 'Este_material
se purificé de nuevo por HPLC preparativa (C-18/MeCN-H,0-
NH,0Ac), dando la base libre en forma de un sélido de color
beige {0,031 g, 25%). RMN de 'H (400 MHz, CH,OH-d;) & 7,99

(m, 2H), 7,86 (m, 0,SH), 7,80 (s, 1,5H), 7,54 (4, J = 8,59
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Hz, O0,5H), 7,47 (d, J = 8,08 Hz, 1,5H), 7,41 (m, O0,5H),
7,36 (s, 1,5H), 5,54 (m, O,5H), 5,23 (dd, J = 7,83, 4,8
Hz, 1,5H), 4,60-4,54 {m, 2H), 4,46 (d, J = 5,05 Hz, 1,5H),
4,35 (d, J = 5,05 Hz, 0,5H), 4,00-3,82 (m, 6H), 3,70-3,63
(m, 7H), 3,49 (s, 1H), 3,35 (s, 2H), 3,28 {(m, 7H), 2,3%-
2,02 (m, 8H), 1,18 (d, J = 6,06 Hz, 6H). CL/EM: Anal.
calc. para C43HssN;O;: 841; enconfrado: 842 (M+H)"*.
ACTIVIDAD BIOLOGICA

Se wutilizdé un enéayo de replicén del VHC en la
presente invencidén y se prepard, llevd a cabo y validd
como se describe en el documento PCT/US2006/022197 del
pfesente solicitante y en O’'Boile et. al. Antimicrob
Agents Chemother. 2005 Apr;49(4):1346-53.

Se usaron células de replicén de CHV 1b-377-nec para
ensayar las series de compuestos descritos, asi como

células resistentes al compuesto A gue contienen una

mutacién Y2065H en  NSS5A (descrita en la solicitud
PCT/US2006/022197). Se déterminé que los compuestos
ensayados gque tenian mads de 10 veces mencs actividad
inhibidora sobre células gque contienen la mutacién que
sobré células tipo salvaje indicando un mecanismo
relacionado de accidén entre las dos series de compuestos.
Asi, los compuestos de'la presente invencién pueden ser
eficaces para inhibir la funcién de la proteina NS5A del

VHC y se sobreentiende que son eficaces en combinaciones

000,62
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que se han descrito previamente en la solicitud
PCT/US2006/022197 vy el documento W0/04014852 del mismo
solicitante. Ademas, los compuestos de la presente
invencidén pueden ser eficaces contra el genotipo 1lb del
VHC. Ademds, se sobreentiende que los compuestos de la
presente‘invencién pueden inhibir miltiples genotipos de
VHC. La tabla 2 muestra los valores de CEgy de compuestos’
representativos de la presente invencidn contra el
genotipo 1lb del VHC. En una modalidad los compuestos de la
presente invencidén son activos contra los genotipos 1la,
1b, 2a, 2b, 3a, 4a y 5a. Los intervalos de CEsy contra HCV
1b son como sigue: A = >100 nM; B = 1-99 nM; C = 101-999
pM; vy D = 1-100 pM.

Los compuestos de la presente invencidn pueden inhibir
VHC por mecanismos iguales o distintos de la inhibicidén de
NS5A. En una modalidad 1los compuestos de la presente
invencidn inhiben el replicdén del VHC y en otra modalidad

los compuestos de la presente invencidn inhiben NSGB5A.
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Tabla 2
Ejemplo | Intervalo iz C 26 D
/valor 13 D 27 D
1 9 pM 14 D 28 D
2 C 15 52 pM 29 D
3 c 16 D 30 20 nM
4 D 17 D 31 B
5 D 18 D 32 C
6 2 nM 19 D 33 D
7 C 20 D 34 B
8 D 21 D 35 662 pM
9 D 22 B
10 C 23 D
10A B 24 C
11 146 pM 25 D

Serd evidente para un

experto en la técnica que la
presente invencidén no estéd 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 deéea que los ejemplos sean considerédos en

todos los aspectos como ilustrativos y no limitativos,

haciéndose referencia a las reivindicaciones adjuntas, en

lugar de a los ejemplos anteriores, y se pretende gque 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 invencidn pueden inhibir

VHC por mecanismes iguales o distintos a la inhibicién de

NS5A. En una modalidad. los compuestos de la presente
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invencién inhiben el replicén del VHC y en otra modalidad los

compuestos de la

presente

invencidén

inhiben

NS5A.

Los

compuestos de la presente invencidédn pueden inhibir varios

genotipos de HCV..

\
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REIVINDICACIONES
1. Un compuesto de f£6rmula (I)
. 4
R4 RZ' RZ R
\ \ | 4
R¥ N/ ‘/ R®
g
(R )u' (R1) u
(1),
o] una de sus sales  farmacéuticamente aceptables,

caracterizado porque

u y u’ son independientemente 0, 1, 2 & 3;

cada uno de D y E es un anillo aromatico de cinco
miembros que contiene uno, dos o tres hetercatomos
seleccionados independientemente de nitrégeno, oxigeno Yy
azufre;

cada R' y R' se selecciona independientemente de alcoxi,

alcoxialgquile, alcoxicarbonilo, alquilo, arilalcoxicarbonilo,

carboxi, formilo, halo, haloalquilo, hidroxi, hidroxialquilo,
-NR®R®, (NR®RP)alquilo y (NR®R®)carbonilo;

R*> v R*, junto con los atomos de carbono a los que estéan
unideos, forman un anille de cince a ocho miembros gque
opcionalmente contiene unc o© dos heﬁeroétomos seleccionados
independientemente de nitrdgeno, oxigeno y azufre; en donde
el anillo de «c¢inco a oche miembros estd opcionalmente

sustituido con uno, dos o tres sustituyentes seleccionados
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independientemente de alcoxi, alcoxialquilo, alcoxicarbonilo,
alquilo, alquilsulfonilo, .arilo, arilalquilo, arilsulfoﬁilo,
carboxi, formile, halo, halcalcoxi, halocalquilo, hidroxi,
hidroxialquile, -NR?RP, (NR®R®)alquilo, (NR®*RP) carbonilo, oxo y
espirociclo;

éada uno de R® y R? se selecciona independientemente de
hidrdgeno, alcoxialquilo, alcoxicarbonilo,
alcoxicarbonilalquilo, alguilo, arilalcoxicarbonilo, carboxi,
haloalquilo, heterociclilalqulio, hidroxialquilo,
(NR%@)carbonilo v trialquilsililalcoxialquilo;

R* vy R se seleccionan cada uno independientemente de

v (R

v

Na's D J-\f 8
R
I /2R, RS.. < RY ;
re-N ) RS'NH X I}l
m © m R7
; ) Y ; en donde

cada m es independientemente 0, 1 & 2;

cada o es independientemente 1, 2

O
W

cada s es independientemente 0, 1, 2, 3 6 4;

cada X se 'selecciona independientemente de 0O, 8§, S(O),
SO,, CH,, CHR® y C(R®),; con la condiciéﬁ de que cuando n es 0,
X se selecciona de CH,, CHR® y C(R®);;

cada R® se selecciona independientemente de alcoxi,
alquilo, arilo, halo, halcalquilo, hidroxi y -NR®R®, en donde
el alquilo puede formar opcionalmente un anillc de tres a

seis miembros fusionado con un Atomo de carbono adyacente, en

donde el anillo de tres a seis miembros esti opcionalmente
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sustituido con uno o dos grupos alquilo;

cada R® se selecciona independientemente de hidrégeno y
RY-c(0)-, vy
RY®-c(8) -;

R’ se selecciona de hidrégeno y alquilo;

cada unc de R® y R’ se selecciona independientemente de
hidrbégeno, alguenilo, alcoxialquilo, alquilo, haloalgquilo vy
(NR®*R”) alquilo; o,

R® vy R’, junto con el &tomo de carbono al que estan
unidés, forman un anillo saturado de éinco o0 seis miembros
que opciocnalmente contiene uno o dos hetercitomos
seleccionados de NR*, O, vy S; en donde R* se selecciona de
hidrdégeno y alquilo; y

cada R' se selecciona independientemente de alcoxi,

alcoxialquilo, alcoxicarbonilo, alcoxicarbonilalquilo,
alquilo, alquilcarbonilalquilo, arilo, arilalquenilo,
arilalcoxi, arilalquilo, ariloxialquilo, cicloalquilo,
(cicloalquil)alquenilo, (cicloalquil)alquilo,
cicloalquiloxialquilo, haloalquilo, ' heterociclilo,
heterociclilalquenilo, heterociclilalcoxi,

heterociclilalquilo, heterocicliloxialquilo, hidroxialquilo,
-NR°R?, (NR°RY)alquenilo, (NR°RY)alquiloc y (NRFRd)carbonilo.

2. Un compuesto de conformidad con 1la reivinéicacién
1, o una de sus sales farmacéuticamente aceptables,

caracterizado porque cada uno de R* y R' es

000468
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3. Un compuesto de conformidad con la reivindicacidn
2, o una de sus sales farmacéuticamente aceptables,

caracterizado porque cada m es 1.

. 4. Un compuesto de conformidad con la reivindicacidn
2, o una de sus sales farmacéuticamente aceptables,
caracterizado porque cada X es CH;.

5. Un compuesto de conformidad con la reivindicacidn
2, o una de sus sales farmacéuticamente aceptables,
caracterizado porque s eg 0.

6. Un compuesto de conformidad con la reivindicacién

2, o una de sus sales farmacéuticamente aceptables,

caracterizado porque cada R® es R!?-C(O)-.

7. Un compuesto de conformidad con la reivindicacidn
6, caracterizado porque cada R se selecciona
independientemente de arilalquilo, (ciclocalquil)alquilo vy

(NR°RY) alquilo.

8. Un compuesto de conformidad con la reivindicacién

1, o una de sus sales farmacéuticamente aceptables,

caracterizado porgque cada uno de u y u’ es 0.
9. Un compuesto de conforimdad con la reivindicacidn

1, o una de sus sales farmacéuticamente aceptables,

caracterizado porque cada uno de R’ y R’ es hidrégeno.
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10. Un compuesto de conformidad con la reivindicacidn
1, caracterizado porque R® y R?, junto con los Aatomos de
carbono a los que estdn unidos, forman un anillc de cinco
miembros que opcionalmente contiene un &tomo de oxigeno o
nitrdégeno, en donde el anillo estd opcionalmente sustituido
con uno o dos sustituyentes seleccionado independientemente
de alcoxi, alcoxialquilo, alcoxicarbonilo, alquilo,
alquilsulfeonilo, arilo, arilalquile, arilsulfonilo, carboxi,
formilo, halo, haloalcoxi, halocalquilo, hidroxi,
hidroxialquilo, -NR®R®, (NR®R®)alquilo, (NR®RP)carbonilo Yy oxo.

11. Un compuesto de conformidad con la reivindicacién
1, caracterizado porque R® y R*, junto con los &tomos a los
gue esté&n unidos, forman un anillo de siete miembros que
contiene un hetercdtomo seleccionado de oxigeno y nitrégeno,
en donde el anillo estd opcicnalmente sustituido con uno, dos
0o tres sustituyentes seleccionados independientemente de
alcoxi, alcoxialquilo, alcoxicarbonilo, alquilo,
alquilsulfonile, arilo, arilalquilo, ariléulfonilo, carboxi,
formilo, halo, haloalcoxi, haloalquilo, hidroxi,
hidroxialquilo, -NR®R®, (NR®R®)alquilo, (NR®R®)carbonilo y oxo.

12. Un compuesto de Férmula (II)

~Z
I
=z
z
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0 una de sus - sales farmacéuticamente aceptables,

caracterizado porque

'A no estd presente o es CRM™RY?;

G se selecciona de CRYR'?, 0 y NRY;

J no esti presente o es CRYR'?;

cada uno de R’ y R' se selecciona independientemente de
hidrégeno y R**-C(0) -;

cada R se selecciona independientemente de arilalquilo,
(dicloalquil)alquiio y (NR°RY) alquilo;

cada R™ y RY¥ se selecciona independientemente de
hidrégeno, alquilo y -NR?RP; o

R y R'? forman juntos un grupo OxO; ©

R Y R*?, junto con el &tomo de carbono al que estén
unidos, forman un espirociclo de tres a ocho miembros; y

cada R se selecciona independientemente de hidrégeno,
alcoxialquilo, alquilo y arilsulfonilo.

13. Un compuesto caracterizado porque se seleccicna de:

((18)-1-(((28)-2-(5-(9-(2~((28)-1-((28)-2-
((metoxicarbonil)amino)—3—metilbutanoil)-2—pirrolidinil)—lH—‘
imidazol-5-1il) -6-metil-6,7-dihidro-5H-dibenzo[c,elazepin-3-
il}-1H-imidazol-2-11)-1-pirrolidinil)carbonil)-2-
metilpropil) carbamato de metilo;

((18)-1-(((28)-2-(5-(7-(2-((28)-1-((28)-2-
( (metoxicarbonil)amino) -3-metilbutanocil) -2-pirrolidinil)-1H-

imidazol-5-il) -9-oxo-9H-fluoren-2-il)-1H-imidazol-2-11) -1-
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pirreolidinil)carbonil) -2-metilpropil)carbamato de metilo;
((lS)—l—(((ZS)-2—(5—(9-hidfoxi—7—(2-((25)—l—((28)—2—
((metoxicarbonil)amino)-3-metilbutanoi1)—2—pirrolidinil)—lH—
imidazol-5-1il1) -9H-fluoren-2-il) ~1H-imidazol-2-il1)-1-
5 pirrolidinil)carbonil)~2—ﬁetilpropil)carbamato de metilo;

((18) -1- (((28) -2- (5- (9~ (2- ((28) -1- ((28) -2~
'((metoxicarbonil)amino)-3—meti1butanoil)-2—pirrolidinil)-lH-
imidazol—4—i1)-5,7-dihidrodibenzo[c,e]oxepin—B—il)—lH—
imidazol-zfil)—l—pirrolidinil)carbonil)jZ—

10 metilpropil)carbamato de metilo;
((18)-1-(((2S)-2-(5-(9-~(dimetilamino)-7-{2-((28)-1-

({28) -2- ((metoxicarbonil)amino) -3-metilbutanoil)} -2-

pirrolidinil) -1H-imidazol-5-11) -9H-£fluoren-2-il) -1H-imidazol-

2-il) -1-pirrolidinil)carbonil)-2-metilpropil)carbamato de

15 metilo;

((18) -1-(((28)-2-(5-(7-(2-((28)-1-((28)-2-
((metoxicarbonil)amino)-3-metilbutanoil) -2-pirrolidinil)-1H-
imidazol—s—il)-9-meti1-9H-carbazol—2—ii)—1H—imidazol—2-i1)—1—
pirrolidinil)carbonil) -2-metilpropil) carbamato de metilo;

20 ((18)-1- (((28) -2~ (5~ (7~ (2- ((28) -1- ((28) -2~
((metoxicarbonil)amino) -3-metilbutanoil) -2-pirrolidinil)-1H-
imidazol-5-il1) -9H-fluoren-2-il)-1H-imidazol-2-1i1) -1-
pirrolidinil)carbonil)-2~metilpropil)cafbamato de metilo;

((1s)-1-(((28)-2-(5-(9-(dimeti1amiﬁo)-7-(2-((2s)—1—

25 ((28)-2—((metoxicarbonil)amino)—3—metilbutanoil)—2¥
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pirrolidinil) -1H-imidazol-5-il1) -9-metil-9H-fluocren-2-il) -1H-
imidazol-2-il) -1-pirrolidinil)carbonil) -2-
metilpropil)carbamato de metilo;

((18)-2-((28)~-2-{(5-(7-(2-((28)-1- (N~ (metoxicarbonil) -L-
alanil)-2-pirrolidinil)-1H-imidazol-5-1il1)-9-metil-9H-~
carbazol-z—il)—lH-imidazol—z-il)jl-pirrolidinil)—1—metil-2—
oxoetil)carbamato de metilo;

((1S,2R)-2-metoxi-1-(((28)-2-(5-(7-(2-((28)-1-(N-
(metoxicérbonil)—O—metii—L—treonil)—2—pirrolidinil)—1H—
imidazél—s-il)—9—metil—9H—carbazol-2-il)-1H—imidazol—2—il)—1—
pirrolidinil)carbonil)propil)carbamato de metilo;

((1S) -3-metoxi-1-{{(28)-2-(5-(7-(2-((28)-1- (N-
(metoxicarbonil)-O-metil-L-homoseril) -2-pirrolidinil) -1H-

imidazol-5-1il) -9-metil-9H-carbazol-2-1il)-1H-imidazol-2-1il}-1-

pirrolidinil)carbonil)propil)carbamatec de metilo;

((18) -1- (((28)-2-(5-(7-(2- ((28)-1-((28)-2-
((metoxicarbonil)amino)—3~metilbutanoi1)—2—pirrolidinil)—1H-'
imidazol-5-il) -9- (fenilsulfonil)-9H-carbazol-2-il1)-1H-
imiaazol-z-il)—1—pirrolidinil)carbonil)—2-
metilpropil)carbamato de metilo;

{1s,1'8)-2,2'-({6-metil-6,7-dihidro-5H-
dibenzo[c,elazepin-3,9-diil)bis(1H-imidazol-4,2-diil(28)~-2,1-
pirrolidindiil) )bis(N,N-dietil-2-oxo-1-feniletanamina) ;

({1s)-2-((28)-2-(4-(9-(2-((28)-1- (N- (metoxicarbonil) -L-

alanil)-2-pirrolidinil)-1H-imidazol-4-i1)-5,7-
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dihidrodibenzo[c, e] oxepin-3-il) -1H-imidazol-2-1il)-1-

-pirrolidinil)-1—metil—2-oxoetil)carbamato'de metilo;

((18)-3-metoxi-1-(((28)-2-(5-{7-(2-((28)-1-(N-
(metoxicarbonil) -O-metil-L-homoseril) -2-pirrolidinil) -1H-
imidazol-5-11) -9- (fenilsulfonil) -9H-carbazel-2-11) -1H-
imidazol-2-1il)-1-pirrolidinil)carbonil)propil)carbamato de
metilo;

rac- ( (1R, 28) -2-metoxi-1-(((2R})-2-(5-(7-(2-((2R) -1- (N-
(metoxicarbonil)-O-metil-D-treonil) -2-pirrolidinil) -1H-
imidazol-S—il)—9—(fenilsu1foni1)—9H—carbazol-2—il)—lH—
imidazol-2-1il)-1-pirrolidinil)carbonil)propil)carbamato de
metilo;

({18)-2-((28)-2-(5-(7-(2-((28)-1-(N- (metoxicarbonil) -L-
alanil)-2-pirrolidinil)-1H-imidazol-5-1il)-9-(fenilsulfonil) -
9H—carbazol—2—i1)LlH—imidazol—2—il)—1—pirrolidinil);1—metil—
2-oxoetil)carbamato de metilo;

((18,2R)-2-met6xi—1-(((28)-2-(5—(7-(2—((28)-1—(N-
(metoxicarbonil)-O-metil-L-treonil)-2-pirrolidinil)-1H-
imidazol-5-il) -9H-fluoren-2-il) -1H-imidazol-2-1il) -1-
pirrolidinil)carbonil)propil)carbamato de metilo;

((1S)-2—((25)—2—(5—(7-(2—((28)~1~(N—(metoxicarbonil)—L—
alanil)~2—pirrolidinil)-1H-imidazol-5—il)—9H—cérbazo;—2-il)—
lH—imidazol—Z—il)—1—pirrolidinil)-l-metil—z—oxoetil)carbamato
de metilo;

({18)~1-{((28)-2-(5-(7-{2-((28)-1-{(28) -2~
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( (metoxicarbonil)amino) -3-metilbutanoil) -2-pirrolidinil) -1H-

imidazol-5-il) -9, 9-dimetil-9H-flucren-2-il) -1H-imidazol-2-

il)—1—pirrolidinil)carbonil)-2—metilpropil)carbamato de
metilo;
5 ((9,9-dimetil-9H-fluoren-2,7-4iil)bis(1H-imidazol-5,2-

diil{28)-2,1-pirrolidindiil((18)-1-ciclopropil-2-ox0-2,1-

etanodiil)))biscarbamatc de metilo;
({18)-1-(((28)-2-(5-(7'-(2-((28)~-1-((28)-2-"

( (metoxicarbonil)amino) -3-metilbutancil) -2-pirrolidinil) -1H-

10 imidazol—s—il)espiro[ciclobutano-1,9‘-fiuoren]—2'—il)—1H—
imidazol-2-il)-1-pirrolidinil)carbonil) -2-
metilpropil)carbamato de metilo;

((18)-2-((28)-2-(5-(7'-(2-((28)-1- (N- (metoxicarbonil) -L-

* alanil) -2-pirrclidinil)-1H-imidazol-5-il)espiro[ciclobutano-

15 1,9'-fluoren] -2'-1il)-1H-imidazol-2-il}-1-pirrolidinil) -1~
metil-2-oxoetil)carbamato de metilo;

{5,7-dihidreodibenzo[c,e]oxepin-3,9-diilbis(1H-imidazol-
4,2-diil(28)-2,1-pirrclidindiil{(18)-2-0oxo-1-{tetrahidro-2H-
piran—4—i1)—2,l—etanodiii)))biscarbamato de metilo;

20 (5,7-dihidrodibenzo[c,e] oxepin-3,9-diilbis (1H-imidazol-
4,2-diil(25)-2,1-pirrolidindiil (2-ox0-1- (tetrahidro-2H-piran-
4-11)-2,1-etanodiil) ) )biscarbamato de metilo;

({18,2R) -2-metoxi-1-(((28)-2-(4-{9-(2-((28)-1-(N-
(metoxicarbonil)-O-metil-L-treonil) -2-pirrolidinil) -1H-

25 imidazol-4-1il1)-5,7-dihidrodibenzol(c,e] oxepin-3-il)-1H-
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imidazol—z—il)—1—pirrolidini1)darbonil)propil)carbamato de
metilo;

((18)-3-metoxi-1-(((28)-2-(5-(7-(2-((28)-1-(N-
(metoxicarbonil)-O—metil—L-homoseril)—2—pirrolidinil)—1H—
imidazol-S—il)-9H—carbazol—2—il)-lH—imidaqu—z-il)—l—
pirrélidinil)carbonil)propil)carbamato de metilo;

(18,1'8)-2,2'-(5,7~-dihidrodibenzo[c,e] oxepin-3, 9-
diilbis(1H-imidazol-4,2-diil(28)-2,1-pirrolidindiil) )bis(N,N-
dietil-2-oxo-1-feniletanamina} ;

((18)-1-(((28)-2-(5-(7-(2-((28}-1-((28)-2-
((metoxicarbonil)aﬁino)-3—metilbutanoil)—2—pirrolidinil)—lH—
imidazol-5-il) -9H-carbazel-2-1il) ~1H-imidazol-2-~il) -1-
pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;

((1s)-1-(((28)-2-(5-(7-(2-((28)-1-((28) -2~
((metoxicarbonil)amino) -3-metilbutanoil) -2-pirrolidinil) -1H-
imidazol-5-1il1) -9-(2-metoxietil) -9H-carbazol-2-il) ~-1H-
imidazol-2-1il)-1-pirrolidinil)carbonil)-2-
metilpropil)carbamato de metilo;

((18)-2—((28)—2—(5—(7—(2—((28)—1—(N—(metoxicarbonil)—L—
alanil)-2-pirrolidinil) -1H-imidazol-5-1il1)-9- (2-metoxietil) -
9H-carbazol-2-1l) -1H-imidazol-2-il) -1-pirrolidinil)-1-metil-
2-oxoetil) carbamato de metilo;

((18,2R)-2-metoxi-1-(((28)-2-{(5-(7-(2-((28)-1- (N-
(metoxicarbonil) -O-metil-L-treonil) -2-pirrolidinil) -1H-

imidazol-5-il) ~9- (2-metoxietil) -9H-carbazol-2-il) -1H-
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imidazol—z—il)—l—pirrolidinil)carbonil)propil)carbamato de
metilo;

({18)-1-(((28)-2-(4-(7-(2-((28)-1-((25)-2-
( (metoxicarbonil)amino) -3-metilbutanoil)-2-pirrolidinil) -1H-
imidazol-4-il)dibenzo [b,d] furan-3-1il)-1H-imidazol-2-11)-1-
pirrolidinil)carbonil)-2-metilpropil)carbamato de metilo;

(dibenzo[b,d] furan-3,7-diilbis (1H-imidazol-4,2-diil (28) -
2,1-pirrolidindiil ((18) -1-ciclopropil-2-oxo-2,1-
etanodiil) ) )biscarbamato de metilo;

{({18)-1-(((28)-2-(4-(7-(2-((28)-1-((258)-2-
{{metoxicarbonil)amino)-3,3-dimetilbutanoil) -2-pirrolidinil) -
1H-imidazol—4—il)dibenzo[b,d]furan-3—i1)—1H—imidazol-2-il)-l-
pirrﬁlidinil)carbonil)—2,2—dimetilpropil)carbamato de metilo;
Y

((18) -2-hidroxi-1-(((2S)-2-{4-(7-(2-((28)-1-((28)-3-~
hidroxi-2- ( (metoxicarbonil)amino)-3-metilbutanoil)-2-
pirrolidinil)-1H-imidazol-4-il)dibenzo[b,d] furan-3-il) -1H-
imidazol—2¥i1)—1—pirrolidini1)carbonil)-2—
metilpropil)carbamato de metilo.

14. Una composicién caracterizada porgque comprende un

compuestoc de conformidad con la reivindicacién 1, o una de

‘sus sales farmacéuticamente aceptables, y un vehiculo

farmacéuticamente aceptable.

15. La composicidédn de conformidad con la reivindicacién

14, caracterizada porque comprende ademds uno o dos
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compuestos adicionales que tienen actividad anti-VHC.

16. La composicidén de conformidad con la reivindicacién
15, caracterizada porque al menos uno de los compuestos
adicionales es un interferén o una ribavirina.

17. La composicidn de conformidad con la reivindicacidn
16, caracterizada porque el interferdn se selecciona de
interferdn alfa 2B, interferdn alfa pegilado, interferdn de
consenso, interferdn alfa 2A e interferdn linfoblastoide tau.

18. La composicidn de conformidad con la reivindicacidn
15, caracterizada porque al menos unc de los compuestos
adicionales se selecciona de interleucina 2, interleucina 6,
interieucina 12, un compuesto gue potencia el desarrollc de
una respuesta de linfocitos T colaboradores tipo I, ARN
interferente, ARN antisentido, Imigimod, ribavirina, un
inhibidor de inosina 5’ -monofosfato deshidrogenasa,
amantadina y rimantadina.

19. La composicidén de conformidad con la reivindicacién
15, caracterizada porque al menos uno de los compuestos
adicionales es eficaz para inhibir la funcidén de una-diana
seleccionada de metaloproteinasa del VHC, serina proteasa del

VHC, polimerasa del VHC, helicasa del VHC, proteina NS4B del

-VHC, entrada del VHC, ensamblaje del VHC, salida del VHC,

proteina NS5A del VHC e IMPDH para el tratamiento de una

infeccién por VHC.

20. Un método para tratar una infecciédn por VHC en un

000475
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paciente caracterizado porque . comprende administrar al
paciente una cantidad terapéuticamente eficaz de un compuesto
de conformidad con la reivindicacién 1, o una de sus sales
farmacéuticamente aceptables.

21. El método de conformidad con la reivindicacidn 20,
caracterizado porque comprende ademads administrar uno o dos
compuestos adicionales que tienen actividad anti-VHC antes
de, después de, o de forma simultldnea al compuesto de la
reivindicacién 1, o una de sus salés farmacéuticamente
aceptables.

22. El método de conformidad con la reivindicacién 21,
caracterizado porque al menos uno de los compuestos
adicionales es un interferdén o una ribavirina.

23. El método de conformidad con la reivindicacidén 22,
caracterizado  porque el interferén se selecciona de
interferén alfa 2B, interferdén alfa pegilado, interferdn de
consenso, . interferdn alfa 2A e interferdtn linfoblastoide tau.

24. El wmétodo de conformidad con la reivindicacién 21,
éaracterizado porque al menos  uno de los compuestos
adicionales se selecéiona de interleucina 2, intérleucina 6,
interleucina 12, un compuesto que potencia el desarrollo de
una respuesta de linfocitos T c¢olaboradores tipo I, ARN
interferente, ARN antisentido, Imigimod, ribavirina, un
inhibidor de inosina 5’ -monofosfato deshidrogenasa,

amantadina y rimantadina.
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25. El método de conformidad con la reivindicacién 21,
caracterizado porque al mencs uno de los compuestos
adicionales es eficaz para inhibir la funcién de una diana
seleccioﬁada de metaloproteinasa del VHC, serina proteasa del
VHC, polimerasa del VHC, helicasa del VHC, proteina NS@B del
VHC, entrada del VHC, ensamblaje del VHC, salida del VHC,

proteina NS5A del VHC e IMPDH para el tratamiento de una

infeccidén por VHC.
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RESUMEN DE LA INVENCION

La presente descripciébn se refiere a compuestos,
composiciones y métodos para la terapia de infeccidén del
virus de hepatitis C (VHC) . También se describen
composiciones farmacéuticas que contienen tales compuestos y
métodos para utilizar estos compuestos en la terapia de

infeccidn por VHC.




11127 PCT Pl

'PCT REQUEST

et
=

PCT/US2009/032830

8/13

Original (for SUBMISSION );
I8

Vill-2-1

Declaration: Entitlement to apply for
and be granted a patent.

Declaration as to the applicant's
entitlement, as at the international filing
date, fo apply for and be granted a

patent (Rules 4.17(ii) and 51bis.1{a)(ii)),

in a case where the declaration under
Rule 4.17(iv) is nat appropriate:

Name (LAST, First}

N TS D,

I

f

in relatlon to thls 1nternatlonal
application

Cj ool PR

i
.t

BRISTOL-MYERS SQUIBB COMPANY is entitled

|to apply for ahd be granted a patent by
|virtue of the fqllowxng

v)

xwzui an assignment from BACHAND, Carol to
BRISTOL-MYERS SQUIBB COMPANY, dated 17
March 2008 (17.03.2008)

VIli-2-1(i an assignment from BELEMA, Makonen to

v BRISTOL-MYERS SQUIBE COMPANY, dated 21

‘ February 2008 (21.02.2008)

ngui an assignment from DEON, Daniel H. to.
BRISTOL-MYERS SQUIBB COMPANY, dated G7
April 2008 (07.94.2008)

VI-2:1(i an assignment from GOOD, Andrew C. to

K BRISTOL-MYERS SQUIBB COMPANY, dated 25
February 2008 (25.02.2008)

VIl-2-1(i ‘|lan assignment from GOODRICH, Jason to

Y |BRISTOL-MYERS SQUIBB COMPANY, dated 22
February 2008 122 02.2008)

VIIl-2-1(i an assignment from JAMES, Clint A. té

v BRISTOL-MYERS SQUIBB COMPANY, dated 03

_ April 2008 (03.04.2008) \

Vi-2-1(i |an assignment from LAVOIE, Rico to .

v BRISTOL-MYERS SQUIBB COMPANY, dated 21 .-
February 2008 (21.02.2008) '

val-2-1(i an assignment from LOPEZ, Omar D. to-

v BRISTOL-MYERS SQUIBB COMPANY, dated 05
March 2008 (05.03.2008)

V-2 an assignment from MARTEL, Alain to

K BRISTOL-MYERS SQUIBB COMPANY, dated 03
April 2008 (03. Q4 2008)

VIl-2-1(i an assignment f£rom MEANWELL, Nicholas ‘A.

v to BRISTOL—MYER% SQUIRR COMPANY, dated .
25 February 2008 (25.02.2008)

Vil 1

an assignment from NGUYEN, Van N. to
BRISTOL-MYERS SQUIBB COMPANY, dated 21

February 2008 (21.02.2008)

I

T i TEITRA . R s e



Py

!

Y N
i Il TR e T

PCT/US2009/032830

P

11127 PCT ‘3
_ 10/13 !
PCT REQUEST : Y
Original (for SUBMISSION ) :
wwz”i an assignment from ROMINE, Jeffrey Lee
to BRISTOL—MYEB§ SQUIBB COMPANY, dated
22 February 2008 (22.02.2008)
wwzui an assignment from RUEDIGER, Edward H.
to BRISTOL-MYERS SQUIBB COMPANY, dated
03 April 2008 (03.04.2008)
xwzui . |an assignment from SNYDER, Lawrence B.
to BRISTOL—MYERﬁ SQUIBB COMPANY, dated
_ 22 February 2008 (22.02.2008)
wwzui an assignment from ST. LAURENT, Denis R.
to BRISTOL-MYERS SQUIBB COMPANY, dated
21 February 2008 (21.02.2008)
ﬂ”z”i an assignment from YANG, Fukang to
ABRISTOL~-MYERS SQUIBB COMPANY, dated 21
February 2008 (21.02.2008) '
ywzui an assignment from LANGLEY, David R. to
) . BRISTOL-MYERS SQUIBB COMPANY, dated 22
! February 2008 (22.02.2008)
wwzui, an assignment from WANG, Gan to BRISTOL-
| MYERS SQUIBB COMPANY, dated 21 February
| 2008 (21.02.2008) \
wwzui' an assignment from HAMANN, Lawrence G.
to BRISTOL—MYER$ SQUIBB COMPANY, dated
29 February 2008 (29.02.2008)
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TRADUCCION OFICIAL N? 0507071 al espafiol de un documento escrito en inglés, efectuada por U 8 2
Jaime Armando Garavito Burgos, c.c. N° 19.130.702 de Bogota, Traductor e Intérprete Oficial

inglés-espariol- mglés segun Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio de
Justicia de la Republlca de Colombia

: PODER OTORGADO POR BRISTOL-MYERS SQUIBB COMPANY

] APOSTILLA

1. PAls: ESTADOS UNIDOS DE AMERICA

ESTE DOCUMENTO PUBLICO HA SIDO FIRMADO POR:
SALLY. B. HANSEN ’

3. | QUIEN ACTUA EN CALIDAD DE NOTARIO PUBLICO DE NUEVA JE.RSEY

4. ' LLEVA EL SELLO DE:
~ SALLY, B. HANSEN, NOTARIO

CERTIFICADO

5. | ENTRENTON, NUEVA JERSEY

6. : EL 28 DE JUNIO DE 2007

7. | POR BRADLEY ABELOW, TESORERO DE NUEVA JERSEY
8. . N°A295716
9. | SELLO (APARECE ADHERIDO SELLO DORADO)

10. | FIRMA! (FIRMADO) BRADLEY ABELOW

Texto en inélés y en espafiol mediante e! cual BRISTOL-MYERS SQUIBB

| .
COMPANY dEomicEIiada en Nueva York, Nueva York, otorga poder a ALVARO

CORREA or\fnoﬂez ylo OLGA GEORGETTE OTERO ylo RICARDO METKE

ylo JUAN PAEBLO CONCHA

Dado y suscrito el 30 de mayo de 2007
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1
TRAPUCCION OFICIAL N°® 0507071 al espaiiol de un documento escrito en inglés, efectuada por
Jaime Armandq Garavito Burgos, c.c.- N° 19.130.702 de Bogota, Traductor e Intérprete Oficial
inglé§-espaﬁol-ipglés segln Resolucion N° 034 de enero 11 de 1983 expedida por el Ministerio de
Justicia de la Repiblica de Colombia

E CERTIFICACION NOTARIAL

Texfo en inglés y en espafol mediante ei cual el suscrito Notario certifica el 30 de

may:o de 2007 la existencia legal de ia sociedad BRISTOL-MYERS SQUIBB

COMPANY asi como las funciones y firma .de su representante autorizado
Ana%tasia P. Winsiow, Senior Patent Counsel {Abogado de Patentes Senior) para
lo cual se basé en los documentos relacionados én inglés en el punto 6 de la
cenificacién los cuales se traducen aqui al espanol, a saber:

Cenificacién suscrita por el Vicepresidente Senior y el Asesor Legal de Bristol-
Myefs Squibb Company el 7 de abril de 2007.

Certiificado de Constitucion Enmendado y Replanteado de Bristol-Myers Squibb
Com:pany fechado mayo 24, 2005.

[Firmiado] SALLY B. HANSEN, Notario Publico

{Seflo en tinta que dice: “SALLY B. HANSEN. Notario Publico de Nueva Jersey. Mi

comisién vence el 6 de junic de 20107

[Apatrece sello realzado]

La anterior es traduccidn fiel y completa de la cual se deja copia en esta oficina

paraisu confrontacion.

533 ,. JeGaravito Burgos
1®‘ de Bogota
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5Sj| 1./ COUNTRY: UNITED STATES OF AMERICA ==
==i| 2. THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY: ==
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=S| 3. ACTING IN THE CAPACITY OF: =)
e . NOTARY PUBLIC OF NEW JERSEY <)
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== ‘ =D
= 5 CERTIFIED B
b= ‘ )
2= 1 ' =)
==j| 5. AT TRENTON, NEW JERSEY
> , =
5! 6. THE|28TH DAY OF JUNE 2007 =)
g—« 7 | BY: |Bradley Abelow, NEW JERSEY _TREASURER ::Ei
=S| 8- NO. A295716 E@%
;E: 9.  SEAL/STAMP: 10. SIGNATURE =2,
s : ’ ' =2
e —)
= Gkl 2, Abele |2
2= |; 2
== || i1l Vo Bl
= 1 =
= | 1 e =
= =59)
4_4_ ' ’ i @




7312007 18:56 3762211

B

1 e MR R

e
i

OWER OF iY
indersigned. '
BRIST(?L—MYERS SQUIBR COMPANY

ziled in

Route ZOGEnnd Province Lino Road, Princeton,
New Jersey 08543-4000 United States of Amerlca

res that it hereby grants to

" ALVARO CORREAJ,)RDONEZ and/or

i OLGA GEORGETTE OTERO and/or

' RICARDO METKE and/or

. JUAN PABLO CONCHA

domicile at Av. B2 No. ).0 - 62, 6Th floor, of Bogot D.
olombia, a full and sufficient power of attorney to obtain
rotection of my (our) industrial property and against the
r competition, for which {Purpose 1 (we) aurhorize the said
ieys to represent me (us) ibefore any authorities or persops,
or without jurisdiction) specially thoss admibistrative,
nistrative contentious abd judicial, as well as befors
ration Court, in il matters concerning the following: a)
inment of patents, utilllty modele, Indugtrial designs,
roted circuits, Jayour-designs and vegetal varieties; the
ration of trademarks, deriominations of origin, commercial
s, trade emblems, slogank and domain names; its renewal,
nments, change of nhame or domicile, voluntary
sllation; and the registration of licenses of use of the abave
1, b)Procesdes of protéction to the consumer, upfair
retition, oppositions, can'cellations. pullity, precautionary
ctions, infringement, gronting of licenscs, writ mandamus,
rotection of rade secrets,land in general the civil, penal, an
nistrative processes relating to thosc rights, And that in all
bove maiters they may subastitute this Power of Attorney,
wromise, conciliate, admit the facts of the case, desis?,
1}, receive, resign, and retify octs done by representatives
ut B paower of attomey.

eby ratify all actions previously taken on behalf of this
rany by the aforementioned aftorneys with respect to the
ioned marrers.

:'and subscribed in

" 30

day of m of 2007

il
Signature of the person lssuing the Power

Anastasia P. Winﬁlow
Senior Patent Cownsel

RAISBECK

(B&M) BTA COL. #6649 p.004

Ralebeck, Lars, Rodriguez & Ruode
Ay, 82 Ng. 10 - B2 8th Floor
Bogotn, Colambla

NIT: 880.0688.240-3
Teol: +57 1834 1500
Fow: #67 13762211
wrw bakemet.com

PODER DE ABOGADO
La abajo firmada, '
BRISTOL-MYERS SQUIBB COMPANY
domiciliada en

Route 206 and Province Line Road, Princeton,
New Jersey 08543-4000 Estndos Unidos de América

declara por ¢l pregenta que otorga a

ALVARO CORREA-ORDOREZ y/o

OLGA GEOQORGETTE OTERO y/o

RICARDO METKE y/o

JUAN PABLO CONCHA .
con domicilio en la Av. 82 Np. 10 ~ 62 Piso 6 en Bogotd 0. C.,
Colombia, poder especial amplio y suficienrs, para obtener la
proteccidn de mi (nuestra) propiedad industnial y contra la
competencia desleal, a cuyo efecto surorizo (amos) a los dichos
apoderados para que me (nos) representen ante cualesquiera
autoridades @ personas, ejerzan o no jurisdiccidn, especialmente
ante las del orden administrativo, contencicso-administrativo y
judicial, esl como los tribunales de arbiramento, en todo lo
concernients a log siguientes asuntos: a) Obtencidn de patentes
de invencidn, modelos de utilidad, diseflos industriales,
esquemas de trazado de circuitos integrados y variededes
vegetales; ¢l registro de marces, denominaciones de origen,
nombres comerciales, enzefias, lemas comercieles y nombres de
dominio; su repovacién, traspaso, cambio de nombre o
domicilio, cancelacién voluntaria; y e] registro de licencias de
uso de esos derechos; b) Los procesos pam la proteccidn del
consumidor, competencia desleal, oposiciones, cancelaciones,
nulidades, medidas cautelares, infracciones, concesién de
licencias, la ftuteln, lo proteccién de secretos industriales, y en
general procesos civiles, penales, administrativos relacionados
con estos dercchas, Y pars que en (odos los asuntos arriba
determinados, pusdan sustituir este mandato, transigir, conciliar,
admitir los hechos del caso, desistir, cancelar, recibir, renunciar,
y ratificar 106 actos de agentes oficiosos.

Igualmente, rotifico todo io actuado basta el momento en los
mismos asuntos, por cualquiera de los mencionados apoderados
en representacién de ésta sociedad.

Dado y firmade en.

Alos 30 dfas del mes de mayo de 2007

Firma de la persona que firma el Poder

000485
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s 3O day of ﬂ?dz«x/
, the und(}:rsigned Notary
CER'IIFIE

Name of the person Issulng the power
Anastasia P. Winslow

al age and domiciled in

Princeton, NJ USA
Ad’dresn, city, state, country

| kand on the foregoing document.

he grontor is to me personally known and that he/she has
:apacity to cxecute the instrument.

he grantor has executed [.hc foregoing document as
1ior Patent Counsgel’

RAISBECK (B&M) BTA COL.

A los 30

46649 P.0O5

000486

CERTIFICACION NOTARIAL

dias del mes de mayo

de 2007 , e! suscrito Notario

. DAFE
Que Anastas1a P, Winslow

mayor y domicilisdo en Princeton . NJ
Estados Unidos de América

suscribié de su puile y letra €l documento que antecede.

Que conozco al otorgante y qﬁe éste riene capacidad legal

" para ¢l otorgamiento.

Que el oforgante ha suscrite el refenido documento en su
carficter de

Pasition of the person-issuing the Power

_ Abogados de Patentes Senior
judicial person  BRISTOL-MYERS SQUIBB

de la persona juridica  BRISTOL-MYERS SQUIBB

COMPANY COMPANY
he judicial person BRISTOL~-MYERS SQUIBBH 4  Que la persona juridica BRISTOL-MYERS SQUIBB
COMPANY COMPANY

g its home office in con gede en

Route 2(16t and Provinee Line Road, Princeton,
New Jersey 08543-4000 United States of America

Route 206 and Province Line Road, Princeton,
New Jerscy 08543-4000 Estados Dnidos de América

esth legalmente constituida, que tene existencip lega)
actual ¥ que el acto para ¢} cual se otorga el poder esti
comprendido entre los que constituyen su objeto gocicl.

ly organized, has present legal existence and that the
ses for which the power of attorney is granted are within
ope of its corporate purposes

the grantor has in fuct the referred to authority and that 5 Que el otorgante tiene efectivamente la representacion que
r representation iy legal, ostonta y que ésta es legitima.

I have based certifications 3, 4 and 5 above on the 6. Que he basado las certificaciones 3, 4 y 5 anteriores en los

ring authentic documents for sych purpore exhibited to me siguientes  documentos auténticog que al efecto ge me
‘hich T mention specifically, giving their dates and their exhibieron y que memciono especificamente con expresién

or yource: de sus fechas y de su origen a procedencia: -

! fndlcate here the documents such as the articles of - Cettifi CaC'|6n suscrita por el Vicepresidente
oration, by’ laws or resofution from the Beard of Senior .y el Asesor Legal de Bristol- ~-Myers

ors and their dntes, on which the notary rolled to Squ1bb Company el 7 de abril de 2007.

he certification)
rtification executed by Sr. Vice President Certificado de Constitucidn Enmendado y

1 General Counsel of Bristol-Myers Squibb Company Replanteado de Bristol-Myers Squibb
April 7, 2007 : Company fechado el 4 de mayo de 2005.
anded and Restated Certificate of Incorporation .

Brlstol—Mvers Squibb Company dated May 24, 2005

El Notar{o Piblico
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.\\’ T ‘:\?.* _ Industria y Comercio
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*v._//’ ol SUPERINTENDENCIA
I ‘
« U
PCENTENERD

Folio 487
020

ogota D.C.,

octor(a)

ORREA ORDONEZ ALVARO

poderado(a) y/o Representante de
RISTOL-MYERS SQUIBB COMPANY

EFERENCIA Radicacidén No. 10 97369
Solicitud internacional
Fecha inicio fase nacional

Tramite 11
Evento 378
Actuacidn 416
Oficio No. 11421
Folios 1

eniendo en cuenta gque la solicitud de privilegio de patente que ge tramita kajo el
xpediente indicado en la referencia, retine los requisitos de forma establecidos en
a Decisidn 486 de la Comisidn de la Comunidad Andina, el Tratado de Cooperacién en
ateria de Patentes (PCT), el Reglamento y la Circular Onica de la Superintendencia
e Industria y Comercio, se envia el extracto de la sclicitud a la Oficina de
omunicaciones para efecto de su publicacidn en la Gaceta de Propiedad Industrial.

amplase

ado en Bogotad DC, . MGNDV 2070

LIX CARMENZA CESPEDES DE V%RGEL
irectora de Nue¥as Creaciones (c)

dpall
81 contestar favor indique el nimero Sede Centro: Carrera 13 No. 27-00 pisos 2, 5, 7 y 10 PBX: 5870000
Je radicacidn censignado en el rétulo Sede CAN: Av. Carrera 50 No. 26 - 55 int.2. Tel 5880070

Call Center £513240. Linea 01800-910165
Web: www.sic.gov.co e-mail: info@sic.gov.co
Bogotd D.C. Colombia



