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Pharmaceutical Compositions As Inhibitors of Dipeptidyl Peptidase-IV (DPP-1V)

Field of the Invention

The present invention relates to compounds which inhibit dipeptidyl peptidase IV
(DPP-IV) and are useful for the prevention or treatment of diabeles, especially type II
diabetes, as well as hyperglycemia, Syndrome X, hyperinsulinemia, obesity, atherosclerosis,
and various immunomodulatory diseases.

Background of the Invention

Dipeptidyl peptidase IV (DPP-IV, CD26, EC 3.4.14.5) is a serine protease with
specificity for cleaving Xaa-Pro and, to a lesser extent, Xaa-A4la dipeptides from the N-

termini of polypeptides and proteins. DPP-IV is a non-classical serine protease in that the
catalytic triad of Ser-4sp-His, found in the C-terminal region of the enzyme, is in reverse
order to that found in classical serine proteases. DPP-IV is widely expressed in mammalian
tissue as a type II integral membrane protein. DPP-1V is expressed on the surface of
differentiated epithelial cells of the intestine, liver, kidney proximal tubules, prostate, corpus
luteum, and on leukocyte subsets such as lymphocytes and macrophages. A soluble form of
the enzyme is found in serum that has structure and function identical to the membrane-
bound form of the enzyme but lacks the hydrophobic transmembrane domain.

DPP-1V has many physiologically relevant substrates including chemokines such as,
RANTES (regulated on activation normal T cell expressed and secreted), eotaxin, and
macrophage-derived chemokine, neuropeptides such as NPY (neuropeptide Y) and substance
P, vasoactive peptides, and incretins such as GLP-1 (glucagon-like peptide-1) and GIP
(gastric inhibitory peptide/ glucose-dependent insulinotropic polypeptide). GLP-1isa 30
amino acid peptide hormone produced in the L cells of the distal small intestine in response
to ingested nutrients. GLP-1 binding to its receptor on various tissues stimulates insulin gene
expression, biosynthesis and glucose-dependent insulin secretion, inhibits glucagon secretion,
promotes satiety, slows gastric emptying and promotes growth of pancreatic beta cells.

Based on this profile, GLP-1-based therapies are expected to be beneficial in the treatment of
type 1I diabetes and obesity. Studies in which type II diabetic patients have been infused with
GLP-1 have demonstrated efficacy in normalizing both fasted and prandial glycemia.
However, active GLP-1 (7-36) amide is rapidly converted by DPP-IV to GLP-1 (9-36), which
is inactive or is a receptor antagonist. The short half-life of GLP-1 in the circulation (1-1.5
minutes) is a major obstacle to its use as a therapeutic agent. To circumvent the drawback of
the short half-life of GLP-1, inhibitors of DPP-IV, the primary degradative enzyme of GLP-1,
increase the level of active circulating GLP-1 (7-36) amide. DPP-IV inhibitors have been
demonstrated to improve glucose tolerance in type II diabetes.

Therefore, the inhibition of DPP-IV can provide therapeutic treatment for type IT
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diabetes.

Summary of the Invention

The present invention is directed to compounds of formula (I),

X
R1A;>‘R
Rz

HN.
Rs

@,
or pharmaceutically acceptable salts or prodrugs thereof, wherein
X is a member selected from the group consisting of CH,, CHF and Cly;
R is a member selected from the group consisting of alkylcarbonyl, arylcarbonyl,
cyano, heterocyclecarbonyl, RyRsNC(O)-, B(ORg), (1,2,3)-dioxobotolane and 4,4,5,5-
tetramethyl~(1,2,3)-dioxoborolane;

]

R, is a member selected from the group consisting of alkoxyalkyl, alkyl,
alkylcarbonyl, alkenyl, alkynyl, allenyl, arylalkyl, cyeloalkyl, cycloalkylalkyl, cyano,
haloalkyl, haloalkenyl, heterocyclealkyl, and hydroxyalkyl;

R; and R; are independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocycle,
heterocyclealkyl, and hydoxyalkyl; or R; and Rs taken together with the atoms to which they
are attached form a mono or bicyclic heterocycle selected from the group consisting of 2-
indolinyl, 2-indolyl, 3-isoquinoline, 2-piperazine, 2-piperidine, 2-pyrrolidine, 2-pyrrole, 2-
pyridine, 2-quinolinyl, 2-tetrahydroquinolinyl, and 3-tetrahydroisoquinolinyl, wherein said
heterocycle may be substituted with 0, 1, 2 or 3 substituents independently selected from
alkenyl, alkoxy, alkoxyulkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylearbonyloxy, alkylsulfonyl, alkylthio, alkynyl, aryl, arylatkoxy,
arylalkyl, arylcarbonyl, aryloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, formyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, mercapto, nitro, phenyl, RaRgN-, ReRpNC(0)-, and
RcRpNS(0)s-;

R4, Rs and Rg are each independently selected from the group consisting of hydrogen,
alkyl, and arylalkyl,

R, and Ry are each independently selected from the group consisting of alkyl,
alkylcarbanyl, alkoxycarbonyl, alkylsulfonyl; or R4 and Ry taken together with the nitrogen
to which they are attached form a ring selected from the group consisting of piperidine,
piperazine and morpholine; and

Rc and Rp are each independently selected from the group consisting of hydrogen and
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alkyl.

According to an embodiment of the present invention, there is provided a method to
improve glucose tolerance in type II diabetes comprising administering a therapeutically
effective amount of a compound of formula (I). According to another embodiment of the
present invention, there is provided a method for treating type 2 diabetes, insulin resistance,
hyperinsulinemia, impaired glucose tolerance, obesity, hypercholesterolemia, and
hypertriglyceridemia comprising administering a therapeutically effective amount of a
compotund of formula (I).

According to still another embodiment, the present invention is directed to
pharmaceutical compositions comprising a therapeutically effective amount of a compound
of formula (T) in combination with a pharmaceutically acceptable carrier.

Detailed Description of the Invention

Definitions

As used throughout this specification and the appended claims, the following terms
have the following meanings:

The term "alkenyl," as used herein, refers to a straight or branched chain hydrocarbon
containing from 2 to 10 carbons and containing at least one carbon-carbon double bond
formed by the removal of two hydrogens. Representative examples of alkenyl include, but
are not limited to, ethenyl, 2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, 5-
hexenyl, 2-heptenyl, 2-methyl-1-heptenyl, and 3-decenyl.

The term "alkoxy," as used herein, refers to an alkyl group, as defined herein,
appended to the parent molecular moiety through an oxygen atom. Representative examples
of alkoxy include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert-
butoxy, pentyloxy, and hexyloxy.

The term "alkoxyalkyl," as used herein, refers to an alkoxy group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of alkoxyalkyl include, but are not limited to, tert-butoxymethyl, 2-
ethoxyethyl, 2-methoxyethyl, and methoxymethyl.

The term "alkoxycarbonyl," as used herein, refers to an alkoxy group, as defined
herein, appended to the parent molecular moiety through a carbonyl group, as defined herein.
Representative examples of alkoxycarbonyl include, but are not limited to, methoxycarbonyl,
ethoxycarbonyl, and tert-butoxycatbonyl,

The term "alkyl," as used herein, refers to a straight or branched chain hydrocarbon
containing from 1 to 10 carbon atoms. Representative examples of alkyl include, but are not
limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-
pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2,2-dimethylpentyl, 2,3-dimethylpentyl,

3
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n-heptyl, n-octyl, n-nonyl, and n-decyl. The alky] groups of the present invention may be
optionally substituted with 0, 1 or 2 substituents that are members selected from the group
consisting of alkoxy, alkoxycarbonyl, alkylcarbonyl, alkylcarbonyloxy, alkylsulfonyl,
alkylthio, carboxy, carboxyalkyl, cyano, cyanoalkyl, formyl, halogen, hydroxy,
alkoxycarbonyINR,, alkyINR, wherein R, is a member selected from the group consisting of
hydrogen and alkyl.

The term "alkylcarbonyl," as used herein, refers to an alkyl group, as defined herein,
appended to the parent molecular moicty through a carbonyl group, as defined herein.
Representative examples of alkylcarbonyl include, but are not limited to, acetyl, 1-oxopropyl,
2,2-dimethyl-1-oxopropyl, 1-oxobutyl, and 1-oxopentyl.

]

The term "alkylsulfonyl," as used herein, refers to an alkyl group, as defined herein,
appended (o the parent molecular moiety through a sulfonyl group, as defined herein.
Representative examples of alkylsulfonyl include, but are not limited to, methylsulfonyl and
cthylsulfonyl.

The term "alkynyl," as used herein, refers to a straight or branched chain hydrocarbon
group containing from 2 to 10 carbon atoms and containing at least one carbon-carbon triple
bond. Representative examples of alkynyl include, but are not limited, to acetylenyl, 1-
propynyl, 2-propynyl, 3-butynyl, 2-pentynyl, and 1-butynyl.

The alkynyl groups of this invention can be substituted with 0, 1, 2, or 3 substituents
independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkylcarbonyl, alkylcarbonylalkyl, heterocycle, heterocyclealkyl, hydroxy, and hydroxyalkyl.

The term “allenyl,” as used herein, refers to a straight or branched chain hydrocarbon
containing from 3 to 10 carbons and containing two double bonds between three contiguous
carbons formed by the removal of four hydrogens. Representative examples of alkenyl
include, but are not limited to, propa-1,2 dienyl, penta-1,2 dienyl, penta-2,3 dienyl, hexa-1,2-
dienyl and the like.

The term "aryl," as uscd herein, refers to a monocyclic-ring system, or a bicyclic- or a
tricyclic-fused ring system wherein one or more of the fused rings are aromatic.
Representative examples of aryl include, but are not limited to, anthracenyl, aznlenyl,
fluorenyl, indanyl, indenyl, naphthyl, phenyl, and tetrahydronaphthyl.

The aryl groups of the present invention can be substituted with 0, 1, 2, or 3
substituents independently selected from alkyl, alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkylsulfonyl,
alkylthio, alkynyl, carboxy, carboxyalkyl, cyano, cyanoalkyl, formyl, halogen, haloatkyl,
heterocycle, heterocyclealkyl, hydroxy, hydroxyalkyl, mercapto, nitro, phenyl, RgRpN-,
RGReNC(0O)-, and RGRgNS(O),- wherein R and Ry are each independently selected from
the group consisting of alkyl, alkylcarbonyl, alkoxycarbonyl, alkylsulfonyl, and Rg and Ry
are each independently selected from the group consisting of hydrogen and alkyl.

4
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The term "arylalkoxy," as used herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through an alkoxy group, as defined herein.
Representative examples of arylalkoxy includc, but are not limited to, 2-phenylethoxy, 3-
naphth-2-ylpropoxy, and 5-phenylpentyloxy.

The term "arylalkyl," as used herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of arylalkyl include, but are not limited to, benzyl, 2-phenylethyl, 3-
phenylpropyl, and 2-naphth-2-ylethyl.

The term "arylcarbonyl," as used herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through a carbonyl group, as defined herein.
Representative examples of arylcarbony! include, but are not limiled to, benzoyl and
naphthoyl.

The term "carbonyl," as used herein, refers to a -C(O)- group.

The term "carboxy," as used herein, refers to a -COH group.

The term "cyano," as used herein, refers to a -CN group.

The term "cyanoalkyl," as used hercin, refers to a cyano group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of cyanoalkyl include, but are not limited to, cyanomethyl, 2-
cyanoethyl, and 3-cyanopropyl.

The term "cycloalkyl,” as used herein, refers to a monocyclic, bicyclic, or tricyclic
ring system. Monocyelic ring systems are exemplified by a saturated cyclic hydrocarbon
group containing from 3 to § carbon atoms. Examples of monocyclic ring systems include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. Bicyelic ring
systems are exemplified by a bridged monocyclic ring system in which two non-adjacent
carbon atoms of the monocyclic ring are linked by an alkylene bridge of between one and
three additional carbon atoms. Representative examples of bicyclic ring systems include, but
are not limited to, bicyclo(3.1.1)heptane, bicyclo(2.2.1)heptane, bicyclo(2.2.2)octane,
bicyelo(3.2.2)nonane, bicyclo(3.3.1)nonane, and bicyclo(4.2.1)nonane. Tricyclic ring
systems are exemplified by a bicyclic ring system in which two non-adjacent carbon atoms of
the bicyclic ring are linked by a bond or an alkylene bridge of between one and three carbon
atoms. Representative examples of tricyclic-ring systems include, but are not limited to,
tricyclo(3.3.1.0*)nonane and tricyclo(3.3.1.1*")decane (adamantane).

The cycloalkyl groups of this invention may be substituted with 0, 1, 2 or 3
substituents selected from alkyl, alkylcarbonyl, alkoxy, alkoxycarbonyl, alkenyl, alkynyl,
aryl, cyano, halogen, hydroxy, hydroxyalkyl, nitro, ReRgN-, RGRaNC(0)-, and RGRyNS(O),-
. wherein Rg and Ry are each independently selected from the group consisting of alkyl,
alkylcarbonyl, alkoxycarbonyl, alkylsulfonyl, and Rg and Ry are each independently selected
from the group consisting of hydrogen and alkyl.

5
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The term "cycloalkylalkyl," as used herein, refers to a cycloalkyl group, as defined
herein, appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of cycloalkylalkyl include, but are not limited to,
cyclopropylmethyl, 2-cyclobutylethyl, cyclopentylmethyl, cyclohexylmethyl, and
4-cycloheptylbutyl.

The term "halo" or "halogen," as used herein, refers to -Cl, -Br, -1 or -F.

The term "haloalkyl," as used herein, refers to at least one halogen, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of haloalkyl include, but are not limited to, chloromethyl, 2-
fluoroethyl, trifluoromethyl, pentafluoroethyl, and 2-chloro-3-fluoropentyl.

The term “haloalkenyl,” as used herein, refers to at least one halogen, as defined
herein, appended to the parent molecular moiety through an alkenyl group, as defined herein.
Representative examples of haloalkenyl include, but are not limited to, chloroethylenyl, 2-
fluoroethylene, trifluorobutenyl, and dichloropropenyl.

The term "heterocycle” or "heterocyclic," as used herein, refers to a monocyclic,
bicyclic, or tricyclic ring system. Monocyclic ring systems are exemplified by any 3- or 4-
membered ring containing a heteroatom independently selected from oxygen, nitrogen and
sulfur; or a 5-, 6- or 7-membered ring containing one, two or three heteroatoms wherein the
heteroatoms are independently selected from nitrogen, oxygen and sulfur. The 5-membered
ring has from 0-2 double bonds and the 6- and 7-membered ring have from 0-3 double bonds.
Representative examples of monocyclic ring systems include, but are not limited to,
azetidinyl, azepanyl, aziridinyl, diazepinyl, 1,3-dioxolanyl, dioxanyl, dithianyl, furyl,
imidazolyl, imidazolinyl, imidazolidinyl, isothiazolyl, isothiazolinyl, isothiazolidinyl,
isoxazolyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolyl. oxadiazolinyl,
oxadiazolidinyl, oxazolyl, oxazolinyl, oxazolidinyl, piperazinyl, piperidinyl, pyranyl,
pyrazinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl,
pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, tetrazinyl, tetrazalyl,
thiadiazolyl, thiadiazolinyl, thiadiazolidinyl, thiazolyl, thiazolinyl, thiazolidinyl, thienyl,
thiomorpholinyl, 1,1-dioxidothiomorpholinyl (thiomorpholine sulfone), thiopyranyl, triazinyl,
triazolyl, and trithianyl. Bicyclic ring systems are exemplified by any of the above
monocyclic ring systems fused to an aryl group as defined herein, a cycloalkyl group as
defined herein, or another monocyclic ring system. Representative examples of bicyclic ring
systems include but are not limited to, for example, benzimidazolyl, benzodioxinyl,
benzothiazolyl, benzothienyl, benzotriazolyl, benzoxazolyl, benzofuranyl, benzopyranyl,
benzothiopyranyl, cinnolinyl, indazolyl, indolyl, 2,3-dihydroindolyl, indolizinyl,
naphthyridinyl, isobenzofuranyl, isobenzothienyl, isoindolyl, isoquinolinyl, phthalazinyl, 4H-
pyrido(1,2-a)pyrimidin-4-one, pyranopyridinyl, quinolinyl, quinolizinyl, quinoxalinyl,
quinazolinyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, and thiopyranopyridinyl.
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Tricyclic rings systems are exemplified by any of the above bicyclic ring systems fused to an
aryl group as defined herein, a cycloalkyl group as defined herein, or a monocyclic ring
system. Representative examples of tricyclic ring systems include, but are not limited to,
acridinyl, carbazolyl, carbolinyl, dibenzo(b,d)furanyl, dibenzo(b,d)thienyl, naphtho(2,3-
b)furan, naphtho(2,3-b)thienyl, phenazinyl, phenothiazinyl, phenoxazinyl, thianthrenyl,
thioxanthenyl and xanthenyl.

According to the present invention, heterocycles can be substituted with 0, 1, 2 or 3
substituents independently selected from alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylatkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy,
alkylsulfonyl, alkylthio, alkynyl, aryl, arylalkoxy, arylalkyl, arylearbonyl, aryloxy, carboxy,
carboxyalkyl, eyano, cyanoalkyl, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl,
mercapto, nitro, phenyl, RgERpN-, RgRgNC(0)-, and RGRuNS(0),-, wherein Rg and Ry are
each independently selected from the group consisting of alkyl, alkylcarbonyl,
alkoxycarbonyl, alkylsulfonyl, and Rg and Ry are each independently selected from the group
consisting of hydrogen and alkyl.

The term "heterocyclealkyl," as used herein, refers to a heterocycle, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of heterocyclealkyl include, but are not limited to, pyridin-3-
ylmethyl and 2-pyrimidin-2-ylpropyl and the like.

The term "hydroxy," as used herein, refers to an -OH group.

The term “hydroxyalkyl,” as used herein, refers to a hydroxy group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of hydroxyalkyl include, but are not limited to, 2-hydroxyethyl, 2-
hydroxypropyl, 3-hydroxybutyl and the like.

The term "heterocyclecarbonyl," as used herein, refers to a heterocycle, as defined
herein, appended to the parent molecular moiety through an carbonyl group, as defined
herein. Representative examples of heterocyclecarbonyl include, but are not limited to,
pyridin-3-ylcarbonyl and 2-pyrimidin-2-ylcarbonyl and the like.

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

The present invention is directed to compounds of formula (T), wherein R, Ry, Ro, Rs,
Ra, Rs, R, Ra, Rp, Rc and Ry are defined herein.

The present invention is also directed to a method of treating disorders mediated by
DPP-1V through inhibition of enzymatic activity. Disorders known to be regulated through
enzymatic activity are diabetes, especially type IT diabetes, as well as hyperglycemia,
Syndrome X, hyperinsulinemia, obesity, atherosclerosis, various immunomodulatory
diseases. Therefore, according to an embodiment of the present invention there are provided
compounds of formula (I), which are useful for the treatment of diabetes, especially type I
diabetes, as well as hyperglycemia, Syndrome X, hyperinsulinemia, obesity, atherosclerosis,

7




10

15

20

30

35

WO 2004/026822 PCT/US2003/029018

and various immunomodulatory diseases.

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano and wherein X, Ry, Ry Rs, Ry, Rs and R are as
detined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (f), wherein R is cyano; Ry is a member selected from the group
consisting of alkyl, alkenyl, alkynyl, and cycloalkyl and wherein X, R,, and R; are as defined
in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is a member selected from the group
consisting of alkyl, alkenyl, and alkynyl; R is a member selected from the group consisting
of alkoxyalkyl, alkyl, cycloalkyl, cycloalkylalkyl, arylalkyl, and heterocyclealkyl and
wherein X, and R; are as defined in formula (f).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R, is a member selected from the group
consisting of alkyl, alkenyl, and alkynyl; R is selected from the group consisting of alkyl,
cycloalkyl, and heterocycle; Rs is hydrogen and wherein X is as defined in formula D.

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is a member selected from the group
consisting of alkynyl, wherein alkyny] is ethynyl and propynyl; R, is a member selected from
the group consisting of alkyl, cycloalkyl, and heterocycle; R; is hydrogen and wherein X is as
defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (1), wherein R is cyano; R, is a member selectcd from the group
consisting of alkyl, alkenyl, and alkynyl; R, is a member selected from the group consisting
of alkyl, cycloalkyl, and heterocycle; R; is cycloalkyl, wherein cycloalkyl is a member
selected from the group consisting of cyclopropyl, cyclobutyl, cyclopentyl, cycloheptyl, and
cyclooctyl and wherein X is as defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is alkynyl, wherein alkynyl is ethynyl or
propynyl; Ry is hydrogen; R; is cycloalkyl, wherein cycloalkyl is a member selected from the
group consisting of cyclopropyl, cyclobutyl, cyclopentyl, cycloheptyl, and cycloociyl and
wherein X is as defined in formula ().

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is a member selected from the group
consisiting of alkyl, alkenyl, and alkynyl; R; is hydrogen; and Rj is cycloalkyl, wherein
cycloalkyl is a member selected from the group consisting of cyclopropyl, cyclobutyl,
cyclopentyl, cycloheptyl, and cyclooctyl and wherein X is as defined in formula @.
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According to a further embodiment of the present invention there is provided a
compound of formula (T), wherein R is cyano; R; is a member selected from the group
consisting of alkyl, alkenyl, and alkynyl; R; is a member selected from the group consisting
of alkyl, cycloalkyl, and heterocycle; and R; is Ro-O-cyclohexyl; Ry is a member selected
from the group consisting of hydrogen, aryl, and heterocycle and wherein X is as defined in
formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R, is alkynyl, wherein alkynyl is ethynyl or
propynyl; R, is hydrogen; and Rs is

Ry is a member selected from the group consisting of hydrogen, aryl, and heterocycleand
wherein X is as defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is a member selected from the group
consisting of alkyl, alkenyl, and alkynyl; R» is hydrogen; Rs is

Ry

Oup, ;
Rg is a member selected from the group consisting of hydrogen, aryl, and heterocycle and
wherein X is as defined in formula (T).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is ¢yano; R, is a member selected from the group
consisting of alkyl, alkenyl, and alkynyl; R is a member selected from the group consisting
of alkyl, cycloalkyl, and heterocycle; R is alkyl; wherein the alkyl group of Ry is substituted
with a member of the group consisting of alkoxy, alkoxycarbonyl, alkoxycarbonyINH,
alkyINH, carboxy, and hydroxy and wherein X is as defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R, is alkynyl, wherein alkynyl is ethyny! or
propynyl; Ry is hydrogen; Rs is alkyl; wherein the alkyl group of R; is substituted with a
member of the group consisting of alkoxy, alkoxycarbonyl, alkoxycarbonyINH, alkyINH,
carboxy, and hydroxy; and wherein X is as defined in formula (I).

According to a further embodiment of the present inveation there is provided a
compound of formula (I), wherein R is cyano; R, is 2 member selected from the group
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consisting of alkyl, alkenyl, and alkynyl: R, is hydrogen; Rs is alkyl; wherein the alkyl group
of R3 is substituted with a member of the group consisting of alkoxy, alkoxycarbonyl,
alkoxycarbonyINH, alkyINH, carboxy, and hydroxy; and wherein X is as defined in formula
M.

According to a further embodiment of the present invention there is provided a
compound of formula (T), wherein R is cyano; Ry is a member selected from the group
consisting of alkyl, alkenyl, and alkynyl; R is selected from the group consisting of alkyl,
cycloalkyl, and heterocycle; R; is a member selected from the group consisting of aryl and
heterocycle; wherein said heterocycle is 2 member selected from the group consisting of
azetidinyl, azepanyl, aziridinyl, diazepinyl, 1,3-dioxolanyl, dioxanyl, dithianyl, furyl,
imidazolyl, imidazolinyl, imidazolidinyl, isothiazolyl, isothiazolinyl, isothiazolidinyl,
isoxazolyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolyl, oxadiazolinyl,
oxadiazolidinyl, oxazolyl, oxazolinyl, oxazolidinyl, piperazinyl, pyranyl, pyrazinyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, pyridinyl, pyrimidinyl, pytidazinyl, pyrrolyl, pyrrolinyl,
pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, tetrazinyl, tetrazolyl, thiadiazolyl,
thiadiazolinyl, thiadiazolidinyl, thiazolyl, thiazolinyl, thiazolidinyl, thienyl, thiomorpholiny1,
1,1-dioxidothiomorpholinyl (thiomorpholine sulfone), thiopyranyl, triazinyl, triazolyl, and
trithianyl and wherein X is as defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is alkynyl, wherein alkynyl is ethynyl or
propynyl, Rz is hydrogen; and Rj is a member selected from the group consisting of aryl and
heterocycle; whetein said heterocycle is a member selected from the group consisting of
azetidinyl, azepanyl, aziridinyl, diazepinyl, 1,3-dioxolanyl, dioxanyl, dithianyl, furyl,
imidazolyl, imidazolinyl, imidazolidinyl, isothiazolyl, isothiazolinyl, isothiazolidinyl,
isoxazolyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolyl, oxadiazolinyl,
oxadiazolidinyl, oxazolyl, oxazolinyl, oxazolidinyl, piperazinyl, pyranyl, pyrazinyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, pyrrolinyl,
pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, tetrazinyl, tetrazolyl, thiadiazolyl,
thiadiazolinyl, thiadiazolidinyl, thiazolyl, thiazolinyl, thiazolidinyl, thienyl, thiomorpholinyl,
1,1-dioxidothiomorpholiny! (thiomorpholine sulfone), thiopyranyl, triazinyl, triazolyl, and
trithianyl; and wherein X is as defined in formula (I}).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is a member selected from the group
consisting of alkyl, alkenyl, and alkynyl; R; is hydrogen; R is a member selected from the
group consisting of aryl and heterocycle; wherein said heterocycle is a member selected from
the group consisting of azetidinyl, azepanyl, aziridinyl, diazepinyl, 1,3-dioxolanyl, dioxanyl,
dithianyl, furyl, imidazolyl, imidazolinyl, imidazolidinyl, isothiazolyl, isothiazolinyl,
isothiazolidinyl, isoxazolyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolyl,
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oxadiazolinyl, oxadiazolidinyl, oxazolyl, oxazolinyl, oxazolidinyl, piperazinyl, pyranyl,
pyrazinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl,
pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, tetrazinyl, tetrazolyl,
thiadiazolyl, thiadiazolinyl, thiadiazolidinyl, thiazolyl, thiazolinyl, thiazolidinyl, thienyl,
thiomorpholinyl, 1,1-dioxidothiomorpholinyl (thiomorpholine sulfone), thiopyranyl, triazinyl,
iriazolyl, and trithianyl; and wherein X is as defined in formula (T).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is a member selected [rom the group
consisting of alkyl and alkynyl; R; is hydrogen; Rj is heterocycle; wherein said heterocycle is
piperidine, and wherein X is as defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is alkyl, alkenyl, and alkynyl; R; is a
member selected from the group consisting of alkyl, cycloalkyl, and heterocycle; Ry is a
member selected from the group consisting of arylalkyl and heterocyclealkyl; and wherein X
is as defined in formula ().

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is alkynyl, wherein alkynyl is ethynyl or
propynyl; Ry is hydrogen; Rs is a member selected from the group consisting of arylalkyl and
heterocyclealkyl; and wherein X is as defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is a member selected from the group
consisting ol alkyl and alkynyl; R, is a member selected from the group consisting of alkyl,
cycloalkyl, and heterocycle; Rs is

e

J
N
R7 is a member selected from the group consisting of hydrogen and alkyl; Ry is a member
selected from the group consisting of hydrogen, alkylcarbonyl, aryl and heterocycle; and
wherein X is as defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (T), wherein R is cyano, R, is alkynyl, wherein alkynyl is ethynyl or

propynyl, Ry is hydrogen; R is

Anan

ij?

N
|
Re

Ry is a member selected from the group consisting of hydrogen and alkyl; Rg is a member
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selected from the group consisting of hydrogen, alkylcarbonyl, aryl and heterocycle; and
wherein X is as defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (T), wherein R is cyano, Ry is a member selected from the group
consisting of alkyl and alkynyl; R, is hydrogen; Rs is

R7is a member selected from the group consisting of hydrogen and alkyl; Rg is a member
selected from the group consisting of arylearbonyl, and heterocyclecarbonyl-; and wherein X
is as defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is alkynyl, wherein alkynyl is ethynyl or
propynyl; Rz is hydrogen; R; is

LYYYN

=

N

o
Ry is a member selected from the group consisting of hydrogen and alkyl; Rq is 2 member
selected from the group consisting of arylcarbonyl and heterocyclecarbonyl-; and wherein X
is as defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (1), wherein R is cyano; R) is a member selected from the group
consisting of alkyl, alkenyl, and alkynyl; R, is hydrogen; Rj is heterocycle, wherein said
heterocycle is

ann

e

N

b
Ry7 is a member selected from the group consisting of hydrogen and alkyl; Rs is a member
selected from the group consisting of aryl, heterocycle; and wherein X is as defined in
formula (). Aryl and heterocycles at the Rs position may be substituted with 0, 1, 2 or 3
substituents independently selected from the group consisting of alkyl, alkoxy, alkoxyalkyl,
alkoxyalkenyl, alkanoyl, alkanoyloxy, alkanoyloxyalkyl, alkanoyloxyalkenyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkoxycarbonylalkenyl, alkylsulfonyl,
alkylsulfonylalkyl, alkylsulfonylalkenyl, amino, aminoalkyl, aminoatkenyl, aminosulfonyl,

aminosulfonylalkyl, aminosulfonylalkenyl, carboxaldehyde, (carboxaldehyde)alkyl,
12
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(carboxaldehyde)alkenyl, carboxamido, carboxamidoalkyl, carboxamidoalkenyl, carboxy,
carboxyalkyl, carboxyalkenyl, cyano, cyanoalkyl, cyanoalkenyl, halo, haloalkyl, haloalkenyl,
hydroxy, hydroxyalkyl, hydroxyalkenyl, nitro, perfluoroalkyl, perfluoroalkoxy,
perfluoroalkoxyalkyl, perfluoroalkoxyalkeny! thioalkoxy, thioalkoxyalkyl, thioalkoxyalkenyl,
unsubstituted or substituted aryl, unsubstituted or substituted heteroaryl, and unsubstituted or
substituted heterocycle.

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R is a member selected from the group

consisting of alkyl and alkynyl; R, is hydrogen; R is heterocycle, wherein said heterocycle is

=

8

-2

R7 is a member selected from the group consisting of hydrogen and alkyl; Ry is a member
selected from the group consisting of arylcarbonyl and heterocyclecarbonyl; and wherein X is
as defined in formula (I). The aryl group of the arylcarbonyl group of Ry of the compounds
of the present invention may optionally substituted with 0, 1, 2 or 3 substiluents
independently selected from alkyl, alkoxy, alkoxyalkyl, alkoxyalkenyl, alkanoyl,
alkanoyloxy, alkanoyloxyalkyl, alkanoyloxyalkenyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkoxycarbonylalkenyl, alkylsulfonyl, alkylsulfonylalkyl, alkylsulfonylalkenyl, amino,
aminoalkyl, aminoalkenyl, aminosulfonyl, aminosulfonylalkyl, aminosulfonylalkenyl,
carboxaldehyde, (carboxaldehyde)alkyl, (carboxaldehyde)alkenyl, carboxamido,
carboxamidoalkyl, carboxamidoalkenyl, carboxy, carboxyalkyl, carboxyalkenyl, cyano,
cyanoalkyl, cyanoalkenyl, halo, haloalkyl, haloalkenyl, hydroxy, hydroxyalkyl,
hydroxyalkenyl, nitro, perfluoroalkyl, perfluoroalkoxy, perfluoroalkoxyalkyl,
perfluoroalkoxyalkenyl thicalkoxy, thioalkoxyalkyl, thioalkoxyalkenyl, unsubstituted or
substituted aryl, unsubstituted or substituted heteroaryl, and unsubstituted or substituted
heterocycle. The heterocycle group of helerocyclecarbonyl may be optionally substituted as
described above for the aryl group of the arylcarbonyl group.

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is a member selected from the group
consisting of alkyl and alkynyl; R, is a member sclected from the group consisting of alkyl,
cycloalkyl, and heterocycle; R3 is a member selected from the group consisting of aryl-O-
alkyl, aryl-NH-alkyl, heterocycle-O-alkyl and heterocycle-NH-alkyl; and wherein X is as
defined in formula (I).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano, R, is alkynyl, wherein alkynyl is ethynyl or
propynyl, R, is hydrogen; Rs is a member selected from the group consisting of aryl-O-alkyl,
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aryl-NH-alkyl, heterocycle-O-alkyl and heterocycle-NH-alkyl; and wherein X is as defined in
formula (T).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R, is a member selected from the group
consisting of alkyl and alkynyl; R; and R taken together with the atoms they are attached
form a mono or bicyclic heterocycle selected from the group consisting of 3-isoquinoline, 2-
pyrrolidinyl, 2-quinolinyl, 2-tetrahydroquinolinyl, and 3-tctrahydroisoquinolinyl; and
wherein X is as defined in formula (T). ‘

According to a further embodiment of the present invention there is provided a
compound of formula (), wherein R is cyano; Ry is alkynyl, wherein alkynyl is ethynyl or
propynyl; R, and R; taken together with the atoms they are attached form a mono or bicyclic
heterocycle selected from the group consisting of 3-isoquinoline, 2-pyrrolidinyl, 2-quinolinyl,
2-tetrahydroquinolinyl, and 3-tetrahydroisoquinolinyl; and wherein X is as defined in formula
.

According to a further embodiment of the present invention there is provided a
compound of formula (f), wherein R is cyano; R is 2 member selected from the group
consisting of alkyl, alkenyl, alkynyl; R, and Ry taken together with the atoms they are
attached form 3-isoquinolinyl, and wherein X is as defined in formula (7).

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R, is a member selected from the group
consisting of alkyl and alkynyl; Ry is hydrogen; R; is Rg-O-cycloalkyl, wherein said Rg-O-
cycloalkyl is

EYAEN

Ry

O, ;

R; is a member selected from the group consisting of hydrogen and alkyl; Re is a member
selected from the group consisting of hydrogen, aryl, pyridine, and pyrimidine; and wherein
X is as defined in formula (I). The aryl group or pyridyl group of Ry may be optionally
substituted with 0, 1, 2 or 3 substituents independently selected from alkyl, alkoxy,
alkoxyalkyl, alkoxyalkenyl, alkanoyl, alkanoyloxy, alkanoyloxyalkyl, alkanoyloxyalkenyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkoxycarbonylalkenyl, alkylsulfonyl,
alkylsulfonylalkyl, alkylsulfonylalkenyl, amino, aminoalkyl, aminoalkenyl, aminosulfonyl,
aminosulfonylalkyl, aminosulfonylalkenyl, carboxaldehyde, (carboxaldehyde)alkyl,
(carboxaldehyde)alkenyl, carboxamido, carboxamidoalkyl, carboxamidoalkenyl, carboxy,
carboxyalkyl, carboxyalkenyl, cyano, cyanoalkyl, cyanoalkenyl, halo, haloalkyl, haloalkenyl,
hydroxy, hydroxyalkyl, hydroxyalkenyl, nitro, perfluoroalkyl, perfluoroalkoxy,
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perfluoroalkoxyalkyl, perfluoroalkoxyalkenyl thioalkoxy, thioalkoxyalkyt, thioalkoxyalkenyl
unsubstituted or substituted aryl, unsubstituted or substituted heteroaryl, and unsubstituted or
substituted heterocycle.

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R, is a member selected from the group

]

consisting of alkyl, alkenyl, alkynyl; R, is hydrogen; R is a member selected from the group
consisting of arylalkyl and heterocyclealkyl; and wherein X is as defined in formula (I). The
aryl group of arylalkyl of and the heterocycle of heterocyclealkyl of Ry is optionally
substituted with 0, 1, 2or 3 substituents independently selected from alkyl, alkoxy,
alkoxyalkyl, alkoxyalkenyl, alkanoyl, alkanoyloxy, alkanoyloxyalkyl, alkanoyloxyalkenyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkoxycarbonylalkenyl, alkylsulfonyl,
alkylsulfonylalkyl, alkylsulfonylalkenyl, amino, aminoalkyl, aminoalkenyl, aminosulfonyl,
aminosulfonylalkyl, aminosulfonylalkenyl, carboxaldehyde, (carboxaldehyde)alkyl,
(carboxaldehyde)alkenyl, carboxamido, carboxamidoalkyl, carboxamidoalkenyl, carboxy,
carboxyalkyl, carboxyalkenyl, cyano, cyanoalkyl, cyanoalkenyl, halo, haloalkyl, haloalkenyl,
hydroxy, hydroxyalkyl, hydroxyalkenyl, nitro, perfluoroalkyl, perfluoroalkoxy,
perfluoroalkoxyalkyl, perfluoroalkoxyalkenyl thioalkoxy, thioalkoxyalkyl, thioalkoxyalkenyl,
unsubstituted or substituted aryl, unsubstituted or substituted heteroaryl, and unsubstituted or
substituted heterocycle. In ane particular embodiment of the present invention the
heterocycle of heterocyclealkyl is pyridine.

According to a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; Ry is a member selected from the group
consisting of alkyl and alkynyl; Ry is hydrogen; R; is a member selected from the group
consisting of aryINHalkyl-, aryl-O-alkyl-, heterocycleNHalkyl- and heterocycle-O-alkyl-;
and wherein X is as defined in formula (I). The aryl group of aryINHalkyl- and aryl-O-alkyl-
and the heterocycle of heterocycleNHalkyl- and heterocycle-O-alkyl- of R; is optionally
substituted with 0, 1, 2 or substituents independently selected from alkyl, alkoxy,
alkoxyalkyl, alkoxyalkenyl, alkanoyl, alkanoyloxy, alkanoyloxyalkyl, alkanoyloxyalkenyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkoxycarbonylalkenyl, alkylsulfonyl,
alkylsulfonylalkyl, alkylsulfonylalkenyl, amino, aminoalkyl, aminoalkenyl, aminosulfonyl,
aminosulfonylalkyl, aminosulfonylalkenyl, carboxaldehyde, (carboxaldehyde)alkyl,
(carboxaldehydc)alkenyl, carboxamido, carboxamidoalkyl, carboxamidoalkenyl, carboxy,
carboxyalkyl, carboxyalkenyl, cyano, cyanoalkyl, cyanoalkenyl, halo, haloalkyl, haloalkenyl,
hydroxy, hydroxyalkyl, hydroxyalkenyl, nitro, perfluoroalkyl, perfluoroalkoxy,
perfluoroalkoxyalkyl, perfluoroalkoxyalkenyl thioalkoxy, thicalkoxyalkyl, thicalkoxyalkenyl,
unsubstituted or substituted aryl, unsubstituted or substituted heteroaryl, and unsubstituted ot
substituted heterocycle.

According to a further embodiment of the present invention there is provided a
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compound of formula (), wherein R is cyano; R is a member selected from the group
consisting of alkyl and alkynyl; R, is hydrogen; Rj is alkyl; and wherein X is as defined in
formula (T). In one particular embodiment of the present invention, the alkyl group of Rs is
substituted with 0, 1, 20r 3 substituents independently selected from alkoxy, alkoxyalkyl,
alkoxyalkenyl, alkanoyl, alkanoyloxy, alkanoyloxyalkenyl, alkoxycarbonyl,
alkoxycarbonylalkenyl, alkylsulfonyl, alkylsulfonylalkenyl, amino, aminoalkenyl,
aminosulfonyl, aminosulfonylalkenyl, carboxaldehyde, (carboxaldehyde)alkenyl,
carboxamido, carboxamidoalkenyl, carboxy, carboxyalkenyl, cyano, cyanoalkenyl, halo,
haloalkenyl, hydroxy, hydroxyalkenyl, nitro, perfluoroalkyl, perfluoroalkoxy,
perfluoroalkoxyalkenyl thioalkoxy, thioalkoxyalkenyl, unsubstituted or substituted aryl
unsubstituted or substituted heteroaryl, and unsubstituted or substituted heterocycle,

According 1o a further embodiment of the present invention there is provided a
compound of formula (I), wherein R is cyano; R; is a member selected from the group
consisting of alkyl, alkenyl, and alkynyl; R; is hydrogen; R is a member selected from the
group consisting of bicycloalkyl, cycloalkyl, heterocycle and tricycloalkyl; and wherein X is
as defined in formula (I). The bicycloalkyl, cycloalkyl, heterocycle or tricycloalkyl of Rs of
the present invention may be optionally substituted with 0, 1,2 or 3 substituents
independently selected from alkoxy, alkoxyalkyl, alkoxyalkenyl, alkanoyl, alkanoyloxy,
alkanoyloxyalkenyl, alkoxycarbonyl, alkoxycarbonylalkenyl, alkylsulfonyl,
alkylsulfonylalkenyl, amino, aminoalkenyl, aminosulfonyl, aminosulfonylalkenyl,
carboxaldshyde, (carboxaldehyde)alkenyl, carboxamido, carboxamidoalkenyl, carboxy,
carboxyalkenyl, cyano, cyanoalkenyl, halo, haloalkenyl, hydroxy, hydroxyalkenyl, nitro,
perfluoroalkyl, perfluoroalkoxy, perfluoroalkoxyalkeny! thioalkoxy, thioalkoxyalkenyl,
unsubstituted or substituted aryl, unsubstituted or substituted heteroaryl, and unsubstituted or
substituted heterocycle.

Specific compounds of the present invention include, but are not limited to:
(28,5R)-5-ethynyl-1-L-leucylpyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-((38)-1,2,3,4-tetrahydroisoquinolin-3-ylcarbonyl)pyrrolidine-2-

carbonitrile;

(28,5R)-1-((28)-2-amino-2-cyclopentylethanoyl)-5-ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1~((28)-2-amino-2-cyclopentylethanoyl)-5-vinylpyrrolidine-2-carbonitrile;

(28,5R)-1-((28)-2-amino-2-cyclohexylethanoyl)-5-ethynylpyrrolidine-2-carbonitrile;

(28,55)-5-ethyl-1-L-leucylpyrrolidine-2-carbonitrile;

(28,58)-1-((28)-2-amino-2-cyclohexylethanoyl)-5-ethylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-((1R,2R 48)-bicyclo(2.2.1 ) hept-2-yDelycyl} -5-ethynylpyrrolidine-2-
carbonitrile;

(28,58)-1-L-leucyl-5-methylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(4-methyl-1-pyridin-2-ylpiperidin-4-yl)glycyl)pyrrolidine-2-

16

18-




10

15

20

25

30

35

WO 2004/026822 PCT/US2003/029018

carbonitrile;

(28,5R)-5-ethynyl-1-(N-(4-methyl-1-(3-cyano-pyridin-2-yl)piperidin-4-
yDglycylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1-(3-cyano-pyridin-3-yl)piperidin-4-yl)glveyl)pyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1- { N-(4-methyl-1-(4-methoxycarbonylbenzoyl)piperidin-4-
yDglycyl}pyrrolidine-2-carbonitrilc;

(2S,5R)-5-ethynyl-1- { N-(4-methyl-1-(4-carboxy-pyridin-2-yl)piperidin-4-
yDeglycyl}pyrrolidine-2-carbonitrile;

(25,5R)-5-ethynyl-1-(N-{4-methyl-1-(5-(trifluoromethyl)pyridin-2-yl)piperidin-4-
yl}glyeyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(1-(4-chlorobenzoyl)piperidin-4-yl)glycyl} -5-ethynylpyrrolidine-2-
carbonitrile;

(28,5R)-1-{N-(1-(5-chloropyridin-2-y1)-4-methylpiperidin-4-yl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-N-(1-pyridin-2-ylpiperidin-4-yl)glycyl)pyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-(N-{4-methyl-1-(4-(trifluoromethyl)pyrimidin-2-yl)piperidin-4-
yl}glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1-isonicotinoyl-4-methylpiperidin-4-yl)glycyDpyrrolidine-2-
carbonitrile;

(25,3R)-5-ethynyl-1-(V-(4-methyl-1-(5-carboxy-pyridin-2-yl)piperidin-4-
yhglyeyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1~(NV-(4-methyl-1-(5-cyano-pyridin-3-y1)piperidin-4-
ylglycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-trans(4-hydroxycyclohexyl)glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(4- trans {(4'-fluoro-5-(irifluoromethyl)-1,1'-biphenyl-2-
yloxy}eyclohexyl)glyeyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1~(N-{4- trans (4-
(trifluoromethoxy)phenoxy)cyclohexyl } glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(4-hydroxy-1-methylcyclohexyl)glycyl)pyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-{N-(1-methyl-4- trans (pyridin-3-
yloxy)eyclohexyl)glycyl}pyrrolidine-2-carbonitrile;

(28,5R)-1-(N-{4- trans ((5-chloropyridin-3-yloxy)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(4~ trans (4-cyanophenoxy)cyclohexyl)glycyl}-5-ethynylpyrrolidine-2-
carbonitrile;
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(28,5R)-53-ethynyl-1-(N-(4- trans {(5~(trifluoromethyl)pyridin-2-
yDoxy}eyclohexylglycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-{4- trans (3-pyridin-4-yl-4-
(trifluoromethyl)phenoxy)cyclohexyl}glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-(4- trans (pyridin-2-yloxy)cyclohexyl)glycyl} pyrrolidine-2-
carbonitrile;

(25,5R)-5-ethynyl-1-{N-(1-methyl-4- trans (5-cyano-pyridin-2-
yloxy)cyclohexyl)glycyl} pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-(4- trans (pyrimidin-2-yloxy)cyclohexyl)glycyl} pyrrolidine-
2-carbonitrile;

(28,5R)-5-¢ethynyl-1-{ N-(4- trans (5-cyano-pyridin-2-
yloxy)cyclohexyl)glycyl} pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-{4 trans -(4-
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile;

(28.5R)-5-ethynyl-1-(N-{4-((5-fluoropyridin-3-yl)oxy)-1-
methylcyclohexyl} glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(4- trans (4-carboxy-phenoxy)cyclohexyl)glycyl)pyrrolidine-
2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-{4-(2-(2-oxopyrrolidin-1-yl)-4- trans
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile;

(25,5R)-1-{N-(4-(4-cyano-2-methoxyphenoxy)cyclohexylglycyl} -5-
ethynylpyrrolidine-2-carbonitrile;

(28.5R)-1-(N-{4- trans ((5-chloropyridin-2-yl)oxy)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-(1-methyl-4- trans (pyridin-2-
yloxy)cyclohexyl)glycyl }pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-{4- trans ((5-fluoropyridin-3-
yDoxy)eyclohexyl} glycyl)pyrrolidine-2-carbonitrile;

(25,5R)-1-(N-{4- trans ((5-bromopyridin-2-yl)oxy)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-(4- trans (pyridin-3-yloxy)cyclohexyl)glycyl} pyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1,1,3,3-tetramethylbuty)glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-{N~(1,1-dimethyl-2-(5-cyano-pyridin-2-yloxy)ethyDglycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-(N-(tert-butyl)glycyl)-5-ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(1,1-dimethyl-2-(quinolin-4-ylamino)ethylglycyl}-5-
ethynylpyrrolidine-2-carbonitrile;
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(28,5R)-5~ethynyl-1-{N-(2-(4-fluorophenyl)-1,1-dimethylethyl)glycyl }pyrrolidine-2-
carbonitrile;

(28,5R)-1-(N-(1,1-dimethylpropylglyeyl)-5-ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(2-(1,3-benzothiazol-2-ylamino)-1,1-dimethylethyl)alycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-((1R,48)-bicyclo(2.2.1)hept-2-yl)glycyl}-5-ethynylpyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-((38)-1,2,3 4-tetrahydroisoquinolin-3-ylcarbonyl)pyrrolidine-2-
carbonitrile;

(28,5R)-1-(N-1-adamantylglycyl)-5-ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-(N-cyclohexylglycyl)-5-ethynylpyrrolidine-2-carboniirile;

(28,5R)-5-ethynyl-1- {N-(1-(methoxymethyl)cyclopentyl)glycyl }pyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-(N-tetrahydro-2H-pyran-4-ylglycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1- {N-((28)-2-hydroxycyclopentyl)glycyl} pyrrolidine-2-
carbonitrile;

(28,5R)-1-(N-cyclopentylglycyl)-5-ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-(1-(hydroxymethyl)cyelopentyl)glycyl} pyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-L-leucylpyrrolidine-2-carbonitrile;

(28,5R)-1-((25)-2-amino-2-cyclopentylethanoyl)-5-ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-((2R)-2-amino-2-cyclohexylethanoyl)-5-ethynylpyrrolidine-2-carbonitrile;

(28,58)-1-((25)-2-amino-2-cyclopentylethanoyl)-5-methylpyrrolidine-2-carbonitrile;

(28,5R)-1-((25)-2-amino-2-cyclopentylethanoyl)-5-prop-1-ynylpyrrolidine-2-
carbonitrile;

(28,5R)-5-prop-1-ynyl-1-(N-{4-(4-
(trifluoromethyl)phenoxy)cyclohexyl} glycylypyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(1-(hydroxymethyl)cyclopentyl)glycyl}-5-prop-1-ynylpyrrolidine-2-
carbonitrile;

(28,5R)-1-(N-cyclopentylglycyl)-5-prop-1-ynylpyrrolidine-2-carbonitrile;

(28,58)-1-(N-cyclopentylglycyl)-5-methylpyrrolidine-2-carbonitrile;

(28,58)-4,4-difluoro-5-methyl-1-L-valylpyrrolidine-2-carbonitrile;

(285,585)-1-{N-(1-(hydroxymethyl)cyclopentyl)glycyl}-5-methylpyrrolidine-2-
carbonitrile;

(28,58)-4,4-difluoro-1-L-leucyl-5-methylpyrrolidine-2-carbonitrile;

(28,5R)-1-((28)-2-amino-2-cyclohexylethanoyl)-5-vinylpyrrolidine-2-carbonitrile;

(28.5R)-1-((2R)-2-amino-2-cyclopentylethanoyl)-5-vinylpyrrolidine-2-carbonitrile;

(28,58)-1-{N-((2R,5S)-hexahydro-2,5-methanopentalen-3a(1 H)-yl)glycyl}-5-
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methylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1-tert-butoxycarbonyl-piperidin-4-yl)glycyl)pyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1-5-cyano-pyridin-2-ylpiperidin-4-ybglycyl)pyrrolidine-2-
carbonitrile;

(28,5R)-1-{N-(1-(4-chlorobenzoyl)-4-methylpiperidin-4-yl)glycyl} -5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(1-(3-cyanophenyl)-4-methylpiperidin-4-yl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(25,5R)-1-{N-(1-(4-cyanobenzoyl)-4-methylpiperidin-4-ylglycyl }-5- -
ethynylpymolidine-2-carbonitrile;

N-(1-(3-chlorophenyl)-1H-indol-5-y1)-5-methyl-3-phenylisoxazole-4-carboxamide;

(28,5R)-1-{N-(1-(4-bromobenzoyl)-4-methylpiperidin-4-yl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-{4-methyl-1-(4-(trifluoromethyl)pyridin-2-yI)piperidin-4-
yl}glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(4- trans (4-cyano-2-fluorophenoxy)cyclohexyDglycyl}-5-
cthynylpyrrolidine-2-carbonitrilc;

(28,5R)-5-ethynyl-1-{N-(4~ trans (3-fluorophenoxy)-1-
methylcyclohexyl)glyeyl} pyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(4- trans (3-cyanophenoxy)cyclohexyl)glycyl}-5-ethynylpyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1-methyl-4-{(5-(trifluoromethyl)pyridin-2-
ylhyoxy}cyclohexyl)glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-(N-{4- trans ((5-chloropyridin-2-yl)oxy)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;

(2S,5R)-5-cthynyl-1-(N-(4- trans {(4'-fluoro-2-(trifluoromethyl)-1,1"-biphenyl-4-
yloxy}cyclohexylglyeyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-cthynyl-1-(N-(4- trans {(4'-fluoro-6-(trifluoromethyl)-1,1"-biphenyl-3-
yloxy}eyclohexyl)glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-(N-{4-(3-cyano-4- trans (trifluoromethyl)phenoxy)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;

(28,3R)-1-{N-(4- trans (3-bromophenoxy)cyclohexyl)glyeyl}-3-ethynylpyrrolidine-2-
carbonitrile;

(28,5R)-1-{N-(4- trans (4-cyano-3-fluorophenoxy)cyclohexylglycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-(N-{4-(2-cyano-4~ trans (trifluoromethyl)phenoxy)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;
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(28,5R)-1-{N~(4- trans (3-cyanophenoxy)-1-methylcyclohexylglycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(4- trans (4-chlorophenoxy)cyclohexyl)glycyl} -5-ethynylpyrrolidine-2-
carbonitrile;

(25,5R)-5-ethynyl-1-(N-(4- trans {(6-methyl-4-(trifluoromethyl)pyridin-2-
yDoxy}eyclohexylglycyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-(N-{4- trans (2-cyano-3-(irifluoromethyl)phenoxy)cyclohexyl} glyeyl)-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-{4- trans (4-pyridin-4-y1-3-
(trifluoromethyl)phenoxy)eyclohexyl} glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-(N-{4~(3-cyano-5-(trifluoromethylyphenoxy)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-(4-(4-fluorophenoxy)-1-
methyleyclohexyl)glycyl} pytrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-(4-(3-fluorophenoxy)-1-
methylcyclohexyl)glycyl}pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1-methyl-4-{ (5-(trifluoromethyl)pyridin-2-
yloxy}eyclohexylglycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-{4- trans (3-
(trifluoromethyl)phenoxy)cyclohexyl} glyeyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-(N-{4- trans ((3-bromopyridin-2-yljoxy)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(4- trans {(4-(trifluoromethyl)pyridin-2-
yloxy} cyclohexyl)glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-(N-{4- trans ((5-chloropyridin-2-yDoxy)-1-methylcyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(4~ trans (3-cyanophenoxy)- l-methylcyclohexylglycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-{4-(2-carboxy-4- trans
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-{N~(4- trans (3-chlorophenoxy)cyclohexyl)glycyl}-5-ethynylpyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1-methyl-4- trans {(5-(trifluoromethyl)pyridin-2-
yloxy}cyclohexyl)glyeyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(4- trans (4-bromophenoxy)cyclohexyl)glycyl}-5-ethynylpyrrolidine-2-
carbonitrile;

(28.5R)-1-(N-{1 ;1-dimethyl-2-((3-cyano-6-methylpyridin-2-yl)amino)ethyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;
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(28,5R)-1-(N-(1,1-dimethyl-2-{(5-(irifluoromethyDpyridin-2-yljoxy }ethylglycyl)-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N-{1,1-dimethyl-2-((3-cyano-6-methylpyridin-2-yDoxy)ethyl} glycyl)-3-
ethynylpyrrolidine-2-carbonitrile;
(285,5R)-5-ethynyl-1-(N-(tetrahydrofuran-2-ylmethyl)glycyl)pyrrolidine-2-
carbonitrile;
(28,5R)-5-ethynyl-1-(N-(pyridin-2-ylmethyl)glycyl)pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N-(2-pyridin-4-ylethyl)glycyl)pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-{N-((1-tert-butoxycarbonylpiperidin-4-
yhmethyl)glyeyl} pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-{N-(3-(methylamino)propyl)glycyl } pyrrolidine-2-carbonitrile;
(25,5R)-1-(N-(4-tert-butoxycarbonylbutyl)glycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(28,5R)-3-ethynyl-1-(N-(3-hydroxy-2,2-dimethylpropyl)glycyDpyrrolidine-2-
carbonitrile;
(28,5R)-1-{N-(1,1-dimethy]-2-(3-cyanopyridin-2-ylamino)ethyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N-(1,1-dimethyl-2-{ (4-(trifluoromethyl)pyrimidin-2-
yl)amino}ethyl)glycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-{ N~(1,1-dimethyl-2-(5-methoxycarbonylpyridin-2-ylamino)ethyl)glycyl }-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-{N-(2-(2-cyano-5-fluorophenoxy)-1,1-dimethylethyl)glycyl} -5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N-(4-icdobenzyl)glycyl)pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-{N-(3-(N-tert-butoxycarbonyl-N-
methylamino)propyl)glycyl }pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N-(4-carboxybutyl)glycylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N~(2-{(3-chloro-5-(trifluoromethyl)pyridin-2-yl)amino } ethyl)glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N-(3-isopropoxypropyl)glycyl)pyrrolidine-2-carbonitrile;
(2S,5R)-1-{N-(1,1-dimethyl-2~(5-cyano-pyridin-2-ylamino)ethyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N-(2-(4-carboxy-anilino)-1,1-dimethylethyl)glycyl)-5-ethynylpyrrolidine-
2-carbonitrile;
(28,5R)-5-ethynyl-1-{N-(1-(1-hydroxy-1-
methylethyl)cyclopentyl)glycyl} pyrrolidine-2-carbonitzile;
(28,5R)-5-ethynyl-1-{N-((2R,58)-hexahydro-2,5-methanopentalen-3a(1H)-
yDglyeyl}pyrrolidine-2-carbonitrilc;
(28,5R)-1-(N-cyclopentylglycyl-(N- methy! 1-aminocyclopentanecarboxy)-3-
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ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N-cyclopropylglycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(285,5R)-5-cthynyl-1-(N-piperidin-4-ylglycyl)pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-{N-((5R,7S)-3-hydroxy-1-adamantyl)glycyl } pyrrolidine-2-

carbonitrile;
(25,5R)-5-ethynyl-1-(N-tetrahydrofuran-3-ylglycyl)pyrrolidine-2-carbonitrile;
(28,5R)-1-(N-cycloheptylglycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N-cyclobutylglycyl)-5-cthynylpyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(3-methyl-L-valyl)pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(3-pyridin-4-yl-L-alanyl)pyrrolidine-2-carbonitrile;
(28,5R)-1-L-leucyl-5-prop-1-ynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(3-methyl-L-valyl)-5-ptop-1-ynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N-cyclobutylglycyl)-5-prop-1-ynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N~(4- trans hydroxycyclohexyl)glycyl)-5-prop-1-ynylpyrrolidine-2-

carbonitrile;
(28,5R)~1-{N-((28)-2-hydroxycyclopentyl)glycyl } -3-prap-1-ynylpyrrolidine-2-

- carbonitrile;

(28,58)-5-methyl-1-{N-((18,28,3S,5R)-2,6,6-trimethylbicyclo(3.1.1)hept-3-
yDglycyl}pyrrolidine-2-carbonitrile;

(28,58)-1-{N-((5R,78)-3-hydroxy-1-adamantyl)glycyl }-5-methylpyrrolidine-2-
carbonitrile;

(28,58)-1-{N-(2-(3,4-dimethoxyphenyl)ethyl)glycyl }-5-methylpyrrolidine-2-
carbonitrile;

(28,58)-4,4-diftuoro-5-methyl-1-((5S)-5-methyl-L-prolyl)pyrrolidine-2-carbonitrile;

(28,58)-1-(N-isopropylglycyl)-5-methylpyrrolidine-2-carbonitrile;

(28,58)-1-L-isoleucyl-5-methylpyrrolidine-2-carbonitrile;

(25,58)-5-methyl-1-{V-(2-(5-cyano-pyridin-2-ylamino)ethyl)glycyl} pyrrolidine-2-
carbonitrile;

(28,58)-5-methyl-1-((38)-1,2,3,4-tetrahydroisoquinolin-3-ylcarbonyl)pyrrolidine-2-

carbonitrile;
(28,58)-1-(3-cyclopropyl-L-alanyl)-5-methylpyrrolidine-2-carbonitrile;
(28,58)-5-methyl-1-D-prolylpyrrolidine-2-carbonitrile;

(28,58)-1-(N-2,3-dihydro-1H-inden-1-ylglycyl)-5-methylpyrrolidine-2-carbonitrile;

(28,58)-5-methyl-1-L-valylpyrrolidine-2-carbonitrile;
(28,58)-5-methyl-1-(4-methyl-L-leucyl)pyrrolidine-2-carbonitrile;

(28,58)-1-(N~(4- trans hydroxycyclohexyl)glycyl)-5-methylpyrrolidine-2-carbonitrile;

(28,58)-1-(N-(tert-butyl)glycyl)-5-methylpyrrolidine-2-carbonitrile;
(28,58)-5-methyl-1~((58)-5-methyl-L-prolyl)pyrrolidine-2-carbonitrile; and
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(28,55)-1-(3-cyclohexyl-L-alanyl)-5-methylpyrrolidine-2-carbonitrile,

The present compounds can exist as therapeutically acceptable salts. The term
"therapeutically acceptable salt," refers to salts or zwitterions of the compounds which are
water or oil-soluble or dispersible, suitable for treatment of disorders without undue toxicity,
irritation, and allergic response, commensurate with a reasonable benefit/risk ratio, and
effective for their intended use. The salts can be prepared during the final isolation and
purification of the compounds or separately by reacting an amino group of the compounds
with a suitable acid. Representative salts include acetate, adipate, alginate, citrate, aspartate,
benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate,
glycerophosphate, hemisulfate, heptanoate, hexanoate, formate, isethionate, fumarate, lactate,
maleate, methanesulfonate, naphthylenesulfonate, nicotinate, oxalate, pamoate, pectinate,
persulfate, 3-phenylpropionate, picrate, oxalate, maleate, pivalate, propionate, suceinate,
tartrate, trichloroacetale, trifluoroacetate, glutamate, para-toluenesulfonate, undecanoate,
hydrochloric, hydrobromie, sulfuric, phosphoric, and the like. The amino groups of the
compounds can also be quaternized with alkyl chlorides, bromides, and iodides such as
methyl, ethyl, propyl, isopropyl, butyl, lauryl, myristyl, stearyl, and the like. The present
invention contemplates pharmaceutically acceptable salts formed at the nitrogen of formula
(I) to which R; is attached.

Basic addition salts can be prepared during the final isolation and purification of the
present compounds by reaction of a carboxyl group with a suitable base such as the
hydroxide, carbonate, or bicarbonate of a metal cation such as lithium, sodium, potassium,
calcium, magnesium, or aluminum, or an organic ptimary, secondary, or tertiary amine.
Quaternary amine salts derived from methylamine, dimethylamine, trimethylamine,
triethylamine, diethylamine, ethylamine, tribulyamine, pyridine, N,N-dimethylaniline, N-
methylpiperidine, N-methylmorpholine, dicyclohexylamine, procaine, dibenzylamine, N,N-
dibenzylphenethylamine, 1-ephenamine, and N,N'-dibenzylethylenediamine,
ethylenediamine, ethanolamine, diethanolamine, piperidine, piperazine, and the like, are
contemplated as being within the scope of the present invention.

The present compounds can also exist as therapeutically acceptable prodrugs. The
term “therapeutically acceptable prodrug,” refers to those prodrugs or zwitterions which are
suitable for use in contact with the tissues of patients without undue toxicity, irritation, and
allergic response, are commensurate with a reasonable benefit/risk ratio, and are effective for
their intended use. The term “prodrug,” refers to compounds that are rapidly transformed in
vive to the parent compounds of formula (1) for cxample, by hydrolysis in blood.

Asymmetric centers can exist in the present compounds. Individual stereoisomers of
the compounds are prepared by synthesis from chiral starting materials or by preparation of
racemic mixtures and separation by conversion to a mixture of diastereomers followed by
separation or recrystallization, chromatographic techniques, or direct separation of the
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enantiomers on chiral chromatographic columns. Starling materials of particular
stereochemistry are either commercially available or are made by the methods described
hereinbelow and resolved by techniques well-known in the art.

Geometric isomers can exist in the present compounds. The invention contemplates
the various geometric isomers and mixtures thereof resulting from the disposal of substituents
around a carbon-carbon double bond, a cycloalkyl group, or a heterocycloalkyl group.
Substituents around a carbon-carbon double bond are designated as being of Z or E
configuration and substituents around a cycloalkyl or heterocycloalkyl are designated as
being of cis or trans configuration.

Therapeutic compositions of the present compounds comprise an effective amount of
the same formulated with one or more therapeutically acceptable excipients. The term
"therapeutically acceptable excipient," as used herein, represents a non-toxic, solid, scmi-
solid or liquid filler, diluent, encapsulating material, or formulation auxiliary of any type.
Examples of therapeutically acceptable excipients include sugars; cellulose and derivatives
thereof; oils; glycols; solutions; buffering, coloring, releasing, coating, sweetening, flavoring,
and perfuming agents; and the like. These therapeutic compositions can be administered
parenterally, intracisternally, orally, rectally, or intraperitoneally.

Liquid dosage forms for oral administration of the present compounds comprise
formulations of the same as emulsions, microemulsions, solutions, suspensions, syrups, and
elixirs. In addition to the compounds, the liquid dosage forms can contain diluents and/or
solubilizing or emulsifying agents. Besides inert diluents, the oral compositions can include
wetting, emulsifying, sweetening, flavoring, and perfuming agents.

Injectable preparations of the present compounds comprise sterile, injectable, aqueous and
oleaginous solutions, suspensions or emulsions, any of which can be optionally formulated
with parenterally acceptable diluents, dispersing, wetting, or suspending agents. These
injectable preparations can be sterilized by filtration throngh a bacterial-retaining filter or
formulated with sterilizing agents that dissolve or disperse in the injectable media.

Inhibition of DPP-IV by the compounds of the present invention can be delayed by
using a liquid suspension of crystalline or amorphous material with poor water solubility.
The rate of absorption of the compounds depends upon their rate of dissolution which, in
turn, depends on their crystallinity. Delayed absorption of a parenterally administered
compound can be accomplished by dissolving or suspending the compound in oil. Injectable
depot forms of the compounds can also be prepared by microencapsulating the same in
biodegradable polymers. Depending upon the ratio of compound to polymer and the nature
of the polymer employed, the rate of release can be controlled. Depot injectable formulations
are also prepared by entrapping the compounds in liposomes or microemulsions that are
compatible with body tissues.

Solid dosage forms for oral administration of the present compounds include capsules,
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tablets, pills, powders, and granules. In such forms, the compound is mixed with at least one
inert, therapeutically acceptable excipicnt such as a carrier, filler, extender, disintegrating
agent, solution retarding agent, wetting agent, absorbent, or lubricant. With capsules, tablets,
and pills, the excipient can also contain buffering agents. Suppositories for rectal
administration can be prepared by mixing the compounds with a suitable non-irritating
excipient which is solid at ordinary temperature but fluid in the rectum.,

The present compounds can be micro-encapsulated with onc or more of the excipients
discussed previously. The solid dosage forms of tablets, dragees, capsules, pills, and granules
can be prepared with coatings and shells such as entetic and release-controlling, In these
forms, the compounds can be mixed with at least one inert diluent and can optionally
comprise tableting lubricants and aids. Capsules can also optionally contain opacifying agents
that delay release of the compounds in a desired part of the intestinal tract.

Transdermal patches have the added advantage of providing controlled delivery of the
present compounds to the body. Such dosage forms are prepared by dissolving or dispensing
the compounds in the proper medium. Absorption enhancers can also be used to increase the
flux of the compounds across the skin, and the rate of absorption can be controlled by
providing a rate controlling membrane or by dispersing the compounds in a polymer matrix
or gel.

Disorders that can be treated or prevented in a patient by administering to the patient,
a therapeutically effective amount of compound of the present invention in such an amount
and for such time as is necessary to achicve the desired result. The term "therapeutically
effective amount," refers to a sufficient amount of a compound of formula (I) to effectively
ameliorate disorders by inhibiting DPP-IV at a reasonable benefit/risk ratio applicablc to any
medical treatment. The specific therapeutically effective dose level for any particular patient
will depend upon a variety of factors including the disorder being treated and the severity of
the disorder; the activity of the compound employed; the specific composition employed; the
age, body weight, general health, sex, and diet of the patient; the time of administration, route
of administration, rate of excretion; the duration of the treatment; and drugs used in
combination or coincidental therapy.

The total daily dose of the compounds of the present invention necessary to inhibit the
action of DPP-IV in single or divided doses can be in amounts, for example, from about 0.01
mg/kg/day to about 50 mg/kg/day body weight. In a more preferred range, compounds of the
present invention inhibit the action of DPP-IV in a single or divided doses from about 0.1
mg/kg/day to about 25 mg/kg/day body weight. Single dose compositions ean contain such
amounts or multiple doses thereof of the compounds of the present invention to make up the
daily dose. In general, treatment regimens comprise administration to a patient in need of
such treatment trom about 10 mg to about 1000 mg of the compounds per day in single or
multiple doses.
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Biological Data

Isolation of rat DPP-IV

DPP-IV was purified to homogeneity (electrophoretic) from rat kidney as described in
Arch. Biochem. Biophy. 1995, 323, 148-154. Rat kidney (120 g) was homogenized in 4
volumes of water and the homogenate centrifuged for 15 minutes at 1000g. The pH of the
supernatant was adjusted to 3.9 with 1A/ HC] and the enzyme solubilized by autolysis for 18
hours at 37 °C. The pH of the supernatant collected after centrifugation was adjusted to 7.2
with 13/ Trizma base and the enzyme was precipitated with (NH4),SO;4 at 90% saturation
(662 g solid ammonium sulfate per liter of solution). The solubilized precipitate was
chromatographed on Scphadex G-200 (1 m x 5 cm) equilibrated with 2 10 mM Tris-HCl
buffer pH 7.5 containing NaCl at a final concentration of 0.1 A/ and developed from the
bottom. Fractions containing enzymatic activity were pooled, chromatographed on DE-52
(16 x 2.5 cm) equilibrated with 10 mM Tris-HCl, pH 7.5, and eluted with a 250-mL linear 0-
0.4 M NaCl gradient prepared in 10 mM Tris-HCl. DPP-IV was then resolved from other
brush border peptidases by chromatography on a phenyl Scpharose column (12 x 2 cm)
equilibrated with 25% (NHy), S04 at saturation (144 g ammonium sulfate per liter of 0.05 A/

Tris-HCI, pH 7.5). The enzyme was eluted in a homogeneous form with a 200-mL linear
gradient of 25-0% (NH),S04, prepared in 0.05 A Tris HCI buffer .
Huyman DPP-IV

Caco-2 cells were obtained from American Type Culture Collection (P.Q. Box 3605,
Manassas, VA), culturcd and maintained at 37 °C with 5% CO; in low glucose DMEM media
supplemented with 10% Fetal Bovine Serum and antibiotic/antimycotic. In preparation for
making an extract, cells were seeded at a density to achieve confluence within 7 days. The
cells were cultured for an additional 14 days to allow for maximal DPPIV expression. On the
day of harvest, cells were washed once with Dulbecco’s PBS and solubilized in a 10 mM
NaCl containing 50 mM Tris HCI, 0.5% Nonidet P40 and 0.3 ug/ml aprotinin a pH 8.0. The
extract was clarified by centrifugation at 35,000 g for 30 minutes at 4 °C.
Inhibition constant determination for DPP-IV

DPP-1V activity was determined by measuring the rate of hydrolysis of a surrogate
substrate Gly-Pro-7-amido-methylcoumarin (Gly-Pro-AMC, Catalogue #G-2761, Sigma, St.
Louis, MO). The assay is carried out at room temperature in black 96 well polypropylene or
polyethylene plates in a total volume of 100 pL per well. Appropriate dilutions of the
compounds are made in DMSO and then diluted ten fold into water. 10 pL of 5
concentrations of the compound of formula (I) (inhibitor) or 10% DMSO in water are added
to individual wells containing 80 uL of DPP-IV diluted in assay buffer containing 25 mM
HEPES (pH 7.5), 150 mM NaCl and 0.12 mg/mL BSA. After 10 minutes at room
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temperature, the reaction is initiated by adding 10 pL of either 280, 700, 1750, or 3500 uM
Gly-Pro-AMC in water. The DPP-IV activity results in the formation of the fluorcscent
product amido-methylcoumarin (AMC) which is continuously monitored by excitation at 350
nm and measurement of fluorescent emission at 460 nm every 112 seconds for 37 minutes
using an appropriate plate reader. The fluorescence at 460 nm is converted to nanomoles of
AMC using a standard curve and the initial rate of AMC formation is calculated. For each
concentration of compound of formula (I) (inhibitor) or DMSO control, the initial rates arc
used to fit the rectangular hyperbola of Michaelis-Mcnten by non-linear regression analysis
(GraphPad Software Prism 3.0). The ratio of the apparent Km/Vmax vs. inhibitor
concentration is plotted and the competitive Ki is calculated by linear regression to be the
negative x-intercept. The uncompetitve Ki is sitnilarly calculated from (he x-intercept of the
plot of the reciprocal of the appurent Vmax versus the inhibitor concentration (Cornish-
Bowden, A. 1995. Fundamentals of Enzyme Kinetics. Reviscd edition. Pottland Press, Ltd.,
London, U.K.).

The compounds of the present invention were found to inhibit DPP-IV induced
fluorescence with inhibitory constants in a range of about 0.014 uM to about 7 uM. Ina
preferred range, the compounds of the present invention inhibited DPP-IV induced
fluorescence with inhibitory constants in a range of about of about 0.014 uM to about 1 peM;
and in a more preferred range, the compounds of the present invention inhibited DPP-IV
induced fluorescence with inhibitory constants in a range of about of about 0.014 pM to
about 0.5 pM.

As inhibitors of DPP-IV action, the compounds of the present invention are useful in
treating disorders that are mediated by DPP-IV. Disorders that are mediated by DPP-TV
include diabetes, type II diabetes, hyperglycemia, Syndrome X, hyperinsulinemia and
obesity. Thetefore the compounds of the present invention are useful in treating the disorder
of diabetes, type II diabetes, hyperglycemia, Syndrome X, hyperinsulinemia and obesity.

Dipeptidyl-peptidase IV (DPP-IV, EC 3.4.14.5; CD26) is a post-proline cleaving
serine protease with significant homology to other alpha-beta hydroxylases (e.g. prolyl
oligopeptidase). DPP-IV is found throughout the body, both circulating in plasma and as a
type II membrane protein produced by a variety of tissues, including kidney, liver and
intestine. DPP-IV plays a role in the cleavage of specific substrates with accessible amino-
terminal Xaa-Pro- or Xaa-Ala- dipeptide sequences, resulting in their inactivation or
altcration in their biological activities. Important DPP-IV substrates include growth hormone
releasing hormone, glucagon-like peptides or (GLP)-1 and 2, gastric inhibitory polypeptide
(GIP) and certain chemokines like RANTES (regulated on activation, normal T cell
expressed and secreted), stromal cell-derived factor, eotaxin, and macrophage-derived
chemokine (Mentlein, R. Regulatory Peptides, 1999, 83, 9-24).

The DPP-IV substrate, glucagon-like peptide (GLP)-1, is released from L cells in the
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distal small intestine and colon after oral ingestion of nutrients. The active GLP-1 (7-36)
amide is an incretin that increases glucose stimulated insulin sccretion (Drucker, D. J.
Diabetes, 1998, 47, 159-169). Other activities atiributed to GLP-1 (7-36) amide include
stimulation of insulin gene expression, trophic effects on pancreatic beta cells, inhibition of
glucagon secretion, promotion of satiety, inhibition of food intake, and slowing of gastric
emptying (Drucker, D. J. Diabetes, 1998, 47, 159-169). These effects of GLP-1 (7-36)
amide contribute to glucose homeostasis and the normalization of blood glucose levels in
conditions of impaired glucose tolerance. In this regard, GLP-1 (7-36) amide has been
demonstrated to reduce postprandial and fasting glycemia in patients with insulin-dependent
and non-insulin-dependent diabetes mellitus (Nauck, et al., Hormone Metab. Res. 2002, 29,
411-416; Guiniak et al., J. Internal Medicine, 2001, 250, 81-87; Rauchman, et al.,
Diabetologia. 1997, 40, 205-11; Ahren, B. BioEssqys 1998, 20, 642-51). GLP-1 bascd
therapy has therapeutic potential for the treatment of type 2 diabetes. However, active GLP-
1 (7-36) amide is rapidly converted to GLP-1 (9-36) amide by DPP-IV cleavage of the
amino-terminal His-Ala- dipeptide of GLP-1 (7-36) amide (Mentlein, et al., Eur. J. Biochem.
1993, 214, 829-835). The resulting GLP-1 (9-36) amide is inactive and is an antagonist of
the GLP-1 receptor (Knudson, et al., Eur. J. Pharmacol. 1996, 318, 429-35). The short half-
life of GLP-1 (7-36) amide in the circulation (1-1.5 minutes) makes it impractical as a
therapeutic agent and has led to the development of alternative strategies to enhance the anti-
diabetogenic activity of GLP-1. One strategy is to increase the circulating half-life of GLP-1,
by inhibiting DPP-IV activity (Deacon, et al., Diabetes. 1995, 44 1126-31). Inhibition of
DPP-IV in vivo increases the level of circulating GLP-1 (7-36) amide with a concomitant
increase in its insulinotropic effect (Deacon, et al., Diabetes. 1998, 47, 764-9). A DPP-IV
inhibitor has been demonstrated to improve glucose tolerance in non-insulin-dependent
diabetes mellitus (Ahren, B., et al., Diabetes Care 2002, 25, 869-875). Therefore, the
compounds of the present invention, including but not limited to those specified in the
examples can be used in the treatment of conditions caused by or associated with impaired
glucose tolerance including the prevention or freatment of diabetes, especially non-insulin-
dependent diabetes mellitus, hyperglycemia, hyperinsulinemia and metabolic syndrome
(Johannsson, et al., J. Endocrinol. Invest. 1999, 22(5 Suppl), 41-6).

Striking similarities exist between the metabolic syndrome (Syndrome X) and
untreated growth hormone deficiency. Abdominal/visceral obesity and insulin resistance
characterize both syndromes (Reaven, GM, Physiol. Rev. 1995, 75, 473-86; Johansson, et al.
Metabolism. 1995, 44, 1126-29). Growth hormonc favorably effects some of the
perturbations associated with abdominal/visceral obesity, including reduction in

il

abdominal/visceral obesity, improved insulin sensitivity and lipoprotein metabolism and
reduction in diastolic blood pressure (Barreto-Filho, et al., J. Clin. Endocrinol. Metub. 2002,
87(5),2018-23; Colao et al., J. Clin. Endocrinol. Metab. 2002, 87(3), 1088-93; Gotherstrom,
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et al., J Clin Endocrinol Metab. 2001, 86(10), 4657-65; Johannsson, et al., J. Endocrinol.
Invest. 1999, 22(5 Suppl), 41-6; Johannsson, et al., J. Clin. Endocrinol. Metab. 1997, 82(3),
727-34).

For the treatment of diabetes or Syndrome X, compounds of the present invention
may be used alone, or in combination with any existing anti-diabetic agent. Agents which
may be used in combination with the compounds of the present invention include, but are not
limited to insulin, an insulin analog such as mecasermin and the like, an insulin secretagogue
such as nateglinide and the like, a biguanide such as metformin and the like, a sulfonylurea
such as chlorpropamide, glipizide, glyburide, and the like, an insulin sensitizing agent such as
a PPARYy agonist such as troglitazone, pioglitazone, rosiglitazone, and the like, an o-
glucosidase inhibitor such as acarbose, voglibose, miglitol and the like, an aldose reductase
inhibitor such as zopolrestat and the like, a metiglinide such as repaglinide and the like, a
glycogen phosphorylase inhibitor, GLP-1 or a mimetic of GLP-1 such as exendin-4,or other
such anti-diabetic agents that are known to one skilled in the art. The ability of the
compounds of the present invention to treat diabetes, alone or in combination with another
agent, can be demonstrated according to the methods described by Zander, M.; Mustafa, T.;
Toft-Nielsen, M.-B.; Madsbad, S.; Holst, J. J. in Diabetes Care 2001, 24, 720-725; or,
according to the methods described herein.

DPP-IV-mediated proteolysis has been established as a major route of growth
hormone releasing hormone (GHRH) degradation and inactivation (Kubiak, et al., Drug
Metab. Dispos. 1989, 17, 393-7). GHRH-derivatives that are resistant to DPP-IV cleavage
are more potent in increasing serum growth hormone levels when administered 7.v. due to
longer stability in vive. DPP-IV inhibition would be predicted to increase GITRIT Jevels and
thus serum growth hormone levels. Therefore, the compounds of the present invention,
including but not limited to those specified in the examples can be used in the treatment of
conditions associated with deficiency in growth hormone including metabolic disorders
(central obesity, dyslipidemia), osteoporosis and frailty of aging.

Diabetic dyslipidemia is characterized by multiple lipoprotein defects including
moderately high serum levels of cholesterol and triglycerides, small LDL particles and low
levels of HDL cholesterol. The dyslipidemia associated with non-insulin-dependent diabetes
mellitus is improved in conjunction with improved diabetic condition following treatment
with GLP-1 (Junti-Berggren, et al., Diabetes Care. 1996, 19, 1200-6). DPP-IV inhibition is
predicted to increase the level of circulating GLP-1 (7-36) amide and thereby would be
effcctive in the treatment of diabetic dyslipidemia and associated complications. Therefore,
the compounds of the present invention, including but not limited to those specified in the
examples can be used in the treatment hypercholesterolemia, hypertriglyceridemia and
associated cardiovascular disease.

Parenteral injection of GLP-1 (7-36) amide in healthy men, obese men or patients

30

-32-




10

15

20

30

35

WO 2004/026822 PCT/US2003/029018

with non-insulin-dependent diabetes mellitus has been reported to promote satiety and to
suppress food intake (Flint, ct al., J. Clin. Invest. 1998, 101, 515-520; Naslund, et al., Am. J.
Clin. Nutr. 1998, 68, 525-530; Gutzwiller, et al., Am. J. Physiol. 1999, 276, R1541-R1544.
DPP-IV inhibition is predicted to increase the level of circulating GLP-1 (7-36) amide and
thereby increases satiety in obesity and non-insulin-dependent diabetes mellitus. Therefore,
the compounds of the present invention, including but not limited to those specified in the
examples can be used in the treatment of obesity.

For the treatment of obesity, compounds of the present invention may be used alone,
or in combination with any existing anti-obesity agent as described by Flint, A.; Raben, A.;
Astrup, A.; Holst, J. J. inJ. Clin. Invest. 1998, 101, 515-520 or by Toft-Nielsen, M.-B.;
Madsbad, S.; Holst, J. I. in Diabetes Care 1999, 22, 1137-1143. Agents which may be used
in combination with the compounds of the present invention include, but are not limited to
fatty acid uptake inhibitors such as orlistat and the like, monoamine reuptake inhibitors such
as sibutramine and the like, anorectic agents such as dexfenfluramine, bromocryptine, and the
like, sympathomimetics such as phentermine, phendimetrazine, mazindol, and the like,
thyromimetic agents, or other such anti-obesity agents that are known to one skilled in the art.

DPP-1V is expressed on a fraction of resting T cells at low density but is strongly
upregulated following T-ccll activation. DPP-IV may have important functions on T cells
and in the immune system. Synthetic inhibitors of the enzymatic activity of CD26 have been
shown to suppress certain immune reactions ir vitro and in vivo. In vitro recombinant soluble
DPP-1V enhances proliferative responses of peripheral blood lymphocytes to stimulation with
soluble tetanus toxoid antigen. In addition, the enhancing effect requires DPP-IV enzyme
activity (Tanaka, et al., Proc. Natl. dead. Sci. US4, 1994, 91,3082-86; Tanaka, et al., Proc.
Natl. Acad. Sci. USA 1993, 90, 4583). Soluble DPP-IV up-regulates the expression of the
costimulatory molecule CD86 on monocytes through its dipeptidyl peptidase IV activity
suggesting that soluble DPP-IV enhances T cell immune response to recall antigen via its
direct effect on antigen presenting cells (Ohnuma, el al., J. Immunol. 2001, 167(12), 6745-
55). Consequently, DPP-IV inhibition would be predicted to suppress certain immune
responses and thus have therapcutic benefit in the treatment of immunomodulatory diseases.
Therefore, the compounds of the present invention, including but not limited to those
specified in the examples can be used in the treatment of theumatoid arthritis, multiple
sclerosis, scleraderma, chronic inflammatory bowel disease or syndrome and allograft
rejection in transplantation.

Chemokine receptors, especially CCR5 and CXCRA4, act as cofactors for BIV-1 entry
into CD4+ cells and their corresponding ligands can suppress HIV entry and thus replication.
The CXC chemokine, stromal cell derived factor-1 (SDF-1) is a chemokine for resting T-
lymphocytes and monocytes. SDF-1 exists as two splice variants, SDF-1alpha and SDF-
Ibeta that differ by four additional C-terminal residues in SDF-1beta, Truncation of the N-
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terminal Lys-Pro- residues from both SDF-1 alpha and SDF-1 beta results in the loss of their
chemotactic and antiviral activities in vitro (Ohtsuki, et al, FEBS Lett. 1998, 431, 236-40;
Shioda, et al., Proc. Natl. Acad. Sci. USA 1998 95 (11),6331-6; Proost, et al., FEBS Lett.
1998, 432, 73-6). DPP-1V inactivates SDF-1 alpha as a ligand for CXCR4 that is a T cell
chemotactic receptor as well as the major co-receptor for T-tropic HIV-1 strains. DPP-IV
inhibition would be predicted to increase full-length SDF-1 levels and thereby suppress HIV-
1 entry into CXCR4+ cells. Therefore, the compounds of the present invention, including but
not limited to those specified in the examples can be used in the treatment of HIV infection
(AIDS).

Synthetic Methods

The compounds and processes of the present invention will be better understood in
connection with the following synthetic schemes which together illustrate the methods by
which the compounds of the invention 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. The synthesis of compounds of formula (I), wherein the groups R,
Ry, Rz and R; are as defined above unless otherwise noted below, are exemplified below.

Scheme 1
X Ry O X—j X
|
R N/ R + P/N OH — Ry N R — R1/k;>\R
H R, sz/&o Ry o
1 2 N 3 4
= PR, HN\R3 s

As shown in Scheme 1, compounds of formula 1, which may either be purchased
direcily or modified from commercially available starting material through methods
commonly known to those skilled in the art, may be reacted with compounds of formula 2
(wherein P is a nitrogen protecting group such as but not limited to tert- butyloxycarbonyl,
benzyloxycarbonyl and acetyl) along with reagents such as but not limited to 1-(3-
(dimethylamino)propyl)-3-cthylcarbodiimide hydrochloride (EDCT) or 2-(1H-benzotriazol-
1yD-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU) and 4-dimethylaminopyridine
(DMAP) in the presence of a base such as but nat limited Lo N-methylmorpholine or
diisopropylethylamine in solvents such as but not limited to dichloromethane to provide
compounds of formula 3. Compounds of formula 3 may be reacted with reagents known to
deprotect the nitrogen protecting group as known to those skilled in the art or demonstrated in
Greene, T.W. and Wuts, G.M. “Protective groups in Organic Synthesis”, third ed. John Wiley
& Sons, 1999, to provide compounds of formula 4, which are representative of compounds of
formula (I).
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Scheme 2

X— o RaNH X
Rq/kN)\R + YJ\(Y I R1/k_>\ : R1A;>\R
H

R —»—

0
1 5 6 4
LS 2 v s HN "Ry
Alternatively, compounds of formula 4 which are representative of compounds of
formula (I) can also be synthesized as described in Scheme 2. Compounds of formula 1 can

be reacted with compounds of formula 5 (where Y is either bromine or chlorine) in the

RZ R 2 RZ w/go

presence of a base such as, but not limited to, triethylamine or diisopropylethylamine in
solvents such as but not limited to THF to provide compounds of formula 6. Compounds of
formula 6 can be reacted with amines of formula 7 in solvents such as, but not limited to,

acetonitrile to provide compounds of formula 4.

Scheme 3

N N 8 10
P” "R; PR P/N Ry
X— X
R1/LN’>‘CN R1/QN CN
Rzw/go Ry 0
N UA 1"
pNR, HN\RS

As shown in Scheme 3, compounds of formula 8 which are representative of
compounds of formula (I) wherein R is alkoxycarbonyl can be modified through techniques
known to those skilled in the art to provide compounds of formula 11 which are
representative of compounds of formula (I) wherein R is cyano. Compounds of formula 8
may be reacted with reagents which will effect a hydrolysis of an alkoxycarbonyl group such
as, but not limited to, lithium hydroxide or sodium hydroxide in aqueous alcoholic solvents
such as but not limited to aqueous methanol or aqueous ethanol to provide of formula 9.
Compounds of formula 9 can be reacted with isobutylchloroformate, a base such as N-
methylmorpholine in THF at —15 °C for 20 minutes followed by the addition of ammonia in
dioxane to provide compounds of formula 10. Compounds of formula 10 can then be reacted
with phosphorous oxychloride, pyridine and imidazole at —35 °C or with trifluoracetic
anhydride at 0 °C in a mixture of THF and DMF (1:1) to provide compounds of formula 11A.
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The nitrogen protecting group of compounds of formula 11A can be removed using
conditions known to those skilled in the art to provide compounds of formula 11.

Scheme 4
R¢MgBr 0 (0]
X 1 X
13
OA\}COZEi —— R1)LX /\HkOEt > R1/A\;>‘C02Et ——
Fl’ NH-P

12 14 15

X X X
Rf’\}coga — Rrk}coza — R1/K;>~CN
H R0 Ry \]/&o

16 N 8 11
16 pig, & N

As shown in Scheme 4, compounds of formula 12 (wherein P is a nitrogen protecting
group as previously described) can be reacted with organometallic reagents such as but not
limited to 13 in solvents such as but not limited to THF at temperatures between —20 °C and
-40 °C to provide compounds of formula 14. Compounds of formula‘14 can be converted to
compounds of formula 15 through the deprotection of the amine protecting group using
methods known to those skilled in the art. Compounds of formula 15 can be reduced by
hydrogenolysis using 50-60 psi of hydrogen gas and palladium on carbon in solvents such as
but not limited to ethanol, methanol, or ethyl acetate or with a hydride source such as sodium
borohydride to provide compounds of formula 16. Compounds of formula 16 can be reacted
according to the reaction conditions outlined in Scheme 1 or Scheme 2 to provide compounds
of formula 8. Compounds of formula 8 can be reacted according to the reaction conditions
outlined in Scheme 3 to provide compounds of formula 11 which are representative of
compounds of formula (I).
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Scheme 5
X X X
A /ho\ —
) | N~ 4 |
p O P O _Si p O
\
12 18 19

L § LN
0] 6]
A e
| /\' sz/‘%oo RZY&O

HN
2 PR, 21 Ry 22

As shown in Scheme 5, compounds of formula 12 can be treated with reducing
5 reagents such as lithium triethylborohydride in THF at —78 °C to selectively reduce the
carbonyl functional group to the alcohol which can then be converted to the methyl ether
upon treatment with para-toluensulfonic acid in methanol to provide compounds of formula
18. Compounds of formula 18 can be reacted with bis-trimethylsilylacetylene,
tin(IV)ehloride and AlCls, in solvents such as but not limited to dichloromethane to provide
10 compounds of formula 19. Compounds of formula 19 can be converted to compounds of
formula 20 using conditions known to those skilled in the art that will deprotect the amine
protecting group as previously mentioned in Scheme 1. Compounds of formula 20 can be
reacted according to the conditions outlined in Scheme 1 or Scheme 2 to provide compounds
of formula 21 which can be further reacted according to the conditions outlined in Scheme 3

15 to provide compounds of formula 22 which are representative of compounds of formula (T).
Scheme 6
% X X
\0//\}0025 —_— /@}coza - f/k;)*cozet -
b [ | r H
R P
4 R4
2 2 %

X X
!
%}COQEt /\}CN
—_—
Rq Rz\(§0 Rs Rz\(KO

P/N‘Rg N\Ra

26 7

N I

As shown in Scheme 6, compounds of formula 23 can be reacted with other acetylene
20 compounds under conditions described in Scheme 5 to provide compounds of formula 24
wherein Ry is a member selected from the group consisting of alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkylcarbonyl, alkylcarbonylalkyl, heterocycle, and
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heterocyclealkyl. Compounds of formula 24 can be treated under conditions known to
deprotect nitrogen protecting groups as known to those skilled in the art or are described in
Scheme 1 or Scheme 2 to provide compounds of formula 25. Compounds of formula 25 can
be subjected to conditions outlined in Scheme 1 and 2 provide compounds of formula 26.
Compounds of formula 26 can be subjected to conditions outlined in Scheme 3 to convert the
cthyl ester to the corresponding nitrile providing compounds of formula 27 which are
representative of compounds of formula ().

Scheme7

X X
= CN /,,c/klcr\l

As shown in Scheme 7, compounds of formula 28 may be converted to compounds of
formula 29 which are representative of compounds of formula (). The alcohol functionality
of 28 can be reacted with diethyl azodicarboxylate and triphenylphosphine in THF followed
by ortho-nitrobenzenesulfonylhydrazine to provide compounds of formula 29. The
protecting group of compound of formula 29 can be removed under conditions known to
those skilled in the art.

Scheme 8

X X
/ ;XCN — %}CN

RZ\‘/&O RQW/&O
HN_
R3 HN\R3
22 30

As shown in Scheme 8, compounds of formula 22 can be converted to compounds of
formula 30 which are representative of compounds of formula (I) under an atmosphere of
hydrogen in the presence of a catalyst such as but not limited to palladium on barium sulfate
poisoned with quinoline in a solvent such as but not limited to methanol or ethyl acetate.

Scheme 9

X 0 X
S =

Rg \(go R, \Kg\o

HN., HN.
R3 N Ra
30 31
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As shown in Scheme 9, compounds of formula 30 can be converted to compounds of
formula 31 which are representativc of compounds of formula (I) under an atmosphere of
oxygen in the presence of a catalyst of palladium chloride in solvents such as but not limited
to THF or dioxane.

Scheme 10
PHN_ Ry PHN_ R; HN Ry
O =) — Q)
N N N
H Re Rs
2 B 4

or?7

X
el
—_— RQ\I/J‘\\O
N, _R,

e

N
|

Rg

Compounds of the present invention may contain an Rs group that consists of an
amino-piperidine ring as described by formula 34 which are within the scope of compounds
of formula 7. Such rings can be treated with compounds of general formula 6 according to
conditions described in Scheme 2 to provide compounds of general formula 4 wherein R;
congsists of a piperidine ring. Scheme 10 describes the synthesis of compounds of formula 34
(or 7) wherein R; consists of a substituted piperidine ring. Amino-piperidine rings of formula
32, wherein P is an amino protecting group such as but not limited to tert-butyloxycarbonyl,
can be treated with a halogen-substituted heterocycle or an aryl halide of formula Rs-Y,
wherein Ry consists of a heterocycle or aryl moiety and Y consists of a halogen in the
presence of a base such as diisopropylethylamine in a solvent such as dioxane with heating
between 50 °C and 200 °C from either a convention heat source or from a microwave source
under microwave conditions to provide compounds of formula 33. Examples of Rg-Y include
but are not limited to a 2-chloropyridine, 2-chloropyrimidine and chlorobenzene.
Alternatively, compounds of formula 32 and halogen-substituted heterocycle or aryl halides
of formula Rg-Y, may be coupled using a palladium catalyst such as Pdy(dba); with an
appropriate ligand such as XANTHPOS in the presence of a base such as cesium carbonate in
a solvent such as dioxane with heating to approximately 100 °C. The protecting group can
then be removed using conditions known to those skilled in the art to provide a compound of
formula 7 which can be treated with compounds of formula 6 as described in Scheme 2 to
provide compound of formula 4 wherein Rj is a piperidine ring

Alternatively, compound of formula 32 may be reacted with an acid chloride of
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formula RgC(O)Cl, wherein Rg is defined above, in the presence of a base such as
triethylamine in a solvent such as dichloromethane or tetrahydrofuran to supply 2 compound
of formula 33 wherein RgC(O)- is an acyl group appended to the piperidine nitrogen.
Alternatively, an acid. of formula RgC(O)OH, may be coupled to the piperidine using a
coupling reagent such as but not limited to a carbodiimide or uronium salt with additives such
as HOBT or DMAP. The protecting group may be removed to furnish piperidines of formula
34 which can be treated with compounds of formula 6 as described in Scheme 2 to provide
compounds of formula 4 wherein R; is a piperidine.

Scheme 11

X
HN Ry HN Ry R1A;>\R

. Rg\r/‘%o

Ny _R;
OH

35 36 4B

o]
Rg/

Compounds of the present invention may also contain an R group that consists of a
cyclohexyl ring that is substituted with an ether group (RyO-) as described by formula 36.
Cyclohexyl ethers of formula 36 are synthesized from compounds of formula 35 by treatment
with aryl halides or halogen-substituted aromatic heterocycles such as chloropyridines or
chloropyrimidines. The appropriate 4-aminocyclohexanol of formula 35 is treated with a
base such as sodium hydride in a solvent such as dimethylformamide at approximately 0 °C,
followed by the addition of an aryl halide or halogen-substituted aromatic heterocycle. The
reaction mixture may be heated to approximately 60 °C until complete. Further derivitization
of functional groups on either the heterocycle or aryl ring may be accomplished by one
skilled in the art to provide compounds of formula 36. Such transformations may require
appropriate protection and deprotection of the amine moiety. Compounds of formula 36 can
then be treated with compounds of formula 6 as described in Scheme 2 to provide compounds
of formula 4 where Rj is a substituted cyclohexyl ring.

Scheme 12

38

-40-




WO 2004/026822 PCT/US2003/029018

O, CORys 0
P-HN. COR1z R,30,CCH=CHCO,Ris— —_—
b + RSN TCO4Ry5 Ri N” TCOH
Ry , .
P
14 38 38 P X
0 HF_X Fh
: R1’?N/\COZR14 Ri™\y” "CORy RS\ CORy4
p P H
4 42 43
F
e
RN R
o
4
4 HNo

Compounds of the present invention may contain mono or diflucro pyrrolidines as
represented by compound of formula 43 in Scheme 12 are also within the scope of the
compounds of formula 1 shown in Scheme 1. An amino acid of formula 37 wherein P is a

5 nitrogen protecting group and Ry, is an alkyl group, may be treated with a fumarate of
formula 38 in the presence of a base such as sodium hydride in solvents such as toluene at
room temperature to provide a pyrrolidine of formula 39. Compounds of formula 39 can be
subjected to conditions known to cleave ester groups to provide the beta-keto dicarboxylic
acid which can be subjected to conditions known to decarboxylate beta-keto carboxylic acids

10 to form a monocarboxylic acid as described by compounds of formula 40. Esterification of
the carboxylic acid in compounds of formula 40 using conditions known to those skilled in
the art will provide compounds of formula 41. Treatment of compounds of formula 41 with
N, N-diethylaminosulfur trifluoride (DAST) in dichloromethane at —78 °C produces the
fluorinated pyrrolidines of compounds of formula 42. Removal of the protecting group yields

15 the pyrrolidines described by the compounds of formula 43. Compounds of formula 43
which are within the scope of compounds of formula | can be treated according to the
conditions described in Scheme 1 or 2 to provide compounds of formula 4 which contain a
diflouropyrrolidine.

The compounds and processes of the present invention will be better understood by

20 reference to the following examples, which are intended as an illustration of and not a
limitation upon the scope of the invention. Further, all citations herein are incorporated by
reference.
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Compounds of the invention were named by ACD/ChemSketch version 5.01
(developed by Advanced Chemistry Development, Inc., Toronto, ON, Canada) or were given
names consistent with ACD nomenclature.

Experimentals

Example 1
(28,5R)-5-ethynyl-1-L-leucylpyrrolidine-2-carbonitrile

Example 1A
dimethyl (25)-5-oxopyrrolidine-1,2-dicarboxylate
To a cold (-78 °C) solution of methy! (S)-(+)-2-pyrrolidone-5-carboxylate (4.80
grams, 33.5 mmol) in tetrahydrofuran (90 mL) was added a solution of lithium
bis(trimethylsilyl) amide (1 A solution in hexanes, 40.0 mL, 40.0 mmol) dropwisc via
syringe over 15 minutes; then methyl chloroformate (2.90 mI., 36.9 mmol) was added

dropwise via syringe over 5 minutes. The resulting slurry was stirred at -78 °C for 1 hour
after which the reaction was quenched with 1 A HCI (50 mL). 'I'he mixture was allowed to
comc to room temperature, concentrated under reduced pressure and (he residue partitioned
between ethyl acetate (200 mL) and 1 A HCI (200 mL). The aqueous layer was extracted
with ethyl acetate (2 X 200 mL) and the combined organic laycrs were dried (sodium sulfate),
filtered, and concentrated to provide the titled compound. MS (DCI/NH;) m/e 202 (M+H)*,
'"H NMR (300 MHz, CDCly): 8 ppm 4.70 (dd, 1H), 3.88 (s, 3H), 3.80 (s, 3H), 2.74-2.30 (m,
3H), 2.15-2.05 (m, 1H).

Example 1B
dimethyl (28)-5-methoxypyrrolidine-1,2-dicarboxylate
To a cold solution (-78 °C) of dimethy! (28)-5-oxopyrrolidine-1,2-dicarboxylate (5.80
g, 28.8 mmol) in tetrahydrofuran (100 mL) was added a solution of lithium
triethylborohydride (1 3/ in THF, 35 mL, 35 mmol) dropwise via syringe over 10 minutes.

The resulting solution was stirred at —78 °C for 30 minutes, quenched by the careful addition
of saturated sodium bicarbonate solution (50 mL), allowed to warm to 0 °C and 30%
hydrogen peroxide (6 mL) was carefully added dropwise. The mixture was stirred for 30
minutes at room temperature, reduced in volume under reduced pressure, and diluted with
ethyl acetate (300 mL) and brine (200 mL). The milky aqueous [ayer was separated and
further extracted with ethyl acetate (2 X 300 mL). The combined organic layers were dried
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(sodium sulfate), filtered, and concentrated to a light yellow oil. The yellow oil was taken up
in methanol (50 mL) containing para-toluenesulfonic acid hydrate (487 mg, 2.6 mmol) and
stirred at room temperature for 16 hours. The reaction was diluted with aqueous sodium
bicarbonate solution (40 mL), the volatile solvents were removed under reduced pressure and
the residue partitioned between ethyl acetate (200 mL) and brine (200 mL). The aqueous
layer was [urther extracted with ethyl acetate (200 mL), the combined organic layers were
dried (sodium sulfate), filtered, and concentrated to an oil which was chromatographed on a
Biotage 40M with 60% hexane/40% ethyl acetate to provide the titled compound as a mixture
of diastereomers. (mixture of amide bond rotomers) 'H NMR (300 MHz, CDCls): & ppm
5.37(d, 1H), 5.33 (dd, 1H), 5.24 (d, 1H), 5.18 (dd, 1H), 4.44-4.31 (m, 2H), 3.76 (s, 3H), 3.73
(s, 3H), 3.72 (s, 3H), 3.42 (s, 3H), 3.34 (s, 3H).

Example 1C and 1D
dimethyl (25,5R)-5-({trimethylsilyl)ethynyl)pyrrolidine-1,2-dicarboxylate and dimethyl
(285,58)-5-((trimethylsilyl)ethynyl)pyrrolidine-1,2-dicarboxylate
To a cold -45 °C solution of dimethyl (28)-5-methoxypyrrolidine-1,2-dicarboxylate

(3.30 g, 15.20 mmol) and bistrimethylsilylacetylene (5.20 g, 30.4 mmol, 2.0 equiv) in
methylene chloride (45 mL) was added a solution of tin (IV) chloride (1 M in methylene
chloride, 20.0 mL, 20.0 mmol, 1.3 cquiv) dropwise via syringe over 15 minutes. To the dark
yellow solution was added solid aluminum chloride (2.77 g, 20.8 mmol, 1.4 equiv) in one

portion. The resulting mixture was allowed to warm to room temperature and stirred at room
temperature for 48 hours. The reaction mixture was carefully poured into aqueous sodium
bicarbonate solution (100 mL) with ice cooling. A white precipitate forms and 1 A7 HCI (ca.
50 mL) was added until the solids dissolved. This mixture was extracted with ethyl acetate (2
X200 mL). The combined organic layers were filtered, dried (sodium sulfate), filtered, and
concentrated. The residue was chromatographed on a Biotage flash 40 M eluting with 70%
hexane/30% ethyl acctatc to afford (2S,55)-5-((trimethylsilyl)ethynyl)pyrrolidine-1,2-
dicarboxylate (trans compound Rf of 0.3 in 70% hexane/30% ethy! acetate) and dimethyl
(28,5R)-5-((trimethylsilyl)ethynyl)pyrrolidine-1,2-dicarboxylate (cis compound Rf of 0.2 in
70% hexane/30% ethyl acetate). Data for example 1D: MS (DCI/NH;) m/e 284 (M-+H)";
The compound exists as a mixture of rotomers. "H NMR (300 MHz, CDCls): § ppm 4.60 @,
1H), 4.51 (d, 1H), 4.30 (d, 1H), 4.24 (d, 1H), 3.62 (s, 3H), 3.59 (s, 3H), 3.57 (s, 311), 3.54 (s,
3H), 2.40-2.28 (m, 2H), 2.11-2.04 (i, 2H), 1.90-1.81 (m, 4H), 0.0 (s, 18H). Data for
example 1C: MS (DCUNH;) m/e 284 (M+H)"; "H NMR (300 MHz, CDCls): § ppm 4.55-
4.40 (m, 1H), 4.20-4.15 (m, 1H), 3.59 (s, 6H), 2.15-1.89 (m, 4H), 0.00 (s, 91I).
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Example 1E
methyl (SR)-5-((trimethylsilyl)ethynyl)-1 -prolinate
A solution of dimethyl (ZS,SR)-S-((trimethylsilyi)ethynyl)pyrrolidine-1,2-
dicarboxylate (5.43 g, 19.16 mmol) and iodotrimethylsilane (3 mL, 28.74 mmol) in
chloroform (100 mL) was heated to 65 °C for 3 hours, was cooled to room temperature,

concentrated under reduced pressure and flash chromatographed with 35% ethyl acetate/ 65%
hexane to provide the titled compound. MS (DCI/NH;) m/e 226 (M+I).

Example 1F
methyl N-(fert-butoxycarbonyl)-L-leucyl-(5R)-5-(({trimethylsilyl)ethynyl)-L-prolinate
To a solution of methyl (5R)-5-((trimethylsilyl)ethynyl)-L-prolinate (1.6 grams, 7.48
mmol), dimethylaminopyridine (913 mg, 7.48 mmol), N-methylmorpholine (1.23 mL, 11.22
mmol), and N-(tert-butoxycabonyl)-L-leucine monohydrate (2.24 g, 8.98 mmol) in

dichloromethane (30 mL) at room temperature was added 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (1.72 g, 8.98 mmol). The resulting mixture was stirred 16
hours at room temperature, and partitioned between ethyl acetate (200 mL) and 1 M HCI (200
mL). The aqueous layer was further extracted with ethyl acetate (200 mL). The combined
organic layers were dried (sodium sulfate), filtered, and concentrated. The residue was
chromatographed with a Biotage 40 M cartridge with 40% ethyl acetate/hexane provide the
titled compound. MS (DCI/NH3) m/e 439 (M+H)".

Example 1G
N-(fert-butoxycarbonyl)-L-leucyl-(5R)-5-ethynyl-L-proline
To a solution of methyl N-(fert-butoxycarbonyl)-L-leucyl-(5R)-3-
((trimethylsilylethynyl)-L-prolinate (1.24 g, 2.83 mmol) in dioxane (12 mL) at room

temperature was added a solution of 2 A lithium hydroxide (3 mL, 6.0 mmol). The resulting
mixture was stirred at room temperature for 6 hours. The reaction was diluted with 1 A/ HCI
solution (50 mL), and the aqueous mixture was extracted with ethyl acetate (3 X 50 mL).
The combined organic layers were dried (sodium sulfate), filtered, and concentrated to
provide the titled compound.
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Example 1H
N-(tert-butoxycarbonyl)-L-leucyl-(SR)-5-ethynyl-L-prolinamidc
To a cold (0 °C) solution of N-(tert-butoxycarbonyl)-L-leucyl-(5R)-5-ethynyl-L-
proline (2.83 mmol) and N-methyl morpholine (0.39 mL, 3.50 mmol) in THF (15 mL) was
added isobutyl chloroformate (0.42 mL, 3.25 mmol). The resulting cloudy white mixture was
stirred at 0 °C for 30 minutes followed by the addition of a solution of ammonia (0.5 M in

dioxane, 10.0 mL, 5.0 mmol). The solution was allowed to warm to room temperature and
stirred for 16 hours. The reaction mixture was diluted by the addition of 1 A/ HCI (100 mL),
and extracted with ethyl acetate (3 X 100 mL). The combined organic layers were dried
(sodium sulfate), filtered, and concentrated to provide the titled compound.

Example 11
N-(tert-butoxycarbonyl)-L-leucyl-(5R)-5-cthynyl-L-pyrrolidine-2-carbonitrile
To a cold solution (-40 °C) of N-(fer-butoxycarbonyl)-L-leucyl-(SR)-5-ethynyl-L-
prolinamide (1.07 g, 3.05 mmol) and imidazole (208 mg, 3.05 mmeol) in pyridine (15 mL)
was added POCL; (0.57 mL, 6.10 mmol) via syringe. The resulting mixture was stired,
maintaining the temperature below -20 °C, for 1 hour followed by the addition of 1 A/ HCI
(100 mL). The aqueous mixture was extracted with ethyl acetate (3 X 100 mL), and the
combined organic layers were dried (sodium sulfate), filtered, concentrated and
chromatographed with 30% ethyl acetate/hexane to provide the titled compound. MS
(DCI/NH;) nve 334 (M+H)"; "H NMR (300 MHz, CDCLy): § ppm 5.15 (t, 1H), 4.95 (d, 1H)
4.71 (¢, 1H), 4.53 (ddd, 1H), 2.50 (d, 1H), 2.50-2.28 (m, 4H), 1.75-1.57 (m, 3H).
Example 1
(28,5R)-5-ethynyl-1-L-leucylpyrrolidine-2-carbonitrile hydrochloride
To a solution of N-(tert-butoxycarbonyl)-L-leucyl-(SR)-5-ethynyl-L-pyrrolidine-2-
carbonitrile (250 mg) in ether (1 mL) was added 4 M HC! in dioxane (2 mL). The resulting
mixture was stirred at room temperature for 5 hours and the solvents removed under reduced

>

pressure. The white solid was triturated with ether to provide the titled compound. MS
(DCI/NH3) m/e 234 (M+H)"; "H NMR (300 MHz, MeOH-d,):  ppm 5.11 (d, 1H), 4.82 (m,
1H), 4.42 (dd, 1H), 3.19 (d, 1H), 2.58-2.56 (m, 1H), 2.49-2.24 (m, 3H), 2.05-1.95 (m, 1H),
1.87-1.81 (m, 2H), 1.08 (d, 3H), 1.04 (d, 3H).

Example 2
(25,5R)-3-ethynyl-1-((38)-1,2,3 4-tetrahydroisoquinolin-3-ylcarbonyl)pyrrolidine-2-
carbonitrile hydrochloride
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Example 2 was prepared using the same procedures as described for Example 1
substituting (38)-2-(+-butoxycarbonyl)-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid for
N-(-butoxycarbonyl)-L-leucine monohydrate in the step described in example 1F. MS
(DCI/NH;) m/e 280 (MHH)'; 'H NMR (300 MHz, MeOH-dy): 8 ppm 7.33-7.26 (m, 4H),
5.18 (m, 1H), 4.80 (dd, 1H), 4.49 (m, 2H), 3.75 (m, 1H), 3.30-3.19 (m, 2H), 2.57-2.23 (m,
4H).

Example 3
(28,5R)-1-((28)-2-amino-2~cyclopentylethanoyl)-5-ethynylpyrrolidine-2-carbonitrile

Example 3A
methyl (5R)-1-{(28)-2-((tert-butoxycarbonyl)amino)-2-cyclopentylethanoyl}-5-
((trimethylsilyl)ethynyl)-L-prolinate

To a stirred solution of methyl (5R)-5-((trimethylsilyl)ethynyl)-L-prolinatc (1.2 g,
5.32 mmol) in dichloromethane (30 mL ) at ambient temperature under nitrogen was added
4-dimethylamino pyridine (0.65 g, 5.32 mmol), 4-methylmorpholine (0.9 mL, 7.98 mmol), 1-
(3-(dimethylamino)propyl)-3-ethyl carbodiimide hydrochloride (1.22 g, 6.39 mmol), and
(28)-((tert-butoxycarbonyl)amino)(cyclopentylacetic acid dicyclohexylumine salt (1.55 g,
6.39 mmol). The reaction mixture was stirred at room temperature for 16 hours, diluted with

ethyl acetate and washed with 1 A HCL. The aqueous layer was further extracted with ethyl
acetate (2X) and the combined ethyl acetate layers were dried (Na;SOj) and evaporated, The
residue was purified by flash chromatography 30% ethyl acetate/hexane to provide the titled
compound. MS (CI) m/e 451 (M+H)".

Example 3B
(5R)-1-{(28)-2-((tert-butoxycarbonyl)amino)-2-cyclopentylethanoyl}-5-ethynyl-L-proline
To a stirred solution of methyl (5R)-1-{(28)-2-(({tert-butoxycarbonyl)amino)-2-
cyclopentylethanoyl}-5-((trimethylsilyl)ethynyl)-L-prolinate (1.65 g, 3.66 mmol) in MeOH
(10 mL) and H,0 (10 mL) at room temperaturc was added LiOH-H,0 (0.23 g, 5.49 mmol).
The reaction mixture was stirred at room temperature for 16 hours and concentrated under

reduced pressure. The residue was taken up in water and extracted with diethyl ether (2X).
The aqueous layer was acidified to pH ~ 4 by adding 4% KHSO, dropwise. The clear
solution was extracted with ethyl acetate (3X ) and the combined ethy! acetate layers were
washed with brine, dried (Na,SO,), filtered and concentrated under reduced pressure to
provide the titled compound. MS (CI) m/e 365 (M+H)".
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Example 3C
(5R)-1-{(28)-2-((tert-butoxycarbonyl)amino)-2-cyclopentylethanoyl} -5-ethynyl-L-
prolinamide
To a stirred solution of (5R)-1-{(28)-2~((fert-butoxycarbonyl)amino)-2-
cyclopentylethanoyl}-S-ethynyl-L-proline (1.28 g, 3.38 mmol ) in THF (25 mL) at -15 °C
under nitrogen, was added 4-methylmorpholine (0.44 mL, 4.05 mmol), and

isobutylchloroformate (0.5 mL, 3.72 mmol) over 2 minutes. The reaction mixture was stirred
at -15 °C under nitrogen for 30 minutes, and a solution of 0.5 4/ NHj in dioxane (34 mL,
16.90 mmol ) was added. The reaction mixture diluted with water, the pH adjusted to 4 by
the addition of 4% KHSO, and extracted with ethyl acetate (3X). The combined extracts
were washed with brine, dried (Na;8O4), filtered and evaporated. The residue was purified
by flash column chromatography (5% MeOH/CH,Cl,) to provide the titled compound. MS
(CT) mfe 364 (MHH)",

Example 3D
(5R)-1-{(28)-2~((tert-butoxycarbonyllamino)-2-cyclopentylethanoyl }-5-ethynyl-L-
pyrrolidine-2-carbonitrile
Trifluoroacetic anhydride (0.086 mL, 0.605 mmol), was added dropwise to a stirred
ice-cooled solution of (5R)-1-{(25)-2-((tert-butoxycarbonyl)amino)-2-cyclopentylethanoyl}-

5-ethynyl-L-prolinamide (200 mg, 0.55 mmol) in anhydrous dioxane (7 mL) and anhydrous
pyridine (0.089 mL, 1.1 mmol) at such a rate that the temperature was kept below 5 °C. The
reaction mixture was allowed to warm to room temperature and stirred for 16 hours. Ice was
added to the residue, the solid product was collected by filtration and washed with water.
Purification by flash chromatography (30% ethyl acetate/hexane) provided the titled
compound. MS (CI) m/e 346 (M+H)".

Example 3E
(28,5R)-1-((25)-2-amino-2-cyclopentylethanoyl)-5-ethynylpyrrolidine-2-carbonitrile
hydrochloride
(5R)-1-{(28)-2-((tert-butoxycarbonyl)amino)-2-cyclopentylethanoyl }-5-ethynyl-L-
pyrrolidine-2-carbonitrile (0.03 mg, 0.087 mmol), and 4 M HCl in dioxane (0.15 mL, 0.6
mmol) were stirred at room temperature for 2 hours and evaporated under reduced pressure.

Diethyl ether was added to the residue, and the formed precipitate filtered. The solid was
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washed with diethy] ether (3x15 mL). The precipitate was dried in vacuo to provide the titled
compound. MS (CI) nv/z 246 (M+H)"; "H NMR (300 MHz, MeOH-dL): & ppm 5.05 (m, 1H)
> 4.8 (¢, 110), 4.3 (d, 1H) 3.19 (d, 1H), 2.4-2.68 (m, 3H), 2.2-2.28 (m, 2H), 1.4-1.9 (m, 8H).

Example 4
(28,5R)-1-((28)-2-amino-2-cyclopentylethanoyl)-5-vinyl pyrrolidine-2-carbonitrile

hydrochloride

Example 4A
fert-butyl (18)-2-((28,5R)-2-cyano-5-vinylpyrrolidin-1-yl)-1-cyclopentyl-2-
oxoethylcarbamate
(5R)-1-{(28)-2~((ter-butoxycarbonyl)amino)-2-cyclopentylethanoyl}-5-ethynyl-L-
pyrrolidine-2-carbonitrile (60 mg) was stirred under hydrogen (60 psi) at room temperature
for 7 minutes in a mixture of quinoline (66 uL) and ethyl acetate (6 mL) using 5% Pd/BaSO,
(24 mg). The mixture was filtered and the filtrate concentrated under reduced pressure.

Purification by flash column chromatography with 20% ethyl acetate / hexane to provide the
titled compound. MS (CI) m/e 348 (M+H)",

Example 4
(28,5R)-1-((28)-2-amino-2-cyclopentylethanoyl)-5-vinylpyrrolidine-2-carbonitrile
hydrochloride

Example 4 was prepared according to the procedure for Example 3E substituting rers-
butyl (18)-2-((28,5R)-2-cyano-5-vinylpyrrolidin-1-yl)-1-cyclopentyl-2-oxoethylcarbamate
for (SR)-1-{(28)-2-((fert-butoxycarbonyl)amino)-2-cyclopentylethanoyl} -5-ethynyl-L-
pyrrolidine-2-carbonitrile. MS (CI) m/e 248 (M+H)"; "H NMR (300 MHz, MeOH-dy): &
ppm 5.98-6.09 (m, 1H), 5.3-5.39 (m, 2H), 4.7-4.8 (m, 1H), 4.1 (d, 1H), 2.38-2.49 (m, 2H),
2.18-2.33 (m, 2H), 1.96-2.02 (m, 2H), 1.58-1.83 (m, 6H), 1.3-1.47 (m, 2H).

Example 5
(28,5R)-1-((28)-2-amino-2-cyclohexylethanoyl)-5-ethynylpyrrolidine-2-carbonitrile
hydrochloride
Example 5 was prepared according to the procedures for Example 1F-J substituting
N-(#-butoxycarbonyl)-(2S)-amino(cyclohexy)acetic acid for N-(z-butoxycarbonyl)-L-leucine
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monohydrate in the step described in Example 1F. MS (CI) m/e 260 (M+H)"; "H NMR (300
MHz, MeOH-dy): 8 ppm 5.58 (m, 1H), 5.0 (t, 1H), 4.24 (d, 1H), 3.2 (4, 1H),2.3-2.42 (m,
3H), 1.8-1.84 (m, 2H), 1.12-1.4 (m, 10H).

Example 6
(28,58)-5-¢thyl-1-L-leucylpyrrolidine-2-carbonitrile

Example 6A
ethyl (28)-2-((ters-butoxycarbonyl)amino)-5-oxoheptanoate

Ethyl N-Boc (8)-pyroglutamate (2.33 g, 9.06 mmol, prepared as described in: (a) St-
Dcnis, Y., Augelli-Szafran, C. E.; Bachand, B.; Berryman, K. A.; DiMaio, J.; Doherty, A. M.
Edmunds, J. I.; Leblond, L.; Levesque, S.; Narasimhan, L. S.; Penvose-Yi, J. R.; Rubin, J. R.;
Tarazi, M.; Winocour, P. D.; Siddiqui, M. A. Biorg. Med. Chem. Lett. 1998, 8,3193-3198.
(b) Jain, R. Org. Prep. Procd. Intl. 2001, 33, 405-409.) was dissolved in THF (6 mL) and
the mixture was cooled to —40 °C. Ethyl magnesiumbromide solution (1.0 Min THF, 10.84
mL, 10.84 mmol) was aldded slowly via syringe, and the mixture was stirred cold for 2 hours.

Then the reaction flask was placed in a freezer (approx —20 °C) for 16 hours, the reaction was
allowed to warm to room temperature and aqueous NH;Cl and 1 N HCI were added. The
mixture was extracted with ethyl acetate (3X). The combined organic extracts were dried
(Na;S0y), filtered, concentrated and purified by flash chromatography (30% ethyl acetate
/hexane) to provide the titled compound. MS (ESI) m/z 288 (M+H), 310 (M+Na)",

Example 6B
ethyl (28)-5-ethyl-3.4-dihydro-2 H-pyrrole-2-carboxylate
Ethyl (28)-2-((tert-butoxycarbonyl)amino)-5-oxoheptanoate and trifluoroacetic acid
(3 mL) were stirrcd in dichloromethane (3 mL) at room temperature for 3 hours. The mixture
was concentrated under reduced pressure to provide the titled compound. MS (ESH m/z 170
(M+H)".

Example 6C
ethyl (58)-5-ethyl-L-prolinate
Ethyl (28)-5-¢thyl-3,4-dihydro-2 H-pyrrole-2-carboxylate dissolved in ethanol (32
mL) was stirred with 0.30 g of 10% Pd/C and under hydrogen (60 psi) for 16 hours. The
catalyst was removed by filtration, and the filtrate was concentrated under reduced pressure
to provide the titled compound. MS (CI) mv/z 172 (M+H)".
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Example 6D
ethyl N-(tert-butoxycarbonyl)-L-leucyl-(58)-5-ethyl-L-prolinate

A solution of ethyl (58)-3-ethyl-L-prolinate (2.5 mmol), 2-(1 H-benzotriazol-1y1)-
1,1,3,3-tetramethyluronium tetrafluoroborate (1.00 g, 3.13 mmol) and N-(tert-
butoxycarbonyl)-L-leucine hydrate (0.779 g, 3.12 mmol) were mixed in 4 mL of
dimethylformamide. Triethylamine (approx 1.1 ml.) was added until the pH reached about 6
(wet pH paper). After stirring for 16 hours, the mixture was concentrated under reduced
pressure and the residue partitioned between 1 & HCI and ethyl acetate. The organic layer
was washed with saturated NaHCO3, dried (N22S0y), filtered, concentrated under reduced
pressure and purified by flash chromatography (30% to 50% ethyl acetate /hexane) to provide
the titled compound. MS (ESI) nv/z 385 (MHH)".

Example 6E
N-(tert-butoxycarbonyl)-L-leucyl-(55)-5-ethyl-L-proline
Ethyl N-(zert-butoxycarbonyl)-L-leucyl-(5S)-5-cthyl-L-prolinate (0.965 g, 2.5 mmol)
was dissolved in 3 mL of ethanol. The resultant solution was treated with 1.2 M LiOH
solution (3.8 mL, 4.52 mmol) at room temperature. After 4 hours, the volatiles were removed
under reduced pressure, and 1 ¥ HCI was added. The mixture was extracted with ethyl
acetate (3X), and the combined organics were washed with brine, dried (Na,SOy), filtered and
concentrated under reduced pressure to provide the titled compound. MS (EST) m/z 357
M+H)",

N-(tert-butoxycarbonyl)-L-leucyl-(58)-5-ethyl-L-prolinamide

. N-(tert-butoxycarbonyl)-L-leucyl-(5S)-5-ethyl-L-proline was mixed with
triethylamine (0.426 mL, 3.25 mmol) in THF (4 mL) and cooled to 0 °C followed by the
addition of ethyl chloroformate (0.287 mL, 3.0 mmol). After 20 minutes, 0.5 3/ ammonia in
dioxane (6 mL) was added. After 4 hours, the mixture was concentrated, and the residue was
partitioned between 1 N HCI and ethyl acetate. The organic extracts were washed with
saturated NaHCO3, dried (Na2SOy), filtered, concentrated under reduced pressure and
purified by flash chromatography (80% to 100% ethyl acetate /hexane) to provide the titled
compound. MS (ESI) m/z 356 (M+H)".
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Example 6G
N=(tert-butoxycarbonyl)-L-leucyl-(58)-5-ethyl-L-pyrrolidine-2-carbonitrile
N-(tert-butoxycarbonyl)-L-leucyl-(58)-5-ethyl-L-prolinamide (0.392 g, 1.10 mmol)
and imidazole (0.082 g, 1.21 mmol) were mixed in pyridine (4mL) and cooled to —35 °C
followed by addition of POCI; (0.206 mL, 2.20 mmol). After 1 hour, aqueous NH4Cl1
solution was added, and the mixture was concentrated under reduced pressure. 1 N HCI was

added to the residue, and the mixture was extracted with ethyl acetate (3X). The combined
organic extracts were washed with 1 N HCl and brine, dried (Na;SQy), and concentrated
under reduced pressure to provide the titled compound. MS (ESI) m/z 338 (M+H)*. NOE
from ROESY spectrum confirmed the cis- relationship between 2-cyano and 5-ethyl groups.

Example 6
(28,58)-5-¢thyl-1-L-leucylpyrrolidine-2-carbonitrile trifluoroacetate

N-(tert-butoxycarbonyl)-L-leucyl-(58)-5-ethyl-L-pyrrolidine-2-carbonitrile (299 mg)
was mixed with 2 mLL each of dichlormethane and trifluoroacetic acid at room temperature.
After 3 hours, the volatiles were removed under reduced pressure to provide the titled
compound as the trifluoroacetic acid salt. 'H NMR (400MHz, CDCl3) 3 4.76 (t, 1H, I = 8.0
Hz),4.27 (d, 1H, J = 8.6 Hz), 4.04 (s, 1H), 2.26-2.38 (m, 2H), 1.87-2.05 (m, 4H), 1.66 (m,
3H), 1.31 (m, 1H), 0.96-1.02 (m, 9H); MS (EST) m/z 238 (M+H)".

Example 7
(2S,SS)-1-((2S)—2-a.mino—2—cyclqhexylethanoyl)—5 -ethylpyrrolidine-2-carbonitrile
trifluoroacetate

The titled compound was prepared according to procedure described in Example 6 by
substituting N-(fert-butoxycarbonyl)-L-leucine hydrate with N-Boc-L-cyclohexylglycine in
step 6D. "H NMR (400MHz, MeOH-dy) § 5.09 and 4.16 (m, 1H), 4.83 (t, 1HJ = 8.2 Hz),
4.00 (t, 1H, = 7.4 Hz), 2.48 (m, 1H), 2.30 (m, 2H), 2.08 (m, 2H), 1.85 (m, 4H), 1.71 (m,
3H), 1.17-1.33 (m, 5H), 1.02 and 0.95 (t, 3H, I = 7.5 Hz); *C NMR (MeOH-d4, 100 MHz) &
119.7 and 119.9 ppm for CN group; MS (ESI) m/z 264 (M+H)".

Example 8
(28,5R)-1-{N~((1R,2R 4S)-bicyclo(2.2. Dhept-2-yDglycyl }-5-ethynylpyrrolidine-2-
carbonitrile
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Example §A
methyl (SR)-1-(chloroacetyl)-5-((trimethylsilyl)ethynyl)-L-prolinate
To a stirred solution of methyl (3R)-5-((trimethylsilyDethynyl)-L-prolinate (2.76 g,
12.2 mmol) and triethylamine (2.13 mL, 15.3 mmol) in dry tetrahydrofuran ( 50 mL ) at 0 °C
was gradually added a solution of chloroacety! chloride (0.97 mL, 12.2 mmol) in dry
tetrahydrofaran (10 mL). Afler stirring at room temperature for 2 hours, the mixture was
[iltered. The solid cake was washed with THF, and the filtrate and washings were combined,

dried over sodium sulfate and concentrated under reduced pressure. The residue taken up in
toluene and concentrated to dryness under reduced pressure to provide the titled compound.
MS (CI) m/z 302 (M+1)*.

Example §B
(5R)-1-(chloroacetyl)-5-ethynyl-L-proline
To a stirred solution of methyl (5R)-1-(chloroacetyl)-5-((trimethylsilyl)ethynyl)-L-
prolinate (3.69 g, 12.2 mmol) in MeOH (24 mL) and H,0 (24 mL) at room temperature was
added LiOH*H,O (0.8 g, 18 mmol). The reaction mixture was stirred at ambient temperature

overnight and concentrated under reduced pressure. The residue was taken up in water and
extracted with diethyl ether (2X). The aqueous layer was acidified to pH ~ 3 by adding 4%
KHSO4 dropwise. The solution was extracted with ethyl acetate (3X). Combined ethyl
acetate layers were washed with brine, dried (Na;SOy), filtered and concentrated under
reduced pressure to provide the titled compound. MS (CI) m/z 216 (M+1)".

Example 8C
{5R)-1-(chloroacetyl)-5-ethynyl-L-prolinamide

To a stirred solution of (SR)-1-(chloroacetyl)-5-ethynyl-L-proline (1.89 g, 8.76 mmol)
in THF (50 mL) at —15 °C under nitrogen was added 4-methylmorpholine (1.16 mL, 10.52
mumol), and then isobutylchloroformate (1.25 mL, 9.64 mmol) over 3 minutes. A white
precipitate formed. The reaction mixture was stirred at ~15 °C under nitrogen for 30 minutes,
and a solution of NHj in dioxane (0.5 A, 88 mL, 43.8 mmol ) was added. The reaction
mixture was stirred at ~13 °C for 30 minutes, warmed to room temperature, and stirred at that
temperature for 16 hours. The reaction mixture was diluted with 4% KHSOy to ~ pH 4 and
extracted with ethyl acetate (3X). The extracts were combined, washed with brine, dried

(Na380y), filtered and concentrated under reduced pressure. Purification by flash column
chromatography (60-75% ethyl acetate /hexane) provided the titled compound. MS (CH nv/z
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215 (M+1)",

Example 8D
(28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile

To a stirred solution of (5R)-1-(chloroacetyl)-5-ethynyl-L-prolinamide (0.16 g, 0.745
mmol) and imidazole (0.05 g, 0.745 mmol) in dry pyridine (4 mL ) at —35 °C under nitrogen
was added POCl; (0.15 mL, 1.49 mmol) dropwise. The reaction mixture was stirred between
~35°C to 15 °C for 1 hour and evaporated. The residue was dilutcd with dichloromethane
and washed with H,O (2X), dried (N2,SOy), filtered and concentrated under reduced
pressure. Purification by flash chromatography (10% ethyl acetate /hexane) provided the
titled compound. MS (CI) m/z 197 (M=1}".

Example 8
(28,5R)-1-{N-((1R,2R 48)-bicyclo(2.2. Dhept-2-yDelycyl}-5-ethynylpyrrolidine-2-
carbonitrile
To a stirred solution of (28,5 R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.152 mmol ) in acelonitrile (1 mL) at room temperature was added exo-2-
aminonorborane (0.036 mL, 0.305 mmol) and a catalytic amount of tetrabutylammonium
iodide. The reaction mixture was stirred at room terperature for 18 hours, concentrated

under reduced pressure and purified by flash chromatography with 3% methanol:
dichloromethane to provide the titled compound. MS (Chym/z 271 M+1)"; 'H NMR (300
MHz, MeOH-ds): & ppm 4.7-4.8 (m, 2H), 3.61-3.8 (m, 2H), 3.2-3.3 (m, 1H), 3.02-3.11 (1H,
§), 2.62-2.72 (m, 1H), 2.37-2.44 (m, 3H), 2.2-2.3 (br 5, 2H), 1.0-1.7 (m, 8H).

Example 28
(25,58)-1-L-leucyl-5-methylpyrrolidine-2-carbonitrile
The title compound was prepared in the manner described for example 6 except

methyl magnesium bromide was substituted for ethyl magnesium bromide in the step
corresponding to Example 6A. 'H NMR (400MHz, MeOH-d3) 8 4.79 (dd, 1H, J=8.1 Hz),
4.40 (m, 1H), 4.30 (dd, 1H, T =4.1, 9.4 Hz), 2.37-2.50 (mm, 2H), 2.08 (m, 1H), 1.75-1.92 (m,
3H), 1.66 (m, 1H), 1.36 (d, 3H, J= 6.5 Hz), 1.05 (d, 3H, T =4.3 Hz), 1.04 (d, 3H, J = 4.3 Hz);
C NMR (100MHz, MeOH-dy) 8 119.9 for CN group; MS (ESI) m/z 224 (M+H)*,

Example 29
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(25,5R)-5-ethynyl-1-(N-(4-methyl-1-pyridin-2-ylpiperidin-4-yDalycyDpyrrolidine-2-
carbonitrile

LExample 29A
4-Methyl-3.4,5,6-tetrahydro-2H-(1.2"bipyridinyl-4-ylamine

A stirred solution of (4-methyl-piperidin-4-yl)-carbamic acid benzyl ester (0.15 g,
0.61 mmol, ixample 30B) and 2-fluoropyridine (0.3ml., 3.5mmol) was heated to 175 °C
under microwave conditions for 1 hour. The reaction mixturc was concentrated under
reduced pressure and purificd by chromatography (silica gel, eluting with 20% to 35% ethyl
acetate in hexane) to provide (4-methyl-3.4,5,6-tetrahydro-2H-(1 ,2")bipyridinyl-4-yl)-
carbamic acid benzyl ester. MS (CI) m/z 326(M+1)"; 'H NMR (300 MHz, CDCl3) § ppm
8.06 (dd 1H), 7.52 (m, 1H), 7.37-7.26 (m, 5H), 6.80 (d, 1H), 6.62 (t, 1H), 5.04 (s, 2H), 4.84
(s, 1H), 3.78 (m, 2H), 3.25-3.16 (m, 2H), 2.08 (m, 2H), 1.64-1.55 (m, 2H), 1.35 (s, 31D).

To a stirred solution of (4-methyl-3,4,5,6-tetrahydro-2H-(1,2")bipyridinyl-4-y1)-
carbamic acid benzyl ester (0.06 g, 0.185 mmol ) in isopropanol (1.8 mL) at room
temperature was added ammonium formate (0.047 g, 0.75mmol) and 5 mg of 10% Pd/C
under nitrogen. The reaction mixture was heated under microwave conditions at 150 °C for
30 minutes, cooled, filtered through Celite and concentrated under reduced pressure to
provide the titled compound. MS (CI) m/z 192 (M+1).

Example 29B
(28,5R)-5-ethynyl-1-(N-(4-methyl-1-pyridin-2-ylpiperidin-4-yDalycyDpyrrolidine-2-

To a stirred solution of (28, 5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.039 g, 0.2 mmol, Example 8D) in acetonitrilc (3 mL) at room temperature was added 4-
methyl-3,4,5,6-tctrahydro-211-(1,3")bipyridinyl-4-ylamine (0.076 g, 0.4 mmol). The reaction
mixture was stirred at 66 °C for 48 hours, concentrated under reduced pressure and purified
by chromatography (silica gel, eluting with 2%-5% methanol:dichloromethane). The product
was mixed with 4M HCI in dioxane (2mL), and after 0.5 hours, the solvents were removed
under reduced pressure. The residue was solidified by trituration with diethyl ether to
provide the titled compound as the I1Cl salt. MS (CI) m/z 352 (M+1)"; "H NMR (300 MHz,
methanol-d,) 8 ppm 8.10(m, 1H), 8.01 (d, 1H), 7.46 (d, 1H), 7.07 (t, 1H), 4.93 (m, 1H), 4.77
(m, 1H), 4.39-4.15 (m, 3H), 3.59-3.46 (m, 4H), 3.24 (m, 1H), 2.47-2.23 (m, 4H), 2.13-2.10
(m, 4H), 1.61 (m, 3H).

Example 30
(2S.5R)-5-ethynyl—1-(N-(4-methy1—1-(3-cyano—pyridin-Z-yl)piperidin—4-yl] glycyl)pyrrolidine-
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2-carbonitrile

Example 30A
4-Benzyloxycarbonylamino-4-methyl-piperidine-1 -carboxylic acid tert-butyl ester

To a solution of the 4-methyl-piperidine-1,4-dicarboxylic acid mono-tert-butyl ester
(5 g, 20.6 mmol) in toluene (40 mL) at 23 °C was added triethylamine (4.3 mL, 31 mmol) and
diphenylphosphoryl azide (6.1 mL, 28.0 mmol). The resulting mixture was stirred at 23 °C
for 45 minutes after which benzyl alcohol (11.1 mL, 103 mmol) was added. The reaction
mixture was then heated to 80 °C for 16 hours. The reaction mixture was allowed to cool to
room temperature and the excess solvents were removed under reduced pressure. The crude
residue was purified by chromatography (silica gel, eluting with 10%ethyl acetate/90%
hexane to 30% ethyl acetate/70% hexane) to provide the titled compound (5.6 grams). MS
(CT) m/z 249 (M-99)"; "H NMR (300 MHz, CDCly) § ppm 7.38-7.31 (m, SH), 5.05 (s, 2H),
4.57 (s, 1H), 3.67-3.60 (m, 2H), 3.18 (m, 2H), 1.98-1.90 (m, 2H), 1.44 (s, 9H), 1.37 (s, 3H).

Example 30B
(4-Methyl-piperidin-4-yl)-carbamic acid benzyl ester
A mixture of Example 30A (4.7 g, 13.4 mmol) in 4 M HCl in dioxane (20 mL) was
stirred at 23 °C for 12 hours. The dioxane was removed under reduced pressure and the crude

solid was triturated several times with diethyl ether. The resulting white solid was dried in
vacuum oven overnight to afford the HC salt of the titled compound (2.75 g). MS (CI) m/z
249 (M+1)"; "H NMR (300 MHz, methanol-d,) & ppm 7.37-7.29 (m, SH), 5.05 (s, 2H), 3.19-
3.07 (m, 4H), 1.76-1.70 (m, 4H), 1.37 (s, 3H).

Example 30C
(5'-Cyano-4-methyl-3,4.5,6-tetrahydro-2H-(1,2"bipyridinyl-4-yl)-carbamic acid benzyl ester
A solution of (4-methyl-piperidin-4-yl)-carbamic acid benzyl ester hydrochloride salt
(198 mg, 0.697 mmol), 2-chloro-5-cyanopyridine (90 mg, 0.65 mmol) and
diisopropylethylamine (400 pL) in dioxane (2 mL) in a sealed tube was heated to 170 °C

under microwave conditions for 20 minutes. The reaction mixture was cooled, concentrated
and then purified by chromatography (silica gel, eluting with 10% hexane/ethyl acetate to
60% ethy] acetate/hexane) to provide the titled compound (167 mg) as a white foam. MS
(CI) m/z 380 (M+1)"; "H NMR (300 MHz, DMSO-ds) 3 ppm 8.45 (s, 1H), 7.80 (dd, 1H),
7.37 (m, SH), 7.18 (s, 1H), 6.93 (d, 1H), 5.00 (s, 21), 4.00-3.95 (m, 2H), 3.35-3.26 (m, 2H),
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2.19-2.07 (m, 2H), 1.49-1.43 (m, 2H), 1.27 (s, 3H).

Example 30D
4-Amino-4-methyl-3.4,5,6-tetrahydro-2H-(1,2"bipyridinyl-5'-carbonitrile
A solution of (5'-cyano-4-methyl-3,4,5,6-tetrahydro-2H-(1,2"bipyridinyl-4-y)-
carbamic acid benzyl ester (93 mg) and trimethylsilyliodide (62 pL) in acetonitrile (1.5 mL)
was heated to 45 °C for 20 minutes. The reaction mixture was cooled and concentrated under

reduced pressure. The crude reaction mixture was purified by chromatography (silica gel,
eluting with a gradient of 2% MeOH/CH,Cl,/0.1% NH,OH to 6% MeOH/CH,Cly/0.1%
NH4OH) to provide the titled compound (43 mg) as a yellow foam. MS (ChHm/z217
(M-+1)"; TH NMR (300 MHz, DMSO0) & ppm 8.44 (s, 1H), 7.77 (d, 1H), 6.91 (d, 1H), 3.86-
3.78 (m, 2H), 3.59-3.55 (m, 2H), 1.48-1.38 (m, 4H), 1.08 (s, 3H).

Example 30
(28,5R)-5-ethynyl-1-(N-(4-methyl-1-(3 ~cyano-pyridin-2-yDpiperidin-4-yDglycyl)pyrrolidine-
2-carbonitrile
A mixture of Example 30D (60 mg, 0.31 mmol) and (28,5R)-1 -(chloroacetyl)-5-
ethynylpyrrolidine-2-carbonitrile (105 mg, 0.49 mmol, Example 8D) in acetonitrile (2 mL)

was stirred at 23 °C for 72 hours. The reaction mixture was concentrated under reduced
pressure, and the crude residue was purified by chromatography (silica gel, eluting with 96%
dichloromethane/4% methanol/0.1% ammenium hydroxide) to provide the titled compound
as a white foam. MS (CI) m/z 377 (M-+1)"; 'H NMR (300 MHz, CDCls) 8 ppm 8.38 (s, 1H),
7.58 (dd, 1H), 6.59 (d, 1H), 4.74 (t, 1H), 4.63-4.57 (m, 1H), 3.78-3.68 (m, 6H), 2.53 (s, 1H),
2.43-2.34 (m, 2H), 1.69-1.50 (m, 4H), 1.19 (s, 3H).

Example 31
(2S,5R)-5-cthynyl-1-(N-(1-( 3-cyano-pyridin-3-yl)piperidin-4-yl)elycyl)pyrrolidine-2-
carbonitrile

Example 31A
4-Amino-3.4,5,6-tetrahydro-2H-(1,3"bipyridinyl-3"-carbonitrile
Pdy(dba); (0.040 g, 0.044 mmol, XANTHPOS (0.070 g, 0.122 mmol), dioxane (SmL)
and Cs,CO; (1.10g, 3.15 mmol) were added into a dry Schlenk flask which was purged with
nilrogen several times at room temperature. Then piperidin-4-yl-carbamic acid tert-butyl
ester (0.50g, 2.34 mmol) was added followed hy 5-bromo-nicotinonitrile (0.52g, 0.285 mmol)

>
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and purging again with nitrogen. The reaction mixture was heated at 100 °C for 48 hours.
The reaction was then cooled to room temperature and taken up in ethyl acetate (20 mL),
washed with brine (2x) and water (2x), dried over MgSO,, and concentrated under reduced
pressure to provide the crude product. The residue was purified by flash chromatography on
silica gel eluting with 5% to 35% ethylacetate in hexane. MS (CI) m/z 303(M+1)"; 'H NMR
(300 MHz, methanol-d,) & ppm 8.47 (d, 1H), 8.19 (m, 1H), 7.65 (d, 1H), 4.84 (m, 1H), 3.83
(m, 2H), 3.60 (m, 1H), 3.01 (t, 2H), 1.98 (m, 2H), 1.65-1.51 (m, 2H), 1.44 (s, 9H).

To a stirred solution of (5'-cyano-3,4,3,6-tetrahydro-2H-(1,3")bipyridinyl-4-yl)-
carbamic acid tert-butyl ester (0.45 g, 1.49 mmol ) in dioxane (3.0 mL) at room temperature
was added 4M HCl in dioxane (8mL). The reaction mixture was stirred at room temperature
for 30 minutes. The reaction mixture was concentrated under reduced pressure, and the
residue was treated with ether. The solid obtained by filtration provided the titled compound.
MS (CI) mv/z 203 (M+1)"; "H NMR (300 MHz, methanol-d;) 8 ppm 8.68 (d, 1H), 8.52 (s,
1H), 8.35 (m, 1H), 4.15-4.10 (m, 2H), 3.51-3.40 (m, 1H), 3.12 (t, 2H), 2.20-2.15 (m, 2H),
1.82-1.69 (m, 2H).

Example 31B
(28,5R)-5-ethynyl-1-(N-(1-(3-cyano-pyridin-3 -yDpiperidin-4-ylelycylpyrrolidine-2-
To a stirred solution of (28, 5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile

(0.050 g, 0.26 mmol, Example 8D) in acetonitrile (1.5 mL), dioxane (0.1.5 mL),
dimethylformamide (0.5 mL), and water (0.5 mL) at room temperature was added 4-amino-
3,4,5,6-tetrahydro-2H-(1,3')bipyridinyl-5'-carbonitrile hydrochloride salt (0.028 g, 0.125
mmol) and diisopropylethylamine (0.145mL., 0.41mmol). The reaction mixture was stirred at
room temperature for 48 hours, concentrated under reduced pressure and purified by flash

chromatography on silica eluting with 5% methanol in dichloromethane. The product was
mixed with 4M HCI in dioxane (4mL) and after 0.5 hour, the solvents were removed under
reduced pressure, and the residue was solidified by trituration with diethyl ether to provide
the titled compound as the HCl salt. MS (CI) m/z 363 (M+1)"; "H NMR (300 MHz,
methanol-d) & ppm 8.48(d, 1H), 8.19 (d, 1H), 7.66 (m, 1H), 4.81-4.72 (m, 1H), 3.88-3.86
(m, 2H), 3.80-3.60 (q, 2H), 3.09 (d, 1H), 2.97-2.88 (m, 2H), 2.80-2.71 (m, 2H), 2.46-2.26 (m,
5H), 2.04 (m, 2H),1.54-1.44 (m, 2H).

_Example 32
(28,5R)-5-ethynyl-1-{ N-(4-methyl-1-(4-methoxycarbonylbenzoyl)piperidin-4-
yDslyeyl¥pvirolidine-2-carbonitrile
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Example 32A
4-(4-Benzyloxycarbonylamino-4-methyl-piperidine-1-carbonyl)benzoic acid methyl ester

To a stirred solution of (4-methyl-piperidin-4-y1)-carbamic acid benzyl ester
hydrochloride salt (0.15 g, 0.53 mmol, Example 30B) in dichloromethane (3 mL) at room
temperature was added methyl 4-chloro‘carbonylbenzoale (0.125 g, 0.62 mmol) and
triethylamine (0.17 mL, 1.2 mmol). The reaction mixture was stirred at room temperature for
3 hours, aqueous ammonium chloride was added, and the mixture was extracted with
dichtoromethane (2x). The combined organic layers were washed with 10% KHSO,, sat.
NaHCOs, brine, dried (MgSQ,), and concentrated under reduced pressure to provide the titled
compound. MS (CI) m/z 411 (M+1)"; 'THNMR (300 MHz, CDCls) & ppm 8.07(d, 2H), 7.46
(d, 2H), 7.3 (m, 5H), 5.06 (s, 2H), 4.63 (m, 1H-NH), 4.18-4,13 (m, 2H), 3.95 (s, 3H), 3.36
(m, 2H), 2.09 (m, 2H), 1.78-1.42 (m, 2H), 1.41 (s, 3H).

Example 32B
iperidine-1-carbonyl

4-(4-Amino-4-methyl- -benzoic acid methyl ester

To a stirred solution of Example 32A ( 0.2g, 0.49 mmol ) in acetonitrile (4.0 mL) at
room temperature was added iodotrimethysilane (0.11 mL, 0.75 mmol). The reaction mixture
was stirred at 50 °C for 30 minutes and then concentrated under reduced pressure. The solid
residuc was washed with acetone and ether and filtered to provide titled compound. MS (CI)
m/z 277(M+1)'; 'H NMR. (300 MHz, DMSO-d) 8 ppm 8.04(d, 2H), 7.90 (bs, 2H NH,-
DMSO solvent), 7.50(d, 2H), 3.88 (s, 3H), 3.35-3.20 (m, 4H), 1.79-1.58 (m, 4H), 1.35 (s,
3H).

Example 32
(28.5R)-5-ethynyl-1-{ N-(4-methyl-1 -(4-methoxycarbonylbenzoyl)piperidin-4-
yDglyeylipyrrolidine-2-carbonitrile
To a stirred solution of (28, 5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.152 mmol, Example 8D) in acetonitrile (3 mL) at room temperature was added
Example 32B (0.125 g, 0.31 mmol) and diisopropylethylamine (0.06mL, 0.3 Immol). The
reaction mixture was stirred at room temperature for 48 hours, concentrated under reduced

pressure and purified by high pressure liquid chromatography with acetonitrile and water
buffered with ammonium acetate to providc the titled compound. MS (CI) m/z 437 (M+1)*;
'H'NMR (300 MHz, CDCl5) 8 ppm 8.07(d, 2H), 7.45(d, 2H), 4.75 (m, 1H), 4.59 (m, 1H),
3.94(s, 3H), 3.17-3.91 (im, 6H), 2.55 (bs, 1H), 2.32-2.46 (m, SH), 1.40-1.82 (m, 4H), 1.19 (m,
3H).
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Example 33 .
(28,5R)-5-ethynyl-1-{N-(4-methyl-1-(4-carboxy-pyridin-2-ypiperidin-4-
ylglycyl}pyrrolidine-2-carbonitrile

Example 33 was prepared in the same manner as Example 40 by substituting 2-
fluoroisonicotinic acid for 6-fluoronicotinic acid. MS(CI) m/z 396 (M+1)"; 'H NMR
(300MHz, methanol-d,) § ppm 8.17(d, 1H), 7.67(s,1H), 7.31(d,d 1H), 4.84(m, 2H), 4.34-4.15
(m, 4H), 3.41-3.35 (m, 2H), 3.20 (m, 1H), 2.52-2.24 (m, 5H), 2.07-2.00 (m, 4H), 1.59 (s, 3H).

Example 34
(28,5R)-5-ethynyl-1-(N-{4-methyl-1-(5-(trifluoromethyl)pyridin-2-yl)piperidin-4-
yliglyeyDpyrrolidine-2-carbonitrile

Example 34A
4-Methyl-5"-trifluoromethyl-3.4.5 6-tetrahydro-2H-(1,2"bipyridinyl-4-ylamine
To a stirred solution of (4-methyl-piperidin-4-yl)-carbamic acid benzyl ester
hydrochloride salt (0.15 g, 0.53 mmol, Example 30B) in dioxanc (1.0 mL) at room
temperature was added 2-chloro-5-trifluoromethyl-pyridine (0.11 g, 0.6 mmol) and

diisopropylethyl amine (0.21 mL, 1.2 mmol). The reaction mixture was stirred at 150 °C in a
microwave for 180 minutes, concentrated under reduced pressure and purified by flash
chromatography with 30% ethyl acetate in hexane to provide (4-methyl-5"trifluoromethyl-
3,4,5,6-tetrahydro-2H-(1,2")bipyridinyl-4-yl)-carbamic acid benzyl ester. MS (CI) m/z 394
(M+1); "H NMR (300 MHz, CDCls) 3 ppm 8.38(d, 1H), 7.61(d,d 111}, 7.40-7.30 (m, 5H),
6.66 (d, 111), 5.07 (s, 2H), 4.71-4.67 (m, 1H), 3.93 (m, 2H), 3.36 (m, 2H), 2.10 (m, 2H), 1.68
(m, 2H), 1.42 (s, 3H).

To a stirred solution of (4-methyl-5'-trifluoromethyl-3,4,5,6-tetrahydro-2H-
(1,2)bipyridinyl-4-yl)-carbamic acid benzyl ester (0.37 g, 0.95 mmol ) in acetonitrile (4.0
mL) at room temperature was added iodotrimethysilane (0.2 mL, 0.125 mmol). The reaction
mixture was stirred at 50 °C for 30 minutes, concentrated under reduced pressure and purified
by flash chromatography with 2% methanol in dichloromethane to provide the titled
compound. MS (CI) m/z 260 (M+1)"; 'H NMR (300 MHz, methanol-dy) & ppm 8.31(d, 1H),
7.67(d,d 1H), 6.87 (d, 1H), 4.83 (m, 2H), 3.79 (m, 2H), 3.63 (m, 2H), 1.63-1.54 (m, 4H),
1.22 (s, 3H).

Example 34
(28,5R)-5-ethynyl-1-(N-{4-methyl-1-(5-(trifluoromethy)pyridin-2-v)piperidin-4-
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yl}glyeyl)pyrrolidine-2-carbonitrile
To a stitred solution of (28, 5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.064 g, 0.325 mmol, Example 8D) in acetonitrile (3 mL) at room temperature was added 4-
methyl-5'-trifluoromethyl-3,4,5,6-tetrahydro-2H-(1,2"bipyridinyl-4-ylamine (0.110 g, 0.31
mmol) and diisopropylethylamine (0.15mL, 0.86mmol). The reaction mixture was stirred at
room temperature for 48 hours, concentrated under reduced pressure and purified by flash

chromatography with 1.5% methanol:dichloromethane. The product was mixed with 4M
HCl in dioxane (2mL) and after 0.5 h, the solvent were removed under reduced pressure, and
the residue was solidified by trituration with diethyl ether to provide the titled compound as
the HC salt. MS (CI) m/z 420 (M+1)*; '"H NMR (300 MHz, CDCls) & ppm 8.38(d, 1H), 7.60
(dd 1H), 6.63 (d, 1H), 4.74 (m, 1H), 4.61 (m, 1H), 3.74-3.61 (m, SH), 3.45 (m, 1H), 2.51 (bs,
1H),2.31-2.51 (m, 4H), 1.55-1.71 (m, 4H), 1.18 (m, 3H).

Example 35 .
(28.5R)-1-{N-(1-(4-chlorobcnzoyl)piperidin-4-yl)glycyl}-3 ~ethynylpyrrolidine-2-carbonitrile

Example 35A
(1-(4-Chloro-benzoyl)-piperidin-4-yl)-carbamic acid tert-butyl ester

To a stitred solution of piperidin-4-yl-carbamic acid zers-butyl ester (1 g, 5 mmol) and
triethylamine (1.05 ml, 7.5 mmol) in THF (30 mL) at 0 °C was slowly added 4-chloro-
benzoy! chloride (0.77 ml, 6 mmol). The reaction mixture was stirred from 0 °C to room
temperature for 2 hours. The reaction mixture was diluted with CH,Cl, and washed with
water (3 times) and brine. The organic layer was dried (sodium sulfate), filtered, and
concentrated under reduced pressure to provide the titled compound. MS (DCI) m/z 339
(M+H)".

Example 35B
(4-Amino-piperidin-1-y1)-(4-chloro-phenyl)-methanone

To a stirred solution of (1-(4-chloro-benzoy!)-piperidin-4-yl)-carbamic acid fert-butyl
ester (46 g, 0.23 mmol) in CH,Cl (0.5 mL) was added triflucroacetic acid (0.5 ml). The
reaction mixture was stirred at room temperature for 1/2 hour. The rcaction mixture was
concentrated under reduced pressure to provide the titled compound. MS (DCI) m/z 239
(M+H)*.

Example 35C
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(28,5R)-1-{N-(1-(4-chlorobenzoy!)piperidin-4-ylglycyl}-5-ethynylpyrrolidine-2-carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-S-propynylpyrrolidine-2-carbonitrile

(0.023 g, 0.118 mmol, Examplc 8D) in acetonitrile (1 mL) at room temperature was added (4-

amino-piperidin-1-y)-(4-chloro-phenyl)methanone (56 mg, 0.235 mmol). The reaction

mixture was stirred at room temperature for 18 hours, concentrated under reduced pressure
and purified by flash chromatography with 3% methanol:dichloromethane to provide the
titled compound. MS (ESI) m/z 399 (M+H)".

Example 36
(28.5R)-1-{N-(1-(5-chloropyridin-2-y])-4-methyl piperidin-4-ylglycyl}-5-
ethynylpyrrolidine-2-carbonitrile

Example 36A
5'-Chloro-4-methyl-3.4,5,6-tetrahydro-2H-(1.2"bipyridinyl-4-ylamine

To a stirred solution of (4-methyl-piperidin-4-y1)-carbamic acid benzyl ester (0.5 g,
2.02 mmol, Example 30B) in dioxane (5.0 mL) at room temperature was added 2,5-dichloro-
pyridine (0.4 g, 2.79 mmol) and diisopropylethyl amine (0.2 mL, 1.1 mmol). The reaction
mixture was stitred at 80 °C for 48 hours, concentrated under reduced pressure and purified
by flash chromatography with 10% to 40% ethyl acetate in hexane to provide (5'-chloro-4-
methyl-3,4,5,6-tetrahydro-2H-(1,2)bipyridinyl-4-yl)-carbamic acid benzy] ester. MS (CI)
m/z360 (M+1)"; "THNMR (300 MHz, CDCl) & ppm 8.01(d, 1H), 7.49 (dd, 1H), 7.36-7.27
(m, 5H), 7.26 (m, 1H), 6.78 (d, 1H), 5.04 (s, 2H), 3.82 (m, 2H), 3.21 (m, 2H), 2.15 (m, 2H),
1.58 (m, 2H), 1.35 (s, 3H).

To a stirred solution of (5'-chloro-4-methyl-3,4,5,6-tetrahydro-2H-(1,2))bipyridinyl-4-
yh)-carbamic acid benzyl ester (0.060 g, 0.17 mmol ) in acetonitrile (1.0 mL) at room
temperature was added iodotrimethysilane (0.04 mL, 0.25 mmol). The reaction mixture was
stirred at 50 °C for 30 minutes, concentrated under reduced pressure, and purified by flash
¢hromatography with 3% methanol in dichloromethane to provide titled compound. MS €D
m/z226 (M+1)*.

Example 36
(28,5R)-1-{N-(1-(5-chloropyridin-2-yl)-4-methylpiperidin-4-yl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile

To a stirred solution of (28, 5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.013 g, 0.066 mmol, Example 8D) in acetonitrile (0.75 mL) and dioxane (0.75 mL) at room
temperature was added 5'-chloro-4-methyl-3,4,5,6-tetrahydro-2H-(1,2")bipyridinyl-4-ylamine
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(0.028 g, 0.125 mmol). The reaction mixture was stirred at 70 °C for 48 hours, concentrated
under reduced pressure and purified by high pressure liquid chromatography with acetonitrile
and water containing 0.02% TFA. The residue was solidified by trituration with diethy! ether
to provide the titled compound as the TFA salt. MS (CI) m/z 386 (M+1)"; "THNMR (300
MHz, methanol-dy) & ppm 8.10 (m, 1H), 7.56 (d,d, 1H), 6.87 (d, 1H), 4.93 (m, 1H), 4.81 (m,
2H), 434-4.12 (m, 4H), 3.35 (m, 1H), 3.23 (d, 1H), 3.15-3.06 (m, 2H), 2.46-2.31 (m, 4H),
1.88-1.99 (m, 4H), 1.55 (m, 3H).

Example 37
(28,5R)-5-ethynyl-1-(N-(1-pyridin-2-ylpiperi din-4-ylglyeylpyrrolidine-2-carbonitrile

Example 37A
3.4,5,6-Tetrahydro-2H-(1,2"bipyridinyl-4-ylamine

Pdy(dba); (0.040 g, 0.044 mmol), XANTHPOS (0.070 g, 0.122 mmol), dioxane
(5mL), and Cs,COs (1.10g, 3.15 mmol) were added into a dry Schlenk flask which was
purged with nitrogen several times at room temperature. Then piperidin-4-yl-carbamic acid
tert-butyl ester (0.50g, 2.34 mmol) was added followed by 2-bromopyridine (0.452g, 0.285
mmol) and additional nitrogen purges. The reaction mixture was heated at 100 °C for 48
hours. The reaction was then cooled to room temperature, taken up in ethyl acetate (20 mL),
washed with brine (2x), water (2x), dried over MgSQy, and concentrated under reduced
pressure. The residue was purified by flash chromatography with 5% to 35% ethyl acetate in
hexane. MS (CI) m/z278 (M+1)*; 'H NMR (300 MHz, methanol-dy) 8 ppm 8.03 (d, 1H),
7.57 (t, 1H), 6.86 (d, 1H), 6.65 (t, 1H), 4.84 (m, 1H), 4.16 (m, 2H); 3.58 (m, 1H), 3.04-2.95
(m, 2H), 1.92 (m, 2H), 1.52-1.47 (m, 2H), 1.44 (s, 9H).

To a stirred solution of (3,4,5,6-tetrahydro-2H-(1,2")bipyridinyl-4-yl)-carbamic acid
tert-butyl ester (0.45 g, 1.49 mmol ) in dioxane (3.0 mL) at room temperature was added 4M
HClin dioxane (8mL). The reaction mixture was stirred at room temperature 30 minutes.

The reaction mixture was concentrated under reduced pressure, and the residue treated with
ether. The titled compound was collected by filtration. MS (CD) m/z 203 (M+1)",

Example 37
(28,5R)-5-ethynyl-1-(N-(1 -pyridin-2-ylpiperidin-4-yDglycylpyrrolidine-2-carbonitrile
To a stirred solution of (28, 5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.027 g, 0.14 mmol. Example 8D) in acctonitrile (0.5 mL), dioxane(0.5 mL), and water (0.7
mL) at room temperature was added 3,4,5 ;6-tetrahydro-2H-(1,2")bipyridinyl-4-ylamine (0.028
g 0125 mmol) and diisopropylethylamine (0.072mL, 0.41mmol). The reaction mixiure was
stirred at room temperature for 48 hours, concentrated under reduced pressure and purified by
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lash chromatography with 5% methanol in dichloromethane. The product was mixed with
4M HCl in dioxane (2mL), and after 0.5 h, the volatiles were removed under reduced
pressure, and the residue was solidified by trituration with diethyl ether to provide the titled
compound as the HCI salt. MS (CI) mv/z 338 (M+1)*; "H NMR (300 MHz, methanol-d4) §
ppm 8.09(m, 1H), 7.9 (d, 1H), 7.47 (d. 1H), 7.05 (i, 1H), 4.88 (m, 1H), 4.45-4.19 (m, 5H),
3.61-3.35 (mm, 2H), 3.21 (m, 1H), 2.47-2.33 (m, 6H), 1.86-1.82 (m, 2H), 1.37-1.15 (m, 2H).

Example 38
(28,5R)-5-ethynyl-1-(N-{4-methyl-1-(4-(trifluoromethyl)pyrimidin-2-y])piperidin-4-
yl}glyeyDpyrrolidine-2-carbonitrile

Example 38A
4-Methyl-1-(4-trifluoromethyl-pyrimidin-2-yl)-piperidin-4-ylamine

To a stirred solution of (4-methyl-piperidin-4-yl)-carbamic acid benzyl ester
hydrochloride salt (0.15 g, 0.53 mmol, Example 30B) in dioxane (1.0 mL) at room
temperature was added 2-chloro-4-trifluoromethyl-pyrimidine (0.1 g, 0.55 mmol) and
diisopropylethyl amine (0.2 mL, 1.1 mmol). The reaction mixture was stirred at 150 °Cin a
microwave for 30 minutes, concentrated under reduced pressure and purified by flash
chromatography with 30% ethyl acetate and hexane to provide (4-methyl-1-(4-
trifluoromethyl-pyrimidin-2-yl)-piperidin-4-yl)-carbamic acid benzyl ester. MS (CI) m/z 395
(M+1)"; TH NMR (300 MHz, CDCl;) & ppm 8.48(d, 1H), 7.37-7.32 (m, 5H), 6.72 (d, 1H),
5.08 (s, 2H), 4.67 (bs, 1H), 4.22 (m, 2H), 3.49 (m, 2H), 2.08 (m, 2H), 1.68-1.60 (m, 2H), 1.35
(s, 3H).

To a stirred solution of (4-methyl-1-(4-trifluoromethyl-pyrimidin-2-y1)-piperidin-4-
yl)-carbamic acid benzyl ester (0.060 g, 0.17 mmol ) in acetonitrile (1.0 mL) at room
temperature was added iodotrimethysilane (0.04 mL, 0.25 mmol). The reaction mixture was
stirred at 50 °C for 30 minutes, concenirated under reduced pressure and purified by flash
chromatography with 3% methanol in dichloromethane to provide the titled compound. MS
(CT) m/z 261(M+1)"; "H NMR (300 MHz, methanol-d;) 3 ppm 8.61(d, 11), 6.92 (d, 1H),
4.83 (m, 2H), 4.50 (m, 2H), 3.51 (m, 2H), 1.90-1.74 (m, 4H), 1.51 (s, 3H).

Example 38
(28,5R)-5-ethynyl-1-(N-{4-methyl-1-(4-(tzifluoromethyl)pyrimidin-2-yl)piperidin-4-
ylglyeyl)pyrrolidine-2-carbonitrile
To a stirred solution of (28, 5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.04 g, 0.205 mmol, Example 8D) in acetonitrile (3 mL) at room temperature was added
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Example 38A (0.140 g, 0.54 mmol) and diisopropylethylamine (0.10mL, 0.58mmol). The
reaction mixture was stirred at room temperature for 48 hours, concentrated under reduced
pressure and purified by flash chromatography with 3% methanol:dichloromethane with
0.03% ammonia. The product was mixed with 4M HCI in dioxane (2mL), and after 0.5 h, the
solvent were removed under reduced pressure and the residue was solidified by trituration
with diethyl ether to provide the titled compound as the HCl salt. MS (CI) m/z 421 (M1
"HNMR (300 MHz, methanol-dy) 8 ppm 8.61(d, 1H), 6.95 (d, 1H), 4.85 (m, 2), 4.21 (g,
2H), 3.12-3.23 (m, 6H), 2.28-2.45 (m, 4H), 1.80-2.03 (m, 4H), 1.6 (m, 3H).

Example 39
(28,5R)-5-ethynyl-1-(N-(1-isonicotinoyl-4-methylpiperidin-4-yl) slycyl)pyrrolidine-2-
carbonitrile

Example 39A
(4-Amino-4-methyl-pipcridin-1-yl)-pyridin-4-yl-methanone

To a stirred solution of (4-methyl-piperidin-4-yl)-carbamic acid benzyl ester
hydrochloride salt (0.15 g, 0.53 mmol, Example 30B) in dichloromethane (3 mL) at room
ternperature was added isonicotinoy! chloride (0.4 g, 2.79 mmol) and triethylamine (0.17 mL,
1.2 mmol). The reaction mixture was stirred at room temperature for 3 hours, aqueous
ammonium chloride was added, and the mixture was extracted with dichloromethane (2x).
Combined organic layers were washed with 10% KHSO,, sat. NaHCOj3, and brine before
drying (MgS0s), and concentration under reduced pressure to provide (4-methyl-1-(pyridine-
4-carbonyl)-piperidin-4-yl)-carbamic acid benzyl ester. MS (CI) m/z 354 M+ 'HNMR
(300 MHz, CDCl5) & ppm 8.69 (d, 2H), 7.40-7.31(m, 7H), 5.06 (s, 2H), 4.15 (m, 1H), 4.62
(m, 4H), 2.12 (m, 2H), 1.77-1.45 (m, 2H), 1.42 (s, 3H).

To a stirred solution (4-methyl-1-(pyridine-4-carbonyl)-piperidin-4-yl)-carbamic acid
benzy! ester ( 0.085g, 0.24 mmol ) in acetonitrile (2.0 mL) at room temperature was added
iodotrimethysilane (0.06 mL, 0.36 mmol). The reaction mixture was stirred at 50 °C for 30
minutes and concentrated under reduced pressure. The solid residue was washed with
acetone and filtered to provide titled compound. MS (CI) m/z 220 (M+1)"; 'HNMR (300
MHz, DMSO-de) 3 ppm 8.89(d, 2H), 7.74(d, 2H), 4.04 (m, 2H, NH2), 3.42-3.25 (m, 4H),
1.77-1.45 (m, 4H), 1.42 (s, 3H).

Example 39
(28.5R)-5-ethynyl-1-(N-(1-isonicotinoyl-4-methylpiperidin-4-ylelycylpyrrolidine-2-
carbonitrile
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To a stirred solution of (28, 5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.152 mmol, Example 8D) in acetonitrile (3 mL) at room temperature was added (4-
amino-4-methyl-piperidin-1-yl)-pyridin-4-yl-methanone (0.110 g, 0.31 mmol) and
diisopropylethylamine (0.06mL, 0.31mmol). The reaction mixture was stirred at room
temperature for 48 hours, concentrated under reduced pressure and purified by high pressure
liquid chromatography with acetonitrile and water buffered with ammonium acetate, The
product was mixed with 4M HCI in dioxane (2 mL) and after 0.5 hours, the solvent were
removed under reduced pressure, and the residue was solidified by trituration with ether to
provide the titled compound as the HCI salt. MS (CI) m/z 380 (M+1)*; 'H NMR (300 MHz,
CDCls) & ppm 8.69(d, 2H), 7.27 (d, 2H), 4.78 (m, 11T), 4.59 (m, 1H), 4.01(m, 1H), 3.2-3.75
(m, 6H), 2.62 (bs, 1H), 2.31-2.58 (m, 4H), 1.41-1.78 (m, 4H), 1.17 (m, 3H).

Lxample 40
(28,5R)-5-ethynyl-1-(N-(4-methyl-1-( S-carboxy-pyridin-2-yl)piperidin-4-
yhelyeyDpyrrolidine-2-carbonitrile

Example 40A
6-Fluoro-nicotinic acid tert-butyl ester

To a stirred and refluxed solution of 6-fluoro-nicotinic acid (0.092 g, 6.52 mmol ) in
benzene and 2-methyl-propan-2-ol (2:1, 15:7 mL) was added dropwise N,N-
dimethylformamide di-fer#-butyl acetal (8.2 mL, 29.6 mmol). The reaction mixture was
refluxed for 3 hours, cooled to room temperature and pattitioned between aqueous NaHCO;
and dichloromethane. The organic layer was washed with water and brine, dried (MgSOy),
filtered, concentrated under reduced pressure and purified by flash chromatography with 15%
to 30% ethy! acetate in hexane to provide the titled compound, MS (CD m/z 197 (M) 1H
NMR (300 MHz, CDCls) & ppm 8.82(d, 1H), 8.38(m, 1H), 6.98(d, 1H), 1.64 (s, 9H).

Example 40B
4-Amino-4-methyl-3, 4, 3, 6-tetrahydro-2H-( 1.2"bipyridinyl-5'-carboxylic acid tert-butyl
ester
To a stitred solution of (4-methyl-piperidin-4-yl)-carbamic acid benzyl cster (0.31 g,
1.28 mmol, Example 30B) in dioxane (5.0 mL) at room temperature was added 6-fluoro-

nicotinic acid tert-butyl ester (0.21 g, 1.07 mmol). The reaction mixture was stirred at 80 °C
for 18 hours, concentrated under reduced pressure and purified by flash chromatography with
10% to 30% ethyl acetate in hexane to provide 4-benzyloxycarbonylamino-4-methyl-3,4,5,6-
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tetrahydro-2H-(1,2bipyridinyl-5'-carboxylic acid terl-butyl ester. MS (CI) m/z 426 (M+1)";
"HNMR (300 Mz, CDCl3) & ppm 8.74(d, 1H), 7.97 (dd, 1H), 7.35 (m, 5H), 7.26 (s, 1H),
5.07 (s, 2H), 4.68 (s, 1H), 3.97 (m, 2H), 3.37 (m, 2H), 2.08 (m, 2H), 1.66 (m, 2H), 1.56 (s,
9H), 1.42 (s, 3H).

To a stirred solution of 4-benzyloxycarbonylamino-4-methyl-3,4,5, 6-tetrahydro-2H-
(1,2"bipyridinyl-5'-carboxylic acid tert-butyl ester (0.29 g, 0.68 mmol ) in isopropanol,
methanol and ethyl acetate (1:1: 1, 5.0 mL) at room temperature was added ammonium
formate (0.25 g, 1.07 mmol) and 10% Pd/C (25 mg) under nitrogen. The reaction mixture
was stitred at 80 °C for 30 minutes, cooled, filtered through Celite, and concentrated under
reduced pressure to provide the titled compound. MS {CD m/z 292 (M+1)"; 'H NMR (300
MHz, methanol-dy) 8 ppm 8.61(d, 1H), 7.95 (d,d 1H), 6.79 (d, 1H), 4.80 (s, 2H), 3.85-3.79
(m, 2H), 3.66-3.60 (m, 2H), 1.67-1.59 (m, 4H), 1.58 (s, 9H), 1,23 (s, 3H).

Example 40
(28,5R)-5-ethynyl-1-(N-(4-methyl-1-( S-carboxy-pyridin-2-yl)piperidin-4-
yDglyeyl)pyrrolidine-2-carbonitrile

To a stirred solution of (28, 5 R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.058 g, 0.30 mmol, Example 8D) in dioxane(3.0 mL) and water (1.0mL) at room
temperature was added 4-amino-4-methyl-3,4,5,6-tetrahydro-2H-( 1,2")bipyridinyl-5'-
carboxylic acid tert-butyl ester (0.170 g, 0.58 mmol). The reaction mixture was stirred at
room temperature for 48 hours, concentrated under reduced pressure and purified by flash
chromatography with 5% methanol in dichloromethane. The product was mixed with TFA in
dichloromethanc(1:1, 6mL), and after 2 h, the volatiles were removed under reduced
pressure. The residue was solidified by trituration with diethyl ether to provide the titled
compound as the TFA salt. MS (CI) m/z 396 (M+1)"; 'H NMR (300 MHz, methanol-d,) &
ppm 8.68(d, 1H), 8.15 (d.d, 1K), 7.03 (d, 1H), 4.84 (m, 2H), 4.47 (d, 21), 4.32-4.14 (g, 2H),
3.31-3.25 (m, 2H), 3.20 (d, 1H), 2.51-2.23 (m, 5H), 2.06-1.93 (m, 4H), 1.59 (m, 3H).

Example 41
(28,5R)-5-ethynyl-1-(N~(4-methyl-1-(5-cyano-pyridin-3 -yDpiperidin-4-yhglycylpyrrolidine-
2-carbonitrile

Example 41A
4-Amino-4-methyl-3,4,5,6-tetrahydro-2H-(1 3)bipyridinyl-5'-carbonitrile
Pd(Ac0), (0.008 g, 0.036 mmol, BINAP (0.032 g, 0.052mmol) toluene (3mL), and
Cs2C0s (0.280g, 0.85 mmol) were added into a dry Schlenk flask which was purged with
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nitrogen scveral times at room temperature. Then (4-methyl-piperidin-4-yl)-carbamic acid
benzyl ester (0.280g, 0.85 mmol. Example 30B) was added followed by 5-bromo-
nicotinonitrile (0.280g, 0.85 mmol), and the reaction vessel wa purged with nitrogen again.
The reaction mixture was heated at 100 °C for 72 hours. The reaction was then cooled to
room temperature and taken up in ethyl acetate (20 mL), washed with brine (2x), water (2x),
dried over MgS0,, and concentrated under reduced pressure (o give crude product. The
residue was purified by flash chromatography with 10% to 35% ethylacctate/hexane. MS
(CD) m/z 351(M+1)*.

To a stirred solution of (5'-cyano-4-methyl-3 +4,5,6-tetrahydro-2H-(1,3"bipyridinyl-4-
yl)-carbamic acid benzyl ester (0.051 g, 0.15 mmol ) in isopropanol, (3.0 mL) at room
temperature was added ammonium formate (0.050 g, 0.8 mmol) and 10% Pd/C (15 mg)
under nitrogen. The reaction mixture was stirred at 90 °C for 18 hours, cooled, filtcred
through Celite and concentrated under reduced pressurc to provide the titled compound. MS
(CI) m/z 292 (M+1)"; "H NMR (300 MHz, methanol-dy) & ppm 8.48 (d, 1H), 8.18 (d, 1H),
7.65 (m, 1H), 3.49-3.36 (m, 2H), 3.32-3.36 (m, 2H), 1.73-1.61 (m, 4H), 1.20 (s, 3H).

Example 41B
(2S8.5R)-5-ethynyl-1-(N-(4-methyl-1-( S-cyano-pyridin-3-yDpiperidin-4-yDglyeyl)pyrrolidine-
2-carbonitrile
To a stirred solution of (28, 5R)-1-(chloroacetyl)-S-ethynylpyrrolidine-2-carbonitrile
(0.013 g, 0.066 mmol, Example 8D) in acetonitrile (0.8 mL) at room temperature was added
4-amino-4-methyl-3,4,5,6-tetrahydro-2H-(1,3"bipyridinyl-5'-carbonitrile (0.028 g, 0.13
mmol). The reaction mixture was stirred at 70 °C for 48 hours, concentrated under reduced
pressure and purified by flash chromatography with 2-4% methanol:dichloromethane. The
product was mixed with 4M HCI in dioxane (2mL) and after 0.5 h, the volatiles were

removed under reduced pressure, and the residue was solidified by trituration with diethyl
ether to provide the titled compound as the HCl salt. MS (CI) m/z 377 (M+1)*; 'H NMR
(300 MHz, methanol-ds) & ppm 8.48(d, 1H), 8.18 (d, 1H), 7.66 (m, 1H), 5.01 (m, 1H), 4.77-
5.0 (m, 2H), 3.78-3.45 (m, 4H), 3.34 (m, 1H), 3.08 (d, 1H), 2.51 (bs, 1H), 2.05-2.41 (m, 4H),
1.70-1.77 (m, 4H), 1.19 (m, 3H).

Example 42
(25,5R)-5-ethynyl-1-(N-trans(4-hydroxycyclohexylelyeyl)pyrrolidine-2-carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.030 g, 0.15 mmol, Tixample 8D) in acetonitrile (1 mL) at room temperature was added
trans-4-aminocyclohexanol (35 mg, 0.31 mmol). The reaction mixture was stirred at room
temperature for 18 hours, concentrated under reduced pressure and purified by flash
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chromatography with 3% methanol:dichloromethane to provide the titled compound. MS
(ESD) m/z 276 (M+H)"; 'H NMR (CDCls) & 4.73 (m, 1H), 4.60 (m, 1H), 3.62 (m, 2H), 3.60
(m, 1H), 2.52 (d, 1H), 2.48 (m, 1H), 2.38 (m, 2H), 1.98 (m, 4H), 1.25 (m, 4H).

Example 43
(28.5R)-5-ethynyl-1-(N-(4-trans { (4'-fluoro-5-(trifluoromethyl)-1,1'-biphenyl-2-
yhoxy}cyclohexyDglycyl)pyrrolidine-2-carbonitrile

Example 43A
4-trans(2-bromo-4-trifluoromethyl-phenoxy)-cyclohexylamine

To a stirred solution of trans-4-aminocyclohexanol (115 mg, 1 mmol) in DMF (3 mL)
at 0 °C was added 60% NaH in mineral ol (120 mg, 3 mmol). The reaction mixture was
stirred at 0 °C for % hour and then 3-bromo-4-fluoro- [-trifluoromethy! benzene (0.17 ml, 1.2
mmol) was added. It was heated to 60 °C for 2 hours and stirred for 12 hours at room
temperature. The reaction mixture was diluted with ethyl acetate and washed with water (3
times) and brine. The organic layer was dried (sodium sulfate), filtered, and concentrated
under reduced pressure to provide the titled compound. MS (DCI) m/z 338 (M+H)".

Example 43B
(4-trans(2-bromo-4-trifluoromethyl-phenoxy)-cyclohexyl)-carbamic acid zeri-butyl ester

To a cold solution (0 °C) of 4-(2-bromo-4-trifluoromethyl-phenoxy)-cyclohexylamine
(1 mmol) and NEf; (0.42 ml, 3 mmol) in CH,Cl, (5 mL) was added (Boc)O (261 mg, 1.2
mmol) in CH,Cl, (1 mL) solution via syringe. The reaction mixture was stirred from 0 °C to
room temperature for 2 hours. It was diluted with CH,Cl, and washed with water (2 times)
and brine. The organic layer was dried (sodium sulfate), filtered, concentrated under reduced
pressure and purified by flash chromatography with 30% ethy! acetate/hexane to provide the
titled compound. MS (ESI) m/z 438 (M+H)".

Example 43C
(4-trans(4’-fluoro-5-trifluoromethyl-biphenyl-2-yloxy)-cyclohexyl)-carbamic acid feré-butyl

ester
To a cold solution of (4-(2-bromo-4-trifluoromethyl-phenoxy)-cyclohexyl)-carbamic
acid fert-butyl ester (219 mg, 0.5 mmiol) in isopropanol (5 mL) was added 4-
fluorophenylboronic acid (84 mg, 0.6 mmol), Pd(PPh;),Cl, (35 mg, 0.05 mmol), and K,CO4
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(207 mg, 1.5 mmol). The reaction mixture was heated to 85 °C for 3 hours. Tt was diluted
with ethyl acetate and washed with water (2 times) and brine. The organic layer was dried
(sodium sulfate), filtered, concentrated under reduced pressure and purified by flash
chromatography with 30% ethyl acetate/hexane to provide the titled compound. MS (ESI)
m/z 454 (M+H)".

Example 43D
4-trans(4’-fluoro-5-trifluoromethyl-biphenyl-2-yloxy)-cyclohexylamine
To a solution of (4-(4’-fluoro-5-trifluoromethyl-biphenyl-2-yloxy)-cyclohexyl)-
carbamic acid tert-butyl ester (139 mg, 0.31 mmol) in CH,Cl, (1 mL) was added 4N
HCl/dioxane (3 ml). The reaction mixture was stirred at room temperature for 3 hours and
concentrated under reduced pressure to provide the titled compound. MS (ESI) m/z 354
(M:+H)",

Example 43
(28,5R)-5-ethynyl-1-(N-(4-trans { (4'-fluoro-5-(trifluoromethyl)-1,1-biphenyl-2-
yhoxyteyclohexyl)glyeyl)pyrrolidine-2-carbonitrile

To a stirred solution of (28,5R)-1-(chloroacetyl)-S-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-
(#-fluoro-5-trifluoromethyl-biphenyl-2-yloxy)-cyclohexylamine (0.31 mmol) and NEt;
(0.063 ml, 0.45 mmol). The reaction mixture was stirred at room temperature for 18 hours,
concentrated under reduced pressure and purified by flash chromatography with 3%
methanol:dichloromethane to provide the titled compound. MS (ESI) m/z 514 (M+H)"; 'H
NMR (DMSO0) & 7.58 (m, 3H), 7.43 (d, 1H), 7.25 (m, 2H), 7.15 (d, 1H), 4.98 (m, 1H), 4.85
(m, 1H), 435 (m, 2H), 3.87 (m, 1H), 3.14 (m, 1), 2.29-2.45 (m, 3H); 2.15 (m, 6H), 1.60 (m,
4H).

Example 44
(28,5R)-5-ethynyl-1-(N-{4-trans(4-
(trifluoromethoxy)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile

Example 44A
4-trans(trifluoromethoxy-phenoxy)-cyclohexylamine

To a stirred solution of trans-4-aminocyclohexanol (230 mg, 2mmol) in DMF (10
mL) at 0 °C was added 60% NaH in mineral oil (240 mg, 6 mmol). The reaction mixture was
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stirred at 0 °C for % hour and then 1-fluoro-4-(trifluoromethoxy)benzene (432 mg, 2.4 mmol)
was added. It was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature.
The reaction mixture was diluted with ethyl acctatc and washed with water (3 times) and
brine. The organic layer was dried (sodium sulfate), filtered, and concentrated under reduced
pressure to provide the titled compound. MS (DCI) m/z 276 (M+H)*,

Example 44
(28,5R)-5-ethynyl-1-(N-{4-trans(4-
(trifluoromethoxy)phenoxy)eyclohexyl}glyeyl)pyrrolidine-2-carbonitrile
To a stitred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-
(trifluoromethoxy-phenoxy)-cyclohexylamine (84 mg, 0.31 mmol). The reaction mixture
was stirred at room temperature for 18 hours, concentrated under reduced pressure and

purified by flash chromatography with 3% methanol:dichloromethane to provide the titled
compound. MS (EST) m/z 436 (M-+H)"; "H NMR (CD;0D) 8 7.19 (d, 2H), 6.9 (d, 2H), 4.32
(m, 2H), 4.18 (m, 111), 3.21 (m, 1H), 2.4 (d, 3H), 2.27 (m, 6H); 1.67 (m, 2H); 1.5 (m, 2H),
1.37 (m, 2H).

Example 45
(28,5R)-5-ethynyl-1-(N-( 4-hydroxy-l-methylcyclohexyl)glycyl)pynolidine-z-carbonitrﬂg

Example 45A
4-(tert-Butyl-dimethyl-silanyloxy)-cyclohexanecarboxylic acid ethyl ester

To a solution of 4-hydroxy-cyclohexanecarboxylic acid ethyl ester (10.32 g, 59.92
mmol) in dimethylformamide (50 mL) was added imidazole (8.16 g, 119.8 mmol), followed
by tert-butyldimethylsilyl chloride (9.94 g, 65.9 mmol). The resulting mixture was stirred at

room temperature for 16 hours. Diethy] ether was added (150 mL), and the mixture was
washed with 1M HCI (150 mL). The aqueous layer was extracted with diethyl ether (150
mL). The combined organic layers were washed with 1M HCI (100 mL) and saturated
sodium chloride solution (100 mL), dried over magnesinm sulfate, filtered and concentrated
to afford a clear oil. MS (CI) m/z 287 (M+1)"

Example 45B
4-(tert-Butyl-dimethyl-silanyloxy)-cyclohexanecarboxylic acid
"o a solution of Example 45A (6.6 g, 23.0 mmol) in tetrahydrofuran (31 mL) and
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methanol (20 mLL) was added lithium hydroxide monohydrate (1.93 g, 46.1 mmol). The
resulting mixture was heated at 60 °C for 2 hours. The heat was removed and the reaction
mixture was stirred at room temperature overnight. The solvents were removed in vacuo and
the solution was neutralized with 1M HCl. Ethyl acetate (200 mL) was added and the layers
were separated. The aqueous layer was further extracted with ethyl acetate (2 X 200 mL).
The combined organic layers were dried over sodium sulfate, filtered and concentrated to
give the titled compound (4.5 g). MS (CI) m/z 259 (M-+1)"

Example 45C
4-(tert-Butyl-dimethyl-silanyloxy)-1-methyl-cyclohexanecarboxylic acid
To a cold (-78 °C) of diisopropylamine (3.44 mL, 24.5 mmol) in tetrahydrofuran (49
mL) was added n-butyl lithium (2.5 M in hexanes, 9.81 mL, 24.5 mmol) dropwise over 10
minutes. The ice bath was removed, and the reaction mixture was allowed to warm to 0 °C
and then cooled back to —78 °C. A solution of Example 45B (3.3 g, 12.3 mmol) in
tetrahydrofuran (10 mL) was then added. The ice bath was removed and the reaction mixture

was heated at 50 °C for 2 hours. The reaction mixture was then cooled back to —78 °C and
methyl iodide (0.84 mL, 13.5 mmol) was added followed by stirring for 2 hours. The cooling -
bath was removed, and the reaction mixture was stirred at room temperature for 1 hour. The
reaction solution was then poured into diethyl ether (200 mL) and 1M HCI (200 mL). The
layers were separated and the aqueous layer was further extracted with diethyl ether (2 X 200
mL). The combined organic layers were dried over sodium sulfate, filtered and concentrated
to a crude yellow oil. The crude oil was purified by flash chromatography with 15% ethyl
acctatc/84% hexane/1% methanol to afford the titled compound (2.37 g) as a light yellow oil.
MS (CI) m/z 273 (M+1)*.

Example 45D
(4-(tert-Butyl-dimethyl-silanyloxy)-1-methyl-cyclohexyl)-carbamic acid benzyl ester
To a solution of example 45C (832 mg, 3.05 mmol) and triethylamine (596 uL, 4.27
mmol) in toluene (15 mL) was added diphenylphosphoryl azide (791 L, 3.66 mmol) via

syringe. The resulting light amber solution was stirred at 23 °C for 1 hour, then benzyl
alcohol (1.6 mL, 15.25 mmol) was added. The solution was then heated at 75 °C for 24
hours. The reaction mixture was cooled and the solvents removed in vacuo. The crude oil
was purifed by flash chromatography using a linear gradient of 95% hexane/5% ethyl acetate
to 30% ethyl acetate/70% hexane to give the title compound (995 mg) as an inseparable
mixture of diastereomers. MS (CI) m/z378 (M+1)"; "H NMR (300 MHz, DMSO) & ppm
7.37-7.28 (m, 10H), 6.86 (s, 1H), 6.82 (s, 1H), 4.96 (s,2H), 4.95 (s, 2H), 3.80-3.70 (m, 2H),
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3.62-3.50 (m, 2H), 2.05 (d, 2H), 1.79-1.75 (m, 2H), 1.64-1.20 (m, 8H), 1.19 (s, 3H), 1.16 (s,
3H), 0.84 (s, 9H), 0.83 (s, 9H), 0.02 (s, 12 H).

Example 45E
(4-Hydroxy-1-methyl-cyclohexyl)-carbamic acid benzyl ester
To a solution of example 45D (341 mg, 0.91 mmol) in tetrahydrofuran (5 mL) was

added tetrabutylammonium fluoride (1 M solution in THF, 2.0 mL, 2 mmol). The resulting
brown solution was stirred at room temperature for 24 hours and then concentrated in vacuo
and partitioned between ethyl acetate (100 mL) and water (100 mL). The organic layer was
dried over sodium sulfate, filtered and concentrated to afford a crude oil. The crude oil was
purified by flash chromatography using a linear gradient of 80% hexane/20% ethyl acetate to
80% ethyl acctate/20% hexane to give the title compound (185 mg) as an inseparable mixture
of diastereomers. MS (CI) m/z 264 (M+1)".

Example 45F
4-Amino-4-methyl-cyclohexanol

A mixture of example 45E (169 mg, 0.64 mmol), ammonium formate (105 mg, 1.67
mmol) and 10% palladium on carbon (7 mg) in isopropanol (5 mL) was heated at 80 °C for 1
hour. The reaction mixture was cooled and filtered through a plug of Celite. The filter pad
was washed with ethyl acetate (50 mL), and the filtrate was concentrated in vacuo to afford
the titled compound as an inseparable mixture of diastereomers. MS (CI) m/z 130 (M+1)';
'HNMR (300 MHz, CDCls) & ppm 3.77-3.71 (m, 2H), 3.65-3.61 (m, 2H), 1.87-1.61 (m, 4H),
1.63-1.33 (m, 10H), 1.15 (s, 3H), 1.11 (s, 3H).

Example 45
(28,5R)-5-ethynyl-1-(N-(4-hydroxy-1-methyleyelohexyl)glyeylpyrrolidine-2-carbonitrilc
A mixture of example 45F (66 mg, 0.51 mmol) and example 8D (50 mg, 0.26 mmol)

in acetonitrile (1 mL) was stirred at 23 °C for 48 hours. The reaction mixture was
concentrated and the crude material was purified by flash chromatography using using a step
gradient of 3% methanol/97% dichloromethane to 5% methanol /95% dichloromethane to
give the [ree buse of the title compound (33 mg) as an inseparable mixture of diastereomers.
The HCl salt was prepared by taking the free basc up in diethy] ether, adding the appropriate
amount of 1M HCl in diethyl ether and removing the solvent in vacuo. MS (CI) m/z 290
(M+1)"; "H NMR (300 MHz, MeOH-d;) 5 ppm 3.94-3.83 (m, 8H), 3.80-3.70 (m, 2H), 3.64-
3.59 (m, 2H), 3.16 (d, 1H), 3.15 (d, 1H), 2.50-2.28 (m, 8H), 1.95-1.45 (m, 14 H), 1.29 (s,
3H), 1.23 (s, 3H).
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Example 46
(28,5R)-5-ethynyl-1-{N-(1-methyl-4-trans(pyridin-3-yloxy)eyclohexylglyeyl} pyrrolidine-2-
carbonitrile

Example 46A
1-Methyl-4-trans(pyridin-3-yloxy)-cyclohexylamine
To a mixture of sodium hydride (46 mg, 2.0 mmol) in dimethylformamide (5 mL) at 0
°C was added example 45F (116 mg, 0.9 mmol). The resulling mixture was stirred at 23 °C
for 30 minutes, then 3-fluoropyridine (73 pL, 0.85 mmol) was added. The mixture was then

heated at 80 °C for 1 hour and then cooled. The reaction mixture was poured into saturated
sodium bicarbonate solution (50 mL). The solution was then extracted with ethyl acetate (3
X 50 mL). The combined organic layers were dried over sodium sulfate, filtered and
concentrated. The crude material was purified by flash chromatography using u step gradient
of 2% methanol/97.9% dichloromethane/0.1% ammonium hydroxide to 6% methanol /93.9%
dichloromethane/0.1% ammonium hydroxide to give the title compound (119 mg). MS (CI)
m/z 207 (M+1)'; 'H NMR (300 MHz, CDCl3) 8 ppm 831 (d, 1H), 8.19 (t, 1H), 7.19 (d, 2H),
4.41-4.36 (m, 1H), 2.05-1.90 (m, 2H), 1.76-1.70 (m, 2H), 1.50-1.38 (m, 4H), 1.20 (s, 3H).

Example 46
(28,5R)-5-ethynyl-1-{N-(1-methyl-4-trans(pyridin-3-vloxy)cyclohexyglycyl }pyrrolidine-2-

carbonitrile

A mixture of example 46A (105 mg, 0.51 mmol) and example 8D (50 mg, 0.26
mmol) in acetonitrile (0.75 mL) was stirred at 23 °C for 48 hours. The rcaction mixture was
concentrated and the crude material was purified by flash chromatography using a linear
gradient of 2% methanol/97.9% dichloromethane/0.1% ammonium hydroxide to 6%
methanol /93.9% dichloromethane/0.1% ammonium hydroxide to give the title compound (43
mg) as its free base. The HCI salt was prepared by taking the free base up in diethyl ether,
adding the appropriate amount of 1M HCl in diethy! ether and removing the solvent in vacuo.
MS (CI) n/z 367 (M+1)"; "H NMR (300 MHz, MeOF-d,) & ppm 8.67 (d, 1H), 8.65 (4, 1H),
8.29 (dd, 1H), 8.02 (dd, 1H), 4.93 (m, 1H), 4.80-4.72 (m, 1H), 4.25 (AB quartet, 2H), 3.24 (d,
1H), 2.50-2.15 (m, 6H), 2.10-1.75 (m, 6H), 1.52 (s, 3H).

Example 47
(28,5R)-1-(N-{4-trans((5~chloropyridin-3-yloxy)cyclohexyl} glycyl)-5-ethynylpyrrolidine-2-
carbonitrile
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Example 47A
4-trans(5—chloro-pyridin—3-yloxy)cyclohexylamine

To a stitred selution of trans-4-aminocyclohexanol (230 mg, 2 mmol) in DMF (5 mL)
at 0. °C was added 60% NaH in mineral oil (240 mg, 6 mmol). The reaction mixture was
stirred at 0 °C for % hour and then 3-chloro-5-fluoro-pyridine (0.21 ml, 2.4 mmol) was added.
It was heated to 60 °C for 2 hours and stirred for 12 hours at room temperaturc. The reaction
mixture was diluted with ethyl acetate and washed with water (3 times) and brine. The
organic layer was dried (sodium sulfate), filtered, and concentrated under reduced pressure to
provide the titled compound. MS (DCI) m/z 227 (M+H)",

Example 47
(28,5R)-1-(N-{4- trans((5-chloropyridin-3 ~yl)oxy)eyclohexyl} glyeyl)-5-ethynylpyrrolidine-
2-carbonitrile
To a stirred solution of (28,5R)-1 ~(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile

(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-(5-
chloro-pyridin-3-yloxy)cyclohexylamine (70 mg, 0.31 mmol). The reaction mixture was
stirred at room temperature for 18 hours, concentrated under reduced pressure and purified by
flash chromatography with 3% methanol:dichloromethane to provide the titled compound.
MS (LSI) m/z 387 (M+H)"; "HNMR (CDCly) § 8.17 (m, 2H), 7.19 (m, 1H), 4.74 (m, 1H),
4.59 (m, 1H), 4.24 (m, 1H), 3.63 (m, 2H), 2.61 (m, 1H), 2.53 (d, 1H), 2.40 (m, 4H), 2.15 (m,
2H), 2.04 (m, 2H), 1.54 (m, 2H), 1.33 (m, 2H).

Example 48
(28,5R)-1-{N-(4- trans(4-cyanophenoxy)cyelohexyl)glyeyl} -S-ethynylpyrrolidine-2-
carbonitrile

Example 48A
4-(4- transaminocyclohexyloxy)-benzonitrile

To a stirred solution of trans-4-aminocyclohexanol (115mg, Immol) in DMF (6 mL)
at 0 °C was added 60% NaH in mineral oil (120 mg, 3 mmol). The reaction mixture was
stirred at 0 °C for ¥ hour and then 4-fluorobenzonitrile (151 mg, 1.25 mmol) was added. It
was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The reaction
mixture was diluted with ethyl acetate and washed with water (3 times) and brine. The
organic layer was dried (sodium sulfate), filtered, and concentrated under reduced pressure to
provide the titled compound. MS (DCI) m/z 217 (M+H)".
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Example 48
(28,5R)-1-{N-(4- trans(4-cyanophenoxy)cyclohexyl)glycyl}-5-ethynylpyrrolidine-2-
carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-cthynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-(4-

aminocyclohexyloxy)-benzonitrile (66 mg, 0.31 mmol). The reaction mixture was stirred at
room temperature for 18 hours, concentrated under reduced pressure and purified by flash
chromatography with 3% methanol:dichloromethane to provide the titled compound. MS
(CGSI) m/z 377 (M+H)'; "H NMR (DMSO) § 7.74 (d, 2H), 7.14 (d, 2H), 4.95 (m, 1H), 4.84
(m, 1H), 4.39 (m, 1H), 3.92 (m, 1H), 3.44 (m, 2H), 3.16 (m, 1H), 2.28 (m, 2H), 2.17 (m, 6H),
2.14 (d, 1H), 1.53 (m, 4H).

Example 49
(28.5R)-5-ethynyl-1-(N-(4- trans{(5-(trifluoromethyl)pyridin-2-
ylhjoxy teyclohexyl)glycyl)pyrrolidine-2-carbonitrile

Example 49A
4- trans(5-trifluoromethyl-pyridin-2-yloxy)-cyclohexylamine

To a stirred solution of trans-4-aminocyclohexanol (345mg, 3mmol) in DMF (10 mL)
at 0 °C was added 60% NaH in mineral oil (360 mg, 6 mmol). The reaction mixture was
stirred at 0 °C for % hour, and then 2~chloro-5-(trifluoromethyl)pyridine (652 mg, 3.6 mmol)
was added. It was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature.
The reaction mixture was diluted with ethy] acetate and washed with water (3 times) and
brine. The organic layer was dried (sodium sulfate), filtered, and concentrated under reduced
pressure to provide the titled compound. MS (DCI) m/z 261 (M+H)".

Example 49
(28,5R)-5-ethynyl-1-(N-(4- trans{(5-(trifluoromethyl)pyridin-2-
yDoxy}eyclohexyl)glycyl)pyrrolidine-2-catbonitrile

To a stirred solution of (28,5R)-1-(chloroacetyl)-5-propynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-(5-
trifluoromethyl-pyridin-2-yloxy)-cyclohexylamine (80 mg, 0.31 mmol). The reaction
mixture was stirred at room temperature for 18 hours, concentrated under reduced pressure
and purified by flash chromatography with 3% methanol:dichloromethane to provide the
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titled compound. MS (ESI) m/z 421 (M+H)"; "TH NMR (DMSO) 6 8.58 (m, 1H), 8.06 (m,
1H), 6.97 (d, 1H), 4.97 (m, 1H), 4.86 (m, 1H), 4.35 (m, 1H), 3.88 (m, LH), 3.19 (m, 2H),
2.15-2.40 (m, 9H), 1.55 (m, 4H).

Example 50
(28,5R)-5-ethynyl-1-(N-{4- trans(3-pyridin-4-yl-4-
(trifluoromethyl)phenoxy)cyclohexyl} slyeyl)pyrrolidine-2-carbonitrile

Examplc 50A
4- trans(3-bromo-4-trifluoromethyl-phenoxy)-cyclohexylamine

To a stirred solution of trans-4-aminocyclohexanol (115 mg, 1 mmol) in DMF (3 mL)
at 0 °C was added 60% NaH in mineral oil (120 mg, 3 mmol). The reaction mixture was
stirred at 0 °C for % hour and then 2-bromo-4-fluoro-1-(trifluoromethyl)benzene (0.17 ml, 1.2
mmol) was added. It was heated to 60 °C for 2 hours and stirred for 12 hours at room
temperature. The reaction mixture was diluted with ethyl acetate and washed with water (3
times) and brine. The organic layer was dried (sodium sulfate), filtered, and concentrated
under reduced pressure to provide the titled compound. MS (DCI) m/z 338 (M+H)".

Examplc 50B
(4- trans(3-bromo-4-trifluoromethyl-phenoxy)-cyclohexyl)-carbamicacid ferz-butyl ester

To a cold solution (0°C) of 4-(3-bromo-4-trifluoromethyl-phenoxy)-cyclohexylamine
(1 mmol) and NEt; (0.42 ml, 3 mmol) in CHaCl, (5 mL) was added (Boc);0 (261 mg, 1.2
mmo}) in CH,Cl; (1 mL) solution via syringe. The reaction mixture was stirred from 0 °C to
room temperature for 2 hours, It was diluted with CH,Cl and washed with watcr (2 times)
and brine. The organic layer was dried (sodium sulfate), filtered, concentrated under reduced
pressure and purified by flash chromatography with 30% ethyl acetate/hexane to provide the
titled compound. MS (ESI) m/z 438 (M+H)".

Example 50C
(4- trans(3-pyridin-4-yl-4-trifluoromethyl-phenoxy)-cyclohexyl)-carbamic acid fer-butyl

ester
T'o a solution of (4-(2-bromo-4-trifluoromethyl-phenoxy)-cyclohexyl)-carbamic acid
tert-butyl ester (219 mg, 0.5 mmol) in isopropanol (3 mL) was added 4-pyridylboronic acid
(74 mg, 0.6 mmot), Pd(PPhs),Cl; (35 mg, 0.05 mmol), and K,CO; (207 mg, 1.5 mmol). The
reaction mixture was heated to 85 °C for 3 hours. It was diluted with ethyl acetate and
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washed with water (2 times) and brine. The organic layer was dried (sodium sulfate),
filtered, concentrated under reduced pressure and purified by flash chromatography with 30%
ethyl acetate/hexane to provide the titled compound. MS (EST) m/z 437 (M+H)".

Example 50D
4- trans(3-pyridin-4-yl-4-trifluoromethyl-phenoxy)-cyclohexylamine

To a solution of (4-(3-pyridin-4-yl-4-trifluoromethyl-phenoxy)-cyclohexyl)-carbamic
acid fert-butyl ester (135 mg, 0.31 mmol) in CH,Cl, (1 mL) was added 4N HCl/dioxane (3
ml). The reaction mixture was stirred at room temperature for 3 hours. It was concentrated
under reduced pressure to provide the titled compound. MS (ESI) m/z 337 (M+H)*.

Example 50
28,5R)-5-¢thynyl-1-(N-{4- trans(3-pyridin-4-yl-4-
(trifluoromcthyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile

To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-(3-
pyridin-4-yl-4-trifluoromethyl-phenoxy)-cyclohexylamine (0.31 mmol) and NE#3 (0.063 ml,
0.45 mmol). The reaction mixture was stirred at room temperature for 18 hours, concentrated
under reduced pressure and purified by flash chromatography with 3%
methanol:dichloromethane to provide the titled compound. MS (ESI) m/z 497 (M+H)"; 'H
NMR (CD;0D) & 8.94 (d, 2H), 8.10 (d, 2H), 7.85 (d, 1H), 7.31 (m, 1H), 7.08 (d, 1H), 4.94
(m, 1H), 4.85 (m, 1H), 3.18-3.25 (m, 4H), 2.20-2.50 (m, 911), 1.65 (m, 4H).

_Example 51
(28,5R)-5-ethynyl-1-{N-(4- trans(pyridin-2-yloxy)cyelohexylglycyl }pyrrolidine-2-
carbonitrile
Example 51A
4- trans(pyridin-2-yloxy)-cyclohexylamine

To a stirred solution of trans-4-aminocyclohexanol (230mg, 2mmol) in DMF (10 mL)
at 0 °C was added 60% NaH in mineral oil (240 mg, 6 mmol). The reaction mixture was
stirred at 0 °C for % hour and then 2-bromo-pyridine (0.23 ml, 2.4 mmol) was added. It was
heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The reaction
mixture was diluted with ethyl acetate and washed with water (3 times) and brine. The
organic layer was dried (sodium sulfate), filtered, and concentrated under reduced pressure to
provide the titled compound. MS (DCT) m/z 193 (M+H)".
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Example 51
(28,5R)-5-ethynyl-1-{N-(4- trans(pyridin-2-yloxy)cyclohexyl)glyeyl}pyrrolidine-2-
catbonitrile

To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperaturc was added 4-
(pyridin-2-yloxy)-cyclohexylaminc (60 mg, 0.31 mmol). The reaction mixture was stirred at
room temperature for 18 hours, concentrated under reduced pressure and purified by flash
chromatography with 3% methanol:dichloromethane to provide the titled compound. MS
(BSI) m/z 353 (M+1)"; "H NMR (CDCls) 8 8.13 (m, 1H), 7.54 (m, 1H), 6.82 (m, 1H), 6.87
(d, TH), 5.00 (m, 1H), 4.74 (m, 1H), 4.63 (m, 1H), 3.63 (m, 2H), 2.29-2.60 (m, 4H), 2.19 (m,
2H), 2,00 (m, 2H), 1.72 (m, 2H), 1.26-1.56 (m, 4H).

_Example 52
(28,5R)-5-ethynyl-1-{N-(1-methyl-4- trans(5-cyano-pyiidin-2-
yloxy)evelohexyl)glycyl}pymolidine-2-carbonitrile

Example 52A
6-(4-Amino-4- transmethyl-cyclohexyloxy)-nicotinonitrile

Example 52A was prepared in the same manner as example 464, by substituting 2-
chloro-5-cyanopyridine for 3-fluoropyridine. MS (CI) m/z 232 (M+1)"; 'H NMR (300 MHz,
CDCl;) & ppm 8.45 (t, 1H), 7.75 (dd, 1H), 6.75 (d, 1H), 5.25-5.16 (m, 1H), 2.10-1.40 (m,
8H), 1.21 (s, 3H).

Example 52
(28,5R)-5-ethynyl-1-{N-(1-methyl-4- irans(5-cyano-pyridin-2-
yloxy)cyelohexyl)slycyl} pyrrolidine-2-carbonitrile

Example 52 was prepared in the same manner as example 46, by substituting example
52A for example 46A. MS (CI) m/z 392 (M+1)"; "H NMR (300 MHz, MeOH-d,) § ppm
8.52 (d, 1H), 7.96 (dd, 1H), 6.87 (d, 1H), 5.20-5.10 (m, 1H), 4.90-4.80 (m, 1H), 4.20 (AB
quartet, 2H), 3.24 (d, 1H), 2.50-2.20 (m, 6H), 2.15-1.70 (m, 6H), 1.50 (s, 3H).

Example 53
(28,5R)-5-¢thynyl-1-{N-(4- trans(pyrimidin-2-yloxy)eyclohexyl)glycyl}pyrrolidine-2-
carbonitrile
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Example 53A
4- trans(pyrimidin-2-yloxy)-cyclohexylamine
To a stirred solution of trans-4-aminocyclohexanol (230mg, 2mmol) in DMF (10 mL)

at 0 °C was added 60% NaH in mineral oil (240 mg, 6 mmol). The reaction mixture was
stirred at 0 °C for % hour and then 2-chloro-pyrimidine (275 mg, 2.4 mmol) was added. It
was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The reaction
mixture was diluted with ethyl acetate and washed with water (3 times) and brine. The
organic layer was dried (sodium sulfate), filtered, and concentrated under reduced pressure to
provide the titled compound. MS (DCI) m/z 194 (M+H)". '

Example 53
(28,5R)-5-ethynyl-1- {N~(4- trans(pyrimidin-2-yloxy)cyclohexylglycyl} pyrrolidine-2-

carbonitrile

To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-
(pyrimidin-2-yloxy)-cyclohexylamine (60 mg, 0.31 mmol). The reaction mixture was stirred
at room temperature for 18 hours, concentrated under reduced pressure and purified by flash
chromatography with 3% methanol:dichloromethane to provide the titled compound. MS
(EST) m/z 353 (MHH)*; "H NMR (DMSO) & 8.58 (d, 2H), 7.09 (m, 1H), 4.91 (m, 1H), 4.75
(m, 1H), 3.57 (m, 117T), 3.52 (m, 2H), 2.20-2.38 (m, 3H); 1.91-2.13 (m, 6H), 1.45 (m, 2H),
1.20 (m, 2H).

Example 54
(28.5R)-5-ethynyl-1-{ N-(4- trans(5-cyano-pyridin-2-yloxy)cyclohcxylglyeyl L pyrrolidine-2-
carbonitrile

Example 54A
6-(4- trans-aminocyclohexyloxy)-nicotinonitrile
To a stirred solution of trans-4-aminocyclohexanol (115mg, lmmol) in DMF (6 mL)
at 0 °C was added 60% NuH in mineral oil (120 mg, 3 mmol). The reaction mixture was
stirred at 0 °C for % hour and then 2-chloro-5-cyanopyridine (151 mg, 1.25 mmol) was
added. It was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The
reaction mixture was diluted with ethyl acetate and washed with water (3 times) and brine.

The organic layer was dried (sodium sulfate), filtered, and concentrated under reduced
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pressure to provide the titled compound. MS (DCI) m/z 218 (M+H)".

Example 54
(28.5R)-5-ethynyl-1-{ N-(4- trans(5-cyano-pyridin-2-yloxy)eyclohexylglycylypyrrolidine-2-
carbonitrile

To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 6-(4-
aminocyclohexyloxy)-nicotinonitrile (66 mg, 0.31 mmol). The reaction mixture was stirred
at room temperature for 18 hours, concentrated under reduced pressure and purified by flash
chromatography with 3% methanol:dichloromethane to provide the titled compound. MS
(EST) m/z 377 (MHH); "H NMR (DMSO-d5) & 8.69 (m, 1H), 8.15 (m, 1), 6.96 (m, 1H),
4.99 (m, 1H), 4.86 (m, 1H), 4.35 (m, 1H), 3.88 (m, 1H), 3.19 (m, 2H), 2.29 (m, 2H), 2.25 (d,
1H), 2.18 (m, 6H), 1.54 (m, 4H).

Example 55
(28,5R)-5-ethynyl-1-(N-{4-(4- trans(trifluoromethyl)phenoxy)cyclohexyl} glycyDpyrrolidine-
2-carbonitrile

Example 55A
4- trans(4-trifluoromethyl-phenoxy)-cyclohexylamine

To a stirred solution of trans-4-aminocyclohexanol (230mg, 2mmol) in DMF (10 mL)
at 0 °C was added 60% NaH in mineral oil (244 mg, 6 mmol). The reaction mixture was
stirred at 0 °C for ¥ hour and then 4-fluorobenzotrifluoride (0.32ml, 2.5mmol) was added. Tt
was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The reaction
mixture was diluted with ethy] acetate and washed with water (3 times) and brine. The
organic layer was dried (sodium sulfate), filtered, and concentrated under reduced pressure to
provide the titled compound. MS (DCI) m/z 260 (M+H)".

Example 55
(28,5R)-5-ethynyl-1-(N-{4-(4- trans(irifluoromethylphenoxy)eyclohexyl}glyeyDpyrrolidine-
2-carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-(4-
trifluoromethyl-phenoxy)-cyclohexylamine (79 mg, 0.31 mmol). The reaction mixture was

stirred at room temperature for 18 hours, concentrated under reduced pressure and purified by
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flash chromatography with 3% methanol:dichloromethane to provide the titled compound.
MS (ESI) m/z 420 (M+H)"; 'H NMR (DMSO) § 7.62 (d,2 H); 7.15 (d, 2H), 4.96 (m, 1H),
4.86 (m, 1H), 4.39 (m, 2H), 3.90 (m, 1H), 3.18 (m, 1H), 2.52 (m,1H), 2.29 (m, 2H), 2.19 (4,
1H), 2.15 (m, 6H), 1.50 (m, 4H).

Examgle 56
(28,5R)-5-ethynyl-1-(N-{4-((5-fluoropyridin-3-yDoxy)-1-
methylcyclohexyl}glyeyl)pyrrolidine-2-carbonitrile

Example 56 was prepared in the same manner as cxample 46, by substituting 3,5-
difluoropyridine for 3-fluoropyridine. MS (ESI) m/z 385 (M+H)*; "H NMR (CDCl3) 8 8.13
(m, TH); 8.08 (d, 1H); 6.94 (m, 1H); 4.75 (m, 1H); 4.64 (m, 1H); 4.30 (m, 1H); 3.58 (m, 2H);
2.40 (m, 4H); 1.65-2.04 (m, 7H); 1.45 (m, 2H); 1.14 (s, 3H).

Example 57
(28,5R)-5-ethynyl-1-(N-(4- trans(4-carboxy-phenoxy)cyclohexyl)glyeyDpyrrolidine-2-
carbonitrile

Example 57A
4-(4- trans-aminocyclohexyloxy)-benzoic acid ferz-butyl ester

To a stirred solution of trans-4-aminocyclohexanol (345mg, 3 mmol) in DMF (9 mL)
at 0 °C was added 60% NaH in mineral oil (360 mg, 9 mmol). The reaction mixture was
stired at 0 °C for % hour and then tert-butyl 4-fluorobenzoate (706 mg, 3.6 mmol) was
added. Tt was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The
reaction mixture was diluted with ethyl acetate and washed with water (3 times) and brine.
The organic layer was dried (sodium sulfate), filtered, and concentrated under reduced
pressure to provide the titled compound. MS (DCI) m/z 292 (M-+H)".

Example 57B
(28,5R)-trans-4-{ 4-(2-(2-Cyano-5-ethynyl-pyrrolidin-1-yl)-2-0xo-ethylamino)-
cyclohexyloxy}-benzoic acid tert-butyl ester
To a stirred solution of (28,5R)-1-(chloroacetyl)-3-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-(4-
aminocyclohexyloxy)-henzoic acid fers-buty! ester (89 mg, 0.31 mmol). The reaction

mixture was stirred at room temperature for 18 hours, concentrated under reduced pressure

and purified by flash chromatography with 3% methanol/97% dichloromethane to provide the

titled compound. MS (EST) m/z 452 (M+H)"; "H NMR (CDCls) & 7.91 (d, 2H), 6.86 (d, 2H),
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4.74 (m, TH), 4.60 (m, 1H), 4.28 (m, 1H), 3.64 (m, 2E), 2.32-2.59 (m, 6H); 2.17 (m, 2H),
2.04 (m, 2H), 1.24-1.54 (m, 4H).

Exampe 57
(25,5R)-5-cthynyl-1-(N-(4- trans (4-carboxy-phenoxy)cyclohexyl)glyeyDpyrrolidine-2-
carbonitrile

. To a solution of Example 57B (40 mg, 0.088 mmol) in CH,Cl, (0.5 mL) was added
4N HCl/dioxane (1 ml). The reaction mixture was stirred at room temperature for 3 hours. It
was concentrated under reduced pressure to provide the titled compound. MS (ESI) m/z 396
(M+H)*, "H NMR (McOD) 5 7.95 (d, 2H), 6.98 (d, 2H), 4.45 (m, 1H), 4.24 (m, 2H), 3.18 (m,
2H), 2.20-2.45 (m, 6H); 1.50-1.74 (m, 4H).

Example 58
(28,5R)-5-ethynyl-1-(N-{4-(2-(2-oxopyrrolidin-1-y1)-4-
trans(trifluoromethylphenoxy)eyclohexyl } glycyl)pyrrolidine-2-carbonitrile

Example 584
4- trans(2-bromo-4-trifluoromethyl-phenoxy)-cyclohexylamine

To a stirred solution of trans-4-aminocyclohexanol (115 mg, 1 mmol) in DMF (3 mL)
at 0 °C was added 60% Nal in mineral oil (120 mg, 3 mmol). The reaction mixture was
stitred at 0 °C for % hour and then 3-bromo-4-fluoro-1-trifluoromethyl benzene (0.17 ml, 1.2
mmol) was added. It was heated to 60 °C for 2 hours and stirred for 12 hours at room
temperature. The reaction mixture was diluted with ethyl acetate and washed with water (3
times) and brine. The organic layer was dried (sodium sulfate), filtered, and concentrated
under reduced pressure to provide the titled compound. MS (DCI) m/z 338 (M+H)".

Example 58B
(4- trans(2-bromo-4-trifluoromethyl-phenoxy)-cyclohexyl)-carbamicacid fers-butyl ester

To a cold solution (0 °C) of 4-(2-bromo-4-trifluoromethyl-phenoxy)-cyclohexylamine
(1 mmol) and NEt; (0.42 ml, 3 mmol) in CH,Cl, (5 mL) was added (BocyO (261 mg, 1.2
mmol) in CH,Cl, (1 mL) solution via syringe. The reaction mixture was stirred from 0 °C to
room temperature for 2 hours. It was diluted with CH,Cl, and washed with water (2 times)
and brine. The organic layer was dried (sodium sulfate), filtered, concentrated under reduced
pressure and purified by flash chromatography with 30% ethy] acetate/hexane to provide the
titled compound. MS (ESI) m/z 438 (M-+H)",
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Example 58C
{4- trans(3-(2-oxo-pyrrolidin-1-yl)-4-trifluoromethyl-phenoxy)-cvclohexyl} -carbamic acid

tert-butyl ester

To a cold solution of (4-(2-bromo-4-trifluoromethyl-phenoxy)-cyclohexyl)-carbamic

acid zerr-butyl ester (220 mg, 0.5 mmol) in pyridine(5 mL) was added 2-pyrrolidinone
(0.08mi, 1 mmol), Cu powder (64 mg, 1 mmol), and K,COj (414 mg, 3 mmol). The reaction
mixture was heated to 85 °C for 16 hours. It was diluted with ethyl acetate and washed with
water (2 times) and brine. The organic layer was dried (sodium sulfate), filtered,
concentrated under reduced pressure and purified by flash chromatography with 50% ethyl
acetate/hexane to provide the titled compound. MS (EST) m/z 444 (M+H)".

Example 58D
1-(2-(4- trans-amino-cyclohexyloxy)-5-trifluoromethyl-phenyl)-pyrrolidine-2-one

To a solution of {4-(3-(2-oxo-pyrrolidin-1-yl)-4-trifluoromethyl-phenoxy)-
cyclohexyl}-carbamic acid fers-butyl ester (80 mg, 0.18 mmol) in CH,Cl, (1 mL) was added
4N HCl/dioxane (2 ml). The reaction mixture was stirred at room temperature for 3 hours. Tt
was concentrated under reduced pressure to provide the titled compound. MS (EST) m/z 344
(M+H)".

Example 58
(28,5R)-5-ethynyl-1-(N-{4- trans-(2-(2-oxopyrrolidin-1-y1)-4-
(trifluoromethyl)phenoxy)cyclohexyl} glycyDpyrrolidine-2-carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile

(0.024 g, 0.12 mmol ) in acetonitrile (1 mL) at room temperatute was added 1-(2-(4-amino-
cyclohexyloxy)-5-trifluoromethyl-phenyl)-pyrrolidine-2-one (0.18 mmol) and NEt3 (0.050
ml, 0.36 mmol). The reaction mixture was stirred at room temperature for 18 hours,
concentrated under reduced pressure and purified by flash chromatography with 3%
methanol:dichloromethane to provide the titled compound. MS (EST) m/z 504 (M+H)"; 'H
NMR (CD;0D) & 7.62 (m, 1H), 7.59 (m, 1H), 7.30 (d, 1H), 4.85 (m, 1H), 4.35 (m, 1H), 3.78
(m, 2H), 3.23 (m, 111), 3.14 (m, 1H), 2.53 (m, 2H), 2.4 (m, 2H), 2.20-2.33 (m, 7H), 1.62 (m,
4H).

Example 59
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(28,5R)-1-{N-(4- trans (4-cyano-2-methoxyphenoxy)cyclohexyDglycyl}-5-
ethynylpyrrolidine-2-carbonitrile

Example 59A
4-(4- trans-amino-cyclohexyloxy)-3-methoxy-benzonitrile
To a stirred solution of trans-4-aminocyclohexanol (115 mg, 1 mmol) in DMF (5 mL)
at 0 °C was added 60% NaH in mineral oil (120 mg, 3 mmol). The reaction mixture was
stirred at 0 °C for % hour and then 4-fluoro-3-methoxy-benzonitrile (182 mg, 1.2 mmol) was

added. It was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The
reaction mixture was diluted with ethyl acetate and washed with water (3 times) and brine.
The organic layer was dried (sodium sulfate), filtered, and concentrated under reduced
pressure to provide the titled compound. MS (DCI) m/z 247 (M+H)".

Example 59
(28,5R)-1-{N-(4- trans (4-cyano-2-methoxyphenoxy)cyclohexyhglycyl}-5-

ethynylpyrrolidine-2-carbonitrile

To a stirred solution of (28,5R)-1-(chloroacetyl)-3-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-(4-
amino-cyclohexyloxy)-3-methoxy-benzonitrile (75 mg, 0.31 mmol). The reaction mixture
was stirred at room temperature for 18 hours, concentrated under reduced pressure and
purified by flash chromatography with 3% methanol:dichloromethane to provide the titled
compound. MS (ESI) m/z 407 (MHH)'; 'HNMR (DMSO) & 7.40 (s, 1H), 7.37 (d, 1H), 7.25
(d, 1H), 4.95 (m, 1H), 4.84 (m, 1H), 4.39 (m, 2H), 3.90 (m, 1H), 3.79 (s, 3H), 3.44 (m, 2H),
3.16 (m, 1H), 2.28 (m, 2H), 2.16 (d, 1H), 2.13 (m, 6H), 1.53 (m, 4H).

Example 60
(28,5R)~1-(N-{4- trans ((5-chloropyridin-2-ylJoxy)eyclohexyl} elycyl)-5-ethynylpyrrolidine-
2-carbonitrile

Example 60A
+ 4- trans (S-chloro-pyridin-2-yloxy)-cyclohexylamine

To a stirred solution of trans-4-aminocyclohexanol (230mg, 2mmol) in DMF (10 mL)
at 0 °C was added 60% NaH in mineral oil (240 mg, 6 mmol). The reaction mixture was
stirred at 0 °C for % hour and then 2,5 -dichloro-pyridine (356 mg, 2.4 mmol) was added. It
was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The reaction
mixture was diluted with ethyl acetate and washed with water (3 times) and brine. The
organic layer was dried (sodium sulfate), filtered, and concentrated under reduced pressure to

82

-84-




10

15

20

30

35

WO 2004/026822 PCT/US2003/029018

provide the titled compound. MS (DCI) m/z 227 (M+H)".

Example 60
(28,5R)-1-(N-{4- trans ((5-chloropyridin-2-yDoxy)eyclohexyl} glyeyl)-5-ethynvlpyrrolidine-
2-carbonitrile
To a stirred solution of (2S,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol,Example 8D) in acetonitrile (1 ml.) at room temperature was added 4-(5-

chloro-pyridin-2-yloxy)-cyclohexylamine (70 mg, 0.31 mmol). The reaction mixture was
stirred at room temperature for 18 hours, concentrated under reduced pressure and purified by
flash chromatography with 3% methanol:dichloromethane to provide the titled compound.
MS (ESI) m/z 387 (M+H)"; "H NMR (CDCly) 6 8.07 (d, 1H), 7.49 (m, 1H); 6.63 (d, 1H),
4.93 (m, 1H), 4.74 (m, 1H), 4.62 (m, 1H), 3.63 (m, 2H); 2.31-2.59 (m, 6H); 2.15 (m, 2H),
1.71 (m, 2H); 1.30-1.54 (m, 4H).

Example 61
(28,5R)-5-ethynyl-1-{N-(1-methyl-4- trans (pyridin-2-yloxy)cyelohexylelyeylpyrrolidine-

Example 61A
1-Methyl-4- trans (pyridin-2-vloxy)-cyclohexylamine

Example 61A was prepared in the same manner as example 46A, by substituting 2-
chloropyridine for 3-fluoropyridine. MS (CI) m/z 207 (M+1)",

Example 61
(28,5R)-5-ethynyl-1-{N-(1-methyl-4~ trans (pyridin-2-yloxy)cyclohexylglycyl}pyrrolidine-

2-carbonilrile
Example 61 was prepared in the same manner as example 46, by substituting example
61A for example 46A. MS (CI) m/z 367 (M:H1)"; "H NMR (300 MHz, MeOH-ds) 8 ppm
8.38-8.30 (m, 2H), 7.58 (d, 1H), 7.41 (t, 1H), 5.10-4.98 (m, 1H), 4.95-4.90 (m, 1H), 4.23 (AB
quartet, 2H), 3.24 (d, 1H), 2.50-2.20 (m, 6H), 2.15-1.70 (m, 6H), 1.53 (s, 3H).

Example 62
(28.5R)-5-ethynyl-1-(N-{4- trans ((5-fluoropyridin-3-yl)oxy)cyclohexyl} glycyl)pyrrolidine-
2-carbonitrile
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Example 62A
4- trans (5-fluoro-pyridin-3-yloxy)cyclohexylamine
To a stirred solution of trans-4—amianocyclohexanol (460 mg, 4 mmol) in DMF (5 mL)
at 0 °C was added 60% NaH in mineral oil (480 mg, 12 mmol). The reaction mixture was
stirred at 0 °C for % hour and then 3,5-diftuoro-pyridine (560 mg, 4.8 mmol) was added. It
was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The reaction

mixture was diluted with ethyl acetate and washed with water (3 times) and brine. The
organic layer was dried (sodium sulfate), filtered, and concentratcd under reduced pressure to
provide the titled compound. MS (DCI) m/z 211 (M+H)".

Example 62
(28,5R)-5-ethynyl-1~(N-{4- trans ((5-fluoropyridin-3-yl)oxy)cyclohexyl}glyeyl)pyrrolidine-
2-carbonitrile
To a stitred solution of (2S,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room tempetature was added 4-(5-
fluoro-pyridin-3-yloxy)cyclohexylamine (65 mg, 0.31 mmol). The reaction mixture was

stirred at room temperature for 18 hours, concentrated under reduced pressure and purified by
flash chromatography with 3% methanol:dichloromethane to provide the titled compound.
MS (EST) m/z 371 (M+H)"; '"H NMR (CD;0D) § 8.52 (s, 2H), 8.14 (d, 1H), 4.65 (m, 1H),
4.34 (m, 1H), 4.17 (m, 1H), 3.35 (m, 2H), 3.21 (m, 1H), 2.61-2.30 (m, 9H), 1.60-1.80 (m,
4H).

Example 63
(25,5R)-1-(N-{4- trans ((5-bromopyridin-2-yl)oxy)cyclohexyl} glycyl)-5-ethynylpyrrolidine-

2-carbonitrile

Example 63A
4- trans (5-bromo-pyridin-2-yloxy)-cyclohexylamine
To a stirred solution of trans-4-aminocyclohexanol (345mg, 3mmol) in DMF (10 ml,)
at 0 °C was added 60% NaH in mineral oil (360 mg, 9 mmol). The reaction mixture was

stirred at 0 °C for % hour and then 5-bromo-2-chloro-pyridine (700 mg, 3.6 mmol) was
added. Tt was heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The
reaction mixture was diluted with ethyl acetate and washed with water (3 times) and brine.
The organic layer was dried (sodium sulfate), filtered, and concentrated under reduced
pressure to provide the titled compound. MS (DCI) m/z 271 (M+H).
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Example 63
(2S,5R)-1~-(N-{4- trans ((5-bromopyridin-2-yDoxy)cyclohexyl} glycyl)-5-ethynylpyrrolidine-
2-carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 4-(5-

bromo-pyridin-2-yloxy)-cyclohexylamine (84 mg, 0.31 mmol). The reaction mixture was
stirred at room temperature for 18 hours, concentrated under reduced pressure and purified by
flash chromatography with 3% methanol:dichloromethane to provide the titled compound.
MS (ESI) m/z 430 (M+H)"; "H NMR (CD50D) 5 8.19 (d, 1H), 7.80 (m, 1H), 6.72 (d, 11),
4,95 (m, 1H), 4.87 (m, 1H), 3.49 (m, 1H), 3.43 (i, 2H), 3.21 (m, 1H), 2.37-2.47 (4, 3H),
2.20-2.36 (m, 6H), 1.60 (m, 4H).

Example 64
(28.5R)-5-ethynyl-1-{N-(4- trans (pyridin-3-yloxy)eyclohexyl)glycyl}pyrrolidine-2-
catbonitrile

Example 64A
4- trans (pyridin-3-yloxy)cyclohexylamine
To a stirred solution of trans-4-aminocyclohexanol (230 mg, 2 mmol) in DMF (5 mL)
at 0 °C was added 60% NaH in mineral oil (240 mg, 6 mmol). The reaction mixture was
stirred at 0 °C for % hour and then 3-fluoro-pyridine (0.21 ml, 2.4 mmol) was added. It was

heated to 60 °C for 2 hours and stirred for 12 hours at room temperature. The reaction
mixture was diluted with ethyl acetate and washed with water (3 times) and brine. The
organic layer was dried (sodium sulfate), filtered, and concentrated under reduced pressure to
provide the titled compound. MS (DCI) m/z 193 (M+H)".

Example 64
(28.5R)-5-ethynyl-1-{N-(4- trans (pyridin-3-yloxy)cyclohexylelyceyl}pyrrolidine-2-

carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.15 mmol, Example 8D) in acetonitrile (1 ml.) at room temperature was added 4-
(pyridin-3-yloxy)cyclohexylamine (59 mg, 0.31 mmol). The reaction mixture was stirred at
room temperature for 18 hours, concentrated under reduced pressure and purified by flash
chromatography with 3% methanol:dichloromethane to provide the titled compound. MS
(ESL) m/z 353 (MHH)"; "H NMR (CDCls) 8 8.29 (s, 1H), 8.19 (m, 1H), 7.19 (m, 2H), 4.74
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(m, 1H), 4.60 (m, 1H), 4.25 (m, 1H), 3.63 (m, 2H), 2.29-2.64 (m, 4H), 2.16 (m, 2H); 2.03 (m,
3H), 1.72 (m, 2H), 1.53 (m, 2H), 1.32 (m, 2H).

Example 65
(28,5R)-5-ethynyl-1-(N-(1,1,3,3~tetramethylbutyl)glycvl)pyrrolidine-2-carbonitrile
To a stirred solution of (2S,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile

(0.04 g, 0.20 muol, Example 8D) in acetonitrile (3 mL ) at room temperature under nitrogen
was added 1,1,3,3-tetramethylbutylamine (0.066 g , 0.406 mmol ). The reaction mixture was
stirred for two days and then concentrated under reduced pressure. The residuc was flash
chromatographed with 2% MeOH/CH,Cl; to provide the titled compound. MS (DCI) m/z
290 (M+H)+; 'H NMR (300 MHz, DMSO-d5) 8 1.5-2.02 (10H, m), 2.07-2.21 (2H, m), 2.45-
2.50 (2H, m), 3.03-3.5(6Hs), 3.76 (1H, d), 3.78-4.53(2H, m), 4.53-4.55 (1H, 1), 5.06 (1H,m),
5.1 (1H, m).

Example 66
(28,5R)-1-{N-(1,1-dimethyl-2-(5-cyano-pyridin-2-yloxy)ethyl)glycyl }-5 -ethynylpyrrolidine-
2-carbonitrile

Examplc 66 A
6-(25an1i110-2-methyl-pro poxy)-nicotinonitrile
To a solution of 2-amino-2-methyl-1-propanol (0.5ml, 5.60 mmol), in DMF (20 mL)
was added NaH 60% (0.67g, 16.80 mmol) and then 6-chloronicotinonitrile (2.03g, 11.22
mmel). The mixture heated to 70 °C for 2 hours and then stirred at room temperature
overnight. The reaction mixture was taken up in HyO and extracted with EtOAc. The
organic phase was washed with water (3X), dried over Na;SO4 and concentrated under
reduced pressure to provide the titled compound as a pale yellow solid. MS (DCI) m/z 235
(M+H)".

Example 66
(25,5R)-1-{N-(1,1-dimethvl-2-(5-cyano-pyridin-2-yloxy)ethyDglycyl}-5-ethynylpyrrolidine-
2-carbonitrile

To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.05 g, 0.25 mmol, Example 8D) in acetonitrile (3 mL ) at room temperature under nitrogen,
was added 6-(2-amino-2-methyl-propoxy)-nicotinonitrile (0.1 g , 0.508 mmol ). The reaction
mixture was stirred overnight and then concentrated under reduced pressure. The residue was
flash chromatographed with 2% MeOH/CH,Cl; to provide the desired compound as a white
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solid. MS (DCI) m/z 352 (M+H)"; "H NMR (300 MHz, DMSO-d;) § 2.01-2.04 (2H, m), 2.05
(2H, ), 2.07 (2H, 5), 3.03 (1H, m), 3.04 (6H, 5), 3.5-4.57 (2H, m), 4.57-4.58 (1Hm), 4.58-
5.59 (14, m), 7.0-7.08 (3H,m).

Example 67
(28,5R)-1-(N-(tert-butyl)glycyl)-5-ethynylpyrrolidine-2-carbonitrile
To a stirred solution of (2S,5R)-1-(chloroacetyl)-5-cthynylpyrrolidine-2-carbonitrile
(0.04 g, 0.203 mmol, Example 8D) in acetonitrile (3 mL ) at room temperature under nitrogen
was added tert-butylamine (0.043 ml, 0.406 mmol). The reaction mixture was stirred at
ambient temperature overnight. The reaction mixture was concentrated under reduced

pressure. The residue was flash chromatographed with 3% MeOH/CH,Cl, to provide the
desired compound as a pale yellow oil. MS (DCI) m/z 234 (M-H)"

The free basc and 1 M HCl in ether were stirred at room temperature for 2 h and then
concentrated under reduced pressure. The rsidue was triturated with diethyl ether to provide
the desired hydrochloride salt as a white powder. "H NMR (DMSO-ds) (major rotamer) &
5.20 (m, 1H), 4.86 (m, 1H), 4.33 (s, 1H), 3.78 (s, 1H), 3.76 (s, 1H), 2.45 (m, 1H), 2.26 (m,
1H), 2.31 (m, 1H), 2,13 (m, 1H), 1.33 (s, 1H).

Example 68
(28,5R)-1-{N-(1,1-dimethyl-2-(quinolin-4-ylamino)ethyl)glycyl}-5-ethynylpyrrolidine-2-
carbonitrile

Example 68 was prepared using the same procedure as described for Example 155
substituting 6-chloronicotinonitrile with 4-chloroquinoline. MS (DCI/NH;) m/z 376 (M+H)".

Example 69
(28,5R)-5-ethynyl-1-{N-(2~(4-fluorophenyl)-1,1-dimethylethylglycyl} pyrrolidine-2-
carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.05 g, 0.25 mmol, Example 8D) in acetonitrile (3 mL ) at room temperature under nitrogen
was added 1-(4-fluorophenyl)-2-methyl-2-propylamine (0.09 g , 0.508 mmol). The reaction

mixture was stirred for two days and then concentrated under reduced pressure. The residue
was flash chromatographed with 1-2% MeOH/CH,Cl; to provide the desired compound as a
white powder. MS (DCI) m/z 328 (M+H)"; 'H NMR (300 MHz, DMSO-dj) § 2.01-2.04(2L,
m), 2.05 2H, s), 2.07 (2H, s), 3.03 (1H, m), 3.04 (6H, s), 3.5-4.57 (2H, m), 4.57-4.58 (1H,m),
4.58-5.59 (1H, m), 7.0-7.03 (4H,m).
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Example 70
(28,5R)-1-(N-(1,1-dimethylpropylglycyl)-5-ethynylpyrrolidine-2-carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.152 mmol, Example 8D) in acetonitrile (3 mL ) at room temperaturc under nitrogen
was added tert-amylamine (0.027 g, 0.228 mmol). The reaction mixture was stirred for two

days and then concentrated under reduced pressure, The residue was flash chromatographed
with 5% MeOH/CH,Cl, to provide the titled compound. MS (DCI) m/z 248 (M+H)".

Example 71
(28.5R)-1-{N-(2-(1,3-benzothiazol-2-ylamino)-1,1 ~dimethylethylglycyl}-5-
ethynylpyrrolidine-2-carbonitrile

Example 71 was prepared using the same procedure as described for Example 155
substituting 6-chloronicotinonitrile with 2-chlorobenzothiazole. MS (DCI/NH;) m/z 382
(MDY '

Example 74
(28,5R)~1-(N-1-adamantylglyeyl)-5-ethynylpyrrolidine-2-carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.03 g, 0.20 mmol ) in acetonitrile (3 mL ) at room temperature under nitrogen was added 1-

adamantanamine(0.06 g , 0.408 mmol ). The reaction mixture was stirred for two days and
then concentrated under reduced pressure. The residue was {lash chromato graphed with 2%
MeOI/CH,Cl, to provide the titled compound. MS (DCI) m/z 312 (M+H)*.

Example 75
(28,5R)-1-(N-cyelohexylglycyl)-S-ethynylpyrrolidine-2-carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.035 g, 0.178 mmol, Example 8D) in acetonitrile (3 mL ) at room temperature under

nitrogen was added cyclohexylamine (0.041 ml , 0.356 mmol ), The reaction mixiure was
stirred at room temperature overnight and then concentrated under reduced pressure. The
residue was flash chromatographed with 2-3% MeOH/CH,Cl to provide the desired
compound as a pale yellow oil. MS (DCI) nvz 260 (M+H)"; 'HNMR (300 MHz, DMSO) 8
1.5-2 (10H, m), 2.13-2.31 (2H, m), 2.41-2.48 (2H, m), 3.76 (1H, d), 3.8-4.5 (2H, m), 4.53-
4.55 (1H, 1), 4.9 (IH,m), 5.05 (1H, m).

Example 76
88
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(28,5R)-5-ethynyl-1-{N-(1-(methoxymethyl)cyclopentyl)glycyl }pyrrolidine-2-carbonitrile

Example 76A
(1-hydroxymethyl-cyclopentyl)-carbamic acid benzyl ester

To a stirred solution of 1-amino-1-cyclopentanemethanol (1.15 g, 10 mmol ) and
NaHCOj3 (0.84 g, 10mmol) in acetone (14 mL)/water (14ml) at room temperature was added
benzyl succinimidyl carbonate (2.5 g, 10 mmol). The reaction mixture was stirred at room
temperature for 18 hours, concenirated under reduced pressure and purified by flash
chromatography with 3% methanol:dichloromethane to provide the titled compound. MS
(DCI) m/z 250 (M+H)".

Example 76B
(1-methoxymethyl-cyclopentyl)-carbamic acid benzyl ester

To a cold solution (0°C) of (1-hydroxymethyl-cyclopentyl)-carbamic acid benzyl
ester (250 mg, 1 mmol) and 48% aqueous HBF, (0.13 ml, 1 mmol) in CH,CL; (4 mL) was
added TMSCHN; (2N in hexane, 2 mL, 4 mmol) via syringe. The resulting mixture was

stirred, at 0 °C, for 1/2 hour followed by the addition of water (10 mL). The aqueous mixture
was extracted with CH,Clz (2 X 50 mL), and the combined organic layers were dried (sodium
sulfate), filtered, concentrated and chromatographed with 30% ethyl acetate/hexane to
provide the titled compound. MS (DCI) m/e 264 (M+H)".

Example 76C
1-methoxymethyl-cyclopentylamine

To a solution of (1-methoxymethyl-cyclopentyl)-carbamic acid benzyl ester (150 mg,
0.57 mmol) in MeOH (5 mL) was added HCO,NH, (216 mg, 3.42 mmol), followed by Pd/C
(10%, 6 mg,0.057 mmol). The resulting mixture was heated, to 70 °C, for 2 hours. The
reaction mixture was filtered and concentrated to provide the titled compound. MS (DCI)
m/e 130 (M+H)",

Example 76
(28,5R)-5-ethynyl-1-{N-(1-(methoxymethyl)cyclopentyl)glycyl} pyrrolidine-2-carbonitrile
To a stirred solution of (2S,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.018 g, 0.09 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 1-
methoxymethyl-cyclopentylamine (17 mg, 0.13 mmol). The reaction mixture was stirred at
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room temperature for 18 hours, concentrated under reduced pressure and purified by flash
chromatography with 3% methanol: dichloromethane to provide the titled compound. MS
(EST) m/z 290 (M+H)"; "H NMR (CD;0D) & 4.84 (m, 2H), 3.48 (m, 2H), 3.41 (s, 3H), 331
(m, 2H), 2.43 (d, 1H), 2.30-2.48 (m, 4H), 1.72-1.96 (m, 8H).

Example 77
(28,5R)-5-ethynyl-1-(N-tetrahydro-2H-pyran-4-ylglycylpyrrolidine-2-carbonitrile
Example 77 was prepared in the same manner as Example 46, by substituting
tetrahydro-pyran-4-ylamine for Example 46A. MS (CI) m/z 262 (M+1)".

Example 78
(25,5R)-5-ethynyl-1-{N-((28)-2-hydroxycyclopentyl)glycyl }pyrrolidine-2-carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.040 g, 0.20 mmol, Example 8D) in acctonitrile (1 mL) at room temperature was added
trans-2-aminocyclopentanol hydrochloride (56 mg, 0.41 mmol) and triethylamine (0.14 ml,

1.02 mmol). The reaction mixture was stirred at room temperature for 18 hours, concentrated
under reduced pressure and purified by flash chromatography with 3%
methanol:dichloromethane to pravide the titled compound. MS (ESI) m/z 262 (M+H)+; 1H
NMR (MeOH) 4.79 (m, 1H), 4.17-4.40 (m, 3H), 3.18 (m, 1H), 2.48 (m, 4H); 2.00-2.30 (m,
4H), 1.80 (m, 2H), 1.66 (2H,m).

Example 79
(28,5R)-1-(N-cyclopentylglycyl)-5-ethynylpyrrolidine-2-carboniirile
To a stitred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.04 g, 0.203 mmol, Example 8D) in acetonitrile (3 mL ) at ambient termperature under

nitrogen was added cyclopentylamine (0.04 ml , 0.406 mmol). The reaction mixture was
stirred at room temperature overnight and then concentrated under reduced pressure. The
residue was flash chromatographed with 3% MeOH/CH,Cl, to provide the desired compound
as a pale yellow oil. MS (DCDm/z 246 (M+H)*; "H NMR (300 MHz, DMSO) & 1.5-2 (8H,
m), 2.11-2.21 (2H, m), 2.45-2.48 (2H, m), 3.78 (1H, d), 3.8-4.5 (2H, m), 4.53-4.55 (111, 1),
5.01 (1iLm), 5.05 (1H, m).

_Example 80
(28,5R)-5-ethynyl-1-{N-{1-(hydroxymethyl)cyclopentyl)glyeyl} pyrrolidine-2-carbonitrile
To a stirred solution of (25,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
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(0.030 g, 0.15 mmol, Example 8D) in acetonitrile (1 mL) at room temperature was added 1-
amino-1-cyclopentanemethanol (35 mg, 0.31 mmol). The reaction mixture was stirred at
room tempetature for 18 hours, concentrated under reduced pressure and purified by flash
chromatography with 3% methanol: dichloromethane to provide the titled compound. MS
(ESI) m/z 276 (M+H)"; 'H NMR (DMSO) § 4.99 (m, 1H), 4.86 (¢, 1H), 4.28 (m, 111), 4.00
(m, 1H), 3.50 (d, 2H), 3.51 (m, 2H), 2.27 (m, 2H), 2.14 (m, 1H), 1.75 (m, 6H), 1.55 (m, 2H).

Example 84
(28,55)-1-((28)-2-amino-2-cyclopentylethanovy])-5-methylpyrrolidine-2-carbonitrilc

Example 84A
5-Methyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-cthyl ester

The ethyl (58)-5-methyl-L-prolinate was prepared as the trifluoroacetic acid salt as

described in Example 6 by substituting methyl magnesium bromide for ethyl
magnesiumbromide. Ethyl (58)-5-methyl-L-prolinate triftuoroacctic acid salt (18.08 mmol),
triethyl amine (36.16 mmol) and DMAP (0.906 mmol) were mixed in 40 mL of
dichloromethane and then cooled to 0 °C. Boc,O (19.89 mmol) was added and the mixture
was stirred overnight. The mixture was then diluted with dichloromethane, washed with 1N
HCI and then with saturated NaHCQj; solution. The organic layer was dried with Na;SOy,
and then concentrated. The crude product was purified by chromatography (silica gel, 50%
then 75-80% EtOAc/hexane) to give the desired titled compound. MS (CI) m/z +258
(MHH). (@) p=-35.9 (c 1.45, MeOH).

Example 84B
(28,58)-5-Methyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester
Example 84A (3.69 g, 14.34 mmol) in 15 mL of EtOH was treated with 14.3 mL of
1.7 N LiOH solution at room temperature. After 4 h, the mixture was concentrated, acidified
with IN HCI and then extracted with EtOAc (3X). The combined organic extracts were dried
with NaySOy, and then concentrated to give the crude acid. MS (ESI) m/z 228 (M-H)".

Example 84C
(28,58)-2-Carbamoyl-5-methyl-pyrrolidine-1-carboxylic acid tert-butyl ester
Example 84B (2.055g, 8.96 mmol) and Et;N (2.24 mL, 1.8 equiv.) were mixed in 15
mL of THF and then cooled to 0 °C. Isobuty! chloroformate (1.51 mL, 1.3 equiv.) was added.
After stirting for 35 min, 0.5 M NH; in dioxane (35.8 mL, 2 equiv.) was added. After stirring

at 0 °C for 3 h, the mixture was warmed to room temperature and stirred overnight. The
volatiles were evaporated, and 1N HCI was added. The mixture was extracted with EtOAc
(3X). The combined organic extracts were dried with Na;SO4 and then concentrated. The
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crude product was purified by chromatography (silica gel, 50% then 75-80% EtOAc/hexane)
to give the desired amide. MS (ESI) m/z 229 (M+H)".

Example 84D
(28,58)-5-Methyl-pyrrolidine-2-carboxylic acid amide trifluoroacetate

Example 84C (2.03 g, 8.89 mmol) in 4 mL of CH,Cl, was treated with 6 mI of TFA
at room temperature. After stirring for 5 h, toluene was added to azotrope off all the volatiles
to afford the crude amine. MS (CI) m/z 129 (M+H)".

Example 84F
((18)-2~((28,58)-2-Carbamoyl-5-methyl-pyrrolidin-1-yl)-1 -cyclopentyl-2-oxo-ethyl)-
carbamic acid tert-butyl ester

Example 84D (296 mg, 0.66 mmol), L-tert-butoxycarbonylamino-cyclopentyl-acetic
acid dicyclohexylamine salt (308 mg, 0.726 mmol), and TBTU (275 mg, 0.858 mmol) were
mixed in 2.5 mL of DMF. Then 0.275 mL of NEt; (1.98 mmol) were added. Approximately
another 0.1 mL of NEt; was added until the pH of the mixture reached 6-7 (by wet pH paper).
The mixturc was stirred for 10 h, then purified by reverse-phase HPLC to give the desired
amide (195 mg, 84%). (EST) m/z 354 (M+H)".

Example 84E
((18)-2-((28,58)-2-Cyano-5-methvl-pyrrolidin-1-y1)-1 -cyclopentyl-2-oxo-ethyl)-carbamic
acid tert-butyl ester
The dehydration of the above amide was performed in a similar manner as desctibed
in Example 6G to provide the desired nitrile. MS (ESI) m/z 336 (M+H)".

Example 84
(28,58)-1-((28)-2-amino-2-cyclopentylethanoyl)-5-methylpyrrolidine-2-carbonitrile
The removal of Boc group was performed in a similar manner as described in
Example 6 to give the title compound. 'H NMR (400 MHz, MeOH-ds) 6 1.37 (d, J=6.75 Hz,
3 H) 1.43 (m, 2 H) 1.6-1.8 (m, 6 H) 1.90 (m, 111) 2.13 (ddd, J=12.12, 7.36, 4.76 Hz, 1 H)
2.39 (m, 4 H) 4.11 (d, /~8.29 Hz, 1 H) 4.40 (m, 1 H) 4.78 (t, J=8.44 Hz, 1 H) ppm. MS
(ESD m/z 236 (M+H)".

Example 85
(28,5R)-1-((28)-2-amino-2-cyclopentylethanoyl)-3-prop-1-ynylpyrrolidine-2-carbonitrile

Example 85A
dimethyl (28,5R)-5-propynyl-pyrrolidine-1.2-dicarboxylate
R
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To a cold -45 °C solution of dimethyl (2S)-S-methox'ypynolidine-1Q-dicarboxylate
(10 g, 46.08 mmol, Example 1B) and trimethylsilylpropyne (14.24 ml, 92.16 mmol, 2.0
equiv) in methylene chloride (180 mL) was added a solution of tin (IV) chloride (1 M in
methylene chloride, 60.0 mL, 60.0 mmol, 1.3 equiv) dropwise via an addition funnel over 30
minutes. To the dark yellow solution was added solid aluminum chloride (8.58 g, 64.52
mmol, 1.4 equiv) in one portion. The resulting mixture was allowed to warm to room
temperature and stirred at room temperature for 48 hours. The reaction mixture was carefully
quenched by saturated aqueous NH4OH (100 mL) with ice cooling. A white precipitate
formed and was removed by filtration. The crude product was oblained after concentration.
The residue was chromatographed on a Biotage flash 40 M eluting with 70% hexane/30%
ethyl acetate to afford the titled compound. MS (DCI/NH;3) m/e 226 (M+H)".

Example 858
methyl (5R)-5-propynyl-L-prolinate
A solution of dimethyl (28,5R)-3-propynyl-pyrrolidine-1,2-dicarboxylate (4.25 g,
18.90 mmol) and iodotrimethylsilane (3.23 mL, 22.7 mmol, Example 85A) in chloroform (60
mL) was heated to 65 °C for 3 hours, was cooled to room temperature, concentrated under
reduced pressure and flash chromatographed with 35% ethyl acetate/ 65% hexane to provide
the titled compound. MS (DCI/NH;) m/e 168 (M+H)",

Example 85C
Methyl-N-(tert-butoxycarbonyl)-cyclopentyl-L-glycyl-(5R)-5-propynyl-L-prolinate
To a solution of methyl (SR)-5-propynyl-L-prolinate (334 mg, 2 mmol),

dimethylaminopyridine (244 mg, 2 mmol), N-methylmorpholine (0.33 mL, 3 mmol), and
Boc-cyclopentyl-L-glycine.dicyclohexylamine (1.02 g, 2.4 mmol) in dichloromethane (10
mL) at room temperature was added 1-(3-dimethylaminopropyl)-3-cthylcarbodiimide
hydrochloride (383 g, 2.4 mmol). The resulting mixture was stirred 16 hours at room
temperature, and partitioned between ethyl acetate (100 mL) and 1 A/ HCI (20 mL). The
aqueous layer was further extracted with ethyl acetate (100 mL). The combined organic
layers were dried (sodium sulfate), filtered, and concentrated. The residue was
chromatographed with 70% ethy] acetate/hexane provide the titled compound (67%). MS
(ESI) m/e 393 (M-HI)".

Example 85D
N-(tert-butoxycarbonyl)-cyclopentyl-L-glycyl-(5R)-5-propynyl-L-proline
To a solution of methyl N-(tert-butoxycarbonyl)-cyclopentyl-L-glycyl-(SR)-5-
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propynyl-L-prolinate (1.34 g, 3.42 mmol) in THF (10 mL)/water (5 ml) at room temperature
was added lithium hydroxide (358 mg, 7.52 mmol). The resulting mixture was stirred at
room temperature for 6 hours. The reaction was diluted with 1 M HCI solution, and the
aqueous mixture was extracted with ethy! acetate (3 X 10 mL). The combined organic layers
were dried (sodium sulfate), filtered, and concentrated to provide the titled compound. MS
(GST) /e 379 (M+H)".

Example 85E
N-(tert-butoxycarbonyl)-cyclopentyl-L-glyeyl-(5R)-5-propynyl-L-prolinamide
To a cold (0 °C) solution of N-(tert-butoxycarbonyl)-cyclopentyl-L-glycyl-(SR)-5-
propynyl-L-proline (3.42 mmol) and N-methy] morpholine (0.44 mL, 3.94 mmol) in THF (15
mL) was added isobutyl chloroformate (0.56 mL, 4.26 mmol). The resulting cloudy white

mixture was stitred at 0 °C for 30 minutes followed by the addition of a solution of ammonia

(0.5 M in dioxane, 19.7 mL, 9.84 mmol). The solution was allowed to warm to room
temperature and stirred for 16 hours. The reaction mixture was diluted by the addition of 1 M
HCI (50mL), and extracted with ethy! acetate (3 X 100 mL). The combined organic layers
were dried (sodium sulfate), filtered, and concentrated to provide the crude compound. The
residue was chromatographed with 95% CH,CL/MeOH to provide the titled compound. MS
(ESI) m/e 378 (M+H)".

Example 85F
N-(rert-butoxycarbonyl)-cyclopentyl-L-glyeyl-(SR)-3-propynyl-L-pyrrolidine-2-carbonitrile
To a cold solution (-35 °C) of N-(fert-butoxycarbonyl)-cyclopentyl-L-glycyl-(5R)-5-

propynyl-L-prolinamide (280 mg, 0.743 mmol) and imidazole (51 mg, 0.743 mmol) in
pyridine (6 mL) was added POCl; (0.14 mL, 1.49 mmol) via syringe. The resulting mixture
was stirred, maintaining the temperature below -20 °C, for 1 hour followed by the addition of
1 MHCI (10 mI.). The aqueous mixture was extracted with ethyl acetate (3 X 50 mL), and
the combined organic layers were dried (sodium sulfate), filtered, concentrated and
chromatographed with 30% ethy] acetate/hexane to provide the titled compound. MS (ESI)
m/e 348 (M+H)*; THNMR (300 MHz, CDCly) & ppm 5.15 (t, 1H), 4.95 (d, 1H), 4.71 (t, 1),
4.53 (ddd, 1H), 2.50 (d, 1H), 2.50-2.28 (m, 4H), 1.75-1.57 (m, 3H).

Example 85
(28,5R)-1-((28)-2-amino-2-cyclopentylethanoyl)-5-prop-1-ynylpyrrolidine-2-carbonitrile
To a solution of N-(fert-butoxycarbonyl)-cyclopentyl-L-glycyl-(SR)-5-propynyl-L-
pyrrolidine-2-carbonitrile (490 mg) in ether (1 mL) was added 4 M HCl in dioxane (8mL).
94
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The resulting mixture was stirred at room temperature for 2 hours and the solvents removed
under reduced pressure. The white solid was triturated with ether to provide the titled
compound. MS (ESD) m/e 260 (M+H)*; '"H NMR (DMSO0) 8 ppm 5.16 (i, 1H), 4.73 (m,
1H), 4.04 (m, 1H), 3.42 (m, 1H), 2.03-2.47 (m, 4H), 1.85 (d, 3H), 1.39-1.70 (8H,m).

Example 86
(28,5R)-5-prop-1-ynyl-1-(N-{4-(4-(trifluoromethyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-
2-carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-propynylpyrrolidine-2-carbonitrile
(0.030 g, 0.15 mmol, Example 88D) in acetonitrile (1 mL) at room temperature was added 4-

(4-trifluoromethyl-phenoxy)-cyclohexylamine (79 mg, 0.31 mmol, Example 55A). The
reaction mixture was stirred at room temperature for 18 hours, concentrated under reduced
pressure and purified by flash chromatography with 3% methanol:dichloromethane to provide
the titled compound. MS (EST) m/z 434 (M+H)*; 'H NMR (DMSO) & ppm 7.63 (d, 2H),
7.15 (d, 2H), 4.86 (m, 1H), 4.20-4.41 (m, 2H), 3.94 (m, 1H), 2.09-2.43 (m, 8H), 1.88 (d, 3H),
1.41-1.65 (m, 4H).

Example 87
(28,5R)-1-{N-(1-(hydroxymethyl)cyclopentyl)glycyl}-5-prop-1-ynylpyrrolidine-2-
carbonitrile

To a stirred solution of (28,5R)-1-(chloroacetyl)-5-propynylpyrrolidine-2-carbonitrile
{0.03 g, 0.14 mmol, Example 88D) in acetonitrile (1 mL) at room temperature was added 1-
amino-1-cyclopentanemethanol (35 mg, 0.28 mmol). The rcaction mixture was stirred at
room temperature for 18 hours, concentrated under reduced pressure and purified by flash
chromatography with 3% methanol/ 97% dichloromethane to provide the titled compound.
MS (EST) m/z 200 (M+H)"; "H NMR (DMSO) 8 ppm 4.86 (m, 1H), 4.16 (m, 1H), 3.52 (m,
2H), 3.44 (m, 2H), 2.06-2.39 (m, 4H), 1.96 (m, 2H), 1.86 (d, 3H), 1.75 (m, 6H), 1.56 (m, 2H).

Example 88
(28.,5R)-1-(N-cyclopentylglycyl)-5-prop-1-ynylpyrrolidine-2-carbonitrile

Example 88A
methyl (5R)-1-(chloroacetyl)-5-propynyl-L-prolinate

To a stirred solution of methyl (5R)-5-propynyl)-L-prolinate (1.5 g, 8.98 mmol,
Example 85B) and triethylamine (1.87 mL, 13.47 mmol) in dry tetrahydrofuran ( 20 mL ) at 0
°C was gradually added chloroacety] chloride (0.86 mL, 10.78 mmol). After stirring at room
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temperature for 2 hours, the mixture was filtered. The solid cake was washed with THF, and
the filtrate and washings were combined, dried over sodium sulfate and concentrated under
reduced pressure. The residue taken up in toluene and concentrated to dryness under reduced
pressure to provide the titled compound. MS (DCI) m/z 244 (M+H)".

Example 88B
(5R)-1-(chloroacetyl)-5-propynyl-L-proling

To a stirred solution of methy! (5R)-1-(chloroacetyl)-5-propynyl)-L-prolinate (1.26 g,
5.19 mmol) in THF (12 mL) and H,O (6 mL) at room tempcrature was added LiQTT+IT,0
(326 mg, 7.78 mmol). The reaction mixture was stirred at ambient temperature overnight and
concentrated under reduced pressure. The reaction mixture was acidified to pH ~ 3 by adding
1M HCI dropwise. The solution was extracted with ethyl acetate (3X). Combined ethyl
acetate layers were washed with brine, dried (Na,SOy), filtered and concentrated under
reduced pressure to provide the titled compound. MS (DCI) m/z 230 (M+H)",

Example 88C
(5R)-1-(chloroacetyl)-5-propynyl-L-prolinamide
To a stirred solution of (SR)-1-(chloroacetyl)-5-propynyl-L-proline (1.10 g, 4.8
mmol) in CH,Cl; (24 mL) at —15 °C under nitrogen was added 4-methylmorpholine (0.64
mL, 5.76 mmol), and then isobutyl chloroformate (0.81 mL, 6.24 mmol) over 10 minutes. A
white precipitate formed. The reaction mixture was stirred at 15 °C under nitrogen for 30
minutes, and a solution of NH; in dioxane (0.5 M, 29 mL, 14.4 mmol) was added. The
reaction mixture was stirred at -15 °C for 30 minutes, warmed to room temperature, and
stirred at that temperature for 16 hours. The reaction mixture was diluted with 1M HCI to ~
pH 4 and extracted with ethyl acetate (3X). The extracts were combined, washed with brine,
dried (Na;804), filtered and concentrated under reduced pressure. Purification by flash
column chromatography (60-75% ethyl acetate /hexane) provided the titled compound. MS
(DCI) m/z 229 (M+H)".

Example 88D
(28,5R)-1-(chloroacetyl)-5-propynylpyrrolidine-2-carbonitrile
To a stirred solution of (5R)-1-(chloroacety15;5 -propynyl-L-prolinamide (0.28 g, 1.23
mmol) and imidazole (0.084 g, 1.23 mmol) in dry pyridine (6 mL ) at 35 °C under nitrogen
was added POCI; (0.23 mL, 2.46 mmol) dropwise. The reaction mixture was stirred between
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—35°Cto -15 °C for 1 hour and evaporated. The residue was diluted with dichloromethane
and washed with HyO (2X), dried (Na;SOy), filtered and concentrated under reduced
pressure. Purification by flash chromatography (10% ethyl acetate /hexane) provided the
titled compound. MS (DCI) m/z 211 (M-+H)".

Example 88
(28,5R)-1-(N-cyclopentylglycyl)-5-prop-1-ynylpyrrolidine-2~carbonitrile
To a stirred solution of (28,5R)-1-(chloroacetyl)-5-propynylpyrrolidine-2-carbonitrile
(0.018 g, 0.086 mmol ) in acetonitrile (1 mL) at room temperature was added cyclopentyl
amine (0.017 mL, 0.17 mmol). The reaction mixture was stirred at room temperature for 18

hours, concentrated under reduced pressure and purified by flash chromatography with 3%
methanol/ 97% dichloromethane to provide the titled compound. MS (EST) m/z 260 (MHH)";

"H NMR (DMSO) & ppm 4.89 (m, 1H), 4.84 (m, 1H), 4.07-4.13 (m, 2H), 3.52 (m, 1H), 2.05-
2.42 (m, 4H), 1.96 (m, 2H), 1.87 (d, 3H), 1.70 (m, 4H), 1.52 (m, 2H).

Example 91
(28,58)-1-(N-cyclopentylglycyl)-5-methylpyrrolidine-2-carbonitrile

Example 91A
(28,58)-1-(2-Chloro-acetyl)-5-methyl-pyrrolidine-2-carboxylic acid amide

(28,58)-5-Methyl-pyrrolidine-2-carboxylic acid amide trifluoroacetate (2.0 g, 8.2
mmol, Example 84D) and triethyl amine (1.9 mL, 24.6 mmol) were dissolved in CH,Cl, (6
mL), and the mixture was cooled to 0 °C. Chloroacetyl chloride (0.39 mL, 9.0 mmol) was
added slowly via syringe. After 2 h, saturatcd NaHCOs; was added, and the mixture was
extracted with FtOAc (3X). The combined organic extracts were dried (N2;SOy),
concentrated and purified by flash chromatography (10% MeOH/EtOAc) to give the title
compound. MS (DCI) m/z 205 (M+H)".

Example 91B
(28,58)-1-(2-Chloro-acetyl)-5-methyl-pyrrolidine-2-carbonitrile
(28,58)-1~(2-Chloro-acetyl)-5-methyl-pyrrolidine-2-carboxylic acid amide (0.25 g,
1.2 mmol) and imidazole (85 mg, 1.25 mmol) ware mixed in pyridine (5 mL). The mixture
was cooled to =35 °C and-POCI3 (0.18 mL, 1.8 mmol) was added slowly. The mixture was
stirred at —35 °C for 1 h. Saturated NH4C1 (20 mL) was added, and the mixture was extracted
with EtOAc (3x). The combined organic layers were dried (Na,SQy), filtered and
concentrated under reduced pressure. The oil was purified by flash chromatography (hexane:
EtOAC, 2:1) to yield the title compound. MS (DCI) m/z 187 (M+H)".
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I

Example 91
(28,58)-1-(N-cyclopentylglyeyl)-5-methylpyrrolidine-2-carbonitrile
(28,58)-1-(2-Chloro-acetyl)-5-methyl-pyrrolidine-2-carbonitrile (50 mg, 0.30 mmol)
and cyclopentylamine (0.059 mL, 0.6 mmol) were dissolved in acetonitrile (2 mL) and stirred
overnight. The product was purified by reverse phase HPLC eluting with 0% to 70%
acetonitrile/ 0.1% aqueous frifluoroacetic acid. 'HNMR (300 MHz, methanol-dy) & ppm
1.36 (d, ./=6.44 Hz, 3 H), 1.68 (m, 5 H), 1.85 (m, 3 H), 2.16 (m, 3 H), 2.38 (m, 3 H), 3.60 (m,
1 H), 4.20 (m, 1 H), 4.77 (m, 1 H). MS (ESI) m/z 236 (M+H)".

Example 92
(28,58)-4.4-difluoro-5-methyl-1-L-valylpyrrolidine-2-carbonitrile
This compound was prepared from 51 mg (0.23 mmol) of (S)-N-tert-
butoxycarbonylvaline and 50 mg (0.23 mmol) of (2,5-cis) 4,4-difluoro-5-methyl-pyrrolidine-
2-carboxylic acid methyl ester hydrochloride (Example 95G) according to the same five step
sequence as for (25,58)-4,4-difluoro-1-I.-leucyl-5-methylpyrrolidine-2-carbonitrile (example
95H through example 95L) to give the titled compound as a colorless foam. "HNMR (500
MHz, DMSO-ds) (mixture of rotamers, major rotamer only) & ppm 0.99 (m, 6 H) 1.37 (m, 3
H)2.11 (m, 1 H) 2.96 (m, 1 H) 3.09 (m, 1 H) 4.09 (bs, 1 H) 4.65 (m, 1 H) 5.06 (t, /~8.6 Hz, 1
H) 8.31 (bs, 3 H) MS (ESI) m/z = 246 (M+H)".

Example 94
(28,55)-1-{N-(1-(hydroxymcthyl)cyclopentyl)glyeyl }-5-mcthylpyrrolidine-2-carbonitrile
The title compound was prepared using the conditions described in Example 91
substituting 1-amino-1-cyclopentanemethanol for cyclopentylamine. 'H NMR (300 MHz,
methanol-dy) & ppm 1.38 (d, /=6.44 Hz, 3 H), 1.80 (m, § H), 2.32 (m, 2 H), 3.29 (m, 4 H),
3.62 (s, 2 H), 3.96 (m, 1 H), 4.20 (m, 1 H), 4.77 (m, 1 H). MS (ESI) m/z 266 (M+H)".

Example 95
(28.58)-4 4-difluoro-1-L-leucyl-5-methylpyrrolidine-2-carbonitrile

Example 95A

Dibenyzyl fumarate.
To 13.92 g (120 mmol) of fumaric acid was added 250 mL of toluene and 41.8 mL

(240 mmol) of N,N-diethylisopropylamine. The mixture was stirred until only a small
amount of solid was present, then 28.5 mL (240 mmol) of benzyl bromide was added. The
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reaction was stirred at 80 °C for 5 h, then it was cooled and extracted with water (1 x 50 mL),
IM HCl(ag (2 x 50 mL), saturated NaHCO3(), and brine (1 x 50 mL), dried over MgSO0y,
filtered, and concentrated to a solid. This was recrystallized from 75 mL of hexanes togive
the titled compound as colorless crystals. "H NMR (300 MHz, DMSO-dg) 8 ppm 5.24 (s, 4
H) 6.86 (s, 2 H) 7.38 (m, 10 H).

Example 95B
(R)-N-tert-butoxycarbonylalanine benzyl ester

To a solution of 11.19 g (59.1 mmol) of (R)-N-fert-butoxycarbonylalanine in 70 mL
of N,N-dimethylformamide was added 6.7 g (48.5 mmol) of K,COs, and 6.9 mL (58.0 mmol)
of benzyl bromide. The reaction was stirred at 80 °C for 40 min, then poured into 350 mL of
H,0. The aqueous mixture was exiracted with diethy] ether (3 x 50 mL), then the combined
ether layers were back extracted with HO (2 x 50 mL), and brine (1 x 50 mL), dried over
Mg80y, filtered, and concentrated i vacuo to furnish the titled compound as a colorless oil.
MS (ESI) m/z = 280 (M+H)", 297 (M+NH,)", 302 (M+Na)": "H NMR (300 MHz, DMSO-dy)
8 ppm 1.25 (d, J=7.5 Hz, 3 H) 1.37 (s, 9 H) 4.06 (m, 1 H) 5.07 (d, J=12.9 Hz, 1 H) 5.15 (d,
J=12.5 Hz, | H) 7.34 (m, 6 H).

Example 95C
5-Methyl-4-oxo-pyrrolidine-1,2,3-tricarboxylic acid 2,3-dibenzyl ester 1-tert-butyl ester
To a solution of 5.59 g (20.0 mmol) of (R)-N-fert-butoxycarbonylalanine benzyl ester

and 5.92 g (20.0 mmol) of dibenzyl fumarate in 60 mL of toluene was added 1.60 g (40
mmol) of 60% NaH in mineral oil. The reaction was stirred at ambient temperature under Ny
for 24 h, then diluted with 300 mL of diethyl ether. The solution was extracted with 1M
HClag) (1 x 50 mL), saturated NaHCOj3(44) (3 x 50 mL), and brine (1 x 50 mL), dried over
MgSQs,, filtered, and concentrated to provide the titled compound as an oil.

Example 95D
5-Methyl-4-oxo-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester

To a suspension of 600 mg of 10% Pd-C in 25 mL of 2-propanol was added a solution
of 8.9 g of crude S-methyl-4-oxo-pyrrolidine-1,2 3-tricarboxylic acid 2,3-dibenzyl ester 1-
tert-butyl ester in 100 mL of 2-propanol. The reaction was shaken under 60 psi of H; for 1.5
h, then filtered and concentrated to an oil. This was taken up in 20 mL of 2M NaOH,, and
extracted with diethyl ether (3 x 15 mL) to remove the mineral oil introduced in the previous
step. The ether layers were set aside, and the aqueous layer was cooled with an ice bath, then
acidified with 10 mL of 6M HCl(,,). The suspension was extracted with diethyl ether (3 x 15
mL), then the ether layers were extracted with brine (1 x 15 mL), dried over MgSQy, filtered,
and concentrated to an oil.
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Example 95E
5-Methyl-4-oxo-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester

To a solution of 3.0 g of crude 5-methyl-4-oxo-pyrrolidine-1,2-dicarboxylic acid 1-
tert-butyl ester in 25 mL of N,N-dimethylformamide was added 1.2 g (8.7 mmol) of KzCOs,
and 1.2 mL (19.3 mmol) of methy! jodide. The mixture was stirred at 80 °C for 20 min,
cooled to ambient temperature, then diluted with 125 mL of 0.2M HCl,). This was
extracted with diethyl ether (3 x 20 mL), then the combined ether layers were extracted with
water (1 x 20 mL), and brine (1 x 20 mL), dried over MgSOy, filtered, and concentrated to an
oil. The product was purified via silica gel chromatography, eluting with 20% ethyl
acetate/hexanes to give the 2,5-cis isomer. The 2,5-frans isomer eluted slightly faster than
the desired cis isomer. 'H NMR (300 MHz, DMSO-dy) 8 ppm 1.30 (d, /=7.1 Hz, 3 H) 1.40
(m, 9 H) 2.59 (dd, /~19.2,3.2 Hz, 1 H) 3.12 (dd, J=18.3, 11.2 Hz, 1 H) 3.66 (s, 3 H) 3.92 (q,
J=6.8 Hz, 1 H) 4.63 (dd, /=10.7, 3.6 Hz, 1 H), NOE observed between H-2 and H-5, not
observed in the corresponding trans isomer; MS (ESI) m/z = 256 (M-H)*.

Example 95F
(2,5-cis) 4,4-Difluoro-5-methyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl
ester
T'o a solution of 710 mg (2.76 mmol) of (2,5-¢is)-5-methyl-4-oxo-pyrrolidine-1,2-
dicarboxylic acid 1-tert-butyl ester 2-methyl ester in 10 mL of CH,Cl at —78 °C was added
800 pL (6.05 mmol)of N,N-diethylaminosulfur trifluoride (DAST). The reaction was put
under N, warmed to ambient temperature, and stirred for 18 h. The excess DAST was

quenched by slowly adding the reaction mixture to 20 mL of ice cooled saturated
NaHCOsy,). After vigorously stirring the biphasic mixture for 10 min, the layers were
separated. The aqueous layer was exiracted with CH>Cl, (1 x 10 mL), then the combined
organic layers were back extracted with brine (1 x 10 mL), dried over MgSO,, filtered, and
concenirated to an oil. The product was purifed via silica gel chromatography, (75 mL silica
gel) eluting with 10% ethyl acetate/hexanes, then stepping to 20% ethy] acetate/hexanes after
collection of the forerun to give the titled compound as a colorless oil. 'H NMR (300 MHy,
CDCls) 8 ppm 1.35 (dd, J=6.78, 3.05 Hz, 3 H) 1.49 (s, 9 H) 2.37 (m, 1 H) 2.65 (m, 1 H) 3.76
(m, 3 H) 4.09 (bs, 1 H) 4.36 (bs, 1 H); MS (ESI) m/z = 280 (M+H)", 297 (M+NH,)", 302
(M+Na)*.

Example 95G
(2,5-¢is) 4,4-Difluoro-5-methyl-pyrrolidine-2~carboxylic acid methyl ester hydrochloride
To 363 mg (1.30 mmol) of 2,5 cis-difluoro-5-methyl-pyrrolidine-1,2-dicarboxylic
acid 1-tert-butyl ester 2-methyl ester was added 3 mL of 4M HCl in dioxane. The solution
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was stirred at ambient temperature for 2 h, then concentrated i1 vacuo to furnish the titled
compound as a white solid. *H NMR (300 MHz, DMSO-ds) 5 ppm 1.34 (dd, /=7.0,1.5Hz,3
H)2.72 (m, 1 H) 2.91 (m, 1 H) 3.78 (s, 3 H) 3.93 (m, 1H)476(t J=9.3 Hz, 1 H) 10.49 (bs,
2 H); MS (BSI) m/z = 180 (M+H)".

Example 95H
1-((8)-2-tert-Butoxycarbonylamino-4-methyl-pentanoyl)-(2,5-cis)-4,4-difluoro-S-methyl-
pyrrolidine-2-carboxylic acid methyl ester
To 58 mg (0.23 mmol) of N-(fer+-butoxycarbonyl)-S-leucine and 100 mg of

(dimethylamino-((1,2,3)triazolo(4,5-b)pyridin-3-yloxy)-methylene)-dimethyl-ammonium
hexafluorophosphate (HATU) was added 1 mL of N, N-dimethylformamide, then 90 L (0.52
mmol) of N, N-diisopropylethylamine. The mixture was stirred for 1 min, then added to
another flask containing 50 mg (0.23 mmol) of (2,5-cis) 4,4-difluoro-5-methyl-pyrrolidine-2-
carboxylic acid methy! ester hydrochloride. After 2 h, the reaction was diluted with 5 mL of
H,O and extracted with diethyl ether (3 x 5 mL). The combined ether layers were back
extracted with 1M HCly,,), saturated NaHCQ3(4q), and brine (1 x 5 mL), dried over MgSOq,
filtered, and concentrated to an oil. The product was purified via silica gel chromatography,

eluting with 30% ethy] acetate/hexanes to give the titled compound as a colorless foam. 'H
NMR (300 MHz, DMSO-dy) 6 ppm 0.88 (m, 6 H) 1.31 (m, 3 H) 1.36 (s, 9 H) 1.55 (m, 3 H)
2.50 (m, 1 H) 2.82 (m, 1 H) 3.64 (m, 3 H) 4.18 (m, 1 H) 4.44 (t, /=9.0 Hz, 1 H) 4.71 (m, | H)
7.32 (d, /8.1 Hz, 1 H); MS (ESI) m/z = 393 (M+H)", 410 (M+NH,)*, 415 (M+Na)".

Example 951
1-((S)-2-tert-Butoxycarbonylamino-4-methyl-pentanoyl)~(2,5-cis)-4,4-difluoro-5-methyl-

pyrrolidine-2-carboxylic acid

To a solution of 69 mg (0.18 mmol) of 1-((S)-2-ters-butoxycarbonylamino-4-methyl-
pentanoyl)-(2,5-cis)-4,4-difluoro-5-methyl-pyrrolidine-2-carboxylic acid methyl ester in 2
mL of ethanol was added 0.4 mL (0.8 mmol) of 2M KOHy,,). The reaction was stirred at
ambient temperature for 1.5 h, then concentrated in vacuo. The residue was taken up in 5 mL
of H,0, and acidified with 2 mL of IM HCl,, then the suspension was extracted with
diethyl ether (3 x 5 mL). The combined ether layers were back extracted with brine (1 x 5
mL), dried over MgSOy, filtered, and concentrated to provide the titled compound as a
colorless foam. "H NMR (300 MHz, DMSO-ds) & ppm 0.88 (m, 6 H) 1.31 (m, 3 H) 1.37 (m,
9 H) 1.57 (m, 3 H) 2.48 (m, 1 H) 2.81 (m, 1 H) 4.18 (m, 1 H) 4.33 (t, J=9.2 Hz, 1 H) 4.72 (m,
1 H) 7.30 (d, J=7.8 Hz, 1 H), 12.80 (bs, 1H); MS (ESI) m/z =377 (M-H)".

Example 95
(1-(8)(2,5-cis)-5-Carbamoyl-3,3-difluoro-2-methyl-pyrrolidine-1-carbonyl)-3-methyl-butyl)-

101

-103-




15

20

25

30

35

WO 2004/026822 PCT/US2003/029018

carbamic acid tert-butyl ester

To a solution of 60 mg (0.159 mmol) of 1-((S)-2-tert-butoxycarbonylamino-4-methyl-
pentanoyl)-(2,5-cis)-4,4-difluoro-5-methyl-pyrrolidine-2-carboxylic acid in 1 mL of
tetrahydrofuran was added 24 uL (0.22 mmol) of N-methylmorpholine, then 24 pL (0.19
mmol) of isobutyl chloroformate. The mixture was stirred at ambient temperature for 1.5 h,
then 0.3 mL of 15M NH,OH was added. After 3.5 h, the reaction was concentrated in vacuo.
The residue was taken up in 10 mL of cthyl acetate and extracted with H,O (1 x 3 mL), IM
HCI (1 x 3 mL), saturated NaHCO;(aq.) (1 x 3 mL), and brine (1 x 3 mL), dried over MgSOy,
filtered, and concentrated iz vacuo to furnish the titled compound as a colorless foam. TLC
75% ethyl acetate/hexanes, stains with ninhydrin. 'HNMR (300 MHz, DMSO-ds) & ppm
0.88 (m, 6 H) 1.30 (m, 3 H) 1.36 (s, 9 H) 1.55 (m, 3 H) 2.31 (m, 1 H) 2.64 (m, 1 H) 4.13 (m,
1 H)4.37 (t, /<9.0 Hz, 1 H) 4.64 (m, 1 H) 7.08 (s, 1 H) 7.27 (d, /~8.1 Hz, 1 H) 7.38 (s, | H);
MS (ESI) m/z = 378 (M+H), 395 (MHNH,)", 400 (M+Na)".

Example 95K
(1-(9)-((2,5-cis)-5-Cyano-3,3-difluoro-2-methyl-pyrrolidine- 1-carbonyl)-3-methyl-butyl)-
carbamic acid tert-butyl ester
To 58 mg (0.15 mmol) of (1-(S)((2,5-¢is)-5-carbamoyl-3,3-difluoro-2-methyl-
pyrrolidine-1-carbonyl)-3-methyl-butyl)-carbamic acid tert-butyl ester was added 1 mL of
pyridine, then 11 mg (0.16 mmol) of imidazole. After the imidazole had dissolved, the

reaction was cooled with an ice bath, and 30 mL (0.32 mmol) of phosphorous oxychloride
was added. The reaction was stirred for 2 h, then concentrated in vacuo. The residue was
taken up in 10 mL of ethyl acetate and extracted with 1M HCl() (2 x 5 mL), saturated
NaHCO; (1 x 5 mL), and brine (1 x 5 mL), dried over MgSO,, filtered, and concentrated to a
foam. The product was purified via silica gel chromatography, eluting with 20% ethyl
acetate/hexanes to give the titled compound as a colorless foam. "H NMR (300 MHz,
DMSO-ds) (mixture of rotamers, major rolamer only) & ppm 0.90 (m, 6 H) 1.28 (m 1 H) 1.40
(m, 12 H) 1.61 (m, 2 H) 2.99 (m, 2 H) 4.16 (m, 1 H) 4.77 (m, 1 H) 4.92 (m, 1 H) 7.43 (4,
J=7.8 Hz, 1 H); MS (ESI) m/z =360 (M+H)", 377 (M+NH,)", 382 (M+Na)".

Example 95
(28,58)-4.4-difluoro-1-L-leucyl-5-methylpyrrolidine-2-carbonitrile
To 34 mg (0.095 mmol) of (1-(S)-((2,5-cis)-5-cyano-3,3-difluoro-2-methyl-
pytrolidine-1-carbonyl)-3-methyl-butyl)-carbamic acid tert-butyl ester was added 0.5 mL of
trifluoroacetic acid. The solution was allowed to stand at ambient temperature for 10 min,

then concentrated in vacuo to give the titled compound as a colorless foam. 'HNMR (300
MHz, DMSO-dg) (mixture of rotamers, major rotamer only) & ppm 0.95 (m, 6 H) 1.35 (m, 3
H) 1.72 (m, 2 H) 3.07 (m, 2 H) 4.28 (m, 2 H) 4.76 (m, 1 H) 5.03 (t, /=8.65 Hz,  H) 8.31 (5, 3
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H); MS (ESI) m/z = 260 (M+H)",

Example 96
(28,5R)-1((25)-2-amino-2-cyclohexylethanoyl)-5-vinylpyrrolidine-2-carbonitrile

Example 96A
(28,5R)-1-((28)-2-tert-Butoxycarbonylamino-2-cyclohexyl-acetyl)-5-trimethylsilanylethynyl-
pyrrolidine-2-carboxylic acid methyl ester

To a stirred solution of methyl (SR)-5-((trimethylsilylethynyl)-I.-prolinate (2 g, 8.87
mmol, Example 1E) in dichloromethane ( 50 mL ) at room temperature under nitrogen was
added 4-dimethylaminopyridine (1.08 g, 8.87 mmol ), 4-methylmorpholine (1.46 mL, 13.31
mmol), 1-(3-(dimethylamino)propyl)-3-ethyl carbodiimide hydrochloride (2.04 g, 10.65
mmol), and Boc-Gly(cyclohexyl).OH. (2.7 g, 10.65 mmol). The reaction mixfure was stirred
at room temperature overnight. The reaction mixturc was diluted with ethyl acetate and
washed with 1M HCL The aqueous layer was further extracted with ethyl acetate (2X). The
combined ethy! acetate layers were dried (Na,SO;) and evaporated. Purification by flash

chromatography 30% EtOAc/hexane gave the desired compound as a white powder. MS
(DCI) m/z 465 (MHH)".

Example 96B
(28,5R)-1-((28)-2-tert-Butoxycarbonylamino-2-cyclohexyl-acetyl)-5-ethynyl-pyrrolidine-2-
carboxylic acid
To a stirred solution of 96A (4.3 g, 9.25 mmol), in MeOH (30mL) and H,0 (30 mL)
at room temperature was added LiOH-H:O (0.58 g, 13.88 mmol). The rcaction mixture was
stirred at ambient termperature overnight and then evaporated. Water was added to the

residue, and the mixture was extracted with Et;O (2X). The aqueous layer was acidified to
pIl~ 4 by adding 4% KIISOy dropwise. The clear solution was extracted with EtOAc (3X).
Combined EtOAc layers were washed with brine, dried over ( Na,SO4) and evaporated to
give the desired compound as a white solid. MS (DCI) m/z 379 (M+H)".

Example 96C
((25)-2-((28,5R)-2-Carbamoyl-5-ethynyl-pyrrolidin-1-yl)-1-cyclohexyl-2-oxo-gthyl)-
carbamic acid tert-butyl ester
To a stirred solution of the compound from Example 96B (3.07 g, 8.11 mmol ) in
THF (60 mL) at —15 °C undet nitrogen was added 4-methylmorpholine ( 1.07 mL, 9.73
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mmol ) and then isobutylchloroformate ( 1.2 mL, 8.92 mmol ) over 2 minutes. A white
precipitatc was formed. The rcaction mixture was stirred at —15°C under nitrogen for 30
minutes, and a solution of NHj; in dioxane (81.10 mL, 40.55 mmol ) was added. The reaction
mixture was quenched with 4% KHSO; to ~ pH 4 and extracted with EtOAc (3X ). The
organic extracts were combined, washed with brine, dried (Na,SO4) and evaporated.
Purification by flash column chromatography (5% MeOH / CH;Cl») gave the desired
compound. MS (DCI) m/z 378 (M+H)+.

Examp e 96D
((28)-2-((28,5R)-2-Cyano-5-ethynyl-pyrrolidin-1-y1)-1-cyclohexyl-2-oxo-ethyl)-carbamic

acid tert-butyl ester
To a stirred solution of Example 9GE (1 g, 2.46 mmol) and imidazole (0.18g, 2.64

mmol) in dry pyridine at —35 °C.under N was added POCI3 dropwise. The reaction mixture

was stirred between —35 and ~20 °C for 2hours and then permitted to warm to room
temperature. The reaction mixiure was concentrated, CH,Cl, was added, the white solids
were removed by filtration, and the filterate was concentrated. The white solid was purified
(30% EtOAc/hexane) to give the desired compound as a foam. MS (DCI) m/z 360 (M+H)".

Example 96E
{((28)-2-((28,5R)-2-Cyano-5-vinyl-pyrrolidin-1-yl)-1-cyclohexyl-2-oxo-ethyl)-carbamic acid
tert-butyl ester
To a solutian of ((28)-2-((28,5R)-2-cyano-5-ethynyl-pyrrolidin-1-y1)-1-cyclohexyl-2-
oxo-ethyl)-carbamic acid tert-butyl ester (0.2g, 0.53 mmol) and quinoline (0.22 ml)in EtQAc
(20 ml) was stirred under hydrogen (20 psi) over 5% Pd/BaSO; (80 mg). The mixture was
stirred at room temperature for 7 minutes. The mixture was diluted with EtOAc and washed

with 1.0M HCI. The organic layer was dried over Na,SOy and concentrated. Purification by
flash chromatography (3% MeOH-CH,Cl;) gave the desired compound as an oil. MS (DCI)
m/z 379 (M+H).

Example 96
(28,5R)-1-((25)-2-amino-2-cyclohexylethanoyl)-5-vinylpyrrolidine-2-carbonitrile
The reaction mixture of ((28)-2-((2S,5R)-2-cyano-5-vinyl-pyrrolidin-1-yl)-1-
cyclohexyl-2-oxo-ethyl)-carbamic acid tert-butyl ester (0.03 mg, 0.087 mmol) and 4 M HCI
in dioxane (0.15 mL, 0.6 mmol) was stirred at room temperature for 2 h and evaporated under

reduced pressure. The residue was triturated with ether to provide the titled compound as a
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white powder. MS (DCI) m/z 362 (M+H)"; "H NMR (300 MHz, MeOH) § 1.4-1.9 (10H, m)
2.2-2.28 (2H, m), 2.4-2.68 (3H, m), 3.19 (1H, d), 4.3 (1H, d), 4.8 (1H, 1), 5.05 (1], m), 5.9-
6.04 (2H, m).

>

Example 98
(28.58)-1-{N-((2R,58)-hexahydro-2,5-methanopentalen-3a( 1H)-v])glyeyl}-5-
methylpytrolidine-2-carbonitrile

The title compound was prepared using the conditions described in Example 91
substituting 1-adamantaneamine for cyclopentylamine. 1H NMR (300 MHz, Methanol-d4) §
ppm 1.36 (d, J=6.44 Hz, 3 H) 1.67 (i, 4 H) 1.98 (m, 8 H) 2.43 (m, 5 H) 3.88 (m, 1 H) 4.21
(m, 2 H) 4.78 (t, J=7.80 Hz, 1 H). MS (EST) m/z 288 (M+H)".

Example 99
(28,5R)-5-ethynyl-1-(N-(1-tert-butoxy carbonyl-piperidin-4-yl)glycylpvrrolidine-2-

carbonitrile
Example 99 was prepared in the same way as Example 42 by substituting 4-amino-
piperidine-1-carboxylic acid fers-butyl ester for #rans-4-aminocyclohexanol. MS (ESI) m/z
361 (M+HY.

Example 100
(28,5R)-5-ethynyl-1-(N-(1-(5-cyano-pyridin-2-vl)piperidin-4-yDglyeylpyrrolidine-2-
carbonitrile

Example 100 was prepared in the same manner as Example 31 by substituting 2-
chloro-5-cyanopyridine for 5-bromonicotinitrile. MS (CI) m/z 363 (M+1)".

Example 101
(28,5R)-1-{N-(1-(4~chlorobenzoy!)-4-methylpiperidin-4-yl)glycyl} -5-ethynylpyrrolidine-2-

carbonitrile
The titled compound was prepared in the same manner as Example 32 by substituting
4-chlorobenzoyl chloride for 4-chlorocarbony!-benzoic acid methyl ester. MS (CI) m/z 413
M

Example 102
(28,5R)-1-{N~(1-(3-cyanophenyl)-4-methylpiperidin-4-yl)glycyl}-5-ethynylpyrrolidine-2-
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carbonitrile
The titled compound was prepared in the same manner as described in Examples 30
and 31 by substituting 3-bromobenzonitrile for 5-bromonicotinonitrile and (4-methyl-
piperidin-4-yl)carbamic acid benzyl ester for piperidin-4-yl-carbamic acid tert-butyl ester.
MS (CI) m/z 376 (M+1)".

Example 103
(28,5R)-1-{N-(1-(4-cyanobenzoyl)-4-mcthylpiperidin-4-yDglyeyl }-5-ethynylpyrrolidine-2-

carbonitrile

The titled compound was prepared in the same manner as example 39 by substituting
isonicotinyl chloride with 4-cyanobenzoyl chloride. MS (CT) m/z 404(M+1)"

Example 105
(28,5R)-1-{N-(1-(4-bromobenzoyl)-4-methylpiperidin-4-yhglycyl} -5-cthynylpyrrolidine-2-

carbonitrile
The titled compound was prepared in the same manner as example 39 by substituting
isonicotinyl chloride with 4-bromobenzoyl chloride. MS (CI) m/z 458(M=1)".

Example 106
(28,5R)-5-¢thynyl-1-(N-{4-methyl-1-(4-(trifluoromethyl)pyridin-2-yl)piperidin-4-
y1} glyeyDpyrrolidine-2-carbonitrile

The titled compound was prepared in the same manner as example 29 by substituting
2-fluoropyridine with 2-chloro-4-(trifluoromethyl)pyridine. MS (CI) nv/z 420 (M+1)*,

Example 107
(28,5R)-1-{N-(4-trans(4-cyano-2-fluorophenoxy)cyclohexyDglycyl }-3-ethynylpyrrolidine-2-

carbonitrile
The titled compound was prepared in the same way as example 48 by substituting 3,4-
difluorobenzonitrile for 4-fluorobenzonitrile. MS (ESI) m/z 395 (M+H)".

Example 108
(28,5R)-5-ethynyl-1-{N-(4- trans(3-flucrophenoxy)-1-methylcyclohexyl)glycyl}pyrrolidine-

2-carbonitrile
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The titled compound was prepared in the same way as example 46 by substituting 1,3-
difluorobenzene for 3-fluoropyridine. MS (ESL) m/z 384 (M+H)".

Example 109
(28,5R)-1-{N-(4- trans (3-cyanophenoxy)cvelohexylglycyl}-3-ethynylpyrrolidine-2-
carbonitrile

The titled compound was prepared in the same way as example 48 by substituting 3-
fluorobenzonitrile for 4-fluorobenzonitrile. MS (EST) m/z 377 (M+H)".

Example 111
(28,5R)-1-(N-{4- trans ((5-chloropyridin-2-yl)oxy)cyclohexyl} glycyl)-5-ethynylpyrrolidine-
2-carbonitrile

The titled compound was prepared in the same way as example 48 by substituting 2,5-
dichloropyridine for 4-fluorobenzonitrile. MS (ESI) m/z 387 (M+H)".

Cxample 112
(28,5R)-5-ethynyl-1~(N-(4- trans {(4'-fluoro-2-(trifluoromethyl)-1,1'-biphenyl-4-
yloxy}eyclohexyl)glycvl)pyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 43 by substituting 1-
bromo-4-fluoro-2-trifluoromethyl benzené for 3-bromo-4-fluoro-1-trifluoromethyl benzene.
MS (ESI) m/z 514 (M+H)",

Example 113
(28,5R)-5-ethynyl-1-(N-(4- trans {(4'-fluoro-6-(triflucromethyl)-1,1'-biphenyl-3-
yloxy}cyclohexyl)glycyl)pyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 43 by substituting 2-
bromo-4-fluoro-1-triflucromethyl benzene for 3-bromo-4-fluoro-1-trifluoromethyl benzene,
MS (ESI) m/z 514 (M+H)".

Example 114
(28.5R)-1-(N-{4-(3-cyano-4- trans (trifluoromethyl)phenoxy)cyclohexyl}glycyl)-5-
ethynylpyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 48 by substituting 5-
fluoro-2-trifluoromethyl-benzonitrile for 4-fluorobenzonitrile. MS (ESI) m/z 445 (M+H)".

Example 115
(28,5R)-1-{N-(4- trans (3-bromophenoxy)cyclohexyl)glycyl}-5-ethynylpyrrolidine-2-
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carbonitrile
The titled compound was prepared in the same way as example 48 by substituting 1-
bromo-3-fluoro-benzene for 4-fluorobenzonitrile. MS (BST) m/z 431 (M+H)".

Example 116
(28,5R)-1-{N-(4- trans (4-cyano-3-fluorophenoxy)cyclohexyl)glycyl}-5-ethynylpyrrolidine-

2-carbonitrile
The titled compound was prepared in the same way as example 48 by substituting 2,4-
difluorobenzonitrile for 4-fluorobenzonitrile. MS (ESL) m/z 395 (M+H)".

Example 117
(28,5R)-1-(N-{4-(2-cyano-4- trans (ftrifluoromethyl)phenoxv)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile
The titled compound was prepared in the same way as example 48 by substituting 2-
fluoro-5-trifluoromethyl-benzonitrile for 4-fluorobenzonitrile. MS (ESI) m/z 445 (M+H),

Example 118
(28,5R)-1-{N-~(4- trans (3-cyanophenoxy)-1-methylcyclohexyDglycyl}-5-ethynylpyrrolidine- -
2-carbonitrile

The titled compound was prepared in the same way as example 46 by substituting 3-
fluorobenzonitrile for 3-fluoropyridine. MS (ESI) m/z 391 (M+H)".

Example 119
(25,5R)-1-{N-(4- trans (4-chlorophenoxy)cyclohexyl)glycyl }-5-ethynylpyrrolidine-2-

carbonitrile
The titled compound was prepared in the same way as example 48 by substituting 1-
chloro-4-fluoro-benzene for 4-fluorobenzonitrile. MS (ESI) m/z 386 (M+H)".

Example 120
(28,5R)-5-ethynyl-1-(N-(4- trans {(6-methyl-4~(trifluoromethyl)pyridin-2-
yhoxyt}eyelohexylglyeylpyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 48 by substituting 2-
chloro-6-methyl-4-trifluoromethyl-pyridine for 4-fluorobenzonitrile. MS (ESI) m/z 435
(M+H)".

Example 121
(28,5R)-1-(N-{4- trans (2-cyano-3-(trifluoromethyl)phenoxy)cyclohexyl} glycyl)-5-

108

-110-




—
w

20

30

35

WO 2004/026822 PCT/US2003/029018

ethynylpyrrolidine-2-carbonitrile
The titled compound was prepared in the same way as example 48 by substituting 2-
fluoro-6-trifluoromethyl-henzonitrile for 4-fluorobenzonitrile. MS (ESI) m/z 445 (M+H)".

Example 122
(28,5R)-5-ethynyl-1-(N-{4- trans (4-pyridin-4-yl-3-
(trifluoromethyl)phenoxy)cyclohexyl} glyeylpyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 43 by substituting 4-
pyridyl boronic acid for 4-fluorophenyl boronic acid and 2-bromo-5-fluorobenzotrifluoride
for 3-bromo-4-fluoro-1-trifluoromethylbenzene. MS (ESI) m/z 497 (M+H)".

Example 123
(28,5R)-1-(N-{4- truns (3-cyano-5-(irifluoromethyl)phenoxy)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 48 by substituting 3-
fluoro-5-trifluoromethyl-benzonitrile for 4-fluorobenzonitrile. MS (ESI) m/z 445 (M+H)".

Example 124
(28,5R)-5-ethynyl-1-{N-(4~(4-fluorophenoxy)-1-methylcyclohexyDelveyl} pyrrolidine-2-
carbonitrile

The titled compound was prepared in the same way as example 46 by substituting 1,4-
difluorobenzene for 3-fluoropyridine. MS (ESI) m/z 384 (M+H)*.

Example 125
(28,5R)-5-ethynyi-1-{N-(4-(3-fluorophenoxy)-1-methylcyclohexyDglycyl } pyrrolidine-2-
carbonitrile

The titled compound was prepared in the same way as example 46 by substituting 1,3-
difluorobenzene for 3-fluoropyridine. MS (ESI) m/z 384 (M+H)".

Example 127
(28,5R)-5-ethynyl-1-(N-{4~ trans (3-
(trifluoromethyl)phenoxy)cyclohexyl } glycyl)pyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 48 by substituting 1-
fluoro-3-trifluoromethyl-benzene for 4-fluorobenzonitrile. MS (ESI) m/z 420 (M+H)".

Example 128
109

-11-




10

15

20

25

30

35

WO 2004/026822 PCT/US2003/029018

(28.5R)-1-(N-{4- trans ((3-bromopyridin-2-yl)oxy)cyclohexyl} glycyl)-S-ethynylpyrrolidine-
2-carbonitrile

The titled compound was prepared in the same way as example 48 by substituting 3-
bromo-2-chloro-pyridine for 4-fluorobenzonitrile. MS (ESI) nw/z 432 (M+H)".

Example 129
(28,5R)-5-ethynyl-1-(N-(4- trans {(4-(trifluoromethyl)pyridin-2-
yloxy}cyclohexylglycylpyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 48 by substituting 2-
chloro-4-trifluoromethyl-pyridine for 4-fluorabenzonitrile. MS (ESI) m/z 421 (M+H)".

Example 130
(28,5R)-1-(N-{4- trans ((5-chloropyridin-2-yl)oxy)-1-methylcyclohexyl}glycyl)-5-
ethynylpyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 46 by substituting 2,5-
dichloropyridine for 3-fluoropyridine. MS (ESI) m/z 401 (M+H)™,

Example 131
(28,5R)-1-{N-(4- trans (3-cyanophenoxy)-1-methylcyclobexyl)glyeyl} -5-ethynylpyrrolidine-

2-carbonitrile
The titled compound was prepared in the same way as example 46 by substituting 3-
fluorobenzonitrile for 3-fluoropyridine. MS (ESI) m/z 391 (M+H)".

Example 132
(25,5R)-5-ethynyl-1-(N-{4- trans (4-(trifluoromethyl)-5-
(carboxy)phenoxy)cyclohexyl}glycyl)pyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 48 by substituting 2-
fluoro-5-trifluoromethyl-benzoic acid for 4-fluorobenzonitrile. MS (ESI) m/z 464 (M+H)".

Example 133
(28,5R)-1-{N-(4- trans (3-chlorophenoxy)cvelohexyl)glycvl }-5-ethynylpyrrolidine-2-
carbonitrile

The titled compound was prepared in the same way as example 48 by substituting 1-
chloro-3-fluoro-benzene for 4-fluorobenzonitrile. MS (EST) m/z 386 (M~H)".

Example 134
(28,5R)-5-ethynyl-1-(N-(1-methyl-4- trans {(5-(trifluoromethyl)pyridin-2-
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yl)oxyleyelohexyhalyeylpyrrolidine-2-carboniirile

The titled compound was prepared in the same manner as example 46 by substituting
2-chloro-5-trifluoromethylpyridine for 3-fluoropyridine. The titled compound is a mixture of
diastereomers at the ether bearing carbon. MS (CI) m/z 435 (M+1)".

Example 135
(28,5R)-1-{N-(4- trans (4-bromophenoxy)cyclohexyl)glycyl}-5-ethynylpyrrolidine-2-

carbonitrile
The titled compound was prepared in the same way as example 48 by substituting 1-
bromo-4-fluorobenzene for 4-fluorobenzonitrile. MS (ESI) m/z 431 (M+H)".

Example 136
(25,5R)-1~-(N-{ 1,1-dimethyl-Z-((3-cyano~6-methylpyridin—2-vl)amino)ethyl}glyqyl)—5-
ethynylpyrrolidine-2-carbonitrile

The titled compound was prepared using the same procedure as described for
Example 155 by substituting 6-chloronicotinonitrile with 2-chlore-3-cyano-6-methylpyridine.
MS (DCI/NHz) m/z 365 (M+H)*.

Example 137
(28,5R)-1-(N~(1,1-dimethyl-2-{(5-(trifluoromethyl)pyridin-2-yl)oxy}ethyDglycyl)-5-
ethynylpyrrolidine-2-carbonitrile

The titled compound was prepared using the same procedure as described for
Example 66 substituting 2-chloro-5-(trifluoromethyl)pyridine for 6-chloronicotinonitrile. MS
(DCI/NH;3) m/z 394 (M+H)".

Example 138
(2S,5R)-1-(N-{1,1-dimethyl-2-((3-cyano-6-methylpyridin-2-yDoxy)ethyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile

The titled compound was prepared using the same procedure as described for
Example 66 substituting 2-chloro-3-cyano-6-methylpyridine for 6-chloronicotinonitrile. MS
(DCINH;) m/z 366 (M+H)".

Example 139
(28.5R)-5-ethynyl-1-(N-(tetrahydrofuran-2-ylmethyl)glycyl)pyrrolidine-2-carboniirile
The titled compound was prepared in the same way as example 42 by substituting C-
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(tetrahydro-furan-2-yl)-methylamine for #ans-4-aminocyclohexanol. MS (ESI) m/z 262
(MHH)",

. Example 140
(28,5R)-5-ethynyl-1-(N-(pyridin-2-ylmethyDglycyDpyrrolidine-2-carbonitrile
The titled compound was prepared in the same manner as example 42 by substituting
C-pyridin-2-yl-methylamine for trans-4-aminocyclohexanol. MS (CT) m/z 435 (M+1)".

Example 141
(28,5R)-5-cthynyl-1-(N-(2-pyridin-4-ylethyl)glycyl)pyrrolidine-2-carbonitrile
The titled compound was prepared in the same manner as example 42 by substituting
2-pyridin-4-yl-ethylamine for trans-4-aminocyclohexanol. MS (Cl) m/z 283 M+,

Example 142
(28,5R)-5-ethynyl-1-{ N-((1-tert-butoxycarbonylpiperidin-4-ymethylglycyl }pyrrolidine-2-
carbonitrile

The titled compound was prepared in the same way as example 42 by substituting 4-
aminomethyl-piperidine-1-carboxylic acid fers-butyl ester for frans-4-aminocyclohexanol.
MS (BSI) m/z 375 (M+H)".

Example 143
(25,5R)-5-ethynyl-1-{N-(3-(methylamino)propyDglycyl} pyrrolidine-2-carbonitrile
The titled compound was prepared by treating Example 151 with 4 M HCl in dioxane.
MS (ESI) m/= 249 (M+H)".

Example 144
(28,5R)-5-ethynyl-1-(N-(4-tert-butyloxycarbonylbutyl)glycyl)pyrrolidine-2-carbonitrile
The titled compound was prepared in the same way as example 42 by substituting 4-

amino-butyric-acid fert-butyl ester for zrans-4-aminocyclohexanol. MS (ESI) m/z 320
(M+H)".

Example 145
(28,5R)-5-ethynyl-1-(N-(3-hydroxy-2,2-dimethylpropyl)glycyl)pyrrolidine-2-carbonitrile
The titled compound was prepared as described in Example 160 substituting
neopentanolamine for cyclopropylamine. MS (DCI/NHs), m/z = 264 (M+H)".

Example 146
112
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Structure possibly contains amino acid derivative which is not supported in current version!

The titled compound was prepared using the same procedure as described for
Example 155 by substituting 6-chloronicotinenitrile with 2-chloro~4-cyanopyridine. MS
(DCI/NH;) m/z 351 (M+H)",

Example 147
(28,5R)-1-(N-(1,1-dimethyl-2-{(4-(trifluoromethyl)pyrimidin-2-yl)amino } ethyl)glycyl)-5-
ethynylpyrrolidine-2-carbonitrile

The titled compound was prepared using the same procedure as described for
Example 135 by substituting 6-chloronicotinonitrile with 2-chloro-4-
(tritfluoromethyl)pyrimidine. MS (DCl/NHs) m/z 395 (M+H)+.

Example 148
Structure possibly contains amino acid derivative which is not supported in current version!

The titled compound was prepared using the same procedure as described for
Example 155 substituting 6-chloronicotinonitrile with methyl 6-chloronicotinate. MS
(DCI/NH;) mi/z 424 (M+H),

Example 149
(28,5R)-1-{N-(2-(2-cyano-5-fluorophenoxy)-1,1 -dimethylethyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile

The titled compound was prepared using the same procedure as described for
Example 66 by substituting 2,4-difluorobenzonitrile for 6-chloronicotinonitrile. MS
(DCI/NH3) m/z 369 (M+H1)".

Example 150
(28,5R)-5-ethynyl-1-(N-(4-iodobenzyl)glycylpyrrolidine-2-carbonitrile
The titled compound was prepared in the same way as example 42 by substituting 4-
iodo-benzylamine for frans-4-aminocyclohexanol. MS (ESI) m/z 394 (M+H)".

Example 151
(2S,5R)-5-ethynyl-1-{N-(3-(methylamino)-3-tert butyloxy
carbonylpropyl)glycyl}pyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 42 by substituting (3~
amino-propyl) methyl carbamic acid fert-butyl ester for #rans-4-aminocyclohexanol. MS
(GSI) m/z 349 (M+H)".
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Example 152
(28,5R)-5-ethynyl-1-(N-(4-carboxybutyl)glycyl)pyrrolidine-2-carbonitrile
The titled compound was prepared by treating Example 144 with 4 M HCl in dioxane.
MS (ESI) m/z 263 (M+H)".

Example 153
(28,5R)-1~-(N-(2-{(3~chloro-5-(trifluoromethyl)pyridin-2-ylJamino } ethyl)glycyl)-5-
ethynylpyrrolidine-2-carbonitrile

Example 153 was prepared in the same way as example 42 by substituting N1-(3-
chloro-5-trifluoromethyl-pyridin-2-yl)-ethane-1,2-diamine for frans-4-aminocyclohexanol.
MS (ESI) m/z 400 (M+H)+.

Example 154
(28.5R)-5-ethynyl-1-(N-(3-isopropoxypropyl)elycyDpyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 42 by substituting 3-
isopropoxy propylamine for trans-4-aminocyclohexanol. MS (ESI) m/z 278 (M+H)".

Example 155
(28,5R)-1-{N-(1,1-dimethyl-2-(5-cyanopyridin-2-ylamino)ethyl)glycyl }-5-
ethynylpyrrolidine-2-carbonitrile

Example 155A
6-(2-Amino-2-methyl-propylamine)-nicotinonitrile

A mixture of 1,2-diamino-2-methylpropane(3.14ml, 30 mmol), and 6-
chloronicotinonittile (2.77g, 20 mmol) were heated to 120 °C for 2 days. The reaction
mixture was filtered, and the inorganic salt was rinsed with EtOAc. The filierate was
concentrated under reduced pressure to provide the titled compound as a pale yellow solid.
MS (DCI) m/z 191 (M+H) .

Example 155
(28,5R)-1-{N-(1,1-dimethyl-2-(5-cyanopyridin-2-ylamino)ethyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile

To a stirred solution of (28,5R)-1-(chloroacetyl)-5-ethynylpyrrolidine-2-carbonitrile
(0.05 g, 0.255 mmol, Example 8D) in acetonitrile (3 mL ) at room temperature under nitrogen

was added 6-(2-amino-2-methyl-propylamino)-nicotinonitrile (0.1g , 0.51 mmol ). The
reaction mixture was stirred overnight and then concentrated under reduced pressure. The
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residue was flash chromatographed with 2% MeOH/CH:Cl to provide the desired compound
as a white solid. MS (DCI) m/z 351 (M+H)"; "H NMR (300 MHz, DMSO-ds) § 2.03-2.5(2H,
m), 2.55 (2H, s), 2.1 (2H, s), 3.5(1H, m), 3.82 (6H, s), 3.9-4.6 (2H, m), 4.7-4.82 (1H,m),
4.88-5.5 (1H, m), 7.3-7.5 (3H,m).

Example 156
(28,5R)-1-(N-(2-(4-carboxyanilino)-1,1-dimethylethyl)glycyl)-5-ethynylpyrrolidine-2-

carbonitrile

Example 156A
(28,5R)-1-(N-(2-(4-tert-butoxycarbonyl)-anilino-1,1-dimethylethyl)glycyl)-5-
ethynylpyrrolidine-2-carbonitrile

The titled compound was prepared using the same procedure as described for
Example 155 substituting tert-butyl 4-fluorobenzoate for 6-chloronicotinonitrile. MS
(DCI/NH;) nv/z 424 (M+H)".

Example 156
(28,5R)- 1-(N-(2-(4-carboxyanilino)- L, 1-dimethylethyDglycyD)-5-ethynylpyrrolidine-2-
carbonitrile

A mixture of the tert-butylbenzoate described above in 4 M HCI in dioxane was
stirred at 23 °C for 2 hours. The dioxane was removed in vacuo, and the crude solid was
triturated several times with diethyl ether. The resulting white solid was dried in vacuum
oven overnight to afford the HCI salt of the titled compound. MS (DCI/NH;) m/e
368(M+H)".

Example 157
(2S,5R)-5-ethynyl-1-{N-(1-(1-hydroxy-1-methylethyl)cyclopentyl)glycyl } pyrrolidine-2-
carbonitrile

The titled compound was prepared in the same way as example 42 by substiluting 2-
(1-amino-cyclopentyl)-propan-2-ol for frans-4-aminocyclohexanol. MS (ESI) m/z 304
(MHH)".

Example 158
(28,5R)-5-ethynyl-1-{N-((2R,58)-hexahydro-2,5-methanopentalen-3a(1H)-
yhelycyl}pyrrolidine-2-carbonitrile
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The titled compound was prepared in the same way as example 42 by substituting 3
noradamantanamine for rans-4-aminocyclohexanol. MS (ESI) m/z 334 (M+H)".

Example 159
(25,5R)-1-(N-cyclopentylglycyl-(N- methyl 1-aminocyclopentanecarboxy)-5-

ethynylpyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 42 by substituting 1~
amino-cyclopentane carboxylic acid methyl ester for frans-4-aminocyclohexanol. MS (ESI)
m/z 304 (MY,

Example 160
(28,5R)-1-(N-cyclopropylglycyl)-5-cthynylpyrrolidine-2-carbonitrile
To a stirred solution of Example 8D (0.045 g, 0.228 mumol ) in acetonitrile (2 mL ) at
room temperature under nitrogen was added cyclopropylamine (0.032 ml , 0.457 mmol ).

The reaction mixture was stirred overnight and then concentrated under reduced pressure.
The residue was flash chramatographed with 3% MeOH/CH,Cl; to provide the desired
compound as a pale yellow oil. MS m/z 218 (M+H)"; "H NMR (300 MHz, DMSO-d;) 5 1.5
2 (4H, m), 2.11-2.21 (2H, m), 2.45-2.48 (2H, m), 3.78 (1H, d), 3.8-4.5 (2H, m), 4.53-4.55
(1H, 1), 5.01 (1E,m), 5.05 (1H, m).

Example 161
(28,5R)-5-ethynyl-1-(N-piperidin-4-ylglycyl)pyrrolidine-2-carbonitrile
The titled compound was prepared by treating Example 99 with 4 M HCI in dioxane.
MS (ESI) m/z 261 (M+H)".

Example 162
(28,5R)-5-ethynyl-1-{N-((5R,7S)-3-hydroxy-1-adamantyl)glycyl} pyrrolidine-2-carbonitrile
To a stirred solution of Example 8D (0.06 g, 0.305 mmol ) in acetonitrile (3 mL ) at
room temperature under nitrogen, was added 3-amino-1-adamantancl (0.1 g , 0.61 mmol ).

The reaction mixture was slirred for iwo days and then concentrated under reduced pressure.
The residue was flash chromatographed with 5-7% MeOH/CH,Cl; to provide the desired
compound as a pale yellow oil. MS (DCI) m/z 328 (M+H)*; "H NMR (300 MHz, DMSO-d5)
$1.5-2 (14H, m), 2.11-2.21 (2H, m), 2.45-2.48 (2H, m), 3.78 (1H, d), 3.8-4.5 (2H, m), 4.53-
4,55 (1H, 1), 5.01 (1H,m), 5.05 (1H, m).

Example 163
(28,5R)-5-ethynyl-1-((3R)-N-tetrahydrofuran-3-ylglycyl)pyrrolidine-2-carbonitrile
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To a stirred solution of Example 8D (0.03 g, 0.153 mmol ) and potassium carbonate
(0.2g, 1.53 mmol) in acetonitrile (2 mL ), at room temperature under nitrogen was added
R(+)-3-aminotetrahydrofuran toluene-4-sulfonate (0.08 g, 0.32 mmol ). The reaction
mixture was stirred overnight and then concentrated under reduced pressure. The residue was
flash chromatographed with 2% MeOH/CH,Cl; to provide the desired compound as a pale
yellow oil. MS (DCI) m/z 248 (M+H)"; 'H NMR (300 MHz, DMSO-ds) & 1.5-2 (2H, m),
2.11-2.21 (2H, m), 2.45-2.48 (21, m), 3.78 (1H, d), 3.8-4.5 (2H, m), 4.53-4.55 (111, 1), 5.01
(1H,m), 5.05 (1H, m), 5.43-5.9 (4H,m).

Example 164
(28,5R)-1-(N-cycloheptylglycyl)-5-ethynylpyrrolidine-2-carbonitrile
The titled compound was prepared as described in Example 160 substituting
cyclopropylamine with cycloheptylamine. MS (DCI) m/z 274 (M+H)"; "H NMR (300 MHz,
DMSO0-dg) 8 1.5-2 (1211, m), 2.11-2.21 (21, m), 2.45-2.48 (211, m), 3.78 (111, d), 3.8-4.5
(2H, m), 4.53-4.55 (1H, t), 5.01 (1H,m), 5.05 (1H, m).

Example 165
(28,5R)-1-(N-cyclobutylglycyl)-5-ethynylpyrrolidine-2-carbonitrile
The titled compound was prepared as described in Example 160 substituting
cyclbpropylamine with cyclobutylamine. MS (DCI) m/z 232 (M+H)*; 'H NMR (300 MHz,
DMSO0-dy) 8 1.5-2 (6H, m), 2.11-2.21 (2H, m), 2.45-2.48 (2H, m), 3.78 (1H, d), 3.8-4.5 (2H,
m), 4.53-4.55 (1H, t), 5.01 (1H,m), 5.05 (1H, m).

Example 166
(28,5R)-5-ethynyl-1-(3-methyl-L-valyl)pyrrolidine-2-carbonitrile
The titled compound was prepared according to the procedures for Example 1F-J

substituting N-(f-butoxycarbonyl)-L-t-butylglycine for N-(t-butoxycarbonyl)-L-leucine
monohydrate in the step described in Example 1F, MS (DCI/NH3) m/z 233 (M+H)".

Example 167
(28,5R)-5-¢thynyl-1-(3-pyridin-4-yi-L-alanyl)pyrrolidine-2-carboniirile

The titled compound was prepared in the same manner as example 1 by substituting
(28)-tert-butoxycarbonylamino-3-pyridin-4-yl-propionic acid for N-(tert-butoxycabonyl)-L-

leucine monohydrate. MS (CI) m/z 269 (M+1)".

Example 168
(2S8,5R)-1-L-leucyl-5-prop-1-ynylpyrrolidine-2-carbonitrile
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The titled compound was prepared in the same way as example 85 by substituting -
Boc-L-Leucine for Boc-cyclopentyl-L-glycine.dicyclohexylamine. MS (ESI) m/z 248
(MHH)".

Example 169
(28,5R)-1-(3-methyl-L-valyl)-5-prop-1-ynylpyrrolidine-2-carbonitrile
The titled compound was prepared in the sume way as example 85 by substiluiing
Boc-L-tert-leucine for Boc-cyclopentyl-L-glycine.dicyclohexylamine. MS (ESI) m/z 248
(M-HH).

Example 170
(28,5R)-1-(N-cyclobutylglycyl)-5-prop-1-ynylpyrrolidine-2-carbonitrile
The titled compound was prepared in the same way as example 88 by substituting
cyclobutylamine for cyclopentylamine. MS (ESI) m/z 246 (M+H),

Example 171
(28,5R)-1-(N-(4- trans hydroxycyclohexyl)glycyl)-5-prop-1-ynylpyrrolidine-2-carbonitrile

The titled compound was prepared in the same way as example 88 by substituting
frans-4-aminocyclohexanol for cyclopentylamine. MS (EST) m/z 290 (M+H)".

Example 172
(28,5R)-1-IN-((28)-2-hydroxycyclopentyl)glycyl }-5-prop-1-ynylpyrrolidine-2-carbonitrile
The titled compound was prepared in the same way as example 88 by substituting 2-
amino-cyclopentanol for cyclopentylamine. MS (ESI) m/z 276 (M+H)"

Example 173
(28,58)-5-methyl-1-{N-((18,28,38,5R)-2,6,6-trimethylbicyclo(3.1.1)hept-3-
yl)glycyl}pyrrolidine-2-carbonitrile
The titled compound was prepared using the methodology described in Example 91
substituting (+)-isopinocampheylamine for cyclopentylamine. MS (DCI) m/z 304 (M+H)

DLxample 174
(28,58)-1-{N-((5R,75)-3-hydroxy-1-adamantyl)glycyl}-5-methylpyrrolidine-2-carbonitrile

The titled compound was prepared using the methodology described in Example 91
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substituting 3-amino-1-adamantanol for cyclopentylamine. MS (DCI) m/z 318 (M+H)".

Example 175
(28,58)-1-{N-(2-(3 4-dimethoxyphenyl)ethyD)glycyl}-5-methylpyrrolidine-2-carbonitrile
The titled compound was prepared using the methodology described in Example 91
substituting homoveratrylamine for cyclopentylamine. MS (DCI) m/z 332 (M-+H).

Example 176
(28,58)-4,4-difluoro-5-methyl-1-((58)-5-methyl-L-prolyl)pyrrolidine-2-carbonitrile
The titled compound was prepared using methodologies described in Examples 6 and
95 substituting (2R,5S)-5-methyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester for N-
(tert-butoxycarbonyl)-S-leucine. MS (ESI) m/z =258 (M+H)".

Example 177
(28,58)-1-(N-isopropylglycyl)-5-methylpyrrolidine-2-carbonitrile
The titled compound was prepared using the methodology described in Example 91
substituting isopropylamine for cyclopentylamine. MS (DCI) m/z 210 (M+H)".

Example 178
(28.5%)-1-L-isoleucyl-5-methylpyirolidine-2-carbonitrile

The titled compound was prepared using methodology described in Examples 91, 28
and 6 substituting N-(tert-butoxycarbonyl)-L-isoleucine for N-(tert-butoxycarbonyl)-L-
leucine hydrate. MS (DCI) m/z 224 (M+H)".

Example 179
(28,58)-5-methyl-1-{N-(2-(5-cyano-pyridin-2-ytamino)ethyl)glycyl} pyrrolidine-2-

carbonitrile

The titled compound was prepared using methodologies described in Example 91 and
in Vilthauer, E.B.; Brinkman, J.A.; Naderi, G.B.; Burkey, B.F.; Dunning, B.E.; Prasad, K.;
Mangold, B.L.; Russell, M.E.; Hughes, T.E. J. Med. Chem. 2003, 46,2774-2789. MS
(DCD) mv/z 313 (M+H)". '
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Example 180
(28.58)-5-methyl-1-((38)-1,2,3,4-tetrahydroisoquinolin-3-ylcarbonyl)pyrrolidine-2-
carbonitrile

The title compound was prepared as described in Example 28 substituting Boc-L-Tic-
OH for N-(tert-butoxycarbonyl)-L-leucine hydrate. MS (ESI) m/z 270 M+H)".

Example 181
(28,58)-1-(3-cyclopropyl-L-alanyl)-5-methylpyrrolidine-2-carbonilrile

The title compound was prepared as described in Example 28 substituting beta-
cyclopropyl-L-alanine Boc for N-(fert-butoxycarbonyl)-L-leucine hydrate. MS (DCI) m/z
208 (M+H)".

Example 182
(28,58)-5-methyl-1-D-prolylpyrrolidine-2-carbonitrile

The title compound was prepared as described in Example 28 substituting Boc-L-
proline for N-(tert-butoxycarbanyl)-L-leucine hydrate. MS (DCI) m/z 322 (MHH)".

Example 183
(28,58)-1-(N-2,3-dihydro- 1H-inden-1-ylglycyl)-5-methylpyrrolidine-2-carbonitrile
The titled compound was prepared using the methodology described in Example 91
substituting 1-aminoindane for cyclopentylamine. MS (DCI) nv/z 284 (M+H)".

Example 184
(28,58)-5-methyl-1-T -valylpyrrolidine-2-carbonitrile
The title compound was prepared as described in Example 28 substituting N-(ter-
butoxycarbonyl)-L-valine for N-(fert-butoxycarbonyl)-L-leucine hydrate. MS (DCD m/z211

(MHH)".

Example 185
(28,58)-5-methyl-1-(4-methyl-L-leucyl)pyrrolidine-2-carbonitrile
The title compound was prepared as described in Example 28 substituting N-(fert-
butoxycarbonyl)-L-t-butyl-alanine for N-(ze#-butoxycarbonyl)-L-leucine hydrate. MS (DCI)
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m/z 238 (M+H)".

Example 186
(28.58)-1-(N~(4~ trans hydroxycyclohexylglyeyl)-3-methylpyrrolidine-2-carbonitrile
The titled compound was prepared using the methodology described in Example 91
substituting trans-4-aminocyclohexanol for cyclopentylamine. MS (DCI) m/z 266 (M-HH)".

Example 187
(28,59)-1-(N-(tert-butyl)glveyl)-5-methylpyrrolidine-2-carbonitrile
The titled compound was prepared using the methodology described in Example 91
substituting #-butylamine for cyclopentylamine. MS (DCI) m/z 224 (M+H)*.

Example 188
(28,58)-5-methyl-1-((5S)-5-methyl-L-prolyl)pyrrolidine-2-carbonitrile
The title compound was prepared using the methodology described in Examples 28, 6,
and 176. MS (DCI) m/z 222 (M-+H)".

Example 189
(28,58)-1-(3-cyclohexyl-L-alanyl)-5-methylpyrrolidine-2-carbonitrile
The title compound was prepared as described in Example 28 substituting N~(ser¢-

butoxycarbonyl)-L-cyclohexylalanine for N-(tert-butoxycarbonyl)-L-leucine hydrate. MS
(DCI) m/z 264 (M+H)".

It will be evident to one skilled in the art that the present invention 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.
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The claims defining the invention are as follows:

1. A compound of formula (I),

M,

s or pharmaceutically acceptable salt thereof, wherein

X is a member selected from the group consisting of CH,, CHF and CFy;

R is selected from the group consisting of alkylcarbonyl, arylcarbonyl cyano,
) heterocyclecarbonyl, RRsNC(O)-, B(ORg)s, (1,2,3)-dioxoborolane and 4,4,5 S-tetra.methyl-
(1,2,3)dioxoborolane;

e R, is selected from the group consnstmg of alkoxyalkyl, alkyl, alkylcarbonyl, alkenyl,
alkynyl, allenyl, arylalkyl, cycloalkyl; cycloalkylalkyl, cyano, haloalkyl, haloalkenyl,
heterocyclealkyl, and hydroxyalkyl;

Ry and Rj are independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocycle
\&  heterocyclealkyl, hydroxyalkyl; or
R and R taken together with the atoms to which they are attached form a mono or
. bicyclic heterocycle selected from the group consisting of 2-indolinyl, 2-indolyl, 3-
isoquinoline, 2-piperazine, 2-piperidine, 2-pyrrolidine, 2-pyrrole, 2-pyridine, 2-quinolinyl, 2-
tetrahydroquinolinyl, and 3-tetrahydroisoquinolinyl, wherein said heterocycle may be
2o  substituted with 0, 1, 2 or 3 substituents independently selected from alkenyl, alkoxy,.
alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, dlkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkylsulfonyl, alkylthio, alkynyl, aryl, arylalkoxy, arylalkyl, arylcarbonyl,
aryloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, formyl, halogen, haloalkyl, hydroxy,
hydroxyalkyl, mercapto, nitro, phenyl, RsRaN-, ReRpNC(0)-, and RcRpNS(O)-;
25 R4, Rs and Ry are each independently selected from the group consisting of hydrogen,
alkyl, and arylalkyl;

R4 and Rp are each independently selected from the group consisting of alkyl,
alkylcarbonyl, alkoxycarbonyl, alkylsulfonyl; or R4 and Rp taken together with the nitrogen
to which they are attached form a ring selected from the group consisting of piperidine,

A ¢  piperazine and morpholine; and
Re and Rp are cach independently selected from the group consisting of hydrogen and

alkyl.
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2. A compound as defined in Claim 1 of formula (II)
X
R‘/(Nj*m

¢}
HN\B
or pharmaceutically acceptable salts thereof, wherein

X is a member selected from the group consisting of CHa, CHF and CF»;

R, is selected frem the group consisting of alkynyl and cyano;

B is substituted or unsubstituted and is selected from the group consisting of
azetidinyl, azepanyl, aziridinyl, diazepinyl, 1,3-dioxolanyl, dioxanyl, dithianyl, furyl,
imidazolyl, imidazolinyl, imidazolidinyl, isothiazolyl, isothiazolinyl, isothiazolidinyl,
isoxazolyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolyl, oxadiazolinyl,
oxadiazolidinyl, oxazolyl, oxazolinyl, oxazolidinyl, piperazinyl, piperidinyl, pyranyl,
pyrazinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, pyridinyl, pyrimidinyl, pyridazinyl,
pyrrolyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, tetrazinyl,
tetrazolyl, thiadiazolyl, thiadiazolinyl, thiadiazolidinyl, thiazolyl, thiazolinyl,
thiazolidinyl, thienyl, thiomorpholinyl, thiopyranyl, triazinyl, triazolyl, and trithianyl,
wherein B may be substituted with one, two, or three substiuents independently selected
from the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxyalkoxycarbonyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkylsulfonyl, alkylthio, alkynyl, carboxy, carboxyalkyl, cyano,
cyanoalkyl, formyl, halogen, haloalkyl, haloalkoxy, hydroxy, hydroxyalkyl, mercapto,
nitro, sulfonyl, RgReN--, RGR/NC(0)--, and RGR#NS(O);--, wherein R and Ry are each
independently selected from the group consisting of alkyl, alkylcarbonyl, alkoxycarbonyl,
alkylsulfonyl, and hydrogen and Rg and Ry are each independently selected from the
group consisting of hydrogen and alkyl; or

B is A-L-D wherein

A is substituted or unsubstituted and is selected from the group consisting of
azetidinyl, azepanyl, aziridinyl, diazepinyl, 1,3-dioxolanyl, dioxanyl, dithianyl, furyl,
imidazolyl, imidazolinyl, imidazolidinyl, isothiazolyl, isothiazolinyl, isothiazolidinyl,
isoxazolyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolyl, oxadiazolinyl,
oxadiazolidinyl, oxazolyl, oxazolinyl, oxazolidinyl, phenyl, piperazinyl, piperidinyl,
pyranyl, pyrazinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, pyridinyl, pyrimidinyl,
pyridazinyl, pyrrolyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl,
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tetrazinyl, tetrazolyl, thiadiazolyl, thiadiazolinyl, thiadiazolidinyl, thiazolyl, thiazolinyl,
thiazolidinyl, thienyl, thiomorpholinyl, thiopyranyl, triazinyl, triazolyl, and trithianyl;

L is 0, C(0), C(O)NH, NHC(O), or a bond;

D is substituted or unsubstituted and is selected from the group consisting of
azetidinyl, azepanyl, aziridinyl, diazepinyl, 1,3-dioxolanyl, dioxanyl, dithianyl, furyl,
imidazolyl, imidazolinyl, imidazolidinyl, isothiazolyl, isothiazolinyl, isothiazolidinyl,
isoxazolyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolyl, oxadiazoliflyl,
oxadiazolidinyl, oxazolyl, oxazolinyl, oxazolidinyl, piperazinyl, piperidinyl, pyranyl,
pyrazinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, pyridinyl, pyrimidinyl, pyridazinyl,
pyrrolyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, tetrazinyl,
tetrazolyl, thiadiazolyl, thiadiazolinyl, thiadiazolidinyl, thiazolyl, thiazolinyl,
thiazolidinyl, thienyl, thiomorpholinyl, thiopyranyl, triazinyl, triazolyl, and trithianyl,
wherein A and may be substituted with one, two, or three substituents independently
selected from the group consisting of alkyl, alkoxyalkyl, and hydroxyalkyl; wherein D
may be substituted with one, two, or three substituents independently selected from the
group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxyalkoxycarbonyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy,
alkylsulfonyl, alkylthio, alkynyl, carboxy, carboxyalkyl, cyano, cyanoalkyl, formyl,
halogen, haloalkyl, haloalkoxy, hydroxy, hydroxyalkyl, mercapto, nitro, sulfonyl, Reo--,
Repalkoxy, Repalkyl, Regcarbonyl, Rgooxy, ReReN--, RGRZNC(0)--, and RGR;NS(Q)s--,
wherein Ry is selected from the group consisting of phenyl, pyridinyl, and pyrrolidinone-
yl, and wherein Rgp may be substituted with halogen, haloalkyl, haloalkoxy, alkyl,
alkenyl, alkoxy, alkynyl, cyano, cyanoalkyl, hydroxy, and hydroxyalkyl.

3. The compound according to claim 1, wherein

Ry is alkynyl; and

Bis A-L-D.

4. The compound according to claim 2, wherein L is a bond or L is a bond and D
is substituted or unsubstituted pyridinyl.

5. A compound of formula (I), as defined in Claim 1 or pharmaceutically
acceptable salt thereof, wherein

X is a member selected from the group consisting of CH,, CHF and CF»;

R is cyano;

R, is selected from the group consisting of alkynyl and cyano;
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R, and R; are independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl,
heterocycle, heterocyclealkyl, hydoxyalkyl; or

R, and R taken together with the atoms to which they are attached form a
mono or bicyclic heterocycle selected from the group consisting of 2-indolinyl, 2-indolyl,
3-isoquinoline, 2-piperazine, 2-piperidine, 2-pyrrolidine, 2-pyrrole, 2-pyridine, 2-
quinolinyl, 2-tetrahydroquinolinyl, and 3-tetrahydroisoquinolinyl, ~wherein said
heterocycle may be substituted with 0, 1, 2 or 3 substituents independently selected from
alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxy, alkylsulfonyl, alkylthio, alkynyl, aryl, arylalkoxy,
arylalkyl, arylcarbonyl, aryloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, formyl,
halogen, haloalkyl, hydroxy, hydroxyalkyl, mercapto, nitro, phenyl, R4RsN--,
RARpNC(0)--, and RcRpNS(O),--;

R4, Rs and R are each independently selected from the group consisting of
hydrogen, alkyl, and arylalkyl;

R, and R are each independently selected from the group consisting of alkyl,
alkylcarbonyl, alkoxycarbonyl, alkylsulfonyl; or R4 and Rp taken together with the
nitrogen to which they are attached form a ring selected from the group consisting of
piperidine, piperazine and morpholine; and

Re and Rp are each independently selected from the group consisting of
hydrogen and alkyl.

6.  The compound according to claim 5, wherein
(a) Riscyano;
R, is alkynyl; and
R; is a member selected from the group consisting of alkoxyalkyl, alkyl,
cycloalkyl, cycloalkylalkyl, arylalkyl, and heterocyclealkyl; or
(b) Riscyano;
Ry is alkynyl;
R; is a member selected from the group consisting of hydrogen, alkyl,
cycloalkyl, and heterocycle; and
Rj is hydrogen, or
(¢) Riscyano;
Ry is alkynyl;
R» is hydrogen; and

-127-




2003282800 29 Sep 2009

10

20

23

30

126
R; is cycloalkyl, wherein cycloalkyl is a member selected from the
group consisting of cyclopropyl, cyclobutyl, cyclopentyl, cycloheptyl, and cyclooctyl; or
(d) Riscyano,
R, is alkynyl;
R; is hydrogen; and
Ryis
ik

[0)

N

Ry

Rs is a member selected from the group consisting of hydrogen and
alkyl; and

R, is a member selected from the group consisting of hydrogen, aryl,
and heterocycle; or.

(¢) Riscyano;

R, is alkynyl;

R; is hydrogen;

R; is alkyl; wherein the alkyl group of Rj is optionally substituted with
a member of the group consisting of alkoxy, alkoxycarbonyl, alkoxycarbonyINR,,
alkyINR,, carboxy, and hydroxy; and

R, is a member selected from the group consisting of hydrogen and
alkyl; or

(f) Riscyano,

R is alkynyl; and

R, is hydrogen; and

R; is a member selected from the group consisting of aryl and
heterocycle; wherein said heterocycle is a member selected from the group consisting of
azetidinyl, azepanyl, aziridinyl, diazepinyl, 1,3-dioxolanyl, dioxanyl, dithianyl, furyl,
imidazolyl, imidazolinyl, imidazolidinyl, isothiazolyl, isothiazolinyl, isothiazolidinyl,
isoxazolyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolyl, oxadiazolinyl,
oxadiazolidinyl, oxazolyl, oxazolinyl, oxazolidinyl, piperazinyl, pyranyl, pyrazinyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl,
pyrrolinyl,  pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothienyl,

tetrazinyl, tetrazolyl, thiadiazolyl, thiadiazolinyl, thiadiazolidinyl, thiazolyl, thiazolinyl, '
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thiazolidinyl, thienyl, thiomorpholinyl, 1,1-dioxidothiomorpholinyl (thiomorpholine
sulfone), thiopyranyl, triazinyl, triazolyl, and trithianyl; or
(g) Riscyano;
R, is alkynyl;
s R, is hydrogen; and
R; is a member selected from the group consisting of arylalkyl and
heterocyclealkyl; or
(h) Riscyano,
R, is alkynyl;
10 R, is hydrogen;
Rjis

N
Ry

R, is a member selected from the group consisting of hydrogen, alkyl
and alkoxyalkyl; and
15 Rg is a member selected from the group consisting of hydrogen,
alkylcarbonyl, aryl and heterocycle; or
(i) Riscyano;
R, is alkynyl; and
R; is hydrogen; and
20 Riis
Ry

N
|

Rg
R; is a member selected from the group consisting of hydrogen, alkyl
and alkoxyalkyl; and
R is a member selected from the group consisting of arylcarbonyl and
22 heterocyclecarbonyl; or
(j) Riscyano,

R, is alkynyl;

R; is hydrogen; and

Rj3 is a member selected from the group consisting of aryl-O-alkyl-,

30 aryl-NH-alkyl-, heterocycle-O-alkyl- and heterocycle-NH-alkyl-; or
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(k) Riscyano;

R is alkynyl; and

R; and R; taken together with the atoms they are attached form a mono
or bicyclic heterocycle selected from the group consisting of 3-isoquinoline, 2-
pyrrolidinyl, 2-quinolinyl, 2-tetrahydroquinolinyl, and 3-tetrahydroisoquinolinyl.

7. A compound of formula (I) as defined in Claim 1 or pharmaceutically

acceptable salt thereof, wherein

X is a member selected from the group consisting of CHz, CHF and CF»;

R is selected from the group consisting of alkylcarbonyl, arylcarbonyl, cyano,
R4RsNC(O)--, and B(ORg)s;

R, is selected from the group consisting of alkoxyalkyl, alkyl, alkylcarbonyl,
alkenyl, alkynyl, allenyl, arylalkyl, cycloalkyl, cycloalkylalkyl, cyano, haloalkyl,
haloalkenyl, and hydroxyalkyl;

R; and Rj are independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl,
heterocycle, heterocyclealkyl, and hydoxyalkyl, wherein said heterocycle is further
selected from the group consisting of pyrimidine, pyridinyl, and piperidine;

Ra, Rs and R are each independently selected from the group consisting of
hydrogen, alkyl, and arylalkyl, with a proviso when R is cyano, X is CHy, and R, is alkyl,
wherein the alkyl is not methyl.

8. The compound according to claim 1 or 7, wherein
(a) Riscyano; or
(b) Riscyano; and
R is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl; or

(¢) Riscyano;

R, is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl; and

R is a member selected from the group consisting of alkoxyalkyl, alkyl,
cycloalkyl, cycloalkylalkyl, arylalkyl, and heterocyclealkyl; or

(d) Riscyano;

R, is a member selected from the group consisting of alkyl, alkenyl, and

alkynyl; and

-130-




2003282800 29 Sep 2009

20

28

30

129

R, is a member selected from the group consisting of hydrogen, alkyl,
cycloalkyl, and heterocycle further selected from the group consisting of pyrimidine,
pyridinyl, and piperidine; and

R3 is hydrogen.

(e) Riscyano;

R is a meraber selected from the group consisting of alkyl, alkenyl, and
alkynyl; and

R; is hydrogen; and

R; is cycloalkyl, wherein cycloalkyl is a member selected from the

group consisting of cyclopropyl, cyclobutyl, cyclopentyl, cycloheptyl, and cyclooctyl;

(f) Riscyano,
R, is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl; and
R; is hydrogen; and
Riis
gt
0,
Rg;
Ry is a member selected from the group consisting of hydrogen and
alkyl; and
Rg is a member selected from the group consisting of hydrogen and aryl;
or

(g) Riscyano;
R, is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl;
R; is hydrogen;
Rs is alkyl; wherein the alkyl group of R; is optionally substituted with
a member of the group consisting of alkoxy, alkoxycarbonyl, alkoxycarbonyINR,,
alkyINR,, carboxy, and hydroxy; and
R, is a member selected from the group consisting of hydrogen and
alkyl; or
(h) Riscyano;
R, is a member selected from the group consisting of alkyl, alkenyl, and

alkynyl; and
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R; is hydrogen; and

R; is a member selected from the group consisting of aryl and
heterocycle; wherein said heterocycle is a member selected from the group consisting of
pyrimidine, pyridinyl, and piperidine; or

(i) Riscyano;

R, is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl; and

R; is hydrogen; and

R; is a member selected from the group consisting of arylalkyl and

heterocyclealkyl; or

() Riscyano,
R is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl;
R; is hydrogen;
Ryis
AR
N
Rg

R is a member selected from the group consisting of hydrogen, alkyl
and alkoxyalkyl; and
Rg is a member selected from the group consisting of hydrogen,
alkylcarbonyl and aryl; or
(k) Riscyano;
R, is selected from the group consisting of alkyl, alkenyl, and alkynyl,

and
Rz is hydrogen; and
Rsis
g
N
Rg

R7 is a member selected from the group consisting of hydrogen, alkyl
and alkoxyalkyl; and
R; is a member selected from the group consisting of arylcarbonyl; or

()  Riscyano;
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R, is a member selected from the group consisting of alkyl, alkenyl,
alkynyl, allenyl and cycloalkyl;
R; is hydrogen; and
R; is a member selected from the group consisting of aryl-O-alkyl-,
aryl-NH-alkyl-, heterocycle-O-alkyl- and heterocycle-NH-alkyl-.
9.  The compound according to claim 1, or a pharmaceutically acceptable salt
thereof, wherein
(a) Riscyano; or
(b) Riscyano; and
R, is a member selected from the group consisting of alkyl, alkenyl, and
atkynyl; or
(¢) Riscyano;
R, is a merber selected from the group consisting of alkyl, alkenyl, and
alkynyl; or
R, is a member selected from the group consisting of alkoxyalkyl, alkyl,
cycloalkyl, cycloalkylalkyl, arylalkyl, and heterocyclealkyl; or
(d) Riscyano;
R, is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl; and
R, is a member selected from the group consisting of hydrogen, alkyl,
cycloalkyl, and heterocycle; and
R; is hydrogen.
10. The compounds according to claim 9, that is a member selected from the
group consisting of
(28,5R)-5-ethynyl-I-L-leucylpyrrolidine-2-carbonitrile;
(285,5R)-1-((2S-2-amino-2-cyclopentylethanoyt)-5-ethynylpyrrolidine-2-
carbonitrile;
(25,5R)-1-((2S)-2-amino-2-cyclopentylethanoyl)-5-vinylpyrrolidine-2-
carbonitrile;
(28,5R)-1-((28)-2-amino-2-cyclohexylethanoyl)-5-ethynylpyrrolidine-2-
carbonitrile;
(285,58)-5-¢thyl-1-L-leucylpyrrolidine-2-carbonitrile;
(25,58)-1-((2S)-2-amino-2-cyclohexylethanoyl)-5-ethylpyrrolidine-2-
carbonitrile;

(285,58)-1-L-leucyl-5-methylpyrrolidine-2-carbonitrile;
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(28,5R)-5-ethynyl- 1 -L-leucylpyrrolidine-2-carbonitrile;

(28,5R)-1-((2S)-2-amino-2-cyclopentylethanoyl)-5-ethynylpyrrolidine-2-
carbonitrile;

(28,5R)-1-((2R)-2-amino-2-cyclohexylethanoyl)-5-ethynylpyrrolidine-2-
carbonitrile;

(28,58)-1-((2S)-2-amino-2-cyclopentylethanoyl)-5-methylpyrrolidine-2-
carbonitrile;

(28,5R)-1-((2S)-2-amino-2-cyclopentylethanoy!)-5-prop-1-ynylpyrrolidine-2-
carbonitrile;

(25,5S)-4,4-difluoro-5-methyl-1-L-valylpyrrolidine-2-carbonitrile;

(28,58)-4,4-difluoro-1-L-leucyl-5-methylpyrrolidine-2-carbonitrile;

(28,5R)-1-((2S)-2-amino-2-cyclohexylethanoyl)-5-vinylpyrrolidine-2-
carbonitrile;

(28,5R)-1-((2R)-2-amino-2-cyclopentylethanoyl)-5-vinylpyrrolidine-2-
carbonitrile;

(2S,5R)-5-ethynyl-1- (3-methyl-L-valyl) pyrrolidine-2-carbonitrile;

(2S,5R)-5-ethynyl-1- (3-pyridin-4-yl-L-alanyl) pyrrolidine-2-carbonitrile;

(25,5R)-1-L-leucy!-5-prop-1-ynylpyrrolidine-2-carbonitrile;

(25,5R)-1-(3-methyl-L-valyl)-5-prop-1-ynylpyrrolidine-2-carbonitrile;

(28,58)-1-L-isoleucyl-5-methylpyrrolidine-2-carbonitrile;

(25,5S)-1-(3-cyclopropyl-L-alanyl)-5-methylpyrrolidine-2-carbonitrile;

(2S,58)-5-methyl-1-L-valylpyrrolidine-2-carbonitrile;

(28,58)-5-methy!-1- (4-methyl-L-leucyl) pyrrolidine-2-carbonitrile;

(28,55)-1-(3-cyclohexyl-L-alanyl)-5-methylpyrrolidine-2-carbonitrile.

11. The compound according to claim 1, or a pharmaceutically acceptable salt

thereof wherein

R is cyano;

R, is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl; and

R, is hydrogen; and

R; is cycloalkyl, wherein cycloalkyl is a member selected from the group
consisting of cyclopropyl, cyclobutyl, cyclopentyl, cycloheptyl, and cyclooctyl.

12. The compound according to claim 11, or a pharmaceutically acceptable salt

thereof, that is a member selzcted from the group consisting of
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(28,5R)-1-{N-((LR,2R,45)-bicyclo(2.2.1)hept-2-yl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-((1R 4S)-bicyclo(2.2.1)hept-2-yl)gtycyl }-5-ethynylpyrrolidine-
2-carbonitrile;

(2S,5R)-1-(N-1-adamantylglycyl)-5-ethynylpyrrolidine-2-carbonitrile;

(2S,5R)-I-(N-cyclohexylglycyl)-5-ethynylpyrrolidine-2-carbonitrile;

(2S,5R)-5-ethynyl-1- {N-(1-{methoxymethyl)cyclopentyl)glycyl } pyrrolidine-
2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-((28)-2-hydroxycyclopentyl)glycyl } pyrrolidine-2-
carbonitrile;

(2S,5R)-1-(N-cyclopentylglycyl)-5-ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynvl-1-{N-(1-(hydroxymethyl) cyclopentyl) glycyl}pyrrolidine-
2-carbonitrile;

(28,5R)-1-{N-(1-(hydroxymethyl)cyclopentyl)glycyl}-5-prop-1-
ynylpyrrolidine-2- carbonitrile;

(2S,5R)-1-(N-cyslopentylglycyl)-5-prop-1-ynylpyrrolidine-2-carbonitrile;

(28,55)-1-(N-cyclopentylglycyl)-5-methylpyrrolidine-2-carbonitrile;

(28,58)-1-{N- (I-(hydroxymethyl) cyclopentyl) glycyl}-5-methylpyrrolidine-
2-carbonitrile;

(28,59)-1-{N-((2R, 5S)-hexahydro-2,5-methanopentalen-3a (1H)-yl) glycyl}-
5- methylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-(1-(1-hydroxy-1-
methylethyl)cyclopentyl)glycyl } pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-((2R, 58)-hexahydro-2, 5-methanopentalen-3a (1H)-
yl) glycyl}pyrrolidine-2-carbonitrile;

(28,5R)-1-(N-cyclopentylglycyl-(N-methyl-l-aminocyclopentanecarboxy)-5-
ethynylpyrrolidine-2-carbonitrile;

(2S,5R)-1-(N-cyclopropylglycyl)-5-ethynylpyrrolidine-2-carbonitrile;

(25,SR)-5-ethynyl-1-{N-((5R,7S)-3-hydroxy-1-adamantyl)
glycyl}pyrrolidine-2carbonitrile;

(2S,5R)-1-(N-cycloheptylglycyl)-5-ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-(N-cyclobutylglycyl)-S-ethynylpyrrolidine-2-carbonitrile;

(2S,5R)-1-(N-cyclobutylglycyl)-5-prop-1-ynylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-((25)-2-hydroxycyclopentyl)glycyl } -5-prop-1-ynylpyrrolidine-

2-carbonitrile;
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% (28,58)-5-methyl-1-{N-((15,28,38,5R)-2,6,6-trimethylbicyclo(3.1.1)hept-
8 3Iylglycyl} pyrrolidine-2-carbonitrile; and
% (2S,58)-1-{N-((5R,78)-3-hydroxy-1-adamantyl)glycyl }-5-methylpyrrolidine-
7] 2-carbonitrile.
?\]\ 5 13. The compound according to claim 1, or a pharmaceutically acceptable salt
thereof, wherein
-} R is cyano,
% R, is a member selected from the group consisting of alkyl, alkenyl, and
% alkynyl; and
8 10 R; is hydrogen; and
8 Ry 1is
Ry
O\Ra

R7is a member selected from the group consisting of hydrogen and alkyl; and
Rg is a member selected from the group consisting of hydrogen, aryl, and
15 heterocycle.
14.  The compound according to claim 9, or a pharmaceutically acceptable salt
thereof, that is a member selected from the group consisting of
(2S,5R)-5-ethynyl-1-(N-(4-trans-hydroxycyclohexyl)glycyl)pyrrolidine-2-
carbonitrile;
20 (28,5R)-5-¢ethynyl- 1 -(N-(4-trans- {(4'-fluoro-5-(trifluoremethyl)-1,1'-
biphenyl-2-yl)oxy}cyclohexyl)glycyl) pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N- {4-trans(4-
(trifluoromethoxy)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N-(4-hydroxy-l-methylcyclohexyl)glycyl)pyrrolidine-2-
25 carbonitrile;
(2S,5R)-5-ethynyl-1-{N-(I-methyl-4-trans(pyridin-3-
yloxy)cyclohexyl)glycyl} pyrrolidine-2-carbonitrile;
(25,5R)-1-(N-{4-trans((5-chloropyridin-3-yl)oxy)cyclohexyl} glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;
30 (2S,5R)-1-{N-(4-trans(4-cyanophenoxy)cyclohexyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;
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(28,5R)-5-ethynyl-1-(N-(4-trans{(5-(trifluoromethyl)pyridin-2-
yl)oxy}cyclohexyl)glycyl)pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N- {4-trans(3-pyridin-4-yl-4-
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1- {N-(4-trans(pyridin-2-
yloxy)cyclohexyl)glycyl} pyrrolidine-2-carbonitrile;
(25,5R)-5-ethynyl-1-{N(I-methyl-4-trans(5-cyano-pyridin-2-
yloxy)cyclohexyl)glyeyl}pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-{N-(4-trans(pyrimidin-2-
yloxy)cyclohexyl)glycyl} pyrrolidine-2-carbonitrile;
(25,5R)-5-ethynyl-1- {N-(4-trans(5-cyano-pyridin-2-
yloxy)cyclohexyl)glycyl} pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-{N- {4-trans(4-
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N-{4-((5-fluoropyridin-3-yl)oxy)-1-
methylcyclohexyl} glycyl)pyrrolidine-2-carbonitrile;
(285,5R)-5-ethynyl-1-(N-(4-trans(4-carboxy-
phenoxy)cyclohexyl)glycyl)pyrrolidine-2-carbonitrile;

(2S,5R)-5-ethynyl-1-(N- {4-trans (2-(2-oxopyrrolidin- 1-yl)-4-(triflucromethyl)

phenoxy)cyclohexyl} glycyl) pyrrolidine-2-carbonitrile;

(2S,5R)-1-{N-(4-trans(4-cyano-2-methoxyphenoxy)cyclohexyl)glycyl } -5-

ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-(N-{4-trans((5-chloropyridin-2-yl)oxy)cyclohexyl} glycyl)-5-

ethynylpyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-{N-(1-methyl-4-trans(pyridin-2-

yloxy)cyclohexyl)glycyl }pyrrolidine-2-carbonitrile;
(2S,5R)-5-ethynyl-1-(N- {4-trans((5-fluoropyridin-3-

yloxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile;

(2S,5R)-1-(N-{4-trans((5-bromopyridin-2-yl}oxy)cyclohexyl} glycyl)-5-

ethynylpyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1- {N-(4-trans(pyridin-3-
yloxy)cyclohexyl)glycyl} pyrrolidine-2-carbonitrile;
(25,5R)-5-prop-1-ynyl-1-(N- {4-(4-
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile;
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(28,5R)-1-{N-(4-trans(4-cyano-2-fluorophenoxy)cyclohexyl)glycyl }-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1- {N-(4-trans(3-fluorophenoxy)-1-
methylcyclohexyl)glycyl} pyrrolidine-2-carbonitrile;
(2S,5R)-1-{N-(4-trans(3-cyanophenoxy)cyclohexyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-5-cthynyl-1-(N-1-mthyl-4- {(5-(trifluoromethyl)pyridin-2-
yDoxy}cyclohexylglycyl)pyrrolidine-2-carbonitrile;
(28,5R)-1-(N-{4-trans((5-chloropyridin-2-yl)oxy)cyclohexyl } glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N-(4-trans {(4'-fluoro-2-(trifluoromethyl)-1,1"-biphenyl-
4-y1) oxy} cyclohexyl)glycyl)pyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N-(4-trans {(4'-fluoro-6-(trifluoromethyl)-1,1'-biphenyl-
3-yloxy}cyclohexyl)glycyl)pyrrolidine-2-carbonitrile;
(25,5R)-1-(N- {4-(3-cyano-4-
trans(trifluoromethyl)phenoxy)cyclohexyl} glycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-{N-(4-trans(3-bromophenoxy)cyclohexyl)glycyl }-5-
ethynylpyrrolidine-2-carbonitrile;
(2S,5R)-1-{N-(4-trans(4-cyano-3-fluorophenoxy)cyclohexyl)glycyl }-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N {4-(2-cyano-4-
trans(trifluoromethyl)phenoxy)cyclohexyl} glycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-{N-(4-trans(3-cyanophenoxy)-1-methylcyclohexyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-{N-(4-trans(4-chlorophenoxy)cyclohexyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-5-ethynyl-1-(N-(4-trans {{6-methyl-4-(trifluoromethyl)pyridin-2-
yhoxy}eyclohexyl)glycyl)pyrrolidine-2-carbonitrile;
(28,5R)-1-(N-{4-trans(2-cyano-3-
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(2S,5R)-5-ethynyl-1-(N- {4-trans(4-pyridin-4-yl-3-
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile;
(2S,5R)-1-(N-{4-trans(3-cyano-5-
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)-5-ethynylpyrrolidine-2-carbonitrile;
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(28,5R)-5-ethynyl-1-{N-(4-(4-fluorophenoxy)-
Imethylcyclohexyl)glycyl} pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-{N-(4-(3-fluorophenoxy)-I-
methylcyclohexyl)glycyl}pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1-methyl-4- {(5-(trifluoromethyl)pyridin-2yl)
oxy}cyclohexyl)glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N- {4-trans(3-
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-1-(N- {4-trans((3-bromopyridin-2-yl)oxy)cyclohexyl} glycyl)-
Sethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(4-trans{(4-(trifluoromethyl)pyridin-2-
yloxy}cyclohexyl)glycyl)pyrrolidine-2-carbonitrile;

(2S,5R)-1-(N-{4-trans((5-chloropyridin-2-yl)oxy)-1-
methylcyclohexyl} glycyl)-5ethynylpyrrolidine-2-carbonitrile;

(28,5R)-1-{N-(4-trans(3-cyanophenoxy)-1-methylcyclohexyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-{4-trans(2-carboxy-4-
(trifluoromethyl)phenoxy)cyclohexyl} glycyl)pyrrolidine-2-carbonitrile,

(2S,5R)-1-{N-(4-trans(3-chlorophenoxy)cyclohexyl)glycyl }-5-
ethynylpyrrolidine-2-carbonitrile;

(2S,5R)-5-ethynyl-1-(N-(1-methyl-4-trans {(5-(trifluoromethyl)pyridin-
2yl)oxy}cyclohexyl)glycyl) pyrrolidine-2-carbonitrile;

(25,5R)-1-{N-(4-trans(4-bromophenoxy)cyclohexyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;

(2S,5R)-1-(N-(4-transhydroxycyclohexyl)glycyl)-5-prop- 1-ynylpyrrolidine-2-
carbonitrile;

(28,58)-1-(N-(4-transhydrox ycyclohexyl)glycyl)-5-methylpyrrolidine-2-
carbonitrile.

15. The compound according to claim 1, or a pharmaceutically acceptable salt

thereof, wherein

R is cyano;

R, is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl;

Rz is hydrogen;
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Ry is alkyl; wherein the alkyl group of R is optionally substituted with a
member of the group consisting of alkoxy, alkoxycarbonyl, alkoxycarbonyINR,,
alkyINR,, carboxy, and hydroxy; and

R, is 2 member selected from the group consisting of hydrogen and alkyl.

16. The compound according to claim 15, or a pharmaceutically acceptable salt

thereof, that is selected from the group consisting of

(28,5R)-5-ethynyl-1-(N-(1,1,3,3-tetramethylbutyl)glycyl)pyrrolidine-2-
carbonitrile;

(28,5R)-1-(N-(tert-butyl)glycyl)-5-ethynylpyrrolidine- 2-carbonitrile;

(28,5R)-1-(N-(1,1-dimethylpropyl)glycyl)-5-ethynylpyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-{N-(3-(methylamino)propyl)glycyl } pyrrolidine-2-
carbonitrile;

(28,5R)-1-(N-(4-tert-butoxycarbonylbutyl)glycyl)-5-ethynylpyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-(N-(3-hydroxy-2,2-dimethylpropyl)glycyl)pyrrolidine-2-
carbonitrile;

(28,5R)-5-ethynyl-1-{N-(3-(N-tert-butoxycarbonyl-N-
methylamino)propyl)glycyl} pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(4-carboxybutyl)glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(3-isopropoxypropyl)glycyl)pyrrolidine-2-
carbonitrile;

(28,55)-1-(N-isopropylglycyl)-5-methylpyrrolidine-2-carbonitrile;

(2S,58)-1-(N-(tert-butyl)glycyl)-5-methylpyrrolidine-2-carbonitrile.

17. The compound according to claim 1, or a pharmaceutically acceptable salt

thereof, wherein

R is cyano;

R; is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl; and

R; is hydrogen; and

R; is a member selected from the group consisting of aryl and heterocycle;
wherein said heterocycle is a member selected from the group consisting of azetidinyl,
azepanyl, aziridinyl, diazepinyl, 1,3-dioxolanyl, dioxanyl, dithianyl, furyl, imidazolyl,
imidazolinyl, imidazolidinyl, isothiazolyl, isothiazolinyl, isothiazolidinyl, isoxazolyl,

isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolyl, oxadiazolinyl, oxadiazolidinyl,

-140-




2003282800 29 Sep 2009

25

30

139
oxazolyl, oxazolinyl, oxazolidinyl, piperazinyl, pyranyl, pyrazinyl, pyrazolyl, pyrazolinyl,
pyrazolidinyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, pyrrolinyl, pyrmrolidinyl,
tetrahydrofuranyl, tetrahydrothienyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiadiazolinyl,
thiadiazolidinyl, thiazolyl, thiazolinyl, thiazolidinyl, thienyl, thiomorpholinyl, 1,1-
dioxidothiomorpholinyl (thiomorpholine sulfone), thiopyranyl, triazinyl, triazolyl, and
trithianyl.
18.  The compound according to claim 16, or a pharmaceutically acceptable salt
thereof, that is a member selected from the group consisting of
(28,5R)-5-ethynyl-1-(N-tetrahydro-2H-pyran-4-ylglycyl)pyrrolidine-2-
carbonitrile;
(28,5R)-5-ethynyl-1-(N-tetrahydrofuran-3-ylglycyl)pyrrolidine-2-carbonitrile;
and
(28,58)-1-(N-2,3-dihydro-IH-inden-1-ylglycyl)-5-methylpyrrolidine-2-
carbonitrile.
19. The compound according to claim 1, or a pharmaceutically acceptable salt
thereof, wherein
R is cyano;
R, is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl; and
R;is hydrogen; and
R; is a member selected from the group consisting of arylalkyl and
heterocyclealkyl.
20. The compound according to claim 16, or a pharmaceutically acceptable salt
thereof, that is a member selected from the group of
(25,5R)-5-ethynyl-1-{N-(2-(4-fluorophenyl)-1,1-
dimethylethyl)glycyl}pyrrolidine-2-carbonitrile;
(28,58)-1-{N-(2-(3, 4-dimethoxyphenyl)ethyl)glycyl}-5-methylpyrrolidine-2-
carbonitrile;
(28,5R)-5-ethynyl-1-(N-(tetrahydrofuran-2-ylmethyl)glycyl)pyrrolidine-2-
carbonitrile;
(28,5R)-5-ethynyl-1-(N-(pyridin-2-ylmethyl)glycyl)pyrrolidine-2-
carbonitrile;
(2S,5R)-5-ethynyl-1-(N-(2-pyridin-4-ylethyl)glycyl)pyrrolidine-2-

carbonitrile;
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(28,5R)-5-ethynyl-1- {N-((1-tert-butoxycarbonylpiperidin-4-
yl)methyl)glycyl} pyrrolidine-2-carbonitrile ;
(28,5R)-5-ethynyl-1- (N-(4-iodobenzyl)glycyl) pyrrolidine-2-carbonitrile.
21. The compound according to claim 1, or a pharmaceutically acceptable salt
5 thereof, wherein
R is cyano,
R, is a member selected from the group consisting of alkyl, alkenyl, and
alkynyl;
R, is hydrogen;
10 Ry is
R;

N
|

Rg
R is a member selected from the group consisting of hydrogen, alkyl and
alkoxyalkyl ; and
Rg is a member selected from the group consisting of hydrogen,
15 alkylcarbonyl, aryl and heterocycle.
22. The compound according to claim 21, or a pharmaceutically acceptable salt
thereof, that is a member selected from the group consisting of
(28,5R)-5-ethynyl-1-(N-(4-methyl-1-pyridin-2-ylpiperidin-4-
ylglycypyrrolidine-2carbonitrile;
20 (28,5R)-5-ethynyl-1-(N-(4-methyl-1-(3-cyano-pyridin-2-yl)piperidin-
4yl)glycyl)pyrrolidine-2-carbonitrile;
(25,5R)-5-ethynyl-1-(NV-(1-(3-cyano-pyridin-3-yl)piperidin-4-
ylglycyl)pyrrolidine-2carbonitrile;
(28,5R)-5-ethynyl-1-{N (4-methyl-1-(4-carboxy-pyridin-2-yl)piperidin-4-
25 yl)glycyl}pyrrolidine-2-carbonitrile;
(25,5R)-5-ethynyl-1-(N-{4-methyl-1-(5-(trifluoromethyl)pyridin-2-
yl)piperidin-4- yl}glycyl) pvrrolidine-2-carbonitrile;
(2S,5R)-1-{N-(1-(5-chloropyridin-2-yl)-4-methylpiperidin-4-yl)giycyl}-5-
ethynylpyrrolidine-2-carbonitrile;
30 (2S,5R)-5-ethynyl-1-(N-(1-pyridin-2-ylpiperidin-4-yl)glycyl)pyrrolidine-
2carbonitrile;
(28,5R)-5-ethynyl-1-(N- {4-methyl-1-(4-(trifluoromethyl)pyrimidin-2-
yl)piperidin-4-yl} glycyl)pyrrolidine-2-carbonitrile;
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(28,5R)-5-ethynyl- 1-(N-(4-methyl-1-(5-carboxy-pyridin-2-yl)piperidin-
4yl)glycyl)pyrrolidine-2-carbonitrile;

(25,5R)-5-ethynyl-1-(N-(4-methyl-1-(5-cyano-pyridin-3-yl)piperidin-
4yl)glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1-tert-butoxycarbonyl-piperidin-4-
yl)glycyl)pyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N-(1-5-cyano-pyridin-2-ylpiperidin-4-
yl)glycyl)pyrrolidine-2carbonitrile;

(28,5R)-1-{N-(1-(3-cyanophenyl)-4-methylpiperidin-4-yl)glycyl} -
Sethynylpyrrolidine-2-carbonitrile;

(28,5R)-5-ethynyl-1-(N- {4-methyl-1-(4-(trifluoromethyl)pyridin-2-
yl)piperidin-4-yi} glycyl)pyrrolidine-2-carbonitrile;

(25,5R)-5-ethynyl-1-(N-piperidin-4-ylglycyl)pyrrolidine-2-carbonitrile.

23. The compound according to claim 1, or a pharmaceutically acceptable salt

thereof, wherein

R is cyano ;

R, is selected from the group consisting of alkyl, alkenyl, and alkynyl; and

%&

N
|

Rs

R; is hydrogen; and
R3 is

R; is a member selected from the group consisting of hydrogen, alkyl and
alkoxyalkyl ; and

Rg is a member selected from the group consisting of arylcarbonyl and
heterocyclecarbonyl.

24. The compound according to claim 23, or a pharmaceutically acceptable salt

thereof, that is a member selected from the group consisting of

(25,5R)-5-ethynyl-1-{ N-(4-methyl-1-(4-methoxycarbonylbenzoyl)piperidin-
4yl)glycyl}pyrrolidine-2-carbonitrile ;

(25,5R)-1- {N-(1-(4-chlorobenzoyl)piperidin-4-yl)glycyl } -5-
ethynylpyrrolidine-2-carbonitrile;

(2S,5R)-5-ethynyl-1-(N-(1-isonicotinoyl-4-methylpiperidin-4-
yDglycyl)pyrrolidine-2carbonitrile;
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(28,5R)-1-{N-(1-(4-chlorobenzoyl)-4-methylpiperidin-4-yl)glycyl} -
Sethynylpyrrolidine-2-carbonitrile ;
(28,5R)-1-{N-(1-(4-cyanobenzoyl)-4-methylpiperidin-4-yl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile ;
(28,5R)-1-{N-(1-(4-bromobenzoyl)-4-methylpiperidin-4-yl)glycyl}-
Sethynylpyrrolidine-2-carbonitrile.
25. The compound according to claim 1, or a pharmaceutically acceptable salt
thereof, wherein
R is cyano;
R, is a member selected from the group consisting of alkyl, alkenyl, alkynyl,
allenyl and cycloalkyl ; and
R, is hydrogen; and
R; is a member selected from the group consisting of aryl-O-alkyl-, aryl-NH-
alkyl-, heterocycle-O-alkyl-and heterocycle-NH-alkyl-
26. The compound according to claim 25, or a pharmaceutically acceptable salt
thereof, that is a member selected from the group consisting of
(28,5R)-1-{N-(1,1-dimethyl-2-(5-cyano-pyridin-2-yloxy)ethyl)glycyl}-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-{N-(1,1-dimethyl-2-(quinolin-4-ylamino)ethyl)glycyl } -5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-{N-(2-(1,3-benzothiazol-2-ylamino)-1,1-dimethylethyl)glycyl}-
Sethynylpyrrolidine-2-carbonitrile;
(25,5R)-1-(N-{1,1-dimethyl-2-((3-cyano-6-methylpyridin-2-yl)
amino)ethyl} glycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(2S,5R)-1-(N-(1.1-dimethyl-2- {(5-(kifluoromethyl)pyridin-2-
yljoxy}ethyl)glycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(25,5R)-1-(N-{1,1-dimethyl-2-((3-cyano-6-methylpyridin-2-
yl)oxy)ethyl} glycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(25,5R)-1-{N(l,1-dimethyl-2-(3-cyanopyridin-2-ylamino)ethyl)glycyl } -5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N-(1.1-dimethyl-2- {(4-(trifluoromethyl)pyrimidin-2-
ylamino}ethyl)glycyl)-5-ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-{N-(1,1-dimethyl-2-(5-methoxycarbonylpyridin-2-
ylamino)ethyl)glycyl}-5-ethynylpyrrolidine-2-carbonitrile;
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(28,5R)-1-{N-(2-(2-cyano-5-fluorophenoxy)-1,1-dimethylethyl)glycyl }-5-
ethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-(N-(2-{(3-chloro-5-(trifluoromethyl)pyridin-2-
yl)amino } ethyl)glycyl)-Sethynylpyrrolidine-2-carbonitrile;
(28,5R)-1-{N(1,1-dimethyl-2-(5-cyano-pyridin-2-ylamino)ethyl)glycyl} -
Sethynylpyrrolidine-2-carbonitrile;
(25,5R)-1-(N-(2-(4-carboxy-anilino)-1,1-dimethylethyl)glycyl)-5-
ethynylpyrrolidine-2-carbonitrile;
(25,55)-5-methyl-1- {N(2-(5-cyano-pyridin-2-
ylamino)ethyl)glycyl} pyrrolidine-2-carbonitrile.

27. The compound according to claim 1, or a pharmaceutically acceptable salt

thereof, wherein

R is cyano;

Rl is selected from the group consisting of alkyl, alkenyl, and alkynyl; and

R; and Rj taken together with the atoms they are attached form a mono or
bicyclic heterocycle selected from the group consisting of 3-isoquinoline, 2-pyrrolidinyl,
2-quinolinyl, 2-tetrahydroquinolinyl, and 3-tetrahydroisoquinolinyl.

28. The compound according to claim 27, or a pharmaceutically acceptable salt
thereof, that is a member selected from the group consisting of

(2S,5R)-5-ethynyl-1-((38)-1,2,3,4-tetrahydroisoquinolin-3-ylcarbonyl)
pyrrolidine-2-carbonitrile;

(28,58)-4,4-difluoro-5-methyl-1-((55)-5-methyl-L-prolyl)pyrrolidine-2-
carbonitrile;

(25,5S)-5-methyl-1-((35)-1,2,3,4-tetrahydroisoquinolin-3-ylcarbonyl)
pyrrolidine-2-carbonitrile;

(28,5S)-5-methyl-1-L-prolylpyrrolidine-2-carbonitrile;

(2S,58)-5-methyl-1- { (8S)-5-methyl-L-prolyl) pyrrolidine-2-carbonitrile.

29. A method of treating (i) diabetes; or (ii) type II diabetes; or (iii} Syndrome X;
or (iv) hyperisulinemia; or (v) obesity; or (vi) hyperglycemia, comprising administration
of a therapeutically effective amount of a compound as defined in any one of Claims 1 to
28 or a pharmaceutically acceptable salt thereof.

30. Use of a compound as defined in any one of Claims 1 to 28 or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating
(i) diabetes; or (ii) type Il diabetes; or (iii) Syndrome X; or (iv) hyperisulinemia; or (v)
obesity; or (vi) hyperglycemia.
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31. A pharmaceutical composition comprising a compound as defined in any one
of Claims 1 to 28, or a pharmaceutically acceptable salt thereof, together with a
pharmaceutically acceptable carrier.
Dated 29 September, 2009
Abbott Laboratories

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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