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GLYCINE TRANSPORTER-1 INHIBITORS

Abstract

The present invention provides compounds of formula () that are glycine transporter 1
(hereinafter referred to as GlyT-1) inhibitors and are therefore useful for the treatment of
diseases treatable by inhibition of GlyT-1 such as cognitive disorders associated with
Schizophrenia, ADHD (attention deficit hyperactivity disorder), MCI (mild cognitive
impairment), and the like. Also provided are pharmaceutical compositions containing

such compounds and processes for preparing such compounds.

[No suitable figure]



GLYCINE TRANSPORTER-1 INHIBITORS

Cross-Reference

This application claims the benefit of U.S. Provisional Application Nos. 60/816,936,
file June 28, 2006, and 60/850,027 filed October 8, 2006, the disclosures of which is

incorporated herein by reference in their entirety.

Field of the Invention

The present invention provides compounds that are glycine transporter 1 (hereinafter
referred to as GlyT-1) inhibitors and are therefore useful for the treatment of diseases
treatable by inhibition of GlyT1 such as cognitive disorders associated with Schizophrenia,
ADHD (attentioh deficit hyperactivity disorder), MCI (mild cognitive impairment), and the
Iike. Also provided are pharmaceutical compesitions containing such compounds and
processes for preparing such compounds.

Background

Glycine i a principal inhibitory neurotransmitter in the mammalian CNS, but also
serves as endogenous obligatory co-agonist with glﬁtarnate for activating N-methyi-D-
aspartate (NMDA) receptors. The synaptic actions of glycine end through the activity of high
affinity transporters located in neuronal and glial membranes. The glycine transporter type 1
(GlyT1) is involved in glycine re-uptake processes at the level of excitatory synapses.
Blockade of GlyT1 increases glycine concentration at excitatory synapses, thus potentiating
NMDA neurotransmission. Since schizophrenia has been associated with hypofunction of
NMDA receptors in such brain regions as prefrontal cortex and hippocampus, an inhibitor of
GlyT1 would restore normal NMDA transmission and thereby reduce schizophrenia
symptoms. In addition to schizophrenia, GlyT1 inhibitors can be used in other conditions
characterized by impaired NMDA transmission, such as broad cognitive deficits (including
MCI) and Alzheimer’s disease.

Existing therapeutics for schizophrenia are efficacious only at treating positive
symptoms of the disease. Negative symptoms, including flattened affect, social withdrawal as
well as cognitive deficits are not ameliorated by current medications, which primarily target
the mesolimbic dopamine 'system. Therefore, novel treatments for schizophrenia are needed
to specifically improve negative symptoms and cognitive deficits associated with the disease.

The present invention fulfills this need and related needs.

Summarv of the Invention
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In one aspect, this invention is directed to a compound of Formula (I):
RS
R4 CDzH

<>
LA,

Ar'” AR

R1 N\ Rz
4

wherein:

1 is an integer from 1 to 3; ,

R! and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,
haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforementioned rings are
optionally substituted with R?, Rb, or R® independently selected from alkyl, halo, haloalkyl,

- alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstitutad amino; or R’

‘and R* when attached to same carbon can together from an oxo, group; or |

R' and R?, when attached to the same carbon atom, can combine to form cycloalky! or
monocyclic saturated heterocyclyl to give a spiro ring wherein the cycloatkyl or monocyclic
saturated heterocyclyl can be optionally substituted with R, R, or RY independently selected
from alkyl, alkoxy, fluoro, fluoroalkyl, finoroalkoxy, hydroxy, monosubstituted amino, or
disubstituted amino; or )

R’ and R?, when attached 1o carbon atoms 2 and 3 or 3 and 6 positions of the
piperazine ﬁng, can combine to form —C,~C;- alkylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by a -NR-, -O-, -S(O)n- (where R is
hydrogen or alky! and n is 0-2) and further wherein one or two hydrogen atoms in the
alkylene chain can be optionally substituted with one or two alkyl;

R® R* and R® are independently hydrogen, alkyl, fluoro, or fiucroalkyl; and

Ar' and Ar? are independently aryl, heteroaryl, cycloalkyl, or heterocyeclyl where each
of the aforementioned ring is optionally substituted with R, R" or R where RE is alkyl, -C=C-
RS (where R® is aryl or heteroaryl), halo, haloalkyl, haloalkoxy, alkylthic, cyanc, alkoxy,
amino, monoesubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl,
hydroxyalkyl, alkoxyalkyt, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoaikoxy,
aminosulfonyl, aminocarbonyl, or acylamino and R® and R'are independentty selected from
alkyl, halo, haloalkjl, haloalkoxy, ailkylthio, cyane, alkoxy, amino, monosubstituted amino,

- disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,

aminoalkyl, hydroxyalkoxy, alkoxyalkexy, aminoalkoxy, aminosulfonyl, aminocarbonyl,
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RE, R¥ and R’ is optionally substituted with R, RX or R which are independently selected
from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted
amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalky!,
alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,
aminocarbonyl, or acylamino; or
a pharmaceutically acceptable salt thereof provided that:

the compound of Formuia (I} is not 2-(4-benzhydrylpiperazin-1-yhacetic acid, 2-(4-
({(4-chlorophenyl X phenyl)methyl)piperazin-1-yl)acetic acid, 2—((2R,58)~4—((R}-t4—(11—§-
tetrazol-5-yDphenyl)(3-hydroxyphenylymethyl)-2,5-dimethylpiperazin-1-yl)acetic acid, or 2-
((2R,58)-4-((R)-(4-cyanophenyl)(3-hydroxyphenyl)methyl)-2,5-dimethylpiperazin-1-
yDacetic acid.

In some embodiments, the compound of Formula (I) has the structure shown below:

R5
Réﬂ/co‘zH
R‘—{ S

J<R3

Art
wherein:

R! and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,
halcalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforementioned rings are
optionally substituted with R®, R”, or R® independently selected from alkyl, hale, haloalkyl,
alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted amino; or R
and R* when attached to same ca;'bon can together from an oXo group; or

R! and R?, when attached to the same carbon atom, can combine to form cycloalkyl or
monocyclic saturated hcterocyclyl to give a spiro ring wherein the cycloalkyl or monocyclic
saturated heterocycly! can be optionally substimted with R4, R®, or R independently selected

‘from alkyl, alkoxy, fluoro, flucroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or

. disubstituted amino; or

R! and R?, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combine to form —Cy-Cs- alkylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by 2 —-NR-, -O-, -S(D)n; (where R is
hydrogen or alky! and n is 0-2) and further wherein one or two hydrogen atoms in the
alkylene chain can be optionally substituted with one or two alkyl;
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R?, R and R® are independently hydrogen, alkyl, fluoro, or fluoroalkyl; and

Ar' and Ar? are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R, R or R! where RS is alkyl, halo,
haloalkyl, haloalkoxy,-alkylthio,.cyano, .alkoxy, amino, monosubstituted amino, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxjalkyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R” and R’ are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,
cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, bydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosuifonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or

heterocyclyl where the aromatic or alicyclic ring in R®, R" and R’ is optionally substituted

~ with R, RF or R! which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,

alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituied amino, suifonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalicoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyiamino; or
a pharmaceuticalily acceptable salt thereof provided that:

the compound of Formula (I} is not 2-(4-benzhydrylpiperazin-1-ylacetic acid, 2-{4-
({(4-chiorophenyl)(phenyl)methyl)piperazin-i-yDacetic acid, 2-((2ZR,58)-4-({R)-(4-(1 K-
tetrazol-5-yDpheny(3-hydroxyphenylmethyl)-2,5-dirmethylpiperazin- 1 -yl)acetic acid, or 2-
((2R,58)}4-((R)-(4-cyanopheny){3-hydroxyphenyl)methyl}-2,5-dimethylpiperazin-1-
ylacetic acid. ‘

In some embodiments, in the compound of Formula (I), R! and R® are independently
selected from hydrogen, alkyl, haloalkyl, alkoxy, haloalkoxy, aryl, heteroaryl, cycloalkyl, or
heterocycly! wherein the aforementioned rings are optionally substituted with R®, R, or R

independently selected from alkyl, halo, haloalkyl, alkoxy, haloalkoxy, hydroxy, cyano,

monosubstituted amino, or disubstituted amine; or

R' and Rz,' when attached to the same carbon atom, can combine to form cycloalkyl or
monocyclic saturated heterocyclyl to give a spiro ring wherein the cycloalkyl or monocyclic
saturated heterocyclyl can be optionally substirted with R%, R, or R’ independently selected
from alkyl, alkoxy, fiuoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstitated amina; or

R! and R?, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combine to form —C,-C;- alkylene chain wherein one of the carbon

atoms in the alkylene chain is optionally replaced by a -NR-, -O-, -8(O)n- (where R is



hydrogen or alkyl and n is 0-2) and further wherein one or two hydrogen atoms in the
alkylene chain can be optionally substituted with one or two alkyl;

N -Ri, R* and RS are independently hydrogen, alkyl, fluoro, or fluoroalkyl; and
Ar! and Ar? are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
5  of the aforementioned ring is optionally substituted with R®, R" or R where RE is alkyl, -C=C-
RS (wh;:re R®is aryl or heteroaryl), halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy,
amino, monesubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl,
hydroxyalkyl, alioxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
aminosulfonyl, aminccarbonyl, or acylamino and R" and R’ are independently selected from
10 alkyl; halo, haloalkyl, haloalkoxy, alkyithio, cyano, alkoxy, amine, monosubstituted amine,
disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl,
acylamino, aryl, heteroaryl, cycloalkyl, or heterocyclyl where the aromatic or alicyclic ring in
RE, R" and R' is optionally substituted with R/, R* or R' which are independently selected
15 from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted
amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl,
alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkexy, aminosutfonyl,
aminocarbonyl, or acylamino.
In some embodiments, in the compound of Formula (I), R' and R? are independently
20  selected from hydrogen, alkyl, haloalkyl, alkoxy, haloalkoxy, aryl, beteroaryl, cycloalicyl, or
heterocyclyl wherein the aforementioned rings are optionally substituted with R, RY, or R°
independently selected from alkyl, haio, baloalkyl, alkoxy, haloalkoxy, hydroxy, cyano,
monosubstituted amino, or disubstinrted amino; or
R! and R?, when attached to the same carbon atom, can combine to form cycloalkyl or
25  monocyclic saturated heterocyclyl to give a spiro ring wherein the eycloalkyl or monocyclic
saturated heterocyclyl can be optionally substituted with RY, R®, or R independently selected
from alkyl, alkoxy, fluore, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstituted aming; or
R} and R*, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
30  piperazine ring, can combine to form ~C,-Cs- alkylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by a -NR-, -O-, -S(O)n- (where R is
hydrogen or alkyl and n is 0-2) and further wherein one or two hydrogen atoms in the
alkylene chain can be optionally substituted with one or two alkyl;
R, R and R’ are independently hydrogen, alkyl, fluoro, or fluoroalkyl; and
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Ar' and Ar® are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with RE, R® or R where R® is alkyl, halo,
haioalkyl, haloalkoxy, alkylthic, cyano, alkoxy, amine, monosubstituted amino, disubstifuted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R" and R are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkyithio,
cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, suifonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, .alkokyaikoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in RS, RPand R' is optionally substituted
with R/, R* or R! which are in‘dependenﬂy selected from alkyl, halo, baloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyi,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalicoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino; provided that
when (i) R' and R? are methyl, R®, R* and R® are hydrogen, and Ar' is 3-hydroxyphenyl, then
Ar? is not 4-cyanopheny] or 4-1H-tetrazol-S-ylphenyl and (i) R}, R%, R?, R* and R’ are
hydrogen and Ar' is pheny! then Ar” is not pheny! or 4-chlorophenyl.

In a second aspect, this invention is directed to a pharmaceutical composition
comprising a éompound of Formula (I}, a pharmaceutically acceptable salt thereof or a
mixture a compound of Formula (I} and a pharmaceutically acceptable salt thereof; and a
pharmaceutically acceptable-excipient. In one embodiment, nis 1.

In 2 third aspect, this invention is directed to a method of treating a disease treatable
by inhibition of GlyT1 receptor in a patient which method comprises administering to the

patient 2 pharmaceutical composition comprising a compound of Formula (I):

RS
Rd COQH

R’\,Nsz
NN
R3
AT AR
@
wherein:

n is an integer from one to three;
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R! and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,
haloalkoxy, aryl, heteroaryl, cycioalkyl, or heterocyclyl wherein the aforementioned rings are
c;p-ﬁ;onally substituted with R, R, or R® independently selected from alkyl, halo, haloalkyl,
alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted amino; or r!
and R? when attached to same carbon can together from an oxo group; or

R! and R?, when attached to the same carbon atom, can combine to form cycloalkyl or
monocyclic saturated heterocyclyl to give a spiro ring wherein the cycloalky! or monocyclic
saturated heterocyclyl can be optionally substituted with R% RS or RS independently selected

from alkyl, alkoxy, fluoro, fiuorcalkyl, fluorcalkoxy, hydroxy, monosubstituted amino, or

disubstituted amino; or X

R! and R?, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combine to form —C;-C;- alkylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by a —-NR-, -O-, -S(O)n- (where R is
hydrogen or alkyl and n is 0-2) and further wherein one or two hydrogen atoms in the
alkylene chain can be optionally subsiituied with one or two alkyl;

R3, R® and R® are independently hydrogen, alkyl, fiuoro, or fluoroalkyl; and

Ar' and Ar® are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each

- of the aforementioned ring is optionally substituted with RE, R or R where R% is alkyl, -C=C-
RS (where R is aryl or heterenryiy; halo, hal-o*alkyl, haloalkoxy, alkylthio, cyano, alkoxy,

arnino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl,
hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
aminocsulfonyl, aminocarbonyl, or acylamino and R" and R’are independently selected from
alkyl, hale, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino,
disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosuifonyl, aminocarbonyl,
acylamino, aryl, heteroaryl, cycloalkyl, or heterocyclyl where the aromatic or alicyclic ring in
RE, R" and R' is optionally substituted with R}, R¥ or R' which are independently selected
from alkyl, hale, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amine, monosubstituted
aminoe, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyz'alkyl,
alkoxyalkyl, amincalkyl, hydroxyalkoxy, elkoxyalkoxy, aminoalkoxy, aminosulfonyl,
aminocarbonyl, or acylamino; or

a pharmaceutically acceptable salt thereof , ora mixture a compound of Formula (I)
and a pharmaceutically acceptable sait thereof and a pharmaceutically acceptable excipient.

In some embodiments, in the method above, the compound of Formula (1) is where R'

and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy, haloalkoxy, aryl,
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heteroaryl, cycloalkyl, or heterocyclyl wherein the aforementioned rings are optionally
substituted with R®, R®, or R® independently selected from alkyl, halo, haloalkyl, alkoxy,
haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted amino; or

=~ - R'and R?, when attached to the same carbon atom, can combine to formrcycloalkyl o -

monocyciic saturated heterocyclyl to give a spiro ring wherein the cycloalky! or monocyciic
saturated heterocyclyl can be optionally substituted with R%, RS, or Rf independently selected
from alkyl, alkoxy, fluoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstituted amino; or

R' and R?, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combine to form —C;~Cs- alkylene chain wherein one of .'the carbon
atoms in the alkylene chain is optionally replaced by a ~INR-, -O-, -S(O)n- (where R is
hydrogen or alkyl and n is 0-2) and further wherein one or twe hydrogen atoms in the

.alkylene chain can be optionally substituted with one or two alkylé

R* R* and R® are independently hydrogen, alkyl, fluoro, or fluoroalky!; and

Ar' and Ar? are independently aryl, heteroaryl, cycloalkyl, or heterocycly! where each
of the aforementioned ring is optionally substituted with R®, R or R! where R is alkyl, halo,.
haloalkyl, haloalkoxy, alkylthio, cyano, alkexy, aminoc, monosubstituted amino, disubstituted
amino, sulionyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalky},
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R" and R’ are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthia,
cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, amincalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in R&, R" and R is optionally substituted
with R}, R* or R! Whichr are independently selecied from alkyl, halo, haloalky!, haloalkoxy,
alkylthio; cyano, alkoxy, amine, monosubsiituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbohyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylaminc.

In some embodiments, in the method above, the compound of Formuta (I) is where n
is 1. In one embodiment the disease is ADHD (attention deficit hyperactivity disorder), MCI
{mild cognitive impairment), or cognitive disorders associated with Schizophrenia.

' // In a fourth aspect, this invention is directed to 2 method of making a compound
Formula (D):
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R5
R4+002H
— .1...... - .N_._ _..R.z_.... —— e

NN
L

Al
@

Ar!

wherein:
) n is an integer from 1 to 3;

R' and Rz_ are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,
haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocycly! wherein the aforementioned rings are
optionally substituted with R?, R”, or R°® independently selected from alkyl, halo, haloalkyl,
alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted amino; or

RI and R?, when attached to the same carbon atom, can combine to form cycloalky! or
monocyslic saturated heterocyclyl to give a spiro ring wherein the cycloalky! or monocyciic
safurated heterocyclyl can be optionally substituted with RY, R or RS independently selected
from alkyl, alkoxy, fluoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstitited amino; or '

R! and _Rz, when attachsd to carbon atoms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combing to form —C)-Cs- alkylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by a —NR-, -O-, -S{O)u- (where R iz
hydrogen or alkyl and n is 0-2) and further wherein one or two hydrogen atoms in the
alkylene chain can be optionally substituted with one or two alkyl;

R, R*and R® are independently hydrogen, aikyl, fluoro, or fluoroalkyl; and

Ar' and A7 are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R&, R® or R' where R? is alkyl, -C=C-
R® (where R® is aryl or heteroaryl), halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy,
amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl,
hydroxyaikyl, alkoxyalkyl, aminocalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
aminosulfonyl, aminocarbonyl, or acylamino and R" and Rlare independently seilected from
alkyl, halo, haloalkyl, baloalkoxy, alkylthio, cyano, alkox.y, amino, monosubstituted amine,
disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminocalkoxy, aminosulfonyl, aminocarbonyl,
acylamino, aryl, heteroaryl, cycloalkyl, or heterocyclyl where the aromatic or alicyclic ring in
RE R"and Riis optionally substifuted with R’, R* or R’ which are independently selected
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from alkyl, halo, baloatkyl, haloalkoxy, alkylthio, cyane, alkoxy, amino, monosubstituted
amine, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl,
alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,

.anﬁnocarbonyl, or acylamino;

comprising:
(a) hydrolyzing the ester group in a compound of formula:

=
R4_LCOR

wl Y
AR
Art” TArR :

where R is alkyl and R}, RZ, R?, R%, R®, Ar' and Ar? groups are as defined above;
under acidic or basic hydrolysis reaction conditions; .

(b) optionally modifying any of the R’, R* R?, R* R’ Ar' and Ar? groups to provide a
cornpound of Formuda (I); .

(c) optionally forming an acid addition salt of the compound of Formula (I) obtained
from Step (2) and/or (b) above;

(d) optionally separating stereoisomers of the compound of Formula (T} obtained from
Step (a), (b), and/cr (c) above; -

provided that when (i) R' and R? are methyl, R®, R and R® are hydrogen, and Ar' is
3-hydroxyphenyl, then Ar? is not 44;yanopheny1 or 4-1H-tetrazol-3-yiphenyl and (i) R!, R?,

 R?,R* and R’ are hydrogen and Ar' is phenyl then Ar” is not pheny! or 4-chiorophenyl;

In some embodiments in the process above, the compound of Formula (I} is where:

R' and R? are independently hydrogen or alkyl;

R? R’ and R® are hydrogen; and )

Ar' and Ar* are independently phenyl, each ring optionally substituted with R®or R”
where R® and R” are independently alkyl, halo, haloalkyl, haloalkoxy, alkylthio, alkoxy,
alkylcarbonyl, or alkexycarbonyl 1

In some embodiments in the process above, the compound of Formula (1) is where:

&' and R? are independently hydrogen or alkyl;

R* R? and R® are hydrogen; and

- Ar' and Ar* are independently phenyl, each ring optionally substituted with RE or R
where R® and R" are independently alkyl, halo, haioalkyl, haloalkoxy, alkylthio, alkoxy,
alkylcarbonyl, or alkoxycarbonyl and the stereochemistry at the carbon carrying the R®, Ar*
and Ar® group is (R).
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Detailed D=scripbon

Definitions:

Uniless otherwise stated, the following terms used in the specification and claims are
defined for the purposes of this Application and have the following meaning:

"Alkyl" means a linear saturated monovalent hydrocarbon radical of one to six carbon
atoms or a branched saturated monovalent hydrocarbon radical of three to six carbon atoms,
e.g., methyl, ethyl, propyl, 2-propyl, butyl (including all isomeric forms), pentyl (including
all isomernic forms), and the like.

"Alicyclic” means a non-aromatic ring e.g., cycloalkyl or heterocyclyl ring.

"Alkylens" means g linear saturated divalent hydrocarbon radical of one to six carbon
atoms or a branched saturated divalent hydrocarbon radical of three to six carbon atoms
uniess otherwise stated e, g., methylene, ethylene, propylene, 1-methylpropyiene, 2-
methylpropylene, butylene, pentylene, and the like. '

" Alkylthio® means 2 -SR radical where R is alkyl as defined above,-e.g., methylihio,
ethylthio, and the like.

" Alkylsulfonyl® means a —~SO:R radical whers R is aliyl as defined above, e.g.,
methylisulfonyl, ethylsulfonyl, and the like. |

"Amino™ means a -NH;.

"Alkylamino™ means a ~-NHR radical where R is alkyl as defined above, e.g.,
methylamino, ethylamine, propylamino, or 2-propylamino, and the like.

*Alkoxy" means a -OR radical where R is alkyl as defined above, e.g., methoxy,
ethoxy, propoxy, or 2-propoxy, »-, iso-, or feri-butoxy, and the like.

" Alkoxycarbonyl" means a -C{O)OR radical where R is alky!l as defined above, e.g.,
methoxycarbonyl, ethoxycarbonyl, and the like.

" Alkoxyalky!" means a linear monovalent hydrocarbon radical of one 1o six carbon
atoms or a branched monovalent hydrocarbon radical of three 1o six carbons substituted with
at least one alkoxy group, preferably one or two alkoxy grbups, as defined above, e.g., 2-
methoxyethyl, 1-, 2-, or 3-methoxypropyl, 2-ethoxyethyl, and the like.

" Alkoxyalkyloxy" or “alkoxyalkoxy” means a -OR radical where R is alkoxyalkyl as
defined above, e.g., methoxyethoxy, 2-ethoxyethoxy, and the like.

" Aminoalky!" means a linear monovalent hydrocarbon radical of one to six carbon
atoms or a branched monovalent hydrocarbovn radical of three to six carbons substituted with
at least one, preferably one or two, -NRR' where R is hydrogen, alkyl, or -COR® where R® is
alkyl, each as defined above, and R’ is selected from hydrogen, alkyl, hydroxyalkyl,
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alkoxyalkyl, aryl, aralkyl. heteroaryl, heteroaralkyl, or haloalkyl, each as defined herein, e.g,
aminomethyl, methylaminoethyl, 2-ethylamino-2-methylethyl, 1,3-diaminopropyl,
dimethylaminomethyl, diethylaminoethyl, acetylaminopropyl, and the like.

"Aminoalkoxy" means a -OR radical where R is aminoalkyl as defined above, e.g., 2-
aminoethoxy, 2-dimethylaminopropoxy, and the like. '

"Aminocarbonyl" means a ~CONRR’ radical where R is independently hydrogen,
alkyl, hydroxyalkyl, alkoxyalkyl, or aminoalkyl , each as defined herein and R’ is
hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl, heterocyciylalkyl, hydroxyalkyl, alkoxyalkyl, or aminoalkyl, each as defined
herein, e.g., -CONH,, methylaminocarbonyl, dimethylaminocarbonyl, and the like.

"Aminosulfonyl" means 2 —SO,NRR radical where R is independently hydrogen,
alkyl, hydroxyalkyl, alkoxyalkyl, or aminoalkyl, each as defined herein and R’ is hydrogen,
alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, hydroxyalkyl, alkoxyalkyl, or aminoalkyl, each as defined herein, e.g., -
SO,NH,, methylaminosulfonyl, dimethylaminosulfonyl,- and the like.

"Acyl" means a -COR radical where R is alkyl, haloalkyl, cycloalkyl,
cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl, or heterocyclyialkyl,
each as defined herein, e.g., acetyl, propionyl, benzoyl, pyridinylcarbonyl, and the like.
When R is alkyl, the radical is also referred to herein as alkylcarbonyl.

"Acylamino" means a -NHCOR radical where R is alkyl, haloalkyl, cycloalkyl,
cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,or heterocyclylalkyl,
each as defined herein, ¢.g., acetylamino, propionylamino, and the like.

"Arvl" means a monovalent monocyclic or bicyclic aromatic hydrocarbon radical of
6 to 10 ring atoms e.g., pheny! or naphthyl. ‘

"Aralkyl" means a —(alkylene)-R radical where R is aryl as defined above.

"Cycloalkyl" means a cyclic saturated monovalent hydrocarbon radical of three to ten
carbon atoms wherein one or two carbons may be replaced by a —C(O)- group, e.g.,
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl, and the like.

"Cycloa.lkylalkyl“ means a —(alkylene)-R radical where R is cycloalkyl as defined
above; e.g., cyclopropylmethyl, cyclobutylmethyl, cyclopentylethyl, or cyclohexylmethyi,
and the like.

"Carboxy" means -COOH.
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“Central piperazinyl ring” refers to ' ring in Formula (T) and is

numbered as shown above.

"Disubstituted amino" means a -NRR’ radical where R and R’ are independently
alkyl, cycloalkyl, cycloalkylalkyl, acyl, sulfonyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl, heterocyclylalkyl, hydroxyalkyl, alkoxyalkyl, or aminoalkyl, each as defined
berein, e.g., dimethylamino, phenylmethylamino, and the like.

"Halo" means fluoro, chloro, bromo, or iodo, preferably fluoro or chloro.

"Haloalkyl" means alkyl radical as defined above, which is substituted with one or
more halogen atoms, preferably one to five halogen atoms, preferably fluorine or chiorine,
including those substituted with different halogens, e.g., -CH>Cl, -CF3, -CHF;, -CH2CFs, -
CF.CF;, —CF(CH3)2; and the like. When the alkyl is substituted with only fluoro, it is
referred to in this Application as fluoroalkyl. -

"Haloalkoxy" means a —OR radical where R is haloalkyl as defined above e.g., -OCF3,
~-OCHF,, and the like. When R is halcalkyl where the alkyl is substituted with only fluoro, it
is referred to in this Application as fluoroalkoxy.

"Hydroxyalkyl" means a linear monovalent hydrocarbon radical of one to six carbon
atoms or a branched monovalent hydrocarbon radical of three to six carbons substituted with
one or two hydroxy groups, provided that if two hydroxy groups are present they are not both
on the same carbon atom. Representative examples include, but are not limited to,
hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-(hydroxymethyl)-2-
methylpropyl, 2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, 1-
(hydroxymethyl}-2-hydroxyethyl, 2,3-dihydroxybutyl, 3,4-dihydfoxybutyl and 2-
(bydroxymethyl)-3-hydroxypropyl, preferably 2-hydroxyethyl, 2,3-dihydroxypropyl, and 1-
(hydroxymethyl}-2-hydroxyethyl. |

"Hydroxyalkoxy” or “hydroxyalkyloxy” means a —OR radical where R is
hydroxyalkyl as defined above.

"Heterocyclyl" means a saturated or unsaturated monovalent monocyclic group of 5
to 8 ring atoms in which one or two ring atoms are heteroatom selected from N, O, or
S(O)n, where n 1s an integer from 0 to 2, the remaining ring atoms being C. The
heterocyclyl ring is optionally fused to a (one) aryl or héteroa:yl ring as defined herein
provided the aryl and heteroaryl rings are monocyclic. The heterocyclyl ring fused to
monocyclic aryl or heteroaryl ring is also referred to in this Application as “bicyclic
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heterocyclyl” ring. Additionally, one or two ring carbon atoms in the heterocyclyl ring can
optionally be replaced by a —CO- group. More specifically the term heterocyclyl includes,
but is not limited to, pyrrolidino, piperidino, homopiperidino, 2-oxopyrrolidinyl, 2-
oxopiperidinyl, morpholino, piperazino, tetrahydropyranyl, thiomorpholino, and the like.
When the heterocyclyl ring is unsaturated it can contain one or two ring double bonds
provided that the ring is not aromatic. When the heterocyclyl group contains at least one
nitrogen atom, it is also referred to herein as heterocycloamino and is a subset of the
heterocyclyl group. When the heterocyclyl group is a saturated ring and is not fused to aryl
or heteroaryl ring as stated above, it is also referred to herein as saturated monocyclic
heterocyclyl.

"Heterocyclylalkyl" means a —(alkylene)-R radical where R is heterocyclyl ring as
defined above e.g., tetraydrofuranylmethyl, piperaéinylmethyl, morpholinylethyl, and the
like.

"Heteroaryl" means a monovalent monocyclic or bicyclic aromatic radical of 5 to 10
ring atoms where one or more, preferably one, two, or three, ring atoms are heteroatom
selected from N, O, or 8, the remaining ring atoms being carbon. Representative examples
include, but are not limited to, pyrrolyl, thienyl, thiazolyl, imidazolyl, furanyl, indotyl,
isoindolyl, oxazolyl, isoxazolyl, benzothiazolyl, benzoxazolyl, quinolinyl, isoquinolinyl,
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazolyl, tetrazolyl, and the like.

"Heteroaralkyl" means a —alkylene)-R radical where R is heteroaryl as defined
above. ’

_ "Monosubstituted amino” means a -NHR radical where R is alkyl, cycloalkyl,
cycloalkylalkyl, acyl, sulfonyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, hydroxyalkyl, alkoxyalkyl, or aminoalkyl, each as defined herein, e.g.,
methylamino, phenylamino, hydroxyethylamino, and the like.

“Spiro” compound is a bicyclic compound with rings connected through just one
atom, the connecting atom 1s also calied the spiroatom, most often a quaternary carbon

("spiro carbon"). Representative examples include, but are not limited to,
002H cozH

l/COZH
Cr UQ [
T

R? J<R _
2 Ar' AR and the like.

AT
The present invention also includes the prodrugs of compounds of Formula (I). The

Ar'

term prodrug is intended to represent covalently bonded carriers, which are capable of
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releasing the active ingredient of Formula (I) when the prodrug 1s administered to a
mammalian subject. Release of the active ingredient occurs iz vive. Prodrugs can be
prepared by techniques known to one skilled in the art. These techniques generally modify
appropriate functional groups in a given compound. These modified functional groups -
however regenerate original functional groups in vive or by routine manipulation. Prodrugs
of compounds of Formula (1) include compounds wherein a hydroxy, amino, carboxylic, or a
similar group is modified. Examples of prodrugs include, but are not limited to esters (e.g.,
acetate, formate, and benzoate derivatives), carbamates (e.g., N,N-dimethylaminocarbonyl of
hydroxy or amino functional groups in compounds of Formula (I)), amides (e.g.,
trifluoroacetylamine, acetylamino, and the Iike); and the like. Prodrugs of compounds of
Formula (T) are also within the scope of this invention. _

The present invention also includes protected derivatives of compounds of Formula
(1). For example, when compounds of Formula (I) contain groups such as hydroxy, carboxy,
thiol or any group containing a nitrogen atom(s), these groups can be protected with a
suitable protecting groups. A comprehensive list of suitable protective groups can be found in
T.W. Greene, Protective Groups in Organic Synthesis, John Wiley & Sons, Inc. (1 999) , the
disclosure of which is incorporated herein by reference in its entirety. The protected
derivatives of compounds of Formula (I) can be prepared by methods well known in the art.

A "pharmaceutically acceptable salt" of a compound means a salt that is
pharmaceutically acceptable and that possesses the desired pharmacological activity of the
parent compound. Such salts include:

acid addition salts, formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with
organic acids such as formic acid, acetif: acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic acid; lactic acid, malonic acid, succinic
acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3~(4-
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesuifonic acid,
benzenesulfonic acid, 4-chiorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-
toluenesulfonic acid, camphorsulfonic acid, glucoheptonic acid, 4,4"-methylenebis-(3-
hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid, hydroxynaphthoic acid,
salicylic acid, stearic acid, muconic acid, and the like; or

salts formed when an acidic proton present in the parent compound either is replaced
by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an alurninum ion; or
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coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylgiucamine, and the like. It is understood that the pharmaceutically
accepﬁable salts are non-toxic. Additional information on suitable pharmaceutically
acceptable salts can be found in Remington's Pharmaceutical Sciences, 17th ed., Mack

Publishing Company, Easton, PA, 1985, which is incorporated herein by reference.
The compounds of the present invention may have asymmetric centers. Compounds

of the present invention containing an asymmetrically substituted atom may be isolated in
optically active or racemic forms. It is well known in the art how to prepare optically
active forms, such as by resolution of materials. All chiral, diastereomeric, racemic forms
are within the scope of this invention, unless the specific stereochemistry or isomeric form
is specifically indicated. _

Certain compounds of Formula (I) can exist as tautomers and/or geometric isomers.
All possible tautorners and cis and frans isomers, as individual forms and mixtures thereof
are within the scope of this invention. Additionally, as used herein the term alkyl includes
all the possible isomeric forms of said alkyl group albeit only a few examples are set forth.
Furthermore, when the cyclic groups such as aryl, heteroaryl, heterocyclyl are substituted,
they include all the positional isomers albeit only a few examples are set forth.
Furthermore, all polymorphic forms and hydrates of a compound of Formula (I) are within
the scope of this invention.

"Oxo" means =(0) group.

"Optionél" or "optionally” means that the subsequently described event or
circumstance may but need not occur, and that the description includes instances where the
event or circumstance occurs and instances in Which it does not. For example, "heterocyclyl
group optionally substituted with an alkyl group” means that the alkyl may but need not be
present, and the description includes situations where the heterocyclyl group is substituted
with an alkyl group and situations where the heterocyclyl group is not substituted with
alkyl.

A "pharmaceutically acceptable carrier or excipient” means a carrier or an excipient
that is useful in preparing a pharmaceutical composition that is generally safe, non-toxic and
neither biologically nor otherwise undesirable, and includes a carrier or an excipient that is
acceptable for veterinary use as well as human pharmaceutical use. "A pharmaceutically
acceptable carrier/excipient” as used in the specification and claims includes both one and

more than one such excipient.
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"Sulfonyl" means a —~SO,R radical where R_is alkyl, haloalkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, heterocyclyl, heterocyclylalkyl, each as defined hergin, e.g.,

- miethylsuifonyl, phenylsulfonyl, benzylsulfonyl, pyridinyisulfonyl, and the like.

The phrase in the definition of groups R' and R? in the claims and in the specification
of this Application “....wherein the aforementioned rings are optionally substituted with R5,
R®, or R® independently selected from.......” and similar phrases used for others groups [e.g.,
Ar' and AP groups] in the claims and in the specification with respect to the compound of
Formula (T) and (IA)-(IF), means that the rings can be mono-, di-, or trisubstituted uniess
indicaied otherwise.

"Treating" or "treatment” of a disease includes:

{ 1) preventing the disease L.e, causing the clinical symptoms of'the disease not to
develop in 2 mammal that may be exposed to or predisposed to the disease but does not yet
experience or display symptoms of the disease;

(2) inhibiting the disease, i.e., arresting or reducing the development of the disease or
its clinical symptoms; or

(3) relieving the disease, i.e., causing regression of the disease or its clinical
Symptoms.

A "therapeutically effective amount™ means the amount of a compound of Formula (I)
that, when administered {0 a mammal for freating a disease, is sufficient to effect such
treatment for the disease. The "therapeutically effective amount” will vary depending on the
compound, the disease and its severity and the age, weight, etc., of the mammal to be treated.

' Representative compounds of the Invention are shown in Tables 1-8 below:

Table 1 shows representative compounds of Formula (I) where R!, R2, R®, R* and R°
are hydrogen, Ar' and Ar® are phenyl where Ar” is substituted with R® and R” as shown

below.

Table 1

.

CO,H
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Cpd# | RS R" Stersochem

at *C
1 3-CF; H E .. -
2 3-Br H RS
3 3-CF3 H RS
4 3-CI 5-C1 RS
5 3-CF; H S
6 4Br H RS
7 H H -
8 4-C] H RS 2 HCl
9 4.CF; H RS 2 HCl
i0 2-Br H RS 2 HCl
11 3-phenyl H RS 2HC1
12 4-Br H S 2HCI
13 | 4Br H R ZHCI
14 3-Br H S 2 HCI
i5 |38 A R ZHCI

and are named as:

« (R)}2-(4-(phenyl(3(trifluoromethyl)phenymethyl)piperazin-1-ylacetic acid;
2-(4-((3-bromophenyl){(phenyl)methyl)piperazin-1-ylacetic acid;
2-(4-(phenyl(3-(trifiuvoromethyl)phenyDmethyl)piperazin-1-yhacetic acid;

5 2-(4~((3,5-dichiorophenyl)(phenyl)methyl)piperazin-1-ylacetic acid; _
(5)-2-(4-(phenyl(3-(wrifluoromethyl)phenymethyl)piperazin-1 -yDacetic acid;
2-(4-((4-bromophenyl)(phenyl)methyl)piperazin-1-ylacetic acid;
2-(4-benzhydrylpiperazin-1-yl)acetic acid;
2~(4-({4~-chlorophenyl)(pheny!)methyl)piperazin-1-ylacetic acid dihydrochloride salt;

16 2-(4~{phenyl(4-(trifluoromethyljphenyDmethyl)piperazin-1-yl)acetic acid
dih&droci’ﬂoridc salt; '
2~(4-((2-bromophenyl)(phenylymethyl)piperazin-1-yl)acetic acid dihydrochlotide salt;
2-{4~((3-biphenyl)(phenyl)methyl)piperazin-1-yDacetic acid dihydrochloride salt;
(S)}-2-(4-((4-bromophenyl}phenyl)methyl)piperazin-1 ~ylacetic acid dihydrochloride
15 salt; '
{R)-2-(4-((4-bromophenyl}phenymethyl)piperazin-1-yl)acetic acid dihydrochloride
salt;
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(S)-2-(4-((3-bromophenyl)(phenyl)methyl)piperazin-1-yl)acetic acid dihydrochloride
salt; and
(R)-2-(4-((3~-bromophenyl)(phenyl)methyl)piperazin-1-y))acetic acid dihydrochioride
sait,

Table 2 shows representative compounds of Formula (I) where R! is (R)-methyl, R?,
R*, R*and R’ are hydrogen, Ar' and Ar? are phenyl where Ar* is substituted with RE and R"

as shown below.

Table 2
CO.H
.
(J
] i/ﬁg
AN
SRy
Cpd. # [RS8 R® Stereochem
at*C
16 3-CF3 H RS
17 3-Br H RS
18 H 1 H (ro sterec) | 2 HCI
19 3-1 H R 2 HCI
20 3-Br H R 2 HCl
21 3-Br H S 2 HCI
22 3-phenyl H RS 2 HCI
23 3-CF; H s 2 HCI
24 3-CFy {1 H R 2 HCI
25 4-Cl H RS 2 HCI
26 4-pheny! +H RS 2 HCI
27 4-Br H RS 2 HCI
28 {4-CN H RS
125 1 3-Cl H RS 2HCI
30 3-phenyi H R
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Cpd # RE R" Stereochem
at *C

31 3-SCH;3 H RS
32 2-Br H S
33 2-Br H R
34 3-CH; H R
35 3-CH(CH3), H R
36 4-F H RS
37 3-F H RS
38 3-thien-2yl H R
39 3-SCH; H R
40 3-SCH; H N
41 4-SCH; H R
42 2-F H S
43 2-F . H R
44 3-OCF, H S
45 3~-OCF; H R
46 4-phenv! H R
47 4-(2-CHsphenyl) H R
48 4-(3-CHjsphenyl) H R
49 | 4-(4-CH;sphenyl) H R
50 2-F 4-F S
51 2-F 4-F R
52 4-F H S
53 4-F H R
54 3-F H S
55 3-F H R
55A 4-(2-phenylethynyl) H R
55B 3-(2-pyridin-3-ylethynyl) H R
55C 3-(2-pyridin-4-ylethynyl) H R

and are named as: ‘
2-((R)-2-methy1-4-(phenyl(3-(triﬂuoromethyI)phenyl)methyl)piperazin- I-yDacetic
acid;

2-((R)4-((3 —bromophenyl){phenyl)rnethyl)—2-methyipiperazin—1 -yDacetic acid;
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% (R)y-2-(4-benzhydryl-2-methylpiperazin-1-ylacetic acid dihydrochloride salt;
. 2~{(R)-4-((R)-(3-iodophenyl)(phenyl)methyl)-2-methylpiperazin- 1 -yDacetic acid
dihydrochioride salt;
2-((R)-4~((R)-(3-bromophenyl)(phenymethyl)-2-methylpiperazin-1-ylacetic acid
5  dihydrochloride salt;
2-((R)-4-((5)-(3-bromophenyl)(phenyl)ymethyl)-2-methyipiperazin-1-ylJacetic acid
dihydrochloride salt;
2'-((R)-Z;methyl-4-(biphenyi-3-yl-phenyi-methyl}-piperazin—I-yI)—acetic acid
dihydrochloride salt;
10 2~((R)-2-methyl-4-((S)-phenyl(3-(trifluoromethyl)phenyl)methyl)piperazin- 1 -yI) acetic
acid dihydrochloride salt; - -
2~{(R)-2-methyl-4-((R)-phenyl(3-(trifiluoromethyl)phenylymethyl)piperazin-1-
yhacetic acid dihydrochloride salt;
2-((R)-4-((4-chlorophenyl){phenyl)methyl)-2-methylpiperazin-1-ylacetic acid
15  dibydrochioride salt;
2-((R)-2-methyl-4-(biphenyl-4-yl-phenyl-methyl)-piperazin- 1-yi)-acetic acid
dihydrochloride salt;
2-{{R)-4-((4-bromophenyl)(phenyhmethy!)-2-methylpiperazin- 1-yl)acetic acid
dihydrochioride salt;
20 2-((R)—4-((4—-cyanopheﬁyi)(phenyl)methyl}-z-methylpiperazin—I -ylacetic acid;
2-((R)-4~((3-chlorophenyl)(pheny)methyl)-2-methylpiperazin-1 -y})acetic acid
dihydrochloride salt; 7
[(R)-4-((R);biphenyi—B-yl-phenyl—methyl}—z-mcthyi-piperazin- I-yil-acetic acid;
2-{(R)-2-methyl-4-((3-(methylthio)phenyl)(phenyl)methylpiperazin-1-yDacetic acid;
25 2-((R)-4-((S)-(2-bromophenyl)(phenyl)methyl)-2-methylpiperazin-1-vi)acetic acid;
2-((R)-4-({R)-(2-bromophenyl)(phenyl)methyl}-2-methylpiperazin-1-yDacetic acid;
V/ 2=((R)-2-methyl-4-((R)-phenyl(m-tolyl)methyl)piperazin-1 -ylacetic acid;
2-((R)-4~((R)-(3-isopropyiphenyl)(phenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;

2-{{R)-4~((4-fluorophenyl)(phenyDmethyl)-2-methylpiperazin-1-yDacetic acid;
30 2-((B}-4~((3-fluorophenyD{phenymethyl)-2-methylpiperazin-1-yi)acetic acid;
2-((R)-2-methyl-4-((R)-phenyl(3-(thiophen-2-yl)phenyl)methy{)piperazin-1-yacetic
acid;
2-((R)-2-methyl-4-((R)-(3-(methylthio)phenyl }(phenylymethyl)piperazin-1-ylacetic

-acid;
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35

22

2-((R)-2~methyl-4-( (S)—(B-{mcthylthio)phcnylj(phenyl)methyl)p iperazin-1-yl)acetic
acid;
2-((R)-2-methyl-4-((R}-(4~(methylthio)phenyl)(phenyl)methylpiperazin-1 -yhacetic

“acid;

—((R)—4-((S}~(2-ﬂuorophenyl)(phenyi)methyl)~2-methylp19e.razm -1-yDacetic acid;
-({R}~4-((R}-(2-ﬂuorophenyi}(phenyl)methyl)-z-methyipxperazm 1-yDacetic acld
-({R}—2-methy1-4-((5‘)-phenyl(3-(tnfiuoromethoxy)phenyl)methyl}pxparazm-1 -
yl)acetic acid;
2-((R)-2—methyl-4~((R)-phcnyl(3-(tnﬂuoromcthoxy}phenyl)mcthyl)pxperazm- I-
yhacetic acid;
[(K)-4-((R}-biphenyl-4-yl-phenyl-methyl}-2-methyl-piperazin-1-yl}-acetic acid;
{(R)-2-methyl-4-[(R)-(2’-methy} -biphenyi#yi)—phenyl~methyl]¥piperazin~ Y-yl}-
acetic acid;
{(R)-Z-methyl-4-[(R)-(3 ’-methyi-biphenyl-4—y1)~phenyl-methyl] ~piperazin-1-yl]-
acetic acid;
{{R}-2-methyl-4-[(R)-(4’-methyl-biphenyl-4-y1)-phenyl-methyl] -piperazin-1-yl}-
acstic acid;
2—((R)-ﬂ%—((S}—(Z,4—diﬁuorophenyl)(phenyl}methyl}-2-methyipiperazin—i-yl)acetic acid;
2-—((R)—4-((R)—(2,#diﬂuorophenyl)(phenyl)methyl)—z-methylpiperazin-l -yDacetic
acid; ‘
2-((R)-4-((S)-(4-fluorophenyl)(phenyl)methyl)-2-methylpiperazin-1-ylacetic acid;
2-((Ry-4-((R)-(4-fluorophenyl)(phenyDmethyl)-2 -methylpiperazin-1-yDacetic acid;
2-((R)-4-({5)-(3-Buorophenyl)(phenyl)methyl}-2-methylpiperazin-1-yl)acctic acid;
2-((R)-4-((R)~(3-fluorophenyl)(phenyl)methyl)-2-methylpiperazin-1 -yDacetic acid;
2-((R)-Z-methyl-4—((R)-phcny- 1(4-(2-phenylethynyl)phenyl )methy!)piperazin-1-
yDacetic acid; 7 '
2~({R)-2-methyl-4-((R)-phenyl(3-(2-pyridin-3 ~ylethynyl)phenyDmethylpiperazin-1-
yhacetic acid; and ‘
2-((R)-2-methyl-4-((R)-phenyl(3-(2-pyridin-4-ylethynyl)phenyljmeth yl)piperazin-1-

yhacetic acid.

Table 3 shows representative compounds of Formula (I) where R! is (S)-methyl, R2,
R’, R*and R® are hydrogen, Ar' and Ar® are phenyl where At is substituted with R® and R"
as shown below.
Table 3
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N
- "2”'(/ Rg
ol _d3
- =X 4
5Rh
Cpd # RS R" Stereochem at *C
56 H H (no stereo) 2 HCI
57 3-CF; H RS 2 HCl

and are named as:
(S)-2-(4-benzhydryl-2-methylpiperazin-1-ylacetic acid dihydrochloride salt; and
2-((5')—2-mcthyi -4~{phenyl(3-(trifluoromethyDphenylymethylpiperazin-1-ylacetic
acid diliydrochloride salt.

Table 4 shows representative compounds of Formula (I) where R}, RYand R® are
hydrogen, Ar' and Ar? are pheny! where Ar” is substituted with R? and R" as shown below

and R! and R? are as shown below.

Table 4
rCOEH
1
N
i Yo
5 3
4N
" i 7 3
S5 4
SRh
Cpd # R R* RE R" Stereochem
. at *C
58 H 38-CHz | H H (no stereo) | 2 HCL
59 H {3R-CH; |H H (no stereo) | 2 HCI
[60and 62 | 2R-CH; | 58-CH: |H H | fno stereo) | 2 BCI
as a mixture |




of two
enantiomers
(both are
rans- -
dimethyl)
62 28-CH; | 5R-CHz {H H (nto stereo) | 2 HCI
63 H | 3R-CH3 | 4- H RS
| phenyl

and are named as:
(S)-2-(4-benzhydryl-3-methylpiperazin-1i-yDacetic acid dibydrochloride salt;
(K)-2-(4-benzhydryl-3-methylpiperazin-1-yl)acetic acid dihydrochloride salt;
2-((2,5-trans}-4-bepzhydry!-2,5-dimethylpiperazin-1-yl)acetic acid dihydrochioride salt;
3 2—((2,5—0:';5'}-4-benzhydryi-2,S-dimeﬂlylpiperazin-1-yI)aceﬁc acid dihydrochloride salt; and
2-({R}—3-rnethyl—4-(phenyl(4—-diphenyi)methyl)piperazin—-1-y])acetic acid,

Table 5 shows representative compounds of Formula (I) where R' is shown below,
' R% R*, R'and R’ are hydrogen, Ar' and A7? are phenyl where Ar' is substituted with R® and
10 Ar® is substituted with R" as shown below. '

Tabie 5
COLH
s -NI_R
et
AP B BN Ay
5 Le]
Cpd # RE R" R Stereochem
at*C
64 3-Ci 3-Cl 2R-CH3 | (no stereo)
65 3.F 3-F 2R-CH; '(no stereo)
66 4-CF; 3-CF3 ] H RS
67 4.F 3-phenyl 2R-CH; | RS 2 HCl
68 4-Cl 4-Ct 2R-CH; | (no stereo} 2 ALl
6 |4F 3-Br 2R-CH; | RS [zHEC




Cpd # RS R? R

Stereochem
at *C
70 iF F 3R-CH; | (o steres) | 2HCI |~
171 4-F 4-F 2-R-CHj3 | (no stereo)
72 3-CF3 3-CFs 2-R-CHj | (no stereo)
73 3-CF3 3-CF; H (no stereo)

and are named as:

(R)-2-(4-(bis(3-chiorophenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
(R)-2-(4-(bis(3-fluorophenyl)methyl)-2-methylpiperazin-1-ylacetic acid;
2-(4-((3-(irifluoromethylphenyl)(4-(trifluoromethyl)phenyl)methyl)piperazin-1-

3 yhacetic acid;

2-(4-((4-fiuorophenyl)(3-(diphenyl)methy1)}-(R)-2-methylipiperazin- 1 -yl)acetic acid

dihydrochloride salt;

(R)-2-(4-(bis(4-chlorophenyDmethyl)-2-methylpiperazin-1-yhacetic acid

dihydrochloride salt;

10

2-((R)-4-((3~bromophenyl){4-flucrophenylymethyl)-2-methylpiperazin-1-yl)acetic

acid dihydrochloride salt;

(R)-2-(4-(bis(4~fluorophenylymethyl}-3-methylpiperazin-1-yhacetic acid

dihydrochioride salt;

15

and

(R)-2-(4-(bis(4-fluorophenyl)methyl)-2-methylpiperazin-1-yDacetic acid;
(R)-2-(4-(bis(3-(trifluoromethyl)phenyl)methyl)-2-methylniperazin-1-yl)acetic acid;

2-(4-(bis(3~(trifluoromethyl)phenyl)methyl ypiperazin-1-ylacetic acid.

Table 6 shows representative compounds of Formula (T) where R! is (R)-methyl, R?,

20 R R*and R® are hydrogen, Ar' and Ar? are as shown below.

CO,H

.
®
Art /E\Arz

Cpd. # |[Ar Ar’

Stersochem
.at *¥C
3-CF;3phenyl RS

74 thien-2-yl




10

26

Cpd. # | Ar' Ar* Stereochem
- | .at*C
75 thien-2-yi 3-CFiphenyl | R
76 thien-2-yi 3-CFiphenyl | S
77 cyclopropyl | 3-CFsphenyl | RS 2 HCi

and are named as:
2~((R)-2-methyl~4—(t}nophen-2—yl(3-(tnﬂuoromethyl)phenyl)memyl)pxperazm-1 -
yDacetic acid;
2-((R)-2-methyl-4-((R)-thiophen-2-y}(3-(trifluorom ethylyphenyl)methyl)piperazin-1-
yDacetic acid;
2-((R)—Z-methyl~4~((S)—thiophen-2—yl(3-(triﬂuoromcthyl)phenyl)mcthyl}piperazin.- 1-
yDacetic acid; and
2-({R)-4~(cyclopropyl(3 ~(trifluoromethyl)phenyl)methyl)-2-methylpiperazin-1 -
yhacetic acid dihydrochloride salt,

Table 7 shows representative compounds of Formula (D where R® and R are
hydrogen, Ar' and Ar® are each 4~Clphenyl and R', R2, and R* are as shown below.

YCOZH

5[/
5\;\; .
Cpd2 TR ® X2 R+RZ
78 H T3 3(R)-CHs |
75 S-CH: | & 3(R)-CHs
D H =0y
81 (5-CH; |H 2(R)-CHs
7] (R-CH; | H 2(R)-CH;
g3 H H T2-=(0)
84 H 6(S)-CHs | 2(R-CHs 2HC
g5 H 2-CHs | 2-CH 2 HOl
36 TH, |H _ |H ZHCI
87 I H 2(R)-CH(CHy), [2HG




10

15

20

27

Cpd # R* R R? I RI4R?
28 H H H 2 HCI

and are named as:
(R)-2~(4-(bis(4-chlorophenylymethyl)-2-methylpiperazin-1 -yl)acetic acid;

(S)-2-((R)-4-(bis(4-chlorophenyl)methyl)-3-methyipiperazin-1-yl)propanoic acid;

2-(4-(bis(4-chlorophenyl)methyl)-3-oxopiperazin-1-ylaceiic acid;

(S)-2-((R)-4~(bis(4-chiorophenyl)methyl)-2-methylpiperazin- 1-y]propanoic acid;

(R}-Z—((R}-4—(bis(4-chlorophenyl)methyi)-Z-methylpipcrazin-l-yl)propanoic acid;

2-(4-(bis(4-chlorophenyl)methyl)-2-oxopiperazin-1-ylacetic acid;

2-((2R.65)-4~(bis(4-chlorophenyl)methyl)-2,6-dimethylpiperazin-1-yl)acetic acid
dihydrochloride salt; :

2-(4-(bis(4-chlorophenyl)methyl)-2,2-dimethylpiperazin-1-yl)acetic acid
dihydrochloride salt; '

- 2-(4~(bis(4-chiorophenyDmethyl)piperazin-1 -yl)propanoic acid dihydrochloride salt;

{R)-2-(4-(bis(4-chlorophenyl)methyl)-2-isopropylpiperazin-1-yl)acetic acid
dihydrochloride salt; and

2-{4-(bis(4-chlorophenyl)methyl)piperazin-1-yl)acetic acid dihydrochioride salt.

Tabie 8

G
SRt

and is named as 2-{(4-{phenyi(3-(trifluoromethyl)phenylymethyl)-1,4-diazepan-1-yl}-
acefic acid.

Embodiments

(A)  Inone embodiment, the compound of Formula (I) has the structure represented
by Fommula (JA):
COgH

-

N

Y e
R— -—R

>

3
o

ey



where:

R! and R? are independently selected from hydrogen, atkyl, halog.@lfy}., alkoxy,
haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforen;.’e':x.x;:io;xe:_d ri—ngs are
optionally substituted with R®, R®, or R® independently selected from alkyl, hale, haloalkyl,

5  alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted amino;

. — [ —

Ar' and Ar® are independently aryl, heteroaryl, cyclealkyl, or heterocycly! where each
of the aforementioned ring is optionally substituted with RE, R" or R’ where RE is alkyl, halo,
haloaikyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubsﬁtuted amino, disubstituted
amine, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,

10 hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or ax:y}a.rﬁino
and R" and R’ are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,
cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
amninoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or

15 beterocyclyl where the aromatic or alicyclic ring in R8, R" and R! is optionally substituted
with B, R¥ or R! which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
atkylthio, cyano, alkoxy, amine, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoiy, aminosulfonyl, aminocarbonyl, or acyl; and

20 other groupé are as defined in the Summary of the Invention.

T Within this group (A), one group of compounds is that wherein R and R? are
independently selected from hydrogen, alkyl, haloalkyl, alkoxy, or haloalkoxy provided that
at east one of R! and R? is other than hydrogen.

Within this group (A), another group of compounds is that wherein R’ and R? are

25  independently selected from hydrogen, alkyl, haloalkyl, alkoxy, or haloalkoxy.

Within this group (A), another group of compounds is that wherein R! and R® are
independently selected from hydrogen, methyl, ethyl, propyl, trifiuoromethyl, 2,2,2-
triﬂuorosthyL methoxy, ethoxy, propoxy, irifluoromethoxy, diflucromethoxy, or 2,2,2-
trifluoroethoxy.

30 Within this group (A), another group of compounds is that wherein R! and R? are
hydrogen. '

Within this group (A), another group of compounds is that wherein R’ is hydrogen
and R? are alkyl.

Within this group (A), another group of compounds is that wherein R' is hydrogen

35  and R? are methyl.
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Within this group (A), yet another group of compounds is that wherein R’ is hydrogen
and R? is methyl, ethyl, propyl, trifluoromethyl, 2,2,'2-triﬂuoroethjrl, methoxy, ethoxy,
propoxy, trifluoromethoxy, difluoromethoxy, or 2,2,2-trifluoroethoxy and is located at the
carbon atom that is ortho to the piperazine nitrogen atom that is substituted with the
carboxymethy! group. '

Within this group (A), yet another group of compounds is that wherein R’ is hydrogen
and R? is methyl, ethyl, propyl, triflucromethyi, 2,2,2-triflucroethyl, methoxy, ethoxy,
propoxy, triffuoromethoxky, difluoromethoxy, or 2,2 2-trifluoroethoxy and is located at the
carbon atom that is ortho to the piperazine nitrogen atom that is substituted with the

' carboxymethyl group and the stereochemistry at the carbon atom carrying the R® group is (R).

Within this group (A), yet another group of compounds is that wherein R' is hydrogen
and R? is methyl and is located at the carbon atormn that is ortho to the piperazine nitrogen
atorn that is substituted with the carboxymethyl group and the stereochemistry at the carbon
atom carrying the R? group is &).

Within this group (A), yet another group of compounds is that wherein R’ is hydrogen
and R? is methyl, ethyl, propyl, trifluoromethyl, 2,2,2-trifluoroethyl, methoxy, ethoxy,
prepoxy, triftucromethoxy, diffuoromethoxy, or 2,2,2-trifluoroethoxy and is located at the
carbon atom that is ortho to the piperazine nitrogen atom that is substituted with the
carboxymethyl group and the stereochemiétry at the carbon atom carrying the R? group is S

- Within this group (A}, another group of compounds is that wherein R' and R? are
independently selected from methyl, ethyl, propyl, trifluoromethyl, 2,2, 2-trifluoroethyl,
methoxy, ethoxy; propoxy, trifluoromethoxy, difluoromethoxy, or 2,2,2-rifluoroethoxy.

Within this group (A), another group of compounds is that wherein R’ and R? are
independently selected from methyl, ethyl, propyl, friﬂuoromethyl, 2,2, 2-trifluorpethyl,
methaxy, ethoxy, propoxy, trifluoromethoxy, difiuoromethoxy, or 2,2 2-trifluoroethoxy )
whers R! is Jocated at the carbon atom that is ortho to the piperazine nitrogen atom that is
substituted with the carboxymethyl group and R? is located at carbon that'is para to the
carbon atom carrying the R’ group.

Within this group (A), another group of compounds is that wherein R' and R? are
independently selected from methyl, ethyl, propyl, trifluoromethyi, 2,2,2-trifluoroethyl,
methoxy, ethoxy, propoxy, trifiuoromethoxy, diflucromethoxy, or 2,2,2-trifluoroethoxy
where R is located at the carbon atom that is ortho to the piperazine nitrogen atom that is
substituted with the carboxymethyl group and R? is located at carbon that is para to the
carbon atom carrying the R! group and the stereochemistry at the carbon atoms carrying the
R and R? groups are (R.5), (R,R), (S.R) or (5,5).
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Within this group (A), yet another group of compounds is that wherein R’ is hydrogen
and R is aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforementioned rings are
optionally substituted with R? R®, or R°® independently selected from alkyl, halo, haloalkyl,
alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amine, or disubstituted amino.

(B)  Inanother embodiment, the compound of Formula (J) has the structure represented by
Formula (IB):

rCO;:H

N
S T
R J—R
kN)
RS
ArtT TAar?

(IB)
wherein:

R! and R? together from an oxo group;

Ar' and Ar? are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R€, R" or R! where R® is alky), halo,
haloalkyl, haloalkoxy, aliylthio, cyaﬁo, alkoxy, amine, monosubstituted amino, disubstituted
amino, suifonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosuifonyl, aminocarbonyl, or acylamino
and R® and R' are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,
cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl; hydroxyalkyl, alkoxyalkyl, aminoalkyi, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfenyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in R®, R" and R’ is optionally substituted
with R—i, R or R' which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyana, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkox&alk_yl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminesulfonyl, aminocarbonyl, or acyl; and

other groups are as defined in the Summary of the Invention.

Within this group (B), one group of compounds is that wherein the oxo group is
located at the carbon atom that is ortho to the piperazine nitro gen atom that is substituted with
the carboxymethyl group.
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{C)  In another embodiment, the compound of Formula (D has the structure represented by
Formula (IC):
(

Ri__E :’._..R2

Art kRa

ac

COzH

wherein:

R' and R? are attached to the same carbon atom and are combined to form cycloaliy!
optionally substituted with R®, R® or Rf independeﬁtiy selected from alkyl, alkoxy, fluoro,
fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or disubstituted amino;

Ar' and Ar* are independently aryl, beteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R®, R® or R! where RE is alkyl, h‘alo,
haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, ammoaikoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R" and R'are independenitly selected from aliyl, halo, haloalkyl, haloalkoxy, alkylthio,
cyano, alkoxy, amino, monosubstituted amino, dxsubsntuted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl; hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heieroaryl, cycloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in R3, R® and R’ is optionally substituted
with RS, R¥ or R! which are mdependenﬂy selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthlo cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalky!, aminoallkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and

other groups are as defined in the Summary of the Invention.

Within this group (C), one group of compounds is that wherein R! and R? combine to
form cyclopropyl, cyclobutyl, cyclopentyl, or cyciohexy! ring optionally substituted thh R®
or R* independently selected from alkyl, hydroxy, or fluoro.

(D}  In another embodiment, the compound of Formula (1) has the structure represented by
Formula (ID):
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rc:oza-i

N
l/ l,_._RZ

RS_.__
N

R3
AT AR
(ID)
wherein:

R' and R? are attached to the same carbon atom and are combined to form monocyclic
saturated heterocyclyl which are optionally substituted with RY R® or Rf independently
selected from alkyl, alkoxy, fiuoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted
amino, or disubstituted amino;

Ar' and Ar? are independently arvl, heteroaryL cycloalkyl, or heterocyclyl where each.
of the aforementioned ring is optionally substituted with RE, R® or R where R® is alkyl, halo,
haloalkyl, haloalkoxy, alkyithio, cyano, alkoxy, amine, monosubstituted amino, disubstitated
amino, suffonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbony!, or acylamino
and R" and Riare independently selected from alky!, halo, haloalkyl, haloalkozy, alkyithio,
cyano, alkoxy, amino, monosubstituted amino, disubstituted aming, éulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalk?i, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycioalkyl, or
heterocyclyl where the aromatic or alicyclic ring in R®, R" and Rl is optionally substituied
with R, R¥ or R! which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and -

other groups are as defined in the Summary of the Invention.

Within this group (D), one group of compounds is that wherein R' and R? combine to
form tetrahydrofuranyl, tetrahydropyranyl, piperidinyl, or pyrrolidinyl where each ring is
optionally substituted with R® or R® independently selected from one or two alkyl, hydroxy,

or fluoro.

(E) In another embodiment, the compound of Formula (D has the structure reprcsenﬁed by
Formula (IE): '
COLH

N.

e
rR—L R

N

b o3
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IE)

wherein: - - e ——— e - .

R'and R? are attached to carbon atoms 2 and 5 or 3 and 6 positions of the piperazine
ring, and are combined to form —C;-C»- alkylene chain wherein one or two hydrogen atoms in
the alkylene chain can be optionally substituted with one or two alkyl;

Ar' and Af are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R, R or R where R is alkyl, halo,
haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxysarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,

- hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino

and R" and R' are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,
cyano, alkoxy, amino, monosubstituted amine, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalky!, aminealkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cyeloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in RE, R" and R is optionally substituted
with RJ, R* or R' which are independentiy selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, aminc, monesubstituted amino, disubstituted amino, sulfonyl; acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyélkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and

other groups are as defined in the Summary of the Invention,

{F) In another embodiment, the compound of Formula (I) has the structure represented by

Formula (IF):

l/GOzH

N
S

N .
AT AL
(I
whersin:

R" and R? are attached to carbon atoms 2 and 5 or 3 and 6 positions of the piperazine
ring and are combined to form ~C;-C;- alkylene chain wherein one of the carbon atoms in the
alkylene chain is replaced by a ~NR-, -O-, -S{(Q)n- (where R is hydrogen or alky! and n is 0-
2) and further wherein one or two hydrogen atoms in the alkylene chain can be optionally

substituted with one or two alkyl;
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Ar' and Ar’ are independently aryl, heteroaryl, cycloalkyl, or heterocycly] where each
of the aforementioned ring is optionally substitiuted with RS, R® or R where RE is alkyl, halo,
haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, bydroxyalkyl, alkoxyalkyl, aminoatkyl, -~ ———-
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R" and R’ are independently selected from alky], hale, haloalkyl, haloalkoxy, alkyithio,
cyano, alkoxy, amino, monosubstituted amino, disubstitited amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyi, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or

heterocyclyl where the aromatic or alicyclic ring in R%, RP and R' is optionally substituted

- with R/, R or R which are independently selected from alkyl, haio, haloalkyl, haloalkoxy,

alkylthio, cyanc, alkoxy, amino, monosubstituted amino, disubstituted amine, snifonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalky!, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and

other groups are as defined in the Summary of the Invention.

Within this group (F), one group of compounds is that wherein R! and R? are attached
to carbon atoms 2 and 5 or 3 and 6 positions of the piperazine ring, and are combined to form:
—1-Cy- alkylene wherein one of the carbon is replace by represented by -NR- (where R is
hydrogen or alkyD).

(a) Within the embodiments (A)-(F) above and groups contained therein, one
group of compounds is that wherein R® is hydrogen. Within this group, one group of
compounds is that wherein the stereochemistry at the carbon atom carrying the R® group s
{S). Within this group, one group of compounds is that wherein the stereochemistry at the
carbon atom carrying the R> group is (R).

(b) Within the embodiments (A)-(F) above and groups contained therein, another
group of compounds is that wherein R3 is alkyl, preferably methyl or ethyl. Within this
group, one group of compounds is that wherein the stereochemistry at the carbon atom
carrying the R? group is (S). Within this group, one group of compounds is that wherein the
stereochemistry at the carbon atom carrying the R group is (R).

{c Within the embodiments (A)~(F) above and groups contained therein, yet
another group of compounds is that wherein R? is fluoro. Within this group, one group of
compounds is that wherein the stereochemistry at the carbon atom carrying the R? group is
(S). Within this group, one group of compounds is that wﬁerein the stereochemistry at the
carbon atom carrying the R group is (R).
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(d) Within the embodiments (A)-(F) above and groups contained therein, yet

another group of compounds is that wherein R is fluoroalkyl, preferably difluoromethyl or

trifluoromethyl. Within this group, one group of compounds is that wherein the
stereochemistry at the carbon atom carrying the R> group is (§). Within this group, one group
of compounds is that wherein the stereochemistry at the carbon atom carrying the R® group is
(R).

i) Within the embodiments (A)~(F), (a)-{d) and groups contained therein, and
groups formed as a result of combination of groups (A)-(F) with (a)-(d), one group of
compounds is that wherein Ar' and Ar” are phenyl, each Eh?{l}’? optionally substituted as

defined above.

Within this embodiment (i), one group of compounds is that wherein Ar! and Ar? are
phenyl. Within this embodiment, another group of compounds is that wherein Ar' is phenyl
and Ar’is pheny! substituted with R® selected from alkyl, halo, haloalkyl, haloalkoxy,
preferably methyl, fluoro, chioro, trifluoromethy!, triflucromethoxy or 2,2,2-trifluoroethoxy.

Within this embodiment (i), another group of compounds is that wherein Ar' is phenyl
and Ar” is phenyi substituied with R® selected from alkyl, halo, haloalkyl, haloalkoxy,
preferably methyl, fluoro, chioro, trifluoromethyl, trifluoromethoxy or 2,2,2-triflucrosthoxy
and R? is located at the 3-position of the pheny! ring, the carbon atom attached to the —
CR?Ar’ group being the 1-position.

Within this embodiment (i), another group of compounds is that wherein Ar’ is phenyl
substituted with R® selected from alkyl, halo, haloalkyl, haloalkoxy, preferably methyl,
fluoro, chloro, trifluoromethyl, triflucromethoxy or 2,2, 2-triftuoroethoxy, preferably R8 is
located at the 3-position of the phenyl ring and A+ is phenyl substituted with R" selected
from alkyl, halo, haloalkyl, haloalkoxy, preferably methyl, fluore, chloro, trifluoromethyl,
triffuoromethoxy or 2,2, 2-trifluoroethoxy, preferably R” is located at the 3-position of the
phenyl ring.

(i) Within the embodiments (A)-(F), (a)-{d) and groups contained therein, and
groups formed as a result of combination of groups (A)-(F) with (a)~(d), another group of

‘compounds is that wherein Ar' is phenyl and Ar*is heteroaryl, each ring optionally

substituted as defined above.

Within this embodiment (ii), one group of compounds is that wherein Ar' is phenyl
and Ar® is pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, or thienyl, each Ar' and Ar*
optionally substituted as defined above.

Within this embodiment (ii), another group of compounds is that wherein Ar' is
phenyl and Ar? is pyridinyl, pyrimidinyl, pyridazinyl, pyraziny!, or thienyl optionally
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substituted with R® or R" independently selected from alkyl, halo, haloalkyl, haloalkoxy,
preferably methyl, fluoro, chloro, trifluoromethyl, trifluoromethoxy or 2,2,2-trifluoroethoxy.

Within this embodiment (ii), another group of compounds is that wherein Ar! is
phenyl optionally substituted with R or R independently selected from alkyl, halo,
haloalkyl, haloalkoxy, preferably methyl, fluoro, chloro, trifluoromethy!, trifluoromethoxy or
2,2, 2-trifluoroethoxy and Ar® is pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, or thienyl,
preferably thienyl. .

(i)  Within the embodiments (A)-(F), (a)-(d) above and groups contained therein,
and groups formed as a result of combination of groups (A)-(F) with (a)-(d), another group of
compounds 1s that wherein Ar' is phenyl and Artis heterocyclyl, each Ar' and Ar® optionally
substituted as defined above provided that Ar? is not pyrimidin-4(3H)-one that is fused |
to a 5-membered heteroaryl ring and is optionally substituted as defined above.

Within this embodiment (iii), one group of compounds is that wherein Ar’ is phenyl
and Ar’ is tetrahydropyranyl, piperidinyl, or tetrahydrofuranyl, each Ar' and Ar® optionally
substituted as defined above. |

Within this embodiment (iii), one group of compounds is that wherein Ar' is phenyl
and Ar is tetrahydropyranyl, piperidinyl, or tetrahydrofuranyl optionally substituted with R®
or Rt independently selected from alkyl, halo, haloalkyl, haloalkoxy, preferably methyl,
fluoro, chloro, trifftuoromethyl, trifluoromethoxy or 2,2.2-irifluoroethoxy. Within this group,
another group of compounds is that wherein Ar’ is phenyl optionally substituted with R or
R independently selected from alkyl, halo, haloalkyl, haloalkoxy, preferably methyl, fluoro,
chloro, trifluoromethyl, trifluoromethoxy or 2,2,2-trifluoroethoxy and A is
tetrahydropyranyl, piperidinyl, or furanyl.

(iv)  Within the embodiments (A)~(F), (2)-(d) and groups contained therein, and
groups formed as a result of combination of groups (A)-(F) with (a)-(d), another group of
compounds is that wherein Ar’ is phenyi and A is cycloalkyl, each Ar! and Ar® optionally
substituted as defined above.

Within this embodiment (iv), one group of compounds is that wherein Ar’ is phenyl
and Ar? is cyclopentyl or cyclohexyl, each Ar! and Ar” optionally substituted as defined
above.

Within this embodiment (iv), one group of compounds is that wherein Ar' is phenyl
and Ar? is cyclopentyl or cyclohexyl, each Ar’ and Ar? optionally substituted with R® or R
independently selected from alkyl, halo, haloalkyl, haloalkoxy, preferably methyl, fluoro,
chloro, trifluoromethyl, trifluoromethoxy-or 2,2,2-trifluoroethoxy.
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Within this embodiment (iv), one group of compounds is that wheréin Ar' is phenyl
and Ar® is cyclopropyl, Ar' optionally substituted as defined above.

Within this embodiment (iv), one group of compounds is that wherein Ar' is phenyl
and Af® is cyclopropyl, Ar' optionally substituted with R® or R” independently selected from
alkyl, halo, haloalkyi, hatoalkoxy, preferably methyl, fluoro, chioro, trifluoromethyl,
triftuoromethoxy or 2,2, 2-triftuoroethoxy.

V) Within the embodiments (A)-(¥), (a)-(d) and groups contained therein, and
groups formed as a result of combination of groups (A)-(F) with (a)-(d), another group of
compounds is that wherein Ar' and Ar” are heteroaryl optionally substituted as defined above.

Within this embodiment (v), one group of compounds is that wherein Ar' and Ar?
are heteroaryl each optionally substituted with R® or R” independently selected from alkyl,
halo, haloalky!, haloalkoxy, preferably methyl, fluore, chloro, triﬂuorozﬁethyl,
trifluoromethoxy or 2,2, 2-triflnoroethoxy.

(vi) Within the embodiments (A)-(F), (a)-(d) and groups contained therein, and
groups formed as a result of combination of groups (A)-(F) with {a)-(d}, another group of
compounds is that wherein Ar! is heteroaryl and Ar® is cycloalky! each Ar! and Ar? optionally
substituted as defined above. |

(vii) Within the embodiments (A)-(F), (a)-(d) and groups contained therein, one
group of compounds is that wherein Ar'! is heterocyclyl and Ar® is heteroaryl each Ar’ and
Ar? optionally substituted as defined above, ‘

{viii) Within the embodiments (A)-(F), (a)-(d) and groups contained therein, one
group of compounds is that wherein Ar' is cycloalkyl and Ar? is heterocyclyl each Ar' and
Ar? cptionally‘ substituted as defined above.

(ix)  Within the embodiments (A)-(F), {a)-(d) and groups contained therein, one

group of compounds is that wherein Ar' is cycloalkyl and A is cycloalkyl each Ar and Ar®
p .

optionally substituted as defined above.

The above embodiments, include al]l combinations of individual groups and subs-
groups contained therein e.g., each group >and subgroups contained within groups (A) to (F),
can be combined independently with cach group and sub-group contained within group (a)-
(d) and (i)-(ix) and each group formed as a result of combination of groups (a)-(d) and (i)-

(ix).

(G)  In another embodiment, this invention 1s directed to a compound of Formula
(I}, wherein Ar' and Ar® are phenyl optionally substituted with RE, R” or R where RE is alkyl,
halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino,
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disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, ér'ninosulfonyl, aminocarbonyl, or
acylamino and R" and R'are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyi, alkoxyalkyl, aminoalkyl, hydroxyalicoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, or cycioalkyl
where the aromatic or alicyclic ring in R®, R” and R’ is optionally substituted with Ri, R* or R'
which are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyanoc,
alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,

.alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, élkoxyalkoxy,

aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamine.

_ (H) In another embodiment, this invention is directed to a compound of Formula
(@), wherein Ar! and Ar” are phenyl optionally substituted with R, R" or R! where R% is alkyl,
halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino,
disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, bydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosuifonyl, aminocarbonyl, or
acylamino and R" and R'are independently selected from alkyl, halo; haloaliyl, baloalkoxy,
alkylthio, cyario, alkoxy, amino, nionosubstituted aming, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, acylaminoe, aryl, beteroaryl,
cycioalkyl, or heterocyelyl where the aromatic or alicyclic ring in R€, R" and R' is optionally
substituted with R, R® or R' which are independently selected from alkyl, halo, haloalkyl,

. haloalkoxy, alkylthic, cyanc, alkoxy, amine, monosubstituted amine, disubstituted amino,

sulfonyl, acyl, hydroxyalkyl, alkoxvalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino provided that R® and R' are not
substituted or unsubstituted tetrazole.

4)] In another embodiment, this invention is directed to a compound of Formuia
(I), wherein Ar' is pheny! and Ar? is heteroary! or heterecyclyl optionally substituted with RS,
R" or R where R8s alkyl, balo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino,
monosubstituted amino, disubstituted amine, sulfonyl, acyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or
acylamino and R” and R are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
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hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
arninosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or heterocyclyl where
the aromatic or alicyclic ring in R%, R" and R' is optionally substituted with R, R* or R! which
are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy,
amino, monosubstituted amino, disubstituted amino, suifonyl, acyl, hydroxyalkyl,
alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,
aminocarbonyl, or acylamino provided that neither of R" and R'is substituted or unsubstituted
tetrazole.

&) In another embodiment, this invention is directed to a compound of Formula
@), Ar' and AL are independently aryl, hetercaryl, cycloalkyl, or heterocyclyl where each of
the aforementioned ring is optionally substinuted with R2, R” or R! where R? is alkyl, halo,

~ haloalkyl, haloalkoxy, atkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted

aminoe, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarboryl, or acylamino
and R” and R’ are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,
cyano, altkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalky!l, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosuifonyl, aminocarbonyl, acylamino, aryl, beteroaryl, cycloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in RS, RPand R'is optionally substituted
with R, R* or R' which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstitated amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino; provided that:

() when Ar' is phenyl substituted with one or more hydroxy or alkoxy, then Ar® is not
pheny! or a bicyclic heteroaryl which is attached via the phenyl portion of the bicyclic ring
wherein the phenyl or bicyclic heteroaryl ring is substituted with substituted or unsubstituted
tetrazolyl; (if) when Ar' is phenyi substituted with one or more hydroxy or alkoxy, then Ar? is
not pheny! substituted with heterocyciic or heteroary! ring wherein the heterocyclic or
heteroaryl ring is substituted with carboxy, alkoxycarbonyl, or substitutéd or unsubstituied
tetrazole ring; (iif) when Ar' is a five membered heteroaryl ring substituted with alkyl,
substifuted or unsubstituted heteroaryl or heterocyclyl, then Ar? is not five or six membered
substituted or unsubstituted heteroaryl or heterocyclyl ring wherein the heteroaryl or
heterocycilyl ring contains at least one nitrogen ring atorm; and {iv) when Ar' is substituted or
unsubstituted phenyl and Ar? is pyrimidin—ﬁl(jH}-onc substituted or unsubstituted at N-3
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nitrogen with R” and is attached to the -CR>- carbon via the C-2 ring carbon, then it 1s not
fused to a five membered heteroaryl ring.

Within embodiments (G)-(J) above, other groups of compounds of Formula () are
those wherein R}, R?, R®, Ar! and Ar® are as defined in the groups and subgroups contained
within (A) to (F), (a)-(d), and (i)-(ix) and combinations thereof.

(")  In another embodiment, this invention is directed to a compound of Formula

(D:
rc;ozH
N
R _[/ LRZ
N
N
Ar1/LAr2
where:

R! and R? are independently hydrogen or alkyl; and

Ar' and Ar? are independently phenyl, each ring optionally substituied with R® or R
where R® and R” are independently alkyl, halo, haloalkyl, haloalkoxy, alkylthio, alkoxy,
alkylcarbonyl, or alkoxycarbonyl. In one embodiment within this group, R' and R? are
hydrogen. In another embodiment within this group, at least one of R! and R? is not
hydrogen.

In one embodiment within this group, the compound of Formula (1) has one of the

-

N._ o

T L)

O g
| "]R J /f -
L;\:Rh o
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where R is hydfogen or methyl and R® and R" are independently hydrogen, alkyl,
halo, haloalkyl, or haloalkoxy provided that in compound (a) R® is not hydrogen. In another

-~~——embodiment within this-group, the compound of Formula (T) has one of the structures (a)-(e),.
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where the R® group is attached to the 3-position of the phenyl ring and R2 and R are
independently methyl, chioro, trifluoromethyi, or mﬂuoromemoxy In another emnoament
within this group, the compound of Formula (I) has one of the structures (a)-(e), where the R®
group is attached to the 3-position of the phenyl ring and R® and R" are independently methyl,
chloro, trifluoromethyl, or trifluoromethoxy and the stereochemiistry at *C is (R). In yet
another embodiment within this group, the compound of Formula (I) has one of the structures
(a)-(e) where the R® group is attached to the 3-position of the phenyl ring. In another
embodiment within this group, the compound of Formula (I) has one of the structures (a)-(e)
where the R® group is attached to the 3-position of the phenyl ring and the stereochemxstry at
*Cis (R).

(K> . Inanother embodiment, this invention is directed to a compound of Formula (I):

R4 COQH
N
™
R’ TR
KN/'

Art

where:

R and R? are independently hydrogen or alkyl;

R’is hydrogen, alkyl, fluoro, or fluoroalkyl; and

Ar' and Ar? are independently phenyl, each ring optionally substituted with R%, R" or
Riwhere R8s alkjl, halo, haioalkyl, haloalkoxy, alkyithio, cyano, alkoxy, amino,
monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl,
hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,

aminosulfonyl, aminocarbonyl, or acylamino and R® and R' are mdependcntly selected from

alkyl, bale, haloalkyl, haloalkoxy, alkyithio, cyano, alkoxy, amino, monosubstltuted amine,
disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl,
acylamine, aryl, heteroaryl, cycloalkyl, or hetcroéyclyl where the aromatic or alicyclic ring in
RE, R" and R’ is optionally substituted with R, R¥ or R which are indspendently selected
from alkyl, halo, haloalkyl, baloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted
amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl,
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alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,
aminocarbonyl, or acylamino provided that when R!, R, R? and R? are hydrogen, R, R" or R
are not independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, alkoxy,
alkylcarbonyl, or alkoxycarbonyl. In one embodiment within this group, R* and R are
5 hydrogen, R® is hydrogen or halo, and R" is cyano, heteroaryl (except tetrazolyl) or phenyl

each ring optionally substituted with R’, R" or R. In another embodiment within this group,
R? and R are hydrogen, R® is hydrogen or halo, and R is cyano, heteroaryl (except
tetrazolyl) or phenyl each ring optionally substituted with alkyl. "

In another embodiment within this group, the compound of Formula (1) has one of the

10 following structures:

coH COH COH
A
N N #‘[N

. ®
g ~RE ; = \Rg - S \Rg
{a) . (b "R R a

COLH

© (d)
O,H
[NJ,.\R"
N
RY i
{ == I =

(e) :
where R! is hydrogen or methyl, R® is cyano, heteroaryl or phenyl, each ring is
optionally substituted with alkyl and R" is alkyl, halo, haloalkyl, or haldalkoxy. In another
- embodiment within this group, the compound of Formuia (D has one of the structures (a)-(e),

15  where the R group is attached to the 3-position of the phenyl ring and RP is methyl, chloro,

triflucromethyl, or triftuoromethoxy. In another embodiment within this group, the

compound of Formula (I) has one of the structures (a)-(e), where the R® group is attached to

the 3-position of the phenyl ring and the stercochemistry at *C is (R).

20 (L)  In another embodiment, this invention is directed to a compound of Formula
(I) where:
nisi;
R! and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,
haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforémcntioncd rings are
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optionally substituted with R®, R®, or R independently selected from alkyl, halo, haloalkyl,
alkoxy, haloalkoxy, hydroxy, cyanc, monosubstitutéd amino, or disubstituted amino; or

monocyclic saturated heterocyclyl to give a spiro ring wherein the cycloalkyl or monocyclic

5 saturated heterocyclyl can be optionally substituted with RS, R®, or Rf independently selected
from alkyl, alkoxy, fluoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstituted amino; or

R! and R?, when attached to carbon atoms 2 and § or 3 and 6 positions of the

~ piperazine ring, can combine to form —~C~C;- alkylene chain wherein one of the carbon
10 atoms in the alkylene chain is opﬁoné]iy replaced by a —NR-, -O-, -S(O)n- (where R is
hydrogen or atkyl and n is 0-2) and further wherein one or two hydrogen atoms in the
alkylene chain can be optionally substituted with one or two alkyl; and

Ar' and Ar® are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R®, R" or R' where RE is alkyl, haio,

15 haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstitated amiﬁo, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylaxﬁino
and R” and R'are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,
cyana, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,

20 alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in RE, R" and R' is optionally substituted
with RJ, R* or R! which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,

: alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstifuted amino, sulfonyl, acyl,

25  carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, amincalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino provided that:

the compound of Formula (I} is not 2-(4-benzhydrylpiperazin-1-yDacetic acid, 2-(4-
((4-chloropheny!)(phenyl)methyl)piperazin-1-yljacetic acid, 2-((2R,58)4-((R)~(4-(1H- -
tetrazol-Sayl)phcnyl)(3-hydroxyphanyi)methyl)-.’z,S-dimeti}ylpiperazin-I-yl)acetic acid, or 2-

30 ({ZR,58}-4-({8.}-(4-cyanopheny1}(3-hydmxyphenyl)methyl)-’l,S-dimethy!piperazin-l-
yDacetic acid.

Within this embodiment, one group of compounds is that wherein R’ and R* are
independently selected from hydroger.;, alkyl, haloalkyl, alkoxy, haloalkoxy, aryl, heteroary!,
cycloalkyl, or heterocycly!l wherein the aforementioned rings are optionally substituted with

35 RLR%orR* independently selected from alkyl, halo, haloalkyl, alkoxy, haloalkoxy, hydroxy,

R' and R?, when attached to the same carbon atom, can combine to form cycloalkyl or
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cyano, monosubstituted amino, or disubstituted amino. Within this embodiment, one group
of compounds is that wherein when Ar' and Ar” are phenyl, the stereochemistry at the carbon
atom at carrying the Ar' and Ar* group (i.e. -CR?Ar'Ar®) is (R). Within this embodiment,
another group of compounds is that wherein when Ar' and Ar” are independently phenyl or
cycloalkyl provided that atleast one of Ar' and Ar? group is cycloalkyl, the stereochemistry at
the carbon atom at carrying the Ar' and Ar” group (i.e. ~CR*Ar* Ar) is (R). Within this
embodiment, one group of compounds is that wherein when Ar' and Ar® are independently

" phenyl or heteroaryl, provided at least one of Ar’ and Ar” group is phenyl, the

stereochemistry at the carbon atom at carrying the Ar' and Ar” group (i.e. ~CR?Ar'Ar) is (8).
Within this embodiment, yet another group of compounds is that wherein R and R?

‘are hydrogen.

Within this embodixﬁent, yet another group of compounds is that wherein R’ and R?
are independently selected from hydrogen, alkyl, haloalkyl, alkoxy, or haloalkoxy provided
that at least one of R' and R*is other than hydrogen.

Within this embodiment, yst another group of compounds is that wherein R! is
hydrogen and R” is alkyl. Within this embodiment, one group of compounds is that wherein
R? is methyl,

Within this embodiment, yet another group of compounds is that wherein R’ and R?
are attached 10 the same carbon atom and are combined to form cycloalkyl optionally
substituted with R®, R® or Rf indépendent}y selected from alkyl, alkoxy, fluoro, fluoroalkyl,
fluoroalkoxy, hydroxy, monosubstituted amino, or disubstituted amino.

Within this embodiment, yet another group of compounds is that wherein R! and R?
are aftached to the same carbon atom and are combined tb form monocyclic saturated
heterocyclyl which are optionally substituted with RY, R® or Rf independently selected from
alkyl, alkoxy, fluore, flucroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstituted amino. »

Within this embodiment, yet another group of compounds is that wherein R' and R?
are attached to carbon atoms 2 and 5 or 3 and 6 positions of the piperazine ring, and are
combined to form -C;-C,- alkylene chain wherein one or two hydrogen atoms in the alkylene
chain can be optionaily substituted with one or two alkyl.

Within this embodiment, yet another group of compounds is that wherein R> and R®
are hydrogen, R/, Rz, and R* are independently hydrogen or alkyl, and Ar' and Ar” are phenyl
optionally substituted with RE RFor R provided at least one of R', R?, and R* is other than
hydrogen.
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Within this embodiment, yet another group of compounds is that wherein R® and R®
are hydrogen, R', R?, and R* are independently hydrogen or alkyl, Ar' is phenyl optionally

* substituted with R%, R® or R’ and Ar is cycloalkyl provided at least one of R!, R?, and R is

other than hydrogen. ,

Within this embodiment, yet another group of compounds is that wherein R® and R’
are hydrogen, R', R%, and R? are independently hydrogen or alkyl, Ar' is phenyl and Ar? is
heteroaryl, each ring optionally substituted with RE, REor R provided at least one of R', R?,
and R* is other than hyd.rogén.

General Synthetic Scheme
Compounds of this invention can be made by the methods depicted in the reaction

schemes shown below,
The starting materials and reagents used in preparing these compounds are either

available from commercial suppliers such as Aldrich Chemical Co., (Milwaukee, Wis.),

‘Bachem (Torrance, Calif.), or Sigma (St. Louis, Mo.) or are prepared by methods known to

those skilled in the art following procedures set forth in references such as Fieser and Fieser's
Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991); Rodd's
Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals (Elsevier Science
Publishers, 1989); Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991), March's
Advanced Organic Chemistry, (John Wiley and Sons, 4th Edition) and Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc., 1989). These schemes are

merely illustrative of some methods by which the compounds of this invention can be

'synthesiz,ed, and various modifications to these schemes can be made and will be suggested

to one skilled in the art having referred to this disclosure. The starting materials and the
intermediates, and the final products of the reaction may be isolated and purified if desired
using conventional techniques, including but not fimited to filtration, distillation,
crystallization, chromatography and the like. Such materials may be characterized using
conventional means, including physical constants and spectral data.

Unless specified to the contrary, the reactions described herein take place at
atmospheric pressure over a temperature range from about —78 °C to about 150 °C, more
preferably from about 0 °C to about 125 °C and most preferably at about Toom (or ambient)
témperature, e.g., about 20°C. ’

Compounds of Formuta () where Ar', Ar, R', R%, R, R* and R’ are as defined in the
Sﬁmmary of the Invention can be prepared as illustrated and described in Scheme A below.

Scheme A
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Treatment of a compound of formula 1 where LG is a suitable leaving group such as
halo, tosylate, mesylate, triflate, and the like, and Ar', Ar%, and R® are as defined in the
- Summary of the Invention with a piperazine of formula 2 where R! and R? are as defined in
the Summary of the Invention, provides a compound of formula 3. The reaction is carried out
in a suitable organic solvent such as acetonitrile, toluene, and the like (with or without a base
such as t:iethyiamine' or ditsopropylethylamine) and takes place upon heating at a suitable
temperature between 70 to 150 °C. |

Compounds of formula 1 are either commercially available or can be readily prepared
- by methods well known in' the art. For example, compounds of formula 1 where LG is halo
and R? is hydrogen can be prepared by reduction of a ketone compound of formula Ar'COAr
with a suitable reducing agent such as sodium borohydride, and the like, in a suitable organic
alcohol solvent such as fnethanol, ethanol, and the like to provide the corresponding alcohol of
formula AI‘ICH(OH)AIJ which upon treatment with a halogenating agent such as thionyl
chloride, oxalyl chloride, triphenylphosphine/carbon tetrabromide, and the like provides the
compound of formula 1 where LG is halo. Alternatively, Ar'CH(OH)AT” can be treated with
mesyl chloride, tosyl chioride, triflic anhydride under conditions well known in the art to
- provide a compound of formula 1 where LG is mesylate, tosylate, or triflate, respectively.
Compounds of formula Ar'COAr” are commercially available or they can be prepared by
methods well known in the art. For example, acylating Ar' where Ar' is an aryl or heteroaryl
ring with an Ar"COCI under Fridel-Crafts acylating reaction conditions.

Compounds of formula Ar' CH(OH)Ar” are either commercially available or they caﬁ
also be prepared by treating an aldehyde of formula Ar'CHO with a Grignard reagent of
formula Ar*MgX where X is halo under conditions well known in the art. Compounds of
formula Ar'COAr* and ArICI-I(OI-?[)Ar2 such as (2-bromophenyl)(phenyl)methanone, 4-
bromobenzophernone, 2-fluorobenzophenone, 2.4-difluorobenzophenone, (4-fluorophenyl)-
(phenyl)methanone, 2-(trifluoromethyl)benzophenone, 3-(trifluoromethyl}-benzophenone, 4-
(trifluoromethyl)-benzophenone, 3,4-dichiorobenzophenone, 4-chioro-benzophenone, 2-

hydroxybenzophenone, 2,4-dihydroxybenzophenone, 3-hydroxybenzophenone, 5-chloro-2-
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hydroxy-4-methylbenzophenone, 4-hydroxybenzophenone, 2-hydroxy-5-methyl-
benzophenone, 3-benzoylbenzoic acid, 4-benzoylbenzoic acid, 4-benzoylbiphenyl, 4-
morpholino-benzophenone, 4-amino-3-nitrobenzophenone, 3-nitro-benzophenone, 2-chloro- )
S-nitro-benzophenone, 4-nitro-benzophenone, 2-amino-5-nitro-bernizophenone, 2-amino-
benzophenone, 3,4-diamino-benzophenone, 2-amino-5-chloro-benzophenone, 4~
aminobenzophenone, 4-(dimethylamino)-benzophenone, 2-hydroxy-4-methoxy-
benzopﬁenone, 4-methoxy-benzophenone, 2-methylbenzophenone, 3-methyl-benzophenone,
(2,4-dimmethyi-phenyl)(phenyl)methanone, 4-methylbenzophenone, 3-chloro-benzophenone,
3,4-difluorobenzophenone, 4-cyancbenzophenone, (3-aminophenyl)-(pheny)methanone, 3,4-
dihydro-2H-1,5-benzodioxepin-7-yl(phenyl)methanone, 3,4-dihydroxybenzophenone, 4-
fivorobenzophenone, 2-benzoylbenzoic acid, 2-benzoyl-naphthalene, 4-chloro-3-nitro-
benzophenone, 3,4-dimethylbenzophenone, 2,5-difluoro-benzophenone, 1,4-
dibenzoylbenzene, 4-ethylbenzophenone, 3,5-bis(trifiuoromethyl}-benzophenone, 3-amino-
benzophenone, Z-memoxybenzoi:henone, I-naphthy! phenyl ketone, 2,3-difluoro-
bé.:izophenone, 3,5-diflnorobenzophenone, 2-fluoro-5-(trifluoromethyl)benzophenone, 4-
ﬂuoro—3-(triﬂuoro—methyl)benzophenone, 4~-benzoy!-4'-bromobdbiphenyl, §-benzoyl-2-
naphthol, 2-amino-4-methylbenzophenone, 5-chloro-2-(methylamino)benzophenone, 2,5-
dimethyl-benzophenone, methyl 2-benzoylbenzoate, 4-benzyloxybenzophenone, 5-chioro-2-
hydroxybenzophenone, 2-(3-benzoylphenyl)propionitrile, 2-ﬂuor0-3—(triﬂuorome’fhyl)-
benzophenone, 4-(diethylamino)}-benzophenone, 3-bromobenzophenone, 2-cyano-
benzophenone, 4-ethoxy-2-hydroxybenzophenone, 2-chlorobenzophenone, (4-chlorophenyl)-
(phenyl)methanol, (3-chiorophenyl)(phenyl)methanol, (4-bromophenyl)phenyDmethanol, (3-

trifluoromethylphenyl)(phenyl)methanol, (4-trifluoro-methylphenyl)(phenyl)methanol, 4,4'-

difluorobenzhydrol, 4,4'-dichlorobenzhydrol, 2-methylbenzhydrol, 4-chlorobenzhydrol, 4-
methylbenzhydrol, 4,4'—bis(dimethylamino)benihydml, 4,4'-dimethoxy-benzhydrol, 4,4'-
dimethoxybenzhydrol, 2-(trifluoromethyl)benzhydrol, 3-(triflucromethyl)-benzhydrol, 4-
methoxybenzhydrol, 4-(trifluoromethyl)benzhydrol, 4,4'-dimethylbenzhydrol, and dif3,5-
di(txiﬂuoromethyl)phenyl]-niethanoi, bis(4-diethylaminophenyl)-methanol are commerciaily
available from Lancaster Synthesis Ltd.; Fluka Chemie GmbH; Aldrich Chemical Company,
Inc.; Alfa Aesar, A Johnson Matthey Company; Acros Organics USA; Maybridge; or VWR
International. '

Treatment of compound 3 with bromoacetate where R is alkyl, preferably methyl,
ethyl, fert-butyl, and the like provides a compound of formula 4. The reaction is carried out
in the presence of & base such as ﬁiéthylamine, DIEA, and the like and in a suitable organic

soivent such as acetonitrile, tetrahydrofuran, DMF, methylene chioride, and the like. Acidic
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or basic hydrolysis of the ester group in 4 ther provides the compound of Formula {D.

Compounds of formula 4 can be further modified prior to converting it to a compound
of Formula (T). For exampie, a compound of formula 4 where Ar or A} 1s substituted with a
halo group, can be reacted with alkynyl, aryl, or heteroarylboronic acids under Suzuki
coupling reaction conditions to provide a corresponding compound of formula 4 where Ar! or
Ar’is substituted with alkynyl, aryl, or heteroaryl ring respectively. The reaction js usually
carried out in the presence of common palladium catalysts such as Pd(PPh;),, Pd(PPh;),Cl,,
Pdydbas, Pd(dppf)Cl,.CH,CL, and the like, and a weak base such as Na,COj and the like, in a
mixture of water and a sujtable organic solvent such as acetoniirile, p-dioxane, DMF, THF and
the like. The reaction is usually heated up to 70- 130° C temperature range
(oil bath or microwave trradiation). Acidic hydrolysis of the ester group in 4 then provides
the compound of Formula (J).

Alternatively, the above transformation can be carried out under Stille coupling
reaction conditions. Under Stille reaction conditions, the compound 4 where Ar' or Ar2 is
substituted with a halo group is treated with alkynyl, aryi, heteroaryltributyltin(or
trimethyltin) derivatives to provide a compound of formula 4 where Ar' or Ar?is substituted
with alkynyl, aryl, or heteroaryl ring respectively. The reaction is usually carried out in the
presence of common palladium catalysts such as Pd(PPh3)s, PA(PPh;),Cl,, Pdydbas, .
Pd(dppHCl,. CH;;CIZ and the like, and with or without additional ligands such as tBusP, Ph;P,
Ph3As, and the like, in a suitable organic solvent such as toluene, acetonitrile, p-dioxane,
DMF, THF and the like. The reaction temperature ranges from 20 to 150° C (1t, oil bath or
microwave irradiation). Acidic hydrolysis of the ester group in 4 then provides the
compound of Formula (I). Alternatively, the above transformation can be carried out under
Negishi or Sonogashira (where Ar! or Ar® is subsututed with terminal alkyne) coupling
reaction conditions.

Compounds of Formula (I) can be converted to other compounds of Formula (I). For
example, compounds of Formula (I) where Ar' or Ar? is substituted with mono substituted or
disubstituted amino as defined in the Summary of the Invention can be prepared from a
corresponding compound of Formula (I) where Ar' or Ar? is substituted with nitro group by
first reducing the nitro group to an amino group and then a.lkﬂating, arylating, sulfonylating
or acylating the amino group under conditions well known in the art. The mono substituted
amino can be converted to the disubstituted amino, if desired, by alkylating, arylating,
sulfonylating, or acylating the monosubstituted amino. The reaction is typically carried out
in the presence of a base such as potassium tert-butoxide, and the like, and a catalyst such as
18-crown-6 in a suitable solvent such as tetrahydrofuran, and the like. Compounds of
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Formula (I) where Ar! or Ar® is substituted with alkoxy, haloalkoxy, hydroxyalkoxy, or
ammoalkoxy can be prepared by treating a corresponding compound of Formula (I) where
" or Ar? is substitited with hydroxy with alkyl halide, alkoxy halide, anunoa]kyl halide or
haloalkyI in the presence of a base.
It will be recognized by a person skilled in the art that the above transformations
could also be carried out at earlier stages in the synthetic process based on feasibility of the
transformations.

Alternatively, compounds of Formula (I) where Ar', Ar*, R, R?, R, R* and R® are as
defined in the Summary of the Invention can be prepared as illustrated and described in
Scheme B below.

Scheme B
RS R®
Rt | CO.R R4 | COzR
1 RZ N
AN e Ny O
Arr R3 N Na
H K
: ArtT A
i 5 4

Alternatively, cbmpounds of Formula (1) where Ar’, Ar”, R', R? and R® are as defined
in the Summary of the Invention can be prepared by reacting a compound of formula I with a
compound of formula 5 to provide a compound of formula 4 which is then converted toa
compound of Formula (I) as described above. The reaction is cairied out in the presence of a
base such as triethylamine, diisopropylethylamine, and the like in 2 suitable organic solvent.
Compounds of formula 5 can be prepared from commercially available piperazines as

“described above.

Utility
The NMDA receptor is central to a wide range of CNS processes, and plays a role in a

variety of disease states in humans or other species. The action of GlyT1 transporters affects
the Jocal concentration of glycine around NMDA receptors. Selective GlyT1 inhibitors slow
the removal of glycine from the synapse, causing the level of synaptic glyciné to rise. This in
turn increases the occupancy of the glycine binding site on the NMDA receptor, which
increases activation of the NMDA receptor following glutamate release from the presynaptic
terminal. Because a certain amount of glycine is needed for the efficient functioning of
NMDA receptors, any change to that local concentration can affect NMDA- mediated
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neurotransmission. Changes in NMDA-mediated neurotransmission have been implicated in
certain neuropsychiatric disorders such as dementia, depression and psychoses, for example
schizophrenia, and learning and memory disorders, for example attention deficit disorders
and autism.

Accordingly, the compounds of the present invention have utility in treating a variety
of neurological and psychiatric disorders associated with glutamatergic neurotransmission
dysfunction, including one or more of the following conditions or diseases: schizophrenia or
psychosis including schizophrenia (paranoid, disorganized, catatonic or undifferentiated),
schizophreniform disorder, schizoaffective disorder, delusional disorder, brief psychotic
disorder, shared psychotic disorder, psychotic disorder due to a general medical condition and
substance-induced or drug-induced (phencyclidine, ketamine and other dissociative
anaesthetics, amphetamine and other psychostimulants and cocaine) psychosispsychotic
disorder, psychosis associated with affective disorders, brief reactive psychosis,
schizoaffective psychosis, "schizophrenia-spectrum" disorders such as schizoid or schizotypal
personality disorders, or illness associated with psychosis (such as major depression, manic
depressive (bipolar) disorder, Alzheimer's disease and post-traumatic stress syndrome),
including both the positive and the negative symptoms of schizophrenia and other psychoses;
cognitive disorders including dementia (associated with Alzheimer's disease, 1schem1a, multi-
infarct dementia, trauma, vascular problems or stroke, Parkinson's disease, Huntmgton s
disease, Pick's disease, Creutzfeldt-Jacob disease, perinatal hypoxia, other general medical
conditions or substance abuse); delirium, amnestic disorders or age related cognitive decline;
anxiety disorders including acute stress disorder, agoraphobia, generalized anxiety disorder,
obsessive-compulsive disorder, panic attack, panic disorder, post- traumatic stress disorder,
separation anxiety disorder, social phobia, specific phobia, substance-induced anxiety -
disorder and anxiety due to a general medical condition; substance-related disorders and
addictive behaviors (including substance-induced delirium, persisting dementia, persisting
amnestic disorder, psychotic disorder or anxiety disorder; tolerance, dependence or
withdrawal from substances inclﬁdjng alcohol, amphetamines, cannabis, cocaine,
hallucinogens, inhalants, nicotine, opioids, phencyclidine, sedatives, hypnotics or
anxiolytics); bipolar disorders, mood disorders including depressive disorders; depression
including unipolar depression, seasonal depression and post-partum depression, premenstrual
syndrome (PMS) and premenstrual dysphoric disorder (PDD), mood disorders due to a general
medical condition, and substance-induced mood disorder; learning disorders,
pervasive developmental disorder inciuding autistic disorder, attention disorders including
attention-~deficit hyperactivity disorder (ADHD) and conduct disorder; NMDA receptor-
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related disorders such as autigm, depression, benign forgetfulness, childhood learning
disorders and closed head i injury; movement disorders, including akinesias and aldnetic-rigid
syndromes (including Parkinson's disease, drug-induced parkinsonism, postencephalitic
parkinsonism, progressive I supranuciear palsy, multiple system atrophy, corticobasal
degeneration, parkinsonism- ALS dementia complex and basal ganglia caicification), -
medication-induced parkinsonism (such as neuroleptic-induced parkinsonism, neuroleptic
malignant syndrome, neuroleptic-induced acute dystonia, neuroleptic- induced acute
akathisia, neuroleptic-induced tardive dyskinesia and medication-induced postural tremor),
Gilles de la Tourette's syndrome, epilepsy, muscular spasms and disorders associated with
muscular spasticity or weakness including tremors; dyskinesias lincluding tremor (such as
rest tremor, pestural tremor and; intention tremor), chorea (such as Sycienham‘s chorea,
Huntington's disease, benign hereditary chorez, neurcacanthocytosis, symptomatic chorea,
drug-induced chorea and hemiballism), myocionu§ (including generalized myoclomus and
focal myoclonus), tics (including simple tics, complex tics and symptomatic tic s}, and
dystonia (including generalised dystonia such as iodiopathic dystonia, drug-induced dystonia,
symptomatic dystonia and paroxymal dystonia, and foca) dystonia such as blepharospasm,
oromandibular dystonia, spasmodic dysphonia, spasmodic torticollis, axial dystonia, dystonic
writer's cramp and hemiplegic dystonia); urinary incontinence; neuronal damage including
ocular damage, retinopathy or macular degeneration of the eye, tinnitus, hearing impairment
and loss, and brain edema; emesis; and sleep disorders including insomnia and narcolepsy.

Of the disorders above, the treatmeént of schizophrenia, bipolar disorder, depression
including unipolar depression, seasonal depression and post- partum depression, premenstrual
syndrome (PMS) and premenstrual dysphoric disorder (PDD), learning disorders, pervasive
developmental disorder including autistic disorder, attention disorders including Attention-
Deficit/Hyperactivity Disorder, autistic disorders including Tourette's disorder, anxiety
disorders mcludmg phobia and post traumatic stress disorder, co guitive disorders associated
with dementia, AIDS dementia, Alzheimer’ s, Parkinson's, Huntington's disease, spasticity,
myoclonus, muscle spasm, tinnitus and hearing impairment and loss are of particuiar
importance. _

In a specific embodiment, the present invention provides a method for treating
cognitive disorders, comprising: administering to a patient in need thereof an effective
amount of a compound of the present invention. Particular cognitive disorders are dementia,
delirium, amnestic disorders and age related cognitive decline. At present, the text revision of
the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-
TR) (2000, American Psychiéi’u'ic Association, Washington DC) provides a diagniostic tool
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that includes cognitive disorders including dementia, delirilum, amnestic disorders énd age-
related cognitive decline. As used herein, the term "cognitive disorders” includes those mental
disorders as described in DSM-IV-TR. The skilled artisan will recognize that there are
alternative nomenclatures, nosologies and classification systems for mental

disorders, and that these systems evolve with medical and scientific progress. Thus the term
"cognitive disorders" is intended to include like disorders that are described in other

diagnostic sources.

In another specific embodiment, the presenf invention provides a method for treating
anxiety disorders, comprising: administering to a patient in need thereof an effective amount
of a compound of the present invention. Particular anxiety disorders are generalized anxiety
disorder, obsessive- compulsive disorder and panic attack. At present, the text revision of the
fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR)
(2000, American Psychiatric Association, Washington DC) provides a diagnostic tool that
includes anxiety disorders are generalized anxiety disorder, obsessive-compulsive disorder
and panic attack. As used herein, the term "anxiety disorders" includes treatment of those
mental disorders as described in DSM-IV-TR. The skilled artisan will recognize that there are
alternative nomenclatures, nosologies and classiﬁcation systems for mental disorders, and
that these systems evolve with medical and scientific progress. Thus the term "anxiety '
disorders” is intended to include like disorders that are described in other diagnostic sources.

In another specific embodiment, the present invention provides a method for treating
schizophrenia or psychosis comprising: administering to 2 patient in need thereof an effective
amount of a compound of the present invention. Particular schizophrenia or psychosis
pathologies are paranoid, disorganized, catatonic or undifferentiated schizophrenia and
substance- induced psychotic disorder. At present, the text revision of the fourth edition of
the Diagnostic and Statistical Manual of Mental Disorders (DSM- IV-TR) (2000, American
Psychiatric Association, Washington DC) provides a diagnostic tool that includes paranoid,
disorganized, catatonic or undifferentiated schizophrenia and substance- induced psychotic
disorder. As used herein, the term "schizophrenia or psychosis" includes treatment of those
mental disorders as described in DSM-IV-TR. The skilled artisan will recognize that there are
alternative nomenclatures, nosologies and classification systems for mental disorders. and
that these systems evolve with medical and scientific progress. Thus the term "schizophrenia
or psychosis" is intended to include like disorders that are described in other diagnostic
sources.

In another specific embodiment, the present invention provides a method for treating
substance-related disorders énd addictive behaviors, comprising: administering to a patient in
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need thereof an effective amount of a compound of the present invention. Particular

substance- related disorders and addictive behaviors are persisting dementia, persisting

_amnestic disorder, psychotic d.xsorder or anxiety disorder induced by substance abuse, and

tolerance of, dependence on or withdrawal, from substances of abuse. At present, the text
revision of the fourth edition of the Diagnostic; Statistical Manual of Mental Disorders
(DSM-IV-TR) (2000, American Psychiatric Association, Washington DC) provides a
diagnostic tool that includes persisting dementia, persisting amnestic disorder, psychotic
disorder or anxiety disorder induced by substance abuse; and tolerance of, dependence on or
withdrawal from substances of abuse. As used herein, the term "substance- related disorders
and addictive behaviors" includes treatment of those mental disorders as described in DSM-
IV TR. The skilled artisan will recognize that there are alternative nomenclatures, nosologies
and classification systems for mental disorders, and that these systems evolve with medical
arid scientific progress. Thus the term "substance- related disorders and addictive behaviors"
is intended to include like disorders that are described in other diagnostic sources.

Testing
The GlyT1 inhibitory activity of the compounds of the present invention can be tested

using the i vitro and in vive assays described in working Example 1 below.

Administration and Pharmaceutical Composition _
In general, the compounds of this invention will be administered in a therapeutically

effective amount by any of the accepted modes of administration for agents that serve similar

utilities. Therapeutically effective amounts of compounds of Forrnula (I) may range from
about 0.01 to about 500 mg per kg patient body weight per day, which can be administered in
single or multiple doses. Preferably, the dosage Ievel will be about 0.1 to about 250 mg/kg
per day; more preferably about 0.5 to about 100 mg/kg per day. A suitable dosage level may
be about 0.01 to about 250 mg/kg per day, about 0.05 to about 100 mg/kg per day, or about
0.1 to about 50 mg/kg per day. Within this range the dosage can be about 0.05 to about 0.5,
about 0.5 to about 5 or about 5 to about 50 mg/kg per day. For oral administration, the
compositions are preferably provided in the form of tablets containing about 1.0 to about
1000 milligrams of the active ingredient, particularly about 1.0, 5.0, 10, 15, 20, 25, 50, 75,
100, 150, 200, 250, 300, 400, 500, 6{50, 750, 800, 900, and 1000 milligrams of the active
ingredient. The actual amount of the compound of this invention, i.e., the active ingredient,

will depend upon numerous factors such as the severity of the disease to be treated, the age
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and relative health of the subject, the potency of the compound —utilized, the route and form of
administration, and other factors. |
In general, compounds of this invention will be administered as pharmaceutical

compositions by any one of the following routes: oral, systemic (e.g., transdermal, intranasal
or by suppository), or parenteral (e.g., intramuscular, intravenous or subcutaneous)
administration. The preferred manner of administration is oral using a convenient daily
dosage regimen, which can be adjusted according-to the degree of affliction. Compositions
can take the form of tablets, pills, capsules, semisolids, powders, sustained release
formulations, solutions, suspensions, elixirs, aerosols, or any other appropriate compositions.

. The choice of formulation depends on various factors such as the mode of drug
administration (e.g., for oral administration, formulations in the form of tablets, pills or
capsules are preferred) and the bioavailability of the drug substance. Recently,

* pharmaceutical formulations have been developed especially for drugs that show poor

bioavailability based upon the principle that bicavailability can be increased by increasing the
surface area i.e., decreasing particie size. For example, U.S. Pat. No. 4,107,288 describes a
pharmaceutical formulation having particies in the size range from 10 to 1,000 nm in which
the active material is supported on a crosslinked matrix of macromolecules. U.S. Pat. No.
5,145,684 describes the production of a pharmaceutical formulation in which the dru g
substance is pulverized to nanoparticles (average particle size of 400 nm) in the presence of a
surface modifier and then dispersed in a liquid medium to give a pharmaceutical formulation
that exhibits remarkably high bicavailability.

The compositions are comprised of in general, a compound of formula (I) in
combination with at least one pharmaceutically acceptable excipient. Acceptable excipients
are non-toxic, aid administration, and do not adversely affect the therapautic benefit of the
compound of formula (I}. Such excipient may be any solid, liquid, semi-solid or, in the case
of an aerosol cdmposition, gaseous excipient that is generally available to one of skill in the
art.

Solid pharmaceutical excipients include stafch, cellulose, talc, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate, sodium stearate,
giycerol monostearate, sodium chloride, dried skim milk and the like, Liguid and semisolid
excipients may be selected from glycerol, propylene glycol, water, ethanol and various oils,
including those of petroleurn, animal, vegetable or synthetic origin, e.g., peanut oil, soybean
oil, mineral oil, sesame oil, etc. Preferred liquid carriers, particularly for injectabie solutions,

clude water, saline, aqueous dextrose, and glycols.
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Compressed gases may be used o disperse a compound of this invention in aerosol
form. Inert gases suitable for this purpose are nitroger, carbon dioxide, etc.

_ Other suitable pharmaceutical excipients and their formulations are described in
Remington's Pharmaceutical Sciences, edited by E. W. Martin (Mack Publishing Company,
18th ed., 1990).

The level of the compound in a formulation can vary within the full range employed
by these skilled in the art. Typically, the formulation will contain, on 2 weight percent (wt %)
basis, from about 0.01-99.99 wt % of a compound of formula (I} based on the total
formulation, with the balance being one or more suitable pharmaceutical excipients.
Preferably, the compound ié present at a level of about 1-80 wt %.

The compounds of the present invention may be used in combination with one or
more other drugs in the treatment of diseases or conditions for which compounds of the
present invention or the other drugs may have utility, where the combination of the drugs
together are safer or more effective than either drug alone. Such other drug(s) may be
administered, by a route and in an amount commonly used therefore, contemporancously or
sequentially with a compound of the present invention. When a compound of the present
invention is used contemporaneously with one or more other drugs, a pharmaseutical
composition in unit dosage form containing such other drugs and the compound of the
present invention is preferred. However, the combination therapy may also include therapies
in which the compound of the present invention and one or more other drugs are administered
on different overlapping schedules. It is also contempiated that when used in combination
with one or more other active ingredients, the compounds of the present invention and the
other active ingredients may be used in lower doses than when each is used singly.

Accordingly, the pharmaceutical compositions of the present invention also include
those that contain one or more other active ingredients, in addition to a compound of the
present invention. 7

The above combinations include combinations of a compound of the present
invention not only with one other active compound, but also with two or more other active
compounds. Likewise, compounds of the present invention may be used in combination with
other drugs that are used in the prevention, treatment, control, amelioration, or reduction of
risk of the diseases or conditions for which compounds of the present invention are useful.
Such other drugs may be administered, by a route and in an amount commonly used
therefore, contemporaneonsly or sequentialty with a compound of the present invention.
When a compound of the present invention is used contemporaneously with one or more

other drugs, a pharmaceutical composition containing such other drugs in addition to the
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compound of the present invention is preferred. Accordingly, the pharmaceutical
compositions of the present invention also include those that also contain one or more other
active ingredients, in addition to a compound of the present invention. The weight ratio of
the compound of the present invention fo the second active ingredient may be varied and will
depend upon the effeciive dose of each ingredient. Generally, an effective dose of each will
be used.

In one embodiment, the compound of the present invention may be administered in
combination with anti- Alzheimer's agents, beta-secretase inhibitors, garmmma-secretase

 inhibitors, HMG-CoA reductase inhibitors, NSAID's including ibuprofen, vitamin E, and

anti-amyloid antibodies. In another embodiment, the compound of the present invention
may be administered in combination with sedatives, hypnotics, anxiolytics, antipsychotics,
antianxiety agents, cyclopyrrolones, imidazopyridines, pyrazolopyrimidines, minor
tranquilizers, melatonin agonists and antagonists, melatonergic agents, benzodiazepines,
barbiturates, SHT-2 antagonists, PDE10 antagonists, and the like, such as: adinazolam,
allobarbital, alonimid, alprazolam, amisulpride, amitriptyline, amobarbital, amoxapine,
anipiprazole, bentazepam, benzoctamine, brotizolam, bupropion, busprione, butabarbital,
butalbital, capuride, carbocioréi, chioral betaine, chioral hydrate, clomipramine, clonazepam,
cloperidone, clorazepatz, chlordiazepoxide, clorethate, chiorpromazine, clozapine;
cyprazepam, desipramine, dexclamol, diazepam, dichioralphenazone, divalproex,
diphenhydramine, doxepin, estazolam, ethchlorvynol, etomidate, fenobam, flunitrazepam,
flupentixol, fluphenazine, flurazepam, fluvoxamine, fiuoxetine, fosazepam, glutethimide,
halazepam, haloperidol, hydroxyzine, imiprainine, lithium, lorazopam, lormetazepam,
maprotiline, mecloqualone, melatonin, mephobarbital, meprobamate, methagualone,
midafiur, midazolam, nefazodone, nisobamate, nitrazopam, nortriptyline, olanzapine,
oxazepam, paraldehyde, paroxetine, pentobarbital, perlapine, perphenazine, pheneizine,
phenobarbital, prazepam, promethazine, propofol, protriptyline, quazepam, quetiapine,
reclazepam, risperidone, roletamide, secobarbital, sertraline, suproclone, temazopam,
thioridazine, thiothixene, tracazolate, kanylcypromaine, trézodorxe, triazolam, trepipam,
tricetamide, triciofos, trifluoperazine, trimetozine, trimipramine, uldazepam, venlafaxine,
zaleplon, ziprasidone, zolazepam, zolpidem, and salts thereof, and combinations thereof.

In another embodiment, the compound of the present invention may be administered
in combination with levodopa (with or without a selective extracerebral decarboxylase '
inhibitor such as carbidopa or benserazide), anticholinergics such as biperiden (optionally as
1ts hydrochloride or lactate salt) and trihexyphenidyl (benzhexol) hydrochloride, COMT

inhibitors such as entacapone, MOA-B inhibitors, antioxidants, A2a adenosine receptor
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antagonists, cholinergic agonists, NMDA receptor antagonists, serotonin receptor antagonists
and dopamine receptor agonists such as alentemol, bromocriptine, fenoldopam, lisuride,
naxagolide, pergolide and pramipexole. It will be appreciated that the dopamine agonist may
be in the form of a pharmaceutically acceptable salt, for example, alentemol hydrobromide,
bromocriptine mesylate, fenoldopam mesylate, naxagolide hydrochloride and pergolide
mesylate. Lisuride and pramipexole are commoniy used in a non-salt form. |

In another embodiment, the compound of the present invention may be administered
in combination with a compound from the phenothiazine, thioxanthene, heterocyclic
dibenzazepine, butyrophenone, diphenylbutylpiperidine and indolone classes of neuroleptic
agent. Suitable examples of phenothiazines include chlorpromazine, mesoridazine,
thioridazine, acetophenazine, fluphenazine, perphenazine and trifluoperazine. Suitable
examples of thioxanthenes include chlorprothixene and thiothixene. An example of a
dibenzazepine is clozapine. An example of a butyrophenone is haloperidol. An example of a
diphenylbutylpiperidine is pimozide. An example of an indolone is molindolone. Other
neuroleptic agents include loxapine, sulpiride and risperidone. It will be appreciated that the
newroleptic agents when used in combination with the subject compound may be in the form
of a pharmaceutically acceptable salt, for example, chlorpromazine hydrochloride,
mesoridazine besylate, thioridazine hydrochloride, acetophenazine maleate, fluphenazine
hydrochloride, flurphenazine enathate, fluphenazine decanoate, trifluoperazine hydrochloride,
thiothixene hydrochloride, haloperidol decanoate, loxapine succinate and molindone
hydrochloride. Perphenazine, chiorprothixene, clozapine, haloperidol, pimozide and
risperidone are commonly used in a non-salt form. Thus, the compound of the present
invention may be administered in combination with acetophenazine, alentemol, aripiprazole,
amisulpride, benzhexol, bromocriptine, biperiden, chlorpromazine, chlorprothixene,
clozapine, diazepam, fenoldopam, fluphenazine, haloperidol, levodopa, levodopa with
benserazide, levodopa with carbidopa, lisuride, loxapine, mesoridazine, molindolone,
naxagolide, olanzapine, pergolide, perphenazine, pimozide, pramipexole, quetiapine,
risperidone, sulpiride, tetrabenazine, trihexyphenidyl, thioridazine, thiothixene,
trifluoperazine or ziprasidone.

In another embodiment, the compound of the present invention may be administered
in combination with an anti-depressant or anti-anxiety agent, including norepinephrine
reuptake mhibitors (including tertiary amine tricyclics and secondary amine tricyclics),
selective serotonin reuptake inhibitors (SSRIs), monoamine oxidase inhibitors (MAOIs),
reversible inhibitors of monoamine oxidase (RIMAs), serotonin and noradrenaline reuptake
inhibitors (SNRIs), corticotropin releasing factor (CRF) antagonists, adrenoreceptor
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antagonists, neurokinin-1 receptor antagonists, atypical anti-depressants, benzodiazepines, 5-
HTA agonists or antagonists, especially 5-HTA partial agonists, and corticotropin releasing
factor (CRF) antagonists. Specific agents include: amitriptyline, clomipramine, doxepin,.
imipramine and trimipramine; amoxapine, desipramine, maprotiline, nortriptyline and
protriptyline; fluoxetine, fluvoxamine, paroxetine and sertraline; isocarboxazid, phenelzine,
tranylcypromine and selegiline; moclobemide, ventafaxine; duloxetine; aprepitant; bupropion,
lithium, nefazodone, trazodone and viloxazine; alprazolam, chlordiazepoxide, clonazopam,
chlorazepate, diazopam, halazepam, lorazepam, oxazopam and prazepam; buspirone,

flesinoxan, gepirone and ipsapirone, and pharmaceutically acceptable salts thereof.

Examples
The following preparations of compounds of Formula (I) and intermediates

(References) are given to enable those skilled in the art to more clearly understand and to
practice the present invention. They should not be considered as limiting the scope of the

invention, but merely as being illustrative and representative thereof.

Synthetic Examples
Reference A

Synthesis of 1-{chloro(phenyl)methyl}-3-(trifluoromethyl)benzene
Ci F

o

To a solution of 3-(trifluoromethyl)benzhydrol (5 mL, 20 mmol) in CH,Cl, (10 mL)
was added dropwise thionyl chloride (3 mL, 41 mmol) at rt. The reaction was stirred at 50°C
for 18 h, concentrated under vacuum, azeotroped with toluene énd dried under vacuum.to
give the title compound (4.9 g, 89% yield) as o1l, which was used in the next step without
further purification. MS (ESL, pos. ion) m/z: 235.0 (M-HCI).

Using the methodology described above, 1-(chioro(phenylymethyl)-4-(triftuoromethyl)-

benzene was prepared.

Reference B

Synthesis of (3-bromophenyl}(phenyl)methanol
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To a solution of 3-bromobenzophenone (1.00 g, 4 mmol) in MeOH (15 mL) was
added sodium borohydride (0.3 mL, 8 mmol) portionwise at rt and the suspension was stirred
at 1t for 1- 24 h. The reaction was diluted slowly with water and extracted with CHoCl,. The
organic layer was washed successively with water, brine, dried over Na;SOy, and
concentrated to give the title comj:ound as oil (0.8 g, 79%), which was used in the next
reaction with.ouz further purification. MS (ESI, pes. ion) m/z: 247.1 (M-OH).

Using the methodology described above, (2-bromophenyl)(pheny)methanol, (4-
bromophenyl)}(phenyl)methanol, and phenyl(3-(trifiuoromethyl)pheny!)methano! were
prepared.

Alterpative synthesis

To a solution of 3-bromobenzaldehyde (15.6 g, 84 mmol) in THF (60 mL) was added
3.0M phenylmagnesium bromide solution in diethyl ether (18 mL, 101 mmol) dropwise at -
78 °C from a dropping funnel and the reaction was stirred at -78 °C or rt. After stirring for 4 h
at -78 °C or rt, the reaction mixture was diluted with saturated NH4Cl solution and extracted -

with CH;Cl;. The organic layers were combined, washed with saturated NaCl solution, then
dried over NapS0y, and concentrated. The crude product was purified by ISC

'Reference C

Synthesis of 1-(phenyl(3-(triflucromethybphenyl)methyl)piperazine
&
N F

SRS

To a solution of phcnyl(3-—(triﬁuoromeﬂayl)phenyl)meﬂzanol (10.0 g, 39.6 mmol) in
CH,Cl; (20 mL) was added thionyl chloride {5.78 mL, 79.3 mmol) dropwise at rt. After the

‘addition, the reaction was warmed to 40 °C for 18 h. The solvent was evaporated in vacuo

and the residue was dried under vacuum pump for 1 h. The residue was dissolved in CH3CN
and added to a solution of piperazine (13.7 g, 159 mmol) in CH3CN and heated to 100 °C for
12 h. The solvent was removed in vacuo, the residue dissolved in CH,Cl, (150 mL) and
washed with 1N NaOH (150 mL). The organic layer was dried with KoCOs or Na;50,,
filtered, and concentrated. The crude product 1-(phenyl(3-(irifluoromethylyphenyl)-
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methyDpiperazine (10.8 g, 85.0% yield) an oil was used without further purification or can be
purified by ISCO flash chromatography using 6-15% 2N NH3 methanol solution in CHLCls.
MS (ESI, pos. ion) m/z: 321.1 (M+1).

Using a method similar to the synthesis of 1-(phenyl(3-(trifluoromethyl)phenyl)-
methyl)-piperazine, 1-((2-bromophenyl)(phenyl)methyl)piperazine and 1-((3-
bromophenyl)(phenyl}-methyl)piperazinc were prepared.

Reference D
Synthesis of (3R)-3-methyl-1 -(phenyl(3-(triflucromethyl)phenyl)methyl)piperazine

SR s

To a solution of {R)-(-)-2-methylpiperazine (2.2 g, 22 mmol) in CH;CN (20 mL} was
added 1 -(chloro(phenyl)methyl)-3-(irifluoromethyl)benzene (2.0 g, 7.4 mmol) and heated 1o
100 °C for 12 h and concentrated under vacuumn. The residue was dissolved in CH,Cl; (150
mL) and washed with 1IN NaOH (150 mL). The organic layer was dried with ch'oa or
NapS0,, filtered, and concentrated. The crude product was purified by ISCO using 0-20% 2N
NH3/MeOH solution in CH,Cl, to give the titie compound (2,00 g, 81% yield) as oil. MS
(ESL, pos. ionm) m/z: 335.1 (M+1).

Using a method similar to the synthesis of (3R)-3-methyl-1-(phenyl(3-(trifluoro-
methyl)phenyl)methyl)piperazine, (3R)-1~((3-bromopheny!)(phenyl ymethyl)-3-methyl-
piperazine and 1-(phenyl(4-(trifluoromethyl)phenyl)methyl)piperazine were prepared.

Reference E
Synthesis of ters-butyl 2-(4-(phenyl(3-(trifluoromethyl)phenyl)methyl)piperazin-1-
ylyacetate '



To a solution of I-(phenyl(3-(trifluoromethyl)phenyl)methyl)piperazine (10.0 g, 31
mmol) in acetonitrile (60 mL) was added ferr-butyl bromoacetate (6.1 mL, 31 mmol)
dropwise from a syringe. The reaction mixture was stirred at rt for 5 min. and triethylamine
(11 mL., 78 mmol) was added. Water was added after 18 h followed by CH,Cl,. The layers
were separated, the aqueous layer was extracted with CH,Cl; and the combined organic
layers were washed with brine, dried over Na;S04, and concentrated. The crude product was
purified by ISCO using 0-80% EtOAc in hexanes 1o give the title compound (9.1 g, 67%
yieldj as brown oil that solidified on standing. MS (ESI, pos. ion) m/z: 435.2 (M-+1).
Alternate synthesis:

O

()
SRGA

To a solution of 1-(phenyl(3-(frifluoromethyl)phenyl)methyi)piperazine (1.70 g, 5.3
mmol) in acetonitrile (20 mL) was added methyl 2-bromoacetate (0.49 mL, 5.3 mmol)
dropwise at rt. The reaction was stirred for 30 min and triethylamine (2.2 mL, 16 mmol) added.
After stirring for 18 hours at rt the reaction was diluted with water and extracted with CH>Cl> .
The organic layers were combined and washed with saturated NaCl solution, then dried over
Na;S0y4, and concentrated. The crude product was purified by ISCO using 0-40 % ethyl acetate
or 0-2% ethyl acetate in CH,Cl, to give the title compound (1.0 g, 48% yield). MS (ESI, pos.
ion) m/z: 393.2 (M+1).

Using a method similar to the synthesis of tert-butyl 2~(4-(phenyl(3-(trifluoromethyl)-
phenyl)methyl)piperazin- 1-yl)acetate, the following compounds were prepared.

_ tért-b_utyl 2-(4-((3,5-dichlorophenyl)(phenyl)methyl)piperazin-1-yl)acetate;
tert-butyl 2-(4-((4-chlorophenyl)(phenylymethyl)piperazin-1-yl)acetate;
tert-butyl 2-(4-((2-bromophenyl)(phenyl)methyl)piperazin-1-yl)acetate;
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tert-butyl 2-((R)-2-methyl-4-(phenyl(3-(irifluoromethyl)phenyl )methyl)piperazin-1-
yl)acetate; ' |

tert-buty! 2-((R)-4-((3-bromophenyl)(phenyl)methyl)-2-methylpiperazin-1-yl)acetate;

tert-butyl 2-(4-(phenyl(4-(trifiuoromethyl)phenyl)methyl)piperazin-1-yl)acetate; and
teri-butyl 2-(4-benzhydrylpiperazin-1-yl)acetate.

Reference F
Synthesis of terr-butyl 2-(4-((3-bromophenyl)(phenyl)methyl)piperazin-1-yl)acetate

-
®

To a solution of (3-bromophenyl)(phenyl)methano! (0.64 g, 2 mmol) in
dichloroethane (5 mL) was added thionyl chloride (0.4 mL, 5 mmo}) and the reaction was
stirred for 18 h, concentrated and added to zers-butyl piperazin-1-yl-acetate dihydrochloride
(0.7 g, 2 mmol) and DIEA (2 mL, 12 mmol) in aceonitrile (10 mL). After stirring for 18
hours at 100 °C, the reaction was diluted with water and extracted with CH,Cl, . The organic
layers were combined, washed with saturated NaCl solution, then dried over NaySQy, and
concentrated. The crude product was purified by ISCO using 0-50% EtOAc in hexanes to give
the title product (0.3 g, 28% yield). MS (ESL, pos. ion) m/z: 447.2.2 (M+2).

Proceeding as described above, tert-butyl 2-(4-((4-bromopheny!l)(phenyl)methyl)-
piperazin-1-yl)acetate was prepared.

Method 2

Using the method described for zert-butyl 2-(4-(phenyl(3~(trifluoromethyl)phenyl)-
methyl}-piperazin-1-yljacetate, the title compound was synthesized with 1-((3~
bromophenyl)(phenyl)-methy!)piperazine (6.8 g, 21 mmol) and tert-butyl bromoacetate (3.3
mL, 21 mmol). |

v Reference G
Synthesis of (R) and (S)-methyl 2—(4-(phcnyl(3 ~(trifluoromethyl)phenyl)methyl)piperazin-1-
yl)-acetate
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To a solution of 1-(phenyl(3-(trifluoromethyl)phenyl)methyl)piperazine (2.0 g 6
mmol) in acetonitrile (20 mL) was added methy! bromoacetate (0.59 mL, 6 mmol) dropwise
at rt. The reaction was stirred for 30 min. and triethylamine (3.6 mL, 26 mmol) was added.
After stirring for 18 b at rt, the reaction mixture was diluted with water and extracted with
CHzC)s. The organic layers were combined, washed With saturated NaCl solution, then dried

Zmz
\_/

L)

over N2;SOy, and concentrated. The crude product was purified by ISCO using 0-40% ethyl
acetate or 0-2% ethyl acetate in CH»Cl; to give a mixture of enantiomers (2.0 g, 80%). The
enantiomers were separated by chiral chromatography as described below and two peaks
were collected with ~100% ee.
Instrurnentation and Conditions for Analvtical SFC:

The Analytical SFC was a Berger SFC unit with an FCM 1200 flow control module, a
dual pump control module and a TCM 2100 thermal column module, a column selection

valve and a solvent control valve. The SFC was equipped with an Agilent 11060 photodiode
array detector with a high pressure flow cell. The auto sémpler unit was a HTC PAL(Leap
Technologies). A Waters ZQ bench top single quadrupole mass spectrometer with
atmospheric pressure chemical ionization (APCI) source was coupled to the analytical SFC
system. The software used in the analyses was Berger MassWare v 4.01 and MassLynx v 4.0
SF1. The analytical packed column used was Chiralee! OJ-H (Chrial Technologies,
4.6mmx150mm, Sum). Mobile phase consisted of 95% carbon dioxide and 5% methanal.
Total flow rate was 4-0ml/min, oven temperature was 40°C.

Sample Prep for Preparative SFC ‘

600 mg of a mixture of (R) and (S)-methyl 2-(4-(phenyl(3-(trifluoromethyl)phenyl)-
methyD)piperazin-1-yl)-acetate obtained above, was taken up in 5ml of methanol and 5 m! of
dimethoxyethylenegiycol(DME) and then added 40 m] of methanol, filtered through 0.45um
PTFE syringe filters before injection.

Instrumentation and Conditions for Prep SFC: .
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The preparative SFC was a Berger MultiGram II. The components were the Separator
Control Module (SCM)-2500, Electronics Control Module (ECM)-2500, Carbon dioxide

Solvent Delivery Module, Direct Expansion probe Chiller, UV Variable Wavelength ¢ e

Detector, and Cavro XL 3000 Modular Digital Pump (injector). Equipment was from

Mettier-Toledo Autochem (Newark, DE). The software in the puﬁﬁcation was Berger SFC

PronTo v1.5.305.15. The preparative packed column used were two Chiralcel OJH (Chiral

lTechnologies, 21 mm x 250 mm, 5 jum) linearly coupled together. Mobile phase consisted of

liquid carbon dioxide (A) and methanol (B). The method was isocratic with & ratio of 92:8 of
A: B. Total flow rate was 60 ml/min. Oven and column temperatures were about 40°C. The

above sample was injected every 224 seconds during the isocratic run. The first peak 0.8 gis

‘the (S) isomer and the second peak 0.9 g is the (R) isomer. MS (ESL pos. ion) m/z: 393.1

V1),

Example 1
Synthesis of (S)-2-(4-benzhydryl-2-methylpiperazin-1-ylacetic acid dihydrochloride

()

A mixture of chlorodiphenylmethane (404 mg, 1.993 mmotl) and (S)-(+)-2-methyl-
piperazine (599 mg, 5980 pmol) in 2.5 mL of MeCN was heated at 140 °C under microwave
irradiation for 30 min. The solvent was evaporated and the solid residue was submitted to
column chromatography (Si0s, EtOAc to EtOAc/2M NH; in MeOH = 100:20) to give a
mixture of two regioisomers (S)-1-benzhydryl-3-methylpiperazine and (S)-1-benzhydryl-2-
methylpiperazine as 2 white solid. The mixture of the two products was directly used in the
next step,

Step 2 |

To a solution of a mixture of (S)-1-benzhydryl-2-methylpiperazine and (‘S)-l-—
benzhydryl-3-methylpiperazine (490 mg, 1.839 mmol) in 25 mL of MeCN was added rerr-
butyl bromoacetate (356 pl, 2.207 mmol), followed by slow addition of triethylamine (384 ul,
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2759 pmol). The reaction mixture was stirred at rt overnight. The solution was evaporated
to dryness and the residual was submitted to flash chromatography (SiO,, DCM to
DCM/EOAc = 100:3 to 100:5 to 100:10) to give (S)-tert-butyl 2-(4-benzhydryi-3-

" methylpiperazin-1-yl)acetate as a colorless oil and (S)-tert-butyl 2-(4-benzhydryl-2-

methylpiperazin-1-yl)acetate as a colorless oil.
Step 3

A solution of (S)-tert-butyl 2-(4-benzhydryl-2-methylpiperazin-1-yhacetate (340 mg,
€94 pmol) in 3 mL of 1,4-dioxane and 1 mL of concentrated HCI solution (37%) was stirred
at rt overmight. The solvent was evaporated to dryness and the residue was crashed out of
ether to give (5)-2-(4-benzhydryl-2~methylpiperazin-1-yl)acetic acid dihydrochloride as a
white solid. MS (ESI, pos. ion) m/z: 325 (M+1).

The following compounds were prepared by proceeding as described in Example 1
above, .

(5)-2-(4-benzhydryl-3-methylpiperazin-1-yDacetic acid &ihydrochioﬁde; MS (ESI,
pos. ion) m/z: 325 (M+1);

(R)-2-(4-benzhydryl-3-methyipiperazin-1-yDacetic acid dihydrochloride; MS (ESI,
pos. ion) m/z: 325 (M+1);

(Ry-2-(4-benzhydryl-2-methylpiperazin-1-yl)acetic acid dihydrochloride; MS (ESI,
pos. ion) m/z: 325 (M+1);

{5)-2-((R)-4-(bis(4-chlorophenylymethyl}-3-methylpiperazin-  -y)propanoic acid;

(R)-2-((R)-4-{bis{4-chiorophenyDmethyl)-2-methylpiperazin-1-y})propanoic acid;

{S)-2-((R)-4-(bis(4-chlorophenyl)methyl)-2-methyipiperazin-1-yl)propanoic acid;

2—((2R,68)-4-(bis(4-chlor0phenyl)meﬁ1yi)—2,&dimethylpiperazin*1 -yDacetic acid;

2-(4-(bis(4-chlorophenymethyl}-2,2-dimethylpiperazin-1 -yacetic acid; and

a mixture of 2-((2R,55)-4-benzhydryl-2,5-dimethylpiperazin-1-yDacetic acid
dihydrochloride and 2-((2S,5R)-4-benzhydryl-2,5-dimethylpiperazin-1-ylacetic acid
dihydrochioride MS (ESI, pos. ion) m/z: 339 (M~+1).

Example 2
Synthesis of 2-(4-(phenyl(3-(trifluoromethyl)phenyl)methyl)piperazin-1-yDacetic acid
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A solution of fert-butyl 2-(4-(phenyl(3-(trifluoromethyl)phenylymethyl)piperazin-1-
yDacetate (9.3 g, 21 mmol) in TFA (25 mL, 337 mmol) was stirred at 60 °C for 6 h. The
reaction mixture was concentrated and the crude product purified by- SCX column eluﬁng with
MeOH then 2N NH; in MeOH solution to give the title compound as a racemate (4.8 g, '
59%). MS (ESL pos. ion) m/z: 379.1 (M+1).

Method B

A solution of methyl 2-(4-(phenyl(3-(trifluoromethyl)phenyl)methyl)piperazin-1-
yDacetate (0.86 g, 2 mmol) and 5N sodium hydroxide (0.1 mL, 4 mmol) in MeOH (20 mL)
was heated to 70 °C for 1 h. After removal of solvent under reduced pressure, the residue was
diluted with water, acidified to pH 4 with 1N HC, and then extracted with CH>Cl,. The
organic layer was washed with brine, dried over Na;SQOy, and concentrated. The crude
product was purified by ISCO eluting with 0-15% MeOH in dichloromethane to give the title
compound (0.7 g, 84% yield). MS (ESI, pos. ion) m/z: 379.1 (M+1).

Using synthesis similar to the synthesis of 2-(4-(phenyl(3(triftuoromethyl)phenyl)-
methylpiperazin-1-ylacetic acid in Method A,

2-(4-((3-bromophenyl)(phenyl)methyl)piperazin-1-yl)acetic acid MS (ESI, pos. ion)
m/z: 389.1 (M+);

2-(4—((4-bromophenyl)(phenyl)methyl)ﬁiperazim1—yl)acetic acid MS (ESI, pos. ion)
m/z: 389.1 (M+); |

2-(4-((3,5-dichlorophenyl)(phenyl)methyl)piperazin-1-yl)acetic acid MS (ESI, pos, ion)
m/z: 379.0 (M+1); and

2-(4-benzhydrylpiperazin-1-yhacetic acid MS (ESL, pos. ion) m/z: 311.1 (M+1) were
prepared.

Using synthesis similar to the synthesis of 2-(4-(phenyl(3(trifluoromethyl)phenyl)-
methyl)piperazin-1-yl)acetic acid in Method B, (R)}-2-(4-(phenyl(3-(trifluoromethyl)-
phenyl)methyl)piperazin-1-yDacetic acid MS (ESL pos. ion) m/z: 379.1 (M+1 and (S)-2-(4-
(phenyl(3 -(triﬂuoromethyl)phenyl)methyl)piperazin—1-y1)acetic acid MS (ESL, pos. 1on) m/z:
379.1 (M+1) were prepared. '
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Example 3
Synthesis of 2-(4-((3-bromophenyl){(phenylmethypiperazin-1-yhacetic acid

9]

N(‘LOH
e

o

To a solution of tert-butyl 2~(4-{(3-bromophenyl){phenyDmethyDpiperazin-1-
yDacetate (2.0 g, 4 mmol) in dioxane (10 mL) was added 4N HCI solution in 1,4-dioxane (30
mL, 823 mmol) followed by concentrated HCl (2.0 mL, 55 mmol). The reaction was stirred
at 50 °C for 6 h and concentrated under vacuum. The crude product was purified by SCX
colurnn eluting with methanol then 2N NH; in MeOH solution to give the title compound as a
racemate (1.62 g, 93%). MS (ESI, pos. ion) m/z: 389.1 (M+).

Example 4 .
Synthesis of 2-(4~((4-chlorophenyl)(phenyl)methyl)piperazin-1-yhacetic acid
dihydrochloride

saey

To a solution of zers-butyl 2-(4-((4-chicrophenyl)(phenyl)methyl)piperazin-1-
yDacetate (1.0 g, 2 minol} in dioxane (10 mL) was added 4N HCI solution in 1,4-dioxane (20
mL, 549 mmol) followed by concentrated HCI (1.0 mL, 27 mmol). The reaction was stirred
at 50 °C for 6 h and concentrated under vacuum, The crude product was triturated with
EtOAc or diethyl ether, filtered, and dried to give the fitle compound (0.8 g, 77% yield). MS
(ES], pos. ion) m/z: 345.1 (M+1-2HCI).
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Using a method similar to the synthesis of 2-(4-((4-chlorophenyl){phenyl)methyl)-
pipefazin-l-yl)acetic acid dihydrochloride the following compounds:
2-((R)~4-((3-bromophenyl){phenylymethyl)-2-methylpiperazin-1-yDacetic acid
dihydrochloride MS (ESI, pos. ion) m/z: 403.1 (M+)-2HCI;
2-((R)-2-methyl~-4-(phenyl(3-(trifluoromethy!)phenyl ymethylpiperazin-1-yl)acetic
acid dihydrochioride MS (ESI, pos. ion) m/z: 393.1 (M+1)-2HCI;
2-(4-((2-bromophenyl)(phenybmethyl)piperazin-1-yl)acetic acid dihydrochloride MS
(ES]I, pos. ion) m/z: 390.1 (M+1)-2HCI; and
2-(4-(phenyl(4-(trifluoromethyl)phenyl)methyl)piperazin-1-ylacetic acid
dihydrochioride MS (ESI, pos. ion) m/z: 379.1 (M+1)-2HCI; were prepared. .

Example 5
Synthesis of 2-(4-(bis(3-(trifluoromethyl)phenyl)methypiperazin-1-ylacetic acid
dihydrochloride

O

A,
A

[ ) 2HC!

F N F

T

To a solution of 3,3"-bis(irifinoromethyl)benzophenone (11.4 g, 36 mmol) in MeOH
(50 mL) was added sodium borohydride (1..9 ml, 53 mmol) portionwise at rt. The suspension
was stirred at rt for 24 h. The reaction was diluted slowly with water and extracted with
CH,ClL. The organic was washed successively with water, brine, dried over Na;SO,, and
concentrated to give bis(3-(irifluoromethylyphenyl)methanol (10.8 g, 94% yield). The crude
oil was used in the next reaction without further purification.
Step 2

To a solution of bis(3-(triflucromethylyphenylimethancl (1.1 g, 3.4 mmol) in CH.CL
(10 mL) was added dropwise thionyl chloride (0.50 ml, 6.9 mmol) at rt. The reaction was
stirred at 50 “C for 4 h, concentrated under vacuum, azeotroped with toluene, and dried under
vacuum to give crude chlorobis(3-(trifluoromethyl)phenyl)methane. The crude chlorobis(3-
(trifluoromethyl)-phenyl)methane was added to sdlution of piperazine (0.81 ml, 10 mmol)
in acetonitrile (10 mL), heated to 100 °C for 18 h and concentrated under vacuum. The
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residue was dissolved in CH,Cl, (150 mL) and washed with 1N NaOH (150 mL). The
organic layer was dried with K,COs, filtered, and concentrated to give 1-(bis(3-
(trifluoromethyl)-phenyl)methyl)piperazine. The crade 1-(bis(3-(trifluoromethyl)pheny!)-
methyl)piperazine was dissolved in acetonitrile (10 mL) and ter-butyl bromoacetate (0.55
mL, 3.4 mmol) and triethylamine (0.96 ml, 6.9 mmol) was added. The solution was stirred
for 4 h, diluted with water, and extracted with CH,Cl,. The organic layer was washed with
saturated NaCl solution, then dried over Na;SOy, and concenirated.."['he crude product was
purified by ISCO using 0-50% EtOAc in hexanes to give ters-butyl 2-(4-(bis(3-
(trifluoromethyl)-phenyl)methyl)piperazin-1-yljacetate (0.86 g, 50% vield). MS (ESL pOs.
ion) m/z: 503.1 (M+1), which was then converted to the title compound by proceeding as
described in Example 4 above.

Example 6
Synthesis of 2-(4~((3-biphenyl}(phenyl)methyl)piperazin-1-ylacetic acid dihydrochloride

A mixture of tert-butyl 2-(4-((3-bromophenyl)(phenyl)methyl)piperazin-1-yl)acetate
(0.31 g, 0.70 mmol), phenylboronic acid (0.085 g, 0.70 mmol), sodium carbonate
monohydrate (0.077 ml, 1.4 mmol), and tetrakis(triphenylphosphine)palladium (0) (0.80 g,
0.70 mmél) in dioxane (4 mL) and water (2 mL) was heated at 120 °C under microwave
irradiation for 20 min. The reaction was diluted with water and extracted with CH,Cl,. The
organic layer was washed with saturated NaCl solution, then dried over NaySO4 and
concentrated. The crude product was purified by ISCO using 0-50 % EtOAc in hexanes to. give
tert-butyl 2-(4-((3—biphenyi)(phenyl)methyi)~piper-azin-l-yl)adetate (0.28 g, 91% yield).
MS (ESI, pos. ion) m/z: 443.2 (M+1), which was then converted to the title compound by
proceeding as described in Example 4 above.

Proceeding as described in Example 6 above, but substituting tert-butyl 2~(4-((3-
bromophenyl)(phenyl)methyl)piperazin-1-yDacetate with tert-butyl 2~((R)-2-methyl-4-((R)-

(3-bromophenyl)(phenyl)methyl)piperazin-1-yl)acetate and phenylboronic acid with
thien-2-ylboronic acid provided 2-tert-butyl ((R)-2-meﬂ1y1—4-((R)-pheny1(3 -(thiophen-2-
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yDphenyDmethylpiperazin-1-yl)acetate which was converted to 2-((R)-2-methyl-4-((R)-
phenyl(3 —.(thiophen—2—yl)phenyl)methyl)-piperazin—1-yl)acetik: acid as described in Example 4
above, _

Proceeding as described in Example 6 above, but substituting tert-butyl 2-(4-((3-
bromophenyl)(phenyl)methyl)piperazin- 1-yDacetate with 2-((R)-2-methyl-4-((R}-(4-
bromopheny){phenyDmethyl)piperazin-1-yl)acetate and treating it with phenylboronic acid,
2-methylphenylboronic acid, 3-methylphenylboronic acid and 4-methylphenylboronic acid
provided tert-butyl ((R)-Q-methyl-4-((R)—(4-bipheny})(phenyl)methyl)—piperaziml-yl)acctate,
tert-butyl ((R)-2-methyl-4-((R)-(4-(2-methyiphenylphenyl){phenyDmethyl)-piperazin-1-
ylacetate, tert butyl ((R)-2-methyi-4-((R)-(4-3-methylphenyl)phenyl)-(phenyl)methyl)-
piperazin-1-yl)acetate, and tert-butyl ((R)}-2-methyl-4-((R)~(4-(4-methylphenyphenyl)-
(phenyDmethyl)-piperazin-1-yl)acetate respectively, which were converted to [(R)-4-((R)-
biphenyl-4-yi-phenyl-methyl)-2-methyl-piperazin-1-yl}-acetic acid; {(R)-2-methyl-4-[(R)-
(2°~methyl-biphenyl-4-yl)-phenyl-methyl}-piperazin-1-yl}-acetic acid; {(R)-2-methyi-4-[(R)-
(3’-methyl-biphenyl-4-y1)-phenyl-methyl}-piperazin-1-ylj-acetic acid; and {(R)-2-methyl-4-
[(R)-(4’-methyl-biphenyl-4-yl)}-phenyl-methyl}-piperazin-1-yl}-acetic acid, respectively, as
described in Example 4 above.

Exampie 7
Synthesis of 2-((R)-4-(cyclopropyl(3-(trifivoromethyl)phenyDmethyD-2-methylpiperazin-1-
yDacetic acid
O

.,

N \\“\

»

N

N : _CF,
Step 1

To 3-(trifluoromethyl)benzaldehyde (3.48 g, 20 mmol) (azeotroped with benzene) at 0
°C was added cyclopropylmagnesium bromide (0.5 M in THF, 24 mmol) dropwise and the
resulting solution was stirred at 0 °C for 1 h. The reaction mixture was guenched with ag.
NH.Cl, extracted with ether, washed with water, dried over NapSQj, filtered and evaporated
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to dryness. Column chromatography (Si0,, hexane to DCM/hexane = 1: 1 io pure DCM)
afforded (3-bromophenyl)(cyciopropyljmethanol as a yellow oil.
Step 2 |

To neat cyclopropyl(3-(trifluoromethyl)phenyl)methanol (3.00 g, 13.9 mmol) at rt
was slowly adcied thionyl chioride (1.52 ml, 20.8 mmol) and the resulting solution was stirred
at room temperature for 1 h. The excess reagent was removed by azeotroping with toluene
and crude 1-(chloro-(cyclopropy!methyl)- 3-(tr1ﬂuoromethyl)benzene was further dried under
high vacuum and used directly in the next step.
Step 3

A mixture of 1-(chioro(cyclopropyl)methy!)-3-(triflnoromethiyl)benzene (25g, 11
mmol) and (R)-2-methylpiperazine (3.2 g, 32 mmol) in 30 mL of MeCN was heated at 90 °C
overnight. The solvent was evaporated and the solid residue was submitted to column
chromatography (SiO;, EtOAc to BtOAc/2M NH; in MeOH = 100:20) to give crude (2R)-1-
(cyclopropyl(3-(triflucromethyl)phenylmethyl)-2-methylpiperazine (3.15 g) which was
directly used in next step.
Step 4 |

To a solution of crude (2R)-1-(cyclopropyl(3-(triflucromethyl)phenyDmethyl}-2-
methylpiperazine (3.15 g, 105.6 mmol) in 25 mL of MeCN was added tert-butyl .
bromoacetate (2.046 ml, 12.67 mmol), followed by slow addition of triethylamine (2.203 ml,
15.837 mmol). The reéction mixture was stirred at it overnight. The solution was evaporated

‘to drynesé and the residue was submitied to flash chromatography (SiO,, hexane to

hexane/EtOAc = 100:5 to 100:10 to 100:30) to give tert-butyl 2-((R)-4-(cyclopropyl(3-
(trifluoromethyl)phenymethyl)-2-methylpiperazin-1 -yl}acetate as a coloriess oil.
Step 5

To tert-butyl 2-‘((R)-4-(cyclopropyl(3 ~(trifluoromethyDphenyl)methyi)-2-
methylpiperazin-1-yDacetate (350 mg, 0.849 mmol} in 150 mL flask was added 3 mL of 37%
HCI and the resulting solution was stirred at 50 °C for 3 h. After HPLC-MS showed
complete conversion, the solvent was evaporated to dryness under high vacuum to give 2-
((R)-4~(cyclopropyl(3-(trifluoromethyl)phenyl)methyl)-2-methylpiperazin-1 -yDacetic acid
dihydrochloride (290 mg, 79.6% yield) as a whiie solid. MS (ESI, pos. ion) m/z: 357 (M+1).

Proceeding as described in .Exampie 7 above, but substituting cyclopropylmagnesium
bromide with thiophen-2-ylmagnesium bromide provided 2-((R)-2-methyl-4-(thiophen-2-
y1(3-(trifluoromethyl)phenyl)methyl)piperazin-1-yDacetic acid MS (ESI, pos. ion) m/z: 399
M),
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2-{(R)-2-Methyl-4-(thiophen-2-yl(3-(triflucromethyl)phenyl)methyl)piperazin-1-

_ ylacetic acid was then separated into 2-((R)-2-methyl-4-((R)-thiophen-2-yi-(3-

(rifluoromethyl)phenyl)-methyl)piperazin-1-yDacetic acid and 2-((R)—2-me€hyi-4-((§ﬁ -
thiophen-2-y1(3-(rifluoromethyl)phenyl)methyl)piperazin-1-yl)acetic acid diastereomers.

Example 8
Synthesis of 2-(4-(bis(4-chlorophenyl)methyl)-2-oxopiperazin-1-yDacetic acid

O

o
'y

To a solution of chlorobis(4-chlorophenyymethane (407 mg, 1.5 mmol) in MeCN was
added piperazin-2-one (601 mg, 6.0 mmol) followed by triethylamine (626 pl, 4.5 mmol) and
the resulting mixture was refluxed overnight. After cooling to rt, the solvent was evaporated
1o dryness and the residue was submitted to column chromatography (Si0;, DCM to
DCM/MeOH = 100:5) to give 4—(bis(4-éhlorophenyl)meﬂ}yl)piperazn’n-z—onc (420mp)asa
wi'fite solid.

Step 2

To a solution of 4-(bis(4-chiorophenylymethyl)piperazin-2-one (180 mg, 537 pmol) in
10 mL of dry THF was added methy! 2-bromoacetate (60 ul, 644 umol), followed by sodium
hydride, 60% dispersion in mineral oil (16 pl, 644 pmol). After stirring rt overnight, the
solvent was evaporated to dryness and was directly submitted to column chromatography
(8103, hexane to hexane/EtOAc = 100:5 to 100:10 to 100:20 to 100:30) to give methyl 2-(4-
(bis(4—ch1 orophenyl)methyl)-2-oxopiperazin-1-ylacetate (160 mg) as a white solid.

Step 3 | |

To a solution of methyl 2-(4-(bis(4-chiorophenyl)methyl)-2-oxopiperazin-1-ylacetate
(160 mg, 393 pmol) in THF/MeOH/H,0 = 5:5:1 (5.5 mL) was added lithium hydroxide
monohydrate (49.5 mg, 1.179 mmol) and the resulting solution was stirred overnight. The
solvent was evaporated, diluted with water, adjusted to pH = 5 with 10% HCI, extracted with
DCM, dried over Na,SOy, filtered and evaporated to dryness under high vacuum. The
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residue was loaded onto flash column (Si0O,, DCM to DClVﬂMéOH =100:5 to 100:10 to
100:15 to 100:20) to give 2-(4-(bis(4-chlorophenylymethyl)-2-oxopiperazin-1-ylacetic acid

* (136 mg) as a2 white solid.
Example 9
Synthesis of 2-((12)—2 -methyl-4-((R)-phenyl(4-(2-phenylethynyl)phenyl)methyl)piperazin-1-
' yhacetic acid

O

KU\OH

C
N~
SAs
e
Step 1

A mixture of tert-butyl 2-((R}-4-((S)-(4-bromophenyl )} phenyDmethy!)-2-methyl-
piperazin-1-yDacetate (459 mg, 0.1 mmol, its preparation follows the general procedures of
Reference (3), 1-phenylethyne (0.137 m!, 1.249 mmol), tetrabutylammonium fluoride

" trihydrate (946 mg, 2.997 mmol) and dichlorobis(triphenylphosphine jpalladium(ii) (21.0 mg,

0.030 mmol) was heated at 80 °C under N; atmosphere for 1 h. The residue was subjected to
flash chromatography (Si0,, hexane to hexane/EtOAc = 100:10 to 100:15 to 100:20) to give
tert-butyl 2-((R)-2-methyl-4-((S)-phenyl(4-(2-phenylethynyl)phenyl)methyl)-piperazin-i-
yhacetate (460 mg) as a yellow oil.

Step 2 |
To a solution of tert-butyl 2-((R)-2-methyi-4-((S}-phenyl(4-(2-phenylethynyDphenyl)-
methyl)piperazin-1-yl)acetate (320 mg, 0.666 mmol) in THFE/MeOH/H0 = 5:5:1 (5.5 mL)
was added lithium hydroxide monehydraie (279 mg, £.658 mmol) and the resulting solution
was stirred overnight. The solvent was evaporated to dryness under high vacuum and the
residue was diluted with water, adjusted pH = 5, extracted with DCM, dried over Na;SOu,
filtered and evaporated to dryness. The residue was loaded onto flash column (Si0%, DCM to
DCM/MeOH = 100:5 to 100:10 to 100:15 to 100:20) to give 2-((R)-2-methyl-4-((8)-
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phenyl{(4-(2-phenylethynyl)phenylymethyl)piperazin-1-yl)acetic acid (240 mp) as a white
solid. '
' Proceeding as described above the following compounds were synthesized:
2-((R)-2-methyl-4-((R)-phenyl(3-(2-pyridin-3-ylethynyl)phenylymethyl)piperazin-1-
yDacetic acid; and
2-((R)-2-methyl-4-((R)-phenyl(3 -(2-pyridin-4-ylethynyl)phenylymethyl)piperazin-1-
yDacetic acid. ‘

Biological Examples
Exampie 1
Glycine Transporter 1 (GlyT1) Uptake Assay
In vitro:

This cell-based assay measures the ability of test compounds 1o inhibit the uptake of
glycine by the glycine transporter type 1. Human placental choriocarcinoma (JAR) cells
endogenously expressing human glycine transporter type 1 (Gly-T1) were used for this assay.
For uptake assays, JAR celis were cultured in 96-well cytostar T scintillating microplates
(Amersham Biosciences) in RPMI 1640 medium containing 10% fetal bovine serum in the
presence of penicillin (100 pg/ml) and streptomycin (100 pg/ml). Cells were plaied at a
density of 4 X 10 cells/well and grown at 37 °C in a humidified atmosphere of 5% CO, for
24 b '

Culture médium was removed from Cytostar plate and JAR cells were incubated with
30 pd of Uptake buffer (120 mM NaCl, 2 mM KCl, 1 mM CaCl,, I mM MgCl, 10 mM
Hepes, 5 mM alanine, pH 7.5) with or without compound for 5 min. Then 30 ul of [¥C]
glycine {101 mCi/mmol, obtained from Perkin Elmer) diluted in Uptake buffer was added to
each well to give a final concentration of 3 pM. After incubation at room temperature for the
desired _ﬁme usually 1-2 h, sealed 96-well Cytostar plates were counted on a TopCount
(Packard). Nonspecific uptake of ['*C] glycine was determined in the presence of 10 uM
cold ALX-5407 (Sigma).

ICso curves were generated from the raw data collected from the TopCount and
fitted with 2 four-parameter logistic equation using in-house data analysis tool, Activity Base.
The specific compounds of this invention had an ICs, value of less than about 10 micromolar.

In approximate ICsy value of a representative number of compounds of Formula DHim

this assay is provided in the table below.
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Cpd# |ICso(nM) |Cpd# |ICso@M) |Cpd#  |ICsm
(M)

i 79.1 30 0934 |49 72

18 37.6 34 17.8 3sA - 1.5

20 1.51 38 0.98 75 . 4,32

21 217 - 3% 2.7 77 41.1
24 |394 a8 |2.1a 78 . |48

79 1190 82  |2200 |88 134

In vivo assay:

Male Sprague-Dawley rats (250-300 grams) were treated with GlyT1 inhibitor in
Table 1, compound 3, in 2% hydroxypropyl-methycellluiose and 1% tween 80 in water at
doses ranging between 1 and 100 mg/kg by oral gavage. Two hours after acute cornpound
édminisn'ation, CSF was collected and subsequently analyzed for glycine content using
HPLC coupled to a fluorescent detector (ESA inc, Chelmsford MA). Basal levels of glycine

in rat CSF were 0.5 ng/microliter of CSF or lower.

Formulation Examples
The following are representative pharmaceutical formulations containing 2 compound
of Formula (I).

Tablet Formulation

The following ingredients are mixed intimately and pressed into single scored tablets.

Ingredient - Quantity per tablet
me
compound of this invention 400
cornstarch 50
croscarmellose sodium 25
lactose ‘ 120

magnesiwm stegrate , 5
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Capsule Formulation
The following ingredients are mixed intimately and loaded into a hard-shell gelatin
capsule. '

Ingredient Quantity per capsule
me

compound of this invention 200

lactose spray dried 148

magnesium stearate 2

Injectable Formulation

Compound of the invention (e.g., compound 1) in 2% HPMC, 1% Tween 80 in DI
water, pH 2.2 with MSA, g.s. {o at least 20 mg/mL

The foregoing invention has been described in some detail by way of illustration and
example, for purposes of clarity and understanding. It will be obvious to one of skill in the art
that changes and modifications may be practiced within the'scope of the appended claims.
Therefore, it is to be understood that the above description is intended to be illustrative and
not restrictive. The scope of the invention should, therefore, be determined not with reference
to the above description, but should instead be determined with reference to the following
appended claims, along with the full scope of equivaienté to which such claims are entitled.

All patents, patent applications and publications cited in this application are hereby
incorporated by reference in their entirety for all purposes to the same extent as if each
individual patent, patent application or publication were so individually denoted.
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What is Claimed:
1. A compound of Formula (I):
RS
R \‘/602H
R /Ny R
kN‘d ' ) n
R3
Ar'T AR
Y
wherein:

nis an integer from 1 to 3;

R' and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,
haloalkoxy, aryl, heteroaryl, eycloalkyl, or heterocyclyl wherein the aforementioned rings are
optionally substituted with R?, R, or R® independently selected from alkyl, halo, haloalkyl,
alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted amino; or

R! and R?, when attached to the same carbon atom, can combine to form cycloalkyl or
monocyclic saturated heterocyclyl to give a spiro ring wherein the cycloalkyl or monocyclic
saturated heterocyclyl can be optionally substituted with R®, R®, or R independently selected
from alkyl, alkoxy, fluoro, ﬂuoroaikyl fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstituted amino; or

R! and R?, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combine to form —C;-C3- alkylene chain wherein one of the carbon

atoms in the alkylene chain is optionally replaced by a -NR-, -O-, -S(O)n- (where R is

hydrogen or alkyl and n is 0-2) and further wherein one or two hydrogen atoms in the

alkylene chain can be optionally substituted with one or two alkyl;

R?, R* and R’ are independently hydrogen, alkyl, fluoro, or fluoroalkyl; and

Ar! and Ar” are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with RE, R" or R where R® is alkyl, -C=C-
RS {(where RS is aryl or heteroaryl), halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy,
amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl,
hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
aminosuifonyl, aminocarbonyl, or acylamino and R" and R'are independentiy selected from
alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino,
disubstituted amine, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl

aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl,
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acylamino, aryl, heteroaryl, cycloalkyl, or heterocyclyl where the aromatic or alicyclic ring-in
RE, R" and R' is optionally substituted with R, R* or R! which are independently selected
from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted ~
amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl,
alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,
aminocarbonyl, or acylamino; or
a pharmaceutically acceptable salt thereof provided that:

the compound of Formula (I} is not 2-(4-benzhydrylpiperazin-1-yl)acetic acid, 2-(4-
((4-chlorophenyl)(phenyl)methyl)piperazin-1-yhacetic acid, 2-((2R,58)-4-((R)-(4-(1H-
tetrazol-5-yl)phenyl)(3-hydroxyphenyl)methyl}-2,5-dimethylpiperazin-1-yl)acetic acid, or 2-
((ZR,58)-4-((R)-(4-cyanophenyl)(3-hydroxyphenylymethyl)-2,5-dimethylpiperazin-1-
yDacetic acid. |
2. The compound of Claim 1 wherein:

nis i;

R! and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,
haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforementioned rings are

- optionally substituted with R®, R®, or R® independently selected from alkyl, halo, haloalkyl,

alkoxy, haloalkoxy, hydroxy, cyanoe, monosubstituted amino, or disubstituted amino; or

R! and R?, when attached to the same carbon atom, can combine to form cycioalkyl or
monocyclic saturated heterocyclyl to give a spiro ring wherein the cycloalkyl or monocyclic
saturated heterocyclyl can be optionally substituted with R%, R®, or R independently selected
from alkyl, alkoxy, fluoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstituted amino; or

R' and R?, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combine to form —C;-Cs- alkylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by a —NR-, -O-, -S(O)n- (where R is
hydrogen or alky! and n is 0-2) and further wherein one or two hydrogen atoms in the
alkylene chain can be optionally substituted with one or two alkyl; and _

Ar' and Ar? are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R%, R or R where'Rg is alkyl, haio,
haloalkyl, haloalkoxy, alkylthio, ¢yano, alkoxy, amino, monosubstituted amino, disubstituted

© aming, sulfonyi; acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyaﬂcyl, aminoaikyl,

hydroxyalkoxy, -alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R” and R’ are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,

cyano, alkoxy, amino, monosubstituted amino, disubstituied amino, sulfonyl, acyl, carboxy,
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alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,

‘aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or

heterocyclyl where the aromatic or alicyclic ring in RS, R" and R is optionally substituted
with R, R¥ or R! which are independently selected from alkyl, halo, haloalkyi, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosuifonyl, aminocarbonyl, or acylamino.

3. The compound of Claim 2 wherein R' and R? are independently sclected from
hydrogen, alkyl, haloalky!l, alkoxy, haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyelyl
wherein the aforementioned rings are optionally substituted with R”, R®, or R® independently
selected from alkyl, halo, haloalkyl, alkoxy, haloalkexy, hydroxy, cyano, monosubstituted
amino, of disubstituted amino.

4. The compound of Claim 2 wherein R' and R? are hydrogen.

S The compound of Claim 2 wherein R! and R? are independently selected from

hydrogen, alkyl, haloalkyl, alkoxy, or haloalkoxy provided that at least one of R! and R?is
other than hydrogen.

6. The compound of Claim 2 wherein R! is hydrogen and R? is alkyl.

7. The compound of Claim 2 wherein R! and R? are attached 1o the same carbon atom
and are combined to form cycloalkyl optionally substituted with R4, R® or Rf independently
selected from alkyl, alkoxy, fiuoro, fluorealkyl, fluoroalkoxy, hydroxy, monosubstituted
amino, or disubstituted amino.

8. The compound of Claim 2 wherein R! and R? are attached to the same carbon atom

_and are combined to form monocyclic saturated heterocyclyl which are optionally substituted

with RY, R® or Rf independently selected from alkyl; alkoxy, fluoro, fluoroalkyl, fluoroalkoxy,

hydroxy, monosubstituted amino, or disubstituted amino.
9. The compound of Claim 2 wherein R' and R? are attached to carbon atoms 2 and 5 or
3 and 6 positions of the piperazine ring, and are combined to form —C-C;- alkylene chain

wherein one or two hydrogen atoms in the alkylene chain can be optionally substituted with

one or two alkyl.
10.  The compound of Claim 2 wherein R', R?, R?, R* and R’ are hydrogen and Ar' and

Ar? are pheny! optionally substituted with RE R"or R,

~11.  The compound of Claim 2 wherein R® and R® are hydfo gen, R!, R?, and R’ are

hydrogen or alkyl, and Ar' and Ar® are pheny! optionally substituted with R®, RPor R’
provided at least one of R! R? and R%is other than hydrogen.
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12. The compound of Claim 2 wherein R, R®, R?, and R® are hydrogen, R? is alkyl, and
Ar' and Ar® are phenyl optionally substituted with R&, R" or R .

13. The compound of Claim 2 wherein R’, R?, R®, R* and R’ are hydrogen, Ar! is phenyl
optionally substituted with RS, R? or R! and A is cycloalkyl.

14.  The compound of Claim 2 wherein R? and R’ are hydrogen, R!, R?, and R? are ‘
hydrogen or alkyl, Ar' is pheny! optionally substituted with R%, R? or R’ and Af? is cycloalkyl
provided at least one of R', R2, and R*is other than hydrogen.

15. The compound of Claim 2 wherein R, R?, R%, and R” are hydrogen, R? is alkyl, Ar' is
phenyl optionally substituted with R, R" or R' and As® is cycloalkyl.

16.  The compound of Claim 2 wherein R', R?, R, R* and R® are hydrogen, Ar' is phenyl
and Ar? is heteroaryl, each ring optionally substituted with R, R" or R'.

17. The compound of Claim 2 wherein R> and R’ are hydrogen, R', R?, and R® are
hydrogen or alkyl, Ar' is phenyl and Ar® is heteroaryl, each ring optionally substituted with
RE R or R provided at least one of R!, R?, and R*is other than hydrogen.

18. The compound of Claim 2 wherein R}, R3, R*, and R® are hydrogen, R? is alkyl, Ar’ is
phenyl and Ar? is heteroary!, each ring optionally substituted with RE, R or R

19. The compound of Claim 2 wherein the compound has the structure:

l/f::ozH

N
o 3

N

J\Arz

Ar?
where:
'R! and R? are independently hydrogen or alky!; and
Ar! and Ar? are iﬁdependently phenyl, each ring optionally substituted with R R or
R’ where R® is alkyl, halo, haloalkyl, haloalkoxy, alkylthio, alkoxy, alkylcarbonyl, or
alkoxycarbonyl.
20. The compound of Claim 2 wherein the compound has the structure:

NrcozH
e

"
(@)
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RE and R" are independently alkyl, halo, haloalkyl, or haloalkoxy is attached to the 3-position
of the phenyl ring and the stereochemistry at *C is (R).

21. The compound of Claim 2 wherein the compound has the structure:

COzH COEH

[Nj.“\ E :]/

N
RY
. RS or
o O
Rh
(b) (©) _
5 where R® and R" are independently hydrogen, alkyl, halo, haloalkyl, or haloalkoxy.

22, The compound of Claim 2 wherein the compound of Formula (I) has one of the

following structures:

CO,H CO,H COzH COH
Nr !\II/,“‘ Ehg/ l'g.‘,s\
[ ] ]: j N rr“[N
el
(d) TR

N N
) R
o /Yh’ ’Rh R
(a) ® R (€)

CO,H

['-Nj\\R"

N

10 where R! is hydrogen or methyl and R® is cyano, heteroaryl or phenyl, each optionally
substituted with alkyl and R® is alkyl, halo, haloalkyl, or haloalkoxy.
23. The compound of Claim 22 wherein R® is located at the 3-position of the phenyl ring
and the stereochemistry at *C is (R).
- 24 A compound selected from a group consisting of:
15 (R)-2-(4-(phenyl(3-(trifluoromethyl)phenymethyl)piperazin-1 ~yl)acetzc acid;
2-(4~((3-bromophenyl)(phenyl)methyl)piperazin-1-yl)acetic acid;
2~(4-(phenyl(3-(trifluoromethyl)phenyl)methyl)piperazin-1-yhacetic acid;
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2-(4~((3,5-dichlorophenyl)(phenyl)methyl)piperazin-1-yl)acetic acidy;
(S)-2-(4-(phenyl(3-(triflucromethyl)phenyl)methyl)piperazin-1-yDacetic acid;
2~(4-((4-bromophenyl)(phenyl)methyl)piperazin-1-yDacetic acid;
2-(4-benzhydrylpiperazin-l-yl)acetic acid;
2-(4-((4-chlorophenyl)(phenyl)methylpiperazin- 1-yl)acetic acid;
2-(4~(phenyl(4-(trifluoromethyl)phenyl)methyl)piperazin-1-yl)acetic acid;
2-{4-((2-bromophenyl)(phenyl)methyl)piperazin-1-yl)acetic acid;
2-(4-((3-biphenyl)(phenylymethyl)piperazin-1 »}':l)acetic acid;
(5)-2-(4-((4-bromophenyl)(phenylymethyl)piperazin-1-ylacetic acid;
(R)-2-(4-((4-bromophenyl)(pheny)methyl)piperazin-1-yl)acetic acid ;
(S)-2-(4-((3 -bromophenyl)(phenylmethy!)piperazin-1-ylacetic acid;
{R)-2-(4-((3-bromophenyi}phenyl)methyl)piperazin-1-yl)acetic acid;
2—((R)—2—methyl—4~(phenyl(3~(triﬂuoromethy1)pheny})methyl)piperaziﬁa1-yl)acetic
acid;
2-((R)-4-((3-bromopheny)(phenyDmethyl)-2-methylpiperazin-1~yDacetic acid;
(R)-2-(4-benzhydryl-2-methylpiperazin-1-yl)acetic acid ;
2-((R)-4-((R)-(3-iodophenyl)(phenylymethyl)-2-methylpiperazin-1-ylacetic acid;
2-((R)-4-((R)-(3-bromophenyl)(phenyDmethyl)-2-methylpiperazin-1-yl)acetic acid;
2-((R)-4-((S)-(3 -bromophenyl)(phenyl)mcthyl)-2-methyipiperazin—l-yl)acetic acid;
2-((R)-2-methyl-4-(biphenyl-3-yl-phenyl-methyl)-piperazin-1-yl)-acetic acid;
2-({R)-2-methyl-4-( (S)—phcnyl(B-(triﬂuoromethyl)phenyl)methyl)pipcrazin-1 -yDacetic
acid;
2-((R)-2-methyl-4-((R)-phenyl(3-(trifluoromethy})phenyl)methyl)piperazin-1 -
yhacetic acid; ‘
2-((R)-4—((4~chlor0phenyl)(phanyl)methyi)—2-methylpiperazin-1-yl)acetic acid;
2-((R)-2-methyl-4-(biphenyl-4-yl-phenyl -methyl)-piperazin-1-yl)-acetic acid;
2—((R)-4—((4~bromophenyl}(phenyl)methyl)-z—methyipiperazin-1—yl)acetic.acid;
2-((R)-4-((4-cyanophenyl)(phenyl)methyl)-2-methylpiperazin-1 -yDacetic acid;
2~({R)-4-({3~chlorophenyl){phenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
[(R)-4-((R)-biphenyl-3-yl-phenyl-methyl)-2 -methyl-piperazin-1-yl]-acetic acid;
2-((R)-2-methyl-4-((3 -(methyithio)phenyl)(phenyl)me'thy!)piperaizin- 1.yDacetic acid;
2-((R)-4-((S)-(2-bromophenyl)(phenyl)methyl)-2-methylpiperazin-1 ~yDacetic acid;
2-({R)-4-((R)-(2-bromophenyl)}{phenyl)methyl})-2-methylpiperazin-1 -yDacetic acid;
2-((R)—2-methyl-4-((R)—phenyl(m—tolyl)methyl)piperazi_n-1 -yhacetic acid;
2-((R)-4-((Rj-(3 -isopropylphenyl)(phenyl)methyl)-2-methylpiperazin-1-ylacstic acid;
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2-{(R)-4-((4-fluorophenyl}(phenymethyl)-2-methylpiperazin-1-yl)acetic acid;

2-((Ry-4-({3-fluorophenyl X phenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;

2~((R)-2-methyl-4-{(R)-phenyl(3-(thiophen-2-yl)phenymethyl)piperazin-1-ylacetic
acid;

2-((R)-2-methyl-4-((R)-(3-(methylthio)phenyl }(phenyl)methyl)piperazin- 1-yl)acetic
acid; |

2—((R)~2—methy1-4—((S)-(3-(methylthjo)phenylj(phenyl)me&yl)piperazin—1-yl)acetic
acid,;

2-({R)-2-methyl-4-((R)-(4~-(methylthio)phenyl)(phenyl)methyl)piperazin-1-ylacetic
acid;

2-((R)-4-((S)-(2—ﬂuorOphenyl)(phenyl)methyl)—2—methylpiperazin— 1-yDacetic acid;

2-((R)-4-((R)-(2-fluorophenyl)(phenylmethyl}-2-methylpiperazin-1-yDacetic acid;

2-({R)-2-methyl-4-((S)-phenyl(3-(triffluoromethoxy)phenyl)methyl)piperazin-1-
yDacetic acid;

2-((R)-2-methyl-4-((R)-phenyl(3-(irifluoromethoxy)phenyDimethyDpiperazin-1-
yDacetic acid; '

[(R)-4-((R)-biphenyl-4-yl-phenyl-methyl)-2-methyl-piperazin- 1-yl}-acetic acid;

{(R)-2-methy}-4-[(R)-(2’-methyl-biphenyl-4-yi)-phenyl-methyl}-piperazin-1-yl}-
acetic acigi;

{(R)-2-methyl-4-[{R)-(3 ’-methyi-bipheny1—4-y1)—phenyl -methyl]-piperazin-1-yll-
abetic acid;

{(R)-2-methyl-4-[(R)-(4’-methyl-biphenyl -4-yl}-phenyl-methyl}-piperazin-1-y{]-
acetic acid;

2-((R)-4-((S)-(2,4-difluorophenyl)(phenyDmethyl)-2-methyipiperazin-1-ylacetic acid;

2-((R}-4-((R)~(2,4-difiuorophenyl}(phenyl)methyi)-2-methyipiperazin-1-ylacetic
acid;

2-((B)-4-({S)-(4-fluorophenyl)(phenylmethyl)-2-methylpiperazin- 1~ylacetic acid;

2-({R)-4-((R)-(4-fluorophenyl)(pheny!)methyl)-2-methylpiperazin- 1 -yl)acetic acid;

2-((R)-4-((S)-(3 -ﬂuorophényl)(phenyl)meﬂlyl}—fl-methylpiperazin— 1-yDacetic acid;

2-((R)-4-((R)-(3-fluorophenyl)(phenyDmethyl)-2-methylpiperazin-1-yl)acetic acid;

2-((R)-2 «methyl—4-((R)—phenylé4 -(2-phenylethynyl)phenyl)methyl)piperazin-1-
yDacetic acid; ' _

2-((R)-2-methyl-4-((R)-phenyi(3-(2-pyridin-3-ylethynyl)phenymethyl)piperazin-1 -

ylacetic acid;
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2-((R)-2-methyl-4-((R)-phenyl(3-(2-pyridin-4-ylethynyD)phenylymethyl)piperazin-1-

ylacetic acid;

(5)-2-(4-benzhydryl-2-methylpiperazin-1-yl)acetic acid;

2-((S)-2-methyi-4-(phenyl(3-(triffuoromethyl)phenyl)methyl)piperazin-1 -yDacetic acid;

(5)-2-(4-benzhydryl-3-methylpiperazin-1-ylJacetic acid;
(R)-2-(4-benzhydryl-3-methylpiperazin-1-ylacetic acid;
2~((2,5~trans)-4-benzhydryl-2,S-dimethylpiperazin-1-yl)acetic acid;
2-((2,5-cis)-4-benzhydryl-2,5-dimethylpiperazin-1-yl)acetic acid;
2-((R)-3-methyl-4-(phenyl(4-diphenyl)methyl)piperazin-1-yl)acetic acid;
(R)-2-(4~(bis(3-chlorophenyl)methyl)-2-methylpiperazin-1-yDacetic acid;
(R)-2-(4-(bis(3-fluorophenyl)methyl}-2-methylpiperazin-1-yl)acetic acid;
2-(4-((3-(trifluoromethyl)phenyl) (4-(triﬂuoromethyl)pﬁenyi)methy})piperazmu i-

yDacetic acid;

acid;

2-(4~({4-fluorophenyl}3-(diphenyDmethyl))-(R)-2-methylpiperazin-1-yl)acetic acid
(R)-2-(4-(bis(4-chlorophenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
2-((R}-4-((3-bromophenyl){(4-flucrophenyl)methyl)-2-methylpiperazin-1-yl)acetic

(R)-2-(4-(bis(4-fluorophenylymethyl)-3-methylpiperazin-1-yDacetic acid ;
(R)-2-(4-(bis(4-fluorophenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
(R)-2~(4-(bis(3-(trifluoromethyl)phenyl)methyl)-2-methylpiperazin-1-yDacetic acid;
2-(4-(bis(3-(trifluvoromethyl)phenyl)methylpiperazin-1-yDacetic acid;
2-((R)-2-methyl-4-(thiophen-2-yl(3-(trifluoromethylyphenyl ymethyl)piperazin-1 -

yhacetic acid;

2~((R)-2-methyl-4-((R)-thiophen-2-yl(3-(trifluoromethyl)phenyDmethyl)piperazin-1-

yhacetic acid;

2-((R)-2-methyl-4-((S)-thiophen-2-yl(3-(iriflucromethyl)pheny)methyl)piperazin-1-

yDacetic acid;

2-((R)-4-(cyclopropyl(3-(trifluoromethyl)pheny)methyl)-2-methyipiperazin-1-

yhacetic acid;

(R)-2-(4-(bis(4-chiorophenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
(8)-2-((R)-4-(bis(4~chlorophenyl)methyl)-3-methylpiperazin- 1 -yl}propanoic acid;
2-(4-(bis(4-chlorophenyl)methyl)-3-oxopiperazin-1-yl}acetic acid;
(8)-2-((R)-4-(bis(4-chloropheny!)methyl)-2-methylpiperazin-1-y})propanoic acid;
(R}-2-((R)-4-(bis(4-chlorophenyl)methyl)-2-methylpiperazin-1-yl)propanoic acid;
2-(4-(bis(4-chlorophenyl)methyl)-2-oxopiperazin-1 -yDaceiic acid;
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2-((2R,68)-4-(bis(4-chlorophenylymethyl)-2,6-dimethylpiperazin-1-yl)acetic acid;
2-(4-(bis(4-chloropbenyl)methyl)-2,2-dimethylpiperazin-1-ylacetic acid,
2-(4-(bis(4-chlorophenyl)methyl)piperazin-1-yDpropanoic acid;
(R)-2-(4-(bis(4-chlorophenyl)methyl)-2-isopropylpiperazin-1-yl)acetic acid;
2-(4-(bis(4-chlorophenyl)methyl)piperazin-1-ylacetic acid ; and
2-(4~(phenyl(3(trifluoromethyl)phenymethyl)-1,4-diazepan-1-yl}-acetic acid;
or a pharmacentically acceptable salt thereof

25, A compound selected from:

(R)-2-(4-(phenyl(3~(trifluoromethyl)phenyl)methyl)piperazin-1-yDacetic acid;
(R)-2-(4-benzhydryl-2-methylpiperazin-1-yl)acetic acid dihydrochloride salt;
2~{((R)-2-methyl-4-((R)-phenyl(m-tolyl)methyl)piperazin-1-yl)acetic acid; and
2-{(R)-4-(cyclopropyl(3-(trifluoromethyl)phenyl)methyl)-2-methylpiperazin-1-
yDacetic acid dihydrochloride salt. '
26. A compound selected from:
2-{(R)-4-(cyclopropyl (3-(wifluoromethyl)phenyl)methyl)-2-methylpiperazin-1-
yDacetic acid dihydrochloride salt.

27. A pharmaceutical composition comprising a compound of any of the Claims 1-26 or a

mixture a compound of Formula (I) and a pharmaceutically acceptable salt thereof; and a
pharmaceutically acceptable excipient.

28. A method of treating a disease treatable by inhibition of GlyT1 receptor in a patient
which method comprises administering to the patient a pharmaceutical composition

domprising a compound of Formula (I):
RS

R4 \\/COZH

R _N. R2
Naved
NP

N
RS
Ar' )<Ar2
{y
wherein:

nisan integer from 1 to 3;
R! and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,

haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforementioned rings are

optionally substituted with R, R®, or R® independently selected from alkyl, halo, haloalkyl,

alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted amino; or
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R!and R?, when attached to the same carbon atom, can combine to form cycioalky! or
monacyclic saturated heterocyclyl to give a spiro ring wherein the cycloalkyl or monocyclic

saturated heterocyclyl can be optionally substituted with R, R®, or R independently selected

.from alkyl, alkoxy, fluoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or

disubstituted amino; or

R! and R, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
pi}r}erazine ring, can combine to form —C;-Cs- alkylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by a —-NR-, -O-, -S(O)n- (where R is
hydrogen or alkyl and n is 0-2) and further wherein one or two hydrogen atoms in the
alkylene chain can be optionally substituted with one or two alkyl;

R* R* and R® are independently hydrogen, alkyl, fluoro, or fluoroalkyl; and

Ar' and Ar® are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each

of the aforementioned ring is optionally substituted with R, R" or R! where R is alkyl, -C=C-
R® (where R® is aryl or heteroaryl), halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy,
aminec, monosubstituted amino, disubstituted amino, sulf;)nyl, acyl, carboxy, alkoxycarbonyl,
hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
aminosulfonyl, aminocarbonyl, or acylamine and R" and R' are independently selected from
alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyane, alkoxy, amino, monosubstituted amino,
disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkﬁxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl,
acylamino, aryl, heteroaryl, cycloalkyl, or heterocyclyl where the aromatic or alicyclic ring in
RE R"and R'is optionally substituted with R, R* or R! which are independently selected
from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted
amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbony!, hydroxyalkyl,
alkoxyalkyl, aminoalkyl, hydroxyalkéxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,
aminocarbonyl, or acylamino; or 2 pharmaceutically acceptable salt thereof or a mixture a
compound of Formula (I) and a pharmaceutically acceptable salt thereof, and 2
pharmaceutically acceptable excipient. |
29. A method of treating a disease treatable by inhibition of GlyT1 receptor in a patient
which method comprises administering to the patient 2 pharmaceutical composition
comprising a compound of any of the Claims 2-26 or a mixture a compound of any of the
Claims 2-26 and a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable excipient.
30. The method of Claim 28 or 29 wherein the disease is Schizophrenia.
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31. The method of Claim 30 wherein the disease is cognitive disorder associated with

Schizophrenia.
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