
COMPOUNDS AND COMPOSITIONS AS MODULATORS OF GPFM 19
ACTIVITY CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority
to U.S. Provisional Patent Application Number
60/974,064, filed 20 September 2007 and U.S.
Provisional Patent Application Number 61/045,263,
filed 15 April 2008. The full disclosures of these
applications are incorporated herein by reference in
their entirety and for all purposes. BACKGROUND OF THE
INVENTION Field of the Invention [0002] The invention
provides compounds, pharmaceutical compositions
comprising such compounds and methods of using such
compounds to treat or prevent diseases or disorders
associated with the activity of GPRl 19. Background
[0003] GPRl 19 is a G-protein coupled receptor (GPCR)
that is mainly expressed in the pancreas, small
intestine, colon and adipose tissue. The expression
profile of the human GPRl 19 receptor indicates its
potential utility as a target for the treatment of
obesity and diabetes. The novel compounds of this
invention modulate the activity of GPRl 19 and are,
therefore, expected to be useful in the treatment of
GPR119-associated diseases or disorders such as, but
not limited to, diabetes, obesity and associated
metabolic disorders. SUMMARY OF THE INVENTION [0004]
In one aspect, the present invention provides a
compound of Formula I :[0005] in which: [0006] Q is a
divalent or trivalent radical selected from C -ioaryl,
Ci_ioheteroaryl, C3_8cycloalkyl and
C3_sheterocycloalkyl; wherein said aryl, heteroaryl,
cycloalkyl or heterocycloalkyl of Q is optionally
substituted with up to 3 radicals independently
selected from halo, Ci_6alkyl, halo-substituted-Ci_
6alkyl, Ci_6alkoxy, halo-substituted-Ci_ alkoxy,
-C(O)R Oand -C(O)OR O; wherein R2ois selected from
hydrogen and Ci_6alkyl; and optionally connecting a
carbon adjacent to W through a CR3 1, O, S or NR3 1
with a carbon of Q (indicated by the dotted line) to
form a 5-membered ring fused to rings A and Q (such as
the fused rings in examples Vl -V5, infra); wherein R3
1 is selected from hydrogen and Ci_6alkyl; [0007] Wi
and W2 are independently selected from CR2 and N;
wherein R2 is selected from hydrogen, cyano, C^alkyl
and -C(O)OR 2 ; wherein R25 is selected from hydrogen
and Ci_6alkyl; ring A can have up to 2 ring carbons
substituted with a group selected from -C(O)-, -C(S)-
and -C(=NOR 30)- and can be partially unsaturated with
up to 2 double bonds; wherein R30 is selected from
hydrogen and Ci_6alkyl; [0008] L is selected from
Ci_6alkylene, C2_6alkenylene, -(CH 2)nO-, - OC(O)(CH
2)n- , -C(O)O(CH 2)n- , -NR 26(CH2)n- and -O(CH 2)n- ;
wherein R26 is selected from hydrogen and Ci_6alkyl;
and n is selected from 0, 1, 2, 3, 4 and 5; wherein
any alkyl of L can be optionally substituted with 1 to
3 radicals independently selected from halo,
Ci_6alkyl, halo-substituted-Ci_ 6alkyl, Ci_6alkoxy,
halo-substituted-Ci_ 6alkoxy, -C(O)R 22 and -C(O)OR
22; wherein R22 is selected from hydrogen and
Ci_6alkyl; [0009] m is selected from 0, 1, 2, 3 and 4;
[0010] q is selected from 0, 1, 2, 3 and 4; [0011] ti,
t2, t3 and t4 are each independently selected from 0,
1 and 2;[0012] R1 is selected 6Om-X 1S(Ok 2X2R63,
-XiS(O) 0- X 2OR6 , -XiS(O) 0- 2X2C(O)R 6 , -XiS(O)C
2X2C(O)OR 6 , -XiS(O)C 2X2OC(O)R 63 and -XiS(O)
0-2NR6aR6b; wherein Xi is selected from a bond, O,
NR73R7b and Ci^alkylene; X2 is selected from a bond
and Ci_4alkylene; R63 is selected from hydrogen, halo,
Ci_6alkyl, C2_6alkenyl, C6_ iOaryl, Ci_i0heteroaryl,
C3_sheterocycloalkyl and C3_scycloalkyl; wherein said
aryl, heteroaryl, cycloalkyl and heterocycloalkyl of
R63 is optionally substituted with 1 to 3 radicals
independently selected from hydroxy, halo, Ci_6alkyl,
halo-substituted-Ci_ 6alkyl, hydroxy-substituted-Ci_
6alkyl, cyano-substituted-Ci_ 6alkyl, Ci_6alkoxy,
halo-substituted- Ci_6alkoxy and C6_i 0aryl-Ci^alkoxy;
R6b is selected from hydrogen and Ci_6alkyl; and R73
and R b are independently selected from hydrogen and
Ci_6alkyl; [0013] R2 and R3 are independently selected
from hydrogen, halo, hydroxy, C1- 6alkyl,
halo-substituted-Ci_ 6alkyl, hydroxy-substituted-Ci_
6alkyl, Ci_6alkoxy, halosubstituted- Ci_ 6alkoxy,
-C(O)R 23, and -C(O)OR 23 ; wherein R23 is selected
from hydrogen and Ci_6alkyl; [0014] R is selected from
R and -C(O)ORs; wherein R is selected from C1- 6alkyl,
C6_i 0aryl, Ci_i0heteroaryl, C3_gcycloalkyl and
C3_gheterocycloalkyl; wherein said aryl, heteroaryl,
cycloalkyl or heterocycloalkyl of Rg is optionally
substituted with 1 to 3 radicals independently
selected from halo, Ci_6alkyl, C3_i 2cycloalkyl, C3_
gheterocycloalkyl, halo-substituted-Ci_ 6alkyl,
hydroxy-substituted-Ci_ 6alkyl, Ci_6alkoxy and
halo-substituted-Ci_ 6alkoxy; [0015] R5 is selected
from hydrogen, Ci_6alkyl, halo-substituted-Ci_ 6alkyl,
hydroxy-substituted-Ci_ 6alkyl, Ci_6alkoxy and
halo-substituted-Ci_ 6alkoxy. [0016] In a second
aspect, the present invention provides a
pharmaceutical composition which contains a compound
of Formula I or a N-oxide derivative, individual
isomers and mixture of isomers thereof; or a
pharmaceutically acceptable salt thereof, in admixture
with one or more suitable excipients. [0017] In a
third aspect, the present invention provides a method
of treating a disease in an animal in which modulation
of GPRl 19 activity can prevent, inhibit or ameliorate
the pathology and/or symptomology of the diseases,
which method comprises administering to the animal a
therapeutically effective amount of a compound of
FormulaI or a N-oxide derivative, individual isomers
and mixture of isomers thereof, or a pharmaceutically
acceptable salt thereof. [0018] In a fourth aspect,
the present invention provides the use of a compound
of Formula I in the manufacture of a medicament for
treating a disease in an animal in which GPRl 19
activity contributes to the pathology and/or
symptomology of the disease. [0019] In a fifth aspect,
the present invention provides a process for preparing
compounds of Formula I and the N-oxide derivatives,
prodrug derivatives, protected derivatives, individual
isomers and mixture of isomers thereof, and the
pharmaceutically acceptable salts thereof. DETAILED
DESCRIPTION OF THE INVENTION Definitions [0020]
"Alkyl" as a group and as a structural element of
other groups, for example halo-substituted-alkyl and
alkoxy, can be straight-chained, branched, cyclic or
spiro. C1- 6alkoxy includes methoxy, ethoxy, and the
like. Halo-substituted alkyl includes trifluoromethyl,
pentafluoroethyl, and the like. [0021] "Aryl" means a
monocyclic or fused bicyclic aromatic ring assembly
containing six to ten ring carbon atoms. For example,
aryl can be phenyl or naphthyl, 



preferably phenyl. "Arylene" means a divalent radical
derived from an aryl group. "Heteroaryl" is as defined
for aryl where one or more of the ring members are a
heteroatom. For example, Ci-ioheteroaryl includes
pyridyl, indolyl, indazolyl, quinoxalinyl, quinolinyl,
benzofuranyl, benzopyranyl, benzothiopyranyl,
benzo[l,3]dioxole, imidazolyl, benzo-imidazolyl,
pyrimidinyl, furanyl, oxazolyl, isoxazolyl, triazolyl,
tetrazolyl, pyrazolyl, thienyl, lH-pyridin-2-onyl,
6-oxo-l,6-dihydropyridin- 3-yl, etc. "C -ioarylCc
alkyl" means an aryl as described above connected via
a alkylene grouping. For example, C -ioarylCo^alkyl
includes phenethyl, benzyl, etc. Heteroaryl also
includes the N-oxide derivatives, for example,
pyridine N-oxide derivatives with the following
structure:[0022] "Cycloalkyl" means a saturated or
partially unsaturated, monocyclic, fused bicyclic or
bridged polycyclic ring assembly containing the number
of ring atoms indicated. For example, C3_iocycloalkyl
includes cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, etc. "Heterocycloalkyl" means cycloalkyl,
as defined in this application, provided that one or
more of the ring carbons indicated, are replaced by a
moiety selected from -O-, -N=, -NR-, -C(O) -, -S-,
-S(O) - or -S(O)2-, wherein R is hydrogen, Ci^alkyl or
a nitrogen protecting group. For example,
C3_sheterocycloalkyl as used in this application to
describe compounds of the invention includes
morpholino, pyrrolidinyl, piperazinyl, piperidinyl,
piperidinylone, l,4-dioxa-8-aza-spiro[4.5]dec-8-yl,
2-oxopyrrolidin- 1-yl, 2-oxo-piperidin-l-yl, etc.
[0023] GPRl 19 means G protein-coupled receptor 119
(GenBank(r) Accession No. AAP72125) is also referred
to in the literature as RUP3 and GPRl 16. The term
GPRl 19 as used herein includes the human sequences
found in GeneBank accession number AY288416,
naturally-occurring allelic variants, mammalian
orthologs, and recombinant mutants thereof. [0024]
"Halogen" (or halo) preferably represents chloro or
fluoro, but can also be bromo or iodo. [0025] "Treat",
"treating" and "treatment" refer to a method of
alleviating or abating a disease and/or its attendant
symptoms. Description of the Preferred Embodiments
[0026] The present invention provides compounds,
compositions and methods for the treatment of diseases
in which modulation of GPRl 19 activity can prevent,
inhibit or ameliorate the pathology and/or
symptomology of the diseases, which method comprises
administering to the animal a therapeutically
effective amount of a compound of Formula I. [0027] In
one embodiment, with reference to compounds of Formula
I, are compounds of of Formula Ia:[0028] in which:
[0029] Q is a divalent or trivalent radical selected
from C -ioaryl, Ci-ioheteroaryl, C3_8cycloalkyl and
C3_8heterocycloalkyl; wherein said aryl, heteroaryl,
cycloalkyl or heterocycloalkyl of Q is optionally
substituted with up to 3 radicals independently
selected from halo, Ci_6alkyl, halo-substituted-Ci_
6alkyl, Ci_6alkoxy, halo-substituted-Ci- 6alkoxy,
-C(O)R O and -C(O)OR O; wherein R2ois selected from
hydrogen and C _6alkyl; and optionally connecting a
carbon adjacent to W through a CR3 1 or O with a
carbon of Q (indicated by the dotted line in Formula
Ia) to form a 5-membered ring fused to rings A and Q
(such as the fused rings in examples V1-V5, infra);
wherein R3 1 is selected from hydrogen and Ci_6alkyl;
[0030] W and W2 are independently selected from CR2
and N; wherein R2 is selected from hydrogen, cyano,
Ci_6alkyl and -C(O)OR 2s ; wherein R2s is selected
from hydrogen and Ci_6alkyl; ring A can have up to 2
ring carbons substituted with a group selected from
-C(O)-, -C(S)- and -C(=NOR3o)- and can be partially
unsaturated with up to 2 double bonds; wherein R30 is
selected from hydrogen and Ci_6alkyl; [0031] L is
selected from Ci_6alkylene, C2_6alkenylene, -(CH
2)nO-, -NR 26CH2),,-, -OC(O)(CH 2)n- , -C(O)O(CH 2)n-
and -O(CH 2)n- ; wherein R26 is selected from hydrogen
and Ci_6alkyl; wherein n is selected from 0, 1, 2, 3,
4 and 5; wherein any alkyl of L can be optionally
substituted with 1 to 3 radicals independently
selected from halo, Ci_6alkyl, halo-substituted-Ci_
6alkyl, Ci_6alkoxy, halo-substituted-Ci_6alkoxy,
-C(O)R 22 and - C(O)OR22; wherein R22 is selected from
hydrogen and Ci_6alkyl; [0032] t and t2 are each
independently selected from 0, 1 and 2; [0033] q is
selected from 0, 1, 2, 3 and 4; [0034] R1 is selected
from-X 1S(0)o-2X2R6a, -XiS(O) 0-2X2OR6a, -XiS(O) 0-
2X2C(O)R6a, -XiS(0)o- 2X2C(0)OR 6a, -XiS(O)
0-2X2OC(O)R6a and - X1S(0)o-2NR6aR6b;wherein X is
selected from a bond, O, NR R b and Ci^alkylene; X2 is
selected from a bond and Ci^alkylene; R a is selected
from hydrogen, halo, Ci_6alkyl, C2-6alkenyl, C - l
oaryl, Ci-ioheteroaryl, C3_8heterocycloalkyl and
C3_8cycloalkyl; wherein said aryl, heteroaryl,
cycloalkyl and heterocycloalkyl of R a is optionally
substituted with 1 to 3 radicals independently
selected from hydroxy, halo, Ci_6alkyl,
halo-substituted-Ci_ 6alkyl, hydroxy-substituted-C
_6alkyl, cyano-substituted-C _6alkyl, C _6alkoxy,
halo-substituted- Ci_6alkoxy and C -ioaryl-Ci^alkoxy;
R b is selected from hydrogen and Ci_6alkyl; and R a
and R b are independently selected from hydrogen and
Ci_6alkyl; [0035] R3 is selected from hydrogen, halo,
hydroxy, Ci_6alkyl, halo-substituted-Ci_ 6alkyl,
hydroxy-substituted-Ci_ 6alkyl, Ci_6alkoxy,
halo-substituted-Ci_ 6alkoxy, -C(O)R 23, and -C(O)OR
23; wherein R23is selected from hydrogen and
Ci_6alkyl; [0036] R is selected from R and -C(O)ORs;
wherein R is selected from C1- 6alkyl, C -ioaryl,
Ci_ioheteroaryl, C3_gcycloalkyl and
C3_gheterocycloalkyl; wherein said aryl, heteroaryl,
cycloalkyl or heterocycloalkyl of Rg is optionally
substituted with 1 to 3 radicals independently
selected from halo, Ci_6alkyl, C3_i 2cycloalkyl, C3_
gheterocycloalkyl, halo-substituted-Ci_ 6alkyl,
hydroxy-substituted-Ci_ 6alkyl, Ci_6alkoxy and
halo-substituted-Ci_ 6alkoxy; [0037] R5 is selected
from hydrogen, Ci_6alkyl, halo-substituted-Ci_ 6alkyl,
hydroxy-substituted-Ci_ 6alkyl, Ci_6alkoxy and
halo-substituted-Ci_ 6alkoxy. [0038] In a further
embodiment, Q is a divalent or trivalent radical
selected from phenyl, pyridinyl, pyrazinyl,
pyridazinyl, pyrimidinyl, 1,2,4-oxadiazolyl, and
thiazolyl; wherein said phenyl, pyridinyl, pyrazinyl,
pyridazinyl, pyrimidinyl and thiazolyl of Q is
optionally substituted with up to 3 radicals
independently selected from halo, Ci_6alkyl,
Ci_6alkoxy, halo-substituted-Ci_6alkyl, -C(0)OR 2oand
-C(0)R 2o; wherein R20is selected from hydrogen and
Ci_6alkyl; and optionally connecting a carbon adjacent
to W2 through a CR3 or O with a carbon of Q to form a
5-membered ring fused to rings A and Q; wherein R3 1
is selected from hydrogen and C alky! [0039] In a
further embodiment, Wi and W2 are independently
selected from CR2 1 and N; wherein R2i is selected
from hydrogen, cyano, Ci_6alkyl and -C(O)OR 2s ;
wherein R25 is selected from hydrogen and Ci_6alkyl;
ring A can have a ring carbon substituted 



with a group selected from -C(O)-, -C(S)- and -C(=NOR
30)- and can be partiallyunsaturated with a double
bond; wherein R30 is selected from hydrogen and
C]_6alkyl; and L is selected from -0(CH 2)(M-
-(CH=CH)-, -OC(O)-, -NH(CH 2)CM-, - NCH 3(CH 2)o-4-
and -(CH 2)I-4- . [0040] In another embodiment, R]is
selected from -XiS(OV X ROa, - X1S(O) - 2X2OR6a,
-XiS(O) 0_2X2C(O)OR 6a, -XiS(O) 0_2X2OC(O)R 6a and -
X1S(O) 0_2NR6aR6b; wherein X is selected from a bond
and O; X2 is selected from a bond and Ci^alkylene; R a
is selected from hydrogen, halo, cyano, methyl, ethyl,
propyl, isopropyl, ethenyl, pyridinyl, pyrrolidinyl,
piperidinyl, morpholino, isoxazolyl, tetrazolyl,
phenyl and imidazolyl; wherein said piperidinyl,
pyridinyl, pyrrolidinyl, morpholino, isoxazolyl,
tetrazolyl, phenyl or imidazolyl of R a is optionally
substituted with 1 to 3 radicals independently
selected from hydroxy, halo, Ci_6alkyl and benzoxy;
and R b is selected from hydrogen, methyl and ethyl.
[0041] In another embodiment, R is selected from R and
-C(O)ORs; wherein R is selected from isopropyl,
cyclopropyl, t-butyl, 1,2,4-oxadiazolyl, pyrimidinyl,
pyridinyl, pyridazinyl, tetrahydro-2H-pyranyl,
tetrahydrofuranyl, oxetanyl, 2H-tetrazolyl and
thiazolyl; wherein said cyclopropyl,
1,2,4-oxadiazolyl, pyrimidinyl, pyridinyl,
pyridazinyl, tetrahydro-2H-pyranyl, tetrahydrofuranyl,
oxetanyl, 2H-tetrazolyl or thiazolyl of Rg is
optionally substituted with 1 to 3 radicals
independently selected from halo, trifluoromethyl,
isopropyl, t-butyl, methyl, ethyl and cyclopropyl
optionally substituted with methyl; and R5 is selected
from hydrogen and methoxy. [0042] In another
embodiment are compounds selected from: isopropyl
4-((4-((4- methanesulfonylpiperazin)-
1-yl)phenoxy)methyl)piperidine- 1-carboxylate,
isopropyl 4-(2- (4-(4-(methylsulfonyl)piperazin-
1-yl)phenoxy)ethyl)piperidine- 1-carboxylate,
isopropyl 4- (3-(4-(4-(methylsulfonyl)piperazin-
1-yl)phenoxy)propyl)piperidine- 1-carboxylate,
isopropyl
4-(4-(4-(4-(methylsulfonyl)piperazin-l-yl)phenoxy)buty
l)piperidine-l -carboxylate, Isopropyl
4-((6-(4-(methylsulfonyl)piperazin-l-yl)pyridin-3-ylox
y)methyl)piperidine-l-carboxylate, tert-Butyl
4-((6-(4-(methylsulfonyl)piperazin- 1-yl)pyridin-3
-yloxy)methyl)piperidine- 1- carboxylate, Isopropyl
4-((5-(4-(methylsulfonyl)piperazin- 1-yl)pyrazin-2-
yloxy)methyl)piperidine- 1-carboxylate, tert-Butyl
4-((5-(4-(methylsulfonyl)piperazin- 1-
yl)pyrazin-2-yloxy)methyl)piperidine-l -carboxylate,
3-Cyclopropyl-5-(4-((5-(4-
(methylsulfonyl)piperazin-l-yl)pyrazin-2-yloxy)methyl)
piperidin-l-yl)-l,2,4-oxadiazole,
5-Cyclopropyl-3-(4-((5-(4-(methylsulfonyl)piperazin-l-
yl)pyrazin-2-yloxy)methyl)piperidin-lyl)-
l,2,4-oxadiazole,
2-(4-(Methylsulfonyl)piperazin-l-yl)-5-((l-(5-(trifluo
romethyl)pyridin-
2-yl)piperidin-4-yl)methoxy)pyrazine,
5-Isopropyl-3-(4-((5-(4-(methylsulfonyl)piperazin-lyl)
pyrazin-2-yloxy)methyl)piperidin-l-yl)-l,2,4-oxadiazol
e, Tetrahydro-2H-pyran-4-yl 4-
((5-(4-(methylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate,
(S)- Tetrahydrofuran-3-yl
4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyrazin-2-
yloxy)methyl)piperidine-l -carboxylate,
(R)-Tetrahydrofuran-3-yl 4-((5-(4-
(methylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate,
2-
Isopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-l-yl)p
yrazin-2-yloxy)methyl)piperidin-lyl) thiazole,
2-((l-(2-methyl-2H-tetrazol-5-yl)piperidin-4-yl)methox
y)-5-(4- (methylsulfonyl)piperazin- 1-yl)pyrazine,
Oxetan-3-yl 4-((5 -(4-(methylsulfonyl)piperazin- 1-
yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate,
Isopropyl 4-((5-(4- (methylsulfonyl)piperazin-
1-yl)pyridin-2-yloxy)methyl)piperidine- 1-carboxylate,
Isopropyl
4-((6-(4-(methylsulfonyl)piperazin-l-yl)pyridazin-3-yl
oxy)methyl)piperidine-l -carboxylate, Isopropyl
4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyrimidin-2-yl
oxy)methyl)piperidine-lcarboxylate, (E)-isopropyl
4-(2-(6-(4-(methylsulfonyl)piperazin-l-yl)pyridin-3-
yl)vinyl)piperidine-l -carboxylate, Isopropyl
4-(2-(6-(4-(methylsulfonyl)piperazin-lyl)
pyridin-3-yl)ethyl)piperidine-l -carboxylate,
(E)-Isopropyl 4-(2-(2-(4- (methylsulfonyl)piperazin-
1-yl)pyrimidin-5 -yl)vinyl)piperidine-1-carboxylate,
5-Ethyl-2-(4- ((6-(4-(methylsulfonyl)piperazin-
1-yl)pyridin-3-yloxy)methyl)piperidin-
1-yl)pyrimidine, 1-
(Methylsulfonyl)-4-(5-((l-(5-(trifluoromethyl)pyridin-
2-yl)piperidin-4-yl)methoxy)pyridin- 2-yl)piperazine,
1-Methylcyclopropyl
4-((5-(4-(methylsulfonyl)piperazin- 1-yl)pyrazin-2-
yloxy)methyl)piperidine-l -carboxylate,
5-Ethyl-2-(4-((5-(4-(methylsulfonyl)piperazin-lyl)
pyrazin-2-yloxy)methyl)piperidin-l-yl)pyrimidine,
2-((l-(5-Methylpyridin-2-yl)piperidin-
4-yl)methoxy)-5-(4-(methylsulfonyl)piperazin-
1-yl)pyrazine, 1-Methylcyclopropyl 4-((5-(4-
(methylsulfonyl)piperazin-
1-yl)pyridin-2-yloxy)methyl)piperidine- 1-carboxylate,
5-Ethyl-2-
(4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyridin-2-ylo
xy)methyl)piperidin-l-yl)pyrimidine,
3-Isopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-l-yl
)pyrazin-2-yloxy)methyl)piperidin-lyl)-
l,2,4-oxadiazole,
3-Isopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-l-yl
)pyridin-2-
yloxy)methyl)piperidin-l-yl)-l,2,4-oxadiazole,
1-Methylcyclopropyl 4-((6-(4-
(methylsulfonyl)piperazin-
1-yl)pyridin-3-yloxy)methyl)piperidine- 1-carboxylate,
5-Isopropyl-3 -(4-((6-(4-(methylsulfonyl)piperazin-
1-yl)pyridin-3 -yloxy)methyl)piperidin- 1-
yl)-l,2,4-oxadiazole,
2-((l-(5-Fluoropyridin-2-yl)piperidin-4-yl)methoxy)-5-
(4- (methylsulfonyl)piperazin-l-yl)pyrazine,
3-Isopropyl-5-(4-((6-(4-(methylsulfonyl)piperazinl-
yl)pyridin-3-yloxy)methyl)piperidin-l-yl)-l,2,4-oxadia
zole, tert-Butyl 4-((5-(4-
(methylsulfonyl)-l,4-diazepan-l-yl)pyrazin-2-yloxy)met
hyl)piperidine-l-carboxylate, tert- Butyl
4-((5-(4-(methylsulfonyl)- 1,4-diazepan-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-
carboxylate, tert-bxxty\
4-((5-(4-(methylsulfonyl)piperidin-l-yl)pyrazin-2-
yloxy)methyl)piperidine- 1-carboxylate,
1-Methylcyclopropyl 4-((5-(4-
(methylsulfonyl)piperidin-l-yl)pyrazin-2-yloxy)methyl)
piperidine-l -carboxylate, ?er?-Butyl 4-(2-(3
-(4-(methylsulfonyl)piperazin- 1-yl)-
1,2,4-oxadiazol-5-yl)ethyl)piperidine- 1- carboxylate,
ter?-Butyl
4-(3-(3-(4-(methylsulfonyl)piperazin-l-yl)-l,2,4-oxadi
azol-5- yl)propyl)piperidine-l -carboxylate,
5-(3-(l-(5-ethylpyrimidin-2-yl)piperidin-4-yl)propyl)-
3- (4-(methylsulfonyl)piperazin- 1-yl)-
1,2,4-oxadiazole, Isopropyl 4-(3 -(3 -(4-
(methylsulfonyl)piperazin- 1-yl)-l
,2,4-oxadiazol-5-yl)propyl)piperidine- 1-carboxylate,
3-
Isopropyl-5-(4-(2-(5-(4-(methylsulfonyl)piperazin-l-yl
)thiazol-2-yl)ethyl)piperidin-l-yl)- 1,2,4-oxadiazole,
Isopropyl
4-((4-(l-methanesulfonyl-l,2,3,6-tetrahydropyridin-4-
yl)phenoxy)methyl)piperidine-l -carboxylate, isopropyl
4-(4-(l-(methylsulfonyl)-l, 2,3,6-
tetrahydropyridin-4-yl)phenoxy)piperidine-l-carboxylat
e, isopropyl 4-(2-(4-(l-
(methylsulfonyl)-l,2,3,6-tetrahydropyridin-4-yl)phenox
y)ethyl)piperidine-l-carboxylate, isopropyl
4-(3-(4-(l-(methylsulfonyl)-l,2,3,6-tetrahydropyridin-
4- yl)phenoxy)propyl)piperidine-l -carboxylate,
isopropyl 4-(4-(4-(l-(methylsulfonyl)-l, 2,3,6-
tetrahydropyridin-4-yl)phenoxy)butyl)piperidine-l-carb
oxylate, 1-methylcyclopropyl 4-((4-
(l-(methylsulfonyl)-l,2,3,6-tetrahydropyridin-4-yl)phe
noxy)methyl)piperidine-lcarboxylate,
5-isopropyl-3-(4-((4-(l-(methylsulfonyl)-l,2,3,6-tetra
hydropyridin-4-
yl)phenoxy)methyl)piperidin-l-yl)-l,2,4-oxadiazole,
Isopropyl 4-((4-(lmethanesulfonylpiperidin-
4-yl)phenoxy)methyl)piperidine-l -carboxylate,
isopropyl 4-(4-(l-
(methylsulfonyl)piperidin-4-yl)phenoxy)piperidine-l-ca
rboxylate, isopropyl 4-(2-(4-(l-
(methylsulfonyl)piperidin-4-yl)phenoxy)ethyl)piperidin
e-l -carboxylate, isopropyl 4-(3-(4-
(l-(methylsulfonyl)piperidin-4-yl)phenoxy)propyl)piper
idine-l -carboxylate, isopropyl 4-(4- 



(4-(1-(methylsulfonyl)piperidin-4-yl)phenoxy)butyl)pip
eridine- 1-carboxylate, 1- Methylcyclopropyl 4-((4-(
1-(methylsulfonyl)piperidin-4-yl)phenoxy)methyl)piperi
dine- 1-carboxylate,
2-(4-((4-(l-(methylsulfonyl)piperidin-4-yl)phenoxy)met
hyl)piperidin-l-yl)-5- (trifluoromethyl)pyridine,
5-isopropyl-3-(4-((4-(l-(methylsulfonyl)piperidin-4-
yl)phenoxy)methyl)piperidin-l-yl)-l,2,4-oxadiazole,
3-chloro-2-(4-((4-(l-
(methylsulfonyl)piperidin-4-yl)phenoxy)methyl)piperidi
n-l-yl)-5-(trifluoromethyl)pyridine,
5-chloro-2-(4-((4-(l-(methylsulfonyl)piperidin-4-yl)ph
enoxy)methyl)piperidin-l-yl)pyridine,
3-chloro-6-(4-((4-(
1-(methylsulfonyl)piperidin-4-yl)phenoxy)methyl)piperi
din- 1- yl)pyridazine,
5-bromo-2-(4-((4-(l-(methylsulfonyl)piperidin-4-
yl)phenoxy)methyl)piperidin- 1-yl)pyrimidine,
5-ethyl-2-(4-((4-(1-(methylsulfonyl)piperidin-
4-yl)phenoxy)methyl)piperidin-l-yl)pyrimidine,
5-fluoro-2-(4-((4-(l-
(methylsulfonyl)piperidin-4-yl)phenoxy)methyl)piperidi
n-l-yl)pyridine, 3-isopropyl-5-(4-
((4-(l-(methylsulfonyl)piperidin-4-yl)phenoxy)methyl)p
iperidin-l-yl)-l,2,4-oxadiazole, 3-
tert-butyl-6-(4-((4-(l-(methylsulfonyl)piperidin-4-yl)
phenoxy)methyl)piperidin-lyl) pyridazine,
5-fluoro-2-(4-((4-(l-(methylsulfonyl)piperidin-4-
yl)phenoxy)methyl)piperidin- 1-yl)pyrimidine,
Isopropyl 4-(2-(3 -(1-methanesulfonyl- 1,2,3,6-
tetrahydropyridin-4-yl)phenoxy)ethyl)piperidine-
1-carboxylate, 1-Methylcyclopropyl 4-
methoxy-4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyrazi
n-2-yloxy)methyl)piperidine-lcarboxylate,
1-methylcyclopropyl
4-((6-formyl-5-(4-(methylsulfonyl)piperazin-l-yl)pyraz
in- 2-yloxy)methyl)piperidine-l -carboxylate,
1-Methylcyclopropyl 4-((6-chloro-5-(4-
(methylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate,
1- Methylcyclopropyl
4-((5-(4-(3-methoxy-3-oxopropylsulfonyl)piperazin-l-yl
)pyrazin-2- yloxy)methyl)piperidine- 1-carboxylate,
3-(4-(5 -((1-((1-methylcyclopropoxy)carbonyl)-
piperidin-4-yl)methoxy)pyrazin-2-yl)piperazin-
1-ylsulfonyl)propanoic acid, 3-(4-(5-((1-((1-
methylcyclopropoxy)carbonyl)piperidin-4-yl)methoxy)pyr
azin-2-yl)piperazin-lylsulfonyl) propanoic acid,
3-(4-(5-((l-((l-methylcyclopropoxy)carbonyl)piperidin-
4- yl)methoxy)pyrazin-2-yl)piperazin-
1-ylsulfonyl)propanoic acid, 3-(4-(5-((1-(( 1-
methylcyclopropoxy)carbonyl)piperidin-4-yl)methoxy)pyr
azin-2-yl)piperazin-lylsulfonyl) propanoic acid,
3-(4-(5-((l-((l-methylcyclopropoxy)carbonyl)piperidin-
4- yl)methoxy)pyrazin-2-yl)piperazin-
1-ylsulfonyl)propanoic acid, 3-(4-(5-((1-(( 1-
methylcyclopropoxy)carbonyl)piperidin-4-yl)methoxy)pyr
azin-2-yl)piperazin-lylsulfonyl) propanoic acid;
1-methylcyclopropyl
4-((5-(4-(3-cyanopropylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate;
1-methylcyclopropyl 4-((5 -(4-(3
-(1Htetrazol-5-yl)propylsulfonyl)piperazin-l-yl)pyrazi
n-2-yloxy)methyl)piperidine-lcarboxylate;
1-methylcyclopropyl 4-((5-(4-(vinylsulfonyl)piperazin-
1-yl)pyrazin-2- yloxy)methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-((5-(4-(2-(piperidin-lyl)
ethylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate;
1- methylcyclopropyl
4-((5-(4-(2-morpholinoethylsulfonyl)piperazin-
1-yl)pyrazin-2- yloxy)methyl)piperidine-l
-carboxylate; 1-methylcyclopropyl 4-((5-(4-(2-
(dimethylamino)ethylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-
carboxylate; tert-butyl
4-((5-(4-(3-chloropropylsulfonyl)piperazin-l
-yl)pyrazin-2- yloxy)methyl)piperidine-l -carboxylate;
tert-butyl 4-((5-(4-(3-
acetoxypropylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate;
1- methylcyclopropyl
4-((5-(4-(3-aminopropylsulfonyl)piperazin-l-yl)pyrazin
-2- yloxy)methyl)piperidine-l -carboxylate;
1-methylcyclopropyl 4-((5-(4-(2-
ethoxyethylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate;
1- methylcyclopropyl 4-((5-(4-(3
-(pyrrolidin-1-yl)propylsulfonyl)piperazin-1-yl)pyrazi
n-2- yloxy)methyl)piperidine-l -carboxylate;
1-methylcyclopropyl 4-((5-(4-(3-(2-methyl-lHimidazol-
1-yl)propylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-
carboxylate; 1-methylcyclopropyl
4-((5-(4-(3-(dimethylamino)propylsulfonyl)piperazin-ly
l) pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate;
1-methylcyclopropyl 4-((5-(4-
(propylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate;
1- methylcyclopropyl
4-((5-(4-(ethylsulfonyl)piperazin-l-yl)pyrazin-2-
yloxy)methyl)piperidine-l -carboxylate;
1-methylcyclopropyl 4-((5-(4-
(isopropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)meth
yl)piperidine- 1-carboxylate; 1- methylcyclopropyl
4-((5-(4-(isobutylsulfonyl)piperazin- 1-yl)pyrazin-2-
yloxy)methyl)piperidine-l -carboxylate;
1-methylcyclopropyl 4-((5-(4-(secbutylsulfonyl)
piperazin- 1-yl)pyrazin-2-yloxy)methyl)piperidine-
1-carboxylate; 1- methylcyclopropyl 4-((5-(4-(3
-acetoxy-2,2-dimethylpropylsulfonyl)piperazin-
1-yl)pyrazin-2- yloxy)methyl)piperidine-l
-carboxylate; 1-methylcyclopropyl
4-((5-(4-(3-hydroxy-2,2-
dimethylpropylsulfonyl)piperazin-l-yl)pyrazin-2-yloxy)
methyl)piperidine-l -carboxylate; 1- Methylcyclopropyl
4-((5-(4-(2-(pyridin-3-yl)ethylsulfonyl)piperazin-l-yl
)pyrazin-2- yloxy)methyl)piperidine-l-carboxylate;
1-Methylcyclopropyl 4-((5-(4-(2-(pyridin-4-
yl)ethylsulfonyl)piperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate
; 1-Methylcyclopropyl
4-((5-(4-sulfamoylpiperazin-l-yl)pyrazin-2-yloxy)methy
l)piperidine- 1-carboxylate; tert-Buty\
4-((5-(4-(morpholinosulfonyl)piperazin-l-yl)pyrazin-2-
yloxy)methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-((6-(4-
(ethylsulfonyl)piperazin-l-yl)pyridin-3-yloxy)methyl)p
iperidine-l-carboxylate; 1- methylcyclopropyl
4-((6-(4-(ethylsulfonyl)piperazin- 1-yl)pyridin-3-
yloxy)methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-((6-(4-
(ethylsulfonyl)piperazin-l-yl)pyridin-3-yloxy)methyl)p
iperidine-l-carboxylate; 1- methylcyclopropyl
4-((6-(4-(ethylsulfonyl)piperazin- 1-yl)pyridin-3-
yloxy)methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-((6-(4-
(ethylsulfonyl)piperazin-l-yl)pyridin-3-yloxy)methyl)p
iperidine-l-carboxylate; 1- methylcyclopropyl
4-((6-(4-(ethylsulfonyl)piperazin- 1-yl)pyridin-3-
yloxy)methyl)piperidine-l-carboxylate;
1-Methylcyclopropyl 4-((5-fluoro-6-(4-
(methylsulfonyl)piperazin- 1-yl)pyridin-3
-yloxy)methyl)piperidine- 1-carboxylate ; tert- Butyl
4-((5-(4-(methylsulfonyl)-2-oxopiperazin-l-yl)pyrazin-
2-yloxy)methyl)piperidine- 1-carboxylate;
1-Methylcyclopropyl
4-((5-(4-(methylsulfonyl)-2-oxopiperazin- 1-
yl)pyrazin-2-yloxy)methyl)piperidine-l-carboxylate;
1-Methylcyclopropyl 4-((5-(2-oxo-
4-(propylsulfonyl)piperazin-
l-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate;
1- Methylcyclopropyl
4-((5-(4-(isopropylsulfonyl)-2-oxopiperazin-l-yl)pyraz
in-2- yloxy)methyl)piperidine- 1-carboxylate;
1-Methylcyclopropyl 4-((5-(4-
(isopropylsulfonyl)-2-oxopiperazin-
1-yl)pyrazin-2-yloxy)methyl)piperidine- 1-
carboxylate; 1-methylcyclopropyl
4-((6-(2-oxo-4-(propylsulfonyl)piperazin-
l-yl)pyridin- 3-yloxy)methyl)piperidine-
1-carboxylate; 1-methylcyclopropyl 4-((6-(4-
(isopropylsulfonyl)-2-oxopiperazin-
1-yl)pyridin-3-yloxy)methyl)piperidine- 1-
carboxylate;
l-(5-((l-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methoxy
)pyrazin-2-yl)-4- (methylsulfonyl)piperazin-2-one;
l-(5-((l-(5-Ethylpyrimidin-2-yl)piperidin-4-
yl)methoxy)pyridin-2-yl)-4-(methylsulfonyl)piperazin-2
-one; tert-Butyl 4-((2,6-difluoro-
4-(l-(methylsulfonyl)piperidin-4-yl)phenoxy)methyl)pip
eridine-l-carboxylate; tert-butyl 4-
((2-methyl-4-(l-(methylsulfonyl)piperidin-4-yl)phenoxy
)methyl)piperidine-l-carboxylate; 



tert-butyl 4-((3
-methoxy-4-(1-(methylsulfonyl)piperidin-4-yl)phenoxy)m
ethyl)piperidine-1- carboxylate; tert-butyl
4-((2,6-dimethyl-4-(l-(methylsulfonyl)piperidin-4-
yl)phenoxy)methyl)piperidine-1-carboxylate; tert-butyl
4-((2,5-dimethyl-4-(l(methylsulfonyl)piperidin-4-yl)ph
enoxy)methyl)piperidine-l-carboxylate; tert-butyl
4-((2-
(methoxycarbonyl)-4-(l-(methylsulfonyl)piperidin-4-yl)
phenoxy)methyl)piperidine-lcarboxylate; tert-butyl
4-((2-chloro-4-(l-(methylsulfonyl)piperidin-4-
yl)phenoxy)methyl)piperidine-l-carboxylate; tert-butyl
4-((3 -methyl-4-(l-
(methylsulfonyl)piperidin-4-yl)phenoxy)methyl)piperidi
ne-l-carboxylate; tert-butyl 4-((2,3-
dimethyl-4-(l-(methylsulfonyl)piperidin-4-yl)phenoxy)m
ethyl)piperidine-l-carboxylate; tert-butyl
4-((2-fluoro-4-(1-(methylsulfonyl)piperidin-4-yl)pheno
xy)methyl)piperidine-1- carboxylate; tert-butyl
4-((4-(l-(methylsulfonyl)piperidin-4-yl)-2-
(trifluoromethyl)phenoxy)methyl)piperidine-l
-carboxylate; 2-(4-((2,6-Difluoro-4-(l-
(methylsulfonyl)piperidin-4-yl)phenoxy)methyl)piperidi
n-l-yl)-5-ethylpyrimidine; 1- Methylcyclopropyl
4-((2,6-difluoro-4-(l-(methylsulfonyl)piperidin-4-
yl)phenoxy)methyl)piperidine-l -carboxylate;
3-(4-(4-((l-(5-Ethylpyrimidin-2-
yl)piperidin-4-yl)methoxy)-3,5-difluorophenyl)piperidi
n-l-ylsulfonyl)propyl acetate; 1- Methylcyclopropyl
4-((4-(l-(3-acetoxypropylsulfonyl)piperidin-4-yl)-2,6-
difluorophenoxy)methyl)piperidine-l-carboxylate;
3-(4-(4-((l-(5-Ethylpyrimidin-2-
yl)piperidin-4-yl)methoxy)-3
,5-difluorophenyl)piperidin- 1-ylsulfonyl)propan-
l-ol; 1- Methylcyclopropyl
4-((2,6-difluoro-4-(l-(3-hydroxypropylsulfonyl)piperid
in-4- yl)phenoxy)methyl)piperidine-l -carboxylate;
Isopropyl
4-((5-(l,2,3,6-tetrahydro-lmethanesulfonylpyridin-
4-yl)pyrazin-2-yloxy)methyl)piperidine- 1-carboxylate;
1- Methylcyclopropyl 4-((6-( 1,2,3 ,6-tetrahydro-
1-methanesulfonylpyridin-4-yl)pyridin-3-
yloxy)methyl)piperidine- 1-carboxylate; Isopropyl
4-(2-(6-(l ,2,3,6-tetrahydro- 1-
methanesulfonylpyridin-4-yl)pyridin-3-yloxy)ethyl)pipe
ridine-l-carboxylate; 2-(4-((5- (1,2,3 ,6-Tetrahydro-
1-methanesulfonylpyridin-4-yl)pyrazin-2-yloxy)methyl)p
iperidin- 1- yl)-5-ethylpyrimidine;
2-(4-((6-(l,2,3,6-Tetrahydro-l-methanesulfonylpyridin-
4-
yl)pyridin-3-yloxy)methyl)piperidin-l-yl)-5-ethylpyrim
idine; 2-((l-(5-Ethylpyrimidin-2-
yl)piperidin-4-yl)methoxy)-5-(l-methanesulfonylpiperid
in-4-yl)pyrazine; 2-(4-((6-(l-
Methanesulfonylpiperidin-4-yl)pyridin-3-yloxy)methyl)p
iperidin-l-yl)-5- ethylpyrimidine;
3-((l-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methoxy)-6
-(lmethanesulfonylpiperidin- 4-yl)pyridazine;
2-(4-((5-(l-Methanesulfonylpiperidin-4-
yl)pyridin-2-yloxy)methyl)piperidin-l-yl)-5-ethylpyrim
idine; l-tert-Buty\ 4-(4-(l-
(methylsulfonyl)piperidin-4-yl)phenyl) piperazine-
1,4-dicarboxylate; N-((
1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methyl)-4-(l-(
methylsulfonyl)piperidin-4-yl)aniline;
N-((l-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methyl)-
N-methyl-4-(l- (methylsulfonyl)piperidin-4-yl)aniline;
4-(4-((l-(5-fluoropyrimidin-2-yl)piperidin-4-
yl)methoxy)phenyl)-l-(methylsulfonyl)piperidine-4-carb
oxylic acid; 2-[(2-{4-[5-({ 1-[(1-
methylcyclopropoxy)carbonyl]piperidin-4-yl}methoxy)pyr
azin-2-yl]-3-oxopiperazine-lsulfonyl} ethyl) amino]
acetic acid; 1-methylcyclopropyl 4-{[(5-{4-[(2-
carbamimidamidoethane)sulfonyl]-2-oxopiperazin- 1-yl
}pyrazin-2- yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-{[(5-{4-[(3-methyl-3-
nitrobutane)sulfonyl] -2-oxopiperazin- 1-yl
}pyrazin-2-yl)oxy]methyl }piperidine- 1- carboxylate ;
1-methylcyclopropyl 4-[({5-[4-(l -benzy lpyrrolidine-
3-sulfonyl) -2- oxopiperazin- l-yl]pyrazin-2-yl
}oxy)methyl]piperidine- 1-carboxylate; 1-
methylcyclopropyl 4-{[(5 -{4-[(carbamoylmethane)sulf
onyl]-2-oxopiperazin- 1-
yl}pyrazin-2-yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-{[(5-{4- [(I -carbamoyl-
l-methylethane)sulfonyl] -2-oxopiperazin- 1-yl}
pyrazin-2- yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-({ [5-(2-oxo-4-{ [2-
(pyrrolidin- 1-yl)ethane] sulfonyl }piperazin-
1-yl)pyrazin-2-yl]oxy }methyl)piperidine- 1-
carboxylate; 1-methylcyclopropyl
4-({[5-(4-{[2-(morpholin-4-yl)ethane]sulfonyl}-2-
oxopiperazin-l-yl)pyrazin-2-yl]oxy}methyl)piperidine-
1-carboxylate; 1- methylcyclopropyl 4-({[5-(4-{
[3-(dimethylamino)propane] sulfonyl }-2-oxopiperazin-
1- yl)pyrazin-2-yl]oxy }methyl)piperidine-
1-carboxylate; 1-methylcyclopropyl 4-({ [5-(4-
{[2-(l,3-dioxo-2,3-dihydro-lH-isoindol-2-yl)ethane]sul
fonyl}-2-oxopiperazin-lyl) pyrazin-2-yl]oxy
}methyl)piperidine- 1-carboxylate; 1-methylcyclopropyl
4-({ [5-(4- {[(dimethylcarbamoyl)methane] sulfonyl
}-2-oxopiperazin- 1-yl)pyrazin-2-
yl]oxy}methyl)piperidine- 1-carboxylate;
1-methylcyclopropyl 4-{[(5-{4-[l-(2-
methylpropyl)pyrrolidine-3-sulfonyl]-2-oxopiperazin-l-
yl}pyrazin-2- yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-({ [5-(2-oxo-4-{ [3-(1Hpyrazol-
1-yl)propane] sulfonyl }piperazin-
1-yl)pyrazin-2-yl]oxy }methyl)piperidine- 1-
carboxylate; 1-methylcyclopropyl
4-[({5-[2-oxo-4-(pyrrolidine-3-sulfonyl)piperazin-lyl]
pyrazin-2-yl}oxy)methyl]piperidine- 1-carboxylate;
1-methylcyclopropyl 4-{ [(5-{4-
[(2-amino-2-methylpropane)sulfonyl] -2-oxopiperazin-
1-yl} pyrazin-2- yl)oxy]methyl}piperidine-
1-carboxylate; 1-methylcyclopropyl
4-({[5-(4-{[(lmethylpyrrolidin-3-yl)methane] sulfonyl}
-2-oxopiperazin- l-yl)pyrazin-2-
yl]oxy}methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-({[5-(4-{[2-(azetidin-lyl)
ethane] sulfonyl }-2-oxopiperazin-
1-yl)pyrazin-2-yl]oxy }methyl)piperidine- 1-
carboxylate; 1-methylcyclopropyl
4-({[5-(2-oxo-4-{[2-(lH-pyrazol-lyl) ethane] sulfonyl
}piperazin- 1-yl)pyrazin-2-yl]oxy }methyl)piperidine-
1-carboxylate; 1- methylcyclopropyl 4-[({5-[4-(l
-methylpyrrolidine-3 -sulfonyl)-2-oxopiperazin- 1-
yl]pyrazin-2-yl}oxy)methyl]piperidine-l-carboxylate;
1-methylcyclopropyl 4-({ [5-(4-
{[1-(dimethylcarbamoyl)-
1-methylethane]sulfonyl}-2-oxopiperazin-
1-yl)pyrazin-2-
yl]oxy}methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-({[5-(4-{[2-(3,3-
difluoroazetidin- 1-yl)ethane] sulfonyl
}-2-oxopiperazin- 1-yl)pyrazin-2-
yl]oxy}methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-({[5-(4-{[3- (dimethylamino)-3
-methylbutane]sulfonyl }-2-oxopiperazin-
1-yl)pyrazin-2- yl]oxy }methyl)piperidine-
1-carboxylate ; 1-methylcyclopropyl 4-{[(5 -{4-[(2-
{[2-(tertbutoxy)- 2-oxoethyl]amino
}ethane)sulfonyl]-2-oxopiperazin- 1-yl }pyrazin-2-
yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-[({5-[4-(azetidine-3-
sulfonyl)-2-oxopiperazin- 1-yl]pyrazin-2-yl
}oxy)methyl]piperidine- 1-carboxylate ; 1-
methylcyclopropyl 4-( {[5-(4- {[3-(3
,3-difluoroazetidin- 1-yl)propane] sulfonyl }-2-
oxopiperazin-l-yl)pyrazin-2-yl]oxy}methyl)piperidine-l
-carboxylate; 1- methylcyclopropyl 4-({[5-(4-{
[3-(azetidin- 1-yl)propane] sulfonyl }-2-oxopiperazin-
1- yl)pyrazin-2-yl]oxy}methyl)piperidine-l
-carboxylate; 1-methylcyclopropyl 4-{ [(5-{2-
oxo-4-[(3S)-pyrrolidine-3-sulfonyl]piperazin-l-yl}pyra
zin-2-yl)oxy]methyl}piperidine- 1-carboxylate;
1-methylcyclopropyl 4-{
[(5-{4-[(3S)-l-methylpyrrolidine-3-
sulfonyl]piperazin- 1-yl }pyrazin-2-yl)oxy]methyl
}piperidine- 1-carboxylate; 1- methylcyclopropyl
4-{[(5-{4-[(3R)-l-methylpyrrolidine-3-sulfonyl]piperaz
in-lyl}
pyrazin-2-yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-{[(5-{4-
[(3S)-pyrrolidine-3-sulfonyl]piperazin-l-yl}pyrazin-2-
yl)oxy]methyl}piperidine-lcarboxylate;
1-methylcyclopropyl
4-{[(5-{4-[(3R)-pyrrolidine-3-sulfonyl]piperazin-lyl} 



pyrazin-2-yl)oxy ]methyl }piperidine- 1-carboxylate;
1-methylcyclopropyl 4-[({5-[4-
(azetidine-3-sulfonyl)piperazin-l-yl]pyrazin-2-yl}oxy)
methyl]piperidine-l-carboxylate; 1-methylcyclopropyl
4-{[(5 -{2-oxo-4-
[(pyrrolidin-3-ylmethane)sulfonyl]piperazin- 1-
yl}pyrazin-2-yl)oxy ]methyl }piperidine-
1-carboxylate; 1-methylcyclopropyl
4-[({5-[4-(1-hydroxy-2-methylpropane-2-sulfonyl)pipera
zin- 1-yl]pyrazin-2-
yl}oxy)methyl]piperidine-l-carboxylate;
1-methylcyclopropyl 4-{[(5-{4-[(2-
hydroxyethane)sulfonyl]piperazin- 1-yl
}pyrazin-2-yl)oxy]methyl }piperidine- 1- carboxylate;
1-methylcyclopropyl
4-{[(5-{4-[(azetidin-3-ylmethane)sulfonyl]piperazinl-
yl}pyrazin-2-yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-({ [5-(4-
{[(1-methylpyrrolidin-2-yl)methane] sulfonyl
}-2-oxopiperazin- 1-yl)pyrazin-2-
yl]oxy}methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-{[(5-{2-oxo-4-[(3R)-
pyrrolidine-3-sulfonyl]piperazin- 1-yl
}pyrazin-2-yl)oxy]methyl }piperidine- 1-carboxylate;
1-methylcyclopropyl
4-[({5-[4-(l-methylazetidine-3-sulfonyl)piperazin-l-yl
]pyrazin-2- yl}oxy)methyl]piperidine- 1-carboxylate ;
1-methylcyclopropyl 4-[({5-[4-( 1-
methylazetidine-3-sulfonyl)-2-oxopiperazin-
l-yl]pyrazin-2-yl }oxy)methyl]piperidine- 1-
carboxylate; 1-methylcyclopropyl
4-({[5-(4-{[(l-methylazetidin-3-yl)methane]sulfonyl}-
2-oxopiperazin-l-yl)pyrazin-2-yl]oxy}methyl)piperidine
-l-carboxylate; 1- methylcyclopropyl 4-({ [5-(4-{
[(l-methylazetidin-3-yl)methane]sulfonyl}piperazin-lyl
) pyrazin-2-yl]oxy }methyl)piperidine- 1-carboxylate;
1-methylcyclopropyl 4-[( {5-[4- ({3-[(3S ,4S)-3
,4-dihydroxypyrrolidin- 1-yl]propane
}sulfonyl)-2-oxopiperazin- 1- yl]pyrazin-2-yl
}oxy)methyl]piperidine- 1-carboxylate;
1-methylcyclopropyl 4-[({5-[4-
({2-[(3S,4S)-3,4-dihydroxypyrrolidin-l-yl]ethane}sulfo
nyl)-2-oxopiperazin-lyl]
pyrazin-2-yl}oxy)methyl]piperidine-l-carboxylate;
1-methylcyclopropyl 4-{ [(5-{4-
[(azetidin-3-ylmethane)sulfonyl] -2-oxopiperazin-
1-yl) pyrazin-2-
yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-{[(5-{2-oxo-4-
[(pyrrolidin-2-ylmethane)sulfonyl]piperazin- 1-yl
}pyrazin-2-yl)oxy]methyl }piperidine- 1- carboxylate;
1-methylcyclopropyl
4-{[(5-{4-[(3-aminopropane)sulfonyl]-2-oxopiperazinl-
yl}pyrazin-2-yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-{ [(5-{4-
[(2-aminoethane)sulfonyl]-2-oxopiperazin-l-yl}pyrazin-
2-yl)oxy]methyl}piperidine-lcarboxylate;
1-methylcyclopropyl 4-({
[5-(3-methanesulfonamidoazetidin-l-yl)pyrazin-2-
yl]oxy}methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-({[5-(4-{[2-
(dimethylamino)ethane] sulfonyl }-2-oxopiperazin-
1-yl)pyrazin-2-
yl]oxy}methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-({ [5-(2-oxo-4-{ [3-
(pyrrolidin-l-yl)propane]sulfonyl}piperazin-l-yl)pyraz
in-2-yl]oxy}methyl)piperidine-lcarboxylate;
1-methylcyclopropyl
4-({[5-(4-{[3-(morpholin-4-yl)propane]sulfonyl}-2-oxop
iperazin-l-yl)pyrazin-2-yl]oxy}methyl)piperidine-l-car
boxylate; 1- methylcyclopropyl 4-({ [5-(4-{
[(3-methyloxetan-3-yl)methane]sulfonyl}piperazin-lyl)
pyrazin-2-yl]oxy }methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-({ [5-(4-
{[3-(acetyloxy)propane]sulfonyl}-2-oxopiperazin-l-yl)p
yrazin-2- yl]oxy}methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-{[(5-{4-[(3,3,3-
trifluoropropane)sulfonyl]piperazin- 1-yl
}pyrazin-2-yl)oxy]methyl }piperidine- 1- carboxylate;
1-methylcyclopropyl 4-[({5-[(2E)-2-(hydroxyimino)-4-
methanesulfonylpiperazin- 1-yl]pyrazin-2-yl
}oxy)methyl]piperidine- 1-carboxylate; 1-
methylcyclopropyl 4-{[(5
-{4-[(3-chloropropane)sulfonyl]-2-oxopiperazin- 1-yl
}pyrazin- 2-yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-{ [(5-{4-[(3-
hydroxypropane)sulfonyl]-2-oxopiperazin- 1-yl
}pyrazin-2-yl)oxy]methyl }piperidine- 1- carboxylate;
1-methylcyclopropyl 4-[({5-[4-({[l-
(dimethylamino)cyclopropyl]methane}sulfonyl)-2-oxopipe
razin-l-yl]pyrazin-2- yl}oxy)methyl]piperidine-l
-carboxylate; 1-methylcyclopropyl 4-[({5-[4-({ [1-
(dimethylamino)cyclopropyl]methane
}sulfonyl)piperazin- 1-yl]pyrazin-2-
yl}oxy)methyl]piperidine-l -carboxylate;
1-methylcyclopropyl 4-{[(5-{4-[(3-hydroxy-3-
methylbutane)sulfonyl]piperazin- 1-yl
}pyrazin-2-yl)oxy]methyl }piperidine- 1- carboxylate;
1-methylcyclopropyl
4-{[(5-{2-oxo-4-[(3R)-oxolane-3-sulfonyl]piperazinl-
yl}pyrazin-2-yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-{ [(5-{2-
oxo-4-[(3S)-oxolane-3-sulfonyl]piperazin-l-yl}pyrazin-
2-yl)oxy]methyl}piperidine-lcarboxylate;
1-methylcyclopropyl 4-({[5-(4-{[3-(acetyloxy)-3-
methylbutane]sulfonyl}piperazin-l-yl)pyrazin-2-yl]oxy}
methyl)piperidine-lcarboxylate; 1-methylcyclopropyl
4-[({6-[4-({[l-(azetidin-lyl) cyclopropyl]methane
}sulfonyl)piperazin- 1-yl]pyridin-3-yl
}oxy)methyl]piperidine- 1- carboxylate;
1-methylcyclopropyl 4-[({5-[4-({[l-
(benzylamino)cyclopropyl]methane}sulfonyl)piperazin-l-
yl]pyrazin-2- yl}oxy)methyl]piperidine-l -carboxylate;
1-methylcyclopropyl 4-[({5-[4-({ [l-(azetidin-lyl)
cyclopropyl]methane }sulfonyl)piperazin-
1-yl]pyrazin-2-yl }oxy)methyl]piperidine- 1-
carboxylate; 1-methylcyclopropyl
4-({[5-(4-{[(lhydroxycyclopropyl) methane]
sulfonyl}piperazin- 1-yl)pyrazin-2-
yl]oxy}methyl)piperidine-l-carboxylate;
1-methylcyclopropyl
4-({[5-(4-{[2-(lhydroxycyclopropyl)ethane]sulfonyl}pip
erazin-l-yl)pyrazin-2-yl]oxy}methyl)piperidine-
1-carboxylate; 1-methylcyclopropyl 4-[({5-[4-({2-[l-
(acetyloxy)cyclopropyl]ethane }sulfonyl)piperazin-
1-yl]pyrazin-2- yl}oxy)methyl]piperidine-
1-carboxylate; 1-methylcyclopropyl 4-[({5-[4-({ [1-
(benzyloxy)cyclopropyl]methane }sulfonyl)piperazin-
1-yl]pyrazin-2- yl}oxy)methyl]piperidine-
1-carboxylate; 1-methylcyclopropyl
4-({[5-(4-{[(laminocyclopropyl) methane]sulfonyl
}piperazin- 1-yl)pyrazin-2-yl]oxy }methyl)piperidine-
1-carboxylate; 1-methylcyclopropyl
4-({[5-(4-{[2-(lhydroxycyclopropyl)
ethane]sulfonyl}-2-oxopiperazin-l-yl)pyrazin-2-
yl]oxy}methyl)piperidine- 1-carboxylate;
1-methylcyclopropyl
4-{2,6-difluoro-4-[3-(Nmethylmethanesulfonamido)
azetidin- 1-yl]phenoxymethyl }piperidine-
1-carboxylate ; 1- methylcyclopropyl
4-[2,6-difluoro-4-(3-methanesulfonamidoazetidin-lyl)
phenoxymethyl]piperidine- 1-carboxylate;
1-methylcyclopropyl 4-{2,6-difluoro-4-[3-
(2-methylpropane- 1-sulfonamido)azetidin-
1-yl]phenoxymethyl }piperidine- 1- carboxylate;
1-methylcyclopropyl
4-{4-[3-(N,2-dimethylpropane-lsulfonamido) azetidin-
1-yl] -2,6-difluorophenoxymethyl }piperidine-
1-carboxylate; 5- ethyl-2- {4-[({2-methanesulfonyl-
1H,2H,3H,4H-pyrazino [1,2-a]indol-8-
yl}oxy)methyl]piperidin- 1-yl }pyrimidine;
11-{[1-(5-ethylpyrimidin-2-yl)piperidin-4-
yl]oxy}-5-methanesulfonyl-8-oxa-5-azatricyclo[7.4.0.0{
2,7}]trideca-l(13),2(7),9,lltetraene;
ll-{[l-(5-ethylpyrimidin-2-yl)piperidin-4-yl]methoxy}-
5-methanesulfonyl-8-
oxa-5-azatricyclo[7.4.0.0{2,7}]trideca-l(13),2(7),9,ll
-tetraene; tert-butyl 4-[({2-
methanesulfonyl-lH,2H,3H,4H-pyrazino[l,2-a]indol-8-yl}
oxy)methyl]piperidine-lcarboxylate;
1-methylcyclopropyl
4-[({2-methanesulfonyl-lH,2H,3H,4H-pyrazino[l,2-
a]indol-8-yl }oxy)methyl]piperidine- 1-carboxylate;
propan-2-yl 4-{3-[3-(1-
methanesulfonylpiperidin-4-yl)phenoxy]propyl
}piperidine- 1-carboxylate; propan-2-yl 4-
{2-[3-(l-methanesulfonylpiperidin-4-yl)phenoxy]ethyl}p
iperidine- 1-carboxylate; 



propan-2-yl
4-[3-(l-methanesulfonylpiperidin-4-yl)phenoxymethyl]pi
peridine-lcarboxylate; propan-2-yl
4-{3-[3-(l-methanesulfonyl-l,2,3,6-tetrahydropyridin-4
- yl)phenoxy]propyl }piperidine- 1-carboxylate;
1-methylcyclopropyl 4-( {[5-(4-
methanesulfonyl-2-sulfanylidenepiperazin-l-yl)pyrazin-
2-yl]oxy}methyl)piperidine-lcarboxylate;
1-methylcyclopropyl
(3S,4S)-3-hydroxy-4-{[(6-{4-[(2-methylpropane)sulfonyl
]piperazin-l-yl}pyridin-3-yl)oxy]methyl}piperidine-lca
rboxylate; 1-methylcyclopropyl (3R,4S)-3-hydroxy-4-{
[(6-{4-[(2-
methylpropane)sulfonyl]piperazin-l-yl}pyridin-3-yl)oxy
]methyl}piperidine-lcarboxylate; 1-methylcyclopropyl
4-hydroxy-4-{[(6-{4-[(2-
methylpropane)sulfonyl]piperazin-l-yl}pyridin-3-yl)oxy
]methyl}piperidine-lcarboxylate; 1-methylcyclopropyl
4-{[(6-{4-[(2-hydroxy-2-
methylpropane)sulfonyl]piperazin-l-yl}pyridin-3-yl)oxy
]methyl}piperidine-lcarboxylate; 1-methylcyclopropyl
(3S,4R)-3-methoxy-4-{ [(6-{4-[(2-
methylpropane)sulfonyl]piperazin-l-yl}pyridin-3-yl)oxy
]methyl}piperidine-lcarboxylate; 1-methylcyclopropyl
4-({[5-(4-{[3-(3,3-difluoroazetidin-lyl)
propane]sulfonyl}piperazin-l-yl)pyrazin-2-yl]oxy}methy
l)piperidine-l-carboxylate; 1-methylcyclopropyl
4-({[5-(4-{[3-(azetidin-l-yl)propane]sulfonyl}piperazi
n-lyl)
pyrazin-2-yl]oxy}methyl)piperidine-l-carboxylate;
1-methylcyclopropyl 4-{ [(5-{4-
[(3-methoxypropane)sulfonyl]piperazin-l-yl}pyrazin-2-y
l)oxy]methyl}piperidine-lcarboxylate;
1-methylcyclopropyl
4-{[(6-{4-[(3-chloropropane)sulfonyl]-2-oxopiperazinl-
yl}pyridin-3-yl)oxy]methyl}piperidine-l-carboxylate;
1-methylcyclopropyl 4-({ [5-(4- {[2-(azetidin-
1-yl)ethane] sulfonyl}piperazin- 1-yl)pyrazin-2-yl]oxy
}methyl)piperidine- 1- carboxylate;
1-methylcyclopropyl 4-({[6-(4-{[3-(azetidin-lyl)
propane] sulfonyl}piperazin- 1-yl)pyridin-3-yl]oxy
}methyl)piperidine- 1-carboxylate; 1-methylcyclopropyl
4-[({5-[4-(pyrrolidine-3-sulfonyl)piperazin-l-yl]pyraz
in-2- yl}oxy)methyl]piperidine-l -carboxylate;
1-methylcyclopropyl 4-({[5-(4-{[2-(3,3-
difluoroazetidin- 1-yl)ethane] sulfonyl}piperazin-
1-yl)pyrazin-2- yl]oxy }methyl)piperidine-
1-carboxylate ; 1-methylcyclopropyl 4-{[(6-{4-[(3-
hydroxypropane)sulfonyl]-2-oxopiperazin-l-yl}pyridin-3
-yl)oxy]methyl}piperidine-lcarboxylate;
1-methylcyclopropyl
4-({[6-(4-{[3-(azetidin-l-yl)propane]sulfonyl}-2-
oxopiperazin-l-yl)pyridin-3-yl]oxy}methyl)piperidine-l
-carboxylate; 1- methylcyclopropyl
4-[2,6-difluoro-4-(4-methanesulfonyl-2-oxopiperazin-ly
l) phenoxymethyl]piperidine-l-carboxylate; and
1-methylcyclopropyl 4-[({5-[4-
(oxetane-3-sulfonyl)-2-oxopiperazin-l-yl]pyrazin-2-yl}
oxy)methyl]piperidine-lcarboxylate.[0043] Further
compounds of the invention are detailed in the
Examples and Tables, infra. [0044] The present
invention includes all pharmaceutically acceptable
isotopicallylabeled compounds of the invention, i.e.
compounds of formula (I), wherein one or more atoms
are replaced by atoms having the same atomic number,
but an atomic mass or mass number different from the
atomic mass or mass number usually found in nature.
Examples of isotopes suitable for inclusion in the
compounds of the invention comprises isotopes of
hydrogen, such as 2H and 3H, carbon, such as 11C, 13C
and 14C, chlorine, such as 36Cl, fluorine, such as
18F, iodine, such as 123I and 125I, nitrogen, such as
13N and 15N, oxygen, such as 15O, 17O and 18O,
phosphorus, such as 32P, and sulphur, such as 35S.
[0045] Certain isotopically-labelled compounds of
formula (I), for example, those incorporating a
radioactive isotope, are useful in drug and/or
substrate tissue distribution studies. The radioactive
isotopes tritium, i.e. 3H, and carbon-14, i.e. 14C,
are particularly useful for this purpose in view of
their ease of incorporation and ready means of
detection. Substitution with heavier isotopes such as
deuterium, i.e. 2H, may afford certain therapeutic
advantages resulting from greater metabolic stability,
for example, increased in vivo half-life or reduced
dosage requirements, and hence may be preferred in
some circumstances. [0046] Substitution with positron
emitting isotopes, such as 11C, 18F, 15O and 13N, can
be useful in Positron Emission Topography (PET)
studies for examining substrate receptor occupancy.
[0047] Isotopically-labeled compounds of formula (I)
can generally be prepared by conventional techniques
known to those skilled in the art or by processes
analogous to those described in the accompanying
Examples and Preparations using an appropriate
isotopicallylabeled reagents in place of the
non-labeled reagent previously employed. Pharmacology
and Utility [0048] Compounds of the invention modulate
the activity of GPRl 19 and, as such, are useful for
treating diseases or disorders in which the activity
of GPRl 19 contributes to the pathology and/or
symptomology of the disease. This invention further
provides compounds of this invention for use in the
preparation of medicaments for thetreatment of
diseases or disorders in which GPRl 19 activity
contributes to the pathology and/or symptomology of
the disease. [0049] The resultant pathologies of Type
II diabetes are impaired insulin signaling at its
target tissues and failure of the insulin-producing
cells of the pancreas to secrete an appropriate degree
of insulin in response to a hyperglycemic signal.
Current therapies to treat the latter include
inhibitors of the b-cell ATP-sensitive potassium
channel to trigger the release of endogenous insulin
stores, or administration of exogenous insulin.
Neither of these achieves accurate normalization of
blood glucose levels and both carry the risk of
inducing hypoglycemia. For these reasons, there has
been intense interest in the development of
pharmaceuticals that function in a glucose-dependent
action, i.e. potentiators of glucose signaling.
Physiological signaling systems which function in this
manner are well-characterized and include the gut
peptides GLP-I, GIP and PACAP. These hormones act via
their cognate G-protein coupled receptor to stimulate
the production of cAMP in pancreatic b-cells. The
increased cAMP does not appear to result in
stimulation of insulin release during the fasting or
pre-prandial state. However, a series of biochemical
targets of cAMP signaling, including the ATP-sensitive
potassium channel, voltage-sensitive potassium
channels and the exocytotic machinery, are modified in
such a way that the insulin secretory response to a
postprandial glucose stimulus is markedly enhanced.
Accordingly, agonists of novel, similarly functioning,
b-cell GPCRs, including GPRl 19, would also stimulate
the release of endogenous insulin and consequently
promote normoglycemia in Type II diabetes. It is also
established that increased cAMP, for example as a
result of GLP- 1stimulation, promotes b-cell
proliferation, inhibits b-cell death and thus improves
islet mass. This positive effect on b-cell mass is
expected to be beneficial in both Type II diabetes,
where insufficient insulin is produced, and Type I
diabetes, where b-cells are destroyed by an
inappropriate autoimmune response. [0050] Some b-cell
GPCRs, including GPRl 19, are also present in the
hypothalamus where they modulate hunger, satiety,
decrease food intake, controlling or decreasing weight
and energy expenditure. Hence, given their function
within the hypothalamic circuitry, agonists or inverse
agonists of these receptors mitigate hunger, promote
satiety and therefore 



modulate weight.[0051] It is also well-established
that metabolic diseases exert a negative influence on
other physiological systems. Thus, there is often the
codevelopment of multiple disease states (e.g. type I
diabetes, type II diabetes, inadequate glucose
tolerance, insulin resistance, hyperglycemia,
hyperlipidemia, hypertriglyceridemia,
hypercholesterolemia, dyslipidemia, obesity or
cardiovascular disease in "Syndrome X") or secondary
diseases which clearly occur secondary to diabetes
(e.g. kidney disease, peripheral neuropathy). Thus, it
is expected that effective treatment of the diabetic
condition will in turn be of benefit to such
interconnected disease states. [0052] In an embodiment
of the invention is a method for treatment of a
metabolic disease and/or a metabolic-related disorder
in an individual comprising administering to the
individual in need of such treatment a therapeutically
effective amount of a compound of the invention or a
pharmaceutical composition thereof. The metabolic
diseases and metabolicrelated disorders are selected
from, but not limited to, hyperlipidemia, type 1
diabetes, type 2 diabetes mellitus, idiopathic type 1
diabetes (Type Ib), latent autoimmune diabetes in
adults (LADA), early-onset type 2 diabetes (EOD),
youth-onset atypical diabetes (YOAD), maturity onset
diabetes of the young (MODY), malnutrition-related
diabetes, gestational diabetes, coronary heart
disease, ischemic stroke, restenosis after
angioplasty, peripheral vascular disease, intermittent
claudication, myocardial infarction (e.g. necrosis and
apoptosis), dyslipidemia, post-prandial lipemia,
conditions of impaired glucose tolerance (IGT),
conditions of impaired fasting plasma glucose,
metabolic acidosis, ketosis, arthritis, obesity,
osteoporosis, hypertension, congestive heart failure,
left ventricular hypertrophy, peripheral arterial
disease, diabetic retinopathy, macular degeneration,
cataract, diabetic nephropathy, glomerulosclerosis,
chronic renal failure, diabetic neuropathy, metabolic
syndrome, syndrome X, premenstrual syndrome, coronary
heart disease, angina pectoris, thrombosis,
atherosclerosis, myocardial infarction, transient
ischemic attacks, stroke, vascular restenosis,
hyperglycemia, hyperinsulinemia, hyperlipidemia,
hypertrygliceridemia, insulin resistance, impaired
glucose metabolism, conditions of impaired glucose
tolerance, conditions of impaired fasting plasma
glucose, obesity, erectile dysfunction, skin and
connective tissue disorders, foot ulcerations and
ulcerative colitis, endothelial dysfunction and
impaired vascular compliance.[0053] In an embodiment
of the invention are therapeutic benefits of GPRl 19
activity modulators derived from increasing levels of
GIP and PPY. For example, neuroprotection, learning
and memory, seizures and peripheral neuropathy. [0054]
GLP-I and GLP-I receptor agonists have been shown to
be effective for treatment of neurodegenerative
diseases and other neurological disorders. GLP-I and
exendin-4 have been shown to stimulate neurite
outgrowth and enhance cell survival after growth
factor withdrawal in PC12 cells. In a rodent model of
neurodegeneration, GLP- 1 and exendin-4 restore
cholinergic marker activity in the basal forebrain.
Central infusion of GLP-I and exendin-4 also reduce
the levels of amyloid-b peptide in mice and decrease
amyloid precursor protein amount in cultured PC12
cells. GLP-I receptor agonists have been shown to
enhance learning in rats and the GLP-I receptor
knockout mice show deficiencies in learning behavior.
The knockout mice also exhibit increased
susceptibility to kainate-induced seizures which can
be prevented by administration of GLP-I receptor
agonists. GLP-I and exendin-4 has also been shown to
be effective in treating pyridoxine-induced peripheral
nerve degeneration, an experimental model of
peripheral sensory neuropathy. [0055]
Glucose-dependent insulinotropic polypeptide (GIP) has
also been shown to have effects on proliferation of
hippocampal progenitor cells and in enhancing
sensorimotor coordination and memory recognition.
[0056] In an embodiment of the invention are
therapeutic benefits of GPRl 19 activity modulators.
For example, GLP-2 and short bowel syndrome (SBS).
Several studies in animals and from clinical trials
have shown that GLP-2 is a trophic hormone that plays
an important role in intestinal adaptation. Its role
in regulation of cell proliferation, apoptosis, and
nutrient absorption has been well documented. Short
bowel syndrome is characterized by malabsorption of
nutrients, water and vitamins as a result of disease
or surgical removal of parts of the small intestine
(eg. Crohn's disease). Therapies that improve
intestinal adaptation are thought to be beneficial in
treatment of this disease. In fact, phase II studies
in SBS patients have shown that teduglutide, a GLP-2
analog, modestly increased fluid and nutrient
absorption. [0057] In an embodiment of the invention
are therapeutic benefits of GPRl 19 activity
modulators derived from increasing levels of GIP and
PPY. For example, GLP-I, GIP andosteoporosis. GLP-I
has been shown to increase calcitonin and calcitonin
related gene peptide (CGRP) secretion and expression
in a murine C-cell line (CA-77). Calcitonin inhibits
bone resorption by osteoclasts and promotes
mineralization of skeletal bone. Osteoporosis is a
disease that is caharacterized by reduced bone mineral
density and thus GLP-I induced increase in calcitonin
might be therapeutically beneficial. [0058] GIP has
been reported to be involved in upregulation of
markers of new bone formation in osetoblasts including
collagen type I mRNA and in increasing bone mineral
density. Like GLP-I, GIP has also been shown to
inhibit bone resorption. [0059] In an embodiment of
the invention are therapeutic benefits of GPRl 19
activity modulators derived from increasing levels of
GIP and PPY. For example, PPY and gastric emptying.
GPRl 19 located on the pancreatic polypeptide (PP)
cells of the islets has been implicated in the
secretion of PPY. PPY has been reported to have
profound effects on various physiological processes
including modulation of gastric emptying and
gastrointestinal motility. These effects slow down the
digestive process and nutrient uptake and thereby
prevent the postprandial elevation of blood glucose.
PPY can suppress food intake by changing the
expression of hypothalamic feeding-regulatory
peptides. PPoverexpressing mice exhibited the thin
phenotype with decreased food intake and gastric
emptying rate. [0060] In accordance with the
foregoing, the present invention further provides a
method for preventing or ameliorating the symptamology
of any of the diseases or disorders described above in
a subject in need thereof, which method comprises
administering to said subject a therapeutically
effective amount (See, "Administration and
Pharmaceutical Compositions ", infra) of a compound of
Formula I or a pharmaceutically acceptable salt
thereof. For any of the above uses, the required
dosage will vary depending on the mode of
administration, the particular condition to be treated
and the effect desired. Administration and
Pharmaceutical Compositions [0061] In general,
compounds of the invention will be administered in
therapeutically effective amounts via any of the usual
and acceptable modes known inthe art, either singly or
in combination with one or more therapeutic agents. A
therapeutically effective amount can vary widely
depending on the severity of the 



disease, the age and relative health of the subject,
the potency of the compound used and other factors. In
general, satisfactory results are indicated to be
obtained systemically at daily dosages of from about
0.03 to 2.5mg/kg per body weight. An indicated daily
dosage in the larger mammal, e.g. humans, is in the
range from about 0.5mg to about lOOmg, conveniently
administered, e.g. in divided doses up to four times a
day or in retard form. Suitable unit dosage forms for
oral administration comprise from ca. 1 to 50mg active
ingredient. [0062] Compounds of the invention can be
administered as pharmaceutical compositions by any
conventional route, in particular enterally, e.g.,
orally, e.g., in the form of tablets or capsules, or
parenterally, e.g., in the form of injectable
solutions or suspensions, topically, e.g., in the form
of lotions, gels, ointments or creams, or in a nasal
or suppository form. Pharmaceutical compositions
comprising a compound of the present invention in free
form or in a pharmaceutically acceptable salt form in
association with at least one pharmaceutically
acceptable carrier or diluent can be manufactured in a
conventional manner by mixing, granulating or coating
methods. For example, oral compositions can be tablets
or gelatin capsules comprising the active ingredient
together with a) diluents, e.g., lactose, dextrose,
sucrose, mannitol, sorbitol, cellulose and/or glycine;
b) lubricants, e.g., silica, talcum, stearic acid, its
magnesium or calcium salt and/or polyethyleneglycol;
for tablets also c) binders, e.g., magnesium aluminum
silicate, starch paste, gelatin, tragacanth,
methylcellulose, sodium carboxymethylcellulose and or
polyvinylpyrollidone; if desired d) disintegrants,
e.g., starches, agar, alginic acid or its sodium salt,
or effervescent mixtures; and/or e) absorbents,
colorants, flavors and sweeteners. Injectable
compositions can be aqueous isotonic solutions or
suspensions, and suppositories can be prepared from
fatty emulsions or suspensions. The compositions can
be sterilized and/or contain adjuvants, such as
preserving, stabilizing, wetting or emulsifying
agents, solution promoters, salts for regulating the
osmotic pressure and/or buffers. In addition, they can
also contain other therapeutically valuable
substances. Suitable formulations for transdermal
applications include an effective amount of a compound
of the present invention with a carrier. Acarrier can
include absorbable pharmacologically acceptable
solvents to assist passage through the skin of the
host. For example, transdermal devices are in the form
of a bandage comprising a backing member, a reservoir
containing the compound optionally with carriers,
optionally a rate controlling barrier to deliver the
compound to the skin of the host at a controlled and
predetermined rate over a prolonged period of time,
and means to secure the device to the skin. Matrix
transdermal formulations can also be used. Suitable
formulations for topical application, e.g., to the
skin and eyes, are preferably aqueous solutions,
ointments, creams or gels well-known in the art. Such
can contain solubilizers, stabilizers, tonicity
enhancing agents, buffers and preservatives. [0063]
Compounds of the invention can be administered in
therapeutically effective amounts in combination with
one or more therapeutic agents (pharmaceutical
combinations). [0064] For example, synergistic effects
can occur with other anti-obesity agents, anorectic
agents, appetite suppressant and related agents. Diet
and/or exercise can also have synergistic effects.
Anti-obesity agents include, but are not limited to,
apolipoprotein-B secretion/microsomal triglyceride
transfer protein (apo-B/MTP) inhibitors, MCR-4
agonists, cholescystokinin-A (CCK-A) agonists,
serotonin and norepinephrine reuptake inhibitors (for
example, sibutramine), sympathomimetic agents, b3
adrenergic receptor agonists, dopamine agonists (for
example, bromocriptine), melanocyte-stimulating
hormone receptor analogs, cannabinoid 1 receptor
antagonists [for example, compounds described in
WO2006/047516), melanin concentrating hormone
antagonists, leptons (the OB protein), leptin
analogues, leptin receptor agonists, galanin
antagonists, lipase inhibitors (such as
tetrahydrolipstatin, i.e., Orlistat), anorectic agents
(such as a bombesin agonist), Neuropeptide-Y
antagonists, thyromimetic agents,
dehydroepiandrosterone or an analogue thereof,
glucocorticoid receptor agonists or antagonists,
orexin receptor antagonists, urocortin binding protein
antagonists, glucagon-like peptide- 1 receptor
agonists, ciliary neutrotrophic factors (such as
Axokine(tm)), human agouti-related proteins (AGRP),
ghrelin receptor antagonists, histamine 3 receptor
antagonists or reverse agonists, neuromedin U receptor
agonists, noradrenergic anorectic agents (for example,
phentermine, mazindol and the like) and appetite
suppressants (for example, bupropion).[0065] Where
compounds of the invention are administered in
conjunction with other therapies, dosages of the
co-administered compounds will of course vary
depending on the type of co-drug employed, on the
specific drug employed, on the condition being treated
and so forthours. [0066] A combined preparation or
pharmaceutical composition can comprise a compound of
the invention as defined above or a pharmaceutical
acceptable salt thereof and at least one active
ingredient selected from: [0067] a) anti-diabetic
agents such as insulin, insulin derivatives and
mimetics; insulin secretagogues such as the
sulfonylureas, e.g., Glipizide, glyburide and Amaryl;
insulinotropic sulfonylurea receptor ligands such as
meglitinides, e.g., nateglinide and repaglinide;
insulin sensitizer such as protein tyrosine
phosphatase- IB (PTP-IB) inhibitors such as PTP-1 12;
GSK3 (glycogen synthase kinase-3) inhibitors such as
SB- 517955, SB-4195052, SB-216763, NN-57-05441 and
NN-57-05445; RXR ligands such as GW-0791 and
AGN-194204; sodium-dependent glucose co-transporter
inhibitors such as T-1095; glycogen phosphorylase A
inhibitors such as BAY R3401; biguanides such as
metformin; alpha-glucosidase inhibitors such as
acarbose; GLP-I (glucagon like peptide- 1), GLP-I
analogs such as Exendin-4 and GLP-I mimetics; DPPIV
(dipeptidyl peptidase IV) inhibitors such as DPP728,
LAF237 (vildagliptin - Example 1 of WO 00/34241),
MK-0431, saxagliptin, GSK23A ; an AGE breaker; a
thiazolidone derivative (glitazone) such as
pioglitazone, rosiglitazone, or
fi?j-l-{4-[5-methyl-2-(4-trifluoromethyl-phenyl)-
oxazol-4-ylmethoxy]-benzenesulfonyl}-2,3-dihydro-l
H-indole-2-carboxylic acid described in the patent
application WO 03/043985, as compound 19 of Example 4,
a nonglitazone type PPAR gamma agonist e.g. GI-262570;
Diacylglycerol acetyltransferase (DGAT) inhibitors
such as those disclosed in WO 2005044250, WO
2005013907, WO 2004094618 and WO 2004047755; [0068] b)
hypolipidemic agents such as
3-hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA)
reductase inhibitors, e.g., lovastatin and related
compounds such as those disclosed in U.S. Pat. No.
4,231,938, pitavastatin, simvastatin and related
compounds such as those disclosed in U.S. Pat. Nos.
4,448,784 and 4,450,171, pravastatin and related
compounds such as those disclosed in U.S. Pat.
No.4,346,227, cerivastatin, mevastatin and related
compounds such as those disclosed in U.S. Pat. No.
3,983,140, velostatin,fluvastatin, dalvastatin,
atorvastatin, rosuvastatin and related statin
compounds disclosed in U.S. Pat. No. 5,753,675,
rivastatin, pyrazole analogs of mevalonolactone
derivatives as 



disclosed in U.S. Pat. No. 4,613,610, indene analogs
of mevalonolactone derivatives as disclosed in PCT
application WO 86/03488, 6-[2-
(substituted-pyrrol-l-yl)-alkyl)pyran-2- ones and
derivatives thereof as disclosed in U.S. Pat. No.
4,647,576, Searle's SC-45355 (a 3- substituted
pentanedioic acid derivative) dichloroacetate,
imidazole analogs of mevalonolactone as disclosed in
PCT application WO 86/07054, 3- carboxy-2-
hydroxypropane- phosphonic acid derivatives as
disclosed in French Patent No. 2,596,393, 2,3-
disubstituted pyrrole, furan and thiophene derivatives
as disclosed in European Patent Application No.
0221025, naphthyl analogs of mevalonolactone as
disclosed in U.S. Pat. No. 4,686,237,
octahydronaphthalenes such as disclosed in U.S. Pat.
No. 4, 499,289, keto analogs of mevinolin (lovastatin)
as disclosed in European Patent Application
No.0,142,146 A2, and quinoline and pyridine
derivatives disclosed in U.S. Pat. Nos. 5,506,219 and
5,691,322. In addition, phosphinic acid compounds
useful in inhibiting HMG CoA reductase suitable for
use herein are disclosed in GB 2205837; squalene
synthase inhibitors; FXR (farnesoid X receptor) and
LXR (liver X receptor) ligands; cholestyramine;
fibrates; nicotinic acid and aspirin; [0069] c) an
anti-obesity agent or appetite regulating agent such
as a CB1 activity modulator, melanocortin receptor
(MC4R) agonists, melanin-concentrating hormone
receptor (MCHR) antagonists, growth hormone
secretagogue receptor (GHSR) antagonists, galanin
receptor modulators, orexin antagonists, CCK agonists,
GLP-I agonists, and other Pre-proglucagon-derived
peptides; NPYl or NPY5 antagonsist, NPY2 and NPY4
modulators, corticotropin releasing factor agonists,
histamine receptor-3 (H3) modulators, aP2 inhibitors,
PPAR gamma modulators, PPAR delta modulators, acetyl-
CoA carboxylase (ACC) inihibitors, 11-b-HSD-l
inhibitors, adinopectin receptor modulators; beta 3
adrenergic agonists, such as AJ9677
(Takeda/Dainippon), L750355 (Merck), or CP331648
(Pfizer) or other known beta 3 agonists as disclosed
in U.S. Pat. Nos. 5,541,204, 5,770,615, 5, 491,134,
5,776,983 and 5,488,064, a thyroid receptor beta
modulator, such as a thyroid receptor ligand as
disclosed inWO 97/21993 (U. CaI SF), WO 99/00353
(KaroBio) and GB98/284425 (KaroBio), a SCD-I inhibitor
as disclosed in WO2005011655, a lipase inhibitor, such
as orlistat or ATL-962 (Alizyme), serotoninreceptor
agonists, (e.g., BVT- 933 (Biovitrum)), monoamine
reuptake inhibitors or releasing agents, such as
fenfluramine, dexfenfluramine, fluvoxamine,
fluoxetine, paroxetine, sertraline, chlorphentermine,
cloforex, clortermine, picilorex, sibutramine,
dexamphetamine, phentermine, phenylpropanolamine or
mazindol, anorectic agents such as topiramate (Johnson
& Johnson), CNTF (ciliary neurotrophic factor)/Axokine
(Regeneron), BDNF (brain-derived neurotrophic factor),
leptin and leptin receptor modulators, phentermine,
leptin, bromocriptine, dexamphetamine, amphetamine,
fenfluramine, dexfenfluramine, sibutramine, orlistat,
dexfenfluramine, mazindol, phentermine,
phendimetrazine, diethylpropion, fluoxetine,
bupropion, topiramate, diethylpropion, benzphetamine,
phenylpropanolamine or ecopipam, ephedrine,
pseudoephedrine; [0070] d) anti-hypertensive agents
such as loop diuretics such as ethacrynic acid,
furosemide and torsemide; diuretics such as thiazide
derivatives, chlorithiazide, hydrochlorothiazide,
amiloride; angiotensin converting enzyme (ACE)
inhibitors such as benazepril, captopril, enalapril,
fosinopril, lisinopril, moexipril, perinodopril,
quinapril, ramipril and trandolapril; inhibitors of
the Na-K-ATPase membrane pump such as digoxin;
neutralendopeptidase (NEP) inhibitors e.g. thiorphan,
terteo-thiorphan, SQ29072; ECE inhibitors e.g. SLV306;
ACE/NEP inhibitors such as omapatrilat, sampatrilat
and fasidotril; angiotensin II antagonists such as
candesartan, eprosartan, irbesartan, losartan,
telmisartan and valsartan, in particular valsartan;
renin inhibitors such as aliskiren, terlakiren,
ditekiren, RO 66-1132, RO-66-1168; beta-adrenergic
receptor blockers such as acebutolol, atenolol,
betaxolol, bisoprolol, metoprolol, nadolol,
propranolol, sotalol and timolol; inotropic agents
such as digoxin, dobutamine and milrinone; calcium
channel blockers such as amlodipine, bepridil,
diltiazem, felodipine, nicardipine, nimodipine,
nifedipine, nisoldipine and verapamil; aldosterone
receptor antagonists; aldosterone synthase inhibitors;
and dual ET/All antagonist such as those disclosed
inWO 00/01389. [0071] e) a HDL increasing compound;
[0072] f) Cholesterol absorption modulator such as
Zetia(r) and KT6-971 ; [0073] g) Apo-Al analogues and
mimetics; [0074] h) thrombin inhibitors such as
Ximelagatran;[0075] i) aldosterone inhibitors such as
anastrazole, fadrazole, eplerenone; [0076] j )
Inhibitors of platelet aggregation such as aspirin,
clopidogrel bisulfate; [0077] k) estrogen,
testosterone, a selective estrogen receptor modulator,
a selective androgen receptor modulator; [0078] 1) a
chemotherapeutic agent such as aromatase inhibitors
e.g. femara, antiestrogens, topoisomerase I
inhibitors, topoisomerase II inhibitors, microtubule
active agents, alkylating agents, antineoplastic
antimetabolites, platin compounds, compounds
decreasing the protein kinase activity such as a PDGF
receptor tyrosine kinase inhibitor preferably Imatinib
( {
N-{5-[4-(4-methyl-piperazino-methyl)-benzoylamido]-2-
methylphenyl}-4-(3-pyridyl)-2-pyrimidine-amine })
described in the European patent application EP-A-O
564 409 as example 2 1 or
4-Methyl-N-[3-(4-methyl-imidazol-l-yl)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-
ylamino)-benzamide described in the patent application
WO 04/005281 as example 92; and [0079] m) an agent
interacting with a 5-HT3 receptor and/or an agent
interacting with 5-HT receptor such as tegaserod
described in the US patent No. 5510353 as example 13,
tegaserod hydrogen maleate, cisapride, cilansetron;
[0080] n) an agent for treating tobacco abuse, e.g.,
nicotine receptor partial agonists, bupropion
hypochloride (also known under the tradename Zyban )
and nicotine replacement therapies; [0081] o) an agent
for treating erectile dysfunction, e.g., dopaminergic
agents, such as apomorphine), ADD/ADHD agents (e.g.,
Ritalin , Strattera , Concerta and Adderall(r)) ;
[0082] p) an agent for treating alcoholism, such as
opioid antagonists (e.g., naltrexone (also known under
the tradename ReVia ) and nalmefene), disulfiram (also
known under the tradename Antabuse(r)), and
acamprosate (also known under the tradename
Campral(r))). In addition, agents for reducing alcohol
withdrawal symptoms may also be co-administered, such
as benzodiazepines, beta- blockers, clonidine,
carbamazepine, pregabalin, and gabapentin (Neurontin )
; [0083] q) other agents that are useful including
anti-inflammatory agents (e.g., COX-2 inhibitors) ;
antidepressants (e.g., fluoxetine hydrochloride
(Prozac )); cognitive improvement agents (e.g.,
donepezil hydrochloride (Aircept(r)) and
otheracetylcholinesterase inhibitors); neuroprotective
agents (e.g., memantine) ; antipsychotic 



medications (e.g., ziprasidone (Geodon(r)),
risperidone (Risperdal(r)), and olanzapine
(Zyprexa(r))); [0084] or, in each case a
pharmaceutically acceptable salt thereof; and
optionally a pharmaceutically acceptable carrier.
[0085] The invention also provides for a
pharmaceutical combinations, e.g. a kit, comprising a)
a first agent which is a compound of the invention as
disclosed herein, in free form or in pharmaceutically
acceptable salt form, and b) at least one co-agent.
The kit can comprise instructions for its
administration. [0086] The terms "co-administration"
or "combined administration" or the like as utilized
herein are meant to encompass administration of the
selected therapeutic agents to a single patient, and
are intended to include treatment regimens in which
the agents are not necessarily administered by the
same route of administration or at the same time.
[0087] The term "pharmaceutical combination" as used
herein means a product that results from the mixing or
combining of more than one active ingredient and
includes both fixed and non-fixed combinations of the
active ingredients. The term "fixed combination" means
that the active ingredients, e.g. a compound of
Formula I and a co-agent, are both administered to a
patient simultaneously in the form of a single entity
or dosage. The term "non-fixed combination" means that
the active ingredients, e.g. a compound of Formula I
and a co-agent, are both administered to a patient as
separate entities either simultaneously, concurrently
or sequentially with no specific time limits, wherein
such administration provides therapeutically effective
levels of the 2 compounds in the body of the patient.
The latter also applies to cocktail therapy, e.g. the
administration of 3 or more active ingredients.
Processes for Makin2 Compounds of the Invention [0088]
The present invention also includes processes for the
preparation of compounds of the invention. In the
reactions described, it can be necessary to protect
reactive functional groups, for example hydroxy,
amino, imino, thio or carboxy groups, where these are
desired in the final product, to avoid their unwanted
participation in thereactions. Conventional protecting
groups can be used in accordance with standard
practice, for example, see T.W. Greene and P. G. M.
Wuts in "Protective Groups in Organic Chemistry", John
Wiley and Sons, 1991. [0089] In the following schemes,
several methods of preparing the compounds of the
present invention are illustrative. One of skill in
the art will appreciate that these methods are
representative, and in no way inclusive of all methods
for preparing the compounds of the present invention.
The radicals in the schemes are as described in
Formula I . Reaction Scheme I Pd or Cu catalys [0090]
A compound of Formula Ia, where W is nitrogen, can be
prepared as in reaction scheme I by reacting a
compound of formula 3 (where Xa refers to a chloride,
bromide, iodide, triflate, nonaflate, or the like)
with a compound of the formula 2 (where Xb refers to a
leaving group such as an aryl- or alkylsulfonate
ester, halide, epoxide where R5 is the oxygen of the
epoxide, or other appropriate group familiar to one
skilled in the art) in a suitable solvent such as
N,N-dimethylformamide, tetrahydrofuran and the like in
the presence of a suitable base such as CS2CO3, NaH or
the like at an elevated temperature of up to about
8O0C to generate an intermediate of the formula 4. A
compound of the formula 5 (where C=X can be a C=O or
CH2) can be coupled with a compound of the formula 4
using the Pd or Cu methodology known in the art (for
example, Shafir, A, Buchwald, S. F.; J. Am Chem. Soc.
2006, 128, 8742 and references cited therein and
Hartwig, J . F. Handbook of Organopalladium Chemistry
for OrganicSynthesis, Negishi, E., Ed.,
Wiley-Interscience: Weinheim, 2002). In this scheme,
it is understood that the groups may be protected
versions of the radicals defined in the Summary of the
Invention which may be deprotected and manipulated to
a final compound of the invention after completion of
this scheme or in the middle of the scheme. Reaction
Scheme II conditions H2,M. etal, cata,lyst rib:, . CHj
=CHj- [0091] A compound of the Formula Ib, wherein W2
is N and L can be -CH=CHor -CH2-CH2-, can be prepared
as in reaction scheme II. A compound of the formula 5
can be reacted with a compound of the formula 6 (where
Xc and Xd both independently represent leaving groups
such as F, Cl, Br, OTf, etc. with Xc being the more
reactive group) using either the transition metal
catalysis mentioned in scheme 1 or using a
stoichiometric base such as K2CO3, triethylamine and
the like in a suitable solvent such as
N,N-dimethylformamide and the like at an elevated
temperature to generate an intermediate of the formula
7. Intermediate 7 can then be reacted with an olefin
of the formula 8 using heck reaction conditions (for
example, Littke, A. F.; Fu, G. C, J. Am. Chem. Soc.
2001, 123, 6989) to generate compounds where L is
-(CH=CH)- which can subsequently be reduced using
hydrogen and a catalytic amount of a transition
metalsuch as Pd/C and the like to compounds where L is
-(CH 2)2-. In this scheme, it is understood that the
groups can be protected versions of the radicals
defined in the Summary of the Invention which can be
deprotected and manipulated to the final compound
after completion of this scheme or in the middle of
the scheme. Reaction Scheme III [0092] A compound of
the Formula Ic, in which Q is a heteroaryl group such
as 1,2,4-oxadiazolyl (as shown) and W is N, can be
prepared as in reaction scheme III by reacting a
compound of the formula 5 with cyanogen bromide in a
suitable solvent system such as aqueous Na2CC and
dichloromethane and the to generate a compound of the
formula 9. This intermediate can then be reacted with
hydroxylamine in an appropriate solvent such as
ethanol and the like at an elevated temperature such
as 60 C to furnish a compound of the formula 10.
Intermediate 10 can then be reacted with a compound of
the formula 11 (where AE stands for an acid equivalent
such as a carboxylic acid, alkyl ester or activated
ester such as an NHS ester and the like) using any of
the protocols known in the literature (such as Science
of Synthesis 2004, 13, 127, Tetrahedron Lett. 2006,
47, 3629 and J. Med. Chem. 2004, 47, 5821) to afford
the desired compounds of the formula Ic. In this
scheme, it is understood that the groups designated
can be protected versions of the radicals defined in
the Summary of theInvention which can be deprotected
and manipulated to the final compound after completion
of this scheme or in the middle of the scheme.
Reaction Scheme IV [0093] A compound of the Formula Id
can be prepared as in reaction scheme IV by reacting a
compound of the formula 9 with a compound of the
formula 12 in a solvent such as tetrahydrofuran or the
like in the presence of a Lewis acid such as ZnCl and
the 



like at an elevated temperature. In this scheme, it is
understood that the groups designated can be protected
versions of the radicals defined in the Summary of the
Invention which can be deprotected and manipulated to
the final compound after completion of this scheme or
in the middle of the scheme.Reaction Scheme V
Laweson's Reagent [0094] A compound of the Formula Ie,
in which Q is thiazolyl (as sown above) andW is N, can
be prepared as in reaction scheme V by reacting a
compound of the formula 5 with a protected glycine
derivative of the formula 13 using appropriate
coupling reagents followed by deprotection and
coupling with a carboxylate of the formula 14 to
generate an intermediate of the formula 15. This
intermediate can then be cyclized using Lawesson's
reagent or other thiotransfer/dehydrating agent in an
appropriate solvent such as xylene at an elevated
temperature such as 130 C to generate the desired
compound of the formula Ie. In this scheme, it is
understood that the groups designated can be protected
versions of the radicals defined in the Summary of the
Invention which can be deprotected and manipulated to
the final compound after completion of this scheme or
in the middle of the scheme.Reaction Scheme VI (19)
[0095] A compound of the Formula If, can be prepared
as in reaction scheme VI. A ketone derivative of
formula 16 can be reacted with an organometal reagent
of formula 17 such as a Grignard reagent or the like
to furnish after dehydration with an acid such as TFA
and the like, an olefin of the formula 18. This
material can be deprotected with the appropriate
reagents followed by reaction with an electophile of
the formula 19 where X can be a leaving group such as
mesylate, halide or the like in an appropriate solvent
such as N,N-dimethylformamide or the like using a base
such as CS2CO3 or the like to afford If as the olefin.
The olefin can then be reduced with a metal catalyst
such as Pd/C or the like with hydrogen gas or the
appropriate hydrogen transfer reagent to afford If as
an alkane. In this scheme, it is understood that the
groups designated can be protected versions of the
radicals defined in the Summary of the Invention which
can be deprotected and manipulated to the final
compound after completion of this scheme or in the
middle of the scheme.Reaction Scheme VII H9, metal Ig
olefin catalyst g a lkane [0096] A compound of the
Formula Ig, can be prepared as in reaction scheme VII.
A vinyl metal derivative of formula 19 (where M is B,
Sn, Si, Mg, Zn or other metals known to participate in
metal catalyzed coupling reactions) can be reacted
with a halide of formula 2 1 (where Xf refers to a
chloride, bromide, iodide, triflate, nonaflate, or the
like) using an appropriate metal catalyst such as Pd
with an appropriate liand system such as familiar to
those skilled in the art to generate an intermediate
of formula 22. This intermediate can then be alkylated
with an intermediate of formula 18 as outlined in
scheme VI to afford Ig as an olefin. The olefin can
then be reduced with a metal catalyst such as Pd/C or
the like with hydrogen gas or the appropriate hydrogen
transfer reagent to afford Ig as an alkane.
Alternatively, Ig can be prepared by carrying out a
metal mediated coupling on a compound of formula 20
with a compound of formula 4 and manipulating as
before to get to the alkane. In this scheme, it is
understood that the groups designated can be protected
versions of the radicals defined in the Summary of the
Invention which can be deprotected and manipulated to
the final compound after completion of this scheme or
in the middle of the scheme.Reaction Scheme VIII
[0097] A compound of the Formula Ih, can be prepared
as in reaction scheme VIII. A compound of formula 23
can be reductively aminated with a compound of formula
24 using the appropriate reductant such as NaHB(OAc)3,
NaCNBH3 and the like in an appropriate solvent such as
dichloromethane, methanol, ethanol and the like to
afford Ih The amine in Ih can then be further
manipulated. In this scheme, it is understood that the
groups designated can be protected versions of the
radicals defined in the Summary of the Invention which
can be deprotected and manipulated to the final
compound after completion of this scheme or in the
middle of the scheme. Reaction Scheme IX [0098] A
compound of the Formula Ii, can be prepared as in
reaction scheme IX. A compound of formula 25 (Where Xg
and Xh can be chosen from chloro, bromo, iodo,
mesylate, tosylate and the like) can be reacted with a
compound of formula 26 using anappropriate base such
as sodium hydride, LDA and the like in an appropriate
solvent such as N,N-dimethylformamide,
N-methylpyrrolidinone, DMSO, tetrahydrofuran and the
like at an elevated temperature such as 75 C or
similar to afford an intermediate of formula 27. This
material can then be manipulated in a similar fashion
to intermediate 18 in scheme VI to arrive at I1. In
this scheme, it is understood that the groups
designated can be protected versions of the radicals
defined in the Summary of the Invention which can be
deprotected and manipulated to the final compound
after completion of this scheme or in the middle of
the scheme. Reaction Scheme X NC X [0099] A compound
of the Formula Ij , can be prepared as in reaction
scheme X. A compound of formula 28 can be reacted with
a compound of formula 29 (where Xg can be chosen from
chloro, bromo, iodo, mesylate, tosylate and the like)
using an appropriate base such as cesium carbonate,
sodium hydride, LDA and the like in an appropriate
solvent such as N,N-dimethylformamide,
N-methylpyrrolidinone, DMSO, tetrahydrofuran and the
like to afford an intermediate of formula 30. This
material can then be reduced using an appropriate
metal hydride such as LAH or BH3 and then
functionalized with the appropriate electrophile R Xh
(where Xh can be chosen from chloro, bromo, succinate,
p-nitrophenyl and the like) to afford an intermediate
of the formula 31. This material can then be
manipulated in a similar fashion to intermediate 18 in
scheme VI to arrive at Ij . In this scheme, it is
understood that the groups designated can be protected
versions of the radicals defined in the Summary of the
Invention whichcan be deprotected and manipulated to
the final compound after completion of this scheme or
in the middle of the scheme. Reaction Scheme XI
[00100] A compound of the Formula Ik, can be prepared
as in reaction scheme XI. A compound of formula 32 can
be converted to an amide by reacting with an
activating agent such as oxlyl chloride or the like in
an appropriate solvent such as dichloromethane or the
like followed by reaction with ammonia or an
equivalent followed by reduction with an appropriate
reagent such as LAH or BH3 to afford an intermediate
of the formula 33. This material can then be cyclized
with formaldehyde and acid such as acetic acid or the
like followed by functionalization with an appropriate
R Xh (where Xh can be chosen 



from chloro, bromo, succinate, p-nitrophenyl and the
like) to afford an intermediate of the formula 34.
This material can then be manipulated in a similar
fashion to intermediate 18 in scheme VI to arrive at
Ik. In this scheme, it is understood that the groups
designated can be protected versions of the radicals
defined in the Summary of the Invention which can be
deprotected and manipulated to the final compound
after completion of this scheme or in the middle of
the scheme. [00101] Detailed descriptions of the
synthesis of compounds of the Invention are given in
the Examples, infra.Additional Processes for Makin2
Compounds of the Invention [00102] A compound of the
invention can be prepared as a pharmaceutically
acceptable acid addition salt by reacting the free
base form of the compound with a pharmaceutically
acceptable inorganic or organic acid. Alternatively, a
pharmaceutically acceptable base addition salt of a
compound of the invention can be prepared by reacting
the free acid form of the compound with a
pharmaceutically acceptable inorganic or organic base.
Alternatively, the salt forms of the compounds of the
invention can be prepared using salts of the starting
materials or intermediates. [00103] The free acid or
free base forms of the compounds of the invention can
be prepared from the corresponding base addition salt
or acid addition salt from, respectively. For example
a compound of the invention in an acid addition salt
form can be converted to the corresponding free base
by treating with a suitable base (e.g., ammonium
hydroxide solution, sodium hydroxide, and the like). A
compound of the invention in a base addition salt form
can be converted to the corresponding free acid by
treating with a suitable acid (e.g., hydrochloric
acid, etc.). [00104] Compounds of the invention in
unoxidized form can be prepared from Noxides of
compounds of the invention by treating with a reducing
agent (e.g., sulfur, sulfur dioxide, triphenyl
phosphine, lithium borohydride, sodium borohydride, or
the like) in a suitable inert organic solvent (e.g.
acetonitrile, ethanol, aqueous dioxane, or the like)
at 0 to 80 0C. [00105] Prodrug derivatives of the
compounds of the invention can be prepared by methods
known to those of ordinary skill in the art (e.g., for
further details see Saulnier et al., (1994),
Bioorganic and Medicinal Chemistry Letters, Vol. 4, p.
1985). For example, appropriate prodrugs can be
prepared by reacting a non-derivatized compound of the
invention with a suitable carbamylating agent (e.g.,
1,1-acyloxyalkylcarbanochloridate, para-nitrophenyl
carbonate, or the like). [00106] Protected derivatives
of the compounds of the invention can be made by means
known to those of ordinary skill in the art. A
detailed description of techniques applicable to the
creation of protecting groups and their removal can be
found in T.W. Greene, "Protecting Groups in Organic
Chemistry", 3rd edition, John Wiley and Sons, Inc.,
1999.[00107] Compounds of the present invention can be
conveniently prepared, or formed during the process of
the invention, as solvates (e.g., hydrates). Hydrates
of compounds of the present invention can be
conveniently prepared by recrystallization from an
aqueous/organic solvent mixture, using organic
solvents such as dioxin, tetrahydrofuran or methanol.
[00108] Compounds of the invention can be prepared as
their individual stereoisomers by reacting a racemic
mixture of the compound with an optically active
resolving agent to form a pair of diastereoisomeric
compounds, separating the diastereomers and recovering
the optically pure enantiomers. While resolution of
enantiomers can be carried out using covalent
diastereomeric derivatives of the compounds of the
invention, dissociable complexes are preferred (e.g.,
crystalline diastereomeric salts). Diastereomers have
distinct physical properties (e.g., melting points,
boiling points, solubilities, reactivity, etc.) and
can be readily separated by taking advantage of these
dissimilarities. The diastereomers can be separated by
chromatography, or preferably, by
separation/resolution techniques based upon
differences in solubility. The optically pure
enantiomer is then recovered, along with the resolving
agent, by any practical means that would not result in
racemization. A more detailed description of the
techniques applicable to the resolution of
stereoisomers of compounds from their racemic mixture
can be found in Jean Jacques, Andre Collet, Samuel H.
Wilen, "Enantiomers, Racemates and Resolutions", John
Wiley And Sons, Inc., 1981. [00109] In summary, the
compounds of Formula I can be made by a process, which
involves: (a) that of reaction schemes I to XI; and
(b) optionally converting a compound of the invention
into a pharmaceutically acceptable salt; (c)
optionally converting a salt form of a compound of the
invention to a nonsalt form; (d) optionally converting
an unoxidized form of a compound of the invention into
a pharmaceutically acceptable N-oxide;(e) optionally
converting an N-oxide form of a compound of the
invention to its unoxidized form; (f) optionally
resolving an individual isomer of a compound of the
invention from a mixture of isomers; (g) optionally
converting a non-derivatized compound of the invention
into a pharmaceutically acceptable prodrug derivative;
and (h) optionally converting a prodrug derivative of
a compound of the invention to its non-derivatized
form. [00110] Insofar as the production of the
starting materials is not particularly described, the
compounds are known or can be prepared analogously to
methods known in the art or as disclosed in the
Examples hereinafter. [00111] One of skill in the art
will appreciate that the above transformations are
only representative of methods for preparation of the
compounds of the present invention, and that other
well known methods can similarly be used. Examples
[00112] The present invention is further exemplified,
but not limited, by the following Examples that
illustrate the preparation of compounds of the
invention. Example Al: Isopropyl
4-((4-((4-methanesulfonylpiperazin)-lyl)
phenoxy)methyl)piperidine-l-carboxylate.stePA Step B
[00113] Step A: To a solution of Ala (5.26 g, 45.7
mmol) in dry dimethoxyethane (30 mL) is added
triethylamine (8.0 g, 56.9 mmol). To the resulting
mixture, a 1.0-M solution of isopropyl chloroformate
in toluene (50 mL) is added dropwise, with vigorous
stirring, over 10 min. A white precipitate forms. The
suspension is stirred at room 



temperature for 4 hours; the white precipitate is
filtered off, washed with more dimethoxyethane, and
discarded. The resulting solution is concentrated to
dryness to yield Alb; 1H NMR (DMSO-d 6, 400.13 MHz): d
4.75 (septet, J = 6.2 Hz, IH), 4.49 (t, J = 5.3 Hz,
IH), 3.95 (dd, J = 5.6, 5.6 Hz, 2H), 3.24 (br, 2H),
1.63 (dd, J = 2.0, 12.9 Hz, 2H), 1.51 (m, IH), 1.17
(d, J = 6.2 Hz, 6H), 0.98 (m, 2H); no mass spectrum
could be obtained. [00114] Step B : To a solution of
Alb (4.25 g, 21.1 mmol) in dichloromethane (3OmL) is
added triethylamine (4.5 g, 32.0 mmol) in one portion.
The resulting mixture is cooled in an ice/water bath
and methanesulfonyl chloride (1.8 mL, 23.2 mmol) is
added dropwise, with stirring, over 5 min. The bath is
removed and the resulting solution is stirred at room
temperature for 30 min. The reaction mixture is added
to water (40 mL) and extracted with dichloromethane (2
x 40 mL). The combined organic extracts are washed
with saturated ammonium chloride aqueous solution,
dried over MgSO , and concentrated to yield AIc; 1H
NMR (CDCl3, 400.13 MHz): d 4.74 (septet, J = 6.2 Hz,
IH), 4.07 (d, J = 6.4 Hz, 2H), 3.99 (d, J = 11.0 Hz,
2H), 3.17 (s, 3H), 2.51 (br, 2H), 1.88 (dd, J = 1.6,
14.6 Hz, 2H), 1.68 (m, IH), 1.18 (d, J = 6.2 Hz, 6H),
1.17 (m, 2H); ESIMS calcd. for Cn H22NO5S (M+H+)
280.11, found 280.2.[00115] Step C : A solution of AIc
(0.42 g, 1.50 mmol) and 4-bromophenol (0.26 g, 1.50
mmol) in acetonitrile (5.0 mL) is treated with
powdered cesium carbonate (0.60 g, 1.84 mmol) and the
mixture is stirred at 65 0C for 16 hours. Cooling to
room temperature, filtration and concentration yields
Aid; 1H NMR (CDCl3, 400.13 MHz): d 7.36 (d, J = 9.0
Hz, 2H), 6.76 (d, J = 9.0 Hz, 2H), 4.91 (septet, J =
6.2 Hz, IH), 4.19 (br, 2H), 3.76 (d, J = 6.4 Hz, 2H),
3.26 (br, 2H), 2.78 (m, 2H), 1.96 (m, IH), 1.82 (dd, J
= 1.6, 14.6 Hz, 2H), 1.30 (m, 2H), 1.28 (d, J = 6.2
Hz, 6H); ESIMS calcd. for Ci6H23BrNO3 (M+H+) 356.1,
found 356.0. [00116] Step D : A solution of Aid (0.55
g, 1.50 mmol), 4-methanesulfonylpiperazine (0.25 g,
1.52 mmol), and tri-?-butylphosphonium
tetrafluoroborate (92.2 mg, 0.32 mmol) in dry dioxane
(6mL) is treated with powdered cesium carbonate (1.03
g, 3.16 mmol) and the mixture is degassed using argon.
Tris(dibenzylidene acetone)dipalladium(O) (0.15 g,
0.16 mmol) is added and the mixture is degassed again
with argon. The suspension is stirred vigorously under
argon at 110 0C for 18hours. Cooling, filtration and
purification using mass-triggered reverse phase HPLC
yields Al; 1H NMR (CDCl3, 400.13 MHz): d 6.90 (d, J =
8.9 Hz, 2H), 6.84 (d, J = 8.9 Hz, 2H), 4.92 (septet, J
= 6.2 Hz, IH), 4.19 (br, 2H), 3.76 (d, J = 6.4 Hz,
2H), 3.39 (t, J = 3.9 Hz, 4H), 3.17 (t, J = 3.9 Hz,
4H), 2.83 (s, IH), 2.77 (t, J = 11.2 Hz, 2H), 1.96 (m,
IH), 1.83 (dd, J = 1.4, 14.2 Hz, 2H), 1.27 (m, 2H),
1.24 (d, J = 6.2 Hz, 6H); ESIMS calcd. for C2 H34N3O5S
(M+H+) 440.2, found 440.2. [00117] By following a
similar procedure as the one used for preparing Al
from Ala except substituting the appropriate alcohol
for Ala, the following examples are obtained:Example
Bl: Isopropyl
4-((6-(4-(methylsulfonyl)piperazin-l-yl)pyridin-3-
yloxy)methyl)piperidine-l-carboxylate. [00118] By
following a similar procedure as the one used for
preparing Al from Ala except substituting
2-chloro-5-hydroxypyridine for 4-bromophenol and
performing step D as follows, Bl is prepared; [00119]
A flask is charged with Pd2dba3 (6 mg, 0.006 mmol),
xantphos (11 mg, 0.019 mmol),
l-(methylsulfonyl)piperazine (63 mg, 384 mmol), sodium
fe?t-butoxide (46 mg, 0.48 mmol), and a solution of
isopropyl 4-((6-chloropyridin-3-
yloxy)methyl)piperidine-l-carboxylate (100 mg, 0.32
mmol) in toluene (ImL). The reaction is purged by
bubbling nitrogen through the solution for 5 minutes
and then sealed. The reaction is then dipped into a
pre-heated 100 C bath and stirred at this temperature
for 3 hours. After cooling to room temperature, the
reaction is treated with ethyl acetate and water and
the aqueous phase is isolated, washed with ethyl
acetate once more and discarded. The combined organics
are dried over MgSO and the solvent is removed. The
residue is purified on a silica gel column using a
linear gradient of 0- 100% ethyl acetate in hexane as
eluent to afford Bl; 1H NMR (CDCl3, 400 MHz): d 7.92
(d, J = 3.0, IH), 7.18 (dd, J = 3.0, 9.1, IH), 6.67
(d, J = 9.1, IH), 4.91 (m, IH), 4.20(m, 2H), 3.78 (d,
J = 6.4, 2H), 3.56 (m, 4H), 3.34 (m, 4H), 2.81 (s,
3H), 2.76 (m, 2H), 1.94 (m, IH), 1.81 (m, 2H), 1.29
(m, 2H), 1.24, d, J =6.2, 6H); ESIMS m/z for (M+H)+
C20H33N4O5S calcd.: 441.2, found: 441.3. Example B2.
tert-Butyl
4-((6-(4-(methylsulfonyl)piperazin-l-yl)pyridin-3-
yloxy)methyl)piperidine-l-carboxylate. Step B B2a B2b
[00120] Step A: A solution of B2a (4.00 g, 23 mmol)
and tert-butyl 4-
((methylsulfonyloxy)methyl)piperidine-l-carboxylate
(7.08 g, 24 mmol) in Nmethylpyrrolidinone (50 mL) is
treated with Cs CO3 (9.74 g, 30 mmol) and heated to
100 C overnight. The reaction is then diluted with
ethyl acetate, extracted with water 3 times, dried
over MgSO , filtered, evaoparted and crystallized from
toluene/hexane to afford B2b; ESIMS m/z for (M-?Bu+H)+
Ci2H16BrN2O3 calcd.: 315.0, found: 315.0. [00121] Step
B: Following the procedure for the palladium coupling
outlined for Bl above, substituting B2b for isopropyl
4-((6-chloropyridin-3-yloxy)methyl)piperidine-
1-carboxylate, B2 is prepared; 1H NMR (CDCl3, 400
MHz): d 7.91 (d, J =2.9, IH), 7.15 (dd, J = 9.1, 3.1,
IH), 6.65 (d, J = 9.0, IH), 4.15 (m, 2H), 3.78 (d, J =
6.4, 2H), 3.54 (m,4H), 3.33 (m, 4H), 2.81 (s, 3H),
2.72 (m, 2H), 1.93 (m, IH), 1.80 (m, 2H), 1.46 (s,
9H), 1.25 (m, 2H); ESIMS m/z for (M+H)+ C2 H35N4O5S
calcd: 455.2, found: 455.2. Example B3: Isopropyl
4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyrazin-2-
yloxy)methyl)piperidine-l-carboxylate. [00122] By
following a similar procedure as the one used for
preparing Bl except using 2-bromo-5-hydroxypyrazine as
the heterocycle, B3 is prepared; 1H NMR (CDCl , 400
MHz): d 7.87 (d, J = 1.4, IH), 7.62 (d, J = 1.5, IH),
4.92 (m, IH), 4.18 (m, 2H), 4.08 (d, J = 6.5, 2H),
3.52 (m, 4H), 3.37 (m, 4H), 2.82 (s, 3H), 2.76 (m,
2H), 1.96 (m, IH), 1.79 (m, 2H), 1.29 (m, 2H), 1.24,
(d, J = 6.2, 6H); ESIMS m/z for (M+H) + Ci9H32N5O5S
calcd.: 442.2, found: 442.3. Example B4: -Butyl
4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyrazin-2-
yloxy)methyl)piperidine-l-carboxylate. Sfiltep A* Step
B B4b[00123] Step A: By following a similar procedure
as the one used for preparing B2b from B2a except
substituting B4a for B2a, B4b is prepared; ESIMS m/z
for (M- ?Bu+H+) Cn H15BrN3O3 calcd.: 316.0, found:
316.0. [00124] Step B: By following the procedure for
the palladium coupling outlined for the preparation of
Bl except substituting B4b for isopropyl
4-((6-chloropyridin-3-
yloxy)methyl)piperidine-l-carboxylate, B4 is prepared;
1H NMR (CDCl 3, 400 MHz): d 



7.87 (d, J = 1.2, IH), 7.62 (d, J = 1.2, IH), 4.13 (m,
2H), 4.08 (d, J = 6.8, 2H), 3.52 (m, 4H), 3.37 (m,
4H), 2.82 (s, 3H), 2.72 (m, 2H), 1.93 (m, IH), 1.46
(s, 9H), 1.26 (m, 2H); ESIMS m/z for (M-HH)+
C20H34N5O5S calcd.: 456.2, found: 456.2. Example B5:
3-Cyclopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-ly
l)
pyrazin-2-yloxy)methyl)piperidin-l-yl)-l,2,4-oxadiazol
e. [00125] By following a similar procedure as the one
used for preparing B3 from B2a except substituting B5c
(see scheme below) for B2a, B5 is prepared; 1H NMR
(CDCl 3, 400 MHz): d 7.88 (d, J = 1.3, IH), 7.62 (d, J
= 1.4, IH), 4.16 (m, 2H), 4.10 (d, J = 6.8, 2H), 3.53
(m, 4H), 3.37 (m, 4H), 3.05 (ddd, J = 12.9, 12.9, 2.8,
2H), 2.82 (s, 3H), 2.02 (m, IH), 1.88 (m, 4H), 1.41
(m, 2H), 0.94 (m, 4H); ESIMS m/z for (M+H) +
C20H30N7O4S calcd.: 464.2, found: 464.3. Ala
B5a[00126] Step A: A sample of Ala (10.19 g, 84.9
mmol) is treated with a solution of K2CO3 (24.5 g, 177
mmol) in water (100 mL). The reaction is cooled in an
ice/water bath and treated with a solution of cyanogen
bromide (10.31 g, 97.3 mmol) in dichlorome thane (100
mL) dropwise. After stirring for an hour, the organic
layer is isolated and the aqueous layer is extracted
once more with dichloromethane. The combined organic
extracts are dried over MgSO , filtered and evaporated
to afford B5a; ESIMS m/z for (M+H)+ C7H13N2O calcd.:
141.1, found: 141.1. [00127] Step B: A solution of B5a
(993 mg, 7.1 mmol), N'-hydroxycyclopropane
carboximidamide (1.064 g, 10.6 mmol) and ZnCl (1.448
g, 10.6 mmol) in dioxane (25 mL) is heated to 100 0C
overnight. The reaction is then evaporated to dryness
and partitioned between ethyl acetate and 1M HCl. The
organics are isolated, extracted with 1M HCl once
more, dried over MgSO , filtered, evaporated and
purified by silica gel to afford B5b; ESIMS m/z for
(M+H)+Cn H18N3O2 calcd.: 224.1, found: 224.1. [00128]
Step C: A solution of B5b (278.4 mg, 1.25 mmol) and
triethylamine (131 mg, 130 mmol) in dichloromethane (
1 mL) is cooled in an ice/water bath, treated with
methanesulfonyl chloride (149 mg, 1.3 mmol) and
stirred overnight. The reaction is diluted with water
and extracted with dichloromethane. The organics are
dried over MgSO4, filtered, evaporated and purified on
silica gel using a linear gradient of 0 to 100% ethyl
acetate in hexane to afford E5c; ESIMS m/z for (M+H)+
C12H20N3O4S calcd.: 302.1, found: 302.1. Example B6:
5-Cyclopropyl-3-(4-((5-(4-(methylsulfonyl)piperazin-ly
l)
pyrazin-2-yloxy)methyl)piperidin-l-yl)-l,2,4-oxadiazol
e. [00129] By following a similar procedure as the one
used for B5 except substituting B6b (see scheme below)
for B5b, B6 is obtained; 1H NMR (CDCl3, 400MHz): 5
7.87 (d, J = 1.5, IH), 7.63 (d, J = 1.5, IH), 4.10 (d,
J = 6.8, 2H), 4.00 (m, 2H), 3.53 (m, 4H), 3.37 (m,
4H), 2.89 (ddd, J = 12.7, 12.7, 2.7, 2H), 2.82 (s,
3H), 2.00 (m, IH), 1.86 (m, 4H), 1.40 (ddd, J =25.0,
12.4, 4.3, 2H), 1.14 (m, 4H); ESIMS m/z for (M+H) +
C20H29N7O4S calcd.: 464.2, found: 464.3. B5a B6a B6b
[00130] Step A: A solution of B5a (4.01 g, 28.6 mmol)
and hydroxylamine (3.51 mL of a 50% by weight aqueous
solution, 57.2 mmol) in ethanol (50 mL) is sealed and
heated to 60 0C overnight. The solvent is then removed
to B6a; ESIMS m/z for (M+H) + C7H16N3O2 CaICd.: 174.1,
found: 174.1. [00131] Step B: A solution of B6a (905
mg, 5.2 mmol) and 2,5-dioxopyrrolidin-lyl
cyclopropanecarboxylate (957 mg, 5.2 mmol) in dioxane
(50 mL) is heated to 80 0C for 3 hours and then 70 0C
overnight. The reaction is then cooled to room
temperature, concentrated and purified on silica gel
using a linear gradient of 0-80% ethyl acetate in
hexane to afford B6b; ESIMS m/z for (M-HH)+ Cn H18N3O2
calcd.: 224.1, found: 224.1. Example B7:
2-(4-(Methylsulfonyl)piperazin-l-yl)-5-((l-(5-
(trifluoromethyl)pyridin-2-yl)piperidin-4-yl)methoxy)p
yrazine. [00132] By following a similar procedure as
the one used for preparing B3 from B2a except
substituting B7a (see scheme below) for Alb, B7 is
prepared; 1H NMR (CDCl 3, 400 MHz): d 8.37 (m, IH),
7.88 (d, J = 1.4, IH), 7.63 (d, J = 1.4, IH), 7.60
(dd, J = 9.1, 2.5, IH), 6.65 (d, J = 9.1, IH), 4.45
(m, 2H), 4.11 (d, J = 6.5, IH), 3.53 (m, 4H),3.37 (m,
4H), 2.95 (m, 2H), 2.82 (s, 3H), 2.11 (m, IH), 1.93
(m, 2H), 1.37 (ddd, J =24.9, 12.5, 4.1, 2H); ESIMS m/z
for (M+H)+ C2 H28F3N6O3S calcd.: 501.2, found: 501.3.
Ala B7a [00133] Step A: A mixture of Ala (522.5 mg,
4.5 mmol), 2-chloro-5- trifluoromethylpyridine (1.19
g, 6.5 mmol) and K2CO3 (941 mg, 6.8 mmol) in
N,Ndimethylformamide (8 mL) is heated to 160 0C for 10
minutes, cooled to room temperature and diluted with
ethyl acetate and water. The organics are extracted
with water, dried over MgSO4, filtered, evaporated and
purified on silica gel using a linear gradient of 0 to
100% ethyl acetate in hexane to afford BIa; ESIMS m/z
for (M+H)+ C12H16F3N2O calcd.: 261.1, found: 261.1.
Example B8:
5-Isopropyl-3-(4-((5-(4-(methylsulfonyl)piperazin-lyl)
pyrazin-2-yloxy)methyl)piperidin-l-yl)-l,2,4-oxadiazol
e. [00134] By following a similar procedure as the one
used for preparing B6 from B6b except substituting B8a
(see scheme below) for B6b, B8 is prepared; 1H NMR
(CDCl3, 400 MHz): d 7.88 (d, J = 1.5, IH), 7.63 (d, J
= 1.5, IH), 7.60 (dd, J = 9.1, 2.5, IH), 4.11 (d, J =
6.6, IH), 3.53 (m, 4H), 3.37 (m, 4H), 3.07 (m, IH),
2.92 (ddd, J = 12.7, 12.7, 2.7, 2H), 2.82 (s, 3H),
2.01 (m, IH), 1.88 (m, 2H), 1.42 (m, 2H), 1.35 (d, J
=7.0, 6H); ESIMS m/z for (M+H)+ C20H32N7O4S calcd.:
466.2, found: 466.2.B6a B8a [00135] Step A: A solution
of B6a (460.3 mg, 2.7 mmol) and isobutyric anhydride
(420 mg, 2.7 mmol) in dioxane (3 mL) is heated to 150
0C for 5 minutes. The reaction is cooled to room
temperature and diluted with ethyl acetate and water.
The organics are isolated and washed once with water,
dried over MgSO , filtered, evaporated and purified on
silica using a linear gradient of ethyl acetate in
hexane to afford B8a. A satisfactory mass spectal
analysis could not be obtained. Example B9:
Tetrahydro-2H-pyran-4-yl 4-((5-(4-
(methylsulfonyl)piperazin-l-yl)pyrazin-2-yloxy)methyl)
piperidine-l-carboxylate. [00136] By following a
similar procedure as the one used for preparing B3
from Ala except substituting 4-nitrophenyl
tetrahydro-2H-pyran-4-yl carbonate for isopropyl
chloroformate in the first step, B9 is prepared; 1H
NMR (CDCl3, 400 MHz): d 7.87 (d, J = 1.5, IH), 7.62
(d, J = 1.5, IH), 4.87 (m, IH), 4.20 (m, 2H), 4.09 (d,
J = 6.5, IH), 3.89 (m, 2H), 3.57 (m, 2H), 3.54 (m,
4H), 3.46 (m, 4H), 2.82 (s, 3H), 2.80 (m, 2H), 1.95
(m, 3H), 1.82 (m, 2H), 1.67 (m, 3H), 1.28 (m, 2H);
ESIMS m/z for (M+H)+ C2 H34N5O6S calcd.: 484.2, found:
484.2. Example BlO: (S)-Tetrahydrofuran-3-yl 4-((5-(4-
(methylsulfonyl)piperazin-l-yl)pyrazin-2-yloxy)methyl)
piperidine-l-carboxylate.[00137] By following a
similar procedure as the one used for preparing B3
from Ala except substituting (S)-4-nitrophenyl
tetrahydrofuran-3-yl carbonate for isopropyl 



chloroformate in the first step, BlO is prepared; 1H
NMR (CDCl3, 400 MHz): d 7.87 (d, J = 1.5, IH), 7.62
(d, J = 1.5, IH), 5.26 (m, IH), 4.18 (m, 2H), 4.08 (d,
J = 6.5, IH), 3.89 (m, 4H), 3.53 (m, 4H), 3.47 (m,
4H), 2.82 (s, 3H), 2.80 (m, 2H), 2.17 (m, IH), 2.00
(m, 2H), 1.82 (m, 2H), 1.27 (m, 2H); ESIMS m/z for
(M+H)+ C20H3 1N5O6S calcd.: 470.2, found: 470.2.
Example BIl: (R)-Tetrahydrofuran-3-yl 4-((5-(4-
(methylsulfonyl)piperazin-l-yl)pyrazin-2-yloxy)methyl)
piperidine-l-carboxylate. [00138] By following a
similar procedure as the one used for preparing B3
from Ala except substituting (R)-4-nitrophenyl
tetrahydrofuran-3-yl carbonate for isopropyl
chloroformate in the first step, BIl is prepared with
data identical to BlO. Example B12:
2-Isopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-lyl)
pyrazin-2-yloxy)methyl)piperidin-l-yl)thiazole.
[00139] By following a similar procedure as the one
used for preparing B3 from Aid except substituting
B12d (see scheme below) for Aid, B12 is prepared; 1H
NMR (CDCl3, 400 MHz): d 7.88 (d, J = 1.5, IH), 7.63
(d, J = 1.5, IH), 7.60 (dd, J = 9.1, 2.5, IH), 6.79
(s, IH), 4.13 (d, J = 6.2, IH), 3.53 (m, 4H), 3.46 (m,
2H), 3.37 (m, 4H), 3.14(m, IH), 2.82 (s, 3H), 2.79 (m,
2H), 1.91 (m, 3H), 1.53 (m, 2H), 1.34 (d, J =6.9, 6H);
ESIMS m/z for (M+H)+ C2 H33N6O3S2 calcd.: 481.2,
found: 481.2. IUh B12a [00140] Step A: A sample of B4b
(5.55 g, 14.9 mmol) is treated with 4 M HCl in dioxane
(20 ml) and aged for 1 hour. The reaction is treated
with water and the solvent is removed in vacuo. The
residue is partitioned between ethyl acetate and 1M
NaOHOURS. The aqueous phase is isolated, extracted
once more with ethyl acetate and discarded. The
combined organics are dried over MgSO , filtered and
evaporated to afford B12a which is used without
further purification; ESIMS m/z for (M+H)+ Ci0H15BrN3O
calcd.: 272.0, found: 272.0. [00141] Step B: A
solution of B12a (1 g, 3.7 mmol), Boc-gly (966 mg, 5.5
mmol) and HOBt (596 mg, 4.4 mmol) in
N-methylpyrrolidinone (5 mL) is treated with EDC (845
mg, 845 mg, 4.4 mmol) and stirred for 1 hour. The
reaction is then diluted with ethyl acetate and
extracted with water and saturated aqueous sodium
hydrogencarbonate twice. The organics are dried over
MgSO , filtered and evaporated. The residue is treated
with excess 4 M HCl in dioxane and aged for 1 hour.
The mixture is slurried withether and the solid is
collected to afford B12b; ESIMS m/z for (M+H)+
C12H18BrN4O2 calcd.: 329.1, found: 329.1. [00142] Step
C: A suspension of B12b (400 mg, 1.1 mmol) in
acetonitrile (8 mL) is treated with isobutyric
anhydride (208 mg, 1.3 mmol) followed by triethylamine
(360 mg, 3.6 mmol) and stirred for 1 hour. The solvent
is removed and the residue is partitioned between
ethyl acetate and saturated aqueous sodium
hydrogencarbonate. The aqueous phase is isolated,
extracted once more with ethyl acetate and discarded.
The combined organics are dried over MgSO , filtered
and evaporated to afford B12c which is used without
further purification; ESIMS m/z for (M+H)+
C16H24BrN4O3 calcd.: 399.1, found: 399.1. [00143] Step
D: A solution of B12c (440 mg, 1.1 mmol) in m-xylene
(2 mL) is treated with Laewesson's reagent (446 mmol,
1.1 mmol) and heated to 140 0C for 5 minutes and then
purified on silica gel using a linear gradient of
0-100 % ethlyl acetate in hexane. The resulting
material is further purified on preperative HPLC to
afford B12d; ESIMS m/z for (M+H)+ C16H22BrN4OS calcd.:
397.1, found: 397.1. Example B13:
2-((l-(2-methyl-2H-tetrazol-5-yl)piperidin-4-yl)methox
y)-5- (4-(methylsulfonyl)piperazin-l-yl)pyrazine.
[00144] By following a similar procedure as the one
used for preparing B3 from Aid except substituting
B13c (see scheme below) for Aid, B13 is prepared; 1H
NMR (400 MHz, CD3CN) d 7.84 (d, J = 0.9 Hz, IH), 7.72
(d, J = 1.2 Hz, IH), 4.10 (s, 3H), 4.10 (d, J = 4.8
Hz, 2H), 4.02 (m, 2H), 3.51 (t, J = 3.9 Hz, 4H), 3.27
(t, J = 3.9 Hz, 4H), 2.91 (dt, J = 2.1, 9.6 Hz, 2H),
2.79 (s, 3H), 1.39 (ddd, J = 3.3, 9.3, 16.8 Hz, 4H),
2.20 (t, J = 5.4 Hz, 2H), 0.88 (m, 2H); ESIMS (M+H)+
C17H28N9O3S cacld.: 438.2, found 438.2 (M+l).[00145]
Step A: To a stirred suspension of B12a (200 mg, 0.74
mmol) and sodiumhydrogencarbonate (0.15 g, 1.78 mmol)
in a mixed solvent of water (0.1 mL) and
dichloromethane ( 1 mL) at 0 0C is added cyanogen
bromide (93 mg, 0.89 mmol) in one portion. The
reaction is then stirred at room temperature for 4 h
and additional cyanogen bromide (93 mg, 0.89 mmol) is
added. After stirring overnight, the reaction is
diluted with dichloromethane (30 mL), dried over MgSO
, and evaporated to give B13a; ESIMS (M+H)+ Cn
H14BrN4O calcd.: 297.0, found 297.0. [00146] Step B:
The above crude B13a is stirred with sodium azide (143
mg, 2.2 mmol) and ammonium chloride (117 mg, 0.22
mmol) in anhydrous N,Ndimethylformamide (2 mL) at 110
0C for 2 hours. Additional sodium azide (143 mg, 2.2
mmol) and ammonium chloride (117 mg, 0.22) are added.
After stirring overnight, water is added slowly to
precipitate the product. The off white solid is
collected by filtration, washed with water (10 mL) and
dried in vacuo to afford B13b; 1H NMR (400 MHz,
DMSO-d6) d 8.41 (d, J = 1.2 Hz, IH), 8.20 (d, J = 0.9
Hz, IH), 4.18 (d, J = 5.1 Hz, 2H), 3.86 (m, 2H), 3.02
(dt, J = 2.1, 9.6 Hz, 2H), 2.03 (m, IH), 1.81 (m, 2H),
1.34 (ddd, J = 3.3, 9.6, 18.9 Hz, 2H); ESIMS (M+H)+ Cn
H15BrN7O calcd.: 340.0, found: 340.0. [00147] Step C:
A mixture of B13b (50 mg, 0.15 mmol), iodomethane (14
uL, 0.22 mmol) and K2CO3 (28 mg, 0.25 mmol) in
anhydrous N,N-dimethylformamide ( 1 mL) is stirred at
room temperature for 3 hours. The solvent is
evaporated in vacuo and the crude B13c is used without
purification: ESIMS (M+H)+ C12H17BrN7O calcd.: 354.1,
found 354.0 (M+l).Example B14. Oxetan-3-yl
4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyrazin-
2-yloxy)methyl)piperidine-l-carboxylate [00148] By
following a similar procedure as the one used for
preparing B3 from Ala except substituting
4-nitrophenyl oxetan-3-yl carbonate for isopropyl
chloroformate in the first step, B14 is prepared;
ESIMS m/z for (M+H)+ Ci9H30N5O6S calcd: 456.2, found:
456.0. Example Cl: Isopropyl
4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyridin-2-
yloxy)methyl)piperidine-l-carboxylate. Example Cl
[00149] Step A: A solution of 2-chloro-5-bromopyridine
(344 mg, 1.8 mmol) and Alb (300 mg, 1.5 mmol) in
dimethylformamide (3 mL) is treated with NaH (43 mg,
1.8 mmol) and the reaction is allowed to stir
overnight. After quenching by addition of water, the
reaction is diluted with ethyl acetate. The organics
are isolated and extracted with water once more, dried
over MgSO , filtered and evaporated. The residue
ispurified on a silica gel column using a linear
gradient of 0-50% ethyl acetate in hexane to afford
CIb; ESIMS m/z for (M-HH)+ Ci5H22ClN2O3 calcd.: 313.1,
found: 313.1. [00150] Step B: By following a similar
Pd coupling procedure described for 



preparing Bl except substituting CIa as the bromide
coupling partner, B14 is prepared; 1H NMR (CDCl 3, 400
MHz): d 7.78 (d, J =2.9, IH), 7.18 (dd, J = 3.0, 8.9,
IH), 6.69 (d, J = 8.9, IH), 4.91 (m, IH), 4.18 (m,
2H), 4.09 (d, J = 6.4, 2H), 3.38 (m, 4H), 3.17 (m,
4H), 2.84 (s, 3H), 2.77 (m, 2H), 1.96 (m, IH), 1.81
(m, 2H), 1.29 (m, 2H), 1.24, d, J = 6.3, 6H); ESIMS
m/z for (M-HH)+ C20H33N4O5S calcd.: 441.2, found:
441.2. Example C2: Isopropyl
4-((6-(4-(methylsulfonyl)piperazin-l-yl)pyridazin-
3-yloxy)methyl)piperidine-l-carboxylate. [00151] By
following a similar procedure as the one used for
preparing Cl from Alb except substituting
2,5-dichloropyridazine for 2-chloro-5-bromopyridine in
the first step, C2 is prepared; 1H NMR (CDCl 3, 400
MHz): d 7.04 (d, J = 9.6, IH), 6.88 (d, J = 9.6, IH),
4.91 (m, IH), 4.29 (m, 2H), 4.18 (m, 2H), 3.64 (m,
4H), 3.35 (m, 4H), 2.81 (s, 3H), 2.77 (m, 2H), 2.03
(m, IH), 1.80 (m, 2H), 1.29 (m, 2H), 1.24, d, J =6.4,
6H); ESIMS m/z for (M+H) + Ci9H32N5O5S calcd.: 442.2,
found: 442.3. Example C3: Isopropyl
4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyrimidin-
2-yloxy)methyl)piperidine-l-carboxylate.[00152] By
following a similar procedure as the one used for
preparing Cl from Alb except substituting
2-chloro-5-bromopyrimidine for
2-chloro-5-bromopyridine in the first step, C3 is
prepared; 1H NMR (CDCl3, 400 MHz): d 8.38 (s, 2H),
4.91 (sept., J = 6.3 Hz, IH), 4.23 (m, 5H), 3.50 (m,
4H), 3.29 (m, 4H), 2.87 (s, 3H), 2.76 (m, 2H), 2.04
(m, IH), 1.84 (m, 2H), 1.27 (m, IH), 1.24 (d, J = 6.3
Hz, 6H).; ESIMS m/z for (M+H)+ C19H32N5O5S calcd.:
442.2, found: 442.3. Example Dl: (E)-isopropyl
4-(2-(6-(4-(methylsulfonyl)piperazin-lyl)
pyridin-3-yl)vinyl)piperidine-l-carboxylate. [00153]
Step A: A solution of DIa (10 g, 0.077 mol) in
dichloromethane (100 niL) is treated with a solution
of isopropyl chloroformate in toluene (93 mL of a IM
solution) dropwise. The reaction is then stirred at
room temperature for 2.5 hours and quenched with
saturated aqueous ammonium chloride solution. The
phases are separated and the aqueous phase is
extracted once more with dichloromethane and
discarded. The combined organics are extracted once
with IM HCl, once with saturated aqueous
sodiumhydrogencarbonate, dried over MgSO , filtered
and evaporated to afford DIb; ESIMS m/z for (M+H)+
C7H16NO calcd.: 130.1, found: 130.1.[00154] Step B: A
cold (ice/water bath) solution of DIb (9.9 g, 0.046
mol) and triethylamine (6.7 mL, 0.048 mol) in
dichloromethane is treated with the dropwise addition
of methanesulfonyl chloride (3.7 mL, 0.048 mol) and
stirred for 2 hours. The mixture is treated with water
and extracted with dichloromethane. The organics are
pooled, dried over MgSO , filtered and concentrated.
The crude material is diluted in acetone (10 mL) and
added dropwise to a slurry of lithium bromide (12 g,
0.138 mol) in acetone (50 mL). The reaction is heated
to 350C and maintained overnight. After cooling to
room temperature, the reaction is concentrated,
diluted with ethyl acetate and washed with water. The
organic phase is collected, dried over MgSO , and
concentrated. This residue is diluted in
tetrahydrofuran (150 mL) and treated with the
portionwise addition of potassium tert-butoxide (23.05
g, 0.2054 mol) every 30 min for 3 hours. Reaction is
then heated to 40 0C and maintained overnight. Once
the reaction had cooled to room temperature, saturated
aqueous ammonium chloride is introduced and the
reaction extracted with Et O. Organics are collected,
dried over MgSO 4, concentrated, and purified via
distillation (68-70 0C, 180 mTorr) to afford Die.
ESIMS m/z for (M+H) + Cn H20NO2 CaICd.: 198.3 found:
198.1. [00155] Step C: A solution of Did (321 mg, 1.8
mmol) and methanesulfonylpiperazine (300 mg, 1.8 mmol)
in N-methylpyrrolidinone (2mL) is treated with K2CO3
(380 mg, 2.7 mmol) and heated to 160 0C for 5 minutes.
The reaction is then partitioned between ethyl acetate
and water and the organics are extracted with water
again, dried over MgSO 4, filtered, evaporated and
purified on silica gel using 0-100% ethyl acetate in
hexane to afford Die; ESIMS m/z for (M+H) +
Ci0H15BrN3O2S calcd.: 320.0, found: 320.1. [00156]
Step D: A solution of Die (50 mg, 0.18 mmol), Die (44
mg, 0.22 mmol) Pd2dba3 (5 mg, 0.006 mmol) and
tri-fe?t-butylphosphonium tetrafluoroborate (3.2 mg,
0.011 mmol) and dicyclohexylmethylamine (72 mg, 0.37
mmol) in dioxane (ImL) is heated to 120 0C for 1 hour.
The reaction is then partitioned between ethyl acetate
and water and the organics are extracted with water
once more, dried over MgSO 4, filtered, evaporated and
purified on silica gel using a gradient of 0-100 %
ethyl acetate in hexane to afford Dl; 1H NMR (CDCl 3,
400 MHz): d 8.11 (d, J =2.3, IH), 7.57 (dd, J = 8.8,
2.4, IH), 6.63 (d, J =8.8, IH), 6.27 (d, J = 15.9,
IH), 5.99 (dd, J = 16.0, 6.9, IH), 4.91 (m,IH), 4.17
(m, 2H), 3.67 (m, 4H), 3.32 (m, 4H), 2.80 (m, 2H),
2.80 (s, 3H), 2.23 (m, IH), 1.77 (m, 2H), 1.38 (m,
2H), 1.24, d, J = 6.2, 6H); ESIMS m/z for (M+H)+ C2
H33N4O4S calcd.: 437.2, found: 437.2. Example D2.
Isopropyl
4-(2-(6-(4-(methylsulfonyl)piperazin-l-yl)pyridin-
3-yl)ethyl)piperidine-l-carboxylate. [00157] A
solution of D2 (25 mg, 0.057 mmol) in methanol (2 mL)
is treated with 10% Pd/C (5 mg) and hydrogenated for 1
hour. The atmosphere is exchanged back for nitrogen
and the reaction is filtered though a plug of
Celite(r) and the solvent is removed to afford D2; 1H
NMR (CDCl3, 400 MHz): d 8.02 (d, J =2.2, IH), 7.35
(dd, J = 8.6, 2.4, IH), 6.63 (d, J =8.6, IH), 4.90 (m,
IH), 4.12 (m, 2H), 3.62 (m, 4H), 3.32 (m, 4H), 2.80
(s, 3H), 2.68 (m, 2H), 2.52 (m, 2H), 1.70 (m, 2H),
1.52 (m, 2H), 1.42 (m, IH), 1.23 (d, J = 6.2, 6H),
1.12 (m, 2H); ESIMS m/z for (M+H)+ C2 H35N4O4S calcd.:
439.2, found: 439.3. Example D3. (E)-Isopropyl
4-(2-(2-(4-(methylsulfonyl)piperazin-lyl)
pyrimidin-5-yl)vinyl)piperidine-l-carboxylate. [00158]
By following a similar procedure as the one used for
preparing Dl from DIa except substituting
2-chloro-5-bromopyrimidine for Did, D3 is prepared; 1H
NMR (CDCl3, 400 MHz): d 8.38 (s, 2H), 6.18 (d, J =
16.2 Hz, IH), 6.05 (dd, J = 16.1, 6.6 Hz, IH), 4.92
(m, IH), 4.18 (m, 2H), 3.98 (m, 4H), 3.30 (m, 4H),
2.80 (s, 3H), 2.80 (m, 2H),2.29 (m, IH), 1.76 (m, 2H),
1.38 (m, 2H), 1.24 (d, J = 6.2 Hz, 6H); ESIMS m/z for
(M+H)+ C20H32N5O4S calcd: 438.2, found: 438.3. Example
El.
5-Ethyl-2-(4-((6-(4-(methylsulfonyl)piperazin-l-yl)pyr
idin-3- yloxy)methyl)piperidin-l-yl)pyrimidine. B2 EIa
Example El [00159] Step A: A sample of B2 (202 mg,
0.445 mmol) is treated with 4 M HCl in dioxane (3 mL)
and aged for 1 hour. The solvent is then removed and
the residue is partitioned between ethyl acetate and
1M NaOH. The aqueous phase is isolated, extracted once
more with ethyl acetate and discarded. The combined
organics are dried over MgSO4, filtered and evaporated
to afford EIa; ESIMS m/z for (M+H)+ Ci6H27N4O3S
calcd.: 355.2, found: 355.2. 



[00160] Step B: The resulting material is treated with
2-chloro-5-ethylpyrimidine (121 mg, 0.85 mmol), CuI
(12 mg, 0.063 mmol), diisopropylethylamine (176 mg,
1.4 mmol) and N-methylpyrrolidinone (2 mL). The
resulting solution is sealed in a reaction vial and
heated to 160 C for 10 minutes using a microwave
reactor. The reaction is then diluted with ethyl
acetate and extracted with water once, 1M HCl once and
saturated aqueous sodiumhydrogencarbonate once, dried
over MgSO4, filtered, evaporated and purified on
silica gel using a linear gradient of 0-100% ethyl
acetate in hexane followedby lyophilization from 1M
HCl to afford El as the HCl salt; 1H NMR (DMS0-d6, 400
MHz): d 8.27 (s, 2H), 7.82 (d, J = 2.9, IH), 7.50 (m,
IH), 7.05 (m, IH), 4.63 (m, 2H), 3.86 (d, J = 6.4,
2H), 3.57 (m, 4H), 3.22 (m, 4H), 2.91 (s, 3H), 2.91
(m, 2H), 2.43 (dd, J = 15.1, 7.6, 2H), 2.03 (s, IH),
1.82 (m, 2H), 1.22 (m, 2H), 1.13 (dd, J =7.6, 7.6,
36H); ESIMS m/z for (M+H) + C22H33N6O3S calcd.: 461.2,
found: 461.2. Example E2.
1-(Methylsulfonyl)-4-(5-((l-(5-(trifluoromethyl)pyridi
n-2-
yl)piperidin-4-yl)methoxy)pyridin-2-yl)piperazine.
[00161] By following a similar procedure as the one
used for preparing El from B2 except substituting the
following procedure for Step B, E2 is prepared;
[00162] A sample of EIa hydrochloride (900 mg, 2.3
mmol) is treated with 2-
chloro-3-trifluoromethylpyridine (501 mg, 2.76 mmol),
K2CO3 (795 mg, 5.8 mmol), Nmethylpyrrolidinone (10 mL)
and water (8 mL) and heated in a sealed vessel in a
microwave reactor at 160 C for 10 minutes. The
resulting suspension is treated with ethyl acetate and
water and filtered. The resulting solid is washed with
water and ethyl acetate, dissolved in 1M HCl and
lyophilized to afford E2 ; 1H NMR (CDCl 3, 400 MHz): d
8.22 (m, IH), 8.10 (dd, J =9.8, 2.3, IH), 7.86 (dd, J
= 9.9, 2.9, IH), 7.60 (d, J =2.9, IH), 7.53 (d, J =
9.8, IH), 7.42 (d, J = 9.1, IH), 4.30 (m, 2H), 3.94
(d, J = 6.2, IH), 3.71 (m, 4H), 3.37 (m, 4H), 2.86 (s,
3H), 2.28 (m, IH), 2.06 (m, 2H), 1.57 (m, 2H); ESIMS
m/z for (M-HH)+ C22H29F3N5O3S calcd.: 500.2, found:
500.2. Example E3. 1-Methylcyclopropyl
4-((5-(4-(methylsulfonyl)piperazin-lyl)
pyrazin-2-yloxy)methyl)piperidine-l-carboxylate.B4 E3a
Example E3 [00163] Step A: A sample of B4 (745 mg,
0.16 mmol) is treated with 4 M HCl in dioxane and
stirred for 3 hours. The solvent is decanted and the
residue is lyophilized from water to afford E3a; ESIMS
m/z for (M+H)+ Ci5H26N5O3S calcd.: 356.2, found:
356.2. [00164] Step B: A sample of E3a (181.8 mg, 0.46
mmol) is treated with N, Ndimethylformamide (1.5 mL),
E3b (110 mg, 0.46 mmol) and diisopropylethylamine (242
mL, 1.4 mmol) and stirred overnight. The reaction is
then partitioned between ethyl acetate and water and
the organics are isolated, extracted with 1M NaOH
three times, dried over MgSO , filtered, evaporated
and purified on silica gel using a linear gradient of
0-100% ethyl acetate in hexane to afford E3; 1H NMR
(CDCl3, 400 MHz): d 7.87 (d, J = 1.5, IH), 7.62 (d, J
= 1.4, IH), 4.18 (m, 2H), 4.08 (d, J = 6.5, 2H), 3.52
(m, 4H), 3.36 (m, 4H), 2.82 (s, 3H), 2.72 (m, 2H),
1.93 (m, IH), 1.80 (m, 2H), 1.56 (d, J = 9.9, 3H),
1.23 (m, 2H), 0.87 (m, 2H), 0.62 (m,2H); ESIMS m/z for
(M+H)+ C20H32N5O5S calcd.: 454.2, found: 454.2.
Example E4.
5-Ethyl-2-(4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyr
azin-2- yloxy)methyl)piperidin-l-yl)pyrimidine.[00165]
By following a similar procedure as the one used for
preparing El from EIa except substituting E3a for EIa,
E4 is prepared; 1H NMR (CDCl3, 400 MHz): d 8.17 (s,
2H), 7.88 (d, J = 1.4, IH), 7.63 (d, J = 1.5, IH),
4.76 (m, 2H), 4.1 1 (d, J = 6.6, 2H), 3.52 (m, 4H),
3.37 (m, 4H), 2.90 (m, 2H), 2.82 (s, 3H), 2.45 (dd, J
= 15.2, 7.6, 2H), 2.08 (m, 2H), 1.90 (m, 2H), 1.33
(ddd, J =24.9, 12.4, 4.2, 2H), 1.18 (dd, J =7.6, 7.6,
3H); ESIMS m/z for (M+H)+ C2 H32N7O3S calcd.: 462.2,
found: 462.3. Example E5.
2-((l-(5-Methylpyridin-2-yl)piperidin-4-yl)methoxy)-5-
(4- (methylsulfonyl)piperazin-l-yl)pyrazine. [00166] A
mixture of E3a (103 mg, 0.26 mmol),
2-bromo-5-methylpyridine (45.3 mg, 0.26 mmol), Pd2dba3
(4.8 mg, 0.005 mmol), xantphos (9.1 mg, 0.016 mmol),
sodium te?t-butoxide (78 mg, 0.815 mmol) and toluene
(1.5 mL) is purged with nitrogen for 5 minutes and
heated in an oil bath at 100 0C overnight. The
reaction is cooled to room temperature and diluted
with water and ethyl acetate. The organics are dried
over MgSO , filtered, evaporated and purified by
silica gel column chromatography using a linear
gradient of 0-100 % ethyl acetate in hexane to afford
E5; 1H NMR (CDCl3, 400 MHz): d 8.01 (m, IH), 7.88 (d,
J = 1.4, IH), 7.30 (m, IH), 6.62 (d, J = 8.6, IH),
4.27 (m, 2H), 4.11 (d, J = 6.6, IH), 3.53 (m, 4H),
3.37 (m, 4H), 2.82 (m, 2H), 2.82 (s, 3H), 2.19 (s,
3H), 2.02 (m, IH), 1.91 (m, 2H), 1.42 (m, 2H); ESIMS
m/z for (M+H)+ C2 H3 1N6O3S calcd.: 447.2, found:
447.3. Example E6. 1-Methylcyclopropyl
4-((5-(4-(methylsulfonyl)piperazin-lyl)
pyridin-2-yloxy)methyl)piperidine-l-carboxylate.[00167
] By following a similar procedure as the one used for
preparing E3 from B4 except substituting tert-buty\
4-((5-(4-(methylsulfonyl) piperazin- l-yl)pyridin-2-
yloxy)methyl)piperidine-l-carboxylate for B4, E6 is
prepared; te?t-Butyl 4-((5-(4- (methylsulfonyl)
piperazin- l-yl)pyridin-2-yloxy)methyl)piperidine-
1-carboxylate is prepared in an analogous fashion to
B4 except using 2-fluoro-5-bromopyridine instead of
Aid; 1H NMR (CDCl3, 400 MHz): d 7.78 (d, J =2.9, IH),
7.28 (dd, J =8.9, 3.0, IH), 6.68 (d, J =8.9, IH), 4.18
(m, 2H), 4.08 (d, J =6.5, 2H), 3.38 (m, 4H), 3.14 (m,
4H), 2.83 (s, 3H), 2.73 (m, 2H), 1.93 (m, IH), 1.79
(m, 2H), 1.54 (s, 3H), 1.23 (m, 2H), 0.86 (m, 2H),
0.61 (m, 2H); ESIMS m/z for (M+H)+ C2 H33N4O5S calcd:
453.2, found: 453.3. Example E7.
5-Ethyl-2-(4-((5-(4-(methylsulfonyl)piperazin-l-yl)pyr
idin-2- yloxy)methyl)piperidin-l-yl)pyrimidine.
[00168] By following a similar procedure as the one
used for preparing El from EIa except substituting
fe?t-butyl 4-((5-(4-(methylsulfonyl) piperazin-
l-yl)pyridin-2- yloxy)methyl)piperidine- 1-carboxylate
for EIa, E7 is prepared; fe?t-Butyl 4-((5-(4-
(methylsulfonyl) piperazin-
l-yl)pyridin-2-yloxy)methyl)piperidine- 1-carboxylate
is prepared in an analogous fashion to B4 except using
2-fluoro-5-bromopyridine instead of Aid; 1H NMR
(CDCl3, 400 MHz): d 8.16 (s, 2H), 7.78 (d, J =2.9,
IH), 7.28 (dd, J = 8.9, 3.0, IH), 6.69 (d, J =9.0,
IH), 4.73 (m, 2H), 4.11 (d, J =6.6, IH), 3.38 (m, 4H),
3.14 (m, 4H), 2.89 (m, 2H), 2.83 (s, 3H), 2.44 (dd, J
= 15.2, 7.6, 2H), 2.08 (m, IH), 1.90 (m, 2H), 1.34
(ddd, J =24.8, 12.4, 4.1, 2H), 1.73 (dd, J =7.6, 7.6,
3H); ESIMS m/z for (M-^H)+ C22H33N6O3S calcd.: 461.2,
found: 461.3. Example E8.
3-Isopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-lyl)
pyrazin-2-yloxy)methyl)piperidin-l-yl)-l,2,4-oxadiazol
e.E3a E8a Example E8 [00169] Step A: A cold (ice/water
bath) solution of E3a (256 mg, 0.65 mmol) in
dichloromethane (5 mL) is treated with a solution of
K2CO3 (298 mg, 2.2 mmol) in water 



(5 mL). The vigorously stirred solution is treated
with a solution of cyanogen bromide (76.1 mg, 0.72
mmol) in dichloromethane (2 mL) and the reaction is
allowed to stir cold for 3 hours. The phases are then
separated and the organic phase is dried over MgSO ,
filtered and evaporated to afford E8a which is used
without further purification; ESIMS m/z for (M+H) +
Ci6H25N6O3S calcd.: 381.2, found: 381.1. [00170] Step
B: A solution of E3a (215.5 mg, 0.57 mmol) in dioxane
(2 mL) is treated with N'-hydroxyisobutyrimidamide
(86.8 mg, 0.85 mmol) and ZnCl (115.8 mgL, 0.85 mmol)
and stirred at 100 C overnight. The reaction is then
partitioned between ethyl acetate and 1M NaOH and the
organics are isolated, dried over MgSO 4, filtered,
evaporated and purified on silica gel using a linear
gradient of 0-100% ethyl acetate in hexane to afford
E8; 1H NMR (CDCl 3, 400 MHz): d 7.88 (d, J = 1.4, IH),
7.62 (d, J = 1.4, IH), 4.19 (m, 2H), 4.11 (d, J = 6.5,
2H), 3.53 (m, 4H), 3.37 (m, 4H), 3.08 (ddd, J = 12.9,
12.9, 2.8, 2H), 2.87 (m, IH), 2.82 (s, 3H), 2.03 (m,
IH), 1.91 (m, 2H), 1.43 (ddd, J = 25.2, 12.5, 4.4,
2H), 1.28 (d, J =7.0, 3H); ESIMS m/z for (M-HH)+
C20H32N7O4S calcd.: 466.2, found: 466.3.Example E9.
3-Isopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-lyl)
pyridin-2-yloxy)methyl)piperidin-l-yl)-l,2,4-oxadiazol
e. [00171] By following a similar procedure as the one
used for preparing E8 from B4 except substituting
tert-buty\ 4-((5-(4-(methylsulfonyl)
piperazin-l-yl)pyridin-2-
yloxy)methyl)piperidine-l-carboxylate for B4, E9 is
prepared; fe?t-Butyl 4-((5-(4- (methylsulfonyl)
piperazin- l-yl)pyridin-2-yloxy)methyl)piperidine-
1-carboxylate is prepared in an analogous fashion to
B4 except using 2-fluoro-5-bromopyridine instead of
Aid; 1H NMR (CDCl3, 400 MHz): d 7.78 (d, J =2.9, IH),
7.29 (dd, J =8.9, 3.0, IH), 6.69 (d, J =8.9, IH), 4.17
(m, 2H), 4.13 (d, J =6.5, IH), 3.40 (m, 4H), 3.17 (m,
4H), 3.08 (ddd, J = 12.9, 12.9, 2.8, 2H), 2.88 (m,
IH), 2.84 (s, 3H), 2.03 (m, IH), 1.91 (m, 2H), 1.34
(ddd, J =25.1, 12.5, 4.4, 2H), 1.28 (d, J =7.0, 3H);
ESIMS m/z for (M+H)+ C2 H33N6O4S calcd.: 465.2, found:
465.3. Example ElO. 1-Methylcyclopropyl
4-((6-(4-(methylsulfonyl)piperazin-lyl)
pyridin-3-yloxy)methyl)piperidine-l-carboxylate.
[00172] By following a similar procedure as the one
used for preparing E3 from B4 except substituting B2
for B4, ElO is prepared; 1H NMR (CDCl3, 400 MHz): d
7.90 (d, J =2.9, IH), 7.14 (dd, J =9.1, 3.0, IH), 6.65
(d, J =9.0, IH), 4.12 (m, 2H), 3.77 (d, J = 6.3, IH),
3.54 (m, 4H), 3.33 (m, 4H), 2.80 (s, 3H), 2.73 (m,
2H), 1.92 (m, IH), 1.89 (m, 2H), 1.54 (s, 3H), 1.23
(m, 2H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS m/z for
(M+H)+ C2 H33N4O5S calcd.: 453.2, found: 453.2.
[00173]Example Ell.
5-Isopropyl-3-(4-((6-(4-(methylsulfonyl)piperazin-lyl)
pyridin-3-yloxy)methyl)piperidin-l-yl)-l,2,4-oxadiazol
e. EIaHCl Ella Example Ell ElIb [00174] Step A: A
mixture of Ela H Cl (202.3 mg, 0.52 mmol) and K2CO3
(143 mg, 1.0 mmol) in water (3 mL) is cooled to
ice/water bath temperature and treated dropwise with a
solution of cyanogen bromide (60.3 mg, 0.57 mmol) in
dichlormethane (3 mL) and stirred for 2 hours while
cooled. The reaction is then diluted with
dichloromethane, extracted with water, dried over MgSO
, filtered and evaporated to afford Ella which is used
without further purification; ESIMS m/z for (M+H)+
Ci7H26N5O3S calcd.: 380.2, found: 380.2. [00175] Step
B: A solution of Ella (152.4 mg, 0.40 mmol) and
hydroxylamine (492 mL of a 50% aqueous solution, 0.80
mmol) in ethanol (2 mL) is heated to 60 C in a sealed
vessel overnight. The reaction is cooled to room
temperature and the resulting sample of ElIb; ESIMS
m/z for (M+H)+C H29N6O4S calcd.: 413.2, found: 413.2.
[00176] Step C: A solution of ElIb (134.2 mg, 0.32
mmol) and isobutyric anhydride (50 mg, 0.32 mmol) in
dioxane is heated at 400 W in a microwave reactor for
10 minutes (-120 C). The reaction is cooled to room
temperature, evaporated andpartititioned between ethyl
acetate and saturated aqueous sodium
hydrogencarbonate. The organics are isolated, dried
over MgSO , filtered, evaporated and purified on
silica gel using a linear gradient of 0-100% ethyl
acetate in hexane and lyophilized from 1 M HCl to
afford Ell as an HCl salt; 1H NMR (CDCl 3, 400 MHz): d
7.92 (d, J = 3.0, IH), 7.16 (dd, J =9.1, 3.0, IH),
6.65 (d, J = 9.1, IH), 4.06 (m, 2H), 3.80 (d, J = 6.4,
IH), 3.54 (m, 4H), 3.33 (m, 4H), 3.07 (m, IH), 2.92
(ddd, J = 12.7, 12.7, 2.7, IH), 2.80 (s, 3H), 2.73 (m,
2H), 1.99 (m, IH), 1.88 (m, 2H), 1.42 (m, 2H), 1.34
(d, J =7.0, 6H); ESIMS m/z for (M-HH)+ C2 H33N6O4S
calcd.: 465.2, found: 453.3. Example E12.
2-((l-(5-Fluoropyridin-2-yl)piperidin-4-yl)methoxy)-5-
(4- (methylsulfonyl)piperazin-l-yl)pyrazine. [00177]
By following a similar procedure as the one used for
preparing E5 from E3a except substituting
2-bromo-5-fluoropyridine for 2-bromo-5-methylpyridine
and
dicyclohexyl(2',6'-dimethoxybiphenyl-4-yl)phosphine
for xantphos, E12 is prepared; ESIMS m/z for (M+H) +
C20H28FN6O3S calcd: 451.2, found: 451.2. Example Fl.
3-Isopropyl-5-(4-((6-(4-(methylsulfonyl)piperazin-lyl)
pyridin-3-yloxy)methyl)piperidin-l-yl)-l,2,4-oxadiazol
eFIb FIc FId [00178] Step A: By following a similar
procedure as the one used for preparing B5c from B5b
except substituting B8a for B5b, FIa is prepared;
ESIMS m/z for (M+H)+ Ci2H22N3O4S calcd: 304.1, found:
304.1. [00179] Step B: A solution of FIb (3.00 g, 23.0
mmol) and benzyl chloride (2.93 mL, 25.5 mmol) in
acetonitrile (50 mL) is treated with Cs2CO (15.0 g,
46.0 mmol) and the reaction mixture is heated at 90 0C
for 2hours, cooled and filtered. The solvents are
evaporated and the crude compound purified on silica
gel using a linear gradient of 0- 100% ethyl acetate
in hexane to afford FIc; 1H-NMR (400 MHz, CDCl3) d
8.15 (dd, J = 0.8, 2.8 Hz, IH), 7.42 (m, 4H), 7.39 (m,
IH), 7.25 (m, 2H), 5.12 (s, 2H); ESIMS calcd. for
[M+H]+ Ci2H11ClNO: 220.1 found: 220.1. [00180] Step C:
FIc (2.67 g, 12.2 mmol), 1-methanesulfonyl piperazine
(3 g, 18.3 mmol), Pd(OAc) 2 (548 mg, 2.4 mmol),
((2-dicyclohexyl)phosphino)biphenyl (1.7 g, 4.8 mmol),
NaO^Bu (3.5 g, 36.6 mmol) and toluene (20 mL) are
charged to a sealed flask and degassed with bubbling
Ar for 30 minutes. The mixture is heated at 120 0C for
18h, then is hot filtered to remove particulates. The
filter cake is washed with ethyl acetate (10 mL) and
water (20 mL) and the filtrates are combined and
extracted with ethyl acetate (20 mL). The organic
layer is extracted with IN HCl (3 x 20 mL) and
discarded. The acidic layer is then basified with NaOH
and extracted with ethyl acetate (3 x 20 mL). The
remaining organic layers are combined, dried (MgSO ),
filtered andconcentrated. The residue is
recrystallized from ethyl acetate /Hexane to provide
FId; ESIMS calcd. for [M+H]+ C H22N3O3S: 348.1 found:
348.1. [00181] Step D: A solution of FId (1.3 g, 3.88
mmol) in EtOH is treated with Pd/C 



(0.2 g of 10%, wet). The reaction is stirred under H
(1 atmosphere) for 12 hours. The mixture is filtered
and concentrated to provide FIe which is used without
further purification: ESIMS calcd. for [M+H]+
C10H16N3O3S: 258.1 found: 258.1. [00182] Step E: A
solution of FIe (97.7 mg, 0.38 mmol) and FIa (115.2
mg, 0.38 mmol) in N, N-dimethylformamide (1.5 mL) is
treated with Cs CO3 (185.6 mg, 0.57 mmol) and heated
to 60 0C overnight. The reaction is cooled to room
temperature, diluted with ethyl acetate, extracted
with water, dried over MgSO , filtered, evaporated and
purified by silica gel column chromatography using a
linear gradient of 0 to 100% ethyl acetate in hexane
and then lyophilized from HCl to afford Fl as an HCl
salt; 1H NMR (CDCl3, 400 MHz): d 8.01 (m, 0.5H), 7.92
(d, J = 2.8, IH), 7.16 (dd, J = 9.1, 3.1, IH), 6.66
(d, J = 9.1, IH), 4.20 (m, 2H), 3.81 (d, J = 6.3, IH),
3.54 (m, 4H), 3.33 (m, 4H), 3.09 (m, 2H), 2.88 (m,
IH), 2.81 (s, 3H), 2.00 (m, IH), 1.92 (m, 2H), 1.44
(m, 2H), 1.28 (d, J =7.0, 3H); ESIMS m/z for (M+H)+ C2
1H33N6O4S calcd.: 465.2, found: 465.3. Example Gl.
-Butyl 4-((5-(4-(methylsulfonyl)-l,4-diazepan-lyl)
pyrazin-2-yloxy)methyl)piperidine-l-carboxylate.Exampl
e Gl [00183] Step A: A mixture of B4b (307.5 mg, 0.83
mmol), homopiperazine (248.2 mg, 2.5 mmol), xantphos
(28.7 mg, 0.050 mmol), sodium tert-butoxide 119 mg,
1.2 mmol) and toluene (5 mL) is sparged with nitrogen
for 5 minutes and treated with Pd2dba3 (15.1 mg, 0.017
mmol). The reaction is then sealed and dipped into a
pre-heated oil bath at 100 0C. The reaction is stirred
at this temperature for 4 hours, cooled to room
temperature, diluted with ethyl acetate and extracted
with water twice. The organics are dried over MgSO ,
filtered, evaporated and purified on a silica gel
column using 0-10% methanol in dichloromethane to
afford GIa; ESIMS m/z for (M+H) + C2 1H35N4O3 calcd.:
391.3, found: 391.3. [00184] Step B: A solution of GIa
(139 mg, 3.6 mmol) in dichloromethane (0.25 m L) is
cooled to ice/water bath temperature and treated with
triethylamine (37.4 mg, 0.37 mmol) followed by
methanesulfonyl chloride (42.3 mg, 0.37 mmol) and
stirred overnight. The reaction is then poured into
water and extracted with dichloromethane twice. The
combined organics are dried over MgSO , filtered,
evaporated and purified on a silica gel column using
0-100% ethyl acetate in hexane to afford Gl; 1H NMR
(CDCl 3, 400 MHz): d 7.79 (d, J =2.9, IH), 7.49 (d, J
= 1.5, IH), 4.13 (m, 2H), 4.14 (d, J =6.5, IH), 3.82
(m, 2H), 3.74 (dd, J =6.3,6.3, 2H), 3.49 (m, 2H), 3.26
(m, 2H), 2.78 (s, 3H), 2.73 (m, 2H), 2.07 (m, 2H),
1.94 (m, IH), 1.79 (m, IH), 1.46 (s, 9H), 1.25 (m,
2H); ESIMS m/z for (M-HH)+ C2IH36N5O5S calcd.: 470.2,
found: 370.2 (M-Boc+H +) .Example G2 tert-Butyl
4-((5-(3-(methylsulfonyloxy)pyrrolidin-lyl)
pyrazin-2-yloxy)methyl)piperidine-l-carboxylate.
[00185] By following a similar procedure as the one
used for preparing Gl from B4b except substituting
pyrrolidin-3-ol for homopiperazine, G2 is prepared; 1H
NMR (CDCl3, 400 MHz): d 7.82 (d, J = 1.5, IH), 7.38
(d, J = 1.5, IH), 5.43 (m, IH), 4.03 (m, 2H), 4.06 (d,
J = 6.6, IH), 3.82 (m, 21H), 3.74 (dd, J = 12.4, 4.4,
IH), 3.58 (m, 2H), 3.05 (s, 3H), 2.72 (m, 2H), 2.47
(m, IH), 2.33 (m, IH), 1.93 (m, IH), 1.79 (m, 2H),
1.46 (s, 9H), 1.26 (m, 2H); ESIMS m/z for (M-Boc+H) +
Ci5H25N4O4S calcd.: 357.2, found: 357.2. Example G3.
Tert-buty\
4-((5-(4-(methylsulfonyl)piperidin-l-yl)pyrazin-2-
yloxy)methyl)piperidine-l-carboxylate. [00186] By
following a similar procedure as the one used for
preparing GIa from B4b except substituting
4-(methylsulfonyl)piperidine for homopiperazine, G3 is
prepared; ESIMS m/z for (M-'Bu+H) + CI 6H27N4O3S
calcd: 355.2, found: 355.2 Example G4.
1-Methylcyclopropyl
4-((5-(4-(methylsulfonyl)piperidin-lyl)
pyrazin-2-yloxy)methyl)piperidine-l-carboxylate.[00187
] By following a similar procedure as the one used for
preparing E3 from B4 except substituting G3 for B4, G4
is prepared; ESIMS m/z for (M+H) + C2 H34N4O5S calcd:
454.2, found: 454.2. Example Hl. -Butyl
4-(2-(3-(4-(methylsulfonyl)piperazin-l-yl)-l,2,4-
oxadiazol-5-yl)ethyl)piperidine-l-carboxylate. Step A
/ \ Step B MeO SN NH L- MeO9SN N-CN - . HIa HIb
[00188] Step A: To a stirred a solution of potassium
carbonate (2.78 g, 20.0 mmol) in water (20 mL) is
added HIa (3.0 g, 18.3 mmol). The solution is cooled
to 10 0C, then a solution of cyanogen bromide (2.12 g,
20.0 mmol) in dichloromethane (20 mL) is added
dropwise over 30 min. The reaction is warmed to room
temperature and stirred for 2 hours, then extracted
into dichloromethane. The organic layer is washed with
IN HCl (30 mL), dried over MgSCU, filtered and
concentrated. The product is used without further
purification. [00189] Step B: A solution of HIb (2.6
g, 13.7 mmol) and hydroxylamine ( 1 mL, 15.1 mmol) in
EtOH (10 mL) is heated in a sealed vial at 90 0C for
12 hours. The mixture is concentrated in vacuo to
provide HIc, which is used without further
purification.[00190] Step C: A solution of
l-Boc-piperidin-4-yl propionic acid acid ( 112 mg,
0.44 mmol) and N,N-carbonyl dimidazole (71 mg, 0.44
mmol) in N,N-dimethylformamide (0.5 mL) is stirred at
room temperature for 30 min. HIc (107 mg, 0.48 mmol)
is added, the tube is sealed and heated at 115 0C for
18 hours. The reaction mixture is cooled, extracted
into ethyl acetate (10 mL), washed with water (2 x 10
mL), then brine (10 mL). The organic layer is dried
over MgSO4, filtered, concentrated, and purified by
mass triggered reverse phase HPLC to provide Hl; 1H
NMR (CDCl3, 400 MHz): d 4.10 (br.s, 2H), 3.59 (m, 4H),
3.32 (m, 4H), 2.82 (s, 3H), 2.79 (t, J = 8.0 Hz, 2H),
2.68 (m, 2H), 1.71 (m, 4H), 1.46 (s, 9H), 1.15 (m, 2H)
; ESIMS m/z for (M+H+Na) +Ci9H33N5O5SNa calcd.: 466.2,
found: 466.2. Example H2. -Butyl
4-(3-(3-(4-(methylsulfonyl)piperazin-l-yl)-l,2,4-
oxadiazol-5-yl)propyl)piperidine-l-carboxylate.
[00191] By following a similar procedure as the one
used for preparing Hl from HIa except substituting
4-(l-Boc-piperidin-4-yl) butanoic acid for
l-Boc-piperidin-4-yl propionic acid acid, H2 is
prepared; 1H NMR (CDCl 3, 400 MHz): d 4.08 (d, J =
13.2 Hz, 2H), 3.59 (m, 4H), 3.32 (m, 4H), 2.82 (s,
3H), 2.75 (t, J = 7.6 Hz, 2H), 2.68 (dt, J = 2.4, 13.2
Hz, 2H), 1.80 (m, 2H), 1.68 (s, IH), 1.65 (s, IH),
1.46 (s, 9H), 1.42 (m, IH), 1.34 (s, 2H), 1.11 (m, 2H)
; ESIMS m/z for (M+H+Na) +C20H35N5O5SNa calcd.: 480.2,
found: 480.3. Example H3.
5-(3-(l-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)propyl)-
3-(4-
(methylsulfonyl)piperazin-l-yl)-l,2,4-oxadiazole.N -
NO= S-N Step A NBoc - S-N NH 



O H2 H3a Example H3 [00192] Step A: A solution of H2
(261 mg, 0.57 mmol) in tetrahydrofuran (5 niL) is
treated with HCl (5 mL of 4N in dioxane) and stirred
at room temperature for 1 hour. The reaction is
concentrated, dissolved in dichloromethane (5 mL) and
concentrated in vacuo to remove traces of acid and
provide H3a, which is used without further
purification; ESIMS m/z for (M+H)+ Ci5H28N5O3S calcd.:
358.2, found: 358.2. [00193] Step B: H3a (53 mg, 0.15
mmol) and 2-chloro-5-ethyl-pyrimidine (22 mL, 0.18
mmol) are dissolved in 1, 4-dioxane (1 mL). Cesium
carbonate (120 mg, 0.37 mmol) is added and the tube is
sealed and heated at 150 0C for 2 hours. The reaction
mixture is cooled, filtered, and purified by mass
triggered reverse phase HPLC to provide H3; 1H NMR
(CDCl3, 400 MHz): d 8.27 (s, 2H), 4.70 (d, J = 13.2
Hz, 2H), 3.60 (m, 4H), 3.33 (m, 4H), 2.93 (dt, J =
2.0, 13.2 Hz, 2H), 2.83 (s, 3H), 2.77 (t, J = 7.6 Hz,
2H), 2.51 (q, J = 7.6 Hz, 2H), 1.84 (m, 4H), 1.58 (m,
IH), 1.37 (m, 3H), 1.22 (t, J = 7.6 Hz, 3H; ESIMS m/z
for (M+H)+ C2 H34N7O3S calcd.: 464.2, found: 464.2.
Example H4. Isopropyl
4-(3-(3-(4-(methylsulfonyl)piperazin-l-yl)-l,2,4-
oxadiazol-5-yl)propyl)piperidine-l-carboxylate.
[00194] By following a similar procedure as the one
used for preparing Hl from HIa except substituting H4b
(see scheme below) for l-Boc-piperidin-4-yl propionic
acid acid, H4 is prepared; ESIMS m/z for (M+H)+
Ci9H34N5O5S calcd.: 444.2, found: 480.3.H4a H4b
[00195] Commercially available H4a (20 g, 96 mmol) is
suspended in dry dimethylacetamide (100 mL).
Triethylamine (34 mL, 240 mmol) is added and the
resulting mixture is cooled in an ice/water bath. A
solution of isopropyl chloroformate in toluene (1.0M,
150 mL) is added dropwise, forming a white
precipitate. The suspension is stirred at room
temperature for 18 hours, then the white precipitate
is filtered, washed with ethyl acetate, and discarded.
The filtrate is concentrated in vacuo to yield H4b.
Example II.
3-Isopropyl-5-(4-(2-(5-(4-(methylsulfonyl)piperazin-ly
l)
thiazol-2-yl)ethyl)piperidin-l-yl)-l,2,4-oxadiazole.He
Hf [00196] Step A: To a stirred a suspension of
sodiumhydrogencarbonate (2.80 g, 33.3 mmol) in water
(1.5 mL) is added H a hydrochloride salt (2.00 g, 11.1
mmol) and dichloromethane (2 mL). The mixture is
cooled in ice/water bath and stirred. A solution of
cyanogen bromide (1.42 g, 13.4 mmol) in
dichloromethane (3 mL) is added over a period of 1
hour. The cold bath is removed and the reaction is
stirred overnight. 0.33 g of Na2Cq 3 is added to
ensure the reaction is basic. The reaction is diluted
with dichloromethane (20 mL), dried with MgSCU. The
mixture is filtered, washed with dichloromethane, and
evaporated to give lib; ESIMS m/z for (M+H) + C9H17N2O
calcd.: 169.1, found: 169.1. [00197] Step B: A
solution of Hb (1.87 g, 11.1 mmol) and N'-hydroxy
isobutyrimidamide (1.70 g, 16.7 mmol) in ethyl acetate
(40 mL) is treated with a solution OfZnCl (16.7mL, IN
in ether) dropwise. A white precipitate is formed.
After stirring at room temperature for 15 minutes, the
precipitate stuck on the flask and made stirring
difficult. The solid is triturated with ether (40 mL)
and stirred for 4 hours until a yellow suspension is
obtained. The solid is collected by filtration, washed
with ether (30 mL) and dried to give a yellow solid
which is used without purification for the next step;
ESIMS m/z for (M+H)+ C13H27N4O2 calcd.: 271.2, found:
271.2. The intermediate material (422 mg) is treated
with dioxane (10 mL) and 4M HCl in dioxane (0.5 mL)
and heated to 100 C for 1 hour. The reaction is then
cooled to room temperature and the solvent is removed.
The residue is diluted with ethyl acetate and
extracted with 1M HCl twice, dried over MgSO ,
filtered and evaporated to afford Hc; ESIMS m/z for
(M+H)+ C13H24N3O2 calcd.: 254.2, found: 254.2. [00198]
Step C: A solution of Hc (368 mg, 1.45 mmol) in
acetonitrile (8 mL) is treated with NaH2PO4 (218 mg,
1.8 mmol), Na2HPO4 (258 mg, 1.8 mmol), TEMPO free
radical (16 mg, 0.1 mmol), NaClO2 (328 mg of an 80%
pure sample, 2.91 mmol) and water (8mL). After all the
reagents went into solution, 10% bleach (22 mL, 0.03
mmol) is added and the reaction is stirred overnight.
The acetonitrile is removed in vacuo and the resulting
solution is extracted with ethyl acetate once and the
organics are discarded. The aqueous phase is made
acidic (pH<l) with concentrated HCl and extracted
twice with ethyl acetate and discarded. The combined
organics are dried over MgSO4 and the solvent is
removed to afford Hd; ESIMS m/z for (M+H)+C13H22N3O3
calcd.: 268.2, found: 268.1. [00199] Step D. A
solution of He (250 mg, 1.4 mol) and methanesulfonyl
piperazine (258 mg, 1.6 mmol) in dichloromethane (4
mL) is treated with HOBt hydrate (328 mg, 2.1 mmol)
followed by EDC (356 mg, 1.9 mmol). After stirring for
3 hours, the reaction is diluted with ethyl acetate
and extracted with water, IM HCl and 1M NaOH, dried
over MgSO4, filtered and evaporated to afford I2f ;
ESIMS m/z for (M+H)+ C12H24N3O5S calcd.: 322.1, found:
322.2. [00200] Step E. A sample of Hf (388 mg, 1.2
mmol) is treated with 4 M HCl in dioxane (4 mL) and
aged for 1 hour. The solvent is removed and the
residue is treated with Hd (298 mg, 1.1 mmol), HATU
(502 mg, 1.3 mmol) and N-methylpyrrolidinone (4 mL).
The solution is then treated with triethylamine (0.39
mL, 2.8 mmol) and stirred for 2 hours. The reaction is
then diluted with IM NaOH and saturated with NaCl. The
resulting solution is extracted 4 times with ethyl
acetate and discarded. The combined organics are dried
over MgSO4, filtered, evaporated and further purified
on a UV triggered HPLC to afford Hg; ESIMS m/z for
(M+H)+C20H35N6O5S calcd.: 471.2, found: 471.1.[00201]
Step F. A suspension of Hg (354 mg, 0.75 mmol) and
Lawesson's reagent (304 mg, 0.75 mmol) in m-xylene (3
mL) is dipped into an oil bath which is preheated to
140 0C and stirred for 5 minutes. The reaction is then
cooled to room temperature and loaded onto silica gel
and purified using a linear gradient of 0-100% ethyl
acetate to afford Fl; 1H NMR (CDCl3, 400 MHz): d 6.86
(s, IH), 4.12, (2, 2H), 3.38 (m, 4H), 3.19 (m, 4H),
3.02 (m, 2H), 2.99 (m, 3H), 2.83 (s, 3H), 1.80 (m,
2H), 1.73 (dd, J = 15.3, 7.1, 21H), 1.40 (m, IH), 1.24
(m, 2H), 1.28 (d, J =7.0, 6H); ESIMS m/z for (M+H)+
C20H33N6O3S2 calcd.: 469.2, found: 469.1. Example Jl:
Isopropyl 4-((4-(l-methanesulfonyl-l,2,3,6-
tetrahydropyridin-4-yl)phenoxy)methyl)piperidine-l-car
boxylate. C JIa JIb JIc [00202] Step A: 4-Bromoanisole
(4.5 mL, 36.0 mmol) is dissolved in dry
tetrahydrofuran (50 mL) and cooled to -78 0C under
nitrogen. A solution of nbutyllithium (1.6 M in hexane
(22.0 mL, 35.2 mmol) is slowly added with stirring.
The mixture is stirred at -78 0C for 2 hours. A
solution of JIa (7.28 g, 36.5 mmol) in dry 



tetrahydrofuran (80 mL) under nitrogen is cooled to
-78 0C. The suspension of organolithium prepared above
is slowly cannulated with stirring into the solution
of JIa,using a 20-mL tetrahydrofuran rinse. The
resulting mixture is stirred at -78 0C for 30 minutes,
then at 0 0C for 15 min. Addition of saturated
ammonium chloride solution (60 mL) and extraction with
ethyl acetate, washing with brine and concentration in
vacuo yield an oil. The residue is purified using a
linear gradient of 10-80% ethyl acetate in hexane to
afford JIb; 1H NMR (CDCl3, 400.13 MHz): d 7.39 (d, J =
8.9 Hz, 2H), 6.89 (d, J = 8.9 Hz, 2H), 3.99 (br., 2H),
3.81 (s, 3H), 1.96 (br, 2H), 1.71 (m, 4H), 1.49 (s,
9H); no mass spectrum could be obtained. [00203] Step
B : To a solution of JIb (6.29 g, 20 mmol) in
dichloromethane (12OmL) is added trifluoroacetic acid
(20 mL), slowly, with stirring. The resulting solution
is stirred at room temperature for 3 hours.
Concentration, dilution with dichloromethane (50 mL),
washing with saturated aqueous sodiumhydrogencarbonate
solution, drying over MgSO4 and concentration yields
JIc; 1H NMR (CDCl3, 400.13 MHz): d 7.30 (d, J =8.8 Hz,
2H), 6.88 (d, J = 8.8 Hz, 2H), 5.93 (m, IH), 3.82 (s,
5H), 3.40 (t, J =6.0 Hz, 2H), 2.77 (m, 2H); ESIMS
calcd. for Ci2H16NO (M+H+) 190.1, found 190.0. [00204]
Step C: To a solution of JIc (3.41 g, 18 mmol) in
dichloromethane (80 mL) is added triethylamine (4.5
mL, 32.0 mmol) in one portion. The resulting mixture
is cooled in an ice/water bath and methanesulfonyl
chloride (1.75 mL, 22.5 mmol) is added dropwise, with
stirring, over 5 minutes. The resulting solution is
stirred at room temperature for 30 min. The reaction
mixture is added to water (40 mL) and extracted with
dichloromethane (2 x 40 mL). The combined organic
extracts are washed with saturated ammonium chloride
aqueous solution, dried over MgSO , and concentrated
to yield JId; 1H NMR (CDCl3, 400.13 MHz): d 7.31 (d, J
= 8.8 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 5.98 (m, IH),
3.96 (q, J = 3.2 Hz, 2H), 3.82 (s, 3H), 3.52 (t, J =
5.7 Hz, 2H), 2.86 (s, 3H), 2.64 (m, 2H); ESIMS calcd.
for Ci3H18NO3S (M+H+) 268.1, found 268.1. [00205] Step
D : A solution of JId (3.71 g, 13.9 mmol) in
dichloromethane (100 mL) is treated with boron
tribromide (5.0 mL, 51.9 mmol) slowly and stirred at
room temperature for 3 hours. The mixture is poured
over crushed ice and, after the ice melts, it is
extracted with dichloromethane. Washing with saturated
aqueous sodiumhydrogencarbonate solution, water, and
saturated ammonium chloride, drying over MgSO4 and
concentration yield JIe; 1H NMR (CDCl3, 400.13 MHz): d
7.27 (d, J= 8.7 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H),
5.97 (m, IH), 4.85 (s, IH), 3.95 (q, J = 3.2 Hz, 2H),
3.52 (t, J = 5.7 Hz, 2H), 2.86 (s, 3H), 2.63 (m, 2H);
ESIMS calcd. for Ci2H16NO3S (M+H+) 254.1, found 254.1.
[00206] Step E : A solution of JIe (0. 12 g, 0.47
mmol) in acetonitrile (3 mL) is treated with AIc (0.16
g, 0.57 mmol) followed by powdered cesium carbonate
(0.20 g, 0.6 mmol) and stirred at 60 0C for 5 hours.
Cooling, filtration and purification using
mass-triggered reverse phase HPLC affords Jl; 1H NMR
(CDCl3, 400.13 MHz): d 7.30 (d, J = 8.7 Hz, 2H), 6.86
(d, J = 8.7 Hz, 2H), 5.97 (m, IH), 4.92 (septet, J =
6.2 Hz, IH), 4.19 (br, 2H), 3.95 (dd, J =2.6, 5.9 Hz,
2H), 3.81 (d, J =6.3 Hz, 2H), 3.52 (t, J = 5.8 Hz,
2H), 2.85 (s, 3H), 2.78 (m, 2H), 2.63 (m, 2H), 1.97
(m, IH), 1.83 (dd, J = 1.0, 13.4 Hz, 2H), 1.25 (m,
2H), 1.24 (d, J = 6.2 Hz, 6H); ESIMS calcd. for
C22H33N2O5S (M+H+) 437.2, found 437.1. [00207] By
following a similar procedure as the one used for
preparing J l from HJIa except substituting the
appropriate methanesulfonate for intermediate AIc in
Step E and/or 3-bromoanisole for 4-bromoanisole, the
following examples are prepared;2H), / = 2.85 (m,
465.2, 479.3, (m, 449.2, (m, (m, Hz), 2H), 461.2, 8.2
7.8 2.2 3.5 3.96 Hz, (t, / = 2H), = IH), = 6.3Example
JlO: Isopropyl 4-((4-(l-methanesulfonylpiperidin-4-
yl)phenoxy)methyl)piperidine-l-carboxylate. [00208] A
solution of Jl (0. 18 g, 0.4 mmol) in ethanol (10 mL)
and ethyl acetate (2 mL) is treated with palladium(O)
on charcoal (5%, 0.12 g). The mixture is stirred under
1 atm hydrogen for 18 hours. Filtration,
concentration, and purification using masstriggered
reverse phase HPLC yields J9; 1H NMR (CD3CN, 400.13
MHz): d 7.19 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz,
2H), 4.95 (septet, J = 6.2 Hz, IH), 4.16 (br, 2H),
3.83 (d, J = 6.4 Hz, 2H), 3.78 (m, 2H), 2.81 (s, 3H),
2.78 (m, 4H), 2.61 (tt, J = 3.6, 12.1 Hz, IH), 2.01
(m, IH), 1.90 (m, 2H), 1.81 (m, 2H), 1.71 (m, 2H),
1.23 (d, J = 6.2 Hz, 6H), 1.22 (m, 2H); ESIMS calcd.
for C22H35N2O5S (M+H+) 439.2, found 439.2. [00209] By
following a similar procedure as the one used for
preparing JlO from J l except substituting the olefin
for intermediate J l or by following a similar
procedureas the one used for preparing J l from JIa
except substituting 4-(4- methoxyphenyl)piperidine or
4-(3-methoxyphenyl)piperidine for JIc, the following
examples are prepared; 425.2, 453.2, 467.3, 481.3, d
2.81 (tt, 



451.2, 439.2,453.2, 467.3, (dd, (m, Hz), 3.65 (tt, (m,
(d, 2H), 3.4, 1.82 7.0 463.2, (d, 2H), 3.65
(tt,BIOLOGICALLY ACTIVE C-TERMINAL ARGININE-CONTAINING
PEPTIDES FIELD OF THE INVENTION The present invention
concerns the separation, identification and
characterization of active peptide fragments from
peptones. BACKGROUND OF THE INVENTION llydrolysatcs of
animal and plant tissues are often added to culture
media for prokaryotic and cukaryotic cells to boost
viable cell number and recombinant protein product
titer. Thus, peptones from diverse sources have been
widely employed in cell culture medium formulations to
enhance cell culture growth, longevity and
productivity. However, their presence as media
additives for production of therapeutic proteins
presents several challenges due to their undefined
nature. The use of animal-derived components as media
additives for production of therapeutic proteins by
mammalian cells can cause viral, mycoplasma and prion
contaminations (Kallcl et al, J . Biotechnol.
95:195-204 (2002)). The effort of avoiding the use of
animal-derived components in cell culture media is
supported by both European and American regulatory
authorities (Castle and Roberston. Dev. Biol. Stand.
99: 191-196 (1999)). Animal serum has been
successfully eliminated from media in the past decades
and most of the media currently used is certified as
protein-free (Froud, Dev. Biol. Stand. 99: 157- 166
(1999)). However, the switch to protein-free media
often results in a loss of cell growth and
productivity (Lee el al.J. Biotechnol. 69:85-93
(1999)). As a result, protein hydrolysates (also known
as peptones) are frequently used in cell culture media
as nutrient additives because some of them can be
considered protein-free (Burteau et al., In Vitro
Cell. Dev. Biol. - Anim. 39(7):291-296 (2003)).
Peptones for cell culture are typically manufactured
by enzymatic digestion of a variety of biologically
based starting materials: animal tissues, milk-derived
products, microorganisms or plants. The general effect
of peptones is an enhancement of cell growth and an
increase of productivity, with the same product
quality as compared to standard medium (Jan et al.,
Cyfoiechnology 16:17-26 (1994); lleidemann et al.,
Cytotechnology 32: 157-167 (2000); Sung el al, Lppl.
Microbiol. Biotechnol. 63:527-536 (2004)). Several
papers have shown that peptones contain materials such
as free amino acids, oligopeptides, iron salts lipids
and trace elements (Franek et al, Biotechnol. Prog.
16:688-692 (2000); Martone et al,Bioresour. Technol.
96:383-387 (2005)). One study investigated the
potential roles of peptones and showed that they can
have a nutritional effect (Heidemann et al,
Cylotechnology 32: 157-167 (2000)). Also, Schlaeger,
J. Immunol. Meth. 194: 191-199 (1996), demonstrated
that a particular protein hydrolysate displays
anti-apoptosis properties. Despite the numerous
investigations on peptone effects in cell culture,
their mechanism of action is still unknown. And even
though peptones have been shown to be beneficial in
cell culture processes their usage also has many
disadvantages. First, since some peptones are
animal-derived, the similar problems are encountered
as with serum usage. In addition, peptones from other
sources may also be a potential source of adventitious
agents. Second, the uncertainty of the "active "'
components in peptone and their mechanism of action
makes it difficult if not impossible to have a measure
of quality on peptone lots used in cell culture
manufacturing processes. Finally, because source
materials and processes in the manufacture of peptone
are not standardized or universally interchangeable,
the peptones themselves are by nature a single-sourced
raw material. Therefore, there is the opportunity to
better characterize peptones in order to reduce or
eliminate these disadvantages. It would, therefore, be
advantageous to understand the composition and
identity of the active components in peptones in order
to create "defined media," comprising wellspecified
active components in well-defined, reproducible
concentrations. In addition the identification of
active peptone components is expected to lead to a
better understanding of the physiology of recombinant
host cells and cell lines by opening a window to the
control of cell growth and death and better control of
recombinant protein expression. Therefore, efforts
have developed to characterize peptone compositions
and to understand the mechanisms of their effect on
cell cultures. The present invention is based on the
fractionation of an animal-derived peptone, PP3 into
identifiable components and, by applying modern
analytical techniques including high resolution mass
spectrometry, to study the nature of these compounds.
The present invention is based, at least in part, on
the recognition that di- and tripeptides terminating
in arginine play a role in the growth- and
titer-promoting activities of PP3. SUMMARY OF THE
INVENTION In one aspect, the present invention
concerns a peptide of the formula (X1),,X2R wherein Xl
and X2 may be identical or different and independently
represent any amino acid other than arginine;n is 0 or
1; and R stands for arginine, wherein said peptide
exhibits a peptone biological activity. In one
embodiment, the peptide is obtained by fractionation
of a peptone, such as a PP3 peptone. In another
embodiment, the peptide is selected from the peptides
listed in Table 1. In another embodiment, the peptide
is a tripeptide. In yet another embodiment, the
peptide is a tripeptide is selected from the peptides 



listed in Table 1. Peptone biological activity can,
for example be selected from the group consisting of
promotion of cell growth, promotion of cell density;
promotion of viable cell count: and increase of
production yield in a recombinant host cell culture.
In another aspect, the invention concerns a
composition comprising a di- or tripeptide as
hereinabove defined. In one embodiment, the
composition is a cell culture medium. In a further
aspect, the invention concerns a cell culture
comprising a peptide as hereinabove defined. In one
embodiment, the cell culture is a culture of a
recombinant host cell, where the recombinant host cell
can be any eukaryotic or prokaryotic host, including,
without limitation, Chinese Hamster Ovary (CHO) cells
and E coli cells. The heterologous protein produced by
the host cell may. for example, be an antibody
(including antibody fragments) or any therapeutic
protein. In a still further aspect, the invention
concerns a mixture of two or more peptides as
hereinabove defined. In a different aspect, the
invention concerns a combinatorial peptide library
comprising, consisting essentially or, or consisting
of, peptides of the formula (Xl )nX2R wherein X1 and
X2 may be identical or different and independently
represent any amino acid other than arginine; n is 0
or 1; and R stands for arginine, wherein at least some
of said peptides exhibit a peptone biological
activity. In yet another aspect, the invention
concerns a method for the recombinant production of a
heterologous protein, comprising culturing a
recombinant host cellcontaining nucleic acid encoding
said protein in a culture medium under conditions
suitable for the expression of said heterologous
protein, wherein said culture medium comprises at
least one peptide of claim 1. These and other aspects
of the invention will be apparent from the following
description, including the Example. BRIEF DESCRIPTION
OF THE DRAWINGS Figure 1 is a schematic illustration
of PP3 fractionation and analysis, as described in the
Example. Figure 2 shows the results of C18 reverse
phase chromatography. Figure 3 shows the results of
chromatography of Cl 8 flowthro ugh (unbound)
fraction. "Relative specific activity" is defined as
the activity of an equal weight of the fraction
divided by that of PP3. Figures 4A and 4B show that
the specific activity of the Gl 5- purified material
(fractions F3-F7) was significantly increased over
that of PP3 with respect to its ability to increase
both recombinant protein titer (Figure 3L) and viable
cell count (VCC; Figure 3B). Figure 5. Mass spectral
analysis of G-15 fraction. Top panel: MS scan of the
fraction. Bottom Panels: ms/ms analysis of m/z 403.2,
389.2 and 375.2 respectively. Figure 6. Frequency
distribution of peptides in an in silico tripeptide
library terminating in R. X axis: mass of tripeptides;
Y axis: frequency at each mass. Figures 7A and B.
Effects of PP3 and XXR peptides on VCC and product
titer. A. VCC measured in the bioassay in response to
addition of increasing concentrations of PP3 (Black
line) or XXR peptides (Red line). B. Product Titer
measured in the bioassay in response to addition of
increasing concentrations of PP3 (Black line) or XXR
peptides (Red line). Figure 8 . Amino acid sequence of
bovine Componcnt-3 of proteose peptone (PP3)
polypeptide (SEQ ID NO: 1).DETAILED DB]SCRIPTIQN OF
THE INVENTION L. Definitions Unless defined otherwise,
technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs.
Singleton et al.. Dictionary of Microbiology and
Molecular Biology 2nd ed., J . Wiley & Sons (New York,
NY 1994) provides one skilled in the art with a
general guide to many of the terms used in the present
application. The term "peptone" is used herein in the
broadest sense and includes water-soluble protein
derivatives obtained by partial hydrolysis of
proteins, and mixtures thereof, including, without
limitation, hydrolysate mixtures derived from the
mucosal tissue of swine, cattle, and other animals,
produced by hydrolysis with proteolytic enzymes, and
well as hydrolysates from various plant tissues. The
term specifically includes, without limitation,
Component- 3 of proteose peptone (PP3), also called
lactophorin, which is a minor phosphoglycoprotein of
153 residues (Sorensen and Sorensen. J Dairy Res.
60:535 -542 (1993)) found in bovine milk (accession
number in SwissProt databank: P80195: GenBank
Accession No. CAA58309), and homologous proteins
characterized in milk of other species as camel (Beg
et al., FEBS Lett. 216:270-274 (1987), llama
(Cantisani et al., J. Biochem. Biophys. Methods 2
1:227-236 (1990), ewe, and goat (Sorensen et al., J .
Dairy Sci. 80:3176- 3181(1997) and Lister et al., J .
Dairy Res. 8 1:21 11-21 15 (1998). Up to now, PP3 has
not been found in human milk. PP3 is available from
commercial sources, such as, for example, Difco
Laboratories, Detroit, Michigan. The term "'peptide"
is used herein to refer to a compound containing two
or more amino acids in which the carboxyl group of one
acid is linked to the amino group of the other by an
amide or "peptide" bond. The definition specifically
includes peptides formed of at least two amino acid
residues, and in particular di- and tri-peptides. By
"protein" is meant a sequence of amino acids for which
the chain length is sufficient to produce the higher
levels of tertiary and/or quaternary structure.
Typically, the protein herein will have a molecular
weight of at least about 15-20 kD, preferably at least
about 20 kD. Examples of proteins encompassed within
the definition herein include all mammalian proteins,
in particular, therapeutic and diagnostic proteins,
such as therapeutic and diagnostic antibodies, and, in
general proteins that contain one or more disulfide
bonds, including multi-chain polypeptides comprising
one or more inter- and/or intrachain disulfide bonds.
The term "amino acid" or "amino acid residue"
typically refers to an amino acidhaving its art
recognized definition such as an amino acid selected
from the group consisting of: alanine (Ala); arginine
(Lrg); asparaginc (Lsn); aspartic acid (Lsp); cysteine
(Cys); glutamine (GIn); glutamic acid (GIu); glycine
(GIy); histidinc (Ilis); isolcucinc (lie): leucine
(Leu); lysine (Lys); methionine (Met); phenylalanine
(Phe); proline (Pro); serine (Ser); threonine (Thr);
tryptophan (Trp); tyrosine (Tyr); and valine (VaI)
although modified, synthetic, or rare amino acids may
be used as desired. Thus, modified and unusual amino 



acids listed in 37 CFR 1.822(b)(4) are included within
this definition and expressly incorporated herein by
reference. Amino acids can be subdivided into various
sub-groups fhus. amino acids can be grouped as having
a nonpolar side chain (e.g.. Ala, Cys, He, Leu, Met,
Phe, Pro, VaI); a negatively charged side chain (e.g.,
Asp, GIu); a positively charged side chain (e.g., Arg,
His, Lys); or an uncharged polar side chain (e.g.,
Asn, Cys, GIn, GIy, His, Met, Phe, Ser, Thr, Trp, and
Tyr). Amino acids can also be grouped as small amino
acids (GIy, Ala), nucleophilic amino acids (Ser, His,
Thr, Cys), hydrophobic amino acids (VaI, Leu, He, Met,
Pro), aromatic amino acids (Phe, Tyr, Trp, Asp, GIu),
amides (Asp, GIu), and basic amino acids (Lys, Arg).
The term '"biological activity" or "peptone biological
activity in relation to the peptides of the present
invention is used to refer to any biological activity
knovvii to be exhibited by peptones, including,
without limitation, the ability to promote cell growth
and/or cell density and/or cell viability, and/or
production efficiency of heterologous polypeptides in
recombinant host cultures. The term "chromatography"
refers to the process by which a solute of interest in
a mixture is separated from other solutes in a mixture
as a result of differences in rates at which the
individual solutes of the mixture migrate through a
stationary medium under the influence of a moving
phase or in bind and elute processes. The term
"affinity chromatography" and "protein affinity
chromatography" are used interchangeably herein and
refer to a protein separation technique in which a
protein of interest or antibody of interest is
reversibly and specifically bound to a biospecific
ligand. Preferably, the biospecific ligand is
covalently attached to a chromatographic solid phase
material and is accessible to the protein of interest
in solution as the solution contacts the
chromatographic solid phase material. The protein of
interest (e.g., antibody, enzyme, or receptor protein)
retains its specific binding affinity for the
biospecific ligand (antigen substrate, cofactor or
hormone, for example) during the chromatographic
steps, while other solutes and/or proteins in the
mixture do not bind appreciably or specifically to the
ligand. Binding of the protein of interest to the
immobilized ligand allows contaminating proteins
orprotein impurities to be passed through the
chromatographic medium while the protein of interest
remains specifically bound to the immobilized ligand
on the solid phase material. The specifically bound
protein of interest is then removed in active form
from the immobilized ligand with low pi J, high pi I,
high salt, competing ligand, and the like and passed
through the chromatographic column with the elution
buffer, free oi the contaminating proteins or protein
impurities that were earlier allowed to pass through
the column. Lny component can be used as a ligand for
purifying its respective specific binding protein,
e.g. antibody. The terms "non-affinity chromatography"
and "non-affinity purification" refer to a
purification process in which affinity chromatography
is not utilized. Non-affinity chromatography includes
chromatographic techniques that rely on non-specific
interactions between a molecule of interest (such as a
protein, e g antibody) and a solid phase matrix. L
"cation exchange resin" refers to a solid phase which
is negatively charged, and which thus has free cations
for exchange with cations in an aqueous solution
passed over or through the solid phase. A negatively
charged ligand attached to the solid phase to form the
cation exchange resin may, e.g., be a carboxylate or
sulfonate. Commercially available cation exchange
resins include carboxy-methyl-cellulose, sulphopropyl
(SP) immobilized on agarose (e g SP-SHPHAROSH FAS
FLOW(tm) or SP-SHPHLROSE HIGH PhRF()RMANCh IM. from
Pharmacia) and sulphonyl immobilized on agarose (e g
SSHPI IAROSh FLS F FLOW 1M from Pharmacia). A "mixed
mode ion exchange resin" refers to a solid phase which
is covalently modified with cationic, anionic, and
hydrophobic moieties. A commercially available mixed
mode ion exchange resin is BAKERBOND LBX(tm) (J.T.
Baker, Phillipsburg, NJ) containing weak cation
exchange groups, a low concentration of anion exchange
groups, and hydrophobic ligands attached to a silica
gel solid phase support matrix. The term "anion
exchange resin" is used herein to refer to a solid
phase which is positively charged, e g having one or
more positively charged ligands, such as quaternary
amino groups, attached thereto. Commercially available
anion exchange resins include DEAE cellulose, QAE
SEPHADEX(tm) and FAST Q SEPHAROSE(tm) (Pharmacia). B.
Detailed Description Fractionation and analysis of
pepton es Fhc present invention is based on the
identification of active peptone fragments.using a
variety of chromatography and other separation
techniques. Fractionation of peptones can be performed
by techniques well known in the art, including a
combination of chromatographic steps. A typical scheme
for the fractionation and analysis of the peptone PP3
is illustrated in Figure 1. The first step in this
scheme is reversed phase IIPLC (RP HPLC), which serves
to separate components based on their hydrophobic
character. Compounds bind to reversed phase HPLC
columns in high aqueous mobile phase and are eluted
from RP HPLC columns with high organic mobile phase.
Thus peptides can be separated using this technique by
running linear or nonlinear gradients of an
appropriate organic solvent. The flow-through fraction
from the reversed phase HPLC can then be subjected to
further chromatographic separation steps, such as
size-exclusion chromatography, as shown in Figure 1.
Size exclusion chromatography (SEC) relies on sorting
of molecules of different hydrodynamic radius based on
the time these molecules spend within a
chromatographic column. Partitioning occurs as a
result of the molecules spending more or less time
within the volume of the stationary phase which makes
up the column. Molecules with large hydrodynamic
radius elute earlyduring the separation; molecules
with smaller radii elute later. SEC resins are well
known in the art and are commercially available from a
variety of manufacturers. In the experiments described
in the Example below, SEPHADEX(tm) Gl 5 size exclusion
column (Amersham Biosciences) was used, but other size
exclusion columns are also suitable. If desired,
peptones can be sub-fractionated by mixed-mode
chromatography. In this technique, the stationary
phase contains two distinct binding domains in a
single chromatographic ligand. The separation
principles commonly coupled are ion-exchange and RP
chromatography. The application of mixed-mode
chromatography is generally required when reverse
phase chromatography (RP chromatography) fails to
separate structurally close peptides. Currently,
several manufacturers offer mixed-mode resins
commercially that show different specificities,
including the IIypercarb resin (Thermo Scientific),
Oasis(r) HLB resin (Waters Corporation) and the Dowex
Optiporc(r) SD-2 resin (Dow Chemical Company). The
Oasis sorbent is a copolymer of divinylbenzene and
N-vinyl pyrrolidonc. The hydrophiliclipophilic-
balanced composition allows for strong RP retention
and improved wetting of the pores relative to
traditional RP resins. Therefore, both polar and
non-polar compounds can 



be adsorbed. The average size of the Oasis beads is 30
mm. The composition of the Optipore resin is similar
to that of the Oasis resin (divinylbenzene with
tertiary amines) giving itproperties of both RP and a
weak anion-cxchangc absorber. The particles average
size is a few hundred mm. Lt each purification step,
the fractions obtained can be analyzed for biological
activity and/or subjected to various analytical
methods in order to determine their composition.
Assays of Peptide Activity The peptone fractions
generated can be tested using known bioassays,
including a cell based bioassay described in the
Example. Assays of the biological activity of
peptonederived peptides are typically based on the
measurement of various culture parameters in cell
cultures including the peptide in question in the
culture medium. Such parameters include for example,
cell density, viable cell count, productivity of a
heterologous polypeptide (e.g. antibody) produced,
etc. Such assays are disclosed, for example in Franek
et al., Biotechnol. Prog. 16:688-692 (2000); Franek et
al., Biotechnol. Prog. 18:155-158 (2002); Franek et
al., Biotechnol. Prog. 19:169-174 (2003); Franek et
al., Biotechnol. Prog. 2 1:96-08 (2005). Determination
of the Composition of Peptone Fractions Thus, the
compositions of peptones and peptone fractions can be
analyzed by mass spectrometry (MS), NMR, ICPMS, amino
acid analysis, and various combinations of these and
other techniques well known in the art. Mass
spectrometers consist of an ion source, mass analyzer,
ion detector, and data acquisition unit. First, the
peptides are ionized in the ion source. Then the
ionized peptides are separated according to their
mass-to-charge ratio in the mass analyzer and the
separate ions are detected. Mass spectrometry has been
widely used in protein analysis, especially since the
invention of matrix-assisted laser-desorption
ionisation/time-of-flight (MALDITOF) and electrospray
ionisation (KSI) methods. There are several versions
of mass analyzer, including, for example, MALDI-TOF
and triple or quadrupole-TOF, or ion trap mass
analyzer coupled to KSl. Thus, for example, a Q-Tof-2
mass spectrometer utilizes an orthogonal
time-of-flight analyzer that allows the simultaneous
detection of ions across the full mass spectrum range.
For further details see, e.g. Chemusevich et al, J .
Mass Spectrom. 36:849-865 (2001). Ii" desired the
amino acid sequences of the peptide fragments and
eventually the proteins from which they derived can be
determined by techniques known in the art, such as
certain variations of mass spectrometry, or Kdman
degradation.While the present invention is illustrated
by peptide fragments identified in the degradation
products of a particular peptone, it is expected that
other peptones will have peptide components with
similar structural and functional characteristics.
Combinatorial p eptide libraries Combinatorial peptide
libraries are well known in the art, and methods for
the generation and screening of such libraries are
described in standard textbooks, such as, for example,
in Combinato rial Peptide Library Protocols (Methods
in Molecular Biology) , Shmuel Cabilly, ed., Humana
Press Inc. 1998. Combinatorial peptide libraries may
be in different formats. For example, the so called
'One bead one compound" libraries contain thousands of
beads, each bearing multiple copies of a single
library compound (Lam et al., Nature, 354, 82-84
(1991)). The library is screened for a desired
activity and any active bcad(s) is/are isolated. The
active compound attached to the identified bead(s)
identified is then characterized by conventional
methods, such as, for example, by Edman degradation.
Alternatively, a reductive approach may be employed.
In another method, Iloughten's positional fixing
methodology (Bioorg. Med Chem Lett , 14, 1947 1951
(2004)), a set of related libraries is generated
before screening. Hach library contains compounds with
one specific residue fixed as a single building block
and the remaining residues fully randomized. Different
libraries have a different building block at the fixed
position. Screening this set of libraries, for a
desired activity, enables direct identification of the
optimum building block at the fixed residue. This
process may be carried out sequentially, optimizing
one residue at a time, or alternatively all of the
sets of libraries may be screened simultaneously to
allow the optimum library compound to be identified
directly from a single round of screening. Using the
peptides specifically disclosed herein, the
combinatorial peptide libraries can be used to
identify additional peptides with improved chemical
and/or biological characteristics. Peptide synthesis
The peptides identified in accordance with the present
invention can be synthesized by conventional methods
of peptide synthesis, such as, for example,
solid-phase synthesis methods, which can be performed
in a variety of forms, such as, for example, using
Fmoc (9H-iluoren-9-yl-methoxy-carbonyl) or Boc
(tcrt-butoxycarbonyl) protecting groups to protect the
N-termini of amino acid monomers used in the
synthesis. Automated synthesizers are commercially
available for both techniques, but solid phase peptide
synthesis can also be performed manually. For further
details see, for example, Atherton, E.,Sheppard. R.C.
(1989). Solid Phase peptide synthesis: a practical
approach. Ocford, lngland: IRI. Press. ISBN
0199630674; and Stewart, J.M., Young, J .D. (1984).
Solid phase peptide synthesis, 2nd edition, Rocklbrd:
Pierce Chemical Company, 91. ISBN 0935940030. Uses of
the di- and tri- peptides The di- and tri-peptides of
the present invention can be used as components of
growth media used for the production of recombinant
polypeptides, including antibodies. Recombinant
polypeptides, such as antibodies, can be produced in a
variety of eukaryotic and prokaryotic host organisms.
Suitable host cells for the expression of glycosylated
polypeptides, such as antibodies, can be derived from
multicellular organisms. Examples of invertebrate
cells include plant and insect cells. Numerous
baculoviral strains and variants and corresponding
permissive insect host cells from hosts such as
Spodoptera lrugiperda (caterpillar), Ledes aegypti
(mosquito), Ledes albopictus (mosquito), Drosophila
melanogaster (fruitfly), and Bombyx mori have been
identified. A variety of viral strains for
transfection are publicly available, e.g., the L-I
variant of Autographa californica NPV and the Bm-5
strain of Bombyx mori NPV, and such viruses may be
used as the virus herein according to the present
invention, particularly for transfection of Spodoptera
frugiperda cells. Plant cell cultures of cotton, corn,
potato, soybean, petunia, tomato, and tobacco can also
be utilized as hosts. However, interest has been
greatest in vertebrate cells, and propagation of
vertebrate cells in culture (tissue culture) has
become a routine procedure. Examples of useful
mammalian host cell lines are monkey kidney CVl line
transformed bySV40 (COS-7, ATCC CRL 1651); human
embryonic kidney line (293 or 293 cells subloned for
growth in suspension culture, Graham et al, J . Gen
Virol. 36:59 (1977)); baby hamster kidney cells 



(BHK, ATCC CCL 10); Chinese hamster ovary cclls/-DHFR
(CI 10, Urlaub et al., Proc. Natl. Acad. Sci. USA
77:4216 (1980)); mouse Sertoli cells (TM4, Mather,
Biol. Reprod. 23:243-251 (1980)); monkey kidney cells
(CVl ATCC CCL 70); African green monkey kidney cells
(VERO-76, ATCC CRL-1 587); human cervical carcinoma
cells (HELA, ATCC CCL 2); canine kidney cells (MDCK,
ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC
CRL 1442); human lung cells (W138, ATCC CCL 75); human
liver cells (Hep G2, HB 8065); mouse mammary tumor
(MMT 060562, ATCC CCL51); TRI cells (Mather et al.,
Annals N.Y. Acad. Sci. 383:44-68 ( 1982)); MRC 5
cells; FS4 cells: and a human hepatoma line (Hep G2).
For example, recombinant polypeptides, such as
antibodies, can be produced indpi 2.CHO cells, the
production of which from CHO-Kl DUX-BI l cells as
described in EP307247. CHO-Kl DUX-BI l cells were, in
turn, obtained from CHO-Kl (ATCC No. CCL61 CIlO-Kl)
cells, following the methods described in Simonsen, C.
C , and Levinson, L. D., (1983) Proc. Natl. Acad ScL
USA 80:2495-2499 and Urlaub G., and Chasin, L.. (1980)
Proc. Natl. Acad Sci USA 77:4216-4220. In addition,
other CHO-Kl (dhfr ) cell lines are known and can be
used. The mammalian host cells used to produce
peptides, polypeptides and proteins can be cultured in
a variety of media. Commercially available media such
as Ham's FlO(Sigma), Minimal Essential Medium ((MEM),
Sigma), RPMI- 1640 (Sigma), and Dulbecco's Modified
Eagle's Medium ((DMEM, Sigma) are suitable for
culturing the host cells. In addition, any of the
media described in Ham and Wallace (1979), Meth. in
Enz. 58:44, Barnes and Sato (1980), Anal. Biochem.
102:255, U.S. Pat. No. 4,767,704; 4,657,866;
4,927,762; or 4,560,655; WO 90/03430; WO 87/00195;
U.S. Pat. No. Rc. 30,985; or U.S. Pat. No. 5,122,469,
the disclosures of all of which are incorporated
herein by reference, may be used as culture media for
the host cells. Any of these media may be supplemented
as necessary with hormones and/or other growth factors
(such as insulin, transferrin, or epidermal growth
factor), salts (such as sodium chloride, calcium,
magnesium, and phosphate), buffers (such as IIEPHS).
nucleosides (such as adenosine and thymidine),
antibiotics (such as Gcntamycin(tm) drug), trace
elements (defined as inorganic compounds usually
present at final concentrations in the micromolar
range), and glucose or an equivalent energy source.
Any other necessary supplements may also be included
at appropriate concentrations that would be known to
those skilled in the art. The culture conditions, such
as temperature, pH, and the like, are those previously
used with the host cell selected for expression, and
will be apparent to the ordinarily skilled artisan.
The peptides of the present invention can be used,
individually or in various combinations, as components
of any commercially available or custom made culture
medium. The use of the peptides herein is not limited
to the culturing of mammalian, or, in general,
eukaryotic host cells. The peptides of the present
invention also find utility in cell cultures of
prokaryotic host organisms. Exemplary prokaryotic host
cells include, without limitation, eubacteria, such as
Gram-negative or Gram-positive organisms, for example,
Enterobacteriaceae such as Escherichia, e.g., E. coli,
Enterobacter, Erwinia, Klebsiella, Proteus,
Salmonella, e.g., Salmonella typhimurium, Serrafia,
e.g, Serratia marcescans, andShigella, as well as
Bacilli such as B. subtilis and B. licheniformis
(e.g., B. licheniformis 41P disclosed in DD 266,710
published Lpr. 12, 1989), Pseudomonas such as P.
aeruginosa, and Streptomyces. One preferred E. coli
cloning host is E. coli 294 (ATCC 31,446), although
other strains such as E. coli B, E. coli X 1776 (ATCC
31,537), and E coil W3 110 (ATCC 27,325) are suitable.
Further details of the present invention are provided
in the following non-limiting Example. Example
Molecular identification of biologically active
C-terminal arginine containing tripeptides using a
combinatorial library Materials and Methods TubeSpin
Bioassay The TubeSpin bioassay was designed to examine
the effects of a cell culture medium additive on
cellular proliferation and productivity (as determined
by viable cell density and concentration of antibody
produced, respectively) in a 5 milliliter (mL) working
volume using an initial viable cell density of 1.5 x
10L6 cells/mL. Each culture was prepared in a volume
of 7.1 5 mL from which 5 mL are transferred to the
assay tube. The assay tube is a 50 mL centrifuge tube
with a specialized cap that contains a membrane with a
0.2 micron pore-size to facilitate the flow of gases.
The 2.1 5 mL that remained was used to measure viable
cell density (to confirm that both the target density
has been achieved and that the cells are viable)
osmolality and metabolic data (pH, glutamine,
glutamate, glucose, lactate, ammonium, sodium,
potassium). Depending upon the starting concentration
and osmolality of the desired medium additive, a
target concentration for that additive was determined.
From this data, the volume of the additive required,
the volume of sodium chloride required to achieve
physiological osmolality in the final culture, and the
volume of water necessary to achieve 7.15 mL are
calculated. Using these values a preparative solution
of medium additive, sodum chloride, and water was
assembled. Cells in Selective Genentech Essential
Medium (GEM) were then mediumexchanged into a
production-quality medium referred to as GEM2. Cells
in GEM2 were then added to each preparative tube to
achieve the stated 1.5 x 10L6 cells/mL in 7.15 mL.
Each assay tube then received 5 mL and was incubated
at 37 degrees centigrade for 4.75 days. At the end of
the incubation period the viable cell density,
osmolality, and metabolicprofile were once again
measured, and a sample of the assay culture was sent
to a separate antibody quantification assay to
determine its concentration. Cl 8 reversedphase
preparative chromatography A 20% (w/v) aqueous
solution of PP3 was prepared and was used immediately.
A 5 x 5 cm stainless steel column was packed with
Waters Preparative Cl 8 silica (125A pore size; 55-105
micron particle size). The column was preequilibrated
with 10 volumes of 0.02% (w/v) triiluoroacetic acid
(TFL) in water (Buffer L) and was operated at a
fiowrate of 60 ml/min. 20OmL of the above PP3 solution
was loaded onto the column. Solvent control and
effluent monitoring of the column was achieved using
an Lkta chromatography system controlled by Unicorn
software (GE Healthcare). Following the load, the
column was washed with buffer A until the absorbance
of the effluent at 280nm reached baseline. The column
was then washed with 85% (v/v) acetonitrile (ACN)
containing 0.02% TFA to elute bound material.
Fractions were assayed for biological activity using
the bioassay Gl 5 Sephadex preparative chromatography
The flowthrough material from the C18 was concentrated
by rotary evaporation and was further fractionated on
a G- 15 Sephadex column (7cm dia. x 50 cm L). The
column was 



equilibrated with deionized water prior to loading and
the entire Cl 8 flowthrough pool was loaded. Fractions
were collected and assayed for activity using the
bioassay described above. Hypercarb analytical
chromatography Samples of active fractions were
analyzed using a Hypercarb (graphite) column (5 micron
particle size; column dimensions: 0.1mm x 50mm). The
buffers used were Buffer A: aqueous 0.02% TFA; and
Buffer B: 85% ACN 0.02% TFA. Various volumes (0-10
microliters) were loaded onto the column which was
preequilibrated with Buffer A and eluted with a linear
gradient going to 50% Buffer B over 25 minutes. The
column was operated at a llowrate of 0.1 ml/min.
Solvent control was achieved with an Agilent 1100 HPLC
equipped with diode array detector and an MSD single
quadrapole mass spectrometer. The entire system was
under the control of Agilent Chemstation software.
Mass spectrometry High resolution mass spectrometry
was performed using a Q-TOF (Waters Corporation) or an
Orbitrap mass spectrometer (Thermofinnigan). The
instruments were operated in the static spray mode and
mass accuracy was found to be <5 ppm in both cases.
Spectra were used to obtain accurate mass information
which was used to correlate with peptide library
information. BioinformaticsIn silico libraries of
dipeptides and tripeptides were constructed with the
necessary mass accuracies to correlate with masses
determined as discussed above. Peptide synthesis A
tripeptide library was created using Fmoc solid phase
peptide synthesis. The 5 library was designed to
contain all possible tripeptides terminating in
arginine (R), i.e. XXR. Results Fractionation ofPP3
The scheme for PP3 fractionation and analysis is shown
diagrammatically in Figure 1. K) Cl 8 Reversed Phase
IIPLC The initial fractionation of PP3 was
accomplished using reversed phase IIPLC. The
chromatogram shown in Figure 2 is representative of
the reversed phase chromatography profile of PP3. Most
of the mass (-70% of the initial dry weight) flows
through the column as does most of the biological
activity. 15 The llowthrough fraction from Cl 8 was
concentrated and loaded onto G-1 5 Sephadex for size
exclusion chromatography, the results of which are
shown in Figure 3 . Fractions from the Gl 5 column
were analyzed for bioactivity. The specific activity
of the Gl 5- purified material (fractions F3-F7) was
significantly increased over that of PP3 with respect
to its ability to increase both recombinant protein
titer (Figure 4L) and viable cell count (VCC; Figure 0
4B). Mass Spectrometry on Gl 5fraction pool Active
fractions were analyzed using mass spectrometry in
order to obtain information about the molecular nature
of the active components. Figure 5 shows a
representative mass spectrum obtained from a sample of
Gl 5 pool obtained as described 5 above. The spectrum
contains numerous peaks with masses <500 Da. One
striking feature of the spectra was the fact that they
contained many peaks differing in mass by 14 mass
units in a repeating fashion. Also, a peak at 175.1
m/z (Figure 5) was identified as arginine by exact
mass and subsequent elemental composition analysis.
Further, analysis of three of the masses (403.2, 389.2
and 375.2 m/z; marked by the box) from the spectrum
shown in Figure 5 using 0 collision induced
dissociation (CID) revealed similar fragmentation
patterns in the mass range <200 Da. This included the
identification of an intact arginine residue at 175.1
m/z from each of the three masses. In addition, based
on exact mass measurements these molecules were
identified as peptides with the following possible
identities: 403.2 Da: EVR; DIR; DLR389.2 Da: LTR; ITR
375.2 Da: SIR; SLR; TVR The order of the first 2 amino
acids in the above sequences could also be reversed.
Several possibilities exist at each mass because of
the overlap in combinations of individual amino acids.
Creation of an in silico library of tripeptides
containing arginine The 14 mass-unit repeating
structure seen in mass spectra from peptone fractions
and the presence of C-terminal arginine in a group of
these molecules suggested the presence of an
enzymatically-created "combinatorial library" of
peptides in PP3 arising from the animal tissues. To
further investigate this idea, we decided to create an
in silico library of Cterminal arginine-containing
tripeptides. The library contains 400 possible
peptides and its mass composition and distribution is
represented in the graph shown in Figure 6. The
distribution indeed resembles the 14 mass-unit
differences seen in the peptone fractions with
repeating peaks at intervals of 14 Da. Construction
and analysis of a real XXR combinatorial peptide
library In order to further explore the idea that
C-terminal arginine containing peptides might be
responsible for some of the activity seen in PP3
fractions, we made a combinatorial library of these
molecules using solid phase (Fmoc) peptide synthesis.
The library containing lyophilizcd peptides was
dissolved in dcionized water and the pll of the
solution was adjusted to ~ 7.0 with NaOII. The
solution was then desalted using a G- 15 column. A
fraction of the library was collected, concentrated by
rotary evaporation and assayed by mass spectrometry
and by bioassay. Mass spectral analysis revealed the
presence of both di- and tripeptides. Dipeptides found
in the mixture were thought to arise from a certain
proportion of failed peptide synthesis reactions. Mass
spectrometry revealed the presence of numerous peaks,
which were compared with the in silico library
referred to above 'fable 1 lists the masses,
identities and relative intensities of the peptides
found in this fraction. The assignments are based on
accurate mass measurements with errors <5ppm. This
list represents a partial list of all the peptides
present in this fraction. Bioassay of G-15 XXR
fraction The XXR peptides prepared as noted above were
assayed for activity in the bioassay and found to have
significant positive effects on both cell growth and
titer. Summary The results presented in this example
show that PP3 contains active molecules withmolecular
masses <500 Da. Some of these molecules were
identified as C-terminal arginine containing
tripeptides. A combinatorial library of these peptides
showed biological activity in a 6-day bioassay. We
concluded that C-terminal arginine containing
tripeptides are responsible, at least in pail, for the
growth- and titer-promoting activities of PP3. The
invention illustratively described herein can suitably
be practiced in the absence of any element or
elements, limitation or limitations that is not
specifically disclosed herein. 



Thus, for example, the terms "comprising,"
"including," "containing," etc. shall be read
expansively and without limitation. Additionally, the
terms and expressions employed herein have been used
as terms of description and not of limitation, and
there is no intention in the use of such terms and
expressions of excluding any equivalent of the
invention shown or portion thereof, but it is
recognized that various modifications arc possible
within the scope of the invention claimed. Thus, it
should be understood that although the present
invention has been specifically disclosed by preferred
embodiments and optional features. modifications and
variations of the inventions embodied herein disclosed
can be readily made by those skilled in the art, and
that such modifications and variations are considered
to be within the scope of the inventions disclosed
herein. The inventions have been described broadly and
generically herein. Each of the narrower species and
subgeneric groupings falling within the generic
disclosure also form the part of these inventions.
This includes within the generic description of each
of the inventions a proviso or negative limitation
that will allow removing any subject matter from the
genus, regardless or whether or not the material to be
removed was specifically recited. In addition, where
features or aspects of an invention are described in
terms of the Markush group, those schooled in the art
will recognize that the invention is also thereby
described in terms of any individual member or
subgroup of members of the Markush group. The steps
depicted and/or used in methods herein may be
performed in a different order than as depicted and/or
stated. The steps arc merely exemplary of the order
these steps may occur. The steps may occur in any
order that is desired such that it still performs the
goals of the claimed invention. From the description
of the invention herein, it is manifest that various
equivalents can be used to implement the concepts of
the present invention without departing from its
scope. Moreover, while the invention has been
described with specific reference to certain
embodiments a person of ordinary skill in the art
would recognize that changes can be made in form and
detail without departing from the spirit and the scope
of the invention. The described embodiments are
considered in all respects as illustrative and not
restrictive. Itshould also be understood that the
invention is not limited to the particular embodiments
described herein, but is capable of many equivalents,
rearrangements, modifications, and substitutions
without departing from the scope of the invention.
Thus, additional embodiments are within the scope of
the invention and within the following claims. All
U.S. patents and applications; foreign patents and
applications; scientific articles; books; and
publications mentioned herein are hereby incorporated
by reference in their entirety as if each individual
patent or publication was specifically and
individually indicated to be incorporated by
reference, including any drawings, figures and tables,
as though set forth in full.TABLE 1 Peptide
identifications from XXR XXR peptides identified from
G15 bioactive fraction # Assignment Theor m/z Error
(abs) Error (ppm ReI intensity 1 DIR 403.2305 0
.000408 1.011915 52 2 DLR 403.2305 0 .000408 1.011915
52 3 EVR 403.2305 0 .000408 1.011915 52 4 IR 288.2036
0 .000365 1.266195 45 5 LR 288.2036 0 000365 1 266195
45 6 DPR 387.1992 0 .000308 0 795164 38 7 PR 272.1723
0 .000365 1.340232 38 8 DR 290.1464 0 .000344 1.185539
29 9 TVR 375.2356 0 .000293 0 .781895 27 10 EIR
417.2462 0 ..000458 1.097935 27 11 ELR 417.2462
0.000458 1.097935 27 12 VR 274.1879 0 ..000415
1.513006 25 13 SR 262.1515 0 ..000429 1.637755 25 14
AR 246.1566 0 .000415 1.6847 24 15 ER 304.1621
0.000294 0 .966767 23 16 INR 402.2465 0 .000392 0
.975621 23 17 LNR 402.2465 0.000392 0 975621 23 18 QVR
402.2465 0 .000392 0 975621 23 19 AVR 345 225 0 000229
0 662411 22 20 GIR 345.225 0 000229 0 .662411 22 2 1
GLR 345 225 0 .000229 0 .662411 22 22 MR 306.16 0
.000387 1.262895 ? 23 IVR 387.272 0 .000379 0.97839 20
24 LVR 387.272 0 .000379 0.97839 20 25 ITR 389.2512
0.000343 0 .882384 19 26 LTR 389.2512 0 .000343 0
.882384 19 27 DTR 391.1941 0 .000323 0 .824468 17 28
ESR 391.1941 0.000323 0 .824468 17 29 GGR 289.1624 0
000328 1.135642 17 30 NR 289.1624 0 000328 1 135642 17
3 1 DVR 389.2149 0.000358 0.9197 17 32 MR 401.2876 0
.000429 1 069001 17 33 ILR 401.2876 0.000429 1.069001
17 34 LLR 401.2876 0 .000429 1.069001 17 35 AIR
359.2407 0 .000279 0 .775956 16 36 ALR 359.2407 0
.000279 0 .775956 16 37 ADR 361.1836 0.000258 0.7138
16 38 EGR 361.1836 0 .000258 0.7138 16 39 AGR 303.1781
0 .000278 0 .918467 15 40 QR 303.1781 0 .000278 0
.918467 15 4 1 GR 232.141 0 .000465 2 .001482 15 42
DQR 418 205 0 000422 1.008051 14 43 ENR 418 205 0
.000422 1 008051 14 44 DMR 421.1869 ID .00043 1 020357
13 45 EMR 435.2026 ID.00048 1 102556 1 1 46 ASR 333
1886 0 000243 0 729836 1 1 47 GTR 333 1886 0 .000243 0
.729836 1 1 48 FPR 419.2407 -0 003021 -7 .206469 1 1
49 IMR 419.2441 0 .000351 0 .836513 1 1 50 LMR
419.2441 0 .000351 0 .836513 1 1 5 1 IPR 385.2563 0
.000329 0 .853533 10 



52 LPR 385.2563 0 .000329 0 .853533 10WHAT IS CLAIMED
IS: 1. A peptide of the formula (Xl )nX2R wherein Xl
and X2 may be identical or different and independently
represent any amino acid other than argininc; n is 0
or 1; and R stands for arginine, wherein said peptide
exhibits a peptone biological activity. 2. The peptide
of claim 1 obtained by fractionation of a peptone. 3.
The peptide of claim 2 wherein said peptone is a PP3 .
4. The peptide of claim 1 selected from the peptides
listed in fable 1. 5. The peptide of claim 1 which is
a tripeptide. 6 . The peptide of claim 5 wherein said
tripeptide is selected from the peptides listed in
Fable 1. 7. The peptide of claim 1 wherein said
biological activity is selected from the group
consisting of promotion of cell growth, promotion of
cell density; promotion of viable cell count; and
increase of production yield in a recombinant host
cell culture. 8 . A composition comprising a peptide
of claim 1. 9 . The composition of claim 8 which is a
cell culture medium. 10. A cell culture comprising a
peptide of claim 1. 11. The cell culture of claim 10,
which is a culture of a recombinant host cell. 12. The
cell culture of claim 11 wherein said host cell is an
eukaryotic host cell. 13. The cell culture of claim 12
wherein said host cell is a Chinese Hamster Ovary
(CHO) cell. 14. The cell culture of claim 11 wherein
said recombinant host cell produces a heterologous
protein. 15. The cell culture of claim 14 wherein said
recombinant protein is an antibody or an antibody
fragment. 16. A mixture of two or more peptides of
claim 1. 17. A combinatorial peptide library
comprising peptides of the formula (Xl) nX2R wherein
Xl and X2 may be identical or different and
independently represent any amino acid other than
arginine; n is 0 or 1; andR stands for arginine,
wherein at least some of said peptides exhibit a
peptone biological activity. 18. The combinatorial
peptide library of claim 17, which consists
essentially of peptides of the formula (Xl) nX2R
wherein Xl and X2 may be identical or different and
independently represent any amino acid other than
arginine; n is 0 or 1; and R stands for arginine,
wherein at least some of said peptides exhibit a
peptone biological activity. 19. The combinatorial
peptide library of claim 17, which consists of
peptides of the formula (Xl) nX2R wherein Xl and X2
may be identical or different and independently
represent any amino acid other than arginine; n is 0
or 1; and R stands for arginine, wherein at least some
of said peptides exhibit a peptone biological
activity. 20. A method for the recombinant production
of a heterologous protein, comprising culturing a
recombinant host cell containing nucleic acid encoding
said protein in a culture medium under conditions
suitable for the expression of said heterologous
protein, wherein said culture medium comprises at
least one peptide of claim 1. 2 1. fhe method of claim
20 wherein said host cell is an eukaryotic host cell.
22. The method of claim 20 wherein said recombinant
host cell is a prokaryotic host cell. 23. The method
of claim 20 wherein said heterologous protein is an
antibody or an antibody fragment.1/9 FIG. 12/9 Elution
Volume (ml_) FIG. 23/9 4000 5000 6000 7000 8000 9000
10000 PROLIFERATION (VCC) PRODUCTIVITY (TITER) FIG.
3VCC NORMALIZED PEPTONE FREE ( 1eO6 VIABLE
celis/mL)Y.43 TITER NORMALIZED TO PEPTONE FREE
(mg/mL)FIG. 57/98/9 MASS BASED CONCENTRATION OF
FRACTION IN TUBE (mg/mL) FIG 7A9/9 MASS BASED
CONCENTRATION OF FRACTION (mg/mL) TO THE 3/4 POWER
FIG. 7B MKFLCVLLLA SLAATSLAIL NKPEDETHLE AQPTDASAQF
IRNLQTSNED LSKEPSiSRE DLISKEQIVI RSSRQPQSQN PKLPLSILKE
KLRNATLGS EETTEHTPSD ASTTEGKLME LGHKIMRNLE NTVKETIKYL
KSLFSHAFEV VKT (SEQ ID NO: 1 ) FIG. 8 


