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BENZIMIDAZOLE-CARBOXA1VHDE COMPOUNDS AS 5-HT4
RECEPTOR AGONISTS 10 15BACKGROUND OF THE INVENTION
Field of the Invention       The invention is
directed to benzimidazole-carboxamide compounds which
are useful as 5-HT4 receptor agonists. The invention
is also directed to pharmaceutical compositions
comprising such compounds, methods of using such
compounds for treating 20 or preventing medical
conditions mediated by 5-HT4 receptor activity, and
processes and intermediates useful for preparing such
compounds. State of the Art Serotonin
(5-hydroxytryptamine, 5-11T) is a neurotransmitter
that is widely 25 distributed throughout the body,
both in the central nervous system and in peripheral
systems. At least seven subtypes of serotonin
receptors have been identified and the interaction of
serotonin with these different receptors is linked to
a wide variety of physiological functions. There has
been, therefore, substantial interest in developing
therapeutic agents that target specific 5-HT receptor
subtypes. 30In particular, characterization of 5-HT4
receptors and identification of pharmaceutical agents
that interact with them has been the focus of
significant recent activity. (See, for example, the
review by Langlois and Fischmeister, J. Med. Clzetn.
2003, 46, 319-344.) 5-HT4 receptor agonists are
useful for the treatment of disorders of reduced
motility of the gastrointestinal tract. Such
disorders include irritable bowel syndrome 35 (IBS),
chronic constipation, functional dyspepsia, delayed
gastric emptying,  gash-oesophageal reflux disease
(GERD), gastroparesis, post-operative ileus,
intestinal pseudo-obstruction, and drug-induced
delayed transit. In addition, it has been suggested
that some 5-1314 receptor agonist compounds may be
used in the treatment of central nervous system
disorders including cognitive disorders, behavioral
disorders, mood disorders, and disorders of control
of autonomic function.       Despite the broad
utility of pharmaceutical agents modulating 5-HT4
receptor activity, few 5-HT4 receptor agonist
compounds are in clinical use at present.
Accordingly, there is a need for new 5-HT4 receptor
agonists that achieve their desired effects with
minimal side effects. Preferred agents maypossess,
among other properties, improved selectivity,
potency, pharmacolcinetic properties, and/or duration
of action. SUMMARY        The disclosure provides
novel compounds that possess 5-HT4 receptor agonist
activity. Among other properties, compounds of the
disclosure have been found to be potent and selective
5-HT4 receptor agonists. In addition, preferred
compounds of the disclosure have been found to
exhibit favorable pharmacokinetic properties in an
animal model which are predictive of good
bioavailability upon oral administration.  In a first
aspect, there is provided a compound of formula (I):
0  1-1 N , X (I)  wherein: RI is C3_3a1ky1,
optionally substituted with -OH; and X is selected
from (a) -C(0)0R2 wherein R2 is Ci_alkyl or
-(CH2)n-phenyl wherein n is 0 or 1; (b) -C(0)R3
wherein R3 is selected from: phenyl, optionally
substituted with 1, 2, or 3 substituents selected
from halo, Cialkoxy, -CF3, -0CF3, -OCHF2, and -CN,
Ci,3alkyl, C4_3cyc1oalkyl, and -(C1-12),,-A wherein
in is 0 or 1 and A is selected from amino, furanyl,
thiophenyl, morpholinyl, tetrahydrofuranyl,
pyridinyl, and naphthalenyl, (c) -C(0)NR4R8 wherein
R4 is hydrogen or C1.3alicyl, and R8 is phenyl
optionally substituted with 1, 2, or 3 substituents
selected from C1 alkyl, halo, Ci_alkoxy, -CF3, -0CF3,
and -OCHF2; (d) -C(0)C(R6R7)R8 wherein R6 is hydrogen
or Ci_allcyl and R7 is hydrogen, -OH, or Ci_3alkyl;
or R6 and R7 taken together form oxo or -(CH2)2-; and
R8 is phenyl or cyclohexyl, wherein phenyl or
cyclohexyl are optionally substituted with 1, 2, or 3
substituents selected from Ci_alkyl, halo, Ci_alkoxy,
-CF3, -0CF3, -OCHF2, and -CN; 



(e) -C(0)C(HR9)0R19 wherein R9 is hydrogen or
C1.3a11ky1, and RI is phenyl optionally substituted
with 1, 2, or 3 substituents selected from Cl_allcyl,
halo, Ci_alkoxy, -CF3, -0CF3, and -OCHF2; and  (f)
-S(0)2Ri I wherein R is selected from Ci_3alkyl,
-CH2-phenyl, 2,4- dimethylisoxa7olyl, and phenyl
optionally substituted with 1, 2, or 3 substituents
selected from Ckialkyl, halo, Ciiialkoxy, -CF3,
-0CF3, - OCHF2, and -CN; or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof        In a second aspect; there
is provided a crystalline
4-(4-([2-isopropyl-IH-benzoimidazole4-carbonyl)-amino
]methyl}piperidin-1-ylmethy)piperidine1-carboxylic
acid methyl ester or a solvate thereof. Accordingly,
the disclosure provides a compound of formula (I): 0
wherein: RI is C3.5a1ky1, optionally substituted with
-OH; and X is selected from (a) -C(0)0R2 wherein R2
is C24alkyl or -(CH2)"-pheny1 wherein n is 0 or 1;
(b) -C(0)R3 wherein R3 is selected from: phenyl,
optionally substituted with 1, 2, or 3 substituents
selected from C14alkyl, halo, CmalkoxY, -CF3, -0CF3,
-OCHF2, and -CN, C4.5cycloallcyl, and  -(CH2),,,-A
wherein in is 0 or 1 and A is selected from amino,
filmy', thiophenyl, morpholinyl, tetrahydrofuranyl,
pyridinyl, naphthalenyl, pyrrolyl, thiommpholinyl,
pyrrolirlinyl, piperidinyl, oxoazetidinyl,
thiazolidinyl, 1,1-dioxo isothiazolidinyl, and 2,4-
dimethylisoxazolyk (c) -C(0)NR4R5 wherein R4 is
hydrogen or C1_3a1ky1, and R5 is phenyl optionally
substituted with 1, 2, or 3 substitaents selected
from Cmalkyl, halo, Cmalkoxy, -CF3, -0CF3, and
-0CBF2; (d) -C(0)C(12.61e)R5 wherein 12.6 is hydrogen
or C1..3alky1 and R7 is hydrogen, -OH, or Ci_sallcyl;
or R6 and R7 taken together form oxo or -(CH2)2-; and
BY is phenyl or cyclohexyl, wherein phenyl or
cyclohexyl are optionally substituted with 1, 2, or 3
substituents selected from Ci4alkyl, halo, Cmalkoxy,
-CF3, -0CF3, -0C1115, and -ON; (e) -C(0)C(HR9)0R16
wherein BY is hydrogen or C1..3alkyl, and RI is
phenyl optionally substituted with 1, 2, or 3
substituents selected from Cmalkyl, halo, Omalkoxy,
-CF3, -0CF3, and -0OHF2; and (f) -S(0)2R11 wherein
R11 is selected from C1..3a11cy1, -CH2-phenyl,
furanyl, thiophenyl, morpholinyl, tetrahydrofuranyl,
pyridinyl, naphthalenyl, pyrrolyl, thiomorpholinyl,
pyrrolidinyl, piperidinyl, oxoazetidinyl,
thiazolidinyl, 1,1-dioxo isothiazolidinyl,
2,4-dimethylisoxazolyl, and phenyl optionally
substituted with 1, 2, or 3 substituents selected
from Cmallcyl, halo, Cmalkoxy, -CF3, -0CF3, -OCHT2,
and -CN; or a pharmaceutically-acceptable salt or
solvate or stereoisoraer thereof.        According to
a third aspect, there is provided a pharmaceutical
composition comprising a compound as defined above
and a pharmaceutically-acceptable carrier.  In a
fourth aspect, there is provided a compound as
defined above for use in therapy.       In a fifth
aspect, there is provided the use of a compound as
defined above for manufacture of a medicament for the
treatment of a medical condition, the condition being
selected from in-itable bowel syndrome, chronic
constipation, functional dyspepsia, delayed gastric
emptying, gastroesophageal reflux disease,
gastroparesis, post-operative ileus, intestinal
pseudo-obstruction, and drug-induced delayed transit.
In a sixth aspect, there is provided a process for
preparing a compound of formula (I),  X I \I (I)
wherein: RI is C34a11cy1, optionally substituted with
-OH; and X is selected from (a) -C(0)0R2 wherein R2
is Cmalkyl or -(CR2)11-phenyl wherein n is 0 or 1;
(b) -C(0)12.3 wherein BY is selected from: 



phenyl, optionally substituted with 1, 2, or 3
substituents selected from C1a1kyl, halo, C14alkoxy,
-CF3, -0CF3, and -OCHF2, Ci_5allcyl, C4.5cycloalkyl,
and (C112).-A wherein in is 0 or 1 and A is selected
from furanyl, thiophenyl, morpholinyl,
tetrahydrofuranyl, pyridinyl, naphthnlenyl, pyrrolyl,
thiomorpholinyl, pyrrolicllnyl, pip eridinyl,
oxoazetidinyl, thiazolidinyl, 1,1-dioxo
isothiazolidinyl, and 2,4- dimethylisoxazoly1; (c)
-C(0)NR4125 wherein R4 is hydrogen or Ci-salkyl, and
BY is phenyl optionally substituted with 1, 2, or 3
substituents selected from C14alkyl, halo, Cma1koxy,
-CF3, -0CF3, and -OCIIF2; (d) -C(0)C(R6R7)R5 wherein
BY is hydrogen or Ci..3a1lcyl and 127 is hydrogen,
-OH, C1_3a1ky1, or oxo; or R6 and le form -(CH2)2-;
and Rs is phenyl or cyclohexyl, wherein phenyl or
cyclohexyl are optionally substituted with 1, 2, or 3
substituents selected from Cmalkyl, halo, Cmallcoxy,
-CF3, -0CF3, -OCHF2, and -CN;  (e)-C(0)C(HR9)0R1
wherein R9 is hydrogen or Cl_3alkyl, and R1 is phenyl
optionally substituted with 1, 2, or 3 substituents
selected from CI_alkyl, halo, Ci_4alltoxy, -CF3,
-0CF3, and -OCHF2; and (f) -S(0)2R" -wherein RH is
selected from C1..3a11cy1, -CH2-phenyl, furanyl,
thiophenyl, morpholinyl, tetrahydrofuranyl,
pyridinyl, naphthalenyl,  pyrrolyl, tbiomorpholinyl,
pyrrolidinyl, piperidinyl, oxoazetidinyl,
thiazolidinyl, 1,1-dioxo isothiazolidinyl,
2,4-dimethylisoxazolyl, and phenyl optionally
substituted with 1, 2, or 3 substituents selected
from Ci_olkyl, halo, C14allcoxy, -CF3, -0CF3, -OCHP2,
and -CN; or a pharmaceutically-acceptable salt or
solvate or stereoisomer thereof, the process
comprising: (i) reacting a compound of formula (II):
0  Wet" "-%-NIH  Q:0 with a compound of formula
(III): L-X 0-10 wherein L is leaving group; (ii)
reacting a compound of formula (VIII): 0  with a
compound of formula (XII. 0  H)1\N-X Pau) ; or  (iii)
reacting a compound of formula (VI): 0 NH4 (VI) with
a compound of foimula (XIV): PCBT) 



to provide a compound of formula (I), or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof. In a seventh aspect, there is
provided a process for preparing a compound of
formula (I), 0  (1)  wherein: RI is C3_5alkyl; and X
is selected from (b) -C(0)R3 wherein R3 is selected
from: phenyl, optionally substituted with 1, 2, or 3
substituents selected from C1_4alkyl, halo,
C14alkoxy, -CF3, -0CF3, and -OCHF2, Ci_salkyl,
CArscycloalkyl, and -(CH2).,-A wherein m is 0 or 1
and A is selected from furanyl, thiophenyl,
morpholinyl, tetrahydrofuranyl, pyridinyl,
naphthalenyl, pyrrolyl, thiomorpholinyl,
pyrrolidinyl, piperidinyl, oxoazeticlinyl,
thiazolidinyl, 1,1-dioxo isothiazolidinyl, and 2,4-
dirnethylisoxazoly1; (d) -C(0)C(R6R7)R8 wherein R6 is
hydrogen or C1.3alkyl and R7 is hydrogen, -OH,
Ci_salkyl, or oxo; or R6 and R7 form -(CH2)2-; and R8
is phenyl or cyclohexyl, wherein phenyl or cyclohexyl
are optionally substituted with 1, 2, or 3
substituents selected from Ci_011cyl, halo,
C14allcoxy, -CF3, -0CF3, -OCHF2, and -CN; and 3c  (e)
-C(0)C(HR9)0R1 wherein R9 is hydrogen or C1.3a1ky1,
and R1 is phenyl optionally substituted with 1, 2, or
3 substituents selected from C14alkyl, halo,
Ci_aalkoxy, -CF3, -0CF3, and -OCHF2; or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof, the process comprising:
reacting a compound of formula (II): 0  (H) with a
compound of formula (IV):  (IV) wherein X' is
selected from R3, C(R6R7)R8, and C(HR9)0R1 to provide
a compound of formula (I) or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof M an eighth aspect, there is
provided a compound of formula (ID: 0    (H) wherein
121 is C3_5alkyl, or a salt or stereoisomer or
protected derivative thereof         In a ninth
aspect, there is provided a process for preparing
crystalline 4-(4-{[(2-isopropy1-
1H-benzoimidazole-4-carbony1)-amino]methyl
piperidin-l-ylmethyl )piperi dine-l-carboxyl ic 



acid methyl ester, the process comprising: (a)
dispersing
4-(4-{[(2-isopropy1-1H-benzoimidazole4-carbony1)-amin
o]methyl Ipiperidin-1-ylmethyDpiperidine-l-carboxylic
acid methyl ester in an inert diluent selected from
acetonitrile, ether, cyclohexane, and ethyl acetate
in a proportion of between about 15 mg and 25 mg of
4-(4-{[(2-isopropy1-1H-benzoimidazole-4-carbony1)-
amino]inethyllpiperidin-1-ylmethyl)Piperidine-1-carbo
xylic acid methyl ester per milliliter of diluent to
form a mixture; and (b) allowing the mixture to
evaporate to provide crystalline
4-(4{[(2-isopropyl-1dazole-4-carbony1)-ami nolmethyl
piper' d in-l-ylmethyl)piperi dine- 1-carboxylic acid
methyl ester.        In a tenth aspect, there is
provided a process for preparing crystalline
4-(4-{[(2-isopropyl1H-bertzoimidazole-4-carbony1)-ami
no]methyl I piper' din-1-ylmethyDpiperi dine- I
-carboxylic acid methyl ester, the process
comprising: (a) reacting
2-isopropyl-1H-benzoimidazole-4- carboxylic acid
(piperidin-4-ylmethyl)amide with
4-fonnylpiperidine-1-carboxylic acid methyl ester in
a polar aprotic diluent; (b) adding acetonitrile
while distilling the product of step (a) to remove
the polar aprotic diluent from the product of step
(a); (c) preparing a mixture of the residue from the
distillation of step (b) in acetonitrile at a
concentration of between about 50 and about 125 mg of
4-(4-{[(2-isopropy1-1H-benzoimidazole-4-carb0ny1)-a11
1nolmethyllpiperidin-1-
ylmethyl)piperidine-1-carboxylic acid methyl ester
per milliliter of acetonitrile at a temperature
sufficient to dissolve the residue; and (d) cooling
the mixture of step (c) to a temperature of no more
than about 20 C to provide crystalline
4-(4-{[(2-isopropy1-1H-benzoimidazole-4-
carbonye-amino]nnethyllpiPeridin-1-ylmethyl)piperidin
e-1-carboxylic acid methyl ester. In another
embodiment, the disclosure provides a particular
compound of formula(I) in  crystalline free base
form. Crystalline
4-(4-{[(2-isopropy1-1H-benzoimidazole4.
carbonyl)amino]methy1}-piperidin-1-ylmethyppiperidine
-1-carboxylic acid methyl ester has been found to
have a melting temperature in the range of about 145
C to about  155 C, typically between about 146 and
about 148 C, a degradation temperature above about
240 C, and to exhibit weight changes of less than
about 0.25 % when exposed to a range of relative
humidity between about 2 % and about 90 % at room
temperature. Additional crystalline forms of
4-(4-{[(2-isopropy1-1H-benzoi1B1dazo1e4-  WO
2006/127815PCT/US2006/020085
carbonyl)aminejmethyl}-piperidin-l-ylmethyl)piperidin
e-1-carboxylic acid methyl ester are also provided in
further embodiments of the disclosure. In a method
embodiment, the disclosure provides a method of
treating a disease or condition associated with 5-HT4
receptor activity, e.g. a disorder of reduced
motility of the gastrointestinal tract, the method
comprising administering to the mammal, a
therapeutically effective amount of a compound of the
disclosure. Further, the disclosure provides a method
of treating a disease or condition associated with
5-HT4 receptor activity in a mammal, the method
comprising administering to the mammal, a
therapeutically effective amount of a pharmaceutical
composition of the disclosure.        The compounds
of the disclosure can also be used as research tools,
i.e. to study biological systems or samples, or for
studying the activity of other chemical compounds.
Accordingly, in another of its method embodiments,
the disclosure provides a method of using a compound
of formula (I), or a pharmaceutically acceptable salt
or solvate or stereoisomer thereof, as a research
tool for studying a biological system or sample or
for discovering new 5-HT4 receptor agonists, the
method comprising contacting a biological system or
sample with a compound of the disclosure and
determining the effects caused by the compound on the
biological system or sample. In separate and distinct
embodiments, the disclosure also provides synthetic
processes and intermediates described herein, which
are useful for preparing compounds of the disclosure.
The disclosure also provides a compound of the
disclosure as described herein for use in medical
therapy, as well as the use of a compound of the
disclosure in the manufacture of a formulation or
medicament for treating a disease or condition
associated with 5-HT4 receptor activity, e.g. a
disorder of reduced motility of the gastrointestinal
tract, in a mammal. BRIEF DESCRIPTION OF 11111.
DRAWINGS Various aspects of the present invention are
illustrated by reference to the 30 accompanying
drawings. Figure 1 shows a powder x-ray diffraction
(PXRD) pattern of crystalline 4-(4-{[(2-
isopropy14H-benzoimist
7o1e-4-carbonyDamist0]methyll-piperidin-l-
ylmethyppiperidine-1-carboxyl1c acid methyl ester
(Form I). 4        Figure 2 shows a differential
scanning calorimetry (DSC) trace (top trace, right
vertical axis) and a thermal gravimetric analysis
(TGA) trace (bottom trace, left vertical axis) for
crystalline
4-(4-{[(2-isopropy1-1H-benzointidazole-4-carbonyDamin
oimethyllpiperidin-l-ylmethyl)piperidine-1-carboxylic
acid methyl ester (Form I). 5Figure 3 shows a dynamic
moisture sorption (DMS) isotherm for crystalline
4-(4-
{[(2-isopropy1-1H-benzoirnidazole-4-carbonyl)amino]me
thyl}-piperidin-1- ylmethyDpiperidine-l-carboxylic
acid methyl ester (Form 1).       Figure 4 shows a
differential scanning calorirnetry (DSC) trace (top
trace, right vertical axis) and a thermal gravimetric
analysis (TGA) trace (bottom trace, left vertical 10
axis) for crystalline
4-(4-{[(2-isopropy1-1H-benzoimidazole-4-carbonyDarnin
oimethyl}-
piperidin-l-ylmethyDpiperidine-1-carboxylic acid
methyl ester (Form II).       Figure 5 shows a powder
x-ray diffraction (PXRD) pattern of crystalline
4-(4-{[(2-
isopropy1-1H-benzoinnidazole-4-carbonyHaminolmethyll-
piperidin-lylmethyDpiperidine-1-carboxylic acid
methyl ester (Form DI) 15Figure 6 shows a
differential scanning calorimetry (DSC) trace (top
trace, right vertical axis) and a thermal gravimetric
analysis (TGA) trace (bottom trace, left vertical
axis) for crystalline
4-(4-{[(2-isopropy1-1H-benzoimidazole-4-carbonypamino
]methylfpiperidin-1-ylmethyDpiperidine-1-carboxylic
acid methyl ester (Form III) 20DETAILED DESCRIPTION
OF IRE INVENTION 



The invention provides novel
benzimidazole-carboxamide 5-HT4 receptor agonists of
formula (1), or pharmaceutically-acceptable salts or
solvates or stereoisomers thereof. The following
substituents and values are intended to provide
representative examples of various aspects of this
invention. These representative values are intended
to further 25 define such aspects and are not
intended to exclude other values or limit the scope
of the invention. In a specific aspect of the
invention, R" is C3..5allcyl, optionally substituted
with -OH. In another specific aspect, R1 is
C3.5alkyl. 30In other specific aspects, R' is
C3_4a1kyl; or R.' is isopropyl or tert-butyl. In
another specific aspect, R' is isopropyl.      In yet
other specific aspects, RI is
1-hydroxy-1-methylethyl, or 2-hydroxy-1methylethyl.
In a specific aspect, X is -C(0)0R2 wherein R2 is
Ci_aalkyl or -(C112)1,-phenyl wherein n is 0 or 1.
In another specific aspect, X is -C(0)0R2 wherein R2
is C1_3a1ky1 or phenyl. In other specific aspects, X
is -C(0)0R2 wherein R2 is methyl or phenyl, or 5
wherein R2 is methyl.      In a specific aspect, X is
-C(0)R3 wherein R3 is selected from phenyl,
optionally substituted with 1, 2, or 3 substituents
selected from Cmalkyl, halo, Cmalkoxy, -CF3, -0CF3,
-OCHF2, and -CN; Ci.salkyl; C45cycloalkyl;
and-(C1-12),,,-A wherein in is 0 or 1 and A is
selected from amino, furanyl, thiophenyl,
morpholinyl, tetrahydrofuranyl, 10 pyridinyl,
naphthalenyl, pyrrolyl, thiomorpholinyl,
pyrrolidinyl, piperidinyl, oxoazetidinyl,
thiazolidinyl, 1,1-dioxo isothiawlidinyl, and
2,4-dimethylisoxazolyl.      In another specific
aspect, X is -C(0)R3 wherein R3 is phenyl, optionally
substituted with 1, 2, or 3 substituents selected
from C14alkyl, halo, Cmalkoxy, -CF3, -0CF3, -OCHF2,
and -CN. 15In another specific aspect, X is -C(0)R3
wherein R3 is Ci_salltyl or Ca.scycloalkyl. In
another specific aspect, X is -C(0)R3 wherein R.3 is
-(C1-12)",-A wherein m is 0 and A is selected from
amino, furanyl, thiophenyl, motpholinyl,
tetrahydrofuranyl, pyridinyl, naphthalenyl, pyrrolyl,
thiomorpholinyl, pyrrolidinyl, pip eridinyl,
oxoazetidinyl, thiazolidinyl, 1,1-dioxo
isothiazolidinyl, and 2,4-dimethylisoxazolyl. 20In
another specific aspect, X is -C(0)R3 wherein R.3 is
phenyl, optionally substituted with 1 or 2
substituents selected from Cmalkyl, halo, and -CF3;
furanyl; or thiophenyl.        In yet other specific
aspects, X is -C(0)R3 wherein R3 is phenyl optionally
substituted with 1 or 2 substituents selected from
methyl, chloro, fluor, and -CF3; or R3 25 is
furan-2-y1 or thiophen-2-yl.      In a specific
aspect, Xis -C(0)NR4R5 wherein R4 is hydrogen or
Ci.salkyl, and R5 is phenyl optionally substituted
with 1, 2, or 3 substituents selected from Cmalkyl,
halo, Cmalkoxy, -CF3, -0CF3, and -OCHLF2. In another
specific aspect, X is -C(0)NR4R5 wherein R4 is
hydrogen. 30In another specific aspect, X is
-C(0)NR4R5 wherein R4 is hydrogen and B.5 is phenyl
optionally substituted with 1 or 2 substituents
selected from Ci4alkyl and halo. In other specific
aspects, X is -C(0)NR4R5 wherein R4 is hydrogen and
B.5 is phenyl optionally substituted with 1 halo, or
with one fluor or chloro. 6  WO
2006/127815PCT/US2006/020085 in a spoon aspect, X is
-C(0)C(R6R7)R8 wherein R6 is hydrogen or C1_3a1kyl R7
is hydrogen, -OH, or Ci_3alkyl; or R6 and R7 taken
together form oxo or -(CH2)2-; and R8 is phenyl or
cyclohexyl, wherein phenyl or cyclohexyl are
optionally substituted with    1, 2, or 3
substituents selected from Ci_allcyl, halo, Cmalkoxy,
-CF3, -0CF3, -OCHF2, 5 and -CN. In another specific
aspect, X is -C(0)C(R6R.7)R8 wherein R6 is hydrogen.
In another specific aspect, X is -C(0)C(R6127)R8
wherein R8 is phenyl optionally substituted with 1,
2, or 3 substituents selected from Ci_alkyl, halo,
Cmalkoxy, -CF3, -0CF3, -OCHF2, and -CN. 10In another
specific aspect, Xis -C(0)C(R6R7)R8 wherein R8 is
cyclohexyl 



optionally substituted with 1, 2, or 3 substituents
selected from Cmalkyl, halo, Ci4a1koxy, -CF3, -0CF3,
-OCHF2, and -CN.      In yet other specific aspects,
X is -C(0)C(R6R7)R8 wherein R6 is hydrogen and R7 is
hydrogen, -OH, or methyl; or R6 and R7 taken together
form oxo or -(C112)2-; and R8 is 15 phenyl or
cyclohexyl, wherein phenyl or cyclohexyl are
optionally substituted with 1 or 2 substituents
selected from Cmalkyl and halo; or R8 is phenyl or
cyclohexyl, wherein phenyl or cyclohexyl are
optionally substituted with 1 or 2 substituents
selected from methyl, fluoro, and chloro.        In a
specific aspect, Xis -C(0)C(FIR9)0R19 wherein R9 is
hydrogen or CF3alkyl, 20 and R19 is phenyl optionally
substituted with 1, 2, or 3 substituents selected
from Cmalkyl, halo, Cmalkoxy,-CF3, -0CF3, and -OCHF2.
In another specific aspect, X is -C(0)C(HR9)0R19
wherein R9 is hydrogen or methyl. In other specific
aspects, X is -C(0)C(HR9)0R16 wherein R9 is hydrogen
or 25 methyl and R19 is phenyl optionally substituted
with 1 or 2 substituents selected from Cmalkyl and
halo, or phenyl optionally substituted with 1 or 2
substituents selected from methyl, fluoro, and
chloro. In a specific aspect, Xis -S(0)2R11. wherein
RH is selected from Ci_3alkyl, -CH2-phenyl, furanyl,
thiophenyl, morpholinyl, tetrahydrofuranyl,
pyridinyl, naphthalenyl, 30 pyrrolyl,
thiomorpholinyl, pyrrolidinyl, piperidinyl,
oxoazetidinyl, thiazolidinyl, 1,1-dioxo
isothiazolidinyl, 2,4-dimethylisoxazolyl, and phenyl
optionally substituted with 1, 2, or 3 substituents
selected from Cmalkyl, halo, C1..4a1koxy, -CF3,
-0CF3, -OCHF2, and -CN.         In another specific
aspect, X is -8(0)2R11 wherein Ri 1 is C1_3alkyl,
2,4- dimethylisoxazolyl, or phenyl, optionally
substituted with 1, 2, or 3 substituents selected
from Cmalkyl, halo, Cialkoxy, -CF3, -0CF3, -OCHF2,
and -CN. In other specific aspects, X is -8(0)21211
wherein R11 is methyl or phenyl 5 optionally
substituted with 1 or 2 substituents selected from
Cmallcyl and halo; or with I or 2 substituents
selected from methyl, fiuoro, and chloro. In one
aspect, the invention provides a compound of formula
(1) wherein Rl is Cmalkyl; and X is selected from:
10(a) -C(0)0R2 wherein R.2 is Ci..3alkyl or phenyl;
(b) -C(0)R3 wherein R3 is phenyl, optionally
substituted with I or 2 substituents selected from
Ci.alkyl, halo, and -CF3; furanyl; or thiophenyl;
(c) -C(0)NR4R5 wherein R4 is hydrogen and B.5
isphenyl optionally substituted with 1 or 2
substituents selected from C1-44311 and halo; 15 (d)
-C(0)C(R6R7)R8 wherein R.6 is hydrogen and 127 is
hydrogen, -OH, or methyl; or R6 and R.7 taken
together form oxo or -(CH2)2-; and BY is phenyl or
cyclohexyl, wherein phenyl or cyclohexyl are
optionally substituted with I or 2 substituents
selected from Cmallcyl and halo;        (e)
-C(0)C(HR5ORI9 wherein R9 is hydrogen or methyl and
Rth is phenyl 20optionally substituted with 1 or 2
substituents selected from Cmalkyl and halo; and
(t) --S(0)2R11 wherein R11 is methyl or phenyl,
optionally substituted with 1 or 2 substituents
selected from Cmalkyl and halo.          The
invention further provides a compound of formula (I)
wherein: 25RI is isopropyl or tert-butyl; and X is
selected from:         (a) -C(0)0R2 wherein R2 is
methyl or phenyl;         (b) -C(0)R3 wherein R? is
phenyl, optionally substituted with 1 or 2
substituents selected from methyl, chloro, fluoro,
and -CF3; furan-2-y1; or 30thiophen-2-y1; and    (c)
-C(0)NR4R5 wherein R.4 is hydrogen and B.5 is phenyl
optionally substituted with 1 fluoro or chloro.
In still other specific aspects, the invention
provides the compounds listed in the Examples and in
Tables Ito IX below.      The chemical naming
convention used herein is illustrated for the
compound of Example I: 5   which is designated
4-(4-{{(2-isopropy1-1H-benzoinaidazole-4-carbonypamin
oimethyllpiperidin-1-ylmethyl)piperidine-1-carboxylic
acid methyl ester, according to the AutoNom software,
provided by MDL Information Systems, GmbH (Frankfurt,
Germany). The fused ring structure "benzoimidazole"
is alternatively named 10 "benzinaidnzole". The two
terms are equivalent as used herein.       As
exemplified by particular compounds listed in the
tables below, the compounds of the invention may
contain a chiral center. Accordingly, the invention
includes racernic mixtures, pure stereoisomers, and
stereoisomer-enriched mixtures of such isomers,
unless otherwise indicated. When a particular
stereoisomer is shown, it will be understood by 15
those skilled in the art, that minor amounts of other
stereoisomers may be present in the compositions of
the invention unless otherwise indicated, provided
that any utility of the composition as a whole is not
eliminated by the presence of such other isomers. 



In one aspect, the invention provides a compound
selected from:
4-(4-{[(2-isopropy1-1H-benzoimidazole-4-carbony1)-ami
no]methyl}piperidin-1- 20 ylmethyl)piperidine-1
-carboxylic acid methyl ester;       4-(4-
{[(2-isopropy1-1H-benzoimidazole-4-carbony1)-amino}-m
ethyl}piperidin- 1 - yhnethyl)piperidine-l-carboxylic
acid phenyl ester;
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
11-[1-(2-chlorobenzoyl) piperidin-4-ylmethyl]
piperidin-4-ylmethyl} amide;
252-isopropyl-1H-benzoimidazole-4-carboxylic acid
{141-(2,4-difluoro-
benzoyl)piperidin-4-ylmethyl]piperidin-4-ylmethyl}
amide; 2-isopropyl-1H-benzoitnidazole-4-carboxylic
acid {111-(furan-2-carbony1)-
piperidin-4-yhnethyllpiperidin-4-ylmethyl} amide;
2-isopropy14H-benzoimidazole-4-carboxylic acid
{141-(thiophene-2-
carbonyflpiperidin-4-ylmethyllpiperidin-4-ylmethyl}
amide;
2-isopropy14H-benzoimidazole-4-carboxylic acid
{141-(2-fluoro-5- trifluoromethylbenzoylpip
eridin-4-ylmethyl]piperidin-4-ylmethyl} amide;
52-isopropyl-1H-benzoimidazole-4-carboxylic acid
(11142-Moro-
phenylcarbamoyflpiperidin-4-ylmethyllpiperidin-4-ylme
thy1}-amide;
444-{[(2-tert-buty1-1H-benzoimidazole-4-carbonyfl-ami
nolmethyllpiperidin-1-
ylmethyflpiperidine-1-carboxylic acid methyl ester;
2-tert-butyl-1H-benzoimidazole-4-carboxylic acid
{141-(2-fluoro-benzoy1)- 10 pip eridin-4-ylmethyllpip
eridin-4-ylmethyl} amide;
2-tert-butyl-1H-benzoiznidazole-4-carboxylic acid
{141-(3-methyl-benzoy1)-
piperidin-4-y1methy1piperidin-4-y1methy1} amide; and
2-tert-buty1-11/ -benzoimidazole-4-carboxylic acid
{1-11-(4-fluorobenzoyflpiperidin-4-ylmethylipiperidin
-4-ylmethyl}amide. 15 Definitions       When
describing the compounds, compositions and methods of
the invention, the following terms have the following
meanings, unless otherwise indicated. The term
"alkyl" means a monovalent saturated hydrocarbon
group which may be 20 linear or branched or
combinations thereof. Unless otherwise defined, such
alkyl groups typically contain from 1 to 10 carbon
atoms. Representative alkyl groups include, by way of
example, methyl (Me), ethyl, n-propyl (n-Pr),
isopropyl (iPr), n-butyl (n-Bu), sec-butyl, isobutyl,
tert-butyl (tBu), n-pentyl, n-hexyl, n-heptyl,
n-octyl, n-nonyl, n-decyl and the like. 25The term
"alkoxy" means a monovalent group -0-alkyl, where
alkyl is defined as above. Representative alkoxy
groups include, by way of example, methoxy, ethoxy,
propoxy, butoxy, and the like. The term "cycloalkyl"
means a monovalent saturated carbocyclic group which
may be monocycle or multicyclio. Unless otherwise
defined, such cycloalk-yl groups 30 typically contain
from 3 to 10 carbon atoms. Representative cycloalkyl
groups include, by way of example, cyclopropyl,
cyclobutyl, cyclopentyl, cycIohexyl, cycloheptyl,
cyclooctyl, and the like. The term "halo" means
fluoro, ehloro, bromo or iodo.  The term "oxo" means
a double-bonded oxygen atom (=0).       The term
"compound" means a compound that was synthetically
prepared or produced in any other way, such as by
metabolism.         The term "therapeutically
effective amount" means an amount sufficient to
effect 5 treatment when administered to a patient in
need of treatment. The term "treatment" as used
herein means the treatment a a disease, disorder, or
medical condition in a patient, such as a mammal
(particularly a human) which includes: (a)preventing
the disease, disorder, or medical condition from
occulting, i.e., prophylactic treatment of a patient;
10(b)ameliorating the disease, disorder, or medical
condition, i.e., eliminating or causing regression of
the disease, disorder, or medical condition in a
patient; (c) suppressing the disease, disorder, or
medical condition, i.e., slowing or arresting the
development of the disease, disorder, or medical
condition in 15a patient; or 



(d) alleviating the symptoms of the disease,
disorder, or medical condition in a patient. The term
"pharmaceutically-acceptable salt" means a salt
prepared from an acid     or base which is acceptable
for administration to a patient, such as a mammal.
Such salts 20 can be derived from
pharmaceutically-acceptable inorganic or organic
acids and from pharmaceutically-acceptable bases.
Typically, pharmaceutically-acceptable salts of
compounds of the present invention are prepared from
acids.       Salts derived from
pharmaceutically-acceptable acids include, but are
not limited to, acetic, adipic, benzenesulfonic,
benzoic, camphorsulfonic, citric, ethanesulfonic, 25
fumaric, gluconic, glutamic, hydrobromic,
hydrochloric, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pantothenic,
phosphoric, succinic, sulfuric, tartaric,
p-toluenesulfonic, xinafoic (1-hydroxy-2-naphthoic
acid), naphthalene-1,5-disulfonic acid and the like.
The term "solvate" means a complex or aggregate
formed by one or more 30 molecules of a solute, i.e.
a compound of the invention or a
pharmaceutically-acceptable salt thereof, and one or
more molecules of a solvent. Such solvates are
typically crystalline solids having a substantially
fixed molar ratio of solute and solvent.
Representative solvents include by way of example,
water, methanol, ethanol, 11  isopropanol, acetic
acid, and the like. When the solvent is water, the
solvate formed is a hydrate.       It will be
appreciated that the term "or a
pharmaceutically-acceptable salt or solvate of
stereoisomer thereof' is intended to include all
permutations of salts, solvates 5 and stereoisomers,
such as a solvate of a pharmaceutically-acceptable
salt of a stereoisomer of a compound of formula (I).
The term "amino-protecting group" means a protecting
group suitable for preventing undesired reactions at
an amino nitrogen. Representative amino-protecting
groups include, but are not limited to, formyl; acyl
groups, for example alkanoyl groups, 10 such as
acetyl; alko?cycarbonyl groups, such as
ten-butoxycarbonyl (Boc); arylmethoxycarbonyl groups,
such as benzyloxycarbonyl (Cbz) and
9-fluorenylmethoxycarbonyl (Fmoc); arylmethyl groups,
such as benzyl (En), trityl (Tr), and
1,1-di-(4'-methoxyphenyEmethyl; sily1 groups, such as
trimethylsilyl (TMS) and tertbutyldimethylsilyi
(T13DMS); and the like. 15 General Synthetic
Procedures  Compounds of the invention can be
prepared from readily available starting materials
using the following general methods and procedures.
Although a particular aspect of the present invention
is illustrated in the schemes below, those skilled in
the art 20 will recognize that all aspects of the
present invention can be prepared using the methods
described herein or by using other methods, reagents
and starting materials known to those skilled in the
art. It will also be appreciated that where typical
or preferred process conditions (i.e., reaction
temperatures, times, mole ratios of reactants,
solvents, pressures, etc.) are given, other process
conditions can also be used unless otherwise stated.
25 Optimum reaction conditions may vary with the
particular reactants or solvent used, but such
conditions can be determined by one skilled in the
art by routine optimization procedures.
Additionally, as will be apparent to those skilled in
the art, conventional protecting groups maybe
necessary to prevent certain functional groups from
undergoing undesired 30 reactions. The choice of a
suitable protecting group for a particular functional
group, as well as suitable conditions for protection
and deprotection, are well known in the art. For
example, numerous protecting groups, and their
introduction and removal, are described  m r. w.
ureene ana ci. ivi. Wuts, Protecting Groups in
Organic Synthesis, Third Edith_ ._, Wiley, New York,
1999, and references cited therein.       In one
method of synthesis, compounds of formula (I) are
prepared by reacting a
piperidinylmethyl-piperidinyhnethyl intermediate of
formula (II): 5   do with a reagent of formula (III):
L-X (I11) 10 where L is a leaving group, for example
a halo, such as chloro, or an acyloxy, sulfonic
ester, or oxysuccinimide, and R1 and X are defined as
in formula (I).       The reaction is typically
conducted by contacting intermediate (II) with
between about 1 and about 1.5 equivalents of
intermediate (DI) in a polar aprotic diluent, such as
dichloromethane, in the presence of at least one
equivalent of an amine base, such as 15
N,N-diisopropylethylamine. Suitable inert diluents
for this process and those described below, also
include N,N-dimethylfonnaraide, tricbloromethane,
1,1,2,2-tetrachloroethane, tetrahydrofuran, and the
like. Suitable amine bases for the processes of the
present invention also include triethylamine,
pyridine, and the like. The reaction is typically
conducted at a temperature in the range of about 0 C
to about 30 C for about a quarter 20 hour to about 2
hours, or until the reaction is substantially
complete. Exemplary reagents L-X in which L is chloro
include methyl chloroformate, phenyl chloroformate,
chlorobenzoyl chloride, and methanesulfonyl chloride.



In an alternative method of synthesis, compounds of
formula (I) in which X is selected from -C(0)R3,
-C(0)C(R6R7)R8, and -C(0)C(HR9)0R1 can be prepared by
the 25 amide coupling reaction of an intermediate of
formula (II) with a carboxylic acid of formula (IV):
HO X' (IV) In formula (IV), X' represents R.3,
C(R6R.7)R8, or C(11R9)0R1, such that -C(0)X
corresponds to X, as set forth above formula (IV). In
the amide coupling reaction of 5 intermediate (II),
between about 1 and about 1.5 equivalents of the
carboxylic acid (IV) are first contacted with between
1 and about 1.5 equivalents of a coupling agent such
as 0-(7-axabenzotrizol4-y1)-N,N,
N',Nctetramethyluronium hexafluorophosphate (HATU) in
a polar aprotic solvent such as dimethylformamide or
those discussed above. The acid mixture is then
contacted with intermediate (II) in the presence of
between about 2 and 10 about 4 equivalents of an
amine base, for example, N,N-diisopropylethylamine.
The reaction is typically conducted at a temperature
in the range of about 0C to about 30 C for about a
quarter hour to about 2 hours, or until the reaction
is substantially complete.       Suitable alternative
coupling agents include N-ethyl-N-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDC),
1,1'-earbonyldiimidazole (CDT) 15 1,3
dicyclohexylcarbodiimide (DCC), and
benzotriazol-1-ylotcytripyrrolidinophosphonium
hexafluorophosphate (PyBop). The coupling agents may
be combined with promoting agents, for example,
1-hydroxy-7-azabenzotriazole (flOM),
hydroxybenzotriazole (HOBt), or
1,4-diazabicyclo[2,2,2]octane (DABCO). In yet another
alternative process, compounds of formula (I) in
which X is 20 -C(0)NTIR5 can be prepared by reacting
an intermediate of formula (II) with an isocyanate of
the form: The reaction is typically conducted by
contacting intermediate (II) with between about 1 25
and about 1.5 equivalents of intermediate (V) in a
polar aprotic diluent in the presence of at between
about 2 and about 4 equivalents of an amine base. The
reaction is typically conducted at a temperature in
the range of about 0 C to about 30 C for about a
quarter hour to about 24 hours, or until the reaction
is substantially complete.        The product of
formula (1) is isolated and purified by conventional
procedures. 30 For example, the product can be
concentrated to dryness under reduced pressure and
the residue purified by HPLC chromatography.  WO
2006/127815PCT/US2006/020085 The
piperidinylmethyl-piperidinylmethyl intermediates of
formula (II) are prepared from readily available
starting materials by the procedure illustrated in
Scheme it Scheme A (11) 5 where Pi and P2
independently represent an amino protecting group,
such as tenbutoxycarbonyl (Boo).      First, a
carboxylic acid of formula (VI) is reacted with a
protected aminomethyl piperidine to form a protected
intermediate of formula (VII). This reaction is
typically conducted by contacting (VI) with between
about 1 and about 2 equivalents of protected 10
aminomethylpiperidine in a polar aprotic diluent, in
the presence of an amide coupling agent described
above, for example
N-ethyl-R-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) combined with
hydroxybenzotriazole (HOBt) or 1,
Vcarbonyldiimidazole (CDT) combined with
1,4-diazabicyclo[2,2,2]octane (DABCO) . The reaction
is typically conducted at a temperature in the range
of about 0 C to about 60 C 15 for between about 1 and
about 24 hours or until the reaction is substantially
complete.      The protecting group PI is removed
from intermediate (VII) by conventional means to
provide intermediate (VIII). For example, when Boo is
used as the protecting  group, it may be removed by
treatment with an acid, such as trifluoroacetic acid
or hydrochloric acid.       An intermediate of
formula (DC) is then formed by the reductive
atnination of intermediate (VIII) with a protected
piperidine-carboxaldehyde. This reaction is typically
5 conducted by contacting (V111) with between about 1
and about 2 equivalents of the protected
piperidine-carboxaldehyde in an inert diluent in the
presence of between about 1 and about 2 equivalents
of a reducing agent. Optionally, about one equivalent
of a weak acid, such as acetic acid can be included
to accelerate the reaction. The reaction may be
conducted at a temperature between about 0 C and
about 30 C, typically between about 10 20 C and about
30 C, for about 0.25 to about 2 hours, or until the
reaction is substantially complete.       Suitable
inert diluents include dichloromethane,
trichloromethane, 1,1,2,2- tetrachloroethane, and the
like. Typical reducing agents include sodium
briacetoxyborohydride, sodium borohydride, and sodium
cyanoborohydride. The product 15 (IX) is isolated by
standard procedures. When the amine (VIII) is
supplied as an acid salt, typically between about 1
and about 3 equivalents of an amine base, such as N
,N- diisopropylethylamine, is included in the
reaction. Finally, the protecting group P2 is removed
from intetmediate (IX) by conventional procedures to
provide the pip eridinylmethyl-piperidinylmethyl
intermediate (11). 20A carboxylic acid of formula
(VI) can be prepared from a diaminobenzoic acid or 



ester by the process illustrated in Scheme B: Scheme
B 000 OROH    where R represents methyl or hydrogen.
Intermediate (Xt) is reacted with a carboxylic acid
RIC(0)0H to form the acid intermediate (V1). This
reaction is typically conducted 25 by contacting the
acid or ester (XI) with between about 2 and about 4
equivalents of the carboxylic acid RIC(0)0H in an
aqueous acidic solution. The reaction is typically
conducted at a temperature in the range of about 80 C
to about 100 C for about 12 to    about 72 hours. The
pH of the solution is then raised by the addition of
base, such as sodium hydroxide, and the product
isolated by conventional means.      A convenient
process for providing intermediate (XL) as the methyl
ester uses 2-amino-3-nitrobenzoic acid methyl ester
(X): 0   5 NO2  OC) as the starting material.
Typically, 2-amino-3-nitrobenzoic acid methyl ester
(X) is dissolved in a polar diluent and reduced by
exposure to a hydrogen atmosphere in the presence of
a transition metal catalyst to provide the
dianainobenzoic acid methyl ester. 10 ()CI). The
reaction is typically conducted at ambient
temperature for about 12 to about 72 hours.      When
the substituent R1 is sterically bulky, as for
example, when RI is tert-butyl,
ten-butylbenzimidazole carboxylic acid (VP) can be
prepared by the conversion of methyl ester (XI)
according to a two-step process, as illustrated, for
example, in Scheme C: Scheme C    As described in
detail in Preparation 3 below, the methyl ester (XI')
is first reacted with 2,2-dimethylpropionyl chloride
to provide the intermediate (XII) which is refluxed
in a strong acid solution, typically, for between
about 12 and about 72 hours, to provide the
tert-butylbenzimidamle carboxylic acid (VI'). 20In
alternative methods of synthesis, compounds of
formula (I) can be prepared according to the process
routes illustrated in Scheme D using the reductive
animation and other reactions described above, and/or
using alternative reactions well known to those
skilled in the art.  WO 2006/127815PCT/US2006/020085
Scheme D  Ocul) 



H2N  0 NH N. NHA  (1/1)(XIV) As shown in process
route (i), an intermediate of formula (VIII) is
reacted with an intermediate of formula (X) to
provide a compound of formula (I). The reaction is
typically performed under the conditions described
above for the reaction of amine (VIII) 5 with the
protected piperidine-carboxaldehyde in Scheme A.
Intermediate (X0I) can be prepared by the reaction of
4-hydroxymethylpiperidine with a reagentof formula
(11l), followed by oxidation of the resulting
intermediate.  For example, for the particular case
of X is -C(0)0C113, intermediate (X01) can be
prepared as shown in Scheme E.    10 First
4-hydroxymethylpiperidine is reacted with
methylchloroformate to form the
hydroxymethylpiperidine intermediate (XV). The
reaction is typically conducted by contacting
4-hydroxymethylpiperidine in an aqueous solution with
between about 3 and about 5 equivalents of
methylchlorofonnate in the presence of between about
3 and about 15 5 equivalents of base. The reaction is
typically conducted at a temperature in the range of
about 0 C to about 30 C for about 12 to about 72
hours or until the reaction is substantially
complete. Intermediate (XV) is then oxidized to form
the formylpiperidinyl intermediate (XIT). The
oxidation reaction typically makes use of an
oxidation reagent such as a combination of oxalyl
chloride and dimethylsulfoxide (Sworn oxidation), a
chromate reagent, such as pyridinium chlorochromate,
or an oxidizing agent, such as sodium hypochlorite,
together with a catalyst such as
2,2,6,6-tetramethyl-1-piperidinyloxy free radical
(TEMPO). The preparation of a compound of formula (1)
according to process route (i) of 5 Scheme D using
intermediate (ME') is described in Examples 214 and
216 below.      A compound of formula (I) can also be
prepared by reacting a carboxylic acid of formula
(VI) with an intermediate of formula (XIV), as shown
in process route (ii). As illustrated in Scheme F,
intermediate (X1V) can be prepared by the reaction of
a protected aminomethylpiperidine with intermediate
(XIII): Scheme F    10 where P is an amino-protecting
group, to provide a protected intermediate of formula
(XVI), followed by a deprotection step. The
preparation of compounds according to process route
(ii) is described in Preparation 4 and in Examples 14
and 15 below. The reagents L-X (111), )CC(0)OH (IV),
0=C=N=R5 (V) and RIC(0)0H are 15 available
commercially or are readily prepared by standard
procedures from common starting materials.
Further details regarding specific reaction
conditions and other procedures for preparing
representative compounds of the invention or
intermediates thereto are described in the examples
below. 20Accordingly, in a method aspect, the
invention provides a process for preparing a compound
of formula (I), or a salt or stereoisomer thereof,
the process comprising 



(a) reacting a compound of formula (II) with compound
of the formula (111); (b) reacting a compound formula
(Viii) with a compound of formula (X111); or (c)
reacting a compound of formula (VI) with a compound
of formula OEM to provide a compound of formula (1),
25 or a salt or stereoisomer thereof. In an
additional method aspect, the invention provides a
process for preparing a compound of formula (I)
wherein X is selected from -C(0)R3, -C(0)C(R61e)R3,
and -C(0)C(HR9)0R1, or a salt or stereoisomer
thereof, the process comprising reacting a compound
of formula (11) with a compound of formula (IV),
wherein X' represents R3,  C(R6R5R3, or C(B1t3)0RI,
to provide a compound of formula (1), or a salt or
stereoisomer thereof. The invention further provides
a compound of formula (II), or a salt or stereoisomer
or protected derivative thereof, wherein RI is
defined as in formula (o. 5 Crystalline Forms
In another aspect, the invention provides
4-(4-1[(2-isopropyl-1H-benzoimidazole4-carbonyl)amino
imethyl)-piperidin-1-ylmethyl)piperidine-1-carboxylic
acid methyl ester in crystalline freebase form or a
solvate thereof. Three distinguishable forms of 10
crystalline 4-(4- {[(2-isopropyl-
1H-benzoimidazole-4-carbonyl)amino]methyl}-piperidin1
-ylmethyl)piperidine-1-carboxylic acid methyl ester
(hereinafter compound) have been observed.
Crystalline Form I of the present invention is a
crystalline freebase. Form I is characterized by a
powder x-ray diffraction (PXRD) pattern having two or
more 15 diffraction peaks at 20 values selected from
15.0810.20, 15.4110.20, 19.0010.20, 19.7010.20, and
23.6810.20. In particular, Form I is characterized by
a powder x-ray diffraction pattern having diffraction
peaks at 20 values of 19.00-10.20 and 19.7010.20. As
is well known in the field of powder x-ray
diffraction, peak positions of PXRD spectra are
relatively less sensitive to experimental details,
such as details of sample 20 preparation and
instrument geometry, than are the relative peak
heights. Thus, in one aspect, the crystalline Form I
is characterized by a powder x-ray diffraction
pattern in which the peak positions are substantially
in accordance with those shown in Figure 1.      Form
I has been further characterized by x-ray diffraction
analysis of crystal structure, providing the
following lattice parameters: unit cell is
orthorhombic with 25 dimensions a = 16.9053 A, b =
9.5172 A, c = 15.4659 A; space group is Pns21;
calculated density is 1.22 g/cm3. The resulting
molecular structure confirms the chemical composition
is that of compound 1 and that the assymetric unit
does not contain water or other solvent molecules.
Powder x-ray diffraction peaks predicted from the
derived atomic positions are in excellent agreement
with observed results. 30Crystalline Form I of the
present invention is also characterized by high
temperature thermal stability as evidenced by its
differential scanning calorimetry (DSC) profile which
exhibits a peak in endothermic heat flow in the range
of about 145 C to about 155 C, typically between
about 146 and 148 C as illustrated in Figure 2, which
may be identified as a melting point. Furthermore,
the thermal gravimetric analysis (TGA) profile shows
no significant weight change event below the onset of
degradation which is above about 240 C.        In yet
another aspect, the present crystalline form is
characterized by its infrared 5 absorption spectrum
which shows significant absorption bands at about
766, 1097, 1251, 1413, 1449, 1579, 1609, 1640, and
1696 cm-1. The present crystalline form has been
demonstrated to have a reversible sorption/desorption
profile with an exceptionally low level of
hygroscopicity (i.e., less than about 0.25% weight
gain in the humidity range of 2% relative humidity to
90 % 10 relative humidity at room temperature) as
shown in Figure 3.      Additionally, crystalline
Form I of compound' has been found to be stable upon
exposure to elevated temperature and humidity. After
storage for three months at 40C and 75 % relative
humidity, there were no detectable changes in the
DSC, TGA, or PXRD profiles, in the chemical purity as
determined by HPLC analysis, and no observable 15
changes in visual appearance. There were also no
changes detectable by DSC, TGA, or PXRD after milling
particles of Form I from a volume-based mean particle
size of about 470 microns to a volume-based mean
particle size of about 15, about 22, or about 29
microns. Crystalline Form 11 of compound 1 is
characterized by the DSC and TGA profiles 20 of
Figure 4. TGA analysis shows an onset of weight loss
in the temperature range of about 95 to about 105 ,
typically at about 100 C, in a step profile
consistent with water or solvent loss, while the DSC
profile exhibits a peak in endothermic heat flow at
between about 143 and about 145 C, concurrent with
the melting event. The PXRD pattern of Form If is
indistinguishable from that of Form I. While positive
identification 25 has not been made, the TGA profile
of Form II is consistent with the interpretation of
Form II as a solvate. 



The third crystalline form of the invention has been
identified as a monohydrate. Form III is
characterized by a powder x-ray diffraction (PXRD)
pattern having two or more diffraction peaks at 20
values selected from 9.14+0.20, 12.41+0.20,
12.74+0.20, 30 17.75+0.20, 18.47+0.20, 20.63+0.20,
21.13+0.20, and 27.050.20, as illustrated in  Figure
5. In particular, Form III is characterized by a
powder x-ray diffraction pattern having diffraction
peaks at 20 values of 9.14+0.20 and 20.63th0.20.
The DSC and TGA profiles of Form III, shown in Figure
6, demonstrate the material undergoes a step profile
weight loss with onset in the temperature range of
about 65 to about 75 , typically at about 70 C, and a
peak in endothermic heat flow at a temperature
between about 90 and about 100 C, consistent with
loss of the monohydrate 5 water and subsequent
melting. Form ifi has been further characterized by
x-ray diffraction analysis of crystal structure,
providing the following lattice parameters: unit -
cell is monoclinic with dimensions a = 14.8101 A, b =
9.9985 A, c = 17.9222 A; 13 = 106.3020 , space group
is P21/n; calculated density is 1.23 g/cm3. The
resulting molecular structure confirms the chemical
composition is that of compound 1 and that the 10
assymetric unit contains a single water molecule.
The separate crystalline forms of the present
invention may be reproducibly obtained by the
following procedures. Crystalline Form I may be
prepared by dispersing compounds in an inert diluent
selected from acetonitrile, ether, cyclohexane, and
ethyl acetate in a proportion of between about 15 mg
and about 25 mg compound 1 per 15 milliliter of
diluent to form a mixture, and allowing the mixture
to evaporate at ambient temperature, resulting in
crystal formation.      Alternatively, Form I may be
obtained by a solvent exchange process from crude
compound 1 in solution, without first isolating
amorphous compound 1 as described in Example 216
below. Typically the reaction to prepare compound! is
carried out in a 20 polar aprotic diluent, such as
dichloromethane, in which the compound is highly
soluble. To prepare crystalline Form I, acetonitrile
is added while vacuum distilling the crude reaction
product to remove the dichloromethane. A mixture
having between about 1 and about 200 mg compound 1
per milliliter of acetonitrile, typically between
about 50 and about 125 mg compound 1 per milliliter
of acetonitrile, is prepared from the residue 25
remaining after distillation and heated to a
temperature sufficient to dissolve the residue, for
example a temperature of about 75 C. The mixture is
then cooled to a temperature of no more than about 20
C to provide crystalline Form I, which is isolated by
conventional procedures. In an exemplary process, the
mixture is cooled until nucleation occurs, typically
at a temperature of between about 55 and about 65 C
and held at that 30 temperature for about an hour. It
is then cooled at a rate of between about 0.25 and
about 0.4 C per minute to a temperature of about 20
C. To increase the yield of crystalline Form I, the
mixture may be further cooled at a rate of between
about 0.5 and about 0.75 C per minute to a
temperature of between about 0 and about 5 C.  WO
2006/127815PCT7US2006/020085 To prepare Form II,
amorphous compound! is dispersed in hexane at ambient
temperature to a final concentration of about 10
mg/InT and the resulting mixture is sonicated. After
about 24 hours at ambient temperature, crystalline
solids of Form If are obtained. 5Form III is prepared
by dissolving amorphous amorphous compound 1 in a 1:1
ethanol: water solvent mixture at ambient temperature
to a fmal concentration of about 20 mg/mL and
sonicating the solution for about 30 seconds. The
solution is allowed to partially evaporate in an
uncapped vial. After about 24 hours, crystalline
solids of Form ifi are obtained. 10 Pharmaceutical
Compositions        The benzimiclazole-carboxamide
compounds of the invention are typically administered
to a patient in the form of a phamiaceutical
composition. Such pharmaceutical compositions may be
administered to the patient by any acceptable route
15 of administration including, but not limited to,
oral, rectal, vaginal, nasal, inhaled, topical
(including transdermal) and parenteral modes of
administration.       Accordingly, in one of its
compositions aspects, the invention is directed to a
pharmaceutical composition comprising a
pharmaceutically-acceptable carrier or excipient and
a therapeutically effective amount of a compound of
formula (I) or a 20 pharmaceutically acceptable salt
or solvate thereof. Optionally, such pharmaceutical
compositions may contain other therapeutic and/or
formulating agents if desired.      The
pharmaceutical compositions of the invention
typically contain a therapeutically effective amount
of a compound of the present invention or a
pharmaceutically-acceptable salt thereof. Typically,
such pharmaceutical compositions 25 will contain from
about 0.1 to about 95% by weight of the active
agentincluding from about 5 to about 70% by weight;
and from about 10 to about 60% by weight of the
active agent.       Any conventional carrier or
excipient may be used in the pharmaceutical
compositions of the invention. The choice of a
particular carrier or excipient, or 30 combinations
of carriers or excipients, will depend on the mode of
administration being used to treat a particular
patient or type of medical condition or disease
state. In this regard, the preparation of a suitable
pharmaceutical composition for a particular mode of
administration is well within the scope of those
skilled in the pharmaceutical arts. 23  



Additionally, the ingredients for such compositions
are commercially-available from, fo_ example, Sigma,
P.O. Box 14508, St. Louis, MO 63178. By way of
further illustration, conventional formulation
techniques are described in Remington: The Science
and Practice of Pharmacy, 20th Edition, Lippincott
Williams & White, Baltimore, Maryland 5 (2000); and
H.C. Ansel et al., Pharmaceutical Dosage Forms and
Drug Delivery Systems, 7th Edition, Lippincott
Williams & White, Baltimore, Maryland (1999).
Representative examples of materials which can serve
as pharmaceutically acceptable carriers include, but
are not limited to, the following: (1) sugars, such
as lactose, glucose and sucrose; (2) starches, such
as corn starch and potato starch; (3) 10 cellulose,
such as microcrystalline cellulose, and its
derivatives, such as sodium carboxymethyl cellulose,
ethyl cellulose and cellulose acetate; (4) powdered
tragacanth; (5) malt; (6) gelatin; (7) talc; (8)
excipients, such as cocoa butter and suppository
waxes; (9) oils, such as peanut oil, cottonseed oil,
safflower oil, sesame oil, olive oil, corn oil and
soybean oil; (10) glycols, such as propylene glycol;
(11) polyols, such as glycerin, 15 sorbitol, mannitol
and polyethylene glycol; (12) esters, such as ethyl
oleate and ethyl laurate; (13) agar; (14) buffering
agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free
water; (17) isotonic saline; (18) Ringer's solution;
(19) ethyl alcohol; (20) phosphate buffer solutions;
and (21) other non-toxic compatible substances
employed in pharmaceutical compositions. 20The
pharmaceutical compositions of the invention are
typically prepared by thoroughly and intimately
mixing or blending a compound of the invention with a
pharmaceutically-acceptable carrier and one or more
optional ingredients. If necessary or desired, the
resulting uniformly blended mixture can then be
shaped or loaded into tablets, capsules, pills and
the like using conventional procedures and equipment.
25The pharmaceutical compositions of the invention
are preferably packaged in a unit dosage form. The
term "unit dosage form" refers to a physically
discrete unit suitable for dosing a patient, i.e.,
each unit containing a predetermined quantity of
active agent calculated to produce the desired
therapeutic effect either alone or in combination
with one or more additional units. For example, such
unit dosage forms may be capsules, 30 tablets, pills,
and the like.      In a preferred embodiment, the
pharmaceutical compositions of the invention are
suitable for oral administration. Suitable
pharmaceutical compositions for oral administration
may be in the form of capsules, tablets, pills,
lozenges, cachets, dragees, 24  WO
2006/127815PCT/11S2006/020085 powders, granules; or
as a solution or a suspension in an aqueous or
non-aqueous liquid, or as an oil-in-water or
water-in-oil liquid emulsion; or as an elixir or
syrup; and the like; each containing a predetermined
amount of a compound of the present invention as an
active ingredient. 5When intended for oral
administration in a solid dosage form (i.e., as
capsules, tablets, pills and the like), the
pharmaceutical compositions of the invention will
typically comprise a compound of the present
invention as the active ingredient and one or more
pharmaceutically-acceptable carriers, such as sodium
citrate or dicalcium phosphate. Optionally or
alternatively, such solid dosage forms may also
comprise: (1) fillers or 10 extenders, such as
starches, microcrystalline cellulose, lactose,
sucrose, glucose, mannitol, and/or silicic acid; (2)
binders, such as carboxymethylcellulose, alginates,
gelatin, polyvinyl pyrrolidone, sucrose and/or
acacia; (3) humectants, such as glycerol; (4)
disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid,
certain silicates, and/or sodium carbonate; (5)
solution retarding agents, such 15 as paraffin; (6)
absorption accelerators, such as quaternary ammonium
compounds; (7) wetting agents, such as cetyl alcohol
and/or glycerol monostearate; (8) absorbents, such as
kaolin and/or bentonite clay; (9) lubricants, such as
talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and/or
mixtures thereof'; (10) coloring agents; and (11)
buffering agents. 20Release agents, wetting agents,
coating agents, sweetening, flavoring and perfuming
agents, preservatives and antioxidants can also be
present in the pharmaceutical compositions of the
invention. Examples of pharmaceutically-acceptable
antioxidants include: (1) water-soluble antioxidants,
such as ascorbic acid, cysteine hydrochloride, sodium
bisulfate, sodium metabisulfate sodium sulfite and
the like; (2) oil- 25 soluble antioxidants, such as
ascorbyl palmitate, butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), lecithin, propyl
gallate, alpha-tocopherol, and the like; and (3)
metal-chelating agents, such as citric acid,
ethylenediamine tetraacetic acid (EDTA), sorbitol,
tartaric acid, phosphoric acid, and the like. Coating
agents for tablets, capsules, pills and like, include
those used for enteric coatings, such as cellulose
acetate 30 phthalate (CAP), polyvinyl acetate
phthalate (PVAP), hydroxypropyl methylcellulose
phthalate, methacrylic acid-methacrylic acid ester
copolymers, cellulose acetate trimellitate (CAT),
carboxym ethyl ethyl cellulose (CMEC), hydroxypropyl
methyl cellulose acetate succinate (HPMCAS), and the
like. 25  WO 2006/127815PCT/US2006/020085       If
desired, the pharmaceutical compositions of the
present invention may also be formulated to provide
slow or controlled release of the active ingredient
using, by way of example, hydroxypropyl methyl
cellulose in varying proportions; or other polymer
matrices, liposomes and/or microspheres. 5In
addition, the pharmaceutical compositions of the
present invention may optionally contain opacifying
agents and may be formulated so that they release the
active ingredient only, or preferentially, in a
certain portion of the gastrointestinal tract,
optionally, in a delayed manner. Examples of
embedding compositions which can be used include
polymeric substances and waxes. The active ingredient
can also be in micro- 10 encapsulated form, if
appropriate, with one or more of the above-described
excipients. 



Suitable liquid dosage forms for oral administration
include, by way of illustration,
pharmaceutically-acceptable emulsions,
microemulsions, solutions, suspensions, syrups and
elixirs. Such liquid dosage forms typically comprise
the active ingredient and an inert diluent, such as,
for example, water or other solvents, solubilizing 15
agents and emulsifiers, such as ethyl alcohol,
isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol,
1,3-butylene glycol, oils (esp., cottonseed,
groundnut, corn, germ, olive, castor and sesame
oils), glycerol, tetrahydrofuryl alcohol,
polyethylene glycols and fatty acid esters of
sorbitan, and mixtures thereof. Suspensions, in
addition to the active ingredient, may contain
suspending agents such as, 20 for example,
ethoxylated isosteawl alcohols, polyoxyethylene
sorbitol and sorbitan esters, microcrystalline
cellulose, aluminum metahydroxide, bentonite,
agar-agar and tragacanth, and mixtures thereof.
Alternatively, the pharmaceutical compositions of the
invention are formulated for administration by
inhalation. Suitable pharmaceutical compositions for
administration by 25 inhalation will typically be in
the form of an aerosol or a powder. Such compositions
are generally administered using well-known delivery
devices, such as a metered-dose inhaler, a dry powder
inhaler, a nebulizer or a similar delivery device.
When administered by inhalation using a pressurized
container, the   pharmaceutical compositions of the
invention will typically comprise the active
ingredient 30 and a suitable propellant, such as
dichlorodifluoromethane, trichlorofluoromethane,
dichkrotetrafluoroethane, carbon dioxide or other
suitable gas.      Additionally, the pharmaceutical
composition may be in the form of a capsule or
cartridge (made, for example, from gelatin)
comprising a compound of the invention and 26  a
powder suitable for use in a powder inhaler. Suitable
powder bases include, by way of example, lactose or
starch.      The compounds of the invention can also
be administered transdermally using known transdermal
delivery systems and excipients. For example, a
compound of the 5 invention can be admixed with
permeation enhancers, such as propylene glycol,
polyethylene glycol monolaurate, azacycloalkan-2-ones
and the like, and incorporated into a patch or
similar delivery system Additional excipients
including gelling agents, emulsifiers and buffers,
may be used in such transdermal compositions if
desired. The following formulations illustrate
representative pharmaceutical compositions 10 of the
present invention: Formulation Example A Hard gelatin
capsules for oral administration are prepared as
follows: 15IngredientsAmount Compound of the
invention50 mg . Lactose (spray-dried)200 mg 20
.Magnesium stearate10 mg Representative Procedure:
The ingredients are thoroughly blended and then
loaded into a hard gelatin capsule (260 mg of
composition per capsule). 25Formulation Example B
Hard gelatin capsules for oral administration are
prepared as follows: IngredientsAmount 30  35
Compound of the invention20 mg Starch89 mg
Microcrystalline cellulose89 mg Magnesium stearate2
mg   Representative Procedure: The ingredients are
thoroughly blended and then passed through a No. 45
mesh U.S. sieve and loaded into a hard gelatin
capsule (200 mg of composition per capsule).  WO
2006/127815PCT/US2006/020085  Formulation Example C  



Capsules for oral administration are prepared as
follows:  5 IngredientsAmount  10  Compound of the
invention10 mg Polyoxyethylene sorbitan monooleate50
mg Starch powder250 mg       Representative
Procedure: The ingredients are thoroughly blended and
then loaded into a gelatin capsule (310 mg of
composition per capsule). Formulation Example D
15Tablets for oral administration are prepared as
follows: IngredientsAmount Compound of the invention5
mg Starch50 mg 20Microcrystalline cellulose35 mg
Polyvinylpyrrolidone (10 wt. % in water)4 mg Sodium
carboxymethyl starch4.5 mg Magnesium stearate0.5 mg
25 .Talc1 mg Representative Procedure: The active
ingredient, starch and cellulose are passed through a
No. 45 mesh U.S. sieve and mixed thoroughly. The
solution of polyvinylpyrrolidone is mixed with the
resulting powders, and this mixture is then 30passed
through a No. 14 mesh U.S. sieve. The granules so
produced are dried at 50-60C and passed through a No.
18 mesh U.S. sieve. The sodium carboxymethyl starch,
magnesium stearate and talc (previously passed
through a No. 60 mesh U.S. sieve) are then added to
the granules. After mixing, the mixture is compressed
on a tablet machine to afford a tablet weighing 100
mg. 35  WO 2006/127815PCT/US2006/020085 Formulation
Example E  Tablets for oral administration are
prepared as follows: IngredientsAmount 5Compound of
the invention25 mg Microcrystalline cellulose400 mg
Silicon dioxide finned10 mg Stearic acid5 mg 



10  Representative Procedure: The ingredients are
thoroughly blended and then compressed to form
tablets (440 mg of composition per tablet).
Formulation Example F  15Single-scored tablets for
oral administration are prepared asfollows:
IngredientsAmount Compound of the invention15 mg
Cornstarch50 mg 20Croscarmellose sodium25 mg
Lactose120 mg Magnesium stearate5 mg 25Representative
Procedure: The ingredients are thoroughly blended and
compressed to form a single-scored tablet (215 mg of
compositions per tablet). Formulation Example G
A suspension for oral administration is prepared as
follows: 30IngredientsAmount Compound of the
invention0.1 g Fumaric acid0.5 g Sodium chloride2.0 g
35Methyl paraben0.15g Propyl paraben0.05 g Granulated
sugar25.5 g Sorbitol (70% solution)12.85 g Veegum k
(Vanderbilt Co.)1.0 g 40Flavoring0.035 mL
Colorings0.5 mg Distilled waterq.s. to 100 mL
Representative Procedure: The ingredients are mixed
to form a suspension containing 10 mg of active
ingredient per 10 mL of suspension. Formulation
Example II  A dry powder for administration by
inhalation is prepared as follows: IngredientsAmount
Compound of the invention1.0 mg Lactose25 mg
Representative Procedure: The active ingredient is
micronized and then blended with lactose. This
blended mixture is then loaded into a gelatin
inhalation cartridge. The contents of the cartridge
are administered using a powder inhaler.
20Formulation Example I      A dry powder for
administration by inhalation in a metered dose
inhaler is prepared as follows: Representative
Procedure: A suspension containing 5 wt. % of a
compound of the invention and 0.1 wt. % lecithin is
prepared by dispersing 10 g of active 25compound as
micronized particles with mean size less than 10 pm
in a solution formed from 0.2 g of lecithin dissolved
in 200 inL of demineralized water. The suspension is
spray dried and the resulting material is micronized
to particles having a mean diameter less than 1.5 pm.
The particles are loaded into cartridges with
pressurized 1,1,1,2-tetrafluoroethane. 30 Formulation
Example J 



An injectable formulation is prepared as follows:
IngredientsAmount Compound of the invention0.2 g
Sodium acetate buffer solution (0.4 M)40 inL HCl (0.5
N) or NaOH (0.5 N)q.s. to pH 4 Water (distilled,
sterile)q.s. to 20 mL  WO
2006/127815PCTATS2006/020085 Representative nocedure:
The above ingredients are blended and the pH is
adjusted to 4  0.5 using 0.5 N HCI or 0.5 NNa0H.
Formulation Example K 5Capsules for oral
administration are prepared as follows:
IngredientsAmount Compound of the Invention4.05 mg
Microcrystalline cellulose (Avicel PH 103)259.2 mg
10Magnesium stearate0.75 mg Representative Procedure:
The ingredients are thoroughly blended and then
loaded into a gelatin capsule (Size #1, White,
Opaque) (264 mg of composition 15per capsule).
Formulation Example L Capsules for oral
administration are piepared as follows:
IngredientsAmount Compound of the Invention8.2 mg
Microcrystalline cellulose (Avicel PH 103)139.05 mg
Magnesium stearate0.75 mg Representative Procedure:
The ingredients are thoroughly blended and then
loaded into a gelatin capsule (Size #1, White,
Opaque) (148 mg of composition per capsule).  30It
will be understood that any form of the compounds of
the invention, (i.e. free base, pharmaceutical salt,
or solvate) that is suitable for the particular mode
of administration, can be used in the pharmaceutical
compositions discussed above. Utility 35The
benzimidazole-carboxamide compounds of the invention
are 5-HT4 receptor agonists and therefore are
expected to be useful for treating medical conditions
mediated by 5-HT4 receptors or associated with 5-11T4
receptor activity, i.e. medical conditions which are
ameliorated by treatment with a 5-HT4 receptor
agonist. Such medical  conditions include, but are
not limited to, irritable bowel syndrome (IBS),
chronic constipation, functional dyspepsia, delayed
gastric emptying, gastroesophageal reflux disease
(GERD), gastroparesis, post-operative liens,
intestinal pseudo-obstruction, and drug-induced
delayed transit. In addition, it has been suggested
that some 5-HT4 receptor 5 agonist compounds may be
used in the treatment of central nervous system
disorders including cognitive disorders, behavioral
disorders, mood disorders, and disorders of control
of autonomic function.      In particular, the
compounds of the invention increase motility of the
gastrointestinal (01) tract and thus are expected to
be usefill for treating disorders of the 10 GI tract
caused by reduced motility in mammals, including
humans. Such GI motility disorders include, by way of
illustration, chronic constipation,
constipation-predominant irritable bowel syndrome
(C-IBS), diabetic and idiopathic gastroparesis, and
functional dyspepsia. In one aspect, therefore, the
invention provides a method of increasing motility of
15 the gastrointestinal tract in a mammal, the method
comprising administering to the mammal a
therapeutically effective amount of a pharmaceutical
composition comprising a pharmaceutically-acceptable
carrier and a compound of the invention. 



When used to treat disorders of reduced motility of
the GI tract or other conditions mediated by 5-HT4
receptors, the compounds of the invention will
typically be 20 administered orally in a single daily
dose or in multiple doses per day, although other
forms of administration may be used. The amount of
active agent administered per dose or the total
amount administered per day will typically be
determined by a physician, in the light of the
relevant circumstances, including the condition to be
treated, the chosen route of administration, the
actual compound administered and its relative
activity, the 25 age, weight, and response of the
individual patient, the severity of the patient's
symptoms, and the like.      Suitable doses for
treating disorders of reduced motility of the GI
tract or other disorders mediated by 5-H14 receptors
will range from about 0.0007 to about 20 mg/kg/day of
active agent, including from about 0.0007 to about 1
mg/kg/day. For an 30 average 70 kg human, this would
amount to from about 0.05 to about 70 mg per day of
active agent. In one aspect of the invention, the
compounds of the invention are used to treat chronic
constipation. When used to treat chronic
constipation, the compounds of the  invention will
typically be administered orally in a single daily
dose or in multiple doses per day. Preferably, the
dose for treating chronic constipation will range
from about 0.05 to about 70 mg per day. In another
aspect of the invention, the compounds of the
invention are used to treat 5 irritable bowel
syndrome. When used to treat constipation-predominant
irritable bowel syndrome, the compounds of the
invention will typically be administered orally in a
single daily dose or in multiple doses per day.
Preferably, the dose for treating
constipation-predominant irritable bowel syndrome
will range from about 0.05 to about 70 mg per day. In
another aspect of the invention, the compounds of the
invention are used to treat 10 diabetic
gastroparesis. When used to treat diabetic
gastroparesis, the compounds of the invention will
typically be administered orally in a single daily
dose or in multiple doses per day. Preferably, the
dose for treating diabetic gastroparesis will range
from about 0.05 to about 70 mg per day. In yet
another aspect of the invention, the compounds of the
invention are used to 15 treat functional dyspepsia.
When used to treat functional dyspepsia, the
compounds of the invention will typically be
administered orally in a single daily dose or in
multiple doses per day. Preferably, the dose for
treating functional dyspepsia will range from about
0.05 to about 70 mg per day. The invention also
provides a method of treating a mammal having a
disease or 20 condition associated with 5-11T3
receptor activity, the method comprising
administering to the mammal a therapeutically
effective amount of a compound of the invention or of
a pharmaceutical composition comprising a compound of
the invention.      As described above, compounds of
the invention are 5-1174 receptor agonists. The
invention further provides, therefore, a method of
agonizing a 5-HT4 receptor in a 25 mammal, the method
comprising administering a compound of the invention
to the mammal. In addition, the compounds of the
invention are also useful as research tools for
investigating or studying biological systems or
samples having 5-HT4 receptors, or for discovering
new 5-HT4 receptor agonists. Moreover, since
compounds of the invention exhibit binding
selectivity for 5-HT4 receptors as compared with
binding to receptors of 30 other 5-HT subtypes,
particularly 5-HT3 receptors, such compounds are
particularly useful for studying the effects of
selective agonism of 5-HT4 receptors in a biological
system or sample. Any suitable biological system or
sample having 5-HT4 receptors may be employed in such
studies which may be conducted either in vitro or hi
vivo.  WO 2006/127815PCT/US2006/020085 Representative
biological systems or samples suitable for such
studies include, but aren_ _ limited to, cells,
cellular extracts, plasma membranes, tissue samples,
mammals (such as mice, rats, guinea pigs, rabbits,
dogs, pigs, etc ) and the like. In this aspect of the
invention, a biological system or sample comprising a
5-HT4 5 receptor is contacted with a 5-HT4
receptor-agonizing amount of a compound of the
invention. The effects of agonizing the 5-HT4
receptor are then determined using conventional
procedures and equipment, such as radioligand binding
assays and functional assays. Such functional assays
include ligand-mediated changes in intracellular
cyclic adenosine monophosphate (cAMP),
ligand-mediated changes in activity of the 10 enzyme
adenylyl cyclase (which synthesizes cAMP),
ligand-mediated changes in incorporation of analogs
of guanosine triphosphate ((fTP), such as [35SIGTPyS
(guanosine 5L0-(y-thio)triphosphate) or GTP-Eu, into
isolated membranes via receptor catalyzed exchange of
GTP analogs for GDP analogs, ligand-mediated changes
in free intracellular calcium ions (measured, for
example, with a fluorescence-linked imaging 15 plate
reader or FIFO from Molecular Devices, Inc.), and
measurement of mitogen activated protein kinase
(MAPK) activation. A compound of the invention may
agonize or increase the activation of 5-HT4 receptors
in any of the functional assays listed above, or
assays of a similar nature. A 5-HT4
receptor-agonizing amount of a compound of the
invention will typically range from about 1 nanomolar
to about 500 nanomolar. 20Additionally, the compounds
of the invention can be used as research tools for
discovering new 5-HT4 receptor agonists. In this
embodiment, 5-1IT4 receptor binding or functional
data for a test compound or a group of test compounds
is compared to the 5-HT4 receptor binding or
functional data for a compound of the invention to
identify test compounds that have superior binding or
functional activity, if any. This aspect of the 25
invention includes, as separate embodiments, both the
generation of comparison data (using the appropriate
assays) and the analysis of the test data to identify
test compounds of interest.      Among other
properties, compounds of the invention have been
found to be potent agonists of the 5-HT4 receptor and
to exhibit substantial selectivity for the 5-HT4
receptor 30 subtype over the 5-HT3 receptor subtype
in radioligand binding assays Further, compounds of
the invention of which particular mention was made
have demonstrated superior pharmacokinetic properties
in a rat model. Such compounds are thus expected to
be highly bioavailable upon oral administration. In
addition, these compounds have been  WO
2006/127815PCT/1152006/020085 shown not to exhibit an
unacceptable level of inhibition of the potassium ion
current in in vitro voltage-clamp model using
isolated whole cells expressing the hERG cardiac
potassium channel. The voltage-clamp assay is an
accepted pre-clinical method of assessing the
potential for pharmaceutical agents to change the
pattern of cardiac 



5 repolarization, specifically to cause, so-called QT
prolongation, which has been associated with cardiac
arrhythmia. (Cavero et al., Opinion on
Phartnacotherapy, 2000, 1, 947-73, Fennini et al.,
Nature Reviews Drug Discovery, 2003, 2, 439-447)
Accordingly, pharmaceutical compositions comprising
compounds of the invention are expected to have an
acceptable cardiac profile. 10There properties, as
well as the utility of the compounds of the
invention, can be demonstrated using various in vitro
and in vivo assays well-known to those skilled in the
art. Representative assays are described in further
detail in the following examples. 15EXAMPLES
The following synthetic and biological examples are
offered to illustrate the invention, and are not to
be construed in any way as limiting the scope of the
invention. In the examples below, the following
abbreviations have the following meanings unless
otherwise indicated. Abbreviations not defined below
have their generally accepted 20 meanings.
Hoc=tert-butoxycarbonyl DMSO =dimethyl sulfoxide MeCN
=acetonihile TEA=trifluoroacetic acid 25R1=retention
factor       Reagents and solvents were purchased
from commercial suppliers (Aldrich, Fluka, Sigma,
etc.), and used without further purification.
Reactions were run under nitrogen atmosphere, unless
noted otherwise. Progress of reaction mixtures was
monitored by thin 30 layer chromatography (TLC),
analytical high performance liquid chromatography
(anal. HPLC), and mass spectrometry, the details of
which are given below and separately in specific
examples of reactions. Reaction mixtures were worked
up as described specifically in each reaction;
commonly they were purified by extraction and other
purification methods such as temperature-, and
solvent-dependent crystallization, and
precipitation. m amnion, reaction mixtures were
routinely purified by preparative HPL a general
protocol is described below. Characterization of
reaction products was routinely carried out by mass
and 111-NMR spectrometry. For NMR measurement samples
were dissolved in deuterated solvent (CD30D, CDC13,
or DM80-d6), and 1H-NMR speclia 5 were acquired with
a Varian Gemini 2000 instrument (300 MHz) under
standard observation conditions. Mass spectrometric
identification of compounds was performed by an
electrospray ionization method (ESMS) with an Applied
Biosystems (Foster City, CA) model API 150 EX
instrument or an Agilent (Palo Alto, CA) model 1100
LC/MSD instrument. 10 Preparation 1: Synthesis of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
(piperidin-4-yhnethyl)arnide a. Preparation of
2,3-diaminobenzoic acid methyl ester To a
nitrogen-saturated solution of 2-amino-3-nitrobenzoic
acid methyl ester 15 (Chess GmbH, 50 g, 0.26 mol) in
absolute ethanol (800 mL) was added palladium
hydroxide (Degussa, 20% w/w on carbon, 58.75% w/w
water, 10 g). The slurry was degassed then shaken
vigorously under hydrogen (4 atm) at room temperature
for 48 h. The catalyst was filtered and the filtrate
concentrated in vacuo to afford 2,3-diaminobenzoic
acid methyl ester as a dark orange oil that
solidified on standing 20 (43 g, 0.26 mol, 100%).
(m/z): [M-OCH3]+ calcd for C81110N202 135.05; found
135.3. 1H NMR (300 MHz, DM80-d6): * (ppm) 3.74 (s,
3H), 4.80 (br s, 111), 6.20 (br s, 111), 6.38 (t,
1H), 6.70 (d, 111), 7.06 (d, 1H). b. Preparation of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid A
slurry of 2,3-diaminobenzoic acid methyl ester (21.5
g, 0.13 mol) and isobutyric 25 acid (36.2 inL, 0.39
mol) in aqueous hydrochloric acid (4M, 210 mL) was
stirred under reflux for 24 h to afford a homogenous
solution. The solution was cooled to 10 C and the pH
raised to 3.5 using aqueous sodium hydroxide solution
(4M, approx. 210 mL), while maintaining the
temperature below 30 C. The reaction mixture was
stirred at room temperature for 2 h, cooled to 10 C,
and the resultant precipitate filtered off. The solid
30 cake was transferred to a beaker and acetonitrile
(300 mL) was added. The slurry was stirred at room
temperature for 1 h then and filtered to afford a
grey solid. The solid was dried under vacuum to
afford the title intermediate (23 g, 0.11 mol, 87%).
(ink): [M+HIE  WO 20061127815PCT/US2006/020085  calcd
for C1 11112N202 calcd. 205.09; found 205.3. '11 NMR
(300 MHz, DMSO-do): * (ppm) 1.27 (d, 611), 3.39 (m,
111), 7.29 (t, 111), 7.78 (n, 211) c. Preparation of
4-
{112-isopropy1-1H-benzoimidazole-4-carbonyflamino]met
hv11- 



piperidine-1-carboxylic acid tert-butyl ester 5To a
solution of
2-isopropyl-1H-benzoimiclazole-4-carboxylic acid (9.0
g, 44.1 mmol) in anhydrous N,N-dimethylformamide (100
mL) was added 4-aminomethyl- piperidine-1-carboxylic
acid tert-butyl ester (9.4 g, 44.1 mmol), followed by
N,Ndiisopropylethylamine (16.9 ml,, 97.0 mmol). The
solution was stirred for 15 min at room temperature
prior to the addition of hydroxybenzotriazole (5.9 g,
44.1 mmol), N-Ethyl-N- 10
(3-dimethylarninopropyl)carbodiim3de hydrochloride
(8.4 g, 44.1 mmol), and additional
/V,N-dimethylformamide (50 mL). The reaction mixture
was stirred at room temperature  for 16 h, diluted
with dichloromethane (300 mL), and washed
sequentially with 1M aqueous phosphoric acid, 1M
aqueous sodium hydroxide and brine. The solution was
then dried over sodium sulfate and concentrated in
vacuo to afford a brown oil which solidified 15 upon
addition of hexanes. The solid was filtered to give
the title intermediate as a beige solid (13.8 g, 36.0
mmol, 78%). (m/z): [M+H] calcd for C22H321\1403
401.26; found 401.5; [M-Boc+H] 301.5. Retention time
(anal. HPLC: 2-90% MeCN/H20 over 6 min) = 3.7 min.
NMR (300 MHz, DM50-4): 8 (ppm) 1.20 (n, 211), 1.37
(s, 911), 1.37 (s, 611), 1.72 (m, 111), 1.75 (in,
211), 2.73 (br s, 2H), 3.22 (septet, 1H), 3.36 (n,
211), 3.95 (m, 20 211), 7.26 (t, 111), 7.63 (d, 111),
7.79 (d, 111), 10.11 (t, 111). d. Synthesis of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
(niperidin-4-  vlmethyl)amide       To a solution of
4-{{(2-isopropy1-1H-benzoimidazo1e-4-carbonypaminoime
thy1}piperidine-1-carboxylic acid tert-butyl ester
(10.8 g, 27.0 mmol) dissolved in 25 dichloromethane
(50 m_L) at 0 C was slowly added trifluoroacetic acid
(50 mL) in 5 mL portions. The solution was allowed to
warm to room temperature, stirred for an additional
20 minutes then evaporated in vacuo. Excess
trifluoroacetic acid was removed by co-evaporation
with toluene. The residue was then dissolved in a
minimal volume of dichloromethane and slowly added to
diethyl ether (1 L) at 0 C .The resulting slurry was
30 stirred for 2 h at room temperature then filtered
to afford the bis-trifluoroacetate salt of the title
compound as a light brown solid (12.7 g, 24.0 mmol,
89%). (m/z): [M+Hr calcd for C121124N40 301.21; found
301.5. Retention time (anal. 'PLC: 2-50% MeCT\T/H20
over 6 min) = 1.65 min. '11 NMR (300 MHz, Me0D-d3): 8
(ppm) 1.59 (d, 611), 1.60 (m, 111), 37  2.03 (m,
211), 2.04 (m, 111), 3.00 (m, 2H), 3.43 (m, 211),
3.45 (m, 2H), 3.63 (septet, 111), 7.63 (t, 111), 7.90
(d, 111), 7.96 (d, 111), 9.04 (t, 111). Preparation
2: Synthesis of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
(1-piperidin-4-ylmethylpiperidin-4-ylmethyl)antide 5
a. Preparation of
444-{[(2-isopropy1-1H-benzoimidazole-4-carbonyflamino
lmethyllpineridin-1-yhnethyl)piperidine-1-carboxvlic
acid tert-butyl ester      To a suspension of
2-isopropyl-1H-benzoimidawle-4-carboxylic acid
(piperidin4-yLtnethyflamide bis-trifluoroacetate
(6.84 g, 12.95 mmol) in dichloromethane (65 mL) at
room temperature under nitrogen was added
sequentially N,N-diisopropylethylamine 10 (1.67 g,
2.25 mL), a solution of
1-(tert-butoxycarbonyflpiperidine-4-carboxaldehyde
(3.16 g, 14.89 mmol) in dichloromethane (5 inL) and
sodium triacetoxyborohydride (3.84 g, 18.13 vernal).
The resulting mixture was stirred at room temperature
for 1.5 h, then acidified to pH 1 with 1M aqueous
hydrochloric acid. The aqueous layer was removed, and
the organic layer extracted with 1M aqueous
hydrochloric acid until no 15 product remained in the
organic phase. The combined aqueous layers were
washed with dichloromethane, cooled to 0 C and
basified to pH 12 with sodium hydroxide pellets. The
solution was then extracted with dichloromethane
until no product remained in the aqueous phase, and
the combined organic layers washed with brine, dried
over sodium sulfate, filtered and concentrated to
give the desired product as a brown oil (5.4 g, 20
10.8 mmol, 84 %) which was used without further
purification. (m/z): [M+H] calcd for C281143N503
498.35; found 498.5. b.Synthesis of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
(1-piperidin-4-  ylmethylpiperidin-4-ylmethyDamide
The product of the previous step (5.4 g, 10.8 mmol)
was dissolved in 25 dichloromethane (40 mL) and
cooled to 0 C. Trifluoroacetic acid (30 mL) was
added, and the solution was stirred at 0 C for a
further 0.5 h. The mixture was then concentrated and
co-evaporated twice with dichloromethane in vacuo.
The resulting residue was dissolved in
dichloromethane (20 mL), cooled to 0 C and basified
with 20% w/w aqueous sodium hydroxide (50 mL), The
solution was allowed to warm to room 30 temperature
over 10 minutes, then filtered. The solid was rinsed
with acetonitrile and dried in vacuo to afford a
light gray powder (3.09 g, 7.8 mmol, 72 %) which was
used without further purification. (m/z): [M+11]
calcd for C2aH35N50 398.29; found 398.4.  WO
2006/127815PCT/US2006/020085 Preparation 3: Synthesis
of 2-tert-butyl-1//-benzoimidazole-4-carboxylic acid
(1-piperidin-4-ylmethylpiperidin-4-ylmethyl)amide a.
Preparation of
2-amino-3-(2,2-dimethylpropionylamino)benzoic acid
methyl ester To a solution of 2,3-diaminobenzoic acid
methyl ester (2.3 g, 13.8 mmol) in 



5 pyridine (40 mL) at room temperature was added
2,2-dimethylpropionyl chloride (1.7 g, 14.0 mmol).
The solution was stilled at for 16 h, evaporated, and
the residue partitioned between ethyl acetate (100 mT
) and 1M aqueous hydrochloric acid (100 mL) The
organic phase was separated, washed with 1M aqueous
hydrochloric acid (100 mL), dried over sodium sulfate
and evaporated to afford the title compound as a dark
oil (2.7 g, 10 10.8 mmol, 78 %) which was used
without further purification. (m/z): [M+H] calcd for
C13ll18N203 251.14; found 250.8 b. Preparation of
2-tert-butyl-1H-benzoimidazole-4-carboxylic acid A
slurry of the product of the previous step (2.7 g,
10.8 mmol) in 4M aqueous hydrochloric acid (100 mL)
was stirred under reflux for 24 h to afford a
homogenous 15 solution. The solvent was evaporated to
afford the hydrochloride salt of the title
intermediate as a brick-red solid (2.5 g, 9.8 mmol,
91 %). (m/z): [M+H]4 oak(' for C12H14N202 219.12;
found 219.3.1H NMR (300 MHz, DM80-4): (PPlu) 1.45 (d,
9H), 3.39 (m, 111), 7.91 (d, 1H), 7.95 (d, 1H). c.
Preparation of 4-1(2-tert-butyl
-1H-benzoimidazole-4-carbonyl)amino]methyll-
20piperidine-l-carboxylic acid tert-butyl ester
To a solution of
2-tert-buty1-1H-benzoimidazole4-carboxylic acid
hydrochloride (1.11 g, 4.37 mmol) in anhydrous
N,N-dimethylformamide (5 mL) was added 1,1'-
carbonyldiimidazole (0.77g, 4.75 mmol). The solution
was stirred at 50C for 2 h, then
4-aminomethyl-piperidine-1-carboxylic acid tert-butyl
ester (0.94 g, 4.39 mmol) was 25 added, followed by
1,4-diazabicyclo[2,2,2]octane (1.46 g, 13 mmol). The
solution was stirred at 50C for 16 Ii, allowed to
cool and diluted with water (20 inL) and ethyl
acetate (60 mL). The aqueous layer was removed, the
organic layer washed with water (20 mL), dried over
sodium sulfate and concentrated in vacuo to afford
the title intermediate (1.32 g, 3.18 mmol, 73 %)
which was used without further purification. (m/z):
[M+Hr 30 calcd for C23H34N403 415.27; found 415.5.
WO 2006/127815PCT/U52006/020085 d. Preparation of
2-tert-outy1-1H-benzo1midazole-4-carb0xyl10 acid
(piperidin-4-  vlmethyl)amide       4-
{[(2-tert-Buty14H-benzoirnidazole-4-carbonyparninolme
thyll-piperidine-1- carboxylic acid tert-butyl ester
(13.5 g, 32.6 mmol) was dissolved in 4N HC1 in
dioxane 5 (200 mL) and stirred at room temperature
for 0.5 h. The resulting solid was filtered to afford
the his hydrochloride salt of the title intermediate
(11.3 g, 29.3 mmol, 89 %). (m/z): [M+Hr calcd for
C18l126N40 315.22; found 315.3. 1H NMR (300 MHz , D20
+ Me0D-d3): 1.54 (s, 811), 1.96 (m, 411), 2.91 (m,
41]), 3.31 (hr s, 11]), 3.45 (d, 211), 7.56 (t, 111),
7.89-7.92 (m, 21]) 10 e. Preparation of 444- f
[(2-tert-buty1-1H-benzoimidazole-4-carbonyflaminolmet
hyllpiperidin-1-vImethyDpiperidine-1-carboxylic acid
tert-butyl ester      To a suspension of the his HC1
salt of 2-tert-buty1-1H-benzoimida7ole-4- carboxylic
acid (piperislin-4-ylmethypamide (4.28 g, 11.06 mmol)
in dichloromethane (55 nth) at room temperature was
added N,N-diisopropylethylamine (1.71g, 2.31 raL), 15
1-(tert-butoxycarbony1)piperidine-4-carboxaldehyde
(2.58 g, 12.17 mmol) and sodium triacetoxyborohydride
(3.28 g,15.48 ramol) sequentially. The resulting
mixture was stirred at room temperature for 2 h then
extracted with 1M aqueous hydrochloric acid. The
combined aqueous layers were basified to pH 12 with
sodium hydroxide pellets, then extracted with
dichloromethane. The combined organic layers were
dried over sodium 20 sulfate, filtered and
evaporated. The resulting residue was dried under
high vacuum to give a light brownish foam (4.9 g, 9 6
mmol, 87 %) which was used without further
purification. (m/z): [M+H] calcd for C29H45N303
512.35, found: 512.4. f. Synthesis of
2-tert-butyl-1H-benzoimidazole-4-carboxvlic acid
(1-piperidin-4-  yhnethylpiperidin-4-yhnethyllamide
25Crude
4-(4-{[(2-tert-buty1-1H-benzoimidazole-4-carbonyl)ami
no]methyl}-
piperidin-1-ylmethyppiperidine-1-carboxylic acid
tert-butyl ester, prepared as in the previous step
(5.1 g, 10 mmol) was treated with a mixture of
trifluoroacetic acid (40 mL) and dichloromethane (40
mL) at room temperature for 0.5 h. The mixture was
concentrated in vacuo, redissolved in dichloromethane
(25 mL) and basified with 1M 30 aqueous sodium
hydroxide (15 mL) The organic layer was removed, and
the aqueous layer re-extracted with dichloromethane.
The combined organic phases were dried over sodium
sulfate, filtered, and concentrated in vacuo to
afford the desired product as a  brown foam (3.6 g,
8.8 mmol, 88 %). (ink): [M+11-1 calcd for C24137N50
412.31, found 412.6. Preparation 4. Synthesis of
4-(4-aminomethylpiperidin-1-ylmethyl)-
piperidine-1-carboxylic acid methyl ester 5 a.
Preparation of
444-(tert-butoxycarbonylamino-methyl)piperidinThylmet
hyllpioeridine-1-carboxylic acid methyl ester To a
solution of
4-tert-butoxycarbonylarninomethylpipericline (3.62 g,
16.9 mmol) in dichloromethane (100 mL) was added
4-formylpiperidine-1-carboxylic acid methyl ester
(2.89 g, 16.9 mmol) and acetic acid (0.96 raL) The
mixture was stirred at room 10 temperature for 10 min
prior to the addition of sodium triacetoxyborohydride
(5.4 g, 25.5 mmol). The final mixture was stirred at
room temperature for 1 h. The reaction was terminated
by adding saturated sodium bicarbonate solution (50
mL). The mixture was extracted with dichloromethane
(100 tnL), and the organic layer was dried over
MgSO4. 



Evaporation of the organic solution afforded a pale
yellow oily residue. It was purified by 15 flash
silica column chromatography (CH2C12 to 5%
Me0H/CH2C12), Yielding the title intermediate (4.4
g). (ink): [M+Hr calcd for C:91-135N304 370.27; found
370.5. b. Synthesis of
4-(4-aminomethylpipericlin-1-ylmethyl)-piperidine-1-c
arboxylic acid  methyl ester To a solution of
444-(tert-butoxycarbonylamino-methyl)piperidin-l-ylme
thyll 20 piperidine-l-carboxylic acid methyl ester
(4.4 g, 10.8 mmol) in dichloromethane (20 mL) was
added trifluoroacetic acid (20 mL) After stirring for
20 min at room temperature, the solution was
evaporated in vacuo, yielding the
bis-trifluoroacetate salt of the title compound as a
pale yellow oil, which was used without further
treatment. (m/z): [M+Hr cakd for C141127N302 270.22;
found 270.5. 1H-NMR (CD30D) 8 (ppm) 4.0 (br d, 211),
3.6 25 (m, 511), 2.9-2.7 (m, 6H), 2.1-1.9 (m, 211),
1.7-1.5 (m, 611), 1.2-1.0 (m, 41). Example 1:
Synthesis of
4-(4-{[(2-isopropy1-1H-benzoimidazole-4-carbony1)-
amino]methyl}piperidin-1-ylmethyppiperidine-1-carboxy
lic acid methyl ester      To a suspension of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
(1-piperidin-4-ylraethylpiperidin-4-ylmethypamide
(2.9 g, 7.3 mmol) in dichloromethane 30 (50 mL) was
added N,N-diisopropylethylamine (1.05 mL, 7.3 mmol).
The resulting solution was cooled to 0 C, and methyl
chloroformate (576 RL, 7.3 mmol) was added dropwise.
The mixture was stirred at 0 C for 1.5 h, quenched
with acetic acid (1 mL) and evaporated in vacuo to
afford a beige solid (4.8 g) which was purified via
preparative  WO 2006/127815PCUUS20061020085 reverse
phase 11PLC [gradient of 5-10-25% (5-10% over 10min;
10-25% over 50 min); flow rate 15 mL/min; detection
at 280 nin] to afford the his trifluoroacetate salt
of the title compound as a white solid (3.5 g, 5.1
mmol, 70 %). (tn/z): [M+Hr calcd for C25H32N503
456.30; found 456.3. Retention time (anal. HPLC:
2-50% MeCN/1120 over 6 min) = 3.06 5 min. Example 2:
Synthesis of
4-(4-1[(2-isopropy1-1H-benzoimidazole-4-carbony1)-
aminol-methyllpiperidin-l-yhnethyppiperidine-1-carbox
ylic acid phenyl ester To a solution of
2-isopropy1-1H-benzohnicia7ole-4-carboxylic acid
(1-piperidin-4- 10 ylmethylpiperidin-4-ylmethyl)amide
(0.22 g, 0.55 mmol) and IN-diisopropylethylamine
(0.19 mL) in dichloromethane (5.0 mL) was added
phenyl chlorofonnate (70 utL). The mixture was
stirred at room temperature for 10 min, then
concentrated in vacuo and purified via preparative
reverse phase HPLC to afford the bis trifluoroacetate
salt of the title compound as a white solid (98.4 mg,
0.13 mmol, 24 %). (ma): [M+Hr calcd for 15
C301139N503 518.32; found 518A. 111 NMR (300MHz ,
Me0D-d3): 8 (ppm) 1.14-1.28 (m, 211), 1.39-1.53 (m,
6H), 1.52-1.62 (m, 2H), 1.70-1.78 (m, 2H), 1.92-2.06
(m, 411), 2.82-2.97 (m, 611), 3.32-3.38 (m, 211),
3.43-3.50 (n, 111), 3.52-3.69 (in, 211), 404-4.12 (m,
1H), 4.18-4.26 (in, 111), 6.91-6.98 (m, 111),
7.08-7.13 (m, 111), 7.21-7.28 (m, 111), 7.45-7.50 (m,
111), 7.73-7.77 (m, 111), 7.81-7.87 (m, 111),
9.02-9.32 (brs, 111) 20Example 3: Synthesis of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid 11-
[1-(2-chlorobenzoyl) piperidin-4-ylmethyl]
piperidin-4-ylmethyllamide       To a suspension of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
(1-piperidin-4-ylmethylpiperidin-4-ylmethypamide (2 1
g, 5.29 mmol) in tetrahydrofuran (26 mL) at room
temperature was added N,N-diisopropylethylamine (2.05
g, 25 15.87 mmol), dichloromethane (12 mL) and
N,N-dimethylfonnamide (5 mL). To the resulting
suspension was slowly added o-chlorobenzoyl chloride
(1.02 g, 5.82 mmol), and the reaction mixture was
stirred for 0.5 h at room temperature. The solution
was concentrated in vacuo, the resulting residue
diluted with acetic acid (7.5 mL) and water (0.5
xnL), and the product purified by reverse phase
preparative HPLC. The purified salt 30 was
partitioned between dichloromethane and 1M aqueous
sodium hydroxide, the organic layer removed and the
aqueous layer re-extracted with dichloromethane, and
the combined organic layers washed with brine, dried
over sodium sulfate and concentrated in vacuo to give
the title compound as a white foam (1.75 g, 3.26
mmol, 62 %). 42  (m/z): [M+Hr Gated for
C301138CIN602) 536.28; found 536.3. 111NMR (300 MHz,
DM80- do): 0.90 (hr iii, 211), 1.24 (d, 611), 1.45
(hr m, 211), 1.68 (hr m, 811), 1.96 (m, 111), 2.72
(br m, 5H), 3.08 (m, 2H), (3.20, m, 311), 4.40 (br m,
111), 7.14 (t, Ill), 7.28 (m, 211), 7.39 (m, Ill),
7.49 (dd, 110, 7.66 (dd, 111). 5Examples 4-6
Using processes similar to that of Example 3, except
replacing the o-chlorobenzoyl chloride with the
appropriate chloride reagent, the compounds of
Examples 4-6 were prepared. Example 4
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
(1-[1-(2,4-difluoro- 10
benzoyDpiperidin-4-ylmethyl]piperidin-4-ylmethyl}
amide; (m/z): [M+Hr calcd for C30H37E2N602, 538.30;
found 538.2. Retention time (anal. HPLC: 2-60%
MeCN/1120 over 4 min) = 2.12 min. 1H NMR (300 MHz,
DMSOd6): 0.92 (m, 211), 1.30 (m, 2H), 1.38 (d, 611),
1.53 (m, 211), 1.60-1.90 (m, 611), 2.07 (d, 211),
2.73-2.85 (hr in, 311), 3.05 (t, 111), 3.22 (septet,
111), 3.38 15(br m, 311), 4.44 (hr d, 1H), 7.10-7.50
(m, 411), 7.62 (d, 111), 7.77 (d, 1H), 10.10 (br s,
111). Example 5
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
{141-(furan-2-carbony1)-
piperidin-4-ylmethylipiperidin-4-ylmethyl}amide;
(m/z): [M+H]4 calcd for C28H37N603 492.30; found
492.2. Retention time (anal. HPLC: 2-65% 20MeC111120
over 4 min) =1.68 min. Example 6
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
{1-[1-(thiophene-2-
carbonyl)piperidin-4-ylmethyl]piperidin-4-ylmethyl}
amide; (m/z): [M+H] calcd for C28H37N602S 508.28;
found 508.2. Retention time (anal. HPLC: 2- 65%
MeCN/1120 over 4 rain) = 1.94 min. 25Example 7:
Synthesis of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid {1-
[1-(2-fluoro-5-trifluoromethylbenzoylpiperidin-4-ylme
thylipiperidin-4- 



ylmethyl}amide To a solution of
2-fluoro-5-trifluoromethyl benzoic acid (100 mg, 0.48
mmol) in dimethylfonnamide (4 mL) at room temperature
was added 0-(7-azabenzotriazol-1-y1)- 30
N,N,N1,1P-tetramethyluronium hexafluorophosphate (200
mg, 0.48mmol). The mixture was stirred at room
temperature for 0.25 h, then
2-isopropy1-1H-benzohnidazole-4-  carboxylic acid
(1-piperidin-4-ylmethylpiperidin-4-ylmethypamide (210
mg, 0.48 mmol) and N,N-diisopropylethylamine (0.184
mL, 0.96 mmol) were added and stirring continued for
a further 0 5 h The solution was evaporated in vacuo
and the crude product purified by reverse phase HPLC
[gradient of 5-10-25% (5-10% over 10 mm; 10-25% over
50 5 min); flow rate 15 nil/mm; detection at 280 urn]
to afford the bis trifluoroacetate salt of the title
compound as a white solid (70 mg, 0.09 mmol, 18 %).
(m/z): [M+11]+ calcd for C311137E4N502 588.30; found
588.2. Retention time (anal. HPLC: 2-60% MeCN/H20
over 4 min) = 239 Mitt      Example 8: Synthesis of
2-isopropyl-1H-benzobnidazole-4-carboxylic acid {1-
1011-(2-fluoro-phenylcarbamoyl)piperidin-4-ylmethyl1p
iperidin-4-ylmethyll- amide
2-lsopropy1-1H-benzoirnida7ole-4-carboxylic acid
(1-piperidin-4- ylmethylpiperidin-4-yhnethypamide
(220 mg, 0.55 mmol) was dissolved in /V,N-
dimethylfmmamide (2.0 mL) at room temperature. To
this solution was added N,N- 15 diisopropylethylamine
(143.2 mg, 1.1 mmol) followed by
o-fluorophenylisocyanate (75.4 mg, 0.55 mmol). The
resulting mixture was stirred at room temperature
overnight, concentrated in vacuo and the residue
purified by preparative reverse-phase HPLC to afford
the big trifluoroacetate salt of the title compound
as a white solid (92.6 mg, 0.12 mmol, 22%). (n2h):
[M-FITI+ calcd for C34-139FN602 535.32; found 535.2.
20 Retention time (anal. HPLC: 2-65% MeCN/H20 over 4
min) = 2.09 min. Example 9: Synthesis of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid [1-
(1-methanesulfonylpiperidin-4-ylmethyppiperidin-4-ylm
ethyllamide
2-Isopropyl-1H-benzoimidazole-4-carboxylic acid
(1-piperidin-4- ylmethylpiperidin-4-ylmethyDatnide
(40 mg, 0 1 mmol) was dissolved in NN- 25
dimethylformamide (1.0 mL) at room temperature. To
this solution was added N ,Ndiisopropylethylamine
(0.175 inL, 1 mmol) followed by methanesulfonyl
chloride (11.5 mg, 0.1 mmol). The mixture was stirred
at room temperature for 16 h, then concentrated in
vacuo and the residue purified by preparative
reverse-phase BPLC to afford the bis trifluoroacetate
salt of the title compound as a white solid (27.2 mg,
30 0.04 mmol, 40 %). (in/z): [M+H] calcd for
C241137N5038 476.27; found 476.2. Retention time
(anal. ITPLC: 2-65% MeCN/H20 over 4 min) = 1.66 min.
WO 2006/127815PCT/US2006/020085 Example iu: byntnesis
of 4-(4-{[(2-tert-buty14H-benzoimidazole-4-carbony,
amino]-methyllpiperidin-1-ylmethyl)piperidiae-1-carbo
xylic acid methyl ester To the crude product of
Preparation 3 (2.4 g, 5.8 mrriol) in dichloromethane
5 (29 ml.) at room temperature was added
/V,N-diisopropylethylarnine (1.5 g, 11.6 mmol) The
resulting mixture was cooled to 0 C and methyl
chloroformate (660 mg, 6.98 mmol) was added dropwise.
The reaction was allowed to warm to room-temperature
and stirred for a further 10 min. The solution was
concentrated, re-dissolved in 50 % acetic acid in
water, filtered and purified by reversed phase
preparative HPLC. The resulting solid was 10
dissolved in dichkromethane and washed with 1M
aqueous sodium hydroxide. The aqueous layer was
extracted twice with dichloromethane, and the
combined organic layers washed with brine, dried over
sodium sulfate, filtered and concentrated to give the
title compound as a white foam (1.3 g, 2.8 namol, 48
%). (m/z): [M+Hr calcd for C26113914503 470.32, found
470.6. '11 NMR (300 MHz , Me0D-d3): 8 (ppm) 1.02-1.16
(n, 211), 1.49 15 (s, 911), 1.47-1.7 (n, 411),
1.82-2.03 (m, 411), 2.74-2.94 (n, 611), 3.31-3.40
(in, 211), 3.54-3.58 (m, 2H), 3.56 (s, 3H), 3.98-4.03
(in, 211), 7.41-7.46 (m, 111), 7.71-7.74 (m, 111),
7.79-7.82 On, 110, 9.35 (iars, 111). Examples 11-13
Using processes similar to that of Example 10, except
replacing the methyl 20 chloroformate with the
appropriate chloride reagent, the compounds of
Examples 11-13 were prepared. Example 11
2-tert-butyl-1H-benzoimidazole-4-carboxylic acid
{1-[1-(2-fluoro-benzoy1)-
piperidin-4-ylmethyl]piperidin-4-yltnethyllamide;
(m/z): [M+Hr cakd for              C311140FN502
534.33; found 534.4. Retention time (anal. HPLC:
2-65% 25MeCN/1120 over 4 min) = 2.09 min. Example 12
2-tert-butyl-1H-benzoimidazole-4-carboxylic acid
{141-(3-methyl-benzoy1)-
piperidin-4-yhnethylipiperidin-4-ylmethyllamide;
(m/z): [M+H] Gated for C32H43N502 530.35; found
530.42. Retention time (anal. HPLC: 2-65% MeCN/H20
over 4 min) = 2.22. 



30 Example 13
2-tert-butyl-1H-benzoitnidazole-4-carboxylic acid
{141-(4-fluorobenzoy0-
piperidirt-4-ylmethylipiperidin-4-ylmethyllamide;
(ink): [M+Hr calcd for   C31H40FN302 534.33; found
534.4. Retention time (anal. HPLC: 2-65% MeCN71120
over 4 min) = 2.17.  Example 14. Synthesis of
414-ap-(1-hydroxy-1-methylethyl)-1Hbenzoimidazole-4-c
arbonyliamino}methyppiperidin-1-ylmethyllpiperidine-1
- carboxylic acid methyl ester a. Preparation of
2-0.-hydroxy-1-methylethyl)-1H-benzoimidazole-4-carbo
xylic acid To a solution of 2,3-cliaminobenzoic acid
methyl ester (1.5 g, 9.2 mniol) in 4 M HC1 (50 mL)
was added 2-hydroxyisobutyric acid (2.87 g, 27.6
mmol). The mixture was stirred at -90C for 24 h. It
was neutralized by use of aqueous sodium hydroxide 10
solution to pH-3, and concentrated to dryness. The
residue was suspended in methanol, and filtered
through a filter paper. The filtrate was concentrated
and the residue was rinsed with ether. The remaining
solid residue was dissolved in ethyl acetate, and
washed with brine solution. After drying over MgSO4,
the organic solution was evaporated in vacuo,
yielding the title intermediate as a pale yellow oil
(-800 mg). The crude product 15 was used in the next
step without further purification. (ink): [M+H] calcd
for C111112N203 221.09; found 221.1. 111-NMR (CD30D)
8 (ppm) 7.8 (dd, 111), 7.7 (dd, 1H), 7.2 (m, 1111 1.3
(s, 611). b. Synthesis of 444-(f r2-a
-hydroxy-l-methylethyl)-1H-benzoimidazole-4-
carbonyllamin6lmethylipiperidin-l-yhnethyllpiperidine
-1-carboxylic acid methyl ester 20To a solution of
the benzoimidazole carboxylic acid product of the
previous step (0.7 g, 3.18 mmol), the
aminomethylpiperidine product of Preparation 4 as the
bis-TFA salt (1.2 g, 3.13 mmol), and
hydroxybenzotriazole (HOBt) (0.43 g, 3.18 mmol) in
dimethylformamide (50 mL) was added ttiethylamine
(1.3 ml,, 9.3 mmol) and N-Ethyl-1V-
(3-dimetlaylaminopropyl)carbodiimide hydrochloride
(EDC) (0.67 g, 3.5 mmol). The 25 mixture was stirred
at room temperature for 12 h, and concentrated to
dryness in vacuo. The residue was partitioned between
dichloromethane (150 mL) and saturated sodium
bicarbonate. The organic layer was dried over MgSO4,
and evaporated to dryness, yielding a pale yellow
oily residue. It was purified by preparative HPLC to
provide the bis-trifluoroacetate salt of the title
compound. (ink): [M+Hr cakd for C25H37N504 30 472 29;
found 472.5. Retention time (anal. HPLC: 5-30%
MeCN/1120 over 6 min) = 3.67 min 111-NMR (0030D) 8
(ppm) 7.9-7.8 (m, 2H), 7.6-7.5 (t, 1H), 4.0 (hr d,
211), 3.6 (s, 5H), 2.9-2.75 (br m, 5H), 2.05-1.9 (hr
d, 311), 1.68 (in, 611), 1.15 (m, 411).  Example 15.
Synthesis of
444-(112-(2-hydroxy-1-methylethyl)-1H-benzoimidazole-
4-carbonyllaminolmethyl)-piperidin-1-ylmethyllpiperid
ine-1-carboxylic acid methyl ester a. Preparation of
2-(2-hydroiv-1-methylethyl)-1H-benzoimidazole-4-carbo
xylic acid 5To a solution of 2,3-diarainobenzoic acid
methyl ester (2.1 g, 14.1mmol) in 4 M HCI (90 ml) was
added 2-methyl-3-hydroxypropionic acid methyl ester
(5 g,42.3 mmol). The mixture was stirred at -90C for
24 h. It was neutralized by use of aqueous sodium
hydroxide solution to pH-3, and concentrated to
dryness. The residue was suspended in methanol, and
filtered through a filter paper. After the filtrate
was 10 concentrated, the remaining solid residue was
dissolved in water and washed with ethyl acetate. The
aqueous solution was evaporated in vacuo yielding the
title intermediate as a pale yellow oil (-800 mg).
The crude product was used in the next step without
further purification. (m/z): [114+H]4 cakd for
C1:11:2N203 221.09; found 221.3. 11-1-NMR (CD30D) 5
(ppm) 8.1 (d, 111), 7.9 (m, 111), 7.6 (t, 111), 3.8
(m, 211), 3.6 (in, 111), 1.4 (d, 15 313). b.
Synthesis of 4444 f [2-(2-hydroxy- 1
-methylethyl)-1H-benzoirnidazole-4-
carbonyllaminolmethyllpiperidin-1-ylmethyllpiperidine
-l-carboxylic acid methyl ester To a solution of the
benzoimidazole carboxylic acid product of the
previous step (0.45 g, 1.75 mmol), the
arninomethylpiperidine product of Preparation 4 as
the bis- 20 trifluoroacetate salt (0.8 g, 1.6 mmol),
and HOBt (0.237 g, 1.75 mmol) in dimethylformamide
(50 mL) was added triethylamine (0.98 ml., 7.0 mmol)
and EDC (0.353 g, 1.84 nunol). The mixture was
stirred at room temperature for 12 h, and
concentrated to dryness under reduced pressure. The
residue was partitioned between dichloromethane (150
mL) and saturated sodium bicarbonate. The organic
layer was dried 25 over MgSO4, and evaporated to
dryness, yielding pale yellow oily residue. It was
purified by preparative HPLC, yielding the
bis-trifluoroacetate salt of the title compound (0.2
g). (ink): [M+H] calcd for C251132N304 472.29; found
472.5. Retention time (anal. BPLC:  10-40% MeCN/1120
over 6 min) =3.31 min. 111-NMR (CD30D) 5 (ppm)
7.9-7.8 (in, 213), 7.6-7.5 (in, 111), 4.0 (br d, 2H),
3.85-3.7 (m, 211), 3.6 (br s,611), 3.3 (br, 211),
2.9-2.6 30 (br m, 611), 2.0-1.8 (br, 411), 1.7-1.5
(in, 611), 1.4 (m, 3H), 1.1-1.0 (n, 411).  WO
2006/127815PCT/US2006/020085 Additional Compounds of
the Invention 



Using the procedures of Examples 1-13 and variations
thereof, the compounds of Tables Ito ix were prepared
and characterized by mass spectrometry. In the
following tables, blank entries denote hydrogen.
5Table I    Example No. R1 R2 Molecular Formula
[M+11I+ calcd [M+11]+ found 16 iPr -CH2-phenyl
C311141N503 532.32 532.2 17 iPr iPr C2211411%03
484.32 484.2 18 03u phenyl C31I141N503 532.32 532.2
19 tBu -CH2-phenyl C321143N503 546.34 546.4 20 tEu
iPr 



G221143N503 498.34 498.4  Table II  Example No.  le
R3b R3b R3d R3` Molecular Formula [WM calcd [M+Hr
found 21 tBu Cl     C311440C1N502 550.29 550.6 22 ilk
C301139N502 502.31 502.4 23 iPr F 



C301138PN302 520.30 520.2 24 iPr CH3     e311141N502
516.33 516.4 25 iPr CF3     C311138F3N502 570.30
570.2 26 iPr  F    C30H33FN502 520.30 520.2 27 iPr 



CH3    C311141N502 516.33 516.4 28 ilk  CF3
C311138F3N502 570.30 570.2  WO
20061127815PCT/1JS20061020085 Example No.  R3a R3 R3
R3d R3 Molecular Formula 1M+Hl+ ruled. [Win found 29
iPr  CI    C301133C1N302 536.27 



536.2 30 iPr   CF3   Cs tHAF3N302 570.30 570.2 31 iPr
CH3   O31H41N502 516.33 516.4 32 iPr   Cl
C301138C1N301 536.27 536.2 33 lit   OCH3
C3313411\1303 



532.32 532.2 34 iPr   F   C30H33FN502 520.30 520.2 35
iPr F    F C30.1137F2N302 538.29 538.2 36 iPr F   F
C30H37F2N302 538.29 538.2 37 iPr  F F   



C3c1-137F2N302 538.29 538.2 38 Air F F
C301137F2N502 538.29 538.2 39 iPr  F  F
C301-137F2N302 538.29 538.2 40 iPr F  Cl
C30H37CIFN302 554.26 554.4 41 iPr  CF3  CF3 



C321137F6N302 638.29 638.2 42 iPr Cl  F
C30.1137C1FN302 554.26 554.2 43 iPr  Cl  Cl
C30H37C12N303 570.23 570.2 44 iFr   OCF3
C331-138F3N303 586.29 586.2 45 iPr  CF3 F 



C31H37F4N302 588.29 588.2 46 iPr  Cl F
C301137C1F1'1502 554.26 554.2 47 iPr OCH3  CI
C311-14,3C1N303 566.28 566.2 48 iPr CN
C331-138N602 527.31 527.2 49 iPr Cl  



Cl   C30.1137C13N303 570.23 570.2 50 iPr  F CF3
C331-137F4N302 588.29 588.2 51 iPr   CN   C311133N602
527.31 527.2 52 iPr   0CHF2   C3311.39F2N303 568.30
568.8 53 tBu Cl 



F   C331139C1FN302 568.28 568.2 54 tBu  Cl  Cl
C311139C12N302 584.25 584.2 55 tBu  CN
C3211.40N602 541.32 541.4 56 tBu   OCF3
C32H10F3N303 600.31 600.2 57 tBu 



CF3 F   C321139E4N302 602.30 602.2 58 tBu  Cl F
C311-139CIFN502 568.28 568.2 59 tBu OCH3  Cl---
C32HnCIN303 580.30 580.2  tBu CN     C321-140N602
541.32 541.4 61 



tBu Cl  CI   C3 /1-139C12N302 584.25 584.2  WO
2006/127815PCT/US2006/020085 Example No. R' R3' Rsb
R3' R3" R3' Molecular Formula [M+Illt calcd Ilvfifir
found 62 tBu  F CF3   C321139F4N502 602.30 602.2 63
tBu F   CF3  Cn1J39f4N502 



602.30 602.4 64 tBu   CN   C3217.40N602 541.32 541.2
65 tBu   OCHF2   C321-141F2N303 582.32 582.4 66 tBu
C311141N502 516.33 5162 67 tBu CH3     



C321143N502 530.34 530.4 68 tBu CF3     C32H46F3N502
584.31 584.4 69 tBu  F    C3$40FN502 534.32 534.2 70
tBu  CF3    C321140F3N502 584.31 584.4 71 tBu  Cl   



0311140C1N302 550.29 550.2 72 tBu   CF3   C32awF3HSO2
584.31 584.4 73 tBu   CH3   C3211.43N502 530.34 530.4
74 tBu   Cl   C31114,3CIN502 550.29 550.2 75 tBu
OCH3 



C3211403 546.34 546.4 76 tBu F    F C3a35F2N502
552.31 552.4 77 thu F   F  C311139F2N502 552.31 552.2
78 tBu  F F   e31E39F2N502 552.31 552.2 79 tBu. F F 



C311139F2N502 552.31 552.4 80 tBu  F  F  C3$39F2H302
552.31 552.4 81 tBu F  F   C3a39F2N502 552.31 5522 82
tBu F   Cl  C3]1-139CIFN302 568.28 568.2 83 tBu  



CF3  CF3  C33.1139F6N502 652.30 652.2 84 ilk OCF3
C311132F3N503 586.29 586.2 85 iPr  OCF3
C311-138F3N303 586.29 586.2 86 tBu OCF3
C32.1140F3N303 600.31 600.2 87 tBu 



OCF3    C321140F3H303 600.31 600.2  WO
2006427815PCT4152006/020085 Table at  Example No.
Molecular Formula [M+H]+ calcd [I\ 4Ht found 88 ilk
N(C113)2 C261-1401q603 469.32 469.4 89 Wr morpholin-1
-y1 C281142N603 511.33 511.4 90 ilk CH3 C231137N503
440.30 440.2 91 iPr tetrahydrofuran-2-y1 



C2sHuN303 496.32 496.4 92 ilk -C112-thiophen-3-y1
C291139N502B 522.28 522.2 93 iPr 2,2-dirnethylpropyl
C291145N302 496.36 496.4 94 ilk -C112-thiophen-2-y1
C231139N3028 522.28 522.2 95 ilk cyclohexyl
C301143N502 508.36 508.4 96 iPr (5)-1-methy1propy1
C281143N502 482.34 482.4 97 iPr -CH2-naphth-1 -y1
C351143N302 566.34 566.4 



98 ilk cyclopentyl Cao1145N502 508.36 508.4 99 iPr
(R)-tetrahydrofuran-2-y1 C28114311303 496.32 496.4
100 tBu furan-2-yi C2r1-139N503 506.31 506.2 101 tBu
-CH2-thiophen-3-y1 C30H41N5028 536.30 536.2 102 tBu
2,2-dimethylpropyl C301147N502 510.37 510.4 103 tBu
-CH2-thiophen-2-y1 0301141N3028 536.30 536.2 104 tBu
(S)4 -methylpropyl 



C231143N302 496.36 496.4 105 tBu -CH2-naphth4 -yl
C361-143N302 580.36 580.4 106 tBu
00-tetrahydrofuran-2-y1 C29H43N303 510.34 510.4 107
tBu (9)-4-oxo-azetidin-2-y1 C281413N603 509.32 510.4
108 tBu pyridin-2-y1 C331132N602 531.34 531.2  WO
2006/127815PCT/US2006/020085 Table IV R5b reFeb
Example No. R' R5a R5b 



le led 13.5e Molecular Formula [M4-H]t calcd [M+Hr
found 109 iPr CH3     C311142N602 531.34 531.4 110
iPr  F    C30H39FN602 535.31 535.2 111 iPr CF3
C311139F3N602 585.31 585.2 112 Tr OCF3 



C311139F3N603 601.30 601.2 113 ilk   OCHF2
C31H40F2N603 583.31 583.2 114 Tr      C30H4oN602
517.32 517.4 115 iPr CH3    CH3 C32H44N602 545.35
545.4 116 iPr 



OCF3   C311139F3N603 601.30 601.2 117 iPr tBu
C34H48N602 573.38 573.4 118 iPr Cl     C301139C1N602
551.28 551.2 119 tBu Cl     C311141C1N602 565.30
565.2 120 



tBu C113     C32044N602 545.35 545.5 121 tBu F
C311141FN602 549.33 549.2 122 tBu CF3
C321141F3N602 599.32 599.2 123 tBu OCF3
C321141F3N603 615.32 615.2 



124 tBu   OCHF2   C321142F2N603 597.33 597.4 125 thu
F     C311L41FN602 549.33 549.2 126 tBu
C311142N602 531.34 531.4 127 tBu CH3    CH3
C33H451\1602 559.37 



559.4 128 tBu   OCF3   C32H43F3N603 615.32 615.2 129
tBu tBu     C351150N602 587.40 587.4  WO
2006/127815PCT/US2006/020085 Table V    NH-1K Example
No. RI 1;4  R7 Rda Rdb led led Molecular Formula
[M+11] calcd [M+Hr found 



130 ilk  (5)- 01-1     C311141N303 53232 532.2 131
iPr oxo     C311-1391\1503 530.31 530.2 132 iPr
Cl  C311-1.40C1N302 550.29 550.2 133   (5)- CH3   



C321143N502 530.34 530.4 134 ilk -(C1-12)2-
C33H43N502 542.34 542.4 135 iPr   F  F  C311139F2N302
552.31 5522 136 iPr    F   C311-10EN502 534.32 534.2
137 iPr 



Cl   G31I140C1N502 550.29 551.2 138 iPr    F F
C311139F2N302 552.31 552.2 139 iPr    F  F
C311-139F2N502 552.31 553.2 140 iPr       



C311141N302 516.33 516.4 141 tBu  (5)- OH
C321-143N503 , 546.34 546.4 142 tBu     F
C321142FN502 548.33 548.2 143 tBu oxo
C321-141N503 544.32 544.4 144 tBu  



Cl  C321142C1N502 564.30 565.2 145 tBu  CH3   2-
methylpropyl  C371-153N502 600.42 600.4 146   (5)-
CH3     C331145N302 544.36 544.4 147 thu 4C1-12)2-
C341-145N502 556.36 



556.4 148 tBu   Cl  Cl  C321-141C12N502 598.26 599.2
149 tBu   F  F  C321-102N502 566.32 566.2 150 tBu
F   C321142EN502 548.33 548.4 151 tBu    



CF3  G331142F3N302 598.33 598.4 152 tBu    CF3
G331142F3N302 598.33 598.2 153 thu    Cl
C321142C1N502 564.30 564.2 154 tBu    F F
C321-141F2N502 566.32 566.2 



WO 2006/127815PCT/US2006/020085 Example No. RI 7:4
R7 Rga R.81' R8' R.Id Molecular Formula [Mall+ Geed
lMHl+ found 155 tHu    F  F C321143172N303 566.32
566.4 156 tBu       C321-143N502 530.34 530.4  Table
VI  Example No. 



R7 128 Molecular Formula [M+H] egad [M+Hr found 157
iPr (R)-OH  C311147N503 538.37 538.4 158 H3r
C331143N502 522.37 522.4 159 tBu (R)-OH  C321143N303
552.38 552.4 160 tBu   C321-143N302 536.39 536.4
Table VII    



Example No.  R9 R10a RIOb Molecular Formula [M+H]t
calcd [M+Hr found 161 iPr   CH3 C32H43N303 546.34
546.4 162 iPr  Cl Cl C311133C12N303 600.24 601.2 163
iPr CH3  Cl C321142C1N303 580.30 581.2 164 iPr CH3
C3211431`1303 546.34 



546.4 165 t.13u.   CH3 C33H45N303 560.35 560.4 166
03u  Cl Cl C321141C12N303 614.26 615.2 167 tBu CH3
Cl C33H44C11\1303 594.31 595.2 168 tl3u CR3
C33114314503 560.35 560.4  WO 2006/127815PC
T/US2006/020085 Table 'VIII  Example No.  



R" Molecular Formula [M+111+ calcd [M+HI+ found 169
iPr CH3 C24H32N3038 476.26 476.2 170 iPr
2,4-dimethylisoxazol-2y1 C2311461\1604S 557.28 557.2
171 iPr -012-phenyl C301141N3038 552.29 552.2 172 tBu
2,4-dimethylisoxazol-2y1 C22H42N6048 571.30 571.2 173
tBu -C112-phenyl C311143N5038 566.31 566.2  5Table IX
Example No. R1 



RI la Rllb Rne RI Id Molecular Formula [M+Hr calcd
[M+H]+ found 174 iPr CF3    C301138F3N5038 606.27
606.2 175 iPr CN    C301138N603S 563.27 563.2 176 iPr
0C113  C3oE41N50,15 568.29 568.2 177 iPr  Cl  



C29H38C1N5038 572.24 572.2 178 iPr F    C291128PN5038
556.27 556.2 179 iPr   CF3  C301132F3N3038 606.27
606.2 180 iPr   iPr  C321143N3038 580.32 580.4 181
iPr Cl    C221132C1N5038 572.24 



572.2 182 iPr C113   F C301140FN5038 570.28 570.2 183
iPr Cl  F  C29H32C1FN5033 590.23 590.2 184 iPr CH3 Cl
C301140C1N3038 586.25 586.2 185 iPr   tBu
C33H42N5038 594.34 594.4 186 iPr 



0013   CI C301140C1N3048 602.25 602.2 187 iPr   Cl
C221132C1N3038 572.24 572.2   Example No. R1 R"a Rub
Ru RH" Molecular Formula [M+H] calcd [M+Hr found 188
iPr     C291139N503S 538.28 538.2 189 iPr  



F  C291138FN5038 556.27 556.2 190 iPr  CH3
C30H41N5038 552.29 552.2 191 iPr   CH3  C301-141N503S
552 29 552.2          192 ipr  CF3   



C30H38F3N503S 606.27 606.2 193 iPr CH3
C301141N503S 552.29 552.2 194 , tBu CN
C311140N6038 577.29 577.2 195 tBu   CF3
C311140F3N5033 620.28 620.2 196 tBu   iPr
C331147145038 594.34 594.4 



197 tBu CI    C30H0C1N503S 586.25 586.2 198 tBu CIT3
F C31a42FN5033 584.30 584.2 199 tBu Cl  F
C301139C1FN5038 604.24 604.2 200 tBu CH3 CI
C311142C1N5038 600.27 600.2 201 tBu  



tBu  C341149N503S 608.36 608.4 202 tBu OCH3   CI
C311142C1N5048 616.26 616.2 203 tBu  CH3
C311143N503S 566.31 566.4 204 tBu   CH3  C311143N503S
566.31 566.2 205 tBu  CF3   



C311140F3N5038 620.28 620.2 206 tBu CH3
C311143N5038 566.31 566.2 207 tBu CF3
C311-140F3N5038 620.28 620.2 208 tBu   OCH3
C311143N5048 582.30 5822 209 tBu  Cl
C301-140CIN5038 586.25 586.2 



210 tBu F    C30H401N5038 570.28 570.2 211 thu   Cl
C301140C1N5038 586.25 586.2 212 tBu     C30H41N503S
552.29 552.2 213 tBu   F  C30H4OFN5038 570.28 5702
WO 2006/127815PCT/1JS20061020085 Example 214.
Alternate synthesis of
4-(4-1[(2-isopropy1-1H-benzoimidazole-4-
carbony1)-aminohnethyl}piperidin-1-34methyl)piPeridin
e-l-carboxylic acid methyl ester 



a. Preparation of
4-hydroxymethyl-piperidine-1-carboxylic acid methyl
ester 54-Hydroxymethylpiperidine (1.0 g, 8 6 mmol)
was dissolved in water (15 mL) and cooled to 0 C. To
this solution was added dropwise a solution of
potassium carbonate (4.8 g, 34.7 mmol) in water (10
inL), followed by methyl chloroformate (2.68 mL, 34.7
ramol). The mixture was stirred vigorously and
allowed to warm to room temperature over 2 h. After
stirring overnight (16 h), the reaction mixture was
acidified 10 with 6M aqueous hydrochloric acid and
extracted with dichloromethane (3 x 60 mL) The
extracts were combined, dried over sodium sulfate and
filtered. The filtrate was evaporated to yield the
title intermediate (1.4 g, 8.1 mmol, 93%) as a
colorless oil. (mix): C81115NO3 calcd. 173.11; found
156.2 [M-H20+11]+. IH NMR (300MHz, DM50-d6): (ppm)
0.98 (in, 2H), 1.52 (m, 111), 1.63 (hr d, 211), 2.72
(br m, 211), 323 (d, 2H), 3.56 (s, 15 311), 3.95 (hr
d, 211), 4.48 (hr s, 111). b. Preparation of
4-formylpiperidine-1-carboxylic acid methyl ester To
a solution of oxalyl chloride (4.1 m1,, 8.2 mmol) in
dichloromethane (4 mL) at -78 C was added dropwise a
solution of dimethylsulfmdde (1.2 ml" 16.4 mmol) in
dichloromethane (4 mL). After stirring for 5 min, a
solution of 4-hydroxymethyl- 20
piperidine-l-carboxylic acid methyl ester (1.3 g, 7.5
mmol) in dichloromethane (5 mL) was added. The
resulting solution was stirred for another 5 min,
then triethylamine (5.2 mi" 373 mmol) was added and
the mixture allowed to warm to -10 C . After stirring
for 1 h, dichloromethane (100 mL) was added, and the
organic layer was washed with 1M aqueous phosphoric
acid, 1M aqueous sodium hydroxide, and brine. The 25
solution was dried over sodium sulfate then
evaporated to afford the title intermediate as a
wheat colored oil (1.0 g, 5.8 mmol, 78%). 111 NMR
(300MHz, DM50-d6): 8 (ppm) 1.36 (m, 211), 1.83 (m,
211), 2.48 (br m, 111), 2.93 (hr t, 211), 3.56 (s,
311), 3.80 (br d, 211), 9.56 (s, 111).      c.
Synthesis of 444- {
[(2-isopropy1-1H-benzoimidazole-4-carbonyll30aminolme
thyllpiperidin-1-ylmethybpiperidine-1-carboxylic acid
methyl ester
2-Isopropy1-1H-benzoimidazo1e-4-carboxylic acid
(piperidin-4-ylmethyl)araide, (bis TFA salt; 1.1 g,
2.0 rntnol) was suspended in dichloromethane (20 raL)
and N,N-diisopropylethylamine (0.72 mL, 4.0 mmol) was
added. When the suspension became a 57  WO
2006/127815PCTMS2006/020085  clear solution, acetic
acid (0.13 mL, 2.0 mmol) was added, followed by a
solution of 4-formylpiperidine-l-carboxylic acid
methyl ester (0.54 g, 3.1 mmol) in dichloromethane
(20 mL). After stirring for 5 minutes at room
temperature, sodium triacetoxyborohydride (0.628 g,
3.1 mmol) was added, and the reaction stirred for an
additional 1 It The 5 aqueous layer was then made
alkaline with 1M aqueous sodium hydroxide (35 mL) and
extracted with dichloromethane (2 x 20 mL). The
combined organic layers were washed with brine, dried
over sodium sulfate and evaporated to yield crude
product as a brown solid (1.41 g). The crude product
was purified via preparative HPLC (reverse phase)
[gradient of 10 5-10-25%: 5% MeCN/water (0.1% TFA) to
10% MeCN linear over 10 min; 10% MeCN to 25% MeCN
linear over 50 min; flow rate = 15 mf Imin; detection
at 280 nix]] to provide the title compound as the his
trifluoroacetate salt, which was then lyophilized. A
mixture of 1M sodium hydroxide and dichlorometharte
(1:1, 100 mL) was added to the lyophilized bis
trifluoroacetate salt. The organic layer was dried
over sodium sulfate, 15 filtered, and evaporated, and
the resulting solid was lyophilized to provide the
title compound as a white solid (0.93 g, 2 mmol, 98 %
yield, purity 97.5 %). (m/z): [M+Hr calcd for
C251132N503 456.30; found 456.1 Retention time (anal.
HPLC: 2-50% MeCN/H20 over 6 min) = 3.06 min. 111 NMR
(300 MHz, DMS0- 4): 0.92 (m, 211), 1.30 (m, 21), 1.38
(d, 611), 1.53 (m, 1H), 1.60-1.90 (m, 7H), 2.07 (d,
211), 2.73 (br m, 211), 20 2.83 (br d, 211), 3.22
(septet, 111), 3.33 (t, 211), 3.56 (s, 311), 3.93 (hr
d, 211), 7.23 (t, 111), 7.62 (d, Ill), 7.77 (d, 111),
10.10 (hr s, 111). Example 215. Synthesis of
crystalline 4-(44[(2-isopropy1-1H-benzoimidazole-
4-carbonyl)-amino]methylipiperidin-1-ylmethyl)piperid
ine-1-earboxylic acid methyl ester (Form I)
254-(4-{[(2-isopropy1-1H-benzoimidazole-4-carbony1)-a
mino]methyl}pipericlin-l-
ylmethyppiperidine-1-carboxylic acid methyl ester in
amorphous solid form, prepared according to the
process of Example 214 (300 mg) was dissolved in
acetonitrile (15 mL), mixed until complete
dissolution, and exposed to the atmosphere resulting
in partial evaporation. Crystals were observed to
have nucleated within 2 h. Chemical composition 30 of
the crystals was confirmed by NMR, liquid
chromatography/mass spectrometry (LC/MS), and x-ray
structure analysis. Crystalline nature of the solid
product was confirmed by powder x-ray diffraction,
differential scanning calorimetry, and x-ray
structure analysis.  WO 2006/127815PCT/US2006/020085
Example zio. synthesis of crystalline
4-(4-{[(2-isopropyl-1H-benzoimidazol_
4-carbony1)-amino]methyl}piperidin-l-yhnethyl)piperid
ine-1-carboxylic acid methyl ester (Form I) a.
Preparation of
4-hydroxymethyl-piperidine-1-carboxylic acid methyl
ester 54-Hydroxymethylpipericline (47.6 g, 1.0 eq)
and water (300 mL) were charged to a flask. The
resulting mixture was cooled to 0-10C. Potassium
carbonate (85.7 g, 1.5 eq) dissolved in water (150
mL) and methyl chloroformate (38.4 ml." 1.1 eq) were
added while maintaining the temperature at below 10C.
When the addition was complete, the reaction mixture
was warmed up to 20-30C for 1 hour. After the
reaction 



10 was complete, dichloromethane (500 mL) was added
to the reaction mixture. The organic layer was
collected and washed with 1 M phosphoric acid
solution (200 mL), saturated sodium bicarbonate
solution (200 mL) and saturated sodium chloride
solution (200 mL) The organic layer was dried over
sodium sulfate (50 g, 1 w/w en) and then distilled
under vacuum to produce the title intermediate. (67.0
g, 90% yield) 15 b. Preparation of
4-formylpiperidine-1-carboxylic acid methyl ester
4-Hydroxymethylpiperidine-l-carboxylic acid methyl
ester (34.7g, 1.0 en) was dissolved in
dichloromethane and cooled to 0-10C. A solution of
sodium bicarbonate (2.35 g, 0.14 en) and sodium
bromide (2.40g, 0.10 en) in water (100 mL) was added
over 15 min while maintaining the temperature at 0-10
C. 2,2,6,6-Tetramethy1-1- 20 piperidinyloxy free
radical (TEMPO) (0.32 g, 0.01 eq) was added to the
mixture, followed by 10-13% w/v sodium hypochlorite
solution (135 mL, 1,1 eq) over 1 h with good
agitation while maintaining the temperature at 0-10C.
After the reaction was complete, the layers were
separated and the organic layer washed with water
(150 raL) and dried over sodium sulfate (30 g, 1 w/w
eq). The solvent was temoved by distillation 25 to
provide the title inteimediate. (31.0 g, 90% yield)
c. Preparation of
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
(piperidin-4-  vlmethyDamide       Trifluoroacetic
acid (56.0 ml" 10 eq) was added to a flask containing
a --5C solution of
4-{[(2-isopropy1-1H-benzoimidazole-4-
carbonyl)arnino]methy1}-piperidine- 30 1-carboxylic
acid tert-butyl ester (30.0 g, 1.0 en) in
dkhloromethane (300 mL) while maintaining the
temperature below 10C. The resulting mixture was
stirred at 20-30 C for 2 h. When the reaction was
complete, triethylamine (73.2 inf., 7.0 eq) and
acetic acid  (4.3 mid, 1.0 eq) were added to provide
a solution of the title intermediate with an apparent
pH of approximately 4 that was used directly in the
next step. d. Synthesis of 444-
{112-isopropy1-1H-benzoimidazole-4-carbony1)-
amino]methyfipiperidin-l-ylmethyDpiperidine-l-carboxy
lic acid methyl ester 54-Formylpiperidine-
1-carboxylic acid methyl ester (25.7 g, 2.0 eq) was
added to the solution prepared in the previous step
while maintaining the temperature at 20-30 C. After
stirring for 30 min, sodium triacetoxyborohydride
(24.3 g, 1.5 eq) was added while maintaining the
temperature at 20-30C. The reaction mixture was
stirred at 20-30C for 30 min. After the reaction was
complete, 1 M hydrochloric acid (300 mL) was added to
10 quench the reaction. The product-containing
aqueous layer was collected and washed with
dichloromethane (150 mL) The aqueous layer was
treated with activated carbon (Darco G60, 6 g, 20%
w/w) to remove color. The suspension was stirred for
1 hr, and then filtered through a bed of Celite.
Dichloromethane (300 mL) was added to the aqueous
solution and the product free-based using 4 N sodium
hydroxide by adjusting the pH of 15 the aqueous layer
to 12-13. The organic layer was collected and washed
with water (300 mT  ) The organic layer was distilled
at 80 C and solvent exchanged with acetonitrile (2 x
300 mL), to remove dichloromethane and residual
triethylarnine. The solids were suspended in
acetonitrile (600 mL), and the mixture heated until
the solids were dissoved (-75C). The solution was
cooled until nucleation occured (-55 - 65C) and held
for 1 h. 20 The slurry was cooled to 20C over 2 h,
and then to 0-5C over 30 min, followed by stirring at
0-5C for 30 min. The solids were filtered and washed
with cold acetonitrile (60 mL). The wet cake was
dried under vacuum at 60 C for 6 h to provide the
title compound. (28.3 g, 85% yield).      Example
217: Synthesis of crystalline
4-(4-{[(2-isopropyl-1H-benzoimidazole-
254-carbony1)-amino]methyllpiperidin-1-ylmethyppiperi
dine-1-carboxylic acid methyl ester (Form 1)
4-(4-{[(2-isopropyl-1H-benzoimidazole-4-carbony1)-ami
no]methyl}piperidin-1-
yhnethyl)piperidine-1-carboxylic acid methyl ester in
amorphous solid form, prepared according to the
process of Example 214 was dispersed in the inert
diluents listed in 30 Table X below. The mixtures
were exposed to the atmosphere and allowed to
completely evaporate. The resulting solids were
characterized by powder x-ray diffraction. All solids
were demonstrated to be crystalline with a powder
x-ray diffraction pattern consistent  WO
20061127815PCVIJS2006/020085 with that reported below
in Example 220, which was obtained from the sample of
Example 215. Table X: Crystalline Form Synthesis
Diluent Compound of Formula (I) (nn8) Volume of
Diluent (mL) Ether 4.60 0.230 Cyclohexane 4.87 0.486 



Ethyl acetate 5.67 0.284  5Example 218: Synthesis of
crystalline 4-(4-{[(2-isopropy1-1H-benzoinlidazole-
4-carbonyll-aminolmethyllpiperidin-1-ylmethyOpiperidi
ne-1-carborylic acid methyl ester (Form
4-(4-{[(2-Isopropy1-1H-benzoimicla7ole-4-carbony1)-am
ino]methyl}piperidin-1-
ylmethyl)piperidine-1-carboxylic acid methyl ester in
amorphous solid form (42.2 mg), 10 was dispersed in
hexane (4.22 mL) at ambient temperature to a final
concentration of 10 mg/mL. The solution was sonicated
to disperse larger solids. After 24 h at ambient
temperature (approximately 22 C) crystallization had
occurred. The crystalline solids were isolated via
vacuum filtration, prior to analysis.      Example
219: Synthesis of crystalline
4-(4-{[(2-isopropy14H-benzohnidazole-
154-carbonyff-amino]methyllpiperidin-1-ylmethylipiper
idine-l-carboxylic acid methyl ester (Form III)
4-(4-{[(2-Isopropy1-1H-benzoimidazole-4-carbony1)-ami
no]methyl}piperidin-1ylmethyl)piperidine-1-carboxylic
acid methyl ester in amorphous solid form (38 mg) was
dissolved in a 1:1 ethanol:water solvent mixture (1.9
m7) at ambient temperature to a 20 final
concentration of 20 mg/mL. The solution was sonicated
for 30 seconds to ensure complete dissolution. The
solution was then left to slowly evaporate in an
uncapped vial. Alter 24 h at ambient temperature
crystallization had occurred. The crystalline solids
were isolated via vacuum filtration. The filter cake
was washed once with a 1:1 ethanol:water solvent
mixture, prior to analysis. 25Example 220: Powder
X-Ray Diffraction      Powder x-ray diffraction
patterns were obtained with a Thermo API X-Ray
Diffractometer Model X`TRA (Thermo ARL SA,
Switzerland) using Cu Ka radiation at 1.542 A (45 kV,
40 mA) with a Si(Li) solid-state detector. The
analysis was typically  performed at a scan rate
o12/min with a step size of 0.03 per point over a
range of 2 t_ 35 in two-theta angle. Samples, either
as received or ground to a fine powder, were gently
packed into a quartz insert 7.8 mm in diameter and
0.5 mm in depth designed to fit into the instrument
top-loading sample cup for analysis. The instrument
calibration to 5 within 10.02 two-theta angle was
verified weekly by comparison with a silicon metal
standard. A representative PXRD pattern for the
crystalline compound of Example 215 (Form]), which
was hand ground to a powder, is shown in Figure 1. A
representative PXRD pattern for a sample of
crystalline Form DI obtained with a Rigaku
diffractometer using Cu Ka (30 kV, 15 mA) radiation
is shown in Figure 5. 10Example 221: X-ray Structure
Analysis a. Form I A chunk crystal produced in
Example 215 having dimensions of 0.33 x 0.17 x 0.11
mm was mounted on a glass fiber. X-ray structure data
was obtained using a Bruker SMART 6K CCD -ray area
detector with window diameter of 13.5 cm, 15
controlled by SMART version 5.630 software (Bruker,
2003) using Cu Ka radiation. The sample to detector
distance was 5.039 cm. Data was collected at a
temperature of -15311 C and was analyzed using SHELXS
version 6.14 (Braker, 2003) software. The following
lattice parameters were derived: unit cell is
orthorhombic with dimensions a = 16.9053 A, b =
9.5172 A, c = 15.4659 A; space group is Pna21;
calculated density is 20 1.22 g/cm, Powder x-ray
diffraction peaks predicted from the derived atomic
positions are in excellent agreement with the
observed results obtained as described in Example
220, as shown in Table XL Table XI: PXRD Peak
Positions Observed 20 (degrees) Predicted 20
(degrees) 15.08 10.20 15.1 10.2 15.41 10.20 15.6 10.2



19.00 10.20 19.2 10.2 19.70 10.20 19.5 10.2 23.68
10.20 23.7 10.2  25  WO 2006/127815PCT/US2006/020085
b. Fomiffi       A chunk crystal produced by the
process of Example 219 having dimensions of 0.35 x
0.12 x 0.09 mm was analyzed by the method described
above. The following lattice parameters were derived:
unit cell is monoclinic with dimensions a = 14.8101
A, 5 b = 9.9985 A, c = 17.9222 A; 13 = 106.3020 ,
space group is P21/n; calculated density is 1.23
g/cm3. Example 222: Thermal Analysis
Differential scanning calorimetry (DSC) was performed
using a TA Instruments Model Q-100 module. Data were
collected and analyzed using TA Instruments Thermal
10 Advantage foil- Q SetiesTm software. A sample of
about 7 mg was accurately weighed into an aluminum
pan with lid. The sample was evaluated using a linear
heating ramp of  10 C/min from 5C to about 200 C. The
DSC cell was purged with dry nitrogen during use.
Thennogravimetric analysis (TGA) was performed using
a TA Instruments Model 15 Q-500 module. Data were
collected and analyzed using TA Instruments Thermal
Advantage for Q Series Tm software. A sample weighing
about 2 mg was placed in an aluminum pan on a
platinum cradle and scanned from ambient temperature
to about 300 C with a linear heating rate of 10
C/min. The balance and furnace chambers were purged
with nitrogen during use. 20Representative DSC and
TGA traces for crystalline Form I (prepared according
to the process of Example 216), Form II, and Form DI
material are shown in Figures 2, 4, and 6,
respectively. Example 223: Dynamic Moisture Sorption
Assessment Dynamic moisture sorption (DMS) assessment
was performed at 25 C using a 25 VTI atmospheric
microbalance, SGA-100 system (VTI Corp., Hialeah, FL
33016). A sample size of approximately 5-10 mg was
used and the humidity was set at the ambient value at
the start of the analysis. A typical DMS analysis
consisted of three scans: ambient to 2% relative
humidity (RH), 2% RH to 90% RH, 90% RH to 5% RH at a
scan rate of 5 % RH/step. The mass was measured every
two minutes and the RH was changed 30 to the next
value ( 5 %RH) when the mass of the sample was stable
to within 0.02% for 5 consecutive points. A
representative DMS isotherm for the crystalline
compound of Example 215 (Font I) is shown in Figure
3.  WO 2006/127815PC T/US2006/020085 The crystalline
compound of the invention exhibits a reversible
sorption/desorption profile with a weight change of
less than 0.25 % over the entire range of 2 % to 90 %
RH and a weight change of less than 0.1 % over the
critical lintnidity range of 40 % to 75 % RH. 5 



Example 224. Infrared Analysis      The infrared (ER)
absorption spectrum of the crystalline compound of
Example 215 (Form I) was determined over the
frequency range 4000 to 675 em usingan Avatar 360
FT-1R spectrometer equipped with a Nicolet attenuated
total reflection (ATR) 10 sample holder. A
representative IR absorption spectrum for a sample of
the crystalline compound of the invention had
significant absorption bands at 76611, 109711,
125111, 141311, 144911, 157911, 160911, 164011, and
169611 cm-1. Example 225: Solid State Stability
Assessment 15Samples of the crystalline compound of
Form I, prepared according to the process of Example
216, were stored in multiple open glass vials at 40 C
and 75 % RH. At specific intervals, the contents of a
representative vial was removed and analyzed by DSC,
TGA, PXRD, and by IIPLC for chemical purity. After
three months of storage, there was no detectable
change in the DSC or TGA thermograms nor in the PXRD
pattern. The 20 chemical purity of the stored sample
was 99.5 %. Assay 1: Ftadioligand Binding Assay on
5-11T4(C) Human Receptors a. Membrane Preparation
5-HI4r0)  HEK-293 (human embryonic kidney) cells
stably-transfected with human 5-HT4(0 25 receptor
cDNA (Bmax = - 6.0 pmol/mg protein, as determined
using CHIOR113808 membrane radioligand binding assay)
were grown in T-225 flasks in Dulbecco's Modified
Eagles Medium (DMEM) containing 4,500 mg/L D-glucose
and pyridoxine hydrochloride (GIBCO-Invitrogen Corp.,
Carlsbad CA: Cat #11965) supplemented with 10% fetal
bovine serum (PBS) (GIBCO-Invitrogen Corp.: Cat
#10437), 2 mM L-glutamine and 30 (100 units)
penicillin-(100 pg) streptomycin/ml (GIBCO-Invitrogen
Corp.: Cat #15140) in a 5% CO2, humidified incubator
at 37 C. Cells were grown under continuous selection
pressure by the addition of 800 p.g/mL geneticin
(GIBCO-Invitrogen Corp.: Cat #10131) to the medium.
Cells were grown to roughly 60-80% confluency (< 35
subculture passages). At 20-22 hours prior to
harvesting, cells were washed twice and fed with
serum-free DMEM. 5 All steps of the membrane
preparation were pefformed on ice. The cell monolayer
was lifted by gentle mechanical agitation and
trituration with a 25 mL pipette. Cells were
collected by centrifugation at 1000 rpm (5 min). For
the membrane preparation, cell pellets were
resuspended in ice-cold 50 mM
4-(2-hydroxyethyl)-1-piperazineethanesulphonic acid
(HERBS), p117.4 (membrane 10 preparation buffer) (40
nil/total cell yield from 30-40 T225 flasks) and
homogenized using a polytron disrupter (setting 19, 2
x 10 s) on ice. The resultant homogenates were
centrifuged at 1200 g for 5 min at 4C. The pellet was
discarded and the supernatant centrifuged at 40,000 g
(20 min). The pellet was washed once by resuspension
with membrane preparation buffer and centrifugation
at 40,000 g (20 min). The final pellet 15 was
resuspended in 50 xnM HEPES, pH 7.4 (assay buffer)
(equivalent 1 T225 flask/1 mL). Protein concentration
of the membrane suspension was determined by the
method of Bradford (Bradford, 1976). Membranes were
stored frozen in aliquots at -80 'C. b. Radioligand
Binding Assays  20Radioligand binding assays were
performed in 11 mL 96- deep well polypropylene assay
plates (Axygen) in a total assay volume of 400 !IL
containing 2 gg membrane protein in 50 mM HEPES pH
7.4, containing 0.025% bovine serum albumin (BSA).
Saturation binding studies for determination of IQ
values of the radioligand were performed using
[311]-GR113808 (Amersham Inc., Bucks, UK: Cat
#TRK944; specific 25 activity -82 Ci/mmol) at 8-12
different concentrations ranging from 0.001 nM - 5.0
nM. Displacement assays for determination of pICi
values of compounds were performed with
[3111-GR113808 at 0.15 nM and eleven different
concentrations of compound ranging from 10 pM - 100
gM. Test compounds were received as 10 mM stock
solutions in DM50 and diluted to 30 400 gM into 50 mM
HERBS pH 7.4 at 25C, containing 0.1% BSA, and serial
dilutions (1:5) then made in the same buffer.
Non-specific binding was determined in the presence
of I p.M unlabeled GR113808. Assays were incubated
for 60 min at room temperature,  WO 2006/127815PC
T/US2006/020085 and then the binding reactions were
terminated by rapid filtration over 96-well GF/B
glass fiber filter plates (Packard BioScience Co.,
Meriden, CT) presoaked in 0.3% polyethyleneimine.
Filter plates were washed three times with filtration
buffer (ice-cold 50mM BEPES, pI17.4) to remove
unbound radioactivity. Plates were dried, 35 tiL 5
Microscint-20 liquid scintillation fluid (Packard
BioScience Co., Meriden, CT) was added to each well
and plates were counted in a Packard Topcount liquid
scintillation counter (Packard BioScience Co.,
Meriden, CT).      Binding data were analyzed by
nonlinear regression analysis with the GraphPad Prism
Software package (GraphPad Software, Inc., San Diego,
CA) using the 3-parameter 10 model for one-site
competition. The BOTTOM (curve minimum) was fixed to
the value for nonspecific binding, as determined in
the presence of 1 gM GR113808. IC; values for test
compounds were calculated, in Prism, from the
best-fit 1050 values, and the Kd value of the
radioligand, using the Cheng-Prusoff equation (Chong
and Prusoff, Biochemical Pharmacology, 1973, 22,
3099-108): Kt =1050 / ( 1 + [1]/1C.4 ) where [L] =
concentration 15 [31-1]-GR113808. Results are
expressed as the negative decadic logarithm of the K;
values, pK. 



Test compounds having a higher pK; value in this
assay have a higher binding affinity for the 5-11T4
receptor. The compounds of the invention which were
tested in this assay had a p1C; value ranging from
about 7.0 to about 10.0. 20Assay 2: Radioligand
Binding Assay on 5-HT3A Human Receptors:
Determination of Receptor Subtype Selectivity a.
Membrane Pr5-HT 2A BEK-293 (human embryonic kidney)
cells stably-transfected with human 5-HT3A receptor
cDNA were obtained from Dr. Michael Bruess
(University of Bonn, GDR) 25 (Bmax = - 9.0 pmol/mg
protein, as determined using CHFGR65630 membrane
radiofigand binding assay). Cells were grown in T-225
flasks or cell factories in 50% Dulbecco's Modified
Eagles Medium (DMEM) (GIBCO-Invitrogen Corp.,
Carlsbad, CA: Cat #11965) and 50% Ham's F12
(GIBCO-Invitrogen Corp.: Cat #11765) supplemented
with 10% heat inactivated fetal bovine serum (14]3S)
(Hyclone, Logan, UT: Cat 30 #SH30070.03) and (50
units) penicillin-(50 rig) streptomycin/m1
(GIBCO-Invitrogen Corp.: Cat #15140) in a 5% CO2,
humidified incubator at 37 C.         Cells were
grown to roughly 70-80% continency (C 35 subculture
passages). All steps of the membrane preparation were
performed on ice. To harvest the cells, the media was
aspirated and cells were rinsed with Ca2+, Mg2-free
Dulbecco's phosphate buffered saline (dPBS). The cell
monolayer was lifted by gentle mechanical agitation.
Cells were 5 collected by centrifugation at 1000 rpm
(5 min) Subsequent steps of the membrane preparation
followed the protocol described above for the
membranes expressing 5-11114(e) receptors. b.
Radioligand Binding Assays  Radioligand binding
assays were performed in 96-well polypropylene assay
plates 10 in a total assay volume of 200 !IL
containing 1.5-2 pg membrane protein in 50 mM HEPES
pH 7.4, containing 0.025% BSA assay buffer.
Saturation binding studies for determination of Kd
values of the radioligand were performed using
[311]-GR65630 (PerkinEhner Life Sciences Inc.,
Boston, MA: Cat #NET1011, specific activity -85
Ci/mirtol) at twelve different concentrations ranging
from 0.005 nM to 20 nM. 15 Displacement assays for
determination of pKi values of compounds were
performed with [311]-GR65630 at 0.50 nM and eleven
different concentrations of compound ranging from 10
pM to 100 pM. Compounds were received as 10 mM stock
solutions in DMSO (see section 3.1), diluted to 400
RM into 50 raM HEPES pH 7.4 at 25C, containing 0.1%
BSA, and serial (1:5) dilutions then made in the same
buffer. Non-specific binding 20 was determined in the
presence of 10 p,M unlabeled MDL72222. Assays were
incubated for 60 min at room temperature, then the
binding reactions were terminated by rapid filtration
over 96-well GEM glass fiber filter plates (Packard
BioScience Co., Meriden, CT) presoaked in 0.3%
polyethyleneimine. Filter plates were washed three
times with filtration buffer (ice-cold 50mM BEPES,
pH7.4) to remove unbound 25 radioactivity. Plates
were dried, 35 pL Microscint-20 liquid scintillation
fluid (Packard BioScience Co., Meriden, CT) was added
to each well and plates were counted in a Packard
Topcmmt liquid scintillation counter (Packard
BioScience Co., Meriden, CT).       Binding data were
analyzed using the non-linear regression procedure
described above to determine lc values. The BOTTOM
(curve minimum) was fixed to the value for 30
nonspecific binding, as determined in the presence of
10 p,M MDL72222. The quantity [L] in the Cheng-Pmsoff
equation was defined as the concentration
[311]-GR65630.  WO 2006/127815PCT/11S2006/020085
Selectivity tor me -HT4 receptor subtype with respect
to the 5-HT3 receptor subtype was calculated as the
ratio K(5-HT3A)/Ki(5-1-1T4(0)). The compounds of the
invention which were tested in this assay had a
5-HT4/5-HT3 receptor subtype selectivity ranging from
about 4000 to upwards of 400,000. 5Assay 3:
Whole-cell cAlVIP Accumulation Flashplate Assay with
HEK-293- cells expressing human 5-HT4w Receptors
In this assay, the functional potency of a test
compound was determined by measuring the amount of
cyclic AMP produced when REK-293 cells expressing
5-HT4 receptors were contacted with different
concentrations of test compound. 10 a. Cell Culture
HEIC-293 (human embryonic kidney) cells
stably-transfected with cloned human 5-HT4w receptor
cDNA were prepared expressing the receptor at two
different densities: (1) at a density of about
0.5-0.6 pmol/mg protein, as determined using a
CHFGR113808 membrane radioligand binding assay, and
(2) at a density of about 6.0 pmol/mg protein. 15 The
cells were grown in T-225 flasks in Dulbecco's
Modified Eagles Medium (DMEM) containing 4,500 mg/L
D-glucose (GIBCO-Invitrogen Corp.: Cat #11965)
supplemented with 10% fetal bovine serum (PBS)
(OBCO-Invitrogen Corp.: Cat #10437) and (100 units)
penicillin-(100 pg) streptomycin/m1(GIBCO-Invitrogert
Corp.: Cat #15140) in a 5% CO2, humidified incubator
at 37C. Cells were grown under continuous selection
20 pressure by the addition of geneticin (800 Kg/niL.
GEBCO-Invitrogen Corp.: Cat #10131) to the medium. b.
Cell Preparation Cells were grown to roughly 60-80%
confluency. Twenty to twenty-two hours prior to
assay, cells were washed twice, and fed, with
serum-free DMEM containing 



25 4,500 mg/L D-glucose (GII3CO-Invitrogen Corp.: Cat
#11965). To harvest the cells, the media was
aspirated and 10 mT Versene (GIBCO-Invitrogen Corp.:
Cat #15040) was added to each T-225 flask. Cells were
incubated for 5 min at RT and then dislodged from the
flask by mechanical agitation. The cell suspension
was transferred to a centrifuge tube containing an
equal volume of pre-warmed (37C) dPBS and centrifuged
for 5 min at 30 1000 rpm. The supernatant was
discarded and the pellet was re-suspended in
pre-warmed (37C) stimulation buffer (10mL equivalent
per 2-3 T-225 flasks). This time was noted and marked
as time zero. The cells were counted with a Coulter
counter (count above 8  pm, flask yield was 1-2 x 10'
cells/flask). Cells were resuspended at a
concentration of 5 x 105 cells/ml in pre-warmed (37C)
stimulation buffer (as provided in the flashplate
kit) and preincubated at 37C for 10 min.        cAMP
assays were performed in a radioimmunoassay format
using the Flashplate 5 Adenylyl Cyclase Activation
Assay System with 125I-cAMP (SMPOO4B, PerkinFlmer
Life Sciences Inc., Boston, MA), according to the
manufacturer's instructions.      Cells were grown
and prepared as described above. Final cell
concentrations in the assay were 25 x 103 cells/well
and the final assay volume was 100 gL. Test compounds
were received as 10 n3M stock solutions in DMSO,
diluted to 400 pIVI into 10 50 niM HEPES pH 7.4 at
25C, containing 0.1% BSA, and serial (1:5) dilutions
then made in the same buffer. Cyclic AMP accumulation
assays were performed with 11 different
concentrations of compound ranging from 10 pM to 100
pM (final assay concentrations). A 5-HT
concentration-response curve (10 pM to 100 gM) was
included on every plate. The cells were incubated,
with shaking, at 37C for 15 min and the 15 reaction
terminated by addition of 100 gl of ice-cold
detection buffer (as provided in the flashplate kit)
to each well. The plates were sealed and incubated at
4C overnight. Bound radioactivity was quantified by
scintillation proximity spectroscopy using the
Topcount (Packard BioScience Co., Meriden, CT). The
amount of cAMP produced per mL of reaction was
extrapolated from the 20 cAMP standard curve,
according to the instructions provided in the
manufacturer's user manual. Data were analyzed by
nonlinear regression analysis with the GraphPad Prism
Software package using the 3-parameter sigmoidal
dose-response model (slope constrained to unity).
Potency data are reported as pEC50 values, the
negative decadic logarithm of the EC50 value, where
EC50 is the effective concentration for a 50 % 25
maximal response.      Test compounds exhibiting a
higher pEC50 value in this assay have a higher
potency for agonizing the 5-HT4 receptor. The
compounds of the invention which were tested in this
assay, for example, in the cell line (1) having a
density of about 0.5-0.6 pmol/mg protein, had a pEC50
value ranging from about 7.5 to about 9.5.  Assay
4:111 vitro Voltage Clamp Assay of Inhibition of
Potassium Ion Current in Whole Cells Expressing the
hERG Cardiac Potassium Channel CHO-Kl cells stably
transfected with hERG cDNA were obtained from Gail
Robertson at the University of Wisconsin. Cells were
held in cryogenic storage until 5 needed. Cells were
expanded and passaged in Dulbecco's Modified Eagles
Medium/F12 supplemented with 10 % fetal bovine serum
and 200 gWmT geneticin. Cells were seeded onto
poly-D-lysine (100 p,g/mL) coated glass coverslips,
in 35 mm2 dishes (containing 2 mL medium) at a
density that enabled isolated cells to be selected
for whole cell voltage-clamp studies. The dishes were
maintained in a humidified, 5% CO2 environment at
37C. 10Extracellular solution was prepared at least
every 7 days and stored at 4C when not in use. The
extracellular solution contained (mM): NaC1 (137),
KCI (4), CaCl2 (1.8), MgC12 (1), Glucose (10),
4-(2-hydroxyethyl)-1-piperazineethanesulphonic acid
(HEPES) (10), pH 7.4 with NaOH. The extracellular
solution, in the absence or presence of test
compound, was contained in reservoirs, from which it
flowed into the recording chamber 15 at approximately
0.5 mLanin. The intracellular solution was prepared,
aliquoted and stored at -20C until the day of use.
The intracellular solution contained (mM): KC1 (130),
MgCl2 (1), ethylene glycol-bis(beta-aminoethyl ether)
N,N,Y,Nr-tetra acetic acid salt (EGTA) (5), MgATP
(5), 4-(2-hydroxyethyl)-1-piperazineethanesulphonic
acid (HEPES) (10), pH 7.2 with KOH. All experiments
were performed at room temperature (20-22C). 20The
coverslips on which the cells were seeded were
transferred to a recording chamber and perfused
continuously. Gigaohm seals were formed between the
cell and the patch electrode. Once a stable patch was
achieved, recording commenced in the voltage clamp
mode, with the initial holding potential at -80 mV.
After a stable whole-cell current was achieved, the
cells were exposed to test compound. The standard
voltage 25 protocol was: step from the holding
potential of-80 mV to +20 mV for 4.8 sec, repolarize
to -50 mV for 5 sec and then return to the original
holding potential (-80 mV). This voltage protocol was
run once every 15 sec (0.067 Hz). Peak current
amplitudes during the repolarization phase were
determined using pClamp software. Test compounds at a
concentration of 3 pM were perfused over the cells
for 5 minutes, followed by a 5-minute 30 washout
period in the absence of compound Finally a positive
control (cisapride, 20 riM) was added to the
perfusate to test the function of the cell. The step
from -80 mV to +20 mV activates the hERG channel,
resulting in an outward current. The step back to -50
mV  WO 2006/127815PCT/US2006/020085 results in an
outward tail current, as the channel recovers from
inactivation and deactivates.      Peak current
amplitudes during the repolarization phase were
determined using pCLAMP software. The control and
test article data were exported to Origin(r)
(OriginLab 5 Corp., Northampton MA) where the
individual current amplitudes were normalized to the
initial current amplitude in the absence of compound.
The normalized current means and standard errors for
each condition were calculated and plotted versus the
time course of the experiment. Comparisons were made
between the observed K 4- current inhibitions after
the 10 five-minute exposure to either the test
article or vehicle control (usually 0.3 % DMSO). 



Statistical comparisons between experimental groups
were performed using a two- population, independent
t-test (Microcal Origin v. 6.0). Differences were
considered significant at p < 0.05. The smaller the
percentage inhibition of the potassium ion current in
this assay, 15 the smaller the potential for test
compounds to change the pattern of cardiac
repolarization when used as therapeutic agents. For
example, the compounds of Examples 1-14 which were
tested in this assay at a concentration of 3 p.M
exhibited an inhibition of the potassium ion current
of less than about 30 %, including, less than about
20 %. Assay 5: In vitro Model of Oral
Bioavailability: Caco-2 Permeation Assay 20The Caco-2
permeation assay was performed to model the ability
of test compounds to pass through the intestine and
get into the blood stream after oral administration.
The rate at which test compounds in solution permeate
a cell monolayer designed to mimic the tight junction
of human small intestinal monolayers was determined.
25Caco-2 (colon, adenocarcinoma; human) cells were
obtained from ATCC (American Type Culture Collection;
Rockville, MD). For the permeation study, cells were
seeded at a density of 63,000 cells/cm2 on pre-wetted
transwells polycarbonate filters (Costar; Cambridge,
MA). A cell monolayer was formed after 21 days in
culture. Following cell culture in the transwell
plate, the membrane containing the cell monolayer 30
was detached from the transwell plate and inserted
into the diffusion chamber (Costar; Cambridge, MA).
The diffusion chamber was inserted into the heating
block which was equipped with circulating external,
thermostatically regulated 37 C water for temperature
71  WO 2006/127815PCT/TJS2006/020085 control. The air
manifold delivered 95% 02/5% CO2 to each half of a
diffusion chambe... and created a laminar flow
pattern across the cell monolayer, which was
effective in reducing the unstirred boundary layer.
The pemieation study was performed with test compound
concentrations at 5 100 gM and with 14C-mannitol to
monitor the integrity of the monolayer. All
experiments were conducted at 37 C for 60 min.
Samples were taken at 0, 30 and 60 min from both the
donor and receiver sides of the chamber. Samples were
analyzed by HPLC or liquid scintillation counting for
test compound and mannitol concentrations. The
permeation coefficient (Kp) in cm/sec was calculated.
10In this assay, a Kp value greater than about 10 x I
06 cm/sec is considered indicative of favorable
bioavailability. Those compounds of the invention
which were tested in this assay typically exhibited
Kp values of between about 10 x 10-6 cm/sec and about
50 x 10-6 cm/sec. Assay 6: Pharmaeokinetic Study in
the Rat 15Aqueous solution formulations of test
compounds were prepared in 0.1 % lactic acid at a pH
of between about 5 and about 6. Male Sprague-Dawley
rats (CD strain, Charles River Laboratories,
Wilmington, MA) were dosed with test compounds via
intravenous administration (IV) at a dose of 2 5
mg/kg or by oral gavage (PO) at a dose of 5 mg/kg.
The dosing volume was 1 mL/kg for IV and 2 mL/kg for
PO administration. 20 Serial blood samples were
collected from animals pre-dose, and at 2 (IV only),
5, 15, and 30 min, and at 1, 2, 4, 8, and 24 hours
post-dose. Concentrations of test compounds in blood
plasma were determined by liquid chromatography-mass
spectrometry analysis (LC-MS/MS) (MDS SCIEX, API
4000, Applied Biosystems, Foster City, CA) with a
lower limit of quantitation of 1 ng/mL 25Standard
pharmacokinetic parameters were assessed by
non-compartmental analysis (Model 201 for Wand Model
200 for PO) using WinNonlin (Version 4.0.1,
Pharsight, Mountain View, CA). The maximum in the
curve of test compound concentration in blood plasma
vs. time is denoted C.c. The area under the
concentration vs. time curve from the time of dosing
to the last measurable concentration (AUC(0-t)) 30
was calculated by the linear trapezoidal rule. Oral
bioavailability (F(%)), i.e. the dose-normalized
ratio of AUC(0-t) for PO administration to AUC(0-t)
for IV administration, was calculated as:  WO
2006/127815PCT/US2006/020085 F(%) = AUCKIAUCw x
DosewMosepo x 100%       Test compounds which exhibit
larger values of the parameters C,, AUC(0-0, and F(%)
in this assay are expected to have greater
bioavailability when administered orally. Preferred
compounds of the invention had C. values typically
ranging from 5 about 0.06 to about 0.8 j.tg/mL and
AUC(0-t) values typically ranging from about 0.14 to
about 1.2 ug-hr/mL By way of example, the compound of
Example 1 had a C. value of 0.8 ug/mL,, an AUC(0-t)
value of 1.2 ug-hr/mL and oral bioavailability (F(%))
in the rat model of about 75%. While the present
invention has been described with reference to the
specific 10 embodiments thereof, it should be
understood by those skilled in the art that various
changes may be made and equivalents may be
substituted without departing from the true spirit
and scope of the invention. In addition, many
modifications may be made to adapt a particular
situation, material, composition of matter, process,
process step or steps, to the objective, spirit and
scope of the present invention. All such
modifications are intended 15 to be within the scope
of the claims appended hereto. Additionally, all
publications, patents, and patent documents cited
hereinabove are incorporated by reference herein in
full, as though individually incorporated by
reference.  



WHAT IS CLAIMED IS: A compound of formula (I): 0   N
X N  wherein: RI is C3_5alkyl, optionally substituted
with -OH; and X is selected from (a) -C(0)0R2 wherein
R2 is C1_4alkyl or -(CH2)11-phenyl wherein n is 0 or
1; (b) -C(0)R3 wherein R3 is selected from: 10phenyl,
optionally substituted with 1, 2, or 3 substituents
selected from Cialkyl, halo, C14alkoxy, -CF3, -0CF3,
-OCHF2, and -CN, C1-5alkyl, C4_5cycloa1kyl, and
-(CH2),,,-A wherein m is 0 or 1 and A is selected
from amino, funny', 15thiophenyl, morpholinyl,
tetrahydrofuranyl, pyridinyl, and naphthalenyl, (c)
-C(0)NR4R5 wherein R4 is hydrogen or Ci.3alky1, and
R5 is phenyl optionally substituted with 1, 2, or 3
substituents selected from C14alkyl, halo, Cialkoxy,
-CF3, -0CF3, and -OCHF2; 20(d) -C(0)C(R6127)R8
wherein R6 is hydrogen or Ci_3alkyl and R7 is
hydrogen, -OH, or C1_3alkyl; or R6 and R7 taken
together form oxo or -(CH2)2-; and R8 is phenyl or
cyclohexyl, wherein phenyl or cyclohexyl are
optionally substituted with 1, 2, or 3 substituents
selected from Cialkyl, halo, C14alkoxy, -CF3, -0CF3,
-OCHF2, and -CN; 25(e) -C(0)C(HR9)0e3 wherein R9 is
hydrogen or C2.3alkyl, and RI is phenyl optionally
substituted with 1, 2, or 3 substituents selected
from Ci4alkyl, halo, C1_4a1koxy, -CF3, -0CF3, and
-OCHF2; and  (f) -S(0)2R11 wherein R11 is selected
from Ci_3alkyl, -CH2-phenyl, 2,4- dimethylisoxazolyl,
and phenyl optionally substituted with 1, 2, or 3
substituents selected from Cmalkyl, halo, C14alkoxy,
-CF3, -0CF3, - OCHF2, and -CN; 5or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof  2.The compound of Claim 1
wherein R1 is C3_5alkyl 3.The compound of Claim 2
wherein R1 is isopropyl or tert-butyl. 10 The
compound of Claim 2 wherein X is -C(0)0R2. 5.The
compound of Claim 4 wherein R2 is C1_3alkyl or
phenyl. 156.The compound of Claim 2 wherein Xis
-C(0)R3.        7. The compound of Claim 6 wherein R3
is phenyl, optionally substituted with 1, 2, or 3
substituents selected from Ci_aalkyl, halo,
Ci_aalkoxy, -CF3, -0CF3, and - OCHF2. 20        8.
The compound of Claim 2 wherein Xis -C(0)NR4R5.
9. The compound of Claim 2 wherein: 



R1 is C3_4alkyl; and 25Xis selected from:     (a)
-C(0)0R2 wherein R2 is C1_3alkyl or phenyl;     (b)
-C(0)R3 wherein R3 is phenyl, optionally substituted
with 1 or 2 substituents selected from C1_4alkyl,
halo, and -CF3; furanyl; or thiophenyl;
(c) -C(0)NR4R5 wherein R4 is hydrogen and R5 is
phenyl optionally 30substituted with 1 or 2
substituents selected from C14alkyl and halo;
(d) -C(0)C(Rne)R8 wherein R6 is hydrogen and R7 is
hydrogen, -OH, or methyl; or R6 and R7 taken together
form oxo or -(CH2)2-; and R8 is phenyl or cyclohexyl,
wherein phenyl or cyclohexyl are optionally
substituted with 1 or 2 substituents selected from
Cl4allcyl and halo; 5(e) -C(0)C(BR)O0 wherein R9 is
hydrogen or methyl and le is phenyl optionally
substituted with 1 or 2 substituents selected from
CI4alkyl and halo; and    (f) --S(0)212.11 wherein
R11 is methyl or phenyl, optionally substituted with
1 or 2 substituents selected from Clancy' and halo.
10     10. The compound of Claim 9 wherein: R' is
isopropyl or tert-butyl; and X is selected from: (a)
-C(0)012.2 wherein le is methyl or phenyl; 15(b)
-C(0)1e wherein R3 is phenyl, optionally substituted
with 1 or 2 substituents selected from methyl,
chloro, fluor, and -CF3; furan-2-y1; or
thiophen-2-y1; and    (c) -C(0)NR4R8 wherein R4 is
hydrogen and le is phenyl optionally substituted with
1 fluoro or chloro. 20     11. The compound of Claim
2 wherein the compound is selected from:
4-(4-{[(2-isopropy1-1H-benzoinaidnole-4-carbony1)-ami
no]methyllpiperidin-1ylmethyl)piperidine-1-carboxylic
acid methyl ester; 4-(4-
{[(2-isopropy1-1H-benzoimids7ole-4-carbony1)-amino]-m
ethyllpiperidin-1- 25 ylmethyppiperidine-
1-carboxylic acid phenyl ester;
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
(141-(2-chlorobenzoyl) piperidin-4-ylmethyl]
piperidin-4-ylmethyl} amide;
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
{141-(2,4-difluorobenzoyDpiperidin-4-ylinethylipiperi
din-4-ylmethyl} amide;
302-isopropyl-1H-benzoimidazole-4-carboxylic acid
{141-(furan-2-carbony1)-
piperidin-4-ylmethylThiperidin-4-ylmethyl} amide;
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
{141-(thiophene-2-
carbonyl)piperidin-4-ylmethylipiperidin-4-ylmethyl}
amide;  WO 2006/127815PCT/US2006/020085
2-isopropy14H-benzoimiela7ole-4-carboxylic acid
{141-(2-11uoro-5-
trifluoromethylbenzoylpiperidin-4-ylmethylThipetidin-
4-ylmethyllamide;
2-isopropyl-1H-benzoimidazole-4-carboxylic acid
{141-(2-fluom-
phenylcarbamoyDpiperidin-4-ylmethylipiperidin-4-ylnae
thyl)-amide;
54-(4-{[(2-tert-buty1-1H-benzoirnidazole-4-carborty1)
-amino]-methyllpiperidin-1-
ylmethyppiperidine-1-carboxylic acid methyl ester;
2-tert-butyl-1H-benzoimidazole-4-carboxylic acid
{141-(2-fluoro-benzoy1)- piperidin-4-ylmethyljpip
eridin-4-ylmethyl} amide;
2-tert-butyl-1H-benzoimidaz,ole-4-carboxylic acid
(111-(3-methyl-benzoy1)- 10
piperidin-4-ylmethylipiperidin-4-ylraethyll amide;
2-ten-butyl-1H -benzoimidazole-4-carboxylic acid
(141-(4-fluorobenzoy1)- 



piperidin-4-ylmethylipiperidin-4-ylmethyl} amide; and
pharmaceutically-acceptable salts and solvates and
stereoisomers thereof 1512. The compound of Claim 2
wherein the compound is selected from:
4-(4-{[(2-isopropy1-1H-benzoimidnole-4-carbony1)-arni
no]methyl}piperidin-1-
ylmethyl)piperidine-1-carboxylic acid methyl ester;
4-(4-
{[(2-tert-buty1-1H-benzoimisinvole-4-carbony1)-aminol
-inethyllpiperidin- 1-
ylmethyl)piperidine-l-carboxylic acid methyl ester;
202-tert-butyl-1H-benzoimidazole-4-carboxylic acid
{141-(2-fluoro-benzoy1)-
piperidin-4-ylmethylipiperidin-4-yltnethyll amide;
and pharmaceutically-acceptable salts and solvates
and stereoisomers thereof.         13. Crystalline
4-(4-{[(2-isopropyl-1H-benzoimidazole-4-carbony1)- 25
amino]methyllpiperidin-1-ylmethyppiperidine-1-carboxy
lic acid methyl ester or a solvate thereof.
14. The crystalline compound of Claim 13, wherein the
crystalline compound is characterized by a powder
x-ray diffraction pattern having two or more
diffraction 30 peaks at 20 values selected from
15.0810.20, 15.4110.20, 19.0010.20, 19.7010.20, and
23.6810.20.  15.The crystalline compound of Claim 14,
wherein the crystalline compound is characterized by
a differential scanning calorimetry profile which
shows a maximum in endothermic heat flow at a
temperature in the range of about 146 C to about 148
C. 516.The crystalline compound of Claim 13, wherein
the crystalline compound is characterized by a
differential scanning calorimetry profile which shows
a maximum in endothermic heat flow at a temperature
in the range of about 143 C to about 145 C.
17. The crystalline compound of Claim 13, wherein the
crystalline compound 10 is a monohydrate.       18.
The crystalline compound of Claim 17 wherein the
crystalline compound is characterized by a powder
x-ray diffraction pattern having two or more
diffraction peaks at 20 values selected from
9.140.20,12.410.20, 12.7410.20, 17.7510.20, 15
18.4710.20, 20.6310.20, 21.1310.20, and 27.0510.20.
19. A pharmaceutical composition comprising a
therapeutically effective amount of the compound of
any one of Claims 1 to 18 and a pharmaceutically
acceptable carrier.           20. A compound as
claimed in any one of Claims 1 to 18 for use in
therapy.           21. The compound of Claim 20 for
use in the treatment of a disorder of reduced
motility of the gastrointestinal tract in a mammal.
22. The compound of Claim 21 wherein the disorder is
selected from chronic constipation, constipation
pre-dominant irritable bowel syndrome, diabetic and
idiopathic gastroparesis, and functional dyspepsia.
23. The compound of Claim 20 for use in the treatment
of irritable bowel 30 syndrome, chronic constipation,
functional dyspepsia, delayed gastric emptying,
gastroesophageal reflux disease, gastroparesis,
post-operative ileus, intestinal pseudo-obstruction,
or drug-induced delayed transit.          24. Use of
a compound of any one of Claims 1 to 18 for
manufacture of a medicament for the treatment of a
medical condition, the condition being selected from
irritable bowel syndrome, chronic constipation,
functional dyspepsia, delayed gastric 5 emptying,
gastroesophageal reflux disease, gastroparesis,
post-operative ileus, intestinal pseudo-obstruction,
and drug-induced delayed transit.       25. A process
for preparing a compound of formula (I),  10 15 20 25
wherein: RI is C3_5a1ky1, optionally substituted with
-OH; and X is selected from 



5(a) -C(0)0R2 wherein R2 is Cmalkyl or
-(CH2),"-phenyl wherein n is 0 or 1; (b) -C(0)129
wherein Rs is selected from: phenyl, optionally
substituted with 1, 2, or 3 substituents selected
from Cmalkyl, halo, Cmalkoxy, -CF3, -0CF3, and
-0CliF2, 10C4_5cycloalkyl, and -(CH2)m-A wherein m is
0 or 1 and A is selected from furanyl, thiophenyl,
morpholinyl, tetrahydrofuranyl, pyridinyl,
naphthalenyl, pyrrol3d, thiomorpholinyl,
pyrrolidinyl, piperidinyl, oxoazetidinyl,
thiazolidinyl, 1,1-dioxo isotbiazolidinyl, and 2,4-
15dimethylisoxazolyl; (c) -C(0)NR4R9 wherein R4 is
hydrogen or Ci..3allcyl, and R5 is phenyl optionally
substituted with 1, 2, or 3 substituents selected
from C14alkyl, halo, Cmalkoxy, -CF3, -0CF3, and
-OCHF2;               (d) -C(0)C(R6R7)R9 wherein R6
is hydrogen or Cmalkyl and R7 is hydrogen, 20-OH,
Ci_salkyl, or oxo; or R6 and R7 form -(012)2-; and R8
is phenyl or cyclohexyl, wherein phenyl or cyclohexyl
are optionally substituted with 1, 2, or 3
substituents selected from CI-Alkyl, halo, Cmalkoxy,
-CF3, -0(23, -OCHF2, and -CN;      (e)
-C(0)C(HR9)012.19 wherein R9 is hydrogen or
Ci_3alkyl, and RI is phenyl 25optionally substituted
with 1, 2, or 3 substituents selected from CmalkYl,
halo, Cmalkoxy, -CF3, -0CF3, and -OCHP2; and (1)
--S(0)212.11 wherein RI I is selected from Ci_olkyl,
-CH2-phenyl, furanyl, thiophenyl, morpholinyl,
tetrahydrofuranyl, pyridinyl, naphthalenyl, pyrrolyl,
thiomorpholinyl, pyrrolidinyl, pip eridinyl,
oxoazetidinyl,  WO 2006/127815PCT/1JS2006/020085
thiazolidinyl, 1,1-dioxo isothiazolidinyl,
2,4-dimethylisoxazolyl, and phenyl optionally
substituted with 1, 2, or 3 substituents selected
from C14alkyl, halo, Cmalkoxy, -CF3, -0CF3, -OCIIP2,
and -CN; or a pharmaceutically-acceptable salt or
solvate or stereoisomer thereo4 the process 5
comprising: (1) reacting a compound of formula (If):
0  with a compound of formula (III): 10L-X Cm)
wherein L is leaving group; (ii) reacting a compound
of formula (VIII): 0  15 with a compound of formula
(Xi]]):  pm) ; or (iii) reacting a compound of
formula (VI): 0 OH NH-J( Ri (VI) 



80  with a compound of formula (XIV): H2N71'1)( OCRO
to provide a compound of formula (I), or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof. 5 26. A process for preparing a
compound of formula (I), 0  N'vh X  wherein: RI is
C3_5alkyl; and 10Xis selected from (b) -C(0)R3
wherein R3 is selected from: phenyl, optionally
substituted with 1, 2, or 3 substituents selected
from Ci_aalkyl, halo, Ci_allcoxy, -CF3, -0CF3, and
-OCHF2, Ci.5alkyl, 15C4.5cycloallcyl, and -(CH2),,,-A
wherein m is 0 or 1 and A is selected frorn furanyl,
thiophenyl, mmpholinyl, tetrahydrofuranyl, pyridinyl,
naphthalenyl, pyrrolyl, thiomorpholinyl,
pyrrolidinyl, piperidinyl, oxoazetidinyl,
thiazolidinyl, 1,1-dioxo isothiawlidinyl, and 2,4-
20dirnethylisoxazolyl; (d) -C(0)C(R6R7)R8 wherein R6
is hydrogen or Ci_3alkyl and R7 is hydrogen, -OH,
Ci_salkyl, or oxo; or R6 and R7 form -(CH2)2-; and R8
is phenyl or cyclohexyl, wherein phenyl or cyclohexyl
are optionally substituted with 1, 2, or 3
substituents selected from Cmallcyl, halo, Cmallcoxy,
-CF3, 25-0CF3, -OCHF2, and -CN; and  (e)
-C(0)C(HR9)0RI wherein R9 is hydrogen or C1_3a11cy1,
and RI is phenyl optionally substituted with 1, 2, or
3 substituents selected from CI_alkyl, halo,
CI4alkoxy, -CF3, -0CF3, and -0C1-[F2l    or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof, the process 5 comprising:
reacting a compound of formula (II):  with a compound
of formula (IV): 10HO X' (IV) wherein X' is selected
from R3, C(R6R7)R8, and C(4R9)0RI to provide a
compound of formula (I) or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof.  1527.A compound of formula
(II): 0    



0-0 wherein RI is C3_5allcyl, or a salt or
stereoisomer or protected derivative thereof. 28.A
process for preparing crystalline 444-W2-isopropyl-1
ET
benzonnidazole-4-carbony1)-amino]methyllPiPeridi114
irlmethyl)PiPeridine-l-carboxylic acid methyl ester,
the process comprising:         (a) dispersing
4-(4-{[(2-isopropy1-1H-benzoimidazole-4-carbony1)-
aminolmethyllpiperidin-
1-ylmethyppiperidine-l-carboxylic acid methyl ester
in an inert diluent selected from acetonitrile,
ether, cyclohexane, and ethyl acetate in a proportion
of between about 15 mg and 25 mg of
4-(4-{[(2-isopropy1-1H-benzoimidazole-4-carbony1)-
aminolmethyllpiperidin-l-ylmethyppiperidine-1-carboxy
lic acid methyl ester per milliliter of diluent to
form a mixture; and        (b) allowing the mixture
to evaporate to provide crystalline
4-(4-{[(2-isopropyl1H-benzoimida
7ole-4-carbony1)-amino]nethyll
piperidin-l-yhnethyDpiperidine-1- carboxylic acid
methyl ester. 1029.A process for preparing
crystalline 4-(4-{ K2-isopropyl-1H-
benzoimidazole-4-carbony1)-amino]methyll
piperidin-l-yhnethyppiperidine-1-carboxylic acid
methyl ester, the process comprising:          (a)
reacting 2-isopropy1-1H-benzoimislazole4-carboxylic
acid (piperidin-4- ylmethyl)amide with
4-formylpiperidine-1-carboxylic acid methyl ester in
a polar aprotic 15 diluent;        (b) adding
acetonitrile while distilling the product of step (a)
to remove the polar aprotic diluent from the product
of step (a);        (c) preparing a mixture of the
residue from the distillation of step (b) in
acetonitrile at a concentration of between about 50
and about 125 mg of 4-(4-{ [(2- 20
isopropy1-1H-benzoimidazole-4-carbony1)-amino]methyll
piperidin-l- ylmethyppiperidine-1-carboxylic acid
methyl ester per milliliter of acetonitrile at a
temperature sufficient to dissolve the residue; and
(d) cooling the mixture of step (c) to a temperature
of no more than about 20 C to provide crystalline
4-(4-{ [(2-isopropyl-1H-benzoimidazole-4-carbony1)-
amino]methyllpiperidin-1-ylmethyl)piperidine-1-carbox
ylic acid methyl ester. 30  ABSTRACT 5The invention
relates to benzirnidazole-carboxamide 5-HT4 receptor
agonist compounds of formula (I) \N HN-  R1 wherein
RI and X are as defined in the specification, or a
pharmaceutically acceptable salt or solvate or
stereoisomer thereof. The invention also relates to
pharmaceutical 10 compositions comprising such
compounds, methods of using such compounds to treat
diseases associated with 5-HT4 receptor activity, and
processes and intermediates useful for preparing such
compounds. The invention further relates to
crystalline forms of a compound of formula (I). 15 


