
TITLE OF THE INVENTION AMINOPYRIMIDINES AS KINASE
MODULATORS CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional
Application for Patent No. 60/689,715, filed June 10,
2005, and U.S. Provisional Application for Patent No.
60/751,083, filed December 16, 2005, the entire
disclosures of which are hereby incorporated in their
entirely. FIELD OF THE INVENTION The invention relates
to novel compounds that function as protein tyrosine
kinase modulators. More particularly, the invention
relates to novel -compounds that function as
inhibitors of FLT3 and/or c-kit and/or TrkB.
BACKGROUND OF THE INVENTION The present invention
relates to aminopyrimidines as inhibitors of tyrosine
kinases, including FLT3, c-kit and/or TrkB.
Pyrimidines have been reported with useful therapeutic
properties: US 5104877 andWO 9214468 (preparation of
[(tetrazolylbiphenyl)methylamino]pyrimidinecarboxylate
s and related compounds for treatment of psoriasis );
DE 10108480 andWO 2002068413 (preparation of
pyrazolylpyrimidines as insecticides );WO 2002050066,
WO 2002066461, WO 2002068415, US 6653300, US
2003036543, US 6664247, US 2003055068, US 2003078275,
US 6653301, US 2003105090, US 2003004164, US 6656939,
US 2003022885, US 6727251, US 2004116454, US
2004157893, US 2004132781 and US 2004167141; (pyrazole
compounds useful as protein kinase inhibitors, and
therapeutic use thereof) US 6107301 and US 6342503
.(preparation of 1-N-alkyl-Narylpyrimidinamines as CRF
inhibitors );WO 2001085700, WO 2001085700 and US
2003171374 (preparation of substituted amino
pyrimidines and triazines as HIV replication
inhibitors );WO 2001085699, WO 2001085699 and US
2003186990(preparation of prodrugs of HIV replication
inhibiting pyrimidines); WO 2001022938 (preparation of
azinylaminobenzonitriles and related compounds as
virucides); WO 2000027825, US 2003114472 and US
2004039005 (preparation of arylaminopyrimidines as
inhibitors of HIV replication); WO 2004058762, WO
2004058762 and US 2004152739 (preparation of
pyrrolopyridinones as mitogen activated protein
kinase-activated protein kinase-2 inhibiting
compounds); WO 2003094920 (microbicidal pyrimidine or
triazine compounds for preventing sexual HIV
transmission); WO 2004005283 and US 2004097531
(preparation of imidazolpyrimidines and related
compounds as JNK protein kinase inhibitors); see also:
Wardakhan, Wagnat W.; Fleita, Daisy H.; Mohareb, Rafat
M. Reaction of 4- aryl-3-thiosemicarbazides with
phenyl isothiocyanate: a facile synthesis of thiazole,
pyrazole and pyrimidine derivatives. Journal of the
Chinese Chemical Society (Taipei) (1999), 46(1),
97-104; and Taylor, Edward C ; Ehrhart, Wendell A.;
Tomlin, Clive O. S.; Rampal, Jang B. A novel
ring-switching amination: conversion of 4-
amino-5-cyanopyrimidine to
4,6-diamino-5-cyanopyrimidine. Heterocycles (1987),
25(1), 343-5. Of note also: JP 9274290 (developer and
method for processing of silver halide photographic
material); DE 10060412, WO 2002046151, and US
2004082586 (3,4-dihydro-2H-pyrroles as pesticides); WO
2004039785 and US 2004152896 (Process for the
preparation of pyrrolidinyl ethylamine compounds via a
copper-mediated aryl amination). Protein kinases are
enzymatic components of the signal transduction
pathways which catalyze the transfer of the terminal
phosphate from ATP to the hydroxy group of tyrosine,
serine and/or threonine residues of proteins. Thus,
compounds which inhibit protein kinase functions are
valuable tools for assessing the physiological
consequences of protein kinase activation. The
overexpression or inappropriate expression of normal
or mutant protein kinases in mammals has been a topic
of extensive study and has been demonstrated to play a
significant role in the development of many diseases,
including diabetes, angiogenesis, psoriasis,
restenosis, ocular diseases, schizophrenia, rheumatoid
arthritis, atherosclerosis, cardiovascular disease and
cancer. The cardiotonic benefits of kinase inhibition
has also beenstudied. In sum, inhibitors of protein
kinases have particular utility in the treatment of
human and animal disease. . The Trk family receptor
tyrosine kinases, TrkA, TrkB, and TrkC, are the
signaling receptors that mediate the biological
actions of the peptide hormones of the neurotrophin
family. This family of growth factors includes nerve
growth factor (NGF), brain-derived neurotrophic factor
(BDNF), and two neurotrophins (NT), NT- 3, and NT-4.
TrkB serves as a receptor for both BDNF and NT-4. BDNF
promotes the proliferation, differentiation and
survival of normal neural components such as retinal
cells and glial cells. It has recently been reported
(see, Nature 2004 Aug 26; 430(7003):973-4; 1034-40)
that TrkB activation is a potent and specific
suppressor of anchorage independent cell death
(anoikis). Anchorage independent cell survival allows
tumor cells to migrate through the systemic
circulation and grow at distant organs. This
metastatic process is often responsible for the
failure of cancer treatment and the cause of mortality
in cancer. Other studies (see, Cancer Lett. 2003 Apr
10; 193(1): 109- 14) have also suggested that BDNF
agonism of TrkB is capable of blocking cisplatin
induced cell death. Taken together, these results
suggest that TrkB modulation is an attractive target
for treatment of benign and malignant proliferative
diseases, especially tumor diseases. The receptor
tyrosine kinase c-kit and its ligand Stem Cell Factor
(SCF) are essential for hemoatpoiesis, melanogenesis
and fertility. SCF acts at multiple levels of the
hemoatpoietic hierarchy to promote cell survival,
proliferation, differentiation, adhesion and
functional activation. It is of particular importance
in the mast cell and erythroid lineages, but also acts
on multipotential stem and progenitor cells,
megakaryocytes, and a subset of lymphoid progenitors
(see, Int J Biochem Cell Biol. 1999 Oct;3 1(10):
1037-51). Sporadic mutations of c-kit as well as
autocrine/paracrine activation mechanisms of the
SCF/c-kit pathway have been implicated in a variety of
malignancies. Activation of c-kit contributes to
metastases by enhancing tumor growth and reducing
apoptosis. Additionally, c-kit is frequently mutated
and activated in gastrointestinal stromal tumors
(GISTs), and ligand-mediated activationof c-kit is
present in some lung cancers (see, Leuk Res. 2004 May;
28 Suppl 1:S11- 20). The c-kit receptor also is
expressed on more than 10% of blasts in 64% of -de
novo acute myelogenous leukemias (AMLs) and 95% of
relapsed AMLs. C-kit mediates proliferation and
anti-apoptotic effects in AML (see, Curr Hematol Rep.
2005 Jan;4(l):51-8). C-Kit expression has been
documented in a wide variety of human malignancies,
including mastocytosis, mast cell leukemia,
gastrointestinal stromal tumour, sinonasal natural
killer/T-cell lymphoma, seminoma, dysgerminoma,
thyroid carcinoma; smallcell lung carcinoma, malignant
melanoma, adenoid cystic carcinoma, ovarian carcinoma,
acute myelogenous leukemia, anaplastic large cell
lymphoma, angiosarcoma, endometrial carcinoma,
pediatric T-cell ALL, lymphoma, breast carcinoma and
prostate carcinoma. See, Heinrich, Michael C. et al.
Review Article: Inhibition of KIT Tyrosine Kinase
Activity: A Novel Molecular Approach to the Treatment
of KIT-Positive Malignancies. The fms-like tyrosine
kinase 3 (FLT3) ligand (FLT3L) is one of the cytokines
that affects the development of multiple hematopoietic
lineages. These effects occur through the binding of
FLT3L to the FLT3 receptor, also referred to as fetal
liver kinase-2 (flk-2) and STK-I, a receptor tyrosine
kinase (RTK) expressed on hematopoietic stem and
progenitor cells. The FLT3 gene encodes a
membrane-bound RTK that plays an important role in
proliferation, differentiation and apoptosis of cells
during normal hematopoiesis. The FLT3 gene is mainly
expressed by early meyloid and lymphoid progenitor
cells. See McKenna, Hilary J. et al. Mice lacking flt3
ligand have deficient hematopoiesis affecting
hematopoietic progenitor cells, dendritic cells, and
natural killer cells. Blood. Jun 2000; 95: 3489-3497;
Drexler, H. G. and H. Quentmeier (2004). "FLT3:
receptor and ligand." Growth Factors 22(2): 71-3. The
ligand for FLT3 is expressed by the marrow stromal
cells and other cells and synergizes with other growth
factors to stimulate proliferation of stem cells,
progenitor cells, dendritic cells, and natural killer
cells.Hematopoietic disorders are pre-malignant
disorders of these systems and include, for instance,
the myeloproliferative disorders, such as
tlirombocythemia, essential thrombocytosis (ET),
angiogenic myeloid metaplasia, myelofibrosis (MF),
myelofibrosis with myeloid metaplasia (MMM), chronic
idiopathic myelofibrosis (IMF), and polycythemia vera
(PV), the cytopenias, and pre-malignant
myelodysplastic syndromes. See Stirewalt, D. L. and J.
P. Radich (2003). "The role of FLT3 in haematopoietic
malignancies." Nat Rev Cancer 3(9): 650-65; Scheijen,
B. and J . D. Griffin (2002). "Tyrosine kinase
oncogenes in normal hematopoiesis and hematological
disease." Oncogene 21(21): 3314-33. Hematological
malignancies are cancers of the body's blood forming
and immune systems, the bone marrow and lymphatic
tissues. Whereas in normal bone marrow, FLT3
expression is restricted to early progenitor cells, in
hematological malignancies, FLT3 is expressed at high
levels or FLT3 mutations cause an uncontrolled
induction of the FLT3 receptor and downstream
molecular pathway, possibly Ras activation.
Hematological malignancies include leukemias,
lymphomas (non-Hodgkin's lymphoma), Hodgkin's disease
(also called Hodgkin's lymphoma), and myeloma- for
instance, acute lymphocytic leukemia (ALL), acute
myeloid leukemia (AML), acute promyelocytic leukemia
(APL), chronic lymphocytic leukemia (CLL), chronic
myeloid leukemia (CML), chronic neutrophilic leukemia
(CNL), acute undifferentiated leukemia (AUL),
anaplastic large-cell lymphoma (ALCL), prolymphocytic
leukemia (PML), juvenile myelomonocyctic leukemia
(JMML), adult T-cell ALL, AML with trilineage
myelodysplasia (AML/TMDS), mixed lineage leukemia
(MLL), myelodysplastic syndromes (MDSs),
myeloproliferative disorders (MPD), multiple myeloma,
(MM) and myeloid sarcoma. See Kottaridis, P. D., R. E.
Gale, et al. (2003). "Flt3 mutations and leukaemia."
Br J Haematol 122(4): 523-38. Myeloid sarcoma is also
associated with FLT3 mutations. See Ansari-Lari, AIi
et al. FLT3 mutations in myeloid sarcoma. British
Journal of Haematology. 2004 Sep. 126(6):785-91.
Mutations of FLT3 have been detected in about 30% of
patients with acute myelogenous leukemia and a small
number of patients with acute lymphomatic leukemia or
myelodysplastic syndrome. Patients with FLT3 mutations
tend to have apoor prognosis, with decreased remission
times and disease free survival. There are two known
types of activating mutations of FLT3. One is a
duplication of 4-40 amino acids in the juxtamembrane
region (ITD mutation) of the receptor (25-30% of
patients) and the other is a point mutation in the
kinase domain (5-7% of patients). The mutations most
often involve small tandem duplications of amino acids
within the juxtamembrane domain of the receptor and
result in tyrosine kinase activity. Expression of a
mutant FLT3 receptor in murine marrow cells results in
a lethal myeloproliferative syndrome, and preliminary
studies (Blood. 2002; 100: 1532-42) suggest that
mutant FLT3 cooperates with other leukemia oncogenes
to confer a more aggressive phenotype. Taken together,
these results suggest that specific inhibitors of the
individual kinases FLT3 and c-kit, and especially of
the group of kinases comprising FLT3 and c-kit,
present an attractive target for the treatment of
hematopoietic disorders and hematological
malignancies. FLT3 kinase inhibitors known in the art
include AG1295 and AG1296; Lestaurtinib (also known as
CEP 701, formerly KT-5555, Kyowa Hakko, licensed to
Cephalon); CEP-5214 and CEP-7055 (Cephalon); CHIR-258
(Chiron Corp.); EB-10 and IMCEB10 (ImClone Systems
Inc.); GTP 14564 (Merk Biosciences UK). Midostaurin
(also known as PKC 412 Novartis AG); MLN 608
(Millennium USA); MLN-518 (formerly CT53518, COR
Therapeutics Inc., licensed to Millennium
Pharmaceuticals Inc.); MLN-608 (Millennium
Pharmaceuticals Inc.); SU-1 1248 (Pfizer USA); SU-1
1657 (Pfizer USA); SU-5416 and SU 5614; THRX-165724
(Theravance Inc.); AMI-10706 (Theravance Inc.); VX-528
and VX-680 (Vertex Pharmaceuticals USA, licensed to
Novartis (Switzerland), Merck & Co USA); and XL 999
(Exelixis USA). The following PCT International
Applications and US Patent Applications disclose
additional kinase modulators, including modulators of
FLT3: WO 2002032861, WO 2002092599, WO 2003035009, WO
2003024931, WO 2003037347, WO 2003057690, WO
2003099771, WO 2004005281, WO 2004016597, WO
2004018419, WO 2004039782, WO 2004043389, WO
2004046120, WO 2004058749, WO 2004058749, WO
2003024969 and US Patent Application No.
20040049032.See also Levis, M., K. F. Tse, et al. 2001
"A FLT3 tyrosine kinase inhibitor is selectively
cytotoxic to acute myeloid leukemia blasts harboring
FLT3 internal tandem duplication mutations." Blood
98(3): 885-7; Tse KF, et al. Inhibition of
FLT3-mediated transformation by use of a tyrosine
kinase inhibitor. Leukemia. 2001 JuI; 15(7):1001-10;
Smith, B. Douglas et al. Single-agent CEP-701, a novel
FLT3 inhibitor, shows biologic and clinical activity
in patients with relapsed or refractory acute myeloid
leukemia Blood, May 2004; 103: 3669 - 3676; Griswold,
Ian J . et al. Effects of MLN518, A Dual FLT3 and KIT
Inhibitor, on Normal and Malignant Hematopoiesis.
Blood, JuI 2004; [Epub ahead of print]; Yee, Kevin W.
H. et al. SU5416 and SU5614 inhibit kinase activity of
wild-type and mutant FLT3 receptor tyrosine kinase.
Blood, Sep 2002; 100: 2941 - 294; O'Farrell,
Anne-Marie et al. SUl 1248 is a novel FLT3 tyrosine
kinase inhibitor with potent activity in vitro and in
vivo. Blood, May 2003; 101: 3597 - 3605; Stone, R.M.
et al. PKC 412 FLT3 inhibitor therapy in AML: results
of a phase II trial. Ann Hematol. 2004; 83 Suppl
1.-S89-90; and Murata, K. et al. Selective cytotoxic
mechanism of GTP-14564, a novel tyrosine kinase
inhibitor in leukemia cells expressing a
constitutively active Fms-like tyrosine kinase 3
(FLT3). J Biol Chem. 2003 Aug 29; 278(35):32892-8;
Levis, Mark et al. Novel FLT3 tyrosine kinase
inhibitors. Expert Opin. Investing. Drugs (2003)
12(12) 1951-1962; Levis, Mark et al. Small Molecule
FLT3 Tyrosine Kinase Inhibitors. Current
Pharmaceutical Design, 2004, 10, 1183-1193. SUMMARY OF
THE INVENTION The present invention provides novel
aminopyrimidines (the compounds of Formula I) as
protein tyrosine kinase modulators, particularly
inhibitors of FLT3 and/or c-kit and/or TrkB, and the
use of such compounds to reduce or inhibit kinase
activity of FLT3 and/or c-kit and/or TrkB in a cell or
a subject, and the use of such compounds for
preventing or treating in a subject a cell
proliferative disorder and/or disorders related to
FLT3 and/or c-kit and/or TrkB.Illustrative of the
invention is a pharmaceutical composition comprising a
compound of Formula I and a pharmaceutically
acceptable carrier. Another illustration of the
present invention is a pharmaceutical composition
prepared by mixing any of the compounds of Formula I
and a pharmaceutically acceptable carrier. Other
features and advantages of the invention will be
apparent from the following detailed description of
the invention and from the claims. DETAILED
DESCRIPTION OF THE INVENTION DEFINITIONS As used
herein, the following terms are intended to have the
following meanings (additional definitions are
provided where needed throughout the Specification):
The term "alkenyl," whether used alone or as part of a
substituent group, for example, "C1-4alkenyl(aryl),"
refers to a partially unsaturated branched or straight
chain monovalent hydrocarbon radical having at least
one carbon- carbon double bond, whereby the double
bond is derived by the removal of one hydrogen atom
from each of two adjacent carbon atoms of a parent
alkyl molecule and die radical is derived by the
removal of one hydrogen atom from a single carbon
atom. Atoms may be oriented about the double bond in
either the cis (Z) or trans (E) conformation. Typical
alkenyl radicals include, but are not limited to,
ethenyl, propenyl, allyl (2- propenyl), butenyl and
the like. Examples include C2-salkenyl or C2-4alkenyl
groups. The term "C (where a and b are integers
referring to a designated number of carbon atoms)
refers to an alkyl, alkenyl, alkynyl, alkoxy or
cycloalkyl radical or to the alkyl portion of a
radical in which alkyl appears as the prefix root
containing from a to b carbon atoms inclusive. For
example, C1-4 denotes a radical containing 1, 2, 3 or
4 carbon atoms.The term "alkyl," whether used alone or
as part of a substituent group, refers to a saturated
branched or straight chain monovalent hydrocarbon
radical, wherein the radical is derived by the removal
of one hydrogen atom from a single carbon atom. Unless
specifically indicated (e.g. by the use of a limiting
term such as "terminal carbon atom"), substituent
variables may be placed on any carbon chain atom.
Typical alkyl radicals include, but are not limited
to, methyl, ethyl, propyl, isopropyl and the like.
Examples include C1-8alkyl, Q-ealkyl and C1-4alkyl
groups. The term "alkylamino" refers to a radical
formed by the removal of one hydrogen atom from the
nitrogen of an alkylamine, such as butylamine, and the
term "dialkylamino" refers to a radical formed by the
removal of one hydrogen atom from the nitrogen of a
secondary amine, such as dibutylamine. Jn both cases
it is expected that the point of attachment to the
rest of the molecule is the nitrogen atom. The term
"alkynyl," whether used alone or as part of a
substituent group, refers to a partially unsaturated
branched or straight chain monovalent hydrocarbon
radical having at least one carbon-carbon triple bond,
whereby the triple bond is derived by the removal of
two hydrogen atoms from each of two adjacent carbon
atoms of a parent alkyl molecule and the radical is
derived by the removal of one hydrogen atom from a
single carbon atom. Typical alkynyl radicals include
ethynyl, propynyl, butynyl and the like. Examples
include C2-8alkynyl or C2-4alkynyl groups. The term
"alkoxy" refers to a saturated or partially
unsaturated branched or straight chain monovalent
hydrocarbon alcohol radical derived by the removal of
the hydrogen atom from the hydroxide oxygen
substituent on a parent alkane, alkene or alkyne.
Where specific levels of saturation are intended, the
nomenclature "alkoxy", "alkenyloxy" and "alkynyloxy"
are used consistent with the definitions of alkyl,
alkenyl and alkynyl. Examples include C1-8alkoxy or
C1-4alkoxy groups. The term "alkoxyether" refers to a
saturated branched or straight chain monovalent
hydrocarbon alcohol radical derived by the removal of
the hydrogen atom from the hydroxide oxygen
substituent on a hydroxyether. Examples include
l-hydroxyl-2- methoxy-ethane or
l-(2-hydiOxyl-ethoxy)-2-methoxy-ethane groups.The term
"aralkyl" refers to a Ci-6 alkyl group containing an
aryl substituent. Examples include benzyl, phenylethyl
or 2-naphthylmethyl. It is intended that the point of
attachment to the rest of the molecule be the alkyl
group. The term "aromatic" refers to a cyclic
hydrocarbon ring system having an unsaturated,
conjugated p electron system. The term "aryl" refers
to an aromatic cyclic hydrocarbon ring radical derived
by the removal of one hydrogen atom from a single
carbon atom of the ring system. Typical aryl radicals
include phenyl, naphthalenyl, fluorenyl, indenyl,
azulenyl, anthracenyl and the like. The term
"arylamino" refers to an amino group, such as ammonia,
substituted with an aryl group, such as phenyl. It is
expected that the point of attachment to the rest of
the molecule is through the nitrogen atom. The term
"aryloxy" refers to an oxygen atom radical substituted
with an aryl group, such as phenyl. It is expected
that the point of attachment to the rest of the
molecule is through the oxygen atom. The term
"benzo-fused cycloalkyl" refers to a bicyclic fused
ring system radical wherein one of the rings is phenyl
and the other is a cycloalkyl or cycloalkenyl ring.
Typical benzo-fused cycloalkyl radicals include
indanyl, 1,2,3,4-tetrahydronaphthalenyl,
6,7,8,9-tetrahydro-5H-benzocycloheptenyl, 5,6,7,8,9,
10-hexahydrobenzocyclooctenyl and the like. A
benzo-fused cycloalkyl ring system is a subset of the
aryl group. The term "benzo-fused heteroaryl" refers
to a bicyclic fused ring system radical wherein one of
the rings is phenyl and the other is a heteroaryl
ring. Typical benzofused heteroaryl radicals include
indolyl, indolinyl, isoindolyl, benzo[6]furyl, benzo[
]thienyl, indazolyl, benzthiazolyl, quinolinyl,
isoquinolinyl, cinnolinyl,phthalazinyl, quinazolinyl,
and the like. A benzo-fused heteroaryl ring is a
subset of the heteroaryl group. The term "benzo-fused
heterocyclyl" refers to a bicyclic fused ring system
radical wherein one of the rings is phenyl and the
other is a heterocyclyl ring. Typical benzofused
heterocyclyl radicals include 1,3-benzodioxolyl (also
known as 1,3- methylenedioxyphenyl),
2,3-dihydro-l,4-benzodioxinyl (also known as 1,4-
ethylenedioxyphenyl), benzo-dihydro-furyl,
benzo-tetrahydro-pyranyl, benzodihydro- thienyl and
the like. The term "carboxyalkyl" refers to an
alkylated carboxy group such as tertbutoxycarbonyl, in
which the point of attachment to the rest of the
molecule is the carbonyl group. The term "cyclic
heterodionyl" refers to a heterocyclic compound
bearing two oxo substituents. Examples include
thiazolidinedionyl, oxazolidinedionyl and
pyrrolidinedionyl. The term "cycloalkenyl" refers to a
partially unsaturated cycloalkyl radical derived by
the removal of one hydrogen atom from a hydrocarbon
ring system that contains at least one carbon-carbon
double bond. Examples include oyclohexenyl,
cyclopentenyl and 1,2,5,6-cyclooctadienyl. The term
"cycloalkyl" refers to a saturated or partially
unsaturated monocyclic or bicyclic hydrocarbon ring
radical derived by the removal of one hydrogen atom
from a single ring carbon atom. Typical cycloalkyl
radicals include cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl
and cyclooctyl. Additional examples include
C3-scycloalkyl, Cs-scycloalkyl, C3-i2cycloalkyl,
C3-2ocycloalkyl, decahydronaphthalenyl, and
2,3,4,5,6,7-hexahydrolH- indenyl. The term "fused ring
system" refers to a bicyclic molecule in which two
adjacent atoms are present in each of the two cyclic
moieties. Heteroatoms may optionally bepresent.
Examples include benzothiazole, 1,3-benzodioxole and
decahydronaphthalene. The term "hetero" used as a
prefix for a ring system refers to the replacement of
at least one ring carbon atom with one or more atoms
independently selected from N, S, O or P. Examples
include rings wherein 1, 2, 3 or 4 ring members are a
nitrogen atom; or, 0, 1, 2 or 3 ring members are
nitrogen atoms and 1 member is an oxygen or sulfur
atom. The term "heteroaralkyl" refers to a C1-6 alkyl
group containing a heteroaryl substituent. Examples
include furylmethyl and pyridylpropyl. It is intended
that the point of attachment to the rest of the
molecule be the alkyl group. The term "heteroaryl"
refers to a radical derived by the removal of one
hydrogen atom from a ring carbon atom of a
heteroaromatic ring system. Typical heteroaryl 



radicals include furyl, thienyl, pyrrolyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl,
pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl,
indolizinyl, indolyl, isoindolyl, benzo[ ]furyl,
benzo[&]thienyl, indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4 r-quinolizinyl, quinolinyl,
isoquinolinyl, cinnolinyl, phthalzinyl, quinazolinyl,
quinoxalinyl, 1,8- naphthyridinyl, pteridinyl and the
like. The term "heteroaryl-fused cydoalkyl" refers to
a bicyclic fused ring system radical wherein one of
the rings is cycloalkyl and the other is heteroaryl.
Typical heteroarylfused cycloalkyl radicals include
5,6,7,8-tetrahydro-4H-cyclohepta(&)thienyl, 5,6,7-
trihydro-4H-cyclohexa( )thienyl,
5,6-dihydro-4H-cyclopenta()thienyl and the like. The
term "heteroaryloxy" refers to an oxygen atom radical
substituted with a heteroaryl group, such as pyridyl.
It is expected that the point of attachment to the
rest of the molecule is through the oxygen atom. The
term "heterocyclyl" refers to a saturated or partially
unsaturated monocyclic ring radical derived by the
removal of one hydrogen atom from a single carbon or
nitrogenring atom. Typical heterocyclyl radicals
include 2 -ryrrole, 2-pyrrolinyl, 3- pyrrolinyl,
pyrrolidinyl, 1,3-dioxolanyl, 2-imidazolinyl (also
referred to as 4,5- dihydro-l H-imidazolyl),
imidazolidinyl, 2-pyrazolinyl, pyrazolidinyl,
tetrazolyl, piperidinyl, 1,4-dioxanyl, morpholinyl,
1,4-dithianyl, thiomorpholinyl, thiomorpholinyl 1,1
dioxide, piperazinyl, azepanyl,
hexahydro-l,4-diazepinyl and the like. The term "oxo"
refers to an oxygen atom radical; said oxygen atom has
two open valencies which are bonded to the same atom,
most preferably a carbon atom. The oxo group is an
appropriate substituent for an alkyl group. For
example, propane with an oxo substituent is either
acetone or propionaldehyde. Heterocycles can also be
substituted with an oxo group. For example,
oxazolidine with an oxo substituent is oxazolidinone.
The term "substituted," refers to a core molecule on
which one or more hydrogen atoms have been replaced
with one or more functional radical moieties.
Substitution is not limited to a core molecule, but
may also occur on a substituent radical, whereby the
substituent radical becomes a linking group. The term
"independently selected" refers to one or more
substituents selected from a group of substituents,
wherein the substituents may be the same or different.
The substituent nomenclature used in the disclosure of
the present invention was derived by first indicating
the atom having the point of attachment, followed by
the linking group atoms toward the terminal chain atom
from left to right, substantially as in:
(C1-6)alkylC(O)NH(C1-6)alkyl(Ph) or by first
indicating the terminal chain atom, followed by the
linking group atoms toward the atom having the point
of attachment, substantially as in:Ph(C
1-6)alkylamido(C 1-6)alkyl either of which refers to a
radical of the formula: Lines drawn into ring systems
from substituents indicate that the bond may be
attached to any of the suitable ring atoms. When any
variable (e.g. R ) occurs more than one time in any
embodiment of Formula I, each definition is intended
to be independent. The terms "comprising ", "including
", and "containing " are used herein in their open,
non-limited sense. NOMENCLATURE Except where
indicated, compound names were derived using
nomenclature rules well known to those skilled in the
art, by either standard IUPAC nomenclature references,
such as Nomenclature of Organic Chemistry, Sections A,
B, C, D, E, F and H, (Pergamon Press, Oxford, 1979,
Copyright 1979 IUPAC) and A Guide to IUPAC
Notnenclature of Organic Compounds (Recommendations
1993), (Blackwell Scientific Publications, 1993,
Copyright 1993 IUPAC); or commercially available
software packages such as Autonom (brand of
nomenclature software provided in the ChemDraw
Ultra(r) office suite marketed by CambridgeSoft.com);
and ACD/Index Name(tm) (brand of commercial
nomenclature software marketed by Advanced Chemistry
Development, Inc., Toronto, Ontario). ABBREVIATIONSAs
used herein, the following abbreviations are intended
to have the following meanings (additional
abbreviations are provided where needed throughout the
Specification): ATP adenosine triphosphate Boc
-butoxycarbonyl DCM dichloromethane DMF
dimethylformamide DMSO dimethylsulfoxide DIEA
diisopropylethylamine DTT dithiothreitol EDC
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride EDTA ethylenediaminetetraaceticacid
EtOAc ethyl acetate FBS fetal bovine serum FP
fluorescence polarization GM-CSF granulocyte and
macrophage colony stimulating factor HBTU
O-benzotriazol-l-yl-N,N,N',N'-tetramethyluronium
Hexafluorophosphate HOBT 1-hydroxybenzotriazole
hydrate HPbCD hydroxypropyl b-cyclodextrin HRP
horseradish peroxidase i-PrOH isopropyl alcohol LC/MS
(ESI) Liquid chromatography/mass spectrum
(electrospray ionization) MeOH Methyl alcohol NMM
-methylmorpholine NMR nuclear magnetic resonance PS
polystyrene PBS phosphate buffered saline RPMI
Rosewell Park Memorial Institute RT room temperature
RTK receptor tyrosine kinase NaHMDS sodium
hexamethyldisilazane SDS-PAGE sodium dodecyl sulfate
polyacrylamide gel electrophoreisis TEA triethylamine
TFA trifluoroacetic acid THF tetrahydrofuran TLC thin
layer chromatography FORMULA I The present invention
comprises compounds of Formula I :' Formula I and
N-oxides, pharmaceutically acceptable salts, solvates,
geometric isomers and stereochemical isomers thereof,
wherein: r is 1 or 2; Z is NH, N(alkyl), or CH2; B is
phenyl, heteroaryl (wherein said heteroaryl is
preferably pyrrolyl, furanyl, thiophenyl, imidazolyl,
thiazolyl, oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridinyl-N-oxide, or
pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, or pyrazinyl), or a nine to
ten membered benzo-fused heteroaryl (wherein said nine
to ten membered benzo-fused heteroaryl is preferably
benzothiazolyl, benzooxazolyl, benzoimidazolyl,
benzofuranyl, indolyl, quinolinyl, isoquinolinyl, or
benzo[b]thiophenyl); Ri is: in . wherein n is 1, 2, 3
or 4;Ra is hydrogen, alkoxy, phenoxy, phenyl,
heteroaryl optionally substituted with R.5 (wherein
said heteroaryl is preferably pyrrolyl, furanyl,
thiophenyl, imidazolyl, thiazolyl, oxazolyl, pyranyl,
thiopyranyl, pyridinyl, pyrimidinyl, triazolyl,
pyrazinyl, pyridinyl-N-oxide, or pyrrolyl-N-oxide, and
most preferably pyrrolyl, furanyl, thiophenyl,
imidazolyl, thiazolyl, oxazolyl, pyridinyl,
pyrimidinyl, triazolyl, or pyrazinyl), hydroxyl,
amino, alkylamino, dialkylamino, oxazolidinonyl
optionally substituted with R , pyrrolidinonyl
optionally substituted with R , piperidinonyl
optionally substituted with R5, cyclic heterodionyl
optionally substituted with R5, heterocyclyl
optionally substituted with R (wherein said
heterocyclyl is preferably pyrrolidinyl,
tetrahydrofuranyl, tetrahydrothiophenyl,
imidazolidinyl, thiazolidinyl, oxazolidinyl,
tetrahydropyranyl, tetrahydrothiopyranyl,
thiomorphlinyl, thiomorpholinyl- 1,1 -dioxide,
piperidinyl, morpholinyl, or piperazinyl), -COORy,
-CONRwRx, -N(Rw)CON(Ry)(Rx), -N(Ry)CON(Rw)(Rx),
-N(Rw)C(O)ORx, -N(Rw)C0R y, -SRy, -SORy, -SO2Ry,
-NRwSO2Ry, -NRwSO2Rx, -SO3Ry, -OSO2NRwRx, or
-SO2NRWRX; Rw and Rx are independently selected from:
hydrogen, alkyl, alkenyl, aralkyl (wherein the aryl
portion of said aralkyl is preferrably phenyl), or
heteroaralkyl (wherein the heteroaryl portion of said
heteroaralkyl is preferably pyrrolyl, furanyl,
thiophenyl, imidazolyl, thiazolyl, oxazolyl, pyranyl,
thiopyranyl, pyridinyl, pyrimidinyl, pyrazinyl,
pyridinyl-N-oxide, or pyrrolyl-N-oxide, and most
preferably pyrrolyl, furanyl, thiophenyl, imidazolyl,
thiazolyl, oxazolyl, pyridinyl, pyrimidinyl, or
pyrazinyl), or Rw and Rx may optionally be taken
together to form a 5 to 7 membered ring, optionally
containing a heteromoiety selected from O, NH,
N(alkyl), SO , SO, or S, preferably selected from the
group consisting of: , and ;Ry is selected from:
hydrogen, alkyl, alkenyl, cycloalkyl (wherein said
cycloalkyl is preferably cyclopentanyl or
cyclohexanyl), phenyl, aralkyl (wherein the aryl
portion of said aralkyl is preferably phenyl),
heteroaralkyl (wherein the heteroaryl portion of said
heteroaralkyl is preferably pyrrolyl, furanyl,
thiophenyl, imidazolyl, thiazolyl, oxazolyl, pyranyl,
thiopyranyl, pyridinyl, pyrimidinyl, pyrazinyl,
pyridinyl-N-oxide, or pyrrolyl-N-oxide, and most
preferably pyrrolyl, furanyl, thiophenyl, imidazolyl,
thiazolyl, oxazolyl, pyridinyl, pyrimidinyl, or
pyrazinyl), or heteroaryl (wherein said heteroaryl is
preferably pyrrolyl, furanyl, thiophenyl, imidazolyl,
thiazolyl, oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridinyl-N-oxide, or
pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, or pyrazinyl); R5 is one, two,
or three substituents independently selected from:
halogen, cyano, trifluoromethyl, amino, hydroxyl,
alkoxy, -C(O)alkyl, -SC^alkyl, -C(O)N(alkyl)2, alkyl,
C(1-4)alkyl-OH, or alkylamino; and R3 is one or more
substituents independently selected from: hydrogen,
alkyl, alkoxy, halogen, alkoxyether, hydroxyl, thio,
nitro, cycloalkyl optionally substituted with R4
(wherein said cycloalkyl is preferably cyclopentanyl
or cyclohexanyl), heteroaryl optionally substituted
with R4 (wherein said heteroaryl is preferably
pyrrolyl, furanyl, thiophenyl, imidazolyl, thiazolyl,
oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, triazolyl, pyrazinyl, pyridinyl-N-oxide,
or pyrrolyl-N-oxide; and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, triazolyl, or pyrazinyl),
alkylamino, heterocyclyl optionally substituted with
R4 (wherein said heterocyclyl is preferably
tetrahydropyridinyl. tetrahydropyrazinyl,
dihydrofuranyl, dihydrooxazinyl, dihydropyrrolyl,
dihydroimidazolyl, azepenyl, pyrrolidinyl,
tetrahydrofuranyl, tetrahydrothiophenyl,
imidazolidinyl, thiazolidinyl, oxazolidinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, piperidinyl,
morpholinyl, or piperazinyl), -O(cycloalkyl),
pyrrolidinonyl optionally substituted with R4, phenoxy
optionally substituted with R , -CN, -OCHF2, -OCF3,
-CF3, halogenated alkyl, heteroaryloxy optionally
substituted with R4, dialkylamino,-NHSO alkyl,
thioalkyl, or -SO2alkyl; wherein R4 is independently
selected from halogen, cyano, trifluoromethyl, amino,
hydroxyl, alkoxy, -C(O)aIkyl, -COaalkyl, -SO2alkyl,
-C(O)N(alkyl)2, alkyl, or alkylamino. As used
hereafter, the term "compounds of Formula I" is meant
to include also the Noxides, pharmaceutically
acceptable salts, solvates, geometric isomers and
stereochemical isomers thereof. EMBODIMENTS OF FORMULA
I In an embodiment of the present invention: N-oxides
are optionally present on one or more of: N-I or N-3
(see Figure Ia below for ring numbers). Figure Ia Ia
Figure Ia illustrates ring atoms numbered 1 through 8,
as used in the present specification. In an embodiment
of the present invention, the oximine group (-0-N=C-)
at postion 5 can be of either the E or the Z
configuration. Preferred embodiments of the invention
are compounds of Formula I wherein one or more of the
following limitations are present: r is 1 or 2; Z is
NH, N(alkyl), or CH2;B is phenyl or heteroaryl; Ri is:
n ; wherein n is 1, 2, 3 or 4; R is hydrogen, alkoxy,
phenoxy, phenyl, heteroaryl optionally substituted
with R , hydroxyl, amino, alkylamino, dialkylamino,
oxazolidinonyl optionally substituted with R5,
pyrrolidinonyl optionally substituted with R5,
piperidinonyl optionally substituted with R , cyclic
heterodionyl optionally substituted with R5,
heterocyclyl optionally substituted with R5, -COORy,
-CONRwRx, -N(Rw)CON(Ry)(Rx), -N(Ry)CON(Rw)(Rx),
-N(RW)C(O)ORX, -N(Rw)CORy, -SRy, -SORy, -SO2Ry,
-NRwSO2Ry, -NRWSO2RX -SO3Ry -OSO2NRwRx, or -SO2NRWRX;
Rw and Rx are independently selected from: hydrogen,
alkyl, alkenyl, aralkyl, or heteroaralkyl, or Rw and
Rx may optionally be taken together to form a 5 to 7
membered ring, optionally containing a heteromoiety
selected from O, NH, N(alkyl), SO2, SO, or S; Ry is
selected from: hydrogen, alkyl, alkenyl, cycloalkyl,
phenyl, aralkyl, heteroaralkyl, or heteroaryl; R5 is
one, two, or three substituents independently selected
from: halogen, cyano, trifluoromethyl, amino,
hydroxyl, alkoxy, -C(O)alkyl, -Sq 2alkyl,
-C(O)N(alkyl) 2, alkyl, -C(1-4)alkyl-OH, or
alkylamino; and R3 is one or more substituents
independently selected from: hydrogen, alkyl, alkoxy,
halogen, alkoxyether, hydroxyl, thio, nitro,
cycloalkyl optionally substituted with R4, heteroaryl
optionally substituted with R4, alkylamino,
heterocyclyl optionally substituted with R ,
-O(cycloalkyl), pyrrolidinonyl optionally substituted
with R4, phenoxy optionally substituted with R4, -CN,
-OCHF2, -OCF3, -CF3, halogenated alkyl, heteroaryloxy
optionally substituted with R4, dialkylamino,
-NHSOoalkyl,thioalkyl, or -SO2alkyl; wherein R4 is
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-CO2alkyl, -SO2alkyl, -C(O)N(alkyl)2, alkyl, or
alkylamino. Other preferred embodiments of the
invention are compounds of Formula I wherein one or
more of the following limitations are present: r is 1
or 2; Z is NH or CH2; B is phenyl or heteroaryl; R1
is: wherein n is 1, 2, 3 or 4; Ra is hydrogen, alkoxy,
phenoxy, phenyl, heteroaryl optionally substituted
with R , hydroxyl, amino, alkylamino, dialkylamino,
oxazolidinonyl optionally substituted with R ,
pyrrolidinonyl optionally substituted with R5,
piperidinonyl optionally substituted with R5, cyclic
heterodionyl optionally substituted with R5,
heterocyclyl optionally substituted with R , -COORy,
-CONRWRX, -N(Rw)CON(Ry)(Rx), -N(Ry)CON(Rw)(Rx),
-N(RW)C(O)ORX, -N(Rw)CORy, -SRy, -SORy, -SO2Ry,
-NRwSO2Ry, -NRWSO2RX, -SO3Ry, -OSO2NRwRx, or
-SO2NRWRX; Rw and Rx are independently selected from:
hydrogen, alkyl, alkenyl, aralkyl, or heteroaralkyl,
or Rw and Rx may optionally be taken together to form
a 5 to 7 membered ring, optionally containing a
heteromoiety selected from O, NH, N(alkyl), SO2, SO,
or S; Ry is selected from: hydrogen, alkyl, alkenyl,
cycloalkyl, phenyl, aralkyl, heteroaralkyl, or
heteroaryl;Rs is one, two, or three substituents
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-SO2alkyl, -C(O)N(alkyl)2, alkyl, -C(1-4)alkyl-OH, or
alkylamino; and R3 is one or more substituents
independently selected from: hydrogen, alkyl, alkoxy,
halogen, alkoxyether, hydroxyl, cycloalkyl optionally
substituted with R4, heteroaryl optionally substituted
with R4, heterocyclyl optionally substituted with R4,
-O(cycloalkyl), phenoxy optionally substituted with
R4, heteroaryloxy optionally substituted with R4,
dialkylamino, or -SO2alkyl; wherein R4 is
independently selected from halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-CO2alkyl, -SO2alkyl, -C(O)N(alkyl)2, alkyl, or
alkylamino. Still other preferred embodiments of the
invention are compounds of Formula I wherein one or
more of the following limitations are present: r is 1
or 2; Z is NH or CH2; B is phenyl or heteroaryl; Ri
is: n wherein n is 1, 2, 3 or 4; Ra is hydrogen,
alkoxy, heteroaryl optionally substituted with R5,
hydroxyl, amino, alkylamino, dialkylamino,
oxazolidinonyl optionally substituted with R5,
pyrrolidinonyl optionally substituted with R5,
heterocyclyl optionally substituted with R5, -CONRWRX,
-N(Rw)CON(Ry)(Rx), -N(Ry)CON(Rw)(Rx), -N(Rw)C(O)ORc,
-N(Rw)CORy, -SO2Ry, -NRwSO2Ry, or -SO2NRWRX; Rw and Rx
are independently selected from: hydrogen, alkyl,
alkenyl, aralkyl, or heteroaralkyl, or Rw and Rx may
optionally be taken together to form a 5 to 7 membered
ring, optionally containing a heteromoiety selected
from O, NH, N(alkyl), SO2, SO, orS;Ry is selected
from: hydrogen, alkyl, alkenyl, cycloalkyl, phenyl,
aralkyl, heteroaralkyl, or heteroaryl; R5 is one, two,
or three substituents independently selected from:
halogen, cyano, trifluoromethyl, amino, hydroxyl,
alkoxy, -C(O)alkyl, -S0 2alkyl, -C(O)N(alkyl)2 >
alkyl, -C(1-4)alkyl-OH, or alkylamino; and R3 is one
or more substituents independently selected from:
hydrogen, alkyl, alkoxy, halogen, alkoxyether,
hydroxyl, cycloalkyl optionally substituted with R4,
heteroaryl optionally substituted with R4,
heterocyclyl optionally substituted with R4,
-O(cycloalkyl), phenoxy optionally substituted with
R4, heteroaryloxy optionally substituted with R4,
dialkylamino, or -SO2alkyl; wherein R4 is
independently selected from halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-CO2alkyl, -SO2alkyl, -C(O)N(alkyl)2, alkyl, or
alkylamino. Particularly preferred embodiments of the
invention are compounds of Formula I wherein one or
more of the following limitations are present: r is 1;
Z is NH or CH2; B is phenyl or heteroaryl; Ri is R n
wherein n is 1, 2, 3 or 4; R is hydrogen, hydroxyl,
amino, alkylamino, dialkylamino, heteroaryl,
heterocyclyl optionally substituted with R5 -CONRWRX,
-SO2Ry, -NRwSO2Ry, -N(Ry)CON(Rw)(Rx), or
-N(RW)C(O)ORX;R and Rx are independently selected
from: hydrogen, alkyl, alkenyl, aralkyl, or
heteroaralkyl, or Rw and Rx may optionally be taken to
together to form a 5 to 7 membered ring, optionally
containing a heteromoiety selected from O, NH,
N(alkyl), SO, SO2, or S; Ry is selected from:
hydrogen, alkyl, alkenyl, cycloalkyl, phenyl, aralkyl,
heteroaralkyl, or heteroaryl; R5 is one substituent
independently selected from: -C(O)alkyl, -SO2alkyl,
-C(O)N(alkyl)2, alkyl, or -C(1-4)alkyl-OH; and R3 is
one substituent independently selected from: alkyl,
alkoxy, halogen, cycloalkyl, heterocyclyl,
-O(cycloalkyl), phenoxy, or dialkylamino. Most
particularly preferred embodiments of the invention
are compounds of Formula I wherein one or more of the
following limitations are present: r is 1; Z is NH or
CH2; B is phenyl or pyridinyl; Ri is: n wherein n is
1, 2, 3 or 4; Ra is hydrogen, dialkylamino,
heterocyclyl optionally substituted with R5 -CONRWRX,
-N(Ry)CON(Rw)(Rx), or -NRwSO2Ry; Rw and Rx are
independently selected from: hydrogen, alkyl, alkenyl,
aralkyl, heteroaralkyl, or Rw and Rx may optionally be
taken together to form a 5 to 7membered ring,
optionally containing a heteromoiety selected from O,
NH, N(alkyl), SO2, SO, or S; Ry is selected from:
hydrogen, alkyl, alkenyl, cycloalkyl, aralkyl,
heteroaralkyl, or heteroaryl; Rs is one substituent
independently selected from: -C{O)alkyl, -SO2alkyl,
-C(O)N(alkyl) 2, alkyl, or C(1-4)alkyl-OH; and R3 is
one substituent independently selected from: alkyl,
alkoxy, heterocyclyl, 



cycloalkyl, or -O(cycloalkyl).
PHARMACEUTICALLYACCEPTABLYSALTS The compounds of the
present invention may also be present in the form of
pharmaceutically acceptable salts. For use in
medicines, the salts of the compounds of this
invention refer to non-toxic "pharmaceutically
acceptable salts." FDA approved pharmaceutically
acceptable salt forms (Ref. International J. Pharm.
1986, 33, 201-217; J. Pharm. ScI, 1977, Jan, 66(1),
pi) include pharmaceutically acceptable acidic/anionic
or basic/cationic salts. Pharmaceutically acceptable
acidic/anionic salts include, and are not limited to
acetate, benzenesulfonate, benzoate, bicarbonate,
bitartrate, bromide, calcium edetate, camsylate,
carbonate, chloride, citrate, dihydrochloride,
edetate, edisylate, estolate, esylate, fumarate,
glyceptate, gluconate, glutamate, glycollylarsanilate,
hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isethionate,
lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylbromide, methylnitrate, methylsulfate,
mucate, napsylate, nitrate, pamoate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate,
stearate, subacetate, succinate, sulfate, tannate,
tartrate, teoclate, tosylate and triethiodide. Organic
or inorganic acids also include, and are not limited
to, hydriodic, perchloric, sulfuric, phosphoric,
propionic, glycolic, methanesulfonic,
hydroxyethanesulfonic,oxalic, 2-naphthalenesulfonic,
p-toluenesulfonic, cyclohexanesulfamic, saccharinic or
trifluoroacetic acid. Pharmaceutically acceptable
basic/cationic salts include, and are not limited to
aluminum, 2-amino-2-hydroxymethyl-propane-l,3-diol
(also known as tris(hydroxymethyl)aminomethane,
tromethane or "TRIS"), ammonia, benzathine,
-butylamine, calcium, calcium gluconate, calcium
hydroxide, chloroprocaine, choline, choline
bicarbonate, choline chloride, cyclohexylamine,
diethanolamine, ethylenediamine, lithium, LiOMe,
L-lysine, magnesium, meglumine, NH , NH4OH,
N-methyl-D-glucamine, piperidine, potassium,
potassium-f-butoxide, potassium hydroxide (aqueous),
procaine, quinine, sodium, sodium carbonate,
sodium-2-ethylhexanoate (SEH), sodium hydroxide,
triethanolamine (TEA) or zinc. PRODRUGS The present
invention includes within its scope prodrugs of the
compounds of the invention. In general, such prodrugs
will be functional derivatives of the compounds which
are readily convertible in vivo into an active
compound. Thus, in the methods of treatment of the
present invention, the term "administering " shall
encompass the means for treating, ameliorating or
preventing a syndrome, disorder or disease described
herein with a compound specifically disclosed or a
compound, or prodrug thereof, which would obviously be
included within the scope of the invention albeit not
specifically disclosed for certain of the instant
compounds. Conventional procedures for the selection
and preparation of suitable prodrug derivatives are
described in, for example, "Design of Prodrugs", ed.
H. Bundgaard, Elsevier, 1985. STEREOCHEMICAL ISOMERS
One skilled in the art will recognize that the
compounds of Formula I may have one or more asymmetric
carbon atoms in their structure. It is intended that
the present invention include within its scope single
enantiomer forms of the compounds, racemic mixtures,
and mixtures of enantiomers in which an enantiomeric
excess is present.The term "single enantiomer" as used
herein defines all the possible homochiral forms which
the compounds of Formula I and their N-oxides,
addition salts, quaternary amines or physiologically
functional derivatives may possess. Stereochemical^
pure isomeric forms may be obtained by the application
of art known principles. Diastereoisomers may be
separated by physical separation methods such as
fractional crystallization and chromatographic
techniques, and enantiomers may be separated from each
other by the selective crystallization of the
diastereomeric salts with optically active acids or
bases or by chiral chromatography. Pure stereoisomers
may also be prepared synthetically from appropriate
stereochemically pure starting materials, or by using
stereoselective reactions. The term "isomer" refers to
compounds that have the same composition and molecular
weight but differ in physical and/or chemical
properties. Such substances have the same number and
kind of atoms but differ in structure. The structural
difference may be in constitution (geometric isomers)
or in an ability to rotate the plane of polarized
light (enantiomers). The term "stereoisomer" refers to
isomers of identical constitution that differ in the
arrangement of their atoms in space. Enantiomers and
diastereomers are examples of stereoisomers. The term
"chiral" refers to the structural characteristic of a
molecule that makes it impossible to superimpose it on
its mirror image. The term "enantiomer" refers to one
of a pair of molecular species that are mirror images
of each other and are not superimposable. The term
"diastereomer" refers to stereoisomers that are not
mirror images. The symbols "R" and 1W" represent the
configuration of substituents around a chiral carbon
atom(s).The term "racemate" or "racemic mixture"
refers to a composition composed of equimolar
quantities of two enantiomeric species, wherein the
composition is devoid of optical activity. The term
"homochiral" refers to a state of enantiomeric purity.
The term "optical activity" refers to the degree to
which a homochiral molecule or nonracemic mixture of
chiral molecules rotates a plane of polarized light.
The term "geometric isomer" refers to isomers that
differ in the orientation of substituent atoms in
relationship to a carbon-carbon double bond, to a
cycloalkyl ring or to a bridged bicyclic system.
Substituent atoms (other than H) on each side of a
carbon-carbon double bond may be in an E or Z
configuration. In the "E" (opposite sided)
configuration, the substituents are on opposite sides
in relationship to the carbon- carbon double bond; in
the "Z" (same sided) configuration, the substituents
are oriented on the same side in relationship to the
carbon-carbon double bond. Substituent atoms (other
than hydrogen) attached to a carbocyclic ring may be
in a cis or trans configuration. In the "cis"
configuration, the substituents are on the same side
in relationship to the plane of the ring; in the
"trans" configuration, the substituents are on
opposite sides in relationship to the plane of the
ring. Compounds having a mixture of "cis" and "trans"
species are designated "cis/trans". It is to be
understood that the various substituent stereoisomers,
geometric isomers and mixtures thereof used to prepare
compounds of the present invention are either
commercially available, can be prepared synthetically
from commercially available starting materials or can
be prepared as isomeric mixtures and then obtained as
resolved isomers using techniques well-known to those
of ordinary skill in the art. The isomeric descriptors
"R," "S," "E," "Z," "cis," and "trans" are used as
described herein for indicating atom configuration(s)
relative to a core molecule and are intended to be
used as defined in the literature (IUPAC
Recommendations for Fundamental Stereochemistry
(Section E), PureAppl. Chan., 1976, 45:13-30).The
compounds of the present invention may be prepared as
individual isomers by either isomer-specific synthesis
or resolved from an isomeric mixture. Conventional
resolution techniques include forming the free base of
each isomer of an isomeric pair using an optically
active salt (followed by fractional crystallization
and regeneration of the free base), forming an ester
or amide of each of the isomers of an isomeric pair
(followed by chromatographic separation and removal of
the chiral auxiliary) or resolving an isomeric mixture
of either a starting material or a final product using
preparative TLC (thin layer chromatography) or a
chiral HPLC column. POLYMORPHS AND SOLVATES
Furthermore, compounds of the present invention may
have one or more polymorph or amorphous crystalline
forms and as such are intended to be included in the
scope of the invention. In addition, some of the
compounds may form solvates, for example, with water
(i.e., hydrates) or common organic solvents, and such
are also intended to be encompassed within the scope
of this invention. As used herein, the term "solvate"
means a physical association of one or more compounds
of the present invention with one or more solvent
molecules. This physical association involves varying
degrees of ionic and covalent bonding, including
hydrogen bonding. In certain instances the solvate
will be capable of isolation, for example when one or
more solvent molecules are incorporated in the crystal
lattice of the crystalline solid. The term "solvate"
is intended to encompass both solution-phase and
isolatable solvates. Non-limiting examples of suitable
solvates include ethanolates, methanolates, and the
like. It is intended that the present invention
include within its scope solvates of the compounds of
the present invention. Thus, in the methods of
treatment of the present invention, the term
"administering" shall encompass the means for
treating, ameliorating or preventing a syndrome,
disorder or disease described herein with a compound
specifically disclosed or a compound, or solvate
thereof, which would obviously be included within the
scope of the invention albeit not specifically
disclosed for certain of the instant compounds.
N-OXIDESThe compounds of Formula I may be converted to
the corresponding N-oxide forms following art-known
procedures for converting a trivalent nitrogen into
its N-oxide form. Said N-oxidation reaction may
generally be carried out by reacting the starting
material of Formula I with an appropriate organic or
inorganic peroxide. Appropriate inorganic peroxides
comprise, for example, hydrogen peroxide, alkali metal
or earth alkaline metal peroxides, e.g. sodium
peroxide, potassium peroxide; appropriate organic
peroxides may comprise peroxy acids such as, for
example, benzenecarboperoxoic acid or halo substituted
benzenecarboperoxoic acid, e.g. 3-
chlorobenzenecarboperoxoic acid, peroxoalkanoic acids,
e.g. peroxoacetic acid, alkylhydroperoxides, e.g.
fbutyl hydro-peroxide. Suitable solvents are, for
example, water, lower alcohols, e.g. ethanol and the
like, hydrocarbons, e.g. toluene, ketones, e.g.
2-butanone, halogenated hydrocarbons, e.g.
dichloromethane, and mixtures of such solvents.
TAUTOMERIC FORMS Some of the compounds of Formula I
may also exist in their tautomeric forms. Such forms
although not explicitly indicated in the present
application are intended to be included within the
scope of the present invention. PREPARATION OF
COMPOUNDS OF THE PRESENT INVENTION During any of the
processes for preparation of the compounds of the
present invention, it may be necessary and/or
desirable to protect sensitive or reactive groups on
any of the molecules concerned. This may be achieved
by means of conventional protecting groups, such as
those described in Protecting Groups, P. Kocienski,
Thieme Medical Publishers, 2000; and T.W. Greene &
P.G.M. Wuts, Protective Groups in Organic Synthesis,
3rd ed. Wiley Interscience, 1999. The protecting
groups may be removed at a convenient subsequent stage
using methods known in the art. General Reaction
SchemeCompounds of formula I can be prepared by
methods known to those who are skilled in the art. The
following reaction schemes are only meant to represent
examples of the invention and are in no way meant to
be a limit of the invention. The compounds of formula
I , wherein B, Z, r, Ri, and R3 are defined as in
Formula I, may be synthesized as outlined by the
general synthetic route illustrated in Scheme 1.
Treatment of pyrimidine-4,6-diol II under Vilsmeier
reaction conditions (DMF/POCI3) can provide
4,6-dichloro-pyrimidine-5-carbaldehyde III, which upon
treatment with ammonia can provide the key
intermediate 4-amino-6-chloropyrimidine-
5-carbaldehyde IV. Treatment of IV with a cyclic amine
V in a solvent such as DMSO at a temperature of 25 C
to 150 0C in the presence of a base such as
diisopropylethylamine can provide the pyrimidine VI.
Treatment of VI with the appropriate R1ONH in a
solvent such as MeOH can provide the final product I .
Although only the anti form of Formula I is pictured,
it is expected that both the anti and syn geometric
isomers may be formed in the final reaction. The
isomers may be separable by column chromatography and
are spectrascopically distinct via 1H NMR chemical
shifts of the corresponding methine hydrogen Ha of the
oxime (Figure Ib)."anti" isomer "syn" isomer Figure 1b
The observed 1H NMR spectra of the major anti isomer
show a characteristic further downfield chemical shift
of the H methine hydrogen as compared to the Ha
methine hydrogen chemical shift of the syn isomer. The
observed difference in 1H chemical shifts of the Ha
hydrogen of the anti and syn oxime isomers correlates
with literature known in the art (Biorg. Med. Chem.
Lett. 2004, 14, 5827-5830). Scheme 1 III IV Vl 1 The
R1ONH2 reagents, wherein R1 is defined as in Formula I
, are either commercially available or can be prepared
by the reaction sequence illustrated in Scheme 2a.
Alkylation of benzylidene VII with an appropriate
electrophile R1LG, where LG may be a leaving group
such as bromide or iodide, and a base such as KOH in a
solvent such as DMSO can provide the benzylidene
intermediate VIII, which upon treatment under acidic
conditions such as 4N HCl can provide the desired
R1ONH2 reagent. Arelated method to prepare the R1ONH2
reagents, wherein n, R1, and Ra are defined as in
Formula I, is illustrated in Scheme 2b. Alkylation of
benzylidene VII with an appropriate electrophile
PG0(CH 2)nLG, where PG is a known alcohol protecting
group and LG may be a leaving group such as bromide or
iodide, with a base such as KOH in a solvent such as
DMSO can provide the O-alkylated benzylidene.
Deprotection of the alcohol protecting group known to
those skilled in the art under standard conditions,
conversion of the alcohol to an appropriate leaving
group known by those skilled in the art such as a
mesylate, and a subsequent SN2 displacement reaction
with an appropriate nucleophilic heterocycle,
heteroaryl, amine, alcohol, sulfonamide, or thiol
followed by acid mediated benzylidene removal can
provide the R1ONH2 reagent. If Ra nucleophile is a
thiol, further oxidation of the thiol can provide the
corresponding sulfoxides and sulfones. IfR nucleophile
is an amino, acylation of the nitrogen with an
appropriate acylating or sulfonylating agent can
provide the corresponding amides, carbamates, ureas,
and sulfonamides. If the desired Ra is C00R y or
CONRWRX, these can be derived from the corresponding
hydroxyl group. Oxidation of the hydroxyl group to the
acid followed by ester or amide formation under
conditions known in the art can provide examples
wherein Ra is COORy or CONRWRX.Scheme 2a VII VIII
Scheme 2b wherein: LG is Leaving Group Nuc is
Nucieophile PG is Protecting Group The amine reagents
V, wherein Z is NH or N(alkyl) and B, r, and R3 are
defined as in Formula I, can be prepared by the
reaction sequence illustrated in Scheme 3a. Acylation
of N-Boc diamine IX with an appropriate acylating
agent X, where LG may be p-nitrophenoxy, chloride,
bromide, or imidazole, can provide the acylated
intermediate XI. Removal of the N-Boc protecting group
under acidic conditions can provide the desired amine
V. The acylating reagents X are either commercially
available or can be prepared as illustrated in Scheme
3a. Treatment of an appropriate R3BZH, wherein Z is NH
or N(alkyl), with an appropriate acylating reagent
such as carbonyldiimidazole or
p-nitrophenylchloroformate (wherein LG may be
chloride, imidazole, or p-nitrophenoxy) in the
presence of a base such as triethylamine can provide
X. Many R3BZH reagents are either commercially
available and can be prepared by a number of known
methods (e.g.TetLett 1995, 36, 241 1-2414). An
alternative method of accessing V, wherein Z is CH2
and B, r, and R3 are defined as inFormula I, is
outlined in Scheme 3b. Coupling of a cyclic amine IX
with an appropriate RsBCH2CO2H using a standard
coupling reagent such as l-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC) or 1- hydroxybenzotriazole (HOBT) can provide
the acylated intermediate XI. Removal of the N-Boc
protecting group under acidic conditions can provide
the desired amine V. Scheme 3a ( aaclida Z is NH or
N(alkyl) . G LG is leaving group Scheme 3b
Alternatively compounds of formula I , wherein B, Z,
r, R1, and R are defined as in Formula I, may be
synthesized as outlined by the general synthetic route
illustrated in Scheme 4. Treatment of
4-chloropyrimidine IV with an appropriate diamine IX
in a solvent such as acetonitrile in the presence of a
base such as diisopropylethylamine can provide the
pyrimidine XII. Treatment of the 5-carbaldehyde
pyrimidine XII with an appropriate R1ONH in a solvent
such as MeOH can yield intermediate XIII, which upon
subsequent deprotection of the N-Boc protecting group
by acid treatmentcan provide the diamino pyrimidine
XIV. Acylation of XIV in the presence of a base such
as diisopropylethylamine with an appropriate reagent
X, wherein Z is NH or N(alkyl) and LG may be chloride,
imidazole, or p-nitrophenoxy, or, when Z is CH , via
coupling with an appropriate R3BCH2CO2H using a
standard coupling reagent such as
l-CS-dimethylammopropy^-S-ethylcarbodiimide
hydrochloride (EDC) or 1- hydroxybenzotriazole (HOBT),
can provide the final product I . Although only the
anti form of Formula I is pictured, it is expected
that both the anti and syn geometric isomers may be
formed in the reaction sequence. The isomers can be
separated by column chromatography and are
spectrascopically distinct. Scheme 4 LG is
Alternatively compounds of formula I , wherein Z is NH
and B, r, Ri, and R3 are defined as in Formula I, may
be synthesized as outlined by the general synthetic
route illustrated in Scheme 5. Treatment of
4-chloropyrimidine IV with an appropriate diamine IX
in a solvent such as acetonitrile in the presence of a
base such as diisopropylethylamine can provide the
pyrimidine XII. Treatment of the 5-carbaldehyde
pyrimidine XII with an appropriate R1ONH2 in a solvent
such as MeOH can yield intermediate XIII, which upon
subsequent deprotection of the N-Boc protecting group
by acid treatment can provide the diamino pyrimidine
XIV. Acylation of XIV in the presence of a base such
as diisopropylethylamine with an appropriate R3BNCO
can provide the final product I . Although only the
anti form of Formula I is pictured, it is expected
that both the anti and syn geometric isomers may be
formed in the reaction sequence. The isomers can be
separated by column chromatography and are
spectrascopically distinct. Scheme 5 IV XII XIII XIV 1
An alternative method to prepare compounds of formula
I , wherein Z is NH or N(alkyl) and B, r, R1, and R3
are defined as in Formula I, is outlined by the
general synthetic route illustrated in Scheme 6.
Treatment of 4-chloropyrimidine IV with an appropriate
diamine IX in a solvent such as acetonitrile in the
presence of a base such as diisopropylethylamine can
provide the pyrimidine XII. Deprotection of the N-Boc
protecting group by acid treatment can provide the
diamino pyrimidine XV, which can be subsequently
acylated with an appropriate reagent X, wherein LG may
bechloride, imidazole, or p-nitrophenoxy, in the
presence of a base such as diisopropylethylamine to
provide pyrimidine XVI. Treatment of the
5-carbaldehyde pyrimidine XVI with an appropriate
R1ONH in a solvent such as MeOH can provide the final
product I . Although only the anti form of Formula I
is pictured, it is expected that both the anti and syn
geometric isomers may be formed in the final reaction.
The isomers are separable by column chromatography and
are spectrascopically distinct. Scheme 6 IV XII XV VVl
I LG is Leaving Group REPRESENTATIVE COMPOUNDS
Representative compounds of the present invention
synthesized by the aforementioned methods are
presented below. Examples of the synthesis of specific
compounds are presented thereafter. Preferred
compounds are numbers 1, 2, 7, 12, 13, 16, 17, 18, 19,
27; particularly preferred are numbers 1, 2, 7, 12 and
17.TITLE OF THE INVENTION ALKYLQUINOLINE AND
ALKYLQUINAZOLINE KINASE MODULATORS CROSS REFERENCE TO
RELATED APPLICATIONS This application claims priority
to U.S. Provisional Application for Patent No.
60/689,384, filed June 10, 2005, and U.S. Provisional
Application for Patent No. 60/730,919, filed October
27, 2005, the entire disclosures of which are hereby
incorporated in their entirely. FIELD OF THE INVENTION
The invention relates to novel compounds that function
as protein tyrosine kinase modulators. More
particularly, the invention relates to novel compounds
that function as inhibitors of FLT3 and/or c-kit
and/or TrkB. BACKGROUND OF THE INVENTION The present
invention relates to quinolines and quinazolines as
inhibitors of tyrosine kinases, including FLT3, c-kit
and TrkB. Quinazolines have been reported with useful
therapeutic properties: US Patent Nos. 4,001,422 (DE
2530894) and 4,542,132 (EP 135318) describe
quinazolines as cardiac stimulants, and US Patent No.
3,517,005 discloses quinazolines with hypotensive and
bronchodilation activity. Cardiotonic quinazolines
have also been reported, see Chemical & Pharmaceutical
Bulletin (1990), 38(11), 3014-19. Quinolines have been
reported to possess utility for the inhibition of
autophosphorylation of FLT3, see PCT International
Application WO2004039782, and for the treatment of
amnesia and stroke, as well as a variety of other
conditions, see US Patents Nos. 5,300,515 (EP 497303)
and 5,866,562; and PCT International Applications
WO2004/002960 and WO2002/088107. Also of note are
WO2004058727 (substituted
3,5-dihydro-4H-imidazol-4-ones for the treatment of
obesity); WO 2000013681 (4-quinolinemethanol
derivatives as purine receptor antagonists); DE
19756388 (US 6613772) (substituted
2-aryl-4-amino-quinazolines);JP 59076082 (piperidine
derivatives); WO 1999031086 (quinolinepiperazine and
quinolinepiperidine derivatives and their use as
combined 5-HT1A, 5-HT1B, and 5-HT1D receptor
antagonists); US 5948786 (piperidinylpyrimidines tumor
necrosis factor inhibitors); WO 1997038992
(piperidinylpyrimidine derivatives useful as
inhibitors of tumor necrosis factor); Ivan, Marius G.
et al. Photochemistry and Photobiology (2003), 78(4),
416-419; Sadykov, T. et al. Khimiya
Geterotsiklicheskikh Soedinenii (1985), (4), 563;
Erzhanov, K. B. et al. Zhurnal Organicheskoi Khimii
(1989), 25(8), 1729-32; Fujiwara, Norio et al.
Bioorganic & Medicinal Chemistry Letters (2000),
10(12), 1317-1320; Takai, Haruki et al. 



Chemical & Pharmaceutical Bulletin (1986), 34(5),
1907-16; WO 2002069972
((triazolylpiperazinyl)isoquinolines for treatment of
neurodegenerative diseases, brain injury and cerebral
ischemia); and GB 2295387 (quinazoline derivatives as
adrenergic 1C receptor antagonists). Protein kinases
are enzymatic components of the signal transduction
pathways which catalyze the transfer of the terminal
phosphate from ATP to the hydroxy group of tyrosine,
serine and/or threonine residues of proteins. Thus,
compounds which inhibit protein kinase functions are
valuable tools for assessing the physiological
consequences of protein kinase activation. The
overexpression or inappropriate expression of normal
or mutant protein kinases in mammals has been a topic
of extensive study and has been demonstrated to play a
significant role in the development of many diseases,
including diabetes, angiogenesis, psoriasis,
restenosis, ocular diseases, schizophrenia, rheumatoid
arthritis, atherosclerosis, cardiovascular disease and
cancer. The cardiotonic benefits of kinase inhibition
has also been studied. In sum, inhibitors of protein
kinases have particular utility in the treatment of
human and animal disease. The Trk family receptor
tyrosine kinases, TrkA, TrkB, and TrkC, are the
signaling receptors that mediate the biological
actions of the peptide hormones of the neurotrophin
family. This family of growth factors includes nerve
growth factor (NGF), brain-derived neurotrophic factor
(BDNF), and two neurotrophins (NT),NT-3, and NT-4.
TrkB serves as a receptor for both BDNF and NT-4. BDNF
promotes the proliferation, differentiation and
survival of normal neural components such as retinal
cells and glial cells. It has recently been reported
(see, Nature 2004 Aug 26; 430(7003):973-4; 1034-40)
that TrkB activation is a potent and specific
suppressor of anchorage independent cell death
(anoikis). Anchorage independent cell survival allows
tumor cells to migrate through the systemic
circulation and grow at distant organs. This
metastatic process is often responsible for the
failure of cancer treatment and the cause of mortality
in cancer. Other studies (see, Cancer Lett. 2003 Apr
10;193(l): 109-14) have also suggested that BDNF
agonism of TrkB is capable of blocking cisplatin
induced cell death. Taken together, these results
suggest that TrkB modulation is an attractive target
for treatment of benign and malignant proliferative
diseases, especially tumor diseases. The receptor
tyrosine kinase c-kit and its ligand Stem Cell Factor
(SCF) are essential for hemoatpoiesis, melanogenesis
and fertility. SCF acts at multiple levels of the
hemoatpoietic hierarchy to promote cell survival,
proliferation, differentiation, adhesion and
functional activation. It is of particular importance
in the mast cell and erythroid lineages, but also acts
on multipotential stem and progenitor cells,
megakaryocytes, and a subset of lymphoid progenitors
(see, IntJBiochem Cell Biol. 1999 Oct;3 1(10):
1037-51). Sporadic mutations of c-kit as well as
autocrine/paracrine activation mechanisms of the
SCF/c-kit pathway have been implicated in a variety of
malignancies. Activation of c-kit contributes to
metastases by enhancing tumor growth and reducing
apoptosis. Additionally, c-kit is frequently mutated
and activated in gastrointestinal stromal tumors
(GISTs), and ligand-mediated activation of c-kit is
present in some lung cancers (see, Leuk Res. 2004 May;
28 Suppl 1:S 11-20). The c-kit receptor also is
expressed on more than 10% of blasts in 64% of de novo
acute myelogenous leukemias (AMLs) and 95% of relapsed
AMLs. C-kit mediates proliferation and anti-apoptotic
effects in AML (see, Curr Hematol Rep. 2005 Jan;
4(l):51-8).C-Kit expression has been documented in a
wide variety of human malignancies, including
mastocytosis, mast cell leukemia, gastrointestinal
stromal tumour, sinonasal natural killer/T-cell
lymphoma, seminoma, dysgerminoma, thyroid carcinoma;
small-cell lung carcinoma, malignant melanoma, adenoid
cystic carcinoma, ovarian carcinoma, acute myelogenous
leukemia, anaplastic large cell lymphoma,
angiosarcoma, endometrial carcinoma, pediatric T-cell
ALL, lymphoma, breast carcinoma and prostate
carcinoma. See, Heinrich, Michael C. et al. Review
Article: Inhibition of KIT Tyrosine Kinase Activity: A
Novel Molecular Approach to the Treatment of
KIT-Positive Malignancies. The fms-like tyrosine
kinase 3 (FLT3) ligand (FLT3L) is one of the cytokines
that affects the development of multiple hematopoietic
lineages. These effects occur through the binding of
FLT3L to the FLT3 receptor, also referred to as fetal
liver kinase-2 (flk-2) and STK-I, a receptor tyrosine
kinase (RTK) expressed on hematopoietic stem and
progenitor cells. The FLT3 gene encodes a
membrane-bound RTK that plays an important role in
proliferation, differentiation and apoptosis of cells
during normal hematopoiesis. The FLT3 gene is mainly
expressed by early meyloid and lymphoid progenitor
cells. See McKenna, Hilary J. et al. Mice lacking flt3
ligand have deficient hematopoiesis affecting
hematopoietic progenitor cells, dendritic cells, and
natural killer cells. Blood. Jun 2000; 95: 3489-3497;
Drexler, H. G. and H. Quentmeier (2004). "FLT3:
receptor and ligand." Growth Factors 22(2): 71-3. The
ligand for FLT3 is expressed by the marrow stromal
cells and other cells and synergizes with other growth
factors to stimulate proliferation of stem cells,
progenitor cells, dendritic cells, and natural killer
cells. Hematopoietic disorders are pre-malignant
disorders of these systems and include, for instance,
the myeloproliferative disorders, such as
thrombocythemia, essential thrombocytosis (ET),
angiogenic myeloid metaplasia, myelofibrosis (MF),
myelofibrosis with myeloid metaplasia (MMM), chronic
idiopathic myelofibrosis (IMF), and polycythemia vera
(PV), the cytopenias, and pre-malignantmyelodysplastic
syndromes. See Stirewalt, D. L. and J. P. Radich
(2003). "The role of FLT3 in haematopoietic
malignancies." Nat Rev Cancer 3(9): 650-65; Scheijen,
B. and J . D. Griffin (2002). "Tyrosine kinase
oncogenes in normal hematopoiesis and hematological
disease." Oncogene 21(21): 3314-33. Hematological
malignancies are cancers of the body's blood forming
and immune systems, the bone marrow and lymphatic
tissues. Whereas in normal bone marrow, FLT3
expression is restricted to early progenitor cells, in
hematological malignancies, FLT3 is expressed at high
levels or FLT3 mutations cause an uncontrolled
induction of the FLT3 receptor and downstream
molecular pathway, possibly Ras activation.
Hematological malignancies include leukemias,
lymphomas (non-Hodgkin's lymphoma), Hodgkin's disease
(also called Hodgkin's lymphoma), and myeloma- for
instance, acute lymphocytic leukemia (ALL), acute
myeloid leukemia (AML), acute promyelocyte leukemia
(APL), chronic lymphocytic leukemia (CLL), chronic
myeloid leukemia (CML), chronic neutrophilic leukemia
(CNL), acute undifferentiated leukemia (AUL),
anaplastic large-cell lymphoma (ALCL), prolymphocyte
leukemia (PML), juvenile myelomonocyctic leukemia
(JMML), adult T-cell ALL, AML with trilineage
myelodysplasia (AML/TMDS), mixed lineage leukemia
(MLL), myelodysplastic syndromes (MDSs),
myeloproliferative disorders (MPD), multiple myeloma,
(MM) and myeloid sarcoma. See Kottaridis, P. D., R. E.
Gale, et al. (2003). "Flt3 mutations and leukaemia."
Br J Haematol 122(4): 523-38. Myeloid sarcoma is also
associated with FLT3 mutations. See Ansari-Lari, AIi
et al. FLT3 mutations in myeloid sarcoma. British
Journal of Haematology. 2004 Sep. 126(6):785-91.
Mutations of FLT3 have been detected in about 30% of
patients with acute myelogenous leukemia and a small
number of patients with acute lymphomatic leukemia or
myelodysplastic syndrome. Patients with FLT3 mutations
tend to have a poor prognosis, with decreased
remission times and disease free survival. There are
two known types of activating mutations of FLT3. One
is a duplication of 4-40 amino acids in the
juxtamembrane region (ITD mutation) of the receptor
(25-30% of patients) and the other is a point mutation
in the kinase domain (5-7% of patients).The mutations
most often involve small tandem duplications of amino
acids within the juxtamembrane domain of the receptor
and result in tyrosine kinase activity. Expression of
a mutant FLT3 receptor in murine marrow cells results
in a lethal myeloproliferative syndrome, and
preliminary studies (Blood. 2002; 100: 1532-42)
suggest that mutant FLT3 cooperates with other
leukemia oncogenes to confer a more aggressive
phenotype. Taken together, these results suggest that
specific inhibitors of the individual kinases FLT3 and
c-kit, and especially of the group of kinases
comprising FLT3 and c-kit, present an attractive
target for the treatment of hematopoietic disorders
and hematological malignancies. FLT3 kinase inhibitors
known in the art include AG1295 and AG1296;
Lestaurtinib (also known as CEP 701, formerly KT-5555,
Kyowa Hakko, licensed to Cephalon); CEP-5214 and
CEP-7055 (Cephalon); CHIR-258 (Chiron Corp.); EB-10
and IMC-EBlO (ImClone Systems Inc.); GTP 14564 (Merk
Biosciences UK). Midostaurin (also known as PKC 412
Novartis AG); MLN 608 (Millennium USA); MLN-518
(formerly CT53518, COR Therapeutics Inc., licensed to
Millennium Pharmaceuticals Inc.); MLN-608 (Millennium
Pharmaceuticals Inc.); SU-1 1248 (Pfizer USA); SU-1
1657 (Pfizer USA); SU-5416 and SU 5614; THRX-165724
(Theravance Inc.); AMI-10706 (Theravance Inc.); VX-528
and VX-680 (Vertex Pharmaceuticals USA, licensed to
Novartis (Switzerland), Merck & Co USA); and XL 999
(Exelixis USA). The following PCT International
Applications and US Patent Applications disclose
additional kinase modulators, including modulators of
FLT3: WO 2002032861, WO 2002092599, WO 2003035009, WO
2003024931, WO 2003037347, WO 2003057690, WO
2003099771, WO 2004005281, WO 2004016597, WO
2004018419, WO 2004039782, WO 2004043389, WO
2004046120, WO 2004058749, WO 2004058749, WO
2003024969 and US Patent Application No. 20040049032.
See also Levis, M., K. F. Tse, et al. 2001 "A FLT3
tyrosine kinase inhibitor is selectively cytotoxic to
acute myeloid leukemia blasts harboring FLT3
internaltandem duplication mutations." Blood 98(3):
885-7; Tse KF, et al. Inhibition of FLT3-mediated
transformation by use of a tyrosine kinase inhibitor.
Leukemia. 2001 JuI; 15(7):1001-10; Smith, B. Douglas
et al. Single-agent CEP-701, a novel FLT3 inhibitor,
shows biologic and clinical activity in patients with
relapsed or refractory acute myeloid leukemia Blood,
May 2004; 103: 3669 - 3676; Griswold,  an J. et al.
Effects of MLN518, A Dual FLT3 and KIT Inhibitor, on
Normal and Malignant Hematopoiesis. Blood, JuI 2004;
[Epub ahead of print]; Yee, Kevin W. H. et al. SU5416
and SU5614 inhibit kinase activity of wild-type and
mutant FLT3 receptor tyrosine kinase. Blood, Sep 2002;
100: 2941 - 294; O'Farrell, Anne-Marie et al. SUl 1248
is a novel FLT3 tyrosine kinase inhibitor with potent
activity in vitro and in vivo. Blood, May 2003; 101:
3597 - 3605; Stone, R.M. et al. PKC 412 FLT3 inhibitor
therapy in AML: results of a phase II trial. Ann
Hematol. 2004; 83 Suppl l:S89-90; and Murata, K. et
al. Selective cytotoxic mechanism of GTP-14564, a
novel tyrosine kinase inhibitor in leukemia cells
expressing a constitutively active Fms-like tyrosine
kinase 3 (FLT3). J Biol Chem. 2003 Aug 29;
278(35):32892-8; Levis, Mark et al. Novel FLT3
tyrosine kinase inhibitors. Expert Opin. Investing.
Drugs (2003) 12(12) 1951-1962; Levis, Mark et al.
Small Molecule FLT3 Tyrosine Kinase Inhibitors.
Current Pharmaceutical Design, 2004, 10, 1183-1193.
SUMMARY OF THE INVENTION The present invention
provides novel quinolines and quinazolines (the
compounds of Formula 1) as protein tyrosine kinase
modulators, particularly inhibitors of FLT3 and/or
c-kit and/or TrkB, and the use of such compounds to
reduce or inhibit kinase activity of FLT3 and/or c-kit
and/or TrkB in a cell or a subject, and the use of
such compounds for preventing or treating in a subject
a cell proliferative disorder and/or disorders related
to FLT3 and/or c-kit and/or TrkB. Illustrative of the
invention is a pharmaceutical composition comprising a
compound of Formula I and a pharmaceutically
acceptable carrier. Another illustration of the
present invention is a pharmaceutical composition
prepared by mixing any of the compounds of Formula I
and a pharmaceutically acceptable carrier.Other
features and advantages of the invention will be
apparent from the following detailed description of
the invention and from the claims. DESCRIPTION OF THE
FIGURES Figure 1 shows the effects of oral
administration of compounds of the present invention
on the growth of MV4-11 tumor xenografts in nude mice.
Figure 2 shows shows the effects of oral
administration of compounds of the present invention
on the final weight of MV4-11 tumor xenografts in nude
mice. Figure 3 and Figure 4 show FLT3 phosphorylation
in MV4-11 tumors obtained from mice treated with
compounds of the present invention. DETAILED
DESCRIPTION OF THE INVENTION DEFINITIONS As used
herein, the following terms are intended to have the
following meanings (additional definitions are
provided where needed throughout the Specification):
The term "alkenyl," whether used alone or as part of a
substituent group, for example, "C1-4alkenyl(aryl),"
refers to a partially unsaturated branched or straight
chain monovalent hydrocarbon radical having at least
one carbon- carbon double bond, whereby the double
bond is derived by the removal of one hydrogen atom
from each of two adjacent carbon atoms of a parent
alkyl molecule and the radical is derived by the
removal of one hydrogen atom from a single carbon
atom. Atoms may be oriented about the double bond in
either the cis (Z) or trans (E) conformation. Typical
alkenyl radicals include, but are not limited to,
ethenyl, propenyl, allyl(2-propenyl), butenyl and the
like. Examples include C2-8alkenyl or C2-4alkenyl
groups. The term "C . " (where a and b are integers
referring to a designated number of carbon atoms)
refers to an alkyl, alkenyl, alkynyl, alkoxy or
cycloalkyl radical or to the alkyl portion of a
radical in which alkyl appears as the prefix root
containing from a to b carbon atoms inclusive. For
example, C1-4 denotes a radical containing 1, 2, 3 or
4 carbon atoms. The term "alkyl," whether used alone
or as part of a substituent group, refers to a
saturated branched or straight chain monovalent
hydrocarbon radical, wherein the radical is derived by
the removal of one hydrogen atom from a single carbon
atom. Unless specifically indicated (e.g. by the use
of a limiting term such as "terminal carbon atom"),
substituent variables may be placed on any carbon
chain atom. Typical alkyl radicals include, but are
not limited to, methyl, ethyl, propyl, isopropyl and
the like. Examples include Q-salkyl, C1-6alkyl and
C1-4alkyl groups. The term "alkylamino" refers to a
radical formed by the removal of one hydrogen atom
from the nitrogen of an alkylamine, such as
butylamine, and the term "dialkylamino" refers to a
radical formed by the removal of one hydrogen atom
from the nitrogen of a secondary amine, such as
dibutylamine. In both cases it is expected that the
point of attachment to the rest of the molecule is the
nitrogen atom. The term "alkynyl," whether used alone
or as part of a substituent group, refers to a
partially unsaturated branched or straight chain
monovalent hydrocarbon radical having at least one
carbon- carbon triple bond, whereby the triple bond is
derived by the removal of two hydrogen atoms from each
of two adjacent carbon atoms of a parent alkyl
molecule and the radical is derived by the removal of
one hydrogen atom from a single carbon atom. Typical
alkynyl radicals include ethynyl, propynyl, butynyl
and the like. Examples include C2-8alkynyl or
C2-4alkynyl groups.The term "alkoxy" refers to a
saturated or partially unsaturated branched or
straight chain monovalent hydrocarbon alcohol radical
derived by the removal of the hydrogen atom from the
hydroxide oxygen substituent on a parent alkane,
alkene or alkyne. Where specific levels of saturation
are intended, the nomenclature "alkoxy", "alkenyloxy"
and "alkynyloxy" are used consistent with the
definitions of alkyl, alkenyl and alkynyl. Examples
include C1-SaIkOXy or C1-4alkoxy groups. The term
"alkoxyether" refers to a saturated branched or
straight chain monovalent hydrocarbon alcohol radical
derived by the removal of the hydrogen atom from the
hydroxide oxygen substituent on a hydroxyether.
Examples include l-hydroxyl-2-methoxy-ethane and
l-(2-hydroxyl-ethoxy)-2-methoxy-ethane groups. The
term "aralkyl" refers to a C1-6 alkyl group containing
an aryl substituent. Examples include benzyl,
phenylethyl or 2-naphthylmethyl. It is intended that
the point of attachment to the rest of the molecule be
the alkyl group. The term "aromatic" refers to a
cyclic hydrocarbon ring system having an unsaturated,
conjugated p electron system. The term "aryl" refers
to an aromatic cyclic hydrocarbon ring radical derived
by the removal of one hydrogen atom from a single
carbon atom of the ring system. Typical aryl radicals
include phenyl, naphthalenyl, fluorenyl, indenyl,
azulenyl, anthracenyl and the like. The term
"arylamino" refers to an amino group, such as ammonia,
substituted with an aryl group, such as phenyl. It is
expected that the point of attachment to the rest of
the molecule is through the nitrogen atom. The term
"benzo-fused cycloalkyl" refers to a bicyclic fused
ring system radical wherein one of the rings is phenyl
and the other is a cycloalkyl or cycloalkenyl ring.
Typical benzo-fused cycloalkyl radicals include
indanyl, 1,2,3,4-tetrahydro-naphthalenyl,
6,7,8,9,-tetrahydro-5 H-benzocycloheptenyl,5,6,7,8,9,
lO-hexahydro-benzocyclooctenyl and the like. A
benzo-fused cycloalkyl ring system is a subset of the
aryl group. The term "benzo-fused heteroaryl" refers
to a bicyclic fused ring system radical wherein one of
the rings is phenyl and the other is a heteroaryl
ring. Typical benzo-fused heteroaryl radicals include
indolyl, indolinyl, isoindolyl, benzo[ ]furyl,
benzo[]thienyl, indazolyl, benzthiazolyl, quinolinyl,
isoquinolinyl, cinnolinyl, phthalazinyl, quinazolinyl,
and the like. A benzo-fused heteroaryl ring is a
subset of the heteroaryl group. The term "benzo-fused
heterocydyl" refers to a bicyclic fused ring system
radical wherein one of the rings is phenyl and the
other is a heterocyclyl ring. Typical benzo-fused
heterocyclyl radicals include 1,3-benzodioxolyl (also
known as 1,3-methylenedioxyphenyl),
2,3-dihydro-l,4-benzodioxinyl (also known as
1,4-ethylenedioxyphenyl), benzo-dihydro-furyl,
benzo-tetrahydro-pyranyl, benzo-dihydro-thienyl and
the like. The term "carboxyalkyl" refers to an
alkylated carboxy group such as tert-butoxycarbonyl,
in which the point of attachment to the rest of the
molecule is the carbonyl group. The term "cyclic
heterodionyl" refers to a heterocyclic compound
bearing two oxo substituents. Examples include
thiazolidinedionyl, oxazolidinedionyl and
pyrrolidinedionyl. The term "cycloalkenyl" refers to a
partially unsaturated cycloalkyl radical derived by
the removal of one hydrogen atom from a hydrocarbon
ring system that contains at least one carbon-carbon
double bond. Examples include cyclohexenyl,
cyclopentenyl and 1,2,5,6-cyclooctadienyl. The term
"cycloalkyl" refers to a saturated or partially
unsaturated monocyclic or bicyclic hydrocarbon ring
radical derived by the removal of one hydrogen atom
froma single ring carbon atom. Typical cycloalkyl
radicals include cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl
and cyclooctyl. Additional examples include
C3-8cycloalkyl, Cs-scycloalkyl, C3-12cycloalkyl,
Cs-aocycloalkyl, decahydronaphthalenyl, and
2,3,4,5,6,7-hexahydro-lH-indenyl. The term "fused ring
system" refers to a bicyclic molecule in which two
adjacent atoms are present in each of the two cyclic
moieties. Heteroatoms may optionally be present.
Examples include benzothiazole, 1,3-benzodioxole and
decahydronaphthalene. The term "hetero" used as a
prefix for a ring system refers to the replacement of
at least one ring carbon atom with one or more atoms
independently selected from N, S, O or P. Examples
include rings wherein 1, 2, 3 or 4 ring members are a
nitrogen atom; or, 0, 1, 2 or 3 ring members are
nitrogen atoms and 1 member is an oxygen or sulfur
atom. The term "heteroaralkyl" refers to a C1-6 alkyl
group containing a heteroaryl substituent. Examples
include furylmethyl and pyridylpropyl. It is intended
that the point of attachment to the rest of the
molecule be the alkyl group. The term "heteroaryl"
refers to a radical derived by the removal of one
hydrogen atom from a ring carbon atom of a
heteroaromatic ring system. Typical heteroaryl
radicals include furyl, thienyl, pyrrolyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl,
pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl,
indolizinyl, indolyl, isoindolyl, benzo[/?]furyl,
benzo[Z?]thienyl, indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl,
isoquinolinyl, cinnolinyl, phthalzinyl, quinazolinyl,
quinoxalinyl, 1,8-naphthyridinyl, pteridinyl and the
like. The term "heteroaryl-fused cycloalkyl" refers to
a bicyclic fused ring system radical wherein one of
the rings is cycloalkyl and the other is heteroaryl.
Typicalheteroaryl-fused cycloalkyl radicals include
5,6,7,8-tetrahydro-4H-cyclohepta()thienyl,
5,6,7-trihydro-4H-cyclohexa( )thienyl,
5,6-dihydro-4H-cyclopenta( )thienyl and the like. The
term "heterocyclyl" refers to a saturated or partially
unsaturated monocyclic ring radical derived by the
removal of one hydrogen atom from a single carbon or
nitrogen ring atom. Typical heterocyclyl radicals
include 2H-pyrrolyl, 2-pyrrolinyl, 3-pyrrolinyl,
pyrrolidinyl, 1,3-dioxolanyl, 2-imidazolinyl (also
referred to as 4,5-dihydro-l H-imidazolyl),
imidazolidinyl, 2-pyrazolinyl, pyrazolidinyl,
tetrazolyl, piperidinyl, 1,4-dioxanyl, morpholinyl,
1,4-dithianyl, thiomorpholinyl, thiomorpholinyl 1,1
dioxide, piperazinyl, azepanyl,
hexahydro-l,4-diazepinyl and the like. The term "oxo"
refers to an oxygen atom radical; said oxygen atom has
two open valencies which are bonded to the same atom,
most preferably a carbon atom. The oxo group is an
appropriate substituent for an alkyl group. For
example, propane with an oxo substituent is either
acetone or propionaldehyde. Heterocycles can also be
substituted with an oxo group. For example,
oxazolidine with an oxo substituent is oxazolidinone.
The term "squaryl" refers to a cyclobutenyl 1,2 dione
radical. The term "substituted," refers to a core
molecule on which one or more hydrogen atoms have been
replaced with one or more functional radical moieties.
Substitution is not limited to a core molecule, but
may also occur on a substituent radical, whereby the
substituent radical becomes a linking group. The term
"independently selected" refers to one or more
substituents selected from a group of substituents,
wherein the substituents may be the same or different.
The substituent nomenclature used in the disclosure of
the present invention was derived by first indicating
the atom having the point of attachment, followed by
thelinking group atoms toward the terminal chain atom
from left to right, substantially as in: (Ci
-6)alkylC(O)NH(C I-6)alkyl(Ph) or by first indicating
the terminal chain atom, followed by the linking group
atoms 



toward the atom having the point of attachment,
substantially as in: Ph(C 1-6)alkylamido(C 1-6)alkyl
either of which refers to a radical of the formula:
alkyl- // W Lines drawn into ring systems from
substituents indicate that the bond may be attached to
any of the suitable ring atoms. When any variable
(e.g. R4) occurs more than one time in any embodiment
of Formula I, each definition is intended to be
independent. The terms "comprising ", "including ",
and "containing " are used herein in their open,
non-limited sense. NOMENCLATURE Except where
indicated, compound names were derived using
nomenclature rules well known to those skilled in the
art, by either standard IUPAC nomenclature references,
such as Nomenclature of Organic Chemistry, Sections A,
B, C, D, E, F and H, (Pergamon Press, Oxford, 1979,
Copyright 1979 IUPAC) and A Guide to IUPAC
Nomenclature of Organic Compounds (Recommendations
1993), (Blackwell Scientific Publications, 1993,
Copyright 1993 IUPAC); or commercially available
software packages such as Autonom (brand of
nomenclature software provided in theChemDraw Ultra(r)
office suite marketed by CambridgeSoft.com); and
ACD/Index Name (brand of commercial nomenclature
software marketed by Advanced Chemistry Development,
Inc., Toronto, Ontario). ABBREVIATIONS As used herein,
the following abbreviations are intended to have the
following meanings (additional abbreviations are
provided where needed throughout the Specification):
ATP adenosine triphosphate Boc r -butoxycarbonyl DCM
dichloromethane DMF dimethylformamide DMSO
dimethylsulfoxide DIEA diisopropylethylamine DTT
dithiothreitol EDC
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride EDTA ethylenediaminetetraaceticacid
EtOAc ethyl acetate FBS fetal bovine serum FP
fluorescence polarization GM-CSF granulocyte and
macrophage colony stimulating factor HBTU
O-benzotriazol-l-yl-N,N,N',N'-tetramethyluronium
hexafluorophosphate Hex hexane HOBT
1-hydroxybenzotriazole hydrate HPBCD hydroxypropyl
b-cyclodextrin HRP horseradish peroxidase i-PrOH
isopropyl alcohol LC/MS (ESI) Liquid
chromatography/mass spectrum (electrospray ionization)
MeOH Methyl alcohol NMM N-methylmorpholine NMR nuclear
magnetic resonance PS polystyrene PBS phosphate
buffered saline RPMI Rosewell Park Memorial Institute
RT room temperature RTK receptor tyrosine kinase
NaHMDS sodium hexamethyldisilazane SDS-PAGE sodium
dodecyl sulfate polyacrylamide gel electrophoreisis
TEA triethylamine TFA trifluoroacetic acid THF
tetrahydrofuranTLC thin layer chromatography FORMULA I
The present invention comprises compounds of Formula I
: FormulaI and N-oxides, pharmaceutically acceptable
salts, solvates, and stereochemical isomers thereof,
wherein: Q is CH2 or a direct bond; G is O or S; X is
N or CH; Z is NH, N(alkyl), or CH2; B is phenyl,
cycloalkyl (wherein said cycloalkyl is preferably
cyclopentanyl, cyclohexanyl, cyclopentenyl or
cyclohexenyl), heteroaryl (wherein said heteroaryl is
preferably pyrrolyl, furanyl, thiophenyl, imidazolyl,
thiazolyl, oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridinyl-N-oxide, or
pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, or pyrazinyl), a nine to ten
membered benzo-fused heteroaryl (wherein said nine to
ten membered benzo-fused heteroaryl is preferably
benzothiazolyl, benzooxazolyl, benzoimidazolyl,
benzofuranyl, indolyl,quinolinyl, isoquinolinyl, or
benzo[b]thiophenyl), or a nine to ten membered
benzo-fused heterocyclyl (wherein said nine to ten
membered benzo-fused heterocyclyl is preferably
2,3-dihydro-benzothiazolyl, 2,3-dihydro-benzooxazolyl,
2,3-dihydro-benzoimidazolyl,
1,2,3,4-tetrahydro-quinolinyl,
1,2,3,4-tetrahydro-isoquinolinyl, isochromanyl,
2,3-dihydro-indolyl, 2,3-dihydro-benzofuranyl or
2,3-dihydro-benzo[b]thiophenyl, and most preferably
2,3-dihydro-indolyl, 2,3-dihydro-benzofuranyl or
2,3-dihydro-benzo[b]thiophenyl); Ri and R are
independently selected from: (a-1), (a-2), (a-3), (
.4) (a-5), o r (a-6) ; wherein n is 1, 2, 3 or 4; Y is
a direct bond, O, S, NH, or N(alkyl); Ra is alkoxy,
phenoxy, heteroaryl optionally substituted with R5
(wherein said heteroaryl is preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyranyl, thiopyranyl, pyridinyl, pyrimidinyl,
triazolyl, tetrazolyl, pyrazinyl, pyridinyl-N-oxide,
or pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, triazolyl, tetrazolyl, or
pyrazinyl), hydroxyl, alkylamino, dialkylamino,
oxazolidinonyl optionally substituted with R5,
pyrrolidinonyl optionally substituted with R ,
piperidinonyl optionally substituted with R5,
piperazinyl-2-one optionally substituted with R ,
cyclic heterodionyl optionally substituted with R ,
heterocyclyl optionally substituted with R5 (wherein
said heterocyclyl is preferably azepanyl, diazepanyl,
azetidinyl, pyrrolidinyl, tetrahydrofuranyl,
tetrahydrothiophenyl, imidazolidinyl, thiazolidinyl,
oxazolidinyl, tetrahydropyranyl,
tetrahydrothiopyranyl, piperidinyl, thiomorpholinyl,
thiomorpholinyl 1,1-dioxide, morpholinyl, or
piperazinyl), squaryl optionally substituted with R5,
-COORy, -CONRWRX, -N(Ry)CON(Rw)(Rx),-N(Rw)C(O)ORx,
-N(Rw)CORy, -SRy, -S0R y, -SO2Ry, -NRwSO2Ry, -NRwS0
2Rx, -SO3Ry, -OSO2NRwRx, or -SO2NRWRX; Rw and Rx are
independently selected from: hydrogen, alkyl, alkenyl,
aralkyl (wherein the aryl portion of said aralkyl is
preferrably phenyl), or heteroaralkyl (wherein the
heteroaryl portion of said heteroaralkyl is preferably
pyrrolyl, furanyl, thiophenyl, imidazolyl, thiazolyl,
oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridinyl-N-oxide, or
pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, or pyrazinyl), or Rw and Rx
may optionally be taken together to form a 5 to 7
membered ring, optionally containing a heteromoiety
selected from O, NH, N(alkyl), SO, SO2, or S,
preferably selected from the group consisting of: Ry
is selected from: hydrogen, alkyl, alkenyl, cycloalkyl
(wherein said cycloalkyl is preferably cyclopentanyl
or cyclohexanyl), phenyl, aralkyl (wherein the aryl
portion of said aralkyl is preferably phenyl),
heteroaralkyl (wherein the heteroaryl portion of said
heteroaralkyl is preferably pyrrolyl, furanyl,
thiophenyl, imidazolyl, thiazolyl, oxazolyl, pyranyl,
thiopyranyl, pyridinyl, pyrimidinyl, pyrazinyl,
pyridinyl-N-oxide, or pyrrolyl-N-oxide, and most
preferably pyrrolyl, furanyl, thiophenyl, imidazolyl,
thiazolyl, oxazolyl, pyridinyl, pyrimidinyl, or
pyrazinyl), or heteroaryl (wherein said heteroaryl is
preferably pyrrolyl, furanyl, thiophenyl, imidazolyl,
thiazolyl, oxazolyl, pyranyl, thiopyranyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridinyl-N-oxide, or
pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, or pyrazinyl); Rs is one, two,
or three substituents independently selected from:
halogen, cyano, trifluoromethyl, amino, hydroxyl,
heteroaryl, alkoxy, -C(O)alkyl, -S0
2alkyl,-C(O)NH(alkyl), -C(O)N(alkyl)2,
-C(O)C(1-4)alkyl-N(alkyl)2, alkyl, -C(1-4)alkyl-OH,
-C(1-4)alkyl-OCH3, -C(O)C(1-4)alkyl-OH,
-C(O)C(1.4)alkyl-OCH3,dialkylamino, or alkylamino;
provided that the same R5 substituent is not present
more than once, unless said R5 substituent is halogen,
hydroxyl, alkoxy, or alkyl; Rbb is hydrogen, halogen,
alkoxy, dialkylamino, phenyl optionally substituted
with R6, heteroaryl optionally substituted with R
(wherein said heteroaryl is preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyranyl, thiopyranyl, pyridinyl, pyrimidinyl,
triazolyl, pyrazinyl, pyridinyl-N-oxide, or
pyrrolyl-N-oxide, and most preferably pyrrolyl,
furanyl, thiophenyl, imidazolyl, thiazolyl, oxazolyl,
pyridinyl, pyrimidinyl, triazolyl, or pyrazinyl),
piperazinyl-2-one optionally substituted with R6,
imidazolidinyl-2-one optionally substituted with R6,
oxazolidinyl-2-one optionally substituted with R , or
heterocyclyl optionally substituted with R6 (wherein
said heterocyclyl is preferably azepanyl, diazepanyl,
azetidinyl, pyrrolidinyl, tetrahydrofuranyl,
tetrahydrothiophenyl, imidazolidinyl, thiazolidinyl,
oxazolidinyl, tetrahydropyranyl,
tetrahydrothiopyranyl, piperidinyl, thiomorpholinyl,
thiomorpholinyl 1,1 -dioxide, morpholinyl or
piperazinyl); R is one, two, or three substituents
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, heteroaryl, alkoxy,
-C(O)alkyl, -SO2alkyl, -C(O)NH(alkyl), -C(O)N(alkyl)2,
-C(O)C(1.4)alkyl-N(alkyl)2, alkyl, -C(i-4)alkyl-OH,
-C(1-4)alkyl-OCH3, -C(O)C(1-4)alkyl-OH,
-C(O)C(1-4)alkyl-OCH3, dialkylamino, or alkylamino;
provided that the same R6 substituent is not present
more than once, unless said R6 substituent is halogen,
hydroxyl, alkoxy, or alkyl; Rc is heterocyclyl
optionally substituted with R7 (wherein said
heterocyclyl is preferably azepanyl, diazepanyl,
azetidinyl, pyrrolidinyl, tetrahydrofuranyl,
tetrahydrothiophenyl, imidazolidinyl, thiazolidinyl,
oxazolidinyl, tetrahydropyranyl,
tetrahydrothiopyranyl, piperidinyl, thiomorpholinyl,
thiomorpholinyl 1,1-dioxide, morpholinyl, or
piperazinyl), or heteroaryl (wherein said heteroaryl
is preferably pyrrolyl, furanyl, thiophenyl,
imidazolyl, thiazolyl, oxazolyl, pyridinyl,
pyrimidinyl, or pyrazinyl); andR is one, two, or three
substituents independently selected from: halogen,
cyano, trifluoromethyl, amino, hydroxyl, heteroaryl,
alkoxy, -C(O)alkyl, -S0 2alkyl, -C(O)NH(alkyl),
-C(O)N(alkyl)2, -C(O)C(1-4)alkyl-N(alkyl)2 >alkyl,
-C(1-4)alkyl-OH, -C(1-4)alkyl-OCH3,
-C(O)C(1-4)alkyl-OH, -C(O)C(1-4)alkyl-OCH3,
dialkylamino, or alkylamino; provided that the same R7
substituent is not present more than once, unless said
R7 substituent is halogen, hydroxyl, alkoxy, or alkyl;
R3 is one or more substituents independently selected
from: hydrogen provided that Rbb is not hydrogen,
alkyl, alkoxy, halogen, amino optionally substituted
with R4, C1-2(alkyl)-OH, nitro, cycloalkyl optionally
substituted with R4 (wherein said cycloalkyl is
preferably cyclopentanyl or cyclohexanyl), heteroaryl
optionally substituted with R4 (wherein said
heteroaryl is preferably pyrrolyl, furanyl,
thiophenyl, imidazolyl, thiazolyl, oxazolyl, pyranyl,
thiopyranyl, pyridinyl, pyrimidinyl, triazolyl,
pyrazinyl, pyridinyl-N-oxide, or pyrrolyl-N-oxide; and
most preferably pyrrolyl, furanyl, thiophenyl,
imidazolyl, thiazolyl, oxazolyl, pyridinyl,
pyrimidinyl, triazolyl, or pyrazinyl), alkylamino,
heterocyclyl optionally substituted with R4 (wherein
said heterocyclyl is preferably tetrahydropyridinyl,
tetrahydropyrazinyl, dihydrofuranyl, dihydrooxazinyl,
dihydropyrrolyl, dihydroimidazolyl azepenyl,
pyrrolidinyl, tetrahydrofuranyl, tetrahydrothiophenyl,
imidazolidinyl, thiazolidinyl, oxazolidinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, piperidinyl,
thiomorpholiyl, morpholinyl or piperazinyl),
alkoxyether, -O(cycloalkyl), pyrrolidinonyl optionally
substituted with R4, phenoxy optionally substituted
with R4, -CN, -OCHF2, -OCF3, -CF3, halogenated alkyl,
heteroaryloxy optionally substituted with R4,
dialkylamino, -NHSO2alkyl, or -SO2alkyl; wherein R4 is
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-CO2alkyl, -SO2alkyl, -C(O)N(alkyl)2, alkyl, or
alkylamino. As used hereafter, the term "compounds of
Formula I" is meant to include also N-oxides,
pharmaceutically acceptable salts, solvates, and
stereochemical isomers thereof.EMBODIMENTS OF FORMULA
I In an embodiment of the present invention: N-oxides
are optionally present on one or more of: N-I or N-3
(when X is N) (see Figure 1 below for ring numbers).
Figure 1 Figure 1 illustrates ring atoms numbered 1
through 8, as used in the present specification.
Preferred embodiments of the invention are compounds
of Formula I wherein one or more of the following
limitations are present: Q is CH2 or a direct bond; G
is O or S; X is N or CH; Z is NH or CH2; B is phenyl,
heteroaryl, or a nine to ten membered benzo-fused
heteroaryl; Ri and R2 are independently selected
from:(a-1), (a-2), (a-3), (a -4), (a-5), or (a-6) .
wherein n is 1, 2, 3 or 4; Y is a direct bond, O, S,
NH, or N(alkyl); R is alkoxy, phenoxy, heteroaryl
optionally substituted with R , hydroxyl, alkylamino,
dialkylamino, oxazolidinonyl optionally substituted
with Rg, pyrrolidinonyl optionally substituted with R
, piperidinonyl optionally substituted with R5,
piperazinyl-2-one optionally substituted with R5,
cyclic heterodionyl optionally substituted with R5,
heterocyclyl optionally substituted with R5, squaryl
optionally substituted with R5, -COORy, -CONRWRX,
-N(Ry)CON(Rw)(Rx), -N(Rw)C(O)ORx, -N(Rw)CORy, -SRy,
-SORy, -SO2Ry, -NRwSO2Ry, -NRWSO2RX, -SO3Ry,
-OSO2NRwRx, or -SO2NRWRX; Rw and Rx are independently
selected from: hydrogen, alkyl, alkenyl, aralkyl, or
heteroaralkyl, or Rw and Rx may optionally be taken
together to form a 5 to 7 membered ring, optionally
containing a heteromoiety selected from O, NH,
N(alkyl), SO, SO2, or S; Ry is selected from:
hydrogen, alkyl, alkenyl, cycloalkyl, phenyl, aralkyl,
heteroaralkyl, or heteroaryl; R5 is one, two, or three
substituents independently selected from: halogen,
cyano, trifluoromethyl, amino, hydroxyl, heteroaryl,
alkoxy, -C(O)alkyl, -SO2alkyl, -C(O)NH(alkyl),
-C(O)N(alkyl)2, -C(O)C(1-4)alkyl-N(alkyl)2 alkyl,
-C(1-4)alkyl-OH, -C(1-4)alkyl-OCH3,
-C(O)C(1-4)alkyl-OH,
-C(O)C(1-4)alkyl-OCH3,dialkylamino, or alkylamino;
provided that the same R5 substituent is not present
more than once, unless said R5 substituent is halogen,
hydroxyl, alkoxy, or alkyl;Rbb is hydrogen, halogen,
alkoxy, dialkylamino, phenyl optionally substituted
with R6, heteroaryl optionally substituted with R6,
piperazinyl-2-one optionally substituted with R ,
imidazolidinyl-2-one optionally substituted with R6,
oxazolidinyl-2-one optionally substituted with R6, or
heterocyclyl optionally substituted with R6; R is one,
two, or three substituents independently selected
from: halogen, cyano, trifluoroniethyl, amino,
hydroxyl, heteroaryl, alkoxy, -C(O)alkyl, -SO2alkyl,
-C(O)NH(alkyl), -C(O)N(alkyl) 2, -C(O)C(
1-4)alkyl-N(alkyl) 2 >alkyl, -C(1-4)alkyl-OH,
-C(1-4)alkyl-OCH 3, -C(O)C( 1-4)alkyl-OH, -C(O)C( M
)alkyl-OCH 3, dialkylamino, or alkylamino; provided
that the same R6 substituent is not present more than
once, unless said R6 substituent is halogen, hydroxyl,
alkoxy, or alkyl; Rc is heterocyclyl optionally
substituted with R7, or heteroaryl; and R is one, two,
or three substituents independently selected from:
halogen, cyano, trifluoromethyl, amino, hydroxyl,
heteroaryl, alkoxy, -C(O)alkyl, -SO2alkyl,
-C(O)NH(alkyl), -C(O)N(alkyl) 2,
-C(O)CC1-4)alkyl-N(alkyl) 2 > alkyl, -C(1-4)alkyl-OH,
-C(1-4)alkyl-OCH 3, -C(O)C( 1-4)alkyl-OH, -C(O)C(
1-4)alkyl-OCH 3, dialkylamino, or alkylamino; provided
that the same R7 substituent is not present more than
once, unless said R7 substituent is halogen, hydroxyl,
alkoxy, or alkyl; R3 is one or more substituents
independently selected from: hydrogen provided that
Rbb is not hydrogen, alkyl, alkoxy, halogen, amino
optionally substituted with R4, C1-2CaIkVl)-OH, nitro,
cycloalkyl optionally substituted with R4, heteroaryl
optionally substituted with R , alkylamino,
heterocyclyl optionally substituted with R4,
alkoxyether, -O(cycloalkyl), pyrrolidinonyl optionally
substituted with R4, phenoxy optionally substituted
with R4, -CN, -OCHF2, -OCF3, -CF3, halogenated alkyl,
heteroaryloxy optionally substituted with R4,
dialkylamino, -NHSO 2alkyl, or -Sq 2alkyl; wherein R4
is independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-C0 2alkyl, -S0 2alkyl, -C(O)N(alkyl) 2, alkyl, or
alkylamino.Other preferred embodiments of the
invention are compounds of Formula I wherein one or
more of the following limitations are present: Q is
CH2 or a direct bond; G is O; X is N or CH; Z is NH or
CH2; B is phenyl or heteroaryl; Ri and R are
independently selected from: (a-1), (a-2), (a-3), (a
-4), (a-5), or (a-6) . wherein n is 1, 2, 3 or 4; Y is
a direct bond, O, S, NH, or N(alkyl); R is alkoxy,
phenoxy, heteroaryl optionally substituted with R5,
hydroxyl, alkylamino, dialkylamino, oxazolidinonyl
optionally substituted with R , pyrrolidinonyl
optionally substituted with R , piperidinonyl
optionally substituted with R5, piperazinyl-2-one
optioanlly substituted with R5, cyclic heterodionyl
optionally substituted with R5, heterocyclyl
optionally substituted with R5, squaryl optionally
substituted with R5, -COORy, -CONRWRX,
-N(Ry)CON(Rw)(Rc), -N(Rw)C(O)ORx, -N(Rw)CORy, -SRy,
-SORy, -SO2Ry, -NRwSO2Ry > -NRwSO2Rx -SO3Ry,
-OSO2NRWRX, or -SO2NRWRX; R and Rx are independently
selected from: hydrogen, alkyl, alkenyl, aralkyl or
heteroaralkyl, or Rw and Rx may optionally be taken
together to form a 5 to 7 membered ring, optionally
containing a heteromoiety selected from O, NH,
N(alkyl), SO, SO2, or S;Ry is selected from: hydrogen,
alkyl, alkenyl, cycloalkyl, phenyl, aralkyl,
heteroaralkyl, or heteroaryl; R5 is one, two, or three
substituents independently selected from: halogen,
cyano, trifluoromethyl, amino, hydroxyl, heteroaryl,
alkoxy, -C(O)alkyl, -SO2alkyl, -C(O)NH(alkyl),
-C(O)N(alkyl) 2, -C(O)C( 1-4) alkyl-N(alkyl) 2 alkyl,
-C(1-4)alkyl-OH, -C(1-4)alkyl-OCH 3, -C(O)C(
1-4)alkyl-OH, -C(O)Cd .^alkyl-OCHs, dialkylamino, or
alkylamino; provided that the same R5 substituent is
not present more than once, unless said R5 substituent
is halogen, hydroxyl, alkoxy, or alkyl; Rbb is
hydrogen, halogen, alkoxy, dialkylamino, phenyl,
heteroaryl, piperazinyl-2-one optionally substituted
with R6, imidazolidinyl-2-one optionally substituted
with R6, oxazolidinyl-2-one optionally substituted
with R6, or heterocyclyl optionally substituted with
R6; R is one, two, or three substituents independently
selected from: halogen, cyano, trifluoromethyl, amino,
hydroxyl, heteroaryl, alkoxy, -C(O)alkyl, -SO2alkyl,
-C(O)NH(alkyl), -C(O)N(alkyl) 2, -C(O)C( 1-4)
alkyl-N(alkyl) 2 alkyl, -C(1-4)alkyl-OH,
-C(1-4)alkyl-OCH 3, -C(O)CC1-4)alkyl-OH, -C(O)C(
1-4)alkyl-OCH 3, dialkylamino, or alkylamino; provided
that the same R6 substituent is not present more than
once, unless said R substituent is halogen, hydroxyl,
alkoxy, or alkyl; Rc is heterocyclyl optionally
substituted with R7, or heteroaryl; and R7 is one,
two, or three substituents independently selected
from: halogen, cyano, trifluoromethyl, amino,
hydroxyl, heteroaryl, alkoxy, -C(O)alkyl, -S0 2alkyl,
-C(O)NH(alkyl), -C(O)N(alkyl) 2, -C(O)C( 1-4)
alkyl-N(alkyl) 2,alkyl, -C(1-4)alkyl-OH,
-C(1-4)alkyl-OCH 3, -C(O)C( 1-4)alkyl-OH, -C(O)C(
1-4)alkyl-OCH 3, dialkylamino, or alkylamino; provided
that the sameR7 substituent is not present more than
once, unless said R7 substituent is halogen, hydroxyl,
alkoxy, or alkyl; and R3 is one or more substituents
independently selected from: hydrogen provided that
Rbb is not hydrogen, alkyl, alkoxy, halogen, amino
optionally substituted with R4, C1-2CaIkVl)-OH,
cycloalkyl optionally substituted with R , heteroaryl
optionally substituted with R4, alkylamino,
heterocyclyl optionally substituted with R4,
alkoxyether, -O(cycloalkyl), pyrrolidinonyl optionally
substituted with R4, phenoxy optionally substituted
with R , -CN, -OCHF2, -OCF3, -CF3, halogenated alkyl,
dialkylamino and -SO2alkyl; wherein R j is
independently selected from halogen, cyano,
trifluoromethyl, amino, hydroxyl, alkoxy, -C(O)alkyl,
-C0 2aIkyl, -SO2alkyl, -C(O)N(alkyl)2, alkyl, or
alkylamino. Still other preferred embodiments of the
invention are compounds of Formula I wherein one or
more of the following limitations are present: Q is
CH2 or a direct bond; G is O; X is N or CH; Z is NH or
CH2; B is phenyl or heteroaryl; Ri and R2 are
independently selected from: (a-1), (a-2), (a-3), (a
.4 ) (a-5), or (a-6) . wherein n is 1, 2, 3 or 4;Y is
a direct bond, O, or NH; R is alkoxy, heteroaryl
optionally substituted with R5, hydroxyl, alkylamino,
dialkylamino, oxazolidinonyl optionally substituted
with R5, pyrrolidinonyl optionally substituted with
R5, piperidinonyl optionally substituted with R5,
piperazinyl-2-one 



optionally substituted with R5, cyclic heterodionyl
optionally substituted with R5, heterocyclyl
optionally substituted with R5, squaryl optionally
substituted with R , -CONRwRx, -N(Ry)CON(Rw)(Rx),
-N(RW)C(O)ORX, -N(Rw)CORy, -SRy, -SORy, -SO2Ry, or
-NRwSO2Ry; Rw and Rx are independently selected from:
hydrogen, alkyl, alkenyl, aralkyl, or heteroaralkyl,
or Rw and Rx may optionally be taken together to form
a 5 to 7 membered ring, optionally containing a
heteromoiety selected from O, NH, N(alkyl), SO, SO2,
or S; Ry is selected from: hydrogen, alkyl, alkenyl,
cycloalkyl, phenyl, aralkyl, heteroaralkyl, or
heteroaryl; Rs is one, two, or three substituents
independently selected from: halogen, cyano,
trifluoromethyl, amino, hydroxyl, heteroaryl, alkoxy,
-C(O)alkyl, -S0 2alkyl, -C(O)NH(alkyl),
-C(O)N(alkyl)2, -C(O)C(1-4)alkyl-N(alkyl)2, alkyl,
-C(1-4)alkyl-OH, -C(1-4)alkyl-OCH3, -C(O)C(
1-4)alkyl-OH, -C(O)C(1-4)alkyl-OCH3 dialkylamino, or
alkylamino; provided that the same R5 substituent is
not present more than once, unless said R5 substituent
is halogen, hydroxyl, alkoxy, or alkyl; Rbb is
hydrogen, halogen, alkoxy, pirerazinyl-2-one
optionally substituted with R , imidazolidinyl-2-one
optionally substituted with R6, oxazolidinyl-2-one
optionally substituted with R6, or heterocyclyl
optionally substituted with R6; R is one, two, or
three substituents independently selected from:
halogen, cyano, trifluoromethyl, amino, hydroxyl,
heteroaryl, alkoxy, -C(O)alkyl, -S0 2alkyl,
-C(O)NH(alkyl), -C(O)N(alkyl)2,
-C(O)C(1-4)alkyl-N(alkyl)2, alkyl, -C(i-4)alkyl-OH,-C(
1-4)alkyl-OCH 3, -C(O)C( 1-4)alkyl-OH, -C(O)C(
1-4)alkyl-OCH 3, dialkylamino, or alkylamino; provided
that the same R substituent is not present more than
once, unless said R6 substituent is halogen, hydroxyl,
alkoxy, or alkyl; Rc is heterocyclyl optionally
substituted with R7, or heteroaryl; and R is one, two,
or three substituents independently selected from:
halogen, cyano, trifluoromethyl, amino, hydroxyl,
heteroaryl, alkoxy, -C(O)alkyl, -SC^alkyl,
-C(O)NH(alkyl), -C(O)N(alkyl) 2, -C(O)C(
1-4)alkyl-N(alkyl) 2,alkyl, -C(i -4)alkyl-OH,
-C(1-4)alkyl-OCH 3, -C(0)C( 1-4)alkyl-OH, -C(O)C(
1-4)alkyl-OCH 3, dialkylamino, or alkylamino; provided
that the same R7 substituent is not present more than
once, unless said R7 substituent is halogen, hydroxyl,
alkoxy, or alkyl; and R3 is one or more substituents
independently selected from: hydrogen provided that
Rbb is not hydrogen, alkyl, alkoxy, amino optionally
substituted with R4, halogen, C1-2(alkyl)-OH,
cycloalkyl optionally substituted with R4, heteroaryl
optionally substituted with R4, alkylamino,
heterocyclyl optionally substituted with R4
alkoxyether, -O(cycloalkyl), pyrrolidinonyl optionally
substituted with R4, phenoxy optionally substituted
with R4, -OCHF 2, -OCF3, -CF3, dialkylamino, or
-SC<2alkyl; wherein R4 is independently selected from
halogen, cyano, trifluoromethyl, amino, hydroxyl,
alkoxy, -C(O)alkyl, -CO2alkyl, -S0 2alkyl,
-C(O)N(alkyl) 2, alkyl, or alkylamino. Particularly
preferred embodiments of the invention are compounds
of Formula I wherein one or more of the following
limitations are present: Q is CH or a direct bond; G
is O; X is N or CH; Z is NH or CH2; B is phenyl or
heteroaryl;Ri and R are independently selected from:
(a-1), (a-4), (a-5), or (a-6) wherein n is 1, 2, 3 or
4; Y is O or NH; R is alkoxy, heteroaryl optionally
substituted with Rs, hydroxyl, alkylamino,
dialkylamino, oxazolidinonyl optionally substituted
with R5, pyrrolidinonyl optionally substituted with
Rg, piperidinonyl optionally substituted with R5,
piperazinyl-2-one optionally substituted with R5,
heterocyclyl optionally substituted with R5, squaryl
optionally susbstituted with R5, -CONRWRX,
-N(Ry)CON(Rw)(Rx), -N(RW)C(O)ORX, -N(Rw)CORy, -SO2Ry,
or -NRwSO2Ry; R and Rx are independently selected
from: hydrogen, alkyl, alkenyl, aralkyl, or
heteroaralkyl, or Rw and Rx may optionally be taken
together to form a 5 to 7 membered ring, optionally
containing a heteromoiety selected from O, NH,
N(alkyl), SO, SO2, or S; Ry is selected from:
hydrogen, alkyl, alkenyl, cycloalkyl, phenyl, aralkyl,
heteroaralkyl, or heteroaryl; Rs is one or two
substituents selected from: -C(O)alkyl, -S0 2alkyl,
-C(O)NH(alkyl), -C(O)N(alkyl)2,
-C(O)C(1-4)alkyl~N(alkyl)2,alkyl, -C(1-4)alkyl-OH,
-C(1-4)alkyl-OCH3, -C(O)C(1-4)alkyl-OH, or
-C(O)C(1-4)alkyl-OCH3, ; provided that the same R5
substituent is not present more than once, unless said
R5 substituent is alkyl;Rbb is hydrogen, halogen,
alkoxy, piperazinyl-2-one optionally substituted with
R6, iniidazolidinyl-2-one optionally substituted with
R6, oxazolidinyl-2-one optionally substituted with R6,
or heterocyclyl optionally substituted with R6; R is
one or two substituents independently selected from:
halogen, hydroxyl, heteroaryl, alkoxy, -C(O)alkyl,
-SO2alkyl, -C(O)NH(alkyl), -C(O)N(alkyl)2,
-C(O)C(i-4)alkyl-N(alkyl)2,alkyl, -C(1-4)alkyl-OH,
-C(1-4)alkyl-OCH3, -C(O)C(1-4)alkyl-OH, or
-C(O)C(1-4)alkyl-OCH3; provided that the same R6
substituent is not present more than once, unless said
R6 substituent is halogen, hydroxyl, or alkyl; Rc is
heterocyclyl optionally substituted with R7; R is one
substituent selected from: hydroxyl, -C(O)alkyl, -Sq
2alkyl, alkyl, or -C(O)N(alkyl)2; and R3 is one or
more substituents independently selected from: alkyl,
alkoxy, halogen, cycloalkyl optionally substituted
with R , heteroaryl optionally substituted with R4,
heterocyclyl optionally substituted with R4,
alkoxyether, -O(cycloalkyl), phenoxy optionally
substituted with R4, dialkylamino, or -SO2alkyl;
wherein R4 is independently selected from: halogen,
cyano, trifluoromethyl, amino, hydroxyl, alkoxy,
-C(O)alkyl, -CO2alkyl, -SO2alkyl, -C(O)N(alkyl)2,
alkyl, or alkylamino. Most particularly preferred
embodiments of the invention are compounds of Formula
I wherein one or more of the following limitations are
present: Q is a direct bond; G is O; X is N; Z is NH;
B is phenyl, pyrimidinyl, or pyridinyl;Ri and R are
independently selected from: (a-1), (a-5), or (a-6)
wherein n is 1, 2, 3 or 4; Y is O; Ra is alkoxy,
heteroaryl optionally substituted with Rs, hydroxyl,
alkylamino, dialkylamino, oxazolidinonyl optionally
substituted with R5, pyrrolidinonyl optionally
substituted with R5, piperazinyl-2-one optioanlly
substituted with R , heterocyclyl optionally
substituted with R5, -CONRWRX, -N(Ry)CON(Rw)(Rx),
-SO2Ry, or -NRwSO2Ry; Rw and Rx are independently
selected from: hydrogen, alkyl, alkenyl, aralkyl, or
heteroaralkyl, or R and Rx may optionally be taken
together to form a 5 to 7 membered ring, optionally
containing a heteromoiety selected from O, NH,
N(alkyl), SO, SO2, or S; Ry is selected from:
hydrogen, alkyl, alkenyl, cycloalkyl, phenyl, aralkyl,
heteroaralkyl, or heteroaryl; and R5 is one
substituent selected from: -C(O)alkyl, -S0 2alkyl,
-C(O)NH(alkyl), -C(O)N(alkyl) 2,
-C(O)C1-4alkyl-N(alkyl) 2,alkyl, -C(1-4)alkyl-OH,
-C(1-4)alkyl-OCH 3, -C(O)C(1-4)alkyl-OH, or -C(O)C(
1-4)alkyl-OCH 3 >; Rbb is hydrogen, halogen, alkoxy,
piperazinyl-2-one optionally substituted with R6,
imidazolidinyl-2-one optionally substituted with R6,
oxazolidinyl-2-one optionally substituted with R , or
heterocyclyl optionally substituted with R ; and R is
one substituent selected from: hydroxyl, alkoxy,
-C(O)alkyl, -SOaalkyl, -C(O)NH(alkyl), -C(O)N(alkyl)
2, -C(O)Ci -4alkyl-N(alkyl) 2, alkyl, -C(1-4)alkyl-OH,
-C(1-4)alkyl-OCH3, -C(O)CC1-4)alkyl-OH, or -C(O)C(
1-4)alkyl-OCH 3;Rc is heterocyclyl optionally
substituted with R7; R is one substituent selected
from -C(O)alkyl, -S0 2alkyl, or alkyl; and R3 is one
substituent independently selected from: alkyl,
alkoxy, cycloalkyl, heterocyclyl, -O(cycloalkyl), or
dialkylamino. PHARMACEUTICALLY ACCEPTABLY SALTS The
compounds of the present invention may also be present
in the form of pharmaceutically acceptable salts. For
use in medicines, the salts of the compounds of this
invention refer to non-toxic "pharmaceutically
acceptable salts." FDA approved pharmaceutically
acceptable salt forms (Ref. International J. Pharm.
1986, 33, 201-217; . Pharm. ScL, 1977, Jan, 66(1), pi)
include pharmaceutically acceptable acidic/anionic or
basic/cationic salts. Pharmaceutically acceptable
acidic/anionic salts include, and are not limited to
acetate, benzenesulfonate, benzoate, bicarbonate,
bitartrate, bromide, calcium edetate, camsylate,
carbonate, chloride, citrate, dihydrochloride,
edetate, edisylate, estolate, esylate, fumarate,
glyceptate, gluconate, glutamate, glycollylarsanilate,
hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isethionate,
lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylbromide, methylnitrate, methylsulfate,
mucate, napsylate, nitrate, pamoate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate,
stearate, subacetate, succinate, sulfate, tannate,
tartrate, teoclate, tosylate and triethiodide. Organic
or inorganic acids also include, and are not limited
to, hydriodic, perchloric, sulfuric, phosphoric,
propionic, glycolic, methanesulfonic,
hydroxyethanesulfonic, oxalic, 2-naphthalenesulfonic,
p-toluenesulfonic, cyclohexanesulfamic, saccharinic or
trifluoroacetic acid.Pharmaceutically acceptable
basic/cationic salts include, and are not limited to
aluminum, 2-amino-2-hydroxymethyl- rropane-l,3-diol
(also known as tris(hydroxymethyl)aminomethane,
tromethane or "TRIS"), ammonia, benzathine,
-butylamine, calcium, calcium gluconate, calcium
hydroxide, chloroprocaine, choline, choline
bicarbonate, choline chloride, cyclohexylamine,
diethanolamine, ethylenediamine, lithium, LiOMe,
L-lysine, magnesium, meglumine, NH3, NH4OH,
N-methyl-D-glucamine, piperidine, potassium,
potassium- -butoxide, potassium hydroxide (aqueous),
procaine, quinine, sodium, sodium carbonate,
sodium-2-ethylhexanoate (SEH), sodium hydroxide,
triethanolamine (TEA) or zinc. PRODRUGS The present
invention includes within its scope prodrugs of the
compounds of the invention. In general, such prodrugs
will be functional derivatives of the compounds which
are readily convertible in vivo into an active
compound. Thus, in the methods of treatment of the
present invention, the term "administering" shall
encompass the means for treating, ameliorating or
preventing a syndrome, disorder or disease described
herein with a compound specifically disclosed or a
compound, or prodrug thereof, which would obviously be
included within the scope of the invention albeit not
specifically disclosed for certain of the instant
compounds. Conventional procedures for the selection
and preparation of suitable prodrug derivatives are
described in, for example, "Design of Prodrugs", ed.
H. Bundgaard, Elsevier, 1985. STEREOCHEMICAL ISOMERS
One skilled in the art will recognize that the
compounds of Formula I may have one or more asymmetric
carbon atoms in their structure. It is intended that
the present invention include within its scope single
enantiomer forms of the compounds, racemic mixtures,
and mixtures of enantiomers in which an enantiomeric
excess is present.The term "single enantiomer " as
used herein defines all the possible homochiral forms
which the compounds of Formula I and their N-oxides,
addition salts, quaternary amines or physiologically
functional derivatives may possess. Stereochemically
pure isomeric forms may be obtained by the application
of art known principles. Diastereoisomers may be
separated by physical separation methods such as
fractional crystallization and chromatographic
techniques, and enantiomers may be separated from each
other by the selective crystallization of the
diastereomeric salts with optically active acids or
bases or by chiral chromatography. Pure stereoisomers
may also be prepared synthetically from appropriate
stereochemically pure starting materials, or by using
stereoselective reactions. The term "isomer" refers to
compounds that have the same composition and molecular
weight but differ in physical and/or chemical
properties. Such substances have the same number and
kind of atoms but differ in structure. The structural
difference may be in constitution (geometric isomers)
or in an ability to rotate the plane of polarized
light (enantiomers). The term "stereoisomer" refers to
isomers of identical constitution that differ in the
arrangement of their atoms in space. Enantiomers and
diastereomers are examples of stereoisomers. The term
"chiral" refers to the structural characteristic of a
molecule that makes it impossible to superimpose it on
its mirror image. The term "enantiomer" refers to one
of a pair of molecular species that are mirror images
of each other and are not superimposable. The term
"diastereomer" refers to stereoisomers that are not
mirror images. The symbols "R" and "S" represent the
configuration of substituents around a chiral carbon
atom(s).The term "racemate" or "racemic mixture"
refers to a composition composed of equimolar
quantities of two enantiomeric species, wherein the
composition is devoid of optical activity. The term
"homochiral" refers to a state of enantiomeric purity.
The term "optical activity" refers to the degree to
which a homochiral molecule or nonracemic mixture of
chiral molecules rotates a plane of polarized light.
The term "geometric isomer" refers to isomers that
differ in the orientation of substituent atoms in
relationship to a carbon-carbon double bond, to a
cycloalkyl ring or to a bridged bicyclic system.
Substituent atoms (other than H) on each side of a
carbon-carbon double bond may be in an E or Z
configuration. In the "E" (opposite sided)
configuration, the substituents are on opposite sides
in relationship to the carbon- carbon double bond; in
the "Z" (same sided) configuration, the substituents
are oriented on the same side in relationship to the
carbon-carbon double bond. Substituent atoms (other
than hydrogen) attached to a carbocyclic ring may be
in a cis or trans configuration. In the "cis"
configuration, the substituents are on the same side
in relationship to the plane of the ring; in the
"trans" configuration, the substituents are on
opposite sides in relationship to the plane of the
ring. Compounds having a mixture of "cis" and "trans"
species are designated "cis/trans". It is to be
understood that the various substituent stereoisomers,
geometric isomers and mixtures thereof used to prepare
compounds of the present invention are either
commercially available, can be prepared synthetically
from commercially available starting materials or can
be prepared as isomeric mixtures and then obtained as
resolved isomers using techniques well-known to those
of ordinary skill in the art. The isomeric descriptors
"R," "S," "E," "Z," "cis," and "trans" are used as
described herein for indicating atom configuration(s)
relative to a core molecule and areintended to be used
as defined in the literature (IUPAC Recommendations
for Fundamental Stereochemistry (Section E), PureAppl.
Chem., 1976, 45:13-30). The compounds of the present
invention may be prepared as individual isomers by
either isomer-specific synthesis or resolved from an
isomeric mixture. Conventional resolution techniques
include forming the free base of each isomer of an
isomeric pair using an optically active salt (followed
by fractional crystallization and regeneration of the
free base), forming an ester or amide of each of the
isomers of an isomeric pair (followed by
chromatographic separation and removal of the chiral
auxiliary) or resolving an isomeric mixture of either
a starting material or a final product using
preparative TLC (thin layer chromatography) or a
chiral HPLC column. POLYMORPHS AND SOLVATES
Furthermore, compounds of the present invention may
have one or more polymorph or amorphous crystalline
forms and as such are intended to be included in the
scope of the invention. In addition, some of the
compounds may form solvates, for example with water
(i.e., hydrates) or common organic solvents. As used
herein, the term "solvate" means a physical
association of a compound of the present invention
with one or more solvent molecules. This physical
association involves varying degrees of ionic and
covalent bonding, including hydrogen bonding. In
certain instances the solvate will be capable of
isolation, for example when one or more solvent
molecules are incorporated in the crystal lattice of
the crystalline solid. The term "solvate" is intended
to encompass both solution-phase and isolatable
solvates. Non-limiting examples of suitable solvates
include ethanolates, methanolates, and the like. It is
intended that the present invention include within its
scope solvates of the compounds of the present
invention. Thus, in the methods of treatment of the
present invention, the term "administering" shall
encompass the means for treating, ameliorating or
preventing a syndrome, disorder or disease described
herein with a compound specifically disclosed or a
compound, or solvate thereof, which would obviously be
included within the scope of the invention albeit not
specifically disclosed for certain of the instant
compounds.N-QXIDES The compounds of Formula I may be
converted to the corresponding N-oxide forms following
art-known procedures for converting a trivalent
nitrogen into its N-oxide form. Said N-oxidation
reaction may generally be carried out by reacting the
starting material of Formula I with an appropriate
organic or inorganic peroxide. Appropriate inorganic
peroxides comprise, for example, hydrogen peroxide,
alkali metal or earth alkaline metal peroxides, e.g.
sodium peroxide, potassium peroxide; appropriate
organic peroxides may comprise peroxy acids such as,
for example, benzenecarboperoxoic acid or halo
substituted benzenecarboperoxoic acid, e.g. 3-
chlorobenzenecarboperoxoic acid, peroxoalkanoic acids,
e.g. peroxoacetic acid, alkylhydroperoxides, e.g.
/butyl hydro-peroxide. Suitable solvents are, for
example, water, lower alcohols, e.g. ethanol and the
like, hydrocarbons, e.g. toluene, ketones, e.g.
2-butanone, halogenated hydrocarbons, e.g.
dichloromethane, and mixtures of such solvents.
TAUTOMERIC FORMS Some of the compounds of Formula I
may also exist in their tautomeric forms. Such forms
although not explicitly indicated in the present
application are intended to be included within the
scope of the present invention. PREPARATION OF
COMPOUNDS OF THE PRESENT INVENTION During any of the
processes for preparation of the compounds of the
present invention, it may be necessary and/or
desirable to protect sensitive or reactive groups on
any of the molecules concerned. This may be achieved
by means of conventional protecting groups, such as
those described in Protecting Groups, P. Kocienski,
Thieme Medical Publishers, 2000; and T.W. Greene &
P.G.M. Wuts, ProtectiveGroups in Organic Synthesis,
3rd ed. Wiley Interscience, 1999. The protecting
groups may be removed at a convenient subsequent stage
using methods known in the art. General Reaction
Scheme Compounds of formula I can be prepared by
methods known to those who are skilled in the art. The
following reaction schemes are only meant to represent
examples of the invention and are in no way meant to
be a limit of the invention. The compounds of formula
I , wherein X, B, G, Q, Z, R1, R2, and R3 are as
defined in Formula I , may be synthesized as outlined
by the general synthetic route illustrated in Scheme
1. In the first step, treatment of a piperidinyl ester
II with a strong base such as lithium
hexamethyldisilazide in solvent such as
tetrahydrofuran (THF) followed by addition of an
appropriate chloroquinazoline/quinoline III at a
temperature of -78 0C to 25 C can provide the
substituted piperidine IV. Treatment of IV to
decarboxylation conditions, such as LiCl in DMSO/H2O
at a temperature of 100 C to 200 0C or KOH in MeOH at
a temperature of 25 C to 200 0C, followed by
deprotection of the amine protecting group (PG) under
standard conditions known to those skilled in the art
can provide piperidine V. The final step can involve
reaction of piperidine V with an appropriate
acylating/alkylating reagent VI, wherein LG may be an
appropriate leaving group such as Br, Cl, I,
imidazole, or p-nitrophenoxy, to provide the desired
final product I . These reactions are generally
performed in the presence of a solvent, such as
methylene chloride, and a base, such
asdiisopropylethylamine, at a temperature of 0 0C to
150 C, preferably from 0 0C- 25 0C. The
4-chloroquinazolines or quinolines III are either
commercially available or can be prepared as outlined
in Scheme 5. The acylating reagents VI are either
commercially available or, wherein Q is a direct bond
and Z is NH or N(alkyl), can be prepared as
illustrated in Scheme 1. Treatment of an appropriate
R3BZH, wherein Z is NH or N(alkyl ), with an
appropriate acylating reagent such as
carbonyldiimidazole, thiophosgene, or
p-nitrophenylchloroformate in the presence of a base
such as triethylamine can provide VI. Many R BZH
reagents are either commercially available or can be
prepared by a number of known methods (e.g.TetLett
1995, 36, 2411-2414). Scheme 1 ) decarboxylation )
deprotection VlAn alternative method to prepare the
piperidine intermediate V, wherein X is N and R1 and R
are defined as in Formula I, is illustrated in Scheme
2. Treatment of isonipecotic acid with an appropriate
amino protecting group can provide the N-protected
piperidine VII. Transformation of the carboxylic acid
to the primary amide and subsequent dehydration under
standard conditions can provide the cyano piperidine
VIII. Treatment of piperidine VIII with an appropriate
aniline IX utilizing a Friedel Crafts reaction with a
Lewis acid, such as BF Et2O, can provide the
substituted aniline X. Formation of the quinazoline
ring can be accomplished by treating aniline X with a
reagent such as formamide at a temperature of 100 C to
200 0C and subsequent deprotection of the amino
protecting group under standard conditions can provide
the desired piperidine V. Scheme 2 PG is Protecting
Group VII The compounds of Formula I , wherein Q is a
direct bond, Z is NH or N(alkyl), and G, X, R1, R2,
and R3 are defined as in Formula I , can be prepared
by the reaction sequence outlined in Scheme 3.
Treatment of piperidine V, prepared by the method
outlined in Scheme 1, with an acylating agent such as
phosgene, thiophosgene, or carbonyldiimidazole,
wherein LG is Cl or imidazole, and an organic base
such as diisopropylethylamine can provide intermediate
XI, which upon treatment with anappropriate R3BZH can
provide the final compound I . Alternatively compound
I , wherein Z is NH, can be obtained via direct
treatment of piperidine V with an 



appropriate isocyanate or isothiocyanate (R3-B-N=C=G).
The isocyanates are either commercially available or
can be prepared by a known method (/. Org Chem, 1985,
50, 5879-5881). Scheme 3 The compounds of Formula I ,
where Q is a direct bond, B is phenyl or heteroaryl, G
is O, Z is NH or N(alkyl), R3 is phenyl or heteroaryl,
and X, Ri, and R are defined as in Formula I , can be
prepared by the reaction sequence outlined in Scheme
4. Treatment of a piperidine V, which can be prepared
as described in Scheme 1, with an appropriate
iodoarylamide acylating agent XII, wherein LG is an
appropriate leaving group, for instance, bromide,
chloride, or p-nitrophenoxide, can provide the
iodoaryl XIII. Reaction of iodoaryl XIII with an
appropriate aryl boronic acid or aryl boronic ester (R
is H or alkyl) in the presence of a palladium catalyst
such as bis(triphenylphosphine)palladium dichloride in
a solvent such as toluene at atemperature of 50 C to
200 C can provide the final product I . The iodoaryl
acylating agents are either commercially available or
prepared as outlined in Scheme 1 while the boronic
acids/boronic esters are either commercially available
or prepared by known methods (Synthesis 2003, 4,
469-483; Organic letters 2001, 3, 1435-1437). Scheme 4
Z is NH or N(alkyl) LG is Leaving Group Ar is aryl or
heteroaryl R is H oralkyl Preparation of an
appropriate chloroquinazoline III can be accomplished
by the reaction sequence illustrated in Scheme 5.
Starting from a corresponding anthranilic acid XIV,
treatment with a reagent such as formamidine acetate
in a solvent such as ethanol can provide quinazolone
XV. Subsequent treatment of XV with a chlorinating
agent, such as oxalyl chloride in DMF in a solvent
such as dichloroethane, can provide the desired
chloroquinazoline III. The anthranilic acids are
either commercially available or can prepared by known
methods (WO97281 18). Scheme 5 chlorination XIV XV
IIICompounds of Formula I , wherein R1is -CC(CH2)nRa,
G is O, and X, B, Q, Z, Ra, R2, and R3 are defined as
in Formula I , can be prepared by the sequence
outlined in Scheme 6. Treatment of the appropriate
iodo substituted piperidine V, which can be prepared
as described in Scheme 1, with an appropriate reagent
VI can provide the iodoaryl intermediate XVI. Reaction
of XVI with an appropriate alkynyl alcohol in the
presence of a palladium catalyst such as
bis(triphenylphosphine)palladium dichloride, a copper
catalyst such as copper(I) iodide, a base such as
diethyl amine and a solvent such as dimethylformamide
at a temperature of 25 C to 150 C can provide the
alkynyl alcohol XVII. Conversion of the alcohol XVII
to an appropriate leaving group known by those skilled
in the art such as a mesylate followed by an SN2
displacement reaction of XVIII with an appropriate
nucleophilic heterocycle, heteroaryl, amine, alcohol,
sulfonamide, or thiol can provide the final compound I
. If Ra nucleophile is a thiol, further oxidation of
the thiol can provide the corresponding sulfoxides and
sulfones. If Ra nucleophile is an amino, acylation of
the nitrogen with an appropriate acylating or
sulfonylating agent can provide the corresponding
amides, carbamates, ureas, and sulfonamides. If the
desired Ra is COORy or CONRWRX, these can be derived
from the corresponding hydroxyl group. Oxidation of
the hydroxyl group to the acid followed by ester or
amide formation under conditions known in the art can
provide examples wherein Ra is COORy or CONRWRX. One
could prepare the compounds where R2 is -CC(CH2)nRa
utilizing the same reaction sequence with the
appropriate 7-iodoaryl quinazoline or quinoline.Scheme
6 Nuc is a nucleophile Compounds of Formula I ,
wherein R1 is phenyl or heteroaryl, G is O, and X, B,
Q, Z, R , and R3 are defined as in Formula I , can
also be prepared as outlined in Scheme 7. Treatment of
compound XIX, which can be prepared by decarboxylation
of previously described compound IV, with an
appropriate aryl boronic acid or aryl boronic ester (R
is H or alkyl) in the presence of a palladium catalyst
such as bis(triphenylphosphine)palladium dichloride in
a solvent such as toluene at a temperature of 50 C to
200 C can provide aryl intermediate XX. Deprotection
of the amine protecting group known to those skilled
in the art under standard conditions can provide the
piperidine XXI, which can then be acylated or
alkylated using reagent VI to provide the final
compound I . The boronic acids/boronic esters are
either commercially available or prepared by known
methods (Synthesis 2003, 4, 469-483; Organic letters
2001, 3, 1435-1437). One could prepare the compounds
where R2 is phenyl or heteroaryl utilizing the same
reaction sequence with the appropriate 7-iodo
quinazoline or quinoline.Scheme 7 Deprotection XX XXI
I LG is Leaving Group Ar is aryl or heteroaryl R is H
or alkyl Compounds of formula I, wherein R1 is
-CHCH(CHi)nRa, G is O, and X, B, Q, Z, Ra, R2, and R
are defined as in Formula I , can be prepared by the
sequence outlined in Scheme 8. Treatment of the
appropriate iodo substituted piperidine V, which can
be prepared as described in Scheme 1, with an
appropriate reagent VI can provide the iodoaryl
intermediate XVI. Reaction of XVI with an appropriate
vinylstannane XXII in the presence of a palladium
catalyst such as bis(triphenylphosphine)palladium
dichloride and a solvent such as dimethylformamide at
a temperature of 25 C to 150 0C can provide the
alkenyl alcohol XXIII. Conversion of the alcohol XXIII
to an appropriate leaving group known by those skilled
in the art such as a mesylate followed by an SN
displacement reaction of XXIV with an appropriate
nucleophilic heterocycle, heteroaryl, amine, alcohol,
sulfonamide, or thiol can provide the final compound I
. If R nucleophile is a thiol, further oxidation of
the thiol can provide the corresponding sulfoxides and
sulfones. IfR nucleophile is an amino, acylation of
the nitrogen with an appropriate acylating or
sulfonylating agent can provide the corresponding
amides, carbamates, ureas, and sulfonamides. If the
desired R is COORy or CONRWRX, these can be derived
from the corresponding hydroxyl group.Oxidation of the
hydroxyl group to the acid followed by ester or amide
formation under conditions known in the art can
provide examples wherein Ra is COORy or CONRWRX. The
corresponding cis olefin isomers of Formula I can be
prepared by the same method utilizing the appropriate
cis vinyl stannane. Reduction of the olefin moiety
under known conditions can provide the saturated
compounds where Ri is -CH2CH2(CH2)nRa. One could
prepare the compounds where R is -CHCH(CH2)nRa
utilizing the same reaction sequence with the
appropriate 7-iodo quinazoline or quinoline. Scheme 8
XXIII XXIV LG is Leaving Group is a nucleophile
Compounds of formula I wherein R2 is -Y(CH2)nRa, Y is
O, S, NH, or N(alkyl), G is O, and X, B, Q, Z, Ra, R1,
and R3 are defined as in Formula I , can be prepared
by the sequence outlined in Scheme 9. Treatment of
compound XXV, which can be prepared as described in
Scheme 1, with a base such as hydroxide ion or
potassium t-butoxide in the presence of a suitable R
(CHk)nYH at a temperature of 25 C to 150 0C in a
solvent such as THF can provide the substituted XXVI.
Deprotection of the amine protecting group known to
those skilled in the art under standard conditionscan
provide the piperidine XXVII, which can then be
acylated or alkylated using reagent VI to provide the
final compound I . One could prepare the compounds
where R1 is -Y(CH2)nRa utilizing the same reaction
sequence with the appropriate 6-halogenated
substituted quinazoline or quinoline. A related
synthetic route to intermediate quinazoline/quinoline
XXVI is also outlined in Scheme 9. Treatment of
compound IV, which can be prepared as described in
Scheme 1, with a base such as KOH in the presence of a
suitable Ra(CH2)nYH at a temperature of 25 C to 150 C
in a solvent mixture such as dioxane/water, can
provide the substituted intermediate XXVI. Compounds
of formula I where R2 is -OR Cor Rbb can be prepared
by the same reaction sequence outlined in Scheme 9
using an appropriate -OR 0 or R in the SnAr
step.Scheme 9 Deprotection Hal is Cl or F PG is
Protecting Group LG is Leaving Group XXVII An
alternative method to prepare compounds of Formula I ,
wherein R is -Y(CH2)nRa Y is O, S, NH, or N(alkyl), G
is O, and X, B, Q, Z, R , R1, and R3 are defined as in
Formula I , can be prepared by the sequence outlined
in Scheme 10. Treatment of compound XXV, which can be
prepared as described in Scheme 1, with a base such as
hydroxide ion or potassium t-butoxide in the presence
of a suitable PG1O(CHa)nYH, where PG1 is an
appropriate alcohol protecting group, at a temperature
of 25 0C to 150 0C in a solvent such as THF can
provide the substituted XXVIII. Deprotection of the
PG1 group known to those skilled in the art under
standard conditions can provide intermediate XXIX.
Conversion of the alcoholXXIX to an appropriate
leaving group known by those skilled in the art such
as a mesylate followed by an SN2 displacement reaction
of XXX with an appropriate nucleophilic heterocycle,
heteroaryl, amine, alcohol, sulfonamide, or thiol can
provide compound XXXI. If Ra nucleophile is a thiol,
further oxidation of the thiol can provide the
corresponding sulfoxides and sulfones. If Ra
nucleophile is an amino, acylation of the nitrogen
with an appropriate acylating or sulfonylating agent
can provide the corresponding amides, carbamates,
ureas, and sulfonamides. If the desired Ra is COORy or
CONRWRX, these can be derived from the corresponding
hydroxyl group. Oxidation of the hydroxyl group to the
acid followed by ester or amide formation under
conditions known in the art can provide examples
wherein Ra is COORy or CONRWRX. Deprotection of the
amine protecting group known to those skilled in the
art under standard conditions can provide the
piperidine XXXII, which can then be acylated or
alkylated using reagent VI to provide the final
compound I . One could prepare the compounds where R1
is -Y(CH2)nRa utilizing the same reaction sequence
with the appropriate 6-halogenated substituted
quinazoline or quinoline.Scheme 10 PG1 Deprotection
Hal is PG and PG1 are Protecting Groups XXIX XXX XXXII
An alternative method to prepare compounds of Formula
I , wherein R is -Y(CH2)nRa Y is O, S, NH, or
N(alkyl), G is O, and X, B, Q, Z, R , R1, and R3 are
defined as in Formula I , can be prepared by the
sequence outlined in Scheme 11. Removal of the amine
protecting group known to those skilled in the art
under standard conditions of compound XXV, which can
be prepared as described in Scheme 1, can provide the
piperidine XXXIII, which can then be acylated or
alkylated using reagent VI to provide compound XXXIV.
Treatment of XXXIV with a base such as hydroxide ion
or potassium t-butoxide in the presence of a suitable
Ra(CH2)nYH at a temperature of 25 C to 150 0C in a
solvent such as THF can provide the final compound I .
Onecould prepare the compounds where R1 is -Y(CH2)nRa
utilizing the same reaction sequence with the
appropriate 6-halogenated substituted quinazoline or
quinoline. Scheme 11 Hal is Cl or F XXXIII PG is
Protecting Group LG is Leaving Group Compounds of
formula I wherein R1 and R2 are -Y(CKb)nRa, Y is O, S,
NH, or N(alkyl), G is O, and X, B, Q, Z, Ra, and R are
defined as in Formula I, can be prepared by the
sequence outlined in Scheme 12. Treatment of compound
XXXV, which can be prepared as described in Scheme 1,
with a base such as hydroxide ion or potassium
t-butoxide in the presence of a suitable Ra(CH2)nYH at
a temperature of 25 C to 150 0C in a solvent such as
THF can provide the substituted XXXVI. A subsequent
SnAr reaction of compound XXXVI with a base such as
hydroxide ion or potassium t-butoxide in the presence
of another Ra(CH2)nYH at a temperature of 25 C to 150
C in a solvent such as DMSO can provide the
substituted XXXVII. Deprotection of the amine
protecting group known to those skilled in the art
under standard conditions can provide the piperidine
XXXVIII, which can then be acylatedor alkylated using
reagent VI to provide the final compound I . One could
also prepare compounds where R1 is -OR Cor with an
appropriate Rbb such as alkoxy using the same reaction
sequence in Scheme 12. Scheme 12 XXXV XXXVI PG is
Protecting Group Deprotection REPRESENTATIVE COMPOUNDS
Representative compounds of the present invention
synthesized by the afore mentioned methods are
presented below. Examples of the synthesis of specific
compounds are presented thereafter. Preferred
compounds are numbers 73, 74, 85, 152, 157, 158, 163,
178, 183, 197, 207, and 209; particularly preferred
are numbers 73, 74, 157, 178, and 207.Entry
CompoundModified Release 1-
[(3-Hydroxy-adamant-l-ylamino) -acetyl] -
pyrrolidine-2 (S) -carbonitrile Formulation Background
of the Invention The present invention relates to a
sustained release preparation containing a dipeptidyl
peptidase IV inhibitor (DPP-IV) useful for preventing
or treating diabetes mellitus, non-insulindependent
diabetes mellitus, obesity, arthritis, osteoporosis,
and other diseases. DPP-IV is a useful drug for
treating diabetes mellitus, noninsulin- dependent
diabetes mellitus, obesity, arthritis, osteoporosis,
and other diseases because it inhibits inactivation of
glucagons-like peptide-I (GLP-I) in blood plasma and
increases its incretion action (WO 02/062,764, WO
01/55105, WO 02/02560) . However, as described in
detail below, there were some cases in which strong
inhibition of DPP-IV activity in a living body was not
always preferable. For example, it has been reported
that the DPP-IV inhibitor enhances vasodialation
action by substance O and that the DPP-IV activity was
elevated when treating chronic rhinosinusitis because
there was an inverse relationship between DPP-IV
activity of nasal mucosa of a patient with chronic
rhinosinusitis and density of inflammatory cells on
the nasal mucosa (for example, FASEB J., 2002,
16:1132-1134). Accordingly, it is considered
undesirable to strongly inhibit DPP-IV activity in a
patient with diabetes complicating chronic
inflammation because it results in aggravation of
inflammation. It has been reported that selective
DPP-IV activity is important for glucose homeostasis
since GLP-I (9-36) amide, a metabolite from GLP-I with
DPP-IV, reduces blood glucose level (Am. J . Physiol.
Endocrinol. Metab., 2002, 282 :E873-E879) .Further it
has been reported that in treatment of a patient with
type C Hepatitis using interferon- , severity of
depression and anxiety correlated with decrease of
serum DPP-IV activity (for example, MoI. Psychiatry,
2001, 6:475-480). In view of the current circumstances
that there are some cases in which strong inhibition
of i vivo DPP-IV activity is not always preferable for
the living body, the present inventors considered it
necessary to develop a preparation that could
appropriately inhibit DPP-IV activity and also afford
excellent convenience or compliance. The inventors
herein disclose a modified/sustained release 1- [(3-Hg
droxy-adamant-l-ylamino) -acetyl] -pyrrolidine-2 (S) -
carbonitrile (also known as LAF237 or vildagliptin
(INN) ) formulation for these purposes. The
development of a modified/sustained release (MR)
formulation comprising vildagliptin is necessary to
improve the treatment quality of the treated patients.
vildagliptin is an orally active, dipeptidylpepidase
IV inhibitor indicated for improvement of glycemic
control in type II diabetes. LAF237 is specifically
disclosed in Example 1 of WO 00/34241. LAF237 can be
formulated as described in WO 00/34241, or in the
International Patent Application No. EP2005/000400
(application number) . Since vildagliptin is sensitive
to moisture, one of the main emphases during the
Market Formulation (MF) development was product
stability. Hydrolysis is the main degradation pathway
for vildagliptin. The stability of vildagliptin is
known to be affected by initial moisture content of
the tablet, excipients with high intrinsic moisture
and the amount of excipients present in the tablet (%
drug load) . The current validated vildagliptin
formulation is a DC (direct compression) tablet with a
25% drug load. Considering the water-sensitivity of
vildagliptin, Clinical service form (CSF) and Market
Formulation (MF) development wasplanned to focus on
techniques that would not require the use of water,
such as direct compression. vildagliptin is classified
as Category II, therefore, no special handling
practices are required. The vildagliptin drug
substance (DS) is sensitive to moisture. Very tight
packaging is necessary. Current retest date is 30
months with storage at 25C. It is well known that
patient adherence to a drug regimen indirectly
correlates with frequency of dosing i.e. greater
adherence is seen with a once daily (OD) dosing
regimen compared to a twice daily (BID) dosing
regimen. The majority of data currently available for
vildagliptin is derived from studies based on the
immediate release (IR) formulation of vildagliptin
given BID. Replacing the 50mg IR BID dose with a OD
modified release dose will provide the dual benefit of
dosing convenience to the patient and a inovative OD
product for treating patients. The present invention
provides a pharmaceutical tablet formulation, capable
of being compressed, preferably directly compressed,
into a tablet having adequate hardness/friability, an
acceptable disintegration time, low sensitivity to
moisture, improved stability, an acceptable
dissolution pattern and improved pharmacokinetic
profile in treated patidnts. The pharmaceutical tablet
formulation, can also be used in e.g. a capsule,
tablet, compressed table, direct compressed tablets,
granule . Summary of the Invention The subject
invention provides a pharmaceutical tablet formulation
comprising per unit dosage form e.g. per tablet the
following ingredients: (a) a compound as an active
ingredient, wherein the compound has a formula:wherein
R is substituted adamantyl and n is an integer from 0
to 3 ; or a pharmaceutically acceptable salt thereof;
(b) a hydrsxypropyl methylcellulose with an apparent
viscosity of 80,000 cP to 120,000 cP (nominal value
100,000 cP) when present in a 1% solution; (c) a
microcrystalline cellulose; and (d) a magnesium
stearate The subject invention also provides a
pharmaceutical tablet formulation, comprising per 400
mg tablet the following ingredients : (a) vildagliptin
or a pharmaceutically acceptable salt thereof in an
amount of about 100 mg; (b) a hydroxypropyl
methylcellulose in an amount of about 160 mg, wherein
the hydroxypropyl methylcellulose has an apparent
viscosity of 80,000 cP to 120,000 cP (nominal value
100,000 cP) when present in a 1% solution; (C) a
microcrystalline cellulose in an amount of 120 mg; (d)
a lactose in an amount of about 16 mg; and (e) a
magnesium stearate in an amount of 4 mg. The subject
invention also provides a pharmaceutical tablet
formulation comprising per unit dosage form e.g. per
tablet the following ingredients: (a) a compound as an
active ingredient, wherein the compound has a
formula:wherein R is substituted adamantyl and n is an
integer from 0 to 3 ; or a pharmaceutically acceptable
salt thereof; and (b) a hydroxypropyl methylcellulose
with an apparent viscosity of 80,000 cP to 120,000 cP
(nominal value 



100,000 cP) when present in a 1% solution. Brief
Description of the Figures Figure 1. Process Flow.
This figure shows the selected manufacturing process.
Figure 2 . Dissolution Profile for Fast and Slow
Release. Figure 3 . vildagliptin MR lOOmg tablet
compression profile for CSF formulation containing 40%
HPMC. Figure 4. vildagliptin MR 100 mg tablet
friability for CSF Formulation containing 40% HPMC.
Figure 5 . Effect of roller compaction and dwell time,
30% HPMC, lOOmg tablet. 30% HPMC was evaluated to
improve the compression profile. The effect of the
tablet dwell time was simultaneously evaluated at
speeds from 40 to 80rpm. Figure 6 . Effect of roller
compaction on lOOmg tablet hardness. A Fitzpatrick
(Chilsonator, model IR220) was evaluated with the
interim powder blend without the addition of magnesium
stearate, at increasing compaction forces . Figure 7 .
Effect of roller compaction on 150mg tablet hardness.
A Fitzpatrick (Chilsonator, model IR220) was evaluated
with the interim powder blend without the addition of
magnesium stearate, at increasing compaction
forces.Figure 8 . Effect of roller compaction on the
lOOmg MR dissolution profile. The effect of roller
compaction on the dissolution profile was studied with
40% HPMC KlOOM and compared to the dissolution profile
of the clinical batch. Figure 9 . Effect of roller
compaction on the 150mg MR dissolution profile. The
effect of roller compaction on the dissolution profile
was studied with 40% HPMC KlOOM and compared to the
dissolution profile of the clinical batch. Figure 10.
Effect of roller compaction on vildagliptin lOOmg
hardness using a Bepex roller compactor. The effect of
increasing compaction forces was studied. Figure 11.
Effect of roller compaction on vildagliptin 150 mg
tablets using Bepex roller compactor. The effect of
increasing compaction forces was studied. Figure 12.
Effect of roller compaction on lOOmg tablet. The
effect of Fitzpatrick (Chilsonator, model IR220)
roller compactor at compaction forces from 500 to
10,000 lb/in on a powder blend containing 40% HPMC.
Figure 13. Effect of roller compaction on 150mg
tablets. The effect of Fitzpatrick (Chilsonator, model
IR220) roller compactor at compaction forces from 500
to 10,000 lb/in on a powder blend containing 40% HPMC.
Figure 14. Effect of roller compaction on lOOmg tablet
friability. Roller compaction forces greater than
5,000 lb/in (or 43.75 KN) produced tablets with a
compression profile worse than the CSF without roller
compaction or pre-compression. Figure 15. Effect of
roller compaction on HPMC concentration and dwell time
with lOOmg tablet. Figure 16. Effect of roller
compaction on HPMC concentration and dwell time with
150mg tablet. Figure 17. Dissolution profile for lOOmg
tablet. Figure 18. Dissolution profile for 150mg
tablet.Figure 19. Effect of roller compaction on sieve
analysis. Figure 20. Effect of roller compaction on
sieve analysis. Detailed Description of the Invention
Terms "DPP-IV inhibitor" means a compound that
inhibits enzymatic activity of DPP-IV [Classification
by IUBMB; EC3.4.14.5]. The compound may be either
peptidyl or non-peptidyl . A s long as the DPP-IV
inhibitor retains its inhibitory activity, the form
may be different before and after administration into
the living body. Namely, the DPP-IV inhibitor may be
"active metabolites" which have DPP-IV inhibitory
activity after undergoing structural changes through
metabolism in the living body. Further, the DPP-IV
inhibitor may be a "prodrug" that is changed into an
activated form by reactions with enzymes, stomach
acids, etc. under in vivo physiological conditions. In
addition, the DPP-IV inhibitory activity can be
confirmed by utilizing, for example, the method by
Raymond et al. (Diabetics, 1998, 47:1253- 1258) .
Specific examples of the DPP-IV inhibitor include (1)
A compound of the formula: (wherein ring A is a 5- to
10-membered aromatic ring which may be substituted; R1
and R2 are each a hydrocarbon group which may be the
same or different and may be substituted, or a
heterocyclic group which may be substituted; X is a
bond, -0-, - S-, -SO-, -SO2- , or -NR3- (R 3 is a
hydrogen atom or a hydrocarbongroup which may b e
substituted) ; and L is a divalent hydrocarbon group)
described in W O 02/062764. The compound represented b
y formula (I) may b e an anhydrous or hydrous
substance, as well as a prodrug. Suitable examples of
the compound represented by formula (I) include the
following compounds. Compound I-a A compound wherein
the ring A is a benzene ring which may have 1 or 2
substitutions selected from: 1 ) a cyano group; 2 ) a
Ci-io alkyl group (preferably, ethyl) or a C2-10
alkenyl group (preferably, ethenyl) which may be
substituted with a carbamoyl group or a carboxyl
group, respectively; 3 ) a hydroxyl group whch may b e
substituted (preferably, a 1-10 C alkoxy group
(preferably, methoxy, isopropoxy) which may have 1 to
3 substituents selected from a carbomoyl group, a
carboxyl group and a 2-5 C alkoxycarbonyl group
(preferably, methoxycarbonyl) ; a hydroxyl group; a
7-13 C aralkyloxy group (preferably, benzyloxy) )
(more preferably carbamoylmethoxy) ; 4 ) an acyl group
(preferably, a C1- alkyl-carbonyl (preferably acetyl),
carbamoyl, mono- or di- (Ci_6 alkyl which may have 1
to 3 subsitutents selected from a halogen atom and a
C1 S alkoxy carbonyl) -carbamoyl (preferably,
methycarbamoyl, ethycarbamoyl, propylcarbamoyl,
dimethylcarbamoyl, trifluoroethylcarbamoyl,
ethoxycarbonylmethyl carbamoyl, etc.) C3_10
cycloalkyl-carbamoyl (preferably, cyclopropyl
carbamoyl) , C7-I3 aralkyl-carbamoyl (preferably,
benzylcarbamoyl) , a nitrogen-containing
heterocycle-carbonyl which may be substituted with
hydroxyl (preferably, pyrrolidinylcarbonyl,
piperidinocarbonyl) , Cc_6 alkylsulfonyl (preferably,
methylsulfonyl) , a Cc-6 alkylsulfinyl (preferably,
methylsulf inyl) , carboxyl, Ci-e alkoxy-carbonyl
(preferably, methoxycarbonyl) , and thiocarbamoyl) ; 5
) an amino group which may b e substituted
(preferably,carbamoylamnino) ; 6 ) a thiol group
(preferably, a 1-10 C alkylthio group which may be
substituted with a carbamoyl group (preferably
methylthio) ; 7 ) a heterocyclic group which may be
substituted (an aromatic theterocyclic group
(preferably, furyl, thienyl, oxazolyl, oxadiazolyl,
thiazolyl, tetrasolyl, pyridyl, pyrrolyl, triazolyl)
or a non-aromatic heterocyclic group (preferably,
dioxoisoindole, 5-oxooxadiazole-3-yl, 5-oxothiaxialole
3-yl) , respectively, which may have 1 or 2
substituents preferably selected from a Ci_6 alkyl
group which may be substituted with 1 to 3 halogen
atoms (preferably, methyl, trifluoromethyl) , a
carboxyl group, a 2-8 calkoxy carbonyl (preferably,
ethoxycarbonyl) , a cyano group, a carboamoyl group,
anamino group, a mono- or di-C 2-i0 alkanoylamnio
group (e.g. acetylamnio isopentanoylamnio) , C1 I0
alkoxy-carbonylamnio group (e.g. methoxycarbonylamnio)
, a carbamoylamino group, a mono- or di-Ci_ io
alkyl-carbamoylamnio group (e.g., methylcarbmoylamino,
dimethylcaramoylamino) , a C6-.1 4
aryl-carbonylaminogroup (e.g., benzoylamnio) , a C3_i0
cycloalkyl-carbonylamnio group, a C7_13
aralkyloxy-carbonylamnio, dimethylsulfonylamnio) , a
mono- or di- Cc_10 alkyl sulfonyl amino group (e.g.,
methyl sulfonyl amino, diemthyl sulfonylamino) , a C6-
4 arylsulfonylamnio group and a G1- 6
alkoxy-carbanoylamnino group (e.g.,
methoxycarbamoylamnio) ; 8 ) a benzene ring, which may
have 1 or 2 substituents sleeted from amidino groups;
R1 is a 4-10 C alkyl group (preferably, isobutyl,
neopentyl) or a 4-10 cycloalkylalkyl group
(preferably, cyclopropylmethyl) ; R2 is a 6-14 C aryl
group (preferably phenyl) which may have 1 or 2
substituents selected from a halogen atom (preferably,
fluorine, chlorine) and C1. alkyl (preferably methyl)
; X is a bond; and L is (preferably, -CH2- ) .
Compound I-bA compound wherein the ring A is a benzene
ring which may have 1 or 2 substituents selected from:
1 ) a C1- 0 alkyl group (preferably, ethyl) or a C2-I0
alkenyl group (preferably, ehthenyl) which may be
substituted with a 2-8 C alkoxycarbonyl group
(preferably, ethoxycarbonyl) or a carbamoyl group,
respectively; 2 ) a hydroxyl group which may be
substituted (preferably, a 1-10 C alkoxy group
(preferably, methoxy) which may be substituted with a
carbamoyl group; more preferably, carbamoylmethoxy) ;
3 ) an acyl group (preferably, carbamoyl,
thiocarbamoyl, carboxyl) ; 4 ) a heterocyclic group
which may be substituted (an aromatic heterocyclic
group (preferably, furyl, rhienyl, oxazoyl,
oxadiazolyl, thiazolyl, tetrasolyl, pyridyl, pyrrolyl,
triazoyl) or a non-aromatic heterocyclic group
(preferably, 5- oxooxadiazole-3-yl) , which may have 1
or 2 substituents preferably selected from a Cc_6
alkyl group (preferably, methyl) , a carboxyl group, a
2-8 C alkoxycarbonyl group (preferably,
ethoxycarbonyl) , a cyano group, a carbamoyl group, an
amnio group, a mono- or di-C 2-io alkanoylamnino group
(e.g., acetylamnio, isopentanoylamino) , Ci_10
alkoxy-carbonylamnio group (e.g. methoxycarbonylamnio)
, a carbamoylamnio group, a mono- or di-Ci_io
alkyl-carbamoylamnio group (e.g.,
methylcarbamoylamnio, dimethylcarbamoylamino group) ,
a C6- aryl-carbonylamnio group (e.g., benzoylamino) ,
a C3_i0 cycloalkyl-carbonylamino group (e.g.,
methylsulfonylamino, dimethylsulfonylamino) , C6-I
arylsulfonylamnio group and a C1-
alkoxy-carbamoylamino group (e.g.,
mehtoxycarbamoylamino) ); R1 is a 4-10 C alkyl group
(preferably, isobutyl, neopentyl) or a 4-10 C
cycloalkylalkyl group (preferably, cyclopropylmethyl)
; R2 is a 1-10 C alkyl group (preferably, butyl) which
amy be substituted with 1 to 3 halogen atoms; X is -O-
; and L is Cc_10 alkylene (preferably, - CH3- ) .
Among the compounds represented by formula (I) ,
preferably are, especially, l-[2-[
(5-cyanopyridin-2~yl) amino] ethylamino] acetyl2-cyano
(S) -pyrrolidone; 1- [(3-hydroxy-adaraant-l-ylamino) -
acetyl] -pyrrolidine-2 (S) -carbonitrile; 2- [3-
(aminomethyl) -4- butoxy-2-isobuthyl-l-oxo-l,
2-dihydro-6-isoquinolyl [-1,3-
thiazole-4-carbonitrile; 2- [3- (aminomethyl)
-4-butoxy-2- isobuthyl-l-oxo-1,
2-dihydro-6-isoquinolyl] -1, 3-thiazole-4- carboxylic
acid; 2- [3- (aminomethyl)
-4-butoxy-2-isobuthyl-l-oxo- 1
,2-dihydro-6-isoquinolyl] -1,
3-thiazole-4-carboxamide; ethyl 2 - [3- (aminomethyl)
-4-butoxy-2-isobuthyl-l-oxo-l, 2-dihydro-6-
isoquinolyl] -1, 3-thiazole-4-carboxylate; (E) 3- [3-
(aminomethyl) - 4-butoxy-2-isobuthyl-l-oxo-l,
2-dihydro-6-isoquinolyl] -2- propenamide; (E) -3- [3-
(aminomethyl) -2-isobuthyl-4-phenyl-l-oxo- 1
,2-dihydro-6-isoquinolyl] -2-propenamide; 3-
(aminomethyl) -2-
isobuthyl-l-oxo-4-phenyl-l,2-dihydro-6-isoquinolinecar
boxamide; 2-{ [3- (aminomethyl)
-2-isobuthyl-4-phenyl-l-oxo-l,2-dihydro-6-
isoquinolyl] oxy}acctamide . (2) A compound
represented by a formula (wherein f is 1 or 2 ; g is 0
, 1 or 2 ; X is -CH2- , -0-, -S-, -SO- , -SO2- or
-NR3- (R 3 is a hydrogen atom or a C 6 alkyl group) ;
R is a hydrogen atom, a cyano group, -CHO, -B(OH) 2,
P(O) (O-R3), CC-R4, or CH=N-R 5 (R 4 is a hydrogen
atom, a fluorine atom, Ci_6 alkyl group, cyano group,
nitro group, -OR3, -CO2R3, or -COR 3 (R3 indicates the
same meaning as aforementioned) ; R5 is a phenyl
group, hydroxyl group, -OR3, -OCOR3, or benzyloxy
group (R 3 indicates the same meaning as
aforementioned) ; and A indicates an amino acid
residue which may be substituted) described in WO
95/15309 etc. In the formula, the Ci_6 alkyl group
indicated by the R3 includes, for example, methyl,
ethyl, propyl, isopropyl, butyl,isobutyl, sec-butyl,
t-butyl, pentyl, isopentyl, neopentyl, 1- ethylpropyl,
hexyl, isohexyl, 1 ,1-dimethyl, 2 ,2-diraentylbutyl,
3,3-dimethylbutyl, 2-ethylbutyl and the like. The
amino acid residue in "amino acid residue which may be
substituted" indicated by A includes a group in which
OH of a carboxyl group constituting a- or b-amino
acids has been removed from these amino acids .
Herein, a-amino acids include, for example, alanine,
arginine, asparagine, aspartic acid, glutamine,
glutamic acid, glycine, histidine, isoleucine,
leucine, lycine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, valine,
citrulline, ornithine, homocystein and the like.
b-Amino acids include, for example, b-alanine, b-
aminocyclopropanoic acid, b-aminocyclobutanoic acid,
b- aminocyclopentanoic acid, b-aminocyclohexanoic
acid, b- aminocycloheptanoic acid,
b-aminocyclooctanoic acid. The b- amino acids may have
unsaturated bonds in a carbon chain constituting the
amino acids . The a- and b-amino acids as described
above may be in any of D-, L-, and DL-forms,
preferably in the natural type of L form. The said
amino acid residue may have 1 or 2 substituents on an
amino group constituting the amino acid or on the side
chain of the amino acid. The said "substituted on the
amino group" includes preferably a hydrocarbon group
which may be substituted and a piperidinyl group which
may be substituted. A hydrocarbon group in the
"hydrocarbon group which may be substituted" includes,
for example, a C - alkyl group, a C3_i2 cycloalkyl
group, a C2_6 alkenyl group, a C3- 2 cycloalkenyl
group, a C2- alkenyl group, a C4-I2 cycloalkadienyl
group, a C6-I4 aryl group (preferably, phenyl group) ,
a C7-I5 aralkyl group (preferably, benzyl group,
phenethyl group) an adamantly group,a bicycle [2, 2
,l]heptyl group, a bicyclo [3, 1 , 1 ]heptyl group and
the like. The hydrocarbon group may have 1 to 3
substituents at substitutable positions, and such
substitutions include, for example, a halogen atom
(preferably, fluorine, chlorine) ; a cyano group; a
hydroxyl group which may be substituted with an acyl
group; a hydroxymethyl group; a Ci_6 alkoxy group
which may be substituted with 1 to 3 halogen atoms
(preferably fluorine) ; and an amino group which may
be mono- or di-substituted with a Ce-1 aryl group
which may be substituted or a heterocyclic group which
may be substituted. Herein, an acyl group on the
"hydroxyl group which may be substituted with an acyl
group" includes, for example, the one exemplified as a
substitutent on ring A in the said compound Ia . A C6
1 aryl group in the C6-14 aryl group which may be
substituted" includes, for example, a phenyl group or
a naphthyl group. A heterocyclic group in the
"heterocyclic group which may be substituted"
includes, for example, a pyridiyl group, a pyrimidyl
group, a pyrazyl group, a quinolyl group, an
isoquinolyl group, a quinoxalyl group and the like.
The C -14 aryl group and heterocyclic group may have 1
to 3 substituents at substitutable positions and such
substituents include, for example, a halogen atom
(preferably, fluorine, chlorine, bromine) ; a cyano
group; a nitro group; a Ci_6 alkyl group; a Ci_6
alkoxy group which may be substituted with 1 to 3
halogen atoms (preferably fluorine) ; a carboxyl
group; a carbamoyl group; a C ._ 6 alkylsulfonyl group
(preferably, methanesulfonyl group) ; an aminosulfonyl
group which may be mono- or di-substituted with Ci_6
alkyl group (preferably diemethylaminosulfonyl group)
. Especially preferable for a substiutent in the said
"hydrocarbon group which may be substituted" is a
5-nitro-2-pyridylaminogroup, 5-cyano-2-pyridylamino
group, 2-pyrimidylamino group, 2- pyrazylamino group
and the like. A substutent in the said "piperidinyl
group which may be substituted" includes, for example,
a C -6 alkyl group; a hydroxymethyl group, a C6-I4
aryl group which may b e substituted" and "a
heterocyclic group which may be substituted"
exemplified in the said "amino group which may b e
mono- or disubstituted with C6-i4 aryl group which may
b e substituted or the heterocyclic group which may b
e substituted." The number of substituents is, for
example, 1 to 3 . The said "substituent on the side
chain o f an amino acid" includes, for example, a
hydrocarbon group which may be substituted, a hydroxyl
group, a Ci_io alkoxy group which may be substituted
with 1 to 3 halogen atoms (preferably fluorine) , an
acyl group, and amino group which may be substituted
and the like. Herein, a hydrocarbon in the said
"hydrocarbon group which may be substituted" includes,
for example, a C1- 0 alkyl group, a C3_ 12 cycloalkyl
group, a C2-io alkenyl group, a C3-I2 cycloalkenyl
group and the like. The hydrocarbon group may have 1
to 3 substituents at substitutable positions, and such
substituents include, for example, an amino group, a
Ci_6 alkyl-carbonylamino group (preferably,
acetylamino group) , a hydroxyl group, a Ci_ 6 alkoxy
group, a heterocyclic group (preferably, pyridyl
group) and the like. The said "acyl group" is
preferably a nitrogen-containing heterocyclic-carbonyl
group which may b e substituted. The
"nitrogen-containing heterocyclic which may b e
substituted" includes nitrogen-containing heterocycles
((preferably, pyridine, pyridazine, pyrimidine,
pyrazine, imidazole, pyrazole, thiazole, isothiazole,
oxazole, isooxazole, etc.) which may have 1 to 3
substituents selected from, for example, a halogen
atom (preferably, fluorine, chlorine, bromine) a cyano
group, a-1 - nitro goup, a Ci_ 6 alkyl group (e.g.,
trif luoromethyl group) which may be substituted with
1 to 3 halogen atoms {preferably fluorine), a Ci-6
alkoxy group, an amino group which may be raonoor
di-substituted with C 6 alkyl group, a hydroxyl group,
a carboxy group and a Ci_6 alkyl-oxycarbonyl group. A
substituent in the said "amino group which may be
substituted" includes a Ci_g alkyl group, etc. which
may have 1 torn 3 substituents selected from, for
example, a carboxyl group, a carbamoyl group, a Ci-6
alkyl-oxycarbonyl group and a nitrogencontaining
heterocyclic group (preferably, pyridyl) . These
substituents may b e coupled with a hydroxyl group, a
carboxyl group, an amino group and the like which is
on the side chain o f an amino acid. 



A suitable example of the compound represented by
formula (II) includes N- (N' -substituted glycyl)
-2-cyano-pyrrolidine derivatives such as (2S) -l-{
{{2- [(5-cyanopyridine-2- yl )amino ]ethyl }amino
}acetyl }-2-cyano-pyrrolidine (DPP-72 8 ) (described
in W O 98/19998) represented b y the formula: (2S)
-l-{ [(3-hydroxy-l-adamantyl) amino] acetyl}
-2-cyanopyrrolidine (l-[ (3-Hydroxy-adamant-l-ylar
aino) -acetyl] - pyrrolidine-2 (S) -carbonitrile)
(also known as LAF237 or vildagliptin) (described in W
O 00/34241 represented b y the formula:(2S) -l-{ {{2-
[(pyrimidine-2-ylpiperidine-4-yl}amino}-acetyl-2-
cyano-pyrrolidine (described in WO 02/30890) . (2S)
-l-{ {{2- [(pyridine-2-yl) amino] ethyl }amino}
acetyl} -2-cyanopyrrolidine and (S) -1-{1- [5- (N, N
'-dimethylaminosulfonyl) -2- pyridylamino]
-2-methyl-propylamino}acetyl-2-
pyrrolidinecarbonitrile (K-361) (described in WO
02/51836); thiazoline or pyrrolidine derivatives such
as L-threoisoleucylthiazoline (P32/98) ,
L-allo-isolencylthiazoline, Lthreo-
isoeuculpryrrolidine, L-allo-isoleucylpyrrolidine and
Lvalylpyrrolidine (described in WO 01/72290)
represented by the formula (3) N-substituted
2-cyanopyrrole and 2-cyanopyrroline derivatives
described in WO 01/55105. Preferably, (S, S)-I- (2-
amino-3, 3-dimethylbutylyl) -2,
5-dihydro-lH-pyrrole-2- carbonitrile . (4)
Heterocyclic compounds described in WO 02/02560.
Preferably, 7-benzyl-8- [6-hydroxymethyl) -1,
4-diazepam-l-yl] -1, 3- dimethyl-3, 7-dihydropurine-2,
6-dione . (5) Pyrrolidine derivatives of a condensed
ring with cyclopropane described in WO 01/68603.
Preferably, (IS, 3S, 5S) -2- [(2S) -2-amino-3,
3-dimethylbutyryl] -3-cyano-2- azabicyclo [3,1,0]
hexane . (6) Proline derivatives described in WO
02/14271. Preferably, (2S) -1- [(2S, 4S) -4-
(3-chloro-4-cyanophenyl) amino-2-
pyrrolidinylcarbonyl] -2-cyano ryrrolidine . (7)
Cyanopyrrolidine derivatives described in WO 02/38541.
Preferably, (2S, 4S) -1- [(2S, 3S)
-2-apiino-3-methyl-pentanoyl] -2-
cyano-4-fluoropyrrolidine, (2S, 4S)
-2-cyano-4-fluoro-l- [(1- hydroxymethyl)
cyclopentylamino] acetypyrrolidine, and
(2S,4S)-2-cyano-4-fluoro-l-
[(l-hydroxy-3-adamanylamino] acetylpyrrolidine. (8)
Compounds such as P93/01 described in WO 02/02560, WO
03/055881, WO 03/040174, WO 03/037327, WO 03/035057, W
O 03/035067, WO 03/024942, WO 03/024965, WO 03/004498,
WO 03/004496, WO 03/000250, WO 03/002530, WO
03/002531, WO 03/002553, WO 03/000180, WO 03/000181,
EP 1258476, WO 02/51836, WO 02/68420, US 6,432,969,
etc. (9) Another preferred DPP-4 inhibitor is the
compound BMS- 477118 disclosed in WO 2001068603 or
U.S. Patent No. 6,395,767 (compound of example 60)
also known as is (IS, 3S, 5S) -2- [(2S) -2- amino-2-
(3-hydroxytricyclo [3 .3 .1 .13'7]dec-l-yl)
-1-oxoethyl] -2- azabicyclo [3 .1
.0]hexane-3-carbonitrile, benzoate (1:1) as depicted
in Formula M of the patent application WO 2004/052850
on page 2 , and the corresponding free base, (IS, 3S,
5S) -2- [(2S) - 2-amino-2- (3-hydroxy-tricyclo [3.3.1.
I3'7]dec-l-yl) -1-oxoethyl] - 2-azabicyclo- [3 .1 .0
]hexane-3-carbonitrile (M') and its monohydrate (M")
as depicted in Formula M of the patent application WO
2004/052850 on page 3 . The compound BMS-477118 is
also known as saxagliptin. (10) Another preferred
inhibitor is the compound GSK23A disclosed in WO
03/002531 (example 9 ) also known as (2S,4S)- 1- ((2R)
-2-Amino-3- [(4-methoxybenzyl) sulfonyl]
-3-methylbutanoyl) -4-
fluoropyrrolidine-2-carbonitrile hydrochloride . (11)
Other preferred DPP-IV inhibitors are described in the
patent application WO 03/004498 especially examples 1
to 33 and most preferably the compound of the formula
MK-0431described by the example 7 and also known as
MK-0431 or Sitagliptin (INN) . (12) Other preferred
DPP-IV inhibitors are described in the patent
applications WO 2004/037169 especially those described
in the examples 1 to 48 and WO 02/062764 especially
the described examples 1 to 293, even preferred are
the compounds 3- (aminomethyl)
-2-isobuthyl-l-oxo-4~phenyl-l, 2-dihydro-6-
isoquinolinecarboxamide and 2-{ [3- (aminomethyl)
-2-isobuthyl-4- phenyl-1 -oxo-1,
2-dihydro-6-isoquinolyl] oxy}acetamide described on
page 7 and also in the patent application
WO2004/024184 especially in the reference examples 1
to 4 . Specific examples of hydroxypropyl
methylcellulose include: Metholose SB-4 (commercial
name, Shinetsu Chemical Industry Co. Ltd. - made)
(viscosity of 2 wt.% aqueous solution at 200 C : about
4 m Pa s), TC-5 RW (commercial name, Sinetsu Chemical
Industry Co. Ltd. - made) (viscosity of 2 wt.% aqueous
solution at 200C : about 6 mPa-s), TC-5 S (commercial
name, Shinetsu Chemical Industry Co. Ltd. - made)
(viscosity of 2 wt.% aqueous solutionat 200C : about
15 mPa-s), Metholose 60SH-50 (commercial name,
Shinetsu Chemical Industry Co. Ltd. - made) (viscosity
at 20 0C : about 50 mPa-s), Metholose 65SH-50
(commercial name, Shinetsu Chemical Industry Co. Ltd.
-made) (viscosity of 2 wt.% aqueous solution at 200C :
about 50 mPa-s), Metholose 90SH-100 (commercial name,
Shinetsu Chemical Industry Co. Ltd. - made) (viscosity
of 2 wt.% aqueous solution at 200C : about 100 mPa-s),
Metholose 90SH-100SR (commercial name, Shinetsu
Chemical Industry Co. Ltd. - made) viscosity of 2 wt.%
aqueous solution at 200C : about 100 mPa-s), Metholose
65SH-400 (commercial name, Shinetsu Chemical Industry
Co. Ltd. - made) (viscosity of 2 wt.% aqueous solution
at 200C : 400 mPa-s), Metholose 65SH-1500 (commercial
name, Shinetsu Chemical Industry Co. Ltd. - made)
(viscosity of 2 wt.% aqueous solution at 200C : about
1500 mPa-s), Metholose 65SH-4000 (commercial name,
Shinetsu Chemical Industry Co. Ltd. - made) (viscosity
of 2 wt.% aqueous at 200 C : about 1000 mPa-s),
Metholose 65SH-1000 (commercial name,Shinetsu Chemical
Industry Co. Ltd. - made) (viscosity of 2 wt.% aqueous
solution at 20 0 C : about 1000 mPa-s), Metholose
90SH- 1000 (commercial name, Shinetsu Chemical
Industry Co. Ltd. - made) (viscosity of 2 wt.% aqueous
solution at 200C : 4000 mPa-s), Metholose 90SH IOOOSR
(commercial name, Shinetsu Chemical Industry Co. Ltd.
- made) (viscosity of 2 wt.% aqueous solution at 20 0C
: about 4000 mPa-s), Metholose 90SH-30000 (commercial
name, Shinetsu Chemical Industry Co. Ltd. - made)
(viscosity of 2 wt.% aqueous solution at 200C : about
30000 mPa-s), Metholose 90SH-100000 (commercial name,
Shinetsu Chemical Industry Co. Ltd. - made) (viscosity
of 2 wt.% aqueous solution at 200C : about 100000
mPa-s), and Metholose 90SH- 100000SR (commercial name,
Shinetsu Chemical Industry Co. Ltd. - made) (viscosity
of 2 wt.% aqueous solution at 20 0C : about 100000
mPa-s) . "Sustained release preparation" or "modified
release preparation" herein means a preparation
wherein "the elution rate of the drug at 30 min after
starting the test" is less than 85% when conducting,
for example, the Second Method (paddle method) of the
Elution Test Method in Japan Pharmacopoeia using 900
mL of an appropriate test solution when the rotating
counts of the drug in the preparation eluted by 100%
into the test solution is below 1/3 the saturation
solubility of the drug. Also, the conventional test
solutions in the pharmaceutical technical field, e.g.,
water, a butter solution and the like are used,
"preparation" means a pharmaceutical formulation or
unit dosage form e.g. tablet, granule. In addition, a
preparation wherein the elution rate of a drug at 30
min after starting the test is not less than 85% when
conducing the Second Method (paddle method) of the
Elution Test Method in Japan Pharmacopoeia under
conditions similar to the above is referred to as an
immediate release preparation in this
specification.Dosage forms or unit dosage forms of the
present sustained release preparation include, for
example, an oral formulation such as a tablet, capsule
(including a microcapsule) , granule, or powder; and a
parenteral formulation such as a suppository (e.g.,
rectal suppository, vaginal suppository, etc.), and
these can be safely administered orally or
parenterally, respectively. Of these forms, an oral
formulation such as a tablet, capsule, or granule is
preferred. The sustained release preparation of the
invention can be manufactured by mixing the DPP-IV
inhibitor and hydrophilic polymer and molding them.
Herein, the mixing and molding are performed according
to conventional pharmaceutical methods. Also, when
performing the said mixing and molding, a
pharmacologically acceptable carrier may be used.
Herein, the pharmacologically acceptable carriers
include different types of conventional organic or
inorganic carrier substances, for example, excipients,
lusters, binders, disintegrators, and the like as base
materials for the preparation. Further, additives for
a preparation such as preservatives, antioxidants,
coloring agents, and sweeteners may also be used as
needed. When the DPP-IV inhibitor used in the
sustained release preparation of the invention is
basic, an organic acid may be added to regulate
elution behavior of the sustained release preparation.
Generally, since solubility of a basic drug is greater
in the acidic condition than in the neutral condition,
the drug elution from the sustained release
preparation may vary depending on the surrounding pH.
In such a case, change of the drug elution property
based on the surrounding pH can be reduced by use of
an organic acid. Since the pH in the body may vary in
individual patients, reducing changes of the drug
elution based on the surrounding pH is extremely
significant for obtaining a uniform drug effect for
various patients.The organic acids include, for
example, citric acid, tartaric acid, ascorbic acid,
malic acid, fumaric acid, malonic acid, succinic acid,
maleic acid, aspartic acid, glutamic acid, etc. Of
these, citric acid, tartaric acid, ascorbic acid, etc.
are preferred. The sustained release preparation of
the invention has less toxicity and fewer side
effects, accordingly it can be administered to mammals
(e.g. humans, bovines, horses, dogs, cats, monkeys,
mice, and rats) as a preventative and therapeutic
agent for various diseases. The sustained release
preparation of the invention may be used as a
preventative and therapeutic agent, for example, for
diseases such as diabetes (e.g. type 1 diabetes, type
2 diabetes, pregnancy diabetes), hyperlipidemia (e.g.
hypertriglyceridemia, hypercholesterolemia,
hypoHDLemia, postprandial hyperlipidemia) , arterial
sclerosis, Impaired Glucose Tolerance (IGT) , Impaired
Fasting Glucose (IFG) , Impaired Fasting Glycemia
(IFG) , and diabetic complications (e.g., neuropathy,
nephropathy, retinopathy, cataract, angiopathy of
large vessel, osteopenia, diabetic hyperosmolar coma,
infectious diseases (e.g., respiratory infection,
urinary tract infection, digestive system infection,
dermal soft tissue infection, lower limb infection) ,
diabetic gangrene, dry oral cavity, decrease of
audition, cerebrovascular disease, peripheral
circulation disorder) and as an agent for reducing
blood sugar and the like. The sustained release
preparation of the invention may prevent Abnormal
Tolerance, Impaired Fasting Glucose (IFG) or Impaired
Fasting Glycemeia (IFG) from developing into diabetes.
Further, the sustained release preparation of the
invention can be used to improve pancreatic (b-cell)
function, pancreatic (b- cell) regeneration,
acceleration of pancreatic (b-cell) regeneration,
etc.Since the DPP-IV inhibitor is an agent
accelerating glucosedepending insulin secretion which
exhibits selectively accelerating action on insulin
secretion in a patient with high blood sugar (e.g.,
patients who have not less than 126 mg/dL of blood
sugar value at fasting or not less than 140 mg/dL of
2- hour value after 75 g Oral Glucose Tolerance Test
(75 g OGTT) ). The sustained release preparation of
the invention is useful as a safe preventative and
therapeutic agent for diabetes with less risk for
blood vessel complication, induction of hypoglycemia,
etc., which are harmful effects of insulin. While the
dosing amount of the sustained release preparation of
the present invention varies depending on the subject,
administration route, target disease, etc., for oral
administration to an adult patient with diabetes, for
example, a single dose of the DPP-IV inhibitor, which
is the active ingredient, should usually be about
0.01-100 mg/kg weight, preferably 0.05-30 mg/kg
weight, more preferably 0.1-10 mg/kg weight, and
ideally be administered once or twice a day.
Preferably, the sustained release preparation should
be administered to continuously obtain DPP-IV
inhibitory action in the living body during from
before a meal to at least 2 hours after a meal
(preferably 4 hours after a meal) . The sustained
release preparation' s release duration of the DPPIV
inhibitor in the living body should preferably be 1 to
24 hours; more preferably, 2 to 14 hours. Usually,
when using a DPP-IV inhibitor to prevent or treat
diabetes, it is necessary to take the DPP-IV inhibitor
before every meal since GLP-I, which is a substrate of
DPP-IV, is secreted upon intake of food. However,
since the sustained release preparation of the
invention can release the DPP-IV inhibitor over a long
time, it exhibits sufficient inhibitory effect of
DPP-IV, even when taken once a day. The sustained
release preparation of the invention may be used in
combination with drugs (hereinafter, referred to
asconcomitant drugs) such as a therapeutic agent for
diabetes, a therapeutic agent for diabetic
complications, an antihyperlipidemia agent, a
depressor, and anti-obesity agent, a diuretic, and an
antithromotic agent. In this case, the medication time
of the sustained release preparation of the invention
and the comcomitant drug is not limited. Thus, these
may be simultaneously administered to a subject, or
administered at a different time, respectively.
Further, the sustained release preparation of the
invention and the concomitant drug may be administered
as two preparations containing one active ingredient
each, or administered as a single preparation
containing both active ingredients. The dosing amount
of the concomitant drug can be appropriately selected
based on the dose clinically used. The ratio of the
sustained release preparation of the invention to the
concomitant drug can be appropriately selected based
on the subject, administration route, target disease,
symptom, combination, etc. For example, when the
subject is human, 0.01- 100 parts by weight to 1 part
by weight of the concomitant drug based on the DPP-IV
inhibitor, which is an active ingredient of the
sustained release preparation, may be used. The said
therapeutic agents for diabetes (antidiabetic)
include, for example, insulin preparations (e.g.,
animal insulin preparations extracted from the
pancreas of a bovine or swine; human insulin
preparations synthesized in genetic engineering sing E
. coli or yeast; zinc insulin; zinc protamine insulin;
fragments or derivatives of insulin (e.g., INS-I,
etc.)), insulin-resistance-improving agents (e.g.
Pioglitazone hydrochloride, Lociglytazone (maleate) ,
GI-262570, Reglixane (JTT-501), Netoglitazone
(MCC-555) , YM-440, KRP-297, CS-OIl, FK- 614,
Ragaglitazar (NN-622) , Tesaglitazar (AZ-242) ,
DMS-298585, EML-16336, compounds described in WO
99/58510 (e.g., (E)-4-[4-
(5-methyl-2-phenyl-4-oxazolylmehtoxy) benzyloxyimino]
-4- phenylbutyric acid) ), PPARy agonist, PPARy
antagonist, PPAR g /adual agonist, -glucosidase
inhibitors (e.g. Voglibose,Acarbose, Migritol,
Emiglytate, biguanide agents (e.g. , Phenformin,
Metformin, Buformine or their salts) (e.g.
hydrochloride, furmarate, succinate) ), accelerators
of insulin secretion (sulfonylurea agents (e.g.,
Tolbutamide, Glibenclamide, Gliclazide,
Chlorpropamide, Tolazamide, Acetohexamide,
Glyclopyramide, Glymepyride, Glypizide, Glybuzole,
etc.), Repaglinide, Senaglinide, Nateglinide,
Mitiglinide or their calcium salt hydrates) , GLP-I
receptor agonists (e.g., GLP-I, NN-2211, AC-2993
(exedin-4) , BIM-51077, Alb (8,35) h GLP-I (7,37) NH2)
, amyline agonists (e.g., Plamlintide, phosphotyrosine
phosphatase inhibitors (e.g. vanadic acid), b3
agonists (e.g., CL-316243, SR-58611-A, UL-TG- 307,
SB-226552, AJ-9677, BMS-196085, AZ40140), inhibitors
of neosugar (e.g., glycogen phosphorylase ihnhibitor,
glucose-6- phosphatase inhibitor, glucagon antagonist,
somatostatin receptor agonist) , sodium-glucose
cotransporter (SGLT) inhibitors (e.g., T-1095) , etc.
The therapeutic agents for diabetic complications
include inhibitors of aldose reductase (e.g.,
Tolrestat, Epalrestat, Zenarestat, Zopolrestat,
Minalrestat, Phydarestat, SNK-860, CT- 112),
neurotrophy factor and its increasing agents (e.g.,
NGF, NT-3, BDNF, accelerators of neurotrophin
production/secretion (e.g. , 4- (4-chlorophenyl) -2-
(2-methyl-l-imidazolyl) -5- [3- (2- methylphenoxy)
propyl] oxazole etc.)) described in WO 01/14372), ACE
inhibitors (e.g., ALT946, Pimagedine,
N-phenacylthiazolium bromide (ALT766) , (EXO-226) ,
active oxygen-erasing agents (e.g., thiocitic acid),
cerebrovascular dilators (e.g., Tiapride, Mexiletine)
. The anti-hyperdilidemia agents include statin
compounds which are inhibitors of cholesterol
synthesis (e.g., Cerivastatin, Pravastatin,
Simvastatin, Rovastatin, Atorvastatin, Fluevastatin,
Itavastatin, or their salts (e.g., sodium salts)),
inhibitors or squalene synthase (e.g., compounds
described in WO 97/10224, for example, N- [[(3R, 5S)
-1- (3-acetoxy-2, 2- dimethylpropyl) -7-chloro-5- (2,
3-dimethoxyphenyl-2-oxo-l, 2 ,3 ,5-terahydro-4
,l-benzooxazepine-3-yl] acetyl] piperidine-4-azetic
acid etc.) fibrate compounds (e.g., Benzafibrate,
Clofibrate, Simfibrate, Clinofibrate) , ACAT
inhibitors (e.g., Avasimibe, Eflucimibe) , anion
exchange resins (e.g., Cholestyramine), Probucol,
nicotinic acid drugs (e.g., nicomol, niceritrol) ,
ethyl icosapentoate, plant sterols (soysterol) , g
-oryzanol, etc. The depressors include angiotensin
converting enzyme inhibitors (e.g., Captropril,
Enalapril, Delapril) , angiotensin II antagonists
(e.g., Candesartan, Cilexetil, Losartan, Eprosartan,
Valsartan, Telmisartan, Irbesartan, Tasosartin) ,
calcium antagonists (e.g., Manidipine, Nifedipine,
Amlodipine, Efonidipine, Nicardipine), potassium
channel opening drugs (e.g., Levcromakalim, L-27152,
AL671, NIP-121) , Clonidine, etc. The anti-obesity
agents include, for example, central antiobesity
agents (e.g., Dexphenfluramine, Phenfluramine,
Phentelmine, Sibutramine, Anfepramone, Dexanfetamine,
Mazindol, 



Phenylpropanolamine, Kobenzorex, pancreatic lipase
inhibitors (e.g., Orlistat) , b3 agonists (e.g., CL
316243, SR-58611-A, ULTG- 307, SB-226552, AJ-9677,
BMS-196085, AZ40140), peptidyl anorectics (e.g.,
Leptin, Ciliary Neurotrophic Factor (CNTF)),
cholecystokinin agonists (e.g., FPL-15849) ), etc. The
diruetics include, for example, xanthine derivative
(e.g., sodium salicylate theobromine, calcium
salicylate theobromine) , thiazide preparations (e.g.
ethiazide, cyclopentiazide, trichlormethiazide,
hydrochlorothiazide, hydroflumethiazide,
bentylhydrochlorothiazide, penfluthizide,
polythiaside, methichlothiazide) , anti-aldosterone
preparations (e.g., spylonoacetone, trimetellen) ,
carbonic anhydrase inhibitors (e.g., acetazolamide) ,
chlorbenzenesufonamide preparations (e.g.,
chlortalidone, meflucide, idapamide) , azocernide,
isosorbide, ethacrynic acid, pyrcladnide,
bromethanide, flocemide, etc. The antithrombotic
agents include, for example, heparin (e.g., heparin
sodium, heparin calcium, dalteparin sodium) ,
warfarin(e.g., warfarin potasium) , antithrombin
agents (e.g., aragatroban) , thrombolytics (e.g.
urokinase, tisokinase, alteplase, nateplase,
monteplase, pamiteplase) , platelet aggregation
inhibitors (e.g., flolopidine hydrochloride,
cllostazol, ethyl icosapentoate, beraprost sodium,
sarpogrelate hudrochloride) , etc. The concomitant
drugs are preferably insulin preparations,
insulin-resistance improving agents, a-glucosidase
inhibitors, biguanide agents, insulin secretion
accelerators (preferably sulonyl urea), etc. Further,
the present invention relates to "a drug comprising a
combination of two or more preparations with DPP-IV
inhibitor and different releasing rates fo the DPP-IV
inhibitor." Herein, "the DPP-IV inbibitor-containing
preparation" may be any preparation containing the
DPP-IV inhibitor, either a sustained release or
immediate release preparation. In addition, the
release control mechanism of the DPP-IV inhibitor in
the "DPP-IV inhibitor-containing preparation" has no
particular limitations, and the preparation may be any
that releases the DPP-IV inhibitor; by passive
diffusion accompanying degradation of the prepartion;
by response to change of the surrounding pH; by the
inner pressure of the swollen inside of the
preparation caused by intake of the surrounding water;
immediate release by the preparation's disintegration
or dissolution, and the like. Herein, "preparations
that release the DPP-IV inhibitor by passive
diffusion" include, for example, the sustained release
preparation of the invention, (preferably, a matrix
tablet using hydorphylic polymers (e.g.,
hyroxypropylmethylcellulose, hydroxypropylcellulose,
and polyethyleneoxixde) , a matrix tablet using
lipophilic base materials (e.g., carnauba wax,
hydrogenated castor oil, hydrogenated rape oil,
polyglycerin fatty acid esters) , a tablet or a
granule coated with sustained release base materials
(e.g., cellulose polymers such as ethylcellulose,
acrylic acid polymers such as aminoalkylmethacrylate
copolymer RS (Eudragit RS (commercial name, Rohm
Pharma Co. Ltd. - made), ethyl acrylate-methyl
methacrylate copolymer suspension (Eudragit NE
(commercial name, Rohm Pharma Co., Ltd. - made), etc.
The "preparations that release DPP-IV inhibitor from
the preparation by degradation of the preparation"
include, for example, a capsule containing
polyglycolated glycerides (e.g. GeiucirelO/13
(commercial name, GATTEFOSSE Co. Ltd. - made)), etc.
The "preparations that release DPP-IV inhibitor in
response to change of the surrounding pH" include, for
example, a tablet or granule coated with enteric base
materials (acrylic acid polymers such as methacrylate
copolymer (Eudragit L (commercial name, Rohm Pharma
Co. Ltd. - made)), methacrylate copolymer LD (Eudragit
L-30D55 (commercial name, Rohm Pharma Co. Ltd. made)
), methyacrylate copolymer S (Eudragit S (commercial
name, Rohm Pharma Co. Ltd. - made)), etc. The
"preparations that release DPP-IV inhibitor by the
inner pressure of the swollen inside of the
preparation caused by intake of the surrounding water"
include, for example an osmotic system, i.e.,
Concerta(tm) (Alza Co. Ltd., Fort Washington, PA),
etc. The "preparations that release DPP-IV inhibitor
immediately by the preparation's disintegration or
dissolution" include, for example, those that are
obtained by mixing the DPP-IV inhibitor with a
pharmacologically acceptable carrier and then carrying
out molding. Herein, the pharmacologically acceptable
carrier includes those similar to the sustained
release preparation of the invention. Also, mixing and
molding can be performed according to conventional
pharmaceutical techniques. The release control
mechanism of the "two or more preparations containing
DPP-IV inhibitors" constituting the present drug of
the invention may be either same or different from
each other. The "two ore more preparations containing
DPP-IV inhibitors" maybe a single preparation or
plural preparations independent to each other. The
single preparation includes a single capsule
containing two ore more preparations containing the
DPP-IV inhibitor; a multi-layer tablet (preferably a
2-layer tablet) or nucleated tablet having multiple
release controlling parts, and the like. The present
drug of the invention should preferably be composed of
a combination of a sustained release preparation
containing a DPP-IV inhibitor and an immediate release
preparation containing a DPP-IV inhibitor, and by
adopting such a combination, the excellent DPP-IV
inhibitory action can be obtained immediately after
administration and be maintained over a long term.
While the content of the DPP-IV inhibitor in the
sustained release preparation containing a DPP-IV
inhibitor varies depending on the type of DPP-IV
inhibitor, amount of preparation, etc., the content
is, for example 20-30% by weight, preferably 25-35% by
weight, and ideally 25% by weight. Dosage forms of the
DPP-IV inhibitor-containing preparation are similar to
those of the sustained release preparation of the
present invention. The present drug of the invention
has lower toxicity and fewer side effects, accordingly
it can be administered to mammals (e.g., humans,
bovines, horses, dogs, cats, monkeys, mice, and rats)
as preventative and therapeutic agents of various
diseases similarly to the said sustained release
preparation of the invention. The dosage of the
present drug of the invention may be combined with the
two or more preparations containing DPP-IV inhibitors
at administration. Such a dosage form includes, for
example, 1 ) administration as a single preparation of
two ore more preparations containing DPP-IV
inhibitors, 2 ) simultaneous administration as
multiple preparations of two or more preparations
containing DPP-IV inhibitors, 3 ) administration
atdifferent times of multiple preparations of two or
more preparations contining DPP-IV inhibitors, etc.
While the dosing amount of the drug of the invention
varies depending on the subject, administration route,
target disease, etc., when orally administering it to
an adult patient with diabetes, for example, the usual
does of DPP-IV inhibitor, which is the active
ingredient should be about 0.01-100 mg/kg weight,
preferably 0.5 mg/kg weight, more preferably .1-10
mg/kg weight, and these amounts should ideally be
administered once or twice a day. Preferably, the drug
of the invention should be administered to
continuously obtain action of the DPP-IV inhibitor in
the living body from before a meal to at least 2 hours
after a meal preferably to 4 hours after a meal. The
present drug of the invention may be used in
combination with the concomitant drug similar to the
case of the sustained release preparation of the
present invention. The present invention further
relates to "the release-controlled preparation
containing the DPP-IV inhibitor, which may decrease
DPP-IV activity in blood plasma by 10 to 90%
(preferably, 10 to 85%) 1 hr after administration",
"the release-controlled preparation containing the
DPP-IV inhibitor which may decrease DPP-IV activity in
blood plasma by 10 to 90% (preferably, IO to 85%) 8
hrs after administration", "the release-controlled
preparation contining the DPP-IV inhibitor which may
decrease DPP-IV activity in blood plasma by 10 5o 90%
(preferably, 10 to 85%) 12 hrs after administration",
"the release-controlled preparation containing the
DPP-IV inhibitor, which may decrease DPP-IV activity
in the blood plasma by 10 to 90% (preferably, 10 to
85% over 1 to 8 hrs after administration", "the
releasecontrolled preparation containing the DPP-IV
inhibitor, which may decrease DPP-IV activity in blood
plasma by 10 to 90% (preferably, 10 to 85%) over 1 to
12 hrs after administration", and the like.Herein, the
blood plasma in "DPP-IV activity in blood plasma"
means peripheral venous blood plasma. Although the
DPP-IV activity and its decrease rate may vary
depending on the type of blood plasma (e.g., venous,
arterial or portal blood plasma), any
release-controlled preparations belong to the present
invention of "release-controlled preparation
containing the DPP-IV inhibitor" as long as they can
decrease DPP-IV activity in peripheral venous blood
plasma by 10 to 90% (preferably 10 to 85%) . The
present invention of the release-controlled
preparation containing the DPP-IV inhibitor can
decrease DPP-IV activity in blood plasma by 10 to 90%,
preferably 10 to 85%, more preferably 10 to 80%, most
preferably 15 to 75%. The DPP-IV activity in blood
plasma can be measured according to, for example, "the
method of Raymond et al ., Diabetes, Vol. 47, p .
1253- 1258, 1998." A s long as the said decrease rate
of the DPP-IV activity in blood plasma is within
normal errors, it may be different from the said
values (10, 15, 75, 80, 85, 90%) . Further, the
decrease rate of the DPP-IV activity in blood plasma
may be different from the said values depending on the
method of measuring DPP-IV activity in blood plasma.
For example, if measuring conditions such as substrate
type, substrate concentration, reaction time, diluted
multiples of blood plasma, and the like of DPP-IV
activity in blood plasma are different from those in
the method described in the above literature, the
decrease rate of the DPP-IV activity in blood plasma
may be greater than those described above, for
example, the value of 90% may be over 95%. Among
preparations containing the DPP-IV inhibitor of the
present invention, the "release-controlled preparation
containing the DPP-IV inhibitor" of the present
invention is a preparation wherein release of the
DPP-IV inhibitor is controlled.Such a preparation is
preferably the inventive sustained release
preparation. Also, among the drugs of the invention, a
drug comprising a combination of sustained release
preparation containing a DPP-IV inhibitor and an
immediate release preparation containing a DPP-IV
inhibitor" is preferable. The release-controlled
preparation containing the DPP-IV inhibitor of the
present invention has lower toxicity and fewer side
effects, accordingly it can be administered to mammals
(e.g., humans, bovines, horses, dogs, cats, monkeys,
mice, and rats) as preventative and therapeutic agents
of various diseases similarly to the sustained release
preparation of the invention. While the dosing amount
of the release-controlled preparation containing the
DPP-IV inhibitor of the present invention varies
depending on he subject, administration route, target
disease, etc., when orally administering it to an
adult patient with diabetes, for example, the usual
does of DPP-IV inhibitor, which is the active
ingredient, should be about 0.01-100 mg/kg weight,
preferably 0.05-30 mg/kg weight, more preferably
0.1-10 mg/kg weight, and ideally administered once or
twice a day. Preferably, the release-controlled
preparation containing the DPP-IV inhibitor of the
present invention should be administered so that the
action of the DPP-IV inhibitor in the living body is
continuously obtained from before a meal to at least
about 2 hours after a meal (preferably 4 hours after a
meal) . The release-controlled preparation containing
the DPP-IV inhibitor of the present invention may be
used in combination with a concomitant drug as in the
case of the sustained release preparation of the
invention. Specific examples of a microcrystalline
cellulose include, for example Avicel(r) PH102 and 101
(FMC Biopolymer, Philadelphia, PA) . Specific examples
of a magnesium stearate include, for example Synpro(r)
Magnesium Stearate NF-Vegetable Grade (Ferro Corp.,
Walton Hills, OH) .Specific examples of a lactose
include, for example, Lactose DT and Lactose SD. In
addition, tablets often contain a diluent or filler
which are added to increase the bulk weight of the
blend resulting in a practical size for compression.
One, two, three or more diluent and/or filler can be
selected. Examples of pharmaceutically acceptable
fillers and pharmaceutically acceptable diluents
include, but are not limited to, confectioner's sugar,
compressible sugar, dextrates, dextrin, dextrose,
lactose, mannitol, microcrystalline cellulose,
powdered cellulose, sorbitol, sucrose and talc. The
filler and/or diluent, e.g., may be present in an
amount from about 15% to about 55% or from about 15%
to about 45% by weight of the composition. Most
preferably the above described compositions comprise
one or two fillers selected from microcrystalline
cellulose such as Avicel PH 102 and lactose.
Lubricants are typically added to prevent the
tableting materials from sticking to punches, minimize
friction during tablet compression and allow for
removal of the compressed tablet from the die. Such
lubricants are commonly included in the final tablet
mix in amounts usually about or less than 1% by
weight. The lubricant component may be hydrophobic or
hydrophilic. Examples of such lubricants include
stearic acid, talc and magnesium stearate. Magnesium
stearate reduces the friction between the die wall and
tablet mix during the compression and ejection of the
tablets. It helps prevent adhesion of tablets to the
punches and dies. Magnesium stearate also aids in the
flow of the powder in the hopper and into the die. It
has a particle size range of 450-550 microns and a
density range of 1.00-1.80 g/mL. It is stable and does
not polymerize within the tableting mix. The preferred
lubricant, magnesium stearate is also employed in the
formulation. Preferably, the lubricant is present in
the tablet formulation in an amount of from about
0.25% to about 6%; also preferred is a level of about
0.5% to about 4% by weight; and most preferablyfrom
about 0.1% to about 1% by weight. Other possible
lubricants include talc, polyethylene glycol, silica
and hardened vegetable oils. In an optional embodiment
of the invention, the lubricant is not present in the
formulation, but is sprayed onto the dies or the
punches rather than being added directly to the
formulation. While the present invention is described
in more detail in the following Experimental Details,
the present invention is not limited to these and the
uses of the invention may be varied as long as the
scope is not exceeded. Embodiments of the Invention
The subject invention provides a pharmaceutical tablet
formulation (Formulation C ) comprising per unit
dosage form e.g. per tablet the following ingredients:
(a) a DPP-IV inhibitor preferably vildagliptin, or a
pharmaceutically acceptable salt thereof as an active
ingredient, (b) a hydroxypropyl methylcellulose with
an apparent viscosity of 80,000 cP to 120,000 cP
(nominal value 100,000 cP) when present in a 1%
solution, (c) and optionally a filler and/or a
lubricant. The subject invention provides a
pharmaceutical tablet formulation (Formulation D )
comprising per unit dosage form e.g. per tablet the
following ingredients: (a) 10-50% preferably 15-35% by
weight on a dry weight basis of a DPP-IV inhibitor
preferably vildagliptin, or a pharmaceutically
acceptable salt thereof as an active ingredient, (b)
20-60% preferably 30-50% by weight on a dry weight
basis of a hydroxypropyl methylcellulose with an
apparent viscosity of 80,00-0 cP to 120,000 cP
(nominal value 100,000 cP) when present in a 1%
solution,(c) and optionally a filler and/or a
lubricant. The subject invention provides a
pharmaceutical tablet formulation (Formulation E )
comprising per unit dosage form e.g. per tablet the
following ingredients: (a) 10-50% preferably 15-35% by
weight on a dry weight basis of a DPP-IV inhibitor
preferably vildagliptin, or a pharmaceutically
acceptable salt thereof as an active ingredient, (b)
20-60% preferably 30-50% by weight on a dry weight
basis o f a hydroxypropyl methylcellulose with an
apparent viscosity of 80,000 cP to 120,000 cP (nominal
value 100,000 cP) when present in a 1% solution; (c) a
filler; and (d) a lubricant. The subject invention
provides a pharmaceutical tablet formulation
(Formulation F ) comprising per unit dosage form e.g.
per tablet the following ingredients: (a) 10-50%
preferably 15-35% by weight on a dry weight basis of a
DPP-IV inhibitor preferably vildagliptin, or a
pharmaceutically acceptable salt thereof as an active
ingredient, (b) 20-60% preferably 30-50% by weight on
a dry weight basis of a hydroxypropyl methylcellulose
with an apparent viscosity o f 80,000 cP to 120,000 c
P (nominal value 100,000 cP) when present in a 1%
solution; (c) 15-55% preferably 25-45% by weight on a
dryweight basis of a pharmaceutically acceptable
filler; and optionally(d) 0.1-10% preferably 0.1-3% by
weight on a dry weight basis of a pharmaceutically
acceptable lubricant. 



The subject invention provides a pharmaceutical tablet
formulation (Formulation G ) comprising per unit
dosage form e.g. per tablet the following ingredients:
(a) 10-50% preferably 15-35% by weight on a dry weight
basis of a DPP-IV inhibitor preferably vildagliptin,
or a pharmaceutically acceptable salt thereof as an
active ingredient, (b) 20-60% preferably 30-50% by
weight on a dry weight basis of a hydroxypropyl
methylcellulose with an apparent viscosity of 80,000
cP to 120,000 cP (nominal value 100,000 cP) when
present in a 1% solution; (c) 15-55% preferably 25-45%
by weight on a dry weight basis of one or two
pharmaceutically acceptable fillers selected from
lactose and microcrystalline cellulose ; and
optionally (d) 0.1-10% preferably 0.1-3% by weight on
a dry weight basis of a pharmaceutically acceptable
lubricant such as magnesium stearate. The subject
invention provides a pharmaceutical tablet formulation
(Formulation H ) comprising per unit dosage form e.g.
per tablet the following ingredients: (a) 10-50%
preferably 15-35% by weight on a dry weight basis of a
DPP-IV inhibitor preferably vildagliptin, or a
pharmaceutically acceptable salt thereof as an active
ingredient, (b) 20-60% preferably 30-50% by weight on
a dry weight basis of a hydroxypropyl methylcellulose
with an apparent viscosity of 80,000 cP to 120,000cP
(nominal value 100,000 cP) when present in a 1%
solution; (c) 25-40% by weight on a dry weight basis
of one or two pharmaceutically acceptable fillers
selected from lactose and microcrystalline cellulose ;
and optionally (d) 0.1-10% preferably 0.1-3% by weight
on a dry weight basis of a pharmaceutically acceptable
lubricant. A pharmaceutical tablet formulation as
described herein wherein the filler is selected from
lactose and microcrystalline cellulose. A
pharmaceutical tablet formulation (Formulation I ) as
described herein comprising at least two fillers
preferably lactose and microcrystalline cellulose. In
an embodiment, the lactose is present in an amount
from 1 to 8% preferably 1 to 5% by weight and
microcrystalline cellulose is present in an amount
from 25 to 35% by weight A pharmaceutical tablet
formulation (Formulation J ) as described herein
wherein 20-30% by weight on a dry weight basis of a
DPPIV inhibitor especially LAF237 is contained in the
formulation. A pharmaceutical tablet formulation
(Formulation K ) as described herein wherein the
hydroxypropyl methyl cellulose is present in an amount
from 34% to 46% preferably from 38% to 42% by weight.
A formulation as described herein wherein the compound
(DPP-IV inhibitor) is 1-
[(3-hydroxy-adamant-l-ylamino) -acetyl] -
pyrrolidine-2 (S) -carbonitrile (LAF237 or
vildagliptin) . A formulation (Formulation L ) ,
capsule, granule or tablet as described herein wherein
vildagliptin (LAF237) is a crystalline form of
vildagliptin (crystal "Form A") , characterized by an
Xray diffraction pattern with peaks at about 16.6,
17.1, 17.2+/- 0.3 degrees 2-theta or characterized by
an X-ray diffraction pattern with peaks at about 12.0,
13.5, 16.6, 17.1, 17.2, 20.1, 22.5, 27.4, 28.1 , +/-
0.3 degrees 2-theta. Such a crystal form is described
in the International patent application No.
PCT/US2006/001473 The term "vildagliptin" covers any
crystalline form, preferably the crystal form "A" of
vildagliptin. The subject invention provides a
pharmaceutical tablet formulation comprising per unit
dosage form e.g. per tablet the following ingredients:
(a) a compound as an active ingredient, wherein the
compound has a formula: wherein R is substituted
adamantyl and n is an integer from 0 to 3 , preferably
vildagliptin; or a pharmaceutically acceptable salt
thereof; (b) a hydroxypropyl methylcellulose with an
apparent viscosity of 80,000 cP to 120,000 cP (nominal
value 100,000 cP) when present in a 1% solution; (c) a
microcrystalline cellulose; and (d) a magnesium
stearate. In an embodiment, relative to the weight of
the formulation: (a) the compound e.g. vildagliptin is
present in an amount from 20% to 30% by weight; (b)
the hydroxypropyl methylcellulose is present in an
amount from 30% to 50% by weight;(c) the
microcrystalline cellulose is present in an amount
from 25% to 35% by weight; and (d) the magnesium
stearate is present in an amount from 0.1% to 3% by
weight. In another embodiment, relative to the weight
of the formulation: (a) the compound e.g. vildagliptin
is present in an amount of about 25% by weight; (b)
the hydroxypropyl methylcellulose is present in an
amount of about 40% by weight; (c) the
microcrystalline cellulose is present in an amount of
about 30% by weight; and (d) the magnesium stearate is
present in an amount of about 1% by weight. In a
further embodiment, the tablet formulation further
comprising a lactose. In an embodiment, the lactose is
present in an amount from 1% to 8% by weight. In an
additional embodiment the lactose is in an amount of
about 4% by weight. In an embodiment, the DPP-IV
inhibitor is selected from [S]-I- [2-
(5-cyano-2-pyridinylamino) ethylamino]
acetyl-2-pyrolidine carbonitrile monohydrochloride,
vildagliptin, L-threo-isoleucyl thiazolidine,
Sitagliptin, Saxagliptin ,3- (aminomethyl) -2-
isobuthyl-l-oxo-4-phenyl-l,
2-dihydro-6-isoquinolinecarboxamide and 2-{ [3-
(aminomethyl) -2-isobuthyl-4-phenyl-l-oxo-l,
2-dihydro- 6-isoquinolyl] oxy}acetamide and optionally
pharmaceutical salts thereof. In an embodiment, the
compound (DPP-IV inhibitor) is l-[2-[(5-
cyanopyridin-2-yl) amino] ethylamino] acetyl-2-cyano
(S) -pyrrolidone or a pharmaceutically acceptable salt
thereof. In a preferred embodiment, the invention
concerns a composition or unit dosage form as
described herein wherein the compound (DPP-IV
inhibitor) is vildagliptin or a salt thereof.In yet
another embodiment, the compound vildagliptin is
present in the formulation or a pharmaceutically
acceptable salt thereof. The subject invention also
provides a pharmaceutical tablet formulation
(Formulation A ), comprising per 400 mg tablet the
following ingredients : (a) vildagliptin or a
pharmaceutically acceptable salt thereof in an amount
of about 100 mg; (b) a hydroxypropyl methylcellulose
in an amount of about 160 mg, wherein the
hydroxypropyl methylcellulose has an apparent
viscosity of 80,000 cP to 120,000 cP (nominal value
100,000 cP) when present in a 1% solution; (c) a
microcrystalline cellulose in an amount of 120 mg; (d)
a lactose in an amount of about 16 mg; and (e) a
magnesium stearate in an amount of 4 mg. The subject
invention also provides a pharmaceutical tablet
formulation (Formulation B ) , comprising per 600 mg
tablet the following ingredients: (a) vildagliptin or
a pharmaceutically acceptable salt thereof in an
amount of about 150 mg; (b) a hydroxypropyl
methylcellulose in an amount of about 240 mg, wherein
the hydroxypropyl methylcellulose has an apparent
viscosity of 80,000 cP to 120,000 cP (nominal value
100,000 cP) when present in a 1% solution; (c) a
microcrystalline cellulose in an amount of 180 mg; (d)
a lactose in an amount of about 24 mg; and (e) a
magnesium stearate in an amount of 6 mg.In an
embodiment, the pharmaceutical tablet formulation
comprises combining the ingredients in the amounts
recited above . The subject invention also provides a
method of inhibiting dipeptidyl peptidase IV activity
in a subject comprising administering to the subject
an amount of the above-mentioned pharmaceutical tablet
formulations effective to inhibit the activity of
dipeptidyl peptidase IV in the subject. In an
embodiment, the subject is a human being. The subject
invention also provides a method of treating a
condition alleviated by dipeptidyl peptidase IV
inhibition in a subject suffering from the condition
comprising administering to the subject a
therapeutically effective dose of any of the
herein-mentioned pharmaceutical tablet formulations,
unit dosage forms e.g. capsule, tablet, compressed
table, direct compressed tablets, granule. The subject
invention also covers the use of any of the
hereinmentioned pharmaceutical tablet formulations,
unit dosage forms e.g. capsule, tablet, compressed
table, direct compressed tablets, granule, for the
manufacture of a medicament for the treatment of a
condition alleviated by dipeptidyl peptidase IV
inhibition in a subject suffering from the condition
comprising administering to the subject a
therapeutically effective dose of any of the
above-mentioned pharmaceutical tablet formulations.
The subject invention also covers the use of any of
the hereinmentioned pharmaceutical tablet
formulations, unit dosage forms e.g. capsule, tablet,
compressed table, direct compressed tablets, granule
for the treatment of a condition alleviated by
dipeptidyl peptidase IV inhibition in a subject
suffering from the condition comprising administering
to the subject a therapeutically effective dose of any
of the above-mentioned pharmaceutical tablet
formulations . Preferably the condition alleviated by
dipeptidyl peptidase IV inhibition is selected from
non-insulin-dependent diabetesmellitus, arthritis,
obesity, allograft transplantation,
calcitonin-osteoporosis, Heart Failure, Impaired
Glucose Metabolism) , IGT (Impaired Glucose Tolerance)
, neurodegenerative diseases such as Alzheimer's and
Parkinson disease, modulating hyperlipidemia,
modulating conditions associated with hyperlipidemia
or for lowering VLDL, LDL and Lp (a) levels,
cardiovascular or renal diseases e.g. diabetic
cardiomyopathy, left or right ventricular hypertrophy,
hypertrophic medial thickening in arteries and/or in
large vessels, mesenteric vasculature hypertrophy,
mesanglial hypertrophy, neurodegenerative disorders
and cognitive disorders, to produce a sedative or
anxiolytic effect, to attenuate post-surgical
catabolic changes and hormonal responses to stress, to
reduce mortality and morbidity after myocardial
infarction, the treatment of conditions related to the
above effects which may be mediated by GLP-I and/or
GLP-2 levels. In an embodiment, the condition is
non-insulin-dependent diabetes mellitus. In another
embodiment, the condition is obesity, arthritis, or
osteoporosis. In a further embodiment, the subject is
a human being. The subject invention further provides
a method of treating a condition alleviated by
dipeptidyl peptidase IV inhibition in a subject
suffering from the condition comprising administering
to subject a therapeutically effective amount of any
of the abovementioned pharmaceutical tablet
formulations in combination with a therapeutically
effective dose of an anti-diabetic or arthritis drug.
In an embodiment, the subject is a human being. The
subject invention also provides a pharmaceutical
tablet formulation comprising per unit dosage form
e.g. per tablet the following ingredients: (a) a
compound as an active ingredient, wherein the compound
has a formula:wherein R is substituted adamantyl and n
is an integer from 0 to 3 ; or a pharmaceutically
acceptable salt thereof; and (b) a hydroxypropyl
methylcellulose with an apparent viscosity of 80,000
cP to 120,000 cP (nominal value 100,000 cP) when
present in a 1% solution. In one embodiment, the
herein described pharmaceutical tablet formulations
also contains a filler. In one embodiment, the filler
is lactose. In another embodiment, the filler is
microcrystalline cellulose. In a further embodiment
the filler is microcrystalline cellulose and lactose.
In another embodiment, the herein described
pharmaceutical tablet formulations also contains a
lubricant. In one embodiment, the lubricant is
preferably magnesium stearate. In yet another
embodiment, relative to the weight of the formulation,
the hydroxypropyl methyl cellulose is present in the
herein described formulations in an amount from 30% to
50% by weight. In an embodiment, the hydroxypropyl
methyl cellulose is present in the herein described
formulations in an amount from 34% to 46% preferably
from 38% to 42% by weight. In a further embodiment,
the present invention also concerns the herein
described pharmaceutical tablet formulation, wherein
in the unit dosage form, the ratio of the weight of
vildagliptin to the weight of hydroxypropyl
methylcellulose is of 0.16 to 2.5, preferably 0.3 to
1.16 or 0.4 to 1 .Preferably the herein expressed
ratios or % are expressed on a dry weight basis. In a
further embodiment, the present invention also
concerns the herein described pharmaceutical tablet
formulation, wherein in the unit dosage form,
vildagliptin is present in an amount of 100 mg to 200
mg, preferably 100 mg, 150 mg, or 200 mg or the
corresponding amount of any of its salt. The herein
described pharmaceutical tablet formulation can also
be used in any unit dosage form, for example, an oral
formulation such as a tablet (including multilayer
tablets) , capsule (including a microcapsule, capsules
containing several e.g. two compartments), granule, or
powder; or a parenteral formulation such as a
suppository or any other pharmaceutical delivery
system. Preferably the herein described pharmaceutical
tablet formulation are used in the form of capsule,
granule or tablet. In a further embodiment, the
present invention also concerns a pharmaceutical
multilayer tablet wherein the herein described
pharmaceutical tablet formulation, represents one of
the tablet layers. This can be done as a multilayer
tablet (one over the other) or as a coating one layer
surrounding the other one. Preferably the present
invention also concerns a pharmaceutical multilayer
tablet wherein the herein described pharmaceutical
tablet formulation, represents one layer and a
formulation comprising a further active ingredient
represent the second layer and/or third layer.
Preferably the further active ingredient is a
glitazone (e.g. pioglitazone or rosiglitazone) or
metformin. Preferably the further or second layer is
an immediate release formulation. The herein described
pharmaceutical tablet formulation can represent the
middle layer and the immediate release formulation
comprising a further active ingredient can represent
the two external layers. The herein described
pharmaceutical tablet formulation can represent the
central layer and the immediate release
formulationcomprising a further active ingredient can
represent the surrounding coating layer. In a further
embodiment, the present invention also concerns a
pharmaceutical tablet obtained by compression of the
herein described pharmaceutical tablet formulation. In
a further embodiment, the present invention also
concerns the above pharmaceutical tablet obtained by
compression of the herein described pharmaceutical
tablet formulation, wherein the herein described
pharmaceutical tablet formulation is subject to roller
compaction before compression into tablet. In a
further embodiment, the present invention also
concerns the above pharmaceutical tablet wherein the
hardness range is of between 10 to 13Kp for the 100 mg
vildagliptin tablet, and between 11 to 25Kp for the
150 mg vildagliptin tablet. In the development of the
herein described pharmaceutical compositions, the
applicant has discovered that the compressed tablets
especially direct compressed tablet is particularly
advantageous if the particles comprising the DPP-IV
inhibitor especially LAF237, have a particle size
distribution of less than 250 mm preferably between 10
to 250 mm . Thus in a further embodiment the present
invention concerns the herein described pharmaceutical
tablet formulations, wherein the dispersion contains
particles comprising DPP-IV inhibitor preferably
LAF237, in free form or in acid addition salt form,
and wherein at least 60%, preferably 80% and most
preferably 90% of the particle size distribution in
the formulation is less than 250 mm or preferably
between 10 to 250 mm . The present invention concerns
the herein described pharmaceutical tablet
formulations, wherein the dispersion contains
particles comprising DPP-IV inhibitor preferably
LAF237, in free form or in acid addition salt form,
and wherein at least 60%, preferably 80% and most
preferably 90% of theparticle size distribution in the
formulation is greater than 10 mm . The term "wherein
at least 60%, preferably 80% and most preferably 90%"
means at least 60%, preferably at least 80% and most
preferably at least 90%. The term "wherein at least at
least 25%, preferably 35% and most preferably 45%"
means at least 25%, preferably at least 35% and most
preferably at least 45%. In particular the present
invention concerns the herein described pharmaceutical
tablet formulations, wherein the 



dispersion contains particles comprising DPP-IV
inhibitor preferably LAF237, in free form or in acid
addition salt form, and wherein at least 25%,
preferably 35% and most preferably 45% of the particle
size distribution in the formulation is between 50 to
150 mm . The selected particle size distribution
provides an acceptable dissolution profile, as well as
acceptable degrees of hardness, friability, Tablet
breaking strength, Dispersion Quality and resistance
to chipping, as well as a proper disintegration time,
required flow and cohesive properties necessary to
obtain an acceptable solid dosage form, Improved
manufacturing robustness, required compactibility.
Particle size of drug, e.g. LAF237 particles size, is
controlled by crystallisazion, drying and/or
milling/sieving (non limiting examples are described
below) . Particle size can also be comminuted using
roller compaction and milling/sieving. Producing the
right particle size is well known and described in the
art such as in "Pharmaceutical dosage forms: volume 2
, 2nd edition, Ed.: H.A.Lieberman, L.Lachman,
J.B.Schwartz (Chapter 3 : SIZE REDUCTION) " .Multiple
particle sizes have been studied and it has been
discovered that the herein described specific size
range provides unexpected good results for direct
compaction. PARTICLE SIZE DISTRIBUTION ESTIMATION BY
ANALYTICAL SIEVING: Particle size distribution is
measured using Sieve analysis, Photon Correlation
Spectroscopy or laser diffraction (international
standart ISO 13320-1) , or electronic sensing zone,
light obstruction, sedimentation or microscopy which
are procedures well known by the person skilled in the
art. Sieving is one of the oldest methods of
classifying powders by particle size distribution.
Such methods are well known and described in the art
such as in any analytical chemistry text book or by
the United State Pharmacopeia's (USP) publication
USP-NF (2004 - Chapter 786 - (The United States
Pharmacopeial Convention, Inc., Rockville, MD) ) which
describes the US Food and Drug Administration (FDA)
enforceable standards. The used techniques are e.g.
described in Pharmaceutical dosage forms: volume 2 ,
2nd edition, Ed.: H.A.Lieberman, L.Lachman,
J.B.Schwartz is a good example. It also mentions (page
187) additional methods: Electronic sensing zone,
light obstruction, air permeation, sedimentation in
gas or liquid. In an air jet sieve measurement of
particle size, air is drawn upwards, through a sieve,
from a rotating slit so that material on the sieve is
fluidised. At the same time a negative pressure is
applied to the bottom of the sieve which removes fine
particles to a collecting device. Size analyses and
determination of average particle size are performed
by removal of particles from the fine end of the size
distribution by using single sieves consecutively. See
also "Particle Size Measurement", 5th Ed. , p 178,
vol. 1 ; T . Allen, Chapman & Hall, London, UK, 1997,
for more details on this. For a person skilled in the
art, the size measurement as such is thus of
conventional character.The herein described
formulations can also be in the form of a layer in a
multi or 2-layer tablet. The herein described
formulations can also be in the form of capsules,
tablets, compressed tables, direct compressed tablets,
granules. The DPP-IV inhibitor compounds especially
vildagliptin, useful in this invention are
hygroscopic, presents stability problems, and are not
inherently compressible into tablets. Consequently,
there is a need to provide a free-flowing and cohesive
composition capable of being compressed,- preferably
directly, into strong tablets with an acceptable in
vitro dissolution, pharmacokinetic, and
pharmacodynamic profile. The Paddle method to measure
the drug dissolution rate (% of release) is used with
1000ml of 0.01N HCl. Such methods are well known and
described in the art such as in any analytical
chemistry text book or by the United State
Pharmacopeia's (USP) publication USP-NF (2004 -
Chapter 711) which describes the US Food and Drug
Administration (FDA) enforceable standards. In a
further embodiment, the present invention concerns two
pharmaceutical tablet formulations comprising
respectively 100 mg or 150 mg of vildagliptin and
providing a vildagliptin release profile particularly
adapted for providing an improved pharmacokinetic
profile. The resulting pharmacokinetic profile result
in an improved treatment quality of the patient. Thus,
the present invention concerns; 1 ) a pharmaceutical
tablet formulation comprising 100 m g of vildagliptin
or a salt thereof, preferably compressed in the form
of a sustained release tablet, wherein; - between 10%
and 16% preferably between 11% and 15% of vildagliptin
is released after 0.5 hour,  - between 18% and 24%
preferably between 19% and 23% of vildagliptin is
released after 1 hour,< ". . ,,r <u r f<uupi " ,.,"..
i . -48- - between 30% and 36% preferably between 31%
and 35% of vildagliptin is released after 2 hours, -
between 46% and 52% preferably between 47% and 51% of
vildagliptin is released after 4 hour, 5 - between 58%
and 64% preferably between 59% and 63% of vildagliptin
is released after 6 hours, - between 67% and 73%
preferably between 68% and 72% of vildagliptin is
released after 8 hours, - between 74% and 80%
preferably between 75% and 79% of 10 vildagliptin is
released after 10 hours, - between 80% and 86%
preferably between 81% and 85% of vildagliptin is
released after 12 hours, - between 91% and 97%
preferably between 92% and 96% of vildagliptin is
released after 18 hours, 15 - between 95% and 100%
preferably between 96% and 100% of vildagliptin is
released after 24 hours. 2 ) a pharmaceutical tablet
formulation comprising 150 mg of vildagliptin or a
salt thereof, preferably compressed in the 20 form of
a sustained release tablet, wherein; - between 3.8%
and 9.8% preferably between 4.8% and 8.8% of
vildagliptin is released after 0.25 hour, - between
8.1% and 14.1% preferably between 9.1% and 13.1% of
vildagliptin is released after 0.5 hour, 25 - between
14.7% and 20.7% preferably between 15.7% and 19.7% of
vildagliptin is released after 1 hours, - between
25.3% and 31.3% preferably between 26.3% and 30.3% of
vildagliptin is released after 2 hour, - between 40.9%
and 46.9% preferably between 41.9% and 45.9% of 30
vildagliptin is released after 6 hours,- between 62.1%
and 68.1% preferably between 63.1% and 67.1% of
vildagliptin is released after 8 hours, - between
76.5% and 82.5% preferably between 77.5% and 81.5% of
vildagliptin is released after 10 hours, - between
83.5% and 89.5% preferably between 84.5% and 88.5% of
vildagliptin is released after 12 hours, - between
88.5% and 94.5% preferably between 89.5% and 93.5% of
vildagliptin is released after 18 hours. For the above
described two pharmaceutical tablet formulations the
Paddle method to measure the drug dissolution rate (%
of release) has been used. Preferably the above
described two pharmaceutical tablet formulations
comprise a hydroxypropyl methylcellulose, preferably
between 20% and 60%, between 30% and 50% by weight on
a dry weight basis of a hydroxypropyl methylcellulose.
Preferably the above described two pharmaceutical
tablet formulations comprise a hydroxypropyl
methylcellulose with an apparent viscosity of 80,000
cP to 120,000 cP (nominal value 100,000 cP) when
present in a 1% solution, preferably between 20% and
60%, or between 30% and 50% by weight on a dry weight
basis of a hydroxypropyl methylcellulose with an
apparent viscosity of 80,000 cP to 120,000 cP (nominal
value 100,000 cP) when present in a 1% solution.
Preferably the above described two pharmaceutical
tablet formulations comprising 150 mg or 100 mg of
vildagliptin are in the form of a tablet or multilayer
tablet. Preferably the above described two
pharmaceutical tablet formulations comprising 150 mg
or 100 mg of vildagliptin comprise any of the herein
described pharmaceutical tablet formulations.
Preferably the above described two pharmaceutical
tablet formulations are in the form of a tablet
obtained by compression of a pharmaceutical tablet
formulation as herein described,wherein .the
pharmaceutical tablet formulation is subject to roller
compaction before compression into tablet. Preferably
the above described pharmaceutical tablets comprise
100 mg of vildagliptin or a salt thereof wherein the
tablet hardness range is of between 10 to 13Kp.
Preferably the above described pharmaceutical tablets
comprise 150 mg of vildagliptin or a salt thereof
wherein the tablet hardness range is of between 11 to
25Kp. In a further aspect, the present invention
concerns the use of the herein described
pharmaceutical formulations, capsules, tablets,
compressed tables, direct compressed tablets, granules
for the treatment of conditions, such as
non-insulin-dependent diabetes mellitus, arthritis,
obesity, allograft transplantation,
calcitonin-osteoporosis, Heart Failure, Impaired
Glucose Metabolism) , IGT (Impaired Glucose Tolerance)
, neurodegenerative diseases such as Alzheimer's and
Parkinson disease, modulating hyperlipidemia,
modulating conditions associated with hyperlipidemia
or for lowering VLDL, LDL and Lp (a) levels,
cardiovascular or renal diseases e.g. diabetic
cardiomyopathy, left or right ventricular hypertrophy,
hypertrophic medial thickening in arteries and/or in
large vessels, mesenteric vasculature hypertrophy,
mesanglial hypertrophy, neurodegenerative disorders
and cognitive disorders, to produce a sedative or
anxiolytic effect, to attenuate post-surgical
catabolic changes and hormonal responses to stress, to
reduce mortality and morbidity after myocardial
infarction, the treatment of conditions related to the
above effects which may be mediated by GLP-I and/or
GLP-2 levels. In a further aspect, the present
invention concerns a method of treating conditions,
such as non-insulin-dependent diabetes mellitus,
arthritis, obesity, allograft transplantation,
calcitonin-osteoporosis, Heart Failure, Impaired
Glucose Metabolism) , IGT (Impaired Glucose Tolerance)
, neurodegenerative diseases such as Alzheimer's and
Parkinson disease, modulatinghyperlipidemia,
modulating conditions associated with hyperlipidemia
or for lowering VLDL, LDL and Lp (a) levels,
cardiovascular or renal diseases e.g. diabetic
cardiomyopathy, left or right ventricular hypertrophy,
hypertrophic medial thickening in arteries and/or in
large vessels, mesenteric vasculature hypertrophy,
mesanglial hypertrophy, neurodegenerative disorders
and cognitive disorders, to produce a sedative or
anxiolytic effect, to attenuate post-surgical
catabolic changes and hormonal responses to stress, to
reduce mortality and morbidity after myocardial
infarction, the treatment of conditions related to the
above effects which may be mediated by GLP-I and/or
GLP-2 levels, comprising administering to a
warm-blooded animal in need thereof a therapeutically
effective amounts of a pharmaceutical tablet
formulation, capsules, tablets, compressed tables,
direct compressed tablets, granules as herein
described. Preferably, the condition is selected from
such as non-insulindependent diabetes mellitus,
obesity, calcitonin-osteoporosis, Heart Failure,
Impaired Glucose Metabolism, IGT (Impaired Glucose
Tolerance) , neurodegenerative diseases such as
Alzheimer's and Parkinson disease, modulating
hyperlipidemia, modulating conditions associated with
hyperlipidemia or for lowering VLDL, LDL and Lp (a)
levels. In a further aspect, the present invention
concerns a process for preparing a tablet, in unit
dosage form, which comprises: (a) blending a
pharmaceutical tablet formulation as described herein
above, (b) compressing the formulation prepared during
step (a) to form the compressed tablet in unit dosage
form. In a further aspect, the present invention
concerns a process for preparing a tablet, in unit
dosage form, which comprises: (a) blending a
pharmaceutical tablet formulation as described herein
above,(b) roller compacting the formulation prepared
during step (a) (c) compressing the formulation
prepared during step (b) to form the compressed tablet
in unit dosage form. In a further aspect, the present
invention concerns a process for preparing a tablet,
in unit dosage form, which comprises: (d) blending a
pharmaceutical tablet formulation as described herein
above, (e) roller compacting the formulation prepared
during step (a) with a compaction force comprised
between 10 and 16 KN or any of the herein described
preferred compaction forces, (f) compressing the
formulation prepared during step (b) to form the
compressed tablet in unit dosage form. In another
embodiment, the present invention provides a 100 mg
vildagliptin sustained release solid oral
pharmaceutical dosage form which is; i-1) a solid oral
pharmaceutical dosage form comprising about 100 mg of
vildagliptin free base, or a respective amount of a
pharmaceutically acceptable salt thereof, and a
carrier medium, said dosage form providing an
arithmetic mean maximum plasma concentration of
vildagliptin ranging from about 15.8 ng/mL +/- 6.85
ng/mL to about 173 ng/mL +/- 52 ng/mL between about
0.5 and about 16 hours following oral administration
of said dosage form in a patient not treated with
vildagliptin before said administration and wherein
patient is under fasted conditions (day 1 of the above
described study) , and/or i-2) a solid oral
pharmaceutical dosage form comprising about 100 mg of
vildagliptin free base, or a respective amount of a
pharmaceutically acceptable salt thereof, and a
carrier medium, said dosage form providing an
arithmetic mean maximum plasmaconcentration of
vildagliptin ranging from about 26.3 ng/itiL +/- 13.1
ng/mL to about 175 ng/mL +/- 62.5 ng/itiL between
about 0.5 and about 16 hours following administration
o f said dosage form on day 9 in a patient treated
with said dosage form once a day since day 1 and
wherein said patient has been served an ADA breakfast
within 30 minutes of the morning administration of
said dosage form (day 9 o f the above described study)
, and/or i-3) a solid oral pharmaceutical dosage form
comprising about 100 m g of vildagliptin free base, or
a respective amount of a pharmaceutically acceptable
salt thereof, and a carrier medium, said dosage form
providing an arithmetic mean maximum plasma
concentration o f vildagliptin ranging from about 26.9
ng/mL +/- 14.1 ng/mL to about 186 ng/mL +/- 80.6 ng/mL
between about 0.5 and about 16 hours following
administration o f said dosage form on day 10 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient is under fasted
conditions (day 10 o f the above described study) ,
and/or ii-1) a solid oral dosage form comprising about
100 m g vildagliptin free base, or a respective amount
o f a pharmaceutically acceptable salt thereof, and a
carrier medium, said dosage form providing an
arithmetic mean AUC(o-inf) f vildagliptin ranging from
about 1073 to about 1825 ng'h/mL i.e. 1449 ng'h/mL +/-
376 ng'h/mL following oral administration o f said
dosage form , in a patient not treated with
vildagliptin before said administration and wherein
said patient is under fasted conditions (day 1 of the
above described study) , and/or ii-2) a solid oral
dosage form comprising about 100 m g vildagliptin free
base, or a respective amount o f a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing an arithmetic mean AUC (0-24 ) o
f vildagliptin ranging from about 1001 to about 1977
ng'h/mL i.e. 1489 ng'h/mL +/- 488 ng'h/mL following
oral administration o f said dosage form , on day 9 in
a patient treated with said dosage form once a day
since day 1 and wherein said patient hasbeen served an
ADA breakfast within 30 minutes of the morning
administration of said dosage form (day 9 of the above
described study) , and/or ii-3) a solid oral dosage
form comprising about 100 rag vildagliptin free base,
or a respective amount of a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing an arithmetic mean AUCjo-2 ) of
vildagliptin ranging from about 1103 to about 2173
ng*h/mL i.e. 1638 ng*h/iriL +/- 535 ng*h/mL following
oral administration of said dosage form , on day 10 in
a patient treated with said dosage form once a day
since day 1 and wherein said patient is under fasted
conditions (day 10 of the above described study) ,
and/or iii-1) a solid oral dosage form comprising
about 100 mg vildagliptin free base, or a respective
amount of a pharmaceutically acceptable salt thereof,
and a carrier medium, said dosage form providing an
arithmetic mean tmax of vildagliptin of 3.61 hr +/-
1.44 hr following oral administration of said dosage
form , in a patient not treated with vildagliptin
before said administration and wherein said patient is
under fasted conditions (day 1 of the above described
study) , and/or iii-2) a solid oral dosage form
comprising about 100 mg vildagliptin free base, or a
respective amount of a pharmaceutically acceptable
salt thereof, and a carrier medium, said dosage form
providing an arithmetic mean tmax of vildagliptin of
2.59 hr +/- 1.4 hr following oral administration of
said dosage form , on day 9 in a patient treated with
said dosage form once a day since day 1 and wherein
said patient has been served an ADA breakfast within
30 minutes of the morning administration of said
dosage form (day 9 of the above described study) ,
and/or iii-3) a solid oral dosage form comprising
about 100 mg vildagliptin free base, or a respective
amount of apharmaceutically acceptable salt thereof,
and a carrier medium, said dosage form providing an
arithmetic mean tmax of 



vildagliptin of 3.74 hr +/- 1.44 hr following oral
administration of said dosage form , on day 10 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient is under fasted
conditions (day 10 of the above described study) ,
and/or iv-1) a solid oral dosage form comprising about
100 mg vildagliptin free base, or a respective amount
of a pharmaceutically acceptable salt thereof, and a
carrier medium, said dosage form providing an
arithmetic mean Cmax of vildagliptin of 205 ng/ml +/-
47 ng/ml following oral administration of said dosage
form , in a patient not treated with vildagliptin
before said administration and wherein said patient is
under fasted conditions (day 1 of the above described
study) , and/or iv-2) a solid oral dosage form
comprising about 100 mg vildagliptin free base, or a
respective amount of a pharmaceutically acceptable
salt thereof, and a carrier medium, said dosage form
providing an arithmetic mean Cmax of vildagliptin of
200 ng/ml +/- 64 ng/ml following oral administration
of said dosage form , on day 9 in a patient treated
with said dosage form once a day since day 1 and
wherein said patient has been served an ADA breakfast
within 30 minutes of the morning administration of
said dosage form (day 9 of the above described study)
, and/or iv-3) a solid oral dosage form comprising
about 100 mg vildagliptin free base, or a respective
amount of a pharmaceutically acceptable salt thereof,
and a carrier medium, said dosage form providing an
arithmetic mean Craax of vildagliptin of 245 ng/ml +/-
68 ng/ml following oral administration of said dosage
form , on day 10 in a patient treated with said dosage
form once a day since day 1 and whereinsaid patient is
under fasted conditions (day 10 of the above described
study) , and/or v-1) a solid oral dosage form
comprising about 100 mg vildagliptin free base, or a
respective amount of a pharmaceutically acceptable
salt thereof, and a carrier medium, said dosage form
providing an arithmetic mean % inhibition of DPP-IV
activity over 24 hours of 85.64% +/- 12.76% following
oral administration of said dosage form , in a patient
not treated with vildagliptin before said
administration and wherein said patient is under
fasted conditions (day 1 of the above described study)
, and/or v-2) a solid oral dosage form comprising
about 100 mg vildagliptin free base, or a respective
amount of a pharmaceutically acceptable salt thereof,
and a carrier medium, said dosage form providing an
arithmetic mean % inhibition of DPP-IV activity over
24 hours of 87.78% +/- 16.37% following oral
administration of said dosage form , on day 9 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient has been served an ADA
breakfast within 30 minutes of the morning
administration of said dosage form (day 9 of the above
described study) , and/or v-3) a solid oral dosage
form comprising about 100 mg vildagliptin free base,
or a respective amount of a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing an arithmetic mean % inhibition
of DPP-IV activity over 24 hours of 90.20% +/- 7.35%
following oral administration of said dosage form , on
day 10 in a patient treated with said dosage form once
a day since day 1 and wherein said patient is under
fasted conditions (day 10 of the above described
study) , and/or vi-1) a solid oral dosage form
comprising about 100 mg vildagliptin free base, or a
respective amount of a pharmaceutically acceptable
salt thereof, and a carrier medium, said dosage form
providing a pharmacokinetic profile assubstantially
depicted in figure 24, following oral administration
of said dosage form , in a patient not treated with
vildagliptin before said administration and wherein
said patient is under fasted conditions (day 1 of the
above described study) , and/or vi-2) a solid oral
dosage form comprising about 100 mg vildagliptin free
base, or a respective amount of a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing a pharmacokinetic profile as
substantially depicted in figure 25, following oral
administration of said dosage form , on day 9 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient has been served an ADA
breakfast within 30 minutes of the morning
administration of said dosage form (day 9 of the above
described study) , and/or vi-3) a solid oral dosage
form comprising about 100 mg vildagliptin free base,
or a respective amount of a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing a pharmacokinetic profile as
substantially depicted in figure 26, following oral
administration of said dosage form , on day 10 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient is under fasted
conditions (day 10 of the above described study) .
Preferably the 100 mg vildagliptin sustained release
solid oral pharmaceutical dosage form comprises a
hydroxypropyl methylcellulose, preferably between 20%
and 60%, between 30% and 50% or between 34% and 46% by
weight on a dry weight basis of a hydroxypropyl
methylcellulose. Preferably the 100 mg vildagliptin
sustained release solid oral pharmaceutical dosage
form comprises a hydroxypropyl methylcellulose with an
apparent viscosity of 80,000 cP to 120,000 cP (nominal
value 100,000 cP) when present in a 1% solution,
preferably between 20% and 60%, or between 30% and
50%or between 34% and 46% by weight on a dry weight
basis of a hydroxypropyl methylcellulose with an
apparent viscosity of 80,000 cP to 120,000 cP (nominal
value 100,000 cP) when present in a 1% solution.
Preferably the 100 mg vildagliptin sustained release
solid oral pharmaceutical dosage form comprises any of
the hereinabove described pharmaceutical tablet
formulations. Preferably the 100 mg vildagliptin
sustained release solid oral pharmaceutical dosage
form comprises a pharmaceutical tablet formulations
selected from the herein described formulations A , B
, C , D , E , F , G , H , I , J , K , or L . In
another embodiment,- the present invention provides a
150 mg vildagliptin sustained release solid oral
pharmaceutical dosage form which is; i-a) a solid oral
pharmaceutical dosage form comprising about 150 mg of
vildagliptin free base, or a respective amount of a
pharmaceutically acceptable salt thereof, and a
carrier medium, said dosage form providing an
arithmetic mean maximum plasma concentration of
vildagliptin ranging from about 30.7 ng/mL +/- 21.9
ng/mL to about 223 ng/mL +/- 77.3 ng/mL between about
0.5 and about 16 hours following oral administration
of said dosage form in a patient not treated with
vildagliptin before said administration and wherein
patient is under fasted conditions (day 1 of the above
described study) , and/or i-b) a solid oral
pharmaceutical dosage form comprising about 150 mg of
vildagliptin free base, or a respective amount of a
pharmaceutically acceptable salt thereof, and a
carrier medium, said dosage form providing an
arithmetic mean maximum plasma concentration of
vildagliptin ranging from about 48.7 ng/mL +/- 25.8
ng/mL to about 223 ng/mL +/- 99.7 ng/mL between about
0.5 and about 16 hours following administration of
said dosage form on day 9 in a patient treated with
said dosage form once a day since day 1 and wherein
said patient has been served an ADAbreakfast within 30
minutes of the morning administration of said dosage
form (day 9 of the above described study) , and/or
i-c) a solid oral pharmaceutical dosage form
comprising about 150 mg of vildagliptin free base, or
a respective amount of a pharmaceutically acceptable
salt thereof, and a carrier medium, said dosage form
providing an arithmetic mean maximum plasma
concentration of vildagliptin ranging from about 44.6
ng/mL +/- 28.5 ng/mL to about 263 ng/mL +/- 84.4 ng/mL
between about 0.5 and about 16 hours following
administration of said dosage form on day 10 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient is under fasted
conditions (day 10 of the above described study) ,
and/or ii-a) a solid oral dosage form comprising about
150 mg vildagliptin free base, or a respective amount
of a pharmaceutically acceptable salt thereof, and a
carrier medium, said dosage form providing an
arithmetic mean AUC (o-m f) of vildagliptin ranging
from about 1346 to about 3196 ng h/mL i.e. 2271 ng
h/mL +/- 925 ng*h/mL following oral administration of
said dosage form , in a patient not treated with
vildagliptin before said administration and wherein
said patient is under fasted conditions (day 1 of the
above described study) , and/or ii-b) a solid oral
dosage form comprising about 150 mg vildagliptin free
base, or a respective amount of a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing an arithmetic mean AUC (0-24) of
vildagliptin ranging from about 1277 to about 3207
ng'h/mL i.e. 2242 ng"h/mL +/- 965 ng"h/mL following
oral administration of said dosage form , on day 9 in
a patient treated with said dosage form once a day
since day 1 and wherein said patient has been served
an ADA breakfast within 30 minutes of the morning
administration of said dosage form (day 9 of the above
described study) , and/or ii-c) a solid oral dosage
form comprising about 150 mg vildagliptin free base,
or a respective amount of apharmaceutically acceptable
salt thereof, and a carrier medium, said dosage form
providing an arithmetic mean AUC (0_24) of
vildagliptin ranging from about 1643 to about 3273
ng*h/mL i.e. 2458 ng*h/mL +/- 815 ng #h/mL following
oral administration of said dosage form , on day 10 in
a patient treated with said dosage form once a day
since day 1 and wherein said patient is under fasted
conditions (day 10 of the above described study) ,
and/or iii-a) a solid oral dosage form comprising
about 150 mg vildagliptin free base, or a respective
amount of a pharmaceutically acceptable salt thereof,
and a carrier medium, said dosage form providing an
arithmetic mean tmax of vildagliptin of 3.57 hr +/-
1.17 hr following oral administration of said dosage
form , in a patient not treated with vildagliptin
before said administration and wherein said patient is
under fasted conditions (day 1 of the above described
study) , and/or iii-b) a solid oral dosage form
comprising about 150 mg vildagliptin free base, or a
respective amount of a pharmaceutically acceptable
salt thereof, and a carrier medium, said dosage form
providing an arithmetic mean tmax of vildagliptin of
2.87 hr +/- 1.59 hr following oral administration of
said dosage form , on day 9 in a patient treated with
said dosage form once a day since day 1 and wherein
said patient has been served an ADA breakfast within
30 minutes of the morning administration of said
dosage form (day 9 of the above described study) ,
and/or iii-c) a solid oral dosage form comprising
about 150 mg vildagliptin free base, or a respective
amount of a pharmaceutically acceptable salt thereof,
and a carrier medium, said dosage form providing an
arithmetic mean traax of vildagliptin of 4.13 hr +/-
1.24 hr following oral administration of said dosage
form , on day 10 in a patient treated with said dosage
form once a day since day 1 and whereinsaid patient is
under fasted conditions (day 10 of the above described
study) , and/or iv-a) a solid oral dosage form
comprising about 150 mg vildagliptin free base, or a
respective amount of a pharmaceutically acceptable
salt thereof, and a carrier medium, said dosage form
providing an arithmetic mean Cmax of vildagliptin of
257 ng/ml +/- 59 ng/ml following oral administration
of said dosage form , in a patient not treated with
vildagliptin before said administration and wherein
said patient is under fasted conditions (day 1 of the
above described study) , and/or iv-b) a solid oral
dosage form comprising about 150 mg vildagliptin free
base, or a respective amount of a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing an arithmetic mean Cmax of
vildagliptin of 272 ng/ml +/- 111 ng/ml following oral
administration of said dosage form , on day 9 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient has been served an ADA
breakfast within 30 minutes of the morning
administration of said dosage form (day 9 of the above
described study) , and/or iv-c) a solid oral dosage
form comprising about 150 mg vildagliptin free base,
or a respective amount of a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing an arithmetic mean Cmax of
vildagliptin of 308 ng/ml +/- 91 ng/ml following oral
administration of said dosage form , on day 10 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient is under fasted
conditions (day 10 of the above described study) ,
and/or v-a) a solid oral dosage form comprising about
150 mg vildagliptin free base, or a respective amount
of a pharmaceutically acceptable salt thereof, and a
carrier medium, said dosage form providing an
arithmetic mean % inhibition ofDPP-IV activity over 24
hours of 90.04% +/- 11.91% following oral
administration of said dosage form , in a patient not
treated with vildagliptin before said administration
and wherein said patient is under fasted conditions
(day 1 of the above described study) , and/or v-b) a
solid oral dosage form comprising about 150 mg
vildagliptin free base, or a respective amount of a
pharmaceutically acceptable salt thereof, and a
carrier medium, said dosage form providing an
arithmetic mean % inhibition of DPP-IV activity over
24 hours of 90.4% +/- 17.50% following oral
administration of said dosage form , on day 9 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient has been served an ADA
breakfast within 30 minutes of the morning
administration of said dosage form (day 9 of the above
described study) , and/or v-c) a solid oral dosage
form comprising about 150 mg vildagliptin free base,
or a respective amount of a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing an arithmetic mean % inhibition
of DPP-IV activity over 24 hours of 91.64% +/- 8.47%
following oral administration of said dosage form , on
day 10 in a patient treated with said dosage form once
a day since day 1 and wherein said patient is under
fasted conditions (day 10 of the above described
study) , and/or vi-a) a solid oral dosage form
comprising about 150 mg vildagliptin free base, or a
respective amount of a pharmaceutically acceptable
salt thereof, and a carrier medium, said dosage form
providing a pharmacokinetic profile as substantially
depicted in figure 24, following oral administration
of said dosage form , in a patient not treated with
vildagliptin before said administration and wherein
said patient is under fasted conditions (day 1 of the
above described study) , and/orvi-b) a solid oral
dosage form comprising about 150 mg vildagliptin free
base, or a respective amount of a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing a pharmacokinetic profile as
substantially depicted in figure 25, following oral
administration of said dosage form , on day 9 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient has been served an ADA
breakfast within 30 minutes of the morning
administration of said dosage form (day 9 of the above
described study) , and/or vi-c) a solid oral dosage
form comprising about 150 mg vildagliptin free base,
or a respective amount of a pharmaceutically
acceptable salt thereof, and a carrier medium, said
dosage form providing a pharmacokinetic profile as
substantially depicted in figure 26, following oral
administration of said dosage form , on day 10 in a
patient treated with said dosage form once a day since
day 1 and wherein said patient is under fasted
conditions (day 10 of the above described study) .
Preferably the 150 mg vildagliptin sustained release
solid oral pharmaceutical dosage form comprises a
hydroxypropyl methylcellulose, preferably between 20%
and 60%, between 30% and 50% or between 34% and 46% by
weight on a dry weight basis of a hydroxypropyl
methylcellulose. Preferably the 150 mg vildagliptin
sustained release solid oral pharmaceutical dosage
form comprises a hydroxypropyl methylcellulose with an
apparent viscosity of 80,000 cP to 120,000 cP (nominal
value 100,000 cP) when present in a 1% solution,
preferably between 20% and 60%, or between 30% and 50%
or between 34% and 46% by weight on a dry weight basis
of a hydroxypropyl methylcellulose with an apparent
viscosity of 80,000 cP to 120,000 cP (nominal value
100,000 cP) when present in a 1% solution.Preferably
the 150 mg vildagliptin sustained release solid oral
pharmaceutical dosage form comprises any of the
hereinabove described pharmaceutical tablet
formulations. Preferably the 150 mg vildagliptin
sustained release solid oral pharmaceutical dosage
form comprises a pharmaceutical tablet formulations
selected from the herein described formulations A , B
C , D , E , F , G , H , I , J , K or L . Any of the
above described 100 mg or 150 mg vildagliptin
sustained release solid oral pharmaceutical dosage
form wherein; i ) the formulation is a matrix
formulation containing a pharmaceutically acceptable
hydrophilic polymer which can retard diffusion of
vildagliptin, ii) the solid oral pharmaceutical dosage
form is a compressed tablet, and optionally iii) the
elution rate of vildagliptin at 30 minutes after
starting the test is less than 30% when conducting the
Paddle method. "pharmaceutically acceptable
hydrophilic polymer which can retard diffusion of an
active ingredient" are known in the art 



e.g. Hydroxypropyl-methylcelluose .Experimental
Details I . Pharmaceutical Development and Manufacture
A . Selected Formulation and Process Composition A dry
blend process with roller compaction was developed for
direct compression, as shown in the process flow
diagram (Figure 1 ) . Two dosage strengths, 100 mg and
150 mg of vildagliptin, were selected for further
development and are shown in Tables 2- 1 and 2-2. This
process utilizes a common dry blend for the two
strengths . Table 2-1 Composition per 100mg dosage
form unit for Market Formulation containing 40% HPMC
KlOOM Product name: vildagliptin Tab 100mg Basis
number/ Variant: 3768652.003 Shape /size /color
/imprint: 11mm FFBE (round)/white to off-white Global
Component Composition Testing Function material no.
per unit (mg) monograph 146082 vildagliptin 100
Novartis Drug Substance 103266 Microcrystalline 120
Ph. Eur., NF Tablet filler cellulose, PH102 103282
Lactose, 16 Ph. Eur., NF Tablet filler anhydrous DT
151580 Hydroxypropyl- 160 Ph. Eur., NF Controlled
methylcelluose release K100M polymer 100217 Magnesium
4 Ph. Eur., NF Tablet stearate lubricant Total weight
400Table 2-2 Composition per 150mg dosage form unit
for Market Formulation containing 40% HPMC K IOOM
Product name: vildagliptin Tab 150mg Basis number/
Variant: 6001732.001 Shape /size /color /imprint: 17 x
6.7mm ovaloid/white to off-white Global material
Component Composition Testing Function no. per unit
(mg) monograph 146082 vildagliptin 150 Novartis Drug
Substance 103266 Microcrystalli 180 Ph. Eur., NF
Tablet filler ne cellulose, PH102 103282 Lactose, 24
Ph. Eur., NF Tablet filler anhydrous DT 151580
Hydroxypropy 240 Ph. Eur., NF Controlled I- release
methylcelluos polymer e K100M 100217 Magnesium 6 Ph.
Eur., NF Tablet stearate lubricant Total weight 600
Process The selected manufacturing process is shown in
figure 2-1. B . Formulation and Alternative Variants
Several formulation variants were evaluated as
potential clinical service forms (CSF) in order to
provide the requested release rate profile. The term
clinical service forms (CSF) means a formulation
adapted for administration to a patient. Several types
of release rate profiles were studied; in particular a
slow and fast. The profile rate was determined by the
amount and type of polymer selected and/or tablet
technology. The Market Formulation (MF) selected is a
specific slow release rate profile (see Section I .A.
)particularly adapted for a once a day dosage regimen
and production of compressed tablets. Examples of the
fast release rate formulations are shown in Tables 2-3
to 2-7 and alternate formulations with slow release
profiles are shown in Tables 2-8 to 2-10.Table 2-3
Composition per lOOmg dosage form unit for fast
release profile containing 20% HPMC KlOOLV Product
name: vildagliptin Tab 100mg Basis number/ Variant:
3768652.001 Shape /size /color /imprint: /white to
off-white Global material Component Composition
Testing Function no. per unit (mg) monograph 146082
vildagliptin 100 Novartis Drug Substance 103266
Microcrystalli 170 Ph. Eur., NF Tablet filler nb
cellulose, PH102 103282 Lactose, 46 Ph. Eur., NF
Tablet filler anhydrous DT 151580 Hydroxypropy 80 Ph.
Eur., NF Controlled I- release methylcelluos polymer e
K100LVP 100217 Magnesium 4 Ph. Eur., NF Tablet
Stearate lubricant Total weight 400 Table 2-4
Composition per 200mg dosage form unit for fast
release profile containing 20% HPMC KlOOLV Product
name: vildagliptin Tab 200mg Basis number/ Variant:
3768660.002 Shape /size /color /imprint: /white toi
off-white Global material Component Composition
Testing Fii p rtinti no. per unit (mg) monograph
146082 vildagliptin 200 Novartis Drug Substance 103266
Microcrystalli 340 Ph. Eur., NF Tablet filler ne
cellulose, PH102 103282 Lactose, 92 Ph. Eur., NF
Tablet filler anhydrous DT 151580 Hydroxypropy 160 Ph.
Eur., NF Controlled Im- ethylcelluos release polymer e
MOOLVP 100217 Magnesium 8 Ph. Eur., NF Tablet Stearate
lubricant Total weight 800Table 2-5 Composition per
200mg dosage form unit for fast release profile
containing 20% HPMC ElOM Product name: /ildagliptin
Tab 200mg Basis number/ Variant: Shape /size /color
/imprint: /white to off-white Global material
Component Composition Testing Function no. per unit
(mg) monograph 146082 vildagliptin 200 Novartis Drug
Substance 103266 Microcrystalli 242 Ph. Eur., NF
Tablet filler ne cellulose, PH102 103282 Lactose, 32
Ph. Eur., NF Tablet filler anhydrous DT 151580
Hydroxypropy 120 Ph. Eur., NF Controlled I- release
methylcelluos polymer e, E10M 100217 Magnesium 6 Ph.
Eur., NF Tablet stearate lubricant Total weight 600
The concentration of HPMC ElOM was varied from 20% t o
35% t o match the target release rate profile . A
combination of HPMC ElO (15% ) and HPMC KlOOM (10% )
was also evaluated for release rate . Table 2-6
Composition per lOOmg dosage form unit for fast
release profile containing X% polyox Product name:
/ildagliptin Tab 100mg Basis number/ Variant: Shape
/size /color /imprint: /white tc off-white Global
material Component Composition Testing Function no.
per unit (mg) monograph 146082 vildagliptin 100
Novartis Drug Substance 103266 Microcrystalli 170 Ph.
Eur., NF Tablet filler ne cellulose, PH102 103282
Lactose, 46 Ph. Eur., NF Tablet filler anhydrous DT
Polyox ?? Controlled release polymer 100217 Magnesium
4 Ph. Eur., NF Tablet Stearate lubricant Total weight
400Bi-layer tablet technology was evaluated using a
50mg immediate release (IR) tablet in one layer, and
an 150mg MR as the second layer as shown in Table 2-7.
Table 2-7 Composition per 200mg dosage form unit for
bi-layer tablet containing HPMC KlOOM Product name:
vildagliptin Tab 200mg Basis number/ Variant: NA Shape
/size /color /imprint: /white to off-white Global
material Component Composition Testing Function no.
pei- unit (mg) monograph First Layer (IR) 146082
vildagliptin 50 Novartis Drug Substance 103266
Microcrystalli 96 Ph. Eur., NF Tablet filler ne
cellulose, PH102 103282 Lactose, 48 Ph. Eur., NF
Tablet filler anhydrous DT Explotab 4 Ph. Eur., NF
Disintegra nt Magnesium 2 Ph. Eur., NF Lubricant
Stearate Total 200 Second Layer (MR) 146082 1-1(3- 150
Novartis Drug Hydroxy- Substance adamant-1- ylamino)-
acetyl]- pyrrolidine- 2(S)- carbonitrile 151580
Hydroxypropy 130 Ph. Eur., NF Controlled I- release
methylcelluos polymer e K100M 103266 Microcrystalli
120 Ph. Eur., NF Tablet filler ne cellulose, PH102
103282 Lactose, 46 Ph. Eur., NF Tablet filler
anhydrous DT 100217 Magnesium 4 Ph. Eur., NF Tablet
stearate lubricant Total weight 450The amount o f
vildagliptin D S and HPMC KlOOM were varied in each
layer t o provide a suitable release rate profile. For
example, the D S was varied from 25mg t o 50mg
(immediate release layer) and 150mg t o 175mg
(modified release layer) . The amount o f HPMC KlOOM
was varied from 29% t o 40% (modified release layer) .
Another exploratory slow release variant was the HPMC
concentration was reduced t o 30%, with and without
roller compaction, a s shown in Tables 2-8 and 2-9 .
This change did not have an effect on the dissolution
profile. However, 30% HPMC KlOOM exhibited a lower
flow quality, 0.21 and 0.37, for both non-roller
compacted and roller compacted material, respectively,
when compared to 40% HPMC KlOOM. Filming was also
observed during compression with 30% HPMC KlOOM. Table
2-8 Composition per lOOmg dosage form unit with 30%
HPMC Product name: vildagliptin Tab 100mg Basis
number/ Variant: N A Shape /size /color /imprint: 11m
m FFBE (round)/white to off-white Global material
Component Composition Testing Function no. per unit
(mg) monograph 146082 vildagliptin 100 Novartis Drug
Substance 103266 Microcrystalli 120 Ph. Eur., NF
Tablet filler ne cellulose, PH102 103282 Lactose, 58
Ph. Eur., NF Tablet filler anhydrous DT 151580
Hydroxypropy 120 Ph. Eur., NF Controlled I- release
methylcelluos polymer e K100M 100217 Magnesium 4 Ph.
Eur., NF Tablet stearate lubricant Total weight
400Table 2-9 Composition per 150mg dosage form unit
with 30% HPMC Product name: vildagliptin Tab 150mg
Basis number/ Variant: NA Shape /size /color /imprint:
17 x 6.7mm ovaloid/white to off-white Global material
Component Composition Testing Function no. per unit
(mg) monograph 146082 vildagliptin 150 Novartis Drug
Substance 103266 Microcrystalli 180 Ph. Eur., NF
Tablet filler ne cellulose, PH102 103282 Lactose, 24
Ph. Eur., NF Tablet filler anhydrous DT 151580
Hydroxypropy 180 Ph. Eur., NF Controlled I- release
methylcelluos polymer e K100M 100217 Magnesium 6 Ph.
Eur., NF Tablet stearate lubricant Table 2-10
Composition per 200mg dosage form unit for slow
release profile containing 40% HPMC KlOOM Product
name: vildagliptin Tab 200mg Basis number/ Variant:
3768660.003 Shape /size /color /imprint: /white to
off-white Global material Component Composition
Testing Function no. per unit (mg) monograph 146082
vildagliptin 200 Novartis Drug Substance 103266
Microcrystalli 240 Ph. Eur., NF Tablet filler ne
cellulose, PH102 103282 Lactose, 32 Ph. Eur., NF
Tablet filler anhydrous DT 151580 Hydroxypropy 320 Ph.
Eur., NF Controlled I- release methylcelluos polymer e
K100M 100217 Magnesium 8 Ph. Eur., NF Tablet Stearate
lubricant Total weight 800 Selection of Formulations
for the Manufacture of Clinical Variants The four
formulations selected for further clinical evaluation
comprised of both types of release rate profiles (slow
and fast)at two dosage strengths (lOOmg and 200mg) .
The batch size was 4,000 tablets (or 3.1kg).
Pre-compression was required to meet the hardness
and/or friability requirements. The slow formulation
contained 40% HPMC KlOOM as shown in Tables 2-1 and
2-10. The fast formulation contained 20% HPMC KlOO LVP
as shown in Tables 2-3 and 2-4. Table 2-11 Clinical
batch summary Rate Strength Polymer Compositi KN
Number/ Batch Profile on Variant Number Slow 100mg 40%
HPMC K100M Table 2-1 3768652.00 AEUS200200 2 8 1 Slow
200mg 40% HPMC K100M Table 2- 3768660.00 AEUS200200 10
3 83 Fast 100mg 20% HPMC Table 2-3 3768652.00
AEUS200200 K100LVP 1 80 Fast 200mg 20% HPMC Table 2-4
3768660.00 AEUS200200 K100LVP 2 82 Formulation
Rationale 1- [(3-Hydroxy-adamant-l-ylamino) -acetyl]
-pyrrolidine-2 (S) - carbonitrile i.e. vildagliptin DS
(Drug Substance) is highly water soluble (up to
125mg/mL) and so requires polymers that can act as
substantial diffusion barriers for a dramatic
reduction in drug dissolution and diffusion. A once a
day MR dosage form is likely to require a significant
level of polymer load for retarding drug diffusion.
During the development, the applicant has selected
monolithic formulation with low risk for dose dumping,
eliminating coating technologies in favor of a matrix
formulation. After intensive studies on compatibility,
ability to retard diffusion pharmacokinetic and
pharmacodynamic studies, and regulatory acceptance
requirements the applicant narrowed the polymer choice
to hydrophilic polymers, especially hydroxpropyl
methyl cellulose (HPMC) . Major and Critical Findings
During Formulation Development A critical excipient is
the control release polymer, HPMC, as the KlOOM grade.
During the CSF development, various controlrelease
polymers were evaluated alone, or in combination, in 



order to achieve the desired release profile. HPMC,
KlOOM grade, provided the best match to the desired
release profile. The "slow" formulation was selected
after evaluation in man. As previously mentioned,
pre-compression was utilized during the clinical batch
manufacture. Experiments were conducted to further
evaluate the CSF formulation and the need for
precompression. The compression profile for the CSF
formulation containing 40% HPMC is shown in Figures 3
and 4 . The data indicated that the compression
profile and friability could be improved with
pre-compression. Additional studies were conducted to
improve the compression profile and to avoid the use
of pre-compression. As shown in Figure 5 , 30% HPMC
KlOOM was evaluated to improve the compression
profile. The effect of tablet dwell time was
simultaneously evaluated at speeds from 40 to 80rpm.
It was determined that an improvement in the
compression profile was achieved using roller
compaction. A s shown in Figures 6 and 7 , a
Fitzpatrick (Chilsonator(r), model IR220) was
evaluated with the interim powder blend without the
addition of magnesium stearate, at increasing
compaction forces. As shown in Figures 8 and 9 , the
effect of roller compaction on the dissolution profile
was studied with 40% HPMC KlOOM and compared to the
dissolution profile of the clinical batch. It was
concluded that roller compaction did not impact the
dissolution profile. The roller compaction process was
scaled to a 50mm Bepex roller compactor using a linear
relationship developed for a 50mm Fitzpatrick roller
compactor (in lb/in units, model IR520) and a 50mm
Bepex ( in KN units) roller compactor. As shown in
Figures 10 and 11, the effect of increasing compaction
force was studied. It was concluded that the process
was scaleable to aBepex roller compactor, and the
tablet hardness was not significantly affected with
increasing roller compaction force (13-31KN) , and
roller compactor roll speed (4-8rpm) . Overview of
Compositions Including CSF in Clinical Studies See
section "B. Formulation and Alternative Variants ." C
. Manufacturing Process All variants were manufactured
as detailed in the process flow chart shown in Figure
1 , except variants without roller compaction. A batch
size of up to 12 Kg was used. Drug substance from
lots; 0223007, 0223008, 0223009 were used for all
batches manufactured Description and Assessment of the
Processes Tested The effect of roller compaction was
evaluated with 30% and 40% HPMC. Roller compaction was
utilized to densify the powder blend prior to
compression. The effect of Fitzpatrick
(Chilsonator(r), model IR220) roller compactor at
compaction forces from 500 to 10,000 lb/in on a powder
blend containing 40% HPMC, are shown in Figures 12 and
13. The data indicated that with increasing roller
compaction force, led to a decrease in tablet
hardness. As shown in Figure 14, roller compaction
forces greater than 5,000 lb/in (or 43.75 KN) produced
tablets with a compression profile worst than the CSF
without roller compaction or pre-compression. The
effect of roller compaction on tablet friability is
shown in Figure 14. Key Section Criteria and Rationale
for Final Process The key criteria for the final
process was based on the dissolution profile. Since a
PK/safety study was conducted in vivo using the lOOmg,
150mg and 200mg tablets, the formulation containing
40% HPMC KlOOM was desired. Roller compaction was
added to the process to improve the compression
profile. As shown in Figures 17 and 18, the
dissolution profile for rollercompacted material did
not differ from the CSF dissolution profile. The
Japanese Ministry of Health has imposed 40mg/kg as a
daily intake limit for HPMC KlOOM. It is not
anticipated that the daily intake limits will become a
regulatory hurdle for the 1-
[(3-Hydroxy-adamant-l-ylamino) -acetyl] -pyrrolidine-2
(S) - carbonitrile MF. The physical properties of the
various powder blends are shown in Tables 2-12 and
2-13. Table 2-12 Physical properties of roller
compacted powder blend (Fitzpatrick) Sample Roller
Compaction Powder Flow Quality Bulk Density/Tap Force
(Sotax) Density (Ib/in) [calculated KN] (g/mL) TRD-1
926-78 NA 0.38 0.38/0.576 40% HPMC TRD-1 971-53 NA
0.33 0.38/0.66 40% HPMC TRD-1 971 -55 NA 0.36 0.36/
0.59 40% HPMC TRD-1 926-79 NA 0.21 0.385/ 0.60 30%
HPMC TRD-1 926-79 1,000 [8.75] 0.37 0.432/ 0.645 30%
HPMC TRD-1 926-01 500 [4.37] 0.25 0.398/ 0.588 40%
HPMC TRD-1 926-78 1,000 [8.75] 0.49 0.448/ 0.652 40%
HPMC TRD-1 926-01 1,500 [13.1] 0.53 0.448/ 0.666 40%
HPMC TRD-1 771- 5,000 [43.75] 0.76 0.526/ 0.714 123B
40% HPMC TRD-1 771- 10,000 [87.5] ND (not tabletable)
0.566/ 0.732 123C 40% HPMC Avicel PH102 NA 0.64 0.29/
0.35Table 2-13 Physical properties of roller compacted
powder blend (Bepex) Sample Roller Roll Speed Powder
Bulk Density/Tap Compaction (rpm) Flow Density Force
(Kn) Quality (g/mL) [calculated Ib/in] (Sotax)
TRD-1926- NA NA 0.38 0.38/0.576 78 40% HPMC TRD-1971-
NA NA 0.33 0.38/0.66 53 40% HPMC TRD-1971- NA NA 0.36
0.36/ 0.59 55 40% HPMC TRD-1971- 13 [1500 Ib/in] 0.25
0.398/ 0.588 53C 40% HPMC TRD-1971- 22 [2500 Ib/in]
0.49 0.448/ 0.652 53A 40% HPMC TRD-1971- 3 1 [3500
Ib/in] 0.53 0.448/ 0.666 53B2 40% HPMC TRD-1971- 13 4
0.76 0.526/0.714 55A 40% HPMC TRD-1971- 13 ND (not
0.566/ 0.732 55B 40% tabletable) HPMC TRD-1971- 13 55C
40% HPMC Avicel PH102 NA NA 0.64 0.29/ 0.35 The use o
f roller compaction indicated an increase in the
powder flow quality and an increase in bulk density.
This was limited b y the roller compaction force,
where tablets from 5,000 Ib/in and 10,000 Ib/in force
exhibited a poor friability o f 0.6% and > 10%,
respectively (lOOmg tablets) . The effect o f roller
compaction on the sieve analysis is shown in Figures
19 and 20. All roller compacted material was screened
using an 18 mesh screen. Selection o f screen size a s
a means toparticle size control, and will be further
evaluated during the Lab Phase FMI . Equipment Used
Table 2-14 Process equipment Description Model Bin
Blender LB Bohle, 1OL, 25L, 4OL Oscillating mill
Ferwitt Roller compactor Fitzpatrick, Chilsonator,
IR220 Roller Compactor Bepex, 50mm Tablet Press
Manesty Beta Press, 16 sta. Statement on the
Up-Scaling Potential and Robustness of the final
process Table 2-15 IPC summary for vildagliptin
lOOmgMR containing 40% HPMC with roller compaction
(400mg tablet weight, 11mm FFBE) Sample Thickness (mm)
Hardness (Kp) %Friability IPC: 2.8-4.2mm (100 drops)
TRD-1 926-78 3.95 - 3.72 40 rpm: 11.5 - 13.2 40 rpm: <
0.5 1,000 Ib/in RC (FP) 60 rpm: 9.76 - 12.69 60 rpm: <
0.5 80 rpm: 9.76 - 12.84 80 rpm: < 0.5 TRD-1 771 -123A
4.07 - 3.68 40 rpm: 8 - 18.3 40 rpm: < 0.5 1,000 Ib/in
RC (FP) TRD-1 926-01 A 4.0 - 3.81 40 rpm: 9.3 -14.8 40
rpm: 0.1 500 Ib/in RC (FP) TRD-1 926-01 B 4.02 - 3.66
40 rpm: 7.6 - 19.9 40 rpm: 0.1 1,500 Ib/in RC (FP)
TRD-1 771 -31 4.13 - 3.94 40 rpm: 5.1 - 7.75 40 rpm:
6.3, Not RC cappingTable 2-16 IPC summary for
vildagliptin 150mg MR containing 40% HPMC with roller
compaction (600mg tablet weight, 17 x 6.7mm ovaloid)
Sample Thickness (mm) Hardness (Kp) %Friability IPC:
2.8-4.2mm (100 drops) TRD-1 926-78 40 rpm: 6.5 - 6.08
40 rpm: 17.5 - 25.9 40 rpm: < 0.2 1,000 Ib/in RC (FP)
60 rpm: 6.4 - 6.03 60 rpm: 15.5 - 24.8 60 rpm: < 0.2
80 rpm: 6.6 - 6.07 80 rpm: 11.2 - 24.4 80 rpm: < 0.2
TRD-1 771 -123A 6.4 - 5.84 40 rpm: 12.3 - 30.4 40 rpm:
< 1,000 Ib/in RC (FP) 0.25 TRD-1 926-01A 6.56 - 5.99
40 rpm: 14.6 - 30.3 40 rpm: 0.5, 1 500 Ib/in RC (FP)
tablet capped at 20Kn TRD-1 926-01 B 6.5 - 5.84 40
rpm: 13.9 - 32 40 rpm: 0.25 1,500 Ib/in RC (FP)
TRD-1771-33 6.59 - 5.97 40 rpm: 18.3 - 27.2 40 rpm:
0.6, Not RC lamination at 20Kn Roller compaction
improved bulk powder flow and compression profile
without the use of pre-compression. The acceptable
hardness range was 10 to 13Kp and 11 to 25Kp for the
lOOmg and 150mg tablets, respectively. Lamination was
observed at compression forces greater than 18 KN for
the 150mg tablet. The formulation does not appear to
be dwell time sensitive. The lab phase FMI activities
will start pending the confirmation of the FMI tablet
shape and size for the lOOmg strength. II . Analytical
Investigations for Stress Tests of Variants A .
Elaboration of Analytical Methods Assay and Related
Substances The assay of vildagliptin and the
quantitation of degradation products of vildagliptin
were performed by a gradient HPLC method [AM54001B
(AS6105) ]. The sample was extracted with methanol and
diluted to target concentration using 10:90
methanol/acetonitrile and then chromatographed using a
reverse phase HPLC method with UV detection at 210 nm.
Drug Release Dissolution of vildagliptin from six
lOOmg vildagliptin tablets was determined under the
test conditions elaborated in Table 3-1Samples
obtained were analyzed by using an isocratic reverse
phase HPLC method [AM50161A(AS6105) ] with UV
detection at 2010 nm. Same experimental have been done
for the 150mg and 200mg tablets . B . Analytical
Results Stability Protocol The technical and clinical
batches slow and fast formulations of CSF were put on
stability and the stability was monitored up to 12
months. The stability of technical batches of MF
variants, lOOmg and 150mg is currently ongoing as
shown in the protocol, Table 3-2. Table 3-2 Drug
product stability - storage conditions and testing
intervals batch TRD-1926-078A(100mg), and
TRD-1926-078B (150mg); [packaging: HDPE, CR cap, Ig
desiccant]. Storage condition Time (months) 50C [24]
25C/60%RH 3, 6, 9, 12, 24 30C/65%RH [3], [6], [9],
[12] 40C/75%RH 1.5, 3, 6 [ ] Optional testing
Stability ResultsTab.e3-3 S mar -.MdH* for vi - ldag
-p --- 100 - g - H*, IRMraM- - -- Degradation products
%Unk. %Unk %Unk %Total (RRT = deg. Moistur Conditions
Tim Appearance %Assa % %Cycli %Diket 0.26) (RRT ("RRT
e e y Amide C 0,77) 1.10) lnitia Complies 100.8 <LOQ
<LOD ND ND <LOQ <LOQ - 3.52 1 25C/60%RH 3M Complies
102.6 <LOQ <LOQ <LOQ ND <LOQ <LOQ - 2.40 6M Complies
101.0 0.06 0.05 <LOQ ND <LOQ <LOQ 0.11 2.66 9M
Complies 100.1 0.08 0.05 <LOQ ND <LOQ <LOQ 0.13 2.74
12M Complies 102.5 0.11 0.05 <LOQ ND <LOQ <LOQ 0.16
3.16 30C/60%RH 3M Complies 102.3 0.06 <LOQ <LOQ ND
<LOQ <LOQ 0.06 2.51 6M Complies 104.3 0.12 0.05 <LOQ
ND <LOQ <LOQ 0.17 2.79 9M Complies 100.3 0.17 0.05
<LOQ ND <LOQ <LOQ 0.22 3.07 12M Complies 100.7 0.21
0.05 0.07 ND <LOQ <LOQ 0.33 3.59 40C/75%RH 6W Complies
101.4 0.10 0.05 <LOQ ND <LOQ <LOQ 0.15 2.73 3M
Complies 103.3 0.20 0.05 0.07 ND <LOQ <LOQ 0.32 2.90
6-M--- Complies 100.7 0.39 0.05 0.12 <LOQ <LOQ -<-- L
-OQ 0.56 3.35 vildagliptin; LOD = 0.02%; ND = Not
DetectedTable 3-4 Summary of dissolution data for
vildagliptin lOOmg tablets, TRD-0739-0113 Percent
released Conditions Tim 0.5 hr 1 hr 2 hr 4 hr 6 hr 8
hr 10 hr 12 hr 18 hr 24 hr lnitia 23 36 56 82 95 102
104 104 104 102 I 25C/60%RH 3M NT 6M NT 9M NT 12M NT
30C/60%RH 3M NT 6M NT 9M NT 12M 24 57 94 100 40C/75%RH
6W NT 3 23 38 57 84 98 103 103 104 102 101 6M 24 57 -
95 100 NT = Not tested Note: Dissolution was tested
only at accelerated conditions as these represent
worst case situation.lOOmg tablets, TRP-0739-0121_
Table 3-5 Summary of stability for vildagliptin
Degradation products %Unk. %Unk. %Total % Conditions
Tim Appearanc %Assay % %Cyclic %Diket %Unk. (RRT=
(RRT= Moisture e Amide (RRT= 0.77) 1.10) 0.26) 3.19 ND
ND <LOQ 0.07 0.07 lnitia complies 103.1 <LOQ <LOD I
<LOQ 0.00 2.53 <LOQ <LOQ ND <LOQ 25C/60%RH 3M Complies
103.3 <LOQ <LOQ 0.05 2.70 <LOQ <LOD ND <LOQ 6M
Complies 104.3 0.05 <LOQ 0.07 3.03 <LOQ <LOQ ND <LOQ
9M Complies 102.2 0.07 ND <LOQ <LOQ 0.08 3.31 12M
Complies 101 .4 0.08 <LOQ <LOQ ND <LOQ <LOQ 0.05 2.61
0.05 <LOQ <LOQ 30C/60%RH 3M Complies 104.7 <LOQ <LOQ
0.09 2.88 6M Complies 103.9 0.09 <LOQ <LOQ ND ND <LOQ
<LOQ 0.11 3.33 9M Complies 100.8 0.11 <LOQ <LOQ ND
<LOQ <LOQ 0.19 3.65 12M Complies 102.4 0.14 <LOQ 0.05
ND <LOQ <LOQ 0.08 2.81 0.08 <LOQ <LOQ 40C/75%RH 6W
Complies 102.1 <LOQ <LOQ 0.18 2.97 3M Complies 104.8
0.13 <LOQ 0.05 ND <LOQ <LOQ 0.33 3.52 6M Complies
102.9 0.25 <LOQ 0.08 <LOQ for diketopiperazine, LOQ =
0.05% for cyclic, diketo and amide, 0.06% NT = not
tested, Cyclic = cyclic amidine Diketo - vildagliptin;
LOD = 0.02%; ND = Not DetectedTable 3-6 Summary of
dissolution data for vildagliptin lOOmg tablets,
TRD-0739-0121 Percent released Conditions Tim 0.5 hr 1
hr 2 hr 4 hr 6 hr 8 hr 10 hr 12 hr 18 hr 24 hr e 



Initial 12 20 30 45 56 65 72 78 89 95 25C/60%RH 3M NT
6M NT 9M NT 12M NT 30C/60%RH 3M NT 6M NT 9M NT 12M 13
32 60 94 40C/75%RH 6W NT 3M 13 2 1 32 49 59 70 77 83
93 98 6M 13 33 61 - 95 NT = Not tested Note:
Dissolution was tested only at accelerated conditions
as these represent worst case situation.Table 3-7
References for the stability data in Table 3-3 through
Table 3-6 Assay & Purity % Moisture Content
Dissolution Initial TRD0958/057 (XG) TRD0958/109 (XG)
WS18431 6W TRD0958/057 (XG) TRD0958/109 (XG) NA 3M
TRD0983/082 (XG) TRD0978/110 (MZ) WS20247 6M
TRD1514/110 (XG) TRD1514/110 (XG) WS21349 9M
TRD1645/129 (MZ) TRD1 645/1 01 (MZ) NA 12Wl TRD1
642/069 (JT) TRD1 642/1 45 (JT) WS22591Table 3-8
Summary of stability for vildagliptin lOOmg tablets,
AEUS/2002-0080 Degradation products %Unk %Unk %Unk %
Tota Of / O Conditions Tim Appearanc %Assa % %Cycli
%Dikef: (RRT (RRT (RRT I Moistu e e y Amide C Deg. re
0.26) 0.77) 1.10) Initial 0 complies 102.0 ND ND ND -
- 2.62 5C 3M complies 104.3 0.02 0.02 ND ND 0.04 0.03
0.00 2.17 6M complies 101.8 0.02 0.02 ND ND 0.05 0.03
0.00 2.32 9M complies 102.3 0.02 0.03 ND ND 0.04 ND
0.00 2.39 12M NT 25C/60%RH 3M complies 101.1 0.04 0.05
ND ND 0.04 0.03 0.05 2.06 6M complies 103.0 0.07 0.06
0.02 ND 0.04 0.04 0.13 2.34 9M complies 100.6 0.08
0.06 0.02 ND 0.04 ND 0.14 2.43 12M complies 101.9 0.09
0.05 0.02 ND 0.03 0.02 0.14 2.72 25C/60%RH 3M complies
101.4 0.04 0.05 ND ND 0.04 0.03 0.05 2.22 (With
Cotton) 6M complies 102.0 0.06 0.06 ND ND 0.04 0.05
0.12 2.67 9M complies 102.2 0.09 0.07 ND ND 0.04 ND
0.16 2.69 12M complies 101.7 0.11 0.07 0.03 0.02 0.04
0.02 0.18 2.85Degradation products C/60%RH 3M complies
102.6 0.06 0.06 ND ND 0.04 0.04 0.12 2.12 6M complies
102.7 0.1 1 0.06 0.03 ND 0.04 0.05 0.17 2.60 9M
complies 101.7 0.15 0.07 0.03 ND 0.03 ND 0.22 2.78 12M
complies 101.3 0.19 0.06 0.05 ND 0.03 0.02 0.30 2.80
40C/75%RH 6W complies 101.7 0.10 0.06 0.03 ND 0.04
0.06 0.22 2.28 3M complies 101.9 0.20 0.07 0.05 ND
0.03 0.05 0.32 2.59 6M complies 102.5 0.40 0.07 0.1 1
0.03 0.04 0.06 0.64 3.41 NT = not tested, Cyclic =
cyclic amidine, Diketo = diketopiperazine, LOQ = 0.05%
for cyclic, diketo and amide, 0.06% for vildagliptin;
LOD = 0.02%; ND = Not detectedTable 3-9 Summary of
dissolution data for vildagliptin lOOmg tablets,
AEUS/2002-0080 Percent released Conditions Tim 0.5 hr
1 hr 2 hr 4 hr 6 hr 8 hr 10 hr 12 hr 18 hr 24 hr e
Initial 24 37 55 79 92 99. 101 101 100 99 25C/60%RH 3M
NT 6M NT 9M NT 12M NT 25C/60%RH 3M NT (With cotton) 6M
NT 9M NT 30C/60%RH 3M NT 6M NT 9M 22 53 90 102 12M NT
40C/75%RH 6W NT 3M 23 54 92 101 6M 24 56 93 104 NT =
Not tested Note: Dissolution was tested only at
accelerated conditions as these represent worst case
situation.Table 3-10 Summary of stability data for
vildagliptin lOOmg tablets, AEUS/2002-0081 Degradation
products %Unk. %Upk. %Unk. % (RRT (RRT (RRT Total %
Conditions Time Appearance %Assay % Amide %Cyclic
%Dike = 0.26) = 0.77) = 1.10) deg. Moistur t e Initial
0 complies 102.5 ND ND ND - - - 2.45 5C 3M complies
103.4 0.02 0.01 ND ND 0.04 0.04 0.00 2.35 6M complies
102.7 0.02 0.02 ND ND 0.04 0.05 0.00 2.19 9M complies
101.4 0.02 ND ND ND 0.04 0.02 0.00 2.24 12WI NT
25C/60%RH 3M complies 103.1 0.03 0.03 ND ND 0.04 0.05
0.00 2.01 6M complies 102.9 0.05 0.03 ND ND 0.05 0.07
0.12 2.33 9M complies 100.8 0.06 0.03 ND ND 0.04 ND
0.06 2.44 12M complies 101.7 0.07 0.03 0.02 0.02 0.04
0.04 0.07 2.57 25C/60%RH 3M complies 101.8 0.03 0.03
ND ND 0.04 0.04 0.00 2.14 (With Cotton) 6M complies
104.1 0.05 0.04 ND ND 0.04 0.06 0.11 2.61 9M complies
102.9 0.06 0.04 ND ND 0.04 ND 0.06 2.58 12M complies
104.9 0.08 0.03 0.02 ND 0.03 0.03 0.08 2.57 30C/60%RH
3M complies 101.0 0.05 0.03 0.01 ND 0.04 0.05 0.05
2.06 6M complies 103.4 0.08 0.04 0.03 ND 0.04 0.07
0.15 2.64 9M complies 102.3 0.10 0.04 0.03 ND 0.03 ND
0.10 2.75 12M complies 101.0 0.13 0.04 0.04 0.02 0.04
0.03 0.13 2.62 40C/75%RH 6W complies 102.8 0.07 0.03
0.03 ND 0.04 0.07 0.14 2.24 3M complies 102.6 0.13
0.04 0.03 ND 0.04 0.05 0.13 2.63 6M complies 103.1
0.25 0.05 0.08 0.02 0.04 0.07 0.45 3.58 NT = not
tested, Cyclic = cyclic amidine, Diketo =
diketopiperazine, LOQ = 0.05% for cyclic, diketo and
amide, 0.06% for vildagliptin; LOD = 0.02%; ND = Not
detectedTable 3-11 Summary of dissolution data for
vildagliptin lOOmg tablets, AEUS/2002-0081, 30HDPE90
Percent released Conditions Tim 0.5 hr 1 hr 2 hr 4 hr
6 hr 8 hr 10 hr 12 hr 18 hr 24 hr lnitia 13 2 1 33 49
6 1 70 77 83 94 98 I 25C/60%RH 3M NT 6M NT 9M NT 12M
NT 25C/60%RH 3M NT (With cotton) 6M NT 9M NT 30C/60%RH
3M NT 6M NT 9M 13 33 62 95 12M NT 40C/75%RH 6W NT 3M
12 3 1 57 89 6M 12 30 56 89 NT = Not tested Note:
Dissolution was tested only at accelerated conditions
as these represent worst case situation.Table 3-12
Summary of stability data for vildagliptin 200mg
tablets, AEXJS/2002-0082 Degradation products %Unk
%Unk %Unk n (RRT (RRT % Conditions Tim Appearanc %Assa
% %Cycli %Diket (RRT = %Total Moistu e e y Amide C =
0.77) 1.10) re 0.26) Initial 0 complies 100.6 ND ND ND
- - 2.61 5C 3M complies 100.7 0.02 0.02 ND ND 0.04
0.02 0.00 2.23 6M complies 100.3 0.02 0.02 ND ND 0.04
0.03 0.00 2.54 9M complies 99.9 0.02 0.02 ND ND 0.04
ND 0.00 2.46 12M NT 25C/60%RH 3M complies 100.6 0.04
0.04 ND ND 0.04 0.02 0.00 2.16 6M complies 100.1 0.06
0.05 ND ND 0.04 0.04 0.11 2.50 9M complies 99.9 0.08
0.06 0.02 ND 0.03 ND 0.14 2.56 12M complies 99.9 0.09
0.05 0.03 0.02 0.03 0.02 0.14 2.53 25C/60%RH 3M
complies 100.8 0.04 0.05 ND ND 0.04 0.02 0.05 2.22
(With Cotton) 6M complies 99.3 0.06 0.05 ND ND 0.04
0.04 0.1 1 2.59 9M complies 99.1 0.08 0.05 0.02 ND
0.03 ND 0.14 2.64 12M complies 100.3 0.10 0.06 0.03
0.02 0.03 0.02 0.16 2.63 30C/60%RH 3M complies 99.5
0.06 0.06 ND ND 0.04 0.03 0.12 2.18 6M complies 100.8
0.11 0.05 0.03 ND 0.04 0.04 0.16 2.59 9M complies
100.4 0.16 0.06 0.03 ND 0.03 ND 0.22 2.75 12M complies
99.2 0.19 0.05 0.05 0.02 0.03 0.02 0.29 2.77 40C/75%RH
6W complies 101.2 0.11 0.05 0.03 ND 0.03 0.06 0.22
2.31 3M complies 99.3 0.20 0.05 0.05 ND 0.03 0.03 0.30
2.51 6M complies 99.5 0.36 0.05 0.10 0.02 0.04 0.05
0.51 3.16 NT = not tested, Cyclic = cyclic amidine,
Diketo = diketopiperazine, LOQ = 0.05% for cyclic,
diketo and amide, 0.06% for vildagliptin; LOD = 0.02%;
ND = Not detectedTable 3-13 Summary of dissolution
data for 200mg tablets, AE S/2002-0082 Percent
released Conditions Tim 00..55 hhrr 1 hhrr 2 hhrr 4 h
r 6 h r 8 hr 10 h r 12 h r 18 h r 24 h r e lnitia 24
36 52 73 86 93 9 8 99 99 97 5C 3M NT 6M NT 9M NT 12M
NT 25C/60%RH 3M NT 6M NT 9M NT 12M NT 25C/60%RH 3M NT
(With cotton) 6M NT 9M NT 30C/60%RH 3M NT 6M NT 9M 23
5 1 84 99 12M NT 40C/75%RH 6W NT 3M 24 52 87 99 6M 25
54 87 99 NT = Not tested Note: Dissolution was tested
only at accelerated conditions as these represent
worst case situation.Table 3-14 Summary of dissolution
data for 200mg tablets, AEUS/2002-0083 Degradation
products %Unkn %Unkn %Unkn (RRT = (RRT = (RRT = %
Conditions Tim Appearanc %Assa % %Cycli %Diket 0.26)
0.77) 1.10) %Total Moistu e e y Amide C re Initial 0
complies 100.8 ND ND ND - - 2.36 5C 3M complies 100.8
0.02 ND ND ND 0.04 0.03 0.00 2.06 6M complies 100.5 ND
ND ND ND 0.04 0.04 0.00 2.41 9M complies 101.1 ND ND
ND ND 0.04 0.03 0.00 2.36 12M NT 25C/60%RH 3M complies
99.9 0.03 0.02 ND ND 0.04 0.03 0.00 2.04 6M complies
100.6 0.05 0.03 ND ND 0.04 0.05 0.05 2.32 9M complies
99.6 0.06 0.03 ND ND 0.03 0.02 0.06 2.49 12M complies
100.2 0.08 0.02 0.02 0.02 0.04 0.04 0.08 2.50
25C/60%RH 3M complies 100.5 0.03 0.03 ND ND 0.04 0.04
0.05 2.09 (With Cotton) 6M complies 100.2 0.05 0.03 ND
ND 0.04 0.05 0.05 2.50 9M complies 100.1 0.07 0.03 ND
ND 0.03 ND 0.07 2.66 12M complies 100.0 0.08 0.03 0.02
ND 0.04 0.03 0.08 2.54 30C/60%RH 3M complies 100.4
0.05 0.03 ND ND 0.04 0.04 0.05 2.07 6M complies 100.3
0.08 0.03 0.02 ND 0.04 0.08 0.16 2.52 9M complies
100.2 0.11 0.03 0.03 ND 0.04 ND 0.11 2.67 12Wl
complies 100.3 0.13 0.02 0.05 0.02 0.04 0.03 0.18 2.71
40C/75%RH 6W complies 101.2 0.08 0.03 0.03 ND 0.03
0.08 0.16 2.24 3M complies 100.7 0.14 0.03 0.03 ND
0.03 0.04 0.14 2.47 6M complies 99.8 0.23 0.03 0.07
0.02 0.04 0.06 0.36 3.14 NT = not tested, Cyclic =
cyclic amidine, Diketo = diketopiperazine, LOQ = 0.05%
for cyclic, diketo and amide, 0.06% for vildagliptin;
LOD = 0.02%; ND = Not detectedTable 3-15 Summary of
dissolution data for 200mg tablets, AEUS/2002-0083
Percent released Conditions Tim 0.5 hr 1 hr 2 hr 4 hr
6 hr 8 hr 10 hr 12 hr 18 hr 24 hr e lnitia 11 18 27 40
50 59 66 7 1 84 9 1 I 50C 3M NT 6M NT 9M NT 12M NT
25C/60%RH 3M NT 6M NT 9M NT 12M NT 25C/60%RH 3M NT
(With cotton) 6M NT 9M NT 30C/60%RH 3M NT 6M NT 9M 11
27 5 1 84 12M 10 25 48 8 1 40C/75%RH 6W NT 3M 10 25 49
8 1 6M 10 25 48 81 NT = Not tested Note: Dissolution
was tested only at accelerated conditions as these
represent worst case situation.Table 3-16 References
for the stability data in Table 3-8 through Table 3-15
Reference Assay & Purity Moisture Content Dissolution
Initial WS17548 TRD0958/109XG WS19437,19427,19449,1945
5 6W WS20721 TRD0983/99XG NA 3M WS20768 WS20768
WS21307, 20772, 21321 6M WS21855 WS21855 WS22761,
22771, 22775 9M WS23831 WS23831 WS22591, 22599 12M
WS25593 WS25593 WS25471, 25507Table 3-17 Summary of
stability data for lOOmg tablets, TRD-1926-078A
(packaging: HDPE, Ig desiccant and CR cap) Degradation
products %Unk. %Unk %Unk %Total % (RRT = . . deg.
Moistur Conditions Tim Appearanc %Assa % %Cycli %Diket
0.26) (RRT (RRT e e e y Amide c = = 0.77) 1.10) lnitia
Complies 102.0 <LOQ <LOQ ND ND <LOQ <LOQ <LOQ 2.39
40C/75%RH 6W Complies 98.3 0.10 0.06 <LOQ <LOQ <LOQ
0.06 0.22 NT = not tested, Cyclic = cyclic amidine,
Diketo = diketopiperazine, LOQ = 0.05% for cyclic,
diketo and amide, 0.06% for vildagliptin; LOD = 0.02%;
ND = Not Detected. Ref: Initial -TRD 1928/127 JT: 6W-
TRD 1980/ Table 3-18 Summary of dissolution data for
lOOmg tablets, TRD-1926-078A (packaging: HDPE, I g
desiccant and CR cap) Percent released Conditions Time
0.25 0.5hr 1 hr 2 hr 4 hr 6 hr 8 hr 10 hr 12 hr 18 hr
hr Initial 7.6 12.3 19.5 30.5 46.5 68.4 82.3 89.1 93.8
40C/75%RH 6W Not tested Ref: WS35331 KETable 3-19
Summary of stability data for 150mg tablets,
TRD-1926-078B (packaging: HDPE, Ig desiccant and CR
cap) Degradation products %Unk. %Unk %Unk %Total 0/
RRT = deg " Moistur Conditions Tim Appearanc %Assa %
%Cycli %Diket 0.26) (RRT (RRT e e y Amide c = = 0.77)
1.10) lnitia Complies 101.7 <LOQ <LOQ ND ND <LOQ <LOQ
<LOQ 2.31 I 40C/75%RH 6W Complies 99.1 0.10 0.07 <LOQ
ND <LOQ 0.06 0.23 NT = not tested, Cyclic = cyclic
amidine, Diketo = diketopiperazine, LOQ = 0.05% for
cyclic, diketo and amide, 0.06% for vildagliptin; LOD
= 0.02%; ND = Not Detected Ref: Initial -TRD1 928/127
JT: 6W- TRD Table 3-20 Summary of dissolution data for
150mg tablets, TRD-1926-078B(packaging: HDPE, Ig
desiccant and CR cap) Percent released Conditions Time
0.25h 0.5 hr 1 hr 2 hr 4 hr 6 hr 8 hr 10 hr 12 hr 18
hr r Initial 6.8 11.1 17.7 28.3 43.9 65.1 79.5 86.5
91.5 40C/75%RH 6W Not teste d Ref. WS35331 KETable
3-21 Summary of assay and related substances data for
the initial analysis of
l-[(3-Hydroxy-adamant-l-ylamino)-acetyl]-
pyrrolidine-2(S)-carbonitriIe MR tablets (technical
batches) Degradation products %Unk. %Unk %Unk %Total
(RRT = . . deg. % Batch no. Appearanc %Assa % %Cycli
%Diket 0.26) (RRT (RRT Moistur e y Amide c . = = e
0.77) 1.10) TRD-1971- Complies 100.9 ND ND ND ND <LOQ
ND <LOQ 2.44 053C 100mg TRD-1971- Complies 120.4 ND ND
ND ND <LOQ ND <LOQ 2.31 055A 150mg NT = not tested,
Cyclic = cyclic amidine, Diketo = diketopiperazine,
LOQ = 0.05% for cyclic, diketo and amide, 0.06% for
vildagliptin; LOD = 0.02%; ND = Not Detected Ref: TRD
1980/096 JT Table 3-22 Summary of dissolution data for
the initial analysis of vildagliptin MR tablets
(technical batches) Percent released Batch no. 0.25hr
0.5 hr 1 hr 2 hr 4 hr 6 hr 8 hr 10 hr 12 hr 18 hr
TRD-1971- 053C 100mg TRD-1971- 055A 150mg
Ref:Specfications Tentative analytical specifications
were laid down in specifications during early
development of vildagliptin 25mg, 50mg and lOOmg
tablets [AS6105B] . III. Conclusions A Clinical
Service Form (CSF) was developed to provide a "slow"
release profile containing 40% HPMC KlOOM as the
controlled release polymer. A direct compression
powder blend was developed for the lOOmg and 150mg
strengths. It was determined that the use of roller
compaction improved the compression profile and bulk
powder flow of the CSF. Roller compaction exhibits a
dissolution profile similar to the CSF (which was
tested in vivo in humans) . The formulation does not
appear to be effected by roller compaction roll speed,
or dwell time on compression. For the CSF lOOmg, 150mg
and 200mg strengths, the stability data are available
up to 12 months at 25C/60%RH and 3060%RH. The
appearance, assay, purity and dissolution data were
found to 



within specification limits after 12 months at
30C/60%RH. These data support a 24 month re-test
period with specification "do not store above 25C" for
lOOmg, 150mg and 200mg modified release tablets. The
composition of vildagliptin 150mg modified release
tablets is bracketed by lOOmg and 200mg strengths.
Therefore, the stability of 150mg tablets is expected
to be same as lOOmg and 200mg strengths. Thus a
re-test period similar to that of 100 and 200mg
strengths is applied for 150mg tablets. The stability
profile of lOOmg and 150mg tablets manufactured by
roller compaction after 6W, 40C/75%RH was found to be
comparable to that of CSF formulations. Thus, the
stability does not appear to be affected by the
inclusion of roller compaction step in the
manufacturing process. The roller compacted
formulation containing 40% or 30% HPMC KlOOM has been
selected. Preferred formulations are described in the
below table:The invention has been described in an
illustrative manner, and it is to be understood that
the terminology which has been used is intended to be
in the nature of words of description rather than of
limitation. Obviously, many modifications and
variations of the present invention are possible in
light of the above teachings. It is, therefore, to be
understood that within the scope of the appended
claims, the invention may be practiced otherwise than
as specifically described. Example A : Mechanical
stress (particle size distribution) The material in
the desired particle size range can be produced from
any form of LAF237 e.g. amorphous form or crystal
form, by mechanical stress. This stress can be
mediated by impact, shear or compression. In most
commercially available grinding equipment a
combination of these principles occurs. For LAF237
preferably a mechanical impact or jet mill is used.
The most preferable mechanical impact mill can be
equipped with different kind of beaters, screens,
liners or with pin plates. For our process preferably
an impact mill with plate beater and a slit screen 5 *
2.5 cm is used. The impact speed should be variable
between 20 and 100 m/s (as peripheral speed) to adapt
to anybatch t o batch variation. I n our case a
peripheral speed of the beater of about 40 - 50 m/s i
s used. Pharmacokinetic and Pharmacodynamic study: AUC
area under the concentration time curve AUCo-t The
area under the plasma concentration-time curve from
time zero to the last quantifiable data point t
[ng*hr/mL] AUCo-inf or The area under the plasma
concentration-time curve from time zero to infinity
Pharmacokinetics section Cmax maximum plasma
concentration CRF case report / record form CRO
Clinical Research Organization CV Coefficient of
variation ECG Electrocardiogram DPP-4 dipeptidyl
peptidase 4; dipeptidyl peptidase IV FMI Final Market
Image GLP-I glucagon-like peptide 1 ICH International
Council on Harmonization IRB Institutional Review
Board LAF237 Vildagliptin LC-MS/MS Liquid
chromatography-mass spectrometry/mass spectrometry LOQ
limit of quantitation o.d. once a day PD
Pharmacodynamics PK Pharmacokinetics p.o per os / by
mouth / orally QC Quality Control SOP Standard
Operating Procedures SD standard deviation tmax time
to reach Cmax t./ elimination half-life Vd/f volume of
distribution, corrected for the absolute
bioavailability Study synopsis and assessment schedule
Title of study: A randomized, open-label, three
period, cross-over study to evaluate the
pharmacokinetics, pharmacodynamics, safety, and
tolerability, of two new LAF237 10Omg and 150mg
modified release formulations in patients with type 2
diabetes. Objectives: Primary objective  To evaluate
the pharmacokinetic profiles {single and multiple
dose) after oral administration of two dosage
strengths (100mg and 150mg) of a modified release
formulation of LAF237 in patients with type 2
diabetes.  To evaluate the effect of a modified
release formulation of LAF237 at two dosage strengths
(100mg and 150mg) (single and multiple dose) on DPP-IV
activity. To evaluate the safety and tolerability of
the modified release formulations after oral
administration for 7 days to patients with type 2
diabetes. Secondary objective(s)  To evaluate the
effect of a modified release formulation of LAF237 at
two dosage strengths (100mg and 150mg) on the glucose
profile after 7 days of treatment.  To compare the
pharmacokinetic profiles of the modified release
formulations of LAF237 at two dosage strengths when
given with and without an ADA breakfast. Design: This
study is a single center, randomized, open-label,
three-period, crossover design study. A total of 27
patients with type 2 diabetes (both male and female)
are enrolled. Each subject participate in a 28 day
screening period, three base-line periods, three 1
1-day treatment periods separated by two 7-day washout
periods and a study completion evaluation. Subjects
are randomized to the following 3 treatment sequence
groups under William's design.  Treatment A:  Day 1:
100mg LAF237 MR OD, single dose  Days 3-10: 100mg
LAF237 MR OD, for 8 days  Day 11-17: Wash out
Treatment B:  Day 1: 150mg LAF237 MR OD, single dose
Days 3-10: 150mg LAF237 MR OD, for 8 days  Day 11-17:
Wash out  Treatment C:  Day 1: 50mg LAF237 BID, two
doses  Days 3-10: 50mg LAF237 BID, for 8 days  Day
11-17: Wash out Patients receiving metformin therapy
are required to stop taking metformin for at least 2 1
days prior to dosing on Day 1. On the evening of Day
-1, patients who satisfy all inclusion/exclusion
criteria at screening (Days -28 to -2) enter the study
center for verification of inclusion/exclusion
criteria, baseline evaluations and
subsequentrandomization to one of three sequences.
Patients remain domiciled until the morning of Day 3
(48 h after the first dose of LAF237 is given). On Day
1 of each treatment period, patients receive the first
dose of LAF237 following an over night fast of 10-12
hours. They continue to fast for 5 hours post-dose.
Patients are discharged from the site after the Day 3
morning dose of LAF237 with study drug medication,
instructions on how to administer drug at home during
the out-patient treatment days (Days 3 to 7) and a
dosing diary. The modified release formulation of
LAF237 (100mg and 150mg) are administered once daily
before breakfast and the 50mg LAF237 is administered
twice daily, once before breakfast and once before
dinner. A dosing diary is kept by the patients for all
non-domiciled doses. Patients return to the site on
the morning of Day 5 for pre-dose pharmacokinetic
sample collection. They are admitted to the site at
least 1O h prior to the Day 8 morning dose of LAF237
and remain domiciled until the morning of Day 12 (48 h
after the Day 10 dose is given). On Day 9, patients
are served an ADA breakfast within 30 minutes of the
morning dose of LAF237. Meal times on all domiciled
days are strictly enforced. Breakfast are served
within 30 minutes of the morning dose, except on days
1 and 10 when patients fast for 5 hours after dosing.
Lunch, dinner and a snack are served 5, 10 and 12
hours post-dose, respectively.Number of subjects: 27
patients with type 2 diabetes (male and female)
Criteria for inclusion:  Male and female
(postmenopausal, surgically sterile or using
double-barrier method of contraception) type two
diabetic patients between 20 and 65 years of age.
HbIAc range between 6.5 and 9%.  Body mass index
between 22 - 40 kg/m2.  Patients must be drug-naive to
diabetic medications or on metformin treatment.
Patients must be able to complete a 3 week wash-out of
current metformin therapy. Patients will monitor FPG
at home and call Pl if values exceed 250mg/dl_.
Patients must not be taking prescription or
non-prescription medications.  Patients must have a
fasting blood glucose of 7.0 - 12.2 mmol/dL (100-240
mg/dL) at screening and at predose on Day 1.  Patients
on diuretics or cyclic hormone therapy must be on
stable dose (at least 3 months prior to screening) and
the maintenance dose may not be adjusted during the
study.  All subjects must be able to provide written
informed consent prior to participation the study.
Criteria for exclusion:  History of type 1 diabetes
mellitus, diabetes that is a result of pancreatic
injury, or secondary forms of diabetes e.g. Cushing's
syndrome and acromegaly.  Use of thiazolindiones in
the previous 3 months.  History of ketoacidosis.  Need
for insulin within the previous 3 months.  Significant
concomitant diseases or complications of diabetes.
Fasting triglycerides >5.1 mmol/L (>450 mg/dL) within
the past 4 weeks.  Treatment with systemic steroids.
Patients with any history of gastrointestinal surgery
e.g. partial bowel resections, partial gastric
resections, etc. Investigational drug: LAF237 100mg MR
(herein described preferred modified release MR
formulation ) LAF237 150mg MR (herein described
preferred modified release MR formulation) LAF237 50mg
(as described in the US provisional patent application
No. 60/604274) Duration of treatment: 46 days total
study length, including washout periods.Treatment A
(LAF237 100mg MR OD): Single dose treatment on Day
land 8 days of multiple dose treatment starting on Day
3. Treatment B (LAF237 150mg MR OD): Single dose
treatment on Day 1 and 8 days of multiple dose
treatment starting on Day 3. Treatment C (50mg BID):
BID dose treatment on Day 1 and 8 days of multiple
dose treatment starting on Day 3. Two 7 day wash out
periods between above treatments. Assessments and
evaluations: Background, demographic and
administrative assessments  Inclusion/exclusion
criteria; Relevant medical history/Current medical
conditions: screening, review at baselines
Demography: screening  Physical examination:
screening, baselines, end of study  Hepatitis screen,
HIV screen: screening  Alcohol test, Drug screen,
Urine cotinine: screening, baselines  Pregnancy test:
screening, baselines, end of study  Drug
administration record: each time study drug is
administered  Meal record: days 1, 2, 8, 9, 10 and 11.
Study completion information: end of study  Comments:
as required Safety and tolerability assessments  Vital
signs and body measurements  Body height: screening
Body weight: screening, baselines, end of study  Body
temperature: screening, baselines, end of study  Blood
pressure, pulse rate: screening*, baseline*, predose
and 1, 6, 12, and 24 h postdose on Days 1, 2, 8, 9,
and 10; end of study (Note: measurements are supine,
or supine and after 3 min standing if indicated by an
*asterisk)  ECG evaluation: screening, baselines, end
of study  Hematology; Blood chemistry; Urinalysis:
screening, baselines, end of study  Adverse events;
Concomitant medications/Significant non-drug
therapies: from time of first administration of study
drug until end of study Pharmacokinetic assessments
Blood collection (2 ml_ blood per sample, heparin
tubes (plasma)): On Days 1, 9*, 10: pre-dose, 0.5, 1,
1.5, 2, 2.5, 3, 4, 6, 8,10,12,14,16,24,36, and 48 hr
post-dose On Days 5 and 8: predose. *Samples collected
to 24 hr postdose on Day 9. The Day 10 predose sample
will also serve as the Day 9 24 hr sample  Analvtes,
media and methods : LAF237 in plasma will be
determined by LC-MS-MS with LOQ at 2ng/mL.  PK
parameters : AUC0-t, AUC (0-oo), Cmac, tmax, t , and
Cmac/AUC(0-t) will be evaluated for each treatment
period. Pharmacodynamic assessments DPP-IV activity
will be measured on Days 1,, 9 and 10.  Blood
collection ( 1 mL blood per sample, EDTA tubes
(plasma)): On Days 1, 9* and 10: pre-dose, 0.25, 0.5,
0.75, 1, 2 , 4, 6, 8, 10, 12, 14, 16, 24, 36 and 48 hr
post-dose * Samples collected to 24 hr post-dose on
Day 9. The Day 10 predose sample will also serve as
the Day 9 24 hr sample. Glucose samples on Day 9.
Blood Collection (2 mL blood per sample, sodium
fluoride tubes (plasma)) Following morning dose- 0.75,
1, 1.25, 1.5, 2, 2.5, 3, 4, 5 (pre-lunch meal), 5.5,
5.75, 6, 6.5, 7, 8, 9.75 (prior to evening dose and
pre-dinner meal), 10.25, 10.75, 11, 11.25, 11.5, 12,
12.5, 13, 14, 16 and 24 hr post-dose. Statistical
methods Sample Size: The sample size is determined
based on a two one-sided t-test at 5% significance
level (Chen et. al. 1997) for PK parameters. When
test-reference ratio is equal to 0.95, a sample size
of 24 subjects allow at least 88% power to meet the
bioequivalence criterion, i.e., to have the 90% Cl for
test-reference ratio of a bioavailability measure
contained in the bioequivalence range of (0.8, 1.25)
if intrasubject CV is not greater than 0.20, or 72%
power if the intra-subject CV is equal to 0.25. The
intrasubject CV values used in the sample size
determination are derived from a previous study of
similar formulation (LAF237A2214) in healthy subjects
in which the largest observed intrasubject CV is
around 0.20 for Cmax. Statistical analysis: An
analysis of variance (ANOVA) are performed on
logtransformed AUC and Cmax data using the PROC MIXED
SAS procedure. Thesources of variation included in the
ANOVA model are sequence, subject (sequence), period,
and treatment, with subject (sequence) as random
effect. Using the ESTIMATE statement of the PROC MIXED
SAS procedure, the contrast are constructed between
the test and the reference treatments to obtain the
p-value, the estimated mean difference, an the 90%
confidence interval (Cl) for the log-scale
test-reference difference. The anti-logs of the
estimated mean difference and the 90% Cl constitute
the ratio of geometric means and the 90% Cl for the
true test-reference ratio. The outputs from the
comparison are tabulated. For comparison of
bioavailability between MR OD and IR BID, the test
will be the MR OD and the reference are IR BID. The
LAF237 AUC and Cmax are compared between the two
treatments within the ANOVA. The PD endpoints are
analyzed using the same ANOVA model as described
above. Drug administration On Days 1, 3, 5, 8, 9 and
10 study medication arre administered by the study
center personnel with 240 mL of water between 0700 and
0800, after at least a 10-hour fast. All subjects are
dosed within a maximum of a 1-hour interval. Subjects
must be instructed not to chew the medication, but to
swallow it whole. The investigator has to check each
subject's mouth to ensure that the medication was
swallowed. Unless performing a study assessment,
subjects have to rest quietly in the upright position
for the next 4 hours. With the exception of Days 1 and
10 when the first meal is served 5 hours post-dose, an
ADA breakfast is served within 30 minutes of dosing.
During Treatment C, patients receive the evening dose
of 50mg LAF237 30 minutes prior to dinner. General
study conditions and restrictions Definition of study
phases Screening "Screening" is defined as assessments
made for 2 to 28 days prior to initiation of the study
(i.e. prior to the day of first dosing, Day 1) to
determine eligibility for entry into this study.
Potentially eligible subjects whose screening
examinations show any disqualifying abnormality may
have the examination repeated ONCE if the investigator
wishes to enroll the subject. Baseline If not yet
domiciled, subjects should be admitted to the study
site at least 10-hours prior to dosing in each
treatment period. "Baseline" is defined as the period
of a subject's continuous presence at the study
facility to 30 minutes prior to the administration of
the study drug (i.e.Day -1). Baseline activities
include safety assessments, as outlined in the Study
synopsis and on the Assessment schedule. Treatment
period(s) Each treatment period includes the predose
activities (within 30 minutes prior to dosing), drug
administration, the postdose evaluations until
24-hours after dosing, and - if applicable - the
washout period until predose of the following
treatment period. End of study End of study
evaluations will be performed on the last day of the
last treatment period, prior to discharge from the
study site. Domiciling and physician coverage Patients
are confined to the study center for at least 10 hours
before administration of study drug on Day 1 until one
hour after study drug is administered on Day 3.
Patients return to the study center on the morning of
day 5 for pre-dose blood collection. Patients are
domiciled at least 10 hours before study drug is
administered on Day 8 until 48 hours after the Day 10
morning dose of LAF237 is received. Presence of a
physician on site is expected at a minimum for the
first 2 hours after dosing during each period. A
physician shall be available by pager at all other
times throughout the study. Dietary, fluid and other
restrictions During recruitment, informed consent
review, and baseline .period, the subjects is informed
and reminded of the following restrictions:  No
strenuous physical exercise (e.g., weight training,
aerobics, football) for 7 days before dosing until
after the end of study evaluation.  Diet should be
free of read meat for at least 72 hours prior to the
study entry until the end of study.  No alcohol for 72
hours before dosing until after the end of study
evaluation.  Intake of xanthine (e.g. caffeine)
containing food or beverage must be discontinued 49
hours prior to dosing. Consumption of such food and
beverage (i.e. coffee, tea, soda, chocolate) is not
permitted at any time while the subjects are
domiciled. If a deviation occurs during the domiciled
period, it must be noted on the Comments CRF page. On
all domiciled days, except Days 1 and 10, patients
receive the study drug 30 minutes prior to an ADA
breakfast and an overnight fast of 10 hours. On Day 1
and 10, no breakfast is served. During Treatment C,
patients also receive the evening dose of study drug
30 minutes prior to dinner. The tested drug should be
administered with 240 mL (8 fl oz) of water. No fluid
intakeapart from the fluid given at the time of drug
intake is allowed from 2 h before until 2 h after
dosing. Otherwise, subjects should have a fluid intake
of at least 200 mL every 4 hours during waking hours
in addition to fluid taken with meals and medication.
During domiciled days, lunch and dinner are served at
5 hours and 10 hours post dose, respectively, and a
large snack is served at 12 hours post dose. Subjects
follow a standard weight maintaining diet while
domiciled on non-dosing days. No other food is
consumed at any time during confinement. Subjects
should consume the entire contents of the meal. Meals
should be similar in caloric content and distribution
for all subjects on the day of dosing. When meal and
blood draw times coincide, blood is drawn BEFORE the
meal is provided. Intake of xanthine (e.g., caffeine)
containing food or beverages must be discontinued 48
hours before dosing. Consumption of such foods and
beverages (i.e., coffee, tea, and soda, chocolate) is
not permitted at any time while the subjects are
domiciled. If a deviation occurs during the domicile
period, it must be noted on the Comments CRF page.
Background, demographic and administrative assessments
Inclusion/exclusion criteria Subject selection is to
be established by checking through all standard
inclusion/exclusion criteria. A relevant record (e.g.
checklist) must be stored with the source
documentation at the study site. Violation of any
entry criterion excludes a subject from enrollment
into the study unless granted specific clearance by
the sponsor. 



Drug administration record Date and time of dose
administration is recorded in the Dosage
administration record section of the CRF and - if
applicable - on the Blood collection CRF page for
pharmacokinetics and pharmacodynamic evaluations. Meal
record The date and start time of meal consumption is
recorded in the appropriate section of the CRF for all
domiciled days. Study completion information
Information on the date the subject last took drug,
the subject's completion or discontinuation of the
study and the reason for discontinuation of the study
is recorded on the Study completion CRF
page.Pharmacokinetic assessments Blood collection :
All blood samples is taken by either direct
venipuncture or an indwelling cannula inserted in a
forearm vein. LAF237: For each scheduled LAF237
sample, collect a 2 mL blood sample into a sodium or
lithium heparin tube at the times specified in the
assessment schedule. Handling of blood samples
Immediately after each tube of blood is drawn, it
should be inverted gently several times to insure the
mixing of tube contents (e.g., anticoagulant). Avoid
prolonged sample contact with the rubber stopper.
Place the tube upright in a test tube rack (e.g.
surrounded by ice or at room temperature) until
centrifugation. Within 15 minutes, centrifuge the
sample between 3 and 50C for 15 minutes at
approximately 2500 rpm. Transfer all available plasma
to a polypropylene screw-cap tube and freeze at -7O0C
or below within 60 minutes of venipuncture. Analytical
method (s) Analytes, media and methods: LAF237 in
plasma by LC-MS-MS; LLOQ at 2 ng/mL. Pharmacodynamic
assessments: All blood samples are taken either by
direct venipuncture or an indwelling cannula inserted
in a forearm vein from each patient. Glucose: For each
scheduled glucose sample, collect a 2 mL blood sample
into a sodium flouride (grey top) tube at the times
specified in the assessment schedule. The central
laboratory to be used for analysis of plasma glucose
samples has not been determined at this point. Once
determined, a protocol supplement do outline the
sample handling and data transfer procedures. DPP-IV:
DPP-IV measurements is conducted by Novartis
Laboratory. For each scheduled sample collection for
DPP-4 enzymatic analysis, collect a 1ml blood sample
into a tube containing potassium EDTA. Invert gently
several times to mix the contents of the tube. Avoid
prolonged sample contact with the rubber stopper.
Place the tube upright in rack surrounded by ice until
centrifugation. Within 15 minutes after collection,
centrifuge the sample between 3 and 50C for 15 mins at
approximately 2500 rpm. Transfer all available plasma
to a polypropylene screw-cap micro tube and freeze at
-7O0C or below within 60 minutes of venipuncture For
labeling and shipment instructions, see Part B,
Section 9. Data analysis Analysis of the data will be
under the direction of Novartis personnel.General
statistical considerations Sample size determination
The sample size is determined based on a two one-sided
t-test at 5% significance level (Chen et. al. 1997 -
Chen KW, Chow SC, L i G (1997). A note on sample size
determination for bioequivalence studies with
higher-order crossover designs. J Parmarcokin,
Biopharm. 25: 753- 765.) for PK parameters. When
test-reference ratio is equal to 0.95, a sample size
of 24 subjects allows at least 88% power to meet the
bioequivalence criterion, i.e., t o have the 90% CI
for test-reference ratio of a bioavailability measure
contained in the bioequivalence range of (0.8, 1.25)
if intrasubject CV is not greater than 0.20, or 72%
power if the intra-subject CV is equal to 0.25. The
intrasubject CV values used in the sample size
determination are derived from a previous study of
similar formulation [LAF237A2214] in healthy subjects
in which the largest observed intrasubject CV is
around 0.17 for Cmax. Background, demographic and
administrative data analysis Descriptive statistics
are provided for background and demographic variables
such a s age, weight, height, gender and race.
Relevant medical history, current medical conditions,
results of laboratory screens, drug tests and any
other relevant information are listed. Safety and
tolerability data analysis All subjects who received
at least one treatment are included in the safety and
tolerability evaluation. Pharmacokinetic data analysis
All completed subjects are included in the
pharmacokinetic data analysis. Pharmacokinetic
variables The following pharmacokinetic parameters are
evaluated for each treatment period: AUCo- t, AUC
(o-oo), Cmax, tmax, t /2, and Cmax/AUC(o- t). Biofluid
concentrations are expressed in mass per volume units.
All concentrations below the limit of quantitation or
missing data are labeled as such in the concentration
data listings. Concentrations below the limit of
quantitation are treated as zero in summary statistics
and for the calculation of pharmacokinetic parameters.
Descriptive statistics of pharmacokinetic parameters
include mean, SD, and CV, min and max. When a
geometric mean is presented it is stated as such. A
range of values is presented for selected variables.
Since tmax is generally evaluated by a nonparametric
method, median values and ranges are given for this
parameter. Pharmacokinetic parameters are determined
based on non-compartmental method(s) using WinNonlin
Pro.-Ill- Statistical methods for pharmacokinetic
analyses An analysis of variance (ANOVA) are performed
on log-transformed AUC and Cmax data using the PROC
MIXED SAS procedure. The sources of variation included
in the ANOVA model are sequence, subject (sequence),
period, and treatment, with subject (sequence) as
random effect. Using the ESTIMATE statement of the
PROC MIXED SAS procedure, the contrast are constructed
between the test and the reference treatments to
obtain the p-value, the estimated mean difference, an
the 90% confidence interval (CI) for the log-scale
test-reference difference. The anti-logs of the
estimated mean difference and the 90% CI constitute
the ratio of geometric means and the 90% CI for the
true test-reference ratio. The outputs from the
comparison are tabulated. For comparison of
bioavailability between MR OD and IR BID, the test
treatment is the MR OD and the reference is IR BID.
The LAF237 AUC and Cmax are compared between the two
treatments within the ANOVA. Pharmacodynamic data
analysis All subjects who complete the trial with
evaluable pharmacodynamic (PD) measurements are
included in the data analysis. Pharmacodynamic
variables Following glucose parameters may be derived
for treatment comparison: AUE area under the
effect-time curve from time Oto last available
observation by the linear-trapezoidal rule Emax
maximal effect (minimum value) troac time to the first
occurrence of the maximal effect. In order not to lose
data from subjects due to missing values, the
algorithm below are employed to replace missing
values:  If the first or the last observation of a
subject's record is missing then they are replaced by
the second or the previous observation.  If an
observation is missing within a series of non-missing
observations, then the missing values are substituted
by the result of a linear regression based on its
neighbors.  If two consecutive observations are
missing, then the record is completely ignored.
Statistical methods for pharmacodynamic analyses The
glucose parameters are analyzed using the same ANOVA
model as described above for statistical analysis of
PK parameters. In addition, timepoint-wise comparison
of glucose concentration are performed using the same
ANOVA model as described above.
Results:Pharmacokinetic results (described on figures
24, 25, 26) Results : Pharmacodynamic results
(described on figures 21, 22, 23) DPP-4-AUC24
DPP-4-MRT DPP- 4-Avg DPP-4-24h (%.h) (h) Treatment (%)
(%) mean  SD mean  SD mean  SD mean  SD (CV% (CV%)
(CV%) (CV%) Day 1 (Single Dose Fasted) (N=27) LAF237
2208  73 11.8  0.3 92.01  185.64  100 m g MR (3) (3)
3.03 12.76PIPERAZINE-PIPERIDINE ANTAGONISTS AND
AGONISTS OF THE 5-HTIA RECEPTOR [0001] Throughout this
application, various publications are referenced. The
disclosures of these publications in their entireties
are hereby incorporated by reference into this
application in order to more fully describe the state
of the art as known to those skilled therein as of the
date of the invention described and claimed herein.
[0002] This patent disclosure contains material that
is subject to copyright protection. The copyright
owner has no objection to the facsimile reproduction
by anyone of the patent document or the patent
disclosure, as it appears in the U.S. Patent and
Trademark Office patent file or records, but otherwise
reserves any and all copyright rights whatsoever.
FIELD OF THE INVENTION [0003] The present invention
relates t o novel piperazine-piperidine compounds. The
compounds are useful as 5-HT IA binding agents,
particularly as 5-HTJA receptor antagonists and
agonists. These compounds are useful in treating
central nervous system disorders, such as cognition
disorders, anxiety disorders, and depression.
BACKGROUNDO F THE INVENTION [0004] Certain
N-aryl-piperazine derivatives possess pharmaceutical
activity. In particular, certain N-aryl piperazine
derivatives act on the central nervous system (CNS) by
binding to 5-HT receptors. In pharmacological testing,
it has been shown that the certain N-aryl-piperazine
derivatives bind to receptors of the 5-HT1A type. Many
of the N-aryl piperazine derivatives exhibit activity
as 5-HT1A antagonists. See, for example, W.C.
Childers, et al, J. Med. Chem., 48: 3467-3470 (2005),
U.S. Patent Nos. 6,465,482, 6,127,357, 6,469,007, and
6,586,436, and PCT Publication No. WO 97/03982, the
disclosures of which are incorporated herein by
reference. [0005] Pharmaceutical compounds that
interact with the 5-HT1A receptor are useful to treat
a wide variety of central nervous system disorders,
such as cognition disorders, anxiety disorders, and
depression. The present invention is directed to novel
5-HTIA antagonists and agonists, which would be useful
for these and other uses.SUMMARY OF THE INVENTION
[0006] In one aspect, the invention provides compounds
of the Formula (I): (I) and pharmaceutically
acceptable salts thereof, wherein R1, R2, R3, R4, R5,
R6, R7, R8, R9, R10 , R11, R1 , R13, R , R15, and R16,
are each independently -H, (Q-C^-alkyl, (Ci-C
6)-haloalkyl, (C2-C6)-alkenyl, or (C2- C6)-alkynyl,
halogen, -CF 3, -NO2, -CN, -OR25, -OSO2R25, -SR25,
-SO2R 25, - SO2N(R 25)2, -N(R 25)2, C(O), -COR25,
-CO2R25, -NR25CO2R25, -NR25COR 25, - NR25CON(R 2S) 2,
or -CON(R 25)2; Ra and Rb are each independently -H or
-CH ; and R25 is -H, linear or branched (C1-C6)-alkyl,
(Ci-C 6)-haloalkyl, (C 2-C6)-alkenyl, or
(C2-C6)-alkynyl. [0007] In another aspect, the
invention provides compounds of the Formula (I'): and
pharmaceutically acceptable salts thereof, wherein R1,
R2, R3, R4, R5, R6, R7, R8, R9, R1O, R11, R12, R13,
R14, R15, and Ri6, are each independently -H,
(C1-Ce)-^yI, (C1-C6)-haloalkyl, (C2-C6)-alkenyl, or
(C2-C6)-alkynyl, halogen, -CF3, -NO2, -CN, -OR25,
-OSO2R25, -SR25, -SO2R25, -SO2N(R25)2, -N(R25)2, C(O),
-COR25, -CO2R25, -NR25CO2R25, -NR25COR25,
-NR25CON(R25)2, or -CON(R25)2; Ra and Rb are each
independently -H or -CH ; and R25 is -H, linear or
branched (Q-QJ-alkyl, (Ci-C J-haloalkyl,
(C2-C6)-alkenyl, or (C2-C6)-alkynyl; and where n s an
integer from 1 to 2. [0008] In another aspect, the
invention provides compounds of the Formula (I"): I"
and pharmaceutically acceptable salts thereof, wherein
R1, R2, R3, R4, R5, R6, R7, R7., R8, R9, R10, R11,
R12, R13 , R14, R15, and R1 , are each independently
-H, (Ci-C6)-alkyl, (C1-C6)-haloalkyl, (C2-C6)-alkenyl,
or (C2-C6)-alkynyl, halogen, -CF3, -NO2, -CN, -OR25,
-OSO2R25, -SR25, -SO2R25, - SO2N(R25)2, -N(R25)2,
C(O), -COR25, -CO2R25, -NR25CO2R25, -NR25COR25 , -
NR25CON(R25)2, or -CON(R25)2; Ra and Rb are each
independently -H or -CH3; R25 is -H; or linear or
branched (Q-C^-alkyl, (C1-C6)-haloalkyl, (C2-C6)-
alkenyl, or (C2-C6)-alkynyl and where the piperidine
group can be attached to the nonhetero atom containing
ring of the quinoline through positions R7, R7 , R ,
or R9.nother aspect, the invention provides compounds
of the Formula (I"a): (I"a) and pharmaceutically
acceptable salts thereof, wherein R1, R2, R3, R4, R5,
R6, R7., R8, R9, R1O, Rn, R12, Rn, R14 , R1 , and R16
, are each independently -H, (C1-C6)-alkyl, (C1-
C6)-haloalkyl, (C2-C6)-alkenyl, or (C2-C6)-alkynyl,
halogen, -CF3, -NO2, -CN, -OR25, -OSO 2R25, -SR25,
-SO2R25, -SO2N(R2S) 2, -N(R25)2, - C(O), -COR25,
-CO2R25, -NR25CO2R25, -NR25COR25, -NR25CON(R 25)2, or
-CON(R 25)2; Ra and Rb are each independently -H or
-CH3; and R25 is -H; or linear or branched (Ci-C
6)-alkyl, (C1- C6)-haloalkyl, (C2-C6)-alkenyl, or
(C2-C6)-alkynyl.[0010] In another aspect, the
invention provides compounds of the Formula (II): (ID
and pharmaceutically acceptable salts thereof, wherein
R4, R5, Ri5, Ri6 Ri , Ris and R 19 are each
independently -H, (Ci-Cg)- alkyl, (C C6)-haloalkyl,
(C2-C6)-alkenyl, or (C2-C6)-alkynyl, halogen, -CF3
-NO2, -CN, -OR25, -OSO2R25 -SR25, -SO2R25, -SO2N(R2
)2, -N(R25)2, C(O), -COR25, -CO2R25, -NR25CO2R25,
-NR25COR25, -NR25CON(R25) , or -CON(R25)2; Ra and Rb
are each independently -H or -CH3; R25 is -H; or
linear or branched (Cr C6)-alkyl, (Ci-C6)-haloalkyl,
(C2-C6)- alkenyl, or (C2-C )-alkynyl; and R and R5
cannot both be hydrogen. [0011] In a further aspect,
the invention provides compounds of the Formula (HI):
(III) and pharmaceutically acceptable salts thereof,
wherein R99 is selected from:and wherein R 7 , R 8 ,
R9, R 1O, RlI. Rl2, Rl3, Rl4, Rl5" Rl6, R 20 R2I, R22,
R23> R24" R26> R27, R28 R29, and R30 are each
independently -H, (Q-C ^alkyl, (Q-C^-haloalkyl,
(C2-C6)- alkenyl, or (C2-C6)-alkynyl, halogen, -CF3,
-NO 2, -CN, -OR25, -OSO 2R25, -SR25, - SO2R25, -SO2N(R
2S) 2, -N(R 2S)2, C(O), -COR 25, -CO2R25, -NR25CO2R25,
-NR25COR25, -NR 25CON(R 2S)2, or -CON(R 25)2; Ra and
Rb are each independently -H or -CH 3; R25 is -H; or
linear or branched (C1-C6)-alkyl, (C1-C6)-haloalkyl,
(C2-C6)- alkenyl, or (C2-C6)-alkynyl. [0012] In yet
another aspect, the invention provides compounds of
the Formula (IV): and pharmaceutically acceptable
salts thereof, wherein X is CR25, N, O or S; Y is
CR25, NR25, O or S; with the proviso that when X is CR
5, Y is not N; R 13 , Ri4, Ri5, Ri6, R31, R32, R33,
R34, R35, R3 , R37, R38 and R39 are each
independently-H, (Cr C6)-alkyl, (C1-C6)-haloalkyl,
(C2-C6)-alkenyl, or (C2- 6)-allcynyl, halogen, -CF3,
-NO2, -CN, -OR25, -OSO2R25, -SR25, -SO2R25,
-SO2N(R25)2, -N(R25)2, C(O), - COR25, -CO2R25 ,
-NR25CO2R25, -NR25COR25, -NR25CON(R25)2, or -CON(R
25)2; Ra and Rb are each independently -H or -CH ; and
R25 is -H; or linear or branched (C1-C6)-alkyl,
(C1-C6)-haloalkyl, (C2-C6)- alkenyl, or (C2-C
6)-alkynyl. L0013] In another aspect, the compounds
and pharmaceutically acceptable salts of the compounds
o f Formulas (I), (I'), (I"), (I"a), (II), (III), and
(IV) are also useful when formulated as pharmaceutical
compositions. These pharmaceutical compositions
comprise compounds and pharmaceutically acceptable
salts of the compounds of Formulas (I), (I'), (I"),
(II), (III), or (IV) and a pharmaceutically acceptable
carrier. [0014] In another aspect, the compounds and
pharmaceutically acceptable salts of , the compounds o
f Formulas (I), (V), (T"), (I"a), (II), (III), and
(IV) are useful as 5- HTi A receptor agonists and
antagonists. [0015] In another aspect, the
pharmaceutical compositions comprising one or more
compounds and pharmaceutically acceptable salts of the
compounds of Formulas (I), (P), (I"), (I"a), (II),
(III), or (IV) are useful as 5-HT1A receptor agonists
and antagonists. [0016] In one aspect, the invention
provides methods for treating a 5-HTiA-related
disorder, comprising administering to a patient in
need thereof one or more of the compounds or
pharmaceutically acceptable salts of compounds of
Formulas (I), (P), (I"), (I"a), (II), (III), and (IV)
in a therapeutically effective amount to treat a 5-HT
1A- related disorder. [0017] In one aspect, the
invention provides methods for treating a
5-HT^-related disorder, comprising administering to a
patient in need thereof a pharmaceutical formulation
comprising one or more of the compounds or
pharmaceutically acceptable salts of compounds of
Formulas (I), (I'), (I"), (I"a), (II), (III), and (IV)
in a therapeutically effective amount to treat a 5-HTi
A-related disorder. [0018] In one aspect, the
invention provides methods for treating a
cognitionrelated disorder, comprising administering to
a patient in need thereof one or more of the compounds
or pharmaceutically acceptable salts of compounds of
Formulas (I),(I'), (I"), (I"a), (II), (III), and (IV)
in a therapeutically ettective amount to treat a
cognition-related disorder. [0019] In one aspect, the
invention provides methods for treating a
cognitionrelated disorder, comprising administering to
a patient in need thereof a pharmaceutical formulation
comprising one or more of the compounds or
pharmaceutically acceptable salts of compounds of
Formulas (I), (I'), (I"), (I"a), (II), (III), and (IV)
in an amount effective to treat a cognition-related
disorder. [0020] In another aspect, the invention
provides methods for treating an anxietyrelated
disorder, comprising administering to a patient in
need thereof one or more of the compounds or
pharmaceutically acceptable salts of compound of
Formulas (I), (I'), (I") (I"a), (II), (III), and (IV)
in an amount effective to treat an anxiety-related
disorder. [0021] In another aspect, the invention
provides methods for treating an anxietyrelated
disorder, comprising administering to a patient in
need thereof a pharmaceutical formulation comprising
one or more of the compounds or pharmaceutically
acceptable salts of compound of Formulas (I), (I'),
(I"), (I"a), (II), (III), and (IV) in an amount
effective to treat an anxiety-related disorder. [0022]
In one aspect, the invention provides methods for
treating Alzheimer's disease to a patient in need
thereof. The method includes administering to the
patient an effective amount of a compound or a
pharmaceutically acceptable salt of a compound of
Formula (I), Formula (F), Formula (I"), Formula (I"a),
Formula (II), Formula (III), or Formula (IV). In one
embodiment, the method includes administering to the
patient a pharmaceutical composition comprising one or
more of the compounds or pharmaceutically acceptable
salts of compounds of Formulas (I), (I'), (T'), (I"a),
(II), (III), and (IV) in an amount effective to treat
Alzheimer's disease. [0023] In one aspect, the
invention provides methods for treating mild cognitive
impairment (MCI) to a patient in need thereof. The
method includes administering to the patient an
effective amount of a compound or a pharmaceutically
acceptable salt of a compound of Formula (I), Formula
(I'), Formula (I"), Formula (I"a), Formula (II),
Formula (III), or Formula (IV). In one embodiment, the
method includes administering to the patient a
pharmaceutical composition comprising one or more
ofthe compounds or pharmaceutically acceptable salts
of compounds of Formulas (I), (F), (I"), (Pa), (II),
(III), and (IV) in an amount effective to treat mild
cognitive impairment. [0024] In one aspect, the
invention provides methods for treating depression to
a patient in need thereof. The method includes
administering to the patient an effective amount of a
compound or a pharmaceutically acceptable salt of a
compound of Formula (I), Formula (F), Formula (I"),
Formula (Pa), Formula (II), Formula (III), or Formula
(IV). In one embodiment, the method includes
administering to the patient a pharmaceutical
composition comprising one or more of the compounds or
pharmaceutically acceptable salts of compounds of
Formulas (I), (I'), (I") (I" a )>(H), (III), and (IV)
in an amount effective to treat depression. [0025] In
one aspect, the treatment methods of the invention
include administering a second therapeutic agent.
[0026] In one aspect, the invention provides methods
for treating sexual dysfunction associated with drug
treatment in a patient in need thereof. The method
includes administering to the patient an effective
amount of a compound or a pharmaceutically acceptable
salt of a compound of Formula (I), Formula (I'),
Formula (I"), Formula (Pa), Formula (II), Formula
(III), or Formula (IV). In one embodiment, the method
includes administering to the patient a pharmaceutical
composition comprising one or more of the compounds or
pharmaceutically acceptable salts of compounds of
Formulas (I), (F), (I"), (Pa), (II), (III), and (IV)
in an amount effective to treat sexual dysfunction.
[0027] In one aspect, the invention provides methods
of improving sexual function in a patient in need
thereof, the method comprising administering to the
patient a pharmaceutically effective amount of a
compound or a pharmaceutically acceptable salt of a
compound of Formula (I), Formula (F), Formula (I"),
Formula 



(Pa), Formula (II), Formula (III), or Formula (IV). In
one embodiment, the method includes administering to
the patient a pharmaceutical composition comprising
one or more of the compounds or pharmaceutically
acceptable salts of compounds of Formulas (I), (F),
(P) (Pa), (II), (III), and (IV) in an amount effective
to improve sexual function.[0028] Ih one aspect, the
invention provides methods of synthesizing the
compounds and pharmaceutically acceptable salts of
compounds of Formulas (I), (I'), (I"), (T'a), (H),
(III), and (IV). [0029] In another aspect, the
invention provides compounds and pharmaceutically
acceptable salts of compounds of Formulas (I), (F)
(!") (I" a ) (1 X(HI), and (IV) made by particular
processes. DETAILED DESCRIPTION OF THE INVENTION
Definitions [0030] The term "(Ci-C6)-alkyr' as used
herein refers to a linear or branched, saturated
hydrocarbon having from 1 to 6 carbon atoms.
Representative (C1-C ) l yI groups include, but are
not limited to, methyl, ethyl, propyl, isopropyl,
butyl, secbutyl, tert-butyl, pentyl, isopentyl,
neopentyl, hexyl, isohexyl, and neohexyl. In one
embodiment, the (Ci-CeJ-alkyl group is optionally
substituted with one or more of the following groups:
halogen, -N3, -NO2, -CN, -OR', -SR', -SO2R', -SO2N(R')
2, -N(R') 2, -COR', -CO2R', -NR'CO2R\ -NR'COR',
-NR'CONR', or -CON(R') 2, wherein each R' is
independently hydrogen or unsubstituted (Ci-C )-alkyl.
[0031] The term "(C2-C6)-alkenyl" as used herein
refers to a linear or branched hydrocarbon having from
2 to 6 carbon atoms and having at least one
carbon-carbon double bond. In one embodiment, the
(C2-C )-alkenyl has one or two double bonds. The
(C2-C6)-alkenyl moiety may exist in the E or Z
conformation and the compounds of the present
invention include both conformations. In one
embodiment, the (C2-C6)- alkenyl group is optionally
substituted with one or more of the following groups:
halogen, -N3, -NO2, -CN, -OR', -SR', -SO2R', -SO2N(R')
2, -N(R') 2, -COR', -CO2R', - NR CO2R', -NR'COR',
-NR'CONR', or -CON(R') 2, wherein each R' is
independently hydrogen or unsubstituted (Ci-Ce)-alkyl.
[0032] The term "(C2-C6)-alkynyl" as used herein
refers to a linear or branched hydrocarbon having from
2 to 6 carbon atoms and having at least one
carbon-carbon triple bond. In one embodiment, the
(C2-C6)-alkenyl group is optionally substituted with
one or more of the following groups: halogen, -N3,
-NO2, -CN, -OR', -SR', - SO2R', -SO2N(R') 2 -N(R')2,
-COR', -CO2R', -NR CO2R', -NR'COR', -NR'CONR', or
-CON(R') 2, wherein each R' is independently hydrogen
or unsubstituted (C1-C6)- alkyl.[0033]
"(C1-C6)-haloalkyl" refers to a C1-C6 alkyl group, as
defined above, wherein one or more of the C1-C6 alkyl
group's hydrogen atoms has been replaced with -F, -Cl,
-Br or -I. Representative examples of an alkylhalo
group include, but are not limited to, -CH2F, -CCl3,
-CF3, -CH2Cl, -CH2CH2Br, -CH2CH2I, -CH2CH2CH2F,
-CH2CH2CH2Cl, -CH2CH2CH2CH2Br, -CH2CH2CH2CH2I,
-CH2CH2CH2CH2CH2Br, -CH2CH2CH2CH2CH2I, -CH2CH(Br)CH3,
-CH2CH(Cl)CH2CH3, -CH(F)CH2CH3, -C(CHs)2(CH2Cl),
-CH2CH2CH2CH2CH2CH2Br, and -CH 2CH2CH2CH2CH2CH2I .
[0034] The term "administer", "administering", or
"administration", as used herein refers to either
directly administering a compound or pharmaceutically
acceptable salt of the compound or a composition to an
animal, or administering a prodrug derivative or
analog of the compound or pharmaceutically acceptable
salt of the compound or composition to the animal,
which can form an equivalent amount of active compound
within the animal's body. [0035] The term "animal" as
used herein includes, without limitation, a human,
mouse, rat, guinea pig, dog, cat, horse, cow, pig,
monkey, chimpanzee, baboon, or rhesus. In one
embodiment, the animal is a mammal. In another
embodiment, the animal is a human. [0036] The term
"aryl" as used herein refers to an aromatic species
containing 1 to 3 aromatic rings, either fused or
linked. In one embodiment, the aryl group is
optionally substituted with one or more of the
following groups: -V-halogen, -V-N3, - V-NO2, -V-CN,
-V-OR', -V-SR', -V-SO2R', -V-SO2N(R') 2, -V-N(R') 2,
-V-COR', -VCO2 R', -V-NR CO2R', -V-NR'COR',
-V-NR'CONR', or -V-CON(R') 2, wherein each R' is
independently hydrogen or unsubstituted (Ci-C6)-alkyl;
and wherein each V is independently a bond or
(C1-C6)-alkyl. [0037] The term "conditions effective
to" as used herein refers to synthetic reaction
conditions which will be apparent to those skilled in
the art of synthetic organic chemistry. [0038] The
term "cyclic group" as used herein includes a
cycloalkyl group and a heterocyclic group. Any
suitable ring position of the cyclic group may be
covalently linked to the defined chemical structure.
In one embodiment, the cyclic group is optionally
substituted with one or more of the following groups:
-V-halogen, -V-N3, - V-NO2, -V-CN, -V-OR', -V-SR',
-V-SO2R', -V-SO2N(R') 2, -V-N(R') 2, -V-COR', -VCO2R',
-V-NR'CO R\ -V-NR'COR', -V-NR'CONR', or -V-CON(R' )2,
wherein each R' is independently hydrogen or
unsubstituted (Ci-C6)-alkyl; and wherein each V is
independently a bond or [0039] The term "cycloalkyl
group" as used herein refers to a three- to
sevenmembered saturated or partially unsaturated
carbon ring. Any suitable ring position of the
cycloalkyl group may be covalently linked to the
defined chemical structure. Exemplary cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and cycloheptyl. In one embodiment, the
cycloalkyl group is optionally substituted with one or
more of the following groups: -V-halogen, -V-N3,
-V-NO2, -VCN, -V-OR', -V-SR', -V-SO2R', -V-SO2N(R') 2,
-V-N(R')* -V-COR', -V-CO2R', -VNR'CO 2R', -V-NR'COR',
-V-NR'CONR', or -V-CON(R' )2, wherein each R' is
independently hydrogen or unsubstituted (Ci-C6)-alkyl;
and wherein each V is independently a bond or (CrC
6)-alkyl. [0040] The term "effective amount" as used
herein refers to an amount of a compound or
pharmaceutically acceptable salt of a compound that,
when administered to an animal, is effective to
prevent, to at least partially ameliorate, or to cure,
a condition from which the animal suffers or is
suspected to suffer. [0041] The term "halogen" as used
herein refers to fluorine, chlorine, bromine, and
iodine. [0042] The term "heterocyclic group" as used
herein refers to a three- to seven-membered saturated,
partially saturated, or unsaturated cycloalkyl group
in which one to four of the ring carbon atoms have
been independently replaced with a N, O, or S atom.
Any suitable ring position of the heterocyclic group
may be covalently linked to the defined chemical
structure. Exemplary heterocyclic groups include, but
are not limited to, azepanyl, azetidinyl, aziridinyl,
furanyl, furazanyl, homopiperazinyl, imidazolidinyl,
imidazolinyl, isothiazolyl, isoxazolyl, morpholinyl,
oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl,
pyrimidinyl, phenanthridinyl, phenanthrolinyl,
piperazinyl, piperidinyl, pyranyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl,
pyridooxazolyl, pyridoimidazolyl, pyridothiazolyl,
pyridinyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl,
quinuclidinyl, tetrahydrofuranyl, thiadiazinyl,
thiadiazolyl, thienyl, thienothiazolyl,
thienooxazolyl, thienoimidazolyl, thiomorpholinyl,
thiophenyl, triazinyl, and triazolyl. In one
embodiment, theheterocyclic group is optionally
substituted with one or more of the following groups:
-V-halogen, -V-N3, -V-NO2, -V-CN, -V-OR', -V-SR',
-V-SO2R', -V-SO2N(R') 2 -VN( R') 2, -V-COR', -V-CO2R',
-V-NR5CO2R', -V-NR'COR', -V-NR'CONR', or -VCON( R') 2,
wherein each R' is independently hydrogen or
unsubstituted (Q-C^-alkyl; and wherein each V is
independently a bond or (C1-C6)-alkyl. [0043] The term
"isolated and purified" as used herein refers to
separate from other components of a reaction mixture
or a natural source. In certain embodiments, the
isolate contains at least about 50%, at least about
55%, at least about 60%, at least about 65%, at least
about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about
95%, or at least about 98% of the compound or
pharmaceutically acceptable salt of the compound by
weight of the isolate. [0044] The term
"pharmaceutically acceptable salt", as used herein,
refers to salts derived from organic and inorganic
acids of a compound of the present invention.
Exemplary salts include, but are not limited to,
sulfate, citrate, acetate, oxalate, chloride,
hydrochloride, bromide, hydrobromide, iodide, nitrate,
bisulfate, phosphate, acid phosphate, isonicotinate,
lactate, salicylate, acid citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate,
succinate, maleate, gentisinate, fumarate, gluconate,
glucaronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate,
p-toluenesulfonate, camphorsulfonate;
napthalenesulfonate, propionate, succinate, fumarate,
maleate, malonate, mandelate, malate, phthalate, and
pamoate. The term "pharmaceutically acceptable salt"
as used herein also refers to a salt of a compound of
the present invention having an acidic functional
group, such as a carboxylic acid functional group, and
a base. Exemplary bases include, but are not limited
to, hydroxide of alkali metals including sodium,
potassium, and lithium; hydroxides of alkaline earth
metals such as calcium and magnesium; hydroxides of
other metals, such as aluminum and zinc; ammonia,
organic amines such as unsubstituted or
hydroxyl-substituted mono-, di-, or trialkylamines,
dicyclohexylamine; tributyl amine; pyridine; N-methyl,
N-ethylamine; diethylamine; triethylamine; mono-,
bis-, or tris-(2-OH-(CrC 6)-alkylamine), such as
N,N-dimethyl-N-(2-hydroxyethyl)amine or
tri-(2-hydroxyethyl)amine; N-methyl-Dglucamine;
morpholine; thiomorpholine; piperidine; pyrrolidine;
and amino acids such as arginine, lysine, and the
like. The term "pharmaceutically acceptable salt" also
includes hydrates of a compound of the present
invention.[0045] The term "phenyl" as used herein
refers to a substituted or unsubstituted phenyl group.
In one embodiment, the phenyl group is optionally
substituted with one or more of the following groups:
-V-halogen, -V-N 3, -V-NO 2, -V-CN, -V-OR', -VSR',
-V-SO 2R', -V-SO 2N(R') 2, -V-N(R') 2, -V-COR', -V-CO
2R', -V-NR CO2R', -VNR'COR', -V-NR'CONR', or
-V-C0N(R') 2, wherein each R ' is independently
hydrogen or unsubstituted (C1-Ce)-OHCyI; and wherein
each V is independently a bond or (C1-C6)-alkyl.
[0046] The term "substantially free of its
corresponding opposite enantiomer" as used herein
means that the compound contains no more than about
10% by weight of its corresponding opposite
enantiomer. In other embodiments, the compound that is
substantially free of its corresponding opposite
enantiomer contains no more than about 5%, no more
than about 1%, no more than about 0.5%, or no more
than about 0.1% by weight of its corresponding
opposite enantiomer. An enantiomer that is
substantially free of its corresponding opposite
enantiomer includes a compound that has been isolated
and purified or has been prepared substantially free
of its corresponding opposite enantiomer. [0047] The
term "5-HTi A-related disorder" as used herein refers
to a condition which is mediated through the 5-HT 1A
receptor. In some embodiments, a 5-HT 1Arelated
disorder is a condition for which it would be
beneficial to prevent activation of the 5-HT 1A
receptor. In other embodiments, a 5-HTi A-related
disorder is a condition for which it would be
beneficial to activate the 5-HT 1A receptor. In one
embodiment, a 5-HTlA-related disorder affects the
central nervous system (i.e., a CNS-related disorder).
Exemplary 5-HTi A-related disorders include, without
limitation, depression, single episodic or recurrent
major depressive disorders, dysthymic disorders,
depressive neurosis and neurotic depression,
melancholic depression including anorexia, weight
loss, insomnia, early morning waking or psychomotor
retardation; atypical depression (or reactive
depression) including increased appetite, hypersomnia,
psychomotor agitation or irritability, seasonal
affective disorder, pediatric depression, child abuse
induced depression and postpartum depression; bipolar
disorders or manic depression, for example, bipolar I
disorder, bipolar p disorder and cyclothymic disorder;
conduct disorder; disruptive behavior disorder;
disorders of attention and learning such as attention
deficit hyperactivity disorder (ADHD) and dyslexia;
behavioral disturbances associated with mental
retardation,autistic disorder, pervasive development
disorder and conduct disorder; anxiety disorders such
as panic disorder with or without agoraphobia,
agoraphobia without histoiy of panic disorder,
specific phobias, for example, specific animal
phobias, social anxiety, social phobia,
obsessive-compulsive disorder, stress disorders
including post-traumatic stress disorder and acute
stress disorder, and generalized anxiety disorders;
borderline personality disorder; schizophrenia and
other psychotic disorders, for example,
schizophreniform disorders, schizoaffective disorders,
delusional disorders, brief psychotic disorders,
shared psychotic disorders, psychotic disorders with
delusions or hallucinations, psychotic episodes of
anxiety, anxiety associated with psychosis, psychotic
mood disorders such as severe major depressive
disorder; mood disorders associated with psychotic
disorders such as acute mania and depression
associated with bipolar disorder; mood disorders
associated with schizophrenia, substance-induced
psychotic disorder, shared psychotic disorder, and
psychotic disorder due to a general medical condition;
delirium, dementia, and amnestic and other cognitive
or neurodegenerative disorders, such as Parkinson's
disease (PD), Huntington's disease (HD), Alzheimer's
disease, senile dementia, dementia of the Alzheimer's
type, mild cognitive impairment (MCI), memory
disorders, loss of executive function, vascular
dementia, and other dementias, for example, due to HIV
disease, head trauma, Parkinson's disease,
Huntington's disease, Pick's disease, Creutzfeldt-
Jakob disease, or due to multiple etiologies;
cognitive deficits associated with neurological
conditions including, for example, Parkinson's disease
(PD), Huntington's disease (HD), Alzheimer's disease;
movement disorders such as akinesias, dyskinesias,
including familial paroxysmal dyskinesias,
spasticities, Tourette's syndrome, Scott syndrome,
PALSYS and akinetic-rigid syndrome; extra pyramidal
movement disorders such as medication-induced movement
disorders, for example, neuroleptic-induced
Parkinsonism, neuroleptic malignant syndrome,
neuroleptic-induced acute dystonia,
neuroleptic-induced acute akathisia,
neurolepticinduced tardive dyskinesia and
medication-induced postural tremor; chemical
dependencies and addictions (e.g., dependencies on, or
addictions to, alcohol, heroin, cocaine,
benzodiazepines, nicotine, or phenobarbitol);
behavioral addictions such as an addiction to
gambling; and ocular disorders such as glaucoma and
ischemic retinopathy; sexual dysfunction associated
with drug treatment (e.g., sexual dysfunction
associated with SSRI' s).[0048] One nonlimiting
example of a 5-HT A-related disorder is a
cognitionrelated disorder (e.g., cognitive
dysfunction). Exemplary cognition-related disorders
include, without limitation, mild cognitive impairment
(MCI), dementia, delirium, amnestic disorder,
Alzheimer's disease, Parkinson's disease, Huntington's
disease, memory disorders including memory deficits
associated with depression, senile dementia, dementia
of Alzheimer's disease, cognitive deficits or
cognitive dysfunction associated with neurological
conditions including, for example, Parkinson's disease
(PD), Huntington's disease (HD), Alzheimer's disease,
depression and schizophrenia (and other psychotic
disorders such as paranoia and mano-depressive
illness); cognitive dysfunction in schizophrenia,
disorders of attention and learning such as attention
deficit disorders (e.g., attention deficit
hyperactivity disorder (ADHD)) and dyslexia, cognitive
dysfunction associated with developmental disorders
such as Down's syndrome and Fragile X syndrome, loss
of executive function, loss of learned information,
vascular dementia, schizophrenia, cognitive decline,
neurodegenerative disorder, and other dementias, for
example, due to HIV disease, head trauma, Parkinson's
disease, Huntington's disease, Pick's disease,
Creutzfeldt-Jakob disease, or due to multiple
etiologies. Cognition-related disorders also include,
without limitation, cognitive dysfunction associated
with MCI and dementias such as Lewy Body, vascular,
and post stroke dementias. Cognitive dysfunction
associated with surgical procedures, traumatic brain
injury or stroke may also be treated in accordance
with the present invention. ' [0049] Another
nonlimiting example of a 5-HTiA-related disorder is an
anxietyrelated disorder. Exemplary anxiety-related
disorders include, without limitation, generalized
anxiety disorder, attention deficit disorder,
attention deficit hyperactivity disorder, obsessive
compulsive disorder, substance addiction, withdrawal
from drug, alcohol or nicotine addiction, panic
disorder, panic attacks, post-traumatic stress
disorder, premenstrual dysphoric disorder, social
anxiety disorder, eating disorders such as anorexia
nervosa and bulimia nervosa, vasomotor flushing, and
phobias, including social phobia, agoraphobia, and
specific phobias. Substance addition includes, without
limitation, drug, alcohol or nicotine
addiction.Compounds of the Invention [0050] In one
embodiment, the present invention is directed to
compounds of the Formula (I): CO and pharmaceutically
acceptable salts thereof, wherein R1, R2, R3, R4, R5,
R6, R7, R8, R9, Rio, Rn, R12, R13, Rw, R15, and R16,
are each independently -H, (Ci-C6)-alkyl,
(Q-C^-haloalkyl, (C2-C )-alkenyl, or (C2- C6)-alkynyl,
halogen, -CF3, -NO2, -CN, -OR25, -OSO2R25, -SR25,
-SO2R25, - SO2N(R25)2, -N(R2 )2, -C(O), -COR25,
-CO2R25, -NR25CO2R25, -NR25COR 25, - NR25CON(R 2S) 2,
or -CON(R 25)2; Ra and Rb are each independently -H or
-CH3; and R25 is -H; or linear or branched
(C1-C6)-alkyl, (C1-C6)-haloalkyl, (C2-C6)- alkenyl, or
(C2-C6)-alkynyl. [0051] In one embodiment, R1 is -H,
(Ci-C 6)-alkyl, -OR , halogen, or -CF 3. In another
embodiment, Ri is -H, (C1-C6)-alkyl, -OR25, halogen,
or -CF and one of R1 , R14 , R15 , and Ri6 is -H,
(C1-C6)-alkyl, -OR 5, or halogen. In a further
embodiment, R1 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
or -CF3; one of Ri3, R14, R 15, and Ri6 is -H, (C1-
C6)-alkyl, -OR 25, or halogen, and R7, R8, R9, R1 ,
Rn, and R12 are each hydrogen. In yet another
embodiment, R1 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
or -CF 3; one OfRi 3, Ri4, Ri5, and R16 is -H, (Ci-C
6)-alkyl, -OR25, or halogen, and R2, R3, R4, R5, R6,
R7, R , R9, R1O, Rn, and R12 are each hydrogen. In one
embodiment, R1 is -H, (C1-C6)- alkyl, -OR25, halogen
or -CF3 and R2, R3, R4, R5, R6, R7, R8, R , R1O, Rn,
R12, R13, Ru, Ri5, and R16 are each hydrogen. [0052]
In one embodiment, R4 is -H, (C1-C6)-alkyl, -OR25,
halogen, or -CF 3. In another embodiment, R4 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3 and one of
Ri3,R14 , R15, and R1 is -H, (Ci-C 6)-alkyl, -OR 25,
or halogen. In a further embodiment, R is -H, (Ci-C
6)-alkyl, -OR 25, halogen, or -CF 3; one of R13, R14 ,
R15 , and R16 is -H, (C 1- C6)-alkyl, -OR 2 , or
halogen, and R7, R8, R9, Rio, Rn, and Ri2 are each
hydrogen. In yet another embodiment, R4 is -H, (Ci-C
6)-alkyl, -OR 25, halogen, or -CF ; one of R13, Ri4,
Ri5, and Ri6 is -H, (Ci-C 6)-alkyl, -OR 25, or
halogen, and Ri, R , R3, R5, R , R7, R8, R9, Rio, Rn,
and Ri2 are each hydrogen. In one embodiment, R4 is
-H, (Ci-C 6)- alkyl, -OR25, halogen or -CF 3 and Rj,
R2, R3, R5, R , R7, Rs, R , Rio, Rn, R12, R13, R-14,
Ri5, and Ri6 are each hydrogen. [0053] In one
embodiment, R5 is -H, (Ci-C )-alkyl, -OR25, halogen,
or -CF 3. In another embodiment, R5 is -H, (Ci-C
6)-alkyl, -OR 25, halogen, or -CF3 and one of R13,
Ri4, Ri5, and Ri6 is -H, (Ci-C 6)-alkyl, -OR 25, or
halogen. In a further embodiment, R 5 is -H, (Ci-C
6)-alkyl, -OR 25, halogen, or -CF 3; one of Ri3, R14 ,
R15 , and R16 is -H, (Ci- C6)-alkyl, -OR 25, or
halogen, and R7, R8, Rg, Rio, Rn, and Ri2 are each
hydrogen. In yet another embodiment, R5 is -H, (Ci-C
6)-alkyl, -OR 25, halogen, or -CF 3; one of R13, Ri4,
Ri5, and Ri6 is -H, (Ci-C 6)-alkyl, -OR 25, or
halogen; and R1, R2, R3, R4, R6, R7, R8, R9, R1O, Rn,
and R12 are each hydrogen. In one embodiment, R5 is
-H, (Ci-C 6)- alkyl, -OR 25, halogen or -CF 3 and Ri,
R2, R3, R4, R6, R , Rs, R9, Rio, Rn, R12, R13, R-i4,
Ri5, and Ri6 are each hydrogen. In a further
embodiment, one of Ri3, Ri4, Ri5, and Ri6 is -H, (Ci-C
6)-alkyl, halogen, -CF 3, or -OR 25; R5 is -H, (Ci-C
6)-alkyl, -OR 25, halogen, or -CF 3; and the remaining
R groups are each hydrogen. [0054] In one embodiment,
R8 is -H, (Ci-C 6)-alkyl, -OR25, halogen, -CF 3, -NO2
or -CN. In another embodiment, R8 is -H, (Ci-C
6)-alkyl, -OR25, halogen, -CF 3, -NO2 o r -CN; one of
Ri, R2, R3, R4,R5 and R6 is -H, (Ci-C 6)-alkyl, -OR
25, halogen, or -CF3; R a and Rb are each
independently -H or -CH3; and each remaining R group
is hydrogen. In a further embodiment, R8 is -H, (Ci-C
6)-alkyl, -OR 25, halogen, -CF3, -NO 2 or -CN; one of
Ri, R2, R3, R4,R5 and R6 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, or -CF 3; one of Ri3, Ri4, Ri5, and Ri6 is
-H, (Ci-C 6)-alkyl, -OR 25, or halogen, and each
remaining R group is hydrogen. In one embodiment, R8
is -H, (Ci-C 6)-alkyl, -OR25, halogen, -CF 3, -NO 2 or
-CN and one of R4 or R5 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, or -CF 3, and each remaining R group is
hydrogen. In one embodiment R is -H, (Ci-C 6)-alkyl,
-OR 25, halogen, -CF 3, -NO 2 or -CN; and all other R
groups are each hydrogen. In one embodiment, R8 is -H,
(Ci-Q)-alkyl, -OR25, halogen, -CF3, -NO 2 or -CN; one
OfR 13 ,R1 , Ri5, and Ri6 is -H, (Ci-C Valkyl, -OR25
or halogen, and each remaining R group is hydrogen.
[0055] In one embodiment, R9 is -H, (Ci-C 6)-alkyl,
-OR25, halogen, -CF3, -NO2 or -CN. In another
embodiment, R9 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; one OfR1, R2, R3, R4, R5 and R6 is
-H, (C1-C6)-alkyl, -OR25, halogen, or -CF3; and Ra and
Rb are each independently -H or -CH ; and each
remaining R group is hydrogen. In a further
embodiment, R is -H, (Ci-C6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; one OfR1, R2, R3, R4,R5 and R is
-H, (Ci-C 6)-alkyl, -OR25, halogen, or -CF3; one of
R13 , Ru, Ri5, and Ri6 is -H, (Ci-C 6)-alkyl, -OR25,
or halogen, and each remaining R group is hydrogen. In
one embodiment, R9 is -H, (Ci-C 6)-alkyl, -OR ,
halogen, -CF3, -NO2 or -CN and one of R4 or R5 is -H,
(Ci-C 6)-alkyl, -OR25, halogen, or -CF3, and each
remaining R group is hydrogen. In one embodiment R is
-H, (Ci-C 6)-alkyl, -OR2 , halogen, -CF3, -NO2 or -CN;
and all other R groups are each hydrogen. In one
embodiment, R is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; one of Ri3, Ri4, Ri5, and R 6 is
-H, (Cr C6)-alkyl, -OR25, or halogen, and each
remaining R group is hydrogen. [0056] In one
embodiment, R7 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN. In one embodiment, R7 is -H,
(Ci-C6)-alkyl or halogen. In one embodiment, R7 is
(Ci-Ce)-alkyl, -OR2 , halogen, -CF3, -NO2 or -CN; one
of R1, R2, R3, R4, R5 and R6 is -H, (Ci-C 6)-alkyl,
-OR2 , halogen, or -CF3; and Ra and Rb are each
independently -H or -CH3; and each remaining R group
is hydrogen. In one embodiment, R7 is -H,
(Ci-Ce)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
of Ri, R2, R3, R4,R5 and R6 is -H, (Ci-C5)-alkyl,
-OR25, halogen, or -CF ; and each remaining R group is
hydrogen. [0057] In one embodiment, Ri0 is -H, (Ci-C
6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN. In one
embodiment, Rio is -H, (Ci-C <5 )-alkyl, -OR25,
halogen, or -CF3. In one embodiment, R is -H, -CH 3,
-OCH3, -F or -CF3. In one embodiment, Rio is -H, (Ci-
C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one of
Ri, R2, R3, R4, R5 and R6 is -H, (Ci-C 6)-alkyl,
-OR25, halogen, or -CF3; and Ra and Rb are each
independently ~H or -CH3; and each remaining R group
is hydrogen. In one embodiment, R is -H, (C1-
C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one of
R1, R2, R3, R4, R5 and R6 is -H, (Ci-C 6)-alkyl, -OR2
, halogen, or -CF3; and each remaining R group is
hydrogen.[0058] In one embodiment, R11 is -H, (Ci-C
6)-alkyl, -OR25, halogen, -CF3, -NO2 



or -CN. In one embodiment, R is -H, (C1-C6)-alkyl,
halogen, or -CF3. In one embodiment, Rn is -CH 3, -F
or -CF3. In one embodiment, R11 is -H, (Ci-C 6)-alkyl,
-OR25, halogen, -CF3, or -NO . In one embodiment, Rn
is -H, (Ci-Q)-alkyl, -OR25, halogen, -CF3, -NO2 or
-CN; one OfR 1, R2, R3, R4, Rs and R6 is -H, (Q-C
6)-alkyl, -OR25, halogen, or -CF ; and R and Rb are
each independently -H or -CH ; and each remaining R
group is hydrogen. IQ one embodiment, R11 is -H, (C
C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one of
R1, R2, R3, R4,R5 and R6 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, or -CF3; and each remaining R group is
hydrogen. [0059] In one embodiment, R12 is -H, (Ci-C
6)~alkyl, -OR25, halogen, -CF3, -NO2 or -CN. Jn one
embodiment, R12 is -H, (C1-C6)-alkyl, halogen, or
-CF3. In one embodiment, R12 is -CH 3, -F or -CF3. In
one embodiment, Ri2 is -H, (Q-C^-alkyl, -OR25,
halogen, -CF3, or -NO2. In one embodiment, R12 is -H,
(Ci-C 6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
OfR 1, R2, R3, R4,R5 and R is -H, (Cr C6)-alkyl,
-OR25, halogen, or -CF3; and Ra and Rb are each
independently -H or -CH3; and each remaining R group
is hydrogen. In one embodiment, R12 is -H, (C1-C
)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one of R1,
R2, R3, R4,R5 and R6 is -H, (C1-C6)-alkyl, -OR2
halogen, or -CF3; and each remaining R group is
hydrogen. [0060] In one embodiment, R5 is -H,
(Q-Ce^alkyl, -OR25, halogen, or -CF3 and one OfR7, R8,
R9, Rw, Rn and R12 is -H, (C1-C ) yI, -OR25, halogen,
-CF3, -NO2 or -CN. In another embodiment, R5 is -H,
(Q-C^-alkyl, -OR2 , halogen, or -CF3 and one of R7,
R8, R9, R10 , Rn, R12 is -H, (C1-C6)-alkyl, -OR25
halogen, -CF3, -NO2 or -CN; and each remaining R group
is hydrogen. In some embodiments, R5 is -H, (C1-
C6)-alkyl, -OR25, halogen, or -CF3 and R9 is -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; and
each remaining R group is hydrogen. In one embodiment,
R5 is -OR25 and one of R7, R8, R9, R1O, Rn and R12 is
-H, (Q-C^-alkyl, -OR25, halogen, -CF3, -NO2 or -CN. In
one embodiment, R is -OR25 and R9 is halogen. In one
embodiment, R5 is -OR25 and R9 is halogen and each
remaining R group is hydrogen. [0061] In a further
embodiment, R5 is -H, (C1-C6)-alkyl, -OR25, halogen,
or -CF3; one ofR 7, R8, R9, R10 , Rn, and R12 is -H,
(Q-C 6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
OfR 13 , R14 , R15 , and R is -H, (Q-C 6)-alkyl,
-OR25, or halogen, and each remaining R group is
hydrogen.[0062] In a further embodiment, R5 is -H,
(d-C 6)-alkyl, -OR2 , halogen, or -CF3; two of R7, R8,
R , R1O, Rn, and R12 are each independently -H, (Ci-C
6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
OfR13, R14, R15 , and R16 is -H, (C C6)-alkyl, -OR25,
or halogen, and each remaining R group is hydrogen.
[0063] In a further embodiment, R5 is -H, (C1-C6)
lCyI, -OR25, halogen, or -CF3; three of R7, Rg, R9,
Rio, Rn, and R12 are each independently -H,
(Ci-C6)-alkyl, -OR2 , halogen, -CF3, -NO2 or -CN; one
OfR13 , R14, R15, and R16 is -H, (Ci-QO-alkyl, -OR25,
or halogen, and each remaining R group is hydrogen.
[0064] In one embodiment, R5 is -H, (C1-C6)-alkyl,
-OR25, halogen, or -CF3; R9 is -H, (C C6)-alkyl,
-OR25, halogen, -CF3, -NO2 or -CN; and two of R10, Rn
and R12 are each independently -H, (Ci-C 6)-alkyl,
-OR25, halogen, -CF , -NO2 or -CN. I another
embodiment, R5 is -H, (Q-C 6)-alkyl, -OR25, halogen,
or -CF3; R9 is -H, (C1-C6)- alkyl, -OR25, halogen,
-CF3, -NO or -CN; two of R1O, Rn, R12 a each
independently -H, (C1-C )-alkyl, -OR25, halogen, -CF3,
-NO2 or -CN; and each remaining R group is hydrogen.
In some embodiments, R5 is -OR25; R is halogen; two
OfR1O, R11, Ri2 are each independently -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; and
each remaining R group is hydrogen. In some
embodiments, R5 is -OCH3; R is halogen; two OfR1O, Rn,
R12 are each independently -H, (Ci-C6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; and each remaining R group
is hydrogen. [0065] In some embodiments, R5 is -H,
(Q-C^-alkyl, -OR25, halogen, or -CF3; R9 is -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; R10
and R12 are each independently -H, -OR25, halogen,
-CF3, -NO2 or -CN; and each remaining R group is
hydrogen. In some embodiments, R5 is -H,
(Ci-C6)-alkyl, -OR25, halogen, or -CF3; R9 is -H,
(Ci-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN;
R1Oand R11 are each independently -H, (Ci-C 6)-alkyl,
-OR25, halogen, -CF3, -NO2 or -CN; and each remaining
R group is hydrogen. In some embodiments, Rs is -H,
(d-QO-alkyl, -OR25, halogen, or -CF3; R9 is -H, (Cr
C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; Rn and
Ri2 are each independently -H, (Ci~C6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; and each remaining R group
is hydrogen. [0066] In some embodiments, R5 is - H or
-OR25, R is -H or halogen, R1O and R12 are each
independently, -H, halogen, or -CF3; and each
remaining R group is hydrogen.[0067] In one
embodiment, R4 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
or -CF3 and one OfR7, R8, R9, R10, R11 and R12 is -H,
(Cr C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN. In
another embodiment, R4 is -H, (Ci-C6)-alkyl, -OR25,
halogen, or -CF3; one of R7, R8, R9, R10, Rn, and R12
is -H, (C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or
-CN; and each remaining R group is hydrogen. In a
further embodiment, R4 is -H, (Ci-C )- alkyl, -OR25,
halogen, or -CF3; one of R7, R8, R9, Rio, Rn; R12 is
-H, (Cr C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN;
one OfR 13 , R14 , Ris, and R16 is -H, (Ci-C 6)-alkyl,
-OR25, or halogen, and each remaining R group is
hydrogen. [0068] In one embodiment, one of Ri3, R14,
R15 , and Ri6 is -H, (Ci-C 6)-alkyl, halogen, -CF3, or
-OR25. [0069] In one embodiment, Ri, R2, R3, R6, R7,
R8, R9, Ri0, Rn, Ri2, Ri3, Rw, Ris, and Ri6 are each
hydrogen. [0070] In one embodiment, Ri, R2, R3, R4,
R7, R9, Ri0, Rn, and R12 are each hydrogen. [0071] In
one embodiment, R1, R2, R3, R4, R7, R , Rio, Rn, and
Ri2 are each hydrogen. [0072] In one embodiment, Ri,
R2, R3, R4, R7, R8,R , Rn, and Ri2 are each hydrogen.
[0073] In one embodiment, Ri, R2, R3, R4, R7, R8, R9,
Rio, and Ri2 are each hydrogen. [0074] In one
embodiment, Ri, R2, R3, R4, R7, R , R9, Rio, and Rn
are each hydrogen. [0075] In one embodiment, Ri, R2,
R3, R4, R7, R8, and Rn are each hydrogen. [0076] In
one embodiment, Ri, R2, R3, R4, R7, R8,R9 and Rn are
each hydrogen. [0077] In one embodiment, Ri, R2, R3,
R4, R5, R6, R7, R8, R9, and Ri2 are each hydrogen.
[0078] In another embodiment, Ri3, Ri4, Ri5, and Ri6
are each hydrogen. [0079] In one embodiment, R3, R6,
R7, R8, R9, Rn , Ri3, Ri4, Ri5, and Ri6 are each
hydrogen. [0080] In one embodiment, Ri, R2, R3, R4,
R6, R7, R8, and Rn are each hydrogen.[0081] In one
embodiment, R1, R2, R3, R4, R6, R7, Rs, Rn, R13, Ru,
R15, and R16 are each hydrogen. [0082] In one
embodiment, R 1, R2, R , R4, R , R7, Rs, Rio, Rn, R12,
R13, Ru, R15, and R16 are each hydrogen. [0083] In one
embodiment, R 1, R2, R3, R4, R6, R7, Rs, R , Rio, R
and Ri2 are each hydrogen. [0084] In one embodiment,
R1, R2, R3, R4, R , R7, Rs, R9, Rio, Rn, R12 R13, Rw,
R15, and R16 are each hydrogen. [0085] In one
embodiment, R1 is -H, -CF3 or (C1-C6)-alkyl; R4 and R5
are each - H, halogen, -OR25, or -CF3; R7, R8, R9,
R10, Ri 1, and R12 are each -H, halogen, -alkyl,
-OR25, -CF 3, or -NO 2; and Ri6 is - H or -CH3. [0086]
In one embodiment, any one of Ri, R2, R3, R , R5, and
R is -H, (Ci-C 6)- alkyl, -OR2 , halogen or -CF3; and
any one of R7, R8, R , R1O, Rn, and R12 is -H, (QC
6)-alkyl, -OR25, halogen, or -CF 3, -NO 2, or -CN.
[0087] In one embodiment, any one of R1, R2, R , R ,
R5, and R6 is -H, (Q-C 6)- alkyl, -OR25, halogen,
-CF3, -NO , or -CN; and any two of R7, R8, R , Rio,
Rn, and Ri2 are each independently -H, (Q-C 6)~alkyl,
-OR 25, halogen, -CF3. [0088] In one embodiment, any
one of Ri, R2, R3, R4, R5, and R6 is -H, (Q-C 6)-
alkyl, -OR25, halogen, -CF , -NO 2, or -CN; and any
three of R7, Rg, R9, Rio, Rn, and Ri2 are each
independently -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF3. [0089] In one embodiment, any one of Ri, R , R3,
R4, R5, and R6 is -H, (Q-C 6)- alkyl, -OR 2 , halogen
or -CF3; and any one OfRi 3, Ri4, R1 , and Ri is -H,
(C1-C6)- alkyl, -OR25, halogen or -CF3. [0090] In one
embodiment, any one of R7, R , R , Rio, Rn, and Ri2 is
-H, C1-C6)- alkyl, -OR25, halogen, -CF3, -NO2, or -CN;
and any one of R13, Ri4, R15, and R16 is -H, (d-C
6)-alkyl, -OR 25, halogen, -CF 3. [0091] In one
embodiment, R4 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
or -CF 3 and any one of R13 , R14, R15, and R16 is -H,
(Q-C 6)-alkyl, -OR25, halogen or -CF ; and any one ofR
7, R8, R9, R10, Rn, and R 2 is -H, (Ci-C 6)-alkyl,
-OR25, halogen, or -CF 3, -NO 2, or -CN.[0092] In one
embodiment, R4 is -H, (d-C 6)-alkyl, -OR25, halogen,
or -CF3 and any one of R1 , R14 , R1 , and R1 is -H,
(Ci-C 6)-alkyl, -OR25, halogen or -CF3; and any two
OfR7, R8, R9, R10 , R11, and R12 are each
independently -H, (C1-C6)-alkyl, -OR25, halogen, or
-CF3, -NO2, or -CN; wherein the any two of R7, R8, R ,
R1O, Rn, and R12 can be either on the same ring of the
quinoline or on different rings. [0093] In one
embodiment, R5 is -H, (Ci-C 6)-alkyl, -OR2 , halogen,
or -CF3 and any one of R13, R14 , R1 , and R1 is -H,
(C1-C6)-alkyl, -OR2 , halogen or -CF3; and any one ofR
7, R8, R9, R10 , R11, and R12 is -H, (Ci-C 6)-alkyl,
-OR 25, halogen, or -CF3, -NO2, or -CN. In one
embodiment, R5 is -OR25; any one of R13 , R14, R15 ,
and R16 is - H, (Ci-C 6)-alkyl, -OR25, halogen or
-CF3; and any one of R7, R8, R9, R1 , R11, and R12 is
-H, (d-C 6)-alkyl, -OR25, halogen, or -CF3, -NO2, or
-CN. [0094] In one embodiment, R5 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3 and any one of
R1 , R14 , R15 , and R1 is -H, (C1-C6)-alkyl, -OR25,
halogen or -CF3; and any two of R7, R8, R9, R10, R11,
and R12 are each independently -H, (Ci-C 6)-alkyl,
-OR25, halogen, or -CF3, -NO2, or -CN; wherein the any
two of R7, R8, R9, R1 , R11, and R12 can be either on
the same ring of the quinoline or on different rings.
[0095] In one embodiment, R5 is -OR25; R9 is halogen;
any one of R13, R14 , R15 , and R1 is -H, (Q-C^-alkyl,
-OR 25, halogen or -CF 3; and any two of R7, R8, R1O,
R11, and R12 are each independently -OR 25, halogen,
or -CF3; wherein the any two of R7, R8, R9, R1O, R11,
and R1 can be either on the same ring of the quinoline
or on different rings. [0096] In one embodiment, R1 is
-H or (C1-C6)-alkyl; R2, R8, and R9 are each -H or
halogen; R4 is -H, halogen, -OR 25, or -CF3; R5 is -H,
halogen, or -OR25; and R3, R6, R7, R12, R13 , R14 ,
R15, R16 , Ra and Rb are each hydrogen. [0097] In one
embodiment, R1 is -H or -CH 3; R2, R8, and R9 are each
-H or F; R4 is -H, F, -OCH 3, or -CF3; R5 is -H, F, or
-OCH 3; and R3, R6, R7, R10, Rn, R12, R13, Ri4, Ri5,
R16, Ra and Rb are each hydrogen. [0098] In one
embodiment, R25 is (Ci-C 6)-haloalkyl. [0099] In
another embodiment, R25 is (CrC 6)-fluoroalkyl. [0100]
In one embodiment, R25 is (Ci-C 6)-alkyl. In one
embodiment, R25 is -CH 3.[0101] In one embodiment, the
compounds of Formula (I) are antagonists of the 5-
HT1A receptor. In another embodiment, the compounds of
Formula (I) are agonists of the 5-HT 1A receptor.
[0102] In another aspect, the invention provides
compounds of the Formula (T): I ' and pharmaceutically
acceptable salts thereof, wherein R1, R2, R3, R4, R5,
R , R7, Rs, R9, Rio, Rn, R12, R13, Ri4, R15, and R16,
are each independently -H, (Q-Ce^alkyl,
(C1-C6)-haloalkyl, (C2-C6)-alkenyl, or (C2-
C6)-alkynyl, halogen, -CF3, -NO2, -CN, -OR 25, -OSO
2R25 , -SR 25, -SO2R25, - SO2N(R 25)2, -N(R25)2,
-C(O), -COR 25, -CO2R25, -NR25CO 2R25, -NR25COR25, -
NR25CON(R 25)2, or -CON(R 25)2; Ra and Rb are each
independently -H or -CH 3; R2 is -H; or linear or
branched (Ci-C 6)-alkyl, (Ci-C 6)-haloalkyl, (C2-C )-
alkenyl, or (C2-C6)-alkynyl; and n is 0, 1, or 2.
[0103] In one embodiment, R1 is -H, (Ci-C 6)-alkyl,
-OR 25, halogen, or -CF 3. In another embodiment, R1
is -H, (C1-C6)-alkyl, -OR 25, halogen, or -CF3 and one
of R13, R14, R15 , and R16 is -H, (C1-C6)-alkyl, -OR
5, or halogen. In a further embodiment, R1 is -H,
(Ci-C 6)-alkyl, -OR 25, halogen, or -CF3; one OfRi 3,
R 14, R15 , and R16 is -H, (C1- C6)-alkyl, -OR25, or
halogen, and R7, R8, R9, R10 , R11, and Ri2 are each
hydrogen. In yet another embodiment, R1 is -H, (Ci-C
6)-alkyl, -OR25, halogen, or -CF3; one OfR 13 , R14 ,
R15, and R16 is -H, (d-C 6)-alkyl, -OR25, or halogen,
and R2, R3, R4,R5, R6, R7, Rs, R9, R1O, R11, and R1
are each hydrogen. In one embodiment, R1 is -H,
(C1-C6)-alkyl, -OR 25, halogen or -CF3 and R2, R3,
R4,R5, R6, R7, R8, R9, Rio, Rn, R12, R13, Ri4, R15,
and Ri6 are each hydrogen. [0104] In one embodiment,
R4 is -H, (Ci~C6)-alkyl, -OR 5, halogen, or -CF 3. Ih
another embodiment, R4 is -H, (Ci-C 6)-alkyl, -OR 25,
halogen, or -CF3 and one of Ri3,R1 , Ri5, and R1 is
-H, (Ci-C6)-alkyl, -OR25, or halogen. In a further
embodiment, R4 is -H, (Ci-C 6)-alkyl, -OR 25, halogen,
or -CF3; one OfR 13 , R14, R15, and R16 is -H, (C 1-
C6)-alkyl, -OR25, or halogen, and R7, R8, R9, Rio, Rn,
and R1 are each hydrogen. In yet another embodiment,
R4 is -H, (Q-C^-alkyl, -OR25, halogen, or -CF3; one of
R 13, Ri4, Ri5, and Ri6 is -H, (Ci-C 6)~alkyl, -OR25,
or halogen, and R1, R , R3, R5, Re, R7, Rs, R9, R1O,
Rp, and R12 are each hydrogen. In one embodiment, R4
is -H, (C1-C ) - alkyl, -OR25, halogen or -CF and R1,
R2, R3, R5, R6, R7, R8, R9 Rio, Rn, R12, R13, , Ri5,
and Ri are each hydrogen. [0105] In one embodiment, R5
is -H, (Ci-C 6)~alkyl, -OR25, halogen, or -CF 3. In
another embodiment, R5 is -H, (Q-C^-alkyl, -OR 5,
halogen, or -CF3 and one of R13, Ri4, Ri5 and Ri6 is
-H, (Ci-C 6)-alkyl, -OR25, or halogen. Ih a further
embodiment, R5 is -H, (Ci-C 6)-alkyl, -OR 25, or
halogen, one of R13, Ru, R15, and Ri6 is -H, (C1-C6)
alkyl, -ORr,, halogen or -CF3, and R7, R8, R9, Rio,
Rn, and Ri2 are each hydrogen. In yet another
embodiment, R5 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
or -CF3; one of R 13, Ri4, Ri5, and Ri is -H, (Ci-C
6)-alkyl, -OR25, or halogen; and R1, R2, R3, R4, R ,
R7, Rg, R , R1O, Rn, and R12 are each hydrogen. In one
embodiment, R5 is -H, (Ci-C 6)- alkyl, -OR 25, halogen
or -CF3 and R1, R2 R3, R4, R6, R7, R8, R9, R10, Rn,
R12, R13, Ri4, R15 , and R16 are each hydrogen. In a
further embodiment, one of Ri3, Ri4, R15 , and Ri6 is
-H, (C1-C6)-alkyl, halogen, -CF3, or -OR 25; R5 is -H,
(CrC 6)-alkyl, -OR 25, halogen, or -CF ; and each
remaining R group is hydrogen. [0106] In one
embodiment, R is -H, (Q-C^-alkyl, -OR25, halogen or
-CF 3; R1, R2, R3, R4, R6, R7, R8, R , Rio, Rn, R12,
R13, Ri4, R15, and R 6 are each hydrogen; and n is 1.
In one embodiment, R5 is - H or -OR25; Ri, R2, R3, R4,
Re, R7, Rs, R9, Rio, Rn, R12, Ri3, Ri4, Ri5, and R16
are each hydrogen; and n is 1. In one embodiment, R5
is -H, (d-C 6)-alkyl, -OR25, halogen or -CF 3; R 1,
R2, R3, R4, R , R7, Rs, R9, Rio, Rci, R12, R13, Ri4, R
15, and Ri6 are each hydrogen; and n is 2. In one
embodiment, R5 is - H or -OR 25; R1, R2, R3, R4, R6,
R7, R8, R9, R10, Rn, Ri2, Ri3, Ri4, Ri5, and R16 are
each hydrogen; and n is 2, [0107] In one embodiment,
R8 is -H, (Ci-C 6)-alkyl, -OR25, halogen, -CF 3, -NO 2
or -CN. In another embodiment, R8 is -H, (d-C
6)-alkyl, -OR25, halogen, -CF 3, -NO 2 or -CN; one OfR
1, R2, R3, R4 R5 and R6 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, or -CF 3; Ra and Rb are each independently -H
or -CH 3; and each remaining R group is hydrogen. In a
further embodiment, R8 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, -CF3, -NO 2 or -CN;one of R1, R2, R3, R4,R5
and R6 is -H, (Ci-C6>alkyl, -OR25, halogen, or -CF3;
one of Ri3, RH, Ri5, and R1 is -H, (Ci-C 6)-alkyl,
-OR25, or halogen, and each remaining R group is
hydrogen. In one embodiment, R8 is -H, (Ci-C 6)-alkyl,
-OR25, halogen, -CF3, -NO2 or -CN and one of R4 or R5
is -H, (Ci-C6)-alkyl, -OR25, halogen, or -CF3, and
each remaining R group is hydrogen. In one embodiment
R8 is -H, (Ci-C 6)-alkyl, -OR25, halogen, -CF3, -NO2
or -CN; and all other R groups are each hydrogen. In
one embodiment, R8 is -H, (Ci-C6)-alkyl, -OR25,
halogen, -CF3 -NO or -CN; one OfR 1 , R14 R 5, and R1
is -H, (C1-C6)-alkyl, -OR25, or halogen, and each
remaining R group is hydrogen. [0108] In one
embodiment, R9 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN. In another embodiment, R9 is -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
of Ri, R2, R3, R4, R5 and R is -H, (Cr C6)-alkyl,
-OR25, halogen, or -CF3; and Ra and Rb are each
independently -H or -CH3; and each remaining R group
is hydrogen. In a further embodiment, R9 is -H, (Ci-C
6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one of
Ri, R2, R3, R4, R5 and R6 is -H, (C C6)-alkyl, -OR25,
halogen, or -CF3; one OfRi 3, R 4, R15, and Ri is -H,
(Ci-C 6)-alkyl, -OR25, or halogen, and each remaining
R group is hydrogen. In one embodiment, R is -H,
(Ci-Q)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN and
one of R4 or R5 is -H, (Cr C6)-alkyl, -OR25, halogen,
or -CF3, and each remaining R group is hydrogen. In
one embodiment R is -H, (Ci-C 6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; and all other R groups are
each hydrogen. In one embodiment, R9 is -H, (Ci-C
6)-alkyl, -OR , halogen, -CF3, -NO2 or -CN; one OfRi
3, Ri4, R1 , and Ri is -H, (C1-C6)-alkyl, -OR25, or
halogen, and each remaining R group is hydrogen.
[0109] In one embodiment, R7 is -H, (Ci-C 6)-alkyl,
-OR25, halogen, -CF3, -NO2 or -CN. In one embodiment,
R7 is -H, (Ci-Cg)-alkyl or halogen. In one embodiment,
R is -H, (Ci-C 6)-alkyl, -OR25, halogen, -CF3, -NO2 or
-CN; one of Ri, R2, R3, R4,R5 and R6 is -H,
(Ci-Ce)-alkyl, -OR25, halogen, or -CF ; and Ra and Rb
are each independently -H or -CH3; and each remaining
R group is hydrogen. In one embodiment, R7 is -H,
(Ci-C 6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
of Ri, R2, R3, R4, R5 and R6 is -H, (Ci-C 6)-alkyl,
-OR2 , halogen, or -CF3; and each remaining R group is
hydrogen. [0110] In one embodiment, R10 is -H, (Cr
C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN. In one
embodiment, Rio is -H, (Ci-Q)-alkyl, -OR25, halogen,
or -CF3. In one embodiment, Rio is -H, -CH3, -OCH 3,
-F or -CF3. In one embodiment, Rio is -H, (QC6)-alkyl,
-OR25, halogen, -CF3, -NO2 or -CN; one of R1, R2, R3,
R4,R5 and R is -H, (Q-C 6)-alkyl, -OR25, halogen, or
-CF3; R and R are each independently -H or -CH3; and
each remaining R group is hydrogen. In one embodiment,
R10 is -H, (Ci-C )- alkyl, -OR25, halogen, -CF3, -NO2
or -CN; one of R1, R2, R3, R4 R5 and R6 is -H,
(Ci-C6)-alkyl, -OR 5, halogen, or -CF ; and each
remaining R group is hydrogen. [0111] In one
embodiment, Rn is -H, (C -C6)-alkyl, -OR25, halogen,
-CF3 -NO2 or -CN. In one embodiment, R11 is -H,
(Ci-C6>alkyl, halogen, or -CF3. In one embodiment, R11
is -H, -CH3, -F or -CF3. In one embodiment, R is -H,
(Q-C 6)- alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
of Ri, R2, R3, R4, R5 and R6 is -H, (C1-C6)-alkyl,
-OR25, halogen, or -CF ; Ra and Rb are each
independently -H or -CH3; and each remaining R group
is hydrogen. In one embodiment, Rn is -H, (Q-C )-
alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one of R ,
R2, R3, R4,R5 and R6 is -H, (Ci-C6)-alkyl, -OR25,
halogen, or -CF3; and each remaining R group is
hydrogen. [0112] In one embodiment, R12 is -H,
(Ci-C6)-alkyl, -OR2 , halogen, -CF3, -NO2 or -CN. In
one embodiment, R12 is -H, (Ci-C6)-alkyl, halogen, or
-CF3. In one embodiment, Ri2 is -H, -CH3, -F or -CF3.
In one embodiment, Ri2 is -H, (Q-C 6)- alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; one of Ri, R2, R3, R4, R5
and R6 is -H, (Ci-C6)-alkyl, -OR25, halogen, or -CF ;
and Ra and Rb are each independently -H or -CH3; and
each remaining R group is hydrogen. In one embodiment,
Ri2 is -H, (QC6)- alkyl, -OR25, halogen, -CF3, -NO2 or
-CN; one of Ri, R2, R3, R4,R5 and R6 is -H,
(Ci-C6)-alkyl, -OR25, halogen, or -CF3; and each
remaining R group is hydrogen. [0113] In one
embodiment, R5 is -H, (Q-Ce)-alkyl, -OR25, halogen, or
-CF3 and one ofR 7, R8, R9, Ri0, Rn and Ri2 is -H,
(Q-C 6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN. In
another embodiment, R5 is -H, (Ci-C6)-alkyl, -OR25,
halogen, or -CF3 and one ofR 7, R8, R9, Ri0, Rn, R12is
-H, (Cr C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN;
and each remaining R group is hydrogen. In some
embodiments, R is -H, (QC6)- alkyl, -OR25, halogen, or
-CF3 and R9 is (Q-C 6)-alkyl, -OR25, halogen, -CF3,
-NO2 or -CN; and each remaining R group is hydrogen.
[0114] In a further embodiment, R5 is -H, (Q-C
6)-alkyl, -OR25, halogen, or -CF3; one of R7, R8, R9,
Ri0, Rn , and Ri2 is -H, (Q-Ce)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; one OfRi3, R , R15 , and Ri6 is -H,
(Q-C 6)-alkyl, -OR25, or halogen, and each remaining R
group is hydrogen.[0115] In a further embodiment, R5
is -H, (Cr C6)-alkyl, -OR25, halogen, or -CF3; two of
R7, Rs, R9, R1O, Rn, and R 2 are each independently
-H, (Ci-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN;
one of R , R , R15, and Ri is -H, (Ci-C6)-alkyl,
~OR2s, or halogen, and each remaining R group is
hydrogen. [0116] In a further embodiment, R5 is -H,
(Ci-C 6)-alkyl, -OR25, halogen, or -CF 3; three of R7,
R , R9, R1O, Rn, and R1 are each independently -H,
(Ci-C 6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
of R13, R14 , Ri5, and R16 is -H, (Ci-C 6)-aikyl,
-OR25, or halogen, and each remaining R group is
hydrogen. [0117] In one embodiment, R5 is -H, (d-C
6)-alkyl, -OR25, halogen, or -CF3; R9 is -H, (Ci-C
6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; and two
OfR10, Rn and R12 are each independently -H, (Ci-C
6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN. In
another embodiment, R5 is -H, (Cr C6)-alkyl, -OR2 ,
halogen, or -CF3; R9 is -H, (Ci-C 6)-alkyl, -OR 5,
halogen, -CF3, -NO or -CN; two of R1 , R11, R1 are
each independently H, (Q-C fO-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; and each remaining R group is
hydrogen. In some embodiments, R5 is - H or -OR25; Rg
is - H or halogen; two of Rio, Ri1, R1 are each
independently -H, (C1-C6)-alkyl, -OR25, halogen, -CF3,
-NO2 or -CN; and each remaining R group is hydrogen.
In some embodiments, R is -H, or -OCH ; R9 is - H or
halogen; two of R1O, Rn, R12 are each independently
-H, (Ci-C6>alkyl, -OR25, halogen, -CF , -NO or -CN;
and each remaining R group is hydrogen. In some
embodiments, R5 is -H, (Ci-C 6)-alkyl, -OR 5, halogen,
or -CF3; R9 is -H, (Cr C6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; Rio and R 12 are each independently
-H, (CrC 6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN;
and each remaining R group is hydrogen. In some
embodiments, R5 is -H, (Ci-C 6)-alkyl, -OR , halogen,
or -CF3; R9 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; Ri0 and Rn are each independently
-H, (Q-QO-alkyl, -OR25, halogen, -CF3, -NO2 or -CN;
and each remaining R group is hydrogen. In some
embodiments, R5 is -H, (Ci-Q)-alkyl, -OR25, halogen,
or -CF3; R9 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; Rn and R 2 are each independently
-H, (Ci-C )-alkyl, -OR25, halogen, -CF3, -NO2 or -CN;
and each remaining R group is hydrogen. [0118] In some
embodiments, R5 is - H or -OR2 ; R9 is - H or halogen;
and each remaining R group is hydrogen. In some
embodiments, R5 is - H or -OR25, R9 is - H or halogen;
Rio and Ri2 are each independently -H, halogen, or
-CF3; and each remaining R group is hydrogen.[0119] In
one embodiment, R4 is -H, (Q-C 6)-alkyl, -OR 25,
halogen, or -CF3 and one of R7, R8, R9, R10 , R11 and
R12 is -H, (C1-C6)-alkyl, -OR25, halogen, -CF3, -NO 2
or -CN. In another embodiment, R4 is -H,
(C1-C6)-alkyl, -OR2 , halogen, or -CF3; one of R7, R8,
R9, R10 , R11, and R12 is -H, (Cr C6)-alkyl, -OR 25,
halogen, -CF3, -NO2 or -CN; and each remaining R group
is hydrogen. In a further embodiment, R4 is -H,
(C1-C6)- alkyl, -OR 25, halogen, or -CF3; one of R7,
R8, R9, R10 , R ; R12 is -H, (CrC^-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; one OfR 13 , R14, R15 ,
and R16 is -H, (C1-C6)-alkyl, -OR25, or halogen, and
each remaining R group is hydrogen. [0120] In one
embodiment, one of R13 , R14, R15 , and R16 is -H,
(C1-C6)-alkyl, halogen, -CF3, or -OR 25. 



[0121] In one embodiment, R1, R2, R , Re, R7, Rs, R9,
Rio, Rn, R12, R13, R14, Ri5, and R16 are each
hydrogen. [0122] In one embodiment, R1, R2, R3, R4,
R7, R , R1O, R11, and R12 are each hydrogen. [0123] In
one embodiment, R1, R2, R3, R4, R7, R8 R1O, Rn, and
R12 are each hydrogen. [0124] In one embodiment, R1,
R2, R3, R4, R7, R8, R9, R11, and R12 are each
hydrogen. [0125] In one embodiment, R1, R , R3, R4,
R7, R8, R9, R1O, and R12 are each hydrogen. [0126] In
one embodiment, R1, R2, R3, R4, R7, R8,R9,R1O, and R11
are each hydrogen. [0127] In one embodiment, R1, R2,
R3, R4, R7, R8, and R11 are each hydrogen. [0128] In
one embodiment, R1, R2, R , R , R7, R8, R9 and R11 are
each hydrogen. [0129] In one embodiment, R1, R , R3, R
, R5, R6, R7, R8, R9, and R12 are each hydrogen.
[0130] In another embodiment, R13 , R14, R15, and R16
are each hydrogen. [0131] In one embodiment, R3, R6,
R7, R8, R9, R12, R13 , R14 , R15 , and R16 are each
hydrogen.[0132] In one embodiment, R1, R2, R3, R4, Rd,
R7, R R9, Rn, R13, R14, R15, and R16 are each
hydrogen. [0133] In one embodiment, R1, R2, R3, R4,
R6, R7, R8, R9, R1O, Rn, R12, R13 , Ri4, R1 , and R16
are each hydrogen. [0134] In one embodiment, R1, R2,
R3, R4, R6, R7, R8, R1O, Rn, R12, R13, Rw, R15, and R
16 are each hydrogen. [0135] In one embodiment, any
one of R1, R2, R3, R4, R5, and R6 is -H, (C1-C6)-
alkyl, -OR 25, halogen or -CF3; and any one of R7, R8,
R9, R10 , R11, and R12 is -H, (C1- C6)-alkyl, -OR 25,
halogen, or -CF 3, -NO 2, or -CN. [0136] In one
embodiment, any one of R1, R2, R3, R4, R5, and R6 is
-H, (C1-C6)- alkyl, -OR 25, halogen, -CF3, -NO2, or
-CN; and any two of R7, R8, R9, R10, R11 , and R12 are
~ach independently -H, (C1-C6)-alkyl, -OR25, halogen,
-CF3. [0137] In one embodiment, any one of R1, R2, R3,
R4, R5, and R6 is -H, (C1-C6)- alkyl, -OR 2 , halogen,
-CF , -NO2, or -CN; and any three of R7, R8, R9, R10,
Rn, and R12 axe each independently -H, (C1-C6)-alkyl,
-OR25, halogen, -CF3. [0138] In one embodiment, any
one of R1, R2, R3, R4, R , and R6 is -H, (C1-C6)-
alkyl, -OR 25, halogen or -CF3; and any one OfR 13 ,
R14 , R15 , and R16 is -H, (C1-C6)- alkyl, -OR 25,
halogen or -CF3. [0139] In one embodiment, any one of
R7, R8, R9, R1O, R11, and R12 is -H, (C1-C6)- alkyl,
-OR 2 , halogen, -CF3, -NO2, or -CN; and any one of
R13 , R14, R15 , and R16 is -H, (C1-C 6)-alkyl, -OR
25, halogen, -CF 3. [014O] In one embodiment, R4 is
-H, (Q-C^-alkyl, -OR25, halogen, or -CF3 and any one
of R13 , R14, R15 , and R16 is -H, (Ci-C 6)-alkyl, -OR
2 , halogen or -CF3; and any one of R7, R8, R9, R10,
R11, and R12 is -H, (Ci-C 6)-alkyl, -OR 25, halogen,
or -CF3, -NO2 , or -CN. [0141] In one embodiment, R4
is -H, (C1-C6)-alkyl, -OR 25, halogen, or -CF3 and any
one OfR 13 , R14 , R15 , and R16 is -H, (C1-C6)-alkyl,
-OR 25, halogen or -CF3; and any two OfR 7, R8, R9,
R10, R11, and R12 are each independently -H,
(Q-C^-alkyl, -OR 25, halogen, or -CF 3, -NO2, or -CN;
wherein the any two of R7, R8, R9, R1O, Rn, and R12
can be either on the same ring of the quinoline or on
different rings.[0142] In one embodiment, R5 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF 3 and any one
OfR 13 , R14 , R1 , and R1 is -H, (C1-C6)-alkyl,
-OR25, halogen or -CF ; and any one of R7, R8, R9,
Ri0, R11, and R12 is -H, (Q-C^-alkyl, -OR25, halogen,
or -CF3, -NO2, or -CN. [0143] In one embodiment, R5 is
-H, (C1-C6)-alkyl, -OR 25, halogen, or -CF 3 and any
one of R13 , R14 , R1 , and R16 is -H, (C1-C6)-alkyl,
-OR25, halogen or -CF ; and any two ofR 7, R8, R9,
R1O, R11, and R12 are each independently -H, (CrC
6)-alkyl, -OR 2 , halogen, or -CF3, -NO , or -CN;
wherein the any two of R7, R8, R9, R1O, Rn, and R12
can be either on the same ring of the quinoline or on
different rings. [0144] In one embodiment, R1 is -H or
(CrC 6)-alkyl; R2, R8, and R are each -H or halogen;
R4 is -H, halogen, -OR 2 , or -CF3; R5 is -H, halogen,
or -OR25; and R3, R6, R7, R12, R1 , R14 , R15 , R16,
Ra and Rb are each hydrogen. [0145] In one embodiment,
R1 is -H or -CH 3; R2, R8, and R9 are each -H or F ;
R4 is -H, F, -OCH3, or -CF3; R5 is -H, F, -OCH 3; and
R3, R6, R7, R10, R11, R12, R13 , R14, Ri5, R16, Ra and
Rb are each hydrogen. [0146] In one embodiment, R1 is
-H, -CF3 or (Ci-C 6)-alkyl; R4 and R5 are each - H,
halogen, -OR25, or -CF3; R7, R , R9, R1O, R11, and R12
are each -H, halogen, -alkyl, -OR25, -CF3, or -NO2;
R16 is - H or -CH 3. [0147] In one embodiment, R25 is
(C1-C6)-haloalkyl. [0148] In another embodiment, R25
is (C1-C6)-fluoroalkyl. [0149] In one embodiment, R25
is (Ci-C 6)-alkyl. In one embodiment, R25 is -CH 3.
[0150] In one embodiment, the compounds of Formula (I)
are antagonists of the 5- HT1Areceptor. In another
embodiment, the compounds of Formula (I) are agonists
of the 5-HT 1A receptor. [0151] In another aspect, the
invention provides compounds of the Formula (I"):and
pharmaceutically acceptable salts thereof , wherein
R1, R2, R3, R4, R5, Re, R7, Rr, Rs, R9, Rio, Rn, R12,
Ri3, R , Ri5, and Ri6, are each independently -H,
(Ci-C 6)-alkyl, (Ci-C 6 )-haloalkyl, (C2-C6)-alkenyl,
or (C2-C6)-alkynyl, halogen, -CF3, -NO2, -CN, -OR25,
-OSO 2R25, SR25, -SO2R25, - SO2N(R25)2 -N(R25)2,
-C(O), -COR25, -CO2R25, -NR 25CO2R25, -NR25COR25, - NR
5CON(R2S)2, or -CON(R 2 )2 except for the R groups
through which the piperidine is connected; Ra and Rb
are each independently -H or -CH3 and R25 is -H; or
linear or branched (CrC 6)-alkyl, (C1-C6)-haloalkyl,
(C2-C6)- alkenyl, or (C2-C )-alkynyl; and where the
piperidine group can be attached to the non-hetero
atom containing ring of the quinoline through
positions R7, R7 , R8, or R9. [0152] In one
embodiment, R4 is -H, (Q-C 6)-alkyl, -OR25, halogen,
or -CF3. In another embodiment, R4 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3 and one OfR 1 ,
R14 , R15, and Ri is -H, (Ci-C 6)-alkyl, -OR25, or
halogen. In a further embodiment, R4 is -H, (Ci-C
6)-alkyl, -OR25, halogen, or -CF3; one of R 1 , R1 ,
R15, and R1 is -H, (C1- Ce)-alkyl, -OR25, or halogen
or -CF3; the piperidine i s connected through one of
R7, R7 , Rg, or R9; and the remainder of the R groups
of the quinoline attached to the piperidine are each
hydrogen. In yet another embodiment, R4 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3; one of R 3,
R14, Ri5, and Rie is -H, -OR2 , or halogen; the
piperidine is connected through R7 ; and each
remaining R group is hydrogen. In yet another
embodiment, R4 is -H, (Ci-C <5 )-alkyl, -OR25,
halogen, or -CF3; one of R 3, Ri4, Ri5, and Ri6 is -H,
(Cr C6)-alkyl, -OR25, or halogen; the piperidine is
connected through R7; and each remaining R group is
hydrogen. In yet another embodiment, R4 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3; one of Ri3,
R14 ,R1S, and R16 is -H, (Q-C^-alkyl, -OR2 , or
halogen; the piperidine is connected through R8; and
each remaining R group is hydrogen. In yet another
embodiment, R4 is -H, (Q-C 6)-alkyl, -OR25, halogen,
or -CF3; one of R13 , Ri4, Ri5, and Ri6 is -H, (C1-
C6)-alkyl, -OR25, or halogen; the piperidine is
connected through R9; and each remaining R group is
hydrogen. In one embodiment, R4 is -H, (Q-C^-alkyl,
-OR25, halogen or -CF3, the piperidine is connected
through R7 , and each remaining R group is hydrogen.
In one embodiment, R4 is -H, (CrC 6)-alkyl, -OR2 ,
halogen or -CF3 thr piperidine is connected through
R7, and each remaining R group is hydrogen. In one
embodiment, R4 is -H, (Ci-C6)-alkyl, -OR2 , halogen or
-CF3, the piperidine is connected through R , and each
remaining R group is hydrogen. In one embodiment, R4
is -H, (Ci-C6)-alkyl, -OR25, halogen or -CF3 the
piperidine is connected through R9, and each remaining
R group is hydrogen. [0153] In one embodiment, R is
-H, (Ci-C6)-alkyl, -OR 5, halogen, or -CF3. In another
embodiment, R5 is -H, (C1-C6)-alkyl, -OR 5, halogen,
or -CF3 and one of R1 , Ri4, Ri5 and Ri is -H,
(C1-C6)-alkyl, -OR25, or halogen. In a further
embodiment, R5 is -H, (Ci-C6)-alkyl, -OR25, halogen,
or -CF3; one of R13, Ri4, Ri5, and Ri6 is -H, (C1- C
)-alkyl, -OR25, or halogen; the piperidine is
connected through one of R7, R7 , R , or R9; and the
remainder of the R groups of the quinoline attached to
the piperidine are each hydrogen. In yet another
embodiment, R5 is -H, (Ci-C6)-alkyl, -OR 2 , halogen,
or -CF3; one of Ri3, Ri4, R15, and Ri6 is -H,
(Ci-C6)-alkyl, -OR25, or halogen; the piperidine is
connected through R7 ; and each remaining R group is
hydrogen. In yet another embodiment, R5 is -H,
(Ci-C6)-alkyl, -OR25, halogen, or -CF3 ; one OfRi3,
Ri4, Ri5, and Ri6 is -H, (Ci-C6)-alkyl, -OR25, or
halogen; the piperidine is connected through R7; and
each remaining R group is hydrogen. In yet another
embodiment, R is -H, (Ci-C6)-alkyl, -OR 5, halogen, or
-CF3; one of Ri3, Ri4, Ri5, and Ri6 is -H, (C1-
C6)-alkyl, -OR 5, or halogen; the piperidine is
connected through R ; and each remaining R group is
hydrogen. In yet another embodiment, R5 is -H, (Ci-C
6)-alkyl, -OR25, halogen, or -CF3; one of R 3, R 4,
R15 , and R16 is -H, (Ci-C6)-alkyl, -OR25, or halogen;
the piperidine is connected through R9; and each
remaining R group is hydrogen. In one embodiment, R5
is -H, (Ci-C6)-alkyl, -OR25, halogen or -CF3, the
piperidine is connected through R7 , and each
remaining R group is hydrogen. In one embodiment, R5
is -H, (C1-C6)-alkyl, -OR25, halogen or -CF3, the
piperidine is connected through R7, and each remaining
R group is hydrogen. In one embodiment,R5 is -H,
(Q-C^-alkyl, -OR25, halogen or -CF3, the piperidine is
connected through R8, and each remaining R group is
hydrogen. In one embodiment, R5 is -H, (C1-C6)- alkyl,
-OR2s, halogen or -CF3, the piperidine is connected
through Rg, and each remaining R group is hydrogen. In
a further embodiment, one of R13 , R14 , R15, and R16
is -H, (Ci-QO-alkyl, halogen, -CF3, or -OR25; R5 is
-H, (Ci-C6)-alkyl, -OR25, halogen, or -CF3; and each
remaining R group is hydrogen. [0154] In one
embodiment, R5 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
or -CF3 and one OfR7, R7 , R8, R9, R10 , Rn and R12 is
-H, (Ci-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN
except for the R group through which the piperidine is
connected. In another embodiment, R5 is -H,
(C1-C6)-alkyl, -OR 5, halogen, or -CF3 and one of R7,
R7 , R8, R9, R10 , Rn, or R12 is -H, (Ci-QO-alkyl,
-OR25, halogen, -CF3, -NO2 or -CN except for the R
group through which the piperidine is connected; and
each remaining R group is hydrogen except for the R
group through which the piperidine is connected. In
some embodiments, R5 is - H or -OR25 and R is -H, (CrC
6)-alkyl, -OR 5, halogen, -CF3, -NO2 or -CN; and each
remaining R group is hydrogen except for the R group
through which the piperidine is connected. In some
embodiments, R5 is -H, (Ci-C6)-alkyl, -OR2 , halogen,
or -CF3, R is - H or halogen and each remaining R
group is -H or hydrogen except for the R group through
which the piperidine is connected. [0155] In a further
embodiment, R5 is -H, (C1-C6)-alkyl, -OR 5, halogen,
or -CF3; one OfR7, R7., R8, R9, R10, Rn ; R12 is -H,
(Ci-QO-alkyl, -OR25, halogen, -CF3, -NO2 or -CN except
for the R group through which the piperidine is
connected; one of R13 , Ri4, R 15, and R1 is -H,
(C1-C6)-alkyl, -OR25, or halogen, and each remaining R
group is hydrogen except for the R group through which
the piperidine is connected. [0156] In a further
embodiment, R5 is -H, (Ci~C6)-alkyl, -OR25, halogen,
or -CF3; and R7 is -H, (C1-C6)-alkyl, -OR 5, halogen,
-CF3, -NO2 or -CN, and each remaining R group is
hydrogen except for the R group through which the
piperidine is connected. In one embodiment, the
piperidine is connected through R7; R5 is -H, (C1-
C6)-alkyl, -OR25, halogen, or -CF3; and R7' is -H,
(Q-C O-alkyl, -OR25, halogen, -CF3, -NO2 or -CN. In
one embodiment, the piperidine is connected through
R7; R5 is - H or -OR25; and R7' is -H or
halogen.[0157] In one embodiment, R5 is -H,
(Q-C^-alkyl, -OR25, halogen, or -CF 3; two ofR 7, R7-,
R8, R , R1O, Rn; R12 are each independently -H,
(Q-C^-alkyl, -OR25, halogen, -CF3, -NO 2 or -CN except
for the R group through which the piperidine is
connected; and each remaining R group is hydrogen
except for the R group through which the piperidine is
connected. [0158] In one embodiment, R5 is -H, -OR ,
halogen, or -CF ; two ofR 7, R7., R8 R9, R10, Rn; R1
are each independently -H, (CrC 6)-alkyl, -OR2 ,
halogen, -CF , -NO 2 or -CN except for the R group
through which the piperidine is connected; one of R13,
R14, R1S, and R is -H, (Ci-C J-alkyl, -OR 25, or
halogen, and each remaining R group is hydrogen except
for the R group through which the piperidine is
connected. [0159] In one embodiment, R5 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF ; three ofR 7,
R7-, R8, R9, R10, Rn; R12 are each independently -H,
(Q-C 6)-alkyl, -OR25, halogen, -CF3, -NO or -CN except
for the R group through which the piperidine is
connected; one of R13 , R14 , R15, and R1 is -H,
(CrCe)-alkyl, -OR 25, or halogen, and each remaining R
group is hydrogen except for the R group through which
the piperidine is connected. [0160] In one embodiment,
R5 is -H, (CrC 6)-alkyl, -OR25, halogen, or -CF 3; R
is -H, (C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or
-CN; and two of R10, R11 and R12 are each
independently -H, (Ci-C 6>alkyl, -OR2 , halogen, -CF3,
-NO2 or -CN. In another embodiment, R5 is -H, (CrC
6)-alkyl, -OR25, halogen, or -CF ; R9 is -H, (C!
C6)-alkyl, -OR25, halogen, -CF 3, -NO2 or -CN; two of
R1O, Rn, R12 r each independently -H, (Ci-C 6)-alkyl,
-OR25, halogen, -CF3, -NO2 or -CN; and each remaining
R group is hydrogen except for the R group through
which the piperidine is connected. In some
embodiments, R5 is - H or -OR2 ; R9 is - H or halogen;
two of R10, Rn R12 are each independently -H,
(C1-C6)-alkyl, -OR2 , halogen, -CF3, -NO2 or -CN; and
each remaining R group is hydrogen except for the R
group through which the piperidine is connected. In
some embodiments, R is - H or -OCH 3; R9 is - H or
halogen; two of Rio, Rn, R12 are each independently
-H, (Ci-C^-alkyl, -OR2 , halogen, -CF 3, -NO2 or -CN;
and each remaining R group is hydrogen except for the
R group through which the piperidine is
connected.[0161] In some embodiments, R5 is -H,
-(C1-Ce)-EIlCyI, -OR25, halogen, or -CF3; R9 is -H,
(C!-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; R7 ,
R10 and R12 are each independently -H, (C1-C6)-alkyl,
-OR2 , halogen, -CF , -NO2 or -CN; and each remaining
R group is hydrogen except for the R group through
which the piperidine is connected. In some
embodiments, R5 is -H, -(C 1-C6)-alkyl, -OR25,
halogen, or -CF ; R9 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; R10 and R11 are each
independently -H, (Q-C^-alkyl, OR2 , halogen, -CF3,
-NO2 or -CN; and each remaining R group is hydrogen
except for the R group through which the piperidine is
connected. In some embodiments, In some embodiments, R
is -H, -(C 1-C6)-alkyl, -OR 25, halogen, or -CF3; R9
is -H, (C1-C6)-alkyl, -OR25, halogen, -CF3, -NO 2 or
-CN; R11 and R12 are each independently -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO 2 or -CN; and
each remaining R group is hydrogen except for the R
group through which the piperidine is connected.
[0162] In one embodiment, R4 is -H, (CrC 6)-alkyl,
-OR25, halogen, or -CF 3 and one OfR 7., R7, R8, R9,
R10, Rn and R12 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF 3, -NO 2 or -CN. In another embodiment, R4 is -H,
(Ci-C 6)-alkyl, -OR 2 , halogen, or -CF 3; one of R7',
R7, R8, R9, R10, Rn, and R12 is -H, (Ci-C 6)-alkyl,
-OR2 , halogen, -CF3, -NO2 or -CN; and each remaining
R group is hydrogen except for the R group through
which the piperidine is connected. In a further
embodiment, R4 is -H, (C1- C6)-alkyl, -OR25, halogen,
or -CF3; one OfR7' , R7, R8, R9, R10 , R11, R12 is -H,
(C C6)- alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
OfR 13 , R14 , R15 , and R 6 is -H, (C1-C6)- alkyl,
-OR25, or halogen, and each remaining R group is
hydrogen except for the R group through which the
piperidine is connected. [0163] In one embodiment, one
of R13, Ri4, R15 , and R16 is -H, (Ci-C 6)-alkyl,
halogen, -CF3, or -OR 25. [0164] In one embodiment, R8
is -H, (Ci-Q)-alkyl, -OR25, halogen, -CF3, -NO2 or
-CN. In another embodiment, R8 is -H, (d-C 6)-alkyl,
-OR25, halogen, -CF3, -NO 2 or -CN; one OfR 1, R2, R3,
R4, and R6 is -H, (Ci-C 6)-alkyl, -OR25, halogen, or
-CF 3; Ra and Rb are each independently -H or -CH3;
and each remaining R group is hydrogen except for the
R group through which the piperidine is connected. In
a further embodiment, R8 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; one OfR 1, R2, R3, R4, R5,
and R6 is -H, (Q-C^-alkyl, -OR25, halogen, or -CF3;
one OfRi 3, R14, R1 , and Ri6 is -H, (Ci-C 6)-alkyl,
-OR25, or halogen, R and Rb are each independently- H
or -CH3; and each remaining R group is hydrogen except
for the R group through which the piperidine is
connected. In one embodiment, R is -H, -OR25, halogen,
-CF3, -NO2 or -CN and one of R4 or R5 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3 and each
remaining R group is hydrogen except for the R group
through which the piperidine is connected. In one
embodiment R is -H, (C1-C6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; and all other R groups are each
hydrogen except for the R group through which the
piperidine is connected. In one eiuDodiment, R8 is -H,
(C1- C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
OfR13, R14, R15, and R16 is -H, (C1- C6)-alkyl, -OR25,
or halogen, Ra and Rb are each independently - H or
-CH3; and each remaining R group is hydrogen except
for the R group through which the piperidine is
connected. [0165] In one embodiment, R9 is -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN. In
another embodiment, R9 is -H, (Ci-C6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; one OfR1, R2, R3, R4, R5
and R6, is -H, (C1-C6)-alkyl, -OR25, halogen, or -CF3;
Ra and Rb are each independently - H or -CH3; and each
remaining R group is hydrogen except for the R group
through which the piperidine is connected. In a
further embodiment, R9 is -H, (Ci-C6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; one of R1, R2, R3, R4, R5
and R6 is -H, (Q-C O-alkyl, -OR25, halogen, or -CF3;
one of R13 , R14 , R15, and R16 is -H, (d-C 6)-alkyl,
-OR 5, or halogen; Ra and Rb are each independently -
H or -CH3; and each remaining R group is hydrogen
except for the R group through which the piperidine is
connected. In one embodiment, R9 is -H, (C1-
C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN and one
OfR4 or R5 is -H, (Ci-C6)-alkyl, -OR25, halogen, or
-CF3. In one embodiment R9 is -H, (Q-C^-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; and all other R groups are
each hydrogen except for the R group through which the
piperidine is connected. In one embodiment, R9 is -H,
(C1-C6)- alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
OfR13 , R14, R15, and R16 is -H, (C1-C6)- alkyl,
-OR25, or halogen, and each remaining R group is
hydrogen except for the R group through which the
piperidine is connected. [0166] In one embodiment, R7
is -H, (C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or
-CN. In one embodiment, R7 is -H, (Q-C^-alkyl or
halogen. In one embodiment, R7 is -H, (Q-CfO-alkyl,
-OR25, halogen, -CF3, -NO2 or -CN; one of R1, R2 R3,
R4, R5 and R6 is -H, (Ci-C6)-alkyl, -OR25, halogen, or
-CF3; and Ra and Rb are each independently -H or -CH3;
and each remaining R group is hydrogen, except for the
R group throughwhich the piperidine is connected. In
one embodiment, R7 is -H, (Q-QValkyl, -OR25, halogen,
-CF3, -NO2 or -CN; one of R1, R2, R3, R4,R5 and R6 is
-H, (Ci-C6)-alkyl, -OR 25, halogen, or -CF ; and each
remaining R group is hydrogen, except for the R group
through which the piperidine is connected. [0167] In
one embodiment, R10 is -H, (Cr C6)-alkyl, -OR2 ,
halogen, -CF3, -NO2 or -CN. Ih one embodiment, R1O is
-H, (Ci-C )-alkyl, -OR25, halogen, or -CF3. In one
embodiment, R10 is -H, CH3, -OCH3, -F or -CF3. In one
embodiment, Ri0 is -H, (C1- C6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; one OfR1, R2, R3, R4,R5 and R6 is
-H, (C1-Ce)-alkyl, -OR 5, halogen, or -CF3; and Ra and
Rb are each independently -H or -CH 3; and each
remaining R group is hydrogen, except for the R group
through which the piperidine is connected. In one
embodiment, Rio is -H, (Q-C 6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; one of R1, R2, R3, R4, R5 and R6 is
-H, (Cr C6)-alkyl, -OR 25, halogen, or -CF3; and each
remaining R group is hydrogen, except for the R group
through which the piperidine is connected. [0168] In
one embodiment, R11 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN. In one embodiment, Rn is
-H, halogen, or -CF3. In one embodiment, Rn is -H,
-CH3, -F or -CF3. In one embodiment, Rn is -H,
(Ci-C6)- alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
of R1, R2, R3, R4, R5 and R6 is -H, (d-C 6)-alkyl, -OR
5, halogen, or -CF3; and Ra and Rb are each
independently -H or -CH 3; and each remaining R group
is hydrogen, except for the R group through which the
piperidine is connected. In one embodiment, R11 is -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
of R1, R2, R3, R4, R5 and R6 is -H, (Ci-C6)-alkyl, -OR
2 , halogen, or -CF3; and each remaining R group is
hydrogen, except for the R group through which the
piperidine is connected. [0169] In one embodiment, R12
is -H, (Cr C6)~alkyl, -OR25, halogen, -CF3, -NO2 or
-CN. In one embodiment, Ri is -H, (Ci-C6)-alkyl,
halogen, or -CF3. In one embodiment, R is -H, -CH , -F
or -CF3. hi one embodiment, Ri2 is -H, (C1-C6)- alkyl,
-OR25, halogen, -CF3, -NO2 or -CN; one OfR 1, R2, R3,
R4, R5 and R is -H, (C! -C6)-alkyl, -OR2 , halogen, or
-CF ; and Ra and Rb are each independently -H or -CH
3; and each remaining R group is hydrogen, except for
the R group through which the piperidine is connected.
In one embodiment, Ri2 is -H, (Ci-C6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; one OfR1, R2, R3, R4, R5
and R6 is -H, (Cr C6)-alkyl,-OR-25, halogen, or -CF 3;
and each remaining R group is hydrogen, except for the
R group through which the piperidine is connected.
[0170] In one embodiment, Ri, R2, R3, R4, R7, R7 R9,
Rio, Rn, and R12, are each hydrogen except for the R
group through which the piperidine is connected.
[0171] In one embodiment, Ri, R , R3, R4, R7, R7', Rs,
Rio, Rn and R12, are each hydrogen except for the R
group through which the piperidine is connected.
[0172] In one embodiment, Ri, R2, R3, R4, R7, R7-, R
R9, Rn, and Ri2, are each hydrogen except for the R
group through which the piperidine is connected.
[0173] In one embodiment, Ri, R R3, R4, R7, R7', Rs,
R9, Rio, and Rn, are each hydrogen except for the R
group through which the piperidine is connected.
[0174] In one embodiment, Ri, R2, R3, R4, R7, R7 , R ,
and Rn, are each hydrogen except for the R group
through which the piperidine is connected. [0175] In
one embodiment, Ri, R2, R3, R4, R7, R7 , R , R9, and
Rn, are each hydrogen except for the R group through
which the piperidine is connected. [0176] In one
embodiment, Ri, R , R3, R4, R , T , R , R9, Rio, Ri 1,
and Ri2, are each hydrogen except for the R group
through which the piperidine is connected. [0177] In
one embodiment, Ri, R2, R3, R6, R7', R7, Rs, R9, Rio,
Ru, R12, R13, R , Ri5, and Ri are each hydrogen except
for the R group through which the piperidine is
connected. [0178] In one embodiment, Ri, R2, R3, R , R
, R7, Rs, R9, Rio, Rn, and Ri2 are each hydrogen
except for the R group through which the piperidine is
connected. [0179] In one embodiment, Ri, R2, R3, R4,
R5, R6, R7', R7, Rio, Rn, R12, R13, R14, Ri5, and Ri6
are each hydrogen except for the R group through which
the piperidine is connected. [0180] In one embodiment,
Ri, R2, R3, R4, R5, R6, R7' , R7, Rio, Ru, and R12 are
each hydrogen. 



[0181] In another embodiment, Ri3, R14, R15, and Ri6
are each hydrogen. [0182] In one embodiment, R3, R6,
R7' , R7, R10, Rn, Ri2, R 13, Rw, R15, and R16 are
each hydrogen except for the R group through which the
piperidine is connected.[0183] In one embodiment, R1,
R2, R3 , R4, R , R7, Rs Rio, Rn , R12, R13, Rw, R15,
and Ri6 are each hydrogen except for the R group
through which the piperidine is connected. [0184] In
one embodiment, R1, R2, R3 , R , Re, R7, R R9, Rio,
Rn, R12, R13, Ri4, Ri5, and Ri are each hydrogen
except for the R group through which the piperidine is
connected. [0185] In one embodiment, R is -H or
(Ci-Ce)-alkyl; R4 and R5 are each independently -H,
halogen, -OR , or -CF 3 ; R7, R7',Rs, R9, Rio, Rn, and
R1 are each independently -H, halogen, (Ci-C )-alkyl,
-OR 25, -CF ,NO2 or CN except for the R group through
which the piperidine is connected. [0186] In one
embodiment, R5 is -H, halogen, or -OR 5; and R3, R6,
R7 , R7, Rs, R9, R1 Ri3, Ri4, Ri5, and Ri6 are each
hydrogen except for the R group through which the
piperidine is connected. [0187] In one embodiment, R1
is -H or (Ci-GO-alkyl; R2, R , and R9 are each -H or
halogen; R4 is -H, halogen, -OR25, or -CF 3; R5 is -H,
halogen, or -OR2 ; and R3, R , R7 , R7, R , R9, R12,
Ri3, R , Ri5, and Ri are each hydrogen except for the
R group through which the piperidine is connected. In
one embodiment, R1 is -H or (C1-C6)- alkyl; R2, R8,
and R9 are each -H or F; R4 i s H, F, -OR25, or -CF3;
R5 is -H, F, or -OR 25; and R3, R , R7, R7-, Rs, R9,
R12, R13, R14, R15, and Ri are each hydrogen except
for the R group through which the piperidine is
connected. [0188] In one embodiment, any one of R1,
R2, R3, R4, R5, and R6 is -H, (C1-C )- alkyl, -OR2 ,
halogen; and any one OfR7 , R 7, R8, R9, R10, Rn, and
Ri2 is -H, (C1-C6)- alkyl, -OR25, halogen, or -CF3,
-NO2, or -CN except for the R group through which the
piperidine is connected. [0189] In one embodiment, R5
is -H, (C 1-C6)-alkyl, -OR25, halogen or -CF3; and any
one of R7, R7 , R8, R9, R1O, Rn, and R 2 is -H, (Ci-C
)-alkyl, -OR2 , halogen, or -CF 3, -NO2, or -CN,
except for the R group through which the piperidine is
connected. [0190] In one embodiment, R5 is -H,
(CrC^-alkyl, -OR25, halogen or -CF3; and any two of
R7, R7 , R , R9, R10, Rn, and R12 are each
independently -H, (Ci-C 6)-alkyl,-OR25, halogen, or
-CF3, -NO2, or -CN, except for the R group through
which the piperidine is connected. [0191] In one
embodiment, R5 is -H, (Q-C^-alkyl, -OR25, halogen or
-CF3; and any three of R7, R7 , R , R9, R10, R11, and
R12 are each independently -H, (C1-C6)- alkyl, -OR25,
halogen, or -CF3, -NO2, or -CN, except for the R group
through which the piperidine is connected. [0192] In
one embodiment, any one of R1, R , R3, R , R5, and R6
is -H, (C1-C6)- alkyl, -OR25, halogen; and any one of
R13 , R14 , R15, and R16 is -H, (C1-C6)-alkyl, -OR25,
or halogen. [0193] In one embodiment, any one of R7 ,
R7, R8, R9, R1O, R11 and R12 is -H, (C1- C6)-alkyl,
-OR 5, halogen, or -CF3, -NO2, or -CN except for the R
group through which the piperidine is connected; and
any one of R13 , R 14, R15 , and R16 is -H, (C1-C6)-
alkyl, -OR25, halogen or -CF . [0194] In one
embodiment, R4 is -H, (Q-C^-alkyl, -OR 5, halogen, or
-CF3 and any one of R13 , R14 , R15 , and R16 is -H,
(C1-C6)-alkyl, -OR 25, or halogen; and any one OfR7 ,
R7, R8, R9, R10 , R11, and R12 is -H, (Q-CeHlkyl,
-OR25, halogen, or -CF3, -NO2, or -CN except for the R
group through which the piperidine is connected [0195]
In one embodiment, R4 is -H, (C1-C6)-alkyl, -OR25,
halogen, or -CF and any one of R13 , R14 , R15 , and
R16 is -H, (C1-C6)-alkyl, -OR 25, or halogen; and any
two OfR7-, R7, R8, R , R1O, R11, and R12 are each
independently -H, (Ci-C6)-alkyl, -OR25, halogen, or
-CF3, -NO2, or -CN except for the R group through
which the piperidine is connected; wherein the any two
OfR7 , R7, R , R9, R1O, Rn, and R12 can be either on
the same ring of the quinoline or on different rings.
[0196] In one embodiment, R5 is -H, (C1-C6)-alkyl,
-OR25, halogen, or -CF3 and any one of R13 , R14 , R15
, and R16 is -H, (Ci-C6)-alkyl, -OR 25, or halogen;
and any one OfR7 , R7, R8, R9, R10, R11, and R12 is
-H, (d-C 6)-alkyl, -OR25, halogen, or -CF3, -NO2, or
-CN except for the R group through which the
piperidine is connected [0197] In one embodiment, R5
is -H, (C1-C6)-alkyl, -OR25, halogen, or -CF3 and any
one of R13 , R1 , R15, and R16 is -H, (C1-C6)-alkyl,
-OR 25, or halogen; and any two OfR7 , R7, R8,R9, R10,
R11, and R12 are each independently -H, (Ci-C6)-alkyl,
-OR25, halogen, or -CF3, -NO2, or -CN except for the R
group through which the piperidine isconnected;
wherein the any two of Rr, R7, Rs, R9, R10, R11, and
R12 can be either on the same ring of the quinoline or
on different rings. [0198] In one embodiment, the
piperidine N is connected through the R7 of the
quinoline. In another embodiment, the piperidine N is
connected through the R7 - of the quinoline. In yet
another embodiment, the piperidine N is connected
through the R8 of the quinoline. In still another
embodiment, the piperidine N is connected through the
R9 of the quinoline. [0199] In one embodiment, R25 is
(C1-C6)-haloalkyl. [0200] In another embodiment, R2 is
(C1-Ce)-IIuOrOaIlCyI. [0201] In one embodiment, R2 is
(Ci-C 6)-alkyl. In one embodiment, R2 is -CH3. [0202]
In one embodiment, the compounds of Formula (I") are
antagonists o f the 5-HTi A receptor. In another
embodiment, the compounds of Formula (I") are agonists
of the 5-HT 1Areceptor. [0203] In another embodiment,
the compounds of Formula (I") have the Formula (Fa): a
and pharmaceutically acceptable salts thereof, wherein
Ra, Rb, R1, R2, R3, R4, R5, R, Rr, Rs, R9, Rio, Rn,
R12, R13, R R15, R16, and R are defined as above for
Formula (I") [0204] In one embodiment, R1 is -H, (Ci-C
6)-alkyl, -OR25, halogen, or -CF3 - In another
embodiment, R1 is -H, (C1-C6)-alkyl, -OR 25, halogen,
or -CF3 and one of R13 , Ri4, Ri5, and Ri6 is -H,
(Ci-C 6)-alkyl, -OR2 , or halogen. In a further
embodiment, R1 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
or -CF3; one of Ri3, Ri4, Ri5, and Ri6 is -H,
(C1-C6)-alkyl, -OR2s, or halogen, and R7 , R8, R ,
R1O, Rn, and R1 are each hydrogen. In yet another
embodiment, R1 is -H, (C1-C6)-alkyl, -OR 25, halogen,
or -CF3; one of R13, R14 , R15 , and R16 is -H,
(C1-C6)-alkyl, -OR 25, or halogen, and R2, R3, R4 R5,
R6, R7., Rs, R9, R1O, Rn, and R12 are each hydrogen.
In one embodiment, R1 is -H, (C1-C6)- alkyl, -OR25,
halogen or -CF3 and R2, R3, R4, R5, R6, R7 , R8, Rs>,
Rio, Rn, R12, R13, R14 , R15 , and R16 are each
hydrogen. [0205] In one embodiment, R4 is -H,
(C1-C6)-alkyl, -OR 25, halogen, or -CF 3. In another
embodiment, R4 is -H, (Q-C^-alkyl, -OR 25, halogen, or
-CF3 and one of R13, R14 , R15 , and R16 is -H,
(C1-C6)-alkyl, -OR 25, or halogen. In a further
embodiment, R4 is -H, (C C6)-alkyl, -OR25, halogen, or
-CF 3; one of R13, Ri4, R15 , and R16 is -H, (C1-
C6)-alkyl, -OR25, or halogen, and R7-, R8, R9, R10,
Rn, and R12 are each hydrogen. In yet another
embodiment, R4 is -H, (C1-C6)-alkyl, -OR 5, halogen,
or -CF 3; one OfR 13, R14 , R15, and Ri6 is -H,
(Q-CgValkyl, -OR 25, or halogen, and R1, R2, R3, R5,
R6, R7-, R8, R9, R1O, Rn, and R12 are each hydrogen.
In one embodiment, R4 is -H, (C1-C6)- alkyl, -OR25,
halogen or -CF3 and R1, R2, R3, R5, R6, R7 , R8, R9,
R10, R11, R12, R13, R14 , R15, and Ri6 are each
hydrogen. [0206] In one embodiment, R is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3. In another
embodiment, R5 is -H, (Ci-C 6)-alkyl, -OR 25, halogen,
or -CF3 and one of R13 , R14 , R15 , and Ri6 is -H,
(Q-C^-alkyl, -OR 25, or halogen. In a further
embodiment, R5 is -H, (C1-C6)-alkyl, -OR25, halogen,
or -CF 3; one OfR 13 , R14, Ri5, and R16 is -H, (C1-
C6)-alkyl, -OR25, or halogen, and R7' , R8, R9, R1O,
R11, and R12 are each hydrogen. In yet another
embodiment, R5 is -H, (C1-C6)-alkyl, -OR 25, halogen,
or -CF 3; one OfR 13, R14, R15, and R16 is -H, (Ci-C
6)-alkyl, -OR 25, or halogen; and R1, R2, R3, R4, R6,
R7', R , R9, R1O, R11, and Ri2 are each hydrogen. In
one embodiment, R5 is -H, (C1-C6)- alkyl, -OR25,
halogen or -CF3 and Ri, R2, R3, R4, R6, Rr , R8, R9,
Ri0, R11, R12, R13, R14 , Ri5, and Ri6 are each
hydrogen. In a further embodiment, one of R13, Ri4,
R15 , and Ri6 is -H, (C1-C6)-alkyl, halogen, -CF 3, or
-OR 25; R5 is -H, (C1-C6)-alkyl, -OR 25, halogen, or
-CF3; and each remaining R group is hydrogen. [0207]
In one embodiment, R7- is -H, (Cr C6)-alkyl, -OR25,
halogen, -CF3, -NO 2 or -CN. In one embodiment, R7 is
-H, (C1-C6)-alkyl, -OR25, halogen, -CF 3, -NO 2 or -
CN; one of R1, R2, R3, R4, R5 and R6 is -H,
(Q-C^-alkyl, -OR25, halogen, or -CF 3; and Ra and Rb
are each independently -H or -CH 3; and each remaining
R group is hydrogen. In one embodiment, R7-is -H,
(Q-C^-alkyl, -OR25, halogen, -CF3, -NO 2 or-CN; one of
Ri, R2, R3, R4, R5 and R6 is - H5 (Ci-C 6)-alkyl, -OR2
, halogen, or -CF 3; and each remaining R group is
hydrogen. In one embodiment, R7 is -H, (Ci-C 6)-
alkyl, -OR25, halogen, -CF3, -NO2 or -CN; and each
remaining R group is hydrogen. [0208] In one
embodiment, R8 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN. In another embodiment, R is -H,
(Ci-C 6)-alkyl, -OR2s halogen, -CF 3, -NO2 or -CN; one
of Ri, R2, R3, R4, R5 and R6 is -H, (C1-C6)-alkyl,
-OR25, halogen, or -CF 3; Ra and Rb are each
independently -H or -CH3;and each remaining R group is
hydrogen. In a further embodiment, R is -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
of Ri, R2, R3, R4 R5 and R6 is -H, (Q-C^-alkyl, -OR25,
halogen, or -CF 3; one of Ri3" Ri4 Ri5, and Ri6 is -H,
(Ci-C 6)-alkyl, -OR25, or halogen, Ra and Rb are each
independently - H or -CH 3, and each remaining R group
is hydrogen. Li one embodiment, R8 is -H, (Ci-C
6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one of R4
or R5 is -H, (Ci-C 6)-alkyl, -OR25, halogen, or -CF3,
R and Rb are each independently -H or -CH , and each
remaining R group is hydrogen. In one embodiment R
is-H, (Ci-C 6)-alkyl, -OR25, halogen, -CF3, -NO2 or
-CN; and all other R groups are each hydrogen. In one
embodiment, R8 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF 3, -NO2 or -CN; one OfRi 3, R14, R15, and R16 is
-H, (Q-QO-alkyl, -OR25, or halogen, Ra and Rb are each
independently - H or -CH , and each remaining R group
is hydrogen. [0209] In one embodiment, R9 is -H, (Ci-C
6)-alkyl, -OR25, halogen, -CF 3, -NO2 or -CN. In
another embodiment, R9 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, -CF 3, -NO2 or -CN; one of R1, R2, R3, R4,R5
and R6 is -H, (Q-C -alkyl, -OR25, halogen, or -CF3; Ra
and Rb are each independently -H or -CH3; and each
remaining R group is hydrogen. In a further
embodiment, R9 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF3, -NO 2 or -CN; one OfR 1, R2, R3, R4 R5 and R6 is
-H, (Q-C^-alkyl, -OR25, halogen, or -CF 3; one of R1 ,
R14, Ri5, and R16 is -H, (Q-C^-alkyl, -OR25, or
halogen, and each remaining R group is hydrogen. In
one embodiment, R9 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; one of R4 or R5 is -H,
(Q-C t-alkyl, -OR25, halogen, or -CF 3, and each
remaining R group is hydrogen. In one embodiment R is
-H, (Ci~C6)-alkyl, -OR25, halogen, -CF3, -NO or -CN;
and all other R groups are each hydrogen. In one
embodiment, R9 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; one OfRi 3, R1 , R15 , and R16 is
-H, (C1-C6)-ahcyl, -OR25, or halogen; and each
remaining R group is hydrogen.[0210] In one
embodiment, R10 is -H, (C1-Ce)-EIlCyI, -OR25, halogen,
-CF3, -NO 2 or -CN. In one embodiment, R1Ois -H,
(C1-Ce)-OIlCyI, -OR 2 , halogen, or -CF3. Ih one
embodiment, R1O is -H, -CH3, -OCH 3, -F or -CF3. In
one embodiment, R1O is -H, (C1- C6)-allcyl, -OR25,
halogen, -CF3, -NO2 or -CN; one of R1, R2, R3, R4, R5
and R6 is -H, (Ci-C 6)-alkyl, -OR25, halogen, or -CF3;
R and Rb are each independently -H or -CH ; and each
remaining R group is hydrogen. In one embodiment, R1O
is -H, (C1-C6)- alkyl, -OR25, h ogen, -CF3, -NO2 or
-CN; one of R1, R2, R3, R4, R5 and R6 is -H,
(Q-C^-alkyl, -OR25, halogen, or -CF3; and each
remaining R group is hydrogen. [0211] In one
embodiment, R11 is -H, (C1-C6)-alkyl, -OR 25, halogen,
-CF3, -NO 2 or -CN. In one embodiment, R11 is -H,
(Q-C^-alkyl, halogen, or -CF3. In one embodiment, R11
is -H, -CH , -F or -CF3. In one embodiment, R11 is -H,
(C1-C6)- alkyl, -OR 5, halogen, -CF3, or -NO2. In one
embodiment, R11 is -H, (C1-C6)-alkyl, -OR 25, halogen,
-CF3 -NO2 or -CN; one of R1, R2, R3, R4, R5 and R6 is
-H, (C1-C6)- , alkyl, -OR 5, halogen, or -CF ; and Ra
and Rb are each independently -H or -CH3; and each
remaining R group is hydrogen. In one embodiment, R11
is -H, (Q-C^-alkyl, -OR 25, halogen, -CF3, -NO2 or
-CN; one OfR 1, R2, R3, R4, R5 and R6 is -H, (C1-C6)-
alkyl, -OR25, halogen, or -CF ; and each remaining R
group is hydrogen. [0212] In one embodiment, R12 is
-H, (Q-C fO-alkyl, -OR 25, halogen, -CF3, -NO 2 or
-CN. In one embodiment, R1 is -H, (C1-C6)-alkyl,
halogen, or -CF3. In one embodiment, R12 is -H, -CH 3,
-F or -CF3. In one embodiment, R12 is -H, (C1-C6)-
alkyl, -OR25, halogen, -CF3, or -NO2. In one
embodiment, R12 is -H, (Q-C 6)-alkyl, -OR 25, halogen,
-CF 3, -NO2 or -CN; one OfR 1, R2, R3, R4, R5 and R6
is -H, (C1-C6)- alkyl, -OR25, halogen, or -CF3; Ra and
Rb are each independently -H or -CH3; and each
remaining R group is hydrogen. In one embodiment, R1
is -H, (Q-C 6)-alkyl, -OR 2 , halogen, -CF 3, -NO2 or
-CN; one OfR 1, R2, R3, R4, R5 and R6 is -H, (Ci-C
6)-alkyl, -OR 25, halogen, or -CF3; and each remaining
R group is hydrogen. [0213] In one embodiment, R5 is
-H, (Q-C^-alkyl, -OR 25, halogen, or -CF 3 and one OfR
7 , R8, R9, R10, R11 and R12 is -H, (Q-QO-alkyl,
-OR25, halogen, -CF3, -NO 2 or -CN. In another
embodiment, R5 is -H, (C1-C6)-alkyl, -OR 25, halogen,
or -CF3 and one OfR 7', R8, R9, R10 , Rn, R12 is -H,
(C1-C6)-alkyl ! -OR25, halogen, -CF3, -NO2 or -CN; and
each remaining R group is hydrogen. In some
embodiments, R5 is -H, (C1- C6)-alkyl, -OR25, halogen,
or -CF3 and R9 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
-CF 3, -NO 2 or -CN; and each remaining R group is
hydrogen. In some embodiments, R5 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3 and R7 is -H,
(C1-C6)-alkyl, -OR25, halogen, -CF , -NO2 or -CN; and
each remaining R group is hydrogen. In some
embodiments, R5 is - H or -OR25 and R7- is - H or
halogen; and each remaining R group is hydrogen.
[0214] In a further embodiment, R5 is -H,
(Ci-C6)-alkyl, -OR25, halogen, or -CF3; one OfR7' ,
R8, R9, R10 , Rn, and R12 is -H, (Q-QO-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; one of R13 , Ri4, R1 , and
Ri6 is -H, (C1-C6)-alkyl, -OR25, or halogen, and each
remaining R group is hydrogen. [0215] In a further
embodiment, R5 is -H, (Ci-C6)-alkyl, -OR25, halogen,
or -CF3; two of R7 , R8, R9, R1O, Rn, and R12 are each
independently -H, (Ci-C6)-alkyl, -OR25, halogen, -CF3,
-NO2 or -CN; one OfR13, R14 , Ri5, and R 6 is -H,
(C1-C6)-alkyl, -OR25, or halogen, and each remaining R
group is hydrogen. [0216] In a further embodiment, R5
is -H, (Ci-C6)-alkyl, -OR25, halogen, or -CF3; three
of R7 , R8, R9, Rio, Rn, and R12 are each
independently -H, (C1-C6)-alkyl, -OR25, halogen, -CF3,
-NO2 or -CN; one of Ri3, R14 , R15, and R16 is -H,
(Ci-C6)-alkyl, -OR25, or halogen, and each remaining R
group is hydrogen. [0217] In one embodiment, R5 is -H,
(Ci-C6)-alkyl, -OR25, halogen, or -CF3; R9 is -H,
(Ci-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; and
two of Ri0, Rn and R12 are each independently -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN. In
another embodiment, R5 is -H, (Q-QO-alkyl, -OR25,
halogen, or -CF3; R9 is -H, (C1-C6)- alkyl, -OR25,
halogen, -CF , -NO2 or -CN; two OfR1 , Rn, R12 are
each independently -H, (C1-C6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; and each remaining R group is
hydrogen. In some embodiments, R5 is - H or -OR25; R9
is - H or halogen; two OfR1O, R11, R12 are each
independently -H, (Ci-C6)-alkyl, -OR25, halogen, -CF ,
-NO2 or -CN; and each remaining R group is hydrogen.
In some embodiments, R5 is - H or -OCH3; R9 is - H or
halogen; two of Rio, Rn, Ri2 are each independently
-H, (C1-C6)- alkyl, -OR25, halogen, -CF3, -NO2 or -CN;
and each remaining R group is hydrogen. In some
embodiments, R is -H, (Q-C^-alkyl, -OR25, halogen, or
-CF3; R9 is -H, (QC 6)-alkyl, -OR25, halogen, -CF3,
-NO2 or -CN; Ri0 and Ri2 are each independently -H,
(Ci-C 6)-alkyl, -OR2 , halogen, -CF3, -NO2 or -CN; and
each remaining R group is hydrogen. In some
embodiments, R5 is -H, (Ci-C6)-alkyl, -OR25, halogen,
or -CF3; R9 is -H, (Ci-C6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN; Ri0 and Rn are eachindependently
-H, (Q-C O-alkyl, -OR25, halogen, -CF3, -NO or -CN;
and each remaining R group is hydrogen. In some
embodiments, R5 is -H, (Ci-C )-alkyl, -OR 25, halogen,
or -CF3; R9 is -H, (Q-Q-alkyl, -OR 25, halogen, -CF3,
-NO2 or -CN; Rn and R12 are each independently -H,
(Ci-C 6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; and
each remaining R group is hydrogen. [0218] In one
embodiment, R is -H, (C1-C6)-alkyl, -OR 25, halogen,
or -CF3 and one OfR 7 , R8, R9, R10, R and R12 is -H,
(C1-C6)-alkyl, -OR 25, halogen, -CF3, -NO2 or -CN. In
another embodiment, R is -H, (Q-C^-alkyl, -OR25,
halogen, or -CF3; one of R7 , R8, R9, R10 Ru, and R12
is -H, (C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or
-CN; and each remaining R group is hydrogen. In a
further embodiment, R4 is -H, (Q-C 6)-alkyl, -OR25,
halogen, or -CF3; one of R7., R8, R9, Ri0, Rn; R12 is
-H, (Ci-C 6)- alkyl, -OR25, halogen, -CF3, -NO2 or
-CN; one of R13 , R14 , R15, and R16 is -H, (C1-C6)-
alkyl, -OR 25, or halogen, and each remaining R group
is hydrogen. [0219] In one embodiment, one of R13, R1
, R15, and R 6 is -H, (Q-C ^alkyl, halogen, -CF 3, or
-OR 25. [0220] In one embodiment, R1, R2, R3, R6, R7-,
R8, R , R1O, Rn, R12, R , R , R15, and R16 are each
hydrogen. [0221] In one embodiment, R1, R2, R3, R4, R7
, R9, R1O, R11, and R 2 are each hydrogen. [0222] In
one embodiment, Rj, R2, R3, R , R7' , R , Rio, Rn, and
R12 are each hydrogen. [0223] In one embodiment, Ri,
R2, R3, R4, R7 , R8, R , Rn, and Ri2 are each
hydrogen. [0224] In one embodiment, Ri, R , R3, R4,
R7-, R8 R9 Ri0, and R12 are each hydrogen. [0225] In
one embodiment, R1, R , R , R , R7-, R , R9, Rw, and
Rn are each hydrogen. [0226] In one embodiment, R1,
R2, R3, R4, R7-, R8, and Rn are each hydrogen. [0227]
In one embodiment, R1, R2, R3, R4, R7 , R8, R9 and R
are each hydrogen.[0228] In one embodiment, R1, R2,
R3, R4, R5, R6, R-7-, Rs, R9, and R12 are each
hydrogen. [0229] In another embodiment, R13 , R1 , R1
, and R16 are each hydrogen. [0230] In one embodiment,
R3, R6, R7-, R8, R9, R1 , R13, Rw, R15, and R16 are
each hydrogen. [0231] In one en.' odiment, R1, R2, R3,
R4, R6, R8, R9, R10, R11, R12, Rt3, Ri4, R15, and R16
are each hydrogen. [0232] In one embodiment, R1, R2,
R3, R4, R6, R , R1O, Rn, Ri2, R13, Ru, R15, and R1 are
each hydrogen. [0233] In one embodiment, any one of
R7-, R , R9, R1O, Rn, and R12 is -H, (C1- C6)-alkyl,
-OR25, halogen, -CF3, -NO2, or -CN; and any one of R13
, R14 , R15, and R16 is -H, (C!-C 6)-alkyl, -OR25,
halogen, -CF3. [0234] In one embodiment, any one of
R1, R2, R3, R4, R , and R6 is -H, (C1-C6)- alkyl, -OR
2 , halogen or -CF3; and any one of R7 , R8, R , R1O,
Rn, and R12 is -H, (C1- C6)-alkyl, -OR 25, halogen, or
-CF3, -NO2, or -CN. [0235] In one embodiment, any one
of R1, R2, R3, R4, R5, and R6 is -H, (C1-C6)- alkyl,
-OR 2 , halogen or -CF3; and any one of R , R14, R15 ,
and R16 is -H, (C1-C6)- alkyl, -OR 25, halogen or
-CF3. [0236] In one embodiment, R4 is -H, (Q-Qyalkyl,
-OR2 , halogen, or -CF 3 and any one OfR 13, R14 , R15
, and R16 is -H, (Q-C^-alkyl, -OR25, halogen or -CF ;
and any one OfR 7., R8, R9, R10 , R11, and R12 is -H,
(d-C 6)-alkyl, -OR25, halogen, or -CF3, -NO 2, or -CN.
[0237] In one embodiment, R4 is -H, (Q-C^-alkyl,
-OR25, halogen, or -CF and any one OfR 13 , R14 , R15,
and R16 is -H, (C1-C6)-alkyl, -OR25, halogen or -CF3;
and any two of R7' , R , R9, R1O, Rn, and R12 are each
independently -H, (C1-C6)-alkyl, -OR 25, halogen, or
-CF3, -NO2, or -CN; wherein the any two of R7 , R8,
R9, R1O, R11, and R12 can b e either on the same ring
of the quinoline or on different rings. [0238] In one
embodiment, R5 is -H, (Q-C^-alkyl, -OR25, halogen, or
-CF3 and any one of R13 , R14 , R15 , and R16 is -H,
(Ci-C 6)-alkyl, -OR25, halogen or -CF3; and any one
OfR 7', R8, R9, R10 , R11, and R12 is -H, (Q-C^-alkyl,
-OR2 , halogen, or -CF3, -NO2, or -CN.[0239] In one
embodiment, R5 is -H, (Ci-C6)-alkyl, -OR25, halogen,
or -CF3 and any one OfR13, R14, R15, and R16 is -H,
(Ci-C6)-alkyl, -OR25, halogen or -CF3; and any two
OfR7-, R8, R , R1O, Rn, and R12 are each independently
-H, (Ci-C6)-alkyl, -OR25, halogen, or -CF3, -NO2, or
-CN; wherein the any two of R7-, R8, R9, Rio, Rn, and
R12 can be either on the same ring of the quinoline or
on different rings. [0240] In one embodiment, R1 is -H
or (Ci-C6)-alkyl; R2, R8, and R9 are each
independently -H or halogen; R is -H, halogen, -OR25,
or -CF3; R5 is -H, halogen, or -OR25; and R3, R6, R7 ,
R12, R13 , R14 , R15 , R16, Ra and Rb are each
hydrogen. [0241] In one embodiment, Ri is -H or -CH 3;
R2, R8, and R9 are each independently -H or F; R4 is
-H, F, -OCH3, or -CF3; R5 is -H, F, -OCH3; and R3, R6,
R7 , Rio, Rn, Ri2, Ri3, Ri4, Ri5, Ri6, Ra and Rb are
each hydrogen. [0242] In one embodiment, Ri is -H,
-CF3 or (Ci-C6)-alkyl; R4 and R5 are each
independently -H, halogen, -OR25, or -CF3; R7 , R ,
R9, Rio, Rn, and Ri2 are each independently -H,
halogen, (Ci-C 6)-alkyl, -OR25, -CF3, or -NO2; Ri6 is
- H or -CH3. [0243] In one embodiment, R25 is (Ci-C
6)-haloalkyl. [0244] In another embodiment, R25 is
(C1-C6)-fluoroalkyl. [0245] In one embodiment, R25 is
(Ci-C 6)-alkyl. In one embodiment, R25 is -CH 3.
[0246] In another aspect, the invention provides
compounds of the Formula (IT): (H) and
pharmaceutically acceptable salts thereof, wherein Ra,
Rb, R4, R5, Ri5, R 16, and R25 are defined as above
for Formula (I); Ri7, Ri9, and Ri9 are each
independently -H, (Ci-C 6)-alkyl, (Ci-C6)-haloalkyl,
(C2-C6)-alkenyl, or (C2-C6)-alkynyl, halogen, -CF3,
-NO2, -CN, -OR25, -OSO2R25, -SR25, -SO2R25, -SO2N(R2S)
2, -N(R2S)2, -C(O), -COR 25, -CO2R25, -NR25CO2R25,
-NR25COR25, -NR25CON(R25)2, or -CON(R25)2; and R4 and
R cannot both be hydrogen. [0247] In one embodiment,
R4 and R5 are each independently -H, -OR25, halogen,
or (C1-C6)-alkyl; Ri5 and R16 are each independently
-H or -CH 3; and R17 , R1 , and R19 are each
independently -H, -OR25, halogen, (Q-QO-alkyl, -CF3,
-NO2, -CN. In one embodiment, R4 and R5 are each
independently -H, -OCH3, F, or -CH ; R15 and R16 are
each independently -H or -CH3; and R17 , R 18, and R19
are each independently - H, -OCH3, -F, -CH3, -CF3,
-NO2, -CN, or -Br. [0248] In one embodiment, R4 and R5
are each independently -H, or -OR 5; Ri5 and R16 are
each independently -H or -CH 3; and R 17 , R1 , and
R19 are each independently -H, -OR25, halogen,
(Q-C^-alkyl, or -CF3. In one embodiment, R4 and R5 are
each independently -H, or -OR25; Ra, Rb, R 1 and R16
are hydrogen; and R17 , R1 , and R19 are each
independently -H, -OR25, halogen, (Ci-C 6)-alkyl, or
-CF3. [0249] In another embodiment, R19 is in the para
position relative to the nitrogen of the piperidine.
[0250] In one embodiment, Ri7 and R18 are located at
positions 2 and 4 of the quinoline ring (Le., at the
ortho and para positions relative to the nitrogen of
the quinoline ring). [0251] In one embodiment, R5 is
-H, (C1-C6)-alkyl, -OR25, halogen, or -CF3. [0252] In
another embodiment, R5 is -H, (C1-C6)-alkyl, -OR25,
halogen, or -CF3 



and one of R15 and R16 is -H, (Ci-C6)-alkyl, -OR25, or
halogen. [0253] In yet another embodiment, R5 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3; R15 is -H,
(Q-C^-alkyl, -OR25, or halogen, and R4 and R16 are
each hydrogen. [0254] In one embodiment, R5 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3; R16 is -H,
(Ci-C6)-alkyl, -OR25, or halogen, and R4 and R15 are
each hydrogen. [0255] In one embodiment, R5 is -H,
(Q-C^-alkyl, -OR25, halogen or -CF3 and R4, R15 , R16,
Ri7, R18 and R19 are each hydrogen. [0256] In one
embodiment, R5 is -H, (C1-C6)-alkyl, -OR25, halogen,
or -CF3 and one of R17 , R18 and R19 is -H,
(C1-C6)-alkyl, -0R 25, halogen, or -CF3. In another
embodiment, R5 is -H, (C1-C6)-alkyl, -OR25, halogen,
or -CF3; one of R17, R18 and Ri9is -H, (C1-Ce)-OIlCyI,
-OR25, halogen, or -CF3; and each remaining R group is
hydrogen. [0257] In one embodiment, R5 R17 R1 , and R1
are each independently -H, (C1- C6)-alkyl, -OR2 ,
halogen or -CF3 and R4, R1 , and R16 are each
hydrogen. In one embodiment, R5 is -H, -OR2 or
halogen; R17 and R18 are each independently -H, (C1-
C6)-alkyl, -OR2 , halogen or -CF3; R19 is -H or
halogen; and Ra, Rb, R4, R15, and R16 are each
hydrogen. [0258] In one embodiment, R4 is -H,
(CrC^-alkyl, -OR25, halogen, or -CF 3. [0259] In
another embodiment, R4 is -H, (Ci-C 6)-alkyl, -OR25,
halogen, or -CF 3 and one of R1 , and R16 is -H,
(C1-C6)-alkyl, -OR25, or halogen. [0260] In a further
embodiment, R4 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
or -CF 3; one of R1 and R16 is -H, (C1~C6)-alkyl, -OR
5, or halogen; and R 17, R18 and R19 are each
hydrogen. [0261] In yet another embodiment, R4 is -H,
(C1-C6)-alkyl, -OR 25, halogen, or -CF3; R1 is -H,
(Ci-C 6)-alkyl, -OR 5, or halogen, and R5 and R are
each hydrogen. [0262] In one embodiment, R4 is -H,
(Ci-C 6)-alkyl, -OR2 , halogen, or -CF ; R 6 is -H,
(C1-C6)-alkyl, -OR25, or halogen, and R5 and R1 are
each hydrogen. [0263] In one embodiment, R4 is -H,
(C1-C6)-alkyl, -OR2 , halogen or -CF 3 and R5, R15 ,
R16, R17 , R18 and R19 are each hydrogen. [0264] In
one embodiment, R5 is -H, (C1-C6)-alkyl, -OR25,
halogen, or -CF 3 and one of R17 , R18 and R19 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF 3. [0265] In one
embodiment, R5 is -H, (d-C 6)-alkyl, -OR25, halogen,
or -CF 3 and two of R17 , R18 and R19 are each
independently -H, (Q-Ce^alkyl, -OR 25, halogen, or -CF
3. [0266] In one embodiment, R5 R17 R1 and R1 are each
independently -H, (C1- C6)-alkyl, -OR25, halogen, or
-CF3. [0267] In another embodiment, R5 is -H,
(C1-C6)-alkyl, -OR2 , halogen, or -CF3 and one of R17
, R18 and R19 is -H, (C1-C6)-alkyl, -OR25, halogen, or
-CF ; and each remaining R group is hydrogen.[0268] In
another embodiment, R5 is -H, (Q-C^-alkyl, -OR25,
halogen, or -CF3 and two of R17 , R18 and R1 are each
independently -H, (C1-C6)-alkyl, -OR25, halogen, or
-CF ; and each remaining R group is hydrogen. [0269]
In one embodiment, R5,R17 , R18 and R19 are each
independently -H, (C1- C6)-alkyl, -OR25, halogen, or
-CF3 and each remaining R group is hydrogen. [0270] In
a further embodiment, R5 is -H, (Cr C6)-alkyl, -OR2 .
halogen, or -CF3; one of R17 , R18 and R19 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3; one of R15 and
R16 is -H, (C1-C6)-alkyl, -OR25, or halogen; and each
remaining R group is hydrogen. [0271] In one
embodiment, R5 is -H, (Ci-C 6)-alkyl, -OR25, halogen,
or -CF3; and any two of R17, R18 and R19 are each
independently -H, (Ci-C 6)-alkyl, -OR25, halogen, or
-CF3; and one of R15, and R16 is -H, (C1-C6)-alkyl,
-OR25, halogen, or -CF . [0272] In one embodiment, R5
is -H, (C1-C6)-alkyl, -OR25, halogen, or -CF3; R17 ,
R18 and R19 are each independently -H, (Q-dO-alkyl,
-OR25, halogen, or -CF3; and one of R15 , and R16 is
-H, (C1-C6)-alkyl, -OR25, halogen, or -CF3. [0273] In
one embodiment, R4 is -H, (C1-C6)-alkyl, -OR25,
halogen, or -CF3 and one of R17 , R18 and R1 is -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3. [0274] In
another embodiment, R4 is -H, (C1-C6)-alkyl, -OR25,
halogen, or -CF3 and one of R17 , R18 and R19 is -H,
(Ci-C 6)-alkyl, -OR25, halogen, or -CF3; and each
remaining R group is hydrogen. [0275] In a further
embodiment, R4 is -H, (C C6)-alkyl, -OR25, halogen, or
-CF3; one of R17 , R18 and R19 is -H, (C1-C6)-alkyl,
-OR25, halogen, or -CF3; one of R15 and R16 is -H,
(Ci-C 6)-alkyl, -OR25, or halogen; and each remaining
R group is hydrogen. [0276] In a further embodiment,
R4 is -H, (C1-C6)-alkyl, -OR25, halogen, or -CF3; and
any two of R17, R18 and R19 are each independently -H,
(C1-C6)-alkyl, -OR25, halogen, or -CF3. In one
embodiment, R4,R17 , R18 and R19 are each
independently -H, (C1-C6)-alkyl, -OR25, halogen, or
-CF3 and each remaining R group is hydrogen. [0277] In
one embodiment, one of R15 and R16 is -H, (Q-C^-alkyl,
halogen, -CF , or -OR25. In a further embodiment, one
OfR 15 and R16 is -H, (CrC 6)-alkyl, halogen, -CF3, or
-OR 5; R5 is -H, (C1-C6)-alkyl, -OR25, halogen, or
-CF3; and each remaining R group is hydrogen.[0278] In
a further embodiment, one of R15 and R1 is -H, (Ci-C
6)-alkyl, halogen, -CF3, or -OR25; R -S -H, (Ci-C
6)-alkyl, -OR25, halogen, or -CF3; and each remaining
R group is hydrogen. [0279] In one embodiment, R4, R1
, R1 , R17 , R1 and R1 are each hydrogen. [0280] In
one embodiment, R4, R1 , R1 , R17 , and R1 are each
hydrogen. [0281] In one embo-, ment , R4, R1 , and R16
are each hydrogen. [0282] In one embodiment, R5, R1 ,
R16 , R17 , R1 and R19 are each hydrogen. [0283] In
one embodiment, R5, R1 , R16 , R17, and R18 are each
hydrogen. [0284] In one embodiment, R4, R1 , R16 , and
R19 are each hydrogen. [0285] In one embodiment, R ,
R1 , and R16 are each hydrogen. [0286] Ih one
embodiment., R5 is -H, -OR25 or halogen; R4, R1 , R16
, Ri7, and R18 are each hydrogen; and R19 is -H or
halogen. [0287] In one embodiment, R5 is -H, -OCH 3 or
F; R4, Ri5, R16, R17 , and R18 are each hydrogen; and
Ri9 is -H or F. [0288] In one embodiment, R5 is -H,
-OCH 3 or F; R4, Ri5, and Ri6 are each hydrogen; and
one of R18 or R19 is -H or F. In one embodiment, R5 is
-H, -OCH 3 or F; R4, R15, R16 and Ri7 are each
hydrogen; and R18 and Ri9 are each independently -H,
-CH 3 or halogen. [0289] In one embodiment, R4 is
hydrogen, R5 is -H, -OR 25; and R17 , R18, and Ri9 are
each independently -H, -OR25, halogen, (Ci-C )-alkyl,
or-CF 3. In one embodiment, R4 is hydrogen, R5 is -OR
5; Ri7, and R18 are each independently -H, - OR25,
halogen, (Ci-C6)-alkyl, or -CF 3; and Ri9 is - H or
halogen. [0290] In one embodiment, R5 is -H, -OR 5 or
halogen; R17 and R are each independently -H,
(C1-C6)-alkyl, -OR25, halogen or -CF ; R19 is H or
halogen; and Ra, Rb, R4, Ri5, and Ri6 are each
hydrogen. [0291] In one embodiment, R5 is -H, -OCH 3
or F; R17 is -H, -OCH 3; R18 is -H, - CF3; R19 is -H,
F; and Ra, Rb, R4, Ri5, and R16 are each hydrogen.
[0292] In one embodiment, R4 is -H, -OR25 or halogen;
R5, Ri5, Ri6, Ri7 and Ri8 are each hydrogen; and R19
is -H or halogen. In one embodiment, R5 is -H, -OCH 3
orF; R ., Ri5, Ri6 and R1 are each hydrogen; and R17
and R1 are each -H, -CH 3 or halogen. [0293] In one
embodiment, R4 is -H, -OCH3 or F; R5, R1 , R1 , R17
and R1 are each hydrogen; and R19 is -H or F. [0294]
In one embodiment, R4 is ~H, -OCH 3 or F; R5, R15, and
R16 are each hydrogen; and one of R18 or R19 is -H or
F. In one embodiment. R4 is -H, -OCH 3 or F; R5, Ris,
R1 and R17 are each hydrogen; and R18 and R19 are each
-H, -CH 3 or halogen. In one embodiment, R4 is -H,
-OCH3 or F; R4, R15 , R16 and R19 are each hydrogen;
and R17 and R18 are each -H, -CH 3 or halogen. [0295]
In one embodiment, the compounds of Formula (II) are
antagonists of the 5-HT1Areceptor. [0296] In another
embodiment, the compounds of Formula (D) are agonists
of the 5-HT1Areceptor. [0297] Illustrative examples of
compounds of Formula (I), Formula (I ), Formula (I"),
or Formula (l"a) and Formula (S) are set forth below
and include, without limitation:
6-methoxy-8-[4-(l-quinolin-8-yl-piperidin-4-yl)-pipera
zin-l-yl]-quinoline;
6-fluoro-8-[4-(l-quinolin-8-yl-piperidin-4-yl)-piperaz
in-l-yl]-quinoline; 5-fluoro-8- [4-(l
-quinolin-8-yl-piperidin-4-yl)-piperazin-
1-yl]-quinoline;
7-fluoro-8-(4-(4-(6-methoxyquinolin-8-yl)piperazin-
1-yl)piperidin~1- yl)quinoline; 6-fluoro-8-
{4-[1-(8-fluoroquinolin-7-yl)piperidin-4-yl]piperazin-
1- yl}quinoline;
3-trifluoromethyl-8-(4-(4-(6-methoxyquinolin-8-yl)pipe
razin-l-yl)piperidin-lyl) quinoline;
6-methoxy-8-(4-(l-(quinolin-8-ylmethyl)piperidin-4-yl)
riperazin-lyl) quinoline;
5-fluoro-4-methoxy-8-(4-(4-(6-methoxyquinolin-8-yl)pip
erazin-l-yl)piperidinl-
yl)-2-(trifluoromethyl)quinoline;
5-fluoro-8-(4-(4-(6-methoxyquinolin-8-yl)piperazin-1-y
l)piperidin-1- yl)quinoline;
8-[4-(l-quinolin-8-yl-piperidin-4-yl)-piperazin-l-yl]-
quinoline;
6-chloro-8-[4-(4-(6-chloro)-quinolin-8-yl-piperidin-1-
yl)-piperazin-1-yl] - quinoline;
6-fluoro-8-[4-(4-(5-chloro)-quinolin-8-yl-piperidin-l-
yl)-piperazin-l-yl]- quinoline;
5-chloro-8-[4-(l-quinolin-8-yl-piperidin-4-yl)-piperaz
in-l-yl]-quinoline;
2-methyl-8-[4-(l-quinolin-8-yl-piperidin-4-yl)-piperaz
in-l-yl]-quinoline;
6-chloro-8-[4-(l-quinolin-8-yl-piperidin-4-yl)-piperaz
in-l-yl]-quinoline;
8-[4-(l-quinolin-8-yl-piperidin-4-yl)-piperazin-l-yl]-
5-trifluoromethylquinoline;
5-methoxy-8-[4-(l-quinolin-8-yl-piperidin-4-yl)-pipera
zin-l-yl]-quinoline;
5-fluoro-8-[4-(4-quinolin-8-yl-piperazin-1-yl)-piperid
in-1-yl] -quinoline;
6-methoxy-8-[4-(2-methylquinolin-8-yl-piperidin-4-yl)-
piperazin-1-yl]- quinoline;
6-fluoro-8-(4-(l-(2-methylquinolin-8-yl)piperidin-4-yl
)piperazin-lyl) quinoline;
6-methoxy-8-[4-(3-methylquinolin-8-yl-piperidin-4-yl)-
piperazin-l-yl]- quinoline;
6-methoxy-8-(4-(1-(4-methylquinolin-8-yl)piperidin-4-y
l)piperazin- 1- yl)quinoline;
6-methoxy-8-(4-(1-(2,4-dimethylquinolin-8-yl)piperidin
-4-yl)piperazin- 1- yl)quinoline;
6-methoxy-8-(4-(l-(2,4-dimethyl-5-fluoroquinolin-8-yl)
piperidin-4- yl)piperazin-1-yl)quinoline;
6-methoxy-8-(4-(l-(2-(trifluoromethyl)quinolin-8-yl)pi
peridin-4-yl)piperazinl- yl)quinoline;
6-fluoro-8-(4-(l-(5-fluoroquinolin-8-yl)piperidin-4-yl
)piperazinl- yl)quinoline;
6-methoxy-8-(4-(l-(6-bromoquinolin-8-yl)piperidin-4-yl
)piperazinl- yl)quinoline;
6-methoxy-8-(4-(l-(6-fl.uoroquinolin-8-yl)piperidin-4-
yl)piperazinl- yl)quinoline;
6-fluoro-8-(4-(l-(7-fluoroquinolin-8-yl)piperidin-4-yl
)piperazinl- yl)quinoline; 6-methoxy-8-
{4-[1-(8-fluoroquinolin-7~yl)piperidin-4-yl]piperazin-
1- yl}quinoline; 6-methoxy-8-
{4-[1-(2-trifluoromethyl-4-methoxyquinolin-7-yl)piperi
din-4- yl]piperazin- 1-yl }quinoline;
6-methoxy-8-(4-(l-(2-trifluoromethyl-4-methoxyquinolin
-8-yl)piperidin-4- yl)piperazin- 1-yl)quinoline ;
5-fluoro-8-(4-(4-(6-methoxyquinolin-8-yl)piperazin-
1-yl)pipei din- 1-yl)- 2-trifluoromethylquinoline;
5-fluoro-8-(4-(4-(6-methoxyquinolin-8-yl)piperazin-l-y
l)piperidin-l-yl)- 3-trifluoromethylquinoline;
5-fluoro-8-(4-(4-(6-methoxyquinolin-8-yl)piperazin-l-y
l)piperidin-l-yl)- 4-trifluoromethylquinoline;
2,5-difluoro-8-(4-(4-(6-methoxyquinolin-8-yl)piperazin
-l-yl)piperidinl- yl)quinoline;
3,5-difluoro-8-(4-(4-(6-methoxyquinolin-8-yl)piperazin
- 1-yl)piperidinl- yl)quinoline;
4,5-difluoro-8-(4-(4-(6-methoxyquinolin-8-yl)piperazin
-l-yl)piperidinl- yl)quinoline; and pharmaceutically
acceptable salts thereof.[0298] In a further aspect,
the invention provides compounds of the Formula (IH):
(HI) and pharmaceutically acceptable salts thereof
wherein R99 is selected from: and R7, R8, R9, R10 ,
R11, R12, R13 , Ru, R15, R16, R20, R21, R22, R23, R24,
R26, R27, R28 R29 and R30 are each independently -H,
(C1-C6)-alkyl, (Ci-C 6)-haloalkyl, (C2-C6)- alkenyl, o
r (C2-C6)-alkynyl, halogen, -CF 3, -NO 2, -CN, -OR 25,
-OSO 2R25, -SR 25, - SO2R25, -SO 2N(R 2S)2, -N(R 25)2,
-C(O), -COR 25, -CO2R25, -NR25CO2R25, -NR25COR 25, -NR
25CON(R 2S)2, or -CON(R 25)2; R a and Rb are each
independently -H or -CH 3; and R 2 5 is -H; or linear
or branched (Ci-C 6)-alkyl, (Ci-C 6)-haloalkyl,
(C2-C6)- alkenyl, o r (C2-C6)-alkynyl. [0299] In one
embodiment, any of R7, R8, R , R1O, R11, and R12 are
each independently -H, (C1-C6)-alkyl, halogen, -CF 3,
-OR 25, -NO 2 or -CN; and the remaining R7-R1 are each
hydrogen. In one embodiment, any of R7, R8, R9, R1O,
R11, and R12 are each independently -H, (C1-C6)-alkyl,
halogen, -CF 3, -OR25, -NO 2 or -CN; and the remaining
R7-R16 are each hydrogen.[0300] In one embodiment, any
of R7, R , R9, Rio, Rn, and R12 are each independently
-H, halogen, or -CF3; and the remaining R7-R12 are
each hydrogen. In one embodiment, any of R7, R , R9,
Rio, Rn, and R12 are each independently -H, halogen,
or -CF3; and the remaining R7-R1 are each hydrogen.
[0301] In one embodiment, any two of R7, R8, R9, Rio,
Rn, and Ri2 are each independently -H, (d-C 6)-alkyl,
halogen, -CF3, -OR25, -NO2 or -CN; and the remaining
R7-R12 are each hydrogen. In one embodiment, any two
of R7, R , R9, R1O, R11, and R12 are each
independently -H, (Q-C^-alkyl, halogen, -CF3, -OR2 ,
-NO2 or - CN; and the remaining R7-Ri are each
hydrogen. [0302] In one embodiment, any three of R7,
R8, R9, R1 , Rn, and R12 are each independently -H,
halogen, or -CF and the remaining R7-R12 are each
hydrogen. In one embodiment, any three of R7, R , R9,
R1O, Rn, and R12 are each independently -H, halogen,
or -CF3 and the remaining R7-R16 are each hydrogen.
[0303] In one embodiment, R7 is -H, (C1-C6)-alkyl,
-OR25, halogen, -CF3, -NO2 or -CN. In one embodiment,
R7 is -H, (Ci-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or
- CN; one OfR1, R2, R3, R4, R5 and R6 is -H,
(Q-C^-alkyl, -OR25, halogen, or -CF3; and Ra and Rb
are each independently -H or -CH3; and each remaining
R group is hydrogen. In one embodiment, R7 is -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one
of R1, R2, R3, R4 R5 and R6 is -H, (C1-C6)-alkyl,
-OR25, halogen, or -CF3; and each remaining R group is
hydrogen. [0304] In one embodiment, R10 is -H,
(C1-C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN. In
one embodiment, R10 is -H, (C1-C6)-alkyl, -OR25,
halogen, or -CF . In one embodiment, R10 is -H, -CH3,
-OCH 3, -F or -CF3. In one embodiment, R10 is -H, (C1-
C6)-alkyl, -OR25, halogen, -CF3, -NO2 or -CN; one of
R1, R2, R3, R4,R5 and R6 is -H, (C1-C6)-alkyl, -OR25,
halogen, or -CF3; and Ra and Rb are each independently
-H or -CH3; and each remaining R group is hydrogen. In
one embodiment, R10 is -H, (C1- C6)-alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; one of R1, R2, R3, R4,R5
and R6 is -H, (Ci-C6)-alkyl, -OR25, halogen, or -CF3;
and each remaining R group is hydrogen. [0305] In one
embodiment, R11 is -H, (Ci-C6)-alkyl, -OR25, halogen,
-CF3, -NO2 or -CN. In one embodiment, R11 is -H,
(Ci-C6)-alkyl, halogen, or -CF3. In one embodiment,
R11 is -H, -CH3, -F or -CF3. In one embodiment, R11 is
-H, (C1-C6)- alkyl, -OR25, halogen, -CF3, -NO 2 or
-CN; one of R1, R2, R3, R4, R5 and R6 is -H,(Q-C
6)-alkyl, -OR25, halogen, or -CF3; Ra and Rb are each
independently -H or -CH 3; and each remaining R group
is hydrogen. In one embodiment, R11 is -H, (C1-C6)-
alkyl, -OR 25, halogen, -CF3, -NO2 or -CN; one of R 1,
R2, R3, R4, R5 and R6 is -H, (Q-C 6)-alkyl, -OR25,
halogen, or -CF3; and each remaining R group is
hydrogen. [0306] In one embodiment, R12 is -H, (Ci-C
6)-alkyl, -OR 25, halogen, -CF 3, -NO 2 or -CN. In one
embodiment, R12 is -H, (C1-C6)-alkyl, halogen, or
-CF3. In one embodiment, R12 is -H, -CH 3, -F or -CF3.
In one embodiment, R12 is -H, (C1-C6)- alkyl, -OR25,
halogen, -CF3, -NO2 or -CN; one of R 1, R2, R3, R4, R5
and R6 is -H, (C1-C6)-alkyl, -OR25, halogen, or -CF3;
R and Rb are each independently -H or -CH 3; and each
remaining R group is hydrogen. In one embodiment, R12
is -H, (C1-C6)- alkyl, -OR 25, halogen, -CF3, -NO2 or
-CN; one of R 1, R2, R3, R4, R5 and R6 is -H, (Ci-C
6)-alkyl, -OR25, halogen, or -CF 3; and each remaining
R group is hydrogen. [0307] In one embodiment, R7 is
-H, (Ci-C 6)-alkyl, halogen, -CF3, -OR 25, -NO 2 or
-CN and R8, R9, R1 , R11 and Ri2 are each hydrogen. In
one embodiment, R7 is -H, (Ci-C 6)-alkyl, halogen, -CF
3, -OR 25, -NO2 or -CN; Ra and Rb are each
independently -H or -CH 3; and each remaining R group
is hydrogen. [0308] In one embodiment, R8 is -H,
(C1-C6)-alkyl, halogen, -CF3, -OR 25, -NO 2 or -CN and
R7, R9, Rio, R11 and R12 are each hydrogen. In one
embodiment, R8 is -H, (Ci-C 6)-alkyl, halogen, -CF3,
-OR 25, -NO2 or -CN; Ra and Rb are each independently
-H or -CH 3; and each remaining R group is hydrogen.
[0309] In one embodiment, R9 is -H, (Ci-C 6)-alkyl,
halogen, -CF3, -OR 25, -NO 2 or -CN and R7, R8, Rio,
Rn and R12 are each hydrogen. In one embodiment, R9 is
-H, (Ci-C 6)-alkyl, halogen, -CF 3, -OR 25, -NO2 or
-CN; Ra and Rb are each independently -H or -CH 3; and
each remaining R group is hydrogen. [0310] In one
embodiment, R7, R8, R9, R1O, R i 1, Ri2, R1 , R14,
R15, R16, R20, R21, R22, R23, R24, R26, R27, R28, R29
and R30 are each hydrogen. [0311] In one embodiment,
R25 is (Ci-C 6)-alkyl.[0312] In one embodiment, R99 is
and R2o, R2 1, R22, and R23 are each independently -H,
-OR25, -CH 3, halogen, -CF 3, -NO 2 or -CN. [0313] In
one embodiment, R99 is the benzofuran above and R20,
R21, R22, and R23 are each -H. [0314] In one
embodiment, R99 is the benzofuran above; R7, R8, R9,
R1O, R 11, R1 R20, R2I R22 and R23 are each
independently -H, (C1-C6)-alkyl, halogen, -CF3, -OR25,
-NO2 or -CN. [0315] In one embodiment, R99 is the
benzofuran above; R7, R8, R 9, R1O, R11, and Ri2, are
each independently -H, (CrC 6)-alkyl, halogen, -CF3,
-OR25, -NO 2 or -CN; and R13, R14 , R15, and R1 are
each hydrogen. [0316] In one embodiment, R99 is the
benzofuran above; R8 is-H , (Ci-C 6)-alkyl, halogen,
-CF , -OR2 , -NO 2 or -CN; and R7, R9, R1O, R11, and
R12 are each independently -H, (Ci-C 6)-alkyl,
halogen, -CF3, or -OCH 3. [0317] In one embodiment,
R99 is the benzofuran above; R8 is -H, (C1-C6)-alkyl,
halogen, -CF3, -OR2 , -NO or -CN; R15 and R16 are each
independently -H, (C1-C6)- alkyl, halogen, -CF , or
-OR 2s; and R7, R9, R1 , R11, R12, R13 and R1 are each
hydrogen. [0318] In one embodiment, R99 is the
benzofuran above; R is-H , (C1-C6)-alkyl, halogen,
-CF3, -OR25, -NO 2 or -CN; and R7, R9, R10, R11, R12,
R13 , R14 , R15, and R16 are each hydrogen. [0319] In
one embodiment, R99 is the benzofuran above; R8 is -H,
(C1-C6)-alkyl, halogen, -CF3, -OR25, -NO2 or -CN; and
R7, R9, R10, R11, R12, R20, R21, R22 and R23 are each
hydrogen. [0320] In one embodiment, R99 is the
benzofuran above; R8 is - H or halogen and R7, R9,
R1O, R11 R12, R2o, R2i, R22 and R23 are each hydrogen.
In one embodiment, R99is the benzofuran above; R is -
H or halogen and R7, R9, R10 , R11, R1 , R1 , R 14,
R15, R16 , R2O, R2i, R22 and R2 are each hydrogen.
[0321] In one embodiment, R99 is the benzofuran above;
and R8 and R are each - H or halogen. In one
embodiment, R99 is the benzofuran above; R and R22 are
each - H or halogen; and each remaining R group is
hydrogen. [0322] In one embodiment, R99 is the
benzofuran above; and R8 and R22 are each
independently -H, -Cl or -F. [0323] In one embodiment,
R99 is the benzofuran above; R and R22 are each
independently -H, -Cl or -F; and R7, R9, R1O, R11,
R12, R2o, R21 and R23 are each hydrogen. [0324] In one
embodiment, R99 is the benzofuran above; R8 and R22
are each independently -H, -Cl or -F; and R7, R9, R10,
R11, R12, R13, R14, Ris, R16, R20, R21, and R23 are
each hydrogen. [0325] In one embodiment, R99 is the
benzofuran above; R9 is -H, (Ci-C 6)-alkyl, halogen,
-CF3, -OR 2 , -NO2 or -CN; R7, R8, R10 , and R12 are
each independently -H, (C1-C6)-alkyl, halogen, -CF3,
or -OCH 3; and R13 , R14 , R1 , and R16 are each
hydrogen. [0326] In one embodiment, R99 is the
benzofuran above; R9 is -H, (C1-C6)-alkyl, halogen,
-CF3, -OR 2 , -NO 2 or -CN; R15 and R16 are each
independently -H, (C1-C6)- alkyl, halogen, -CF 3, or
-OR 25; and R7, R8, R10, R11, R12, R13 and R14 are
each hydrogen. [0327] In one embodiment, R99 is the
benzofuran above; R9 is -H, (C1-C6)-alkyl, halogen,
-CF3, -OR 25, -NO2 or -CN; and R7, R8, R10, R11, R12,
R13, Ru, Ris, and R16 are each hydrogen. [0328] In one
embodiment, R99 is the benzofuran above; R9 is -H,
(C1-C6)-alkyl, halogen, -CF3, -OR 25, -NO 2 or -CN;
and R7, R8, R10, R11, R12, R20, R21, R22 and R23 are
each hydrogen. [0329] In one embodiment, R99 is the
benzofuran above; one of R7, R8, R9, R1 , R11, and R12
is -H, (Q-QO-alkyl, halogen, -CF3, -OR 25, -NO 2 or
-CN; and each remaining R group is H.[0330] In one
embodiment, R99 is the benzofuran above; one of R20,
R21, R2 , and R2 is -H, (C1-Cd)-alkyl, halogen, -CF ,
-OR2 , -NO2 or -CN; and each remaining R group is H.
[0331] In one embodiment, R99 is the benzofuran above;
one of R7, R8, R9, R1O, R11, and R12 is -H,
(Q-QO-alkyl, halogen, -CF3, -OR25, -NO2 or -CN; one
OfR 13 , R14 , R15 , and R16 is -H, (Ci-C6)-alkyl,
halogen, -CF3, -OR25, -NO 2 or -CN; and each remaining
R group is H. [0332] In one embodiment, Rg9 is the
benzofuran above; one of R7, R8, R9, R1O, R11 and R12
is -H, (Q-C fO-alkyl, halogen, -CF3, -OR25, -NO 2 or
-CN; and one of R20, R21, R22, and R23 is -H, (Ci-C
6)-alkyl, halogen, -CF3, -OR25, -NO2 or -CN. 



[0333] In one embodiment, R 9 is the benzofuran above;
one of R7, R , R9, R1O, R11 and R12 is -H, (Ci-C
6)-alkyl, halogen, -CF3, -OR25, -NO2 or -CN; one OfR
20, R21, R22, and R23 is -H, (C1-C6)-alkyl, halogen,
-CF3, -OR25, -NO2 or -CN; and the remaining R groups
are hydrogen. [0334] In one embodiment, R99 is the
benzofuran above; two of R7, R , R9, R1O, Ri1, and R12
are each independently -H, (C1-C )-alkyl, halogen,
-CF3, -OR25, -NO2 or -CN; and each remaining R group
is hydrogen. [0335] In one embodiment, R99 is the
benzofuran above; two of R7, R8, R9, R1O, R11, and R12
are each independently -H, halogen, -CF3, -OR25, -NO2
or -CN; one OfR20, R2 1, R22, and R23 is -H,
(Q-QO-alkyl, halogen, -CF3, -OR25, -NO2 or -CN; and
each remaining R group is hydrogen. [0336] In one
embodiment, R99 is the benzofuran above; two of R7,
R8, R9, R1O, R11, and R12 are each independently -H,
(C1-Ce)-alkyl, halogen, -CF3, -OR25, -NO2 or -CN; one
OfR20, R21, R22, and R23 is -H, (C1-C6)-alkyl,
halogen, -CF3, -OR25, -NO2 or -CN; one OfR13, R14 ,
R15 , and R16 is -H, (Ci-C 6)-alkyl, halogen, -CF3,
-OR25, -NO2 or -CN; and each remaining R group is
hydrogen. [0337] In one embodiment, R99 is the
benzofuran above; R9 and R22 are each independently
-H, (Ci-C 6)-alkyl, halogen, -CF3, -OR25, -NO2 or -CN;
and each remaining R group is hydrogen. In one
embodiment, R99 is the benzofuran above; R9 and R22
are each independently -H or halogen; and each
remaining R group is hydrogen.[0338] In another
embodiment, R99 is and R24, R , and R27 are each
independently, -H, (C1-C6)-alkyl, halogen, -CF3, -OR
25, -NO 2 or -CN. In one embodiment, R99 is the
benzo[l,4]dioxane above and R24, R2 , and R27 are each
hydrogen. [0339] In one embodiment, R99 is the
benzo[l,4]dioxane above and R7, R8, R9, R1O, R11, Ri2,
Ri3, R14, R1 , and R16 are each independently -H,
(Ci-C 6)-alkyl, halogen, -CF 3, -OR 25, -NO2 or -CN.
[0340] In one embodiment, R99 is the benzo[l,4]dioxane
above; R7, R8, R9, R1O, R11, and R12 are each
independently -H, (Ci-C 6)-alkyl, halogen, -CF3, -OR2
, -NO or -CN; and R13 , Ri4, R1 , and R15 are each
hydrogen. [0341] In one embodiment, R99 is the
benzo[l,4]dioxane above and R7, R8, R9, R10 , Rn, R1 ,
Ri3, R14, Ri5, Ri , R24, R26, and R27 are each
hydrogen. i one embodiment, R99 is the
benzo[l,4]dioxane above and R7, R8, Rg, Rio, Rn, Ri2,
R 13, Ri4, Ri5, Ri6, R24, R26, R27, Ra and Rb are each
hydrogen. [0342] In one embodiment, R99 is the
benzo[l,4]dioxane above and R9 is -H, (QC 6)-alkyl,
halogen, -CF3, -OR25, -NO2 or -CN. [0343] In one
embodiment, R99 is the benzo[l,4]dioxane above; R is
-H, (Ci-C 6)- alkyl, halogen, -CF3, -OR 5, -NO 2 or
-CN; R15 and Ri are each independently -H, (QC
6)-alkyl, halogen, -CF3, -OR25, -NO 2 or -CN; and R7,
R8, Ri0, Rn, and R 2 are each hydrogen. [0344] In one
embodiment, R99 is the benzo[l,4]dioxane above; R is
-H, (Ci-C 6)- alkyl, halogen, -CF3, -OR25, -NO2 or
-CN; and R7, R8, Ri0, Rn, Ri2, R13, Ri4, R15, and R i6
are each hydrogen. [0345] In one embodiment, R99 is
the benzo[l,4]dioxane above; R8 is -H, (Ci-C 6)-
alkyl, halogen, -CF3, -OR25, -NO2 or -CN.[0346] In one
embodiment, R99 is the benzo[l,4]dioxane above; R8 is
-H, (C1-C6)- alkyl, halogen, -CF , -OR25, -NO2 or -CN;
R15 and R16 are each independently -H, (C1- C6)-alkyl,
halogen, -CF3, -OR25, -NO2 or -CN; and R7, R9, R10,
Rn, and R12 are each hydrogen. [0347] In one
embodiment, R99 is the benzo[l,4]dioxane above; R8 is
-H, (C1-C6)- alkyl, halogen, -CF3, -OR25, -NO 2 or
-CN; and R7, R9, R10, R11, R12, R13, Ru, R15, and R16
are each hydrogen. [0348] In one embodiment, R99 is
the benzo[l,4]dioxane above; one of R7, R , R9, R10,
Rn, and R12 is -H, (C1-C6)-alkyl, halogen, -CF3, -OR
25, -NO2 or -CN; and each remaining R group is
hydrogen. [0349] In one embodiment, R99 is the
benzo[l,4]dioxane above; one of R7, R8, R9, R10 , R11,
and R12 is -H, (C1-C6)-alkyl, halogen, -CF3, -OR 25,
-NO2 or -CN; one OfR 24, R26, and R27 is -H,
(C1-C6)-alkyl, halogen, -CF3, -OR25, -NO 2 or -CN; and
each remaining R group is hydrogen. [0350] In one
embodiment, R99 is the benzo[l,4]dioxane above; one of
R7, R8, R9, R10, Rn, and R12 is -H, (C1-C6)-alkyl,
halogen, -CF3, -OR 25, -NO2 or -CN; one OfR 24, R26,
and R27 is -H, (d-C 6)-alkyl, halogen, -CF3, -OR 25,
-NO 2 or -CN; one OfR 13 , R14 , Ri5, and R 6 is -H,
(Q-CeO-alkyl, halogen, -CF3, -OR25, -NO 2 or -CN; and
each remaining R group is hydrogen. ' [0351] In one
embodiment, R99 is the benzo[l,4]dioxane above; two of
R7, R8, R9, Rio, Rn, and Ri2 are each independently
-H, (Ci-C 6)-alkyl, halogen, -CF3, -OR 25, -NO2 or
-CN; and each remaining R group is hydrogen. [0352] In
one embodiment, R99 is the benzo[l,4]dioxane above;
two of R7, R , R9, R1O, Rn, and Ri2 are each
independently -H, (C1-C6)-alkyl, halogen, -CF3, -OR
25, -NO 2 or -CN; one OfR 24, R26, and R27 is -H,
(C1-C6)-alkyl, halogen, -CF3, -OR 25, -NO 2 or -CN;
and each remaining R group is hydrogen. [0353] In one
embodiment, R99 is the benzo[l,4]dioxane above; two of
R7, R , R9, R1O, Rn, and R12 are each independently
-H, (Q-C^-alkyl, halogen, -CF3, -OR 25, -NO 2 or -CN;
one OfR 24, R26, R27 is -H, (C C6)-alkyl, halogen,
-CF3, -OR25, -NO 2 or -CN; one OfR 13 , R14 , R15, and
R16 is -H, (C C6)-alkyl, halogen, -CF3, -OR25, -NO 2
or -CN; and each remaining R group is hydrogen.[0354]
In a further embodiment, R99 is and R2 , R29 and R 0
are each independently -H, (Q-C^-alkyl, halogen, -CF
3, -OR 25, -NO2 or -CN. [0355] In one embodiment, R99
is the indole above and R28, R2g, and R30 are each
hydrogen. [0356] In one embodiment, R99 is the indole
above and R7, R8, R9, R1O, Rn, R12, R1 , R14, R1 , and
R16 are each independently -H, (C1-C6)-alkyl, halogen,
-CF 3, -OR2 , -NO 2 or -CN. [0357] In one embodiment,
R99 is the indole above; R7, R8, R , R1 , R11, and R12
are each independently -H, (Q-C^-alkyl, halogen, -CF
3, -OR 25, -NO2 or -CN; and Ri3, Ri4, Ri5, and R16 are
each hydrogen. [0358] In one embodiment, R99 is the
indole above; R8 is -H, (CrC 6)-alkyl, halogen, -CF3,
-OR 25, -NO2 or -CN. [0359] Ia one embodiment, R99 is
the indole above; R is -H, (C1-C6)-alkyl, halogen,
-CF3, -OR 25, -NO2 or -CN; and R7, R9, R10, R11, R12,
R28, R29, and R30 are each hydrogen. In one
embodiment, R99 is the indole above; R8 is -H or
halogen and R7, R9, R1O, R11, R12, R28, R29, and R3
are each hydrogen. In one embodiment, R99is the indole
above; R8 is - H or halogen and R7, R9, R1O, R11, R12,
R13, Ri4, R15 , R16, R28, R29, and R30 are each
hydrogen. In one embodiment, R99 is the indole above;
R8 is - H or halogen and R7, R9, R10 , R11, R12 , R13
, R14, R15, Ri6, R2S R29, R30, Ra and Rb are each
hydrogen. [0360] In one embodiment, R99 is the indole
above; R is -H, (Ci-C 6)-alkyl, halogen, -CF3, -OR 25,
-NO2 or -CN; and R7, R9, R10 , R11, R12, Ri3, R14,
R15, and R16 are each hydrogen.[0361] In one
embodiment, R99 is the indole above; R8 is -H, (Ci-C
6)-alkyl, halogen, -CF3, -OR 25, -NO 2 or -CN; R15 and
R1 are each -H, (C1-C6)-alkyl, halogen, -CF3, -OR25,
-NO 2 or -CN; and R7, R9, R10, Rn, and R12 are each
hydrogen. [0362] In one embodiment, R99 is the indole
above; R9 is -H, (Q-C^-alkyl, halogen, -CF3, -OR 25,
-NO 2 or -CN. [0363] In one embodiment, R99 is the
indole above; R9 is -H, (C1-C6)-alkyl, halogen, -CF3,
-OR 25, -NO 2 or -CN; and R7, R8, R10 , R11, Ri2, R28,
R29, and R30 are each hydrogen. [0364] In one
embodiment, R99 is the indole above; R9 is -H,
(Ci~C6)-alkyl, halogen, -CF3, -OR 25, -NO 2 or -CN;
and R7, R8, R10, Rn, R12 , R13, Ri4, R15, and R16 are
each hydrogen. [0365] In one embodiment, R99 is the
indole above; R9 is-H, (Ci-C 6)-alkyl, halogen, -CF3,
-OR 25, -NO 2 or -CN; R1 and R16 are each -H,
(C1-C6)-alkyl, halogen, -CF , -OR25, -NO 2 or -CN; and
R7, R8, R1O, Rn, and R1 are each hydrogen. [0366] In
one embodiment, R99 is the indole above; one of R7,
R8, R9, R1O, Rn, and R12 is -H, (Ci-C 6)-alkyl,
halogen, -CF3, -OR25, -NO2 or -CN; and each remaining
R group is H. In one embodiment, R99 is the indole
above; one of R7, R8, R9, Rio, R11, and R1 is - H or
halogen and each remaining R group is H. [0367] In one
embodiment, R99 is the indole above; one of R7, R8,
R9, Rio, R11, and R12 is -H, (C 1-C6)-alkyl, halogen,
-CF3 -OR25, -NO2 or -CN; one OfR 28, R29, and R3O is
-H, (C1-C6)-alkyl, halogen, -CF3, -OR25, -NO 2 or -CN;
and each remaining R group is H. [0368] In one
embodiment, R99 is the indole above; one of R7, R8,
R9, R1O, R11, and R12 is -H, (Q-C fO-alkyl, halogen,
-CF3, -OR25, -NO2 or -CN; one of R28, R29, and R30 is
-H, (C1-C6)-alkyl, halogen, -CF3, -OR25, -NO 2 or -CN;
one of Ri3, R14 , R15 , and R16 is -H, (C1-C6)-alkyl,
halogen, -CF3, -OR25, -NO 2 or -CN; and each remaining
R group is hydrogen. [0369] In one embodiment, R99 is
the indole above; two of R7, R , R9, R1O, Rn, and Ri2
are each independently -H, (Q-C^-alkyl, halogen, -CF
3, -OR25, -NO 2 or -CN; and each remaining R group is
hydrogen.[0370] In one embodiment, R99 is the indole
above; two of R7, R8, R , R1O, Rn, and R12 are each
independently -H, (Q-C^-alkyl, halogen, -CF3, -OR25,
-NO2 or -CN; one of R2 , R29, and R3ois -H, -OR2 ,
-CH3, halogen, -CF3, -NO2 or -CN; and each remaining R
group is hydrogen. [0371] In one embodiment, R99 is
the indole above; two of R7, R8, R9, R1O, R11, and R12
are each independently -H, (d-C 6)-alkyl, halogen,
-CF3, -OR2 , -NO2 or -CN; one OfR28, R29, and R30 is
-H, (Ci-C 6)-alkyl, halogen, -CF3, -OR25, -NO2 or -CN;
one OfR 13, R14 , R15, and R16 is -H, (C1-C6)-alkyl,
halogen, -CF3, -OR25, -NO2 or -CN; and each remaining
R group is hydrogen. [0372] In yet another aspect, the
invention provides compounds of the Formula (IV): (IV)
and pharmaceutically acceptable salts thereof, wherein
X is CR25, N, O or S; Y is CR2 , NR2 , O or S; with
the proviso that when X is CR 25 , Y i s not N R 25 ;
R 13 , R 14 , R 1S, R16, R31, R32, R33, R34, R3S, R36,
R37, R38 and R39 are each independently -H, (Ci-C
6)-alkyl, (Q-C^-haloalkyl, (C2-C6)-alkenyl, or
(C2-C6)-alkynyl, halogen, -CF3, -NO2, -CN, -OR 25,
-OSO2R25, -SR25, -SO2R25, - SO2N(R 2S) 2, -N(R25)2,
-C(O), -COR25, -CO 2R25, -NR 25CO2R25, -NR25COR25, -
NR25CON(R25)2, or -CON(R 25)2; Ra and Rb are each
independently -H or -CH3; R25 is -H; or linear or
branched (C1-C6)-alkyl, (C1-C6)-haloalkyl,
(C2-C6)-alkenyl, or (C2-C6- alkynyl). [0373] In one
embodiment, X is CR25 or N; Y is O or S; one of R31,
R32, R33, R34 and R3 is -H, (Ci-C6)-alkyl, -OR2 ,
halogen, or -CF 3; and each remaining R group is
hydrogen.[0374] In one embodiment, X is CR2 or N; Y is
O or S; one of R 1, R32, R33, R 4 and R35 is -H,
(Ci-C6)-alkyl, -OR25, halogen, or -CF 3 ; one of R36,
R37, R38 and R39 is - H, (Q-C 6)-alkyl, -OR 25, -CH3,
halogen, or -CF 3; and each remaining R group is
hydrogen. [0375] In one embodiment, X is CR25 or N; Y
is O or S; one of R31, R32, R33, R34 and R35 is -H,
(Q-C^-alkyl, -OR25, halogen, or -CF 3 ; one OfR 13 ,
R14 , R1 , and R1 is -H, (d-C 6)-alkyl, -OR 25, -CH3,
halogen, or -CF 3; and each remaining R group is
hydrogen. [0376] In one embodiment, X is CR25 or N; Y
is O or S; one of R3 1, R32, R33, R 4 and R35 is -H,
(Q-C^-alkyl, -OR25, halogen, or -CF 3 ; one OfR 13 ,
R14, R1 , and R16 is -H, (d-C 6)-alkyl, -OR 25,
halogen, or -CF 3; one of R36, R37, R38 and R39 is -H,
(Ci-C 6)-alkyl, -OR25, halogen, or -CF3; and each
remaining R group is hydrogen. [0377] In one
embodiment, X is CR25 or N; Y is O or S; R13 , R14,
R15 , R16 , R31, R32, R33, R34, R35, R36, R37, R38,
and R39 are each independently -H, (Q-C^-alkyl, -OR25,
halogen, -CF3, -NO 2, or -CN. [0378] In one
embodiment, X is CR25 or N; Y is O or S; R13, R14, R15
, and R15 are each independently -H, (CrC 6)-alkyl,
-OR25, halogen, or -CF 3; and R31, R32, R33; R34, R35
R36, R37, R38 and R39 are each hydrogen. [0379] In one
embodiment, X is CR25 or N; Y i s O or S; R31, R32,
R33, R34, R35, R36, R37 R38 and R39 are each
independently -H, (C1-C6)-alkyl, -OR25, halogen, or -
CF3; and R13 , R14 , R1 , and R15 are each hydrogen.
[0380] In one embodiment, X is CR25 or N; Y is O or S;
R31 is -H, (Ci-C 6)-alkyl, -OR25, halogen, or -CF 3.
In one embodiment, X is CR 5 or N; Y is O or S; R3 1
is - H or -OR25. [0381] In one embodiment, X is CR25
or N; Y is O or S; R31 is -H, (Q-C 6)-alkyl, -OR 25,
halogen, or -CF 3 and each remaining R group i s
hydrogen. In one embodiment, X is CR25 or N; Y is O or
S; R31 is - H or -OR 25 and each remaining R group is
hydrogen. [0382] In one embodiment, X is CR25 or N; Y
is O or S; R31 is -H, (Ci-C 6)-alkyl, -OR 25, halogen,
or -CF 3; and R13 , R14 , R15, R16 , R32, R 33, R34,
R35, R36, R37, R38, and R39 are each hydrogen.[0383]
In one embodiment, X is CR25 or N; Y is O or S; R3i is
-H, (CrC 6)~alkyl, -OR 25, -CH3, halogen, or -CF 3;
R16 is -H, (Ci-C 6)-alkyl, -OR25, halogen, or -CF 3;
and R13 , R14 , R15, R32, R33, R34, R35, R36, R37,
R38, and R39 are each hydrogen. [0384] In one
embodiment, X is CR25 or N; Y is O or S; R3 1 is -H,
(Ci-C 6)-alkyl, -OR 25, halogen, or -CF 3; R15 is -H,
(CrC^-alkyl, -OR2 , halogen, or -CF 3; and R1 , R 14 ,
Ri6, R32, R33, R34, R35 R36, R37, R38, and R39 are
each hydrogen. [0385] In one embodiment, R3 is -H,
(Q-C^-alkyl, halogen, -CF3, or -OR 25; R32, R33, R34,
R35, R36, R37, R38 and R39 are each independently -H,
-CH3, halogen, -CF 3, or -OR 25 ; and Ri3, R1 , Ri5,
and Ri6 are each hydrogen. [0386] In one embodiment,
R3 is -H, (Q-C^-alkyl, halogen, -CF3, or -OR 2 ; Ri5
and R16 are each independently -H, -CH3, halogen,
-CF3, or -OR25; and R3 , R33, R34 R35, R36, R37, R38
and R39 are each hydrogen. [0387] Illustrative
examples of compounds of Formula (HI) and Formula (IV)
are set forth below and include, without limitation:
6-chloro-8- {4-[4-(l H-indole-4-yl)-piperazin-
l-yl]-piperidin- 1-yl }-quinoline; 8-{4-[4-(l
H-indole-4-yl)-piperazin-l-yl]-piperidin-l-yl}-quinoli
ne;
8-{4-[4-(2,3-dihydro-benzo[l,4]dioxin-5-yl)-piperazin-
l-yl]-piperidin-lyl}- quinoline;
8-[4-(4-benzofuran-3yl-piperazin-l-yl)-piperidin-l-yl]
-6-chloro-quinoline; 5-fluoro-8-
{4-[4-(5-fluoro-benzofuran-3-yl)-piperazin- 1-yl] -
piperidin- 1-yl }- quinoline; 1-(1-benzo [&]thiophen-3
-yl-piperidin-4-yl)-4-(2-methoxy- rhenyl)-piperazine;
or 3-{4-[4-(2-methoxyphenyl)-piperazin- 1-yl]-
1-piperidinyl }-1,2-benzisoxazole; and
pharmaceutically acceptable salts thereof. [0388] The
compounds and pharmaceutically acceptable salts of
compounds of the present invention can contain an
asymmetric carbon atom and some of the compounds or
pharmaceutically acceptable salts of compounds of the
invention can contain one or more asymmetric centers,
and can thus give rise to optical isomers and
diastereomers. While depicted without respect to
stereochemistry in the compounds andpharmaceutically
acceptable salts of compounds of the present
invention, the present invention includes such optical
isomers and diastereomers, as well as racemic and
resolved, enantiomericaUy pure R and S stereoisomers,
and also other mixtures of the R and S stereoisomers
and pharmaceutically acceptable salts thereof. Where a
stereoisomer is preferred, it can in some embodiments
be provided substantially free of its corresponding
opposite enantiorner. [0389] In addition, the
compounds and pharmaceutically acceptable salts of
compounds of the present invention can exist as
polymorphs. Such polymorphs can be transient or
isolatable as a stable product. [0390] Prodrugs of the
compounds or pharmaceutically acceptable salts of
compounds are also within the scope of the present
invention. Methods for Making the Compounds of the
Invention [0391] The compounds and pharmaceutically
acceptable salts of compounds of the present invention
can be prepared using a variety of methods starting
from commercially available compounds, known
compounds, or compounds prepared by known methods.
General synthetic routes to many of the compounds of
the invention are included in the following schemes.
The methods for making some intermediates of the
invention are described in WO2004/024731 and U.S.
Patent No. 4,465,482, both of which are hereby
incorporated by reference. It is understood by those
skilled in the art that protection and deprotection
steps not shown in the Schemes may be required for
these syntheses, and that the order of steps may be
changed to accommodate functionality in the target
molecule. [0392] Scheme 1 illustrates the coupling of
piperazine-piperidine compounds of Formulas (T), (TL),
(TTL), and (IV) through reductive animation, wherein
Ra, Rb, R7, Rs, R , R1O, R11, R12, R13 , R14 , R1 ,
R16, and R99 are as defined above, and R99 can also be
a substituted or unsubstituted quinoline. A compound
of Formula (X) is reacted with a compound of Formula
(XIV) under conditions effective to bring about
reductive amination at the piperidine carbonyl,
thereby providing the piperazine-piperidine compound
of Formulas (T), (TT), (TTT), and (IV). Reagents that
can effect this coupling include, but are not limited
to, sodium cyanoborohydiide and sodium
triacetoxyborohydride. Suitable solvents for
performing the reaction include, but are not limited
to, dichloroethane and methanol and acids such as
acetic acid andhydrochloride may optionally be added
to the reaction. Reaction temperatures can vary,
depend on the nature of the reactants, but usually
span the range from 00C to the boiling point of the
solvent. Scheme 1 (X) (XIV) (I) (II), OH) and (IV)
[0393] Scheme Ia illustrates the coupling of
piperazine-piperidine compounds of Formula (F),
through reductive amination, wherein Ra, Rb, Rz, R ,
R9, Rio, Rn, R12, R1 , R14, R1 , R16, and R99 are as
defined above, and R99 can also be a substituted or
unsubstituted quinoline. A compound of Formula (X) is
reacted with a compound of Formula (XIVb) under
conditions effective to bring about reductive
amination at the piperidine carbonyl, such as those
described in Scheme 1, thereby providing the
piperazine-piperidine compound of Formulas (F). Scheme
Ia [0394] Scheme Ia' illustrates another method for
making compounds of Formula (F), wherein Ra, Rb, R1,
R2, R3, R4, R5, R6, R7, R8, R9, R1O, R11, R12, R13,
R14, R1 , and R16 are as defined above, and R99 is an
optionally substituted quinoline (n is also as defined
above). A compound of Formula (Xa) is reacted under
conditions effective to provide the compound of
Formula (XXXI). The compound of Formula (XXXI)
isreacted under conditions effective to provide the
removal of the phenyl-methyl group, thereby providing
the compound of Formula (XXXII). The compound of
Formula (XXXII) is reacted with an alkyl-substituted
quinoline of Formula (XXXIII) having a good leaving
group (W) under conditions effective to produce a
compound of Formula (T). Suitable leaving groups are
known to those of skill in the art and include,
without limitation, halogen, -OTs, -OMs or -OTr.
Scheme Ia' [0395] Scheme Ib illustrates the coupling
of piperazine-piperidine compounds of Formula (I"),
through reductive amination, wherein Ra, Rb, R7, R7',
R8, R9, Rio, Rn R12, Ri3, Ri4, Ri5, R16, R99 are as
defined above except for the R group through which the
piperidine is connected; and n is as defined above;
and R99 can also be a substituted or unsubstituted
quinoline. A compound of Formula (X) is reacted with a
compound of Formula (XIVc) under conditions effective
to bring about reductive amination at the piperidine
carbonyl, such as those described in Scheme 1, thereby
providing the piperazine-piperidine compound of
Formula (I").Scheme Ib [0396] Scheme 2 illustrates the
production of compounds of Formula (I). As shown in
Scheme 2, a compound of Formula (Xa) and a compound of
Formula (XIV) can be reacted under conditions
effective to produce the di-quinoline substituted
piperazine-piperidine compound of Formula (I), such as
those described in Scheme 1. Scheme 2 (D[0397] Scheme
3 illustrates the production of compounds of Formula
(Xb) and Formula (XV) in which Ri, R2, R3, Ri0, R11,
R12 , R1 , R14 , R1S, and R16 are each hydrogen and
Ra, Rb, R4, Rs, Re, R7, Rs and R9 are as defined
above. An optionally substituted aniline compound of
Formula (VII) is reacted with an appropriate reagent
under conditions effective to produce the quinoline
compound of Formula (VIII). Numerous reagents and
conditions affect this transformation. Many of these
can be  ound in a review by G. Jones (Synthesis of the
Quinoline Ring stem, in Heterocyclic Compounds: Volume
32 (Quinolines), Interscience, New York, New York,
1977, pp. 93-318). One such reagent is glycerol, as
originally described by Skraup (Monatsh. (1880), 1,
316). R1, R2, R3, R4, R5 and R6 of (VII) and (VIII)
are as above for (I) andW is a good leaving group, for
example halogen, p-toluenesulfonyl (-OTs),
methanesulfonyl (-OMs) or trifluoromethanesulfonyl
(-OTr). The compound of Formula (VIE) is then reacted
with a protected piperazine derivative under
conditions effective to provide a protected
piperazino-quinoline of Formula (IX), where X1 is a
protecting group. Protecting groups are well known to
those of skill in the art and include, without
limitation, rt-butoxycarbonyl. Conditions that can
effect this reaction include, but are not limited to,
reacting the two components in the presence of a
palladium complex such as those described by Buchwald
et ah, J. Am. Chan. Soc. 118:7215 (1996) and Hartwig
etal., J. Am. Chan. Soc. 118:7217 (1996). The
protected piperazino-quinoline of Formula (IX) is then
reacted under conditions to promote the removal of the
protecting group (e.g., aqueous acid or mixtures of a
water miscible organic solvent and aqueous acid),
providing the substituted piperazino-quinoline
compound of Formula (Xb). Separately, compounds of
Formula (XIV) are produced by beginning with an
optionally substituted aniline compound of Formula
(XI) and reacting it as described above with an
appropriate reagent under conditions effective to
produce the quinoline compound of Formula (XII). R7, R
, R , Rio, Rn, and R1 of (XI) and (XII) are as above
for Formula (I) andW is a suitable leaving group such
as halogen, -OTs, -OMs or -OTr. The quinoline compound
of Formula (XII) is then reacted with a
piperidin-4-one derivative under conditions effective
to provide the compound of Formula (XIII) {e.g., a
palladium-catalyzed coupling such as that described
above). The carbonyl group of the piperidin-4-one
derivative is protected with a protecting group (X ).
Suitable protecting groups are well known to those of
skill in the art and include, without limitation,
1,4-dioxolane. The compound of Formula (XHI) is then
reacted under conditions to promote theremoval of the
protecting group (e.g., aqueous acid or a mixture of a
water miscible 



organic solvent and aqueous acid), providing the
piperidin-4-one compound of Formula (XIVa). The
piperidin-4-one compound of Formula (XIVa) is then
reacted with the piperazino-quinoline compound of
Formula (Xb) as described above in Schemes 1 and 2 to
produce the di-quinoline piperazine-piperidine
compound of Formula (XV). Scheme 3 [0398] Alternative
syntheses for the quinoline compounds of Formulae
(VIII) and (XH) axe provided in Scheme 3a. The aniline
compounds of Formulae (VII) and (XT) are reacted with
an appropriate reagent under conditions effective to
product the quinoline compounds of Formulae (XXXIV)
and (XXXV) where W is a leavinggroup. Reagents and
conditions suitable for affecting this transformation
are known to those of skill in the art and include,
for example, methods described in G. Jones, supra. One
exemplary reagent is glycerol, as described above. The
compounds of Formulae (XXXIV) and (XXXV) are then
reacted with appropriate reagents to yield the desired
intermediate compounds of Formulae (YTSI) and (XI).
[0399] In some embodiments, compounds of Formula (I)
and Formula (XV) are further reacted to form a salt of
the compounds of Formula (I) and Formula (XV) through
an acid addition process. In one nonlimiting example,
one or more equivalents of an acid (e.g.,
hydrochloride, succinic, or adipic acids) are reacted
with the free base of a compound of Formula (I) and
Formula (XV) to form an acid addition salt. Exemplary
salts include, without limitation, mono-, di-, tri-
and tetraacid salts. [0400] In some embodiments, the
acid addition step is modified to allow for isolation
of the salts of the compounds of Formula (I) and
Formula (XV) without the use of potentially
environmentally hazardous materials. In one
embodiment, compounds of Formula (I) and Formula (XV)
are reacted in the presence of nonchlorinated
solvents. In one embodiment, the non-chlorinated
solvent is toluene. [0401] In some embodiments, the
acid addition reaction is performed under conditions
that result in relatively low amounts of residual
solvent found in the final product. In some
embodiments, the amount of each individual residual
solvent is present in an amount that is less than
about 0.25 w% of the resulting salt form of the
compound of Formula (T) or Formula (XV). In one
embodiment, the amount of each residual solvent is
less than about 0.2 w% of the resulting salt form of
the compound of Formula (I) or the compound of Formula
(XV). In still other embodiments, the amount of each
solvent is less than about 0.15 w% of the resulting
salt form of the compound of Formula (I) or the
compound of ormula (XV). In further embodiments, the
amount of each solvent is less than about 0.1 w% of
the resulting salt form of the compound of Formula (T)
or the compound of Formula (XV). In yet more
embodiments, the amount of each solvent is less than
about 0.05 w% of the resulting salt form of the
compound of Formula (T) or the compound of Formula
(XV). In still more embodiments, the amount of each
solvent is less than about 0.025 w% of the resulting
salt form of the compound of Formula (T) or the
compound of Formula (XV). In additional embodiments,
the amount of each solvent is less than about 0.02 w%
ofthe resulting salt form of the compound of Formula
(I) or the compound of Formula (XV). In another
embodiment, the amount of each solvent is less than
about 0.01 w% of the resulting salt form of the
compound of Formula (I) or the compound of Formula
(XV). In one embodiment, the presence of chlorinated
solvents is decreased significantly from the final
isolated salt form of the compound of Formula (I) or
the compound of Formula (XV). In one embodiment, there
are no detectable chlorinated solvents is the final
isolated salt form of the compound of Formula (I) or
the compound of Formula (XV). In one embodiment, the
amount of chlorinated solvent present in the final
isolated salt form of the compound of Formula (I) or
the compound of Formula (XV) is less than about 0.1%.
In one embodiment, the amount of chlorinated solvent
present in the final isolated salt form of the
compound of Formula (I) and the compound of Formula
(XV) is less than about 0.05%. In one embodiment, the
amount of chlorinated solvent present in the final
isolated salt form of the compound of Formula (I) and
the compound of Formula (XV) is less than about 0.01%.
In one embodiment, the amount of chlorinated solvent
present in the final isolated salt form of the
compound of Formula (I) and the compound of Formula
(XV) is less than about 0.001%. [0402] In some
embodiments, the acid addition reaction occurs in the
presence of organic solvents including, but not
limited to, tetrahydrofuran (THF), acetone,
dichloromethane, and dichloroethane. In one
embodiment, the organic solvents are THF and acetone.
In one embodiment, a compound of Formula (I) or a
compound of Formula (XV) is mixed with a first organic
solvent and then added to a solution that includes a
second organic solvent and an acid. In one embodiment,
the first organic solvent is THF or acetone. In one
embodiment, the second organic solvent is THF or
acetone. In one embodiment, the first organic solvent
is THF and the second organic solvent is acetone. In
one embodiment, a compound of Formula (I) or a
compound of Formula (XV) is mixed with THF prior to
addition to a solution of acetone and an acid. In one
embodiment, the acid is an organic acid. In one
embodiment, the acid is a dicarboxylic acid. In one
embodiment, the organic acid is succinic acid.Scheme
3a (VII) (XXXIV) (VIII) (XI) (XXXV) (XH) [0403] Scheme
4 illustrates the production of a compound of Formula
(IH) in which R99is an indole compound and R7, R8, Rg,
R1O, Rn, R12, R2 , R29 and R3o are defined as above
for Formula (IE). A piperidin-4-one compound of
Formula (XIVa) is produced as described above in
Scheme 3. A dinitro-toluene compound of Formula (XVI)
is reacted with N,N-dimethylformamide dimethyl acetal
and pyrrolidine under conditions effective to bring
about cyclization, thereby providing an
indol-4-ylamine compound of Formula (XVII)- The
compound of Formula (XVII) is then reacted with a
bis(2-chloroethyl)-benzylamine under conditions
effective to produce the compound of Formula (XVIII).
The compound of Formula (XVDT) is then reacted under
conditions effective to remove the benzyl protecting
group to produce a 4-piperazin-lyl- indole of Formula
(XIX). The piperazin-1-yl-indole compound of Formula
(XIX) is then reacted with the riperidin-4-one
compound of Formula (XIVa) a s described above in
Scheme 1 to produce the piperazine-piperidine compound
of Formula (XX), which is a compound of Formula
(HI).Scheme 4 [0404] Scheme 5 illustrates the
production of compounds of Formula (UI) in which R99
is a benzo[l,4]dioxane compound and Ra, Rb, R7, R ,
R9, Rio, Rn, R12, R24, R26 and R27 are defined as
above for Formula (III). A piperidin-4-one compound of
Formula (XIVa) is produced as described above in
Scheme 3. A benzo[l,4]dioxane- . piperazine compound
having the Formula (XXEI) is produced by reacting a
piperidine with a benzo[l,4]dioxane substituted with a
good leaving group, for example a halogen -OTs, -OMs
or -OTr, under conditions effective to produce a
compound of Formula (XXIII). The compound of Formula
(XXIII) is reacted with the piperidin-4- one compound
of Formula (XIVa) as described above in Scheme 1 to
produce the benzo[l,4]dioxane piperazine-piperidine
quinoline compound of Formula (XXIV).Scheme 5 [0405]
Scheme 5a illustrates an alternative production of a
benzo[l,4]dioxanepiperazine compound having the
Formula (XXIII) in which Ra, Rb, R24, R26, and R 7 are
defined as above for Formula (HI). A
nitro-benzodioxane of Formula (XXI) is reacted under
conditions effective to produce a compound of Formula
(XXII). The compound of Formula (XXII) is reacted with
a bis(2-chloroethyl)amine under conditions effective
to produce a compound of Formula (XXm). Scheme 5a
[0406] Scheme 6 illustrates the production of a
compound or pharmaceutically acceptable salt of a
compound of Formula (JS) in which R99 is a benzofuran
compound and Ra, Rb, R7, R8, R9, R10, R11, Ri2, R2o,
R21, R22 and R2 are defined as above for Formula (DI).
A riperidin-4-one compound of Formula (XIVa) is
produced as described above in Scheme 3. The
benzofuranone of Formula (XXXI) is reacted with a
protected piperazine under conditions effective to
produce benzofuran-Nprotected piperazine compound of
Formula (XXXII). Suitable protecting groups (Xi)are
well known to those of skill in the art and include,
without limitation, ethoxycarbonyl. Deprotection of
the N-protecting group (such as by hydrolysis) of the
compound of Formula (XXXII) gives a compound of
formula (V). The benzofuranpiperazine of Formula (V)
is then reacted with the piperidin-4-one compound of
Formula (XIV) as described above in Scheme 1 to
produce the piperazine-piperidine compound of Formula
(XXV). Scheme 6 (XXV) [0407] Scheme 7 illustrates the
production of a compound or pharmaceutically
acceptable salt of a compound of Formula (IV) in which
Ra, Rb, Ri3, Ri4, R15, Ri6, R31,R32, R33, R34 R35 R36,
R37, R38 and R39 are defined as above for Formula
(IV). As shown in Scheme 7, an optionally substituted
phenyl-piperazine compound of Formula (XXVI) is
reacted with an optionally substituted
protected-piperazine under conditions effective to
provide the compound of Formula (XXVII), wherein X1 is
a protecting group. Suitable protecting groups are
well known to those of skill in the art and include,
without limitation, tert-butoxycarbonyl. The compound
of Formula (XXVII) is reacted under conditions
effective to remove the protecting group, providing a
phenyl-piperazine-piperidine compound of Formula
(XXVIH). The phenyl-piperazine-piperidine compound of
Formula (XXVIQ) is reacted with a bicyclic aryl
compound of Formula (XXIX) possessing a suitable
leaving group (W) under conditions effective to
provide the compound of Formula (IV). Scheme 7 (XXVl)
(XXVIII) (XXX) [0408] Schemes 1-7 illustrate the
synthetic methodology used to prepare particular
compounds of the present invention. [0409] One of
skill in the art will recognize that Schemes 1-7 can
be adapted to produce the other compounds according to
the present invention and that other methods may be
used to produce the compounds of the present
invention.Therapeutic Administration [0410] When
administered to an animal, the compounds or
pharmaceutically acceptable salts of the compounds can
be administered neat or as a component of a
composition that comprises a physiologically
acceptable carrier or vehicle. A pharmaceutical
composition of the invention can be prepared using a
method comprising admixing the compound or a
pharmaceutically acceptable salt of the compound and a
physiologically acceptable carrier, excipient, or
diluent. Admixing can be accomplished using methods
well known for admixing a compound or a
pharmaceutically acceptable salt of the compound and a
physiologically acceptable carrier, excipient, or
diluent. [0411] The present pharmaceutical
compositions, comprising compounds or pharmaceutically
acceptable salts of the compounds of the invention,
can be administered orally. The compound of the
invention can also be administered by any other
convenient route, for example, by infusion or bolus
injection, by absorption through epithelial or
mucocutaneous linings (e.g., oral, rectal, vaginal,
and intestinal mucosa, etc.) and can be administered
together with another therapeutic agent.
Administration can be systemic or local. Various known
delivery systems, including encapsulation in
liposomes, microparticles, microcapsules, and
capsules, can be used. [0412] Methods of
administration include, but are not limited to,
intradermal, intramuscular, intraperitoneal,
intravenous, subcutaneous, intranasal, epidural, oral,
sublingual, intracerebral, intravaginal, transdermal,
rectal, by inhalation, or topical, particularly to the
ears, nose, eyes, or skin. In some instances,
administration will result of release of the compound
or a pharmaceutically acceptable salt of the compound
into the bloodstream. The mode of administration is
left to the discretion of the practitioner. [0413] In
one embodiment, the compound of the invention is
administered orally. [0414] In another embodiment, the
compound of the invention is administered
intravenously. [0415] In another embodiment, it may be
desirable to administer the compound of the invention
locally. This can be achieved, for example, by local
infusion during surgery, topical application, e.g., in
conjunction with a wound dressing after surgery, by
injection, by means of a catheter, by means of a
suppository or edema, or by meansof an implant, said
implant being of a porous, non-porous, or gelatinous
material, including membranes, such as sialastic
membranes, or fibers. [0416] In certain embodiments,
it can be desirable to introduce the compound of the
invention into the central nervous system, circulatory
system or gastrointestinal tract by any suitable
route, including intraventricular, intrathecal
injection, paraspinal injection, epidural injection,
enema, and by injection adjacent to the peripheral
nerve. Intraventricular injection can be facilitated
by an intraventricular catheter, for example, attached
to a reservoir, such as an Ommaya reservoir. [0417]
Pulmonary administration can also be employed, e.g.,
by use of an inhaler or nebulizer, and formulation
with an aerosolizing agent, or via perfusion in a
fluorocarbon or synthetic pulmonary surfactant. In
certain embodiments, the compound or a
pharmaceutically acceptable salt of the compound can
be formulated as a suppository, with traditional
binders and excipients such as triglycerides. [0418]
In another embodiment, the compound of the invention
can be delivered in a vesicle, in particular a
liposome (see Langer, Science 249:1527-1533 (1990) and
Treat etal., Liposomes in the Therapy of Infectious
Disease and Cancer 317-327 and 353-365 (1989)). [0419]
In yet another embodiment, the compound of the
invention can be delivered in a controlled-release
system or sustained-release system {see, e.g.,
Goodson, in Medical Applications of Controlled
Release, vol. 2, pp. 115-138 (1984)). Other controlled
or sustained-release systems discussed in the review
by Langer, Science 249- 1527-1533 (1990) can be used.
In one embodiment, a pump can be used (Langer, Science
249:1527-1533 (1990); Sefton, CRC Crit. Ref. Biomed.
Eng. 14:201 (1987); Buchwald et al, Surgery 88:507
(1980); and Saudek et al., N. Engl J Med. 321 :574
(1989)). In another embodiment, polymeric materials
can be used (see Medical Applications of Controlled
Release (Langer and Wise eds., 1974); Controlled Drug
Bioavailability, Drug Product Design and Performance
(Smolen and Ball eds., 1984); Ranger and Peppas, J.
Macromol. ScL Rev. Macromol. Chem. 2:61 (1983); Levy
et al, Science 228: 190 (1935); During et al, Ann.
Neural 25:351 (1989); and Howard etal, J. Neurosurg.
71:105 (1989)). [0420] The present compositions can
optionally comprise a suitable amount of a
physiologically acceptable excipient.[0421] Such
physiologically acceptable excipients can be liquids,
such as water and oils, including those of petroleum,
animal, vegetable, or synthetic origin, such as peanut
oil, soybean oil, mineral oil, sesame oil and the
like. The physiologically acceptable excipients can be
saline, gum acacia, gelatin, starch paste, talc,
keratin, colloidal silica, urea and the like. In
addition, auxiliary, stabilizing, thickening,
lubricating, and coloring agents can be used. In one
embodiment the physiologically acceptable excipients
are sterile v,hen administered to an animal. The
physiologically acceptable excipient should be stable
under the conditions of manufacture and storage and
should be preserved against the contaminating action
of microorganisms. Water is a particularly useful
excipient when the compound or a pharmaceutically
acceptable salt of the compound is administered
intravenously. Saline solutions and aqueous dextrose
and glycerol solutions can also be employed as liquid
excipients, particularly for injectable solutions.
Suitable physiologically acceptable excipients also
include starch, glucose, lactose, sucrose, gelatin,
malt, rice, flour, chalk, silica gel, sodium stearate,
glycerol monostearate, talc, sodium chloride, dried
skim milk, glycerol, propylene, glycol, water, ethanol
and the like. The present compositions, if desired,
can also contain minor amounts of wetting or
emulsifying agents, or pH buffering agents. [0422]
Liquid carriers may be used in preparing solutions,
suspensions, emulsions, syrups, and elixirs. The
compound or pharmaceutically acceptable salt of the
compound of this invention can be dissolved or
suspended in a pharmaceutically acceptable liquid
carrier such as water, an organic solvent, a mixture
of both, or pharmaceutically acceptable oils or fat.
The liquid carrier can contain other suitable
pharmaceutical additives including solubilizers,
emulsifiers, buffers, preservatives, sweeteners,
flavoring agents, suspending agents, thickening
agents, colors, viscosity regulators, stabilizers, or
osmo-regulators. Suitable examples of liquid carriers
for oral and parenteral administration include water
(particularly containing additives as above, e.g.,
cellulose derivatives, including sodium carboxymethyl
cellulose solution), alcohols (including monohydric
alcohols and polyhydric alcohols, e.g., glycols) and
their derivatives, and oils (e.g., fractionated
coconut oil and arachis oil). For parenteral
administration the carrier can also be an oily ester
such as ethyl oleate and isopropyl myristate. Sterile
liquid carriers are used in sterile liquid form
compositionsfor parenteral administration. The liquid
carrier for pressurized compositions can be
halogenated hydrocarbon or other pharmaceutically
acceptable propellant. [0423] The present compositions
can take the form of solutions, suspensions, emulsion,
tablets, pills, pellets, capsules, capsules containing
liquids, powders, sustained-release formulations,
suppositories, emulsions, aerosols, sprays,
suspensions, or any other form suitable for use. In
one embodiment, the composition is in the form of a
capsule. Other examples of suitable physiologically
acceptable excipients are described in Remington's
Pharmaceutical Sciences 1447-1676 (Alfonso R. Gennaro,
ed., 19th ed. 1995). [0424] In one embodiment, the
compound or a pharmaceutically acceptable salt of the
compound is formulated in accordance with routine
procedures as a composition adapted for oral
administration to humans. Compositions for oral
delivery can be in the form of tablets, lozenges,
buccal forms, troches, aqueous or oily suspensions or
solutions, granules, powders, emulsions, capsules,
syrups, or elixirs for example. Orally administered
compositions can contain one or more agents, for
example, sweetening agents such as fructose, aspartame
or saccharin; flavoring agents such as peppermint, oil
of wintergreen, or cherry; coloring agents; and
preserving agents, to provide a pharmaceutically
palatable preparation. In powders, the carrier can be
a finely divided solid, which is an admixture with the
finely divided compound or pharmaceutically acceptable
salt of the compound. In tablets, the compound or
pharmaceutically acceptable salt of the compound is
mixed with a carrier having the necessary compression
properties in suitable proportions and compacted in
the shape and size desired. The powders and tablets
can contain up to about 99% of the compound or
pharmaceutically acceptable salt of the compound.
[0425] Capsules may contain mixtures of the compounds
or pharmaceutically acceptable salts of the compounds
with inert fillers and/or diluents such as
pharmaceutically acceptable starches (e.g., corn,
potato, or tapioca starch), sugars, artificial
sweetening agents, powdered celluloses (such as
crystalline and microcrystalline celluloses), flours,
gelatins, gums, etc. [0426] Tablet formulations can be
made by conventional compression, wet granulation, or
dry granulation methods and utilize pharmaceutically
acceptable diluents, binding agents, lubricants,
disintegrants, surface modifying agents
(includingsurfactants), suspending or stabilizing
agents (including, but not limited to, magnesium
stearate, stearic acid, sodium lauryl sulfate, talc,
sugars, lactose, dextrin, starch, gelatin, cellulose,
methyl cellulose, microcrystalline cellulose, sodium
carboxymethyl cellulose, carboxymethylcellulose
calcium, polyvinylpyrrolidine, alginic acid, acacia
gum, xanthan gum, sodium citrate, complex silicates,
calcium carbonate, glycine, sucrose, sorbitol,
dicalcium phosphate, calcium sulfate, lactose, kaolin,
mannitol, sodium chloride, low melting waxes, and ion
exchange resins.) Surface modifying agents include
nonionic and anionic surface modifying agents.
Representative examples of surface modifying agents
include, but are not limited to, poloxamer 188,
benzalkonium chloride, calcium stearate, cetostearl
alcohol, cetomacrogol emulsifying wax, sorbitan
esters, colloidal silicon dioxide, phosphates, sodium
dodecylsulfate, magnesium aluminum silicate, and
triethanolamine. [0427] Moreover, when in a tablet or
pill form, the compositions can be coated to , delay
disintegration and absorption in the gastrointestinal
tract, thereby providing a sustained action over an
extended period of time. Selectively permeable
membranes surrounding an osmotically active driving
compound or a pharmaceutically acceptable salt of the
compound are also suitable for orally administered
compositions. In these latter platforms, fluid from
the environment surrounding the capsule can be imbibed
by the driving compound, which swells to displace the
agent or agent composition through an aperture. These
delivery platforms can provide an essentially zero
order delivery profile as opposed to the spiked
profiles of immediate release formulations. A
time-delay material such as glycerol monostearate or
glycerol stearate can also be used. Oral compositions
can include standard excipients such as mannitol,
lactose, starch, magnesium stearate, sodium saccharin,
cellulose, and magnesium carbonate. In one embodiment,
the excipients are of pharmaceutical grade. [0428] In
another embodiment, the compound or a pharmaceutically
acceptable salt of the compound can be formulated for
intravenous administration. Typically, compositions
for intravenous administration comprise sterile
isotonic aqueous buffer. Where necessary, the
compositions can also include a solubilizing agent.
Compositions for intravenous administration can
optionally include a local anesthetic such as
lignocaine to lessen pain at the site of the
injection. Generally, the ingredients are supplied
either separately or mixed together in unit dosage
form, for example, as a dry lyophilized powder or
water-free concentrate in a hermetically sealed
containersuch as an ampule or sachette indicating the
quantity of active agent. Where the compound or a
pharmaceutically acceptable salt of the compound is to
be administered by infusion, it can be dispensed, for
example, with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the
compound or a pharmaceutically acceptable salt of the
compound is administered by injection, an ampule of
sterile water for injection or saline can be provided
so that the ingredients can be mixed prior to
administration. [0429] In another embodiment, the
compound or pharmaceutically acceptable salt of the
compound can be administered transdermally through the
use of a transdermal patch. Transdermal
administrations include administrations across the
surface of the body and the inner linings of the
bodily passages including epithelial and mucosal
tissues. Such administrations can be carried out using
the present compounds or pharmaceutically acceptable
salts of the compounds, in lotions, creams, foams,
patches, suspensions, solutions, and suppositories
(e.g., rectal or vaginal). [0430] Transdermal
administration can be accomplished through the use of
a transdermal patch containing the compound or
pharmaceutically acceptable salt of the compound and a
carrier that is inert to the compound or
pharmaceutically acceptable salt of the compound, is
non-toxic to the skin, and allows delivery of the
agent for 



systemic absorption into the blood stream via the
skin. The carrier may take any number of forms such as
creams or ointments, pastes, gels, or occlusive
devices. The creams or ointments may be viscous liquid
or semisolid emulsions of either the oil-inwater or
water-in-oil type. Pastes comprised of absorptive
powders dispersed in petroleum or hydrophilic
petroleum containing the active ingredient may also be
suitable. A variety of occlusive devices may be used
to release the compound or pharmaceutically acceptable
salt of the compound into the blood stream, such as a
semi-permeable membrane covering a reservoir
containing the compound or pharmaceutically acceptable
salt of the compound with or without a carrier, or a
matrix containing the active ingredient. [0431] The
compounds or pharmaceutically acceptable salts of the
compounds of the invention may be administered
rectally or vaginally in the form of a conventional
suppository. Suppository formulations may be made from
traditional materials, including cocoa butter, with or
without the addition of waxes to alter the
suppository'smelting point, and glycerin.
Water-soluble suppository bases, such as polyethylene
glycols of various molecular weights, may also be
used. [0432] The compound or a pharmaceutically
acceptable salt of the compound can be administered by
controlled-release or sustained-release means or by
delivery devices that are known to those of ordinary
skill in the art. Such dosage forms can be used to
provide controlled- or sustained-release of one or
more active ingredients using, for example,
hydropropylmethyl cellulose, other polymer matrices,
gels, permeable membranes, osmotic systems, multilayer
coatings, microparticles, liposomes, microspheres, or
a combination thereof to provide the desired release
profile in varying proportions. Suitable controlled-
or sustained-release formulations known to those
skilled in the art, including those described herein,
can be readily selected for use with the active
ingredients of the invention. The invention thus
encompasses single unit dosage forms suitable for oral
administration such a . but not limited to, tablets,
capsules, gelcaps, and caplets that are adapted for
controlled- or sustained-release. [0433] In one
embodiment a controlled- or sustained-release
composition comprises a minimal amount of the compound
or a pharmaceutically acceptable salt of the compound
to treat or prevent a 5-HT A-related disorder in a
minimal amount of time. Advantages of controlled- or
sustained-release compositions include extended
activity of the drug, reduced dosage frequency, and
increased compliance by the animal being treated. In
addition, controlled- or sustained-release
compositions can favorably affect the time of onset of
action or other characteristics, such as blood levels
of the compound or a pharmaceutically acceptable salt
of the compound, and can thus reduce the occurrence of
adverse side effects. [0434] Controlled- or
sustained-release compositions can initially release
an amount of the compound or a pharmaceutically
acceptable salt of the compound that promptly produces
the desired therapeutic or prophylactic effect, and
gradually and continually release other amounts of the
compound or a pharmaceutically acceptable salt of the
compound to maintain this level of therapeutic or
prophylactic effect over an extended period of time.
To maintain a constant level of the compound or a
pharmaceutically acceptable salt of the compound in
the body, the compound or a pharmaceutically
acceptable salt of the compound can be released from
the dosage form at a rate that will replace the amount
of the compound or a pharmaceuticallyacceptable salt
of the compound being metabolized and excreted from
the body. Controlled- or sustained-release of an
active ingredient can be stimulated by various
conditions, including but not limited to, changes in
pH, changes in temperature, concentration or
availability of enzymes, concentration or availability
of water, or other physiological conditions or
compounds. [0435] In certain embodiments, the present
invention is directed to prodrugs of the compounds or
pharmaceutically acceptable salts of compounds of the
present invention. Various forms of prodrugs are known
in the art, for example as discussed in Bundgaard
(ed.), Design of Prodrugs, Elsevier (1985); Widder et
al. (ed.), Methods in Enzymology, vol. 4, Academic
Press (1985); Kgrogsgaard-Larsen et al. (ed.); "Design
and Application of Prodrugs", Textbook of Drug Design
and Development, Chapter 5, 113-191 (1991); Bundgaard
et al., Journal of Drug Delivery Reviews, 8:1- 38
(1992); Bundgaard et al, J. Pharmaceutical Sciences,
77:285 et seq. (1988); and Higuchi and Stella (eds.),
Prodrugs as Novel Drug Delivery Systems, American
Chemical Society (1975). [0436] The amount of the
compound or a pharmaceutically acceptable salt of the
compound delivered is an amount that is effective for
treating or preventing a 5-HT Arelated disorder. In
addition, in vitro or in vivo assays can optionally be
employed to help identify optimal dosage ranges. The
precise dose to be employed can also depend on the
route of administration, the condition, the
seriousness of the condition being treated, as well as
various physical factors related to the individual
being treated, and can be decided according to the
judgment of a health-care practitioner. Equivalent
dosages may be administered over various time periods
including, but not limited to, about every 2 hours,
about every 6 hours, about every 8 hours, about every
12 hours, about every 24 hours, about every 36 hours,
about every 48 hours, about every 72 hours, about
every week, about every two weeks, about every three
weeks, about every month, and about every two months.
The number and frequency of dosages corresponding to a
completed course of therapy will be determined
according to the judgment of a health-care
practitioner. The effective dosage amounts described
herein refer to total amounts administered; that is,
if more than one compound or a pharmaceutically
acceptable salt of the compound is administered, the
effective dosage amounts correspond to the total
amount administered.[0437] The amount of the compound
or a pharmaceutically acceptable salt of the compound
that is effective for treating or preventing a 5-HT
A-related disorder will typically range from about
0.001 mg/kg to about 600 mg/kg of body weight per day,
in one embodiment, from about 1 mg/kg to about 600
mg/kg body weight per day, in another embodiment, from
about 10 mg/kg to about 400 mg/kg body weight per day,
in another embodiment, from about 10 mg/kg to about
200 mg/kg of body weight per day, in another
embodiment, from about 10 mg/kg to aoout 100 mg/kg of
body weight per day, in another embodiment, from about
1 mg/kg to about 10 mg/kg body weight per day, in
another embodiment, from about 0.001 mg/kg to about
100 mg/kg of body weight per day, in another
embodiment, from about 0.001 mg/kg to about 10 mg/kg
of body weight per day, and in another embodiment,
from about 0.001 mg/kg to about 1 mg/kg of body weight
per day. [0438] In one embodiment, the pharmaceutical
composition is in unit dosage form, e.g., as a tablet,
capsule, powder, solution, suspension, emulsion,
granule, or suppository. In such form, the composition
is sub-divided in unit dose containing appropriate
quantities of the active ingredient; the unit dosage
form can be packaged compositions, for example,
packeted powders, vials, ampoules, prefilled syringes
or sachets containing liquids. The unit dosage form
can be, for example, a capsule or tablet itself, or it
can be the appropriate number of any such compositions
in package form. Such unit dosage form may contain
from about 0.01 mg/kg to about 250 mg/kg, and may be
given in a single dose or in two or more divided
doses. Variations in the dosage will necessarily occur
depending upon the species, weight and condition of
the patient being treated and the patient's individual
response to the medicament. [0439] In one embodiment,
the unit dosage form is about 0.01 to about 1000 mg.
In another embodiment, the unit dosage form is about
0.01 to about 500 mg; in another embodiment, the unit
dosage form is about 0.01 to about 250 mg; in another
embodiment, the unit dosage form is about 0.01 to
about 100 mg; in another embodiment, the unit dosage
form is about 0.01 to about 50 mg; in another
embodiment, the unit dosage form is about 0.01 to
about 25 mg; in another embodiment, the unit dosage
form is about 0.01 to about 10 mg; in another
embodiment, the unit dosage form is about 0.01 to
about 5 mg; and in another embodiment, the unit dosage
form is about 0.01 to about 10 mg;[044O] The compound
or a pharmaceutically acceptable salt of the compound
can be assayed in vitro or in vivo for the desired
therapeutic or prophylactic activity prior to use in
humans. Animal model systems can be used to
demonstrate safety and efficacy. [0441] The present
methods for treating or preventing a S-HTu-related
disorder can further comprise administering another
therapeutic agent to the animal being administered the
compound or a pharmaceutically acceptable salt of the
compound, in one embodiment the other therapeutic
agent is administered in an effective amount. [0442]
Effective amounts of the other therapeutic agents are
well known to those skilled in the art. However, it is
well within the skilled artisan's purview to determine
the other therapeutic agent's optimal effective amount
range. The compound or a pharmaceutically acceptable
salt of the compound and the other therapeutic agent
can act additively or, in one embodiment,
synergistically. In one embodiment of the invention,
where another therapeutic agent is administered to an
animal, the effective amount of the compound or a
pharmaceutically acceptable salt of the compound is
less than its effective amount would be where the
other therapeutic agent is not administered. In this
case, without being bound by theory, it is believed
that the compound or a pharmaceutically acceptable
salt of the compound and the other therapeutic agent
act synergistically. In some cases, the patient in
need of treatment is being treated with one or more
other therapeutic agents. In some cases, the patient
in need o f treatment is being treated with at least
two other therapeutic agents. [0443] In one
embodiment, the other therapeutic agent is selected
from the group consisting of one or more
anti-depressant agents, anti-anxiety agents,
anti-psychotic agents, or cognitive enhancers.
Examples of classes of antidepressants that can be
used in combination with the active compounds of this
invention include norepinephrine reuptake inhibitors,
selective serotonin reuptake inhibitors (SSRIs), NK-I
receptor antagonists, monoamine oxidase inhibitors
(MAOs), reversible inhibitors of monoamine oxidase
(RIMAs), serotonin and noradrenaline reuptake
inhibitors (SNRIs), corticotropin releasing factor
(CRF) antagonists, a-adrenoreceptor antagonists, and
atypical antidepressants. Suitable norepinephrine
reuptake inhibitors include tertiary amine tricyclics
and secondary amine tricyclics. Suitable tertiary
amine tricyclics and secondary amine tricyclics
include amitriptyline, clomipramine, doxepin,
imipramine, trimipramine, dothiepin, butriptyline,
iprindole, lofepramine,nortriptyline, protriptyline,
amoxapine, desipramine and maprotiline. Suitable
selective serotonin reuptake inhibitors include
fluoxetine, citolopram, escitalopram, fluvoxamine,
paroxetine and sertraline. Examples of monoamine
oxidase inhibitors include isocarboxazid, phenelzine,
and tranylcypromine. Suitable reversible inhibitors of
monoamine oxidase include moclobemide. Suitable
serotonin and noradrenaline reuptake inhibitors of use
in the present invention include venlafaxine,
nefazodone, milnacipran, and duloxetine. Suitable CRF
antagonists include those compounds described in
International Patent Publication Nos. WO 94/13643, WO
94/13644, WO 94/13661, WO 94/13676 and WO 94/13677.
Suitable atypical anti-depressants include bupropion,
lithium, nefazodone, trazodone and viloxazine.
Suitable NK-I receptor antagonists include those
referred to in International Patent Publication WO
01/77100. [0444] Anti-anxiety agents that can be used
in combination with the active compounds of this
invention include without limitation benzodiazepines
and serotonin IA (5-HT1A) agonists or antagonists,
especially 5-HT1Apartial agonists, and corticotropin
releasing factor (CRF) antagonists. Exemplary suitable
benzodiazepines - include alprazolam,
chlordiazepoxide, clonazepam, chlorazepate, diazepam,
halazepam, lorazepam, oxazepam, and prazepam.
Exemplary suitable 5-HT1A receptor agonists or
antagonists include buspirone, flesinoxan, gepirone
and ipsapirone. [0445] Anti-psychotic agents that are
used in combination with the active compounds of this
invention include without limitation aliphatic
phethiazine, a piperazine phenothiazine, a
butyrophenone, a substituted benzamide, and a
thioxanthine. Additional examples of such drugs
include without limitation haloperidol, olanzapine,
clozapine, risperidone, pimozide, aripiprazol, and
ziprasidone. In some cases, the drug is an
anticonvulsant, e.g., phenobarbital, phenytoin,
primidone, or carbamazepine. [0446] Cognitive
enhancers that are co-administered with the 5-HT1A
antagonist compounds of this invention include,
without limitation, drugs that modulate
neurotransmitter levels {e.g., acetylcholinesterase or
cholinesterase inhibitors, cholinergic receptor
agonists or serotonin receptor antagonists), drugs
that modulate the level of soluble Ab, amyloid fibril
formation, or amyloid plaque burden {e.g., g-
secretase inhibitors, b-secretase inhibitors, antibody
therapies, and degradative enzymes), and drugs that
protect neuronal integrity {e.g., antioxidants, kinase
inhibitors, caspase inhibitors, and hormones). Other
representative candidate drugsthat are co-administered
with the compounds of the invention include
cholinesterase inhibitors, (e.g., tacrine (COGNEX(r)),
donepezil (ARICEPT(r)), rivastigmine (EXELON(r))
galantamine (REMINYL(r)), metrifonate, physostigmine,
and Huperzine A), N-methyl-D-aspartate (NMDA)
antagonists and agonists (e.g., dextromethorphan,
memantine, dizocilpine maleate (MK-801), xenon,
remacemide, eliprodil, amantadine, D-cycloserine,
felbamate, ifenprodil, CP-1016O6 (Pfizer), Delucemine,
and compounds described in U.S. Patent Nos. 6,821,985
and 6,635,270), am akines (e.g., cyclothiazide,
aniracetam, CX-516 (Ampalex(r)), CX-717, CX-516,
CX-614, and CX- 691 (Cortex Pharmaceuticals, Inc.
Irvine, CA), 7-chloro-3-methyl-3-4-dihydro-2H-
1,2,4-benzothiadiazine S,S-dioxide (see Zivkovic
etal., 1995, J. Pharmacol. Exp. Therap., 272:300-309;
Thompson etal, 1995, Proc. Natl. Acad. ScL USA,
92:7667- 7671), -bicyclo hept- -en -yl-
-chloro-S^-dihydro-m-l^^-
benzothiadiazine-7-sulfonamide- 1,1-dioxide (Yamada,
etal., 1993, . Neurosc. 13:3904-3915);
7-fluoro-3-methyl-5-ethyl-l,2,4-benzothiadiazine-S,S-d
ioxide; and compounds described in U.S. Patent No.
6,620,808 and International Patent Application Nos. WO
94/02475, WO 96/38414, WO 97/36907, WO 99/51240, and
WO 99/42456), benzodiazepine (BZD)/GABA receptor
complex modulators (e.g., progabide, gengabine,
zaleplon, and compounds described in U.S. Patent No.
5,538,956, 5,260,331, and 5,422,355); serotonin
antagonists (e.g., 5-HT receptor modulators, including
other 5-HT1A antagonist compounds and 5-HT6
antagonists (including without limitation compounds
described in U.S. Patent Nos. 6,727,236, 6,825,212,
6,995,176, and 7,041,695)); nicotinics (e.g., niacin);
muscarinics (e.g., xanomeline, CDD-0102, cevimeline,
talsaclidine. oxybutin, tolterodine, propiverine,
tropsium chloride and darifenacin); monoamine oxidase
type B (MAO B) inhibitors (e.g., rasagiline,
selegiline, deprenyl, lazabemide, safinamide,
clorgyline, pargyline,
N-(2-aminoethyl)-4-chlorobenzamide hydrochloride, and
N-(2-aminoethyl)-5(3-
fluorophenyl)-4-thiazolecarboxamide hydrochloride);
phosphodiesterase (PDE) inhibitors (e.g., PDE IV
inhibitors, roflumilast, arofylline, cilomilast,
rolipram, RO- 20-1724, theophylline, denbufylline,
ARIFLO, CDP-840 (a tri-aryl ethane) CP80633 (a
pyrimidone), RP 73401 (Rhone-Poulenc Rorer),
denbufylline (SmithKline Beecham), arofylline
(Almirall), CP-77,059 (Pfizer), pyrid[2,3d]
ryridazin-5-ones (Syntex), EP-685479 (Bayer), T-440
(Tanabe Seiyaku), and SDZ-ISQ-844 (Novartis)); G
proteins; channel modulators; immunotherapeutics
(e.g., compounds described in U.S. Patent Application
Publication No. US 2005/0197356 and US2005/0197379);
anti-amyloid or amyloid lowering agents (e.g.,
bapineuzumab and compounds described in U.S. Patent
No. 6,878,742 or U.S. Patent Application Publication
Nos. US 2005/0282825 or US 2005/0282826); statins and
peroxisome proliferators activated receptor (PPARS)
modulators (e.g., gemfibrozil (LOPED(r)), fenofibrate
(TRICOR(r)), rosiglitazone maleate (AVANDIA(r)),
pioglitazone (Actos(tm)), rosiglitazone (Avandia(tm)),
clofibrate and bezafibrate); cysteinyl protease
inhibitors; an inhibitor of receptor for advanced
giycation endproduct (RAGE) (e.g., aminoguanidine,
pyridoxaminem carnosine, phenazinediamine, OPB-9195,
and tenilsetam); direct or indirect neurotropic agents
(e.g., Cerebrolysin (r), piracetam, oxiracetam,
AIT-082 (Emilieu, 2000, Arch. Neurol. 57:454));
beta-secretase (BACE) inhibitors, a-secretase,
immunophilins, caspase-3 inhibitors, Src kinase
inhibitors, tissue plasminogen activator (TPA)
activators, AMPA (alpha-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid) modulators, M4
agonists, JNK3 inhibitors, LXR agonists, H3
antagonists, and angiotensin IV antagonists. Other
cognition enhancers include, without limitation,
acetyl-1-carnitine, citicholine, huperzine, DMAE
(dimethylaminoethanol), Bacopa monneiri extract, Sage
extract, L-alpha glyceryl phosphoryl choline, Ginko
biloba and Ginko biloba extract, Vinpocetine, DHA,
nootropics including Phenyltropin, Pikatropin (from
Creative Compounds, LLC, Scott City, MO), besipirdine,
linopirdine, sibopirdine, estrogen and estrogenic
compounds, idebenone, T-588 (Toyama Chemical, Japan),
and FK960 (Fujisawa Pharmaceutical Co. Ltd.).
Compounds described in U.S. Patent Nos. 5,219,857,
4,904,658, 4,624,954 and 4,665,183 are also useful as
cognitive enhancers as described herein. Cognitive
enhancers that act through one or more of the above
mechanisms are also within the scope of this
invention. [0447] In one embodiment, the compound or a
pharmaceutically acceptable salt of the compound of
the invention and cognitive enhancer act additively
or, in one embodiment, synergistically. In one
embodiment, where a cognitive enhancer and a compound
or a pharmaceutically acceptable salt of the compound
of the invention are co-administered to an animal, the
effective amount of the compound or pharmaceutically
acceptable salt of the compound of the invention is
less than its effective amount would be where the
cognitive enhancer agent is not administered. In one
embodiment, where a cognitive enhancer and a compound
or a pharmaceutically acceptable salt of the compound
of the invention are co-administered to an animal,
theeffective amount of the cognitive enhancer is less
than its effective amount would be where the compound
or pharmaceutically acceptable salt of the invention
is not administered. In one embodiment, a cognitive
enhancer and a compound or a pharmaceutically
acceptable salt of the compound of the invention are
co administered to an animal in doses that are less
than their effective amounts would be where they were
no co-administered. In these cases, without being
bound by theory, it is believed that the compound or a
pharmaceutically accep.uole salt of the compound and
the cognitive enhancer act synergistically. [0448] In
one embodiment, the other therapeutic agent is an
agent useful for treating Alzheimer's disease or
conditions associate with Alzheimer's disease, such as
dementia. Exemplary agents useful for treating
Alzheimer's disease include, without limitation,
donepezil, rivastigmine, galantamine, memantine, and
tacrine. L0449] In one embodiment, the compound or a
pharmaceutically acceptable salt of the compound is
administered concurrently with another therapeutic
agent. [0450] In one embodiment, a composition
comprising an effective amount of the compound or a
pharmaceutically acceptable salt of the compound and
an effective amount of another therapeutic agent
within the same composition can be administered.
[0451] In another embodiment, a composition comprising
an effective amount of the compound or a
pharmaceutically acceptable salt of the compound and a
separate composition comprising an effective amount of
another therapeutic agent can b e concurrently
administered. In another embodiment, an effective
amount of the compound or a pharmaceutically
acceptable salt of the compound is administered prior
to or subsequent to administration of an effective
amount of another therapeutic agent. In this
embodiment, the compound or a pharmaceutically
acceptable salt of the compound is administered while
the other therapeutic agent exerts its therapeutic
effect, or the other therapeutic agent is administered
while the compound or a pharmaceutically acceptable
salt of the compound exerts its preventative or
therapeutic effect for treating or preventing a
5-HTiA-related disorder. [0452] Thus, in one
embodiment, the invention provides a composition
comprising an effective amount of the compound or a
pharmaceutically acceptable salt of the compound of
the present invention and a pharmaceutically
acceptable carrier. In another embodiment, the
composition further comprises a second therapeutic
agent.[0453] In another embodiment, the composition
further comprises a therapeutic agent selected from
the group consisting of one or more other
antidepressants, anti anxiety agents, anti-psychotic
agents or cognitive enhancers. Antidepressants, anti
anxiety agents, anti-psychotic agents and cognitive
enhancers suitable for use in the composition include
the antidepressants, anti-anxiety agents,
anti-psychotic agents and cognitive enhancers provided
above. [0454] In another embodiment, the
pharmaceutically acceptable carrier is suitable for
oral administration and the composition comprises an
oral dosage form. Therapeutic or Prophylactic Uses
[0455] In one embodiment, the compounds or
pharmaceutically acceptable salts of the compounds of
the present invention are useful as 5-HT1A receptor
antagonists. In another embodiment, the compounds or
pharmaceutically acceptable salts of the compounds of
the present invention are useful as 5-HT 1A receptor
agonists. Compounds that are 5-HT 1A antagonists
and/or agonists can readily be identified by those
skilled in the art using numerous art-recognized
methods, including standard pharmacological test
procedures such as those described herein.
Accordingly, the compounds and pharmaceutically
acceptable salts of the compounds of the present
invention are useful for treating a mammal with a
5-HTiA-related disorder. One non- ; limiting example
of a disorder that 5-HT1A receptor antagonists are
useful for treating . is cognition-related disorder,
while a non-limiting example of a disorder that 5-HT
1A receptor agonists are useful for treating is
anxiety-related disorder. In some embodiments, the
compounds and pharmaceutical salts of the invention
are useful for improving cognitive function or
cognitive deficits. Examples of improvements in
cognitive function include, without limitation, memory
improvement and retention of learned information.
Accordingly, the compounds and pharmaceutical salts of
the invention are useful for slowing the loss of
memory and cognition and for maintaining independent
function for patients afflicted with a
cognition-related disorder. Thus, in one embodiment,
the compounds and pharmaceutically acceptable salts of
the compounds of the present invention that act as
5-HT 1A receptor antagonists are useful for treating a
mammal with a cognition-related disorder. In one
embodiment, the compounds and pharmaceutically
acceptable salts of the compounds of the present
invention that act as 5-HT 1A receptor antagonists are
useful for improving the cognitive function of a
mammal. Similarly, in one embodiment, the compounds
andpharmaceutically acceptable salts of the compounds
of the present invention that act as 5-HTiA receptor
agonists are useful for treating a mammal with an
anxiety-related disorder. [0456] In one embodiment,
the invention provides a method for treating a
5-HTiA-related disorder, comprising administering to a
mammal in need thereof a compound or a
pharmaceutically acceptable salt of the compound of
Formula (I), Formula (T), Formula (I"), Formula (I"a),
Formula (II), Formula (III) or Formula (IV) in an
amount effective to treat a 5-HTiA-related disorder.
In one embodiment, the invention provides a method for
treating a cognition-related disorder, comprising
administering to a mammal in need thereof a compound
or a pharmaceutically acceptable salt of the compound
of Formula (I), Formula (T), Formula (I"), Formula 



(I"a), Formula (II), Formula (ID) or Formula (IV) in
an amount effective to treat a 5- HTiA-related
disorder. In one embodiment, the invention provides a
method for treating an anxiety-related disorder,
comprising administering to a mammal in need thereof a
compound or a pharmaceutically acceptable salt of the
compound of Formula (I), Formula (I'), Formula (I"),
Formula (I"a), Formula (II), Formula (III) or Formula
(IV) in an amount effective to treat a 5-HTiA-related
disorder. [0457] In one embodiment, the invention
provides a method for treating Alzheimer's disease,
comprising administering to a mammal in need thereof a
compound or a pharmaceutically acceptable salt of a
compound of Formula (I), Formula (I'), Formula (I"),
Formula (Ia"), Formula (U), Formula (TJI), or Formula
(IV) in an amount effective to treat Alzheimer's
disease. In one embodiment, the method for treating
Alzheimer's disease includes administering a second
therapeutic agent. In some embodiments, the second
therapeutic agent is an anti-depressant agent, an
anti-anxiety agent, an anti-psychotic agent, or a
cognitive enhancer. [0458] In one embodiment, the
invention provides a method for treating mild
cognitive impairment (MCI), comprising administering
to a mammal in need thereof a compound or a
pharmaceutically acceptable salt of a compound of
Formula (I), Formula (I'), Formula (I"), Formula
(Ia"), Formula (II), Formula (IE), or Formula (IV) in
an amount effective to treat mild cognitive impairment
(MCI). In one embodiment, the method for treating MCI
includes administering a second therapeutic agent. In
some embodiments, the second therapeutic agent is an
anti-depressant agent, an anti-anxiety agent, an
anti-psychotic agent, or a cognitive enhancer.[0459]
In one embodiment, the invention provides a method for
treating depression, comprising administering to a
mammal in need thereof a compound or a
pharmaceutically acceptable salt of a compound of
Formula (I), Formula (F), Formula (I"), Formula (Ia"),
Formula (R), Formula (HI), or Formula (FV) in an
amount effective to treat depression. In one
embodiment, the method for treating depression
includes administering a second therapeutic agent. In
some embodiments, the second therapeutic agent is an
anti-depressant agent, an anti-anxiety agent, an
ami-psychotic agent, or a cognitive enhancer. [0460]
In some embodiments, the invention provides a
pharmaceutical composition for treating a 5-HT
A-related disorder, the composition including a
compound or pharmaceutically acceptable salt of a
compound of Formula (I), Formula (F), Formula (I"),
Formula (I"a), Formula (II), Formula (IR), or Formula
(TV). In some embodiments, the invention provides a
pharmaceutical composition for t ating a
cognition-related disorder, the composition including
a compound or pharmaceutically acceptable salt of a
compound of Formula (T), Formula (F), Formula (I"),
Formula (I"a), Formula (TT), Formula (TR), or Formula
(TV). In some embodiments, the invention provides a
pharmaceutical composition for treating an
anxiety-related disorder, the composition including a
compound or pharmaceutically acceptable salt of a
compound of Formula (T), Formula (F), Formula (I"),
Formula (I"a), Formula (R), Formula (RT), or Formula
(IV). [0461] In one embodiment, the invention provides
a pharmaceutical composition for treating Alzheimer's
disease, the composition including a compound or a
pharmaceutically acceptable salt of a compound of
Formula (I), Formula (F), Formula (I"), Formula (Ia"),
Formula (TT), Formula (TR), or Formula (FV). [0462] In
one embodiment, the invention provides a
pharmaceutical composition for treating mild cognitive
impairment (MCI), the composition including a compound
or a pharmaceutically acceptable salt of a compound of
Formula (I), Formula (F), Formula (I"), Formula (Ia"),
Formula (R), Formula (RT), or Formula (TV). [0463] In
one embodiment, the invention provides a
pharmaceutical composition for treating depression,
the composition including a compound or a
pharmaceutically acceptable salt of a compound of
Formula (T), Formula (F), Formula (I"), Formula (Ia"),
Formula (TT), Formula (IH), or Formula (IV).[0464] In
one embodiment, the compounds or pharmaceutically
acceptable salts of the compounds of the present
invention are useful for treating sexual dysfunction,
e.g., sexual dysfunction associated with drug
treatment such as drug treatment with an
antidepressant, an antipsychotic, or an
anticonvulsant. Accordingly, in one embodiment, the
invention provides a method for treating sexual
dysfunction associated with drug treatment in a
patient in need thereof. The method includes
administering to the patient an effective amount of
one or more of the compounds disclosed herein. In some
embodiments, the drug treatment is antidepressant drug
treatment, antipsychotic drug treatment, or
anticonvulsant drug treatment. The compound can be a
compound or pharmaceutically acceptable salt of a
compound of Formula (I), Formula (T), Formula (I"),
Formula (I"a), Formula (II), Formula (IH), or Formula
(IV). [0465] In certain embodiments, the di-ag
associated with sexual dysfunction is a selective
serotonin reuptake inhibitor (SSRI) (for example,
fluoxetine, citalopram, escitalopram oxalate,
fluvoxamine maleate, paroxetine, or sertraline), a
tricyclic antidepressant (for example, desipramine,
amitriptyline, amoxipine, clomipramine, doxepin,
imipramine, nortriptyline, protriptyline,
trimipramine, dothiepin, butriptyline, iprindole, or
lofepramine), an aminoketone class compound (for
example, bupropion). In some embodiments, the drug is
a monoamine oxidase inhibitor (MAOI) (for example,
phenelzine, isocarboxazid, or tranylcypromine), a
serotonin and norepinepherine reuptake inhibitor
(SNRI) (for example, venlafaxine, nefazodone,
milnacipran, duloxetine), a norepinephrine reuptake
inhibitor (NRI) (for example, reboxetine), a partial
5-HTi A agonist (for example, buspirone), a 5-HT2A
receptor antagonist (for example, nefazodone), a
typical antipsychotic drug, or an atypical
antipsychotic drug. Examples of such antipsychotic
drugs include aliphatic phethiazine, a piperazine
phenothiazine, a butyrophenone, a substituted
benzamide, and a thioxanthine. Additional examples of
such drugs include haloperidol, olanzapine, clozapine,
risperidone, pimozide, aripiprazol, and ziprasidone.
In some cases, the drug is an anticonvulsant, e.g.,
phenobarbital, phenytoin, primidone, or carbamazepine.
In some cases, the patient in need of treatment for
sexual dysfunction is being treated with at least two
drugs that are antidepressant drugs, antipsychotic
drugs, anticonvulsant drugs, or a combination
thereof.[0466] In some embodiments of the invention,
the sexual dysfunction comprises a deficiency in
penile erection. [0467] The invention also provides a
method of improving sexual function in a patient in
need thereof. The method includes administering to the
patient a pharmaceutically effective amount of one or
more of the compounds disclosed herein. The compound
can be a compound or pharmaceutically acceptable salt
of a compound of Formula (I), Formula (V), Formula
(I"), Formula (I"a), Formula (II), Formula (III), or
Formula (IV). [0468] In another embodiment, the
invention provides a pharmaceutical composition for
treating sexual dysfunction associated with drug
treatment, the composition including a compound or
pharmaceutically acceptable salt of a compound of
Formula (I), Formula (V), Formula (I"), Formula (Fa),
Formula (E), Formula (EI), r Formula (IV). In some
embodiments, the drug is an antidepressant, an
antipsychotic, or an anticonvulsant. In other
embodiments, the compound or pharmaceutically
acceptable salt of the compound is effective for
ameliorating sexual dysfunction in an animal model of
sexual dysfunction associated with drug treatment, for
example, in an animal model of sexual dysfunction that
is an antidepressant druginduced model of sexual
dysfunction. [0469] The compounds and pharmaceutically
acceptable salts of the compounds of Formula (I),
Formula (V), Formula (I"), Formula (Fa), Formula (II),
Formula (HI) or Formula (IV) are also useful in the
manufacture of medicaments for treating a
5-HT1Arelated disorder in a mammal. Similarly, the
compounds and pharmaceutically acceptable salts of the
compounds of Formula (I), Formula (V), Formula (I"),
Formula (Fa), Formula (II), Formula (DT) or Formula
(IV) are also useful in the manufacture of medicaments
for treating a cognition-related disorder in a mammal.
Also, the compounds and pharmaceutically acceptable
salts of the compounds of Formula (I), Formula (V),
Formula (I"), Formula (Fa), Formula (IT), Formula (DI)
or Formula (IV) are also useful in the manufacture of
medicaments for treating an anxiety-related disorder
in a mammal.EXAMPLES Preparation of
Piperazine-Piperidine Compounds A) Preparation of
6-Methoxy-8-{4-[l-(8-quinoIinyl)-4-piperidinyl]-lpiper
azinyl} quinoline and Intermediates 1)
8-Chloro-6-hydroxyquinoline [0470] In a 500 ml
3-necked flask equipped with a mechanical stirrer, a
reflux condenser, were added in order ferrous sulfate
(2.0 g), 4-amino-3-chlorophenol hydrochloride (6.4 g,
commercially available), nitrobenzene (2.9 mL) and a
solution of boric acid (3.0 g) in glycerol (16 g).
Then concentrated sulfuric acid (9 mL) was added drop
by drop with cooling. The ice bath was removed and
replaced by an oil bath and the mixture was heated
cautiously to 1200C for 2 hours, then at 150C and kept
stirring under this temperature for 20 hours. After
cooling, the reaction was poured on crushed ice and
the resulting solution was neutralized with K2CO3. The
product separated as a light brown solid that was
filtered off, washed with water and hexanes and dried
in a vacuum oven (35C) overnight giving 7 g (77 %) of
the desired product. MS (ES) m/z (relative intensity):
180 (M++-H, 100). 2) 8-Chloro-6-methoxyquinoline
[0471] To a solution of 3.3 g of
8-chloro-6-hydroxyquinoline (Step 1, 3.3 g) in
dimethylformamide was added K2CO3 (3.8 g), followed by
iodomethane (5.2 g). The mixture was stirred at room
temperature overnight. Water was then added and the
aqueous mixture was extracted with CH2Cl . The
combined organic layers weredried over anhydrous
MgSO4, filtered and concentrated on a rotary
evaporator. The crude product was purified by flash
chromatography on silica gel using 100% CH2Cl , to
give 2.2 g of the desired product as a beige solid; MP
= 74-75C; MS (ES) m/z (relative intensity): 194 (M+H)+
(100). 3) 6-Methoxy-8-ri-(tert-butoxycarbo
nylV4-piperazino1quinoline [0472] To a mixture of
8-chloro-6-methoxyquinoline (Step 2, 2.7 g) in
anhydrous tetrahydrofuran, was added
tris(dibenzylideneacetone)di ralladium(0) (Pd2(dba)3,
0.064 g) , sodium tert-butoxide (1.9 g),
2-dicyclohexylphosphino-2' -(N Ndimetliylarnino)
biphenyl (CYMAP,0.08 g) and r
-butoxycarbonylpiperazine (3.4 g). The mixture was
refluxed for 5 hours under a nitrogen atmosphere. The
reaction was then cooled to room temperature, diluted
with ether, filtered through celite and concentrated
on a rotary evaporator. The crude material was
purified by flash chromatography using 100% CH to give
4.0 g of the desired product as a beige solid; mp =
92-93C; MS (ES) m/z (relative intensity): 344 (M++H)
(100). 4) 6-Methoxy-8-piperazinoquinoline [0473] To a
solution of 6-methoxy-8-[l-( t r -butoxycarbonyl)-4-
piperazino]quinoline (Step 3, 4.0 g) in 20 mL of
Dioxane was added 10 mL of 4 N HCl/Dioxane. The
mixture was stirred at room temperature overnight. The
resulting precipitate was collected by vacuum
filtration, dissolved in water, neutralized with
aqueous sodium hydroxide and extracted with CH Cl2 .
The combined organic layers were dried over anhydrous
Na2SO4, filtered and concentrated on a rotary
evaporator togive 2.8 g of the desired product as a
beige solid; MP = 105-1070C;MS (ES) m/z (relative
intensity): 244 (M+H)+ (100). 5)
8-(l,4-Dioxa-8-azaspairor4,51dec-8-yl)quinoline [0474]
To a solution of 8-bromoquinoline (commercially
available, 4.0 g) in 20 mL of anhydrous
tetrahydrofuran, was added
tris(dibenzylidencacetone)dipalladium(0) (Pd2(dba)3,
0.2 g), sodium tert-butoxide (2.6 g),
2,2'-bis(diphenylphosphino)-l,l'-binapthyl (BINAP, 0.1
g), tetrakis- (triphenylphosphine)palladium(O) (0.1 g)
and 1,4- dioxo-8-azaspiro-4,5-decane (3,3 g). The
mixture was refluxed for 3 hours under a nitrogen
atmosphere. The reaction mixture was then cooled to
room temperature, diluted with ether, filtered through
celite and concentrated on a rotary evaporator. The
crude material was then purified by flash
chromatography on silica gel using hexane/ethyl
acetate to give 3.0 g of the desired product as a
brown oil; MS (ES) m/z (relative intensity): 271
(MH-H)+ (100). 6) 1-quinolin-8-yl-piperidin-4-one aq.
HCl [0475] To a solution of (4.0 g)
8-(l,4-Dioxa-8-azaspairo[4,5]dec-8-yl)quinoline (Step
4, 4.0 g) in 10 mL of tetrahydrofuran was added 10 mL
of 2N HCl. The reaction was stirred at room
temperature overnight. The mixture was then diluted
with water, made basic with aqueous sodium hydroxide
and extracted with CH2Cl. The combined organic layers
were dried over anhydrous and the product is extracted
with CH2Cl2, dried over Na2SO4, filtered and
concentrated on a rotary evaporator and to give 3.2
gof the desired product as a sticky yellow oil; MS
(ES) m/z (relative intensity): 227 (M+H)+ (100). 7)
6-Methoxy-8- {4- 1-(8-quinolinylV4-piperidinyll -1-
piperazinyl )quinoline [0476] To a solution of 0.247 g
of 6-methoxy-8-piperazino-quinoline (Step 4) in 10 mL
of dichloroethane, was added 0.226g of
l-quinolin-8-yl-piperidin-4-one (Step 6) followed by
0.274 g of sodium triacetoxyborohydride and 0.1 mL
acetic acid. The reaction was stirred at room
temperature overnight. It was quenched with IN NaOH,
and the product was extracted with CH2Cl . The organic
phase was washed with water and dried over magnesium
sulfate. The product crystallized and filtered to give
0.200 g of the desired product. Mp.l94-197C; MS (ES)
m/z (relative intensity): 454 . (M++-H, 100). B)
Preparation of
6-fluoro-8-{4-[l-(8-quinolinyl)-4-piperidinyl]-lpipera
zinyljquinoline and Intermediates 1) 6-Fluoro-8
bromoquinoline [0477] To a mixture of
2-bromo-4-fluoroaniline (commercially available, 7.0
g), glycerol (7.0 g) and m-nitrobenzene sulfonic acid
sodium salt (13.0 g) was added 20 ml of 70 % sulfuric
acid dropwise. The reaction temperature was raised to
150 C for 4 hr. The mixture then was cooled to room
temperature, poured on ice water andfiltered through
celite. The filtrate was neutralized with NaOH and the
resulting precipitate was collected by vacuum
filtration to yield 3.47g of the title compound as a
light yellow solid; MP = 75-78C; MS (ES) m/z (relative
intensity): 227 (M+H)+ (100). 2) 6-Fluoro-
8-r1-(tert-butoxycarbonvD-4-piperazinoiquinoline
[0478] To a mixture of 6-fluoro-8-bromoqinoline (Step
1, 2.2 g) in anhydrous tetrahydrofuran, was added
tris(dibenzylideneacetone)dipalladium(0) (Pd2(dba)3,
0.045 g) sodium tert-butoxide (1.3 g),
2,2'-bis(diphenylphosphino)-l,l'-binapthyl (BINAP,
0.044 g), 0.052g
tetrakis(triphenylphosphine)-palladium (0) (0.052 g)
and rt-butox3'carbonyl-piperazine (2.2 g). The mixture
was refluxed for 3 hours under a nitrogen atmosphere.
The reaction was then cooled to room temperature,
diluted with ether, filtered through celite and
concentrated on a rotary evaporator. The crude
material was purified by flash chromatography using
100% CH2Cl2 to give 3.0 g of the desired product as a
brown oil; MS (ES) m/z (relative intensity): 332
(M+H)+ (100). 3) 6-fluoro-8-piperazinoquiiioline
[0479] To a solution of 6-fluoro-8- [1-( r
-butoxycarbonyl)-4- piperazino]quinoline (Step 2, 3.0
g) in 10 mL Dioxane was added 10 mL of 4 N
HCl/Dioxane. The mixture was stirred at room
temperature overnight. The resulting precipitate was
collected by vacuum filtration, dissolved in water,
neutralized with aqueous sodium hydroxide and
extracted with CH2Cl2 . The combined organic
layerswere dried over anhydrous Na SO4, filtered and
concentrated on a rotary evaporator to give 1.9 g of
the desired product as an off-white solid. Mp.
101-103C; MS (ES) m/z (relative intensity): 233 (M+H)+
(100). 4) 6-fluoro-8- (4-Fl -(8-quinolinyl
V4-piperidinyl1-1-piperazinyl quinoline [0480] To a
solution of 0.247 g of 6-fluoro-8-piperazino-quinoline
(Step 3) in 10 mL of dichloroethane, was added 0.226g
of l-quinolin-8-yl-piperidin-4-one (Example A, Step 6,
above) followed by 0.274 g of sodium
triacetoxyborohydride and 0.1 mL acetic acid. The
reaction was stlired at room temperature overnight. It
was quenched with IN NaOH, and the product was
extracted with CH2Cl2. The organic phase was washed
with water and dried over magnesium sulfate. The
product crystallized and filtered to give .200 g of
the desired product. Mp: 211C; MS (ES) m/z (relative
intensity): 442 (M++-H, 100). [0481] C) Preparation of
5-fluoro-8-{4-[4-(8-quinoIinyI)-l-piperazinyl]-l-piper
idinyl}- quinoline and Intermediates 1) 5-Fluoro-8
chloroquinoline [0482] To a mixture of (5.0 g)
2-chloro-5-fluoroaniline (commercially available, 6.0
g), glycerol (6.0 g) and m-nitrobenzene sulfonic acid
sodium salt (11.0 g), wasadded 20 ml of 70 % sulfuric
acid dropwise. The reaction temperature was raised to
140C for 2 hr. The mixture was then cooled, poured on
ice water and filtered through celite. The filtrate
was neutralized with NaOH and extracted with CH2Cl2.
The combined organic layers were dried over anhydrous
MgSO4 and concentrated on a rotary evaporator. The
crude product was purified by flash chromatography on
silica gel using 100% CH Cl2 to give 3.7 g of the
desired product of a yellow solid; MP = 74-76C; MS
(ES) m/z (relative intensity): 182 <M+H)+ (100). 2)
8-(l,4-Dioxa
-8-azaspiror4,51dec-5-yl)-5-fluoroquinoline [0483] To
a solution of 5-fluoro-8-chloroquinoline (Step 1, 1.12
g) in 20 mL of anhydrous tetrahydrofuran, was added
0.085 g of tris(dibenzylideneacetone)dipalladium(0)
(Pd2(dba)3, 0.085 g), sodium tert-butoxide (0.83 g),
2-dicyclohexylphosphino-2'-(N,N-dimethylamino)-bipheny
l (CYMAP, 0.036 g), and
l,4-dioxo-8-azaspiro-4,5-decane (1.05 g). The mixture
was refluxed for 6 hours under a nitrogen atmosphere.
The reaction mixture was then cooled to room
temperature, diluted with ether, filtered through
celite and concentrated on a rotary evaporator. The
crude material was then purified by flash
chromatography on silica gel using hexane/ethyl
acetate to give 0.700 g of the desired product as a
brown oil; MS (ES) m/z (relative intensity): 289
(M+H)+ (100). 3)
l-(5-Fluoroquinolin-8-yl)piperidin-4-one[0484] A
solution of 8-(l
,4-dioxa-8-azaspiro[4,5]dec-5-yl)-5-fluoroquinoline
(Step 2, 2.1 g)) in 10 mL of 1:1 tetrahydrofuran/2N
aqueous HCl was stirred at room temperature overnight.
The reaction mixture was diluted with water, made
basic with IN aqueous NaOH and extracted with CH2Cl2.
The combined organic layers were dried over anhydrous
MgSO4, filtered and concentrated on a rotary
evaporator to give 1.68 g of the desired product as a
yellow solid, which was pure enough to use in
subsequent reactions; MS m/z = 245 [M+H]+. 4)
5-fluoro-8-{4-r4-(8-quinolinyl)-l-pi
rerazinvn-l-piperidinvU-quinoline [0485] To a solution
of 0.12O g of
l-(5-fluoro~quinolin-8-yl)-piperidin-4-one (Step 3,
0.22g) and 8-piperazin-l-ylquinoline (Oruz, et ah, J.
Med. Chem. 45:4128 (2002), 0.19g) was added of 0.19 g
sodium triacetoxyborohydride and 0.1 mL acetic acid.
The reaction was stirred at room temperature
overnight. It was quenched with IN NaOH, and the
product was extracted with CH2Cl2. The organic phase
was washed with water and dried over magnesium
sulfate. The product was filtered through 75 ml of
silica gel using 100% Ethyl acetate, to give .30 g of
the desired product. Mp: 224 0C;MS (ES) m/z (relative
intensity): 442 (M++-H, 100). D) Preparation of
8-{4-[4-(lH-indoIe-4-yl)-l-piperazinyI]-lpiperidinyljq
uinoline [0486] To a solution of 0.270 g of
l~quinolin-8-yl-piperidin-4-one (Example A, Step 6,
above) and 0.240 g of 4-piperazino-indole
(commercially available) in 15 mL CH2Cl2 was added
0.327 g of sodium triacetoxyborohydride and 0.2mL
acetic acid. The reaction was stirred at room
temperature overnight. It was quenched with IN NaOH,
and the product was extracted with CH Cl2. The organic
phase was washedwith water, dried over magnesium
sulfate and evaporated. The product crystallized to
give 0.20Og of the desired product. Mp: 256 C; MS (ES)
m/z (relative intensity): 412 (M++-H, 100). E)
Preparation of
8-{4-[4-(2,3-dihydro-l,4-benzo[l,4]dioxane-5-yI)-lpipe
razinyl]- l-piperidinyl}quinoline [0487] To a solution
of l-quinolin-8-yl-piperidin-4-one (Example A, Step 6,
above, 0.220 g) in 10 niL of dichloroethane, was added
0.226 g of 8-piperazino-l,3- benzdioxane (Childers et
al., J. Med. Chem. 48:3467 (2005), 0.226 g) followed
by 0.274 g of sodium triacetoxyborohydride and 0.1 mL
acetic acid. The reaction was stirred at room
temperature overnight. It was quenched with IN NaOH,
and the product was extracted with CH Cl2. The organic
phase was washed with water, dried over magnesium
sulfate and evaporated. The product crystallized to
give 0.140 g of the desired product. Mp: 226 0C;MS
(ES) m/z (relative intensity): 431 (M++-H, 100). F)
Preparation of
5-fluoro-8-{4-[4-(5-fluoro-l-benzofuran-3-yI)-l-pipera
zinyl]-lpiperidinyl} quinolinc 1)
4-(5-fluorobenzofuran-3-yl)-piperazine-l-carboxylic
acid ethyl ester [0488] To a stirred solution of TiCl4
(IM solution in CH2Cl2, 7 ml) and
5-fluoro-benzofuran-3-one (Cagniant, et al., Comptus
Rendus des Seances Acad, de ScL, Ser. C, 282:993
(1976), 3.0 g) (3.0 g, 19.7 mmol) in methylene
chloride (200 ml) at-10C, ethyl- 1-piperizine
carboxylate (commercially available) (3.9 g, 35 mmol)
was slowly added. After the addition, the reaction
mixture was warmed to room temperature and slowly
refluxed for 24 hours. After cooling to room
temperature, thereaction was quenched with 2 N aqueous
HCl. The organic layer was separated and the aqueous
layer was extracted with chloroform. The combined
organic layers were washed well with water and dried
over anhydrous MgSO4, then filtered and concentrated
resulting in a brown oil. Yield: 3.5 g, (60%); MS
(ESI) m/z 293 [M+- H]+. 2) 4-(5-fluorobenzofuran-3-yl
')-piperazine [0489]
4-(5-fluorobenzofuran-3-yl)-piperazine-l-carboxylic
acid ethyl ester (Step 1, 3 g) was dissolved in 95%
ethanol and 3N aqueous sodium hydroxide (25 mL) was
added. TV; reaction mixture was stirred at reflux for
24 hours. The mixture was then . cooled to room
temperature, concentrated on a rotary evaporator to
remove the ethanol and extracted with chloroform. The
combined organic layers were washed with brine, dried
over anhydrous MgSO 4, filtered and concentrated on a
rotary evaporator. The desired product (0.8 g) was
obtained as a brown oil and was used without further
purification; MS (ES) m/z (relative intensity): 221
(M+H)+ (100). 3) 5-fluoro-8- {4-r4-(5-fluoro-
1-benzofuran-3-yl)- 1-piperazinyli- 1- piperidinyl
}quinoline [0490] To a solution of 0.200 g of
l-(5-fluoro-quinolin-8-yl)-piperidin-4-one (Example C,
Step 3, 0.20 g) and 5-fluoro-3-piperazino benzofuran
(Step 2, 0.2Og) in CH Cl2 (10 mL) was added sodium
triacetoxyborohydride (0.224 g) and 0.02 mL acetic
acid. The reaction was stirred at room temperature
overnight. It was quenched with IN NaOH, and the
product was extracted with CH2Cl2. The organic phase
waswashed with water and dried over magnesium sulfate.
The product was filtered through 100 ML of silica gel
using 50% Ethyl acetate / Hexanes then 100% Ethyl
acetate to give .100 g of the desired product. Mp:
187-1890C;MS (ES) m/z (relative intensity): 449
(M++-H, 100). 



G) Preparation of
l-[l-(l-benzothien-3-yl)-4-piperidinyl]-4-(2-
methoxyphenyl)piperazine [Table 1, #18] 1)
4-(1-Benzylpiperidin-4-yD-
1-(2-methoxyphenyl)piperazine [0491] Sodium
triacetoxyborohydride (21.2 g) was added portionwise
to a stirred solution of l-(2-methoxyphenyl)piperazine
(commercially available, 19.23 g) and 1-
benzyl-4-piperidone (commercially available, 18.93 g)
in CH Cl2 (300 mL) at room temperature, followed by
glacial acetic acid (6 mL). The resulting mixture was
stirred at room temperature for 24 hours. The reaction
was made basic by careful addition of . saturated
aqueous NaHCO3. The organic layer was separated,
washed with brine, dried over anhydrous MgSO4,
filtered and concentrated on a rotary evaporator to
give the desired product (20.65 g) as an off-white
solid which was used without further purification. The
compound was characterized as the dihydrochloride
salt, which was formed by dissolving the free base in
ethanol and treating it with an excess of 1N HClZEt O
to give a white solid, which was collected by vacuum
filtration, washed with Et2O and dried in vacuo; MP.
238 - 242C; MS (ES) m/z (relative intensity) 366
(M+H)+ (100). 2) 4-(4-(2-MethoxyphenyDpiperazin-
1-vDpiperidine [0492] A solution of
4-(l-benzylpiperidine-4-yl)-l-(2-methoxyphenyl)piperaz
ine (Step 1, 20.0 g) in ethanol (120 mL) containing
acetic acid (12 mL) was hydrogenatedover 10% palladium
on carbon (1 g) at 50 psig on a Parr apparatus for 12
hours. The catalyst was removed by filtration through
Celite and the mixture was concentrated to dryness on
a rotary evaporator. The residue was partitioned
between chloroform and saturated aqueous NaHCO3. The
combined organic layers were dried over anhydrous
MgSO4, filtered and concentrated on a rotary
evaporator to provide the desired product (14.4 g) as
a yellow oil which was used without further
purification. The compound was characterized as the
dihydrochlori ae salt, which was formed by dissolving
the oil in ethanol and treating it with an excess of
IN HClZEt2O to give an off-white precipitate, which
was collected by vacuum filtration, washed with Et20
and dried in vacuo; MP. 274 - 288C; MS (ES) m/z
(relative intensity): 276 (M+H)+ (100). 3)
l-[l-(l-benzothien-3-yl)-4-piperidinyl]-4-(2-
methoxyphenyl)piperazine [0493] A solution of
3-bromo-benzothiophene (commercially available, 0.232
g) arid
4-(4-(2-methoxyphenyl)piperazin-l-yl)piperidine (Step
2, 0.30 g) in tetrahydrofuran was added sodium
tert-butoxide (0.15 g), tris-
(dibenzylideneacetone)dipalladium(O) (Pd2(dba)3, 0.10
g) and 2-
dicyclohexylphosphino-2'-(N,N-dimethylamino)-biphenyl
(CYMAP, 0.01 g). The reaction was heated at reflux for
24 hours. It was then cooled and filtered through
celite. The filtrate was evaporated and purified by
flash chromatography on silica gel using ethyl
acetate/hexanes to give O.lOg of the desired product.
MP: 156-158C; MS (ES) m/z (relative intensity): 408
(M+H)+ (100). H) Preparation of
3-{4-[4-(2-methoxyphenyI)-l-piperazinyI]-l-piperidinyI
}- 1,2-benzisoxazole 1)
l,2-benzoxazole-3-trifluoromethylsulfonate[0494] To a
cold solution (-15C) of benzo-[D]-isoxazole-3-ol
(2.Og) in CH2Cl2 (20 mL) and triethylamine (4.5g), was
added a solution of trifluoromethanesulfonic anhydride
(5.0 g) in CH Cl2 (10 mL) dropwise with. The reaction
was stirred at O0C for one hour and then poured into
ice water. The mixture was extracted with CH2Cl2. The
organic phase was dried over anhydrous MgSO4, filtered
and concentrated on a rotary evaporator to give 3.0 g
of the desired product as a brown oil, which was used
immediately without characterization or further
purification. 2) 3-{4-[4-(2-methoxyphenyl')-
1-piperazinyll -1-piperidinyl 1-1,2- benzisoxazole
[0495] l,2-benz-isoxazole-3- trifluoromethyl sulfonate
I (Step 1, 0.50 g) and 4-(4-
(2-methoxyphenyl)piperazin-l-yl)piperidine (Example G,
Step 2, above. 0.5 14g) were added to a cold
suspension of CsCO3 (0.92 g) in acetonitrile (6 mL)
under vigorous stirring. The reaction mixture was
stirred at room temperature for 48 hours. The mixture
was then filtered and concentrated on a rotary
evaporator. The residue was dissolved in water
extracted with CH2Cl2, dried over anhydrous MgSO4,
filtered and concentrated on a rotary evaporator. The
desired product was purified by flash chromatography
on silica gel using ethyl acetate/hexane to give 0.34
g as an off-white solid; MP 71~73C; MS (ES) m/z
(relative intensity): 393 (M+H)+ (100). I) Preparation
of
6-Chloro-8-{4-[4-(lH-indole-4-yI)-l-piperazinyl]-lpipe
ridinyl} quinoline 1)
l-(6-Chloro-8-quinolinyl)-4-piperidinone[0496] This
compound was prepared from the known
8-bromo-6-chloroquinoline (Lachowicz et ah, Rocz.
Chem., 40:1848 (1966)) using a synthetic sequence and
reagents identical to those described for the
synthesis of l-quinolin-8-yl-piperidin-4- one (Step 5,
Example A, above). The compound was obtained as an
off-white solid; MP: 223-2250C;MS (ES) m/z (relative
intensity): 261 (MH-H)+ (100). 2) 6-Chloro-8-(4-r4-
aH-indole-4-ylVl-pi rerazinyll-lpiperidin yl
Iquinoline [0497] To a solution of
l-(6-chloro-quinolin-8-yl)-piperidin-4-one (Step 1,
0.13 g) and of 4-piperazino-indole (commercially
available, 0.10Og) in 15 mL CH2Cl2in 10 mL of
dichloroethane, was added 0.137 g of sodium
triacetoxyborohydride and 0.1 mL acetic acid. The
reaction was stirred at room temperature overnight. It
was quenched with IN NaOH, and the product was
extracted with CH2Cl . The organic phase was washed
with water and dried over magnesium sulfate. The
product was filtered through 100 ml of silica gel
using 100% Ethyl acetate, to give 0.070 g of the
desired product. Mp: 224 0C;MS (ES) m/z (relative
intensity): 447 (M++-H, 100). J) Preparation of
8-{4-[l-(7-FluoroquinoIin-8-yI)piperidin-4-yl]piperazi
n-l-yl}-6- methoxyquinoline (Table 1, # 24) 1)
7,8-Difluroquinoline (intermediate)[0498] To a mixture
of 2,3-difluoroaniline (commercially available,
3.57g), glycerol (5.55 g) and m-nitrobenzene sulfonic
acid sodium salt (10.12 g) was added dropwise 70%
H2SO4 (20 mL). The reaction was heated at 1350C for
3.5 hours and then cooled to room temperature. It was
poured over ice, made basic with 50% aqueous NaOH and
extracted with Et2O. The combined organic layers were
washed with brine, dried over anhydrous MgSO4 and
concentrated on a rotary evaporator to give 4.13 g of
n desired product as a light brown solid; MS (ES) m/z
(relative intensity); 166 (MH-H)+ (100). 2) 8-(l
.4-Dioxa-8-azaspiro{4.51dec-8-yl)-7-fluoroquinoline
and 7-(l ADioxa- 8-
azaspiror4.51dec-8-yl)-8-fluoroquinoline
(Intermediates) [0499] A mixture of
7,8-difluoroquinoline (Step 1, 0.5Og) and
dioxa-8-azaspiro- 4.5-decane (5 mL) was heated at
1200C for 48 hours. The reaction was cooled to room
temperature, poured into water and extracted with
Et2O. The combined organic layers were dried over
anhydrous Na2SO4, filtered and concentrated on a
rotary evaporator. The crude residue was purified by
flash chromatography on silica gel. Eluting with 30%
ethyl acetate in hexane provided 0.39 g of
8-(1.4-dioxa-8-
azaspiro[4.5]dec-8-yi)-7-fluoroquinoline as yellow
oil; MS (ES) m/z (relative intensity): 289 (M+H)+
(100). [0500] The eluent was then switched to 50%
ethyl acetate in hexane, which provided 0.23 g of the
regioisomeric
7-(1.4-dioxa-8-azaspirol[4.5]dec-8-yl)-8-
fluoroquinoline as a white solid; MS (ES) m/z
(relative intensity): 289 (M+H)+ (100).3)
1-(7-Fluoroquinolin-8-yl)piperidin-4-one
(Intermediate) [0501] To a solution of 8-(l
.4-dioxa-8-azaspiro[4.5]dec-8-yl)-7-fluoroquinoline
(Step 2, 1.73 g) in tetrahydrofuran (50 mL) was added
aq. 2N aqueous HCl (10 mL). The resulting mixture was
stirred at 500C for 3 hours. The reaction mixture was
then cooled to room temperature, poured into 2.5 N
aqueous NaOH and extracted with ethyl acetate. The
combined organic layers were dried over anhydrous
MgSO4, filtered and concentrated on a rotary
evaporator. The crude product was purified by flash
chromatography on silica gel using hexane/ethyl
acetate to give 1.17 g of the desired product as a
yellow oil; MS (ES) m/z (relative intensity): 245
(M+H)+ (100). 4)
8-{4-ri-(7-Fluoroquinolin-8-yl)piperidin-4-yl]piperazi
n-l-yl|-6- methoxyquinoline (Final product) [0502] To
a solution of l-(7-fluoroquinolin-8-yl)piperidin-4-one
(Step 3, 0.26 g) and
6-methyoxy-8-(l-piperazinyl)quinoline (Example A, Step
4; 0.26 g) in anhydrous methanol (10 mL) was added
sodium cyanoborohydride (0.11 g). The resulting
mixture was stirred at room temperature under nitrogen
for 18 hours. An additional aliquot of sodium
cyanoborohydride (0.1 1 g) was added and stirring at
room temperature was continued for another 24 hours.
The resulting reaction mixture was poured into brine
and extracted with ethyl acetate. The combined organic
layers were dried over anhydrous Na2SO4, filtered and
concentrated on a rotary evaporator. Thecrude product
was purified by flash chromatography on silica gel
using hexane/acetone to give the desired product,
which was converted to its trihydrochloride salt in
CH2Cl2 using IM HClZEt O to provide 0.12 g of a yellow
solid; MS (ES) m/z (relative intensity): 472 (M+H)+
(100). K)
6-Fluoro-8-{4-[l-(8-fluoroquinolm-7-yI)piperidin-4-yI]
piperazin-lyl} quinoline (Table 1, #25) 1)
1-(8-Fluoroquinolin-7- yl)piperidin-4-one
(Intermediate) [0503] To a solution of 7-(l
.4-dioxa-8-azaspiro[4.5]dec-8-yl)-8-fluoroquinoline
(Example J, Step 2; 1.30 g) in tetrahydrofuran (60 mL)
was added aq. 2N aqueous HCl (10 mL). The resulting
mixture was stirred at room temperature for 18 hours
and then heated at 600C for 5 hours. The reaction
mixture was cooled to room temperature, poured into IN
aqueous NaOH and extracted with ethyl acetate. The
combined organic layers were dried over anhydrous
MgSO4, filtered and concentrated on a rotary
evaporator. The crude product was purified by flash
chromatography using hexane/acetone to give 0.89 g of
the desired product as a yellow solid; MS (ES) m/z
(relative intensity): 245 (M+H)+ (100). 2)
6-Fluoro-8-{4-ri-(8-fluoroquinolin-7-yl)piperidin-4-yl
l riperazin-lyllquinoline (Final product) [0504] To a
solution of l-(8-fluoroquinolin-7-yl) riperidin-4-one
(Step 1, 0.25 g) and
6-fluoro-8-(l-piperazinyl)quinoline (Example B, Step
3; 0.25 g) in anhydrous methanol (10 mL) was added
sodium cyanoborohydride (0.11 g). The resultingmixture
was stirred at room temperature for 18 hours. An
additional aliquot of sodium cyanoborohydride (0.10 g)
was added and stirring at room temperature was
continued for another 24 hours. The reaction mixture
was poured into brine and extracted with ethyl
acetate. The combined organic layers were dried over
anhydrous N a2SO4, filtered and concentrated on a
rotary evaporator. The crude product was isolated by
flash chromatography on silica gel using
hexane/acetone to give the desired product as a
off-white solid, which was converted to its
trihydrochloride salt in C H2Cl2ZEt2O diethyl ether
using IM RCUEt2O to provide 0.1 1 g as a yellow solid;
MS (ES) m/z (relative intensity): 460 (M+H)+ (100). L
)
8-{4-[4-(6-MethoxyquinoIin-8-yl)piperazin-l-yl)piperid
in-l-yI}-3- (trifluoromethyl)quinoline (Table 1, #22)
1) 8-Bromo-3-iodoquinoline (intermediate) [O505] To a
solution of 8-bromoquinoline (commercially available,
1.0 g) in glacial acetic acid (6 mL) was added
portionwise, N-iodosuccinimide (1.08 g). The resulting
mixture was stirred at 700C for 18 hours. The reaction
was cooled to room temperature and concentrated on a
rotary evaporator. The residue was taken up in C H2Cl2
and washed with saturated aqueous NaHCO3 and brine.
The organic layer was dried over anhydrous Na SO4,
filtered and concentrated on a rotary evaporator. The
crude product was purified by flash chromatography on
silica using hexane/ethyl acetate to give 0.74 g of
the desired product as a white solid; MS (ES) m/z
(relative intensity): 334 (M+H)+ (100).2)
8-Bromo-3-(trifluoromethyl)quinoline (intermediate)
[0506] A mixture of cuprous iodide (0.25 g) and
potassium fluoride (0.077 g) was placed under a high
vacuum and heated until the solid assumed a sight
green color. The cooled solid mass was suspended in
anhydrous N-methylpyrrolidinone (5 mL) and then
treated with 8-bromo-3-iodoquinoline (Step 1, 0.40 g),
followed by trifluoromethyl-trimethylsilane (0.17g).
The resulting mixture was stirred at 50C for 18 hours.
The mixture was then cooled to room temperature and
poured into 15% aqueous NH4OH and then extracted with
Et2O. The organic lsyer was washed with water and
brine, dried over anhydrous Na2SO4, filtered and
concentrated on a rotary evaporator. The crude product
was purified by flash chromatography on silica gel
using hexarie/ethyl acetate to give 0.24 g of the
desired product as a brown oil; MS (ES) m/z (relative
intensity); 277 (M+H)+ (100). 3)
8-(1.4-Dioxa-8-azaspiror4.51dec-8-yl)-3-(trifluorometh
yl)quinoline (intermediate) [0507] To a solution of
mixture 8-bromo-3-(trifluoromethyl)quinoline (Step 2,
0.22 g) in anhydrous tetrahydrofuran was added tris
(dibenzylideneacetone)dipalladium(O) (Pd2(dba)3 0.03
g), sodium r -butoxide (0.085 g),
2.2'-bis(diphenylphosphino)-l.l'-binapthyl (BINAP,
0.02 g), tetrakis- (triphenylphosphine)palladium(O)
(0.037) g) and 1.4-dioxo-8-azaspiro-4.5-decane (0.14
g). The resulting mixture was stirred at 70C for 18
hours under a nitrogenatmosphere. The reaction was
then cooled to room temperature, diluted with CH2Cl ,
filtered through celite and concentrated on a rotary
evaporator. The crude product was purified by flash
chromatography on silica gel using hexane/ethyl
acetate to give 0.21 g of the desired product as a
beige solid; M S (ES) m/z (relative intensity); 399
(M+H)+ (100). 4) l-r3-(Trifluoromethyl
')quinolin-8-vnpiperidin-4-one (intermediate') [0508]
A solution of 8-(l .4-dioxa-8-azaspiro[4.5]dec-8-y
l)-3- (trifluoromethyl)quinoline (Step 3, 0.19 g) in
tetrahydrofuran (3 mL) was treated with 2N aqueous
HCl(I mL) and then stirred a t 400C for 18 hours. The
mixture was cooled to room temperature and
concentrated on a rotary evaporator. The residue was
taken up in CH2Cl , washed with water and brine, dried
over anhydrous Na SO4, filtered and concentrated on a
rotary evaporator to give 0.1 1 g of the desired
product as a yellow oil; MS (ES) m/z (relative
intensity); 295 (M+H)+ (100). 5)
8-{4-r4~(6-Methoxyqumolin-8-vDpiperazin-1-yllpiperidin
- 1-yl 1-3- (trifluoromethvDquinoline [0509] A mixture
of 6-methoxy-8-piperazinoquinoline (Example A, Step 4;
0.0825 g) and
l-[3-(trifluoromethyl)quinolin-8-yl]piperidin-4-one
(0.1 g) in methanol (5 mL) was treated with sodium
cyanoborohydride (Step 4, 0.032 g). The resulting
mixture was stirred at room temperature for 18 hours
and then concentrated on a rotary evaporator. The
residue was taken up in CH2C2, washed with water and
brine, dried over anhydrous Na2SO4, filtered and
concentrated on a rotary evaporator. The crude product
was purified by flash chromatography on silica gel
using hexane/ethyl acetate to give the desired
product, which was converted to its dihydrochloride
salt in using IN HC1/Et2O to yield 0.035 g as a yellow
solid; MS (ES) m/z (relative intensity): 522 (MH-H)+
(100).M)
6-Methoxy-8-{4-[l-(quinoIin-8-ylmethyl)piperidin-4-yl]
piperazin-lyl} quinoline (Table 1, # 23) 1)
8-\4-(1-Benzylpiperidin-4-vDpiperazin-1-yli -6-methox
yquinoline (intermediate) [0510] To a stirred mixture
of 6-methoxy-8-piperazinoquinoline (Example A, Step 4,
0.24 g) and 4-benzyl-l-piperidinone (0.20 mL) in
methanol (12 mL) was added glacial acetic acid (0.06
g), followed by sodium cyanoborohydride (0.123 g). The
resulting mixture was stirred at room temperature for
18 hours. The reaction was then concentrated on a
rotary evaporator and re-dissolved in CH Cl2. The
solution was washed with water and brine and then
dried over anhydrous Na SO4, filtered and concentrated
on a rotary evaporator. The crude product was purified
by flash chromatography on silica gel using
hexane/ethyl acetate to give 0.23 g of the desired
product as an off-white solid; MS (ES) m/z (relative
intensity); 417 (M+H)+ (100).2)
6-Methoxy-8-(4-piperidin-4-ylpiperazin-l-yl)qumoline
('intermediate') [0511] A solution of
8-[4-(l-benzylpiperidin-4-yl)piperazin-l-yl]-6-
methoxyquinoline (Step 1, 0.22 g) and
vinylchloroformate (0.067 mL) in anhydrous CH Cl (5
mL) was stirred at reflux for 1 hour. The reaction was
cooled to room temperature and then concentrated on a
rotary evaporator. The residue was taken up in dioxane
(5mL), treated with concentrated HCl (0.35 mL) and
stirred at room temperature for 1 hour. The resulting
reaction was concentrated on a rotary evaporator,
taken up in ethanol (1 mL) and stirred at 500C for 30
minutes. The reaction was again concentrated on a
rotary evaporator and partitioned between CH2Cl2 and
IN aqueous NaOH. The organic layer was washed with
water and then. brine and was then dried over
anhydrous Na SO4, filtered and concentrated on a
rotary evaporator. The crude product was purified by
flash chromatography on silica gel using ethyl
acetate/methanol/conc, NH4OH to give 0.14 g of the
desired product as a yellow oil; MS (ES) m/z (relative
intensity); 326 (M+H)+ (100). 3)
6-Methoxy-8-{4-ri-(quinolin-8-ylmethyl)piperidin-4-vnp
iperazin-lyl Iquinoline (final product) [0512] To a
mixture of 6-methoxy-8-(4-piperidin-4-ylpi
rerazin-l-yl)quinoline (Step 2, 0.06 g) and
8-(bromo)methylquinoline (commercially available,
0.055 g) in anhydrous dimethylsulfoxide (5 mL) was
added anhydrous K2CO3 (0.051 g). The resulting mixture
was stirred at 7O0C for 18 hours. The reaction mixture
was cooled to room temperature and partitioned between
ethyl acetate and water. The organic layer was washed
with water and brine and was then dried over anhydrous
Na SO , filtered and concentrated on a rotary
evaporator to give the desired product, which was
converted to its dihydrochloride salt in CH2Cl2 using
IN HClZEt2O to give 0.31 g of a light yellow solid; MS
(ES) m/z (relative intensity); 468 (M+H)+ (100).N)
Preparation of
8-{4-[l-(8-quipoIinyI)-4-piperidinyl]-lpiperazinyl}
quinoline (Table 1, #3) [0513] Using the synthetic
methods described in previous examples, 8-(pirerazinl-
yl)quinoline (Oruz et al, J. Med. Chem. 45:4128
(2002)) and l-quinolin-8-ylpiperidin- 4-one (Example
A, Step 5, above) were reacted with sodium
triacetoxyborohydride to give the desired product as a
light yellow solid; MP. 194 - 196C; MS (ES) m/z
(relative intensity) 424 (M+H)+ (100). O) Preparation
of
6-chloro-8-{4-[4-(6-chloro-8-quinolinyl)-l-piperazinyI
]-lpiperidinyl} quinoline (Table 1, #4) D
6-Chloro-8-aminoqumoline [0514] To a hot suspension of
6-chloro-8-nitroquinoline (Mosher, et al., Org. Syn.
27:48 (1947), 0.8 g) in a mixture of ethanol/glacial
acetic acid/water (2:2:1, 25 mL) was added iron powder
(0.5 g) portionwise. The resulting mixture was stirred
at reflux for 1.5 hours. The reaction was the cooled
to room temperature, filtered through celite and made
basic by addition of solid Na CO . The aqueous mixture
was extracted with Et O. The combined organic layers
were dried over anhydrous MgSO4, filtered and
concentrated on a rotary evaporator to give the
desired product (0.5 g) as a yellow solid; MP. 70 -
73C; MS (ES) m/z (relative intensity) 179 (M+H)+
(100).2) -Chloro- -piperazin- 1-yl-quinoline
(CICHiCH,) N HCI [0515] 8-amino-6-chloroquinoline
(Step 1, 0.49 g) and bis(chloroethyl)amine
hydrochloride (0.49 g) were dissolved in chlorobenzene
(13 mL) and heated with vigorous stirring at 135C for
5 days. The reaction was cooled to room temperature,
diluted with water and extracted with Et2O. The
aqueous phase was made basic by addition of solid
Na2CO3 and then extracted with Et2O. The combined
organic layers were dried over anhydrous Na SO4,
filtered and concentrated on a rotary evaporator to
give the desired compound (0.20 g) as a yellow
semi-solid; MS (ES) m/z (relative intensity) 248
(M+H)+ (100). 3) Preparation of
6-chloro-8-{4-r4-(6-chloro-8-q inolinyl)-l
-piperazinyl]- 1-piperidinyl }quinoline [0516] Using
the synthetic methods described in previous examples,
6-chloro-8- (piperazin-l-yl)quinoline (Step 2) and
l-quinolin-8-yl-piperidin-4-one (Example I, Step 1,
above) were reacted with sodium triacetoxyborohydride
to give the desired product as an off-white solid; MP.
269 - 271C; MS (ES) m/z (relative intensity) 493
(M+H)+ (100). P) Preparation of 8-{4-[l -(6-chIor
o-8-quinoIinyl)-4 piper idinyl]-l -
piperazinyI}-6-fluoroquinoIine (Table 1, #5) [0517]
Using the synthetic methods described in previous
examples, 6-fluoro-8- (piperazin-l-yl)quinoline
(Example B, Step 3, above) and
l-quinolin-8-yl-piperidin-4- one (Example I, Step 1,
above) were reacted with sodium triacetoxyborohydride
togive the desired product as a white solid; MP. 256 -
2580C;MS (ES) m/z (relative intensity) 477 (M+H)+
(100). R) Preparation of
5-chloro-8-{4-[l-(8-quinolinyI)-4-piperidinyl]-lpipera
zinyl} quinoline (Table 1, #8) 1)
5-Chloro-8-(trifluoromethylsulfonyloxy)quinoline
[0518] To a suspension of 5-chloro,
8-hydroxy-quinoline (commercially available, 8.95 g)
in 100 ml CH2Cl , TEA is added (20 ml). The mixture
becomes homogeneous and is then cooled to -15C. The
suspension dissolved, then cooled to -15C. A solution
of 21.1 g of triflic anhydride in 50 ml of CH2Cl , is
added drop by drop with cooling. After complete
addition, the reaction was stirred at -15C for V2
hour; The reaction was diluted with CH2Cl2, washed
with a solution of NaHCO , then with water dried and
the solvent was removed to give 15.0 g of product. MP:
80-83 C. MS (ES) m/z (relative intensity): 312 (M++-H,
100 2) 5-Chloro- 8-r(4-fer
-butoxycarbonvD-piperazin-l-yl1quinoline [0519] To a
mixture of
5-chloro-8-(trifluoromethylsulfonyloxy)quinoline (Step
1, 4.0 g) in tetrahydrofuran (30 mL), was added 5.9 g
of cesium carbonate (5.9 g), 2,2'-
bis(diphenylphosphino)-l,l'-binapthyl (BINAP, 0.36 g),
palladium acetate (0.12 g) and r
-butoxycarbonylpiperazine (2.8 g). The mixture was
refluxed for 5 hours. The reaction mixture was then
cooled to room temperature, diluted with Et2O,
filtered through celite and concentrated on a rotary
evaporator. The crude material was purified by flash
chromatography on silica gel using CH2Cl2 to give 2.4
g of thedesired product as an off-white solid; MP.
1270C MS (ES) m/z (relative intensity): 348 (MH-H)+
(100). 3) 5-Chloro- 8-piperazinoquinoline [0520] To a
solution of 5-chloro-
8-[(4-terf-butoxycarbonyI)-piperazin-lyl] quinoline
(Step 2, 2.2 g) in dioxane (10 mL), was added 4 N
HCl/dioxane (5 mL). The mixture was stirred at room
temperature overnight. The formed precipitate was
collected by vacuum filtration, dissolved in water,
made basic with solid NaHCO and extracted with CH2Cl .
The combined organic layers were dried over anhydrous
Na2SO4, filtered and concentrated on a rotary
evaporator to give 1.0 g of the,, desired product as a
brown semi-solid; MS (ES) m/z (relative intensity):
248 (M+H) + (100). 4) 5-Chloro-8- {4-[ 1-(8-quinolinyl
)-4-piperidinyn- 1-piperazinyl 1quinoline [0521] Using
the synthetic methods described in previous examples,
5-chloro-8- (piperazin-l-yl)quinoline (Step 3) and
l-quinolin-8-yl-piperidin-4~one (Example A, Step 5,
above) were reacted with sodium triacetoxyborohydride
to give the desired 



product as a beige solid; MP. 201 - 2030C; MS (ES) m/z
(relative intensity) 459 (M+H) + (100). S) Preparation
of
2-methyl-8-{4-[l-(8-quinolinyl)-4-piperidinyl]-lpipera
zinyl} quinoline (Table 1, #10) [0522] Using the
synthetic methods described in previous examples,
2-methyl-8- (piperazin-l-yl)quinoline (Oruz, etal, J.
Med. Chem. 45:4128 (2002)) and 1-quinolin-
8-yl-piperidin-4-one (Example A, Step 5, above) were
reacted with sodiumtriacetoxyborohydride to give the
desired product as a light brown semi-solid; MS (ES)
m/z (relative intensity) 438 (M+H)+ (100). T)
Preparation of
6-chloro-8-{4-[l-(8-quinoIinyl)-4-piperidinyI]-lpipera
zinyl} quinoline (Table 1, #11) [0523] Using the
synthetic methods described in previous examples,
6-chloro-8- (piperazin-l-yl)quinoline (Example O, step
2, above) and l-quinolin-8-yl-piperidin-4- one
(Example A, Step 5, above) were reacted with sodium
triacetoxyborohydride to give the desired product as a
white solid; MP. 209 - 2 11C; MS (ES) m/z (relative
intensity) 459 (M+H)+ (100). U) Preparation of
8-{4-[l-(8-quinolinyI)-4-piperidinyl]-l-piperazinyl}-5
- (trifluoromethyl)quinoline (Table 1, #12) 1)
8-Bromo-5-(trifluorommethyl)quinoline [0524] To a
mixture of 2-bromo-4-(trifluoromethyl)aniline
(commercially available, 5.0 g), glycerol (3.8 g) and
m-nitrobenzene sulfonic acid sodium salt 7.0 g) was
added 18 ml of 70 % sulfuric acid dropwise. The
reaction temperature was raised to 150 C for 4 hours.
The mixture then was cooled to room temperature,
poured on ice water and filtered through celite. The
filtrate was neutralized with NaOH and the resulting
precipitate was collected by vacuum filtration to
yield 3.00 g of the title compound as a brown solid
that was used without further purification; MS (ES)
m/z (relative intensity): 277 (M+H)+ (100).2) r gr
-butvH-FS-ftrifluoromethylV
-quinolinyll-l-piperazinecarboxylate [0525] To a
mixture of
5-bromo-8-trifluoromethylsulfonyloxy)quinoline (Step
1, 2.83 g) in anhydrous tetrahydrofuran (38 niL), was
added tris(dibenzylideneacetone)dipalladium(0)
(Pd2(dba)3, 0.04 g) sodium tert-butoxide (5.1 g),
2,2'-bis(diphenylphosphino)-l,l'-binapthyl (BINAP,
0.04 g), tetrakis(triphenylphosphine)-palladium (0)
(0.04 g) and fer/-butoxycarbonylpiperazine (2.33 g).
The mixture was refluxed for 3 hours under a nitrogen
atmosphere. The reaction was then cooled to room
temperature, diluted with ether, filtered through
celite and concentrated on a rotary evaporator. The
crude material was purified by flash chromatography on
slilca gel using 100% CH Cl2 to give 0.85 g of the
desired product as an off-white solid; MP. 105 -
1070C; MS (ES) m/z (relative intensity): 332 (M+H)+
(100). 3)
8-(l-piperazinyl)-5-(txifluoromethyl)quinoline [0526]
To a solution of t rt-butyl
4-[5-(trifluoromethyl)-8-quinolinyl]-lpiperazine-
carboxylate(Step 2, 0.85 g) in 5 mL dioxane was added
5 mL of 4 N HCl/dioxane. The mixture was stirred at
room temperature overnight. The reaction was
concentrated on a rotary evaporator, dissolved in
water, neutralized with aqueous sodium hydroxide and
extracted with CH2Cl2 . The combined organic layers
were dried over anhydrous Na SO4, filtered and
concentrated on a rotary evaporator to give 0.65 g of
the desired product as an off-white solid; MP.
155-1570C;MS (ES) m/z (relative intensity): 282 (M+H)+
(100).4)
8-14-r1-(8-quinolinyl>4-piperidinvp-1-piperazinyl -5-
(trifluoiOmethylVquinoline [0527] Using the synthetic
methods described in previop examples, 5-
(trifluoromethyl)-8-(piperazin-l-yl)quinoline (Step 3)
and l-quinolin-8-yl-piperidin-4- one (Example A, Step
5, above) were reacted with sodium
triacetoxyborohydride to give the desired product as a
white solid; MP. 202 - 2040C;MS (ES) m/z (relative
intensity) 492 (M+H)+ (100). V)
5-Methoxy-8-{4-[l-(8-quinolinyl)-4-piperidinyI]-l-pipe
razinyl}-quinoline (Table 1, #14) [0528] Using the
synthetic methods described in previous examples,
5-methoxy-8- (piperazin-l-yl)quinoline (prepared from
2-chloro-5-methoxyaniline using the methodology
described for the preparation of Example N, Step 3,
above) and 1- quinolin-8-yl-piperidin-4-one (Example
A, Step 5, above) were reacted with sodium
triacetoxyborohydride to give the desired product as a
beige solid; MP. 218 - 2200C; MS (ES) m/z (relative
intensity) 454 (M+H)+ (100). X) Preparation of
5-fluoro-8-{4-[4-(8-quinoIinyl)-l-piperazinyl]-lpiperi
dinyl} quinoline (Table 1, #15) [0529] Using the
synthetic methods described in previous examples,
5-fluoro 8- (piperazin-l-yl)quinoline (Prepared from
commercially available 5-fluoro-8-hydroxyquinoline
using the methodology described for Example R, step 3,
above) and l-quinolin-8-yl-piperidin-4-one (Example A,
Step 5, above) were reacted with sodium
triacetoxyborohydride to give the desired product as a
yellow solid; MP. 222 - 224C; MS (ES) m/z (relative
intensity) 442 (M+H)+ (100). Y)
8-{4-[4-(l-Benzofuran-3-yl)-l-piperazinyI]-l-piperidin
yl}-6- chloroquirii,Jne (Table 1, #16) [0530] Using
the synthetic methods described in previous examples,
1-(1- benzofuran-3-yl)piperaziiie (Prepared from
commercially available benzofuran-3-one ; using the
methodology described for Example F, step 2, above)
and l-quinolin-8-ylpiperidin- 4-one (Example A, Step
5, above) were reacted with sodium
triacetoxyborohydride to give the desired product as a
yellow solid; MP. 86 - 88C; MS (ES) m/z (relative
intensity) 447 (M+H)+ (100). Z) Preparation of
5-fluoro-4-methoxy-8-(4-(4-(6-methoxyquinolin-8-
yI)piperazin-l-yI)piperidin-l-yl)-2-(trifluoromethyI)q
uinoline and Intermediates 51% 100% aq. HCl 64% 77% 1)
8-Chloro-5-fluoro-2-(trifluoromethyl)quinolin-4-ol[053
1] A solution of ethyl 4,4,4-trifluoroacetoacetate
(commercially available, 4 mL, 27.3 mmol, 1.05 eq.) in
polyphosphoric acid (22 mL) was heated to 1000C. 2-
chloro-5-fluoroaniline (3.78 g, 26.0 mmol, 1 eq.) was
added slowly to the stirred hot solution. The
resulting reaction mixture was further heated to 1500C
and then stirred at that temperature overnight
(approximately 18 hours). The reaction was cooled to
room temperature and water was added carefully. The
resulting light brown precipitate was collected by
vacuum filtration, washeu with water and dissolved in
ethyl acetate. The ethyl acetate solution was washed
with brine, dried over anhydrous MgSO4 and
concentrated on a rotary evaporator. The crude product
was purified by flash chromatography on silica gel
using hexane/ethyl acetate to give 3.54 g (51% yield)
of the desired product as an off-white solid; MP =
141-142; MS (ES) m/z (relative intensity): 266 (M+H)+
(100). 2)
8-Chloro-5-fluoro-4-methoxy-2-(trifluoromethyDquinolin
e [0532] To a solution of
8-Chloro-5-fluoro-2-(trifluoromethyl)quinolin-4-ol
(Step 1, 3.54 g, 13.3 mmol, 1 eq.) in acetone (75 mL)
was added anhydrous K2CO (3.88 g, 28.0 mmol, 2.1 eq.),
followed by iodomethane (1.8 mL, 28.9 mmol, 2.17 eq.).
The resulting mixture was stirred at reflux for 1.5
hours. An additional aliquot of iodomethane (1.8 mL,
28.9 mmol, 2.17 eq.) was added and reflux was
continued for an additional 1 hour. The reaction was
cooled to room temperature, poured onto ice and
extracted with ethyl acetate. The combined organic
layers were dried over anhydrous MgSO4, filtered and
concentrated on a rotary evaporator to give 3.72 g
(100% yield) of the desired product as a yellow solid,
which was used in subsequent reactions without further
purification. An analytical sample was prepared by
recrystallization from hexane/ethyl acetate; MP =
198-2000C;MS (ES) m/z (relative intensity): 280 (M+H)+
(100).3) 8-a
,4-Dioxa-8-azaspiror4.51dec-8-ylV5-fluoro-4-methoxy-2-
(trifluoiOmethvD- quinoline [0533] To a solution of
8-chloro-5-fluoro-4-methoxy-2-(trifluoromethyl)quinoli
ne (Step 2, 1.24 g, 4.45 mmol, 1 eq.) in anhydrous
tetrahydrofuran (44 mL) was added
tris(dibenzylideneacetone)-dipalladium(0) (Pd2(dba)3,
0.125 g, 0.14 mmol, 0.03 eq.), sodium rt-butoxide
(0.69 g, 7.18 mmol, 1.61 eq.),
2-dicyclohexyl-phosphino-2'-
(N,N-dimethylamino)biphenyl (CYMAP, 0.054 g, 0.14
mmol, 0.03 eq.), and 1,4- dioxo-8-azaspiro-4,5-decane
(0.8 mL, 6.24 mmol, 1.4 eq.). The resulting mixture w.
s stirred at 700C overnight (approximately 18
hours)under a nitrogen atmosphere. The reaction was
then cooled to room temperature, diluted with ether,
filtered through a plug of silica gel and concentrated
on a rotary evaporator. The crude product was purified
by flash chromatography on silica gel using
hexane/ethyl acetate to give 1.09 g (64% yield) of the
desired product as a beige solid; MP = 101-1030C;MS
(ES) m/z (relative intensity): 387 (M+H)+ (100). 4) l
-r5-Fluoro-4-methoxy-2-(trifluoromethyl)qu
inolin-8-yllpiperi din-4- one [0534] To a solution of
8-(l,4-dioxa-8-azaspiro[4,5]dec-8-yl)-5-fluoro-4-
methoxy-2-(trifluoro-methyl)quinoline (Step 3, 0.6 g,
1.56 mmol, 1 eq.) in tetrahydrofuran (20 mL) was added
2N aqueous HCl (6 mL). The resulting mixture was
stirred at 700C for 5 hours. The reaction was cooled
to room temperature, poured into IN aqueous sodium
hydroxide and extracted with ethyl acetate. The
combinedorganic layers were dried over anhydrous
Na2SO4, and concentrated on a rotary evaporator. The
crude product was purified by flash chromatography on
silica gel using hexane/ethyl acetate to give 0.41 g
of the desired product as a light yellow solid; MP =
171-173C; MS (ES) m/z (relative intensity): 343 (M+H)+
(100). 5) 5-fluoro-4-methoxy-8-(
'4-(4-('6-methoxyquinolin-8-yl ')piperazin-lyl)
piperidin-l- yl)-2-(trifluoromethyl)quinoline
trihvdrochloride [0535] To a solution of
l-[5-fluoro-4-methoxy-2-(trifluoromethyl)quinolin-8-
yl]piperidin-4-one (Step 4, 0.31 g, 0.9 mmol, 1 eq.)
and 6-methoxy-8-(lpiperazinyl) quinoline (Example A,
Step 4, 0.30 g, 1.23 mmol, 1.37 eq.) in anhydrous
methanol (20 mL) was added sodium cyanoborohydride
(0.103 g, 1.64 mmol, 1.82 eq.). The resulting mixture
was stirred overnight at room temperature under
nitrogen (app. 18 hr). An additional aliquot of sodium
cyanoborohydride (0.10 g, 1.59 mmol, 1.76 eq.) was
added and stirring at room temperature was continued
overnight. The resulting reaction mixture was poured
into brine and extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate
and concentrated on a rotary evaporator to a yellow
oil. The desired product was isolated by
chromatography on a 40 g silica column (1000 mL 20%
acetone in hexane followed by 500 mL 30% acetone in
hexane) as a yellow solid (0.113 g, 22% yield). The
free base was converted to its trihydrochloride
sesquihydrate salt by dissolving it in dichloromethunc
(3 mL), adding diethyl ether (9 mL), cooling in an ice
bath and adding IM HCl/Et2O (1 mL). The resulting
yellow solid was collected by vacuum filtration,
washed with ether and dried in vacuo to give 0.152 g.
MS (ES) m/z (relative intensity): 570 (M+H)+ (100).AA)
Preparation of
5-fluoro-8-(4-(4-(6-methoxyquinolin-8-yl)piperazin-lyl
) piperidin-l-yl)quinoline trihydrochloride dihydrate
[0536] 0.25 g (O.OOlmol) of
l-(5-fluoro-quinolin-8-yl)-pi reridin-4-one (Example
C, Step 3) and 0.25g (O.OOlmol) of
6-methoxy-8-piperazin-l-yl-quinoline (Example A, Step
4) were stirred in 20 mL of anhydrous methanol. 1.1
eq, (0.07 gm) of sodium cyanoborohydride was added and
the reaction was stirred at room temperature for
eighteen hours. The reaction mixture was concentrated
on a rotary evaporator and the residue was ; ken up in
ethyl acetate and washed with water. The organic Ia ,
r was dried over anhydrous sodium sulfate, filtered
and concentrated on a rotary evaporator. The desired
product was obtained by flash chromatography on silica
gel column using ethyl acetate and converted to the
trihydrochloride salt using methanolic HCl to yield
0.15 gm (24%) of the title compound as a yellow solid.
Mp: 200-202 0C;MS (ES) m/z (relative intensity): 472
(M+H)+ (100).BB) Preparation of
5-FIuoro-8-(4-(4-(6-methoxyquinoIin-8-yl)piperazin-lyl
) piperidin-l-yl)-quinoline and Intermediates 1)
6-methoxy-8-(l-piperazinyl)quinoline [0537] A mixture
of 8-amino-6-methoxyquinoline (150.0 g, 0.862 mol) and
bis(2- chloroethy1)amine (219 g, 1.23 mol,) in 6 parts
(volume of hexanol vs weight of 8-
amino-6-methoxyquinoline) of 1-hexanol (900 mL) was
heated to 1450C and stirred for 2 1 hours. Upon
completion, the reaction mixture is cooled 50 - 60 0C,
and 507 g of aqueous NaOH solution was added slowly.
The reaction mixture was cooled to 25 - 3O0C and
isopropyl acetate (750 mL) was added. The mixture was
clarified through a celite pad. The aqueous phase was
then split off. The organic solution was treated with
a slurry of adipic acid (126 g, 0.862 mol) in
isopropyl acetate (250 ml). The resulting mixture was
stirred for 16 hours to form
6-methoxy-8-(lpiperazinyl) quinoline adipate salt. The
adipate salt was filtered and washed with isopropyl
acetate (2x150 ml) and dried by nitrogen flow to give
adipate of 6-Methoxy- 8-piperazin-l-yl-quinoline (186
g, 55% yield) with -97% HPLC area, 88% strength purity
in 51% yield.[0538] The salt can be recrystallized
from a mixture of methanol and isopropyl acetate if
further purification is required. To purify the
adipate salt, 580 g of the crude adipate salt and 2.8
liter of methanol were mixed and heated to 65 0C and a
dark solution was obtained. To this solution was
charged slowly 1.1 liter of isopropyl acetate over 40
min at about 63 0C. The mixture was stirred at about
63 0C for about 1 h and cooled to 0-5C. After stirring
at 0-5 C for 2 hours, the mixture was filtered and
washed with 300 ml of isopropyl acetate and dried with
airflow. Yield, 395 g 68.1% recovery yield. [0539] To
liberate 6-methoxy-8-(l-piperazinyl)quinoline from its
adipate salt, 100 g (0.257 mol) of the adipate salt
was added into a 2-L reactor followed by the addition
of 500 ml of dichloromethane. To this mixture was
added 100 g of water followed by the slow (in about 15
min) addition of 4 1 g of 50% sodium hydroxide
solution to maintain the pH in the 13-14 range, adding
sodium hydroxide solution as necessary if the pH is
below 10. The organic bottom layer was separated and
filtered through a pad of activated basic aluminum
oxide (100 g, 6.5 cm diameter x 3 cm depth). The pad
was washed with 100 ml of isopropyl acetate twice. The
dichloromethane was replaced by toluene by
distillation under vacuum (450 to 500 mm Hg) while
3x150 ml of toluene was added into the reactor until
the final volume was about 135 ml. Some white solid
precipitated after distillation, the solid was removed
by filtration, the filter cake was washed with 50 ml
of toluene. Final volume, 185 ml, purity 97.56%,
solution strength 27.4%) 2) 8-bromo-5-fluoroquinoline
[0540] To a 2-L reactor equipped with a mechanic
agitator, a condenser, a thermocouple, a baffle, and
nitrogen inlet were charged 228 g of water, 200 g of
2- bromo-5-fluoroaniline and 80 g of 4-nitrophenol. To
this mixture was charged 96% sulfuric acid in 10-30
min at 20-120C. The mixture was heated to 135-140C and
194 g of glycerol was charged into the reactor over
two hours at 135-145C. The mixture was held at
135-145C for 1 hour after the addition. The reaction
mixture was cooled to below 20-50C and slowly
transferred to a 5-L reactor containing 1100 g of
water and 1210 g of toluene. The 2-L reactor was
washed with 300 g of water and the wash was combined
into the 5-L reactor. The pH of the contents in the
5-L reactor was adjusted to pH 8-10 by adding
approximately 1233 g (1370 mL)ammonium hydroxide
(28-30 % NH3) at 20-40 0C. The mixture was stirred at
room temperature for 15 min and the solid by-product
was filtered off while the filtrate was retained. The
filter cake was washed with 400 ml of toluene and the
all the filtrate was combined and charged a 3-L
reactor. About 500 ml of 8.5% KOH solution was charged
into the 3-L reactor and stirred for 10 min and bottom
aqueous layer was spit off. A second portion of 500 ml
of 8.5% KOH solution was added and the mixture was
stirred for 15 ruin and the bottom aqueous layer was
split off. Water 500 ml added and stirred for 15 min
before the bottom aqueous layer was split off. The
organic layer was heated to distill off about 100-200
ml of toluene to azeotropically remove water. A clear
solution will be obtained. Typical yield 178g real
8-bromo-5- fluoroquinoline, -75%. [0541]
Alternatively, 8-bromo-5-fluoroquinoline was prepared
by adding a warm mixture containing
2-br:iio-5-fluoroaniline (10Og, 1.0 eq), 4-nitrophenol
(4Og, 0.54 eq), and glycerol (97 g, 2.0 eq) over 1.5
hours to sulfuric acid (267 ml) and water (114 . mL)
at 140-1500C. The initial mixture showed 37.8%
4-nitrophenol by relative HPLC, area%. Samples showed
4.7% 4-nitrophenol immediately after adding 50% of
mixed starting materials and 5.0% immediately after
adding all of the materials. The yield upon workup was
87.5%, with total impurities 0.29%. Addition of less
(0.46 eq, 34 g) 4-nitrophenol also successfully
produced the intermediate of interest at acceptable
yield. 3) l-(5-fluoroquinolin-8-yl)piperidin-4-one
[0542] To a 5-L jacketed cylindrical reactor equipped
with an impeller-style agitator, condenser,
thermocouple, and vacuum/nitrogen inlet was charged
2-L, 15% toluene solution of
8-bromo-5-fluoroquinoline, 209 g of l,4-Dioxa-8-
azaspiro[4.5]decane. Meanwhile in a 500-mL Erlenmeyer
flask, a suspension of 16.5 g (26.5 mmol)
-[l,r-binaphthalene]-2,2'-diylbis[diphenyl-Phosphine,
and 6.08 g (6.64 mmol) tris[m-[(l,2-
h:4,5-h)-(lE,4E)-l,5-diphenyl-l,4- rentadien-3-
one]]dipalladium in 260 g of toluene was prepared.
This freshly made suspension was charged into the 5-L
reactor followed by a rinse of 170 g of toluene. 166 g
sodium tert-butoxide was then charged into the reactor
followed by a rinse with 430 g of toluene. The reactor
was degassed by vacuum to less than 125 mmHg and then
filled with nitrogen to atmosphere three times. The
mixture was then heated to 50-60 0C and stirred for 1
h and then heat to 65-75  and stirred at this
temperature for about 10hours. The mixture was cooled
to 40-50C and then quenched with 800 g of water. The
lower aqueous layer was split off and the volume of
the organic layer was reduced to about 1.5 L by vacuum
distillation. To this residual was charged 2.28 kg of
20% sulfuric acid at 25-30 0C. The mixture was stirred
for an hour and was clarified by filtration and a
bi-phase filtrate was obtained. The aqueous phase was
split and retained. Toluene 870 g was added to the
aqueous solution and the mixture was neutralized by
slowly adding 770 g 50% sodium hydroxide solution. The
lower aqueous layer was split off and extracted with
600 g of toluene. The organic layers were combined and
the volume of the reaction was reduced to about 1L by
vacuum distillation. The residue was cooled to room
temperature and 480 g of toluene was charged. The
mixture was heated to 45-55 0C to form a clear
solution, which was filtered through a celite/charcoal
pad to remove palladium. The filtrate was concentrated
by vacuum distillation to about 0.7 L and diluted with
620 g heptane, cooled to -15 to-5 0C to form a slurry.
The solid was collected by filtration. The product was
dried by air flow at room temperature. Typical yield
is about 70%. 4)
5-fluoro-8-{4-r4-(6-methoxyquinolin-8-yl)piperazin-1-y
llpiperidin- 1- yllquinoline [0543] Toluene (118 g),
sodium triacetoxyborohydride (44.5 g) were mixed at
00C to room temperature. To this mixture was charged a
premixed toluene solution of 6-
methoxy-8-(l-piperazinyl)quinoline (Step 1, 160 g,
27.4wt% in toluene) and l-(5-
fluoroquinolin-8-yl)piperidin-4-one (Step 3, 4 1 g).
The resulting mixture was stirred for 2 to 3 hours at
about 300C. KOH solution (443 g 9% in water) was
charged to quench the residual sodium
triacetoxyborohydride. Heptane ( 118 g) was added to
further precipitate the product. The product was then
filtered and washed with ethanol (2x100 ml). Yield 68
g, 86%. This crude product (67 g) was dissolved in 586
g dichloromethane and passed through a charcoal/celite
pad to remove palladium. The dichloromethane was
distilled off while 400 g of ethanol was slowly added
at the same time. The resulting slurry was filtered
and washed with ethanol twice (65 g +100 g). The
product was dried in oven at 55C overnight.
Purification recovery yield 59.9 g, 89.4%.CC)
6-methoxy-8-(l-piperazinyl)quinoline [0544]
6-methoxy-8-(l-piperazinyl)quinoline (Example P, Step
1) is also prepared as shown in the reaction scheme
above. To a 2 L reactor equipped with a mechanic
stirrer, an addition funnel, a thermocouple, nitrogen
inlet and a bottom outlet was added 442 g of .water,
134.5 g (0.5 mol) compound A and 177 g methyl
tert-butyl ether. To this mixture was slowly added 125
ml 5 N sodium hydroxide in 20 min. The mixture was
stirred for 10 min and the aqueous layer was split
off. The organic layer was washed with 20% aq sodium
chloride solution twice (2x200 g). The methyl
tertbutyl ether was distilled off and the product was
obtained as an oil, crude yield: 117 g~100% yield
(still containing trace amount solvent). [0545] To a
1-L reactor a mechanic stirrer, a thermocouple, and
nitrogen inlet v/as charged with 380 g of butanol, 42
g of 8-amino-6-methyoxyquinoline, and 97 g of compound
B (nor-mustard free amine). The mixture was heated to
1000C for 18 hours before cooled to 0-5 0C. The solid
was formed upon cooling and was filled with nitrogen
protection (solid is hygroscopic). The filter cake was
washed with 100 g cold butanol and 2x 200 g of MTBE.
The solid was dissolved in 160 g of water to obtain an
orange solution. This orange solution was slowly
charged into a 2-L reactor containing a potassium
hydroxide solution prepared with 537 g water and 60 g
45% KOH. The product was precipitated upon addition
into the base. The slurry was stirred for 1 h and then
filtered. The filter cake was washed with lOOg water,
lOOg MeOH and 100 g methyl tert-butyl ether. The
product was dried under vacuum at 50C. Weight = 48.2
g, 60% [0546] To a 100 ml flask equipped with a
stirrer, a thermocouple, a condenser and nitrogen
inlet was charged ethanol (2B) 27 g, compound C (2 g),
methylcyclohexene(10 g) and 0.6 g of dry 10% palladium
on carbon. The mixture was heated to reflux for 30 h
and cooled to ambient temperature. The palladium on
carbon was filtered off, the solvent was removed by
rotavap, and the resulting compound isolated (weight
1.7 g (>100%, the product contained small amount of
solvent)). DD)
l-(5-fluoroquinolin-8-yl)piperidin-4-one Br Pd2(dba)3,
NaOf-Bu, NH2 Pd(PPh3),,, CYMAP [0547]
l-(5-fluoroquinolin-8-yl)piperidin-4-one (Example P,
Step 3) is also prepared as shown in the reaction
scheme above. To a 500 ml flask equipped with a
stirrer, a thermocouple, a condenser and nitrogen
inlet were charged 50 g 2-bromo-5- fluoroaniline and
60 g glycerol. The mixture was heated to 60C and 55 g
nitrobenzene sulfonic acid was charged in portion. The
mixture was then heated to 100-1 10 0C, started charge
200 ml 70% sulfuric acid. After sulfuric acid
addition, the ' mixture was heat to 130C and stirred
for 3 hours before cooled to room temperature. Water
(300 g) was added and a grayish by product was
filtered off. The filtrate was slowly added into a 2-L
reactor containing a mix of 420 g 50% NaOH, 420 g of
water, 352 g methyl tert-butyl ether. After filtering
off small amount solid, the aqueous layer was split
off and the organic layer was washed with 10% NaOH
(2x100 ml), 20% NaCl (2x200 ml), the solvent was
removed, weight 56 g, 89.8%. [0548] To a 2-L reactor
with a stirrer, a thermocouple, a condenser and
nitrogen 



inlet were charged 8-bromo-5fluoroquinoline (50 g),
tetrahydrofuran (795 g), Pd2(dba)3 (3.78 g), Cymap
(1.6 g), and l,4-Dioxa-8-azaspiro[4.5]decane (47.3 g).
the mixture was heated to reflux (66C) and the
reaction was complete. The reaction mixture was
quenched into a 5 L reactor containing 1000 g of water
and 640 g of MTBE. The bottom aqueous layer was split
off and the organic layer was washed with 5% NaOH
(1120 g) and 20% NaCl (2x100 g). The solvent was
evaporated, weight 87 g vs 79.4 g by theory. [0549]
The remaining steps are as described above in Example
P, Step 3.DD) Preparation of
6-methoxy-8-[4-(l-(5-fluoro)-quinolin-8-yl-piperidin-4
-yl)- piperazin-l-yl]-quinoline trisuccinate salt
(Polymorph Form A) [0550]
6-Methoxy-8-[4-(l-(5-fluoro)-quinolin-8-yl-piperidin-4
-yl)-piperazin-lyl]- quinoline (1.5089 g) was slurried
in 100 mL of dichloromethane (99.8% HPLC) to obtain a
clear light yellow solution of free base. Succinic
acid (99%; 258.6 mg) was dissolved in 17 mL of acetone
(99% HPLC). Then 15.275 mL of the succinic acid
solution was added to 20 mL of the free base solution
slow!-. No immediate precipitation was observed. The
resulting solution was allowed to evaporate to dryness
at room temperature. The solid was analyzed by powder
X-ray diffraction and found to be crystalline having
Form A. EE) Preparation of
5-Fluoro-4-methoxy-8-(4-(4-(6-methoxy-quinoIin-8-yl)-
piperazin-l-yl)-piperidin-l-yl)-2-trifluoromethyI-quin
oline disuccinate salt [0551] The free base of
5-fluoro-4-methoxy-8-(4-(4-(6-methoxy-quinolin-8-yl)-
.
piperazin-l-yl)-piperidin-l-yl)-2-trifluoromethyl-quin
oline was prepared as described in Example Z. This
compound was further isolated by conversion to a
disuccinic acid. To a 12-L reactor equipped with
heating mantle, thermocouple and nitrogen inlet were
charged 124 g of succinic acid and 2470 g of acetone.
The mixture was heated to 50C and a colorless solution
was formed. Meanwhile, in a 3-L flask were charged 240
g of
5-fluoro-4-methoxy-8-(4-(4-(6-methoxy-quinolin-8-yl)-p
iperazin- 1-yl)-piperidin- 1-
yl)-2-trifluoromethyl-quinoline and 2250 g of
tetrahydrofuran (THF). 5-Fluoro-4-
methoxy-8-(4-(4-(6-methoxy-quinolin-8-yl)-piperazin-
1-yl)-pireridin- ] -yl)-2- trifluoromethyl-quinoline
in THF mixture was heated to 5O0C and a yellow
solution was achieved. This yellow solution was slowly
(over the course of about 3 hours) charged into the
12-L reactor while maintaining both solutions at a
temperature of about 50C. The resulting slurry was
stirred over night at room temperature, and then
cooled to 5-10C. After stirring at 5-10 0C for 2
hours, the slurry was filtered and the product was
washed with acetone 3x600 ml. The product was dried
with airflow at room temperature for 3 hours.[00100]
The weight of the resulting product was 311 g, or
about 91.6% yield. NMR analysis indicated that the
compound was the disuccinate salt form of 5-fluoro-
4-methoxy-8-(4-(4-(6-methoxy-quinolin-8-yl)-piperazin-
1-yl)-piperidin- 1-yl)-2- trifluoromethyl-quinoline.
In addition, residual solvents were found at
concentrations of 0.047% for acetone, 0.027% for THF,
and 0.14% for water. BIOLOGICAL ASSAYS AND PROCEDURES
Novel Object Recognition Model [0552] Male Long-Evans
hooded rats (~200g at the time of testing) were
individually housed with ad libitum access to food and
water. Novel object recognition (NOR) training and
testing was performed in a circular field (diameter
~70cm, 30cm high) constructed out of plastic and
containing soiled bedding (without feces). The field
was surrounded by black curtains to mask extra-field
cues and was located in a dimly lit room (-10 lux at
the level of the area) in the presence of white noise
(~65 dB). Animal performance was tracked by video and
monitored by an experimenter located outside of the
testing room. Objects, constructed with Duplo(r)
(Lego), could be affixed to the floor in one of four
locations spaced evenly around the field approximately
10 cm from the field's edge. To avoid possible
olfactory cues, multiple copies of the objects were
used throughout the study and were cleaned with a 30%
ethanol solution between animals. [0553] The visual
recognition task was divided into 3 sessions -
habituation, a sample trial and a choice trial. During
habituation the animals were placed into the field
containing 2 identical yellow cubes (~10cm x 10cm x
10cm) and were allowed to explore the field for ten
minutes. Following habituation, rats were returned to
their home cage. One day after habituation, animals
were dosed with a test compound and following the
pretreatment interval the sample trial was initiated.
During the sample trial, rats were allowed to explore
the field, now containing two identical stimuli
(complex, multicolored, Duplo objects; -10cm x 10cm x
10 cm) located at opposing compass points, for 5
minutes. The amount of time investigating the objects
was recorded for the entire trial. Investigation was
defined as orientation toward the object with the nose
of the rat within <2cm of the object. Following the
sample trial rats were returned to their home cages
for the 48 hour inter-trial interval and then tested
in the choice trial for recognition memory. The choice
trial consisted of a 5 minuteexploration of the field
containing both a familiar, previously explored,
object and a novel object with an investigator again
recording contact time. The location of the objects,
counterbalanced across treatment groups, remained
constant for each animal during the habituation,
sample and choice trials. [0554] The effect of
treatment on object exploration during trial one was
examined using a one-way ANOVA on total contact time
followed by Fisher's LSD group mean pair-wise
comparisons. The amount of time exploring the novel
and familiar objects across treatment groups was
analyzed using a repeated measures ANOVA followed by
Fisher's LSD post-hoc comparisons. Significantly more
time spent exploring the novel object than the
familiar one represents intact recognition memory for
that treatment group. Control and untreated animals
show no significant differences between familiar and
novel object exploration following the 48 hour delay
indicating no memory for the sample trial (significant
differences are evident with shorter delays). [0555]
Treatments: Animals were treated with a compound of
the invention 60 minutes prior to the sample trials.
Each candidate compound was dissolved in the
appropriate vehicle and administered orally at 1
ml/kg. [0556] Representative compounds of the
invention were tested according to the protocol
described. In these experiments, a positive effect of
a compound on recognition memory is demonstrated by
animals spending significantly more time exploring the
novel object than the familiar one. It was found that
the tested compounds had a positive effect on
recognition memory. Doses of the representative
compounds of the invention that were identified as
having a positive effect in this assay were dosed at
0.3 - 10 mg/kg p.o., with 10 mg/kg p.o. being the
highest dose tested. These data demonstrate that
selected compounds of the invention are useful for
improving recognition memory, and that the protocol is
suitable for identifying compounds that have a
positive effect on recognition memory. Synergy of Test
Compounds with Acetylcholinesterase Inhibitors [0557]
Acetylcholinesterase inhibitors are currently used to
treat mild cognitive deficits resulting from
Alzheimer's disease. However, the use of
acetylcholinesterase inhibitors is hindered by the
side effects often seen with this class of therapeutic
agent, and have limited efficacy. Representative
compounds of the invention were shown tohave a
synergistic effect on the cognitive enhancing
properties of a representative acetylcholinesterase
inhibitor, Aricept(r), lowering the dose of both
agents required to obtain efficacy in the Novel Object
Recognition Model. [0558] Novel Object Recognition
Model: The Novel Object Recognition Model was employed
as described above. Sub-threshold doses (doses that
did not provide a positive effect on recognition
memory) of Aricept(r) and representative compounds of
this invention were administered to test animals and
their effects on recognition memory were recorded as
described above. [0559] Treatments: Animals were
treated with a compound of the invention 60 minutes
prior to the sample trials. Each candidate compound
was dissolved in an appropriate vehicle and
administered orally. The same animals were then
treated with Aricept(r) 30 minutes prior to the sample
trials. Aricept(r) was dissolved in an appropriate
vehicle a d administered intraperitoneally. [0560]
Animals were separately administered sub-threshold
doses of Aricept (0.5 mg/kg i.p.) or a representative
compound of the invention (0.1 mg/kg p.o.). When
administered separately, the contact times for the
animals in the familiar and novel environments were
not statistically different (P<0.05).
Co-administration of Aricept and the each of candidate
compounds at the same doses used in the separate
administration test for each agent resulted in a
statistically significant decrease in the contact time
for the familiar environment compared to the novel
environment (P<0.05). The decrease in contact time
averaged more than 10 seconds. These data suggest
co-administration of a representative compound of the
invention and a cognitive enhancer resulted in a
positive effect of recognition memory, as demonstrated
by the animals spending significantly more time
exploring the novel object than the familiar one.
These data demonstrate that this test is effective in
identifying a synergistic effect between
representative compounds and cognitive enhancers to
enhance cognition. Treatment of Sexual Dysfunction
[0561] An animal model was used to demonstrate the
utility of treating or preventing sexual dysfunction,
e.g., sexual dysfunction associated with SSRI
treatment, with compounds of this invention. The
animal model is based on the finding that sexually
experienced rats that are administered an SSRI, a drug
used totreat certain conditions such as depression,
display a reduction in the number of noncontact penile
erections. SSRI treatment is associated with sexual
dysfunction in human subjects. In general, the animal
model exposes sexually experienced male rats
(Sprague-Dawley rats) to female rats in estrous in a
novel testing arena that is not the regular housing
environment. The number of non-contact penile
erections is assayed over a specified test period,
e.g., 30 minutes (Sukoff, Rizzo, et al., 2006,
Societyfor NeuroscL Abstr. 559.4; United States
Application Serial No. 60/682,3379, filed May 19,
2005). In the experiments described herein, animals
were generally treated either with 0.9% saline
(vehicle) or a drug {i.e., a compound of the
invention) in the vehicle. [0562] The ability of
fluoxetine, an SSRI associated with sexual dysfunction
in humans, to cause sexual dysfunction in the animal
model was tested by examining a 10 mg/kg dose of
fluoxetine or vehicle alone (0.9% saline), each
administered intraperitoneally, once daily for 14
days, on the number of non-contact penile x erections
over a 30 minute trial period. Fluoxetine produced a
decrease in sexual function under these experimental
conditions compared to treatment with vehicle alone.
These data demonstrate that sexual dysfunction is
induced in the animal model using SSRIs, thereby
providing support for the validity of using the animal
model. [0563] To examine the time course of the
effects of a drug that causes sexual dysfunction, rats
that were handled and tested as described above were
treated acutely: rats were treated with vehicle for 6
days, and on the test day (day 7) instead of vehicle,
the animals received a single dose of fluoxetine in
vehicle (i.p.). For a subchronic (7 day) study,
fluoxetine was administered each day for 7 days and
the animals were evaluated on test day 7. For the
chronic 14 day study, fluoxetine was administered each
day for 14 days and the animals were tested on day 14.
Each fluoxetine dose was 10 mg/kg in vehicle and was
delivered i.p. on each of the test days as described
above. The testing session for each section of the
study was begun immediately following compound
administration and the behavior observed for 30
minutes immediately following the drug administration.
[0564] It was found that both a sub-chronic and
chronic administration of fluoxetine were associated
with a significant increase in sexual dysfunction,
further demonstrating the utility of the animal model
for sexual dysfunction testing.[0565] To test the
ability of the compounds of this invention to
ameliorate the effects of sexual dysfunction, sexually
experienced rats were administered fluoxetine using a
subchronic (7 day) or chronic (14 day) schedule and
then tested for sexual function as described above. A
single acute dose of a test compound given
intraperitoneally after 7 or 14 days of fluoxetine
ameliorated sexual dysfunction as demonstrated by the
compound's ability to significantly reverse the
fluoxetineinducer decrease in non-contact penile
erections. Doses of selected tet. compounds of the
invention that were effective in this model were 0.1 -
1 mg/kg Lp., with 1 mg/kg i.p. being the highest dose
tested. [0566] To further test the ability of
compounds described herein to ameliorate the effects
of sexual dysfunction, sexually experienced rats were
co-administered fluoxetine (10 mg/kg i.p.) and
selected compounds of the invention once daily for 14
days and the tested for sexual function as described
above. Chronic dosing of the selected compounds of
this invention ameliorated the sexual dysfunction
induced by chronic dosing of fluoxetine, as
demonstrated by the compound's ability to
significantly reverse the fluoxetine-induced decrease
in non-contact penile erections. Doses of the selected
test compounds that were effective in this model were
0.3 - 1 mg/kg i.p., with 1 mg/kg i.p. being the
highest dose tested. [0567] These data demonstrate
this test is successful in identifying compounds that
can be used to treat sexual dysfunction associated
with treatment with antidepressants (e.g., SSRI' s).
Moreover, these data demonstrate the test is useful
for identifying compounds that are efficacious for
treating sexual dysfunction, e.g., that is associated
with antidepressant treatment, whether the treatment
with the test compound is initiated at the same time
as antidepressant treatment (e.g., SSRI treatment) or
when the treatment with the test compound is provided
after initiation of treatment with the antidepressant.
Further, these data demonstrate that the candidate
compounds tested ameliorated sexual dysfunction
associated with treatment with antidepressants (e.g.,
SSRI'S) and suggest the candidate compounds are
efficacious for treating sexual dysfunction.
Enhancement of SSRI Activity [0568] SSRIs are
currently used to treat depression in humans. They are
thought to exert their antidepressant effect by
increasing serotonin levels in the brain. Oneliability
of SSRIs is a delay between initiation of drug
treatment and onset of antidepressant action, which
can be 2-4 weeks. This delay in onset of action is
thought to be associated with an acute stimulation of
pre-synaptic 5-HT1A autoreceptors induced by the
elevated levels in serotonin (which result from
inhibition of serotonin re-uptake). These
autoreceptors are responsible for controlling
serotonin release, responding to elevated serotonin
levels by inhibiting neurotransmitter release. The 2-4
week delay is thought lu be the time required for
these autoreceptors to become desensitized. A 5-HT1A
antagonist that acts to block the pre-synaptic
autoreceptor would be expected to inhibit the
contribution of these autoreceptors to acute serotonin
levels. The result should be an acute, sustained
increase in serotonin levels and a reduction in the
onset of SSRI drug action. [0569] The ability of the
compounds of this invention to reduce time for onset
of action of the representative SSRI fluoxetine was
assessed using in vivo microdialysis. Using 2-3%
halothane anesthesia (Fluothane; Zeneca, Cheshire,
UK), male Sprague- Dawley rats (280-350 g; Charles
River, Wilmington, MA) were secured in a stereotaxic
frame with ear and incisor bars (David Kopf, Tujunga,
CA) while a microdialysis guide cannula (CMA/12, CMA
Microdialysis, Sweden) was directed above the dorsal
lateral frontal cortex (A/P +3.2 mm, M/L -3.5 mm, D/L
-1.3 mm). Coordinates were taken with a flat skull
using the rat brain atlas of Paxinos and Watson
(1986). The guide cannula was secured to the skull
with two stainless-steel screws (Small Parts, Roanoke,
VA) and dental acrylic (Plastics One, Roanoke, VA).
Following a 24 h post-operative recovery, animals were
individually housed in Plexigias cages (45 cm2) where
they had free access to water and standard rat chow.
[0570] For in vivo neurochemical experiments, a
microdialysis probe (CMA/12; active membrane length
2mm; OD 0.5 mm; 20 kD cut-off) was pre-washed with
artificial CSF (aCSF; 125mM NaCl, 3mM KCl, 0.75mM
MgSO4 and 1.2mM CaCl2, pH 7.4) according to the
manufacturers specifications. On the morning of the
study, probes were inserted, via the guide cannula,
into the frontal cortex and perfused with aCSF at 1
ml/min. Following a 3 hour stabilization period, three
control samples (20 ml) were collected to establish a
steady baseline. Immediately following the last
baseline sample, animals were treated with the
compound of the invention (10 mg/kg p.o. in 2% Tween ,
0.5% methyl cellulose, using a dose volume of 1
ml/kg). Thirty minutes later rats were dosed with
vehicle or fluoxetine (30 mg/kg s.c).
Subsequentmicrodialysis samples were collected for 3 h
post-injection and analyzed for 5-HT content by high
performance liquid chromatography (HPLC). The HPLC
conditions have been described previously (Beyer et
al, J Psychopharmacol. 16(4): 297-304 (2002)). All
neurochemical data were acquired using the Atlas
software package (Thermo Labsystems, Beverly, MA) and
compared to an external standard curve. The fmol
concentrations of all neurotransmitters during the
baseline samples were averaged and this value denoted
as 100%. Subsequent sample -alues were expressed as a
percent change from this preinjection baseline value
(or % change from baseline). Neurochemical data,
excluding preinjection values, were analyzed by a
two-way analysis of variance (ANOVA) with repeated
measures (time). Post-hoc analyses were made using the
Bonferroni / Dunns adjustment for multiple
comparisons. [0571] Acute treatment with fluoxetine
did not increase serotonin levels in the froi .al
cortex of text animals. However, co-administration of
representative compounds of the invention caused a
significant increase in fronatal cortex serotonin
levels. Representative compounds of this invention had
no effect on frontal cortex serotonin levels when
administered. Doses of representative compounds of
this invention that were effective in enhancing the
effect of acute fluoxetine treatment were 3 - 10 mg/kg
p.o., with 10 mg/kg p.o. being the highest dose
tested. These data demonstrate this test is effective
in identifying compounds of the invention that sxe
able to shorten the time to onset of action for SSRIs.
Cell line [0572] The PCR cloning of the human 5-HT1A
receptor subtype from a human genomic library has been
described previously (Chanda et al., MoI. Pharmacol.,
43:516 (1993)). A stable Chinese hamster ovary cell
line expressing the human 5- HT1A receptor subtype
(115-HT1A-CHO cells) was employed throughout this
study. Cells were maintained in DMEM supplemented with
10% fetal calf serum, non essential amino acids and
penicillin/ streptomycin. Radioligand binding [0573]
Radioligand binding assays were performed as described
in Dunlop, J . et al., J. Pharmacol, and Toxicol.
Methods 40: 47-55 (1998), which is incorporated by
reference. Cells were grown to 95-100% confluency as a
monolayer before membranes were harvested for binding
studies. Cells were gently scraped from theculture
plates, transferred to centrifuge tubes, and washed
twice by centrifugation (2000 rpm for 10 min., 40C) in
buffer (50 mM Tris; pH 7.5). The resulting pellets
were aliquoted and placed at -8O C. On the day of
assay, the cells were thawed on ice, and resuspended
in buffer. Studies were conducted using [3H]8-OH-DPAT
as the radioligand. The binding assay was performed in
96 well microtiter plates in a final total volume of
250 mL of buffer. Competition experiments were
performed by using seven different concentrations of
unlabelled drug and a final ligand concentration of
1.5 nM. Non-specific binding was determined in the
presence of 10 mM 5HT. Saturation analysis was
conducted by using [3H]8-OH-DPAT at concentrations
ranging from 0.3-30 nM. Following a 30 minute
incubation at room temperature, the reaction was
terminated by the addition of ice cold buffer and
rapid filtration using a M-96 Brandel Cell Harvester
(Gaithersburg, MD) through a GF/B filter presoaked for
30 minutes in 0.5% polyethyleneimine. Table 1 provides
Ki values for the tested compounds. cAMP measurements
[0574] Measurements were performed as described in
Dunlop, J. et ah, supra. Assays were performed by
incubating the cells with DMEM containing 25 mM HEPES,
5 mM theophylline and 10 mM pargyline for a period of
20 minutes at 37C. Functional activity was assessed by
treating the cells with forskolin ( 1 uM final
concentration) followed immediately by test compound
(6 different concentrations) for an additional 10
minutes at 37C. In separate experiments, 6
concentrations of antagonist were preincubated for 20
min prior to the addition of 10 nM 8-OH-DPAT and
forskolin. The reaction was terminated by removal of
the media and addition of 0.5 ml ice cold assay
buffer. Plates were stored at -200C prior to
assessment of cAMP formation by a cAMP SPA assay
(Amersham). [0575] Compounds of the invention were
tested according to the protocol described. The data
demonstrate the protocol is effective for identifying
compounds that have 5-HT1A agonist activity and 5-HT1A
antagonist activity. 5-HT1Aagonist activity is
demonstrated by inhibiting the forskolin-induced
increase in cAMP levels and the results reported as
EC5 values (Table 1, "Agonist Activity EC50").
Compounds having 5-HT1A antagonist activity show no
effect on forskolin-induced increases in cAMP levels
on their own, but block the 8-OH-DPAT-induced
inhibitionof forskolin-stimulated increases in cAMP
levels. Results are required as IC50 values (Table 1,
"Antagonist Activity IC50") Table1Orthopaedic paste
delivering tool and method for continually delivering
the paste, and devices and methods for facilitating
the delivery of the orthopaedic paste Field of the
Invention The present invention is related to a
technique for delivering an orthopaedic paste into a
bone, which will harden in the bone and act as a
medical implant. The orthopaedic paste can be any
known flowable orthopaedic filling material including,
for example, a liquid-powder mixture and a viscous
liquid containing a polymeric material. Background of
the Invention Fig. 1 shows a scheme of a common method
of delivering an orthopaedic paste from a container to
a designated spot (bone cavity) through a thin tube.
In general, the orthopaedic paste, which is a
liquid-solid two-phase mixture stored in a container
or reservoir, is intended to be transported through a
thin tube into a designated spot in a bone structure,
tissue or organ of a diseased subject. Conventionally
used is a tapered cone-cylinder design which connects
the container and the thin tube (syringe), wherein a
driving force is applied for orthopaedic paste
delivery. For this one-step, direct forced-filling
method, the liquid and powder of the orthopaedic paste
would tend to separate upon the exertion of the force
during the filling process. The underlying physics is
explained below. Generally speaking, the speed of
delivery is slow for the method illustrated in Fig. 1.
The physical condition occurring in the container
throughout the filling process can be described using
a static equilibrium concept. The internal pressure
developed is approximately equal to the applied force
divided by the surface area of the back plate, namely,
F/A. This pressure (P) is almost uniformly distributed
everywhere except around the exit region of the
container, i.e. the region near to the thin tube,
where the pressure drops drastically to the ambient
pressure (P0) of the designated spot, as shown in 



Fig. 2. This locally developed pressure gradient
around the junction of the container and the tube
forms the major mechanism that drives the fluid
portion of the orthopaedic paste mixture out of the
tiny orifice of the container. This can be illustrated
by the incompressible Navier-Stokes equation of motion
for a fluid flow,In which, p , u, v, p and m are
respectively the density, velocity components,
pressure and viscosity of the fluid, and (x, y, t) axe
the Cartesian and time coordinates. The orthopaedic
paste delivery motion is in general very slow so the
unsteady and convection terms can be neglected,
resulting in a balance of the pressure gradient and
the viscous terms. In other words, the locally
developed pressure gradient drives the fluid motion by
overcoming the internal or wall friction as the fluid
is ejected out. Owing to the large solid-liquid
density ratio, the speed of the fluid usually exceeds
that of the solid particles, causing the separation of
the orthopaedic paste constituents. The fluid part of
the orthopaedic paste will continuously flow out of
the container because of the continuity characteristic
of the flow motion. Nevertheless, the solid part of
the orthopaedic paste experiences different physical
mechanism as the force is applied. In the beginning, a
diluted orthopaedic paste is ejected because more
liquid than solid part is compressed out of the
container. The remaining orthopaedic paste gets drier
during the pressurization period. The small exit area
prohibits the dried solid particles from moving
quickly out of the container. Except for the initial
powder that drifts out of the container with the
carrier liquid, the remainder powder of the
orthopaedic paste will be closely packed or
interlocked together, resulting in a static
equilibrium chunk due to the loss of fluidity. This
liquid-solid separation mechanism explains why the
one-step, direct forced-filling device often fails as
a satisfactory orthopaedic paste delivery injector,
especially for a minimally invasive surgical
procedure. US patent application publication No.
2005/0113843 Al discloses an injection system for
delivering viscous fluids. Exemplary fluids included
flowable hard tissue implant material such as
Polymethylmethacrylate (PMMA). The implant material
injection system comprises a pressure driver, and a
separate container for implant material, wherein said
driver and said separate container are adapted to form
a sealed pressure-tight interface between each other,
said pressure driver comprising a piston and a sleeve,
wherein said piston and said sleeve are adapted to
draw implant material into at least a portion of a
chamber defined by said sleeve upon retracting said
piston and toexpel implant material from said pressure
drive at a pressure level upon advancing said piston.
Although this design will work for delivering low
viscosity fluid or paste; nevertheless, this design
has at least the following disadvantages in delivering
highly viscous cement like CPC: a) The lack of a
direct pressure onto paste in the reservoir may result
in difficulty in easily moving a highly viscous paste
to the "standby" position (the space defined by the
"sleeve" in this design). (b) The use of the sleeve
may help pressure build-up within the sleeve to more
easily drive a low viscosity paste into the injection
tube. However, this sleeve-induced pressure build-up
may promote undesired solid-liquid separation in
delivering high viscosity cement. In addition, the
presence of the sleeve takes extra effort to operate.
(c) The significant difference in diameter between the
sleeve and the injecting tube also promotes the
solid-liquid separation of CPC. US patent application
publication No. 2004/0174768 Al discloses a bone
cement mixing and delivery device for mixing a
powdered copolymer and a liquid monomer to form a bone
cement and delivering the bone cement. The device
includes a cartridge having a distal end and a
proximal end and defining a mixing chamber between the
distal end and the proximal end. A transfer mechanism
having a cap and a stem supporting a piston and a
plunger is connected to the distal end. The transfer
mechanism includes a first advancement mechanism for
advancing the piston and plunger in unison and a
second advancement mechanism for moving the plunger
independent of the piston. The assembly further
includes a removable handle having a shaft for
attachment of a mixing blade and a quick-release
connector and a release button for locking and
unlocking the mixing blade from the removable handle.
This design has an advantage of complete transfer
(injection) of the bone cement without leftover, if
the cement is transferable. However, a solid-liquid
separation of the CPC cement will occur during the
first advancement when this device is used for the
reasons recited in the above. US patent No. 6,033,105
discloses a unitary, fully integrated, bone cement
mixing and dispensing system by providing a single
housing comprising a mixing chamber integrally
combined with a delivery chamber or tube, which
eliminates user exposure or handling of the mixed bone
cement. In this prior art invention, the two chambers
of the integrated system are movable between two
alternate positions, a first position whereineach
chamber is sealed from the other, and a second
position wherein the two chambers in direct
communication with each other. In this way the mixing
chamber is operated independently from the chamber for
preparing the bone cement and, once prepared, is
easily transferred from the mixing chamber through the
delivery chamber. A dual drive assembly is provided
such that it may an independently rotate a mixing
blade in a first speed and direction, and
independently drive the speed and rotation of a feed
controlling element at a second speed and direction.
The rate of speed or rotation of the mixing portion is
thereby easily controlled to any desired level,
relative to the rotational speed of movement of the
controlling portion in the delivery chamber. In this
prior art design a high viscosity CPC cement cannot be
"pulled" into the injection tube without a direct
pressure being applied directly on the CPC cement in
the mixing chamber. When pressure is applied, the
small opening (drastic change in diameter) triggers
the solid-liquid separation of the CPC cement. Summary
of the Invention A primary object of the present
invention is to provide a tool and method for
continually delivering an orthopaedic paste stored in
a chamber into a bone through a tube. Another object
of the present invention is to provide a tool and
method for delivering an orthopaedic paste stored in a
chamber into a bone through a tube in the absence of a
pressure build-up in the chamber during the delivery.
Still another object of the present invention is to
provide a tool and method for delivering an
orthopaedic paste comprising particles and liquid into
a bone through a tube without significantly changing
the solid/liquid ratio of the paste dispensed through
the tube. In order to accomplish the aforesaid objects
of the present invention, a replacement mechanism is
used in delivering the paste stored in the chamber
through a tube in fluid communication with the
chamber, which includes invading the paste in the
chamber with a small volume of recovery member such as
a rod to replace the same volume of paste into the
tube, and retreating the invading rod while applying a
pressure to the paste in the chamber, so that a space
created by the retreating is replaced by the paste,
and repeating the invasion and the retreating
alternately.Still another object of the present
invention is to provide a mixer for mixing particles
and liquid to form an orthopaedic paste. Preferably,
the mixer comprising a storage chamber having a cap
detachably connected to one end of the chamber; an
impeller; a bowl; a piston, wherein the chamber is
detachably and substantially hermetically connected to
the bowl, so that a close space is formed inside the
chamber and the bowl; the impeller is mounted to the
bowl so that the impeller is able to agitate a mixture
inside the close space; the piston is slidably
received in the chamber and the piston divides the
closed space into one upper space and one lower space
when the piston is at an intermediate position in the
chamber, wherein the impeller is inside the lower
space; wherein the chamber is further provided with an
outlet adapted to receive a positive pressure source
and an inlet communicating with the upper space, and a
channel connecting the inlet to the outlet.
Preferably, the impeller comprises a shaft and at
least one blade, wherein the shaft is rotatably
received in a hole of the bowl with one end thereof
adapted to be driven by a motor and another end
thereof connected to said at least one blades, wherein
said at least blade is inside the lower space.
Preferably, the piston is provided with a closable air
vent which communicates the lower space to the upper
space. The closeable air vent may be a needle seal
stub plugged in a through hole of the piston. Still
another object of the present invention is to provide
a perforated balloon for entrapping an orthopaedic
paste in a bone cavity until the paste is hardened in
a bone cavity, wherein the perforated balloon is
mounted on an end of a tube of an orthopaedic paste
delivering tool through which the paste is injected
into the balloon. Preferably the perforated balloon
comprises a first type of perforations, and the first
type of perforations comprise a patterned perforation
array which cause the rupture of the balloon when the
balloon is dilated and is subjected to an exterior
force such as by pulling or twisting the tube while
pushing the hardened orthopaedic tube or pushing the
hardened orthopaedic paste while holding the tube
after the orthopaedic paste is hardened in the
balloon. More preferably, the balloon further
comprises a second type of perforations, for example
micro-pores for allowing liquid contained in the paste
inside the balloon to be expelled from said balloon
under pressure. Still another object of the present
invention is to provide a non-inflated tool for
expanding a bone cavity in which an orthopaedic paste
is to be implanted. Preferably,the expanding tool
comprises a flexible linear filler such as a wire,
band, and chain; and a rod with one end thereof
connected to one end of the flexible linear filler,
wherein the flexible linear filler can be pushed by
the rod through a tube into a hole of a bone to expand
a bone cavity in the bone. The wire and band may have
a uniform cross-sectional shape along it longitudinal
direction or may have repeating larger sectors and
small sectors in an alternating sequence. The chain
can be any flexible chain known in the prior art, and
preferably is a chain comprising a series of beads
linked one after another or by a string. A further
object of the present invention is to provide a
surgical tube (guiding tube, injection tube, etc.)
having a means at a front end thereof for preventing
blood/body fluid from entering the surgical tube, and
said means is easy to be open or broken by a force
exerted thereon, for example a force generated by the
injection of the orthopaedic paste. Preferably, the
means is a film with or without patterns of dents,
notches, or grooves, and having strength sufficient to
withstand the pressure exerted thereon by the
blood/body fluid of the patient, yet weak enough to be
easily broken by the injection of the orthopaedic
paste. Alternatively, the means is a one-way lid or
valve. Brief Description of the Drawings Fig. 1 is a
schematic partial cross-sectional view of the prior
art one-step, direct forced-filling orthopaedic paste
tool. Fig. 2 shows a pressure profile in the paste
advance direction (X) of the prior art one-step,
direct forced-filling orthopaedic paste tool shown in
Fig. 1. Fig. 3 is a schematic partial cross-sectional
view of a horizontal two-step orthopaedic paste
feeding device of the present invention. Fig. 4 is a
schematic partial cross-sectional view of a vertical
two-step orthopaedic paste feeding device of the
present invention. Fig. 5 is a schematic
cross-sectional view of a vertical two-step
orthopaedic paste feeding tool of the present
invention. Fig. 6 is a schematic diagram showing the
control loop for orthopaedic paste injection used in
the tool shown in Fig. 5. Fig. 7 is a schematic
partial cross-sectional view of an orthopaedic paste
mixer disclosed in the present invention.Fig. 8 is a
schematic front view of a perforated balloon for
entrapping an orthopaedic paste in a bone cavity until
the paste is hardened in a bone cavity disclosed in
the present invention. Fig. 9 is a schematic side view
of the perforated balloon shown in Fig. 8. Fig. 10 is
a schematic front view of a surgical tube having a
means at a front end thereof for preventing blood/body
fluid from entering the surgical tube disclosed in the
present invention. Fig. 11 is a schematic
cross-sectional view of the surgical tube shown in
Fig. 10. Fig. 12 is schematic side view of a filler
for expanding a bone cavity disclosed in the present
invention. Fig. 13 is schematic side view of another
filler for expanding a bone cavity disclosed in the
present invention. Figs. 14 to 17 show schematic side
views of various stages of an operational process for
expanding a bone cavity by using the filler of the
present invention. Detailed Description of the
Invention Preferred embodiments of the present
invention include (but not limited to) the following:
1. An orthopaedic paste delivering tool comprising: a
chamber for storing an orthopaedic paste; a tube in
fluid communication with the paste stored in the
chamber; a recovery member movably received in a hole
provided on a wall of the chamber, which can be pushed
to move from a first position to a second position, so
that a portion of the recovery member invades the
paste stored in the chamber, and thus the paste enters
the tube in an amount substantially equivalent to a
volume of the invading portion of the recovery member;
and a press member in contact with the paste stored in
the chamber, which presses the paste stored in the
chamber to eliminate a space created in the chamber
when the recovery member is being pulled from the
second position to the first position. 2. The tool as
defined in Item 1, wherein the recovery member is a
rod having a diameter less than 20 times of an inner
diameter of the tube.3. The tool as defined in Item 2,
wherein the rod has a diameter ranging from 5 times of
the inner diameter of the tube to smaller than the
inner diameter of the tube. 4. The tool as defined in
Item 1, wherein the press member is a plate slidably
received in the chamber, and one side of the plate is
in contact with the paste stored in the chamber and
the other side of the plate is adapted to receive a
positive pressure source. 5. The tool as defined in
Item 4, wherein weight of the plate and/or the
positive pressure source contribute a drive to said
pressing. 6. The tool as defined in Item 5, wherein
the weight of the plate, the positive pressure source
or a combination of them are not enough to cause a
significant amount of the paste stored in the chamber
entering the tube. 7. The tool as defined in Item 1
further comprising a driving means for reciprocally
performing the pushing and pulling of the recovery
member. 8. The tool as defined in Item 7, wherein said
driving means comprises a pneumatic cylinder. 9. A
method for delivering a paste comprising the following
steps: filling a chamber with a paste, with which a
tube is in fluid communication; pressing the paste in
the chamber with a pressure which is not enough to
cause a significant amount of the paste in the chamber
entering the tube; reciprocally pushing a recovery
member to invade the paste in the chamber and pulling
the invading recovery member in the chamber, so that
the paste enters the tube in an amount substantially
equivalent to a volume of an invading portion of the
recovery member as a result of said pushing, and that
a space created in the chamber by said pulling is
eliminated as a result of said pressing, and thus the
paste in the chamber is continually delivered through
said tube. 10. The method as defined in Item 9,
wherein the recovery member is a rod having a diameter
less than 20 times of an inner diameter of the tube.
11. The method as defined in Item 10, wherein the rod
has a diameter ranging from 5 times of the inner
diameter of the tube to smaller than the inner
diameter of the tube. 12. The method as defined in
Item 9, wherein said pressing is carried out by using
a press member slidably received in the chamber,
wherein one side of the press member is in contact
with the paste stored in the chamber and the other
side of the press member isadapted to receive a
positive pressure source. 13. The method as defined in
Item 12, wherein said press member is a plate. 14. The
method as defined in Item 13, wherein weight of the
plate and/or the positive pressure source contribute a
drive to said pressing. 15. The method as defined in
Item 9, wherein said reciprocally pushing and pulling
driving is carried out by using a pneumatic cylinder.
16. The method as defined in Item 9, wherein said
recovery member is pushed to invade the paste in the
chamber without entering the tube during said pushing.
17. The method as defined in Item 9, wherein said
paste is a liquid-powder mixture having a liquid to
solid ratio by volume from about 0.1 to 10. 18. The
method as defined in Item 9, wherein said paste is a
viscous liquid comprising a polymeric material, which
has a viscosity greater than about 500 centipoise. The
orthopaedic paste delivery process of the present
invention can be facilitated using a novel two-step
method described below. Figures. 3 and 4 depict two
representative designs, namely, the horizontal and
vertical feeding devices [Note: Other angles are also
possible]. In both designs a thin injection (outlet)
tube 20 is connected to one end of a storage container
40 with a back plate 50 being placed over the other
end for pressurization. An injection rod 30 is used
for pushing the orthopaedic paste 80 into the outlet
tube 20. In the forward stroke motion, an orthopaedic
paste segment 81 is pushed into the tube. As the rod
30 is withdrawn, a low-pressure void column will be
generated accompanying the rearward stroke motion of
the rod 30. The surrounding orthopaedic paste will
immediately fill this void column space due to a
"vacuum suction" effect as well as the applied back
pressure. Unlike the conventional one-step design
shown in Fig. 1, the present applied filling force
(F2) or the pressure gradient developed is usually
small, which is required only for pressing the
orthopaedic paste into the void space created by the
previous back stroke. Separation of the orthopaedic
paste injection and feeding into different steps with
small applied injection and filing forces (F1, F )
characterizes the present design philosophy. The
orthopaedic paste feeding step follows the injection
step, and the assigned delivery mission is
accomplished by an accumulation of the delivered
orthopaedic paste segments 81. In both steps the
aforementioned high pressure gradient phenomenon would
not occur and these two steps can be repeatedly
operated. There is literally no limitation on the
amount of the orthopaedic paste to bedelivered.
Moreover, the force applied on the injection rod can
be adjusted to overcome the resisting pressure exerted
on the outlet end of the tube. Contrary to the device
depicted in Fig. 1, the container shape for the
two-step method is not critical. In principle, any
shape and orientation of the container 40 can be used.
This is due to the advantage generated by the present
design since, for any container shape, the applied
force can easily feed the orthopaedic paste into the
void space created by the previous injection stroke
partly due to the aforementioned vacuum suction
effect. The two-step orthopaedic paste delivery system
of the present invention consists essentially of four
structural components and two external forcing
mechanisms. The function of each constituent part is
described in the following with reference to Fig. 4.
1. Orthopaedic Paste Storage Container 40 The
container is used to store the orthopaedic paste to be
delivered. The inner wall can be a cylinder of any
cross sectional shapes. Surface roughness of the inner
wall should be minimized to reduce wall friction.
Non-stick coating may also be used to further enhance
the feeding effectiveness. 2. Injection (outlet) Tube
20 This tube is preferably a substantially constant
cross sectional tube, which can be either flexible or
rigid. Orthopaedic paste segments will be delivered
through this tube into the designated delivery spot.
3. Injection Rod 30 This injection rod has
substantially the same cross sectional shape (or a
modified shape) as the injection tube 20. The length
of the injection rod is selected in such a way that,
in the forward stroke, the rod end barely touches the
entrance plane of the injection tube 20. For this
motion mode, the diameter of the injection rod can be
larger than the inner diameter of the injection tube.
Practically, the injection rod should have a diameter
not too larger than the inner diameter of the
injection tube. Preferably, the injection rod should
not have a diameter larger than the inner diameter of
the injection tube by five times; and more preferably,
the injection rod should not have a diameter larger
than the inner diameter of the injection tube by three
times. For another motion mode, the injection rod may
be partly inserted into the injection tube. In this
case, the diameter of the injection rod should be a
little smaller than the inner diameter of the
injection tube.Clearance can be properly selected to
facilitate the stroke motion of the injection rod. The
length of the rod can vary, depending on how much
orthopaedic paste is intended to be left in the
injection tube beyond the designated delivery spot. 4.
Back Plate 50 Back plate is used for transmitting the
pressure required to feed the orthopaedic paste into
the void column created by the previous back stroke as
well as to prevent the spillage of the orthopaedic
paste during the feeding process. 5. Orthopaedic Paste
Delivery Mechanism (not shown in the drawings) for
providing the injection force F1 This mechanism can be
any manually, pneumatically, hydraulically, or
electro-magnetically driven devices. The force F1
applied should be greater than or equal to the sum of
the resisting load occurring at the delivery spot plus
the friction force exerted by the outlet tube wall.
Control can be applied to facilitate the reciprocal
motion of the injection rod connected to this forcing
mechanism. 6. Orthopaedic Paste Feeding Mechanism (not
shown in the drawings) for providing the feeding force
F This mechanism can be any manually, pneumatically,
hydraulically, or electro-magnetically driven devices.
The applied force F should be adjusted barely enough
to feed but not overly compress the orthopaedic paste
contained inside the container. The feeding is largely
assisted by a vacuum suction effect induced by the
rearward stroke of the injection rod, which creates a
low-pressure void column space. In view of the above,
the present invention has at least the following major
features: 1. The separation of orthopaedic paste
delivery into two uncorrelated (independent) steps of
feeding and injection. 2. Orthopaedic paste injection
is accomplished without a locally developed high
pressure gradient. 3. Orthopaedic paste feeding is
accomplished by filling the low-pressure void column
space assisted by a vacuum suction effect which is a
separate (irrelevant) motion to the orthopaedic paste
injection 4. Total orthopaedic paste delivery is
accomplished by a series of reciprocal injection and
feeding strokes rather than the one-step, direct
forced-filling process.An orthopaedic paste delivery
tool constructed according to one of the preferred
embodiments of the present invention is described in
the following with reference to Figs. 5 and 6. The
orthopaedic paste delivery tool depicted in Fig. 5
mainly consists of four modules: 1) Injection Tube; 2)
Main Body; 3) Pneumatic Driver; and 4) Controller. For



each module the function and components included are
described as follows. 1. Injection Tube 20 This tube
20 is the access channel for the orthopaedic paste to
be delivered to the designated place in the diseased
subjects. The diameter of the tube 20 is around 1-3
mm, preferably 2-3 mm, and the material adopted could
be stainless steel or other metal or polymers. One end
of this tube is attached to the main body module via a
quick connector 2. This injection tube 20 could be
disposable after orthopaedic paste delivery. Quick
connector 2 eases the attachment and detachment of the
tube 20 to and from the main body module. Upon
finishing orthopaedic paste delivery, by unscrewing
the quick connector 2, the injection tube 20 can be
detached from the rest heavy modules for orthopaedic
paste solidification. A pushing rod can be inserted
from behind the tube end to further add the remaining
orthopaedic paste in the tube to the cavity. 2. Main
Body Module This module connects respectively the
injection tube 20, feeding cup 4 and the pneumatic
driver module. This module is secured on a handle 14
for the operator to easily accomplish the orthopaedic
paste delivery mission. Orthopaedic paste is stored in
advance in the feeding cup 4 which is mounted onto and
off a storage container 40 provided on the main body
via a quick connector 3. At the base of the feeding
cup lie a back plate 50 and a through hole connected
to the pneumatic line 11 . Pressurized air is supplied
through the pneumatic line 11 into the feeding cup 4.
The back plate 50 then works as the interface to exert
pressure on the orthopaedic paste for feeding. Sealing
is applied around the rim of the back plate 50 as well
as at the quick connector 3 base so as to maintain the
feeding pressure and keep the air from leakage. An
orthopaedic paste injection rod 30, as propelled by
the pneumatic driver, works back-and-forth at the
bottom of the container 40 as a driving force to push
the orthopaedic paste segment into the injection tube
20. The length of the injector rod 30 is selected in
such a way that, inthe forward stroke, the rod end
barely touches the entrance plane of the injection
tube 20. This design length can avoid the back
spillage of the orthopaedic paste in the injection
tube as the injector is withdrawn in the backward
stroke. In order to facilitate orthopaedic paste
feeding, the inner wall of the feeding cup 4 can be
properly configured and/or coated with non-sticking
materials. 3. Pneumatic Driver Module This module uses
a pneumatic cylinder 10 and directional control valve
13 which are commercially available components. Since
in general the size of the stroke rod of the pneumatic
cylinder 10 is different from that of the injection
rod 30, an adaptor 7 is used to connect together the
pneumatic cylinder 10 and the injection rod 30,
allowing power transmitted from the air supply to the
delivered orthopaedic paste. The stroke distance
determines the model type of the pneumatic cylinder
selected. In order to fix the pneumatic cylinder 10
and the directional control valve 13 firmly onto the
main body, a connector 8 and connector cap 9 are used.
Note that the connections at the two ends of this
connector structure should be air tight so as to
assure the feeding pressure desired. Pressurized air
enters the pneumatic cylinder 10 as well as the
feeding cup 4 through a two-way connector 12. This
pressure supply can be adjusted in accordance with the
resisting pressure at the cavity where orthopaedic
paste is intended to be placed. The directional
control valve 13 is an electromagnetic valve which can
be used to control the air ways inside the pneumatic
cylinder 10. As the air way is selected by the
electromagnetic circuit, the rod of the pneumatic
cylinder will be actuated in either forward or
backward movement. 4. Controller 60 The controller
layout is illustrated in Fig. 6. The controller 60 is
a circuit board which is designed according to the
operational requirements. Presently the control
parameters are the stroke frequency and the total
number of strokes. The control command can be sent to
the directional control valve 13 via an electric
circuit together with an ON/OFF trigger 15 mounted on
the handle 14. As the trigger 15 is pressed down, the
control command will be activated to drive the
injection rod 30 moving back-and-forth with a preset
frequency and total number of strokes. The feeding
motion can be stopped as required when the trigger 15
is released to spring back and the control command
gets cut off. The air ways regulated by the
directional control valve 13 is also sketched in Fig.
6.The left air way is a route for pushing the injector
rod forward and vice versa for the right air way. The
amount of orthopaedic paste to be delivered can be
calibrated and decided by the specified number of
strokes. The feeding frequency, however, is determined
by the resisting pressure and the orthopaedic paste
setting time. Generally, the higher the resisting
pressure, the slower the feeding frequency because the
time required for the exertion of force to move the
injector rod will increase. For a fast-setting
orthopaedic paste the feeding frequency should be
higher and the air supply pressure should be raised
accordingly. Orthopedic Paste Mixer A miniature,
motor-driven, piston-type (with a sealed sliding head)
impeller-induced mixing apparatus is designed for
mixing orthopedic cement for orthopedic or dental uses
in the present invention. The mixer of the present
invention consists of a container with a specially
designed piston, a miniature electric motor and
clutch, and an impeller housed in a base connected
with an air supply system. These three components can
be assembled using convenient screws or quick
connectors, allowing fast assembly and detachment. The
sealed, sliding piston head, which is allowed to move
up/down before, during and/or after mixing, is a
special design which enables easy de-airing and other
functions to be accomplished. One of the preferred
mixing modes that can be applied to the present
inventive mixing system is mixing under pressurized
condition (cushion-air mixing). That is the mixing is
carried out beneath a cushion-air layer. In so doing,
prior to mixing, a cushion-air layer is reserved
inside the container on top of the cement powder and
setting solution. One function of the cushion air
pressure is to minimize the gasification of the
solution, resulting in the delay of solidification
(increasing working/setting time of the cement). The
mixing process is accomplished using impeller-induced
vortices generated by a high-speed rotational
stirring. Upon finishing mixing, the mixer is inverted
to make the mixed cement paste drop back into the
container. The cushion air layer, as propelled again
by the impellor, becomes a cement scrubber, in
additional to the gravitational and centrifugal
effects, to further sweep off the cement remainder
stuck on the impellor andthe base wall, enabling a
more complete collection of the cement mixture for
subsequent uses (e.g., injection) in the delivery
process. For an orthopedic surgery (e.g., a minimally
invasive spinal surgery) involving injection of an
orthopedic cement paste into a bone cavity through a
thin tube, appropriate amounts of the cement powder
and setting solution with an appropriate powder/liquid
ratio are mixed prior to injection. The mixing can be
conducted either manually by hand or automatically
using a mixer. The powder/liquid mixture (paste) is
quickly transported into a reservoir/container for
injection. It is almost unavoidable to have certain
amount of air trapped into the paste during mixing.
The trapped air can act as voids and largely affect
the mechanical performance of the cement after being
set. To reduce the trapped air effect, the method of
vacuum mixing has often been used or proposed for use.
However, since many setting solutions comprise highly
volatile liquid components, the powder/liquid ratio
can increase during mixing and/or transportation of
the paste from the mixer to the reservoir, if the
processes are not carefully controlled. In this case,
vacuum mixing can speed up the volatilization of the
liquid component, resulting in further increase in the
powder/liquid ratio of the paste, which not only
causes the paste to become drier and harder to inject,
but also changes the properties of the cement. The
aforementioned problem of the change in powder/liquid
ratio during mixing and/or transportation of the
cement paste can be largely solved by applying the
present mixer design. The inventive design allows
cushion-air (pressurized) mixing. The invention also
minimizes the exposure of the cement paste to the
outsider environment during mixing as well as
transportation of the paste. Furthermore, the new
design allows the mixer to be quickly and easily
attached to the reservoir (storage chamber) of any
compatible cement delivery system ready for injection.
For the present cement paste preparation, care must be
exercised to avoid air be trapped in during mixing. In
a mixer container, air pre-exists either in the solid
powders or in the space besides those occupied by the
powder and setting solution. Cushion-air mixing,
retains a layer of air on top of the solid powder and
setting solution prior to mixing. When mixing starts,
except for the air already trapped in the solid
powder, the chance for air to come into cement paste
originates in the engulfing motion occurring at the
air-fluid interfaces. Air layer will be imposed with
high pressure provided by airsupply system in the
cushion-air mixing. This pressurized air layer can be
more resistant to the air-fluid interface break-up,
hence making the interface more planar during mixing
to discourage the phenomenon of air entrainment. The
present mixer is a miniature and light-weight device
so it can be flipped over easily. The mixer apparatus
can be inverted up-side-down when mixing is finished.
To ease the transport of cement back to the container,
a sufficient space is created between the cement paste
and the piston head. Gravitation will make most cement
paste fall into the container, with the remainder
stuck on the mixer blades and the base wall as well.
Turn on the motor switch again will cause mixer blades
rotate with high-speed in the air layer. The agitated
air layer will work as a scrubber that blows off the
cement paste on the base wall. The centrifugal force,
however, will clean up the paste attached on the
blades. The inverted mixer hence has most its mixed
cement paste collected in the container. The container
can be unscrewed and moved to be installed on any
compatible cement delivery system for subsequent uses
(e.g., injection). The cement mixing and transfer
processes are conducted in a closed container with
minimum exposure to outside environment. As mentioned
earlier, this can reduce evaporation of the liquid
(especially highly volatile liquids) during the
preparation (mixing) and transportation of the paste.
Pressurized mixing chamber condition allows mixing
process to be conducted in a longer time and hence a
more thorough fashion. Moreover, the impeller
preferably consists of fours blades, and more
preferably a cascade of a lower two-blade bar and an
upper two-blade bar, with the adjacent blades having
opposite dihedral and twist angles, to generate a
vortex-induced mixing, which directly provides a
high-gradient shear flow field to promote much
effective molecular-level mixing, namely momentum and
mass transfer, to occur. There are three basic
components that make up the present device, as shown
in Fig. 7. The mixer container 140 situates on top of
the apparatus. This container 140 can be used as the
feeding cap 4 of the delivery tool shown in Fig 5. A
low friction (to cement) material, such as Teflon or
porcelain-coated material, is used for inner sleeve
112 for non-sticking purpose. Between the Teflon
sleeve 112 and the outer container wall 111 are
slot-shaped hidden channels 118 manufactured for
pressurized air to come in. An air-sealed piston 114
is inserted for imparting pressure to the cement
mixture. Athrough hole which is drilled on the piston
center body with rubber seal (needle seal stub) 116
attached to the end thereof by a hollow fastener 117
is used to fulfill the de-airing requirement. The
mixing mechanism consists of an impeller 124 with a
shaft 128 which is rotatably received in a hole of a
bowl 120 and sealed using an o-ring 127, and four
blades 125 fixed to the upper end of the shaft. The
blades 125 are in the bowl 120. The shaft is further
connected to a clutch 129 at the lower end for power
transmission under the bowl 120. Energy will be
transmitted into cement mixture by stirring the
mixture using the impeller. The induced vortices serve
as the mixing mechanism whose performance depends
primarily on the impeller blade configuration
selected. The bowl 120 has a Teflon sleeve 123
embedded in a metal housing 121. An annular channel is
formed in the bowl 120 between the sleeve 123 and the
housing 121, which communicates an air port 122
provided on the housing 121 to an outlet 182 of the
channel 118 of the container 140, thereby allowing
pressurized air coming from an air supply connected to
the air port 122 through the annular channel of the
bowl 120, the outlet 182, the channel 118 and an inlet
181 of the channel 118 into the container 140. An
electric motor 134 is located at the bottom of the
mixer with sufficient power and torque to drive the
impeller 124 through the clutch 129 connected on the
motor shaft for power transmission. The steps of the
cushion-air mixing are as follows: Step 1 : Remove the
cap 113 and piston 114 away from the container 140 and
screw this container onto the bowl 120. Pour cement
powder and setting solution into the container 140.
Step 2 : Insert a syringe needle through the needle
seal stub 116 for de-airing purpose. Slide and push
this piston-needle assembly into the container 140.
Air will be squeezed out from the needle when piston
114 moves downward. Leave appropriate volume (e.g.,
3-5 c.c.) of air above the liquid surface by adjusting
the piston position. Step 3 : Remove the de-airing
syringe needle and screw on the container cap 113.
Step 4 : Send pressurized air via internal channel 118
to compress the piston 114 and hence raise the
pressure in the container 140 to a predetermined
value. Step 5: Turn on the motor 134 to stir the
powder and liquid contained in the mixer until the
cement paste is completely mixed therein.Step 6 :
Invert (and shake) the mixer and let the mixed cement
paste fall into the container 140. Step 7: Turn on the
motor 134 again to scrub the cement remainder left on
the impeller 124 and base wall into the container 140.
Step 8 : Unscrew the container 140 off the bowl 120
and mount the cement paste-filled container 140 onto a
compatible cement delivery gun for injection. Method
and Device for Forming a Hardened Cement in a Bone
Cavity During an orthopedic surgery (e.g., a minimally
invasive spinal surgery) involving injecting a
solid-liquid mixed orthopedic cement paste into a bone
cavity through a thin surgical tube, a number of
problems can occur. Since conventionally-used surgical
tubes (guiding tubes, injection tubes, etc.) for such
application are open-end tubes, the blood/body fluid
of the patient backflows and fills the tube
immediately after the tube is inserted into the
patient's body (e.g., a collapsed vertebral bone
structure) through surgery. As the orthopedic cement
paste is subsequently injected into the blood/body
fluid-filled tube, the paste can be diluted and/or
dispersed upon contact with the blood/body fluid. The
dilution of the paste accompanied with a decrease in
solid/liquid ratio (which should remain constant to
guarantee the properties of the cement) can largely
change the mechanical properties (e.g., strength) of
the cement. Furthermore, the warm (body temperature)
blood/body fluid can largely shorten the working time
of the paste into a surgically unacceptable range. Yet
the worst case would be immediate
dispersion/disintegration of the cement paste upon
contact with the blood/body fluid. This often-observed
dispersion/disintegration occurs due to the lack of a
reasonable initial strength quickly developed in the
paste after mixing of the solid and the liquid.
Various orthopedic cements have been used as implant
or filling material in dental and bone prosthesis. The
conventional method of forming a set/hardened bone
cement in bone cavity involves directly injecting a
cement paste into bone cavity, which suffers the
followings drawbacks among others: (i) While the
liquid-powder ratio of the cement paste is too high,
the strength of the hardened cement becomes too low,
that can cause the cement to more easily
disperse/disintegrate;(ii) While the liquid-powder
ratio of the cement paste is too low, the viscosity of
the paste becomes too high, the working and setting
times become too short, and the paste is hard to
inject through a syringe; (iii) Dispersed cement
particles in body fluid/blood, especially before being
fully set, can penetrate into surrounding tissue that
can cause serious hazard during or after surgery. In
the following a method and a device for forming a
hardened cement in a bone cavity is disclosed. More
specifically, the present invention provides a method
and a device for forming a balloon containing the
cement in a bone cavity. The balloon can be dilated by
filling the cement paste into the balloon and
fractured as desired after the cement is hardened.
More specifically, the balloon can be ruptured in a
predetermined (designed) manner/pattern after the
cement is hardened. Preferably the body of the balloon
comprises a leaking mechanism for allowing liquid
contained in the paste inside the balloon to be
expelled from the balloon under pressure. The present
invention solves the aforesaid prior art drawbacks
because the cement paste sets within the balloon
without directly contacting body fluid/blood, and
pressure can be developed within the balloon, which
expels a portion of the liquid/setting solution
contained in the paste out of the balloon and largely
increases the strength of the cement, reduces the risk
of cement dispersion/disintegration, and also avoids
cement paste leaking into the surrounding tissue.
Further, the present invention has an advantage of
being easy to keep a powder/liquid ratio of the cement
paste accurate by monitoring the pressure build-up
within the balloon that is important to cement
properties such as setting time and strength. Most of
all, the inventive balloon can be ruptured in a
predetermined (designed) manner (pattern) after the
cement is hardened so that the risk for some random
fractured pieces of the balloon to be left in the bone
cavity during surgery is minimized. The central
concept of the present invention -perforation array-
may also be applied for "balloon-less" cement delivery
systems. More specifically, the perforation array
concept can be used for a device for preventing the
blood/body fluid of a patient fromentering a surgical
tube (guiding tube, injection tube, etc.) before an
orthopedic cement paste is injected into a bone cavity
through the injection tube. Balloon design (Figs. 8
and 9) In order for the balloon to be ruptured in a
predetermined (designed) manner (pattern) after the
cement is hardened, "perforation array" is designed,
for example the perforation array 210 shown in Figs. 8
and 9. The perforation array 210 is used mainly to
rupture the inflated balloon 200 with predetermined
lines/pattern of breakup, although permeability effect
is also provided therein when the pore size is
carefully controlled. The perforation array is also
designed to keep the entire raptured balloon to remain
attached to the injection tube end after being
ruptured. Without this design, it is highly likely
that some random pieces of the raptured balloon are
detached from the balloon and left permanently in the
bone cavity. Ideally the entire balloon should remain
attached to the injection tube after being raptured
and can be entirely withdrawn along with the tube. The
perforation array 210 comprises designed patterns of
pores, dents, notches, grooves, cuts, etc. and are
made on the surface of at least a portion of the
balloon. Such pores, dents, notches, grooves, cuts,
etc. can be made by any conventional methods.
Preferably, these pores, dents, notches, grooves,
cuts, etc. are made at or near the central part of the
balloon. Preferably, the "lines of perforation"
converge around the apex of the balloon, creating
relatively weakened spots where rapturing crack would
initiate. Such parameters as pore size, population,
spacing between perforations, number of perforation
array, and the array size are to be controlled and
optimized to result in a required structural
characteristics of the balloon. Although permeability
(draining) effect is provided in the design of the
perforation array, in order to more effectively drain
water and air out of the balloon as the cement paste
is injected to fill the bone cavity, micro-pores 220
can be further incorporated over the surface of the
balloon 200. The micro-pores can be made by any
conventional methods such as laser-drilling or other
mechanical methods. These micro-pores can be
distributed randomly or in a designed manner/pattern
and will be progressively enlarged as cement mixture
is continually delivered into the balloon. Preferably,
the balloon is made of an elastic polymeric material
(elastomer) with its zero-stress size small enough to
be stored conveniently within the cement injector
tube. The balloon should have appropriate elastic
property which allows the balloon to expandat least 3
times with the cement paste inside the balloon under
pressure. The balloon thickness should be selected
with sufficient strength when expanding to its
intended dilated volume. This dilated balloon should
develop appropriate tension to facilitate its rupture
and shrinkage. However, the developed tension should
not be too large so as to avoid premature balloon
rupture. The balloon can be manufactured using, for
example, the techniques available in the design of
intra-vascular balloon catheter devices, the technique
of solution casting of polyurethane or other polymers,
etc. As cement mixture is delivered to fill the bone
cavity and expand in dimensions, the balloon surface
will confine the cement, with a portion of air and
water compelled out of the balloon through
aforementioned numerous tiny pores and perforations
that have been incorporated in during the
manufacturing process. This bone cement filling
process can be considered as a static force
equilibrium problem. Basically there are three
pressures that are involved. Firstly, the bone
pressure which is the pressure within the collapsed
spine. Without the compression of the body weight,
bone pressure equals approximately to the atmosphere
pressure. Secondly, the pressure inside the balloon,
or the so-called cavity pressure, which is decided by
the bone pressure and the surface in-plane tensile
stress as the membrane is inflated to deform. The
stronger the balloon material, the larger the bone and
cavity pressure differential will result. This
pressure differential holds a central role in
squeezing the air and/or water out of the balloon.
Therefore, in designing the balloon module, a choice
of proper elastomer strength, together with the
predetermined pore size and porosity, may decide how
effectively the cement mixture will be dehydrated.
Thirdly, the delivery pressure which is provided by
the pressure source of the cement delivery system.
Usually the delivery and cavity pressures are equal as
long as the seeping speed of water through the tiny
pore channels is low. As balloon is inflated against
the collapsed spine, the in-plane membrane stress will
develop as the balloon swells. This membrane stress
may produce a higher interior pressure for the
balloon, which is the major mechanism that drives air
and liquid (with much smaller molecular weights and
sizes as compared to those of the cement) out of the
cavity space while retaining primarily the solid part
of the cement within the sac of the balloon. The
dehydration is naturally combined with the cement
delivery process andthe flexible balloon material will
help the cement filling conformal with the shape of
the enlarged interior bone space. While the inside
space of the balloon is tightly filled with cement
paste which supports the balloon morphology, a proper
balloon size is selected prior to the start of cement
injection. For different patients or cases, an
assessment of how much cement should be delivered
ought to be decided in advance using appropriate
instruments such as X-ray, etc. As the selected
balloon is inflated to its designed volume, the
membrane stress magnitude should be sufficient enough
to hold the cement in place during injection and
dehydration, yet maintaining an appropriate safety
margin to the rupture of the balloon. This stretched
state would result in a provision for an easy balloon
rupture as additional force is applied later to
extract the balloon out of the bone cavity. 



A series of balloon sizes should be used for different
cement volumes to be delivered. These balloons differ
basically in lengths and thicknesses since the lateral
dimensions are restricted to be the same so as to
enable the balloons stored within the distal end of
the cement delivery tube. The tube size (preferably
smaller than 5 mm and more preferably smaller than 3
mm in diameter) and the final expanded cavity size
will determine the strain required for the balloon
material. This strain, in turn, will determine which
operational elasticity range the balloon should
possess. Furthermore, as an elastomer is selected to
allow for the required balloon stretching, the
perforation size, location and porosity should be
carefully examined so as to make the balloon rupture,
varying according to different balloon sizes, easier
in the last extraction step. The dilated balloon will
be ruptured and shrunk back to its original
zero-stress state. This rupturing constitutes
automatically an extraction function of the balloon.
The higher the tension in the balloon, the more
effective is the rupture and back extraction of the
balloon. However, care must be exercised to avoid
excessive tension developed which may promote
undesired premature balloon rupture caused by
contacting with the rough surface of the bone cavity
during its cement delivery period. The pressurization
of the delivered cement has two major functions that
characterize the present method. The first is the
function of expanding the collapsed bone structure to
some desired shape and size. Through the fluid motion
of the cement paste, pressure can be transmitted to
make the cement fill tightly within the bone cavity
and at the same time push the bone structure restoring
back to its original shape and size. Secondly,during
the pressurization of the cement, a portion of air and
liquid/setting solution content of the cement can be
squeezed out of the balloon. Pressurization and liquid
extraction will help the solidification of the cement,
which is critical for the structure and strength
development as the cement is hardened within the
balloon. The Cement delivery procedures are described
as follows: Step l Drill a through hole on the
diseased spine to create a cylindrical cavity.
Estimate the volume of the cement to be delivered.
Before delivering an appropriate amount of cement
paste into a bone cavity using a tube and an injector
plug such as the outlet tube 20 and the injection rod
30 shown in Fig. 5, the balloon is connected to the
injection end of the injection (preferably
cylindrical) tube by a mounting mechanism, for
example, having an annular groove provided on an outer
surface of the tube, and a ring adapted to elastically
grip the annular groove. The injection end of the
cylindrical tube is inserted into an opening of the
balloon, so that a neck of the balloon covers the
annular groove; and putting the ring, which is a
closed ring or a C-shaped ring, on the neck of the
balloon and clamping it at the annular groove on the
tube. The mounting mechanism including the annular
groove and the ring is similar to that described in US
patent application publication No. 2004/0186481 Al,
the disclosure of which is incorporated herein by
reference. Step 2 Expand the balloon by pushing the
injector plug to compress the cement paste with a
pre-calibrated pressure (preferably about 1-5000 psi,
and more preferably 10 - 1000 psi) until the damaged
bone is expanded to the desired shape and size,
wherein a portion of liquid and air are expelled from
the cement paste via the draining mechanism. Water/air
drainage occurs only significantly in the later stage
of cement delivery as the in-plane stress is developed
in the membrane which creates the pressure
differential to compels the water/air out. Step 3 Fine
adjust the expanded cavity size (Note: Fine adjustment
may be required to account for the volume loss due to
water drainage and cement spillage. X-ray or
othermonitoring facility may be used for monitoring
the process). Hold the injector rod with appropriate
back pressure. Pressurize the cement paste for a
period of time until the cement is hardened in the
balloon. Step 4 Extract the injector tube as well as
the balloon outward (with the injector rod held fixed)
and initiate the balloon rupture originating from its
apex along the designed perforation lines. Extract the
ruptured balloon while holding the injector plug
against the cavity outlet until the balloon clears the
exit. Withdraw the whole delivery system out of the
patient body. Device and Method for Preventing Liquid
from Entering a Surgical Tube During an orthopedic
surgery (e.g., a minimally invasive spinal surgery)
involving injecting a solid-liquid mixed orthopedic
cement paste into a bone cavity through a thin
surgical tube, a number of problems can occur. Since
conventionally-used surgical tubes (guiding tubes,
injection tubes, etc.) for such application are
open-end tubes, the blood/body fluid of the patient
backflows and fills the tube immediately after the
tube is inserted into the patient's body (e.g., a
collapsed vertebral bone structure) through surgery.
As the orthopedic cement paste is subsequently
injected into the blood/body fluid-filled tube, the
paste can be diluted and/or dispersed upon contact
with the blood/body fluid. The dilution of the paste
accompanied with a decrease in solid/liquid ratio
(which should remain constant to guarantee the
properties of the cement) can largely change the
mechanical and other properties (e.g., mechanical
strength) of the cement. Furthermore, the warm (body
temperature) blood/body fluid can largely shorten the
working time of the paste into a surgically
unacceptable range. Yet the worst case would be
immediate dispersion/disintegration of the cement
paste upon contact with the blood/body fluid. This
often-observed dispersion/disintegration occurs due to
the lack of a reasonable initial strength quickly
developed in the paste after mixing of the solid and
the liquid. A device and method for preventing a
liquid from entering a tube is disclosed in the
followign. More specifically, the device and method
disclosed are for preventing the blood/body fluid of a
patient from entering a surgical tube (guiding tube,
injection tube,etc.) before an orthopedic cement paste
is injected into a bone cavity through the injection
tube. The above-mentioned drawbacks can be greatly
overcome by applying the present inventive device at
or near the front (leading) end of the tube that
prevents blood/body fluid of the patient from entering
the tube, yet allow the cement paste to pass through
(break) the device during injection of the paste. As
shown in Figs. 10 and 11, the device 310 can be a
water-resistant polymeric film, the strength of which
(depending on such factors as inherent strength of the
material used to make the film, the thickness of the
film, etc.) is adjusted to be high enough to withstand
the pressure exerted internally from the blood/body
fluid of the patient, yet weak enough to allow the
injected paste to easily break the film and enter the
bone cavity. The film can be prepared from any
conventional polymeric material and by any
conventional method. The film can be attached to a
tube end of a surgical tube 300 by any conventional
method. Preferably, patterns 320 of dents, notches,
grooves, cuts, etc. are made on the surface of at
least a portion of the film. Preferably, the dents,
notches, grooves, cuts, etc. are made at or near the
central part of the film. These dents, notches,
grooves, cuts, etc. are designed to assist the
breaking process of the film by the injected paste and
to keep the fractured film still attached to the tube
end (rim/edge) after being broken. Without this
design, the fractured film can fall apart into pieces
and be mixed into the paste entering the bone cavity.
Ideally the entire film should remain attached to the
tube after being fractured and can be entirely
withdrawn along with the tube after injection. The
film can further have multiple micropores (tiny
holes/perforations) in it. These tiny holes are small
enough to prevent water (blood/body fluid) from
passing them through, yet large enough to allow air to
pass through. The design of such micropores/tiny
holes, which are penetrable to air but impenetrable to
water, prevents air pressure built up within the tube
(front end) during injection of the cement paste. The
build-up of air pressure in the tube (in front of the
injected paste) can cause the injection to become
difficult (being resistant), or even cause the film to
fracture prematurely (before the injected paste
reaches the film). The presence of the
liquid-impenetrable film also helps maintain a
constant powder/liquid ratio in the paste. As
mentioned earlier, aconstant powder/liquid ratio is
critical to the properties of the cement. The
micropores can be prepared by any conventional
methods. Preferably, the film is prepared from a
biocompatible polymeric material. More preferably, the
film is prepared from a biocompatible and
biodegradable polymeric material. This is based on the
consideration that, in case some fragments/pieces of
the film break off and are carried into the bone
cavity, a biocompatible and biodegradable material
would be safer than other materials. Many existing
biocompatible and biodegradable polymers can be
selected. The device 310 can also be a one-way lid
/valve attached to the front end of the tube 300. This
one-way lid prevents the blood/body fluid from
entering the tube, while allowing the injected paste
to open and pass through the lid entering the bone
cavity. The lid can be made from a metal or polymer
and can be attached to the tube end by any
conventional methods. Device and Method for Expanding
a Bone Cavity Treating a patient with a collapsed bone
structure (e.g., compression fracture in vertebral
body) often involves first recovering (expanding) the
collapsed bone structure to its original structure
(shape and size). Following it an orthopedic cement
paste is injected into the expanded (and often porous)
bone cavity. The hardened/cured cement provides
additional strength to the bone structure being
healed. Conventionally-used is a polymeric balloon
which can be expanded by pressurizing a liquid (e.g.,
water) into it after being inserted into the collapsed
bone structure. After reaching a desired size, the
liquid is drained out and the balloon is withdrawn
from the cavity. The expanded cavity is then injected
with orthopedic cement paste. One inherent problem
with the polymeric balloon for this treatment is the
relatively low hardness and strength of the balloon
material, such as commonly-used PU material.
Occasionally during its expanding process, the
expanded polymeric balloon breaks open as a result of
its impingement upon surrounding irregularly-shaped
bone fragments. Another potential problem with the
balloon method is that the "soft" balloon can
occasionally be "arrested" (entangled) by bone
fragments which can interfere with the withdrawal of
the balloon from the bone cavity.The aforementioned
problems with the balloon method can be largely
overcome by applying the present inventive
device/method for expanding the collapsed bone
structure, as described below. The present inventive
device comprises a highly flexible cavity filler which
can be easily inserted in and withdrawn from the bone
cavity. Unlike the balloon concept, the inventive
filler is not inflated (dilated) or filled with liquid
during the expansion process, which effectively
overcomes the aforementioned problems with the balloon
method. The level (degree) of expansion of the bone
cavity is controlled by the volume of the filler
inserted into the bone cavity. The filler can be made
from a highly elastic wire. The wire filler can be
made from polymer or metal with a diameter from about
0.1 mm to about 5 mm, preferably from about 1mm to
about 3 mm. Due to its highly flexible nature, the
wire can easily deflect in the bone cavity while
impinging against the bone cavity wall. With
increasing the volume (or length) of the wire
inserted, the bone cavity is expanded and "filled"
with the twisted (deflected) wire. The insertion of
the wire can be conducted through a surgical tube and
assisted by applying a pressure onto the wire. In so
doing the wire can be attached onto a stud (or rod)
and then pushing the stud into the tube. When a
desired cavity volume is reached, the stud along with
its attached wire is withdrawn from the tube. The
filler in the invention can also be prepared by
linking multiple objects, such as beads, into a highly
deflectable "necklace." The beads can be made from
metal or polymer, can be rigid or flexible, and can be
linked together using any conventional method such as
that used for making a necklace. The beads can be of
any shape, but preferably of spherical shape to reduce
friction during insertion and withdrawal of the
filler. As shown in Fig. 12, spherical beads 410 of
same size are linked by a wire 420, wherein one of the
wire 420 is connected to a stud 430. The beads 410 and
wire 420 constitute the filler, and the stud 430 works
as a filler holder. Beads of different sizes can be
combined to form the "necklace." For example, larger
beads 410a and smaller beads 410b can be linked
alternately (a smaller bead can be placed between
every two larger beads) as shown in Fig. 13. Each
individual bead has a diameter from about 0.1 mm to
about 5 mm, preferably from about 1mm to about 3 mm.
The distance between two adjacent beads should not
betoo large to prevent entangling of the beads, which
may inhibit the beads from being withdrawn from the
tube. Specifically, the distance between two adjacent
beads should be less than the diameter of the beads,
preferably less than one half of the diameter of the
beads. The level (degree) of expansion of the bone
cavity is controlled by the volume of the bead filler
("necklace") inserted into the bone cavity. The
"necklace" can easily deflect in the bone cavity while
impinging against the bone cavity wall. With
increasing the volume (or number) of the beads
inserted, the bone cavity is expanded and "filled"
with the beads. As shown in Figs. 14 to 17, the
insertion of the bead filler into a bone cavity 500
can be conducted through a surgical tube 440 and
assisted by applying a pressure onto the beads 410 by
pushing the stud 430 into the tube 400. When a desired
cavity volume is reached, the stud 430 along with its
attached "necklace" is withdrawn from the tube 440.
Preliminary results from the clinical trial using a
prototype "necklace" device in expanding a
compression-fractured vertebral body bone structure
prove that this new concept/device works
satisfactorily.Claims: 1. An orthopaedic paste
delivering tool comprising: a chamber for storing an
orthopaedic paste; a tube in fluid communication with
the paste stored in the chamber; a recovery member
movably received in a hole provided on a wall of the
chamber, which can be pushed to move from a first
position to a second position, so that a portion of
the recovery member invades the paste stored in the
chamber, and thus the paste enters the tube in an
amount substantially equivalent to a volume of the
invading portion of the recovery member; and a press
member in contact with the paste stored in the
chamber, which presses the paste stored in the chamber
to eliminate a space created in the chamber when the
recovery member is being pulled from the second
position to the first position. 2. The tool as defined
in claim 1, wherein the recovery member is a rod
having a diameter less than 20 times of an inner
diameter of the tube. 3. The tool as defined in claim
2, wherein the rod has a diameter ranging from 5 times
of the inner diameter of the tube to smaller than the
inner diameter of the tube. 4. The tool as defined in
claim 1, wherein the press member is a plate slidably
received in the chamber, and one side of the plate is
in contact with the paste stored in the chamber and
the other side of the plate is adapted to receive a
positive pressure source. 5. The tool as defined in
claim 4, wherein weight of the plate and/or the
positive pressure source contribute a drive to said
pressing. 6. The tool as defined in claim 5, wherein
the weight of the plate, the positive pressure source
or a combination of them are not enough to cause a
significant amount of the paste stored in the chamber
entering the tube.7. The tool as defined in claim 1
further comprising a driving means for reciprocally
performing the pushing and pulling of the recovery
member. 8. The tool as defined in claim 7, wherein
said driving means comprises a pneumatic cylinder. 9.
Amethod for delivering a paste comprising the
following steps: filling a chamber with a paste, with
which a tube is in fluid communication; pressing the
paste in the chamber with a pressure which is not
enough to cause a significant amount of the paste in
the chamber entering the tube; reciprocally pushing a
recovery member to invade the paste in the chamber and
pulling the invading recovery member in the chamber,
so that the paste enters the tube in an amount
substantially equivalent to a volume of an invading
portion of the recovery member as a result of said
pushing, and that a space created in the chamber by
said pulling is eliminated as a result of said
pressing, and thus the paste in the chamber is
continually delivered through said tube. 10. The
method as defined in claim 9, wherein the recovery
member is a rod having a diameter less than 20 times
of an inner diameter of the tube. 11. The method as
defined in claim 10, wherein the rod has a diameter
ranging from 5 times of the inner diameter of the tube
to smaller than the inner diameter of the tube. 12.
The method as defined in claim 9, wherein said
pressing is carried out by using a press member
slidably received in the chamber, wherein one side of
the press member is in contact with the paste stored
in the chamber and the other side of the press member
is adapted to receive a positive pressure source. 13.
The method as defined in claim 12, wherein said press
member is a plate. 14. The method as defined in claim
13, wherein weight of the plate and/or the positive
pressure source contribute a drive to said
pressing.15. The method as defined in claim 9, wherein
said reciprocally pushing and pulling driving is
carried out by using a pneumatic cylinder. 16. The
method as defined in claim 9, wherein said recovery
member is pushed to invade the paste in the chamber
without entering the tube during said pushing. 17. The
method as defined in claim 9, wherein said paste is a
liquid-powder mixture having a liquid to solid ratio
by volume from about 0.1 to 10. 18. The method as
defined in claim 9, wherein said paste is a viscous
liquid comprising a polymeric material, which has a
viscosity greater than about 500 centipoise. 19. A
mixer for mixing particles and liquid to form an
orthopaedic paste comprising a storage chamber having
a cap detachably connected to one end of the chamber;
an impeller; a bowl; a piston, wherein the chamber is
detachably and substantially hermetically connected to
the bowl, so that a close space is formed inside the
chamber and the bowl; the impeller is mounted to the
bowl so that the impeller is able to agitate a mixture
inside the close space; the piston is slidably
received in the chamber and the piston divides the
closed space into one upper space and one lower space
when the piston is at an intermediate position in the
chamber, wherein the impeller is inside the lower
space; wherein the chamber is further provided with an
outlet adapted to receive a positive pressure source
and an inlet communicating with the upper space, and a
channel connecting the inlet to the outlet. 20. The
mixer as defined in claim 19, wherein the impeller
comprises a shaft and at least one blade, wherein the
shaft is rotatably received in a hole of the bowl with
one end thereof adapted to be driven by a motor and
another end thereof connected to said at least one
blade, wherein said at least blade is inside the lower
space. 21. The mixer as defined in claim 19, wherein
the piston is provided with a closable air vent which
communicates the lower space to the upper space.22.
The mixer as defined in claim 21, wherein the
closeable air is a needle seal stub plugged in a
through hole of the piston. 23. Aperforated balloon
for entrapping an orthopaedic paste in a bone cavity
until the paste is hardened in a bone cavity, wherein
the perforated balloon is adapted to be mounted on an
end of a tube of an orthopaedic paste delivering tool
through which the paste is injected into the balloon,
wherein the perforated balloon comprises a first type
of perforations, and the first type of perforations
comprise a patterned perforation array which cause the
rupture of the balloon when the balloon is dilated and
is subjected to an exterior force. 24. The perforated
balloon as defined in claim 23 further comprising a
second type of perforations, wherein the second type
of perforations comprise micro-pores for allowing
liquid contained in the paste inside the balloon to be
expelled from said balloon under pressure. 25. The
perforated balloon as defined in claim 23 further
comprises a tube through which the orthopaedic paste
is injected into the balloon, wherein the balloon is
dilated by the injection of the orthopaedic paste, and
the patterned perforation array cause the rupture of
the balloon by pulling or twisting the tube while
pushing the hardened orthopaedic tube or pushing the
hardened orthopaedic paste while holding the tube
after the orthopaedic paste is hardened in the
balloon. 26. Anon-inflated tool for expanding a bone
cavity in which an orthopaedic paste is to be
implanted comprising a flexible linear filler and a
rod with one end thereof connected to one end of the
flexible linear filler, so that the flexible linear
filler can be pushed by the rod through a tube into a
hole of a bone to expand a bone cavity in the bone.
27. The tool as defined in claim 26, wherein the
filler is a wire, band, or chain.28. The tool as
defined in claim 27, wherein the wire and the band
have a uniform cross-sectional shape along it
longitudinal direction. 29. The tool as defined in
claim 27, wherein the wire and the band have repeating
larger sectors and small sectors in an alternating
sequence. 30. The tool as defined in claim 27, wherein
the chain comprises a series of beads linked one after
another or by a string. 31.A surgical tube comprising
a means at a front end thereof for preventing
blood/body fluid from entering the surgical tube, and
said means is able to be open or broken by a force
exerted thereon. 32. The surgical tube as defined in
claim 31, wherein the means is a film with or without
patterns of dents, notches, or grooves. 33. The
surgical tube as defined in claim 31, wherein the
means is an one-way lid or valve. 


