
TITLE OF THE INVENTION METHOD OF INHIBITING FLT3
KINASE CROSS-REFERENCE TO RELATED APPLICATIONS This
application claims priority to U.S. Provisional
Application for Patent No. 60/727,687, filed October
18, 2005, the entire disclosure of which is hereby
incorporated in its entirely. FIELD OF THE INVENTION
The present invention relates to methods of reducing
or inhibiting kinase activity of FLT3 in a cell or a
subject, and the use of such methods for preventing or
treating in a subject a cell proliferative disorder
and/or disorders related to FLT3. BACKGROUND OF THE
INVENTION 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 fms-likc 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 myeloid 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 arc prc-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-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'slymphoma), Hodgkin's disease
(also called Hodgln'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 a poor prognosis, with decreased
remission times and disease free survival. There arc
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. Specific inhibitors of FLT3 kinase 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 (Ccphalon); CHIR-258
(Chiron Corp.); EB-IO and IMCEBlO (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 (Pf zerUSA); SU-
11657 (Pfizer USA); SU-541 6 and SU 5614; THRX-1 65724
(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 andUS 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, Tan J. et al.
Effects of MLN518, A Dual FLT3 and KIT Inhibitor, on
Normal and Malignant Hematopoiesis. Blood, M 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;Lcvis, Mark ct 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 TNVENTTON The present invention provides methods
of reducing or inhibiting kinase activity of FLT3 in a
cell or a subject, and the use of such methods for
preventing or treating in a subject a cell
proliferative disorder and/or disorders related to
FJLT3. 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 Example #38 of the present
invention on the growth of MV4-1 1 tumor xenografts in
nude mice. Figure 2 shows shows the effects of oral
administration of Example #38 of the present invention
on the final weight of MV4-1 1 tumor xenografts in
nude mice. Figure 3 shows the effects of oral
administration of example #38 of the present invention
on mouse body weight. Figure 4 shows FLT3
phosphorylation in MV4-1 1 tumors obtained from mice
treated with Example #38 of the present
invention.DETAILED DESCRIPTION OF THE INVENTION The
terms "comprising", "including ", and "containing "
are used herein in their open, non-limited sense.
ABBREVTATTONS 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 or BOC ter-butoxycarbonyl DCM
dichloromethane DMF dimethylformamide DMSO
dimcthylsulfoxidc DIEA diisopropylethylamine EDCI
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 HOBT or HOBt
1-hydroxybenzotriazole hydrate HPBCD hydroxypropyl
b-cyclodextrin HRP horse radish peroxidase LC/MS (ESI)
Liquid chromatography/mass spectrum (electrospray
ionization) MeOH Methyl alcohol NMR nuclear magnetic
resonance PBS phosphatebufferedsaline RPMI Rosewell
Park Memorial Institute RT room temperatureRTK
receptor tyrosine kinase SDS-PAGE sodium dodecyl
sulfate polyacrylamide gel electrophoreisis TFA
trifluoroacetic acid THF tetrahydrofuran TLC thin
layer chromatography DEFTNTTTONS The term "alkyl"
refers to both linear and branched chain radicals of
up to 12 carbon atoms, preferably up to 6 carbon
atoms, unless otherwise indicated, and includes, but
is not limited to, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, hexyl, isohexyl, heptyl, octyl,
2,2,4-trimethylpentyl, nonyl, decyl, undecyl and
dodecyl. The term "hydroxyalkyl" refers to both linear
and branched chain radicals of up to 6 carbon atoms,
in which one hydrogen atom has been replaced with an
OH group. The term "hydroxyalkylamino" refers to an
hydroxyalkyl group in which one hydrogen atom from the
carbon chain has been replaced with an amino group,
wherein the nitrogen is the point of attachment to the
rest of the molecule. The term "cycloalkyl" refers to
a saturated or partially unsaturated ring composed of
from 3 to 8 carbon atoms. Up to four alkyl
substituents may optionally be present on the ring.
Examples include cyclopropyl, 1, 1-dimethyl
cyclobutyl, 1,2,3- trimethylcyclopentyl, cyclohexyl,
cyclopentenyl, cyclohexenyl, and 4,4-dimethyl
cyclohexenyl. The term "dihydrosulfonopyranyl" refers
to the following radical: - f O The term
"hydroxyalkyl" refers to at least one hydroxyl group
bonded to any carbon atom along an alkyl chain.The
term "aminoalkyl" refers to at least one primary or
secondary amino group bonded to any carbon atom along
an alkyl chain, wherein an alkyl group is the point of
attachment to the rest of the molecule. The term
"alkylamino" refers to an amino with one alkyl
substituent, wherein the amino group is the point of
attachment to the rest of the molecule. The term
"dialkylamino" refers to an amino with two alkyl
substituents, wherein the amino group is the point of
attachment to the rest of the molecule. The term
"heteroaromatic" or "heteroaryl" refers to 5- to
7-membered mono- or 8- to 10-membered bicyclic
aromatic ring systems, any ring of which may consist
of from one to four heteroatoms selected from N5O or S
where the nitrogen and sulfur atoms can exist in any
allowed oxidation state. Examples include
benzimidazolyl, benzothiazolyl, benzothienyl,
benzoxazolyl, furyl, imidazolyl, isothiazolyl,
isoxazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridyl,
pyrimidinyl, pyrrolyl, quinolinyl, thiazolyl and
thienyl. The term "heteroatom" refers to a nitrogen
atom, an oxygen atom or a sulfur atom wherein the
nitrogen and sulfur atoms can exist in any allowed
oxidation states. The term "alkoxy" refers to straight
or branched chain radicals of up to 12 carbon atoms,
unless otherwise indicated, bonded to an oxygen atom.
Examples include methoxy, ethoxy, propoxy, isopropoxy
and butoxy. The term "aryl" refers to monocyclic or
bicyclic aromatic ring systems containing from 6 to 12
carbons in the ring. Alkyl substituents may optionally
be present on the ring. Examples include benzene,
biphenyl and napththalene. The term "aralkyl" refers
to a Ci-6 alkyl group containing an aryl substituent.
Examples include benzyl, phenylethyl or
2-naphthylmethyl.The term "sulfonyl" refers to the
group -S(COaRa, where Ra is hydrogen, alkyl,
cycloalJsyl, haloalkyl, aryl, aralkyl, heteroaryl and
heteroaralkyl. A "sulfonylating agent" adds the -S(O)
Ra group to a molecule.FORMULA I The present invention
comprises methods of using the compounds of Formula I
(referred to herein as "the compounds of the present
invention"): I or a solvate, hydrate, tautomer or
pharmaceutically acceptable salt thereof, wherein: A
is phenyl or pyridyl, either of which may be
substituted with one of chloro, fluoro, methyl, -N3,
-NH2, -NH(alkyl), -N(alkyl)2, -S(alkyl), -O(alkyl), or
4- aminophenyl; W is 



pyrrolyl (including lH-pyrrol-2-yl), imidazolyl,
(including l -imidazol-2-yl), isoxazolyl, oxazolyl,
1,2,4 triazolyl, or furanyl (including furan-2-yl),
any of which may be connected through any carbon atom,
wherein the pyrrolyl, imidazolyl, isoxazolyl,
oxazolyl, 1,2,4 triazolyl, or furanyl may contain one
- Cl, -CN, -NO , -OMe, or -CF3 substitution, connected
to any other carbon; R2 is cycloalkyl (including
cyclohexenyl, cyclopentenyl), thiophenyl,
dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may
be independently substituted with one or two of each
of the following: chloro, fluoro, and (including
4,4-dimethyl cyclohexenyl, 4-methyl cyclohexenyl,
2-methyl thiophenyl, 3-methyl thiophenyl), with the
proviso that tetrahydropyridyl is connected to the
ring A through a carbon-carbon bond; X isZ is CH or N;
D1 and D2 are each hydrogen or taken together form a
double bond to an oxygen; D3 and D4 arc each hydrogen
or taken together form a double bond to an oxygen; D5
Is hydrogen or -CH3, wherein said -CH3 may be
relatively oriented syn or anti; Ra and Rb are
independently hydrogen, cycloalkyl, haloalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl; E is N, S, O,
SO or SO2, with the proviso that E may not be N if the
following three conditions are simultaneously met: Qa
is absent, Qb is absent, and R3 is an amino group or
cyclic amino radical wherein the point of attachment
to E is N; absent, -CH2-, -CH2CH2- or C(O);absent,
-NH-, -CH2-, -CH2CH2-, or C(O), with the proviso that
Qb may not be C(O) if Qa is C(O), and further provided
that Qb may not be- NH- if E is N and Qa is absent,
further provided that Qbmay not be- NH- if R3 is an
amino group or cyclic amino radical wherein the point
of attachment to Qb is N; R3 is hydrogen, phenyl,
hydroxyalkylamino (including 2-hydroxy ethylamino),
(hydroxyalkyl)2amino, hydroxyalkyl(aUsyl)amino
(including l-hydroxyeth-2-yl(methyl)amino), alkylamino
(including methylamino), aminoalkyl (including 2-amino
isopropyl), dihydroxyalkyl (including 1,3-dihydroxy
isopropyl, 1,2-dihydroxy ethyl), alkoxy (including
methoxy), dialkylamino (including dimethylamino),
hydroxyalkyl (including 1-hydroxy eth-2-yl), - COOH,
-CONH2, -CN, -SO2-alkyl-R4 (including -SO2CH3), -NH2,
or a 5 or six membered ring which contains at least
one heteroatom N and may optionally contain an
additional hctcromoicty selected from S, SO2, N, and
O, and the 5 or 6 membered ring may be saturated,
partially unsaturated or aromatic (including
piperidiayl, morpholinyl, imidazolyl, and pyridyl)
wherein aromatic nitrogen in the 5 or 6 membered ring
may be present as JV-oxide (including pyridyl
N-oxide), and the 5 or 6 membered ring may be
optionally substituted with methyl, halogen,
alkylamino, or alkoxy (including 1 methyl imidazolyl);
R3 may also be absent, with the proviso that R3 is not
absent when E is nitrogen; and R4 is hydrogen, -OH,
alkoxy, carboxy, carboxamido, or carbamoyl.EMBODIMENTS
Embodiments of the present invention include a
compound of Formula I wherein: a) A is phenyl or
pyridyl, either of which may be substituted with one
of chloro, fluoro, methyl, -N3, -NH2, -NH(alkyl),
-N(alkyl)2, -S(alkyl), -O(alkyl), or 4- aminophenyl;
b) A is phenyl ; c) Wis pyrrolyl (including l
-pyrrol-2-yl), imidazolyl, (including l
-imidazol-2-yl), isoxazolyl, oxazolyl, 1,2,4
triazolyl, or furanyl (including furan-2-yl), any of
which may be connected through any carbon atom,
wherein the pyrrolyl, imidazolyl, isoxazolyl,
oxazolyl, 1,2,4 triazolyl, or furanyl may contain one
- Cl, -CN, -NO2, -OMe, or -CF substitution, connected
to any other carbon; d) Wis furan-2-yl, l
-pyrrol-2-yl, or lH-imidazol-2-yl, any of which may be
substituted at the 4 or 5 carbons with -CN; e) Wis 3
-2-imidazolyl-4-carbonitrile or 5-cyano-l
-pyrrol-2-yl; f) W is 3H-2-imidazolyl-4-carbonitrile;
g) R2 is cycloalkyl (including cyclohexenyl,
cyclopentenyl), thiophenyl, dihydrosulfonopyranyl,
phenyl, furanyl, tetrahydropyridyl, or dihydropyranyl,
any of which may be independently substituted with one
or two of each of the following: chloro, fluoro, and
C(1-3)alkyl (including 4,4-dimethyl cyclohexenyl,
4-methyl cyclohexenyl, 2-methyl thiophenyl, 3-methyl
thiophenyl), with the proviso that tetrahydropyridyl
is connected to the ring A through a carbon-carbon
bond; h) R2 iscycloalkyl (including cyclohcxcnyl,
cyclopcntcnyl), which may substituted with one or two
C alkyl (including 4,4-dimethyl cyclohexenyl, 4-methyl
cyclohexenyl); i) R2 is cyclohexenyl, which may
substituted with one or two C(i-3)alkyl: j ) R2 is
cyclohexenyl, 4,4-dimethyl cyclohexenyl, or 4-methyl
cyclohexenyl; k) R2 is cyclohexenyl; 1) X is m) X n) X
i o) Z i s CH or N; P) Z is CH; q) D1 and D2 are each
hydrogen or taken together form a double bond to an
oxygen; r) D1 and D2 areeach hydrogen; s) D3 and D4
are each hydrogen or taken together form a double bond
to an oxygen; t) D3 and D4 are each hydrogen; u) D5 is
hydrogen or -CH , wherein said-CH may be relatively
oriented syn or anti; 



v) Ra and Rb are independently hydrogen, cycloalkyl,
haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl; w) E is N, S, O, SO or SO2, with the
proviso that E may not be N if the following three
conditions are simultaneously met: Qa is absent, Qb is
absent, and R3 is an amino group or cyclic amino
radical wherein the point of attachment to E is N; x)
E is N, with the proviso that E may not be if the
following three conditions arc simultaneously met: Qa
is absent, Qb is absent, and R3 is an amino group or
cyclic amino radical wherein the point of attachment
to E is N; absent, -CH2- -CH2CH2-, or C(O); z) Qa is
absent, -CH2CH2-, or C(O); aa) Qa is absent, or C(O);
bb) Qa is C(O); cc) Qb is absent, -NH-, -CH2-,
-CH2CH2-, or C(O), with the proviso that Qb may not be
C(O) if Qais C(O), and further provided that Qb may
not be -NH- if E is N and Qa is absent, further
provided that Qb may not be -NH- if R3 is an amino
group or cyclic amino radical wherein the point of
attachment to Qb is N; dd) Qb isabsent, -CH2CH2-, or
C(O), with the proviso that Qb may not be C(O) if Qa
is C(O); absent, or C(O), with the proviso that Qb may
not be C(O) if Q is C(O); fit) R3 is hydrogen, phenyl,
hydroxyalkylamino (including 2-hydroxy ethylamino),
(hydroxyalkyl) 2amino, hydroxyalkyl(alkyl)amino
(including l-hydroxyeth-2- yl(methyl)amino),
alkylamino (including methylamino), aminoalkyl
(including 2-amino isopropyl), dihydroxyalkyl
(including 1,3-dihydroxy isopropyl, 1,2-dihydroxy
ethyl), alkoxy (including methoxy), dialkylamino
(including dimethylamino), hydroxyalkyl (including
1-hydroxy eth-2-yl), - COOH, -CONH 2, -CN,
-SO2-alkyl-R 4 (including -SO2CH3) , -NH2, or a 5 or
six membered ring which contains at least one
heteroatom N and may optionally contain an additional
heteromoiety selected from S, SO2, N, and O, and the 5
or 6 membered ring may be saturated, partially
unsaturated or aromatic (including piperidinyl,
rnorpholinyl, imidazolyl, and pyridyl) wherein
aromatic nitrogen in the 5 or 6 membered ring may be
present as JV-oxide (including pyridyl N-oxidc), and
the 5 or 6 membered ring may be optionally substituted
with methyl, halogen, alkylamino, or alkoxy (including
1 methyl imidazolyl); R3 may also be absent, with the
proviso that R3 is not absent when E is nitrogen; gg)
R3 is hydrogen, phenyl, 2-hydroxy ethylamino,
l-hydroxyeth-2-yl(methyl)amino, methylamino, 2-amino
isopropyl, 1,3-dihydroxy isopropyl, 1,2-dihydroxy
ethyl, methoxy, dimethylamino, 1-hydroxy eth-2-yl,
-COOH, -CONH 2, -CN, - SO2-, -SO2CH3), -NH2,
piperidinyl, morpholmyl, imidazolyl, pyridyl, pyridyl
M-oxide), or 1 methyl imidazolyl; hh) R3 is alkylamino
(including methylamino), dialkylamino (including
dimethylamino), or -SO2-alkyl-R 4 (including -SO2CH3);
ii) R3 is methylamino, dimethylamino, or - -SO2CHs;
Jj) R3 idimcthylamino; kk) R4 Is hydrogen, -OH,
alkoxy, carboxy, carboxamido, or carbamoyl; and 11) R4
is hydrogen; and all combinations of a) to 11),
inclusive, herein above. Preferred compounds of
Formula I are those wherein W is substituted with one
-CN. Still other preferred compounds of Formula I are
those wherein: A is phenyl which may be substituted
with one of chloro, fluoro, and methyl; W is pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or
furanyl any of which may be connected through any
carbon atom, wherein the pyrrolyl, imidazolyl,
isoxazolyl, oxazolyl, 1,2,4 triazolyl, or furanyl may
contain one - Cl, -CN, -NO2, -OMe, or -CF3
substitution, connected to any other carbon; R2 is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl,
furanyl, tetrahydropyridyl, or dihydropyranyl, any of
which may be independently substituted with one or two
of each of the following: chloro, fluoro, and Q 1-
3)alkyl, with the proviso that tetrahydropyridyl is
connected to the ring A through a carbon-carbon bond;
X is attached to the phenyl A ringpara to the nitrogen
substiruent, as depicted in formula II;II Z is CH or
N; D1 and D2 are each hydrogen or taken together form
a double bond to an oxygen; D3 and D4 are hydrogen; E
is N or SO2; with the proviso that E may not be N if
the following three conditions are simultaneously met:
Qa is absent, Qb is absent, and R3 is an amino group
or cyclic amino radical wherein the point of
attachment to E is N; absent, -CH2-, -CH2CH2- or C(O);
absent, -NH-, -CH2-, -CH2CH2-, or C(O), with the
proviso that Qb may not be C(O) if Qa is C(O), and
further provided that Qbmay not be - NH- if E is and
Qa is absent, further provided that Qb may not be- NH-
if R3 is an amino group or cyclic amino radical
wherein the point of attachment to Qb is N; and R3 is
hydrogen, piperidinyl, alkylamino, dialkylamino,
hydroxyalkylamino, (hydroxyalkyl^amino, imidazolyl,
1-methyl imidazolyl, pyridyl, pyridyl iV-oxide,
hydroxyalkyl, -COOH, -CONH2, -CN, -SO2CH3, -NH ,
morpholinyl; R3 may also be absent, with the proviso
that R is not absent when E is nitrogen. More
preferred compounds of Formula I are those wherein: A
is phenyl; W is pyrrolyl, imidazolyl, isoxazolyl,
oxazolyl, or 1,2,4 triazolyl, any of which may be
connected through any carbon atom, wherein the
pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, or 1,2,4
triazolyl, may contain one -Cl, -CN, -NO2, - OMe, or
-CF3 substitution, connected to any other carbon; R2
is 



cycloalkyl, furanyl, or tetrahydropyridyl, any of
which may be independently substituted with one or two
of each of the substituents selected from the group
consisting of chloro, fluoro, and C(i-3)alkyl, with
the proviso that tetrahydropyridyl must be connected
to the ring A through a carbon-carbon bond. X is is
attached to the phenyl A ringpara to the nitrogen
substituent, as depicted in formula II; p Z isCH or N;
D1 and D2 are each hydrogen or taken together form a
double bond to an oxygen; D3 and D4 are hydrogen; E is
N or SO ; with the proviso that E may not be N if the
following three conditions are simultaneously met: Qa
is absent, Qb is absent, and R3 is an amino group or
cyclic amino radical wherein the point of attachment
to E is N; absent, -CH2-, -CH2CH2-, or C(O); absent,
-NH-, -CH2- -CH2CH2-, or C(O), with the proviso that
Qb may not be C(O) if Qa is C(O), and iurther provided
that Qb may not be - NH- if E is N and Qa is absent,
further provided that Qb may not be - NH- if R3 is an
amino group or cyclic amino radical wherein the point
of attachment to Qb is N; and R3 is hydrogen,
piperidinyl, alkylamino, dialkylamino,
hydroxyalkylamino, (hydroxyalkyl)2amino, imidazolyl,
1-methyl imidazolyl, pyridyl, pyridyl JVoxide,
hydroxyalkyl, -COOH, -CONH2, -CN, -SO2CH3, -NH2,
morpholinyl; R3 may also be absent, with the proviso
that R3 is not absent when E is nitrogen. Even more
preferred compounds of Formula I are those wherein: A
isphenyl; W is pyrrolyl, imidazolyl, isoxazolyl,
oxazolyl, or 1,2,4 triazolyl, any of which may be
connected through any carbon atom, wherein the
pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, or 1,2,4
triazolyl, may contain one -Cl, -CN, -NO2, - OMe, or
-CF substitution, connected to any other carbon; R2 is
cycloalkyl, furanyl, or tetrahydropyridyl, any of
which may be independently substituted with one or two
of each of the substituents selected from the group
consisting of chloro, fluoro, and C(i-3)alkyl, with
the proviso that tetrahydropyridyl must be connected
to the ring A through a carbon-carbon bond. X is
attached to the phenyl A ring para to the nitrogen
substituent, as depicted in formula TT; II Z is CH or
N; D1 and D2 are each hydrogen or taken together form
a double bond to an oxygen; D3 and D4 are hydrogen;E
is N; with the proviso that E may not be N if the
following three conditions are simultaneously met: Qa
is absent, Qb is absent, and R3 is an amino group or
cyclic amino radical wherein the point of attachment
to E isN; Qa is absent, -CH2-, -CH2CH2- or C(O);
absent, -NH-, -CH2- -CH2CH2-, or C(O), with the
proviso that Qb may not be C(O) if Qa is C(O), and
further provided that Qb may not be- NH- if E is and
Qa is absent, further provided that Qb may not be- NH-
if R3 is an amino group or cyclic amino radical
wherein the point of attachment to Qb is N; and R3 is
hydrogen, piperidinyl, alkylarnino, dialkylamino,
hydroxyalkylamino, (hydroxyalkyl)2amino, imidazolyl,
1-methyl imidazolyl, hydroxyalkyl, - COOH, -CONH2,
-CN, -SO2CH3, -NH2, or morpholinyl. Especially
preferred compounds of Formula I are those wherein: A
is phenyl; W is pyrrolyl, or imidazolyl, wherein the
pyrrolyl, or imidazolyl, may contain one - Cl, -CN,
-NO2, -OMe, or -CF3 substitution, connected to any
other carbon; R2 is cycloalkyl, furanyl, or
tetrahydropyridyl, any of which may be independently
substituted with one or two of each of the
substitucnts selected from the groupconsisting of
chloro, fluoro, and with the proviso that
tetrahydropyridyl must be connected to the ring A
through a carbon-carbon bond. X is and is attached to
the phenyl A ring para to the nitrogen substituent, as
depicted in formula II; Z is CH or N; D1 and D2 are
each hydrogen or taken together form a double bond to
an oxygen; D3 and D4 are hydrogen; E is N; with the
proviso that E may not beN if the following three
conditions arc simultaneously met: Qa is absent, Qb is
absent, and R3 is an amino group or cyclic amino
radical wherein the point of attachment to E is N;
absent, -NH-, -CH2-, -CH2CH2-, or C(O), with the
proviso that Qb may not be C(O) if Qa is C(O), and
further provided that Qb may not be - NH- if E is N
and Qa is absent, further provided that Qbmay not be
-NH- if R3 is an amino group or cyclic amino radical
wherein the point of attachment to Qb is N; and R3 is
hydrogen, piperidinyl, hydroxyaLkylamino,
(hydroxyalkyl)2amino, alkylamino, dialkylamino,
imidazolyl, 1-methyl imidazolyl, pyridyl, pyridyl
-oxide, hydroxyalkyl, -COOH, -CONH2, -CN, -SO2CH3
-NH2, or morpholinyl. Examples of compounds of Formula
I include: 5-cyano-furan-2-carboxylic acid
[4-(4-methyl-piperazin-l -yl)-2-(3-methyl-thiophen-
2-yl)-phenyl] -amide, and 5-cyano-furan-2-carboxylic
acid
[4-(4-methyl-piperazin-l-yl)-2-(2-methyl-thiophen-
3-yl)-phenyl] -amide, and solvates, hydrates,
tautomers and pharmaceutically acceptable salts
thereof. Additional examples of compounds of Formula I
include: 4-cyano-lH-imidazolc-2-carboxylic acid
[4-(l-acctyl-pipcridin-4-yl)-2-(l, 2,5,6-
tetrahydro-pyridin-3-yl)-phenyl]-amide,
4-cyano-lH-imidazole-2-carboxylic acid
[2-cyclohex-l-enyl-4-(l,l-dioxo-hexahydrol
ld-thiopyran-4-yl)-phenyl]-amide,
5-cyano-furan-2-carboxylic acid
[2-cyclohex-1-enyl-4-(4-methyl-piperazin- 1-yl)-
phenyl]-amide, 



5-cyano-furan-2-carboxylic acid
[2-(3,6-dihydro-2H-pyran-4-yl)-4-(4-methylpiperazin-
1-yl)-phenyl]-amide,4-cyano- lH-imidazole-2-carboxylic
acid [2-(l , 1-dioxo-1 ,2,3,6-tetrahydro-1 l6-
thiopyran-4-yl)-4-pip eridin-4-yl-phenyl]-amide,
4-cyano- 1H-imidazolc-2-carboxylic acid [4-(l
-acctyl-pipcridin-4-yl)-2-(l ,1-dioxo-
1,2,3,6-tetrahydro-l l6-thiopyran-4-yl)-phenyl]-amide,
5-cyano-furan-2-carboxylic acid
[2'-methyl-5-(4-methyl-piperazin- l -yl)-biphenyl-2-
yl]-amide, and 5-cyano-niran-2-carboxylic acid
[2'-fluoro-5-(4-methyl-piperazin-l-yl)-biphenyl-2-
yl]-amidc, and solvates, hydrates, tautoraers and
pharmaceutically acceptable salts thereof. Further
examples of compounds of Formula I are :
(4-{4-[(4-cyano-lH-imidazole-2-carbonyl)-amino]-3-cycl
ohex-l-enyl-phenyl}- piperidin-l-yl)-acetic acid,
4-cyano- lH-imidazole-2-carboxylic acid
[4-(l-carbamoylmethyl-piperidin-4-yl)-2-
cyclohex-1-enyl-phenyl]-amide, 4-cyano-
lH-imidazole-2-carboxylic acid [2-(4-methyl-cyclohex-
1-enyl)-4-piperidin- 4-yl-phenyl]-amide,
4-cyano-lH-imidazole-2-carboxylic acid
(2-cyclohex-l-enyl-4-[l-(2-hydroxy-ethyl)-
piperidin-4-yl]-phenyl} -amide, 4-cyano-
lH-imidazole-2-carboxylic acid [2-(4-methyl-cyclohex-
1-enyl)-4-(l -pyridin-
2-ylmethyl-piperidin-4-yl)-phenyl]-ainide,4-cyano-
lH-imidazolc^-carboxylic acid {2-cyclohcx-1-cnyl-4-[
1-(2-hydroxy-1-
hydroxymethyl-ethyl)-piperidin-4-yl]-phenyl}-amide,
4-cyano-lH-imidazole-2-carboxylic acid
{4-[l-(2-cyano-ethyl)~piperidin-4-yl]-2-
cyclohex-1-enyl-phenyl}-amide, 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(2-morpholin-4-ylethyl)- piperidin-4-yl] -phenyl}
-amide, 4-cyano- 1H-imidazole-2-carboxylic acid
(2-cyclohex-1-enyl-4-piperidin-4-ylphenyl)- amide,
4-cyano- lH-imidazole-2-carboxy lie acid
{2-cyclohex-1-enyl-4-[ 1-(2-
methanesulfonyl-ethyl)-piperidin-4-yl]-phenyl} -amide,
4-cyano- 1H-imidazole-2-carboxylic acid
[2-cyclohex-1-enyl-4-( 1-pytidin-2-ylmethylpiperidin-
4-yl)-phenyl] -amide,
4-cyano-1H-imidazole-2-carboxylic acid {2-cyclopent-l
-enyl-4-[l-(l-methyl-lHimidazol-
2-ylmethyl)-piperidin-4-yl]-phenyl} -amide,
4-cyano-lH-imidazole-2-carboxylic acid
(2-cyclopent-l-enyl-4-piperidin-4-ylphenyl)- amide,
4-cyano- lH-pyrrole-2-carboxylic acid
(2-cyclohex-l-enyl-4-piperidin-4-yl-phenyl)- amide,
4-cyano- lH-imidazole-2-carboxylic acid
[2-cyclohex-1-enyl-4-(3,4,5,6-tetrahydro- 2H-[1
,2']bipyridinyl-4-yl)-phenyl]-amide, and
4-cyano-1H-pyrrole-2-carboxylic acid
[4-(1-acetyl-piperidin-4-yl)-2-cyclohex-
1-enylphenyl]- amide,and solvates, hydrates, tautomers
and pharmaceutically acceptable salts thereof. Other
examples of compounds of Formula I are:
4-cyano-lH-irnidazole-2-carboxylic acid
{2-cyclohex~l-enyl-4-[l-(l-oxy-pyridine-3-
carbonyl)-piperidin-4-yl]-phenyl} -amide, 4-cyano-
lH-imidazole-2-carboxylic acid (2-cyclohex- 1-enyl-4-[
1-(I -oxy-pyridine-4-
carbonyl)-piperidin-4-yl]-phenyl} -amide, 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-l -enyl-4-[
1-(3-morpholin-4-ylpropionyl)-
piperidin-4-yl]-phenyl}-amide,
4-{4-[(4-cyano-lH-imidazole-2-carbonyl)-amino]-3-cyclo
hex-l-enyl-phenyl}- piperidine-1-carboxylic acid
amide, 4-cyano- 1H-imidazole-2-carboxylic acid
{2-cyclohex- 1-enyl-4-[ 1-(pyridine-3 -
carbonyl)-pipcridin-4-yl]-phcnyl} -amide, 4-
{4-[(4-cyano- 1H-imidazole-2-carbony l)-amino]-3
-cyclohex- 1-eny 1-phenyl} - piperidine-1-carboxylic
acid (2-hydroxy-ethyl)-amide, 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-l
-enyl-4-[l -(2-3H-imidazol-4-
yl-acetyl)-piperidin-4-yl]-phenyl}-amide, 4-cyano-
lH-imidazole-2-carboxylic acid {2-cyclohex- 1-enyl-4-[
1-(2-pyridin-4-ylacetyl)-
piperidin-4-yl]-phenyl}-amide,
4-cyano-lH-imidazole-2-carboxylic acid
(2-cyclohex-l-enyl-4-{l-[2-(l-methyl-lHimidazol-
4-yl)-acetyl]-piperidin-4-yl} -phenyl)-amide, 4-cyano-
lH-imidazole-2-carboxylic acid {2-cyclohex- 1-enyl-4-[
1-(2-pyridin-3 -ylacetyl)-
piperidin-4-yl]-phenyl}-amide,4-cyano-
lH-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(2-
methanesulfonyl-acetyl)-piperidm-4-yl]-phenyl}-arnide.
, 4-cyano-lH-imidazole-2-carboxylic acid
{2-cyclohex-l-enyl-4-[l-(2-pyridin-2-ylacetyl)-
piperidin-4-yl]-phenyl}-amide, and 4-cyano-
1H-imidazole-2-carboxylic acid [4-(l
-acetyl-piperidin-4-yl)-2-cyclohex- 1- enyl-phenyl]
-amide, and solvates, hydrates, tautomers and
pharmaceutically acceptable salts thereof. Another
example compound of Formula I is: 4-cyano-
1H-imidazole-2-carboxylic acid
[2-cyclohex-l-enyl-4-(l-{2-[(2-hydroxyethyl)-
methyl-amino]-acetyl}-piperidin-4-yl)-phenyl]-amide,
and solvates, hydrates, tautomers and pharmaceutically
acceptable salts thereof. Another example compound of
Formula I is: 4-cyano- 1H-imidazole-2-carboxylic acid
{2-cyclohex-1-enyl-4-[1-(2-dimethylaminoacetyl)-
piperidin-4-yl]-phenyl}-arnide, and solvates,
hydrates, tautomers and pharmaceutically acceptable
salts thereof. Another example compound of Formula
1is: 4-cyano- 1H-imidazole-2-carboxylic acid
{2-cyclohex-1-enyl-4-[1-(2-morpholin-4-ylacetyl)-
piperidin-4-yl]-phenyl} -amide, and solvates,
hydrates, tautomers and pharmaceutically acceptable
salts thereof.Still other example compounds of formula
I arc: 4-Cyano-lH-imidazole-2-carboxylic acid
{4-[l-(3-amino-3-methyl-butyryl)-
piperidin-4-yl]-2-cyclohex-l-enyl-phenyl} -amide
trifluoroacetic acid salt, 4H-[1
,2,4]-triazole-3-carboxylic acid
(2-cyclohex-l-enyl-4-piperidin-4-yl-phenyl)- amide bis
trifluoroacetic acid salt, 5-Chloro-4H-[l
,2,4]-triazole-3-carboxylic acid (2-cyclohex-l
-enyl-4-piperidin-4-ylphenyl)- amide trifluoroacetic
acid salt, 5-Cyano-lH-imidazole-2-carboxylic acid
[2-cyclohex-l-enyl-4-(cis-2,6-dimethylpiperidin-
4-yl)-phenyl] -amide bis trifluoroacetic acid salt,
5-cyano-lH-imidazole-2-carboxylic acid
[2-cyclohex-l-enyl-4-(t tans-2,6-dimethylpiperidin-
4-yl)-pl ienyl]-ainide bis trifluoroacetic acid salt,
S-Cyano-lH-imidazole^-carboxylic acid (2-cyclohex-l
-enyl-4-[l-(R)-(+)-(2,3- dihydroxy-propionyl)-piper
din-4-yl]-phenyl}-amide, 5-Cyano-
lH-imidazole-2-carboxylic acid [2-cyclohex-
1-enyl-4-(l -methoxy-piperidin- 4-yl)-phenyl] -amide
trifluoroacetic acid salt,
4-Cyano-lH-imidazole-2-carboxylic acid
[6-(4,4-dimethyl-cyclohex-l -enyl)- r,2',3',4',5'
6'-hexahydro-[2,4']bipyridinyl-5-yl]-amide
trifluoroacetic acid salt,
5-Cyano-lH-imidazole-2-carboxylic acid
{4-[l-(2-amino-2-methyl-propionyl)-
piperidin-4-yl]-2-cyclohex-l-enyl-phenyl} -amide
trifluoroacetic acid salt, and
5-Cyano-lH-imidazolc-2-carboxylic acid
[6-cyclohcx-l-cnyl-l'-(2-mcthancsulfonylethy -r ' ' '
' '-hexa ydro- ' bipyridinyl- -y -amide, and solvates,
hydrates, tautomers and pharmaceutically acceptable
salts thereof.Additional example compounds of Formula
I are: 4-Cyano-lH-imidazole-2-carboxylic acid
{2-cyclohex-l-enyl-4-[l-(2-methylaminoacetyl)-
piperidin-4-yl]-phenyl} -amide,
4-Cyano-lH-imidazole-2-carboxylic acid [1
'-(2-dimethylamino-acetyl)-6-(4,4- dimethyl-cyclohex-
1-enyl)-l ',2 ',3 ',4 ' ,5 ' ,6 '-hexahydro-[2,4
']bipyridinyl-5-yl]-amide trifluoroacetic acid salt,
and 4-Cyano-lH-imidazole-2-carboxylic acid
[6-(4,4-dimethyl-cyclohex-l-enyl)-l '-(2- 



methanesulfonyl-ethyl)-l',2',3',4',5',6'-hexhydro-[2,4
']bipyridinyl-5-yl]-amide trifluoroacetic acid salt,
and solvates, hydrates, tautomers and pharmaceutically
acceptable salts thereof. As used herein, the term
"the compounds of the present invention" shall also
include solvates, hydrates, tautomers or
pharmaceutically acceptable salts thereof.
PPIARMACEUTICALLY ACCEPTABLE SALTS As stated, 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 the
present invention refer to non toxic "pharmaceutically
acceptable salts." FDA approved pharmaceutically
acceptable salt forms (Re/. InternationalJ. Phann.
1986, 33, 201-217; J. Phartn. 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, camsylatc,
carbonate, chloride, citrate, dihydrochloridc,
cdctatc, cdisylatc, cstolatc,csylatc, fumaratc,
glyccptatc, gluconate, glutamatc, glycollylarsanilatc,
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, NH3,NH4OH,
N-mcthyl-D-glucaminc, pipcridinc, potassium,
potassium- -butoxidc, potassium hydroxide (aqueous),
procaine, quinine, sodium, sodium carbonate,
sodium-2-ethylhexanoate (SEH), sodium hydroxide,or
zinc. PRODRUGS The present invention also includes
within its scope, prodrugs of the compounds of the
present 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
the compounds of the present invention or a prodrug
thereof, which would obviously be included within the
scope of the invention albeit not specifically
disclosed any given compound. 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 some compounds of the present
invention 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 of the present invention,
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 the present
invention and their N-oxides, addition salts,
quaternary amines, and 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.
It is to be understood that the various substituent
stereoisomers, geometric isomers and mixtures thereof
used to prepare the 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," and "S" 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), Pure Appl. Chem., 1976, 45:13-30). The
compounds of the present invention may be prepared as
an individual isomer 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 regenerationof 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, the 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,
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 the 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 cthanolatcs, 



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 the
compounds of the present invention or a solvate
thereof, which would obviously be included within the
scope of the invention albeit not specifically
disclosed. N-OXIDES The compounds of the present
invention may be converted to the corresponding Noxide
form 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 with an appropriate
organic or inorganic peroxide. Appropriateinorganic
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. ityl
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 The
compounds of the present invention 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 THE 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.Methods of Preparation Scheme 1 1-0
1-1 1-2 1-3 Scheme 1 illustrates general methodology
for the preparation of compounds of Formula I.
Compounds of Formula 1-2 can be obtained by
ortho-halogenation, preferably bromination, of amino
compounds of Formula 1-1 followed by metalcatalyzed
coupling reactions with boronic acids or boronate
esters (Suzuki reactions, where R2M is R2B(OH)2 or a
boronic ester) or tin reagents (Stille reactions,
where R2M is R2Sn(alkyl)3) (for reviews, see N.
Miyaura, A. Suzuki, Chem. Rev., 95:2457 (1995), J. K.
Stille, Angew. Chem, Int. Ed. Engl., 25: 508024 (1986)
and A. Suzuki in Metal-Catalyzed Coupling Reactions,
F. Deiderich, P. Stang, Eds., Wiley-VCH, Weinheim
(1988)). Compounds of formula 1-1 may be commercially
available, or the above palladium mediated
cross-coupling reactions described above may be used
to generate compounds of Formula 1-1 from starting
material 1-0. Preferred conditions for the bromination
of 1-1 are N-bromosuccinimide (NBS) in a suitable
solvent such as , -dimethylformamide (DMF),
dichloromethane (DCM) or acctonitrilc. Mctal-catalyzcd
couplings, preferably Suzuki reactions, can be
performed according to standard methodology,
preferably in the presence of a palladium catalyst
such as tetrakis(triphenylphosphine)palladium(0)
(Pd(PPh3)4), an aqueous base such aq. Na2CO3, and a
suitable solvent such as toluene, ethanol,
dimethoxyethane (DME), or DMF.Compounds of Formula I
can be prepared by reaction of compounds of Formula
1-2 with carboxylic acids WCOOH according to standard
procedures for amide bond formation (for a review,
see: M. Bodansky and A. Bodansky, The Practice of
Peptide Synthesis, Springer-Verlag, NY (1984)) or by
reaction with acid chlorides WCOCl or activated esters
WCO Rq (where Rq is a leaving group such as
pentafluorophenyl or N-succinimide). The preferred
reaction conditions for coupling with WCOOH are: when
Wis a furan, oxalyl chloride in DCM with DMF as a
catalyst to form the acid chloride WCOCl and then
coupling in the presence of a trialkylamine such as
DIEA; when Wis a pyrrole,
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCl) and
l-hydroxybenzotriazole-6-sulfonainidomethyl
hydrochloride (HOBt); and when Wis an imidazole, the
preferred conditions are
bromotripyrrolidinophosphonium hexafluorophosphate
(PyBrOP) and diisopropylethylamine (DIEA) in DCM. It
is understood that the optional substitution present
on ring A in Formula I may be present in the starting
materials 1-1 or 1-3 and, in such cases, would be
carried through the synthesis outlined in Scheme 1.
Alternatively various substituents on compounds of
Formula I may be introduced in a number of ways
described below to provide the optional substitution
listed for Formula I. The leaving group "Li" present
on ring A in Formula 1-0 or 1-3, can be substituted
before or at any step during Scheme 1. When such
leaving groups (preferably fluoro or chloro) are
activated by the nitro group of Formula 1-3 for
nucleophilic attack, they can undergo direct
nucleophilic aromatic substitution by ammonia and
azide anion or by amines, alcohols, thiols and other
nucleophiles in the presence of a suitable base such
as K2CO3, L iV-diisopropylethylamine (DIEA) or NEt3.
When the leaving group is suitable for metal-catalyzed
couplings (preferably bromo or
trifluoromethanesulfonyloxy), a number of
cross-coupling reactions (such as Suzuki or Stille
reactions as discussed above for the introduction of
R2) may be performed. Other metalcatalyzed coupling
reactions that can be employed include aromatic and
heteroaromatic animation and amidation (for reviews,
see: S. L. Buchwald, et al, Top. Curr. Chem.,
219:131-209 (2001) and J . F. Hartwig in
"Organopalladium Chemistry or Organic Synthesis Wiley
Interscience, NY (2002). Additional metal catalyzed
cross coupling reactions with
2,4,6-trimethyl-cyclotriboroxane may be employed
XfL1is bromo, iodo, or chloro activated by nitro to
generate optional methyl substitution (see M. Gray, et
al, Tetrahedron Lett., 41: 6237-40 (2000)). In some
cases, the initial substituents can be further
derivatized as described below to provide the final
substitution of Formula I. An alternative method for
the introduction of nitrogen-containing heterocyclic
substituents onto ring A is to form the heterocycle
from an amino group on ring A. The amino group may be
originally present in the starting material in a
protected or unprotected form or may result from the
reduction of a nitro group which also can be either
originally present in the starting material or
attached by a nitration reaction. In addition, the
amino group may be formed by reduction of an azide
group which can be present in the starting material or
may result from nucleophilic aromatic substitution of
an activated halide by azide anion as mentioned above.
The amino group may also result from nucleophilic
aromatic substitution of an activated halide (in, for
example a nitrohalo compound) by ammonia or by the
anion of a protected ammonia equivalent, for example,
t-butyl carbamate. If introduced in protected form,
the amine can be dcprotcctcd according to standard
literature methods. (For examples of amine protecting
groups and deprotection methods see: Theodora W.
Greene and Peter G.M. Wuts, John Wiley and Sons, Inc.,
NY (1991).) The ring-forming reaction involves
treatment of the aniline amino group with a suitable
optionally substituted dielectrophile, preferably a
dihalide or dicarbonyl compound, which results in two
substitutions on the amino group to form an optionally
substituted heterocycle. Tn the case of dihalides, any
of a number of suitable bases can be added as an acid
scavenger such as potassium carbonate, sodium
hydroxide, or, a trialkylamine such as triethylamine.
Thus, treatment with a bis(2-haloethyl)amine such as
bis(2- chloroethyl)amine or bis(2-bromoethyl)amine
would afford a piperazine ring (see, for example, J.
Med. Chenu, 29: 640-4 (1986) and J. Med. Chem., 46:
2837 (2003)). Optional substitution on the amine
nitrogen of the reagent would incorporate optional 



substitution on the terminal amine of the piperazine.
For example, treatment with A
iV-bis(2-chloroethyl)anilinewould give an
iV-phenylpiperazino group. Treatment with a
bis(2-haloethyl)ether or bis(2-haloethyl)thioether
would afford a morpholine or thiomorpholine ring,
respectively.Another alternative method to direct
substitution to introduce heterocyclic substituents
onto ring A is to form the heterocycle from an
aldehyde (i.e. from a formyl group on ring A). The
formyl group may be originally present in the starting
material in a protected or unprotected form or may
result from or any of a number of formylation
reactions known in the literature including a
Vilsmeier-Haack reaction (for a review of formylation
chemistry, see: G.A. Olah, et al, Chem Rev., 87:
(1987)) or by para-formylation of nitroaromatics (see:
A. Katritsky and L. Xie, Tetrahedron Lett., 37:347-50
(1996)). Finally it is understood that compounds of
Formula I may be further derivatized. Protecting
groups on compounds of Formula I can be removed
according to standard synthetic methodologies
(Theodora W. Greene and Peter G. M. Wuts, John Wiley
and Sons, Inc., NY (1991)) and can be then subjected
to further derivatization. Examples of further
derivatization of compounds of I include, but are not
limited to: when compounds of Formula I contain a
primary or secondary amine, the amine may be reacted
with aldehydes or ketones in the presence of a
reducing agent such as sodium triacctoxyborohydridc
(sec Abdcl-Magid .Org. Chem. 61, pp. 3849-3862,
(1996)) to reductively alkylate; with acid chlorides
or carboxylic acids and an amide bond forming reagent
as described above to form amides; with sulfonyl
chlorides to form sulfonamides; with isocyanates to
form ureas; with aryl- or heteroaryl-halides in the
presence of a palladium catalyst as described above
(see Buchwald and Hartwig references above) to form
aryl and heteroarylamines. Tn addition, when compounds
of Formulae I contain an aryl halide or heteroaryl
halide, these compounds may be subjected to
metal-catalyzed reactions with boronic acids (for
example, Suzuki or Stille couplings as described
above), or, amines or alcohols (Buchwald- or
Hartwigtype couplings, see Buchwald and Hartwig
references above). When compounds of Formulae I
contain a cyano group, this group may be hydrolyzed to
amides or acids under acid or basic conditions. Basic
amines may be oxidized to N-oxides and conversely
N-oxides may be reduced to basic amines. When
compounds of Formula I contain a sulfide, either
acyclic or cyclic, the sulfide can be further oxidized
to the corresponding sulfoxides or sulfones.
Sulfoxides can be obtained by oxidation using an
appropriate oxidant such as one equivalent of (
ta-chloroperbenzoicacid)MCPBA or by treatment with
NaIO 4 (sec, for example, J . Regan, et a J. Med.
Chem.: 46: 4676-86 (2003)) and sulfones can be
obtained using two equivalents of MCPBA or by
treatment with 4-methylmorpholine N-oxide and
catalytic osmium tetroxide (see, for example, PCT
application WO 01/47919). Scheme 2a wherein Z is CH
Optional further derivatization as described for
scheme 2a 2-5 Scheme 2a illustrates a route to
compounds of Formula I. F represents -NQaQbR-3-, - O-,
S, SO, or SO2, and AA represents -NH 2 or -NO2. D1 and
D2 are shown for illustrative purposes only; it is
recognized by those skilled in art that D5 D6 D7 D8
may also be present. Ketones of formula 2-1 can be
converted to a vinyl triflatc of formula 2-2 by
treatment with a non-nucleopbilic base such as LDA and
then trapping of the resulting enolate with a
triflating reagent such as trifluoromethanesulfonic
anhydride or preferably
N-phenyltrifluoromethanesulfonimide. Suzuki coupling
of boronic acids or boronate esters of formula 2-3 to
vinyl triflates of formula 2-2 can provide compounds
of formula 2-4 where Z is C (Synthesis, 993 (1991)).
For compounds of formula 2-4 treatment with Pd/C can
reduce both the olefin (and the nitro if AA is NO2) to
give Z is CH, AA is NH2. Compounds of formula 2-4
where F represents -SO can be prepared from compounds
of formula 2-4 where AAis -NO2 and F is a sulfide (F
is -S-) by oxidation with MCPBA or other methods
described in Scheme 1. The nitro group may then be
reduced with Pd/C to reduce both the nitro and the
olefin. Compounds of formula 2-4 (AA is NH ) are then
converted to compounds of Formula 2-5 (which also
represent compounds of Formulae Tif no further
modifications are required) as described in Scheme 1.
Compounds of formula 2-5 may be further modified to
provide additional compounds of Formula 1. For
example, in cases where F is -MQaQbR3-, QaQb is a
direct bond, and R-3 represents a BOC protecting group
(CC^tBu), the BOC group may be removed according to
standard methodology such as trifluoroactic acid (TFA)
in DCM (Greene and Wuts, ibid.) to provide a secondary
amine that can then be further derivatized to provide
compounds of Formula I . Further derivatization
includes, but is not limited to: reactions with
aldehydes or ketones in the presence of a reducing
agent such as sodium triacetoxyborohydride to provide
compounds of Formula II where F is - NCH 2R3 (A. F.
Abdel-Magid, ibid.); with acid chlorides or with
carboxylic acids and an amide bond forming reagent (as
described in Scheme 1) to provide compounds of formula
II where F is -NCOR3; with sulfonyl chlorides (as
described in Scheme 1) to provide compounds of Formula
I where F is -NSO Ra; with isocyanates(as described in
Scheme 1) to provide compounds of Formula II where F
is -NCONR aR ,; or subjected to metal-catalyzed
substitution reactions as outlined in Scheme 1 to
provide compounds of Formula Twhere F is -NR3. (S. L.
Buchwald, et al, ibid.; J. H. Hartwig, ibid.) For the
above example. Ra and Rt , are independently hydrogen,
alkyl, cycloalkyl, haloalkyl, aryl, aralkyl,
heteroaryl and heteroaralkyl.Scheme 2b 2-4 2-7 2-8
Scheme 2b illustrates a modification of Scheme 2a to
synthesize partially unsaturated compounds of Formula
I . E represents -NQaQbR3-, -O- (D1 and D2 are H), -S-
(D1 and D2 are H), -(D 1 and D2 are H), or -SO 2- (D1
and D2 are H), and R AA represents - NH or -NO2.
Compounds of formula 2-4 are prepared as shown in
Scheme 2 . If RAA is -JSIO , the nitro group must b e
reduced by a method that does not reduce olefins, such
as iron and ammonium chloride. IfRA A of formula 2-4
is an amino group then no step is necessary and
compounds of formula 2-4 are also compounds of formula
2-7. To prepared compounds of formula 2-7 where E is
-SO2- or -SO-, the oxidation of the sulfide must be
performed on compound 2-4 where R AA is -NO2 as
described above, followed by nitro reduction. Scheme 3
3-2 Scheme 3 illustrates the preparation of
intermediates for the synthesis of compounds of
Formula I, where ring A is pyridyl, and R5 is the
optional substitution on ring A orone of the
heterocyclic substitucnts as defined in Formula I . K
is NH or other functional groups such as NO , COOH or
COOR which can eventually be converted to amino group
by known literature methods such as reductions for NO
(as discussed for Scheme 1) or Curtius rearrangement
for COOH (for a review, see Organic Reactions, 3 : 337
(1947)). L3 and L4 are halogens. (K is COOH can also
be formed from K is COOR by simple base- or
acid-catalyzed hydrolysis.) In general, the
selectivity and order in introducing R2 and R5 can be
achieved by the relative reactivity of the halogens L3
and L4 chosen in compound (3-1), the intrinsic
selectivity of the heterocycle and/or the reaction
conditions employed. An example of using the relative
reactivity of the halogens L3 and L4 in selectively
introducing R2 and R5 would include the situation
where, in compounds of Formula 3-1 where L3 is a
fiuoro group and L4 is a bromo group, selective
displacement of the fluoro group by a nucleophile can
be achieved followed by substitution of the remaining
bromo group by metal-catalyzed substitution chemistry
(such as Suzuki or Stille cross-coupling reactions as
further outlined below). Similarly in compounds of
Formula 3-1 where one of L3 and L is an iodo group and
the other is a bromo or chloro group, selective 



metal-catalyzed substitution chemistry (such as Suzuki
or Stille cross-coupling reactions or Buchwald/Hartwig
aminations as further discussed below) on the iodo
group can be achieved followed by replacement of the
remaining bromo or chloro group by another
metal-catalyzed substitution reaction. As illustrated
in Scheme 3, leaving group L3 in Formula 3-1 can be
first substituted to obtain compounds of Formula 3-3
or leaving group L4 can be first substituted to obtain
compound of Formula 3-2. Compounds 3-2 or 3-3 can then
be reacted to displace L3 or L4 to furnish the
compound of Formula 3-4. Thus, a direct nucleophilic
displacement or metal-catalyzed animation of compound
of Formula 3-1 with a secondary amine, ammonia or a
protected amine such as tertbutyl carbamate (for
review, see Modern Amination Methods: Ricci, A., Ed.;
Wiley- VCH: Weinheim, 2000), can be used to introduce
R5 in Formulae 3-2 or 3-3 where R5 is a primary or
secondary amine, amino group (NH ), and amine
equivalent or a protected amino group. Metal-catalyzed
coupling of compound 3-1 with boronic acids or
boronates esters (Suzuki reaction, M is boronic acid
group or boronate estergroup) or with organotin
compounds (Stillc reaction, M is SnR?, where R is
alkyl and the other substituents as defined above, as
described in Scheme 1 can provide compounds of
Formulae 3-2 or 3-3. Compound 3-2 can be further
converted to compound 3-4 by a metal-catalyzed Suzuki
or Stille coupling as described above. L in compound
3-3 also subsequently can be substituted with R5 to
obtain compounds of Formula 3-4, again, by a direct
nucleophilic substitution or metal-catalyzed reaction
with a nucleophile or by the same metal-catalyzed
cross-coupling reaction as described above. When R5 in
the formulae (3-2, 3-3 or 3-4) is a protected amine
and K not an amino group, it can be deprotected to
unmask the amino functionality. This amino
functionality can then be further derivatized as
described in Scheme 1. When the K group in Formula 3-4
is not an amino group (such as functionality described
above), it can be converted to an amino group
according to known literature methods (see, for
example Comprehensive Organic Transformations: Larock,
R.S.; Wiley and Sons Inc., USA, 1999) and the
resulting amine 3-5 can be employed in amide bond
formation reactions as described in Scheme (1) to
obtain the compounds in Formula I. When K in Formula
3-4 is an amino group it can be directly used in amide
coupling as described above. Scheme 4a 4-1 4-2 4-3
4-4Scheme 4b 4-5 4-6 4.7 4 _g Schemes 4a and 4b
illustrate the preparation of intermediates to be
further modified according to Scheme 3 starting from a
monohalo-substituted compound of Formulae 4-1 and 4-5
by introducing the second leaving group after the
replacement of the first one has been completed. These
can also be used for the synthesis of compounds of
Formula I where ring A is a pyridine and R5 is either
the optional substitution on Ring A or one of the
heterocyclic substituents. As in Scheme 3, the
remaining positions on the pyridine ring can be
substituted as described in Formula I. K is NH or
other functional groups such as NO2, COOH or COOR
which can eventually be converted to amino group by
known literature methods such as reductions or Curtius
rearrangement as described in Scheme 3. L3 and L4 are
halogens. In these compounds, T is either H or is a
functional group such as OH that can be converted to
leaving groups L3 or L4 such as halogen, triflate or
mesylate by known literature methods (see, for
example, Nicolai, E., et al., J. Heterocyclic
Chemistry, 31, (73), (1994)). Displacement of L3 in
compound of Formula 4-1 or L4 in Formula 4-5 by
methods described in Scheme 3, can yield compounds of
Formulae 4-2 and 4-6. At this point, the substituent T
of compounds 4-2 or 4-6 can be converted to a leaving
group L or L3 (preferably a halogen) by standard
methods to provide compounds of Formulae 4-3 and 4-5.
For example, when T is OH, the preferred reagents to
effect this transformation are thionyl chloride, PCI5,
POCI3 or PBr (see, for examples, Koldcr, den Hcrtog.,
Reel. Trav. CMm. Pays-Bas; 285, (1953), and Iddon, B,
ct. al., J. Chem. Soc. Perkin Trans. 1., 1370,
(1980)). When T is H, it can be directly halogenated
(preferably brominated) to provide compounds of
Formulae 4-3 or 4-7 (see, for example, Canibano, V .
et al., Synthesis, 14, 2175, (2001)). The preferred
conditions for bromination are NBS in a suitable
solvent such as DCM or acetonitrile.The compounds of
Formulae 4-3 or 4-7 can be converted to compounds of
Formulae 4-4 or 4-8 by introduction of the remaining
groups R2 or R , respectively, by the methods
described above and then on to compounds of Formula I,
by the methods described in Scheme 3 for conversion of
compounds of Formulae 3-4 and 3-5 to compounds of
Formula I . Repressentative compounds of the present
invention and their synthesis are presented in the
following chart and examples thereafter. The following
are for exemplary purposes only and are in no way
meant to limit the invention.SPECIFICATION Title
PNEUMATlC BIOREACTOR Field of invention 5 The field of
the invention pertains to apparatus for mixing
solutions More particularly the nvention relaxes to
pneumatically operated mixers for use in closed stenle
environments. Background of the Invention B'oreactors
have been used for cultivation of microbial organisms
for 10 production of various biological or chemical
products in the pharmaceutical beverage and
biotechnoiogicai industry A production bioreactor
contains culture medium a sterile environment that
provides various nutrients required to support growth
of the biological agents of interest Conventional
bioreactors use mechanically driven impellors to mix
the liquid medium during cultivation The 15
bioreactors can be reused for the next batch of
biological agents after cleaning ana sterilization of
the vessel The procedure of cleaning and sterilization
requires a significant amount of time and resources
especially, to monitor and to validate each cleaning
step prior to reuse for production of
biopharmaceutical products Due to the high cost of
construction, maintenance and operation of the 20
conventional bioreactors, single use bioreactor
systems made of disposable plastic material have
become an attractive alternative While several mixing
methods of liquid in disposable bioreactors have been
proposed in recent years, none of them provides
efficient mixing for large scale (greater than 1000
liters) without expensive operating machinery For this
25 reason a number of non-invasive and/or disposable
mixing systems that do not require an external
mechanical operation have been developed Many of these
systems work well within certain size ranges, however
problems sometimes aaise as larger rowing systems are
attemptedit ss an objective of the present invention
to provide a pneumatic bioreacior that is capable of
efficiently and thoroughly mixing solutions without
contamination it is a further objective to such a
reactor that can be scaled to relatively large sizes
using the same technology. It is a still further
objective of the 5 invention to a bioreactor that can
be produced in a disposable form It is yet a further
objective of tne invention to provide a bioreacior
that can be accurately controlled by internal
pneumatic force, as to speed and mixing force applied
to the solution without creating a foaming problem
Finally, it is an objective to provide a bioreactor
that is simple and nexpensive to produce and to
operate while fulfilling 1 0 all of the described
performance criteria Summary of the Invention The
present invention is directed to a pneumatic
bioreactor which has mixing apparatus in a containment
vessel The mixing apparatus employs a gas supply and a
buoyancy-driven mixing device actuated by the gas
supply The 15 mixing apparatus substantially spans the
cross-section of the containment vessel in a first
separate aspect of the present invention, the mixing
device includes one or more floating mixers with a
gas-holding chamber and a plurality of 



mixing elements about that chamber. The mixing
elements are shaped to cause the mixer to agitate as
the mixer rises in the containment vessel A
gas-venting valve permits gas to escape from the
central chamber upon the chamber reaching the flu d
surface In 3 second separate aspect of the present
invention, the buoyancy driven mixing device includes
at least one floating plunger having a central,
gas-hold ing chamber ana at least one disk disposed
about the central chamber Again, a gasventing valve
permits escape of the gas as the central chamber
reaches a fluid surface A mixing partit on is also
disposed in the containment vessel adjacent the
floating plunger with at least one aperture to augment
mixing In a third separate aspect of the present
invention, the buoyancy-driven mixing device includes
a rotatably mounted cylindrical chamber which has
aninner surface, an outer surface, ai least one mixing
plate within the inner surface and a plurality of gas
holding members about the outer surface Accordingly it
is a principal object of the present invention to
provide an improved pneumatic b<oreactor Other and
further objects and advantages w ll 5 appear here
natter Description of the Drawings Figure 1 s a
perspective view of a first embodiment of the
invention illustrating floating impellers and their
control mechanisms. F gure 2 is a top view of the
Figure 1 embodiment illustrating the floating 10
chamber affixed to the constraining member with the
impeller blades rotating upon the chamber, Figure 2A
is a top view of the Figure 1 embodiment illustrating
the floating chamber rotating within the constraining
member with the impeller blades fixed to the chamber
15 Figure 3 is a side elevational view of the Figure 1
embodiment; Figure 4 is a side elevational view of the
Figure 2A embodiment of the floating impeller Figure
4A is a side elevational view of the Figure 2
embodiment of the floating impeller Figure 5 is a
perspective view of a second embodiment of the
invention illustrating floating plungers and their
control mechanisms, Figure 8 is a top view of the
Figure 5 embodiment illustrating the floating plungers
Figure 7 is a perspective view of the gas supply and
magnetic assent control mechanism, Figure 8 s a
cross-sectional side elevation of the floating chamber
i ll ustr aing the vent cap in a closed position,
Figure 9 is a cross-sectional side elevation of the
float ng chamber illustrating the vent cap in an open
position 30 Figure 10 is a perspective view of a third
embodiment of the invention lustratng a rotating drum
mixer with gas supply,Figure 11 s an end view of tie
Figure 10 embodiment illustrating a single gas supply,
Figure 12 is an end View of the Figuie 10 embodiment
illustrating a pair of gas supplies, Figure 13 s a
side eievational view of the Figure 10 embodiment
illustrating a containment vessel, Figure 14 s a
perspective view of the Figure 5 embodiment
illustrating a closable too and sterile filters, and
Figure 15 s a perspective view of the Figure 5
embodiment illustrating a temperaiLife control jacket
surrounding the vessel Detailed Description of the
Preferred Embodiment A pneumatic bioreactr 10, as
illustrated in the embodiment of Figures 1-3 providing
ail of the desired features can be constructed from
the following components A containment vessel 15 is
provided The vessel 15 has a fop 20 a closed bottom
25, a surrounding wail 30 and is of sufficient size to
contain a fluid 35 io be mixed and a mixing apparatus
40 The mixing apparatus 0 incudes at least one gas
supply 45 The supply 45 terminates at an orifice 50
adjacent the bottom 25 of me vessel 15 Ai least one
buoyancy-d pven mixing device 55 is provided The
mixing device 55 moves in the fluid 35 as gas 80 from
the supply 45 is introduced into and vented from the
mixing device 55 When gas 60 is introduced into the
gas supply 45 the gas 60 will enter the mixing device
55 and cause the device to mix the fluid 35 The
buoyancy-d pven mixing device 55 further includes at
least one floating rnsxer 65 The mixer 65 has a
central, gas-holding chamber 70 and a plurality of
jn-xirsg elements 75 located a&out the central chamber
70 The mixing elements 75 are shaped to cause the
mixer 65 to agitate the fluid 35 as the mixer 65 rises
in the fluid 35 n the containment vessel 15 The
central chamber 70 as illustrated in Figures 8 and 9 ,
has a gas-venting valve 80 The valve 80 permits escape
of gas 60 as the central chamber 70 reaches a surface
85 of the fluid 35 A constrain ng member 90 s provided
The constraining member 90 limits Horizontal movement
of the floating mixer 65 as it rises or sinks in the
fluid 35 When gas 60 is introduced into the gas supply
45, the gas 60 will enter the gasholding chamber 70
and cause the floating mixer 65 to rise by buoyancy in
the fluid 35 while agitating the fluid 35 When the gas
venting valve 80 of the central chamber 70 reaches the
surface 85 of the fluid 35, the gas 60 will be
released and tne floating rnsxer 65 will sink toward
the bottom 25 of the containment vessel 15 5 where the
central chamber 70 will again be filled with gas 60,
causing the floating mixer 65 to rise Means 95 as
illustrated in the embodiment of Figure 7, are
provided for controlling a rate of assent of the
floating mixer 55 The means 95 for controlling the
rate of assent of the floating mixer 65 includes a
ferromagnetic substance 100 10 attached io either of
the floating mixer 65 or the constraining member 90
and a controllable electromagnet 105 located adjacent
the bottom 25 of the containment vessel 15 As il
ustrated in the embodiment of Figures 8 and 9 the
central, gasholding chamber 70 includes an opening 110
The opening 110 is located at an 15 upper end 115 of
the chamber 70 A vent cap 117 is provided The vent cap
117 is sized and shaped to seal the opening 110 when
moved upwardly against it by buoyancy from gas 60 from
the supply 45 A support bracket 120 is provided The
support bracket 120 ss located within the chamber 70
to support the vent cap 115 when it is lowered after
release of gas 60 fron the chamber 70 When the 20
chamber 70 rises to the surface 85 of the fluid 35 the
vent cap 115 will descend from its weight and tre
opening 110 will permit the gas 60 to escape the
chamber 70 will then sink in the fluid 35 and the vent
cap 115 will again rise due to buoyancy from a small
amount of gas 60 permanently enclosed in the vent cap
115. thereby sealing the open ng 110 As illustrated in
the embodiment of Figures 1-3, a second floating mixer
125 is provided A second constraining member 130 is
provided, limit ng horizontal movement of the second
mixer 125 as it pses in the fluid 35 Additional gas
supply 135 is provided The additional supply 135
terminates at an orifice 143 adjacent the bottom 25 of
the vessel 15 At least one pulley 140 is prov ded The
30 pulley 140 is attached to the Dottorr 25 of the
containment vessel 15 A flexible member 145 is
provided The flexible member 145 attaches the chamber
70 of the floating mixer 65 to a chamber 150 of the
second floating mixer 125 Theflexible member 145 ss of
a length permitting the gas venting valve 80 of the
chamber 70 of the floating riixer 85 to reach the
surface 85 of the fluid 35 while the chamber 70 of the
second floating mixe- 125 is spaced from the bottom 25
of the containment vessel 15 When the fioatng mixer 65
is propelled upwardly by 5 buoyancy from the gas 60
from the supply 45 the second floating mixer 125 is 



pulled downwardly by the flexible member 145 until the
gas 60 is released from the chamber 70 of the floating
mixer 65 as its gas venting valve 80 reaches the
surface 85 of tne flu d 35 The chamber 70 will then
sink in the fluid 35 as the second float ng mixer 125
rises by buoyancy from gas 60 introduced from the 10
additional supply 135 As can be seen in these Figures,
the m xing apparatus substantially spans the cross
section of the containment vessel The containment
vessel 15 may be formed of resilient material 155, the
material is steplizabie by gamma irradiation methods
As illustrated in the embodiment of Figures 5 and 6 ,
the buoyancy-driven 15 mixing device 10 includes at
least one floating plunger 160 The plunger 160 has a
central, gas-holding chamber 70 and at least one disk
165 located about the central chamber 70 The d sk 165
is shaped to cause the plunger 160 to agitate the
fluid 35 as the plunger 160 rises in the fluid 35 n
the containment vessel 15 The central chamber 70 has a
gas-venting valve 80 The vaive 80 permits escape 20 of
gas 60 as the central chamber 70 reaches a surface 85
of the fluid 35 A mixing partition 170 is provided The
partition 170 is located in the containment vessel 15
adjacent the floating plunger 160 and has at leasi one
aperture 175 to augment a m xing action of the
floating piunger 160 A constraining member 180 is
provided The constraining member 180 limits horizontal
movement of the plunger 160 as it rises or sinks in
the fluid 35 When gas 60 is introduced into the gas
supply 45 the gas 60 will enter the gas holding
chamber 70 and cause the floating plunger 160 to rise
Dy buoyancy in the fluid 35 while agitat ng the fluid
35 When the gas venting valve 80 of the central
chamber 70 reaches the surface 85 of the fluid 35, the
gas 60 wiil be released and the floating plunger 160
will sink 30 toward tne botiom 25 of the containment
vessel 15 where the central chamber 70 will again be
filled with gas 60 causing the floating piunger 160 to
riseA second floating plunger 185 is provided A second
constraining member 190 is provided, limiting
horizontal movement of the second plunger 185 as it
rises in the fluid 35 Additional gas supply 135 is
provided The additional supply 135 terminates at an
orifice 143 adjacent the bottom 25 of the vessel 15 At
least one 5 pulley 140 is provided. The pulley 140 is
attached to the bottom 25 of the containment vessel 15
A flexible member 145 is provided The flexible member
145 attaches the chamber 70 of the floating plunger
160 to a chamber of the second floating plunger 185
The flexible member 145 is of a length permitting the
gas venting valve 80 of the chamber 70 of the float*
ng plunger 160 to reach the 10 surface 85 of the fluid
35 while the chamber 70 of the second floating plunger
185 ss spaced from the bottom 25 of tne containment
vessel 15 The mixing partition 170 'S located between
the floating plunger 160 and the second floating
plunger 185 When tie floating plunger 160 is propelled
upwardly by buoyancy from the gas 60 from the supply
45 the second float ng plunger 185 is pulled
downwardly 15 by the flexible member 145 until the gas
60 is released from the chamber 70 of the floating
plunger 160 as its gas venting valve 80 reaches the
surface 85 of the fluid 30 The floating plunger 160
wii! then sink in the fluid 35 as the second floating
plunger 185 rises by buoyancy from gas 60 introduced
from the additional supply 135 As seen in these
Figures, the mixing apparatus substantially spans the
cross section of the containment vessel As illustrated
in the embodiment of Figures 10-13, the pneumatic
bioreactor 10 includes a cylindrical chamber 195 The
chamber 195 has an inner surface 200, an outer surface
205, a first end 210, a second end 215 and a central
axis 220 At least one mixing plate 225 is provided The
mixing plate 225 is attached 25 to the inner surface
200 of the chamber 195 First 230 and second 235
flanges are provided The flanges 230, 235 are mounted
to the cylindrical chamber 195 at the first 210 and
second ends 215, respectively First 240 and second 245
p vot points are provided The pivot points 240 245 are
attached to the first 230 and second 235 flanges,
respectively and to the containment vessel 15, thereby
30 permitt ng the cylindrical chamber 195 to rotate
about the central axis 220 A plurality of gas holding
members 250 are provided The members 250 extend from
t^e first flange 230 to the second flange 235 along
the outer surface 205 ofthe cy; indnea: chamber 195
and are sized and shaped to entrap gas bubbles 255
from the gas supply 45 The gas supply 45 term. nates
adjacent the cylindrical chamber 195 on a first side
280 of the chamber 195 below the gas holding members
250 When gas 60 s introduced into the containment
vessel 15 through the supply 45 t wiil pse in the
fluid 35 and gas bubbles 255 will be entrapped Dy the
gas hoiding memoers 250 This will cause the
cylindrical cpamber 195 to rotate on the pivot points
240, 245 in a first direction 282 and the at least one
mixing plate 225 to agitate the fluid 35 As seen in
these Figures the mixing apparatus substantia Iy spans
the cross section of the containment vessel The rate
of rotation of ihe cylindrical chamber 195 may be
controlled by varying a rate of introduction of gas 60
into the gas supply 45 As illustrated in Figure 12, an
additional gas supply 135 may be provided The
additional supply 135 terminates adjacent the
cylindrical chamber 195 on a second, opposite side 265
of ihe chamber 195 below the gas holding members 250
Gas 80 from the additional supply 135 causes the
cylindrical chamber 195 to rotate on tne oivot points
240,245 in a second, opposite direction 270 As
illustrated n F gures 10 and 13, the at least one
mixing plate 225 has at least one aperture 275 to
augment mixing of the fluid 35 in the containment
vessel 15 As illustrated in Figure 14, the containment
vessel 15 further includes a cSosaOie tcp 280 The top
nas a vent 285, permitting the escape of gas 60 from
ihe gas supply 45 through a sterile fi ter 290 As
illustrated in Figure 15, a temperature control jacket
235 s provided The jacket 295 surrounds the
containment vessel 15 As illustrated in Figures 1-3, a
pneumatic bioreactor 10 includes a containment vessel
15 The vessel 15 has a top 20 a closed bottom 25. a
surrounding wall 30 and is of sufficient size to
contain a fluid 35 to be mixed ana a mix ng apparatus
40 The mixing apparatus 40 includes at least one gas
supply 45 The supply 45 term nates at an orifice 50 at
the bottom 25 of the vessel 15 At least one floating
impeller 300 is provided The impelier 300 has a
central, gascontaining chamber 70 and a plurality of
impelier blades 305 arcurately located about t e
central cnamber 70 he impeller Dlades 305 are shaped
to cause theimpeller 300 to revolve about a vertical
axis 310 as the imoeller 300 rises in fluid 35 n the
containment vessel 15 The central chamber 70 has a
gas-venting valve 80 The valve 80 permits escape of
gas 60 as the centra! chamber 70 reaches a surface 85
of the fluid 35 An outside housing 315 is provided The
housing 315 is png-shaped and surrounds the floating
impeller 300 and constrains its lateral movemeni At
least one supporting pole 320 s provided The pole 320
extends from the bottom 25 upwardly loward the top 20
Tne outside housing 315 is slidably attached to the
supporting poie 320 Tne floating impeller 300 is
rotatabiy attached to the outside housing 315 When gas
60 is introduced into the gas supply 45 the gas 60
will enter the gas containing chamber 70 and cause tne
floating impeller 300 to rise n the fluid 35 while
rotating and mixing the fiu'd 35 When the gas venting
valve 80 of the central chamber 70 reaches the surface
85 of the fluid 35, the gas 80 will be released anc
the floating impeller 300 will sink toward the bottom
25 of the containment vessel 15 where the central
chamber 70 will again be filled with gas 60, caus.ng
the floating impeller 300 to rise As llustrated in
Figures 2 and 4A, the impeher blades 305 are rotatabiy
mounted to the central chamber 70 and the central
chamber ,7Ois fixedly attached to the outside housing
315 As illustrated in Figures 2A and 4 , the impeller
blades 305 are fixedly mounted to the central chamber
70 and rotatabiy mounted to the outside housing 



315 The outside housing 315 further includes a
horizontal interior groove 322 located on an inner
surface 325 of the housing 315 The impeHer Diades 305
include a projection 330. s>zed and shaped to fit
slidably within the groove 322 As illustrated in
Figure 7, means 95 are provided for controlling a rate
of assent o the floating speller 300 The means 95 for
controlling a rate of assent of the floating impeller
300 includes a ferromagnetic substance 100 attached to
either the floating impeller 300 or the outside
housing 315 and a controllable electromagnet 105
located adjacent the bottom 25 o the containment
vessel 15As illustrated in Figures 8 and 9, the
central, gas-containing chamber 70 further includes an
ooenirsg 110 iocated at an upper end 115 of the
chamber 70 A vent cap 115 is provided. The vent cap
115 ^s sized and shaped to sea! tie opening 110 when
moved upwardly against it by pressure from gas 60 from
the 5 supply 45 A support bracket 120 is provided The
support bracket 120 is located within the chamber 70
to support the vent cap 115 when it is lowered after
release of gas 60 from the chamber 70 When the chambe
70 rises to the surface of the fluid 35 the vent cap
115 will descend from its weight and the opening 110
will permit the gas 60 to escape The floating impeller
300 will then sink in the fluid 35 10 and the vent cap
115 wiii again rise due to pressure from gas 60
introduced into the chamber 70 from the gas 45,
thereby sealing the opening 110 The vent cap 115
further includes an enclosed gas cell 310 Tne ceil 310
causes the cap 115 to float in the fluid 35 and
thereby to reseal the opening 110 after the gas SO has
seen released when the chamber 70 reached the surface
85 15 of the fluid 35 As illustrated in Figures 1 and
3 , the pneumatic bioreactor 10 further includes a
second floating impeller 317 A second outside housing
324 surround ng tie seccnd floating mpeller 317 is
provided At least one additional supporting pole 326
is provided Additional gas supply 135 is provided The
20 additional supply 135 terminates at an orifice 143
at the bottom 25 of the vessel 5 The second ojtside
housing 324 is siidably attached to the additional
supporting pole 325 The second floating impeller 317
is rotatably attached to the second outside housing
324 At least one pulley 140 is provided The pulley 140
is attached to the bottom 25 of the containment vessel
15 25 A flexible member 145 is provided The flexible
member 145 attaches tne chamber 70 of tne floating
impeller 300 to a chamber 70 of the second floating
impeiier 317 The flexible member 145 is of a length to
permit the gas venting valve 80 of tne chamber 70 of
the floating impe er 300 to reach the surface 85 of
the fluid 35 while the chamber 70 of the second
floating impeller 317 is spaced 30 from the bottom 25
of the containment vessel 15 When the floating
impeller 300 is propelled upwardly by pressure from
the gas 60 from the supply 45 the second floating
impeller 315 w<li be pulled downwardly by the flexible
member 145 untilthe gas 60 is released from the
chamber 70 of the floating impeller 300 as its gas
venting vaive SO reaches the surface 85 of the fluid
35, the floating impeller 300 will then sink in the
fluid 35 as the second floating impeller 3 15 rises
under pressure from gas 60 introduced from the
additional supply 135 An appreciation of the other
aims and objectives of the present invention and an
understanding of it may be achieved by referring to
the accompanying drawings and the detailed description
of a preferred embodimentCLAIMS 1 A pneumatic
bioreactor comprising a containment vessel, mixing
apparatus in the containment vessel including a gas
supply having 5 at least one opfice in the vessel and
at least one buoyancy-driven mixing device above the
at least one opfice, respectively, the mixing
apparatus substantially spanning the cross section of
the containment vessel 2 The pneumatic bioreactor of
claim 1, the buoyancy-driven mixing device including
at least one floating mixer having a central,
gas-holding chamber 10 and a plurality of mixing
elements disposed about the central chamber the mixing
elements being shaped to cause the mixer to agitate as
the rruxer rises n the containment vessel,  e central
chamber having a gas-venting valve permitting escape
of gas as the central chamber reaches a fluid surface
and a constraining member limiting horizontal movement
of the floating mixer as if rises o sinks 15 3 The
pneumatic bioreactor of claim 2 further comprising
means for controlling a rate of assent of the floating
mixer 4 The pneumatic bioreactor of claim 8 the
buoyancy-driven mixing device further including a
second said floating mixer a second said constraining
member associated with the second said floating mixer,
at least one pulley said 23 pulley being fixe relative
to the containment vessel and a flexible member
extending between the first and second floating mixers
and through the pu ey 5 The pneumatic bioreactor of
claim 1, the buoyancy-driven mixing device including
at least one floating plunger having a central,
gas-holding chamber and at least one disk disposed
about the central chamber, e central 25 chamber havmg
a gas-venting valve permitting escape of gas as the
central chamber reacnes a fluid surface and a
constraining member limiting horizontal movement of
the Posting mixer as it rises or sinks a mixing
partition being disposed in the containment vessel
adjacent the floating plunger and having at least one
aperture to augment a mixing action of the floating
plunger and a 30 constraining member limiting
horizontal movement of the plunger as it rises or
sinks6 The pneumatic bioreactor of claim 5 the
buoyancy-driven mixing device inducing a second said
floating plunger, a second said constraining member
associated with the second said floating plunger, a
second said orifice, at least one pulley, sasd pulley
being fixed relative to the containment vessel, and a
5 flexible member extending between the first and
second floating plungers and through the oulley the
mixing partition being disposed between said floating
plunger and said second floating plunger 7 The
pneumatic bioreactor of claim 1, the buoyancy-driven
mixing device including a cylindrical chamber
rotatabiy mounted relative to ihe 10 containment
vessel about a first axis and having an inner surface,
an outer surface, at least one mixing plate within the
inner surface, a plurality of gas holding members
aoout the outer surface of the cylindrical chamber
sized and shaped to entrap gas bubbles from the gas
supply S The pneumatic bioreactor of claim 7, the gas
supply having a 15 second onfice, the first and second
orifices being to either side of the first axis below
said gas holding members gas from the two orifices
causing the cylindrical chamber to rotate in opposite
directions 9 The pneumatic bioreactor of claim 7 , the
at least one rnixirg plate has at ieast one aperture
to augment mixing of the fluid in said containment 20
vessel 


