
CYCLOPROPANECARBQXAMIDE DERIVATIVES Technical Field
This invention relates to novel substituted
N-(N-sulfonylaminoarylmethyl)cyclopropanecarboxamide
compounds and to their use in therapy. These compounds
are particularly useful as antagonists of the VR1
(Type I Vanilloid) receptor, and are thus useful for
the treatment of pain, neuralgia, neuropathies, nerve
injury, burns, migraine, carpal tunnel syndrome,
fibromyalgia, neuritis, sciatica, pelvic
hypersensitivity, bladder disease, inflammation, or
the like in mammals, especially humans. The present
invention also relates to a pharmaceutical composition
comprising the above compounds and to intermediate
compounds useful for preparing the above compounds.
Background Art The Vanilloid receptor 1 (VR1) is a
ligand gated non-selective cation channel. It is
believed to be a member of the transient receptor
potential super family. VR1 is recognized as a
polymodal nociceptor that integrates multiple pain
stimuli, e.g., noxious heat, protons, and vanilloids
(European Journal of Physiology 451 :15 1- 159, 2005).
A major distribution of VR1 is in the sensory (Ad- and
C-) fibers, which are bipolar neurons having somata in
sensory ganglia. The peripheral fibers of these
neurons innervate the skin, the mucosal membranes, and
almost all internal organs. It is also recognized that
VR1 exists in bladder, kidney, brain, pancreas, and
various kinds of organs. A body of studies using VR1
agonists, e.g., capsaicin or resiniferatoxin, have
suggested that VR1 positive nerves are thought to
participate in a variety of physiological responses,
including nociception (Clinical Therapeutics. 13(3):
338-395, 1991, Journal of Pharmacology and
Experimental Therapeutics 314:410-421, 2005, and
Neuroscience Letter 388: 75-80, 2005). Based on both
the tissue distribution and the roles of VR1 , VR1
antagonists would have good therapeutic potential.
International Patent Application Number
WO-A-2005003084 discusses 4-
(methylsulfonylamino)phenyl analogues which are stated
to have activity as VR1 antagonists. International
Patent Application Number WO20021 631 8 discloses a
variety of sulfonylaminobenzylthiourea derivatives and
N-sulfonylaminobenzyl-2-phenoxyacetamide derivatives
as modulators for vanilloid receptor. International
Patent Application Number WO2004047738 discloses a
variety of arylcyclopropylcarboxylic amides as
potassium channel openers. It would be desirable if
there were provided improved VR1 selective antagonist
with enhanced binding activity with the VR1 receptor
by systemic administration and with a good half-life.
Other potential advantages include less toxicity, good
absorption, good solubility, low protein binding
affinity, less drugdrug interaction, a reduced
inhibitory activity at HERG channel, reduced QT
prolongation and good metabolic stability. Brief
Disclosure of the Invention It has now been found that
substituted
N-(N-sulfonylaminoarylmethyl)cyclopropanecarboxamide
compounds are potent VR1 antagonists with analgesic
activity by systemic administration. The compounds of
the present invention may show less toxicity, good
absorption, good half-life, good solubility, low
protein binding affinity, less drug-drug interaction,
a reduced inhibitory activity at HERG channel, reduced
QT prolongation and good metabolic stability.The
present invention provides a compound of the following
formula (I): (I) wherein A and B are independently
CR12 or N; D and E are each independently CR9 or N; R1
represents (Ci-C 6)alkyl; R2 represents hydrogen,
halogen, hydroxy, (Ci-C 6) alkyl, halo(C1-C6) alkyl,
hydroxy(Ci-C 6)alkyl, (C1- C6)alkoxy or
(C1-C6JaIkOXy-(C1-C6)alkyl; R3, R4, R5, R6, R10 and
R11each independently represent hydrogen, halogen, (Cr
C6)alkyl, halo(C 1-C6)alkyl, (C1-C6JaIkOXy, hydroxy(C
1-C6)alkyl or (C1-C6)alkoxy-(C 1-C6)alkyl; or R3 and
R4 are taken together with the carbon atom to which
they are attached to form a 3- to 7- membered
carbocyclic ring or heterocyclic ring in which one or
two non-adjacent carbon atoms are optionally replaced
by an oxygen atom, a sulfur atom or NH; R7 and R9 each
independently represent hydrogen, halogen, (d-C
6)alkyl, halo(C 1-C6)alkyl, hydroxy(C r C6)alkyl, (Cr
C6)alkoxy, hydroxy(C 1-C6)alkoxy, (C1-C6)alkoxy-(C
1-C6)alkyl, (d-CeJalkoxy-fd-CeJalkoxy, (Cr
C6)alkylthio, (Cr C6)alkylsulfinyl, (d-C
6)alkylsulfonyl, NH2, [(CrCeJalkylJNH-, [(CrC
6)alkyl]2N-, H2N- (C1-C6JaIkOXy, (C1-C6)alkyl-NH-(C r
C6)alkoxy, [(d-CeJalkyljsNfd-C fOalkoxy;
H2N-(C1-C6JaIkOXy-(C1- C6)alkyl,
(d-CeJalkyl-NH-fd-CeJalkoxy-fd-C Oalkyl,
[(C1-C6)alkyl]2N(C1-C6)alkoxy-(C 1-C6)alkyl or 5- or
6- membered heterocyclic ring containing at least one
nitrogen atom; R8 represents halogen, (d-C 6)alkyl,
halo(C 1-C6)alkyl, hydroxy(C r C6)alkyl,
(C1-C6JaIkOXy, hydroxy(C 1- C6)alkoxy, (Cr
C6)alkoxy-(d-C 6)alkyl, (CrCeJalkoxy-fCrCeJalkoxy,
halo(C 1-C6)alkylsulfonyl, halo(C r C6)alkylsulfinyl,
halo(C r C6)alkoxy, (IaIo(C1-C6)alkylthio, [(d-C
6)alkyl]NH- or [(d-C 6)alkyl] 2N-; or R7 and R8, when
E is CR9, are taken together with the carbon atoms to
which they are attached form a 5-8 membered
carbocyclic or heterocyclic ring, in which one or two
non-adjacent carbon atoms are optionally replaced by
oxygen, sulfur, N or NH groups, wherein the
carbocyclic ring or the heterocyclic ring is
unsubstituted or substituted with one or more
substituents each independently selected from the
group consisting of hydroxy, (Ci-C b)alkyl,
(C1-C6JaIkOXy and hydroxy(C r C6)alkyl; and R12
represents hydrogen, halogen, (CrC 6)alkyl or
hydroxy(d -C6)alkyl; or a pharmaceutically acceptable
salt or solvate thereof. Detailed Description of the
Invention As used herein, the term "halogen" means a
fluoro, a chloro, a bromo or an iodo atom, preferably
a fluoro or a chloro atom. As used herein, the terms
"(d-C 6)alkyl" and "(d-C 3)aIkyl" mean straight or
branched chain saturated radicals having the required
number of carbon atoms, including, but not limited to
methyl, ethyl,n-propyl, /so-propyl, n-butyl,
/so-butyl, seconda/y-butyl, ferf-butyl and
2-methylbutyl groups. Preferred alkyl groups are
methyl, ethyl, n-propyl, n-butyl, terf-butyl and
2-methylbutyl groups. As used herein, the term
"hydroxyfd-C Jalkyl" means (d-C 6)alkyl radical as
defined above which is substituted by at least one
hydroxy group including, but not limited to,
hydroxymethyl, hydroxyethyl, hydroxy n-propyl, hydroxy
/so-propyl (e. g. 2-hydroxy-1 ,1 -dimethylethyl),
hydroxy n-butyl, hydroxy /so-butyl, hydroxy
seconda/y-butyl and hydroxy terf-butyl. Preferred
hydroxyalkyl groups are hydroxymethyl, hydroxyethyl,
hydroxy n-propyl, hydroxy /so-propyl (e. g.
2-hydroxy-1 ,1-dimethylethyl) and hydroxy n-butyl. As
used herein, the term "(d-C 6)alkoxy" means (d-C
6)alkyl-O- wherein (CrC 6)alkyl radical is as defined
above, including, but not limited to methoxy, ethoxy,
n-propoxy, /so-propoxy, n-butoxy, /so-butoxy,
sec-butoxy and tert-butoxy. Preferred alkoxy groups
are methoxy, ethoxy, n-propoxy, n-butoxy and
tertbutoxy. As used herein, the term "hydroxy(C
1-C6)alkoxy" means (d-C 6)alkoxy radical as defined
above which is substituted by hydroxy group including,
but not limited to, hydroxymethoxy, hydroxyethoxy,
hydroxy n-propoxy, hydroxy /so-propoxy, hydroxy
n-butoxy, hydroxy /so-butoxy, hydroxy seobutoxy and
hydroxy tert-butoxy. Preferred hydroxyalkoxy groups
are hydroxymethoxy, hydroxyethoxy, hydroxy npropoxy
and hydroxy n-butoxy. As used herein, the term
"(C1-C6)alkoxy-(C 1-C6)alkyl" means (d-C 6)alkyl
radical as defined above which is substituted by
(C1-C6)BIkOXy group as defined above. As used herein,
the term "(C1-C6)alkoxy-(C 1-C6)alkoxy" means (d-C
6)alkoxy radical as defined above which is substituted
by (d-C 6)alkoxy as defined above. Preferred
alkoxy-alkoxy groups are methoxy methoxy, methoxy
ethoxy or ethoxy ethoxy groups. As used herein the
term "halo(d-C 6)alkyl", means (d-C 6)alkyl radical
which is substituted by one or more halogen atoms as
defined above including, but not limited to,
fluoromethyl, difluoromethyl, trifluoromethyl,
2-fluoroethyl, 2,2-difluoroethyl,
2,2,2-trifluoroethyl, 2,2,2-trifluoro-i
,1-dimethylethyl, 2,2,2- trichloroethyl,
3-fluoropropyl, 4-fluorobutyl, chloromethyl,
trichloromethyl, iodomethyl, bromomethyl and
4,4,4-trifluoro-3-methylbutyl groups. Preferred
halo(d-C 6)alkyl groups are fluoromethyl,
difluoromethyl, trifluoromethyl, 2-fluoroethyl,
2,2-difluoroethyl, 2,2,2-trifluoroethyl and
2,2,2-trifluoro-1 ,1 -dimethylethyl groups. As used
herein the terms "halo(C 1-C6)alkoxy", and
"HaIo(C1-C3JaIkOXy" mean (d-C 6)alkyl-O- or (Ci-C
3)alkyl-O- , which is substituted by one or more
halogen atoms as defined above including, but not
limited to, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, 2-fluoroethoxy, 2,2-difluoroethoxy,
2,2,2- trifluoroethoxy,
2,2,2-trifluoro-1,1-dimethylethoxy,
2,2,2-trichloroethoxy, 3-fluoropropoxy,
4-fluorobutoxy, chloromethoxy, trichloromethoxy,
iodomethoxy, bromomethoxy and
4,4,4-trifluoro-3-methylbutoxy groups. Preferred
halo(d-C 6)alkyl-O- or halo(d-C 3)alkyl-O- groups are
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
2-fluoroethoxy, 2,2-difluoroethoxy,
2,2,2-trifluoroethoxy and 2,2,2-trifluoro-1,1-
dimethylethoxy groups. As used herein, the terms
"halo(C 1-C6)alkyIthio" and "halofd-CjOalkylthio" mean
(Cr C6)alkyl-Sor (d-C 3)alkyl-S-, which is substituted
by one or more halogen atoms as defined above,
including, but not limited to fluoromethylthio,
difluoromethylthio, trifluoromethylthio,
2-fluoroethylthio, 2,2-difluoroethylthio,
2,2,2-trifluoroethylthio,
2,2,2-trifluoro-1,1-dimethylethylthio,
2,2,2-trichloroethylthio, 3-fluoropropylthio,
4-fluorobutylthio, chloromethylthio,
trichloromethylthio, iodomethylthio, bromomethylthio
and 4,4,4-trifluoro- 3-methylbutylthio groups.
Preferred halo(Ci-C 6)alkylthio or halo(C
1-C3)alkylthio groups are fluoromethylthio,
difluoromethylthio, trifluoromethylthio,
2-fluoroethylthio, 2,2-difluoroethylthio, 2,2,2-
trifluoroethylthio and
2,2,2-trifluoro-1,1-dimethylethylthio groups. As used
herein, the terms "halo(CrC 6)alkylsulfinyl" and
haIo(Ci-C 3)alkylsuIfinyl ' mean (Cr C6)alkyl-SO- or
(Ci-C 3)alkyl-SO-, which is substituted by one or more
halogen atoms as defined above, including, but not
limited to fluoromethylsulfinyl,
difluoromethylsulfinyl, trifluoromethylsulfinyl, 2-
fluoroethylsulfinyl, 2,2-difluoroethylsulfinyl,
2,2,2-trifluoroethylsulfinyl, 2,2,2-trifluoro-1 , 1-
dimethylethylsulfinyl, 2,2,2-trichloroethylsulfinyl,
3-fluoropropylsulfinyl, 4-fluorobutylsuIfinyl,
chloromethylsulfinyl, trichloromethylsulfinyl,
iodomethylsulfinyl, bromomethylsulfinyl and
4,4,4-trifluoro-3- methylbutylsulfinyl groups.
Preferred halo(CrC 6)alkylsulfinyl or halo(Ci-C
3)alkylsulfinyl groups are fluoromethylsulfinyl,
difluoromethylsulfinyl, trifluoromethylsulfinyl,
2-fluoroethylsulfinyl, 2,2- difluoroethylsulfinyl,
2,2,2-trifluoroethylsulfinyl and 2,2,2-trifluoro-1,1
-dimethylethylsulfinyl groups. As used herein, the
terms "halo(CrC 6)alkyIsulfonyl "and "halo(d-C
3)alkylsulfonyl "mean (C1- C6)alkyl-SO2- or
(CrCsJalkyl-SCV, which is substituted by one or more
halogen atoms as defined above, including, but not
limited to fluoromethylsulfonyl,
difluoromethylsulfonyl, trifluoromethylsulfonyl, 2-
fluoroethylsulfonyl, 2,2-difluoroethylsulfonyl,
2,2,2-trifluoroethylsulfonyl, 2,2,2-trifluoro-1 , 1-
dimethylethylsulfonyl, 2,2,2-trichloroethylsulfonyl,
3-fluoropropylsulfonyI, 4-fluorobutylsulfonyl,
chloromethylsulfonyl, trichloromethylsulfonyl,
iodomethylsulfonyl, bromomethylsulfonyl and
4,4,4-trifluoro- 3-methylbutylsulfonyl groups.
Preferred haIo(CrC 6)alkylsulfonyl or halo(C
1-C3)alkylsulfonyl groups are fluoromethylsulfonyl,
difluoromethylsulfonyl, trifluoromethylsulfonyl,
2-fluoroethyIsulfonyl, 2,2- difluoroethylsulfonyl,
2,2,2-trifluoroethylsulfonyl and 2,2,2-trifluoro-1
,1-dimethylethylsulfonyl groups. As used herein, the
term "3 to 7 membered carbocyclic ring " and "5 to 8
membered carbocyclic ring " means a saturated
carbocyclic ring having the required number of carbon
atoms including, but not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl.
Preferred carbocyclic rings are cyclopropyl,
cyclopentyl and cyclohexyl. As used herein the term "3
to 7 membered heterocyclic ring" and "5 to 8 membered
heterocyclic ring" means a carbocyclic ring having the
required number of carbon atoms in which one or two
non-adjacent carbon atoms are replaced by oxygen,
sulfur or NH. Examples of such heterocyclic rings
include, but are not limited to, tetrahydrofuran,
tetrahydrothiophen, tetrahydrothiazole,
tetrahydropyrrole, tetrahydropyran,
tetrahydropyridine, tetrahydroprazine,
tetrahydropyrimidine and 3,4- dihydro-2AV-pyran.
Preferred heterocyclic rings are tetrahydrofuran,
tetrahydrothiophen, tetrahydropyrrole,
tetrahydropyridine and 3,4-dihydro-2/7-pyran. As used
herein the term "5- or 6- membered heterocyclic ring
containing at least one nitrogen atom" means 5- or
6-membered heterocyclic ring containing either from 1
to 3 nitrogen heteroatoms, or 1 or 2 nitrogen
heteroatoms and 1 oxygen or 1 sulphur heteroatom
including, but are not limited to, 1Hpyrrole,
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolidino,
2-pyrrolidyl, 3-pyrrolidyl, piperidino, 2-piperidyl,
3-piperidyl, 4-piperidyl, morpholino and
thiomorpholino. Preferred 5- or 6- membered
heterocyclic rings are 2-pyridyl, 4-pyridyl,
pyrrolidino, piperidino, morpholino and
thiomorpholino. As used herein, the term
"[(Ci-C6)alkyl]NH-" means alkyl-NH- wherein alkyl is
defined above,including, but not limited to
methylamino, ethylamino, n-propylamino,
/so-propylamino, n-butylamino, isobutylamino,
seconda/y-butylamino, tert-butylamino. Preferred
alkylamino groups are methylamino, ethylamino,
n-propylamino, n-butylamino. As used herein, the term
"[(Ci-C 6)alkyl] 2N-" means dialkyl-N- wherein alkyl
is defined above, including, but not limited to
dimethylamino, diethylamino, methylethylamino, di
n-propylamino, methyl npropylamino, ethyl
n-propylamino di/so-propylamino, di n-butylamino,
methyl n-butylamino di isobutylamino, di
secondary-butylamino, di tert-butylamino. Preferred
dialkylamino groups are dimethylamino, diethylamino,
di n-propylamino, di p-butylamino. Preferably A is
CR12, B is CR12 or N, D is CR9, and E is CR9 or N;
more preferably A is CR12 , B is CR12 or N, D is CR9,
and E is CR9 or N, wherein B and E are not N at the
same time; still more preferably A is CR12, B is CR12
or N, D is CR9, and E is CR9 or N, except when B is N,
and R8 is trifluoromethyl; or E is N, and R2 is
fluoro; most preferably A is CR12 , B is CR12, D is
CR9, and E is CR9. Preferably R1 is (d-C 3)alkyl; more
preferably methyl. Preferably R2 is hydrogen, halogen,
(CrC 6)alkyl, or hydroxy(CrC 6)alkyl; more preferably
hydrogen, fluoro, methyl, ethyl, hydroxymethyl or
hydroxyethyl. Preferably R3 is hydrogen or
(C1-C3)alkyl; still more preferably hydrogen, methyl
or ethyl; most preferably methyl or ethyl. Preferably
R4 is hydrogen or (Cr C3)aIkyl; still more preferably
hydrogen, methyl or ethyl; most preferably hydrogen.
Preferably R5, R6, R10 and R11 are each independently
hydrogen, halogen, (C1-C3JaIkVl or hydroxy(Ci-C
3)alkyl, more preferably R5 is hydrogen; more
preferably R6 is hydrogen, (CrC 3)alkyl, (C1-
C3)alkoxy or hydroxy(C 1-C3)alkyl; still more
preferably hydrogen, methyl, ethyl, methoxy or
hydroxymethyl; most preferably methyl, ethyl or
methoxy; more preferably R10 and R11 are each
independently hydrogen. Preferably R7 and R9 are each
independently hydrogen, halogen, hydroxy(Ci-C 6)alkyl,
[(C1- C6)alkyl]2N-, pyridyl, piperidino, pyrrolidino
or morpholino ; more preferably hydrogen, fluoro,
chloro, hydroxymethyl, dimethylamino, 4-pyridyl
(4-yl-pyridine), piperidino, pyrrolidino or
morpholino; most preferably hydrogen or fluoro.
Preferably R8 is (Ci-C 6)alkyl, halo(Cr C6)alkyl,
hydroxy(C 1-C6)alkyl, (C1-C3JaIkOXy,
(C1-C6JaIkOXy-(C1- C6)alkyl, [IaIo(C 1-C3)alkoxy,
(IaIo(C1-C3)alkylthio or halo(C 1-C3)alkylsulfonyl;
more preferably (C1-C6JaIkVl, halo(C1-C6)alkyl,
1IaIo(C1-C3)alkoxy, hydroxy^ -C6) alkyl,
(C1-C6)alkoxy-(C 1-C6)alkyl, halo(C r C3)alkylthio or
halo(C1-C3)alkylsulfonyl; still more preferably
tert-butyl, trifluoromethyl,
2,2,2-trifluoro-1,1-dimethylethyl, trifluoromethoxy,
trifluoromethylthio, trifluoromethylsulfonyl,
2-hydroxy-1,1-dimethylethyl or2-methoxy-1,1-
dimethylethyl; most preferably tert-butyl,
trifluoromethyl, 2,2,2-trifluoro-1,1-dimethylethyl,
trifluoromethoxy or trifluoromethylthio. Preferably
R12 is hydrogen, halogen, (Ci-C b)alkyl, or hydroxy(C
r C6)alkyl; more preferably hydrogen, fluoro, methyl,
ethyl, hydroxymethyl or hydroxyethyl. Preferably R5
and R6 are trans. Preferred compounds of the invention
include those in which each variable in formula (I) is
selected from the preferred groups for each
variable.Specific preferred compounds of the invention
are those listed in the Examples section below and the
pharmaceutically acceptable salts and solvates
thereof. The compounds of formula (I), being VR1
antagonists, are potentially useful in the treatment
of a range of disorders, particularly the treatment of
acute cerebral ischemia, pain, chronic pain, acute
pain, nociceptive pain, neuropathic pain, inflammatory
pain, post herpetic neuralgia, neuropathies,
neuralgia, diabetic neuropathy, HIV-related
neuropathy, nerve injury, rheumatoid arthritic pain,
osteoarthritic pain, burns, back pain, visceral pain,
cancer pain, dental pain, headache, migraine, carpal
tunnel syndrome, fibromyalgia, neuritis, sciatica,
pelvic hypersensitivity, pelvic pain, menstrual pain,
bladder disease, such as incontinence, micturition
disorder, renal colic and cystitis, inflammation, such
as burns, rheumatoid arthritis and osteoarthritis,
neurodegenerative disease, such as stroke, post stroke
pain and multiple sclerosis, pulmonary disease, such
as asthma, cough, chronic obstructive pulmonary
disease (COPD) and broncho constriction,
gastrointestinal disorders, such as gastroesophageal
reflux disease (GERD), dysphagia, ulcer, irritable
bowel syndrome (IBS), inflammatory bowel disease
(IBD), colitis and Crohn's disease, ischemia, such as
cerebrovascular ischemia, emesis, such as cancer
chemotherapy-induced emesis, and obesity, or the like
in mammals, especially humans. The treatment of pain,
particularly neuropathic pain, is a preferred use.
Physiological pain is an important protective
mechanism designed to warn of danger from potentially
injurious stimuli from the external environment. The
system operates through a specific set of primary
sensory neurones and is activated by noxious stimuli
via peripheral transducing mechanisms (see Millan,
1999, Prog. Neurobiol., 57, 1-164 for a review). These
sensory fibres are known as nociceptors and are
characteristically small diameter axons with slow
conduction velocities. Nociceptors encode the
intensity, duration and quality of noxious stimulus
and by virtue of their topographically organised
projection to the spinal cord, the location of the
stimulus. The nociceptors are found on nociceptive
nerve fibres of which there are two main types,
A-delta fibres (myelinated) and C fibres
(non-myelinated). The activity generated by nociceptor
input is transferred, after complex processing in the
dorsal horn, either directly, or via brain stem relay
nuclei, to the ventrobasal thalamus and then on to the
cortex, where the sensation of pain is generated. Pain
may generally be classified as acute or chronic. Acute
pain begins suddenly and is short-lived (usually
twelve weeks or less). It is usually associated with a
specific cause such as a specific injury and is often
sharp and severe. It is the kind of pain that can
occur after specific injuries resulting from surgery,
dental work, a strain or a sprain. Acute pain does not
generally result in any persistent psychological
response. In contrast, chronic pain is long-term pain,
typically persisting for more than three months and
leading to significant psychological and emotional
problems. Common examples of chronic pain are
neuropathic pain (e.g. painful diabetic neuropathy,
postherpetic neuralgia), carpal tunnel syndrome, back
pain, headache, cancer pain, arthritic pain and
chronic post-surgical pain. When a substantial injury
occurs to body tissue, via disease or trauma, the
characteristics of nociceptor activation are altered
and there is sensitisation in the periphery, locally
around the injury and centrally where the nociceptors
terminate. These effects lead to a hightened sensation
of pain. In acute pain these mechanisms can be useful,
in promoting protective behaviours which may better
enable repair processes to take place. The normal
expectation would be that sensitivity returns to
normal once the injury has healed. However, in many
chronic pain states, the hypersensitivity far outlasts
the healingprocess and is often due to nervous system
injury. This injury often leads to abnormalities in
sensory nerve fibres associated with maladaptation and
aberrant activity (Woolf & Salter, 2000, Science, 288,
1765-1768). Clinical pain is present when discomfort
and abnormal sensitivity feature among the patient's
symptoms. Patients tend to be quite heterogeneous and
may present with various pain symptoms. Such symptoms
include: 1) spontaneous pain which may be dull,
burning, or stabbing; 2) exaggerated pain responses to
noxious stimuli (hyperalgesia); and 3) pain produced
by normally innocuous stimuli (allodynia - Meyer et
al., 1994, Textbook of Pain, 13-44). Although patients
suffering from various forms of acute and chronic pain
may have similar symptoms, the underlying mechanisms
may be different and may, therefore, require different
treatment strategies. Pain can also therefore be
divided into a number of different subtypes according
to differing pathophysiology, including nociceptive,
inflammatory and neuropathic pain. Nociceptive pain is
induced by tissue injury or by intense stimuli with
the potential to cause injury. Pain afferents are
activated by transduction of stimuli by nociceptors at
the site of injury and activate neurons in the spinal
cord at the level of their termination. This is then
relayed up the spinal tracts to the brain where pain
is perceived (Meyer et al., 1994, Textbook of Pain,
13-44). The activation of nociceptors activates two
types of afferent nerve fibres. Myelinated A-delta
fibres transmit rapidly and are responsible for sharp
and stabbing pain sensations, whilst unmyelinated C
fibres transmit at a slower rate and convey a dull or
aching pain. Moderate to severe acute nociceptive pain
is a prominent feature of pain from central nervous
system trauma, strains/sprains, burns, myocardial
infarction and acute pancreatitis, post operative pain
(pain following any type of surgical procedure),
posttraumatic pain, renal colic, cancer pain and back
pain. Cancer pain may be chronic pain such as tumour
related pain (e.g. bone pain, headache, facial pain or
visceral pain) or pain associated with cancer therapy
(e.g. postchemotherapy syndrome, chronic postsurgical
pain syndrome or post radiation syndrome). Cancer pain
may also occur in response to chemotherapy,
immunotherapy, hormonal therapy or radiotherapy. Back
pain may be due to herniated or ruptured
intervertebral discs or abnormalities of the lumber
facet joints, sacroiliac joints, paraspinal muscles or
the posterior longitudinal ligament. Back pain may
resolve naturally but in some patients, where it lasts
over 12 weeks, it becomes a chronic condition which
can be particularly debilitating. Neuropathic pain is
currently defined as pain initiated or caused by a
primary lesion or dysfunction in the nervous system.
Nerve damage can be caused by trauma and disease and
thus the term 'neuropathic pain' encompasses many
disorders with diverse aetiologies. These include, but
are not limited to, peripheral neuropathy, diabetic
neuropathy, post herpetic neuralgia, trigeminal
neuralgia, back pain, cancer neuropathy, HIV
neuropathy, phantom limb pain, carpal tunnel syndrome,
central post-stroke pain and pain associated with
chronic alcoholism, hypothyroidism, uremia, multiple
sclerosis, spinal cord injury, Parkinson's disease,
epilepsy and vitamin deficiency. Neuropathic pain is
pathological as it has no protective role. It is often
present well after the original cause has dissipated,
commonly lasting for years, significantly decreasing a
patient's quality of life (Woolf and Mannion, 1999,
Lancet, 353, 1959-1964). The symptoms of neuropathic
pain are difficult to treat, as they are often
heterogeneous even between patients with the same
disease (Woolf & Decosterd, 1999, Pain Supp., 6,
S141-S147; Woolf and Mannion, 1999, Lancet, 353,
1959-1964). They include spontaneous pain, which can
be continuous, and paroxysmal or abnormal evoked pain,
such as hyperalgesia (increased sensitivity to a
noxious stimulus)and allodynia (sensitivity to a
normally innocuous stimulus). The inflammatory process
is a complex series of biochemical and cellular
events, activated in response to tissue injury or the
presence of foreign substances, which results in
swelling and pain (Levine and Taiwo, 1994, Textbook of
Pain, 45-56). Arthritic pain is the most common
inflammatory pain. Rheumatoid disease is one of the
commonest chronic inflammatory conditions in developed
countries and rheumatoid arthritis is a common cause
of disability. The exact aetiology of rheumatoid
arthritis is unknown, but current hypotheses suggest
that both genetic and microbiological factors may be
important (Grennan & Jayson, 1994, Textbook of Pain,
397-407). It has been estimated that almost 16 million
Americans have symptomatic osteoarthritis (OA) or
degenerative joint disease, most of whom are over 60
years of age, and this is expected to increase to 40
million as the age of the population increases, making
this a public health problem of enormous magnitude
(Houge & Mersfelder, 2002, Ann Pharmacother., 36,
679-686; McCarthy et al., 1994, Textbook of Pain,
387-395). Most patients with osteoarthritis seek
medical attention because of the associated pain.
Arthritis has a significant impact on psychosocial and
physical function and is known to be the leading cause
of disability in later life. Ankylosing spondylitis is
also a rheumatic disease that causes arthritis of the
spine and sacroiliac joints. It varies from
intermittent episodes of back pain that occur
throughout life to a severe chronic disease that
attacks the spine, peripheral joints and other body
organs. Another type of inflammatory pain is visceral
pain which includes pain associated with inflammatory
bowel disease (IBD). Visceral pain is pain associated
with the viscera, which encompass the organs of 



the abdominal cavity. These organs include the sex
organs, spleen and part of the digestive system. Pain
associated with the viscera can be divided into
digestive visceral pain and non-digestive visceral
pain. Commonly encountered gastrointestinal (Gl)
disorders that cause pain include functional bowel
disorder (FBD) and inflammatory bowel disease (IBD).
These Gl disorders include a wide range of disease
states that are currently only moderately controlled,
including, in respect of FBD, gastro-esophageal
reflux, dyspepsia, irritable bowel syndrome (IBS) and
functional abdominal pain syndrome (FAPS), and, in
respect of IBD, Crohn's disease, ileitis and
ulcerative colitis, all of which regularly produce
visceral pain. Other types of visceral pain include
the pain associated with dysmenorrhea, cystitis and
pancreatitis and pelvic pain. It should be noted that
some types of pain have multiple aetiologies and thus
can be classified in more than one area, e.g. back
pain and cancer pain have both nociceptive and
neuropathic components. Other types of pain include:
pain resulting from musculoskeletal disorders,
including myalgia, fibromyalgia, spondylitis, sero
negative (non-rheumatoid) arthropathies, non-articular
rheumatism, dystrophinopathy, glycogenosis,
polymyositis and pyomyositis;  heart and vascular
pain, including pain caused by angina, myocardical
infarction, mitral stenosis, pericarditis, Raynaud's
phenomenon, scleredoma and skeletal muscle ischemia;
head pain, such as migraine (including migraine with
aura and migraine without aura), cluster headache,
tension-type headache mixed headache and headache
associated with vascular disorders; and  orofacial
pain, including dental pain, otic pain, burning mouth
syndrome and temporomandibularmyofascial pain. The
present invention provides a pharmaceutical
composition including a compound of formula (I), or a
pharmaceutically acceptable salt or solvate thereof,
together with a pharmaceutically acceptable excipient.
The composition is preferably useful for the treatment
of the disease conditions defined above. The present
invention further provides a compound of formula (I),
or a pharmaceutically acceptable salt or solvate
thereof, for use as a medicament. Further, the present
invention provides a method for the treatment of the
disease conditions defined above in a mammal,
preferably a human, which includes administering to
said mammal a therapeutically effective amount of a
compound of formula (I), or a pharmaceutically
acceptable salt or solvate thereof. Yet further, the
present invention provides the use of a compound of
formula (I), or a pharmaceutically acceptable salt or
solvate thereof, in the manufacture of a medicament
for the treatment of the disease conditions defined
above. Yet further, the present invention provides a
combination of a compound of the formula (I), or a
pharmaceutically acceptable salt or solvate thereof,
and another pharmacologically active agent. Yet
further, the present invention provides an
intermediate compound of the formula (Ia): (Ia)
wherein A, B, D, E, R1, R3, R4, R5, R6, R7, R8, R10 ,
R11 and R12 are as defined in the above; and R2a
represents (CrC 6)alkoxycarbonyl; or a
pharmaceutically acceptable salt or solvate thereof.
Preferably R2a is (C1-C3) alkoxycarbonyl; more
preferably methoxycarbonyl or ethoxycarbonyl. Yet
further, the present invention provides an
intermediate compound of the formula (II): (II)
wherein A, B, R1, R2, R3 and R4 are as defined in the
above; or a pharmaceutically acceptable salt or
solvate thereof. Yet further, the present invention
provides an intermediate compound of the formula
(III):(III) D1E, R5, R6, R8, R7, R10 and R11 are as
defined in the above; or a pharmaceutically acceptable
salt or solvate thereof. Preferred intermediate
compounds of the invention include those in which each
variable in Formula (Ia), (II) or (III) is selected
from the above mentioned preferred groups for each
variable. In this specification, especially in
"General Synthesis" and "Examples", the following
abbreviations can be used: BEP
2-bromo-1-ethylpyridinium tetrafluoroborate BOP
benzotriazol-1 -yloxy-tris(dimethylamino)phosphonium
hexaf luorophosphate GDI 2-chloro-1
,3-dimethyIimidazolinium chloride Co(TPP) 5, 10, 15,
20 tetraphenyl-21 H, 23H porphine Co(II) DCC
dicyclohexylcarbodiimide DCM dichloromethane DME
1,2-dimethoxyethane, dimethoxyethane DMF
L/,/V-dimethylformamide DMSO dimethyl sulfoxide EDC
1-ethyl-3-(3' -dimethylaminopropyl)carbodiimide
hydrogen chloride) EtOAc ethyl acetate EtOH ethanol
HOBt 1-hydroxybenzotriazole MeOH methanol NMP
N-methyl-2-pyrroIiidone PdCI2 (pddf) CH2CI2
palladiumdichloro-1
,1'-bis(diphenylphosphino)ferrocene-dichloromethane
complex THF tetrahydrofuran TFA trifluoroacetic acid
General Synthesis The compounds of the present
invention may be prepared by a variety of processes
well known for the preparation of compounds of this
type, for example as shown in the following reaction
Schemes. The term "protecting group", as used
hereinafter, means a hydroxy or amino protecting group
which is selected from typical hydroxy or amino
protecting groups described in Protective Groups in
Organic Synthesis edited by T. W. Greene et al. (John
Wiley & Sons, 1999). In the following general methods,
A, B1D, E1R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11
and R12 are as previously defined for a compound ofthe
formula (I) unless otherwise stated. The following
reaction scheme illustrates the preparation of
compounds of formula (I). Scheme 1 Step 1A In this
Step, an amide compound of formula (I) can be prepared
by the coupling reaction of an amine compound of
formula (II) with the acid compound of formula (III)
in the presence or absence of a coupling reagent in an
inert solvent. This reaction can be also carried out
via activated carboxylic derivatives. Suitable
coupling reagents are those typically used in peptide
synthesis including, for example, diimides (e.g., DCC1
EDC), 2-ethoxy-N-ethoxycarbonyl-1 ,2-dihydroquinoline,
BEP, CDI, BOP, diethyl
azodicarboxylate-triphenylphosphine,
diethylcyanophosphate, diethylphosphorylazide,
2-chloro-1- methylpyridinium iodide,
N.N'-carbonyldiimidazole , benzotriazole-1-yl diethyl
phosphate, ethyl chloroformate and isobutyl
chloroformate. The reaction can be carried out in the
presence of a base such as, HOBt,
N,N-diisopropylethylamine, N-methylmorpholine or
triethylamine. The reaction is normally and preferably
effected in the presence of a solvent. There is no
particular restriction on the nature of the solvent to
be employed, provided that it has no adverse effect on
the reaction or on the reagents involved and that it
can dissolve the reagents, at least to some extent.
Examples of suitable solvents include: acetone;
nitromethane; DMF; NMP; sulfolane; DMSO; 2-butanone;
acetonitrile; halogenated hydrocarbons, such as DCM,
dichloroethane, chloroform; and ethers, such as THF
and 1,4-dioxane. The reaction can take place over a
wide range of temperatures, and the precise reaction
temperature is not critical to the invention. The
preferred reaction temperature wilf depend upon such
factors as the nature of the solvent, and the starting
material or reagent used. However, in general, we find
it convenient to carry out the reaction at a
temperature of from -20 C to 100 C, more preferably
from about 0 C to 60 C. The time required for the
reaction can also vary widely, depending on many
factors, notably the reaction temperature and the
nature of the reagents and solvent employed. However,
provided that the reaction is effected under the
preferred conditions outlined above, a period of from
5 minutes to 1 week, more preferably from 30 minutes
to 24 hours, will usually suffice. Alternatively, the
compound of formula (III) can first be converted to an
acylhalide derivative by reaction with halogenating
agents such as oxalylchloride, phosphorus oxychloride
and thionyl chloride. The resulting acylhalide
derivative can then be reacted with a compound of
formula (II) as described above to provide a compound
of formula (I).Scheme 2 This illustrates preparation
of compounds of formula (II). (IV) (V) (Vl) (II)
wherein X is a suitable leaving group such as sulfoxy
or halogen, for examole chloro; M1 is a metal, such as
lithium, or MgY, wherein Y represents hydrogen or
halogen such as fluorine, chlorine, bromine or iodine;
and M2 is a metal, such as lithium, or MgY, wherein Y
represents hydrogen or halogen, such as, fluorine,
chlorine, bromine or iodine. Step 2A In this step, the
compound of formula (V) can be prepared by the
cyanating the compound of formula (IV) with a metal
cyanide reagent in the presence of a transition metal
catalyst in an inert solvent. Examples of suitable
solvents include: THF; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as MeOH or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and DME. Suitable
metal cyanide reagents include, for example:
alkalimetal cyanide such as lithium cyanide, sodium
cyanide or potassium cyanide; transition metal cyanide
such as ferric(ll) cyanide, cobalt(ll) cyanide,
copper(l) cyanide, copper(ll) cyanide or zinc(ll)
cyanide; sodium cyanide borohydride cyanide; and
trimethylsilyl cyanide. This reaction can be carried
out in the presence of a suitable transition metal
catalyst. There is likewise no particular restriction
on the nature of the catalysts used, and any catalysts
commonly used in reactions of this type can equally be
used here. Examples of such catalysts include:
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(l) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) trifluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1
,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and
[1,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichlorideThis reaction can be carried out in the
presence of a suitable additive agent. Examples of
such additive agents include: triphenylphosphine,
tri-terf-butylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine,
2-(dichlorohexylphosphino)biphenyl and
triphenylarsine. The reaction can be carried out at a
temperature of from 0 0C to 200 0C, more preferably
from 20 0C to 120 0C. Reaction times are, in general,
from 5 minutes to 48 hours, more preferably from 30
minutes to 24 hours. Step 2B In this Step, an imine
compound of formula (Vl) can be prepared by the
nucleophilic addition of a cyano compound of formula
(V) with the organometallic compound of formula R3M1.
The reaction may be carried out in the presence of a
solvent. Examples of suitable solvents include for
example: hydrocarbons, such as hexane; ethers, such as
diethyl ether, diisopropyl ether, DME THF and 1,4-
dioxane; or mixtures thereof. Reaction temperatures
are generally in the range of from -100 to 50 C,
preferably in the range of from -100 0C to room
temperature. Reaction times are, in general, from 1
minute to a day, preferably from 1 hour to 10 hours.
The organometallic compound of formula R3M1 can be
prepared by reaction of a halide compound of R3. This
reaction may be carried out in the presence of an
organometallic reagent or a metal. Examples of
suitable organometallic reagents include;
alkyllithiums such as n-butyllithium, secbutyllithium
and tert-butyllithium; and aryllithiums such as
phenyllithium and lithium naphthylide. Examples of
suitable metals include magnesium. Preferred inert
solvents include, for example: hydrocarbons, such as
hexane; ethers, such as diethyl ether, diisopropyl
ether, DME, THF and 1,4- dioxane; or mixtures thereof.
Reaction temperatures are generally in the range of
from -100C to 50 0C, preferably in the range of from
-100 C to room temperature. Reaction times are, in
general, from 1 minute to a day, preferably from 1
hour to 10 hours. Step 2C In this step, an amine of
compound of formula (II) can be prepared by the
nucleophilic addition of an imine compound of formula
(Vl) with the organometallic compound of formula R4M2.
The reaction may be carried out in the presence of a
solvent. Examples of suitable solvents include for
example: hydrocarbons, such as hexane; ethers, such as
diethyl ether, diisopropyl ether, DME, THF and 1,4-
dioxane; or mixtures thereof. Reaction temperatures
are generally in the range of from -100 to 50 C,
preferably in the range of from -100 0C to room
temperature. Reaction times are, in general, from 1
minute to a day, preferably from 1 hour to 10 hours.
The organometallic compound of formula R4M2 can be
prepared by reaction of a halide compound of R4. This
reaction may be carried out in the presence of an
organometallic reagent or a metal. Examples of
suitable organometallic reagents include;
alkyllithiums such as n-butyllithium, secbutyllithium
and tert-butyllithium; and aryllithiums such as
phenyllithium and lithium naphtilide. Examples of
suitable metals include magnesium. Preferred inert
solvents include, for example: hydrocarbons, such as
hexane; ethers, such as diethyl ether, diisopropyl
ether, DME, THF and 1,4-dioxane; or mixtures thereof.
Reaction temperatures aregenerally in the range of
from -100 to 50 C, preferably in the range of from
-100 C to room temperature. Reaction times are, in
general, from 1 minute to a day, preferablyfrom 1 hour
to 10 hours. When R3 and R4 are both hydrogen, a
compound of formula (II) may be prepared from a
compound of formula (V) as illustrated in Scheme 3.
Scheme 3 (V) <"> Step 3A In this step, the compounds
of formula (II) can be prepared by hydrogenation of a
compound of formula (V) under, for example, known
hydrogenolysis conditions in the presence of a metal
catalyst under a hydrogen atmosphere, or in the
presence of hydrogen sources such as formic acid or
ammonium formate, in an inert solvent. If desired, the
reaction may be carried out under acidic conditions,
for example, in the presence of hydrochloric acid or
acetic acid. A preferred metal catalyst is selected
from, for example: nickel catalysts such as Raney
nickel; Pd-C; palladiumhydroxide-carbon;
platinumoxide; platinum-carbon; ruthenium-carbon;
rhodium-aluminumoxide; and trispriphenyphosphine]
rhodiumchloride. Example of suitable inert aqueous or
non-aqueous organic solvents include: alcohols, such
as methanol and ethanol; ethers, such as THF or
1,4-dioxane; acetone; dimethylformamide; halogenated
hydrocarbons, such as DCM, dichloroethane or
chloroform; and acetic acid; or mixtures thereof. The
reaction can be carried out at a temperature in the
range of from 20 0C to 100 0C, preferably in the range
of from 20C to 60C. Reaction times are, in general,
from 10 minutes to 4 days, preferably from 30 minutes
to 24 hours. This reaction can be carried out under a
hydrogen atmosphere at a pressure ranging from 1 to
100 atom, preferably from 1 to 10 atom. Scheme 4 This
illustrates preparation of compounds of formula
(III).(VIl) (VIM) (X) (XIi) (III) Ra is a suitable
protecting group such as (C,-C4)alkyl or benzyl; and
M3 is tributylstannane, trimethylstannane,
triphenylstannane, tributylsilane, trimethylsilane,
triphenylsilane, diphenylborape, dimethylboronate,
magnesium bromide or the like. Step 4A In this step,
the compound of formula (VIII) can be prepared by
trifluoromethane sulfonation reaction of the compound
of formula (VII) using trifluoromethane sulfonic acid
anhydrate under basic conditions in an inert solvent.
A preferred base is selected from, for example, but
not limited to: an alkali or alkaline earth metal
hydroxide, alkoxide, carbonate, halide or hydride,
such as sodium hydroxide, potassium hydroxide, sodium
methoxide, sodium ethoxide, potassium fert-butoxide,
sodium carbonate, potassium carbonate, potassium
fluoride, sodium hydride or potassium hydride; or an
amine such as triethylamine, tributylamine,
diisopropylethylamine, 2,6-lutidine, pyridine or
dimethylaminopyridine. Examples of suitable solvents
include: toluene; xylene; DME; DMSO; THF; 1,4-dioxane;
DMF; acetonitrile; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and diethylether. Reaction temperatures
are generally in the range of from -78 C to 200 C,
preferably in the range of from 0 C to room
temperature. Reaction times are, in general, from 1
minute to a day, preferably from 1 hour to 20 hours.
Step 4B In this step, the compound of formula (X) can
be prepared by olefinating the compound of formula
(VIII) with the compound of formula (IX) with a vinyl
metal, vinyl acetate or vinyl methyl ether reagent
under olefination conditions in the presence of a
transition metal catalyst in an inert solvent.
Examples of suitable solvents include: THF;
1,4-dioxane; DMF; acetonitrile; alcohols, such as
methanol or ethanol; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and diethylether; in the presence or
absence of an aqueous base such as aqueous KOH, NaOH,
LiOH or K2CO3. Suitable vinyl reagents include, for
example, metal vinyl reagents such as
tributylvinylstannane, potassium
isopropenyltrifluoroborate, trimethylvinylstannane,
triphenylvinylstannane, tributylvinylsilane,
trimethylvinylsilane, triphenylvinylsilane,
diphenylvinylborane, dimethylvinylboronate and
vinylmagnesium bromide. This reaction can be carried
out in the presence of a suitable transiaiton metal
catalyst. There is likewise no particular restriction
on the nature of the catalysts used, and any catalysts
commonly used inreactions of this type can equally be
used here. Examples of such catalysts include:
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(l) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) trifluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1
,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1 ,1
'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride This reaction can be carried out in the
presence of a suitable additive agent. Examples of
such additive agents include: triphenylphosphine,
tri-terf-butylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine,
2-(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
triethylamine, potassium sodium methoxide, sodium
hydroxide, sodium carbonate, sodium bicarbonate and/or
sodium iodide. The reaction can be carried out at a
temperature of from 0 0C to 200 C, more preferably
from 20 0C to 120 0C. Reaction times are, in general,
from 5 minutes to 96 hours, more preferably from 30
minutes to 24 hours. Step 4C In this step, the
compound of formula (XII) can also be prepared by the
olefinating the compound of formula (X) with the
compound of formula (Xl) and a diazo reagent in an
inert solvent. Examples of suitable solvents include:
diglyme; DMSO; DME; THF; 1,4-dioxane; DMF;
acetonitrile; halogenated hydrocarbons, such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Suitable diazo
reagents include, for example, diazonium esters such
as methyl diazoacetate, ethyl diazoacetate,
benzyldiazoacetate and terf-butyl diazoacetate. This
reaction can be carried out in the presence of a
suitable catalyst. Examples of such catalysts include:
Rh(ll)acetate, Ru2(OAc)4CI, RuCI2(PPh3)(p-cymene),
Cu(O), Cu(acetylacetonate) 2, Co(TPP) and Pd(OAc)2.
This reaction can be carried out in the presence of a
suitable additive agent. Examples of such additive
agents include: triphenylphosphine,
tri-frf-butylphospriine, 1,1'-
bis(diphenylphosphino)ferrocene, tri-2-furylphosphine,
tri-o-tolylphosphine, 2-
(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
N-methylimidazole, triethylamine, potassium sodium
methoxide, sodium hydroxide, sodium carbonate, sodium
bicarbonate and/or sodium iodide. The reaction can be
carried out at a temperature of from 0 0C to 200 0C,
more preferably from 20 0C to 120 0C. Reaction times
are, in general, from 5 minutes to 96 hours, more
preferably from 30 minutes to 24 hours,. Step 4D In
this Step, an acid compound of formula (III) can be
prepared by hydrolysis of the ester compound of
formula (XII) in an inert solvent.The hydrolysis can
be carried out by conventional procedures. In a
typical procedure, the hydrolysis is carried out under
basic conditions, e.g. in the presence of sodium
hydroxide, potassium hydroxide or lithium hydroxide.
Suitable solvents include, for example: alcohols such
as methanol, ethanol, propanol, butanol,
2-methoxyethanol, and ethylene gylcol; ethers such as
THF, DME1and 1,4- dioxane; amides such as DMF and
hexamethylphospholictriamide; and sulfoxides such as
DMSO. Preferred solvents are methanol, ethanol,
propanol, THF, DME, 1,4-dioxane, DMF, and DMSO. This
reaction can be carried out at a temperature in the
range of from -200C to 1000C, usually from 200C to 65C
for from 30 minutes to 24 hours, usually from 60
minutes to 10 hours. The hydrolysis can alternatively
be carried out under acidic conditions, e.g. in the
presence of hydrogen halides, such as hydrogen
chloride and hydrogen bromide; sulfonic acids, such as
ptoluenesulfonic acid and benzenesulfonic acid;
pyridium p-toluenesulfonate; or carboxylic acids, such
as acetic acid and TFA. Suitable solvents include, for
example: alcohols such as methanol, ethanol, propanol,
butanol, 2-methoxyethanol, and ethylene gylcol; ethers
such as THF, DME, and 1,4-dioxane; amides such as DMF
and hexamethylphospholictriamide; and sulfoxides such
as DMSO. Preferred solvents are methanol, ethanol,
propanol, THF, DME, 1,4-dioxane, DMF, and DMSO. This
reaction can be carried out at a temperature in the
range of from -200C to 1000C, usually from 200C to 65C
for from 30 minutes to 24 hours, usually from 60
minutes to 10 hours. Scheme 5 This illustrates the
preparation of compounds of formula (X). 



(XIIi) (X) Step 5A In this step, the compound of
formula (X) can be prepared by olefinating the
compound of formula (XIII) using a phosphinilide of
formula (XIV) prepared in s/fufrom a suitable
phosphine reagent and a methylene halide reagent or
phosphorane under olefination conditions or basic
conditionsin an inert solvent. Examples of suitable
solvents include: toluene; benzene; xylene; diglyme;
DMSO; DME; THF; diethylether; 1,4-dioxane; DMF;
acetonitrile; alcohols such as methanol or ethanol;
halogenated hydrocarbons such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Suitable phosphine
reagents include, for example, triphenylphosphine and
tributylphosphine. Suitable methylene halide reagents
include, for example, methyl bromide, ethyl bromide,
methyl iodide, ethyl idolide, methyl chloride, ethyl
chloride, methyl bromoacetate, bromoacetonitrile,
1-bromoacetone, ethylidene(triphenyl)phosphorane,
(triphenylphosphoranylidene)acetonitrile and methyl
(triphenylphosphoranylidene)acetate.A preferred base
is selected from, for example, but not limited to: an
alkali or alkaline earth metal hydroxide, alkoxide,
carbonate, halide o r hydride, such as sodium
hydroxide, potassium hydroxide, sodium methoxide,
sodium ethoxide, potassium trt-butoxide, sodium
carbonate, potassium carbonate, potassium fluoride,
sodium hydride or potassium hydride; or an amine such
as triethylamine, tributylamine,
diisopropylethylamine, 2,6-lutidine, pyridine or
dimethylaminopyridine. The reaction can be carried out
at a temperature of from 0 0C to 300 0C, more
preferably from 20 C to 200 0C. Reaction times are, in
general, from 5 minutes to 96 hours, more preferably
from 30 minutes to 24 hours. When R10 and R11 are both
fluoro, compounds of formula (111) may be prepared
from compounds of formula (XV) as illustrated in
Scheme 6 . Scheme 6 Z v O ,. G (XV) (XVI) (XVII) Z i
suitable hydroxy protecting group such as
(Ci-Ce)SlKyI, (Ci-C- io)alkanoyi, or benzyl . (III)
Step 6A In this step, the compound of formula (XVI)
can be prepared by cyclopropanating the compound of
formula (XV) with sodium chlorodifluoroacetic acid
using a carbene reagent prepared in situ under
cyclopropanation conditions in an inert solvent.
Examples of suitable solvents include: diglyme; DMSO;
DME; ethers such as THF, diethylether, or 1,4-dioxane;
DMF; acetonitrile; alcohols, such as methanol or
ethanol; halogenated hydrocarbons, such as DCM,
1,2-dichloroethane, chloroform o r carbon
tetrachloride; and acetic acid. Suitable carbine
reagents include, for example, CH2 I2 , CHCI 3, sodium
chlorodifluoroacetate, trimethylsilyl
fluorosulfonyldifluoroacetate, trimethylsulfoxonium
iodide and diazomethane. This reaction can be carried
out in the presence or absence of a suitable catalyst.
There is likewise no particular restriction on the
nature of the catalysts used, and any catalysts
commonly used in reactions of this type can equally be
used here. Examples of such catalysts include: Zn(O),
Cu(O), Cu(acetylacetonate) 2, Co(TPP) and Pd(OAc) 2.
This reaction can be carried out in the presence of a
suitable additive agent. Examples of such additive
agents include: acetylchloride, methylbenzoate, sodium
fluoride, triphenylphosphine, tri-tertbutylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine, 2 -
(dichlorohexylphosphino)biphenyl, triphenylarsine,
sodium hydride, potassium hydride, sodium methoxide
and lithium diisopropyl amide. The reaction can be
carried out at a temperature of from 0 0C to 300 C,
more preferably from 20 0C to 200 0C. Reaction times
are, in general, from 5 minutes to 96 hours,
morepreferably from 30 minutes to 24 hours. Step 6B In
this step, the compound of formula (XVII) can be
prepared by deprotection of the compound of formula
(XVI) under acidic conditions or by hydrogenation.
When acidic conditions are used, reaction temperatures
are generally in the range of from 0 to 200 C,
preferably room temperature. Reaction times are, in
general, from 1 minute to 24 hours, preferably from 5
minutes to 1 hour. Suitable reagents include, for
example, hydrochloric acid, trifluoromethane sulfonic
acid, methansulfonic acid, p-toluene sulfonic acid and
acetic acid. Examples of suitable solvents include:
THF; 1,4-dioxane; DMF; acetonitrile; alcohols, such as
methanol or ethanol; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Hydrogenation is
carried out, for example, using known hydrogenolysis
conditions in the presence of a suitable metal
catalyst under a hydrogen atmosphere, or in the
presence of hydrogen sources such as formic acid or
ammonium formate, in an inert solvent. If desired, the
reaction is carried out under acidic conditions, for
example, in the presence of hydrochloric acid or
acetic acid. A preferred metal catalyst is selected
from, for example: nickel catalysts such as Raney
nickel; Pd-C ; palladiumhydroxidecarbon;
platinumoxide; platinum-carbon; ruthenium-carbon;
rhodium-aluminumoxide; and tris[triphenyphosphine]
rhodiumchloride. Examples of suitable inert aqueous or
non-aqueous organic solvents include: alcohols, such
as methanol or ethanol; ethers, such as THF or
1,4-dioxane; acetone; dimethylformamide; halogenated
hydrocarbons, such as DCM, dichloroethane or
chloroform; and acetic O- acid; or mixtures thereof.
The reaction can be carried out at a temperature in
the range of from 20 C to 100 C, preferably in the
range of from 20C to 60C. Reaction times are, in
general, from 10 minutes to 4 days, preferably from 30
minutes to 24 hours. This reaction can be carried out
under a hydrogen atmosphere at a pressure ranging from
1 to 100 atom, preferably from 1 to 10 atom. Step 6C
In this Step, the compound of formula (III) can be
prepared by oxidation of the compound of formula
(XVII) using an oxidizing agent in an inert solvent.
Examples of oxidizing agents include oxalyl chloride-
DMSO (Swern oxidation condition), pyridinium
chlorochromate (PCC), pyridinium dichromate (PDC),
manganese dioxide and tetrapropylammonium perruthenate
(TPAP). This reaction can be carried out in a suitable
inert solvent such as halogenated hydrocarbons, for
example, chloroform, dichloroethane and
1,2-dichloroethane. This reaction may be carried out
at a temperature in the range of from -100 to 800C,
usually from -80 to 500C for from 5 minutes to 30
hours, usually from 15 minutes to 20 hours. When R10
and R11 are both hydrogen, compounds of formula (III)
may be prepared from compounds of formula (XVII) as
illustrated in Scheme 7. Scheme 7(XVIIi) (XiX) HI Ra
is a suitable protecting group such as (C1-C4JaIKyI or
benzyl. Step 7A In this Step, the compound of formula
(XIX) can be prepared by cyclopropanating the compound
of formula (XVIII) using a carbene prepared in situ
under cyclopropanation conditions in an inert solvent.
Examples of suitable solvents include: diglyme; DMSO;
DME; THF; diethylether; 1,4-dioxane; DMF;
acetonitrile; alcohols, such as methanol or ethanol;
halogenated hydrocarbons, such as DCM, 1,2-
dichloroethane, chloroform or carbon tetrachloride;
and acetic acid. Suitable reagents include, for
example, CH2I2, CHCI3, sodium chlorodifluoroacetate,
trimethylsilyl fluorosulfonyldifluoroacetate,
trimethylsulfoxonium iodide and diazomethane. This
reaction can be carried out in the presence or absence
of a suitable catalyst. There is likewise no
particular restriction on the nature of the catalysts
used, and any catalysts commonly used in reactions of
this type can equally be used here. Examples of such
catalysts include: Zirconium(O), Copper(O),
Copper(acetylacetone) 2, Co(TPP) and Pd(OAc) 2. This
reaction can be carried out in the presence of a
suitable additive agent. Examples of such additive
agents include: acetylchloride, methylbenzoate, sodium
fluoride, triphenylphosphine, tri-terfbutylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine, 2-
(dichlorohexylphosphino)biphenyl, triphenylarsine,
sodium hydride, potassium hydride, sodium methoxide
and lithium diisopropyl amide. The reaction can be
carried out at a temperature of from O0C to 300 C,
more preferably from 20 C to 200 C. Reaction times
are, in general, from 5 minutes to 96 hours, more
preferably from 30 minutes to 24 hours,. Step 7B In
this step, the compound of formula (III) can be
prepared by hydrolysis of the ester compound of
formula (XIX) as described in Step 4D. When R4 is
hydrogen, compounds of formula (II) may be prepared
from compounds of formula (XX) as illustrated in
Scheme 8. Scheme 8(XX) (XXI) (XXII) (XXIV) (II) Step
8A In this Step, the compound of formula (XXI) can be
prepared by triflic reaction of the compound of
formula (XX) using trifilic anhydrate under basic
conditions in an inert solvent. A preferred base is
selected from, for example, but not limited to: an
alkali or alkaline earth metal hydroxide, alkoxide,
carbonate, halide or hydride, such as sodium
hydroxide, potassium hydroxide, sodium methoxide,
sodium ethoxide, potassium terf-butoxide, sodium
carbonate, potassium carbonate, potassium fluoride,
sodium hydride or potassium hydride; or an amine such
as triethylamine, tributylamine,
diisopropylethylamine, 2,6-lutidine, pyridine or
dimethylaminopyridine. Examples of suitable solvents
include: THF; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as methanol or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and acetic acid.
Reaction temperatures are generally in the range of
from -78 0C to 200 0C, preferably in the range of from
0 C to room temperature. Reaction times are, in
general, from 1 minute to a day, preferably from 1
hour to 20 hours. Step 8B In this Step, the compound
of formula (XXII) can be prepared by coupling the
compound of formula (XXI) with alkyl sulfonamide in
the presence of a catalyst and
4,5-bis(diphenylphosphino)-9,9- demethylxanthene
(Xantphos) under basic conditions in an inert solvent,
as described in Buchwald, S.L. Journal of American
chemical society, 2002, 124, 6043-6048. Examples of
suitable catalysts include
tris(dibenzylidenacetone)dipalladium (0) and palladium
reagents, such as palladium acetate and palladium
dibenzyiacetone. A preferred base is selected from,
for example, but not limited to: an alkali or alkaline
earth metal hydroxide, alkoxide, carbonate, halide or
hydride, such as sodium hydroxide, potassium
hydroxide, sodium methoxide, sodium ethoxide,
potassium tert-butoxide, sodium carbonate, potassium
carbonate, cesium carbonate, potassium fluoride,
sodium hydride or potassium hydride; or an amine such
as triethylamine, tributylamine,
diisopropylethylamine, 2,6-lutidine, pyridine or
dimethylaminopyridine. Examples of suitable solvents
include: THF; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as methanol or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and acetic acid.
Reaction temperatures aregenerally in the range of
from 0 to 200 C, preferably in the range of from 100 C
to 140 C. Reaction times are, in general, from 1
minute to a day, preferably from 5 minutes to 1 hour.
Step 8CIn this Step, the compound of formula (XXIV)
can be prepared by dehydration and reduction of the
compound of formula (XXII) and sulfinamide of formula
(XXIII) in the presence of a catalyst and reducing
agent in an inert solvent. Dehydration is conducted in
the presence of a dehydrating agent. Examples of a
suitable dehydrating agents include: hydrogen halides
such as hydrogen chloride and hydrogen bromide;
sulfonic acids such as p-toluenesulfonic acid and
benzenesulfonic acid; sulfonylchlorides such as
methansulfonylchloride and p-toluenesulfonylchloride;
methoxycarbonylsulfamoyltriethylammonium hydroxide;
p-toluenesulfonylisocyanate; and titanium(IV)
ethoxide. Reaction temperatures are generally in the
range of from 0 to 200 0C, preferably in the range of
from 50 C to 100 0C. Reaction times are, in general,
from 1 minute to 48 hours, preferably from 12 hours to
24 hours. The reduction may be carried out in the
presence of a suitable reducing agent in an inert
solvent or without solvent. A preferred reducing agent
is selected from, for example, but not limited to,
NaBH4, UAIH4, LJBH4, Fe, Sn or Zn. O- Reaction
temperatures are generally in the range of from -78 C
to room temprature, preferably in the range of from
-70 C to 0 C. Reaction times are, in general, from 1
minute to a day, preferably from 3 hours to 6 hours.
Examples of suitable solvents include: THF;
1,4-dioxane; DMF; acetonitrile; alcohols, such as
methanol or ethanol; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Step 8D In this Step,
the compound of formula (II) can be prepared by
deprotection and salt formation of the compound of
formula (XXIV) under acidic conditions in an inert
solvent, using the method of D. Cogan et. al., Journal
of American Chemical Society, 1999, 121 , 268-269.
Reaction temperatures are generally in the range of
from 0 to 200 C, preferably room temperature. Reaction
times are, in general, from 1 minute to 24 hours,
preferably from 5 minutes to 1 hour. Examples of
suitable solvents include: THF; 1,4-dioxane; DMF;
acetonitrile; alcohols, such as methanol or ethanol;
halogenated hydrocarbons, such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Scheme 9 This
illustrates an alternative preparation of compounds of
formula (XXII). X is halogen, such as bromine or
chlorine (XXV) (XXVIl) (XXII) Step 9A In this Step,
the compounds of formula (XXVII) can be prepared by
sulfonylation of the compound of formula (XXV) with
the compound of formula (XXVI) under, for example,
known sulfonylation conditions in the presence of a
base in an inert solvent. A preferred base is selected
from, for example, but not limited to: an alkali or
alkaline earth metal hydroxide, alkoxide, carbonate,
halide or hydride, such as sodium hydroxide, potassium
hydroxide, sodium methoxide, sodium ethoxide,
potassium tert-butoxide, sodium carbonate, potassium
carbonate, potassium fluoride, sodium hydride or
potassium hydride; or an amine such as triethylamine,
tributylamine, diisopropylethylamine, 2,6-lutidine,
pyridine or dimethylaminopyridine. Examples of
suitable inert aqueous or non-aqueous organic solvents
include:alcohols, such as methanol or ethanol; ethers,
such as THF or 1,4-dioxane; acetone;
dimethylformamide; halogenated hydrocarbons, such as
DCM, dichloroethane or chloroform; and acetic acid; or
mixtures thereof. The reaction can be carried out at a
temperature in the range of from 20 C to 100 C,
preferably in the range of from 20C to 60C. Reaction
times are, in general, from 10 minutes to 4 days,
preferably from 30 minutes to 24 hours. Step 9B In
this step, the compounds of formula (XXII) can be
prepared by Friedal-Crafts acylation of the compound
of formula (XXVII) with R3CI under, for example, known
Friedal-Crafts acylation conditions in the presence of
a metal and acylhalide. This reaction may be carried
out in an inert solvent. Examples of suitable solvents
include: halogenated hydrocarbons, such as DCM,
dichloroethane or chloroform; and aromatic
hydrocarbons, such as nitrobenzene and chlorobenzene.
Examples of suitable catalysts include aluminum
halides, such as aluminum chloride and aluminum
bromide. This reaction can be carried out at
temperature of from -50 C to 200 0C, preferably from
about -10 C to 150 0C for from 5 minutes to 48 hours,
preferably from 30 minutes to 24 hours. When R4 is
hydrogen, compounds of formula (II) may be prepared
from compounds of formula (XXVII) as illustrated in
Scheme 10. Scheme 10 (XXX) STEP 10D CO Step 10A In
this step, the compound of formula (XXIX) can be
prepared by dehydration of the compound of formula
(XXII) using a Lewis acid under basic conditions in an
inert solvent. A preferred Lewis acid is selected
from, for example, but not limited to, titanium
tetrachloride, aluminium tetrachloride or zirconium
tetrachloride. A preferred base is selected from, for
example, but not limited to: an alkali or alkaline
earth metal hydroxide, alkoxide, carbonate, halide or
hydride, such as sodium hydroxide, potassium
hydroxide, sodium methoxide, sodium ethoxide,
potassium terf-butoxide, sodium carbonate, potassium
carbonate, potassium fluoride, sodium hydride or
potassium hydride; or an amine such as triethylamine,
tributylamine, diisopropylethylamine, 2,6-lutidine,
pyridine or dimethylaminopyridine. Examples of
suitable solvents include: THF; 1,4-dioxane; DMF;
acetonitrile; alcohols, such as methanol or ethanol;
halogenatedhydrocarbons, such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Reaction temperatures
are generally in the range of from -78 to 200 C,
preferably in the range of from 0 0C to room
temperature. Reaction times are, in general, from 1
minute to a day, preferably from 1 hour to 20 hours.
Step 10B In this Step, the compound of formula (XXX)
can be prepared by the reduction of the compound of
formula (XXIX) in the presence of a suitable reducing
agent in an inert solvent or without solvent. A
preferred reducing agent is selected from, for
example, but not limited to, NaBH4, UAIH4, IJBH4, Fe,
Sn or Zn. Reaction temperatures are generally in the
range of from -78 C to room temprature, preferably in
the range of from -70 0C to 0 0C. Reaction times are,
in general, from 1 minute to a day, preferably from 3
hours to 6 hours. Examples of suitable solvents
include: THF; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as methanol or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and acetic acid.
The reduction may also be carried out in the presence
of a suitable metal catalyst under a hydrogen
atmosphere in an inert solvent. A preferred metal
catalyst is selected from, for example: nickel
catalysts such as Raney nickel; Pd-C;
palladiumhydroxide-carbon; platinumoxide;
platinum-carbon; rutheniumcarbon;
rhodium-aluminumoxide; and tris riphenyphosphine]
rhodiumchloride. Examples of suitable inert aqueous or
non-aqueous organic solvents include: alcohols, such
as methanol or ethanol; ethers, such as THF or
1,4-dioxane; acetone; dimethylformamide; halogenated
hydrocarbons, such as DCM, dichloroethane or
chloroform; and acetic acid; or mixtures thereof. The
reaction can be carried out at a temperature in the
range of from 20 0C to 100 C, preferably in the range
of from 20C to 60C. Reaction times are, in general,
from 10 minutes to 4 days, preferably from 30 minutes
to 24 hours. This reaction can be carried out under a
hydrogen atmosphere at a pressure ranging from 1 to
100 atoms, preferably from 1 to 10 atom. Step 10C In
this step, the compounds of formula (II) can be
prepared by hydrogenation of the compound of formula
(XXX) under, for example, known hydrogenolysis
conditions in the presence of a metal catalyst under
hydrogen atmosphere, or in the presence of hydrogen
sources such as formic acid or ammonium formate, in an
inert solvent. If desired, the reaction is carried out
under acidic conditions, for example, in the presence
of hydrochloric acid or acetic acid. A preferred metal
catalyst is selected from, for example: nickel
catalysts such as Raney nickel; Pd-C;
palladiumhydroxide-carbon; platinumoxide;
platinum-carbon; ruthenium-carbon;
rhodium-aluminumoxide; and tris[triphenyphosphine]
rhodiumchloride. Examples of suitable inert aqueous or
non-aqueous organic solvents include: alcohols, such
as methanol or ethanol; ethers, such as THF or
1,4-dioxane; acetone; dimethylformamide; halogenated
hydrocarbons, such as DCM, dichloroethane or
chloroform; and acetic acid; or mixtures thereof. The
reaction can be carried out at a temperature in the
range of from 20 0C to 100 0C, preferably in the range
of from 20C to 60C. Reaction times are, in general,
from 10 minutes to 4 days, preferably from 30 minutes
to 24 hours. This reaction can be carried out under a
hydrogen atmosphere at a pressure ranging from 1 to
100 atom, preferably from 1 to 10 atom. Step 10DIn
this step, the compounds of formula (II) can be
prepared from the compound of formula (XXX) by salt
formation with, for example, hydrogen-chloride
methanol solution, 1,4-dioxane solution and aqueous
solution. The reaction can be carried out at a
temperature in the range from of from 20 C to 100 C,
preferably in the range of from 20C to 60C. Reaction
times are, in general, from 10 minutes to 4 days,
preferably from 30 minutes to 24 hours. Scheme 11 This
illustrates the preparation of compounds of formula
(X). X : halogen 3 : tributylstannane,
trimethylstannane, R7 triphenylstannane,
tributylsilane, trimethylsilane, A- triphenylsilane,
diphenylborane, dimethylboronate, 13/ magnesium
bromide, pottasium trifluoroborate or the like. (VII)
(X) Step 11A In this step, a compound of formula (X)
can be prepared by the olefinating a compound of
formula (VII) with a compound of formula (IX) under
olefination conditions with a vinyl metal, vinyl
acetate or vinyl methyl ether reagent in the presence
of a transition metal catalyst in an inert solvent.
Examples of suitable solvents include: THF;
1,4-dioxane; DMF; acetonitrile; alcohols, such as
methanol orethanol; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and diethylether; in the presence or
absence of an aqueous base such as aqueous KOH, NaOH,
LiOH or K2CO3. Suitable vinyl reagents include, for
example, metal vinyl reagents such as
tributylvinylstannane, trimethylvinylstannane,
triphenylvinylstannane, tributylvinylsilane,
trimethylvinylsilane, triphenylvinylsilane,
diphenylvinylborane, dimethylvinylboronate, potassium
vinyl trifluoroborate or vinylmagnesium bromide.
Examples of suitable transition metal catalysts
include: tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(l) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) trifluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and
[1,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. This reaction can be carried out in the
presence of a suitable additive agent. Examples of
such additive agents include: triphenylphosphine,
tri-tert-butylphosphine, 1,1'-
bis(diphenylphosphino)ferrocene, tri-2-furylphosphine,
tri-o-tolylphosphine, 2-
(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
triethylamine, potassium sodium methoxide, sodium
hydroxide, carbonate, sodium bicarbonate and/or sodium
iodide. The reaction can be carried out at a
temperatureof from 0 C to 200 0C, more preferably from
20 C to 120 C. Reaction times are, in general, from 5
minutes to 96 hours, more preferably from 30 minutes
to 24 hours. When R4, R5, R6, R10 and R11 are all
hydrogen; D is CR9, wherein R9 is H; E is N; and R7 is
NH2, (C1- C6)alkylNH or [(CrC 6)alkyl]2N, compounds of
formula (I) may be prepared from compounds of formula
(XXXI) as illustrated in Scheme 12. 



Scheme 12 (XXXI) (X) (XIl) (III) Ra is a suitable
protecting group such as (C C4)alkyl or benzyl; ent ly
(C,-C 6)aikyl or hydrogen. (I) (XXXII) Step 12A In
this Step, the compound of formula (X) can be prepared
by reduction of formula (XXXI) under reduction
conditions with a reducing reagent in an inert solvent
following olefination using a compound of formula (Xl)
prepared in situ or phosphorane under olefination
condition in an inert solvent or under base condition
in an inert solvent. The reduction may be carried out
in the presence of a suitable reducing agent in an
inert solvent or without solvent. A preferred reducing
agent is selected from, for example, but not limited
to, sodiumborohydride, lithium aluminium hydride or
lithium borohydride. Examples of suitable solvents
include: THF, 1,4-dioxane, DMF, acetonitrile;
alcohols, such as MeOH or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride and acetic acid.
Reaction temperature is generally in the range of -78
0C to room temprature, preferably in the range of from
-70 C to 0 C. Reaction time is, in general, from 1
minute to a day, preferably from 3 hours to 6 hours.
Step 12B Compounds of formula (XII) can be prepared
from compounds of formula (X) by the reaction
described in Step 4C above. Step 12C Compounds of
formula (III) can be prepared from compounds of
formula (XII) by the reaction described in Step 4D
above. Step 12D Compounds of formula (XXXII) can be
prepared from compounds of formula (III) by the
reactiondescribed in Step 1A above. Step 12E In this
step, the compound of formula (I) can be prepared by
coupling a compound of formula (XXXII) with the amine
HNR'R" in an inert solvent or without solvent.
Examples of suitable solvents include: THF;
1,4-dioxane; DMF; acetonitrile; alcohols, such as
methanol or ethanol; and halogenated hydrocarbons,
such as DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride. The reaction can be carried out at a
temperature of from 0 C to 200 C, more preferably from
20 0C to 120 C. Reaction times are, in general, from 5
minutes to 96 hours, more preferably from 30 minutes
to 24 hours,. When D and E are both CR9, and R8 is
terf-butyl or 2,2,2-trifluoro-1,1-methylethyl,
compounds of formula (VII) can be prepared from
compounds of formula (XXXIII) as illustrated in Scheme
13. Scheme 13 "V f Rx is a suitable protecting group
such as (Ci-C 4)alkyl o r benzyl; STEP 13D STEP 13E
Rg' is methyl ortrifluoromethyl; and X is halogen.
(XVI) (VII) Step 13A In this Step, an organometalic
compound of formula (XXXIV) can be prepared by
directive metalation reaction of a compound of formula
(XXXIII) with alkyllithum. This reaction may be
carried out in the presence of an organmetallic
reagent or metal. Examples of suitable organometallic
reagents include; alkyllithiums such as
n-butyllithium, sec-butyllithium and
terf-butyllithium; and aryllithiums such as
phenyllithium and lithium naphtilide. Preferred
reaction inert solvents include, for example:
hydrocarbons, such as hexane; ethers, such as diethyl
ether, diisopropyl ether, DME, THF and 1,4-dioxane; or
mixtures thereof. Reaction temperatures are generally
in the range of from - 1000C to 50 0C, preferably in
the range of from -100 0C to room temperature.
Reaction times are, in general, from 1 minute to a
day, preferably from 1 hour to 10 hours. Step 13B In
this step, a compound of formula (XXXV) can be
prepared by nucleophilic addition of the compound of
formula (XXXIV) with a ketone reagent. Examples of
suitable ketone reagents include; dialkylketones such
as acetone; and haloalkylketones such as 1,1 ,1
-trifluoroacetone. Preferred reaction inert solvents
include, for example: hydrocarbons, such as hexane;
ethers such as diethyl ether, diisopropyl ether, DME,
THF and 1,4-dioxane; or mixtures thereof. Reaction
temperatures are generally in the range of from - 100
to 50 0C, preferably in the range of from - 1000C to
room temperature. Reaction times are, in general, from
1 minute to a day, preferably from 1 hour to 10
hours.Step 13C In this step, a compound of formula
(XXXVI) can be prepared by halogenation of a compound
of formula (XXXV) with a halogenating agent. The
halogenation may be carried out in the presence of a
suitable halogenating agent in an inert solvent or
without solvent. Preferred reaction inert solvents
include, for example: hydrocarbons, such as benzene,
toluene or xylene; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; or mixtures thereof. A preferred
halogenating agent is selected from the following
examples, but not limited to: thionyl chloride, oxalyl
chloride, phosphorus oxychloride, titanium chloride
and phosphorus pentachloride, optionally combined with
catalytic pyridine, and is most preferably the
combination of thionyl chloride and catalytic
pyridine. Reaction temperatures are generally in the
range of from - 100 to 200 0C, preferably in the range
of from - 40 0C to 100 0C. Reaction times are, in
general, from 1 minute to a day, preferably from 1
hour to 10 hours. Step 13D In this Step, a compound of
formula (XXXVII) can be prepared by a substitution
reaction of the compound of formula (XXXVI) with n
alkylating agent in an inert solvent. A preferred
alkylating agent is selected from the following
examples, but not limited to: trialkylmetals such as
trimethylaluminum, triethylaluminum; alkylmagnesium
halides such as methylmagnesium bromide in the
presence of additive compound such as lithium bromide;
dialkylzinc halides such as dimethylzinc dichloride
prepared by dimethylzinc and titanium chloride; and is
most preferably trimethylaluminum. Preferred reaction
inert solvents include, for example: halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; ethers, such as
diethyl ether, diisopropyl ether, DME, THF and
1,4-dioxane; hydrocarbons, such as n-hexane,
cyclohexane, benzene and toluene; or mixtures thereof.
Reaction temperatures are generally in the range of
from -100 to 200 0C, preferably in the range of from
-40 0C to 100 0C. Reaction times are, in general, from
1 minute to a day, preferably from 1 hour to 10 hours.
Step 13E In this Step, the compound of formula (VII)
can be prepared by dealkylation of the compound of
formula (XXXVII) with a dealkylating agent in an inert
solvent. Examples of suitable dealkylating agents
include: boron halides such as boron tribromide or
boron trichloride; and hydrogen halides, such as
hydrogen bromide. Preferred reaction inert solvents
include, for example: halogenated hydrocarbons such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Reaction temperatures
are generally in the range of from -100 to 200 0C,
preferably in the range of from -80 0C to 80 0C.
Reaction times are, in general, from 1 minute to a
day, preferably from 1 hour to 10 hours. When B is N
and A is CH or CR12, compounds of formula (XXII) can
be prepared from compounds of formula (XXXVIII) as
illustrated by Scheme 14. Scheme 14Step 14A In this
Step, a compound of formula (XXXIX) can be prepared by
alkylation of a compound of formula (XXXVIII) with an
alkylating agent in the presence of a suitable metal
catalyst in an inert solvent. A preferred alkylating
agent is selected from, but not limited to:
trialkylmetals such as trimethylaluminum or
triethylaluminum; and alkylmagnesium halides such as
methylmagnesium bromide. The reaction can be carried
out in the presence of an additive compound such as
lithium bromide or a dialkylzinc halide such as
dimethylzinc dichloride prepared by dimethylzinc and
titanium chloride, preferably trimethylaluminum.
Examples of suitable metal catalysts include:
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(l) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) thfluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium (II) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [ 1
,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred reaction inert solvents include,
for example: halogenated hydrocarbons such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride; acetic acid; 1,4-dioxane; THF; DMF;
dimethylsulfoxide; and dyglime. This reaction can be
carried out in the presence of a suitable additive
agent. Examples of such additive agents include:
triphenylphosphine, tri-fert-butylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine,
2-(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
triethylamine, potassium sodium methoxide, sodium
hydroxide, sodium carbonate, sodium bicarbonate and/or
sodium iodide. Reaction temperatures are generally in
the range of from -100 0C to 200 0C, preferably in the
range of from -40 0C to 100 0C. Reaction times are, in
general, from 1 minute to a day, preferably from 1
hour to 10 hours. Step 14B In this Step, a compound of
formula (XXXX) can be prepared from a compound of
formula (XXXIX) by the method described in Step 9A
above. Step 14C In this Step, a compound of formula
(XXXXI) can be prepared from a compound of formula
(XXXX) by the method described in Step 2A above. Step
14D In this Step, a compound of formula (XXII) can be
prepared by alkylation of the compound of formula
(XXXI) with an alkylating agent in an inert solvent.
Preferred alkylating agents and inert solvents are the
same as those of Step 14A. The reaction can be carried
out at a temperature of from 0 C to 200 0C, more
preferably from 20 C to 120 C. Reaction times are, in
general, from 5 minutes to 96 hours,more preferably
from 30 minutes to 24 hours. Scheme 15 (XXXXH)
(XXXXIH) X Step 15A In this Step, a compound of
formula (XXXXIlI) can be prepared from a compound of
formula (XXXXII) by acetal formation in the presence
of a suitable catalyst in an inert solvent or without
solvent. Dialkyl acetal formation may be carried out
in the presence of a suitable acetal formation agent
and catalyst in an inert solvent. Examples of
preferred acetal formation agents include
trimethylorthoformate and triethylorthoformate.
Examples of preferred catalysts include:
tetrabutylammonium tribromide; tetrabutylammonium
trichloride; hydrogenchloride; and metal chlorides
such as aluminium(lll) chloride, zinc chloride or
boron(lll) trichloride. Examples of suitable solvents
include: THF; 1,4-dioxane; DMF; acetonitrile; alcohols
such as methanol or ethanol; halogenated hydrocarbons
such as DCM, 1,2- dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Reaction temperatures
are generally in the range of from -78 0C to room
temprature, preferably in the range of from -70 C to 0
C. Reaction times are, in general, from 1 minute to a
day, preferably from 3 hours to 6 hours. Step 15B In
this step, a compound of formula (X) can be prepared
by olefination of a compound of formula (XXXXIII)
under in the presence of a catalyst in an inert
solvent or without solvent. The olefination reaction
may be carried out in the presence of a suitable agent
and additive in an inert solvent. A preferred agent is
selected from, for example, but not limited to:
succinic anhydride and triethylamine; and succinic
anhydride and pyridine. A preferred additive is
selected from, for example, but not limited to,
benzoic acid, trifluoromethane sulfonic acid and
p-toluenesulfonic acid. Examples of suitable solvents
include: THF; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as methanol or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and acetic acid.
Reaction temperatures are generally in the range of
from -78 C to room temprature, preferably in the range
of from -70 C to 0 0C. Reaction times are, in general,
from 1 minute to a day, preferably from 3 hours to 6
hours. When R3 is methyl, compounds of formula (XXII)
may be prepared from compounds of formula (XXXXIV) as
illustrated in Scheme 16. Scheme 16(XXXXlV) 0 ' X
represents halogen such as iodide, bromide, chloride
or fluoride. Step 16A In this step, a compound of
formula (XXII) can be prepared by acylation of a
compound of formula (XXXXIV) under acylating
conditions using n-buthyl vinyl ether as a reagent in
water-organic co-solvent mixture in the presence of a
suitable transition metal catalyst and in the presence
or absence of a base, followed by hydrolysis under
acidic condition. Examples of suitable organic
solvents include: THF;1,4-dioxane; DMF; acetonitrile;
alcohols, such as methanol or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and diethylether
in the presence or absence of an aqueous base such as
aqueous KOH, NaOH, LiOH or K2CO3. Examples of suitable
catalysts include: tetrakis(triphenylphosphine)-
palladium, bis(triphenylphosphine)palladium(!l)
chloride, copper(O), copper(l) acetate, copper(l)
bromide, copper(l) chloride, copper(l) iodide,
copper(l) oxide, copper(ll) trifluoromethanesulfonate,
copper(ll) acetate, copper(ll) bromide, copper(ll)
chloride, copper(ll) iodide, copper(ll) oxide,
copper(ll) trifluoromethanesulfonate, palladium(ll)
acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [ 1
,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. This reaction can be carried out in the
presence of a suitable additive agent. Examples of
such additive agents include: triphenylphosphine,
tri-fert-butylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine,
2-(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
triethylamine, potassium sodium methoxide, sodium
hydroxide, sodium carbonate, sodium bicarbonate,
and/or sodium iodide. This reaction can be acidified
with a suitable acid. Examples of such acid agents
include: concentrated hydrogen chloride aqueous
solution, sulfonic acid in the presence of water. The
reaction can be carried out at a temperature of from
O0C to 200 C, more preferably from 20 0C to 120 C.
Reaction times are, in general, from 5 minutes to 96
hours, more preferably from 30 minutes to 24 hours.
Scheme 17: This illustrates the preparation of
compounds of formula (XIII).(XXXXV) (XIII) X is
halogen. Step 17A In this Step, the compound of
formula (XIII) can be prepared by coupling a compound
of formula (XXXXV) with alkyl or aryl metal reagent in
water-organic co-solvent mixture under coupling
conditions in the presence of a suitable transition
metal catalyst and in the presence or absence of a
base. Examples of suitable transition metal catalysts
include: tetrakis(triphenylphosphine)-palladium,
bis(thphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(i) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) trifluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [ 1 ,
1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Examples of suitable alkyl or aryl metal
reagents include, but not limited to, boronic acids
such as phenyl boronic acid, 4-pyridinyl boronic acid,
cyclopropyl boronic acid, and methyl boronic acid.
Examples of suitable organic solvent for the
water-organic co-solvent mixture include: THF; 1,4-
dioxane; DMF; acetonitrile; alcohols, such as methanol
or ethanol; halogenated hydrocarbons, such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride; and diethylether; in the presence or
absence of an aqueous base such as aqueous KOH, NaOH,
LiOH or K2CO3. This reaction can be carried out in the
presence of a suitable additive agent. Examples of
such additive agents include: triphenylphosphine,
tri-terf-butylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine,
2-(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
triethylamine, potassium sodium methoxide, sodium
hydroxide, sodium carbonate, sodium bicarbonate,
and/or sodium iodide. The reaction can be carried out
at a temperature of from O0C to 200 0C, more
preferably from 20 C to 120 C. Reaction times are, in
general, from 5 minutes to 96 hours, more preferably
from 30 minutes to 24 hours. When R3 and R4 are taken
together with the carbon atoms to which they are
attached to form a cyclopropane ring, compounds of
formula (II) can be prepared from compounds of formula
(XXXXV) as illustrated in Scheme 18. Scheme
18(XXXXVIII) (XXXXIX) (XXXXX) wherein, P represents a
suitable amine protective group such as benzoyl or
tert-methoxycarbonyl. Steo 18A In this Step, a
compound of formula (XXXXVII) can be prepared by
nitration of a compound of formula (XXXXVI) under
acidic conditions in an inert solvent. Nitration may
be carried out in the presence of a suitable nitrating
agent and acid in an inert solvent. Examples of
preferred nitrating agents include, but are not
limited to, nitric acid, potassium nitrate and copper
(II) nitrate. Examples of preferred acids include, but
are not limited to, acetic acid, acetic acid anhydride
and sulfuric acid. Examples of suitable solvents
include THF; 1,4-dioxane; DMF; acetonitrile; water;
ethylacetate; alcohols such as methanol or ethanol;
and halogenated hydrocarbons such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride. Reaction temperatures are generally in
the range of from -78 C to 10O0C, preferably in the
range of from -15 0C to 50 0C. Reaction times are, in
general, from 1 minute to a day, preferably from 3
hours to 6 hours. Step 18B In this Step, a compound of
formula (XXXXVIII) can be prepared by cyclopropane
formation of a compound of formula (XXXXVII) under
alkylation conditions in an inert solvent. Alkylation
may be carried out in the presence of a suitable
alkylating agent and metal hydride in an inert
solvent. Examples of preferred alkylating agents
include, but are not limited to, dibromoethane,
diiodoethane and dichloroethane. Examples of preferred
metal hydrides include, but are not limited to, sodium
hydride, potassium hydride and lithium hydride.
Examples of suitable solvents include THF;
1,4-dioxane; and DMF. Reaction temperatures are
generally in the range of from -78 C to 100 C,
preferably in the range of from -78 C to room
temperature. Reaction times are, in general, from 1
minute to a day, preferably from 3 hours to 6 hours.
Step 18C In this Step, a compound of formula (XXXXIX)
can be prepared by hydrogenation of a compound of
formula (XXXXVIII) under, for example, known
hydrogenolysis conditions in the presence of a
suitable metal catalyst under a hydrogen atmosphere,
or in the presence of hydrogen sources such as formic
acid or ammonium formate, in an inert solvent. If
desired, the reaction is carried out under acidic
conditions, for example, in the presence of
hydrochloric acid or acetic acid. A preferred metal
catalyst is selected from, for example, nickel
catalysts such as Raney nickel; Pd-C ;
palladiumhydroxide-carbon;platinumoxide;
platinum-carbon; ruthenium-carbon;
rhodium-aluminumoxide; trisflriphenyphosphine]
rhodiumchloride; Fe; Zn; Sn; and SnCI 2 . Examples of
suitable inert aqueous o r non-aqueous organic
solvents include: alcohols, such as methanol o r
ethanol; ethers, such as THF o r 1,4-dioxane; acetone;
dimethylformamide; halogenated hydrocarbons, such as
DCM, dichloroethane o r chloroform; and acetic acid; o
r mixtures thereof. The reaction can be carried out at
a temperature in the range of from 2 0 0C to 100 C,
preferably in the range of from 20C to 60C. Reaction
times are, in general, from 10 minutes to 4 days,
preferably from 3 0 minutes to 24 hours. This reaction
can be carried out under a hydrogen atmosphere at a
pressure ranging from 1 to 100 atoms, preferably from
1 to 10 atom. Step 18D In this Step, a compound of
formula (XXXXIX) can be prepared from a compound of
formula (XXXXVIII) by the method described in Step 9A
above. Step 18E In this Step, a compound of formula
(XXXXX) can be prepared from a compound of formula
(XXXXIX) by the methods decribed in Step 4 D above.
Step 18F In this Step, a compound of formula (XXXXXI)
can b e prepared by conversion of the carboxylic acid
of formula (XXXXX) to the corresponding amine
derivative under known Curtius conditions in a n inert
solvent. The Curtius reaction may be carried out in
the presence of a suitable phosphinic azide agent and
base in a n inert solvent, following alcohol addition.
Examples of preferred phosphinic azide agents include,
but are not limited to, diphenylphosphorylazide.
Examples of preferred bases include, but are not
limited to, triethylamine, diisopropylamine, sodium
methoxide and terf-butyl ethoxide. Examples of
preferred alcohols include, but are not limited to,
benzyl alcohol and terf-butanol. Examples of suitable
solvents include THF; 1,4-dioxane; DMF; DMSO; and
Diglyme. Reaction temperatures are generally in the
range of from -78 0C to 200 0C , preferably in the
range of from 0 0C to the reflux temperature of the
solvent. Reaction times are, in general, from 1 minute
to a day, preferably from 3 hours to 12 hours. Step
18G In this Step, a compound of formula (XXXXXI) can
be prepared by deprotection of a compound of formula
(XXXXX) under known deprotection conditions.
Hydrogenation conditions may be used, as described in
Step 10C above. Alternatively, other deprotecting
conditions which may be used to convert 



a carbamate such a s terf-butyl carbamate to a primary
amine include basic conditions under inert solvent. A
preferred base includes, for example, but is not
limited to, potassium hydroxide, sodium hydroxide and
lithium hydroxide. Examples of suitable inert aqueous
o r non-aqueous organic solvents include: alcohols,
such as methanol o r ethanol; ethers, such as THF o r
1 ,4-dioxane; acetone; dimethylformamide; halogenated
hydrocarbons, such as DCM, dichloroethane o r
chloroform; and acetic acid; or mixtures thereof. The
reaction can b e carried out at a temperature in the
range of from 2 0 C to 100 C, pprreeffeerraabbllyy
iinn tthhee rraannggee ooff ffrroomm 2200CC ttoo 60C.
Reaction times are, in general, from 10 minutes to 4
days, preferably from 3 0 minutes to 24 hours. When
R10 and R11 are both hydrogen, a compound of formula
(X) may b e prepared from a compound of formula
(XXXXXII) as illustrated in Scheme 19.In this step,
the compound of formula (X) can be prepared by
dehydration of a compound of formula (XXXXXII) under
acidic conditions in an inert solvent. Examples of
preferred acids include, but are not limited to,
p-toluene sulfonic acid, hydrogen chloride and
trifluoro acetic acid. Examples of preferred solvents
include, but are not limited to: alcohols, such as
methanol or ethanol; ethers, such as THF or 1,4-
dioxane; acetone; dimethylformamide; halogenated
hydrocarbons, such as DCM, dichloroethane or
chloroform; and acetic acid; or mixtures thereof. The
reaction can be carried out at a temperature in the
range of from 20 C to 100 0C, preferably in the range
of from 20C to 60C. Reaction times are, in general,
from 10 minutes to 4 days, preferably from 30 minutes
to 24 hours. When B is CR12; R2 is hydrogen, halogen,
(C1-C6JaIRyI, (C1-C6JaIkOXy or (CrC 6)alkoxy-(CrC
6)alkyl; and R12 is hydrogen or (Ci-C 6)alkyl, a
compound of formula (XXIl) may be prepared from a
compound of formula (XXV) as illustrated in Scheme 20.
Scheme 20 This illustrates an improved method of
Scheme 9 to prepare compounds of formula (XXII) from
compounds of formula (XXV). The compounds of formula
(XXII and formula (XXV) are included in the compounds
of formula (XXII) and formula (XXV), respectively. X )
X : halogen atoms such as bromine and chloride STEP 20
(XX") A, B : CH, CR12 , N R2 : hydrogen, (C1-C6)
alkyl, halo (C1-C6)alkyl, (C1-C6) alkoxy group or
(C1-C6) alkoxy-(C1-C6) alkyl R12: hydrogen or (C1-C6)
alkyl Step 20 In this step, the compounds of formula
(XXII) can be prepared by one-pot process of
sulfonylation reaction of the compound of formula
(XXV) with the compound of formula (XXVI) and
subsequent Friedel- Crafts acylation reaction with
R3CI. The formation of undesirable N-acylated products
is substantially suppressed by the one-pot procedure.
The sulfonylation reaction is carried out under, for
example, known sulfonylation conditions in the
presence of a base in an inert solvent. The reaction
may be carried out without the use of a solvent.
Examples of preferred base and suitable inert organic
solvents are the same as Step 9A. The reaction can be
carried out at a temperature in the range from of 20
0C to 100 0C1 preferably in the range of -20C to 40C.
Reaction time is, in general, from 5 minutes to 4
days, preferably 10 minutes to 3 hours. After the
completion of the sulfonylation, Friedel-Crafts
acylation reaction with R3CI should follow without any
work-up procedure for the preceding reaction.
Friedel-Craftsacylation reaction with R3CI is carried
out under, for example, known Friedel-Crafts acylation
in the presence of a metal and acylhalide. This
reaction may be carried out in an inert solvent.
Examples of suitable solvents and suitable catalysts
are the same as Step 9B. This reaction can be carried
out at temperature of -50 C to 200 C, preferably from
about - 10 C to 150 C for 5 minutes to 48 hours,
preferably 10 minutes to 24 hours. According to this
Scheme, the compounds of formula (XXIId) can be
prepared more selectively with a small amount of
by-product materials. In other words, the yield of the
compounds of formula (XXIId) can be improved
effectively compared with known methods such as the
method described in the above Scheme 9 or in Kostsova,
A. G.; Tkachenko, N. N.; Eveseeva, 1. 1.; Zhurnal
Obshchei Khimii, 1961, 31, 2241-6. When R3 is methyl;
and R12 is hydroxy^ -C6)alkyl, a compound of formula
(II) may be prepared from a compound of formula
(XXXXXII) as illustrated in Scheme 2 1. Scheme 21
(XXXXXII) (XXXXXIII) (H) Ak: (C C alkyl AkOH:
hydroxy^, -C6)alkyl Step 2 1A In this step the
compounds of formula (XXXXXIII) can be prepared by
reduction of the compound of formula (XXXXXII) under
the condition of Step 8C. Step 2 1B In this step the
compounds of formula (II) can be prepared by
deprotection of the compound of formula (XXXXXIII)
under the condition of Step 8D. When R12 is hydroxy(C
1-C6)alkyl, a compound of formula (I) may be prepared
from a compound of formula (Ia) as illustrated in
Scheme 22. Scheme 22 (Ia) Ak: (C1-CeJaIKyI (I) AkOH:
(IyCIrOXy(C 1-C 6)alkyl Step 22 In this step, the
compounds of formula (I) can be prepared by reduction
of the compound of formula (Ia) under the condition
described in Step 8C. The starting materials in the
aforementioned general syntheses are commercially
available or may be obtained by conventional methods
known to those skilled in the art.The compounds of
formula (I), and the intermediates above-mentioned
preparation methods can be isolated and purified by
conventional procedures, such as recrystallization or
chromatographic purification. The various general
methods described above may be useful for the
introduction of the desired groups at any stage in the
stepwise formation of the required compound, and it
will be appreciated that these general methods can be
combined in different ways in such multi-stage
processes. The sequence of the reactions in
multi-stage processes should of course be chosen so
that the reaction conditions used do not affect groups
in the molecule which are desired in the final
product. Method for assessing biological activities:
Human VR1 antagonist assay VR1 antagonistic activity
can be determined by the Ca2+ imaging assay using
human VFH highly expressing cells. The cells that
highly express human VR1 receptors are obtainable from
several different conventional methods. The one
standard method is cloning from human Dorsal Root
Ganglion (DRG) or kidney according to the methods such
as described in the journal article; Nature, 389, pp81
6- 824, 1997. Alternatively VR1 receptors highly
expressing human keratinocytes are also known and
published in the journal article (Biochemical and
Biophysical Research Communications, 291, pp124-129,
2002). In this article, human keratinocytes
demonstrated VR1 mediated intracellular Ca2+ increase
by addition of capsaicin. Further more, the method to
up regulate human VR1 gene, which is usually a silent
gene or don't produce detectable level of VR1
receptors, is also available to obtain propriety
cells. Such genetic modification method was described
in detail; Nat. Biotechnol., 19, pp440-445, 2001. The
cells that express human VR1 receptors were maintained
in culture flask at 37 C in an environment containing
5% CO2 until use in the assay. The intracellular Ca2+
imaging assay to determine VR1 antagonistic activities
were done by following procedures. The culture medium
was removed from the flask and fura-2/AM fluorescent
calcium indicator was added to the flask at a
concentration of 5 //M in the medium. The flask was
placed in CO2 incubator and incubated for 1 hour. Then
the cells expressing the human VR1 receptors were
detached from the flask follow by washing with
phosphate buffer saline, PBS(-) and re-suspended in
assay buffer. The 80 m \ of aliquot of cell suspension
(3.75x1 05 cells/ml) was added to the assay plate and
the cells were spun down by centrifuge (950 rpm, 20
0C, 3 minutes). Capsaicin stimulation assay: The
capsaicin-induced changes in the intracellular calcium
concentration were monitored using FDSS 6000
(Hamamatsu Photonics, Japan), a fluorometric imaging
system. The cell suspension in Krebs-Ringer HEPES
(KRH) buffer (115 mM NaCI, 5.4 mM KCI, 1 mM MgSO4, 1.8
mM CaCI2, 11 m DGlucose, 25 mM HEPES, 0.96 mM Na2HPO4,
pH 7.3) were pre-incubated with varying concentrations
of the test compounds or KRH buffer (buffer control)
for 15 minutes at room temperature under the dark
condition. Then capsaicin solution, which gives 300 nM
in assay mixture, was automatically added to the assay
plate by the FDSS 6000. Acid stimulation assay: The
Acid-induced changes in the intracellular calcium
concentration were monitored using FDSS 6000
(Hamamatsu Photonics, Japan), a fluorometric imaging
system. The cell suspension in restingbuffer (HBSS
supplemented with 1OmM HEPES, pH 7.4) were
pre-incubated with varying concentrations of the test
compounds or resting buffer (buffer control) for 15
minutes at room temperature under the dark condition.
The cells were automatically added the stimulating
solution (HBSS supplemented with MES, final assay
buffer pH5.8) by the FDSS 6000. The IC50 values of VR1
antagonists were determined from the half of the
increase demonstrated by buffer control samples after
acidic stimulation. Determination of antagonist
activity The monitoring of the changes in the
fluorescence signals (lex = 340 nm/ 380 nm, lem = 510
- 520 nm) was initiated at 1 minute prior to the
addition of capsaicin solution or acidic buffer and
continued for 5 minute. The ICSovalues of VR1
antagonists were determined from the half of the
increase demonstrated by buffer control samples after
agonist stimulation. Chronic Contriction Injury Model
(CCI Model): Male Sprague-Dawley rats (270-300 g;
B.W., Charles River, Tsukuba, Japan) were used. The
chronic constriction injury (CCI) operation was
performed according to the method described by Bennett
and Xie (Bennett, GJ. and Xie, YK. Pain, 33:87-107,
1988). Briefly, animals were anesthetized with sodium
pentobarbital (64.8 mg/kg, i.p.) and the left common
sciatic nerve was exposed at the level of the middle
of the thigh by blunt dissection through biceps
femoris. Proximal to the sciatic's trifurcation was
freed of adhering tissue and 4 ligatures (4-0 silk)
were tided loosely around it with about 1 mm space.
Sham operation was performed as same as CCI surgery
except for sciatic nerve ligation. Two weeks after
surgery, mechanical allodynia was evaluated by
application of von Frey hairs (VFHs) to the plantar
surface of the hind paw. The lowest amount of force of
VFH required to elicit a response was recorded as paw
withdrawal threshold (PWT). VFH test was performed at
0.5, 1 and 2 hr post-dosing. Experimental data were
analyzed using Kruskal-Wallis test followed by Dunn's
test for multiple comparisons or Mann- Whitney U-test
for paired comparison. Caco-2 permeability Caco-2
permeability was measured according to the method
described in Shiyin Yee, Pharmaceutical Research, 763
(1997). Caco-2 cells were grown on filter supports
(Falcon HTS multiwell insert system) for 14 days.
Culture medium was removed from both the apical and
basolateral compartments and the monolayers were
preincubated with pre-warmed 0.3 ml apical buffer and
1.0 ml basolateral buffer for 0.75 hour at 37C in a
shaker water bath at 50 cycles/min. The apical buffer
consisted of Hanks Balanced Salt Solution, 25 mM
D-glucose monohydrate, 20 mM MES Biological Buffer,
1.25 mM CaCI2 and 0.5 mM MgCI2 (pH 6.5). The
basolateral buffer consisted of Hanks Balanced Salt
Solution, 25 mM D-glucose monohydrate, 20 mM HEPES
Biological Buffer, 1.25 mM CaCI2 and 0.5 mM MgCI2 (pH
7.4). At the end of the preincubation, the media was
removed and test compound solution (10//M) in buffer
was added to the apical compartment. The inserts were
moved to wells containing fresh basolateral buffer and
incubated for 1 hr. Drug concentration in the buffer
was measured by LC/MS analysis. Flux rate (F,
mass/time) was calculated from the slope of cumulative
appearance of substrate on the receiver side and
apparent permeability coefficient (Papp) was
calculated from the following equation. Papp (cm/sec)
= (F * VD) / (SA * MD) where SA is surface area for
transport (0.3 cm2), VD is the donor volume (0.3ml),
MD is the totalamount of drug on the donor side at t =
0. All data represent the mean of 2 inserts. Monolayer
integrity was determined by Lucifer Yellow transport.
Human dofetilide binding Cell paste of HEK-293 cells
expressing the HERG product can be suspended in
10-fold volume of 50 mM Tris buffer adjusted at pH 7.5
at 25 0C with 2 M HCI containing 1 mM MgCI2, 10 mM
KCI. The cells were homogenized using a Polytron
homogenizer (at the maximum power for 20 seconds) and
centrifuged at 48,00Og for 20 minutes at 40C. The
pellet was resuspended, homogenized and centrifuged
once more in the same manner. The resultant
supernatant was discarded and the final pellet was
resuspended (10-fold volume of 50 mM Tris buffer) and
homogenized at the maximum power for 20 seconds. The
membrane homogenate was aliquoted and stored at -8O0C
until use. An aliquot was used for protein
concentration determination using a Protein Assay
Rapid Kit and ARVO SX plate reader (Wallac). All the
manipulation, stock solution and equipment were kept
on ice at all time. For saturation assays, experiments
were conducted in a total volume of 200 m \.
Saturation was determined by incubating 20 m \ of
[3H]-dofetilide and 160 m\ of membrane homogenates
(20-30 mg protein per well) for 60 min at room
temperature in the absence or presence of 10 //M
dofetilide at final concentrations (20 m\) for total
or nonspecific binding, respectively. All incubations
were terminated by rapid vacuum filtration over
polyetherimide (PEI) soaked glass fiber filter papers
using Skatron cell harvester followed by two washes
with 50 mM Tris buffer (pH 7.5 at 25 0C).
Receptor-bound radioactivity was quantified by liquid
scintillation counting using Packard LS counter. For
the competition assay, compounds were diluted in 96
well polypropylene plates as 4-point dilutions in
semi-log format. All dilutions were performed in DMSO
first and then transferred into 50 mM Tris buffer (pH
7.5 at 25 0C) containing 1 mM MgCI2, 10 mM KCI so that
the final DMSO concentration became equal to 1%.
Compounds were dispensed in triplicate in assay plates
(4 //I). Total binding and nonspecific binding wells
were set up in 6 wells as vehicle and 10 //M
dofetilide at final concentration, respectively. The
radioligand was prepared at 5.6x final concentration
and this solution was added to each well (36 m\). The
assay was initiated by addition of YSi poly-L-lysine
Scintillation Proximity Assay (SPA) beads (50 m\, 1
mg/well) and membranes (1 10 m\, 20 //g/well).
Incubation was continued for 60 min at room
temperature. Plates were incubated for a further 3
hours at room temperature for beads to settle.
Receptor-bound radioactivity was quantified by
counting Wallac MicroBeta plate counter. IHFPI-; assay
HEK 293 cells which stably express the HERG potassium
channel were used for electrophysiological study. The
methodology for stable transfection of this channel in
HEK cells can be found elsewhere (Z.Zhou et al., 1998,
Biophysical Journal, 74, pp230-241). Before the day of
experimentation, the cells were harvested from culture
flasks and plated onto glass coverslips in a standard
Minimum Essential Medium (MEM) medium with 10% Fetal
Calf Serum (FCS). The plated cells were stored in an
incubator at 370C maintained in an atmosphere of 95%0
2/5%C0 2. Cells were studied between 15-28hrs after
harvest. HERG currents were studied using standard
patch clamp techniques in the whole-cell mode. During
the experiment the cells were superfused with a
standard external solution of the following
composition (mM); NaCI, 130; KCI, 4; CaCI2, 2; MgCI2,
1; Glucose, 10; HEPES, 5; pH 7.4 with NaOH. Whole-cell
recordings was made using a patch clamp amplifier and
patch pipettes which have aresistance of 1-3M0hm when
filled with the standard internal solution of the
following composition (mM); KCI5 130; MgATP, 5; MgCI2,
1.0; HEPES, 10; EGTA 5, pH 7.2 with KOH. Only those
cells with access resistances below 15MW and seal
resistances >1GW was accepted for further
experimentation. Series resistance compensation was
applied up to a maximum of 80%. No leak subtraction
was done. However, acceptable access resistance
depended on the size of the recorded currents and the
level of series resistance compensation that can
safely be used. Following the achievement of whole
cell configuration and sufficient time for cell
dialysis with pipette solution (>5min), a standard
voltage protocol was applied to the cell to evoke
membrane currents. The voltage protocol is as follows.
The membrane was depolarized from a holding potential
of -8OmV to +4OmV for 1000ms. This was followed by a
descending voltage ramp (rate 0.5mV msec' 1) back to
the holding potential. The voltage protocol was
applied to a cell continuously throughout the
experiment every 4 seconds (0.25Hz). The amplitude of
the peak current elicited around -4OmV during the ramp
was measured. Once stable evoked current responses
were obtained in the external solution, vehicle (0.5%
DMSO in the standard external solution) was applied
for 10-20 min by a peristalic pump. Provided there
were minimal changes in the amplitude of the evoked
current response in the vehicle control condition, the
test compound of either 0.3, 1, 3, 10mM was applied
for a 10 min period. The 10 min period included the
time which supplying solution was passing through the
tube from solution reservoir to the recording chamber
via the pump. Exposing time of cells to the compound
solution was more than 5min after the drug
concentration in the chamber well reached the
attempting concentration. There was a subsequent wash
period of a 10-20min to assess reversibility. Finally,
the cells was exposed to high dose of dofetilide
(5mM), a specific IKr blocker, to evaluate the
insensitive endogenous current. All experiments were
performed at room temperature (23  10C). Evoked
membrane currents were recorded on-line on a computer,
filtered at 500-1 KHz (Bessel -3dB) and sampled at
1-2KHz using the patch clamp amplifier and a specific
data analyzing software. Peak current amplitude, which
occurred at around -4OmV, was measured off line on the
computer. The arithmetic mean of the ten values of
amplitude was calculated under vehicle control
conditions and in the presence of drug. Percent
decrease of IN in each experiment was obtained by the
normalized current value using the following formula:
IN = ( 1- e)x1 00, where I is the mean current value
in the presence of drug and I is the mean current
value under control conditions. Separate experiments
were performed for each drug concentration or
time-matched control, and arithmetic mean in each
experiment is defined as the result of the study.
Drug-drug interaction assay This method essentially
involves determining the percent inhibition of product
formation from fluorescence probe at 3//M of the each
compound. More specifically, the assay is carried out
as follows. The compounds were pre-incubated with
recombinant CYPs, 100 mM potassium phosphate buffer
and fluorescence probe as substrate for 5min. Reaction
was started by adding a warmed NADPH generating
system, which consist of 0.5 mM NADP (expect; for 2Dd
0.03 mM), 10 mM MgCI2, 6.2 mM DL-lsocitric acid and
0.5 U/ml lsocitric Dehydrogenase (ICD). The assay
plate was incubated at 37C (expect; for 1A2 and 3A4 at
300C) and taking fluoresce reading every minutes over
20 to 30min.Data calculations were preceded as
follows; 1. The slope (Time vs. Fluorescence units)
was calculated at the linear region 2. The percentage
of inhibition in compounds was calculated by the
equation {(Vo - Vi) / V0) x 100 = % inhibition Wherein
V0 = rate of control reaction (no inhibitor) Vj = rate
of reaction in the presence of compounds. Table 1.
Condition for drug-drug interaction assay. Half-life
in human liver microsomes (HLM) Test compounds (1 /vM)
were incubated with 3.3 mM MgCI2 and 0.78 mg/mL HLM
(HL101) in 100 mM potassium phosphate buffer (pH 7.4)
at 37C on the 96-deep well plate. The reaction mixture
was split into two groups, a non-P450 and a P450
group. NADPH was only added to the reaction mixture of
the P450 group. An aliquot of samples of P450 group
was collected at 0, 10, 30, and 60 min time point,
where 0 min time point indicated the time when NADPH
was added into the reaction mixture of P450 group. An
aliquot of samples of non-P450 group was collected at
- 10 and 65 min time point. Collected aliquots were
extracted with acetonitrile solution containing an
internal standard. The precipitated protein was spun
down in centrifuge (2000 rpm, 15 min). The compound
concentration in supernatant was measured by LC/MS/MS
system. The half-life value was obtained by plotting
the natural logarithm of the peak area ratio of
compounds/ internal standard versus time. The slope of
the line of best fit through the points yields the
rate of metabolism (k). This was converted to a
half-life value using following equations: Half-life =
In 2 / k Mono-lodoacetate (MIA)-induced OA model Male
6-weeks-old Sprague-Dawley (SD, Japan SLC or Charles
River Japan) rats were anesthetized with
pentobarbital. Injection site (knee) of MIA was shaved
and cleaned with 70% ethanol. Twenty-five ml of MIA
solution or saline was injected in the right knee
joint using a 29G needle. The effect of joint damage
on the weight distribution through the right (damaged)
and left (untreated) knee was assessed using an
incapacitance tester (Linton Instrumentation, Norfolk,
UK). The force exerted by each hind limb was measured
in grams. The weight-bearing (WB) deficit was
determined by a difference of weight loaded on each
paw. Rats were trained to measure the WB once a week
until 20 days post MIA-injection. Analgesic effects of
compounds were measured at 2 1 days after the MIA
injection. Before the compound administration, the
"pre value" of WB deficit was measured. After the
administration ofcompounds, attenuation of WB deficits
was determined as analgesic effects. Complete Freund's
adjuvant (CFA) induced thermal and mechanical
hyperalgesia in rats Thermal hyperalgesia Male
6-week-old SD rats were used. Complete Freund's
adjuvant (CFA, 300 mg of Mycobacterium
TuberculosisH37RA (Difco, Ml) in 100//L of liquid
paraffin (Wako, Osaka, Japan)) was injected into the
plantar surface of hind paw of the rats. Two days
after CFA-injection, thermal hyperalgesia was
determined by method described previously (Hargreaves
et al., 1988) using the plantar test apparatus
(Ugo-Basil, Varese, Italy). Rats were adapted to the
testing environment for at least 15 min prior to any
stimulation. Radiant heat was applied to the plantar
surface of hind paw and paw withdrawal latencies (PWL,
seconds) were determined. The intensity of radiant
heat was adjusted to produce the stable PWL of 10 to
15 seconds. The test compound was administered in a
volume of 0.5 mL per 100 g body weight. PWL were
measured after 1, 3 or 5 hours after drug
administration. Mechanical hyperalgesia Male
4-week-old SD rats were used. CFA (300 mg of
Mycobacterium Tuberculosis H37RA (Difco, Ml) in 100 mL
of liquid paraffin (Wako, Osaka, Japan)) was injected
into the plantar surface of hind paw of the rats. Two
days after CFA-injection, mechanical hyperalgesia was
tested by measuring paw withdrawal threshold (PWT,
grams) to pressure using the analgesy-Meter
(Ugo-Basil, Varese, Italy). The animals were gently
restrained, and steadily increasing pressure was
applied to the dorsal surface of a hind paw via a
plastic tip. The pressure required to elicit paw
withdrawal was determined. The test compound was
administered in a volume of 0.5 mL per 100 g body
weight. PWT were measured after 1, 3 or 5 hours after
drug administration. The compounds of the examples
were tested in the Human VR1 anatgonist assy and HLM
Half-life test methods described above. The IC50 and
T1/2 values are presented in the following table.
Table 2.CYCLOPROPANECARBQXAMIDE DERIVATIVES Technical
Field This invention relates to novel substituted
N-(N-sulfonylaminoarylmethyl)cyclopropanecarboxamide
compounds and to their use in therapy. These compounds
are particularly useful as antagonists of the VR1
(Type I Vanilloid) receptor, and are thus useful for
the treatment of pain, neuralgia, neuropathies, 



nerve injury, burns, migraine, carpal tunnel syndrome,
fibromyalgia, neuritis, sciatica, pelvic
hypersensitivity, bladder disease, inflammation, or
the like in mammals, especially humans. The present
invention also relates to a pharmaceutical composition
comprising the above compounds and to intermediate
compounds useful for preparing the above compounds.
Background Art The Vanilloid receptor 1 (VR1) is a
ligand gated non-selective cation channel. It is
believed to be a member of the transient receptor
potential super family. VR1 is recognized as a
polymodal nociceptor that integrates multiple pain
stimuli, e.g., noxious heat, protons, and vanilloids
(European Journal of Physiology 451 :15 1- 159, 2005).
A major distribution of VR1 is in the sensory (Ad- and
C-) fibers, which are bipolar neurons having somata in
sensory ganglia. The peripheral fibers of these
neurons innervate the skin, the mucosal membranes, and
almost all internal organs. It is also recognized that
VR1 exists in bladder, kidney, brain, pancreas, and
various kinds of organs. A body of studies using VR1
agonists, e.g., capsaicin or resiniferatoxin, have
suggested that VR1 positive nerves are thought to
participate in a variety of physiological responses,
including nociception (Clinical Therapeutics. 13(3):
338-395, 1991, Journal of Pharmacology and
Experimental Therapeutics 314:410-421, 2005, and
Neuroscience Letter 388: 75-80, 2005). Based on both
the tissue distribution and the roles of VR1 , VR1
antagonists would have good therapeutic potential.
International Patent Application Number
WO-A-2005003084 discusses 4-
(methylsulfonylamino)phenyl analogues which are stated
to have activity as VR1 antagonists. International
Patent Application Number WO20021 631 8 discloses a
variety of sulfonylaminobenzylthiourea derivatives and
N-sulfonylaminobenzyl-2-phenoxyacetamide derivatives
as modulators for vanilloid receptor. International
Patent Application Number WO2004047738 discloses a
variety of arylcyclopropylcarboxylic amides as
potassium channel openers. It would be desirable if
there were provided improved VR1 selective antagonist
with enhanced binding activity with the VR1 receptor
by systemic administration and with a good half-life.
Other potential advantages include less toxicity, good
absorption, good solubility, low protein binding
affinity, less drugdrug interaction, a reduced
inhibitory activity at HERG channel, reduced QT
prolongation and good metabolic stability. Brief
Disclosure of the Invention It has now been found that
substituted
N-(N-sulfonylaminoarylmethyl)cyclopropanecarboxamide
compounds are potent VR1 antagonists with analgesic
activity by systemic administration. The compounds of
the present invention may show less toxicity, good
absorption, good half-life, good solubility, low
protein binding affinity, less drug-drug interaction,
a reduced inhibitory activity at HERG channel, reduced
QT prolongation and good metabolic stability.The
present invention provides a compound of the following
formula (1): (I) wherein A and B are independently
CR12 or N; D and E are each independently CR9 or N; R1
represents (Ci-C 6)alkyl; R2 represents hydrogen,
halogen, hydroxy, (Ci-C 6) alky!, halo(C1-C6) alkyl,
hydroxy(Ci-C 6)alkyl, (C1- C6)alkoxy or
(C1-C6JaIkOXy-(C1-C6)alkyl; R3, R4, R5, R6, R10 and
R11each independently represent hydrogen, halogen,
(C1-C6JaIkVl1 halo(C 1-C6)alkyl, (CrC 6)alkoxy,
hydroxy(d-C 6)alkyl or (d-CeJalkoxy^d-CeJalkyl; or R3
and R4 are taken together with the carbon atom to
which they are attached to form a 3- to 7- membered
carbocyclic ring or heterocyclic ring in which one or
two non-adjacent carbon atoms are optionally replaced
by an oxygen atom, a sulfur atom or NH; R7 and R9 each
independently represent hydrogen, halogen,
(C1-C6JaIkVl, halo(C 1-C6)alkyl, hydroxy(d- CeJalkyl,
(C1-C6JaIkOXy, hydroxy(d-C 6)alkoxy, (d-C
bJalkoxy-fd-CeJalkyl, (C1-C6JaIkOXy-(C1-C6JaIkOXy,
(d-CeJalkylthio, (Cr C6)alkylsulfinyl, (d-C
6)alkylsulfonyl, NH2, [(C r C6)alkyl]NH-,
[(d-CeJalky^N-, H2N- (C1-C6JaIkOXy,
(C1-C6Jalkyl-NH-(Ci -C6JaIkOXy, [(Cr C6)alkyl] N(Ci
-C6JaIkOXyJ H2N-(C 1-C6JaIkOXy-(C1- CeJalkyl,
(d-CeJaikyl-NH-fd-CeJalkoxy-fd-CeJalkyl,
[(C1-C6)alkyl] 2N(C1-C6)alkoxy-(C 1-C6)alkyl or 5- or
6- membered heterocyclic ring containing at least one
nitrogen atom; R8 represents halogen, (CrC Jalkyl,
halo(C 1-C6)alkyl, hydroxy(CrC 6)alkyl, (C1-C6JaIkOXy,
hydroxy(C 1- C6JaIkOXy, (d-CeJalkoxy-fd-CeJalkyl, (CrC
6JaIkOXy-(C1-C6JaIkOXy, halo(d-C 6)alkylsulfonyl,
halo(C r CeJalkylsulfinyl, halo(d-C 6)alkoxy, halo(d-C
6)alkylthio, [(d-C 6)alkyl]NH- or [(d-C 6)alkyl] 2N-;
or R7 and R8, when E is CR9, are taken together with
the carbon atoms to which they are attached form a 5-8
membered carbocyclic or heterocyclic ring, in which
one or two non-adjacent carbon atoms are optionally
replaced by oxygen, sulfur, N or NH groups, wherein
the carbocyclic ring or the heterocyclic ring is
unsubstituted or substituted with one or more
substituents each independently selected from the
group consisting of hydroxy, (d-C 6)alkyl,
(C1-C6JaIkOXy and hydroxy(d-C 6)alkyl; and R12
represents hydrogen, halogen, (d-C 6)alkyl or
hydroxy(C 1-C6)alkyl; or a pharmaceutically acceptable
salt or solvate thereof. Detailed Description of the
Invention As used herein, the term "halogen" means a
fluoro, a chloro, a bromo or an iodo atom, preferably
a fluoro or a chloro atom. As used herein, the terms
"(C1-C6JaIkVl" and "(C1-C3JaIRyI" mean straight or
branched chain saturated radicals having the required
number of carbon atoms, including, but not limited to
methyl, ethyl,n-propyl, /so-propyl, n-butyl,
/so-butyl, seconda/y-butyl, ferf-butyl and
2-methylbutyl groups. Preferred alkyl groups are
methyl, ethyl, n-propyl, p-butyl, terf-butyl and
2-methylbutyl groups. As used herein, the term
"hydroxyfCrC Jalkyl" means (d-C Jalkyl radical as
defined above which is substituted by at least one
hydroxy group including, but not limited to,
hydroxymethyl, hydroxyethyl, hydroxy n-propyl, hydroxy
/so-propyl (e. g. 2-hydroxy-1 ,1 -dimethylethyl),
hydroxy n-butyl, hydroxy /so-butyl, hydroxy
secondary-butyl and hydroxy tert-butyl. Preferred
hydroxyaikyl groups are hydroxymethyl, hydroxyethyl,
hydroxy n-propyl, hydroxy /so-propyl (e. g.
2-hydroxy-1 ,1-dimethylethyl) and hydroxy n-butyl. As
used herein, the term "(CrC ialkoxy" means (CrC
6)alkyl-O- wherein (CrC 6)alkyl radical is as defined
above, including, but not limited to methoxy, ethoxy,
n-propoxy, /so-propoxy, n-butoxy, /so-butoxy,
seo-butoxy and tert-butoxy. Preferred alkoxy groups
are methoxy, ethoxy, n-propoxy, n-butoxy and
tertbutoxy. As used herein, the term
"hydroxy(C1-C6)alkoxy" means (Ci-C 6)alkoxy radical as
defined above which is substituted by hydroxy group
including, but not limited to, hydroxymethoxy,
hydroxyethoxy, hydroxy n-propoxy, hydroxy /so-propoxy,
hydroxy n-butoxy, hydroxy /so-butoxy, hydroxy
seo-butoxy and hydroxy tert-butoxy. Preferred
hydroxyalkoxy groups are hydroxymethoxy,
hydroxyethoxy, hydroxy npropoxy and hydroxy n-butoxy.
As used herein, the term "(C1-C6)alkoxy-(C 1-C6)alkyl"
means (C1-C6)alkyl radical as defined above which is
substituted by (Ci-C 6)alkoxy group as defined above.
As used herein, the term "(C1-C6)alkoxy-(C
1-C6)alkoxy" means (CrC 6)alkoxy radical as defined
above which is substituted by (d-C 6)alkoxy as defined
above. Preferred alkoxy-alkoxy groups are methoxy
methoxy, methoxy ethoxy or ethoxy ethoxy groups. As
used herein the term "halo(C 1-C6)alkyl ", means (Cr
C6)alkyl radical which is substituted by one or more
halogen atoms as defined above including, but not
limited to, fluoromethyl, difluoromethyl,
trifluoromethyl, 2-fluoroethyl, 2,2-difluoroethyl,
2,2,2-trifluoroethyl, 2,2,2-trifluoro-i
,1-dimethylethyl, 2,2,2- trichloroethyl,
3-fluoropropyl, 4-fluorobutyl, chloromethyl,
trichloromethyl, iodomethyl, bromomethyl and
4,4,4-trifluoro-3-methylbutyl groups. Preferred
halo(Ci-C 6)alkyl groups are fluoromethyl,
difluoromethyl, trifluoromethyl, 2-fluoroethyl,
2,2-difluoroethyl, 2,2,2-trifluoroethyl and
2,2,2-trifluoro-1 ,1 -dimethylethyl groups. As used
herein the terms "haIo(Ci-C 6)alkoxy", and
"halofCrCaJalkoxy" mean (CrC 6)alkyl-O- or (Ci-C
3)alkyl-O- , which is substituted by one or more
halogen atoms as defined above including, but not
limited to, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, 2-fluoroethoxy, 2,2-difluoroethoxy,
2,2,2- trifluoroethoxy,
2,2,2-trifluoro-1,1-dimethylethoxy,
2,2,2-trichloroethoxy, 3-fluoropropoxy,
4-fluorobutoxy, chloromethoxy, trichloromethoxy,
iodomethoxy, bromomethoxy and
4,4,4-trifluoro-3-methylbutoxy groups. Preferred
halo(CrC 6)alkyl-O- or halo(CrC 3)alkyl-O- groups are
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
2-fluoroethoxy, 2,2-difluoroethoxy,
2,2,2-trifluoroethoxy and 2,2,2-trifluoro-1,1-
dimethylethoxy groups. As used herein, the terms
"halo(Ci-C 6)alkylthio" and "halofd-CaJalkylthio" mean
(Cr C6)alkyl-Sor (d-C 3)alkyl-S-, which is substituted
by one or more halogen atoms as defined above,
including, but not limited to fluoromethylthio,
difluoromethylthio, trifluoromethylthio,
2-fluoroethylthio, 2,2-difluoroethylthio,
2,2,2-trifluoroethylthio,
2,2,2-trifluoro-i.i-dimethylethylthio,
2,2,2-trichloroethylthio, 3-fluoropropylthio,
4-fluorobutylthio, chloromethylthio,
trichloromethylthio, iodomethylthio, bromomethylthio
and 4,4,4-trifluoro- 3-methylbutylthio groups.
Preferred 1IaIo(C1-C6)alkylthio or halo(C
1-C3)alkylthio groups are fluoromethylthio,
difluoromethylthio, trifluoromethylthio,
2-fluoroethylthio, 2,2-difluoroethylthio, 2,2,2-
trifluoroethylthio and
2,2,2-trifluoro-1,1-dimethylethylthio groups. As used
herein, the terms "halo(Ci-C6)alkylsulfinyl" and
"halo(Ci-C 3)alkylsulfinyl" mean (C1- C6)alkyl-SO- or
(C1-C3JaIKyI-SO-, which is substituted by one or more
halogen atoms as defined above, including, but not
limited to fluoromethylsulfinyl,
difluoromethylsulfinyl, trifluoromethylsulfinyl, 2-
fluoroethylsulfinyl, 2,2-difluoroethylsulfinyl,
2,2,2-trifluoroethylsulfinyl, 2,2,2-trifluoro-1 , 1-
dimethylethylsulfinyl, 2,2,2-trichloroethylsulfinyl,
3-fluoropropylsulfinyl, 4-fluorobutylsulfinyl,
chloromethylsulfinyl, trichloromethylsuliinyl,
iodomethylsulfinyl, bromomethylsulfinyl and
4,4,4-trifluoro-3- methylbutylsulfinyl groups.
Preferred halo(CrC 6)alkylsulfinyl or halo(C
1-C3)alkylsulfinyl groups are fluoromethylsulfinyl,
difluoromethylsulfinyl, trifluoromethylsulfinyl,
2-fluoroethylsulfinyl, 2,2- difluoroethylsulfinyl,
2,2,2-trifluoroethylsulfinyl and 2,2,2-trifluoro-1,1
-dimethylethylsulfinyl groups. As used herein, the
terms "halo(CrC 6)alkyIsulfonyl ' and "halo(CrC
3)alkylsulfonyl" mean (C1- C6)alkyl-SO 2- or
(d-QOalkyl-SCV, which is substituted by one or more
halogen atoms as defined above, including, but not
limited to fluoromethylsulfonyl,
difluoromethylsulfonyl, trifluoromethylsulfonyl, 2-
fluoroethylsulfonyl, 2,2-difluoroethylsulfonyl,
2,2,2-trifluoroethylsulfonyl, 2,2,2-trifluoro-1 , 1-
dimethylethylsulfonyl, 2,2,2-trichloroethylsulfonyl,
3-fluoropropylsulfonyI, 4-fluorobutylsulfonyl,
chloromethylsulfonyl, trichloromethylsulfonyl,
iodomethylsulfonyl, bromomethylsulfonyl and
4,4,4-trifluoro- 3-methylbutylsulfonyl groups.
Preferred haIo(CrC 6)alkylsulfonyl or
1IaIo(C1-C3)alkylsulfonyl groups are
fluoromethylsulfonyl, difluoromethylsulfonyl,
trifluoromethylsulfonyl, 2-fluoroethyIsulfonyl, 2,2-
difluoroethylsulfonyl, 2,2,2-trifluoroethylsulfonyl
and 2,2,2-trifluoro-1 ,1-dimethylethylsulfonyl groups.
As used herein, the term "3 to 7 membered carbocyclic
ring " and "5 to 8 membered carbocyclic ring " means a
saturated carbocyclic ring having the required number
of carbon atoms including, but not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl. Preferred carbocyclic rings are
cyclopropyl, cyclopentyl and cyclohexyl. As used
herein the term "3 to 7 membered heterocyclic ring"
and "5 to 8 membered heterocyclic ring" means a
carbocyclic ring having the required number of carbon
atoms in which one or two non-adjacent carbon atoms
are replaced by oxygen, sulfur or NH. Examples of such
heterocyclic rings include, but are not limited to,
tetrahydrofuran, tetrahydrothiophen,
tetrahydrothiazole, tetrahydropyrrole,
tetrahydropyran, tetrahydropyridine,
tetrahydroprazine, tetrahydropyrimidine and 3,4-
dihydro-2AV-pyran. Preferred heterocyclic rings are
tetrahydrofuran, tetrahydrothiophen,
tetrahydropyrrole, tetrahydropyridine and
3,4-dihydro-2/7-pyran. As used herein the term "5- or
6- membered heterocyclic ring containing at least one
nitrogen atom" means 5- or 6-membered heterocyclic
ring containing either from 1 to 3 nitrogen
heteroatoms, or 1 or 2 nitrogen heteroatoms and 1
oxygen or 1 sulphur heteroatom including, but are not
limited to, 1Hpyrrole, 2-pyridyl, 3-pyridyl,
4-pyridyl, pyrrolidino, 2-pyrrolidyl, 3-pyrrolidyl,
piperidino, 2-piperidyl, 3-piperidyl, 4-piperidyl,
morpholino and thiomorpholino. Preferred 5- or 6-
membered heterocyclic rings are 2-ryridyl, 4-pyridyl,
pyrrolidino, piperidino, morpholino and
thiomorpholino. As used herein, the term
"[(Ci-C6)alkyl]NH-" means alkyl-NH- wherein alkyl is
defined above,including, but not limited to
methylamino, ethylamino, p-propylamino,
/so-propylamino, n-butylamino, isobutylamino,
seconda/y-butylamino, fert-butylamino. Preferred
alkylamino groups are methylamino, ethylamino,
n-propylamino, n-butylamino. As used herein, the term
"[(Ci-C 6)alkyl] 2N-" means dialkyl-N- wherein alkyl
is defined above, including, but not limited to
dimethylamino, diethylamino, methylethylamino, di
n-propylamino, methyl npropylamino, ethyl
n-propylamino di/so-propylamino, di n-butylamino,
methyl n-butylamino di isobutylamino, di
secondary-butylamino, di terf-butylamino. Preferred
dialkylamino groups are dimethylamino, diethylamino,
di n-propylamino, di n-butylamino. Preferably A is
CR12, B is CR12 or N, D is CR9, and E is CR9 or N;
more preferably A is CR12 , B is CR12 or N, D is CR9,
and E is CR9 or N, wherein B and E are not N at the
same time; still more preferably A is CR12 , B is CR12
or N, D is CR9, and E is CR9 or N, except when B is N,
and R8 is trifluoromethyl; or E is N, and R2 is
fluoro; most preferably A is CR12 , B is CR12, D is
CR9, and E is CR9. Preferably R1 is (CrC 3)alkyl; more
preferably methyl. Preferably R2 is hydrogen, halogen,
(d-C Jalkyl, or hydroxy(CrC 6)alkyl; more preferably
hydrogen, fluoro, methyl, ethyl, hydroxymethyl or
hydroxyethyl. Preferably R3 is hydrogen or (d-C
3)alkyl; still more preferably hydrogen, methyl or
ethyl; most preferably methyl or ethyl. Preferably R4
is hydrogen or (CrC 3)aIkyl; still more preferably
hydrogen, methyl or ethyl; most preferably hydrogen.
Preferably R5, R6, R10 and R11 are each independently
hydrogen, halogen, (d-C 3)a!kyl or hydroxy(Ci-C
3)alkyl, more preferably R5 is hydrogen; more
preferably R6 is hydrogen, (Ci-C 3)alkyl, (C1-
C3)alkoxy or hydroxy(Ci-C 3)alkyl; still more
preferably hydrogen, methyl, ethyl, methoxy or
hydroxymethyl; most preferably methyl, ethyl or
methoxy; more preferably R10 and R11 are each
independently hydrogen. Preferably R7 and R9 are each
independently hydrogen, halogen, hydroxy^ -C6)alkyl,
[(C1- C6)alkyl]2N-, pyridyl, piperidino, pyrrolidine
or morpholino ; more preferably hydrogen, fluoro,
chloro, hydroxymethyl, dimethylamino, 4-pyridyl
(4-yl-pyridine), piperidino, pyrrolidino or
morpholino; most preferably hydrogen or fluoro.
Preferably R8 is (Ci-C 6)alkyl, halo(C1-C6)alkyl,
hydroxy(d-C 6)alkyl, (C1-C3JaIkOXy, (C1-C6JaIkOXy-(C1-
C6)alkyl, 1IaIo(C1-C3)alkoxy, halo(C r C3)alkylthio or
halo(C 1-C3)alkylsulfonyl; more preferably (d-C
6)alkyl, halo(C1-C6)alkyl, halo(d-C 3)alkoxy,
hydroxy(Ci-C 6) alkyl, (C1-C6)alkoxy-(C 1-C6)alkyl,
halo(C r C3)alkylthio or halo(C1-C3)alkylsulfonyl;
still more preferably tert-butyl, trifluoromethyl,
2,2,2-trifluoro-1,1-dimethylethyl, trifluoromethoxy,
trifluoromethylthio, trifluoromethylsulfonyl,
2-hydroxy-1,1-dimethylethyl or2-methoxy-1,1-
dimethylethyl; most preferably tert-butyl,
trifluoromethyl, 2,2,2-trifluoro-1,1-dimethylethyl,
trifluoromethoxy or trifluoromethylthio. Preferably
R12 is hydrogen, halogen, (Ci-C 6)alkyl, or hydroxy(C
1-C6)alkyl; more preferably hydrogen, fluoro, methyl,
ethyl, hydroxymethyl or hydroxyethyl. Preferably R5
and R6 are trans. Preferred compounds of the invention
include those in which each variable in formula (I) is
selected from the preferred groups for each
variable.Specific preferred compounds of the invention
are those listed in the Examples section below and the
pharmaceutically acceptable salts and solvates
thereof. The compounds of formula (I), being VR1
antagonists, are potentially useful in the treatment
of a range of disorders, particularly the treatment of
acute cerebral ischemia, pain, chronic pain, acute
pain, nociceptive pain, neuropathic pain, inflammatory
pain, post herpetic neuralgia, neuropathies,
neuralgia, diabetic neuropathy, HIV-related
neuropathy, nerve injury, rheumatoid arthritic pain,
osteoarthritic pain, burns, back pain, visceral pain,
cancer pain, dental pain, headache, migraine, carpal
tunnel syndrome, fibromyalgia, neuritis, sciatica,
pelvic hypersensitivity, pelvic pain, menstrual pain,
bladder disease, such as incontinence, micturition
disorder, renal colic and cystitis, inflammation, such
as burns, rheumatoid arthritis and osteoarthritis,
neurodegenerative disease, such as stroke, post stroke
pain and multiple sclerosis, pulmonary disease, such
as asthma, cough, chronic obstructive pulmonary
disease (COPD) and broncho constriction,
gastrointestinal disorders, such as gastroesophageal
reflux disease (GERD), dysphagia, ulcer, irritable
bowel syndrome (IBS), inflammatory bowel disease
(IBD), colitis and Crohn's disease, ischemia, such as
cerebrovascular ischemia, emesis, such as cancer
chemotherapy-induced emesis, and obesity, or the like
in mammals, especially humans. The treatment of pain,
particularly neuropathic pain, is a preferred use.
Physiological pain is an important protective
mechanism designed to warn of danger from potentially
injurious stimuli from the external environment. The
system operates through a specific set of primary
sensory neurones and is activated by noxious stimuli
via peripheral transducing mechanisms (see Millan,
1999, Prog. Neurobiol., 57, 1-164 for a review). These
sensory fibres are known as nociceptors and are
characteristically small diameter axons with slow
conduction velocities. Nociceptors encode the
intensity, duration and quality of noxious stimulus
and by virtue of their topographically organised
projection to the spinal cord, the location of the
stimulus. The nociceptors are found on nociceptive
nerve fibres of which there are two main types,
A-delta fibres (myelinated) and C fibres
(non-myelinated). The activity generated by nociceptor
input is transferred, after complex processing in the
dorsal horn, either directly, or via brain stem relay
nuclei, to the ventrobasal thalamus and then on to the
cortex, where the sensation of pain is generated. Pain
may generally be classified as acute or chronic. Acute
pain begins suddenly and is short-lived (usually
twelve weeks or less). It is usually associated with a
specific cause such as a specific injury and is often
sharp and severe. It is the kind of pain that can
occur after specific injuries resulting from surgery,
dental work, a strain or a sprain. Acute pain does not
generally result in any persistent psychological
response. In contrast, chronic pain is long-term pain,
typically persisting for more than three months and
leading to significant psychological and emotional
problems. Common examples of chronic pain are
neuropathic pain (e.g. painful diabetic neuropathy,
postherpetic neuralgia), carpal tunnel syndrome, back
pain, headache, cancer pain, arthritic pain and
chronic post-surgical pain. When a substantial injury
occurs to body tissue, via disease or trauma, the
characteristics of nociceptor activation are altered
and there is sensitisation in the periphery, locally
around the injury and centrally where the nociceptors
terminate. These effects lead to a hightened sensation
of pain. In acute pain these mechanisms can be useful,
in promoting protective behaviours which may better
enable repair processes to take place. The normal
expectation would be that sensitivity returns to
normal once the injury has healed. However, in many
chronic pain states, the hypersensitivity far outlasts
the healingprocess and is often due to nervous system
injury. This injury often leads to abnormalities in
sensory nerve fibres associated with maladaptation and
aberrant activity (Woolf & Salter, 2000, Science, 288,
1765-1768). Clinical pain is present when discomfort
and abnormal sensitivity feature among the patient's
symptoms. Patients tend to be quite heterogeneous and
may present with various pain symptoms. Such symptoms
include: 1) spontaneous pain which may be dull,
burning, or stabbing; 2) exaggerated pain responses to
noxious stimuli (hyperalgesia); and 3) pain produced
by normally innocuous stimuli (allodynia - Meyer et
al., 1994, Textbook of Pain, 13-44). Although patients
suffering from various forms of acute and chronic pain
may have similar symptoms, the underlying mechanisms
may be different and may, therefore, require different
treatment strategies. Pain can also therefore be
divided into a number of different subtypes according
to differing pathophysiology, including nociceptive,
inflammatory and neuropathic pain. Nociceptive pain is
induced by tissue injury or by intense stimuli with
the potential to cause injury. Pain afferents are
activated by transduction of stimuli by nociceptors at
the site of injury and activate neurons in the spinal
cord at the level of their termination. This is then
relayed up the spinal tracts to the brain where pain
is perceived (Meyer et al., 1994, Textbook of Pain,
13-44). The activation of nociceptors activates two
types of afferent nerve fibres. Myelinated A-delta
fibres transmit rapidly and are responsible for sharp
and stabbing pain sensations, whilst unmyelinated C
fibres transmit at a slower rate and convey a dull or
aching pain. Moderate to severe acute nociceptive pain
is a prominent feature of pain from central nervous
system trauma, strains/sprains, bums, myocardial
infarction and acute pancreatitis, post operative pain
(pain following any type of surgical procedure),
posttraumatic pain, renal colic, cancer pain and back
pain. Cancer pain may be chronic pain such as tumour
related pain (e.g. bone pain, headache, facial pain or
visceral pain) or pain associated with cancer therapy
(e.g. postchemotherapy syndrome, chronic postsurgical
pain syndrome or post radiation syndrome). Cancer pain
may also occur in response to chemotherapy,
immunotherapy, hormonal therapy or radiotherapy. Back
pain may be due to herniated or ruptured
intervertebral discs or abnormalities of the lumber
facet joints, sacroiliac joints, paraspinal muscles or
the posterior longitudinal ligament. Back pain may
resolve naturally but in some patients, where it lasts
over 12 weeks, it becomes a chronic condition which
can be particularly debilitating. Neuropathic pain is
currently defined as pain initiated or caused by a
primary lesion or dysfunction in the nervous system.
Nerve damage can be caused by trauma and disease and
thus the term 'neuropathic pain' encompasses many
disorders with diverse aetiologies. These include, but
are not limited to, peripheral neuropathy, diabetic
neuropathy, post herpetic neuralgia, trigeminal
neuralgia, back pain, cancer neuropathy, HIV
neuropathy, phantom limb pain, carpal tunnel syndrome,
central post-stroke pain and pain associated with
chronic alcoholism, hypothyroidism, uremia, multiple
sclerosis, spinal cord injury, Parkinson's disease,
epilepsy and vitamin deficiency. Neuropathic pain is
pathological as it has no protective role. It is often
present well after the original cause has dissipated,
commonly lasting for years, significantly decreasing a
patient's quality of life (Woolf and Mannion, 1999,
Lancet, 353, 1959-1964). The symptoms of neuropathic
pain are difficult to treat, as they are often
heterogeneous even between patients with the same
disease (Woolf & Decosterd, 1999, Pain Supp., 6,
S141-S147; Woolf and Mannion, 1999, Lancet, 353,
1959-1964). They include spontaneous pain, which can
be continuous, and paroxysmal or abnormal evoked pain,
such as hyperalgesia (increased sensitivity to a
noxious stimulus)and allodynia (sensitivity to a
normally innocuous stimulus). The inflammatory process
is a complex series of biochemical and cellular
events, activated in response to tissue injury or the
presence of foreign substances, which results in
swelling and pain (Levine and Taiwo, 1994, Textbook of
Pain, 45-56). Arthritic pain is the most common
inflammatory pain. Rheumatoid disease is one of the
commonest chronic inflammatory conditions in developed
countries and rheumatoid arthritis is a common cause
of disability. The exact aetiology of rheumatoid
arthritis is unknown, but current hypotheses suggest
that both genetic and microbiological factors may be
important (Grennan & Jayson, 1994, Textbook of Pain,
397-407). It has been estimated that almost 16 million
Americans have symptomatic osteoarthritis (OA) or
degenerative joint disease, most of whom are over 60
years of age, and this is expected to increase to 40
million as the age of the population increases, making
this a public health problem of enormous magnitude
(Houge & Mersfelder, 2002, Ann Pharmacother., 36,
679-686; McCarthy et al., 1994, Textbook of Pain,
387-395). Most patients with osteoarthritis seek
medical attention because of the associated pain.
Arthritis has a significant impact on psychosocial and
physical function and is known to be the leading cause
of disability in later life. Ankylosing spondylitis is
also a rheumatic disease that causes arthritis of the
spine and sacroiliac joints. It varies from
intermittent episodes of back pain that occur
throughout life to a severe chronic disease that
attacks the spine, peripheral joints and other body
organs. Another type of inflammatory pain is visceral
pain which includes pain associated with inflammatory
bowel disease (IBD). Visceral pain is pain associated
with the viscera, which encompass the organs of the
abdominal cavity. These organs include the sex organs,
spleen and part of the digestive system. Pain
associated with the viscera can be divided into
digestive visceral pain and non-digestive visceral
pain. Commonly encountered gastrointestinal (Gl)
disorders that cause pain include functional bowel
disorder (FBD) and inflammatory bowel disease (IBD).
These Gl disorders include a wide range of disease
states that are currently only moderately controlled,
including, in respect of FBD, gastro-esophageal
reflux, 



dyspepsia, irritable bowel syndrome (IBS) and
functional abdominal pain syndrome (FAPS), and, in
respect of IBD, Crohn's disease, ileitis and
ulcerative colitis, all of which regularly produce
visceral pain. Other types of visceral pain include
the pain associated with dysmenorrhea, cystitis and
pancreatitis and pelvic pain. It should be noted that
some types of pain have multiple aetiologies and thus
can be classified in more than one area, e.g. back
pain and cancer pain have both nociceptive and
neuropathic components. Other types of pain include:
pain resulting from musculoskeletal disorders,
including myalgia, fibromyalgia, spondylitis, sero
negative (non-rheumatoid) arthropathies, non-articular
rheumatism, dystrophinopathy, glycogenosis,
polymyositis and pyomyositis;  heart and vascular
pain, including pain caused by angina, myocardical
infarction, mitral stenosis, pericarditis, Raynaud's
phenomenon, scleredoma and skeletal muscle ischemia;
head pain, such as migraine (including migraine with
aura and migraine without aura), cluster headache,
tension-type headache mixed headache and headache
associated with vascular disorders; and  orofacial
pain, including dental pain, otic pain, burning mouth
syndrome and temporomandibularmyofascial pain. The
present invention provides a pharmaceutical
composition including a compound of formula (I), or a
pharmaceutically acceptable salt or solvate thereof,
together with a pharmaceutically acceptable excipient.
The composition is preferably useful for the treatment
of the disease conditions defined above. The present
invention further provides a compound of formula (I),
or a pharmaceutically acceptable salt or solvate
thereof, for use as a medicament. Further, the present
invention provides a method for the treatment of the
disease conditions defined above in a mammal,
preferably a human, which includes administering to
said mammal a therapeutically effective amount of a
compound of formula (I), or a pharmaceutically
acceptable salt or solvate thereof. Yet further, the
present invention provides the use of a compound of
formula (I), or a pharmaceutically acceptable salt or
solvate thereof, in the manufacture of a medicament
for the treatment of the disease conditions defined
above. Yet further, the present invention provides a
combination of a compound of the formula (I), or a
pharmaceutically acceptable salt or solvate thereof,
and another pharmacologically active agent. Yet
further, the present invention provides an
intermediate compound of the formula (Ia): (Ia)
wherein A, B, D, E, R1, R3, R4, R5, R6, R7, R8, R10 ,
R11 and R12 are as defined in the above; and R2a
represents (C1-C6)alkoxycarbonyl; or a
pharmaceutically acceptable salt or solvate thereof.
Preferably R2a is (C1-C3) alkoxycarbonyl; more
preferably methoxycarbonyl or ethoxycarbonyl. Yet
further, the present invention provides an
intermediate compound of the formula (II): (II)
wherein A, B, R1, R2, R3 and R4 are as defined in the
above; or a pharmaceutically acceptable salt or
solvate thereof. Yet further, the present invention
provides an intermediate compound of the formula
(III):(III) D1E, R5, R6, R8, R7, R10 and R11 are as
defined in the above; or a pharmaceutically acceptable
salt or solvate thereof. Preferred intermediate
compounds of the invention include those in which each
variable in Formula (Ia), (II) or (III) is selected
from the above mentioned preferred groups for each
variable. In this specification, especially in
"General Synthesis" and "Examples", the following
abbreviations can be used: BEP
2-bromo-1-ethylpyridinium tetrafluoroborate BOP
benzotriazol-1 -yloxy-tris(dimethylamino)phosphonium
hexaf luorophosphate GDI 2-chloro-1
,3-dimethyiimidazolinium chloride Co(TPP) 5, 10, 15,
20 tetraphenyl-21 H, 23H porphine Co(II) DCC
dicyclohexylcarbodiimide DCM dichloromethane DME
1,2-dimethoxyethane, dimethoxyethane DMF
L/,/V-dimethylformamide DMSO dimethyl sulfoxide EDC
1-ethyl-3-(3' -dimethylaminopropyl)carbodiimide
hydrogen chloride) EtOAc ethyl acetate EtOH ethanol
HOBt 1-hydroxybenzotriazole MeOH methanol NMP
N-methyl-2-pyrroliidone PdCI2 (pddf) CH2CI2
palladiumdichloro-1
,1'-bis(diphenylphosphino)ferrocene-dichloromethane
complex THF tetrahydrofuran TFA trifluoroacetic acid
General Synthesis The compounds of the present
invention may be prepared by a variety of processes
well known for the preparation of compounds of this
type, for example as shown in the following reaction
Schemes. The term "protecting group", as used
hereinafter, means a hydroxy or amino protecting group
which is selected from typical hydroxy or amino
protecting groups described in Protective Groups in
Organic Synthesis edited by T. W. Greene ef a/. (John
Wiley & Sons, 1999). In the following general methods,
A, B1D, E1R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11
and R12 are as previously defined for a compound ofthe
formula (I) unless otherwise stated. The following
reaction scheme illustrates the preparation of
compounds of formula (I). Scheme 1 Step 1A In this
Step, an amide compound of formula (I) can be prepared
by the coupling reaction of an amine compound of
formula (II) with the acid compound of formula (III)
in the presence or absence of a coupling reagent in an
inert solvent. This reaction can be also carried out
via activated carboxylic derivatives. Suitable
coupling reagents are those typically used in peptide
synthesis including, for example, diimides (e.g., DCC1
EDC), 2-ethoxy-N-ethoxycarbonyl-1 ,2-dihydroquinoline,
BEP, CDI, BOP, diethyl
azodicarboxylate-triphenylphosphine,
diethylcyanophosphate, diethylphosphorylazide,
2-chloro-1- methylpyridinium iodide,
N.N'-carbonyldiimidazole , benzotriazole-1-yl diethyl
phosphate, ethyl chloroformate and isobutyl
chloroformate. The reaction can be carried out in the
presence of a base such as, HOBt,
N,N-diisopropylethylamine, N-methylmorpholine or
triethylamine. The reaction is normally and preferably
effected in the presence of a solvent. There is no
particular restriction on the nature of the solvent to
be employed, provided that it has no adverse effect on
the reaction or on the reagents involved and that it
can dissolve the reagents, at least to some extent.
Examples of suitable solvents include: acetone;
nitromethane; DMF; NMP; sulfolane; DMSO; 2-butanone;
acetonitrile; halogenated hydrocarbons, such as DCM,
dichloroethane, chloroform; and ethers, such as THF
and 1,4-dioxane. The reaction can take place over a
wide range of temperatures, and the precise reaction
temperature is not critical to the invention. The
preferred reaction temperature wilf depend upon such
factors as the nature of the solvent, and the starting
material or reagent used. However, in general, we find
it convenient to carry out the reaction at a
temperature of from -20 0C to 100 C, more preferably
from about OC to 60 C. The time required for the
reaction can also vary widely, depending on many
factors, notably the reaction temperature and the
nature of the reagents and solvent employed. However,
provided that the reaction is effected under the
preferred conditions outlined above, a period of from
5 minutes to 1 week, more preferably from 30 minutes
to 24 hours, will usually suffice. Alternatively, the
compound of formula (III) can first be converted to an
acylhalide derivative by reaction with halogenating
agents such as oxalylchloride, phosphorus oxychloride
and thionyl chloride. The resulting acylhalide
derivative can then be reacted with a compound of
formula (II) as described above to provide a compound
of formula (I).Scheme 2 This illustrates preparation
of compounds of formula (II). (IV) (V) (Vl) (H)
wherein X is a suitable leaving group such as sulfoxy
or halogen, for examole chloro; M1 is a metal, such as
lithium, or MgY, wherein Y represents hydrogen or
halogen such as fluorine, chlorine, bromine or iodine;
and M2 is a metal, such as lithium, or MgY, wherein Y
represents hydrogen or halogen, such as, fluorine,
chlorine, bromine or iodine. Step 2A In this step, the
compound of formula (V) can be prepared by the
cyanating the compound of formula (IV) with a metal
cyanide reagent in the presence of a transition metal
catalyst in an inert solvent. Examples of suitable
solvents include: THF; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as MeOH or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and DME. Suitable
metal cyanide reagents include, for example:
alkalimetal cyanide such as lithium cyanide, sodium
cyanide or potassium cyanide; transition metal cyanide
such as ferric(ll) cyanide, cobalt(ll) cyanide,
copper(l) cyanide, copper(ll) cyanide or zinc(ll)
cyanide; sodium cyanide borohydride cyanide; and
trimethylsilyl cyanide. This reaction can be carried
out in the presence of a suitable transition metal
catalyst. There is likewise no particular restriction
on the nature of the catalysts used, and any catalysts
commonly used in reactions of this type can equally be
used here. Examples of such catalysts include:
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(l) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) trifluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1
,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(H) chloride,
bisacetonitriledichloropalladiumfO),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and
[1,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichlorideThis reaction can be carried out in the
presence of a suitable additive agent. Examples of
such additive agents include: triphenylphosphine,
tri-terf-butylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine,
2-(dichlorohexylphosphino)biphenyl and
triphenylarsine. The reaction can be carried out at a
temperature of from 0 C to 200 0C, more preferably
from 20 C to 120 C. Reaction times are, in general,
from 5 minutes to 48 hours, more preferably from 30
minutes to 24 hours. Step 2B In this Step, an imine
compound of formula (Vl) can be prepared by the
nucleophilic addition of a cyano compound of formula
(V) with the organometallic compound of formula R3M1.
The reaction may be carried out in the presence of a
solvent. Examples of suitable solvents include for
example: hydrocarbons, such as hexane; ethers, such as
diethyl ether, diisopropyl ether, DME THF and 1,4-
dioxane; or mixtures thereof. Reaction temperatures
are generally in the range of from -100 to 50 C,
preferably in the range of from -100 C to room
temperature. Reaction times are, in general, from 1
minute to a day, preferably from 1 hour to 10 hours.
The organometallic compound of formula R3M1 can be
prepared by reaction of a halide compound of R3. This
reaction may be carried out in the presence of an
organometallic reagent or a metal. Examples of
suitable organometallic reagents include;
alkyllithiums such as n-butyllithium, secbutyllithium
and tert-butyllithium; and aryllithiums such as
phenyllithium and lithium naphthylide. Examples of
suitable metals include magnesium. Preferred inert
solvents include, for example: hydrocarbons, such as
hexane; ethers, such as diethyl ether, diisopropyl
ether, DME, THF and 1,4- dioxane; or mixtures thereof.
Reaction temperatures are generally in the range of
from - 100C to 50 C, preferably in the range of from
-100 C to room temperature. Reaction times are, in
general, from 1 minute to a day, preferably from 1
hour to 10 hours. Step 2C In this step, an amine of
compound of formula (II) can be prepared by the
nucleophilic addition of an imine compound of formula
(Vl) with the organometallic compound of formula R4M2.
The reaction may be carried out in the presence of a
solvent. Examples of suitable solvents include for
example: hydrocarbons, such as hexane; ethers, such as
diethyl ether, diisopropyl ether, DME, THF and 1,4-
dioxane; or mixtures thereof. Reaction temperatures
are generally in the range of from - 100 to 50 C,
preferably in the range of from -100 0C to room
temperature. Reaction times are, in general, from 1
minute to a day, preferably from 1 hour to 10 hours.
The organometallic compound of formula R4M2 can be
prepared by reaction of a halide compound of R4. This
reaction may be carried out in the presence of an
organometallic reagent or a metal. Examples of
suitable organometallic reagents include;
alkyllithiums such as n-butyllithium, secbutyllithium
and tert-butyllithium; and aryllithiums such as
phenyllithium and lithium naphtilide. Examples of
suitable metals include magnesium. Preferred inert
solvents include, for example: hydrocarbons, such as
hexane; ethers, such as diethyl ether, diisopropyl
ether, DME, THF and 1,4-dioxane; or mixtures thereof.
Reaction temperatures aregenerally in the range of
from -100 to 50 C, preferably in the range of from
-100 C to room temperature. Reaction times are, in
general, from 1 minute to a day, preferablyfrom 1 hour
to 10 hours. When R3 and R4 are both hydrogen, a
compound of formula (II) may be prepared from a
compound of formula (V) as illustrated in Scheme 3.
Scheme 3 (V) <"> Step 3A In this step, the compounds
of formula (II) can be prepared by hydrogenation of a
compound of formula (V) under, for example, known
hydrogenolysis conditions in the presence of a metal
catalyst under a hydrogen atmosphere, or in the
presence of hydrogen sources such as formic acid or
ammonium formate, in an inert solvent. If desired, the
reaction may be carried out under acidic conditions,
for example, in the presence of hydrochloric acid or
acetic acid. A preferred metal catalyst is selected
from, for example: nickel catalysts such as Raney
nickel; Pd-C; palladiumhydroxide-carbon;
platinumoxide; platinum-carbon; ruthenium-carbon;
rhodium-aluminumoxide; and trispriphenyphosphine]
rhodiumchloride. Example of suitable inert aqueous or
non-aqueous organic solvents include: alcohols, such
as methanol and ethanol; ethers, such as THF or
1,4-dioxane; acetone; dimethylformamide; halogenated
hydrocarbons, such as DCM, dichloroethane or
chloroform; and acetic acid; or mixtures thereof. The
reaction can be carried out at a temperature in the
range of from 20 C to 100 C, preferably in the range
of from 20C to 60C. Reaction times are, in general,
from 10 minutes to 4 days, preferably from 30 minutes
to 24 hours. This reaction can be carried out under a
hydrogen atmosphere at a pressure ranging from 1 to
100 atom, preferably from 1 to 10 atom. Scheme 4 This
illustrates preparation of compounds of formula
(III).(VII) (VIM) (X) (XII) (III) Ra is a suitable
protecting group such as (C1-C4)BIkYl or benzyl; and
M3 is tributylstannane, trimethylstannane,
triphenylstannane, tributylsilane, trimethylsilane,
triphenylsilane, diphenylborane, dimethylboronate,
magnesium bromide or the like. Step 4A In this step,
the compound of formula (VIII) can be prepared by trif
luoromethane sulfonation reaction of the compound of
formula (VII) using trifluoromethane sulfonic acid
anhydrate under basic conditions in an inert solvent.
A preferred base is selected from, for example, but
not limited to: an alkali or alkaline earth metal
hydroxide, alkoxide, carbonate, halide or hydride,
such as sodium hydroxide, potassium hydroxide, sodium
methoxide, sodium ethoxide, potassium tert-butoxide,
sodium carbonate, potassium carbonate, potassium
fluoride, sodium hydride or potassium hydride; or an
amine such as triethylamine, tributylamine,
diisopropylethylamine, 2,6-lutidine, pyridine or
dimethylaminopyridine. Examples of suitable solvents
include: toluene; xylene; DME; DMSO; THF; 1,4-dioxane;
DMF; acetonitrile; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and diethylether. Reaction temperatures
are generally in the range of from -78 0C to 200 C,
preferably in the range of from 0 C to room
temperature. Reaction times are, in general, from 1
minute to a day, preferably from 1 hour to 20 hours.
Step 4B In this step, the compound of formula (X) can
be prepared by olefinating the compound of formula
(VIII) with the compound of formula (IX) with a vinyl
metal, vinyl acetate or vinyl methyl ether reagent
under olefination conditions in the presence of a
transition metal catalyst in an inert solvent.
Examples of suitable solvents include: THF;
1,4-dioxane; DMF; acetonitrile; alcohols, such as
methanol or ethanol; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and diethylether; in the presence or
absence of an aqueous base such as aqueous KOH, NaOH,
LiOH or K2CO3. Suitable vinyl reagents include, for
example, metal vinyl reagents such as
tributylvinylstannane, potassium
isopropenyltrifluoroborate, trimethylvinylstannane,
triphenylvinylstannane, tributylvinylsilane,
trimethylvinylsilane, triphenylvinylsilane,
diphenylvinylborane, dimethylvinylboronate and
vinylmagnesium bromide. This reaction can be carried
out in the presence of a suitable transiaiton metal
catalyst. There is likewise no particular restriction
on the nature of the catalysts used, and any catalysts
commonly used inreactions of this type can equally be
used here. Examples of such catalysts include:
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(l) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) trifluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and
[1,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1 ,1
'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride This reaction can be carried out in the
presence of a suitable additive agent. Examples of
such additive agents include: triphenylphosphine,
tri-terf-butylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine,
2-(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
triethylamine, potassium sodium methoxide, sodium
hydroxide, sodium carbonate, sodium bicarbonate and/or
sodium iodide. The reaction can be carried out at a
temperature of from 0 C to 200 C, more preferably from
20 0C to 120 0C. Reaction times are, in general, from
5 minutes to 96 hours, more preferably from 30 minutes
to 24 hours. Step 4C In this step, the compound of
formula (XII) can also be prepared by the olefinating
the compound of formula (X) with the compound of
formula (Xl) and a diazo reagent in an inert solvent.
Examples of suitable solvents include: diglyme; DMSO;
DME; THF; 1,4-dioxane; DMF; acetonitrile; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and acetic acid.
Suitable diazo reagents include, for example,
diazonium esters such as methyl diazoacetate, ethyl
diazoacetate, benzyldiazoacetate and terf-butyl
diazoacetate. This reaction can be carried out in the
presence of a suitable catalyst. Examples of such
catalysts include: Rh(ll)acetate, Ru2(OAc)4CI,
RuCI2(PPh3)(p-cymene), Cu(O), Cu(acetylacetonate) 2,
Co(TPP) and Pd(OAc)2. This reaction can be carried out
in the presence of a suitable additive agent. Examples
of such additive agents include: triphenylphosphine,
tri-terf-butylphosphine, 1,1'-
bis(diphenylphosphino)ferrocene, tri-2-furylphosphine,
tri-o-tolylphosphine, 2-
(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
N-methylimidazole, triethylamine, potassium sodium
methoxide, sodium hydroxide, sodium carbonate, sodium
bicarbonate and/or sodium iodide. The reaction can be
carried out at a temperature of from 0 0C to 200 0C,
more preferably from 20 0C to 120 0C. Reaction times
are, in general, from 5 minutes to 96 hours, more
preferably from 30 minutes to 24 hours,. Step 4D In
this Step, an acid compound of formula (III) can be
prepared by hydrolysis of the ester compound of
formula (XII) in an inert solvent.The hydrolysis can
be carried out by conventional procedures. In a
typical procedure, the hydrolysis is carried out under
basic conditions, e.g. in the presence of sodium
hydroxide, potassium hydroxide or lithium hydroxide.
Suitable solvents include, for example: alcohols such
as methanol, ethanol, propanol, butanol,
2-methoxyethanol, and ethylene gylcol; ethers such as
THF, DME1and 1,4- dioxane; amides such as DMF and
hexamethylphospholictriamide; and sulfoxides such as
DMSO. Preferred solvents are methanol, ethanol,
propanol, THF, DME, 1,4-dioxane, DMF, and DMSO. This
reaction can be carried out at a temperature in the
range of from -200C to 1000C, usually from 200C to 65C
for from 30 minutes to 24 hours, usually from 60
minutes to 10 hours. The hydrolysis can alternatively
be carried out under acidic conditions, e.g. in the
presence of hydrogen halides, such as hydrogen
chloride and hydrogen bromide; sulfonic acids, such as
ptoluenesulfonic acid and benzenesulfonic acid;
pyridium p-toluenesulfonate; or carboxylic acids, such
as acetic acid and TFA. Suitable solvents include, for
example: alcohols such as methanol, ethanol, propanol,
butanol, 2-methoxyethanol, and ethylene gylcol; ethers
such as THF, DME, and 1,4-dioxane; amides such as DMF
and hexamethylphospholictriamide; and sulfoxides such
as DMSO. Preferred solvents are methanol, ethanol,
propanol, THF, DME, 1,4-dioxane, DMF, and DMSO. This
reaction can be carried out at a temperature in the
range of from -200C to 1000C, usually from 200C to 65C
for from 30 minutes to 24 hours, usually from 60
minutes to 10 hours. Scheme 5 This illustrates the
preparation of compounds of formula (X). (XIII) (X)
Step 5A In this step, the compound of formula (X) can
be prepared by olefinating the compound of formula
(XIII) using a phosphinilide of formula (XIV) prepared
in situ irom a suitable phosphine reagent and a
methylene halide reagent or phosphorane under
olefination conditions or basic conditionsin an inert 



solvent. Examples of suitable solvents include:
toluene; benzene; xylene; diglyme; DMSO; DME; THF;
diethylether; 1,4-dioxane; DMF; acetonitrile; alcohols
such as methanol or ethanol; halogenated hydrocarbons
such as DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Suitable phosphine
reagents include, for example, triphenylphosphine and
tributylphosphine. Suitable methylene halide reagents
include, for example, methyl bromide, ethyl bromide,
methyl iodide, ethyl idolide, methyl chloride, ethyl
chloride, methyl bromoacetate, bromoacetonitrile,
1-bromoacetone, ethylidene(triphenyl)phosphorane,
(triphenylphosphoranylidene)acetonitrile and methyl
(triphenylphosphoranylidene)acetate.A preferred base
is selected from, for example, but not limited to: an
alkali or alkaline earth metal hydroxide, alkoxide,
carbonate, halide o r hydride, such as sodium
hydroxide, potassium hydroxide, sodium methoxide,
sodium ethoxide, potassium tert-butoxide, sodium
carbonate, potassium carbonate, potassium fluoride,
sodium hydride or potassium hydride; or an amine such
as triethylamine, tributylamine,
diisopropylethylamine, 2,6-lutidine, pyridine or
dimethylaminopyridine. The reaction can be carried out
at a temperature of from 0 C to 300 0C, more
preferably from 20 C to 200 0C . Reaction times are,
in general, from 5 minutes to 96 hours, more
preferably from 30 minutes to 24 hours. When R10 and
R11 are both fluoro, compounds of formula (111) may be
prepared from compounds of formula (XV) as illustrated
in Scheme 6 . Scheme 6 (XV) (XVI) (XVII) Z is a
suitable hydroxy protecting group such as (Ci-C
Jalkyl, (Ci-Cio)alkanoyl, or benzyl . (III) Step 6A In
this step, the compound of formula (XVI) can be
prepared by cyclopropanating the compound of formula
(XV) with sodium chlorodifluoroacetic acid using a
carbene reagent prepared in situ under
cyclopropanation conditions in an inert solvent.
Examples of suitable solvents include: diglyme; DMSO;
DME; ethers such as THF, diethylether, or 1,4-dioxane;
DMF; acetonitrile; alcohols, such as methanol or
ethanol; halogenated hydrocarbons, such as DCM,
1,2-dichloroethane, chloroform o r carbon
tetrachloride; and acetic acid. Suitable carbine
reagents include, for example, CH2 I2 , CHCI 3, sodium
chlorodifluoroacetate, trimethylsilyl
fluorosulfonyldifluoroacetate, trimethylsulfoxonium
iodide and diazomethane. This reaction can be carried
out in the presence or absence of a suitable catalyst.
There is likewise no particular restriction on the
nature of the catalysts used, and any catalysts
commonly used in reactions of this type can equally be
used here. Examples of such catalysts include: Zn(O),
Cu(O), Cu(acetylacetonate) 2, Co(TPP) and Pd(OAc) 2.
This reaction can be carried out in the presence of a
suitable additive agent. Examples of such additive
agents include: acetylchloride, methylbenzoate, sodium
fluoride, triphenylphosphine, tri-tertbutylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine, 2 -
(dichlorohexylphosphino)biphenyl, triphenylarsine,
sodium hydride, potassium hydride, sodium methoxide
and lithium diisopropyl amide. The reaction can be
carried out at a temperature of from 0 0C to 300 C,
more preferably from 20 0C to 200 C. Reaction times
are, in general, from 5 minutes to 96 hours,
morepreferably from 30 minutes to 24 hours. Step 6B In
this step, the compound of formula (XVII) can be
prepared by deprotection of the compound of formula
(XVI) under acidic conditions or by hydrogenation.
When acidic conditions are used, reaction temperatures
are generally in the range of from 0 to 200 C,
preferably room temperature. Reaction times are, in
general, from 1 minute to 24 hours, preferably from 5
minutes to 1 hour. Suitable reagents include, for
example, hydrochloric acid, trifluoromethane sulfonic
acid, methansulfonic acid, p-toluene sulfonic acid and
acetic acid. Examples of suitable solvents include:
THF; 1,4-dioxane; DMF; acetonitrile; alcohols, such as
methanol or ethanol; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Hydrogenation is
carried out, for example, using known hydrogenolysis
conditions in the presence of a suitable metal
catalyst under a hydrogen atmosphere, or in the
presence of hydrogen sources such as formic acid or
ammonium formate, in an inert solvent. If desired, the
reaction is carried out under acidic conditions, for
example, in the presence of hydrochloric acid or
acetic acid. A preferred metal catalyst is selected
from, for example: nickel catalysts such as Raney
nickel; Pd-C ; palladiumhydroxidecarbon;
platinumoxide; platinum-carbon; ruthenium-carbon;
rhodium-aluminumoxide; and trisjtriphenyphosphine]
rhodiumchloride. Examples of suitable inert aqueous or
non-aqueous organic solvents include: alcohols, such
as methanol or ethanol; ethers, such as THF or
1,4-dioxane; acetone; dimethylformamide; halogenated
hydrocarbons, such as DCM, dichloroethane or
chloroform; and acetic acid; or mixtures thereof. The
reaction can be carried out at a temperature in the
range of from 20 0C to 100 C, preferably in the range
of from 20C to 60C. Reaction times are, in general,
from 10 minutes to 4 days, preferably from 30 minutes
to 24 hours. This reaction can be carried out under a
hydrogen atmosphere at a pressure ranging from 1 to
100 atom, preferably from 1 to 10 atom. In this Step,
the compound of formula (III) can be prepared by
oxidation of the compound of formula (XVII) using an
oxidizing agent in an inert solvent. Examples of
oxidizing agents include oxalyl chloride- DMSO (Swern
oxidation condition), pyridinium chlorochromate (PCC),
pyridinium dichromate (PDC), manganese dioxide and
tetrapropylammonium perruthenate (TPAP). This reaction
can be carried out in a suitable inert solvent such as
halogenated hydrocarbons, for example, chloroform,
dichloroethane and 1,2-dichloroethane. This reaction
may be carried out at a temperature in the range of
from - 100 to 800C, usually from -80 to 500C for from
5 minutes to 30 hours, usually from 15 minutes to 20
hours. When R10 and R11 are both hydrogen, compounds
of formula (III) may be prepared from compounds of
formula (XVIl) as illustrated in Scheme 7. Scheme
7(XVlIl) (XIX) (Hl) Ra is a suitable protecting group
such as (C1-C4JaIKyI or benzyl. Step 7A In this Step,
the compound of formula (XIX) can be prepared by
cyclopropanating the compound of formula (XVIII) using
a carbene prepared in situ under cyclopropanation
conditions in an inert solvent. Examples of suitable
solvents include: diglyme; DMSO; DME; THF;
diethylether; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as methanol or ethanol; halogenated
hydrocarbons, such as DCM, 1,2- dichloroethane,
chloroform or carbon tetrachloride; and acetic acid.
Suitable reagents include, for example, CH2I2, CHCI3,
sodium chlorodifluoroacetate, trimethylsilyl
fluorosulfonyldifluoroacetate, trimethylsulfoxonium
iodide and diazomethane. This reaction can be carried
out in the presence or absence of a suitable catalyst.
There is likewise no particular restriction on the
nature of the catalysts used, and any catalysts
commonly used in reactions of this type can equally be
used here. Examples of such catalysts include:
Zirconium(O), Copper(O), Copper(acetylacetone) 2,
Co(TPP) and Pd(OAc) 2. This reaction can be carried
out in the presence of a suitable additive agent.
Examples of such additive agents include:
acetylchloride, methylbenzoate, sodium fluoride,
triphenylphosphine, tri-tertbutylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine, 2-
(dichlorohexylphosphino)biphenyl, triphenylarsine,
sodium hydride, potassium hydride, sodium methoxide
and lithium diisopropyl amide. The reaction can be
carried out at a temperature of from O0C to 300 C,
more preferably from 20 C to 200 C. Reaction times
are, in general, from 5 minutes to 96 hours, more
preferably from 30 minutes to 24 hours,. Step 7B In
this step, the compound of formula (III) can be
prepared by hydrolysis of the ester compound of
formula (XIX) as described in Step 4D. When R4 is
hydrogen, compounds of formula (II) may be prepared
from compounds of formula (XX) as illustrated in
Scheme 8. Scheme 8(XX) (XXI) (XXII) O H2N'(r)'C(CH3)3
(XXIV) (H) Step 8A In this Step, the compound of
formula (XXI) can be prepared by triflic reaction of
the compound of formula (XX) using trifilic anhydrate
under basic conditions in an inert solvent. A
preferred base is selected from, for example, but not
limited to: an alkali or alkaline earth metal
hydroxide, alkoxide, carbonate, halide or hydride,
such as sodium hydroxide, potassium hydroxide, sodium
methoxide, sodium ethoxide, potassium terf-butoxide,
sodium carbonate, potassium carbonate, potassium
fluoride, sodium hydride or potassium hydride; or an
amine such as triethylamine, tributylamine,
diisopropylethylamine, 2,6-lutidine, pyridine or
dimethylaminopyridine. Examples of suitable solvents
include: THF; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as methanol or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and acetic acid.
Reaction temperatures are generally in the range of
from -78 0C to 200 0C, preferably in the range of from
0 C to room temperature. Reaction times are, in
general, from 1 minute to a day, preferably from 1
hour to 20 hours. Step 8B In this Step, the compound
of formula (XXII) can be prepared by coupling the
compound of formula (XXI) with alkyl sulfonamide in
the presence of a catalyst and
4,5-bis(diphenylphosphino)-9,9- demethylxanthene
(Xantphos) under basic conditions in an inert solvent,
as described in Buchwald, S.L. Journal of American
chemical society, 2002, 124, 6043-6048. Examples of
suitable catalysts include
tris(dibenzylidenacetone)dipalladium (0) and palladium
reagents, such as palladium acetate and palladium
dibenzylacetone. A preferred base is selected from,
for example, but not limited to: an alkali or alkaline
earth metal hydroxide, alkoxide, carbonate, halide or
hydride, such as sodium hydroxide, potassium
hydroxide, sodium methoxide, sodium ethoxide,
potassium ferf-butoxide, sodium carbonate, potassium
carbonate, cesium carbonate, potassium fluoride,
sodium hydride or potassium hydride; or an amine such
as triethylamine, tributylamine,
diisopropylethylamine, 2,6-lutidine, pyridine or
dimethylaminopyridine. Examples of suitable solvents
include: THF; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as methanol or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and acetic acid.
Reaction temperatures aregenerally in the range of
from 0 to 200 C, preferably in the range of from 100 C
to 140 C. Reaction times are, in general, from 1
minute to a day, preferably from 5 minutes to 1 hour.
Step 8CIn this Step, the compound of formula (XXIV)
can be prepared by dehydration and reduction of the
ompound of formula (XXII) and sulfinamide of formula
(XXIII) in the presence of a catalyst and reducing
agent in an inert solvent. Dehydration is conducted in
the presence of a dehydrating agent. Examples f a
suitable dehydrating agents include: hydrogen halides
such as hydrogen chloride and hydrogen bromide;
sulfonic acids such as p-toluenesulf onic acid and
benzenesulfonic acid; sulfonylchlorides such as
methansulfonylchloride and p-toluenesulfonylchloride;
methoxycarbonylsulfamoyltriethylammonium hydroxide;
p-toluenesulfonylisocyanate; and titanium(IV)
ethoxide. Reaction temperatures are generally in the
range of from 0 to 200 0C, preferably in the range of
from 50 C to 100 C. Reaction times are, in general,
from 1 minute to 48 hours, preferably from 12 hours to
24 hours. The reduction may be carried out in the
presence of a suitable reducing agent in an inert
solvent or without solvent. A preferred reducing agent
is selected from, for example, but not limited to,
NaBH4, UAIH4, UBH4, Fe, Sn or Zn. O- Reaction
temperatures are generally in the range of from -78 C
to room temprature, preferably in the range of from
-70 C to 0 C. Reaction times are, in general, from 1
minute to a day, preferably from 3 hours to 6 hours.
Examples of suitable solvents include: THF;
1,4-dioxane; DMF; acetonitrile; alcohols, such as
methanol or ethanol; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Step 8D In this Step,
the compound of formula (II) can be prepared by
deprotection and salt formation of the compound of
formula (XXIV) under acidic conditions in an inert
solvent, using the method of D. Cogan et. al., Journal
of American Chemical Society, 1999, 121 , 268-269.
Reaction temperatures are generally in the range of
from 0 to 200 C, preferably room temperature. Reaction
times are, in general, from 1 minute to 24 hours,
preferably from 5 minutes to 1 hour. Examples of
suitable solvents include: THF; 1,4-dioxane; DMF;
acetonitrile; alcohols, such as methanol or ethanol;
halogenated hydrocarbons, such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Scheme 9 This
illustrates an alternative preparation of compounds of
formula (XXII). X is halogen, such as bromine or
chlorine (XXV) (XXVIl) (XXIl) Step 9A In this Step,
the compounds of formula (XXVII) can be prepared by
sulfonylation of the compound of formula (XXV) with
the compound of formula (XXVI) under, for example,
known sulfonylation conditions in the presence of a
base in an inert solvent. A preferred base is selected
from, for example, but not limited to: an alkali or
alkaline earth metal hydroxide, alkoxide, carbonate,
halide or hydride, such as sodium hydroxide, potassium
hydroxide, sodium methoxide, sodium ethoxide,
potassium tert-butoxide, sodium carbonate, potassium
carbonate, potassium fluoride, sodium hydride or
potassium hydride; or an amine such as triethylamine,
tributylamine, diisopropylethylamine, 2,6-lutidine,
pyridine or dimethylaminopyridine. Examples of
suitable inert aqueous or non-aqueous organic solvents
include:alcohols, such as methanol or ethanol; ethers,
such as THF or 1,4-dioxane; acetone;
dimethylformamide; halogenated hydrocarbons, such as
DCM, dichloroethane or chloroform; and acetic acid; or
mixtures thereof. The reaction can be carried out at a
temperature in the range of from 20 C to 100 C,
preferably in the range of from 20C to 60C. Reaction
times are, in general, from 10 minutes to 4 days,
preferably from 30 minutes to 24 hours. Step 9B In
this step, the compounds of formula (XXII) can be
prepared by Friedal-Crafts acylation of the compound
of formula (XXVII) with R3CI under, for example, known
Friedal-Crafts acylation conditions in the presence of
a metal and acylhalide. This reaction may be carried
out in an inert solvent. Examples of suitable solvents
include: halogenated hydrocarbons, such as DCM,
dichloroethane or chloroform; and aromatic
hydrocarbons, such as nitrobenzene and chlorobenzene.
Examples of suitable catalysts include aluminum
halides, such as aluminum chloride and aluminum
bromide. This reaction can be carried out at
temperature of from -50 C to 200 0C, preferably from
about -10 C to 150 0C for from 5 minutes to 48 hours,
preferably from 30 minutes to 24 hours. When R4 is
hydrogen, compounds of formula (II) may be prepared
from compounds of formula (XXVII) as illustrated in
Scheme 10. Scheme 10 (XXX) STEP 10D CO Step 10A In
this step, the compound of formula (XXIX) can be
prepared by dehydration of the compound of formula
(XXII) using a Lewis acid under basic conditions in an
inert solvent. A preferred Lewis acid is selected
from, for example, but not limited to, titanium
tetrachloride, aluminium tetrachloride or zirconium
tetrachloride. A preferred base is selected from, for
example, but not limited to: an alkali or alkaline
earth metal hydroxide, alkoxide, carbonate, halide or
hydride, such as sodium hydroxide, potassium
hydroxide, sodium methoxide, sodium ethoxide,
potassium terf-butoxide, sodium carbonate, potassium
carbonate, potassium fluoride, sodium hydride or
potassium hydride; or an amine such as triethylamine,
tributylamine, diisopropylethylamine, 2,6-lutidine,
pyridine or dimethylaminopyridine. Examples of
suitable solvents include: THF; 1,4-dioxane; DMF;
acetonitrile; alcohols, such as methanol or ethanol;
halogenatedhydrocarbons, such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Reaction temperatures
are generally in the range of from -78 to 200 0C,
preferably in the range of from 0 C to room
temperature. Reaction times are, in general, from 1
minute to a day, preferably from 1 hour to 20 hours.
Step 10B In this Step, the compound of formula (XXX)
can be prepared by the reduction of the compound of
formula (XXIX) in the presence of a suitable reducing
agent in an inert solvent or without solvent. A
preferred reducing agent is selected from, for
example, but not limited to, NaBH4, UAIH4, IJBH4, Fe,
Sn or Zn. Reaction temperatures are generally in the
range of from -78 C to room temprature, preferably in
the range of from -70 0C to 0 C Reaction times are, in
general, from 1 minute to a day, preferably from 3
hours to 6 hours. Examples of suitable solvents
include: THF; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as methanol or ethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and acetic acid.
The reduction may also be carried out in the presence
of a suitable metal catalyst under a hydrogen
atmosphere in an inert solvent. A preferred metal
catalyst is selected from, for example: nickel
catalysts such as Raney nickel; Pd-C;
palladiumhydroxide-carbon; platinumoxide;
platinum-carbon; rutheniumcarbon;
rhodium-aluminumoxide; and tris[triphenyphosphine]
rhodiumchloride. Examples of suitable inert aqueous or
non-aqueous organic solvents include: alcohols, such
as methanol or ethanol; ethers, such as THF or
1,4-dioxane; acetone; dimethylformamide; halogenated
hydrocarbons, such as DCM, dichloroethane or
chloroform; and acetic acid; or mixtures thereof. The
reaction can be carried out at a temperature in the
range of from 20 0C to 100 C, preferably in the range
of from 20 C to 60 C. Reaction times are, in general,
from 10 minutes to 4 days, preferably from 30 minutes
to 24 hours. This reaction can be carried out under a
hydrogen atmosphere at a pressure ranging from 1 to
100 atoms, preferably from 1 to 10 atom. Step 10C In
this step, the compounds of formula (II) can be
prepared by hydrogenation of the compound of formula
(XXX) under, for example, known hydrogenolysis
conditions in the presence of a metal catalyst under
hydrogen atmosphere, or in the presence of hydrogen
sources such as formic acid or ammonium formate, in an
inert solvent. If desired, the reaction is carried out
under acidic conditions, for example, in the presence
of hydrochloric acid or acetic acid. A preferred metal
catalyst is selected from, for example: nickel
catalysts such as Raney nickel; Pd-C;
palladiumhydroxide-carbon; platinumoxide;
platinum-carbon; ruthenium-carbon;
rhodium-aluminumoxide; and tris[triphenyphosphine]
rhodiumchloride. Examples of suitable inert aqueous or
non-aqueous organic solvents include: alcohols, such
as methanol or ethanol; ethers, such as THF or
1,4-dioxane; acetone; dimethylformamide; halogenated
hydrocarbons, such as DCM, dichloroethane or
chloroform; and acetic acid; or mixtures thereof. The
reaction can be carried out at a temperature in the
range of from 20 0C to 100 0C, preferably in the range
of from 20C to 60C. Reaction times are, in general,
from 10 minutes to 4 days, preferably from 30 minutes
to 24 hours. This reaction can be carried out under a
hydrogen atmosphere at a pressure ranging from 1 to
100 atom, preferably from 1 to 10 atom. Step 10DIn
this step, the compounds of formula (II) can be
prepared from the compound of formula (XXX) by salt
formation with, for example, hydrogen-chloride
methanol solution, 1,4-dioxane solution and aqueous
solution. The reaction can be carried out at a
temperature in the range from of from 20 C to 100 C,
preferably in the range of from 20C to 60C. Reaction
times are, in general, from 10 minutes to 4 days,
preferably from 30 minutes to 24 hours. Scheme 11 This
illustrates the preparation of compounds of formula
(X). X : halogen M3 : tributylstannane,
trimethylstannane, triphenylstannane, tributylsilane,
trimethylsilane, triphenylsilane, diphenylborane,
dimethylboronate, magnesium bromide, pottasium
trifluoroborate or the like. (VII) (X) Step 11A In
this step, a compound of formula (X) can be prepared
by the olefinating a compound of formula (VlI) with a
compound of formula (IX) under olefination conditions
with a vinyl metal, vinyl acetate or vinyl methyl
ether reagent in the presence of a transition metal
catalyst in an inert solvent. Examples of suitable
solvents include: THF; 1,4-dioxane; DMF; acetonitrile;
alcohols, such as methanol orethanol; halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; and diethylether;
in the presence or absence of an aqueous base such as
aqueous KOH, NaOH, LiOH or K2CO3. Suitable vinyl
reagents include, for example, metal vinyl reagents
such as tributylvinylstannane, trimethylvinylstannane,
triphenylvinylstannane, tributylvinylsilane,
trimethylvinylsilane, triphenylvinylsilane,
diphenylvinylborane, dimethylvinylboronate, potassium
vinyl trifluoroborate or vinylmagnesium bromide.
Examples of suitable transition metal catalysts
include: tetrakis(tripheny!phosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(l) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) trifluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bs(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylrhosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1
,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. This reaction can be carried out in the
presence of a suitable additive agent. Examples of
such additive agents include: triphenylphosphine,
tri-tert-butylphosphine, 1,1'-
bis(diphenylphosphino)ferrocene, tri-2-furylphosphine,
tri-o-tolylphosphine, 2-
(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
triethylamine, potassium sodium methoxide, sodium
hydroxide, carbonate, sodium bicarbonate and/or sodium
iodide. The reaction can be carried out at a
temperatureof from 0 0C to 200 0C, more preferably
from 20 C to 120 C. Reaction times are, in general,
from 5 minutes to 96 hours, more preferably from 30
minutes to 24 hours. When R4, R5, R6, R10 and R11 are
all hydrogen; D is CR9, wherein R9 is H; E is N; and
R7 is NH2, (Cr C6)alkylNH or [(CrC 6)alkyl]2N,
compounds of formula (I) may be prepared from
compounds of formula (XXXI) as illustrated in Scheme
12. Scheme 12 (XXXI) (X) (XII) m Ra is a suitable
protecting group such as (C1-C4JaIkYl or benzyl; ently
(Ci-Cg)alkyl or hydrogen. (XXXIl) Step 12A 



In this Step, the compound of formula (X) can be
prepared by reduction of formula (XXXI) under
reduction conditions with a reducing reagent in an
inert solvent following olefination using a compound
of formula (Xl) prepared in situ or phosphorane under
olefination condition in an inert solvent or under
base condition in an inert solvent. The reduction may
be carried out in the presence of a suitable reducing
agent in an inert solvent or without solvent. A
preferred reducing agent is selected from, for
example, but not limited to, sodiumborohydride,
lithium aluminium hydride or lithium borohydride.
Examples of suitable solvents include: THF,
1,4-dioxane, DMF, acetonitrile; alcohols, such as MeOH
or ethanol; halogenated hydrocarbons, such as DCM,
1,2-dichloroethane, chloroform or carbon tetrachloride
and acetic acid. Reaction temperature is generally in
the range of -78 0C to room temprature, preferably in
the range of from -70 0C to 0 C. Reaction time is, in
general, from 1 minute to a day, preferably from 3
hours to 6 hours. Step 12B Compounds of formula (XII)
can be prepared from compounds of formula (X) by the
reaction described in Step 4C above. Step 12C
Compounds of formula (III) can be prepared from
compounds of formula (XII) by the reaction described
in Step 4D above. Step 12D Compounds of formula
(XXXIl) can be prepared from compounds of formula
(III) by the reactiondescribed in Step 1A above. Steo
12E In this step, the compound of formula (I) can be
prepared by coupling a compound of formula (XXXII)
with the amine HNR'R" in an inert solvent or without
solvent. Examples of suitable solvents include: THF;
1,4-dioxane; DMF; acetonitrile; alcohols, such as
methanol or ethanol; and halogenated hydrocarbons,
such as DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride. The reaction can be carried out at a
temperature of from 0 0C to 200 C, more preferably
from 20 C to 120 C. Reaction times are, in general,
from 5 minutes to 96 hours, more preferably from 30
minutes to 24 hours,. When D and E are both CR9, and
R8 is terf-butyl or 2,2,2-trifluoro-1,1-methylethyl,
compounds of formula (VII) can be prepared from
compounds of formula (XXXIIl) as illustrated in Scheme
13. Scheme 13 Rx is a suitable protecting group such
as (Ci-C )alkyl or benzyl; STEP 13E Rg is methyl or
trifluoromethyl; and X is halogen. (XVI) (VII) Step
13A In this Step, an organometalic compound of formula
(XXXIV) can be prepared by directive metalation
reaction of a compound of formula (XXXIII) with
alkyllithum. This reaction may be carried out in the
presence of an organmetallic reagent or metal.
Examples of suitable organometallic reagents include;
alkyllithiums such as n-butyllithium, sec-butyllithium
and terf-butyllithium; and aryllithiums such as
phenyllithium and lithium naphtilide. Preferred
reaction inert solvents include, for example:
hydrocarbons, such as hexane; ethers, such as diethyl
ether, diisopropyl ether, DME, THF and 1,4-dioxane; or
mixtures thereof. Reaction temperatures are generally
in the range of from - 1000C to 50 0C, preferably in
the range of from -100 0C to room temperature.
Reaction times are, in general, from 1 minute to a
day, preferably from 1 hour to 10 hours. Step 13B In
this step, a compound of formula (XXXV) can be
prepared by nucleophilic addition of the compound of
formula (XXXIV) with a ketone reagent. Examples of
suitable ketone reagents include; dialkylketones such
as acetone; and haloalkylketones such as 1, 1,
1-trifluoroacetone. Preferred reaction inert solvents
include, for example: hydrocarbons, such as hexane;
ethers such as diethyl ether, diisopropyl ether, DME,
THF and 1,4-dioxane; or mixtures thereof. Reaction
temperatures are generally in the range of from - 100
to 50 0C, preferably in the range of from - 1000C to
room temperature. Reaction times are, in general, from
1 minute to a day, preferably from 1 hour to 10
hours.Step 13C In this step, a compound of formula
(XXXVl) can be prepared by halogenation of a compound
of formula (XXXV) with a halogenating agent. The
halogenation may be carried out in the presence of a
suitable halogenating agent in an inert solvent or
without solvent. Preferred reaction inert solvents
include, for example: hydrocarbons, such as benzene,
toluene or xylene; halogenated hydrocarbons, such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; or mixtures thereof. A preferred
halogenating agent is selected from the following
examples, but not limited to: thionyl chloride, oxalyl
chloride, phosphorus oxychloride, titanium chloride
and phosphorus pentachloride, optionally combined with
catalytic pyridine, and is most preferably the
combination of thionyl chloride and catalytic
pyridine. Reaction temperatures are generally in the
range of from - 100 to 200 0C, preferably in the range
of from - 40 0C to 100 0C. Reaction times are, in
general, from 1 minute to a day, preferably from 1
hour to 10 hours. Step 13D In this Step, a compound of
formula (XXXVII) can be prepared by a substitution
reaction of the compound of formula (XXXVI) with n
alkylating agent in an inert solvent. A preferred
alkylating agent is selected from the following
examples, but not limited to: trialkylmetals such as
trimethylaluminum, triethylaluminum; alkylmagnesium
halides such as methylmagnesium bromide in the
presence of additive compound such as lithium bromide;
dialkylzinc halides such as dimethylzinc dichloride
prepared by dimethyizinc and titanium chloride; and is
most preferably trimethylaluminum. Preferred reaction
inert solvents include, for example: halogenated
hydrocarbons, such as DCM, 1,2-dichloroethane,
chloroform or carbon tetrachloride; ethers, such as
diethyl ether, diisopropyl ether, DME, THF and
1,4-dioxane; hydrocarbons, such as n-hexane,
cyclohexane, benzene and toluene; or mixtures thereof.
Reaction temperatures are generally in the range of
from -100 to 200 0C, preferably in the range of from
-40 0C to 100 0C. Reaction times are, in general, from
1 minute to a day, preferably from 1 hour to 10 hours.
Step 13E In this Step, the compound of formula (VII)
can be prepared by dealkylation of the compound of
formula (XXXVII) with a dealkylating agent in an inert
solvent. Examples of suitable dealkylating agents
include: boron halides such as boron tribromide or
boron trichloride; and hydrogen halides, such as
hydrogen bromide. Preferred reaction inert solvents
include, for example: halogenated hydrocarbons such as
DCM, 1,2-dichloroethane, chloroform or carbon
tetrachloride; and acetic acid. Reaction temperatures
are generally in the range of from -100 to 200 0C,
preferably in the range of from -80 0C to 80 0C.
Reaction times are, in general, from 1 minute to a
day, preferably from 1 hour to 10 hours. When B is N
and A is CH or CR12, compounds of formula (XXII) can
be prepared from compounds of formula (XXXVIII) as
illustrated by Scheme 14. Scheme 14 i)Step 14A In this
Step, a compound of formula (XXXIX) can be prepared by
alkylation of a compound of formula (XXXVIII) with an
alkylating agent in the presence of a suitable metal
catalyst in an inert solvent. A preferred alkylating
agent is selected from, but not limited to:
trialkylmetals such as trimethylaluminum or
triethylaluminum; and alkylmagnesium halides such as
methylmagnesium bromide. The reaction can be carried
out in the presence of an additive compound such as
lithium bromide or a dialkylzinc halide such as
dimethylzinc dichloride prepared by dimethylzinc and
titanium chloride, preferably trimethylaluminum.
Examples of suitable metal catalysts include:
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(l) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) thfluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(0),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [ 1
,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred reaction inert solvents include,
for example: halogenated hydrocarbons such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride; acetic acid; 1,4-dioxane; THF; DMF;
dimethylsulfoxide; and dyglime. This reaction can be
carried out in the presence of a suitable additive
agent. Examples of such additive agents include:
triphenylphosphine, tri-tert-butylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine,
2-(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
triethylamine, potassium sodium methoxide, sodium
hydroxide, sodium carbonate, sodium bicarbonate and/or
sodium iodide. Reaction temperatures are generally in
the range of from -100 0C to 200 0C, preferably in the
range of from -40 0C to 100 0C. Reaction times are, in
general, from 1 minute to a day, preferably from 1
hour to 10 hours. Step 14B In this Step, a compound of
formula (XXXX) can be prepared from a compound of
formula (XXXIX) by the method described in Step 9A
above. Step 14C In this Step, a compound of formula
(XXXXI) can be prepared from a compound of formula
(XXXX) by the method described in Step 2A above. Step
14D In this Step, a compound of formula (XXII) can be
prepared by alkylation of the compound of formula
(XXXI) with an alkylating agent in an inert solvent.
Preferred alkylating agents and inert solvents are the
same as those of Step 14A. The reaction can be carried
out at a temperature of from 0 C to 200 0C, more
preferably from 20 C to 120 C. Reaction times are, in
general, from 5 minutes to 96 hours,nore preferably
from 30 minutes to 2 4 hours. Scheme 15 (XXXXiI)
(XXXXIII) (X) Steo 15A In this Step, a compound of
formula (XXXXIlI) can be prepared from a compound of
formula (XXXXlI) by acetal formation in the presence
of a suitable catalyst in an inert solvent o r without
solvent. Dialkyl acetal formation may be carried out
in the presence of a suitable acetal formation agent
and catalyst in an inert solvent. Examples of
preferred acetal formation agents include
trimethylorthoformate and triethylorthoformate.
Examples of preferred catalysts include:
tetrabutylammonium tribromide; tetrabutylammonium
trichloride; hydrogenchloride; and metal chlorides
such as aluminium(lll) chloride, zinc chloride o r
boron(lll) trichloride. Examples of suitable solvents
include: THF; 1,4-dioxane; DMF; acetonitrile; alcohols
such a s methanol o r ethanol; halogenated
hydrocarbons such as DCM, 1,2- dichloroethane,
chloroform o r carbon tetrachloride; and acetic acid.
Reaction temperatures are generally in the range of
from -78 0C to room temprature, preferably in the
range of from -70 0C to 0 0C . Reaction times are, in
general, from 1 minute to a day, preferably from 3
hours to 6 hours. Steo 15B In this step, a compound of
formula (X) can be prepared by olefination of a
compound of formula (XXXXIIl) under in the presence of
a catalyst in an inert solvent o r without solvent.
The olefination reaction may be carried out in the
presence of a suitable agent and additive in a n inert
solvent. A preferred agent is selected from, for
example, but not limited to: succinic anhydride and
triethylamine; and succinic anhydride and pyridine. A
preferred additive is selected from, for example, but
not limited to, benzoic acid, trifluoromethane
sulfonic acid and p-toluenesulfonic acid. Examples of
suitable solvents include: THF; 1 ,4-dioxane; DMF;
acetonitrile; alcohols, such as methanol or ethanol;
halogenated hydrocarbons, such as DCM,
1,2-dichloroethane, chloroform o r carbon
tetrachloride; and acetic acid. . o, Reaction
temperatures are generally in the range of from -78 C
to room temprature, preferably in the raannggee ooff
ffrroomm --770 C to 0 0C . Reaction times are, in
general, from 1 minute to a day, preferably from 3
hours to 6 hours. When R3 is methyl, compounds of
formula (XXII) may be prepared from compounds of
formula (XXXXIV) as illustrated in Scheme 16. Scheme
16(XXXXlV) ' X represents halogen such as iodide,
bromide, chloride or fluoride. Step 16A In this step,
a compound of formula (XXII) can be prepared by
acylation of a compound of formula (XXXXIV) under
acylating conditions using n-buthyl vinyl ether as a
reagent in water-organic co-solvent mixture in the
presence of a suitable transition metal catalyst and
in the presence or absence of a base, followed by
hydrolysis under acidic condition. Examples of
suitable organic solvents include: THF;1,4-dioxane;
DMF; acetonitrile; alcohols, such as methanol or
ethanol; halogenated hydrocarbons, such as DCM,
1,2-dichIoroethane, chloroform or carbon
tetrachloride; and diethylether in the presence or
absence of an aqueous base such as aqueous KOH, NaOH,
LiOH or K2CO3. Examples of suitable catalysts include:
tetrakis(triphenylphosphine)- palladium,
bis(triphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(l) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) trifluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [ 1
,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. This reaction can be carried out in the
presence of a suitable additive agent. Examples of
such additive agents include: triphenylphosphine,
tri-fert-butylphosphine,
1,1'-bis(diphenylphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine,
2-(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
triethylamine, potassium sodium methoxide, sodium
hydroxide, sodium carbonate, sodium bicarbonate,
and/or sodium iodide. This reaction can be acidified
with a suitable acid. Examples of such acid agents
include: concentrated hydrogen chloride aqueous
solution, sulfonic acid in the presence of water. The
reaction can be carried out at a temperature of from O
C to 200 C, more preferably from 20 0C to 120 C.
Reaction times are, in general, from 5 minutes to 96
hours, more preferably from 30 minutes to 24 hours.
Scheme 17: This illustrates the preparation of
compounds of formula (XIII).(XXXXV) (XIII) X is
halogen. St D 17A In this Step, the compound of
formula (XIII) can be prepared by coupling a compound
of formula (XXXXV) with alkyl or aryl metal reagent in
water-organic co-solvent mixture under coupling
conditions in the presence of a suitable transition
metal catalyst and in the presence or absence of a
base. Examples of suitable transition metal catalysts
include: tetrakis(triphenylphosphine)-palladium,
bis(thphenylphosphine)palladium(ll) chloride,
copper(O), copper(l) acetate, copper(l) bromide,
copper(i) chloride, copper(l) iodide, copper(l) oxide,
copper(ll) trifluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride,
copper(ll) iodide, copper(ll) oxide, copper(ll)
trifluoromethanesulfonate, palladium(ll) acetate,
palladium(ll) chloride,
pisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Preferred catalysts are
tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride,
palladium(ll) acetate, palladium(ll) chloride,
bisacetonitriledichloropalladium(O),
bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0) and [1
,1'-bis(diphenylphosphino)ferrocene]palladium(ll)
dichloride. Examples of suitable alkyl or aryl metal
reagents include, but not limited to, boronic acids
such as phenyl boronic acid, 4-pyridinyl boronic acid,
cyclopropyl boronic acid, and methyl boronic acid.
Examples of suitable organic solvent for the
water-organic co-solvent mixture include: THF; 1,4-
dioxane; DMF; acetonitrile; alcohols, such as methanol
or ethanol; halogenated hydrocarbons, such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride; and diethylether; in the presence or
absence of an aqueous base such as aqueous KOH, NaOH,
LiOH or K2CO3. This reaction can be carried out in the
presence of a suitable additive agent. Examples of
such additive agents include: triphenylphosphine,
tri-terf-butylphosphine,
1,1'-bis(diphenyiphosphino)ferrocene,
tri-2-furylphosphine, tri-o-tolylphosphine,
2-(dichlorohexylphosphino)biphenyl, triphenylarsine,
tetrabutylammonium chloride, tetrabutylammonium
fluoride, lithium acetate, lithium chloride,
triethylamine, potassium sodium methoxide, sodium
hydroxide, sodium carbonate, sodium bicarbonate,
and/or sodium iodide. The reaction can be carried out
at a temperature of from O0C to 200 0C, more
preferably from 20 0C to 120 0C. Reaction times are,
in general, from 5 minutes to 96 hours, more
preferably from 30 minutes to 24 hours. When R3 and R4
are taken together with the carbon atoms to which they
are attached to form a cyclopropane ring, compounds of
formula (II) can be prepared from compounds of formula
(XXXXV) as illustrated in Scheme 18. Scheme
18(XXXXVIII) (XXXXIX) (XXXXX) wherein, P represents a
suitable amine protective group such as benzoyl or
terf-methoxycarbonyl. Step 18A In this Step, a
compound of formula (XXXXVIl) can be prepared by
nitration of a compound of formula (XXXXVI) under
acidic conditions in an inert solvent. Nitration may
be carried out in the presence of a suitable nitrating
agent and acid in an inert solvent. Examples of
preferred nitrating agents include, but are not
limited to, nitric acid, potassium nitrate and copper
(II) nitrate. Examples of preferred acids include, but
are not limited to, acetic acid, acetic acid anhydride
and sulfuric acid. Examples of suitable solvents
include THF; 1,4-dioxane; DMF; acetonitrile; water;
ethylacetate; alcohols such as methanol or ethanol;
and halogenated hydrocarbons such as DCM,
1,2-dichloroethane, chloroform or carbon
tetrachloride. Reaction temperatures are generally in
the range of from -78 0C to 10O 0C, preferably in the
range of from - 15 0C to 50 C. Reaction times are, in
general, from 1 minute to a day, preferably from 3
hours to 6 hours. Step 18B In this Step, a compound of
formula (XXXXVIII) can be prepared by cyclopropane
formation of a compound of formula (XXXXVII) under
alkylation conditions in an inert solvent. Alkylation
may be carried out in the presence of a suitable
alkylating agent and metal hydride in an inert
solvent. Examples of preferred alkylating agents
include, but are not limited to, dibromoethane,
diiodoethane and dichloroethane. Examples of preferred
metal hydrides include, but are not limited to, sodium
hydride, potassium hydride and lithium hydride.
Examples of suitable solvents include THF;
1,4-dioxane; and DMF. Reaction temperatures are
generally in the range of from -78 0C to 100 C,
preferably in the range of from -78 C to room
temperature. Reaction times are, in general, from 1
minute to a day, preferably from 3 hours to 6 hours.
Step 18C In this Step, a compound of formula (XXXXIX)
can be prepared by hydrogenation of a compound of
formula (XXXXVlIl) under, for example, known
hydrogenolysis conditions in the presence of a
suitable metal catalyst under a hydrogen atmosphere,
or in the presence of hydrogen sources such as formic
acid or ammonium formate, in an inert solvent. If
desired, the reaction is carried out under acidic
conditions, for example, in the presence of
hydrochloric acid or acetic acid. A preferred metal
catalyst is selected from, for example, nickel
catalysts such as Raney nickel; Pd-C ;
palladiumhydroxide-carbon;platinumoxide;
platinum-carbon; ruthenium-carbon;
rhodium-aluminumoxide; trisftriphenyphosphine]
rhodiumchloride; Fe; Zn; Sn; and SnCl 2 . Examples of
suitable inert aqueous o r non-aqueous organic
solvents include: alcohols, such as methanol o r
ethanol; ethers, such as THF o r 1 ,4-dioxane;
acetone; dimethylformamide; halogenated hydrocarbons,
such as DCM, dichloroethane o r chloroform; and acetic
acid; o r mixtures thereof. The reaction can be
carried out at a temperature in the range of from 2 0
0C to 100 C, preferably in the range of from 20C to
60C. Reaction times are, in general, from 10 minutes
to 4 days, preferably from 3 0 minutes to 24 hours.
This reaction can be carried out under a hydrogen
atmosphere at a pressure ranging from 1 to 100 atoms,
preferably from 1 to 10 atom. Step 18D In this Step, a
compound of formula (XXXXIX) can be prepared from a
compound of formula (XXXXVlIl) by the method described
in Step 9A above. Step 18E In this Step, a compound of
formula (XXXXX) can be prepared from a compound of
formula (XXXXIX) by the methods decribed in Step 4 D
above. Step 18F In this Step, a compound of formula
(XXXXXI) can be prepared by conversion of the
carboxylic acid of formula (XXXXX) to the
corresponding amine derivative under known Curtius
conditions in a n inert solvent. The Curtius reaction
may be carried out in the presence of a suitable
phosphinic azide agent and base in a n inert solvent,
following alcohol addition. Examples of preferred
phosphinic azide agents include, but are not limited
to, diphenylphosphorylazide. Examples of preferred
bases include, but are not limited to, triethylamine,
diisopropylamine, sodium methoxide and tert-butyl
ethoxide. Examples of preferred alcohols include, but
are not limited to, benzyl alcohol and terf-butanol.
Examples of suitable solvents include THF;
1,4-dioxane; DMF; DMSO; and Diglyme. Reaction
temperatures are generally in the range of from -78 C
to 200 C, preferably in the range of from 0 0C to the
reflux temperature of the solvent. Reaction times are,
in general, from 1 minute to a day, preferably from 3
hours to 12 hours. Step 18G In this Step, a compound
of formula (XXXXXI) can be prepared by deprotection of
a compound of formula (XXXXX) under known deprotection
conditions. Hydrogenation conditions may be used, as
described in Step 10C above. Alternatively, other
deprotecting conditions which may b e used to convert
a carbamate such a s terf-butyl carbamate to a primary
amine include basic conditions under inert solvent. A
preferred base includes, for example, but is not
limited to, potassium hydroxide, sodium hydroxide and
lithium hydroxide. Examples of suitable inert aqueous
o r non-aqueous organic solvents include: alcohols,
such as methanol o r ethanol; ethers, such as THF or 1
,4-dioxane; acetone; dimethylformamide; 



halogenated hydrocarbons, such as DCM, dichloroethane
o r chloroform; and acetic acid; or mixtures thereof.
The reaction can b e carried out at a temperature in
the range of from 2 0 0C to 100 0C,
pprreeffeerraabbllyy iinn tthhee rraannggee ooff
ffrroomm 2200CC ttoo 60C. Reaction times are, in
general, from 10 minutes to 4 days, preferably from 3
0 minutes to 24 hours. When R10 and R11 are both
hydrogen, a compound of formula (X) may be prepared
from a compound of formula (XXXXXII) as illustrated in
Scheme 19.In this step, the compound of formula (X)
can be prepared by dehydration of a compound of
formula (XXXXXIl) under acidic conditions in an inert
solvent. Examples of preferred acids include, but are
not limited to, p-toluene sulfonic acid, hydrogen
chloride and trifluoro acetic acid. Examples of
preferred solvents include, but are not limited to:
alcohols, such as methanol or ethanol; ethers, such as
THF or 1,4- dioxane; acetone; dimethylformamide;
halogenated hydrocarbons, such as DCM, dichloroethane
or chloroform; and acetic acid; or mixtures thereof.
The reaction can be carried out at a temperature in
the range of from 20 C to 100 0C, preferably in the
range of from 20C to 60C. Reaction times are, in
general, from 10 minutes to 4 days, preferably from 30
minutes to 24 hours. When B is CR12; R2 is hydrogen,
halogen, (C1-C6JaIkVl, (C1-C6JaIkOXy or
(C1-C6)alkoxy-(C 1-C6)alkyl; and R12 is hydrogen or
(CrC Jalkyl, a compound of formula (XXIl) may be
prepared from a compound of formula (XXV) as
illustrated in Scheme 20. Scheme 20 This illustrates
an improved method of Scheme 9 to prepare compounds of
formula (XXII) from compounds of formula (XXV). The
compounds of formula (XXII and formula (XXV) are
included in the compounds of formula (XXII) and
formula (XXV), respectively. X : halogen atoms such as
bromine and chloride A, B : CH, CR12 , N R2 :
hydrogen, (C1-C6) alkyl. halo (C1-C6)alkyl, (C1-C6)
alkoxy group or (C1-C6) alkoxy-(C1-C6) alkyl R12:
hydrogen or (C1-C6) alkyl Step 2 0 In this step, the
compounds of formula (XXII) can be prepared by one-pot
process of sulfonylation reaction of the compound of
formula (XXV) with the compound of formula (XXVI) and
subsequent Friedel- Crafts acylation reaction with
R3CI. The formation of undesirable N-acylated products
is substantially suppressed by the one-pot procedure.
The sulfonylation reaction is carried out under, for
example, known sulfonylation conditions in the
presence of a base in an inert solvent. The reaction
may be carried out without the use of a solvent.
Examples of preferred base and suitable inert organic
solvents are the same as Step 9A. The reaction can be
carried out at a temperature in the range from of 20
0C to 100 0C, preferably in the range of -20C to 40C.
Reaction time is, in general, from 5 minutes to 4
days, preferably 10 minutes to 3 hours. After the
completion of the sulfonylation, Friedel-Crafts
acylation reaction with R3CI should follow without any
work-up procedure for the preceding reaction.
Friedel-Craftsacylation reaction with R3CI is carried
out under, for example, known Friedel-Crafts acylation
in the presence of a metal and acylhalide. This
reaction may be carried out in an inert solvent.
Examples of suitable solvents and suitable catalysts
are the same as Step 9B. This reaction can be carried
out at temperature of -50 C to 200 C, preferably from
about - 10 C to 150 C for 5 minutes to 48 hours,
preferably 10 minutes to 24 hours. According to this
Scheme, the compounds of formula (XXIId) can be
prepared more selectively with a small amount of
by-product materials. In other words, the yield of the
compounds of formula (XXIId) can be improved
effectively compared with known methods such as the
method described in the above Scheme 9 or in Kostsova,
A. G.; Tkachenko, N. N.; Eveseeva, 1. 1.; Zhurnal
Obshchei Khimii, 1961, 31, 2241-6. When R3 is methyl;
and R12 is hydroxy(C-i-C 6)alkyl, a compound of
formula (II) may be prepared from a compound of
formula (XXXXXII) as illustrated in Scheme 2 1. Scheme
21 ("*H " 3 , rS - 1 3/4 -N HC, H.CC.SHL 1 H H 1 CO H
-V " H  !SHN l COOAk Ak0H (XXXXXII) (XXXXXIII) (H) Ak:
(C C6)alkyl AkOH: hydroxy^, -C6)alkyl Step 2 1A In
this step the compounds of formula (XXXXXIII) can be
prepared by reduction of the compound of formula
(XXXXXII) under the condition of Step 8C. Step 2 1B In
this step the compounds of formula (II) can be
prepared by deprotection of the compound of formula
(XXXXXIlI) under the condition of Step 8D. When R12 is
hydroxy^ -C6)alkyl, a compound of formula (I) may be
prepared from a compound of formula (Ia) as
illustrated in Scheme 22. Scheme 22 (Ia) Ak:
(CVCeJalkyl (I) AkOH: hydroxyfCVC^alkyl Step 22 In
this step, the compounds of formula (I) can be
prepared by reduction of the compound of formula (Ia)
under the condition described in Step 8C. The starting
materials in the aforementioned general syntheses are
commercially available or may be obtained by
conventional methods known to those skilled in the
art.The compounds of formula (I), and the
intermediates above-mentioned preparation methods can
be isolated and purified by conventional procedures,
such as recrystallization or chromatographic
purification. The various general methods described
above may be useful for the introduction of the
desired groups at any stage in the stepwise formation
of the required compound, and it will be appreciated
that these general methods can be combined in
different ways in such multi-stage processes. The
sequence of the reactions in multi-stage processes
should of course be chosen so that the reaction
conditions used do not affect groups in the molecule
which are desired in the final product. Method for
assessing biological activities: Human VR1 antagonist
assay VR1 antagonistic activity can be determined by
the Ca2+ imaging assay using human VR1 highly
expressing cells. The cells that highly express human
VR1 receptors are obtainable from several different
conventional methods. The one standard method is
cloning from human Dorsal Root Ganglion (DRG) or
kidney according to the methods such as described in
the journal article; Nature, 389, pp81 6- 824, 1997.
Alternatively VR1 receptors highly expressing human
keratinocytes are also known and published in the
journal article (Biochemical and Biophysical Research
Communications, 291, pp124-129, 2002). In this
article, human keratinocytes demonstrated VR1 mediated
intracellular Ca2+ increase by addition of capsaicin.
Further more, the method to up regulate human VR1
gene, which is usually a silent gene or don't produce
detectable level of VR1 receptors, is also available
to obtain propriety cells. Such genetic modification
method was described in detail; Nat. Biotechnol., 19,
pp440-445, 2001. The cells that express human VR1
receptors were maintained in culture flask at 37 C in
an environment containing 5% CO2 until use in the
assay. The intracellular Ca2+ imaging assay to
determine VR1 antagonistic activities were done by
following procedures. The culture medium was removed
from the flask and fura-2/AM fluorescent calcium
indicator was added to the flask at a concentration of
5 mU in the medium. The flask was placed in CO2
incubator and incubated for 1 hour. Then the cells
expressing the human VR1 receptors were detached from
the flask follow by washing with phosphate buffer
saline, PBS(-) and re-suspended in assay buffer. The
80 m \ of aliquot of cell suspension (3.75x1 05
cells/ml) was added to the assay plate and the cells
were spun down by centrifuge (950 rpm, 20 0C, 3
minutes). Capsaicin stimulation assay: The
capsaicin-induced changes in the intracellular calcium
concentration were monitored using FDSS 6000
(Hamamatsu Photonics, Japan), a fluorometric imaging
system. The cell suspension in Krebs-Ringer HEPES
(KRH) buffer (115 mM NaCI, 5.4 mM KCI, 1 mM MgSO4, 1.8
mM CaCI2, H mMDGlucose, 25 mM HEPES, 0.96 mM Na2HPO4,
pH 7.3) were pre-incubated with varying concentrations
of the test compounds or KRH buffer (buffer control)
for 15 minutes at room temperature under the dark
condition. Then capsaicin solution, which gives 300 nM
in assay mixture, was automatically added to the assay
plate by the FDSS 6000. Acid stimulation assay: The
Acid-induced changes in the intracellular calcium
concentration were monitored using FDSS 6000
(Hamamatsu Photonics, Japan), a fluorometric imaging
system. The cell suspension in restingbuffer (HBSS
supplemented with 1OmM HEPES, pH 7.4) were
pre-incubated with varying concentrations of the test
compounds or resting buffer (buffer control) for 15
minutes at room temperature under the dark condition.
The cells were automatically added the stimulating
solution (HBSS supplemented with MES, final assay
buffer pH5.8) by the FDSS 6000. The IC50 values of VR1
antagonists were determined from the half of the
increase demonstrated by buffer control samples after
acidic stimulation. Determination of antagonist
activity The monitoring of the changes in the
fluorescence signals (lex = 340 nm/ 380 nm, lem = 510
- 520 nm) was initiated at 1 minute prior to the
addition of capsaicin solution or acidic buffer and
continued for 5 minute. The ICSovalues of VR1
antagonists were determined from the half of the
increase demonstrated by buffer control samples after
agonist stimulation. Chronic Contriction Injury Model
(CCl Model): Male Sprague-Dawley rats (270-300 g;
B.W., Charles River, Tsukuba, Japan) were used. The
chronic constriction injury (CCI) operation was
performed according to the method described by Bennett
and Xie (Bennett, GJ. and Xie, YK. Pain, 33:87-107,
1988). Briefly, animals were anesthetized with sodium
pentobarbital (64.8 mg/kg, i.p.) and the left common
sciatic nerve was exposed at the level of the middle
of the thigh by blunt dissection through biceps
femoris. Proximal to the sciatic's trifurcation was
freed of adhering tissue and 4 ligatures (4-0 silk)
were tided loosely around it with about 1 mm space.
Sham operation was performed as same as CCI surgery
except for sciatic nerve ligation. Two weeks after
surgery, mechanical allodynia was evaluated by
application of von Frey hairs (VFHs) to the plantar
surface of the hind paw. The lowest amount of force of
VFH required to elicit a response was recorded as paw
withdrawal threshold (PWT). VFH test was performed at
0.5, 1 and 2 hr post-dosing. Experimental data were
analyzed using Kruskal-Wallis test followed by Dunn's
test for multiple comparisons or Mann- Whitney U-test
for paired comparison. Caco-2 permeability Caco-2
permeability was measured according to the method
described in Shiyin Yee, Pharmaceutical Research, 763
(1997). Caco-2 cells were grown on filter supports
(Falcon HTS multiwell insert system) for 14 days.
Culture medium was removed from both the apical and
basolateral compartments and the monolayers were
preincubated with pre-warmed 0.3 ml apical buffer and
1.0 ml basolateral buffer for 0.75 hour at 37C in a
shaker water bath at 50 cycles/min. The apical buffer
consisted of Hanks Balanced Salt Solution, 25 mM
D-glucose monohydrate, 20 mM MES Biological Buffer,
1.25 mM CaCI2 and 0.5 mM MgCI2 (pH 6.5). The
basolateral buffer consisted of Hanks Balanced Salt
Solution, 25 mM D-glucose monohydrate, 20 mM HEPES
Biological Buffer, 1.25 mM CaCI2 and 0.5 mM MgCI2 (pH
7.4). At the end of the preincubation, the media was
removed and test compound solution (10//M) in buffer
was added to the apical compartment. The inserts were
moved to wells containing fresh basolateral buffer and
incubated for 1 hr. Drug concentration in the buffer
was measured by LC/MS analysis. Flux rate (F,
mass/time) was calculated from the slope of cumulative
appearance of substrate on the receiver side and
apparent permeability coefficient (Papp) was
calculated from the following equation. Papp (cm/sec)
= (F * VD) / (SA * MD) where SA is surface area for
transport (0.3 cm2), VD is the donor volume (0.3ml),
MD is the totalamount of drug on the donor side at t =
0. All data represent the mean of 2 inserts. Monolayer
integrity was determined by Lucifer Yellow transport.
Human dofetilide binding Cell paste of HEK-293 cells
expressing the HERG product can be suspended in
10-fold volume of 50 mM Tris buffer adjusted at pH 7.5
at 25 0C with 2 M HCI containing 1 mM MgCI2, 10 mM
KCI. The cells were homogenized using a Polytron
homogenizer (at the maximum power for 20 seconds) and
centrifuged at 48,00Og for 20 minutes at 4C. The
pellet was resuspended, homogenized and centrifuged
once more in the same manner. The resultant
supernatant was discarded and the final pellet was
resuspended (10-fold volume of 50 mM Tris buffer) and
homogenized at the maximum power for 20 seconds. The
membrane homogenate was aliquoted and stored at -8O0C
until use. An aliquot was used for protein
concentration determination using a Protein Assay
Rapid Kit and ARVO SX plate reader (Wallac). All the
manipulation, stock solution and equipment were kept
on ice at all time. For saturation assays, experiments
were conducted in a total volume of 200 m \.
Saturation was determined by incubating 20 m \ of
[3H]-dofetilide and 160 m\ of membrane homogenates
(20-30 mg protein per well) for 60 min at room
temperature in the absence or presence of 10 //M
dofetilide at final concentrations (20 m\) for total
or nonspecific binding, respectively. All incubations
were terminated by rapid vacuum filtration over
polyetherimide (PEI) soaked glass fiber filter papers
using Skatron cell harvester followed by two washes
with 50 mM Tris buffer (pH 7.5 at 25 0C).
Receptor-bound radioactivity was quantified by liquid
scintillation counting using Packard LS counter. For
the competition assay, compounds were diluted in 96
well polypropylene plates as 4-point dilutions in
semi-log format. All dilutions were performed in DMSO
first and then transferred into 50 mM Tris buffer (pH
7.5 at 25 0C) containing 1 mM MgCI2, 10 mM KCI so that
the final DMSO concentration became equal to 1%.
Compounds were dispensed in triplicate in assay plates
(4 m\). Total binding and nonspecific binding wells
were set up in 6 wells as vehicle and 10 mU,
dofetilide at final concentration, respectively. The
radioligand was prepared at 5.6x final concentration
and this solution was added to each well (36 m\). The
assay was initiated by addition of YSi poly-L-lysine
Scintillation Proximity Assay (SPA) beads (50 m\, 1
mg/well) and membranes (1 10 m\, 20 g/well).
Incubation was continued for 60 min at room
temperature. Plates were incubated for a further 3
hours at room temperature for beads to settle.
Receptor-bound radioactivity was quantified by
counting Wallac MicroBeta plate counter. IHFPI-; assay
HEK 293 cells which stably express the HERG potassium
channel were used for electrophysiological study. The
methodology for stable transfection of this channel in
HEK cells can be found elsewhere (Z.Zhou et al., 1998,
Biophysical Journal, 74, pp230-241 ). Before the day
of experimentation, the cells were harvested from
culture flasks and plated onto glass coverslips in a
standard Minimum Essential Medium (MEM) medium with
10% Fetal Calf Serum (FCS). The plated cells were
stored in an incubator at 370C maintained in an
atmosphere of 95%0 2/5%C0 2. Cells were studied
between 15-28hrs after harvest. HERG currents were
studied using standard patch clamp techniques in the
whole-cell mode. During the experiment the cells were
superfused with a standard external solution of the
following composition (mM); NaCI, 130; KCI14; CaCI2,
2; MgCI2, 1; Glucose, 10; HEPES, 5; pH 7.4 with NaOH.
Whole-cell recordings was made using a patch clamp
amplifier and patch pipettes which have aresistance of
1-3M0hm when filled with the standard internal
solution of the following composition (mM); KCI5 130;
MgATP, 5; MgCI2, 1.0; HEPES, 10; EGTA 5, pH 7.2 with
KOH. Only those cells with access resistances below
15MW and seal resistances >1GW was accepted for
further experimentation. Series resistance
compensation was applied up to a maximum of 80%. No
leak subtraction was done. However, acceptable access
resistance depended on the size of the recorded
currents and the level of series resistance
compensation that can safely be used. Following the
achievement of whole cell configuration and sufficient
time for cell dialysis with pipette solution (>5min),
a standard voltage protocol was applied to the cell to
evoke membrane currents. The voltage protocol is as
follows. The membrane was depolarized from a holding
potential of -8OmV to +4OmV for 1000ms. This was
followed by a descending voltage ramp (rate 0.5mV msec
1) back to the holding potential. The voltage protocol
was applied to a cell continuously throughout the
experiment every 4 seconds (0.25Hz). The amplitude of
the peak current elicited around -4OmV during the ramp
was measured. Once stable evoked current responses
were obtained in the external solution, vehicle (0.5%
DMSO in the standard external solution) was applied
for 10-20 min by a peristalic pump. Provided there
were minimal changes in the amplitude of the evoked
current response in the vehicle control condition, the
test compound of either 0.3, 1, 3, 10mM was applied
for a 10 min period. The 10 min period included the
time which supplying solution was passing through the
tube from solution reservoir to the recording chamber
via the pump. Exposing time of cells to the compound
solution was more than 5min after the drug
concentration in the chamber well reached the
attempting concentration. There was a subsequent wash
period of a 10-20min to assess reversibility. Finally,
the cells was exposed to high dose of dofetilide
(5mM), a specific IKr blocker, to evaluate the
insensitive endogenous current. All experiments were
performed at room temperature (23  10C). Evoked
membrane currents were recorded on-line on a computer,
filtered at 500-1 KHz (Bessel -3dB) and sampled at
1-2KHz using the patch clamp amplifier and a specific
data analyzing software. Peak current amplitude, which
occurred at around -4OmV, was measured off line on the
computer. The arithmetic mean of the ten values of
amplitude was calculated under vehicle control
conditions and in the presence of drug. Percent
decrease of IN in each experiment was obtained by the
normalized current value using the following formula:
IN = ( 1- WIc )x1 00, where I is the mean current
value in the presence of drug and lc is the mean
current value under control conditions. Separate
experiments were performed for each drug concentration
or time-matched control, and arithmetic mean in each
experiment is defined as the result of the study.
Drug-drug interaction assay This method essentially
involves determining the percent inhibition of product
formation from fluorescence probe at 3//M of the each
compound. More specifically, the assay is carried out
as follows. The compounds were pre-incubated with
recombinant CYPs, 100 mM potassium phosphate buffer
and fluorescence probe as substrate for 5min. Reaction
was started by adding a warmed NADPH generating
system, which consist of 0.5 mM NADP (expect; for 2D6
0.03 mM), 10 mM MgCI2, 6.2 mM DL-lsocitric acid and
0.5 U/ml lsocitric Dehydrogenase (ICD). The assay
plate was incubated at 37C (expect; for 1A2 and 3A4 at
300C) and taking fluoresce reading every minutes over
20 to 30min.Data calculations were preceded as
follows; 1. The slope (Time vs. Fluorescence units)
was calculated at the linear region 2. The percentage
of inhibition in compounds was calculated by the
equation {(Vo - Vi) / V0) x 100 = % inhibition Wherein
V0 = rate of control reaction (no inhibitor) Vj = rate
of reaction in the presence of compounds. Table 1.
Condition for drug-drug interaction assay. Half-life
in human liver microsomes (HU Test compounds ( 1 mM)
were incubated with 3.3 mM MgCI2 and 0.78 mg/mL HLM
(HL101) in 100 mM potassium phosphate buffer (pH 7.4)
at 37C on the 96-deep well plate. The reaction mixture
was split into two groups, a non-P450 and a P450
group. NADPH was only added to the reaction mixture of
the P450 group. An aliquot of samples of P450 group
was collected at 0, 10, 30, and 60 min time point,
where 0 min time point indicated the time when NADPH
was added into the reaction mixture of P450 group. An
aliquot of samples of non-P450 group was collected at
- 10 and 65 min time point. Collected aliquots were
extracted with acetonitrile solution containing an
internal standard. The precipitated protein was spun
down in centrifuge (2000 rpm, 15 min). The compound
concentration in supernatant was measured by LC/MS/MS
system. The half-life value was obtained by plotting
the natural logarithm of the peak area ratio of
compounds/ internal standard versus time. The slope of
the line of best fit through the points yields the
rate of metabolism (k). This was converted to a
half-life value using following equations: Half-life =
In 2 / k Mono-lodoacetate (MIA)-induced OA model Male
6-weeks-old Sprague-Dawley (SD, Japan SLC or Charles
River Japan) rats were anesthetized with
pentobarbital. Injection site (knee) of MIA was shaved
and cleaned with 70% ethanol. Twenty-five ml of MIA
solution or saline was injected in the right knee
joint using a 29G needle. The effect of joint damage
on the weight distribution through the right (damaged)
and left (untreated) knee was assessed using an
incapacitance tester (Linton Instrumentation, Norfolk,
UK). The force exerted by each hind limb was measured
in grams. The weight-bearing (WB) deficit was
determined by a difference of weight loaded on each
paw. Rats were trained to measure the WB once a week
until 20 days post MIA-injection. Analgesic effects of
compounds were measured at 2 1 days after the MIA
injection. Before the compound administration, the
"pre value" of WB deficit was measured. After the
administration ofcompounds, attenuation of WB deficits
was determined as analgesic effects. Complete Freund's
adjuvant (CFA) induced thermal and mechanical
hyperalgesia in rats Thermal hyperalgesia Male
6-week-old SD rats were used. Complete Freund's
adjuvant (CFA, 300 mg of Mycobacterium
TuberculosisH37RA (Difco, Ml) in 100 L of liquid
paraffin (Wako, Osaka, Japan)) was injected into the
plantar surface of hind paw of the rats. Two days
after CFA-injection, thermal hyperalgesia was
determined by method described previously (Hargreaves
et al., 1988) using the plantar test apparatus
(Ugo-Basil, Varese, Italy). Rats were adapted to the
testing environment for at least 15 min prior to any
stimulation. Radiant heat was applied to the plantar
surface of hind paw and paw withdrawal latencies (PWL,
seconds) were determined. The intensity of radiant
heat was adjusted to produce the stable PWL of 10 to
15 seconds. The test compound was administered in a
volume of 0.5 mL per 100 g body weight. PWL were
measured after 1, 3 or 5 hours after drug
administration. Mechanical hyperalgesia Male
4-week-old SD rats were used. CFA (300 mg of
Mycobacterium Tuberculosis H37RA (Difco, Ml) in 100 mL
of liquid paraffin (Wako, Osaka, Japan)) was injected
into the plantar surface of hind paw of the rats. Two
days after CFA-injection, mechanical hyperalgesia was
tested by measuring paw withdrawal threshold (PWT,
grams) to pressure using the analgesy-Meter
(Ugo-Basil, Varese, Italy). The animals were gently
restrained, and steadily increasing pressure was
applied to the dorsal surface of a hind paw via a
plastic tip. The pressure required to elicit paw
withdrawal was determined. The test compound was
administered in a volume of 0.5 mL per 100 g body
weight. PWT were measured after 1, 3 or 5 hours after
drug administration. The compounds of the examples
were tested in the Human VR1 anatgonist assy and HLM
Half-life test methods described above. The IC50 and "
V2 values are presented in the following table. Table
2.DIAMOND BASED SUBSTRATE FOR ELECTRONIC DEVICES This
invention relates to a method of providing substrates
upon which semiconductor devices can be fabricated,
which substrates demonstrate improved thermal
conductivity. In particular, this invention relates to
an improved substrate upon which gallium nitride (GaN)
semiconductor devices can be fabricated. 



BACKGROUND OF THE INVENTION The performance of
electronic devices is strongly related to the thermal
properties of materials used in their fabrication. In
particular, for high power devices, the more
effectively the excess heat they produce is removed,
the lower their operating temperature, the greater
their efficiency, and the longer their lifetime. With
devices becoming smaller and smaller and power
densities rising, the management of the thermal
aspects of device operation becomes increasingly
important.One class of semiconductor devices for which
this invention is particularly suitable are those
which use gallium nitride as the semiconducting
component. Gallium nitride (GaN) is a wide band-gap
semiconducting material with electronic properties
that make it well suited to high power, high
brightness, light emitting diodes (LEDs) and high
power, high frequency (1-100 GHz) devices, for example
p-High Electron Mobility Transistors (HEMTs).
Currently available GaN devices use hexagonal gallium
nitride monocrystalline layers grown epitaxially onto
a variety of monocrystalline substrates, including:
hexagonal sapphire, hexagonal silicon carbide and {
111} silicon. However, there are disadvantages with
each of these. The typical configuration is a wafer of
the substrate material, for example 300 mm thick, onto
which is grown a buffer layer of AIGaN with a
thickness of the order of 1 mm or so, where the
concentration of aluminium is varied to control the
lattice parameter and reduce the interface strain, and
then finally a layer of device quality GaN, which may
typically have a thickness in the region of 10-50 nm,
is grown on top of the buffer layer. The substrate
onto which GaN devices are grown is required to act as
a heat spreader (but commonly referred to a heat
sink), that is to initially spread and then remove the
heat from the "hot-spots" within the GaN devices
(generally generated at the junctions). Sapphire and
silicon are readily available and relatively cheap, so
sapphire tends to be used as the substrate for LEDs
(where the light comes through the substrate, i.e. the
substrate is required to be transparent in the visible
spectrum), while silicon is used as a substrate for
the high power Radio Frequency (RF) devices. (Silicon
has a higher thermal conductivity than sapphire and so
is better in applications where more heat is
generated). However, both silicon and sapphire limit
the power output of GaN devices grown on them because
neither silicon nor sapphire have a very high thermal
conductivity (<150 W/m.K and <45 W/m.K respectively).
The thermal conductivity of GaN is itself not that
high, typically about 130 W/m.K. Single crystal
hexagonal silicon carbide (typically the 4H or 6H
polytype) is both transparent and of high thermal
conductivity (>500 W/m.K) so it would be the preferred
substrate for all GaN devices if it were readily
available in both large diameters and at low cost.
However, this is not the case. It is well known that
CVD diamond can be grown onto both polycrystalline and
monocrystalline silicon substrates, and that CVD
diamond can have a thermal conductivity in excess of
1000 W/m.K, with the best material having a
thermalconductivity in excess of 1800 W/m.K. It is
less well known that CVD diamond and silicon are
reasonably well matched in terms of thermal expansion
coefficient, which allows thick diamond layers to be
grown onto silicon surfaces. SUMMARY OF THE INVENTION
According to the present invention there is provided a
method of manufacture of a substrate for fabrication
of semiconductor layers or devices, comprising the
steps of: Providing a wafer of silicon including at
least one first surface suitable for use as a
substrate for CVD diamond synthesis, growing a layer
of CVD diamond of predetermined thickness and having a
growth face onto the first surface of the silicon
wafer, reducing the thickness of the silicon wafer to
a predetermined level, and providing a second surface
on the silicon wafer that is suitable for further
synthesis of at least one semiconductor layer suitable
for use in electronic devices or synthesis of
electronic devices on the second surface itself.
Preferably the silicon is monocrystalline silicon.
Preferably the silicon wafer is processed such that at
least the opposed large surfaces are substantially
parallel. By parallel it is intended that an angle of
each surface is no more 5 degrees, more preferably no
more than 3 degrees, most preferably no more than 1
degree with respect the opposed surface of the wafer.
The term 'wafer' is intended to encompass a plate of
silicon where one dimension (preferably height) is at
least 2, more preferably at least 5, most preferably
at least 10 times smaller than the other two
dimensions. In a preferred embodiment of the present
invention the growth face of the CVD diamond layer is
processed to become substantially flat and parallel to
the first surface of the silicon wafer. Preferably the
second surface of the silicon wafer is opposed to the
first surface of the wafer. Preferably the growth face
of the diamond layer is mounted against a
substantially planar reference plate.Preferably, and
in particular where subsequent semiconductor layer
growth is intended and the subsequent semiconductor
layer or layers are GaN, the monocrystalline silicon
wafer is a { 111} monocrystalline silicon wafer. This
does not exclude the use of other orientations of
silicon monocrystalline wafers such as {100}, { 110}
or any other orientation. Preferably the method
according to the first aspect of the present invention
further includes the step of growing GaN on the second
surface of the silicon wafer, optionally using AIGaN
buffer layers. According to a preferred embodiment of
the first aspect to the present invention, there is
provided a method of producing GaN material comprising
the steps of: providing a wafer of monocrystalline
silicon which has been processed so that the large {
111} surfaces are parallel and at least a first
surface is in a condition suitable for use as a
substrate for CVD diamond synthesis, growing a layer
of CVD diamond of a predetermined thickness and having
a growth face onto the first surface of the
monocrystalline silicon wafer, reducing the thickness
of the silicon wafer to a predetermined level,
providing a second surface on the silicon wafer
suitable for the further synthesis of semiconductor
layers suitable for use in electronic devices,and
growing GaN on the second surface of the silicon
wafer, optionally using AIGaN buffer layers.
Preferably the layer of CVD diamond on the { 111}
monocrystalline silicon wafer is greater than 100 mm,
preferably greater than 300 mm, more preferably
greater than 400 mm, even more preferably greater than
500 mm, and most preferably greater than 550 mm thick.
The processing of the first surface of the silicon
wafer so that the surface is suitable for the
deposition of CVD diamond can be accomplished by
techniques known in the art, including diamond sawing
into thin wafers, mechanical grinding to ensure that
the wafers are flat and have parallel surfaces, and
chemical polishing to ensure that the surfaces are
free of defects introduced by mechanical processing.
Preferably the growth face of the CVD diamond layer is
processed to become substantially flat and parallel to
the first surface of the silicon wafer.The processing
of the growth face of the CVD diamond layer to be
substantially flat and parallel to the first (upper)
silicon surface (a reference surface) may be
accomplished using diamond processing techniques well
known in the art. The processed diamond face may be
mounted against a substantially planar reference
plate. Reduction of the thickness of the silicon wafer
may be accomplished by using lapidary techniques well
known in the art. Preferably the silicon wafer is
reduced until it is less than 50 mm thick, preferably
less than 20 mm thick, more preferably less than 10 mm
thick and most preferably less than 5 mm thick. The
present invention provides the step of rendering the
exposed (second) surface of the thinned silicon wafer
suitable for the subsequent fabrication of
silicon-based electronic devices and the deposition of
further semiconductor layers such as GaN. The steps
required are the same in both cases and are well known
in the art. In the preferred embodiment of the
invention, a layer of GaN is deposited on the (second)
prepared surface of the thinned silicon wafer with,
optionally, the deposition of a GaN layer being
preceded or combined with an AIGaN buffer layer, to
further improve the lattice match for example, or as
part of the GaN device structure. The result in the
case of the preferred embodiment is a substrate
suitable for GaN device fabrication consisting of a
bulk, polycrystalline CVD diamond layer (preferably
>300 mm thick) which is intimately attached to a
surface of a thin (preferably <20.mm), monocrystalline
{ 111} silicon wafer. (The term 'intimately attached'
is intended to encompass 'bonded'.) This substrate has
a far higher thermal performance than silicon carbide.
It is also cheaper and readily available in large
diameters. According to a second aspect of the present
invention there is provided a substrate suitable for
GaN device growth consisting of a CVD diamond layer
intimately attached to a surface of a silicon wafer.
Preferably the wafer is a monocrystalline silicon
wafer, most preferably a monocrystalline { 111}
silicon wafer.Several parameters exist for
optimisation of the method according to the present
invention. Firstly, it is advantageous to achieve good
thermal conductivity through the nucleation layer of
the diamond in contact with the silicon. The
nucleation layer is preferably fully dense. This may
be best achieved by a high nucleation density. High
nucleation densities can be achieved by seeding
methods such as those known in the art, typically
using a suitable diamond grit and either mechanically
or by other means (for example using ultrasonic
processes) using this grit to abrade the surface of
the silicon. It is also important to control the
conditions of initial diamond grown. The nucleation
density can be characterised by either total removal
of the silicon, for example by etching, and then
microscopy of the exposed surface, or by preparation
of a cross-section etc. Secondly, it is advantageous
to keep the final product flat for device processing.
This may require techniques to control stress in the
diamond layer, or to compensate for any stress induced
bowing which might otherwise occur. Techniques for
controlling flatness are also known in the art, for
example controlling growth and temperature uniformity
across the wafer, pre-stressing substrates during
mounting for synthesis in order to counter any ingrown
stresses on release, or to clamp it flat, growth on
slightly curved substrates etc. Thirdly, the lattice
constant of the monocrystalline silicon wafer can be
modified by doping, or by isotopic control, to further
match the silicon to device layers such as GaN grown
on the surface(s) of the silicon wafer. Finally, the
CVD diamond layer may be thinner than 300 mm, and may
be as thin as or thinner than 100 mm. In such
circumstance, the CVD diamond layer is preferably
present in combination with a further layer of a
second material used to provide support or mechanical
strength. This second material may comprise the
reference plate. It will be appreciated that under
this arrangement there is less need for this second
material to be of high thermal conductivity, however
it is preferable that the second material is
compatible with device processing of the GaN. Where
the diamond layer is so supported, this support may be
attached for the stage of reducing the thickness of
the silicon wafer, or it may be added after this
stage.In this configuration where the diamond layer is
sandwiched between the silicon wafer and a support
material, the diamond layer acts as a heat spreader
thereby reducing the peak temperature of the
electronic devices fabricated on the opposite surface
of the silicon wafer. Typically the thickness of the
diamond layer is at least as large as the larger of
the characteristic device dimension and the separation
of the electronic devices from the silicon-diamond
interface, and generally substantially larger than
this. The invention will now be described with
reference to the Figure 1 which is a schematic
illustration of a method of manufacture according to
the present invention. In Figure 1 a silicon wafer 1
has an upper surface prepared for CVD diamond
synthesis (step A). A CVD diamond layer 2 is grown on
the silicon wafer 1. Through an optional planarisation
step B the CVD diamond layer 2 is planarised. The
silicon wafer 1 is then thinned in a thinning step C.
An opposed surface of the silicon wafer 1 is then
processed (step D) to be suitable for device
fabrication or GaN epitaxial layer 3 deposition (step
E). Alternatively, the silicon wafer 1 can be thinned
before the CVD diamond 2 is planarised (step F).
Thereafter, an opposed surface of the silicon wafer 1
is then processed (step G) to be suitable for device
fabrication or GaN epitaxial layer 3 deposition (step
H). EXAMPLE The invention is further exemplified by
the following non-limiting example. A silicon wafer
2.0 mm thick and 2" in diameter was obtained from a
commercial silicon source. The wafer was oriented to
be such that the major surfaces were within 1 of the (
111) plane. One surface of the wafer had been
mechanically sawn and then lapped flat, the appearance
of this surface was a matt-grey. The other surface had
been sawn, lapped and then chemically polished to
remove all mechanical damage, the appearance of this
surface was mirror-like. The mirror-like surface of
the substrate was used as the surface upon which the
CVD diamond layer was grown. The surface was seeded by
immersing the wafer in a beaker containing a
suspension of 2-4 mm diamond powder in propan-2-ol and
then agitating ultrasonically for 30 minutes. After
ultrasonic agitation, the excess seedingpowder was
washed off using propan-2-ol and the seeded wafer was
dried using compressed argon. The seeded substrate was
placed inside a CVD diamond synthesis system. The
system used was a microwave plasma assisted system
operating at 2.45 GHz. The conditions used for
synthesis were 16 kPa, with a forward power of ~3 kW,
a total gas flow of 645 seem (consisting of 20 seem
methane, 25 seem argon, balance hydrogen). Growth was
continued until the CVD layer reached a thickness of
approximately 450 mm at which point the synthesis
system was turned off. The growth surface of the
resultant CVD diamond layer on its silicon substrate
was then lapped using standard diamond processing
techniques until the whole surface was flat and
parallel to silicon rear surface reference plane. At
this point the Ra of the surface measured using a
stylus profilometer was about 250 nm, the thickness of
the diamond layer was 380 mm, and the front and back
surfaces of the diamond layer on the silicon substrate
were parallel to within 10 mm. After planarisation,
the silicon-diamond wafer was turned over and the
silicon substrate was lapped away until a wafer of
silicon with a thickness of approximately 20 mm was
left on the back surface of the CVD diamond layer. At
this point the silicon surface was chemomechanically
polished using 'Syton"' to achieve a damage free
surface. The object now consists of a layer of CVD
diamond 380 mm thick with a 20 mm thick < 111> silicon
wafer intimately attached to its nucleation surface.
The silicon wafer has a surface that is itself
suitable for the fabrication of electronic devices,
but can also be used as a substrate for the deposition
of a thin GaN epitaxial layer by any method known in
the art.CLAIMS 1. A method of manufacture of a
substrate for fabrication of semiconductor layers or
devices, comprising the steps of: Providing a wafer of
silicon including at least one first surface suitable
for use as a substrate for CVD diamond synthesis,
growing a layer of CVD diamond of predetermined
thickness and having a growth face onto the first
surface of the silicon wafer, reducing the thickness
of the silicon wafer to a predetermined level, and
providing a second surface on the silicon wafer that
is suitable for further synthesis of at least one
semiconductor layer suitable for use in electronic
devices or synthesis of electronic devices on the
second surface itself. 2. A method as claimed in claim
1 wherein the silicon is monocrystalline silicon. 3. A
method as claimed in either one of claims 1 and 2
wherein the silicon wafer is processed such that at
least the opposed large surfaces are substantially
parallel. 4. A method as claimed in any preceding
claim wherein the growth face of the CVD diamond layer
is processed to become substantially flat and parallel
to the first surface of the silicon wafer. 5. A method
as claimed in any preceding claim wherein the second
surface of the silicon wafer is opposed to- the first
surface of the wafer. 6. A method as claimed in any
preceding claim wherein the monocrystalline silicon
wafer is a { 111} monocrystalline silicon wafer. 7. A
method as claimed in any preceding claim further
including the step of mounting the growth face of the
diamond layer against a substantially planar reference
plate, 8. A method as claimed in any preceding claim
further including the step of growing GaN on the
second surface of the silicon wafer 9. A method as
claimed in claim 8 wherein an AIGaN buffer layer is
used.10. A method of producing GaN material comprising
the steps of: providing a wafer of monocrystalline
silicon which has been processed so that the large {
111} surfaces are parallel and at least a first
surface is in a condition suitable for use as a
substrate for CVD diamond synthesis, growing a layer
of CVD diamond of a predetermined thickness and having
a growth face onto the first surface of the
monocrystalline silicon wafer, reducing the thickness
of the silicon wafer to a predetermined level,
providing a second surface on the silicon wafer
suitable for synthesis of semiconductor layers
suitable for use in electronic devices, and growing
GaN on the second surface of the silicon wafer. 11. A
method as claimed in claim 10 further including the
step of processing the growth face of the CVD diamond
layer to become substantially flat and parallel to the
first surface of the silicon wafer. 12. A method as
claimed in claim 11 further including the step of
mounting the processed diamond face against a
substantially planar reference plate, 13. A method
according to any preceding claim wherein the layer of
CVD diamond on the monocrystalline silicon wafer is
greater than 100 mm. 14. A method according to claim
13 wherein the layer of CVD diamond on the
monocrystalline silicon wafer is greater than 300 mm.
15. A method according to claim 13 wherein the layer
of CVD diamond on the monocrystalline silicon wafer is
greater than 400 mm. 16. A method according to claim
13 wherein the layer of CVD diamond on the
monocrystalline silicon wafer is greater than 500 mm.
17. A method according to claim 13 wherein the layer
of CVD diamond on the monocrystalline silicon wafer is
greater than 550 mm. 18. A method according to any
preceding claim wherein reduction of the silicon wafer
is accomplished by using lapidary techniques.19. A
method according to any preceding claim wherein the
silicon wafer is reduced until less than 50 mm thick.
20. A method according to claim 19 wherein the silicon
wafer is reduced until less than 20 mm thick. 2 1. A
method according to claim 19 wherein the silicon wafer
is reduced until less than 10 mm thick. 22. A method
according to claim 19 wherein the silicon wafer is
reduced until less than 5 mm thick. 23. A method
according to any preceding claim further including the
step of polishing the silicon surface to a high level
and a sufficiently low defect density to make it
suitable for the growth of GaN. 24. A method according
to any preceding claim wherein the GaN layer is
preceded or combined with an AIGaN buffer layer. 25. A
substrate suitable for GaN device growth consisting of
a CVD diamond layer intimately attached to a silicon
surface. 26. A substrate as claimed in claim 25
wherein the silicon surface is a monocrystalline
silicon surface. 27. A substrate as claimed in claim
25 wherein the silicon surface is a monocrystalline {
111} silicon surface. 28. A method of manufacture
according to the invention, substantially as
hereinbefore described or exemplified. 29. A substrate
according to the invention, substantially as
hereinbefore described or exemplified. 


