
CINNOLINE COMPOUNDS FOR USE IN THE TREATMENT OF
SCHIZOPHRENIA COMPOUNDS AND USES THEREOF 849 The
present application claims the benefit of United State
Provisional Application 60/944,883, filed June 19,
2007 under 35 U.S.C.  119(e), the entirety of which is
incorporated herein by reference. Field of the
invention The present invention relates to the use of
cinnoline compounds in treating schizophrenia,
particulary, in treating cognitive disorders
associated with schizophrenia. Background of the
invention Some cinnoline compounds including selected
4-amino- and 4-oxo-cinnoline-3- carboxamides are
disclosed in East German Patent 123525 (Verfahren zur
Herstellung von substituierten 4-Aminocinnolinen);
U.S. Pat. No. 4,379,929 to Conrad et al; U.S. Pat.
Nos. 4,886,800 and 4,925,844 to Resch; Daunis et al.,
"Preparation et proprietes de cinnolones-3 et
cinnolones-4," Bull de Ia Societe Chimique de France,
8:3198-3202 (1972); Lunt et al. "A New Cinnoline
Synthesis," J . Chem. Soc. (C), 687-695 (1968);
Gewald, et al., "Synthese von 4-Aminocinnolinen aus
(Arylhydrazono) (cyan)- essigsaurederivaten," Liebigs
Ann. Chem., 1390-1394 (1984); and U.S. Pat. No.
3,657,241 to Kurihara. Additionally, selected
cinnoline compounds, including 3-acyl-4- substituted
cinnoline derivatives are disclosed in Liebigs Ann.
Chem. 1390-1394 (1984) supra and Sandison, et al., "A
New Heterocyclisation Reaction Leading to Cinnolin-
4(lH)-one Derivatives," J . Chem. Soc. Chem. Comm.,
752-753 (1974). Additionally, cinnoline compounds are
also disclosed in EP205272 and EP 328282. However,
none of the foregoing discloses or suggests the novel
compounds of the present invention or suggests their
use as CNS depressants. g -Aminobutyric acid (GABA) is
a common inhibitory neurotransmitter in the mammalian
brain and is estimated to be present at about one
third of all synapses. When GABA binds to a GABA
receptor, it affects the ability of neurons expressing
the receptors to conduct neural impulses. In the adult
mammalian nervous system, GABA typically inhibits
neuron firing (depolarization). Neurons in the brain
express three main types of GABA receptors: GABA type
A receptors (GABAA), GABA type B receptors (GABAB),
and GABA type C receptors (GABAC). GABAA receptors
function as ligand-gated ion channels to mediate fast
inhibitory synaptic transmissions that
regulateneuronal excitability involved in such
responses as seizure threshold, skeletal muscle tone,
and emotional status. GABAA receptors are targets of
many sedating drugs, such as benzodiazepines,
barbiturates and neurosteroids. The intrinsic
inhibitory signal of GABA is transduced principally by
GABAA receptors. GABAA receptors are pentameric,
ligand-gated chloride ion (Cl ) channels belonging to
a superfamily of ligand-gated ionotropic receptors
that includes the nicotinic acetylcholine receptor.
GABAA receptors are very heterogeneous, with at least
16 different subunits producing potentially thousands
of different receptor types. GABAA receptor subunits
aggregate into complexes that form chloride ion
selective channels and contain sites that bind GABA
along with a variety of pharmacologically active
substances. When GABA binds to this receptor, the
anion channel is activated, causing it to open and
allowing chloride ions (Cl ) to enter the neuron. This
influx of Cl ions hyperpolarizes the neuron, making it
less excitable. The resultant decrease in neuronal
activity following activation of the GABAA receptor
complex can rapidly alter brain function, to such an
extent that consciousness and motor control may be
impaired. The numerous possible combinations of GABAA
receptor subunits and the widespread distribution of
these receptors in the nervous system likely
contributes to the diverse and variable physiological
functions of GABAA receptors, which have been
implicated in many neurological and psychiatric
disorders, and related conditions, including: stroke,
head trauma, epilepsy, pain, migraine, mood disorders,
anxiety, post traumatic stress disorder, obsessive
compulsive disorders, schizophrenia, seizures,
convulsions, tinnitus, neurodegenerative disorders
including Alzheimer's disease, amyotrophic lateral
sclerosis, Huntington's Chorea, Parkinson's disease,
depression, bipolar disorders, mania, trigeminal and
other neuralgia, neuropathic pain, hypertension,
cerebral ischemia, cardiac arrhythmia, myotonia,
substance abuse, myoclonus, essential tremor,
dyskinesia and other movement disorders, neonatal
cerebral hemorrhage, and spasticity. GABAA receptors
are also believed to play a role in cognition,
consciousness, and sleep. Currently available drugs
for modulating GABAA receptor activity include
barbiturates, such as pentobarbital and secobarbital,
and benzodiazepines such as diazepam, chlordiazepoxide
and midazolam. Barbiturates can directly activate
GABAA receptors, significantly increasing Cl currents
in the absence of further intervention byGABA itself
and can also indirectly augment GABAergic neural
transmission. In contrast, benzodiazepines act as
indirect allosteric modulators, and are largely
incapable of increasing Cl currents in the absence of
GABA, but enhance GABA-activated increases in Cl
conductance. This latter property is thought to be
responsible for the usefulness of benzodiazepines for
treating a number of disorders, including generalized
anxiety disorder, panic disorder, seizures, movement
disorders, epilepsy, psychosis, mood disorders, and
muscle spasms, as well as the relative safety of
benzodiazepines compared to barbiturates. Both
barbiturates and benzodiazepines are addictive and can
cause drowsiness, poor concentration, ataxia,
dysarthria, motor incoordination, diplopia, muscle
weakness, vertigo and mental confusion. These side
effects can interfere with an individual's ability to
perform daily routines such as driving, operating
heavy machinery or performing other complex motor
tasks while under therapy, making barbiturates and
benzodiazepines less than optimal for treating chronic
disorders involving GABA and GABAA receptors. GABAA
receptors and GABAergic neural transmissions are
implicated as targets for therapeutic intervention in
a myriad of neurological and psychiatric disorders.
Adverse side effects, including addictive properties
exhibited by currently available GABA and GABAA
receptor modulating drugs, make these drugs unsuitable
in many therapeutic contexts. Accordingly, there
remains an important, unmet need in the art for
alternative compositions, methods and tools that will
be useful in broad clinical applications to modulate
the function and activity of GABA and GABA receptors
in mammalian subjects, including humans, and/or to
target GABAergic neural transmission. The present
invention is also, inter alia, directed toward this
end. Description of Embodiments Provided herein are
novel compounds of structural formula I :- AI or a
pharmaceutically acceptable salt, tautomer,
atropisomer, or in v zvo-hydrolysable precursor
thereof, wherein: R1 is Ci_6 alkyl, Ci_6haloalkyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, each optionally substituted by
1, 2, 3, 4 or 5 R7; R2 is H, C(=O)Rb, C(=0)NR cRd,
C(=O)ORa, S(=O)2Rb, Ci-6 alkyl, Ci-6 haloalkyl, aryl,
heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein each of the Ci_6 alkyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2, 3, 4 or 5 R8; R3, R4 and R5 are each,
independently, H, halo, Si(Ci-I0 alkyl)3, CN, NO2,
ORa, SRa, OC(=O)Ra, OC(=O)ORb, 0C(=0)NR cRd, C(=O)Ra,
C(=O)ORb, C(=O)NRcRd, NRcRd, NRcC(=0)R a, NRcC(=0)0R
b, NRcS(=O)2Rb, S(=O)Ra, S(=O)NRcRd, S(=O)2Ra,
S(=O)2NRcRd, Ci-6 alkyl, Ci-6 haloalkyl, C2_6 alkenyl,
C2_6 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, wherein the
Ci- alkyl, Ci- haloalkyl, C2-6 alkenyl, C2-6 alkynyl,
aryl, cycloalkyl, heteroaryl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2 or 3 R9; R6 is aryl, cycloalkyl, heteroaryl or
heterocycloalkyl, each optionally substituted by 1, 2,
3, 4 or 5 A1; R7, R8 and R9 are each, independently,
halo, Ci_4 alkyl, Ci_4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN, NO2, ORa' , SRa' ,
C(=O)Rb' , C(=0)NR c Rd' , C(=O)ORa' , OC(=O)Rb' ,
0C(=0)NR c Rd' , NRc Rd' , NRc C(=O)Rb' , NRc C(=0)0R
a' , NRc S(=O)2Rb', S(=O)Rb' , S(=O)NRc Rd' ,
S(=O)2Rb' , or S(=O)2NRc Rd' ;A1 is halo, CN, NO2, 0
Ra, SRa, C(=O)R b, C(=0)NR cRd, C(=O)OR a, OC(=O)R b,
0C(=0)NR cRd, NRcRd, NRcC(=O)R d, NRcC(=0)0R a,
NRcS(=O)R b, NRcS(=O) 2Rb, S(=O)R b, S(=O)NR cRd,
S(=O) 2Rb, S(=O) 2NRcRd, Ci-4 alkoxy, Ci-4 haloalkoxy,
amino, Ci- 4 alkylamino, C2-8 dialkylamino, Ci-6
alkyl, C2-6 alkenyl, C2-6 alkynyl, arylalkyl,
cycloalkylalkyl, heteroarylalkyl,
heterocycloalkylalkyl, aryl, cycloalkyl, heteroaryl or
heterocycloalkyl, wherein each of the Ci_6 alkyl, C2_6
alkenyl, C2_6 alkynyl, arylalkyl, cycloalkylalkyl,
heteroarylalkyl, heterocycloalkylalkyl, aryl,
cycloalkyl, heteroaryl or heterocycloalkyl is
optionally substituted by 1, 2, 3, 4 or 5 substituents
independently selected from halo, Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, Ci- haloalkyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, CN, NO2,
ORa' , SRa' , C(=O)R b' , C(=0)NR c Rd' , C(=O)OR a' ,
OC(=O)R b' , 0C(=0)NR c Rd' , NRc Rd', NRc C(=O)R b' ,
NRc C(=0)0R a' , NRc S(=O)R b' , NRc S(=O) 2Rb' ,
S(=O)R b' , S(=O)NR c Rd' , S(=O) 2Rb' , or S(=O) 2NRc
Rd' ; Ra and Ra are each, independently, H, Ci_6
alkyl, Ci_6 haloalkyl, C2_6 alkenyl, C2_ 6 alkynyl,
aryl, cycloalkyl, heteroaryl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein the Ci_6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2-6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted with
OH, amino, halo, Ci_6 alkyl, Ci_6 haloalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl or
heterocycloalkyl; Rb and Rb are each, independently,
H, Ci_6 alkyl, Ci_6 haloalkyl, C2_6 alkenyl, C2_6
alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, wherein the
Ci-6 alkyl, Ci-6 haloalkyl, C2-6 alkenyl, C2_6
alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally
substituted with OH, amino, halo, Ci_6 alkyl, Ci_6
haloalkyl, Ci_6 haloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, cycloalkyl or
heterocycloalkyl; Rc and Rd are each, independently,
H, d_io alkyl, Ci_6 haloalkyl, C2_6 alkenyl, C2_6
alkynyl, aryl, heteroaryl, cycloalkyl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, wherein the
C O alkyl, Ci_6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted with
OH, amino, halo, Ci_6 alkyl, Ci_6 haloalkyl, Ci_6
haloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl or heterocycloalkyl;or Rc
and Rd together with the N atom to which they are
attached form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; and Rc and Rd are each,
independently, H, Ci-io alkyl, Ci-6 haloalkyl, C2-6
alkenyl, C2-6 alkynyl, aryl, heteroaryl, cycloalkyl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, wherein the
C O alkyl, Ci_6 haloalkyl, C2-6 alkenyl, C2-6 alkynyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted with
OH, amino, halo, Ci_6 alkyl, Ci_6 haloalkyl, Ci_6
haloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl or heterocycloalkyl; or Rc
and Rd together with the N atom to which they are
attached form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group. In some embodiments, when R2,
R3, R4 and R5 are each H, then R6 is other than
unsubstituted phenyl or unsubstituted cycloalkyl. In
some embodiments, R1 is Ci_6 alkyl, Ci_6 haloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, each optionally substituted by
1, 2, 3, 4 or 5 R7. In some embodiments, R1 is Ci-6
alkyl, Ci-6 haloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, each
optionally substituted by 1, 2, 3, 4 or 5 substituents
independently selected from halo, Ci_4 alkyl, Ci_4
haloalkyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, CN, NO2, OH, Ci_4 alkoxy, Ci_4
haloalkoxy, amino, Ci_4 alkylamino, C2-8 dialkylamino,
SRa' , C(=O)R b' , C(=O)NR c Rd' , C(=O)OR a' ,
OC(=O)R b' , OC(=O)NR c Rd' , NRc C(=O)R b' , NRc
C(=O)OR a' , NRc S(=O) 2Rb' , S(=O)R b' , S(=O)NR c'Rd
, S(=O) 2Rb' , or S(=O) 2NRc Rd' . In some
embodiments, R1 is Ci_6 alkyl, Ci_6 haloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, each optionally substituted by
1, 2, 3, 4 or 5 substituents independently selected
from halo, Ci_4 alkyl, Ci_4 haloalkyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, CN, NO2, OH,
Ci_4 alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino,
C2-8 dialkylamino, SH, -S-(Ci -4 alkyl), C(=O)H,
CC=O)-(Ci -4 alkyl), C(=O)- (arylalkyl), C(=O)NH 2,
C(=O)NH(Ci_ 4 alkyl), C(=O)N(Ci_ 4 alkyl) 2, C(=O)OH,
C(O)O- (Ci_4 alkyl), C(=O)O-(arylalkyl), OC(=O)H,
OC(O)-(Ci -4 alkyl), OC(=O)-(arylalkyl), OC(=O)NH 2,
OC(=O)NH(d_ 4 alkyl), OC(=O)NH-(arylalkyl), OC(O)N(Ci
-4 alkyl) 2, NHC(=O)-(Ci_ 4 alkyl),
NHC(=O)O-(arylalkyl), NHC(=O)O-(Ci_ 4 alkyl), NHC(O)O-
(arylalkyl), NHS(O) 2-(Ci -4 alkyl), NHS(=O)
2-(arylalkyl), S(O) 2-(Ci -4 alkyl), S(O) 2-
(arylalkyl), S(=O) 2NH(Ci_4 alkyl) and S(=O)
2NH(arylalkyl).In some embodiments, R1 is Ci_6 alkyl,
Ci_6 haloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, each
optionally substituted by 1, 2 or 3 substituents
independently selected from halo, Ci- alkyl, Ci-4
haloalkyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, CN, NO2, OH, Ci-4alkoxy,
Ci-4haloalkoxy, amino, Ci-4 alkylamino, C2-8
dialkylamino, SH, -S-(Ci -4 alkyl), C(O)H, C(O)-(Ci -4
alkyl), C(O)- (arylalkyl), C(=O)NH 2, C(O)NH(Ci -4
alkyl), C(O)N(Ci -4 alkyl) 2, C(O)OH, C(O)O- (Ci_4
alkyl), C(O)0-(arylalkyl), OC(O)H, OC(O)-(Ci -4
alkyl), 0C(O)-(arylalkyl), OC(=O)NH 2, 0C(O)NH(C
alkyl), OC(=O)NH-(arylalkyl), OC(O)N(C M alkyl) 2,
NHC(O)-(CM alkyl), NHC(=O)O-(arylalkyl), NHC(O)O-(CM
alkyl), NHC(O)O- (arylalkyl), NHS(O) 2-(C M alkyl),
NHS(=O) 2-(arylalkyl), S(O) 2-(C M alkyl), S(O) 2-
(arylalkyl), S(=O) 2NH(Ci- 4 alkyl) and S(=O)
2NH(arylalkyl). In some embodiments, R1 is Ci_6 alkyl,
Ci_6 haloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, each
optionally substituted by 1, 2 or 3 substituents
independently selected from halo, Ci_4 alkyl, Ci_4
haloalkyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, CN, NO2, OH, Ci_4 alkoxy, Ci_4
haloalkoxy, amino, Ci_4 alkylamino, C2 8 dialkylamino,
C(O)H, C(O)-(CM alkyl), C(=O)-(arylalkyl), C(=O)NH 2,
C(=0)NH(Ci_4 alkyl), C(=O)N(Ci_ 4 alkyl) 2, C(O)OH,
C(O)O-(C M alkyl), C(=O)O-(arylalkyl), OC(O)-(C M
alkyl), OC(=O)NH 2, OC(O)NH(C M alkyl),
OC(=O)NH-(arylalkyl), OC(=O)N(Ci_ 4 alkyl) 2,
NHC(=0)-(Ci_ 4 alkyl), NHC(=O)O- (arylalkyl), NHS(O)
2-(C M alkyl), NHS(=O) 2-(arylalkyl), S(O) 2-(C M
alkyl), S(O) 2- (arylalkyl), S(=O) 2NH(Ci_4 alkyl) and
S(=O) 2NH(arylalkyl). In some embodiments, R1 is Ci-6
alkyl, Ci-6 haloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl. In some
embodiments, R1 is Ci_6 alkyl or Ci_6 haloalkyl. In
some embodiments, R1 is Ci_6 alkyl. In some
embodiments, R1 is n-propyl. In some embodiments, R2
is H, C(O)-(C M alkyl), C(=O)-(arylalkyl), C(O)O- (C M
alkyl), C(=O)O-(arylalkyl), C(=O)NH 2, C(=O)NH(Ci_ 4
alkyl), C(=O)N(Ci_ 4 alkyl) 2, Ci-6 alkyl, Ci_6
haloalkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl
or heterocycloalkylalkyl, wherein each of the Ci_6
alkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2, 3, 4 or 5 substituents independently selected from
halo, Ci_4 alkyl, Ci_4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN, NO2, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4alkylamino, C2_8
dialkylamino, SH, -S-(Ci -4 alkyl), C(=O)H, CC=O)-(Ci
-4 alkyl), C(O)- (arylalkyl), C(=O)NH 2, CC=O)NH(Ci -4
alkyl), C(O)N(Ci -4 alkyl) 2, C(O)OH, C(O)O- (Ci-4
alkyl), C(=O)O-(arylalkyl), OC(O)H, OC(O)-(Ci -4
alkyl), OC(=O)-(arylalkyl), OC(=O)NH 2, 0C(=0)NHCCi-4
alkyl), OCC=O)NH-Carylalkyl), 0CC=0)NCCi-4 alkyl) 2,
NHCC=0)-CCi_4 alkyl), NHCC=O)O-Carylalkyl),
NHCC=O)O-CCi_4 alkyl), NHCC=O)O- (arylalkyl), NHS(O)
2-(Ci -4 alkyl), NHSC=O) 2-Carylalkyl), S(O) 2-(Ci -4
alkyl), S(O) 2- (arylalkyl), SC=O)2NHCCi_4 alkyl) and
SC=O)2NHCarylalkyl). In some embodiments, R2 is H,
CC=O)-CCi_4 alkyl), CC=O)-Carylalkyl), C(O)OCCi- 4
alkyl), CC=O)O-Carylalkyl), CC=O)NH2, CC=0)NHCCi-4
alkyl), CC=0)NCCi-4 alkyl) 2, Ci-6 alkyl, Ci-6
haloalkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl
or heterocycloalkylalkyl, wherein each of the Ci-6
alkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2 or 3substituents independently selected from halo,
Ci_4 alkyl, Ci_4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN NO2, OH, Ci_4 alkoxy,
Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_ 8
dialkylamino, SH, -S-(Ci -4 alkyl), CC=O)H, C(O)-(Ci
-4 alkyl), CC=O)-Carylalkyl), CC=O)NH2, CC=0)NHCCi-4
alkyl), CC=0)NCCi-4 alkyl) 2, CC=O)OH, CC=0)0-CCi-4
alkyl), CC=O)O-Carylalkyl), OCC=O)H, OCC=O)-CCi_4
alkyl), OCC=O)-Carylalkyl), OCC=O)NH 2, 0C(O)NH(C
alkyl), OCC=O)NH-Carylalkyl), OC(O)N(C M alkyl) 2,
NHC(O)-(Ci -4 alkyl), NHCC=O)O-Carylalkyl),
NHCC=O)O-CCi_4 alkyl), NHCC=O)O-Carylalkyl), NHS(O)
2-(Ci -4 alkyl), NHSC=O) 2-Carylalkyl), S(O) 2-(Ci -4
alkyl), SC=O)2-Carylalkyl), SC=O)2NHCCi_4 alkyl) and
SC=O)2NHCarylalkyl). In some embodiments, R2 is H,
CC=0)-CCi-4 alkyl), CC=O)-Carylalkyl), C(O)O- (CM
alkyl), CC=O)O-Carylalkyl), CC=O)NH2, C(O)NH(CM
alkyl), C(O)N(CM alkyl) 2, Ci-6 alkyl, Ci_6 haloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl. In some embodiments, R2 is H,
CC=O)-CCi_4 alkyl), CC=O)-Carylalkyl), C(O)O- (CM
alkyl), CC=O)O-Carylalkyl), CC=O)NH2, C(O)NH(CM
alkyl), C(O)N(CM alkyl) 2 or Ci_6 alkyl. In some
embodiments, R2 is H, CC=O)-CCi_4 alkyl),
CC=O)-Carylalkyl), C(O)O- (CM alkyl),
CC=O)O-Carylalkyl), CC=O)NH2, C(O)NH(CM alkyl),
C(O)N(CM alkyl) 2, or Ci_3 alkyl. In some embodiments,
R2 is H.In some embodiments, R3, R4 and R5 are each,
independently, H, halo, CN, NO2, 0 Ra, SRa, OC(=O)R a,
OC(=O)OR b, OC(=O)NR cRd, C(=O)R a, C(=O)OR b, C(=O)NR
cRd, NRcRd, NRcC(=O)R a, NRcC(=O)OR b, NRcS(=O) 2Rb,
S(=O)R a, S(=O)NR cRd, S(=O) 2Ra, S(=O) 2NRcRd, Ci-6
alkyl, Ci-6 haloalkyl, C2-6 alkenyl, C2-6 alkynyl,
aryl, cycloalkyl, heteroaryl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein each of the Ci_6 alkyl,
Ci_6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2 or 3 substituents independently selected from halo,
C1-4 alkyl, C1-4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN, NO2, OH, C1-4
alkoxy, Ci-4haloalkoxy, amino, C1-4 alkylamino, C2- 8
dialkylamino, SH, -S-(Ci -4 alkyl), C(O)H, C(O)-(Ci -4
alkyl), C(=O)-(arylalkyl), C(=O)NH 2, C(=0)NH(Ci_4
alkyl), C(=O)N(Ci_ 4 alkyl) 2, C(O)OH, C(O)O-(Ci -4
alkyl), C(=O)O-(arylalkyl), OC(O)H, OC(O)-(Ci -4
alkyl), 0C(O)-(arylalkyl), OC(=O)NH 2, 0C(=0)NH(Ci_4
alkyl), OC(=O)NH-(arylalkyl), OC(=O)N(Ci_ 4 alkyl) 2,
NHC(=0)-(Ci_4 alkyl), NHC(=O)O-(arylalkyl),
NHC(=0)0-(Ci_ 4 alkyl), NHC(=O)O-(arylalkyl), NHS(O)
2-(Ci -4 alkyl), NHS(=O) 2-(arylalkyl), S(O) 2-(Ci -4
alkyl), S(O) 2-(arylalkyl), S(=O) 2NH(Ci_4 alkyl) and
S(=O) 2NH(arylalkyl). In some embodiments, R3, R4 and
R5 are each, independently, H, halo, CN, NO2, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, SH, -S-(Ci -4 alkyl), C(O)H, C(O)-(Ci -4
alkyl), C(O)-(arylalkyl), C(=O)NH 2, C(O)NH(Ci -4
alkyl), C(=0)N(Ci_4 alkyl) 2, C(O)OH, C(O)O-(Ci -4
alkyl), C(O)0-(arylalkyl), OC(O)H, OC(O)-(Ci -4
alkyl), 0C(O)-(arylalkyl), OC(=O)NH 2, OC(=O)NH(Ci- 4
alkyl), OC(=O)NH-(arylalkyl), OC(O)N(Ci -4 alkyl) 2,
NHC(O)-(Ci -4 alkyl), NHC(=O)O- (arylalkyl),
NHC(=0)0-(Ci_ 4 alkyl), NHC(=O)O-(arylalkyl), NHS(=O)
2-(Ci_4 alkyl), NHS(=O) 2-(arylalkyl), S(O) 2-(Ci -4
alkyl), S(O) 2-(arylalkyl), S(O) 2NH(Ci -4 alkyl),
S(=O) 2NH(arylalkyl), Ci-6 alkyl, Ci-6 haloalkyl, C2-6
alkenyl, C2-6 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, wherein each
of the Ci-6 alkyl, Ci_6 haloalkyl, C2_6alkenyl, C2_6
alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally
substituted by 1, 2 or 3 substituents independently
selected from halo, Ci_4 alkyl, Ci_4 haloalkyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, CN NO2, OH,
Ci_4 alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino,
C2_ 8 dialkylamino, SH, -S-(Ci -4 alkyl), C(O)H,
C(O)-(Ci -4 alkyl), C(O)-(arylalkyl),C(=O)NH 2,
CC=O)NH(Ci-4 alkyl), C(O)N(Ci -4 alkyl) 2, C(O)OH,
C(O)O-(Ci -4 alkyl), C(=0)0-(arylalkyl), OC(O)H,
OC(O)-(Ci -4 alkyl), OC(=O)-(arylalkyl), 0C(=0)NH 2,
0C(=0)NH(Ci-4 alkyl), OC(=O)NH-(arylalkyl), OC(O)N(Ci
-4 alkyl) 2, NHC(O)-(Ci -4 alkyl),
NHC(=O)O-(arylalkyl), NHC(O)O-(Ci -4 alkyl),
NHC(=O)O-(arylalkyl), NHS(=O) 2-(Ci_4 alkyl), NHS(=O)
2-(arylalkyl), S(O) 2-(Ci -4 alkyl), S(=O)
2-(arylalkyl), S(=O) 2NH(Ci_4 alkyl) and S(=O)
2NH(arylalkyl). In some embodiments, R3, R4 and R5 are
each, independently, H, halo, CN, NO2, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, C(O)H, C(O)-(Ci -4 alkyl),
C(=O)-(arylalkyl), C(=O)NH 2, C(O)NH(Ci -4 alkyl),
C(O)N(Ci -4 alkyl) 2, C(O)OH, C(O)O-(Ci -4 alkyl),
C(O)0-(arylalkyl), OC(O)H, OC(O)-(Ci -4 alkyl),
NHC(O)-(Ci -4 alkyl), NHC(=O)O-(arylalkyl),
NHC(O)O-(Ci -4 alkyl), NHC(=O)O-(arylalkyl), NHS(=O)
2-(Ci_4 alkyl), NHS(=O) 2-(arylalkyl), Ci-6 alkyl,
Ci_6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein each of the Ci_6 alkyl,
Ci_6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2 or 3 substituents independently selected from halo,
Ci_4 alkyl, Ci_4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN, NO2, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, C(O)H, C(O)-(Ci -4 alkyl),
C(O)-(aiylalkyl), C(=O)NH 2, C(O)NH(Ci -4 alkyl),
C(O)N(Ci -4 alkyl) 2, C(O)OH, C(O)0-(C alkyl),
C(O)0-(arylalkyl), OC(O)H, OC(O)-(CM alkyl),
0C(O)-(aiylalkyl), OC(=O)NH 2, OC(=O)NH(Ci- 4 alkyl),
OC(=O)NH-(arylalkyl), OC(O)N(CM alkyl) 2, NHC(O)-(CM
alkyl), NHC(=O)O-(arylalkyl), NHC(O)O-(CM alkyl),
NHC(=O)O-(arylalkyl), NHS(=O) 2-(Ci_4 alkyl), NHS(=O)
2-(arylalkyl), S(O) 2- (C M alkyl), S(=O)
2-(arylalkyl), S(=O) 2NH(Ci_4 alkyl) and S(=O)
2NH(arylalkyl). In some embodiments, R3, R4 and R5 are
each, independently, H, Ci_4 alkoxy, halo, Ci_6 alkyl
or Ci_6 haloalkyl. In some embodiments, R3, R4 and R5
are each, independently, H, Ci_4 alkoxy, halo or Ci_3
haloalkyl. In some embodiments, R3, R4 and R5 are
each, independently, H, Ci_4 alkoxy, or halo. In some
embodiments, R6 is aryl or heteroaryl, each optionally
substituted by 1, 2, 3, 4 or 5 A1.In some embodiments,
R6 is aryl optionally substituted by 1, 2, 3, 4 or 5
A1. In some embodiments, R6 is aryl substituted by 1,
2, 3, 4 or 5 A1. In some embodiments, R6 is heteroaryl
optionally substituted by 1, 2, 3, 4 or 5 A1 In some
embodiments, R6 is phenyl, naphthyl, pyridyl,
pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl or
indolyl, each optionally substituted by 1, 2, 3, 4 or
5 A1. In some embodiments, R6 is phenyl, 2-naphthyl,
3-pyridyl, 4-pyridyl, pyrimidin- 5-yl, pyrazin-2-yl,
pyrazol-3-yl, pyrazol-4-yl, 3-quinolyl, 6-quinolyl, or
indol-5-yl, each optionally substituted by 1, 2, 3, 4
or 5 A1. In some embodiments, R6 is phenyl, naphthyl,
pyridyl, pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl
or indolyl, each optionally substituted by 1, 2, 3, 4
or 5 halo, CN, NO2, OH, Ci_4 alkoxy, Ci_4 haloalkoxy,
amino, Ci_4 alkylamino, C2-8 dialkylamino, NRcRd, SH,
-S-(Ci -4 alkyl), C(=O)H, C(O)-(Ci -4 alkyl),
C(=O)-(arylalkyl), C(=O)NH 2, C(=O)NH(Ci_4 alkyl),
C(=O)N(Ci_ 4 alkyl) 2, C(=O)NR cRd, C(=O)OH, C(O)O-(Ci
-4 alkyl), C(=O)O-(arylalkyl), OC(=O)H, OC(O)-(Ci -4
alkyl), OC(=O)-(arylalkyl), OC(=O)NH 2, OC(=O)NH(Ci-4
alkyl), OC(=O)NH-(arylalkyl), OC(O)N(Ci -4 alkyl) 2,
NHC(=0)-(Ci_ 4 alkyl), NHC(=O)O-(arylalkyl),
NHC(=0)0-(Ci_ 4 alkyl), NHC(O)O- (arylalkyl), NHS(O)
2-(Ci -4 alkyl), NHS(=O) 2-(arylalkyl), S(=O) 2-(d_ 4
alkyl), S(O) 2- (arylalkyl), S(=O) 2NH(Ci_4 alkyl),
S(=O) 2NH(arylalkyl), S(=O) 2NRcRd, Ci-6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein each of the Ci-6 alkyl,
Ci-6 haloalkyl, C2-6 alkenyl, C2-6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2 or 3 substituents independently selected from halo,
Ci_4 alkyl, Ci_4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN, NO2, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, Rc Rd , SH, -S-(C M alkyl), C(O)H,
C(O)-(Ci -4 alkyl), C(O)-(aiylalkyl), C(=O)NH 2,
C(O)NH(Ci -4 alkyl), C(=0)N(Ci_4 alkyl) 2, C(=O)R c
Rd' , C(O)OH, C(O)O-(Ci -4 alkyl), C(O)0-(arylalkyl),
OC(O)H, 0C(O)-(C alkyl), 0C(O)-(aiylalkyl), OC(=O)NH
2, OC(=O)NH(Ci_ 4 alkyl), OC(=O)NH-(arylalkyl),
OC(O)N(CM alkyl) 2, NHC(O)-(CM alkyl),
NHC(=O)O-(arylalkyl), NHC(=0)0-(Ci_ 4 alkyl),
NHC(=O)O-(arylalkyl), NHS(=O) 2-(Ci_ 4 alkyl), NHS(=O)
2-(arylalkyl), S(O) 2-(CM alkyl), S(O) 2-(aiylalkyl),
S(O) 2NH(CM alkyl), S(=O) 2NH(arylalkyl) and S(=O)
2NRc Rd' ;Rc and Rd together with the N atom to which
they are attached form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; and Rc and Rd together with
the N atom to which they are attached form a 4-, 5-,
6- or 7-membered heterocycloalkyl group. In some
embodiments, R6 is phenyl, naphthyl, pyridyl,
pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl or
indolyl, each optionally substituted by 1, 2, 3, 4 or
5 halo, CN, OH, Ci_4 alkoxy, Ci_4 haloalkoxy, amino,
Ci_4 alkylamino, C2-8 dialkylamino, NRcRd, C(=O)H,
C(O)-(Ci -4 alkyl), C(=O)-(arylalkyl), C(=O)NH2,
C(O)NH(Ci -4 alkyl), C(O)N(Ci -4 alkyl)2, C(=O)NRcRd,
C(O)OH, C(O)O-(Ci -4 alkyl), C(O)0-(arylalkyl),
OC(O)H, OC(O)-(Ci -4 alkyl), 0C(O)-(arylalkyl),
OC(=O)NH2, OC(=O)NH(Ci-4 alkyl), OC(=O)NH-(arylalkyl),
OC(O)N(Ci -4 alkyl)2, NHC(O)-(Ci -4 alkyl), NHC(=O)O-
(arylalkyl), NHC(=0)0-(Ci_ 4 alkyl),
NHC(=O)O-(arylalkyl), NHS(=O)2-(Ci_4 alkyl),
NHS(=O)2-(arylalkyl), S(O) 2-(Ci-4 alkyl), S(O)
2-(arylalkyl), S(O) 2NH(C alkyl), S(=O)2NH(arylalkyl),
S(=O)2NRcRd, Ci-6 alkyl, d _6haloalkyl, C2_6 alkenyl,
C2_6 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl; and Rc and
Rd together with the N atom to which they are attached
form a 4-, 5-, 6- or 7-membered heterocycloalkyl
group. In some embodiments, R6 is phenyl, naphthyl,
pyridyl, pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl
or indolyl, each optionally substituted by 1, 2 or 3
halo, CN, OH, Ci_4 alkoxy, Ci_4 haloalkoxy, amino,
Ci_4 alkylamino, C2_8 dialkylamino, NRcRd, C(O)H,
C(O)-(CM alkyl), C(O)-(aiylalkyl), C(=O)NH2, C(O)NH(CM
alkyl), C(O)N(CM alkyl)2, C(=O)NRcRd, C(O)OH,
C(O)O-(CM alkyl), C(O)0-(aiylalkyl), OC(O)H, OC(O)-(C
M alkyl), 0C(O)-(aiylalkyl), OC(=O)NH2, OC(=O)NH(Ci_4
alkyl), OC(=O)NH-(arylalkyl), OC(O)N(CM alkyl)2,
NHC(O)-(CM alkyl), NHC(=O)O- (aiylalkyl),
NHC(=0)0-(Ci_ 4 alkyl), NHC(=O)O-(arylalkyl),
NHS(=O)2-(Ci_4 alkyl), NHS(=O)2-(arylalkyl), S(O)
2-(CM alkyl), S(O) 2-(aiylalkyl), S(O) 2NH(CM alkyl),
S(=O)2NH(arylalkyl), S(=O)2NRcRd, Ci-6 alkyl, d
_6haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group.In some embodiments,
R6 is phenyl, naphthyl, pyridyl, pyrimidinyl,
pyrazinyl, pyrazolyl, quinolyl or indolyl, each
optionally substituted by 1, 2 or 3 halo, CN, OH,
Cialkoxy, Ci-4haloalkoxy, amino, Ci-4 alkylamino, C2-8
dialkylamino, NRcRd, C(=O)H, C(O)-(Ci -4 alkyl),
C(=O)-(arylalkyl), C(=O)NH 2, C(O)NH(Ci -4 alkyl),
C(O)N(Ci -4 alkyl) 2, C(=O)NR cRd, C(O)OH, C(O)O-(Ci
-4 alkyl), C(=O)O-(arylalkyl), S(O) 2-(Ci -4 alkyl),
S(=O) 2-(arylalkyl), S(=O) 2NH(Ci_4 alkyl), S(=O)
2NH(arylalkyl), S(=O) 2NRcRd, Ci-6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group. In some
embodiments, R6 is phenyl substituted by 1, 2 or 3
halo, CN, OH, Ci-4 alkoxy, Ci_4 haloalkoxy, amino,
Ci_4 alkylamino, C2_8 dialkylamino, NRcRd, C(O)H,
C(O)-(Ci -4 alkyl), C(=O)-(arylalkyl), C(=O)NH 2,
C(O)NH(Ci -4 alkyl), C(O)N(Ci -4 alkyl) 2, C(=O)NR
cRd, C(O)OH, C(O)O-(Ci -4 alkyl), C(=O)O-(arylalkyl),
S(O) 2-(Ci -4 alkyl), S(=O) 2-(arylalkyl), S(O) 2NH(Ci
-4 alkyl), S(=O) 2NH(arylalkyl), S(=O) 2NRcRd, Ci-6
alkyl, Ci- haloalkyl, C2-6alkenyl, C2-6alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group. In some
embodiments, R6 is naphthyl, pyridyl, pyrimidinyl,
pyrazinyl, pyrazolyl, quinolyl or indolyl, each
optionally substituted by 1, 2 or 3 halo, CN, OH, Ci_4
alkoxy, Ci-4haloalkoxy, amino, Ci-4 alkylamino, C2-8
dialkylamino, NRcRd, C(O)H, C(O)-(Ci -4 alkyl),
C(=O)-(arylalkyl), C(=O)NH 2, C(O)NH(Ci -4 alkyl),
C(O)N(Ci -4 alkyl) 2, C(=O)NR cRd, C(O)OH, C(O)O-(Ci
-4 alkyl), C(=O)O-(arylalkyl), S(O) 2-(Ci -4 alkyl),
S(=O) 2-(arylalkyl), S(O) 2NH(Ci -4 alkyl), S(=O)
2NH(arylalkyl), S(=O) 2NRcRd, Ci-6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group. Also provided
herein are novel compounds of structural formula II:II
or a pharmaceutically acceptable salt, tautomer,
atropisomer, or in v zvo-hydrolysable precursor
thereof, wherein: R1 is Ci_6 alkyl or Ci_6 haloalkyl;
R2 is H, C(=O)-(Ci_ 4 alkyl), C(=O)-(arylalkyl),
C(=O)O-(Ci_ 4 alkyl), C(=O)O- (arylalkyl), C(=0)NH 2,
C(=O)NH(Ci- 4 alkyl), C(=O)N(Ci- 4 alkyl) 2 or Ci-6
alkyl; R5 is H, Ci_4 alkoxy, halo, Ci_6 alkyl or
Ci_6haloalkyl; R6 is phenyl, naphthyl, pyridyl,
pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl or
indolyl, each optionally substituted by 1, 2 or 3
halo, CN, OH, Ci_4 alkoxy, Ci_4 haloalkoxy, amino,
Ci_4 alkylamino, C2-8 dialkylamino, NRcRd, C(=O)H,
C(=O)-(Ci_ 4 alkyl), C(=O)-(arylalkyl), C(=O)NH 2,
C(=O)NH(d_ 4 alkyl), C(=O)N(d_ 4 alkyl) 2, C(=O)NR
cRd, C(=O)OH, C(=O)O-(Ci-4 alkyl), C(=O)O-(arylalkyl),
OC(=O)H, OC(=O)- (C1-4 alkyl), OC(=O)-(arylalkyl),
OC(=O)NH 2, OC(=O)NH(Ci- 4 alkyl), OC(=O)NH-
(arylalkyl), OC(=O)N(d_ 4 alkyl) 2, NHC(=O)-(d_ 4
alkyl), NHC(=O)O-(arylalkyl), NHC(=O)O-(Ci_ 4 alkyl),
NHC(=O)O-(arylalkyl), NHS(=O) 2-(Ci_4 alkyl), NHS(=O)
2- (arylalkyl), S(=O) 2-(d_ 4 alkyl), S(=O)
2-(arylalkyl), S(=O) 2NH(d_ 4 alkyl), S(=O)
2NH(arylalkyl), S(=O) 2NRcRd, Ci-6 alkyl, Ci-6
haloalkyl, C2-6 alkenyl, C2-6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group. In some
embodiments, when R2 and R5 are each H, then R6 is
other than unsubstituted phenyl. In some embodiments,
R1 is Ci-6 alkyl. In some embodiments, R1 is
n-propyl.In some embodiments, R2 is H, alkyl),
C(O)O-(Ci -4 alkyl), C(O)0-(arylalkyl) or Ci-6 alkyl.
In some embodiments, R2 is H. In some embodiments, R
is H, Ci-4 alkoxy or halo. In some embodiments, R6 is
phenyl substituted by 1, 2 or 3 halo, CN, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2-8
dialkylamino, NRcRd, C(O)H, C(O)-(C alkyl),
C(O)-(arylalkyl), C(O)NH 2, C(O)NH(CM alkyl), C(O)N(CM
alkyl) 2, C(O)NRR d, C(O)OH, C(O)O-(C M alkyl),
C(O)0-(arylalkyl), S(O) 2-(C M alkyl), S(O)
2-(arylalkyl), S(O) 2NH(C 4 alkyl), S(O)
2NH(arylalkyl), S(O) 2NRcRd, Ci-6 alkyl, Ci-
haloalkyl, C2-6 alkenyl, C2-6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group. In some
embodiments, R6 is phenyl, naphthyl, pyridyl,
pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl or
indolyl, each substituted by 1, 2 or 3 Ci_4 alkoxy or
Ci_4 alkyl. In some embodiments, R6 is phenyl,
naphthyl, pyridyl, pyrimidinyl, pyrazinyl, pyrazolyl,
quinolyl or indolyl, each substituted by 2 Ci_4 alkoxy
or Ci_4 alkyl. In some embodiments, R1 is n-propyl and
R2 is H. The present invention further provides
compositions comprising a compound of any of the
formulas described herein, or a pharmaceutically
acceptable salt, tautomer, atropisomer, or in v
zvo-hydrolysable precursor thereof, and at least one
pharmaceutically acceptable carrier, diluent or
excipient. The present invention further provides
methods of treating or preventing an anxiety disorder
in a patient, comprising administering to the patient
a therapeutically effective amount of a compound of
any of the formulas described herein, or a
pharmaceutically acceptable salt, tautomer,
atropisomer, or in v zvo-hydrolysable precursor
thereof. The present invention further provides
methods of treating or preventing a cognitive disorder
in a patient, comprising administering to the patient
a therapeutically effective amount of a compound of
any of the formulas described herein, or a
pharmaceutically acceptable salt, tautomer,
atropisomer, or in v zvo-hydrolysable precursor
thereof.The present invention further provides methods
of treating or preventing a mood disorder in a
patient, comprising administering to the patient a
therapeutically effective amount of a compound of any
of the formulas described herein, or a
pharmaceutically acceptable salt, tautomer,
atropisomer, or in v zvo-hydrolysable precursor
thereof. The present invention further provides a
compound of any of the formulas described herein, or a
pharmaceutically acceptable salt, tautomer,
atropisomer, or in v zvo-hydrolysable precursor
thereof, described herein for use as a medicament. The
present invention further provides a compound of any
of the formulas described herein, or a
pharmaceutically acceptable salt, tautomer,
atropisomer, or in v zvo-hydrolysable precursor
thereof, described herein for the manufacture of a
medicament. The present invention further provides
methods of modulating activity of GABAA receptor
comprising contacting the GABAA receptor with a
compound of any of the formulas described herein, or a
pharmaceutically acceptable salt, tautomer,
atropisomer, or in v zvo-hydrolysable precursor
thereof. The present invention further provides
synthetic methods of making a compound of any of the
formulas described herein, or a pharmaceutically
acceptable salt, tautomer, atropisomer, or in v
zvo-hydrolysable precursor thereof. Provided herein
are novel compounds of structural formula I : I or a
pharmaceutically acceptable salt, tautomer,
atropisomer, or in v zvo-hydrolysable precursor
thereof, wherein:R1 is Ci_6 alkyl, Ci_6 haloalkyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, each optionally substituted by
1, 2, 3, 4 or 5 R7; R2 is H, C(=O)R b, C(=0)NR cRd,
C(=O)OR a, S(=O) 2Rb, Ci-6 alkyl, Ci-6 haloalkyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein each of the Ci_6 alkyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2, 3, 4 or 5 R8; R3, R4 and R5 are each,
independently, H, halo, Si(Ci -I0 alkyl) 3, CN, NO2, 0
Ra, SRa, OC(=O)R a, OC(=O)OR b, 0C(=0)NR cRd, C(=O)R
a, C(=O)OR b, C(=O)NR cRd, NRcRd, NRcC(=0)R a,
NRcC(=0)0R b, NRcS(=O) 2Rb, S(=O)R a, S(=O)NR cRd,
S(=O) 2Ra, S(=O) 2NRcRd, Ci-6 alkyl, Ci-6 haloalkyl,
C2_6 alkenyl, C2_6 alkynyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein the Ci_6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2 or 3 R9; R6 is aryl, cycloalkyl, heteroaryl or
heterocycloalkyl, each optionally substituted by 1, 2,
3, 4 or 5 A 1; R7, R8 and R9 are each, independently,
halo, Ci_4 alkyl, Ci_4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN, NO2, ORa' , SRa' ,
C(=O)R b' , C(=0)NR c Rd' , C(=O)OR a' , OC(=O)R b' ,
0C(=0)NR c Rd' , NRc Rd' , NRc C(=O)R b' , NRc C(=0)0R
a' , NRc S(=O) 2Rb' , S(=O)R b' , S(=O)NR c Rd' ,
S(=O) 2Rb' , or S(=O) 2NRc Rd' ; A1 is halo, CN, NO2,
ORa, SRa, C(=O)R b, C(=0)NR cRd, C(=O)OR a, OC(=O)R b,
0C(=0)NR cRd, NRcRd, NRcC(=O)R d, NRcC(=0)0R a,
NRcS(=O)R b, NRcS(=O) 2Rb, S(=O)R b, S(=O)NR cRd,
S(=O) 2Rb, S(=O) 2NRcRd, Ci_4 alkoxy, C 4 haloalkoxy,
amino, Ci- 4 alkylamino, C2_8 dialkylamino, Ci_6
alkyl, C2_6 alkenyl, C2_6 alkynyl, arylalkyl,
cycloalkylalkyl, heteroarylalkyl,
heterocycloalkylalkyl, aryl, cycloalkyl, heteroaryl or
heterocycloalkyl, wherein each of the Ci_6 alkyl, C2_6
alkenyl, C2_6 alkynyl, arylalkyl, cycloalkylalkyl,
heteroarylalkyl, heterocycloalkylalkyl, aryl,
cycloalkyl, heteroaryl or heterocycloalkyl is
optionally substituted by 1, 2, 3, 4 or 5 substituents
independently selected from halo, Ci_6 alkyl, C2_6
alkenyl, C2_6 alkynyl, Ci_4 haloalkyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, CN, NO2,
ORa' , SRa' , C(=O)R b' , C(=0)NR c Rd' , C(=O)OR a'
,OC(=O)R b' , OC(=O)NR c Rd' , NRc Rd', NRc C(=O)R b'
, NRc C(=O)OR a' , NRc S(=O)R b' , NRc S(=O) 2Rb' ,
S(=O)R b' , S(=O)NR c Rd' , S(=O) 2Rb' , or S(=O) 2NRc
Rd' ; Ra and Ra are each, independently, H, Ci-6
alkyl, Ci-6 haloalkyl, C2-6 alkenyl, C - 6 alkynyl,
aryl, cycloalkyl, heteroaryl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein the Ci_6 alkyl, Ci_6
haloalkyl, C2-6 alkenyl, C2-6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted with
OH, amino, halo, Ci_6 alkyl, Ci_6 haloalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl or
heterocycloalkyl; Rb and Rb are each, independently,
H, Ci-6 alkyl, Ci-6 haloalkyl, C2-6 alkenyl, C2-6
alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, wherein the
Ci_6 alkyl, Ci_6 haloalkyl, C2-6 alkenyl, C2-6
alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally
substituted with OH, amino, halo, Ci_6 alkyl, Ci_6
haloalkyl, Ci_6 haloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, cycloalkyl or
heterocycloalkyl; Rc and Rd are each, independently,
H, d_io alkyl, Ci_6 haloalkyl, C2-6 alkenyl, C2-6
alkynyl, aryl, heteroaryl, cycloalkyl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, wherein the
C O alkyl, Ci_6 haloalkyl, C2-6 alkenyl, C2-6 alkynyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted with
OH, amino, halo, Ci-6 alkyl, Ci-6 haloalkyl, Ci-6
haloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl or heterocycloalkyl; or Rc
and Rd together with the N atom to which they are
attached form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; and Rc and Rd are each,
independently, H, C O alkyl, Ci_6 haloalkyl, C2-6
alkenyl, C2-6 alkynyl, aryl, heteroaryl, cycloalkyl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, wherein the
C O alkyl, Ci_6 haloalkyl, C2-6 alkenyl, C2-6 alkynyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted with
OH, amino, halo, Ci_6 alkyl, Ci_6 haloalkyl, Ci_6
haloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl or heterocycloalkyl;or Rc
and Rd together with the N atom to which they are
attached form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group. In some embodiments, when R2,
R3, R4 and R5 are each H, then R6 is other than
unsubstituted phenyl or unsubstituted cycloalkyl. In
some embodiments, R1 is Ci_6 alkyl, Ci_6haloalkyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, each optionally substituted by
1, 2, 3, 4 or 5 R7, or any subgroup thereof. In some
embodiments, R1 is Ci_6 alkyl, Ci_6haloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, each optionally substituted by
1, 2, 3, 4 or 5 R7. In some embodiments, R1 is Ci-6
alkyl, Ci-6 haloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, each
optionally substituted by 1, 2, 3, 4 or 5 substituents
independently selected from halo, Ci_4 alkyl, Ci_4
haloalkyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, CN, NO2, OH, Ci_4 alkoxy, Ci_4
haloalkoxy, amino, Ci_4 alkylamino, C2_8 dialkylamino,
SRa' , C(=O)R b' , C(=O)NR c Rd' , C(=O)OR a' ,
OC(=O)R b' , OC(=O)NR c Rd' , NRc C(=O)R b' , NRc
C(=O)OR a' , NRc S(=O) 2Rb' , S(=O)R b' , S(=O)NR c
Rd' , S(=O) 2Rb' , or S(=O) 2NRc Rd' . In some
embodiments, R1 is Ci-6 alkyl, Ci-6 haloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, each optionally substituted by
1, 2, 3, 4 or 5 substituents independently selected
from halo, Ci_4 alkyl, Ci_4 haloalkyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, CN, NO2, OH,
Ci_4 alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino,
C2_8 dialkylamino, SH, -S-(Ci - alkyl), C(O)H,
C(O)-(Ci -4 alkyl), C(O)-(aiylalkyl), C(=O)NH 2,
C(=O)NH(Ci_ 4 alkyl), C(O)N(Ci -4 alkyl) 2, C(O)OH,
C(O)O-(Ci -4 alkyl), C(O)0-(aiylalkyl), OC(O)H,
OC(O)-(Ci -4 alkyl), 0C(O)-(aiylalkyl), OC(=O)NH 2,
OC(O)NH(Ci -4 alkyl), OC(=O)NH-(arylalkyl),
OC(=O)N(Ci_ 4 alkyl) 2, NHC(=O)-(Ci_ 4 alkyl),
NHC(=O)O- (arylalkyl), NHC(O)O-(Ci -4 alkyl),
NHC(=O)O-(arylalkyl), NHS(O) 2-(Ci -4 alkyl), NHS(=O)
2-(arylalkyl), S(O) 2-(Ci -4 alkyl), S(O)
2-(aiylalkyl), S(=O) 2NH(Ci_4 alkyl) and S(=O)
2NH(arylalkyl). In some embodiments, R1 is Ci- alkyl,
Ci_6 haloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, each
optionally substituted by 1, 2 or 3 substituents
independently selected from halo, Ci_4 alkyl, Ci_4
haloalkyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, CN, NO2, OH, Ci_4 alkoxy, Ci_4
haloalkoxy, amino, Ci_4 alkylamino, C2_8 dialkylamino,
SH, -S-(Ci -4 alkyl), C(O)H, C(O)-(Ci -4 alkyl),
C(O)-(aiylalkyl), C(=O)NH 2, C(O)NH(Ci -4 alkyl),
C(O)N(Ci -4 alkyl) 2, C(O)OH, C(O)O-(Ci -4 alkyl),
C(O)0-(arylalkyl), OC(O)H, OC(O)-(Ci -4
alkyl),OC(=O)-(arylalkyl), OC(=O)NH 2, OCC=O)NH(Ci -4
alkyl), OC(=O)NH-(arylalkyl), OC(=O)N(Ci-4 alkyl) 2,
NHCC=O)-(Ci -4 alkyl), NHC(=O)O-(arylalkyl),
NHCC=O)O-(Ci -4 alkyl), NHC(=O)O-(arylalkyl),
NHSC=O)2-(Ci -4 alkyl), NHS(=O) 2-(arylalkyl), S(O) 2-
(Ci-4 alkyl), S(=0) 2-(arylalkyl), S(=O) 2NH(Ci- 4
alkyl) and S(=O) 2NH(arylalkyl). In some embodiments,
R1 is Ci_6 alkyl, Ci_6 haloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, each optionally substituted by
1, 2 or 3 substituents independently selected from
halo, Ci_4 alkyl, Ci_4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN, N0 2, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_ 8
dialkylamino, C(=O)H, C(O)-(Ci -4 alkyl),
C(=O)-(arylalkyl), C(=O)NH 2, C(O)NH(Ci -4 alkyl),
C(O)N(Ci -4 alkyl) 2, C(O)OH, C(O)O-(Ci -4 alkyl),
C(O)O- (arylalkyl), OC(O)-(Ci -4 alkyl), OC(=O)NH 2,
OC(=O)NH(Ci- 4 alkyl), OC(=O)NH- (arylalkyl),
OC(=O)N(Ci_ 4 alkyl) 2, NHC(=0)-(Ci_ 4 alkyl),
NHC(=O)O-(arylalkyl), NHS(O) 2-(C alkyl), NHS(=O)
2-(arylalkyl), S(O) 2-(C M alkyl), S(=O)
2-(arylalkyl), S(=O) 2NH(Ci_4 alkyl) and S(=O)
2NH(arylalkyl). In some embodiments, R1 is Ci-6 alkyl,
Ci_6 haloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl. In some
embodiments, R1 is Ci-6 alkyl or Ci-6 haloalkyl. In
some embodiments, R1 is Ci-6 alkyl. In some
embodiments, R1 is n-propyl. 



In some embodiments, R2 is H, C(=O)R b, C(=O)NR cRd,
C(=O)OR a, S(=O) 2Rb, Ci-6 alkyl, Ci_6 haloalkyl,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, or any subgroup thereof,
wherein each of the Ci-6 alkyl, aryl, heteroaryl,
cycloalkyl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2, 3, 4 or 5 R8, or any subgroup thereof. In some
embodiments, R2 is H, C(O)-(C M alkyl),
C(=O)-(arylalkyl), C(O)O-(C M alkyl),
C(=O)O-(arylalkyl), C(=O)NH 2, C(=O)NH(Ci_ 4 alkyl),
C(=O)N(Ci_ 4 alkyl) 2, Ci_6 alkyl, Ci_6 haloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein each of the Ci_6 alkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2, 3, 4 or 5 substituents independently selected from
halo, Ci_4 alkyl, Ci_4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN, NO2, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, SH, -S-(Ci -4 alkyl), C(O)H, C(O)-(C M
alkyl), C(=O)-(arylalkyl), C(=O)NH 2, C(=O)NH(Ci_ 4
alkyl), C(=O)N(Ci_ 4 alkyl) 2, C(O)OH, C(O)O-(C M
alkyl), C(=O)O-(arylalkyl), OC(O)H, OC(O)-(C M alkyl),
OC(=O)-(arylalkyl), OC(=O)NH 2, OC(=O)NH(Ci_ 4 alkyl),
OC(=O)NH-(arylalkyl),OCC=O)N(Ci -4 alkyl) 2,
NHC(O)-(Ci -4 alkyl), NHC(=O)O-(arylalkyl),
NHC(O)O-(Ci -4 alkyl), NHC(=O)O-(arylalkyl), NHSC=O)
2-(Ci -4 alkyl), NHS(=O) 2-(arylalkyl), S(O) 2- (Ci-4
alkyl), S(=0) 2-(arylalkyl), S(=O) 2NH(Ci- 4 alkyl)
and S(=O) 2NH(arylalkyl). In some embodiments, R2 is
H, C(O)-(Ci -4 alkyl), C(=O)-(arylalkyl), C(O)O-(Ci -4
alkyl), C(=O)O-(arylalkyl), C(=O)NH 2, C(=O)NH(Ci_ 4
alkyl), C(=O)N(Ci_ 4 alkyl) 2, Ci_6 alkyl, Ci-
haloalkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl
or heterocycloalkylalkyl, wherein each of the Ci_6
alkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2 or 3substituents independently selected from halo,
Ci-4 alkyl, Ci-4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN, NO2, OH, Ci-4
alkoxy, Ci-4haloalkoxy, amino, Ci-4 alkylamino, C2- 8
dialkylamino, SH, -S-(Ci -4 alkyl), C(O)H, C(O)-(Ci -4
alkyl), C(=O)-(arylalkyl), C(=O)NH 2, C(=0)NHCCi_ 4
alkyl), CC=0)NCCi_4 alkyl) 2, CC=O)OH, CC=O)O-CCi_4
alkyl), CC=O)O-Carylalkyl), OCC=O)H, OCC=O)-CC!_4
alkyl), OCC=O)-Carylalkyl), OCC=O)NH 2, 0CC=0)NHCCi_4
alkyl), OCC=O)NH-Carylalkyl), 0CC=0)NCCi_4 alkyl) 2,
NHCC=O)-CCi_4 alkyl), NHCC=O)O-Carylalkyl),
NHCC=O)O-CCi_4 alkyl), NHCC=O)O-Carylalkyl), NHSC=O)
2-CCi-4 alkyl), NHSC=O) 2-Carylalkyl), S(O) 2-(Ci -4
alkyl), SC=O)2-Carylalkyl), SC=O)2NHCCi_4 alkyl) and
SC=O)2NHCarylalkyl). In some embodiments, R2 is H,
C(O)- (Ci -4 alkyl), CC=O)-Carylalkyl), CC=O)O-CC!_4
alkyl), CC=O)O-Carylalkyl), CC=O)NH2, CC=0)NHCCi_4
alkyl), CC=0)NCCi_4 alkyl) 2, Ci-6 alkyl, Ci-6
haloalkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl
or heterocycloalkylalkyl. In some embodiments, R2 is
H, CC=0)-CCi_4 alkyl), CC=O)-Carylalkyl), CC=O)O-CCi_4
alkyl), CC=O)O-Carylalkyl), CC=O)NH2, CC=0)NHCCi-4
alkyl), CC=0)NCCi-4 alkyl) 2 or Ci-6 alkyl. In some
embodiments, R2 is H, CC=O)-CCi_4 alkyl),
CC=O)-Carylalkyl), CC=O)O-CCi_4 alkyl),
CC=O)O-Carylalkyl), CC=O)NH2, CC=0)NHCCi_4 alkyl),
CC=0)NCCi_4 alkyl) 2, or Ci_3 alkyl. In some
embodiments, R2 is H. In some embodiments, R3, R4 and
R5 are each, independently, H, halo, Si(Ci- Io alkyl)
3, CN, NO2, 0 Ra, SRa, OCC=O)Ra, OCC=O)ORb, OCC=O)NR
cRd, CC=O)Ra, CC=O)ORb, CC=O)NRcRd, NRcRd, NRcCC=O)Ra,
NRcCC=O)ORb, NRcSC=O)2Rb, SC=O)Ra, SC=O)NRcRd,
SC=O)2Ra, SC=O)2NRcRd, Ci-6 alkyl, Ci-6 haloalkyl,
C2_6 alkenyl, C2_6 alkynyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, or any subgroup thereof,
wherein the Ci_6 alkyl, Ci_6 haloalkyl, C2_6 alkenyl,
C2_6 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is
optionallysubstituted by 1, 2 or 3 R9, or any subgroup
thereof. In some embodiments, R3, R4 and R5 are each,
independently, H, halo, CN, NO2, 0 Ra, SRa, OC(=O)R a,
OC(=O)OR b, OC(=O)NR cRd, C(=O)R a, C(=O)OR b, C(=O)NR
cRd, NRcRd, NRcC(=O)R a, NRcC(=O)OR b, NRcS(=O) 2Rb,
S(=O)R a, S(=O)NR cRd, S(=O)2Ra, S(=O) 2NRcRd, Ci-6
alkyl, Ci_6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl,
aryl, cycloalkyl, heteroaryl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein each of the Ci_6 alkyl,
Ci_6haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2 or 3 substituents independently selected from halo,
Ci- alkyl, Ci-4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN NO2, OH, Ci-4alkoxy,
Ci-4haloalkoxy, amino, Ci-4 alkylamino, C2- 8
dialkylamino, SH, -S-(Ci -4 alkyl), C(O)H, C(O)-(Ci -4
alkyl), C(=O)-(arylalkyl), C(=O)NH 2, C(O)NH(C alkyl),
C(O)N(CM alkyl) 2, C(O)OH, C(O)O-(CM alkyl),
C(O)0-(arylalkyl), OC(O)H, OC(O)-(C M alkyl),
0C(O)-(arylalkyl), OC(=O)NH 2, OC(O)NH(CM alkyl),
OC(=O)NH-(arylalkyl), OC(O)N(CM alkyl) 2, NHC(O)-(CM
alkyl), NHC(=O)O-(arylalkyl), NHC(O)O-(C M alkyl),
NHC(=O)O-(arylalkyl), NHS(=O) 2-(Ci_4 alkyl), NHS(=O)
2-(arylalkyl), S(O) 2-(C M alkyl), S(O) 2-(arylalkyl),
S(=O) 2NH(Ci_4 alkyl) and S(=O) 2NH(arylalkyl). In
some embodiments, R3, R4 and R5 are each,
independently, H, halo, CN, NO2, OH, Ci_4 alkoxy, Ci_4
haloalkoxy, amino, Ci_4 alkylamino, C2_8 dialkylamino,
SH, -S-(C M alkyl), C(O)H, C(O)-(C M alkyl), C(O)-
(arylalkyl), C(=O)NH 2, C(=O)NH(Ci_ 4 alkyl),
C(=O)N(Ci_4 alkyl) 2, C(O)OH, C(O)O- (CM alkyl),
C(O)0-(arylalkyl), OC(O)H, OC(O)-(CM alkyl),
0C(O)-(arylalkyl), OC(=O)NH 2, OC(O)NH(CM alkyl),
OC(=O)NH-(arylalkyl), OC(O)N(CM alkyl) 2, NHC(=0)-(Ci_
4 alkyl), NHC(=O)O-(arylalkyl), NHC(=0)0-(Ci_ 4
alkyl), NHC(O)O- (arylalkyl), NHS(O) 2-(C M alkyl),
NHS(=O) 2-(arylalkyl), S(O) 2-(C M alkyl), S(O) 2-
(arylalkyl), S(=O) 2NH(Ci_4 alkyl), S(=O)
2NH(arylalkyl), Ci-6 alkyl, Ci-6 haloalkyl, C2_6
alkenyl, C2_6 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, wherein each
of the Ci- alkyl, Ci_6 haloalkyl, C2_6 alkenyl, C2_6
alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally
substituted by 1, 2 or 3 substituents independently
selected from halo, Ci_4 alkyl, Ci_4 haloalkyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, CN, NO2, OH,
Ci_4 alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino,
C2_8 dialkylamino, SH, -S-(Ci -4 alkyl),
C(O)H,C(O)-(Ci -4 alkyl), C(=0)-(arylalkyl), C(=0)NH
2, C(O)NH(Ci -4 alkyl), C(O)N(Ci -4 alkyl) 2, C(O)OH,
C(O)O-(Ci -4 alkyl), C(O)0-(arylalkyl), OC(O)H,
OC(O)-(Ci -4 alkyl), 0C(O)-(arylalkyl), 0C(=0)NH 2,
0C(=0)NH(Ci- 4 alkyl), 0C(=0)NH- (arylalkyl),
OC(O)N(Ci -4 alkyl) 2, NHC(O)-(Ci -4 alkyl),
NHC(=O)O-(arylalkyl), NHC(=0)0-(Ci_ 4 alkyl),
NHC(=O)O-(arylalkyl), NHS(=O) 2-(Ci_4 alkyl), NHS(=0)
2- (arylalkyl), S(O) 2-(Ci -4 alkyl), S(=O)
2-(arylalkyl), S(O) 2NH(C alkyl) and S(=O)
2NH(arylalkyl). In some embodiments, R3, R4 and R5 are
each, independently, H, halo, CN, NO2, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, C(O)H, C(O)-(CM alkyl),
C(O)-(arylalkyl), C(=O)NH 2, C(O)NH(CM alkyl),
C(O)N(CM alkyl) 2, C(O)OH, C(O)O-(CM alkyl),
C(O)0-(arylalkyl), OC(O)H, OC(O)-(CM alkyl),
NHC(O)-(CM alkyl), NHC(=O)O-(arylalkyl), NHC(=0)0-(Ci_
4 alkyl), NHC(=O)O-(arylalkyl), NHS(=O) 2-(Ci_4
alkyl), NHS(=O) 2- (arylalkyl), Ci_6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein each of the Ci- alkyl,
Ci_6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2 or 3 substituents independently selected from halo,
Ci_4 alkyl, Ci_4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN NO2, OH, Ci_4 alkoxy,
Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_ 8
dialkylamino, C(O)H, C(O)-(C M alkyl),
C(O)-(arylalkyl), C(=O)NH 2, C(=0)NH(Ci_4 alkyl),
C(=O)N(Ci_ 4 alkyl) 2, C(O)OH, C(O)O-(CM alkyl),
C(O)O- (arylalkyl), OC(O)H, OC(O)-(CM alkyl),
0C(O)-(arylalkyl), OC(=O)NH 2, OC(O)NH(CM alkyl),
OC(=O)NH-(arylalkyl), OC(O)N(CM alkyl) 2, NHC(O)-(CM
alkyl), NHC(=O)O-(arylalkyl), NHC(=0)0-(Ci_ 4 alkyl),
NHC(=O)O-(arylalkyl), NHS(O) 2-(CM alkyl), NHS(=O)
2-(arylalkyl), S(O) 2-(CM alkyl), S(O) 2-(arylalkyl),
S(=O) 2NH(Ci_4 alkyl) and S(=O) 2NH(arylalkyl). In
some embodiments, R3, R4 and R5 are each,
independently, H, Ci_4 alkoxy, halo, Ci_6 alkyl or
Ci_6 haloalkyl. In some embodiments, R3, R4 and R5 are
each, independently, H, Ci_4 alkoxy, halo or Ci_3
haloalkyl. In some embodiments, R3, R4 and R5 are
each, independently, H, Ci_4 alkoxy, or halo. In some
embodiments, R6 is aryl, cycloalkyl, heteroaryl or
heterocycloalkyl, or any subgroup thereof, each
optionally substituted by 1, 2, 3, 4 or 5 A1, or any
subgroup thereof. In some embodiments, R6 is aryl or
heteroaryl, each optionally substituted by 1,2, 3, 4
or 5 A1. In some embodiments, R6 is aryl optionally
substituted by 1, 2, 3, 4 or 5 A1. In some
embodiments, R6 is aryl substituted by 1, 2, 3, 4 or 5
A1. In some embodiments, R6 is heteroaryl optionally
substituted by 1, 2, 3, 4 or 5 A1. In some
embodiments, R6 is phenyl, naphthyl, pyridyl,
pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl or
indolyl, each optionally substituted by 1, 2, 3, 4 or
5 A1. In some embodiments, R6 is phenyl, 2-naphthyl,
3-pyridyl, 4-pyridyl, pyrimidin-5-yl, pyrazin-2-yl,
pyrazol-3-yl, pyrazol-4-yl, 3-quinolyl, 6-quinolyl, or
indol-5-yl, each optionally substituted by 1, 2, 3, 4
or 5 A1. In some embodiments, R6 is phenyl, naphthyl,
pyridyl, pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl
or indolyl, each optionally substituted by 1, 2, 3, 4
or 5 halo, CN, NO2, OH, Ci-4 alkoxy, Ci-4haloalkoxy,
amino, Ci- alkylamino, C2-8 dialkylamino, NRcRd, SH,
-S-(Ci -4 alkyl), C(O)H, C(O)-(Ci -4 alkyl),
C(=O)-(arylalkyl), C(=O)NH 2, C(=0)NH(Ci_4 alkyl),
C(=O)N(Ci_ 4 alkyl) 2, C(=O)NR cRd, C(O)OH, C(O)O-(Ci
-4 alkyl), C(O)0-(arylalkyl), OC(O)H, OC(O)-(Ci -4
alkyl), 0C(O)-(arylalkyl), OC(=O)NH 2, 0C(=0)NH(Ci_4
alkyl), OC(=O)NH-(arylalkyl), OC(=O)N(Ci_ 4 alkyl) 2,
NHC(O)-(Ci -4 alkyl), NHC(=O)O-(arylalkyl),
NHC(O)O-(Ci -4 alkyl), NHC(O)O- (arylalkyl), NHS(O)
2-(Ci -4 alkyl), NHS(=O) 2-(arylalkyl), S(O) 2-(Ci -4
alkyl), S(O) 2- (arylalkyl), S(=O) 2NH(Ci_4 alkyl),
S(=O) 2NH(arylalkyl), S(=O) 2NRcRd, Ci-6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, wherein each of the Ci_6 alkyl,
Ci_6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted by 1,
2 or 3 substituents independently selected from halo,
C1-4 alkyl, Ci_4 haloalkyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, CN, NO2, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, Rc Rd , SH, alkyl), C(O)H, C(O)-(Ci -4
alkyl), C(O)-(aiylalkyl), C(=O)NH 2, C(O)NH(Ci -4
alkyl), C(=0)N(Ci_4 alkyl) 2, C(O)R c Rd' , C(O)OH,
C(O)O-(Ci -4 alkyl), C(O)0-(arylalkyl), OC(O)H,
OC(O)-(Ci -4 alkyl), 0C(O)-(aiylalkyl), OC(=O)NH 2,
OC(O)NH(Ci -4 alkyl), OC(=O)NH-(arylalkyl),
OC(=O)N(Ci_ 4 alkyl) 2, NHC(=O)-(Ci_ 4 alkyl),
NHC(=O)O-(arylalkyl), NHC(=0)0-(Ci_ 4 alkyl),
NHC(=O)O-(arylalkyl), NHS(=O) 2-(Ci_ 4 alkyl), NHS(=O)
2-(arylalkyl), S(O) 2-(Ci -4 alkyl), S(O)
2-(aiylalkyl), S(O) 2NH(Ci -4 alkyl), S(=O)
2NH(arylalkyl) and S(=O) 2NRc Rd' . In some
embodiments, R6 is phenyl, naphthyl, pyridyl,
pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl or
indolyl, each optionally substituted by 1, 2, 3, 4 or
5 halo, CN, OH, Ci_4 alkoxy, Ci_4 haloalkoxy, amino,
Ci_4alkylamino, C2_8 dialkylamino, NRcRd, C(O)H,
C(O)-(Ci -4 alkyl), C(=O)-(arylalkyl), C(=O)NH2,
C(O)NH(Ci -4 alkyl), C(O)N(Ci -4 alkyl)2, C(=O)NRcRd,
C(O)OH, C(O)O-(Ci -4 alkyl), C(O)0-(arylalkyl),
OC(O)H, OC(O)-(Ci -4 alkyl), OC(O)- (arylalkyl),
OC(=O)NH2, OC(=O)NH(Ci-4 alkyl), OC(=O)NH-(arylalkyl),
OC(O)N(Ci - 4 alkyl)2, NHC(=O)-(Ci_4 alkyl),
NHC(=O)O-(arylalkyl), NHC(=0)0-(Ci_ 4 alkyl),
NHC(=O)O-(arylalkyl), NHS(O) 2-(Ci-4 alkyl),
NHS(=O)2-(arylalkyl), S(O) 2-(Ci-4 alkyl), S(O)
2-(arylalkyl), S(=O)2NH(Ci_4 alkyl),
S(=O)2NH(arylalkyl), S(=O)2NRcRd, Ci-6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl. In some embodiments, R6 is
phenyl, naphthyl, pyridyl, pyrimidinyl, pyrazinyl,
pyrazolyl, quinolyl or indolyl, each optionally
substituted by 1, 2 or 3 halo, CN, OH, Ci-4 alkoxy,
Ci- 4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, NRcRd, C(O)H, C(O)-(Ci -4 alkyl),
C(O)-(arylalkyl), C(=O)NH2, C(O)NH(Ci -4 alkyl),
C(O)N(Ci -4 alkyl)2, C(=O)NRcRd, C(O)OH, C(O)0-(C
alkyl), C(O)0-(arylalkyl), S(O) 2-(C M alkyl), S(O)
2-(arylalkyl), S(O) 2NH(C M alkyl),
S(=O)2NH(arylalkyl), S(=O)2NRcRd, Ci-6 alkyl, Ci-
haloalkyl, C2-6alkenyl, C2-6alkynyl, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl. In some embodiments, R6 is
phenyl substituted by 1, 2 or 3 halo, CN, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, NRcRd, C(O)H, C(O)-(C M alkyl),
C(O)-(arylalkyl), C(=O)NH2, C(O)NH(CM alkyl), C(O)N(CM
alkyl)2, C(=O)NRcRd, C(O)OH, C(O)O-(CM alkyl),
C(O)0-(arylalkyl), S(O) 2-(CM alkyl), S(O)
2-(arylalkyl), S(=O)2NH(Ci-4 alkyl),
S(=O)2NH(arylalkyl), S(=O)2NRcRd, Ci-6 alkyl,
Ci_6haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl. In some embodiments, R6 is
naphthyl, pyridyl, pyrimidinyl, pyrazinyl, pyrazolyl,
quinolyl or indolyl, each optionally substituted by 1,
2 or 3 halo, CN, OH, Ci_4 alkoxy, Ci_4 haloalkoxy,
amino, Ci_4 alkylamino, C2_8 dialkylamino, NRcRd,
C(O)H, C(O)-(C M alkyl), C(O)-(arylalkyl), C(=O)NH2,
C(=O)NH(Ci_4 alkyl), C(=O)N(Ci_4 alkyl)2, C(=O)NRcRd,
C(O)OH, C(O)O-(CM alkyl), C(O)0-(arylalkyl), S(O)
2-(CM alkyl), S(O) 2-(arylalkyl), S(O) 2NH(C M alkyl),
S(=O)2NH(arylalkyl), S(=O)2NRcRd, Ci-6 alkyl,
Ci_6haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl.In some embodiments, R7, R8 and
R9 are each, independently, halo, Ci_4 alkyl, Ci-4
haloalkyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, CN, NO2, 0 Ra' , SRa' , C(=O)R b' ,
C(=0)NR c Rd', C(=O)OR a' , OC(=O)R b' , 0C(=0)NR c
Rd' , NRc Rd' , NRc C(=O)R b' , NRc'C(=O)OR a' , NRc'
S(=O) 2Rb' , S(=O)R b' , S(=O)NR c Rd' , S(=O) 2Rb' ,
or S(=O) 2NRc Rd' , or any subgroup thereof. In some
embodiments, A1 is halo, CN, NO2, 0 Ra, SRa, C(=O)R b,
C(=0)NR cRd, C(=O)OR a, OC(=O)R b, 0C(=0)NR cRd,
NRcRd, NRcC(=O)R d, NRcC(=0)0R a, , NRcS(=O)R b,
NRcS(=O) 2Rb, S(=O)R b, S(=O)NR cRd, S(=O) 2Rb, S(=O)
2NRcRd, Ci_4 alkoxy, Ci-4haloalkoxy, amino, Ci-4
alkylamino, C2-8 dialkylamino, Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, arylalkyl, cycloalkylalkyl,
heteroarylalkyl, heterocycloalkylalkyl, aryl,
cycloalkyl, heteroaryl or heterocycloalkyl, or any
subgroup thereof, wherein each of the Ci_6 alkyl, C2_6
alkenyl, C2_6 alkynyl, arylalkyl, cycloalkylalkyl,
heteroarylalkyl, heterocycloalkylalkyl, aryl,
cycloalkyl, heteroaryl or heterocycloalkyl is
optionally substituted by 1, 2, 3, 4 or 5 substituents
independently selected from halo, Ci_6 alkyl, C2_6
alkenyl, C2_6 alkynyl, Ci_4 haloalkyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, CN, NO2, 0
Ra' , SRa' , C(=O)R b', C(=0)NR c Rd' , C(=O)OR a' ,
OC(=O)R b' , 0C(=0)NR c Rd' , NRc Rd' , NRc C(=0)R b'
, NRc C(=0)0R a' , NRc S(=0)R b' , NRc S(=0) 2Rb' ,
S(=O)R b' , S(=0)NR c Rd' , S(=O) 2Rb' , or S(=0) 2NRc
Rd' , or any subgroup thereof. In some embodiments, Ra
and Ra are each, independently, H, Ci_6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, or any subgroup thereof,
wherein the Ci-6 alkyl, Ci-6 haloalkyl, C2-6 alkenyl,
C2-6 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally
substituted with OH, amino, halo, Ci_6 alkyl, Ci_6
haloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl or heterocycloalkyl, or
any subgroup thereof. In some embodiments, Rb and Rb
are each, independently, H, Ci_6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, or any subgroup thereof,
wherein the Ci_6 alkyl, Ci_6 haloalkyl, C2_6 alkenyl,
C2_6 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally
substituted with OH, amino, halo, Ci_6 alkyl,
Ci_6haloalkyl, Ci_6 haloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, cycloalkyl or
heterocycloalkyl, or any subgroup thereof. In some
embodiments, Rc and Rd are each, independently, H,
Ci-io alkyl, Ci-6 haloalkyl, C2-6 alkenyl, C2-6
alkynyl, aryl, heteroaryl, cycloalkyl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, or any
subgroup thereof, wherein the C O alkyl, Ci_6
haloalkyl, C2-6 alkenyl, C2-6 alkynyl, aryl,
heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl is optionally substituted with
OH, amino, halo, Ci_6 alkyl, Ci_6 haloalkyl, Ci-6
haloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl or heterocycloalkyl, or
any subgroup thereof. In some embodiments, Rc and Rd
together with the N atom to which they are attached
form a 4-, 5-, 6- or 7-membered heterocycloalkyl
group, or any subgroup thereof. In some embodiments,
Rc and Rd are each, independently, H, d_io alkyl, Ci_6
haloalkyl, C2-6 alkenyl, C2-6 alkynyl, aryl,
heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, or any subgroup thereof,
wherein the C O alkyl, Ci_6 haloalkyl, C2-6 alkenyl,
C2-6 alkynyl, aryl, heteroaryl, cycloalkyl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally
substituted with OH, amino, halo, Ci_6 alkyl, Ci_6
haloalkyl, Ci_6 haloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, cycloalkyl or
heterocycloalkyl, or any subgroup thereof. In some
embodiments, Rc and Rd together with the N atom to
which they are attached form a A-, 5-, 6- or
7-membered heterocycloalkyl group, or any subgroup
thereof. In some embodiments, when R2, R3, R4 and R5
are each H, then R6 is other than unsubstituted phenyl
or unsubstituted cycloalkyl. In some embodiments, R6
is phenyl, naphthyl, pyridyl, pyrimidinyl, pyrazinyl,
pyrazolyl, quinolyl or indolyl, each optionally
substituted by 1, 2, 3, 4 or 5 halo, CN, NO2, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2-8
dialkylamino, NRcRd, SH, -S-(Ci -4 alkyl), C(=O)H,
CC=O)-(Ci -4 alkyl), C(=O)-(arylalkyl), C(=0)NH 2,
C(=O)NH(Ci_4 alkyl), C(=O)N(Ci_ 4 alkyl) 2, C(=0)NR
cRd, C(O)OH, C(O)O-(Ci -4 alkyl), C(=O)O-(arylalkyl),
OC(O)H, OC(O)-(Ci -4 alkyl), OC(=O)-(arylalkyl),
OC(=O)NH 2, 0C(=0)NH(Ci_4 alkyl),
OC(=O)NH-(arylalkyl), OC(=O)N(Ci_ 4 alkyl)
2,NHCC=O)-(Ci -4 alkyl), NHC(=O)O-(arylalkyl),
NHC(O)O-(Ci -4 alkyl), NHC(O)O- (arylalkyl),
NHSC=O)2-(Ci -4 alkyl), NHS(=O) 2-(arylalkyl),
SC=O)2-(Ci -4 alkyl), S(O) 2- (arylalkyl), S(=O)
2NH(Ci- 4 alkyl), S(=O) 2NH(arylalkyl), S(=0) 2NRcRd,
Ci-6 alkyl, Ci-6 haloalkyl, C2-6 alkenyl, C2-6
alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl, wherein each
of the Ci-6 alkyl, Ci_6 haloalkyl, C2_6 alkenyl, C2_6
alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally
substituted by 1, 2 or 3 substituents independently
selected from halo, Ci_4 alkyl, Ci-4 haloalkyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, CN, NO2, OH,
C1-4 alkoxy, Ci-4haloalkoxy, amino, Ci-4 alkylamino,
C2-8 dialkylamino, Rc Rd , SH, -S-(Ci-4 alkyl), C(O)H,
C(O)-(Ci -4 alkyl), C(O)-(aiylalkyl), C(=O)NH 2,
C(O)NH(Ci -4 alkyl), C(=0)N(Ci_4 alkyl) 2, C(=O)R c
Rd' , C(O)OH, C(O)O-(Ci -4 alkyl), C(O)0-(arylalkyl),
OC(O)H, OC(O)-(Ci -4 alkyl), 0C(O)-(aiylalkyl),
OC(=O)NH 2, OC(O)NH(Ci -4 alkyl),
OC(=O)NH-(arylalkyl), OC(=O)N(Ci_ 4 alkyl) 2,
NHC(=0)-(Ci_4 alkyl), NHC(=O)O-(arylalkyl),
NHC(O)O-(Ci -4 alkyl), NHC(=O)O-(arylalkyl), NHS(O)
2-(Ci - 4 alkyl), NHS(=O) 2-(arylalkyl), S(O) 2-(Ci -4
alkyl), S(O) 2-(aiylalkyl), S(=O) 2NH(Ci- 4 alkyl),
S(=O) 2NH(arylalkyl) and S(=O) 2NRc Rd' ; Rc and Rd
together with the N atom to which they are attached
form a A-, 5-, 6- or 7-membered heterocycloalkyl
group; and Rc and Rd together with the N atom to which
they are attached form a 4-, 5-, 6- or 7- membered
heterocycloalkyl group. In some embodiments, R6 is
phenyl, naphthyl, pyridyl, pyrimidinyl, pyrazinyl,
pyrazolyl, quinolyl or indolyl, each optionally
substituted by 1, 2, 3, 4 or 5 halo, CN, OH, Ci_4
alkoxy, Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, NRcRd, C(O)H, C(O)-(Ci -4 alkyl),
C(O)-(aiylalkyl), C(=O)NH 2, C(=O)NH(Ci_ 4 alkyl),
C(=O)N(Ci_ 4 alkyl) 2, C(=O)NR cRd, C(O)OH, C(O)O-(Ci
-4 alkyl), C(O)0-(aiylalkyl), OC(O)H, OC(O)-(Ci -4
alkyl), 0C(O)-(aiylalkyl), OC(=O)NH 2, OC(=O)NH(Ci_ 4
alkyl), OC(=O)NH-(arylalkyl), OC(O)N(Ci -4 alkyl) 2,
NHC(O)-(Ci -4 alkyl), NHC(=O)O- (aiylalkyl),
NHC(=0)0-(Ci_ 4 alkyl), NHC(=O)O-(arylalkyl), NHS(=O)
2-(Ci_4 alkyl), NHS(=O) 2-(arylalkyl), S(O) 2-(Ci -4
alkyl), S(O) 2-(aiylalkyl), S(=O) 2NH(Ci_4 alkyl),
S(=O) 2NH(arylalkyl), S(=O) 2NRcRd, Ci-6 alkyl, Ci-6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group.In some embodiments,
R6 is phenyl, naphthyl, pyridyl, pyrimidinyl,
pyrazinyl, pyrazolyl, quinolyl or indolyl, each
optionally substituted by 1, 2 or 3 halo, CN, OH,
Cialkoxy, Ci-4haloalkoxy, amino, Ci-4 alkylamino, C2-8
dialkylamino, NRcRd, C(=O)H, C(O)-(Ci -4 alkyl),
C(=O)-(arylalkyl), C(=O)NH 2, C(O)NH(Ci -4 alkyl),
C(O)N(Ci -4 alkyl) 2, C(=O)NR cRd, C(O)OH, C(O)O-(Ci
-4 alkyl), C(O)0-(arylalkyl), OC(O)H, OC(O)-(Ci -4
alkyl), 0C(O)-(arylalkyl), OC(=O)NH 2, OC(O)NH(Ci -4
alkyl), OC(=O)NH-(arylalkyl), OC(=O)N(Ci_ 4 alkyl) 2,
NHC(=0)-(Ci_4 alkyl), NHC(=O)O- (arylalkyl),
NHC(O)O-(Ci -4 alkyl), NHC(=O)O-(arylalkyl), NHS(O)
2-(Ci -4 alkyl), NHS(=O) 2-(arylalkyl), S(O) 2-(Ci -4
alkyl), S(O) 2-(arylalkyl), S(=O) 2NH(Ci- 4 alkyl),
S(=O) 2NH(arylalkyl), S(=O) 2NRcRd, Ci-6 alkyl, Ci-6
haloalkyl, C2 6 alkenyl, C2 6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group. In some
embodiments, R6 is phenyl, naphthyl, pyridyl,
pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl or
indolyl, each optionally substituted by 1, 2 or 3
halo, CN, OH, Ci-4 alkoxy, Ci_4 haloalkoxy, amino,
Ci_4 alkylamino, C2_8 dialkylamino, NRcRd, C(O)H,
C(O)-(Ci -4 alkyl), C(=O)-(arylalkyl), C(=O)NH 2,
C(O)NH(Ci -4 alkyl), C(O)N(Ci -4 alkyl) 2, C(=O)NR
cRd, C(O)OH, C(O)O-(Ci -4 alkyl), C(=O)O-(arylalkyl),
S(O) 2-(Ci -4 alkyl), S(=O) 2-(arylalkyl), S(=O)
2NH(Ci_4 alkyl), S(=O) 2NH(arylalkyl), S(=O) 2NRcRd,
Ci-6 alkyl, Ci_6 haloalkyl, C2_6 alkenyl, C2_6
alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl; and Rc and
Rd together with the N atom to which they are attached
form a A-, 5-, 6- or 7- membered heterocycloalkyl
group. In some embodiments, R6 is phenyl substituted
by 1, 2 or 3 halo, CN, OH, Ci_4 alkoxy, Ci_4
haloalkoxy, amino, Ci_4 alkylamino, C2_8 dialkylamino,
NRcRd, C(O)H, C(O)-(Ci -4 alkyl), C(=O)-(arylalkyl),
C(=O)NH 2, C(O)NH(Ci -4 alkyl), C(O)N(Ci -4 alkyl) 2,
C(=O)NR cRd, C(O)OH, C(O)O-(Ci -4 alkyl),
C(=O)O-(arylalkyl), S(O) 2-(Ci -4 alkyl), S(=O)
2-(arylalkyl), S(=O) 2NH(Ci_4 alkyl), S(=O)
2NH(arylalkyl), S(=O) 2NRcRd, Ci_6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7- membered heterocycloalkyl group.In some
embodiments, R>6 is naphthyl, pyridyl, pyrimidinyl,
pyrazinyl, pyrazolyl, quinolyl or indolyl, each
optionally substituted by 1, 2 or 3 halo, CN, OH,
Cialkoxy, Ci-4haloalkoxy, amino, Ci-4 alkylamino, C2-8
dialkylamino, NRcRd, C(=O)H, C(O)-(Ci -4 alkyl),
C(=O)-(arylalkyl), C(=O)NH 2, C(O)NH(Ci -4 alkyl),
C(O)N(Ci -4 alkyl) 2, C(=O)NR cRd, C(O)OH, C(O)O-(Ci
-4 alkyl), C(=O)O-(arylalkyl), S(O) 2-(Ci -4 alkyl),
S(=O) 2-(arylalkyl), S(=O) 2NH(Ci_4 alkyl), S(=O)
2NH(arylalkyl), S(=O) 2NRcRd, Ci-6 alkyl, Ci_6
haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7- membered heterocycloalkyl group. Also provided
herein are novel compounds of structural formula II:
II or a pharmaceutically acceptable salt, tautomer, or
in v zvo-hydrolysable precursor thereof, wherein: R1
is Ci_6 alkyl or Ci_6 haloalkyl; R2 is H, C(O)-(Ci -4
alkyl), C(=O)-(arylalkyl), C(O)O-(Ci -4 alkyl), C(O)O-
(arylalkyl), C(=O)NH 2, C(O)NH(Ci -4 alkyl), C(O)N(Ci
-4 alkyl) 2 or Ci-6 alkyl; R5 is H, Ci-4 alkoxy, halo,
Ci-6 alkyl or Ci- haloalkyl; R6 is phenyl, naphthyl,
pyridyl, pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl
or indolyl, each optionally substituted by 1, 2 or 3
halo, CN, OH, Ci_4 alkoxy, Ci_4 haloalkoxy, amino,
Ci_4 alkylamino, C2_8 dialkylamino, NRcRd, C(O)H,
C(=O)-(C alkyl), C(=O)-(arylalkyl), C(=O)NH 2,
C(=O)NH(Ci_ 4 alkyl), C(=O)N(Ci_ 4 alkyl) 2, C(=O)NR
cRd, C(O)OH, C(O)O-(Ci -4 alkyl), C(=O)O-(arylalkyl),
OC(O)H, OC(O)- (C1-4 alkyl), OC(=O)-(arylalkyl),
OC(=O)NH 2, OC(=O)NH(Ci- 4 alkyl), OC(=O)NH-
(arylalkyl), OC(O)N(Ci -4 alkyl) 2, NHC(O)-(Ci -4
alkyl), NHC(=O)O-(arylalkyl),NHCC=O)O-(Ci -4 alkyl),
NHC(=O)O-(arylalkyl), NHS(O) 2-(Ci -4 alkyl), NHS(=O)
2- (arylalkyl), SC=O) 2-(Ci -4 alkyl), S(=0)
2-(arylalkyl), S(=O) 2NH(Ci- 4 alkyl), S(=O)
2NH(arylalkyl), S(=0) 2N RcR d, C i-6 alkyl, C i-6
haloalkyl, C2-6 alkenyl, C2-6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and R d together with
the N atom t o which they are attached form a 4-, 5-,
6- or 7-membered heterocycloalkyl group. IInn ssoommee
eemmbboodiments, when R2 and R5 are each H , then R6 i
s other than unsubstituted phenyl. In some
embodiments, R 1 i s Ci-6 alkyl or Ci- haloalkyl, or
any subgroup thereof. In some embodiments, R 1 i s
Ci-6 alkyl. In some embodiments, R 1 i s n-propyl. In
some embodiments, R2 i s H , C(O)-(Ci -4 alkyl),
C(=O)-(arylalkyl), C(O)O- (Ci -4 alkyl),
C(=O)O-(arylalkyl), C(=O)NH 2, C(O)NH(Ci -4 alkyl),
C(O)N(Ci -4 alkyl) 2 or Ci_6 alkyl, or any subgroup
thereof. In some embodiments, R2 i s H , C(=0)-(Ci_ 4
alkyl), C(O)0-(C alkyl), C(O)0-(aiylalkyl) or Ci_6
alkyl. In some embodiments, R2 i s H . In some
embodiments, R5 i s H , C i-4 alkoxy, halo, Ci-6 alkyl
or Ci- haloalkyl, or any subgroup thereof. In some
embodiments, R5 i s H , Ci_4 alkoxy or halo. In some
embodiments, R6 i s phenyl, naphthyl, pyridyl,
pyrimidinyl, pyrazinyl, pyrazolyl, quinolyl or
indolyl, or any subgroup thereof, each optionally
substituted by 1, 2 or 3 halo, CN, OH, Ci_4 alkoxy,
Ci_4 haloalkoxy, amino, Ci_4 alkylamino, C2_8
dialkylamino, N RcRd, C(O)H, C(O)-(C M alkyl),
C(O)-(aiylalkyl), C(=O)NH 2, C(O)NH(CM alkyl),
C(O)N(CM alkyl) 2, C(=O)NR cR d, C(O)OH, C(O)O-(CM
alkyl), C(O)0-(aiylalkyl), OC(O)H, OC(O)-(C M alkyl),
0C(O)-(arylalkyl), OC(=O)NH 2, 0C(=0)NHCCi_4 alkyl),
OCC=O)NH-Carylalkyl), 0CC=0)NCCi_4 alkyl) 2,
NHCC=0)-CC!_ 4 alkyl), NHCC=O)O-Carylalkyl),
NHCC=O)O-CC!_ 4 alkyl), NHCC=O)O- (arylalkyl), NHSC=O)
2-CCi_4 alkyl), NHSC=O) 2-Carylalkyl), SC=O) 2-CCi_4
alkyl), S(O) 2- (arylalkyl), S(O) 2NH(C M alkyl),
SC=O) 2NHCarylalkyl), SC=O) 2N RcRd, C i-6 alkyl, C
i-6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl, or any subgroup thereof. In
some embodiments, R6 i s phenyl substituted by 1, 2 or
3 halo, CN, OH, Ci_4 alkoxy, Ci_4 haloalkoxy, amino,
Ci_4 alkylamino, C2_8 dialkylamino, N R cR d, CC=O)H,
CC=0)-CC!_4 alkyl), CC=O)-Carylalkyl), CC=O)NH 2,
C(O)NH(C M alkyl), C(O)N(C M alkyl) 2, CC=O)NR cR d,
CC=O)OH, CC=O)O-CCi_ 4 alkyl), CC=O)O-Carylalkyl),
SC=O) 2-CCi_4alkyl), S(=O)2-(arylalkyl), S(=O)2NH(Ci_4
alkyl), S(=O)2NH(arylalkyl), S(=O)2NRcRd, Ci-6alkyl,
Ci- haloalkyl, C2-6alkenyl, C2-6alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl. In some embodiments, R6 is
phenyl, naphthyl, pyridyl, pyrimidinyl, pyrazinyl,
pyrazolyl, quinolyl or indolyl, each substituted by 1,
2 or 3 Ci_4 alkoxy or Ci_4 alkyl. In some embodiments,
R6 is phenyl, naphthyl, pyridyl, pyrimidinyl,
pyrazinyl, pyrazolyl, quinolyl or indolyl, each
substituted by 2 Ci_4 alkoxy or Ci_4 alkyl. In some
embodiments, Rc and Rd together with the N atom to
which they are attached form a 4-, 5-, 6- or
7-membered heterocycloalkyl group, or any subgroup
thereof. In some embodiments, R6 is phenyl substituted
by 1, 2 or 3 halo, CN, OH, Cialkoxy, Ci_4 haloalkoxy,
amino, Ci_4 alkylamino, C2_8 dialkylamino, NRcRd,
C(=O)H, C(O)-(Ci -4 alkyl), C(=O)-(arylalkyl), C(=O)NH
2, C(O)NH(Ci -4 alkyl), C(O)N(Ci -4 alkyl) 2, C(=O)NR
cRd, C(O)OH, C(O)O-(Ci -4 alkyl), C(=O)O-(arylalkyl),
S(O) 2-(Ci -4 alkyl), S(=O)2-(arylalkyl), S(O) 2NH(C
alkyl), S(=O)2NH(arylalkyl), S(=O)2NRcRd, Ci-6 alkyl,
Ci- haloalkyl, C2-6alkenyl, C2-6alkynyl, aryl,
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or
heterocycloalkylalkyl; and Rc and Rd together with the
N atom to which they are attached form a 4-, 5-, 6- or
7- membered heterocycloalkyl group. In some
embodiments, R1 is n-propyl and R2 is H. In some
embodiments, the present invention provides the
following compounds:
4-amino-7-fluoro-8-phenyl-N-propyl-cinnoline-3-carboxa
mide;
4-amino-7-chloro-8-phenyl-N-propyl-cinnoline-3-carboxa
mide;
4-amino-7-methoxy-8-phenyl-N-propyl-cinnoline-3-carbox
amide;
4-amino-7-chloro-8-(2,5-dimethylphenyl)-N-propyl-cinno
line-3-carboxamide;
4-amino-8-(2,4-dimethoxypyrimidin-5-yl)-N-propyl-cinno
line-3-carboxamide;
4-amino-8-(5-methoxy-3-pyridyl)-N-propyl-cinnoline-3-c
arboxamide;
4-amino-8-(2-methoxypyrimidin-5-yl)-N-propyl-cinnoline
-3-carboxamide;
4-amino-8-(3-fluoro-2-methoxy-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-8-[4-methoxy-2-(trifluoromethyl)phenyl]-N-prop
yl-cinnolme-3- carboxamide;
4-amino-8-(2,5-difluoro-4-methoxy-phenyl)-N-propyl-cin
noline-3-carboxamide;
4-amino-8-(5-fluoro-6-methoxy-3-pyridyl)-N-propyl-cinn
oline-3-carboxamide;
4-amino-8-(5-chloro-6-methoxy-3-pyridyl)-N-propyl-cinn
oline-3-carboxamide;
4-amino-8-(3,5-dichlorophenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-8-(3,5-difluorophenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-8-(5-azetidin-l-ylcarbonyl-3-pyridyl)-N-propyl
-cinnoline-3- carboxamide;
4-amino-8-(2,3-dimethoxyphenyl)-N-propyl-cinnoline-3-c
arboxamide;
4-amino-8-(4-dimethylaminophenyl)-N-propyl-cinnoline-3
-carboxamide;
4-amino-8-(3-methoxyphenyl)-N-propyl-cinnoline-3-carbo
xamide;
4-amino-8-(3,4-dimethoxyphenyl)-N-propyl-cinnoline-3-c
arboxamide;
4-amino-8-(2,5-dimethoxyphenyl)-N-propyl-cinnoline-3-c
arboxamide;
4-amino-8-(3,5-dimethoxyphenyl)-N-propyl-cinnoline-3-c
arboxamide;
4-amino-8-(2,4-dimethoxyphenyl)-N-propyl-cinnoline-3-c
arboxamide;
4-amino-8-(2-fluoro-3-pyridyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-8-(2,3-difluorophenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-8-(2,3-dichlorophenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-N-propyl-8-(6-quinolyl)cinnoline-3-carboxamide
;
4-amino-N-propyl-8-(3-quinolyl)cinnoline-3-carboxamide
;
4-amino-8-(2-naphthyl)-N-propyl-cinnoline-3-carboxamid
e;
4-amino-8-(lH-indol-5-yl)-N-propyl-cinnoline-3-carboxa
mide;
4-amino-8-(4-methoxy-3-pyridyl)-N-propyl-cinnoline-3-c
arboxamide;
4-amino-8-(3-dimethylaminophenyl)-N-propyl-cinnoline-3
-carboxamide;
4-amino-N-propyl-8-(3,4,5-trimethoxyphenyl)-cinnoline-
3-carboxamide;
4-amino-8-(2,4-difluorophenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-8-(3,4-difluorophenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-N-propyl-8-(2,3,4-trimethoxyphenyl)-cinnoline-
3-carboxamide;
4-amino-8-(2-methoxy-3-pyridyl)-N-propyl-cinnoline-3-c
arboxamide;
4-amino-8-(2,6-dimethoxy-3-pyridyl)-N-propyl-cinnoline
-3-carboxamide;
4-amino-8-(2,5-dimethylphenyl)-N-propyl-cinnoline-3-ca
rboxamide;
3-[4-amino-3-(propylcarbamoyl)cinnolin-8-yl]benzoic
acid;
4-amino-8-(3-azetidin-l-ylcarbonylphenyl)-N-propyl-cin
noline-3-carboxamide;
4-amino-N-propyl-8-pyrazin-2-yl-cinnoline-3-carboxamid
e;
4-amino-N-propyl-8-(3-pyridyl)cinnoline-3-carboxamide;
4-amino-8-(3-methylsulfonylphenyl)-N-propyl-cinnoline-
3-carboxamide;
4-amino-8-(3-cyanophenyl)-N-propyl-cinnoline-3-carboxa
mide;
4-amino-N-propyl-8-(2-pyridyl)cinnoline-3-carboxamide;
4-amino-8-[3,5-bis(trifluoromethyl)phenyl]-N-propyl-ci
nnoline-3-carboxamide;
4-amino-N-propyl-8-(lH-pyrazol-4-yl)cinnoline-3-carbox
amide;
4-amino-8-[2-chloro-5-(trifluoromethyl)phenyl]-N-propy
l-cinnoline-3- carboxamide;
4-amino-8-(2-methoxy-5-methyl-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-N-propyl-8-[2-(trifluoromethyl)phenyl]-cinnoli
ne-3-carboxamide;
4-amino-8-(5-chloro-2-methoxy-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-N-propyl-8-(4-pyridyl)cinnoline-3-carboxamide;
4-amino-8-(2,5-dichlorophenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-8-(2,5-difluorophenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-8-(l-methyl-lH-pyrazol-4-yl)-N-propyl-cinnolin
e-3-carboxamide;
4-amino-8-(2-fluoro-3-methoxy-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-8-(2,5-dimethyl-2H-pyrazol-3-yl)-N-propyl-cinn
oline-3-carboxamide;
4-amino-8-[2-fluoro-5-(trifluoromethyl)phenyl]-N-propy
l-cinnoline-3- carboxamide;
4-amino-8-(2-fluoro-5-methyl-phenyl)-N-propyl-cinnolin
e-3-carboxamide;
4-amino-8-(2-fluoro-4-methyl-phenyl)-N-propyl-cinnolin
e-3-carboxamide;
4-amino-8-(5-fluoro-2-methyl-phenyl)-N-propyl-cinnolin
e-3-carboxamide;
4-amino-8-(4-fluoro-2-methoxy-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-8-(3-fluoro-4-methoxy-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-8-(2-fluoro-6-methoxy-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-8-(2-fluoro-5-methoxy-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-8-(5-fluoro-2-methoxy-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-8-(4-methoxyphenyl)-N-propyl-cinnoline-3-carbo
xamide;
4-amino-8-(4-fluorophenyl)-N-propyl-cinnoline-3-carbox
amide;
4-amino-N-propyl-8-[4-(trifluoromethoxy)phenyl]-cinnol
ine-3-carboxamide;
4-amino-N-propyl-8-[3-(trifluoromethoxy)phenyl]-cinnol
ine-3-carboxamide;
4-amino-8-(6-methoxy-3-pyridyl)-N-propyl-cinnoline-3-c
arboxamide;
4-amino-8-(4-methoxy-3,5-dimethyl-phenyl)-N-propyl-cin
noline-3- carboxamide;
4-amino-8-(4-methoxy-3-methyl-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-8-(2-fluoro-4-methoxy-phenyl)-N-propyl-cinnoli
ne-3-carboxamide;
4-amino-8-(6-methylpyridin-3-yl)-N-propylcinnoline-3-c
arboxamide;
4-amino-8-(4-methylpyridin-3-yl)-N-propylcinnoline-3-c
arboxamide;
4-amino-8-(5-methoxy-2-methylphenyl)-N-propylcinnoline
-3-carboxamide; and
4-Amino-8-(2,4-dimethoxyphenyl)-7-fluoro-N-propylcinno
line-3-carboxamide; or a pharmaceutically acceptable
salt thereof, or any subgroup thereof. In some
embodiments, the present invention provides the
following compounds:
4-amino-8-(2,4-dimethoxypyrimidin-5-yl)-N-propyl-cinno
line-3-carboxamide; 4-amino-
8-(2,5-dimethoxyphenyl)-N-propyl-cinnoline-3-carboxami
de; 4-amino-8-(4-methoxy-3-
pyridyl)-N-propyl-cinnoline-3-carboxamide; and
4-amino-8-(2-methoxy-5-methylphenyl)-
N-propyl-cinnoline-3-carboxamide; or a
pharmaceutically acceptable salt thereof, or any
subgroup thereof. In some embodiments, the present
invention provides 4-amino-8-(2,4-
dimethoxypyrimidin-5-yl)-N-propyl-cinnoline-3-carboxam
ide, or a pharmaceutically acceptable salt thereof, or
any subgroup thereof. In some embodiments, the present
invention provides the following compounds:
4-amino-8-(3,5-dimethyl-lH-pyrazol-4-yl)-N-propyl-cinn
oline-3-carboxamide;
4-amino-8-(3,5-difluoro-2-methoxyphenyl)-N-propylcinno
line-3-carboxamide;
4-amino-8-[5-(azetidin-l-ylcarbonyl)-2-methoxyphenyl]-
N-propylcinnoline-3- carboxamide;
4-amino-8-(6-methoxy-2-methylpyridm-3-yl)-N-propylcmno
lme-3- carboxamide;
4-amino-N-propyl-8-(l,3,5-trimethyl-lH-pyrazol-4-yl)ci
nnoline-3-carboxamide;
4-amino-N-propyl-8-(2,4,6-trifluoro-3-methoxyphenyl)ci
nnoline-3- carboxamide;
4-amino-8-(2-fluoro-5-methylpyridin-3-yl)-N-propylcinn
oline-3-carboxamide;
4-amino-8-(l,3-dimethyl-lH-pyrazol-5-yl)-N-propylcinno
line-3-carboxamide;
4-amino-8-(2-fluoro-4,6-dimethoxyphenyl)-N-propylcinno
line-3-carboxamide;
4-amino-8-(3,5-difluoro-2-methoxyphenyl)-N-propylcinno
line-3-carboxamide;
4-amino-8-(2,3-dihydro-l,4-benzodioxin-6-yl)-N-propylc
innoline-3- carboxamide;
4-amino-8-(4,5-difluoro-2-methoxyphenyl)-N-propylcinno
line-3-carboxamide;
4-amino-8-(l,3-benzodioxol-4-yl)-N-propylcinnoline-3-c
arboxamide;
4-amino-8-[5-(azetidin-l-ylcarbonyl)-2-methylphenyl]-N
-propylcinnoline-3- carboxamide;
4-amino-8-(6-methoxy-4-methylpyridin-3-yl)-N-propylcin
noline-3- carboxamide;
4-amino-7-chloro-8-(4-methoxypyridin-3-yl)-N-propylcin
noline-3- carboxamide;
4-amino-7-fluoro-8-(4-methoxypyridin-3-yl)-N-propylcin
noline-3-carboxamide;
4-amino-7-chloro-8-(2-methoxy-5-methylphenyl)-N-propyl
cinnoline-3- carboxamide;
4-amino-7-fluoro-8-(2-methoxy-5-methylphenyl)-N-propyl
cinnoline-3- carboxamide;
4-amino-8-(2,5-dimethoxyphenyl)-7-chloro-N-propylcinno
line-3-carboxamide;
4-amino-8-(2,5-dimethoxyphenyl)-7-fluoro-N-propylcinno
line-3-carboxamide;
4-amino-8-(2,4-dimethoxypyrimidin-5-yl)-7-chloro-N-pro
pylcinnoline-3- carboxamide;
4-amino-8-(2,4-dimethoxypyrimidin-5-yl)-7-fluoro-N-pro
pylcinnoline-3- carboxamide;
4-amino-N-butyl-8-(4-methoxypyridin-3-yl)cinnoline-3-c
arboxamide;
4-amino-N-ethyl-8-(4-methoxypyridin-3-yl)cinnoline-3-c
arboxamide;
4-amino-8-(4-methoxypyridin-3-yl)-N-methylcinnoline-3-
carboxamide;
4-amino-N-butyl-8-(2-methoxy-5-methylphenyl)cinnoline-
3-carboxamide;
4-amino-N-ethyl-8-(2-methoxy-5-methylphenyl)cinnoline-
3-carboxamide;
4-amino-8-(2-methoxy-5-methylphenyl)-N-methylcinnoline
-3-carboxamide;
4-amino-N-butyl-8-(2,5-dimethoxyphenyl)cinnoline-3-car
boxamide;
4-amino-8-(2,5-dimethoxyphenyl)-N-ethylcinnoline-3-car
boxamide;
4-amino-8-(2,5-dimethoxyphenyl)-N-methylcinnoline-3-ca
rboxamide;
4-amino-N-butyl-8-(2,4-dimethoxypyrimidin-5-yl)cinnoli
ne-3-carboxamide;
4-amino-8-(2,4-dimethoxypyrimidin-5-yl)-N-ethylcinnoli
ne-3-carboxamide;
4-amino-8-(2,4-dimethoxypyrimidin-5-yl)-N-methylcinnol
ine-3-carboxamide;
4-amino-8-(4-methoxypyridin-3-yl)-N-(tetrahydrofuran-2
-ylmethyl)cinnoline-3- carboxamide;
4-amino-N-isobutyl-8-(4-methoxypyridin-3-yl)cinnoline-
3-carboxamide;
4-amino-N-(2-hydroxypropyl)-8-(4-methoxypyridin-3-yl)c
innolme-3- carboxamide;
4-amino-8-(2-methoxy-5-methylphenyl)-N-(tetrahydrofura
n-2- ylmethyl)cinnoline-3-carboxamide;
4-amino-N-isobutyl-8-(2-methoxy-5-methylphenyl)cinnoli
ne-3-carboxamide;
4-amino-N-(2-hydroxypropyl)-8-(2-methoxy-5-methylpheny
l)cinnoline-3- carboxamide;
4-amino-8-(2,5-dimethoxyphenyl)-N-(tetrahydrofuran-2-y
lmethyl)cinnoline-3- carboxamide;
4-amino-8-(2,5-dimethoxyphenyl)-N-isobutylcinnoline-3-
carboxamide;
4-amino-8-(2,5-dimethoxyphenyl)-N-(2-hydroxypropyl)cin
noline-3- carboxamide;
4-amino-8-(2,4-dimethoxypyrimidin-5-yl)-N-(tetrahydrof
uran-2- ylmethyl)cinnoline-3-carboxamide;
4-amino-8-(2,4-dimethoxypyrimidin-5-yl)-N-isobutylcinn
oline-3-carboxamide; and
4-amino-8-(2,4-dimethoxypyrimidin-5-yl)-N-(2-hydroxypr
opyl)cinnolme-3- carboxamide; or a pharmaceutically
acceptable salt thereof, or any subgroup thereof. In
some embodiments, the present invention provides the
following compounds:
4-amino-8-(2,3-dimethylphenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-8-(3,5-dimethylphenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-8-(2,4-dimethylphenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-8-(3,4-dimethylphenyl)-N-propyl-cinnoline-3-ca
rboxamide;
4-amino-N-(cyclopropylmethyl)-8-phenyl-cinnoline-3-car
boxamide;
4-amino-N-propyl-8-(p-tolyl)cinnoline-3-carboxamide;
4-amino-8-(3-chlorophenyl)-N-propyl-cinnoline-3-carbox
amide;
4-amino-8-(4-chlorophenyl)-N-propyl-cinnoline-3-carbox
amide;
4-amino-8-(o-tolyl)-N-propyl-cinnoline-3-carboxamide;
4-amino-8-(m-tolyl)-N-propyl-cinnoline-3-carboxamide;
4-amino-N-propyl-8-(3-thienyl)cinnoline-3-carboxamide;
and
4-amino-8-(2,6-dimethylphenyl)-N-propyl-cinnoline-3-ca
rboxamide; or a pharmaceutically acceptable salt
thereof, or any subgroup thereof.Compounds of the
present invention also include pharmaceutically
acceptable salts, tautomers and in v zvo-hydrolysable
precursors of the compounds of any of the formulas
described herein. Compounds of the invention further
include hydrates and solvates. Compounds of the
invention can be used as medicaments. In some
embodiments, the present invention provides compounds
of any of the formulas described herein, or
pharmaceutically acceptable salts, tautomers or in v
zvo-hydrolysable precursors thereof, for use as
medicaments. In some embodiments, the present
invention provides compounds described herein for use
as medicaments for treating or preventing an anxiety
disorder, cognitive disorder, or mood disorder. In
some embodiments, the present invention provides
compounds of any of the formulas described herein, or
pharmaceutically acceptable salts, tautomers or in v
zvo-hydrolysable precursors thereof, in the
manufacture of a medicament for the treatment or
prophylaxis of an anxiety disorder, cognitive
disorder, or mood disorder. In some embodiments, the
present invention provides a method for the treatment
or prophylaxis of an anxiety disorder comprising
administering to a mammal (including a human) a
therapeutically effective amount of a compound of any
of the formulas described herein, or a
pharmaceutically acceptable salt, tautomer or in v
zvo-hydrolysable precursor thereof. As used herein,
the phrase "anxiety disorder" includes, but is not
limited to, one or more of the following: panic
disorder, panic disorder without agoraphobia, panic
disorder with agoraphobia, agoraphobia without history
of panic disorder, specific phobia, social phobia,
social anxiety disorder, obsessive-compulsive
disorder, posttraumatic stress disorder, acute stress
disorder, generalized anxiety disorder, generalized
anxiety disorder due to a general medical condition,
and the like. In some embodiments, the present
invention provides a method for the treatment or
prophylaxis of a cognitive disorder comprising
administering to a mammal (including a human) a
therapeutically effective amount of a compound of any
of the formulas described herein, or a
pharmaceutically acceptable salt, tautomer or in v
zvo-hydrolysable precursor thereof. As used herein,
the phrase "cognitive disorder" includes, but is not
limited to, one or more of the following: Alzheimer's
disease, dementia, dementia due to Alzheimer's
disease, dementia due to Parkinson's disease, and the
like. In some embodiments, the present invention
provides a method for the treatment or prophylaxis of
a mood disorder comprising administering to a mammal
(including ahuman) a therapeutically effective amount
of a compound of any of the formulas 



described herein, or a pharmaceutically acceptable
salt, tautomer or in v zvo-hydrolysable precursor
thereof. As used herein, the phrase "mood disorder" is
a depressive disorder including, but is not limited
to, one or more of the following: major depressive
disorder, dysthymic disorder, bipolar depression
and/or bipolar mania, bipolar I with or without manic,
depressive or mixed episodes, bipolar II, cyclothymic
disorder, mood disorder due to a general medical
condition, manic episodes associated with bipolar
disorder, mixed episodes associated with bipolar
disorder, and the like. Anxiety disorders, cognitive
disorders, and mood disorders are defined, for
example, in the American Psychiatric Association:
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision, Washington, DC,
American Psychiatric Association, 2000. In some
embodiments, the present invention provides a method
of treating or preventing an anxiety disorder,
cognitive disorder, or mood disorder (such as any of
those described herein), by administering to a mammal
(including a human) a compound of any of the formulas
described herein or a pharmaceutically acceptable
salt, tautomer or in v zvo-hydrolysable precursors and
a cognitive and/or memory enhancing agent. In some
embodiments, the present invention provides a method
of treating or preventing an anxiety disorder,
cognitive disorder, or mood disorder (such as any of
those described herein), by administering to a mammal
(including a human) a compound of any of the formulas
described herein or a pharmaceutically acceptable
salt, tautomer or in v zvo-hydrolysable precursors
thereof wherein constituent members are provided
herein, and a choline esterase inhibitor or
anti-inflammatory agent. In some embodiments, the
present invention provides a method of treating or
preventing an anxiety disorder, cognitive disorder, or
mood disorder (such as any of those described herein),
by administering to a mammal (including human) a
compound of the present invention, and an atypical
antipsychotic agent. Atypical antipsychotic agents
include, but not limited to, Olanzapine (marketed as
Zyprexa), Aripiprazole (marketed as Ability),
Risperidone (marketed as Risperdal), Quetiapine
(marketed as Seroquel), Clozapine (marketed as
Clozaril), Ziprasidone (marketed as Geodon) and
Olanzapine/Fluoxetine (marketed as Symbyax). In some
embodiments, the mammal or human being treated with a
compound of the present invention, has been diagnosed
with a particular disease or disorder, such asthose
described herein. In these cases, the mammal or human
being treated is in need of such treatment. Diagnosis,
however, need not be previously performed. The present
invention also includes pharmaceutical compositions
which contain, as the active ingredient, one or more
of the compounds of the invention herein together with
at least one pharmaceutically acceptable carrier,
diluent or excipent. When used for pharmaceutical
compositions, medicaments, manufacture of a
medicament, or treating or preventing an anxiety
disorder, cognitive disorder, or mood disorder (such
as any of those described herein), compounds of the
present invention include the compounds of any of the
formulas described herein, and pharmaceutically
acceptable salts, tautomers and in v zvo-hydrolysable
precursors thereof. Compounds of the present invention
further include hydrates and solvates. The definitions
set forth in this application are intended to clarify
terms used throughout this application. The term
"herein" means the entire application. As used in this
application, the term "optionally substituted," as
used herein, means that substitution is optional and
therefore it is possible for the designated atom or
moiety to be unsubstituted. In the event a
substitution is desired then such substitution means
that any number of hydrogens on the designated atom or
moiety is replaced with a selection from the indicated
group, provided that the normal valency of the
designated atom or moiety is not exceeded, and that
the substitution results in a stable compound. For
example, if a methyl group (i.e., CH3) is optionally
substituted, then 3 hydrogens on the carbon atom can
be replaced. Examples of suitable substituents
include, but are not limited to: halogen, CN, NH2, OH,
SO, SO2, COOH, OCi-6alkyl, CH2OH, SO2H, Ci-balkyl, Od_
6alkyl, C(=O)d_ 6alkyl, C(=O)Od_ 6alkyl, C(=0)NH 2,
C(=O)NHd_ 6alkyl, C(=O)N(Ci_6alkyl)2, S0 2d _6alkyl,
SO2NHCi_6alkyl, SO2N(d_ 6alkyl)2, NH(d_ 6alkyl), N(d_
6alkyl)2, NHC(=O)d_ 6alkyl, NC(=O)(d_ 6alkyl)2,
C5_6aryl, OC5_6aryl, C(=O)C5_6aryl, C(=O)OC5_6aryl,
C(=O)NHC5_6aryl, C(=O)N(C5_6aryl)2, SO2C5_6aryl,
SO2NHC5_6aryl, SO2N(C5_6aryl)2, NH(C5_6aryl),
N(C5_6aryl)2, NC(=O)C5_6aryl, NC(=O)(C 5_6aryl)2,
C5_6heterocyclyl, OC5_6heterocyclyl,
C(=O)C5_6heterocyclyl, C(=O)OC5-6heterocyclyl,
C(=O)NHC5-6heterocyclyl, C(=O)N(C5-6heterocyclyl)2,
SO2C5-6heterocyclyl, SO2NHC5-6heterocyclyl,
SO2N(C5-6heterocyclyl) 2, NH(C5_6heterocyclyl),
N(C5_6heterocyclyl) 2, NC(=O)C5_6heterocyclyl,
NC(=O)(C 5-6heterocyclyl) 2.A variety of compounds in
the present invention may exist in particular
stereoisomer^ forms. The present invention takes into
account all such compounds, including cis- and trans
isomers, R- and S- enantiomers, diastereomers,
(D)-isomers, (L)-isomers, the racemic mixtures
thereof, and other mixtures thereof, as being covered
within the scope of this invention. Additional
asymmetric carbon atoms may be present in a
substituent such as an alkyl group. All such isomers,
as well as mixtures thereof, are intended to be
included in this invention. The compounds herein
described may have asymmetric centers. Compounds of
the present invention containing an asymmetrically
substituted atom may be isolated in optically active
or racemic forms. It is well known in the art how to
prepare optically active forms, such as by resolution
of racemic forms or by synthesis from optically active
starting materials. When required, separation of the
racemic material can be achieved by methods known in
the art. Many stereoisomers of olefins, C=N double
bonds, and the like can also be present in the
compounds described herein, and all such stable
isomers are contemplated in the present invention. Cis
and trans isomers of the compounds of the present
invention are described and may be isolated as a
mixture of isomers or as separated isomeric forms. All
chiral, diastereomeric, racemic forms and all
stereoisomeric forms of a structure are intended,
unless the specific stereochemistry or isomeric form
is specifically indicated. The compounds of the
invention may form isolable atropisomers in certain
solvents (e.g. supercritical CO2 containing 25-35%
methanol) at room temperature. The atropisomers of the
compounds may be isolated using chiral LC. All
atropisomers of a structure are intended, unless the
specific atropisomer is specifically indicated. When a
bond to a substituent is shown to cross a bond
connecting two atoms in a ring, then such substituent
may be bonded to any atom on the ring. When a
substituent is listed without indicating the atom via
which such substituent is bonded to the rest of the
compound of a given formula, then such substituent may
be bonded via any atom in such substituent.
Combinations of substituents and/or variables are
permissible only if such combinations result in stable
compounds. The term "Cm_n" or "Cm_n group" used alone
or as a prefix, refers to any group having m to n
carbon atoms. The term "alkyl" used alone or as a
suffix or prefix, refers to a saturated monovalent
straight or branched chain hydrocarbon radical
comprising 1 to about 12 carbon atoms. Illustrative
examples of alkyls include, but are not limited to,
Ci_6alkylgroups, such as methyl, ethyl, propyl,
isopropyl, 2-methyl-l -propyl, 2-methyl-2-propyl,
2-methyl- 1-butyl, 3-methyl- 1-butyl,
2-methyl-3-butyl, 2,2-dimethyl-l -propyl, 2-methyl-
1-pentyl, 3-methyl- 1-pentyl, 4-methyl-l-pentyl,
2-methyl-2-pentyl, 3-methyl-2-pentyl, Amethyl-
2-pentyl, 2,2-dimethyl-l -butyl, 3,3-dimethyl-
1-butyl, 2-ethyl-l -butyl, butyl, isobutyl, t-butyl,
pentyl, isopentyl, neopentyl, and hexyl, and longer
alkyl groups, such as heptyl, and octyl. The term
"alkylene" used alone or as suffix or prefix, refers
to divalent straight or branched chain hydrocarbon
radicals comprising 1 to about 12 carbon atoms, which
serves to links two structures together. As used
herein, "alkenyl" refers to an alkyl group having one
or more double carbon-carbon bonds. Example alkenyl
groups include ethenyl, propenyl, cyclohexenyl, and
the like. The term "alkenylenyl" refers to a divalent
linking alkenyl group. As used herein, "alkynyl"
refers to an alkyl group having one or more triple
carbon-carbon bonds. Example alkynyl groups include
ethynyl, propynyl, and the like. The term
"alkynylenyl" refers to a divalent linking alkynyl
group. As used herein, "aromatic" refers to
hydrocarbyl groups having one or more polyunsaturated
carbon rings having aromatic characters, (e.g., An +2
delocalized electrons) and comprising up to about 14
carbon atoms. As used herein, the term "aryl" refers
to an aromatic ring structure made up of from 5 to 14
carbon atoms. Ring structures containing 5, 6, 7 and 8
carbon atoms would be single-ring aromatic groups, for
example, phenyl. Ring structures containing 8, 9, 10,
11, 12, 13, or 14 would be a polycyclic moiety in
which at least one carbon is common to any two
adjoining rings therein (for example, the rings are
"fused rings"), for example naphthyl. The aromatic
ring can be substituted at one or more ring positions
with such substituents as described above. The term
"aryl" also includes polycyclic ring systems having
two or more cyclic rings in which two or more carbons
are common to two adjoining rings (the rings are
"fused rings") wherein at least one of the rings is
aromatic, for example, the other cyclic rings can be
cycloalkyls, cycloalkenyls or cycloalkynyls. The terms
ortho, meta and para apply to 1,2-, 1,3- and
1,4-disubstituted benzenes, respectively. For example,
the names 1,2-dimethylbenzene and
ortho-dimethylbenzene are synonymous. The term
"cycloalkyl," used alone or as suffix or prefix,
refers to a saturated monovalent ring-containing
hydrocarbon radical comprising at least 3 up to about
12carbon atoms. Examples of cycloalkyls include, but
are not limited to, C3_7cycloalkyl groups, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
cycloheptyl, and saturated cyclic and bicyclic
terpenes. A cycloalkyl can be unsubstituted or
substituted by one or two suitable substituents.
Preferably, the cycloalkyl is a monocyclic ring or
bicyclic ring. As used herein, "cycloalkenyl" refers
to ring-containing hydrocarbyl groups having at least
one carbon-carbon double bond in the ring, and having
from 3 to 12 carbons atoms. As used herein, "halo" or
"halogen" refers to fluoro, chloro, bromo, and iodo.
"Counterion" is used to represent a small, negatively
or positively charged species such as chloride (Cl ),
bromide (Br ), hydroxide (OH ), acetate (CH3COO ) ,
sulfate (SO4 ), tosylate (CH-phenyl-SCV),
benezensulfonate (phenyl- SO3 ), sodium ion (Na+),
potassium (K+), ammonium (NH4 +), and the like. The
term "heterocycle" used alone or as a suffix or
prefix, refers to a ringcontaining structure or
molecule having one or more multivalent heteroatoms,
independently selected from N, O, P and S, as a part
of the ring structure and including at least 3 and up
to about 20 atoms in the ring(s). Heterocycle may be
saturated or unsaturated, containing one or more
double bonds, and heterocycle may contain more than
one ring. When a heterocycle contains more than one
ring, the rings may be fused or unfused. Fused rings
generally refer to at least two rings share two atoms
therebetween. Heterocycle may have aromatic character
or may not have aromatic character. The term
"heteroaromatic" used alone or as a suffix or prefix,
refers to a ringcontaining structure or molecule
having one or more multivalent heteroatoms,
independently selected from N, O, P and S, as a part
of the ring structure and including at least 3 and up
to about 20 atoms in the ring(s), wherein the
ring-containing structure or molecule has an aromatic
character (e.g., 4n + 2 delocalized electrons). The
term "heterocyclic group," "heterocyclic moiety,"
"heterocyclic," or "heterocyclo" used alone or as a
suffix or prefix, refers to a radical derived from a
heterocycle by removing one or more hydrogens
therefrom. The term "heterocyclyl" used alone or as a
suffix or prefix, refers a monovalent radical derived
from a heterocycle by removing one hydrogen
therefrom.The term "heterocyclylene" used alone or as
a suffix or prefix, refers to a divalent radical
derived from a heterocycle by removing two hydrogens
therefrom, which serves to links two structures
together. The term "heteroaryl" used alone or as a
suffix or prefix, refers to a heterocyclyl having
aromatic character. The term "heterocylcoalkyl" used
alone or as a suffix or prefix, refers to a monocyclic
or polycyclic ring comprising carbon and hydrogen
atoms and at least one heteroatom, preferably, 1 to 3
heteroatoms selected from nitrogen, oxygen, and
sulfur, and having no unsaturation. Examples of
heterocycloalkyl groups include pyrrolidinyl,
pyrrolidino, piperidinyl, piperidino, piperazinyl,
piperazino, morpholinyl, morpholino, thiomorpholinyl,
thiomorpholino, and pyranyl. A heterocycloalkyl group
can be unsubstituted or substituted with one or two
suitable substituents. Preferably, the
heterocycloalkyl group is a monocyclic or bicyclic
ring, more preferably, a monocyclic ring, wherein the
ring comprises from 3 to 6 carbon atoms and form 1 to
3 heteroatoms, referred to herein as C -
heterocycloalkyl. The term "heteroarylene" used alone
or as a suffix or prefix, refers to a heterocyclylene
having aromatic character. The term
"heterocycloalkylene" used alone or as a suffix or
prefix, refers to a heterocyclylene that does not have
aromatic character. The term "six-membered" used as
prefix refers to a group having a ring that contains
six ring atoms. The term "fve-membered" used as prefix
refers to a group having a ring that contains five
ring atoms. A fve-membered ring heteroaryl is a
heteroaryl with a ring having five ring atoms wherein
1, 2 or 3 ring atoms are independently selected from
N, O and S. Exemplary fve-membered ring heteroaryls
are thienyl, furyl, pyrrolyl, imidazolyl, thiazolyl,
oxazolyl, pyrazolyl, isothiazolyl, isoxazolyl,
1,2,3-triazolyl, tetrazolyl, 1,2,3- thiadiazolyl,
1,2,3-oxadiazolyl, 1,2,4-triazolyl,
1,2,4-thiadiazolyl, 1,2,4-oxadiazolyl,
1,3,4-triazolyl, 1,3,4-thiadiazolyl, and 1,3,4-
oxadiazolyl. A six-membered ring heteroaryl is a
heteroaryl with a ring having six ring atoms wherein
1, 2 or 3 ring atoms are independently selected from
N, O and S. Exemplary six-membered ring heteroaryls
are pyridyl, pyrazinyl, pyrimidinyl, triazinyl and
pyridazinyl.Examples of heterocyclyls include, but are
not limited to, lH-indazole, 2-pyrrolidonyl, 2H, 6H-
1, 5,2-dithiazinyl, 2H-pyrrolyl, 3H-indolyl,
4-piperidonyl, 4aH-carbazole, 4H-quinolizinyl, 6H- 1,
2,5-thiadiazinyl, acridinyl, azabicyclo, azetidine,
azepane, aziridine, azocinyl, benzimidazolyl,
benzodioxol, benzofuranyl, benzothiofuranyl,
benzothiophenyl, benzoxazolyl, benzthiazolyl,
benzotriazolyl, benzotetrazolyl, benzisoxazolyl,
benzisothiazolyl, benzimidazalonyl, carbazolyl,
4aH-carbazolyl, b-carbolinyl, chromanyl, chromenyl,
cinnolinyl, diazepane, decahydroquinolinyl,
2H,6H-1,5,2-dithiazinyl, dioxolane, furyl,
2,3-dihydrofuran, 2,5-dihydrofuran,
dihydrofuro[2,3-b]tetrahydrofuran, furanyl, furazanyl,
homopiperidinyl, imidazolidine, imidazolidinyl,
imidazolinyl, imidazolyl, lH-indazolyl, indolenyl,
indolinyl, indolizinyl, indolyl, isobenzofuranyl,
isochromanyl, isoindazolyl, isoindolinyl, isoindolyl,
isoquinolinyl, isothiazolyl, isoxazolyl, morpholinyl,
naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl,
oxazolyl, oxirane, oxazolidinylperimidinyl,
phenanthridinyl, phenanthrolinyl, phenarsazinyl,
phenazinyl, phenothiazinyl, phenoxathiinyl,
phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl,
pteridinyl, piperidonyl, 4-piperidonyl, purinyl,
pyranyl, pyrrolidinyl, pyrroline, pyrrolidine,
pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl,
pyridazinyl, pyridooxazole, pyridoimidazole,
pyridothiazole, pyridinyl, N-oxide-pyridinyl, pyridyl,
pyrimidinyl, pyrrolidinyl, pyrrolidinyl dione,
pyrrolinyl, pyrrolyl, pyridine, quinazolinyl,
quinolinyl, 4H-quinolizinyl, quinoxalinyl,
quinuclidinyl, carbolinyl, tetrahydrofuranyl,
tetramethylpiperidinyl, tetrahydroquinoline,
tetrahydroisoquinolinyl, thiophane,
thiotetrahydroquinolinyl, 6H- 1,2,5-thiadiazinyl,
1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl,
1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl,
thiazolyl, thienyl, thienothiazolyl, thienooxazolyl,
thienoimidazolyl, thiopheneyl, thiirane, triazinyl,
1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-triazolyl,
1,3,4-triazolyl, xanthenyl. As used herein, "alkoxy"
or "alkyloxy" represents an alkyl group as defined
above with the indicated number of carbon atoms
attached through an oxygen bridge. Examples of alkoxy
include, but are not limited to, methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy, isobutoxy, t-butoxy,
n-pentoxy, isopentoxy, cyclopropylmethoxy, allyloxy
and propargyloxy. Similarly, "alkylthio" or
"thioalkoxy" represent an alkyl group as defined above
with the indicated number of carbon atoms attached
through a sulphur bridge."Halogenated," used as a
prefix of a group, means one or more hydrogens on the
group is replaced with one or more halogens. As used
herein, the term "carbonyl" is art recognized and
includes the -C(=O) groups of such moieties as can be
represented by the general formula: O O -X-R , or - X-
- R' wherein X is a bond or represents an oxygen or
sulfur, and R represents a hydrogen, an alkyl, an
alkenyl, -(CH2)m-R' ' or a pharmaceutically acceptable
salt, R' represents a hydrogen, an alkyl, an alkenyl
or -(CH2)m-R", where m is an integer less than or
equal to ten, and R' ' is alkyl, cycloalkyl, alkenyl,
aryl, or heteroaryl. Where X is an oxygen and R and R'
is not hydrogen, the formula represents an "ester".
Where X is an oxygen, and R is as defined above, the
moiety is referred to herein as a carboxyl group, and
particularly when R' is a hydrogen, the formula
represents a "carboxylic acid." Where X is oxygen, and
R' is a hydrogen, the formula represents a "formate."
In general, where the oxygen atom of the above formula
is replaced by sulfur, the formula represents a
"thiolcarbonyl" group. Where X is a sulfur and R and
R' is not hydrogen, the formula represents a
"thiolester." Where X is sulfur and R is hydrogen, the
formula represents a "thiolcarboxylic acid." Where X
is sulfur and R' is hydrogen, the formula represents a
"thiolformate." On the other hand, where X is a bond,
and R is not a hydrogen, the above formula represents
a "ketone" group. Where X is a bond, and R is
hydrogen, the above formula is represents an
"aldehyde" group. As used herein, the term "sulfonyl"
refers to the -S(=O) 2- of a moiety that can be
represented by the general formula: wherein R is
represented by but not limited to hydrogen, alkyl,
cycloalkyl, alkenyl, aryl, heteroaryl, aralkyl, or
heteroaralkyl. As used herein, some substituents are
described in a combination of two or more groups. For
example, the expression of "C(=O)C3_9cycloalkylRd" is
meant to refer to a structure:wherein p is 1, 2, 3, 4,
5, 6 or 7 (i.e., C3_9cycloalkyl); the C3_9cycloalkyl
is substituted by Rd; and the point of attachment of
the "C(=O)C3_9cycloalkylRd" is through the carbon atom
of the carbonyl group, which is on the left of the
expression. As used herein, the phrase "protecting
group" means temporary substituents which protect a
potentially reactive functional group from undesired
chemical transformations. Examples of such protecting
groups include esters of carboxylic acids, silyl
ethers of alcohols, and acetals and ketals of
aldehydes and ketones respectively. The field of
protecting group chemistry has been reviewed (Greene,
T.W.; Wuts, P.G.M. Protective Groups in Organic
Synthesis, 3rd ed.; Wiley: New York, 1999). As used
herein, "pharmaceutically acceptable" is employed
herein to refer to those compounds, materials,
compositions, and/or dosage forms which are, within
the scope of sound medical judgment, suitable for use
in contact with the tissues of human beings and
animals without excessive toxicity, irritation,
allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio. As
used herein, "pharmaceutically acceptable salts" refer
to derivatives of the disclosed compounds wherein the
parent compound is modified by making acid or base
salts thereof (i.e., also include counterions).
Examples of pharmaceutically acceptable salts include,
but are not limited to, mineral or organic acid salts
of basic residues such as amines; alkali or organic
salts of acidic residues such as carboxylic acids; and
the like. The pharmaceutically acceptable salts
include the conventional non-toxic salts or the
quaternary ammonium salts of the parent compound
formed, for example, from non-toxic inorganic or
organic acids. For example, such conventional
non-toxic salts include those derived from inorganic
acids such as hydrochloric, phosphoric, and the like;
and the salts prepared from organic acids such as
lactic, maleic, citric, benzoic, methanesulfonic, and
the like. The pharmaceutically acceptable salts of the
present invention can be synthesized from the parent
compound that contains a basic or acidic moiety by
conventional chemical methods. Generally, such salts
can be prepared by reacting the free acid or base
forms of these compounds with a stoichiometric amount
of the appropriatebase or acid in water or in an
organic solvent, or in a mixture of the two;
nonaqueous media like ether, ethyl acetate, ethanol,
isopropanol, or acetonitrile can be used. As used
herein, "in vivo hydrolysable precursors" means an in
vivo hydroysable (or cleavable) ester of a compound of
any of the formulas described herein that contains a
carboxy or a hydroxy group. For example amino acid
esters, Ci_6 alkoxymethyl esters like methoxymethyl;
Ci_6alkanoyloxymethyl esters like pivaloyloxymethyl;
C3_8cycloalkoxycarbonyloxy Ci_6alkyl esters like
1-cyclohexylcarbonyloxyethyl, acetoxymethoxy, or
phosphoramidic cyclic esters. As used herein,
"tautomer" means other structural isomers that exist
in equilibrium resulting from the migration of a
hydrogen atom. For example, keto-enol tautomerism
where the resulting compound has the properties of
both a ketone and an unsaturated alcohol. As used
herein "stable compound" and "stable structure" are
meant to indicate a compound that is sufficiently
robust to survive isolation to a useful degree of
purity from a reaction mixture, and formulation into
an efficacious therapeutic agent. The present
invention further includes isotopically-labeled
compounds of the invention. An "isotopically" or
"radio-labeled" compound is a compound of the
invention where one or more atoms are replaced or
substituted by an atom having an atomic mass or mass
number different from the atomic mass or mass number
typically found in nature (i.e., naturally occurring).
Suitable radionuclides that may be incorporated in
compounds of the present invention include but are not
limited to 2H (also written as D for deuterium), 3H
(also written as T for tritium), 1 1C, 13C, 14C, 13N,
15N, 15O, 17O, 18O, 18F, 35S, 36Cl, 82Br, 75Br, 76Br,
77Br, 123 I, 124I, 125I and 131I . The radionuclide
that is incorporated in the instant radio-labeled
compounds will depend on the specific application of
that radio-labeled compound. For example, for in vitro
receptor labeling and competition assays, compounds
that incorporate 3H, 14C, 82Br, 1251 , 131 1, 35S or
will generally be most useful. For radio-imaging
applications 1 1C, 18F, 125I, 123 I, 124I, 131 I,
75Br, 76Br or 77Br will generally be most useful. It
is understood that a "radio-labeled compound" is a
compound that has incorporated at least one
radionuclide. In some embodiments the radionuclide is
selected from the group consisting of 3H, 14C, 1251 ,
35S and 82Br. The antidementia treatment defined
herein may be applied as a sole therapy or may
involve, in addition to the compound of the invention,
conventional chemotherapy.Such conjoint treatment may
be achieved by way of the simultaneous, sequential or
separate dosing of the individual components of the
treatment. Such combination products employ the
compounds of this invention. Compounds of the present
invention may be administered orally, parenteral,
buccal, vaginal, rectal, inhalation, insufflation,
sublingually, intramuscularly, subcutaneously,
topically, intranasally, intraperitoneally,
intrathoracially, intravenously, epidurally,
intrathecally, intracerebroventricularly and by
injection into the joints. The dosage will depend on
the route of administration, the severity of the
disease, age and weight of the patient and other
factors normally considered by the attending
physician, when determining the individual regimen and
dosage level as the most appropriate for a particular
patient. An effective amount of a compound of the
present invention for use in therapy of dementia is an
amount sufficient to symptomatically relieve in a
warm-blooded animal, particularly a human the symptoms
of dementia, to slow the progression of dementia, or
to reduce in patients with symptoms of dementia the
risk of getting worse. For preparing pharmaceutical
compositions from the compounds of this invention,
inert, pharmaceutically acceptable carriers can be
either solid or liquid. Solid form preparations
include powders, tablets, dispersible granules,
capsules, cachets, and suppositories. A solid carrier
can be one or more substances, which may also act as
diluents, flavoring agents, solubilizers, lubricants,
suspending agents, binders, or tablet disintegrating
agents; it can also be an encapsulating material. In
powders, the carrier is a finely divided solid, which
is in a mixture with the finely divided active
component. In tablets, the active component is mixed
with the carrier having the necessary binding
properties in suitable proportions and compacted in
the shape and size desired. For preparing suppository
compositions, a low-melting wax such as a mixture of
fatty acid glycerides and cocoa butter is first melted
and the active ingredient is dispersed therein by, for
example, stirring. The molten homogeneous mixture is
then poured into convenient sized molds and allowed to
cool and solidify. Suitable carriers include magnesium
carbonate, magnesium stearate, talc, lactose, sugar,
pectin, dextrin, starch, tragacanth, methyl cellulose,
sodium carboxymethyl cellulose, a low-melting wax,
cocoa butter, and the like.Some of the compounds of
the present invention are capable of forming salts
with various inorganic and organic acids and bases and
such salts are also within the scope of this
invention. For example, such conventional non-toxic
salts include those derived from inorganic acids such
as hydrochloric, phosphoric, and the like; and the
salts prepared from organic acids such as lactic,
maleic, citric, benzoic, methanesulfonic,
trifluoroacetate and the like. In some embodiments,
the present invention provides a compound of any of
the formulas described herein or a pharmaceutically
acceptable salt thereof for the therapeutic treatment
(including prophylactic treatment) of mammals
including humans, it is normally formulated in
accordance with standard pharmaceutical practice as a
pharmaceutical composition. In addition to the
compounds of the present invention, the pharmaceutical
composition of this invention may also contain, or be
co-administered (simultaneously or sequentially) with,
one or more pharmacological agents of value in
treating one or more disease conditions referred to
herein. The term composition is intended to include
the formulation of the active component or a
pharmaceutically acceptable salt with a
pharmaceutically acceptable carrier. For example this
invention may be formulated by means known in the art
into the form of, for example, tablets, capsules,
aqueous or oily solutions, suspensions, emulsions,
creams, ointments, gels, nasal sprays, suppositories,
finely divided powders or aerosols or nebulisers for
inhalation, and for parenteral use (including
intravenous, intramuscular or infusion) sterile
aqueous or oily solutions or suspensions or sterile
emulsions. Liquid form compositions include solutions,
suspensions, and emulsions. Sterile water or
water-propylene glycol solutions of the active
compounds may be mentioned as an example of liquid
preparations suitable for parenteral administration.
Liquid compositions can also be formulated in solution
in aqueous polyethylene glycol solution. Aqueous
solutions for oral administration can be prepared by
dissolving the active component in water and adding
suitable colorants, flavoring agents, stabilizers, and
thickening agents as desired. Aqueous suspensions for
oral use can be made by dispersing the finely divided
active component in water together with a viscous
material such as natural synthetic gums, resins,
methyl cellulose, sodium carboxymethyl cellulose, and
other suspending agents known to the pharmaceutical
formulation art.The pharmaceutical compositions can be
in unit dosage form. In such form, the composition is
divided into unit doses containing appropriate
quantities of the active component. The unit dosage
form can be a packaged preparation, the package
containing discrete quantities of the preparations,
for example, packeted tablets, capsules, and powders
in vials or ampoules. The unit dosage form can also be
a capsule, cachet, or tablet itself, or it can be the
appropriate number of any of these packaged forms.
Compositions may be formulated for any suitable route
and means of administration. Pharmaceutically
acceptable carriers or diluents include those used in
formulations suitable for oral, rectal, nasal, topical
(including buccal and sublingual), vaginal or
parenteral (including subcutaneous, intramuscular,
intravenous, intradermal, intrathecal and epidural)
administration. The formulations may conveniently be
presented in unit dosage form and may be prepared by
any of the methods well known in the art of pharmacy.
For solid compositions, conventional non-toxic solid
carriers include, for example, pharmaceutical grades
of mannitol, lactose, cellulose, cellulose
derivatives, starch, magnesium stearate, sodium
saccharin, talcum, glucose, sucrose, magnesium
carbonate, and the like may be used. Liquid
pharmaceutically administrable compositions can, for
example, be prepared by dissolving, dispersing, etc,
an active compound as defined above and optional
pharmaceutical adjuvants in a carrier, such as, for
example, water, saline aqueous dextrose, glycerol,
ethanol, and the like, to thereby form a solution or
suspension. If desired, the pharmaceutical composition
to be administered may also contain minor amounts of
non-toxic auxiliary substances such as wetting or
emulsifying agents, pH buffering agents and the like,
for example, sodium acetate, sorbitan monolaurate,
triethanolamine sodium acetate, sorbitan monolaurate,
triethanolamine oleate, etc. Actual methods of
preparing such dosage forms are known, or will be
apparent, to those skilled in this art; for example,
see Remington's Pharmaceutical Sciences, Mack
Publishing Company, Easton, Pennsylvania, 15th
Edition, 1975. The compounds of the invention may be
derivatised in various ways. As used herein
"derivatives" of the compounds includes salts (e.g.
pharmaceutically acceptable salts), any complexes
(e.g. inclusion complexes or clathrates with compounds
such as cyclodextrins, or coordination complexes with
metal ions such as Mn2+ and Zn2+), esters such as in
vivo hydrolysable esters, free acids or bases,
polymorphic forms of thecompounds, solvates (e.g.
hydrates), prodrugs or lipids, coupling partners and
protecting groups. By "prodrugs" is meant for example
any compound that is converted in vivo into a
biologically active compound. Salts of the compounds
of the invention are preferably physiologically well
tolerated and non toxic. Many examples of salts are
known to those skilled in the art. All such salts are
within the scope of this invention, and references to
compounds include the salt forms of the compounds.
Compounds having acidic groups, such as carboxylate,
phosphates or sulfates, can form salts with alkaline
or alkaline earth metals such as Na, K, Mg and Ca, and
with organic amines such as triethylamine and Tris
(2-hydroxyethyl)amine. Salts can be formed between
compounds with basic groups, e.g. amines, with
inorganic acids such as hydrochloric acid, phosphoric
acid or sulfuric acid, or organic acids such as acetic
acid, citric acid, benzoic acid, fumaric acid, or
tartaric acid. Compounds having both acidic and basic
groups can form internal salts. Acid addition salts
may be formed with a wide variety of acids, both
inorganic and organic. Examples of acid addition salts
include salts formed with hydrochloric, hydriodic,
phosphoric, nitric, sulphuric, citric, lactic,
succinic, maleic, malic, isethionic, fumaric,
benzenesulphonic, toluenesulphonic, methanesulphonic,
ethanesulphonic, naphthalenesulphonic, valeric,
acetic, propanoic, butanoic, malonic, glucuronic and
lactobionic acids. If the compound is anionic, or has
a functional group which may be anionic (e.g., COOH
may be COO), then a salt may be formed with a suitable
cation. Examples of suitable inorganic cations
include, but are not limited to, alkali metal ions
such as Na+ and K+, alkaline earth cations such as
Ca2+ and Mg2+, and other cations such as Al3+.
Examples of suitable organic cations include, but are
not limited to, ammonium ion (i.e., NH4 +) and
substituted ammonium ions (e.g., NH3R+, NH2R +, NHR3
+, NR4 +) . Examples of some suitable substituted
ammonium ions are those derived from: ethylamine,
diethylamine, dicyclohexylamine, triethylamine,
butylamine, ethylenediamine, ethanolamine,
diethanolamine, piperazine, benzylamine,
phenylbenzylamine, choline, meglumine, and
tromethamine, as well as amino acids, such as lysine
and arginine. An example of a common quaternary
ammonium ion is N(CH3)4 +. Where the compounds contain
an amine function, these may form quaternary ammonium
salts, for example by reaction with an alkylating
agent according to methodswell known to the skilled
person. Such quaternary ammonium compounds are within
the scope of the invention. Compounds containing an
amine function may also form N-oxides. A reference
herein to a compound that contains an amine function
also includes the N-oxide. Where a compound contains
several amine functions, one or more than one nitrogen
atom may be oxidised to form an N-oxide. Particular
examples of N-oxides are the N-oxides of a tertiary
amine or a nitrogen atom of a nitrogen-containing
heterocycle. N-Oxides can be formed by treatment of
the corresponding amine with an oxidizing agent such
as hydrogen peroxide or a per-acid (e.g. a
peroxycarboxylic acid), see for example Advanced
Organic Chemistry, by Jerry March, 4th Edition, Wiley
Interscience, pages. More particularly, N-oxides can
be made by the procedure of L. W. Deady (Syn. Comm.
1977, 7, 509-514) in which the amine compound is
reacted with m-chloroperoxybenzoic acid (MCPBA), for
example, in an inert solvent such as dichloromethane .
Esters can be formed between hydroxyl or carboxylic
acid groups present in the compound and an appropriate
carboxylic acid or alcohol reaction partner, using
techniques well known in the art. Examples of esters
are compounds containing the group C(=O)OR, wherein R
is an ester substituent, for example, a Ci7 alkyl
group, a C32o heterocyclyl group, or a C520aryl group,
preferably a C alkyl group. Particular examples of
ester groups include, but are not limited to,
C(=O)OCH3, C(=O)OCH2CH3, C(=O)OC(CH3)3, and -C(=O)OPh.
Examples of acyloxy (reverse ester) groups are
represented by OC(=O)R, wherein R is an acyloxy
substituent, for example, a C alkyl group, a
C32Oheterocyclyl group, or a C52oaryl group,
preferably a Ci7 alkyl group. Particular examples of
acyloxy groups include, but are not limited to,
OC(=O)CH3 (acetoxy), OC(=O)CH2CH3, OC(=O)C(CH3)3,
OC(=O)Ph, and OC(=O)CH2Ph. Derivatives which are
prodrugs of the compounds are convertible in vivo or
in vitro into one of the parent compounds. Typically,
at least one of the biological activities of compound
will be reduced in the prodrug form of the compound,
and can be activated by conversion of the prodrug to
release the compound or a metabolite of it. Some
prodrugs are esters of the active compound (e.g., a
physiologically acceptable metabolically labile
ester). During metabolism, the ester group (-C(=O)OR)
is cleaved to yield the active drug. Such esters may
be formed by esterif cation, for example, of any of
the carboxylic acid groups (-C(=O)OH) in the parent
compound, with, where appropriate,prior protection of
any other reactive groups present in the parent
compound, followed by deprotection if required.
Examples of such metabolically labile esters include
those of the formula -C(=O)OR wherein R is: Cpalkyl
(e.g., Me, Et, -nPr, -iPr, -nBu, -sBu, -iBu, tBu); C
aminoalkyl (e.g., aminoethyl;
2-(N,N-diethylamino)ethyl; 2(4morpholino)ethyl); and
acyloxy-C alkyl (e.g., acyloxymethyl; acyloxyethyl;
pivaloyloxymethyl; acetoxymethyl; 1acetoxyethyl; 1-(I
-methoxy- 1-methyl)ethyl-carbonyloxyethyl;
1-(benzoyloxy)ethyl; isopropoxy-carbonyloxymethyl;
1isopropoxy-carbonyloxyethyl;
cyclohexyl-carbonyloxymethyl; 1cyclohexyl-carbonyloxy
ethyl; cyclohexyloxy-carbonyloxymethyl;
1-cyclohexyloxy-carbonyloxyethyl;
(4-tetrahydropyranyloxy) carbonyloxymethyl;
l-(4-tetrahydropyranyloxy)carbonyloxyethyl;
(4-tetrahydropyranyl)carbonyloxymethyl; and
1(4tetrahydropyranyl)carbonyloxyethyl). Also, some
prodrugs are activated enzymatically to yield the
active compound, or a compound which, upon further
chemical reaction, yields the active compound (for
example, as in ADEPT, GDEPT, LIDEPT, etc.). For
example, the prodrug may be a sugar derivative or
other glycoside conjugate, or may be an amino acid
ester derivative. Other derivatives include coupling
partners of the compounds in which the compounds is
linked to a coupling partner, e.g. by being chemically
coupled to the compound or physically associated with
it. Examples of coupling partners include a label or
reporter molecule, a supporting substrate, a carrier
or transport molecule, an effector, a drug, an
antibody or an inhibitor. Coupling partners can be
covalently linked to compounds of the invention via an
appropriate functional group on the compound such as a
hydroxyl group, a carboxyl group or an amino group.
Other derivatives include formulating the compounds
with liposomes. Where the compounds contain chiral
centres, all individual optical forms such as
enantiomers, epimers, atropisomers and
diastereoisomers, as well as racemic mixtures of the
compounds are within the scope of the invention.
Compounds may exist in a number of tautomeric forms
and references to compounds include all such forms.
For the avoidance of doubt, where a compound can exist
in one of several tautomeric forms and only one is
specifically described or shown, all others are
nevertheless embraced by the scope of this
invention.The quantity of the compound to be
administered will vary for the patient being treated
and will vary from about 100 ng/kg of body weight to
100 mg/kg of body weight per day and preferably will
be from 10 pg/kg to 10 mg/kg per day. For instance,
dosages can be readily ascertained by those skilled in
the art from this disclosure and the knowledge in the
art. Thus, the skilled artisan can readily determine
the amount of compound and optional additives,
vehicles, and/or carrier in compositions and to be
administered in methods of the invention. In some
embodiments, the compounds described herein are
central nervous system depressants and may be used as
tranquilizers or ataractic agents for the relief of
anxiety and tension states, for example, in mice,
cats, rats, dogs and other mammalian species such as
humans, in the same manner as chlordiazepoxide. For
this purpose a compound or mixture of compounds of any
of the formulas described herein, or non-toxic
physiologically acceptable salts, such as acid
addition salts thereof, may be administered orally or
parenterally in a conventional dosage form such as
tablet, pill, capsule, injectable or the like. The
dosage in mg/kg of body weight of compounds of the
present invention in mammals will vary according to
the size of the animal and particularly with respect
to the brain/body weight ratio. In general, a higher
mg/kg dosage for a small animal such as a dog will
have the same effect as a lower mg/kg dosage in an
adult human. A minimum effective dosage for a compound
of formula (I) will be at least about 0.1 mg/kg of
body weight per day for mammals with a maximum dosage
for a small mammal such as a dog, of about 100 mg/kg
per day. For humans, a dosage of about 0.1 to 12 mg/kg
per day will be effective, for example, about 5 to 600
mg/day for an average man. The dosage can be given
once daily or in divided doses, for example, 2 to 4
doses daily, and such dosage will depend on the
duration and maximum level of activity of a particular
compound. The dose may be conventionally formulated in
an oral or parenteral dosage form by compounding about
5 to 250 mg per unit of dosage of conventional
vehicle, excipient, binder, preservative, stabilizer,
flavor or the like as called for by accepted
pharmaceutical practice, for example, as described in
U.S. Pat. No. 3,755,340. The compounds of this
invention may be used in pharmaceutical compositions
comprising a compound of any of the formulas described
herein or can be contained in the same formulation
with or co-administered with one or more known drugs.
Some example tests that can be conducted to
demonstrate the anxiolytic activity of the present
compounds include binding tests of GABAA receptors. In
someembodiments, the binding test was directed to a
subtype of GABAA receptors, such as GABAAl receptors
(i.e., those containing the ai subunit), GABAA2
receptors (i.e., those containing the 012 subunit),
GABAA3 receptors (i.e., those containing the 013
subunit) and GABAA5 receptors (i.e., those containing
the a subunit). Presently available GABAA modulator
anxiolytics work via interactions at the classical
benzodiazepine binding site. T o a large degree these
anxiolytics lack GABAA receptor subtype-selectivity.
The subtype-selective GABAA receptor modulators may
offer more advantages. For example, a growing body of
work suggests that desirable anxiolytic activity is
driven primarily by interactions with GABAA receptors
containing the (X2 subunit. Sedation, a side-effect
common to all marketed benzodiazepines, is believed to
b e mediated by interactions at GABAARs containing the
a1 subunit. T o develop anxiolytics with minimal
liabilities due to interactions with other subunits,
an electrophysiological assay was developed to screen
modulatory effects of various compounds on different
GABA subunit combinations heterologously expressed in
Xenopus oocytes. GABAA receptors were heterologously
expressed in Xenopus oocytes by injecting cRNA
corresponding to human ai, a2,a3 015 2,b3 and 2
subunits of the GABAA receptor genes. The specific
subunit combinations (subtypes) were a s follows:
otib2T2, 0-2$3j2, a n d a b3 2. The EClO of GABA was
approximated for each cell. Stability of GABA-mediated
(EClO) current was established. Modulatory effect of
test compound was determined and compared across
subtypes. The assay developed has reproducibility
which allows discrimination of modulatory activity
down to minimal effect of about 25% potentiation
(prior to normalization to standard) for all four
subtypes. Thus, the assay can characterize modulatory
effects and determine subtype selectivity of test
compounds on major subtypes of GABAA receptors. In
some embodiments, a compound can selectively bind to
one subtype of GABAA receptor (by showing about 25% or
more of binding comparing to another subtype of GABAA
receptor). Anxiolytic activity is indicated in the
GABAA binding test by a displacement of the
flunitrazepam such a s is exhibited by benzodiazepines
or by enhancement of the binding such a s is shown by
cartazolate and tracazolate. In some embodiments, the
compounds of the invention can bind to GABAA
receptors. In some embodiments, the compounds of the
invention can bind to GABAAreceptors by displacement
of benzodiazepines. Accordingly, the compounds of the
invention can be used to modulate activities of GABAA
receptors. In some embodiments, the compounds of the
invention can selectively bind to a subtype of GABAA
receptors, such as such as GABAAl receptors (i.e.,
those containing the ai subunit), GABAA2 receptors
(i.e., those containing the 0 12 subunit), GABAA3
receptors (i.e., those containing the 013 subunit) or
GABAA5 receptors (i.e., those containing the 015
subunit). In some embodiments, the compounds of the
invention can selectively bind to a subtype of GABAA
receptors by displacement of benzodiazepines.
Accordingly, the compounds of the invention can be
used to selectively modulate activities of a subtype
of GABAA receptors, such as GABAAl receptors, GABAA2
receptors, GABAA3 receptors or GABAA5 receptors. In
some embodiments, certain compounds of the invention
are GABAAl receptor antagonists and GABAA2 receptor
agonists. Because the compounds of the invention can
be used to modulate activities of GABAA receptors, or
to selectively modulate activities of a subtype of
GABAA 



receptors, the compounds of the invention are
envisioned to be useful for treating or preventing
diseases mediated by GABAA receptors or a subtype of
GABAA receptors. Such disease, include, but is not
limited to, stroke, head trauma, epilepsy, pain,
migraine, mood disorders, anxiety, post traumatic
stress disorder, obsessive compulsive disorders,
schizophrenia, seizures, convulsions, tinnitus,
neurodegenerative disorders including Alzheimer's
disease, amyotrophic lateral sclerosis, Huntington's
Chorea, Parkinson's disease, depression, bipolar
disorders, mania, trigeminal and other neuralgia,
neuropathic pain, hypertension, cerebral ischemia,
cardiac arrhythmia, myotonia, substance abuse,
myoclonus, essential tremor, dyskinesia and other
movement disorders, neonatal cerebral hemorrhage,
spasticity, cognitive disorder, and sleeping disorder.
It is known that melatonin receptor agonists are
effective in treating depression. We find that the
compounds of the invention can selectively modulate
activities of a subtype of melatonin receptors,
melatonin receptor 1 (MT-I). In certain embodiments,
certain compounds of the invention are MTl agonists.
As a results, the compounds of the invention may be
effective in treating depression disorders such as
major depressive disorder, dysthymic disorder, bipolar
depression and/or bipolar mania, bipolar I with or
without manic, depressive or mixed episodes, bipolar
II, cyclothymic disorder, mood disorder due to a
general medical condition, manic episodes associated
with bipolardisorder, or mixed episodes associated
with bipolar disorder. To treat depression disorders,
an effective amount of one or more compounds of the
invention is administered to a patient with such a
need. In another embodiment, certain compounds of the
invention may be useful in treating schizophrenia. In
a particular embodiment, certain compounds of the
invention may be useful in treating cognitive
disorders associated with schizophrenia. The existing
non-selective GABAergic agents are generally not
suitable for treating information / cognitive
processing deficits in schizophrenia due to the
unacceptable competing side effects, such as overt
sedation and memory impairment. Certain compounds of
the invention are capable of selective modification of
function at the specific GAGAergic synapses affected
by the schizophrenic disease state. Therefore, these
certain compounds of the invention acting selectively
at GABAA a2 subunits may be used for treating
cognitive deficits in schizophrenia. The therapeutic
effects of certain compound of the invention in
treating cognitive deficits associated with
schizophrenia may be demonstrated by testing one or
more these compounds using Method JJ, which involves
altering the power spectrum of frequencies comprising
the spontaneous electroencephalogram (EEG) in behaving
rats. The EEG protocol (Method JJ) may show that
spontaneous EEG from behaving animals in the presence
of certain compounds of the invention with selective
a2/a3 pharmacologies exhibits dose dependent increases
in high frequency oscillations in both the high beta
and gamma ranges with no significant increases at
lower frequencies. In contrast, the al -selective
compound, Zolpidem, exhibits no significant increase
at gamma frequencies, and the non-selective GABA
compound, Lorazepam, leads to broad changes in
spontaneous EEG across a range of oscillation
frequencies. The selective nature of a2/a3 on high
frequency EEG in vivo suggests that these compounds
may be useful in attenuating the high frequency EEG
deficits seen in schizophrenic patients, and, to the
extent that these EEG deficits reflect impaired
cognitive function, demonstrates that certain GABAA
a2/a3 selective compounds of the invention may be used
to treat cognitive deficits in schizophrenia. In
another embodiment, certain compounds of the present
invention may be effective in treating insomnia.In a
further embodiment, a compound of formula I or a
pharmaceutically acceptable salt, solvate or in vivo
hydrolysable ester thereof, or a pharmaceutical
composition or formulation comprising a compound of
formula I may be administered concurrently,
simultaneously, sequentially or separately with one or
more pharmaceutically active compound(s) selected from
the following: (i) antidepressants such as
amitriptyline, amoxapine, bupropion, citalopram,
clomipramine, desipramine, doxepin duloxetine,
elzasonan, escitalopram, fluvoxamine, fluoxetine,
gepirone, imipramine, ipsapirone, maprotiline,
nortriptyline, nefazodone, paroxetine, phenelzine,
protriptyline, reboxetine, robalzotan, sertraline,
sibutramine, thionisoxetine, tranylcypromaine,
trazodone, trimipramine, venlafaxine and equivalents
and pharmaceutically active isomer(s) and
metabolite(s) thereof; (ii) atypical antipsychotics
including for example quetiapine and pharmaceutically
active isomer(s) and metabolite(s) thereof;
amisulpride, aripiprazole, asenapine, benzisoxidil,
bifeprunox, carbamazepine, clozapine, chlorpromazine,
debenzapine, divalproex, duloxetine, eszopiclone,
haloperidol, iloperidone, lamotrigine, lithium,
loxapine, mesoridazine, olanzapine, paliperidone,
perlapine, perphenazine, phenothiazine,
phenylbutlypiperidine, pimozide, prochlorperazine,
risperidone, quetiapine, sertindole, sulpiride,
suproclone, suriclone, thioridazine, trifluoperazine,
trimetozine, valproate, valproic acid, zopiclone,
zotepine, ziprasidone and equivalents thereof; (iii)
antipsychotics including for example amisulpride,
aripiprazole, asenapine, benzisoxidil, bifeprunox,
carbamazepine, clozapine, chlorpromazine, debenzapine,
divalproex, duloxetine, eszopiclone, haloperidol,
iloperidone, lamotrigine, loxapine, mesoridazine,
olanzapine, paliperidone, perlapine, perphenazine,
phenothiazine, phenylbutlypiperidine, pimozide,
prochlorperazine, risperidone, sertindole, sulpiride,
suproclone, suriclone, thioridazine, trifluoperazine,
trimetozine, valproate, valproic acid, zopiclone,
zotepine, ziprasidone and equivalents and
pharmaceutically active isomer(s) and metabolite(s)
thereof; (iv) anxiolytics including for example
alnespirone, azapirones,benzodiazepines, barbiturates
such as adinazolam, alprazolam, balezepam, bentazepam,
bromazepam, brotizolam, buspirone, clonazepam,
clorazepate, chlordiazepoxide, cyprazepam, diazepam,
diphenhydramine, estazolam, fenobam, flunitrazepam,
flurazepam, fosazepam, lorazepam, lormetazepam,
meprobamate, midazolam, nitrazepam, oxazepam,
prazepam,quazepam, reclazepam, tracazolate, trepipam,
temazepam, triazolam, uldazepam, zolazepam and
equivalents and pharmaceutically active isomer(s) and
metabolite(s) thereof; (v) anticonvulsants including,
for example, carbamazepine, valproate, lamotrogine,
gabapentin and equivalents and pharmaceutically active
isomer(s) and metabolite(s) thereof; (vi) Alzheimer's
therapies including, for example, donepezil,
memantine, tacrine and equivalents and
pharmaceutically active isomer(s) and metabolite(s)
thereof; (vii) Parkinson's therapies including, for
example, deprenyl, L-dopa, Requip, Mirapex, MAOB
inhibitors such as selegine and rasagiline, comP
inhibitors such as Tasmar, A-2 inhibitors, dopamine
reuptake inhibitors, NMDA antagonists, Nicotine
agonists, Dopamine agonists and inhibitors of neuronal
nitric oxide synthase and equivalents and
pharmaceutically active isomer(s) and metabolite(s)
thereof; (viii) migraine therapies including, for
example, almotriptan, amantadine, bromocriptine,
butalbital, cabergoline, dichloralphenazone,
eletriptan, frovatriptan, lisuride, naratriptan,
pergolide, pramipexole, rizatriptan, ropinirole,
sumatriptan, zolmitriptan, zomitriptan, and
equivalents and pharmaceutically active isomer(s) and
metabolite(s) thereof; (ix) stroke therapies
including, for example, abciximab, activase, NXY-059,
citicoline, crobenetine, desmoteplase,repinotan,
traxoprodil and equivalents and pharmaceutically
active isomer(s) and metabolite(s) thereof; (x) over
active bladder urinary incontinence therapies
including, for example, darafenacin, falvoxate,
oxybutynin, propiverine, robalzotan, solifenacin,
tolterodine and and equivalents and pharmaceutically
active isomer(s) and metabolite(s) thereof; (xi)
neuropathic pain therapies including, for example,
gabapentin, lidoderm, pregablin and equivalents and
pharmaceutically active isomer(s) and metabolite(s)
thereof; (xii) nociceptive pain therapies such as
celecoxib, etoricoxib, lumiracoxib, rofecoxib,
valdecoxib, diclofenac, loxoprofen, naproxen,
paracetamol and equivalents and pharmaceutically
active isomer(s) and metabolite(s) thereof; (xiii)
insomnia therapies including, for example,
allobarbital, alonimid, amobarbital, benzoctamine,
butabarbital, capuride, chloral, cloperidone,
clorethate, dexclamol, ethchlorvynol, etomidate,
glutethimide, halazepam, hydroxyzine,mecloqualone,
melatonin, mephobarbital, methaqualone, midaflur,
nisobamate, pentobarbital, phenobarbital, propofol,
roletamide, triclofos,secobarbital, zaleplon, Zolpidem
and equivalents and pharmaceutically active isomer(s)
and metabolite(s) thereof; and (xiv) mood stabilizers
including, for example, carbamazepine, divalproex,
gabapentin, lamotrigine, lithium, olanzapine,
quetiapine, valproate, valproic acid, verapamil, and
equivalents and pharmaceutically active isomer(s) and
metabolite(s) thereof. Such combinations employ the
compounds of this invention within the dosage range
described herein and the other pharmaceutically active
compound or compounds within approved dosage ranges
and/or the dosage described in the publication
reference. General procedures for making the compounds
of the invention is as follows: The invention will now
be illustrated by the following non-limiting examples,
in which, unless stated otherwise: In order that the
invention disclosed herein may be more efficiently
understood, examples are provided below. It should be
understood that these examples are for illustrative
purposes only and are not to be construed as limiting
the invention in any manner. Some example compounds of
the invention in table 1 were made according to the
methods described herein below. Table
1I-CYANOCYCLOPROPYL-DERIVATIVES AS CATHEPSIN K The
present invention relates to compounds and
compositions for treating diseases associated with
cysteine protease activity. The compounds are
reversible inhibitors of cysteine proteases, including
cathepsins B, K, C, F, H, L, O, S, W and X. Of
particular interest are diseases associated with
Cathepsin K. In addition this invention also discloses
processes for the preparation of such inhibitors.
Cathepsin K is a member of the papain superfamily of
cysteine proteases, which also encompasses Cathepsins
B, C, F, H, L, O, S, W and X. Cathepsin K is a
lysosomal collagenase like enzyme, highly expressed in
osteoclast cells and plays a key role in turnover and
degradation of the bone organic matrix in skeletal
growth and development, but also in diseases. In this
respect inhibitors of cathepsin K may be useful agents
in the treatment of but not limited to, osteoporosis,
osteoarthritis, asthma, rheumatoid arthritis,
metastatic bone disease, osteolytic bone cancer and
bone related neuropathic pain. The present invention
therefore provides a compound of formula (I) (I) in
which: A is a 5- to 7- membered aliphatic ring
optionally containing a double bond and optionally
comprising an oxygen atom as a ring member and
optionally being substituted by up to three
substituents each independently selected from halogen,
C^alkyl and C - 4carbocyclyl; R is hydrogen or C1-6
alkyl ; R1and R2 together with the nitrogen atom to
which they are attached form a 5- to 7- membered
monocyclic saturated or partially unsaturated
heterocyclic ring, which ringshares at least one atom
with a second monocyclic saturated, partially
unsaturated or unsaturated ring so as to form a
bicyclic ring system; which bicyclic ring system
shares at least one atom with a third saturated,
partially unsaturated or unsaturated ring so as to
form a tricyclic ring system comprising up to 19 ring
atoms, and wherein the tricyclic ring system
optionally comprise up to five heteroatoms each
independently selected from O, S or N atoms, and is
optionally substituted by up to three substituents
each independently selected from phenyl, benzyl,
naphthyl, C1-6 alkyl, C2-6alkenyl, C2-6alkynyl, cyano,
halogen, COOR3, COR3,NO2, OR3, CONR4R5,NR4R5,
Ci-2alkanesulfonyl-, monocyclic heteroaryl comprising
up to 7 ring atoms, and bicyclic heteroaryl comprising
up to 12 carbon atoms, and the tricyclic ring system
is optionally substituted on adjacent carbon atoms by
a group -O-C(R 8)2- O- , wherein each R8 is hydrogen
or a halogen atom, so as to form a 1,3-dioxolo group,
and wherein (i) phenyl, naphthyl, Ci- alkyl,
C2-6alkenyl, C2-6alkynyl and benzyl are optionally
further substituted by up to three substituents each
independently selected from halogen, NR4R5, SO2R3,
CONR4R5, cyano, OR3, SO2NR4R5, NSO2R3,NR4COR5, and
Ci-6 alkyl itself optionally substituted with up to
three substituents independently selected from
halogen, cyano, SO2R3,NR4R5, OR3, SO2NR4R5,
NSO2R3,NR4COR5 and CONR4R5, and (ii) monocyclic or
bicyclic heteroaryl are optionally further substituted
by up to three substituents each independently
selected from halogen, NR4R5, SO2NR4R5, NSO2R3,
NR4COR5, CONR4R5 , SO2R3, cyano, OR3, and phenyl
itself optionally substituted with up to three halogen
groups, SO2R3, or Ci- alkyl itself optionally
substituted with up to three substituents
independently selected from halogen, cyano, SO2R3,
SO2NR4R5, NSO2R3, NR4COR5,NR4R5, OR3, C3-7carbocyclyl
and CONR4R5; R3 is selected from hydrogen, Ci- alkyl,
C3-7carbocyclyl, phenyl, monocyclic heteroaryl, a 4-7
membered monocyclic saturated heterocyclic ring
comprising up to three heteroatoms each independently
selected from O, S or N atoms, and wherein Ci- alkyl
and phenyl and monocyclic heteroaryl can each be
optionally substituted by up to three
groupsindependently selected from halogen, cyano,
CONR4R5,NR4R5, SO2NR4R5, NSO2R3 and SO2R3; R4 and R5
are independently hydrogen, C1-6 alkyl, COR3,
monocyclic heteroaryl comprising up to 7 ring atoms or
bicyclic heteroaryl comprising up to 12 ring atoms or
together with the nitrogen to which they are attached
form a 5- to 7-membered monocyclic saturated
heterocyclic ring optionally comprising up to three
additional heteroatoms each independently selected
from O, S or N atoms and optionally substituted by
C1-6 alkyl optionally substituted by NR6R7; R6 and R7
are independently hydrogen, Ci- alkyl, or together
with the nitrogen to which they are attached form a 5-
to 7-membered monocyclic saturated heterocyclic ring
optionally comprising up to three additional
heteroatoms each independently selected from O, S or N
atoms; and pharmaceutically acceptable salts thereof.
In the context of the present specification, unless
otherwise indicated, an alkyl, alkenyl or alkynyl
group or an alkyl, alkenyl or alkynyl moiety in a
substituent group may be linear or branched. However
references to individual alkyl groups such as "propyl"
are specific for the straight chain version only and
references to individual branched-chain alkyl groups
such as -butyl are specific for the branched chain
version only. For example, "Ci -3alkyl" includes
methyl, ethyl, propyl and isopropyl and examples of
"Ci-6alkyl" include the examples of "Ci-3alkyl"and
additionally t-butyl, pentyl, 2,3-dimethylpropyl, 3-
methylbutyl and hexyl. Examples of "Ci-salkyl" include
the examples of "Ci-6alkyl" and additionally heptyl,
2,3-dimethylpentyl, 1-propylbutyl and octyl. An
analogous convention applies to other terms, for
example "C2-6alkenyl" includes vinyl, allyl,
1-propenyl , 2- butenyl, 3-butenyl,
3-methylbut-l-enyl, 1-pentenyl and 4-hexenyl and
examples of "C2-6alkynyl" includes ethynyl,
1-propynyl, 3-butynyl, 2-pentynyl and l-methylpent-2-
ynyl. "C3-4carbocyclyl" is a saturated, partially
saturated or unsaturated, monocyclic ring containing 3
to 4 carbon ring atoms wherein a -CH2- group can
optionally be replaced by a -C(O)-. Suitable examples
of "C3-4carbocyclyl" are cyclopropyl and cyclobutyl.
"C3-7carbocyclyl" is a saturated, partially saturated
or unsaturated, monocyclic ring containing 3 to 7
carbon ring atoms wherein a -CH2- group can optionally
be replaced by a-C(O)-. Suitable examples of
"C3.7carbocyclyl" are cyclopropyl, cyclopentyl,
cyclobutyl, cyclohexyl, cyclohexenyl,
4-oxocyclohex-l-yl and S-oxocyclohept-S-en-l-yl. Aryl
groups include phenyl and naphthyl. "Monocyclic
heteroaryl" groups include 5- or 6-membered rings
containing one or more heteroatoms selected from N, S,
O. Examples include pyridinyl, pyrimidinyl, pyrazinyl,
pyrrolyl, pyridazinyl, thiazolyl, oxazolyl, pyrazolyl,
imidazolyl, furanyl, thiophenyl and triazolyl.
Particular examples of monocyclic heteroaryl groups
include pyridinyl and especially pyridin-2-yl and
pyridin-6-yl. Examples of "a 5- to 7-membered
monocyclic saturated or partially saturated
heterocyclic ring" include pyrrolidinyl, piperidinyl,
homopiperidinyl, piperazinyl, morpholinyl,
homo-morpholinyl, thiomorpholinyl,
1,1-dioxothiomorpholinyl, 1,4- diazepanyl and
homopiperazinyl. Particular examples of a 5-, 6- or
7-membered monocyclic saturated heterocyclic ring
optionally containing one or more O, S or N atoms
include pyrrolidinyl, piperidinyl, piperazinyl,
homopiperazinyl, 1,4-diazepanyl and especially
pyrrolidin- 1-yl, piperidin- 1-yl, piperazin- 1-yl,
homopiperazin- 1-yl and 1,4- diazepan-1-yl. Examples
of "a 4-7 membered monocyclic saturated heterocyclic
ring" include azetidinyl pyrrolidinyl, piperidinyl,
homopiperidinyl, piperazinyl, morpholinyl,
homomorpholinyl, thiomorpholinyl,
1,1-dioxothiomorpholinyl and homopiperazinyl.
Particular examples of a 5-, 6- or 7-membered
monocyclic saturated heterocyclic ring optionally
containing one or more O, S or N atoms include
azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl,
homopiperazinyl and especially azetidin-1-yl,
pyrrolidin- 1-yl, piperidin- 1-yl, piperazin- 1-yl,
homopiperazin- 1-yl. Examples of "a tricyclic ring
system" include l,3,4,5-tetrahydro-2 -pyrido[4,3-
]indolyl, 5,7,8,9-tetrahydro-6 -pyrrolo[2,3-
:4,5-c]dipyridinyl, l,3,4,5-tetrahydro-2 -
pyrrolo[2,3-c:4,5-c]dipyridinyl, l,3,4,5-tetrahydro-2
-pyrrolo[3,2-c:4,5-c]dipyridinyl, 5,6,7,9-tetrahydro-8
-pyrido[3',4':4,5]pyrrolo[2,3- ]pyrazinyl,
5,6,7,9-tetrahydro-8 - pyrrolo[3,2-
:4,5-c]dipyridinyl, 5,7,8,9-tetrahydro-6
-pyrido[3',4':4,5]pyrrolo[2,3- c]pyridazinyl,
l,2,3,4-tetrahydro[l]benzofuro[3,2-c]pyridinyl,
6,7,8,9-tetrahydrofuro[3,2- :4,5-c]dipyridinyl,
5,6,7,8-tetrahydrofuro[2,3- :4,5-c]dipyridinyl,
5,6,7,8- tetrahydrothieno[2,3- :4,5-c]dipyridinyl,
l,2,3,4-tetrahydro[l]benzothieno[3,2- c]pyridinyl,
6,7,8,9-tetrahydrothieno[3,2- :4,5-c]dipyridinyl,
5,6,7,8-tetrahydro-4
-[l,3]thiazolo[4',5':4,5]pyrrolo[3,2-c]pyridinyl,
5,6,7,8-tetrahydro-4 -
[l,3]thiazolo[5',4':4,5]pyrrolo[3,2-c]pyridinyl,
5,6,7,8-tetrahydro-4 -
thieno[2',3':4,5]pyrrolo[3,2-c]pyridinyl,
5,6,7,8-tetrahydro-4 -thieno[3',2':4,5]pyrrolo[3,2-
c]pyridinyl, 5,6,7,8-tetrahydro-4
-furo[2',3':4,5]pyrrolo[3,2-c]pyridinyl, 5,6,7,8-
tetrahydro-4 -furo[3',2':4,5]pyrrolo[3,2-c]pyridinyl ,
5,6,7,8-tetrahydro-4 -
[l,3]oxazolo[4',5':4,5]pyrrolo[3,2-c]pyridinyl,
5,6,7,8-tetrahydro-4 -
[l,3]oxazolo[5',4':4,5]pyrrolo[3,2-c]pyridinyl,
1,4,5,6,7,8-
hexahydroimidazo[4',5':4,5]pyrrolo[3,2-c]pyridinyl,
3,4,5,6,7,8-
hexahydroimidazo[4',5':4,5]pyrrolo[3,2-c]pyridinyl,
2,3,4,5-tetrahydro-l -pyrido[4,3- ]- 7-azaindolyl,
2,3-dihydro-l -spiro[isoquinoline-4,4'-piperidinyl],
benzofuro[3,2-c]- 1,2,3,4-tetrahydropyridyl.
Particular examples of a tricyclic ring system
optionally containing one or more O, S or N atoms
include l,3,4,5-tetrahydro-2H-pyrido[4,3- b]indolyl,
5,7,8,9-tetrahydro-6 -pyrrolo[2,3- :4,5-c]dipyridinyl,
2,3,4,5-tetrahydro-l - pyrido[4,3- ]-7azaindolyl,
2,3-dihydro-l -spiro[isoquinoline-4,4'-piperidinyl],
benzofuro[3,2-c]-l,2,3,4-tetrahydropyridyl and
especially l,3,4,5-tetrahydro-2Hpyrido[
4,3-b]indol-2-yl and 5,7,8,9-tetrahydro-6
-pyrrolo[2,3- :4,5-c dipyridin-6-yl,
2,3,4,5-tetrahydro-l -pyrido[4,3- ]-7azaindol-2-yl,
2,3-dihydro-l -spiro[isoquinoline-
4,4'-piperidin-2-yl],
benzofuro[3,2-c]-l,2,3,4-tetrahydropyrid-2-yl. The
term "halo" refers to fluoro, chloro, bromo and iodo.
Where optional substituents are chosen from "up to
three" groups it is to be understood that this
definition includes all substituents being chosen from
one of the specified groups or the substituents being
chosen from two or more of the specified groups. An
analogous convention applies to substituents chosen
from " 1 or 2" groups. Certain compounds of formula
(I) are capable of existing in stereoisomeric forms.
It will be understood that the invention encompasses
all geometric and optical isomers of the compounds of
formula (I) and mixtures thereof including racemates.
It is to be understood that certain compounds of
Formula I defined above may exhibit the phenomenon of
tautomerism. In particular, tautomerism may affect any
heterocyclic groups that bear 1 or 2 oxo substituents.
It is to be understood that the present invention
includes in its definition any such tautomeric form,
or a mixture thereof, which possesses the
above-mentioned activity and is not to be limited
merely to any one tautomeric form utilised within the
formulae drawings or named in the Examples.It is also
to be understood that certain compounds of formula (1)
and salts thereof can exist in solvated as well as
unsolvated forms such as, for example, hydrated forms.
It is to be understood that the invention encompasses
all such solvated forms. A suitable
pharmaceutically-acceptable salt of a compound of the
Formula (I) is, for example, an acid-addition salt of
a compound of the Formula (I), for example an
acidaddition salt with an inorganic or organic acid
such as hydrochloric, hydrobromic, sulphuric,
trifluoroacetic, citric, para-toluenesulphonic,
methanesulphonic, tartaric or maleic acid; or, for
example, a salt of a compound of the Formula (I) which
is sufficiently acidic, for example an alkali or
alkaline earth metal salt such as a calcium or
magnesium salt, or an ammonium salt. A further
suitable pharmaceutically acceptable salt of a
compound of the Formula (I) is, for example, a salt
formed within the human or animal body after
administration of a compound of the Formula (I). The
compounds of the invention may be administered in the
form of a pro-drug that is a compound that is broken
down in the human or animal body to release a compound
of the invention. A pro-drug may be used to alter the
physical properties and/or the pharmacokinetic
properties of a compound of the invention. A pro-drug
can be formed when the compound of the invention
contains a suitable group or substituent to which a
property-modifying group can be attached. Examples of
pro-drugs include in vivo cleavable ester derivatives
that may be formed at a carboxy group or a hydroxy
group in a compound of the Formula (I) and in vivo
cleavable amide derivatives that may be formed at a
carboxy group or an amino group in a compound of the
Formula (I). Accordingly, the present invention
includes those compounds of the Formula (I) as defined
hereinbefore when made available by organic synthesis
and when made available within the human or animal
body by way of cleavage of a pro-drug thereof.
Accordingly, the present invention includes those
compounds of the Formula (I) that are produced by
organic synthetic means and also such compounds that
are produced in the human or animal body by way of
metabolism of a precursor compound, that is a compound
of the Formula (I) may be a synthetically-produced
compound or a metabolically-produced compound. A
suitable pharmaceutically-acceptable pro-drug of a
compound of the Formula (I) is one that is based on
reasonable medical judgement as being suitable for
administration tothe human or animal body without
undesirable pharmacological activities and without
undue toxicity. Various forms of pro-drug have been
described, for example in the following documents :-
a) Methods in Enzvmology , Vol. 42, p. 309-396, edited
by K. Widder, et al. (Academic Press, 1985); b) Design
of Pro-drugs, edited by H. Bundgaard, (Elsevier,
1985); c) A Textbook of Drug Design and Development,
edited by Krogsgaard-Larsen and H. Bundgaard, Chapter
5 "Design and Application of Pro-drugs", by H.
Bundgaard p. 113- 191 (1991); d) H. Bundgaard,
Advanced Drug Delivery Reviews , 8, 1-38 (1992); e) H.
Bundgaard, et al., Journal of Pharmaceutical Sciences
, 77, 285 (1988); f) N. Kakeya, et al, Chem. Pharm.
Bull . 32, 692 (1984); g) T. Higuchi and V. Stella,
"Pro-Drugs as Novel Delivery Systems", A.C.S.
Symposium Series, Volume 14; and h) E. Roche (editor),
"Bioreversible Carriers in Drug Design", Pergamon
Press, 1987. A suitable pharmaceutically-acceptable
pro-drug of a compound of the Formula (I) that
possesses a carboxy group is, for example, an in vivo
cleavable ester thereof. An in vivo cleavable ester of
a compound of the Formula (I) containing a carboxy
group is, for example, a pharmaceutically-acceptable
ester, which is cleaved in the human or animal body to
produce the parent acid. Suitable
pharmaceutically-acceptable esters for carboxy include
(l-6C)alkyl esters such as methyl, ethyl and
tert-bvXy\, (l-6C)alkoxymethyl esters such as
methoxymethyl esters, (l-6C)alkanoyloxymethyl esters
such as pivaloyloxymethyl esters, 3-phthalidyl esters,
(3-8C)cycloalkylcarbonyloxy-(l-6C)alkyl esters such as
cyclopentylcarbonyloxymethyl and
1-cyclohexylcarbonyloxyethyl esters, 2-oxo-l,3-
dioxolenylmethyl esters such as
5-methyl-2-oxo-l,3-dioxolen-4-ylmethyl esters and (1-
6C)alkoxycarbonyloxy-(l-6C)alkyl esters such as
methoxycarbonyloxymethyl and 1-
methoxycarbonyloxyethyl esters. A suitable
pharmaceutically-acceptable pro-drug of a compound of
the Formula (I) that possesses a hydroxy group is, for
example, an in vivo cleavable ester or ether thereof.
An in vivo cleavable ester or ether of a compound of
the Formula (I) containing a hydroxy group is, for
example, a pharmaceutically-acceptable ester or ether,
which is cleaved in thehuman or animal body to produce
the parent hydroxy compound. Suitable
pharmaceutically-acceptable ester forming groups for a
hydroxy group include inorganic esters such as
phosphate esters (including phosphoramidic cyclic
esters). Further suitable pharmaceutically-acceptable
ester forming groups for a hydroxy group include (1-
lOQalkanoyl groups such as acetyl, benzoyl,
phenylacetyl and substituted benzoyl and phenylacetyl
groups, (l-lOC)alkoxycarbonyl groups such as
ethoxycarbonyl, NJV-[di-(\- 4C)alkyl] carbamoyl,
2-dialkylaminoacetyl and 2-carboxyacetyl groups.
Examples of ring substituents on the phenylacetyl and
benzoyl groups include aminomethyl, -alkylaminomethyl,
7V,7V-dialkylaminomethyl, morpholinomethyl,
piperazin-1-ylmethyl and
4-(l-4C)alkylpiperazin-l-ylmethyl. Suitable
pharmaceutically-acceptable ether forming groups for a
hydroxy group include a- acyloxyalkyl groups such as
acetoxymethyl and pivaloyloxymethyl groups. A suitable
pharmaceutically-acceptable pro-drug of a compound of
the Formula (I) that possesses an amino group is, for
example, an in vivo cleavable amide derivative
thereof. Suitable pharmaceutically-acceptable amides
from an amino group include, for example an amide
formed with ( 1-lOQalkanoyl groups such as an acetyl,
benzoyl, phenylacetyl and substituted benzoyl and
phenylacetyl groups. Examples of ring substituents on
the phenylacetyl and benzoyl groups include
aminomethyl, Nalkylaminomethyl,
7V,7V-dialkylaminomethyl,morpholinomethyl,
piperazin-1-ylmethyl and
4-(l-4C)alkylpiperazin-l-ylmethyl. The in vivo effects
of a compound of the Formula (I) may be exerted in
part by one or more metabolites that are formed within
the human or animal body after administration of a
compound of the Formula (I). As stated hereinbefore,
the in vivo effects of a compound of the Formula (I)
may also be exerted by way of metabolism of a
precursor compound (a pro-drug). Particular novel
compounds of the invention include, for example,
compounds of the Formula (I), or
pharmaceutically-acceptable salts thereof, wherein,
unless otherwise stated, each of A, R, R1 and R2 has
any of the meanings defined hereinbefore or
hereinafter:- Conveniently A is a 5-7-membered
aliphatic ring optionally containing a double bond and
optionally comprising an oxygen atom as a ring member
and optionally being substituted by 1, 2 or 3
substituents independently selected from halogen and C
-4carbocyclyl. A double bond can be present in any
suitable position of the ring A. An oxygen atom can be
present in any suitable position of the ring A, in
addition to a double bond if desired. Conveniently, A
is a 5-7-membered aliphatic ring optionally being
substituted by 1, 2 or 3 substituents independently
selected from halogen and C3-4carbocyclyl. More
conveniently, A is selected from any one of
cyclopentane, norpinane, cycloheptane and cyclohexane.
More conveniently, A is cyclohexane. Conveniently, R
is hydrogen or C1-4alkyl. More conveniently, R is
hydrogen, methyl, ethyl or propyl. More conveniently,
R is hydrogen. Conveniently, R1and R2 together with
the nitrogen atom to which they are attached form a 5-
to 6-membered monocyclic saturated or partially
saturated heterocyclic ring, which ring shares two
atoms with a second saturated or unsaturated ring so
as to form a bicyclic ring system, which bicyclic ring
system shares one or two atoms with a third saturated
or unsaturated ring so as to form a tricyclic ring
system containing a total of up to 18 atoms, which
tricyclic ring system can optionally contain up to
three heteroatoms each independently selected from O,
S or N atoms and can optionally be substituted by up
to three substituents as defined hereinbefore or
hereinafter. Conveniently, the tricyclic ring system
formed by R1and R2 together with the nitrogen atom to
which they are attached contains up to 15 atoms.
Conveniently the tricyclic ring system formed by R1and
R2 together with the nitrogen atom to which they are
attached can optionally contain up to three
heteroatoms each independently selected from O or N
atoms and can optionally be substituted by up to three
substituents as defined hereinbefore or hereinafter.
More conveniently, the tricyclic ring system can
optionally be substituted by 1 or 2 substituents as
defined hereinbefore or hereinafter. Conveniently the
tricyclic ring system formed by R1and R2 together with
the nitrogen atom to which they are attached can
optionally contain up to three heteroatoms each
independently selected from O, S or N atoms and can
optionally be substituted by up to three substituents
independently selected from C1-6 alkyl, C2-6alkenyl,
C2-6alkynyl, cyano, halogen, COOR3, COR3,NO2, OR3,
SO2R3, SR3, CONR4R5,NR4R5, wherein the Ci-6 alkyl,
C2-6alkenyl and C2-6alkynyl groups can be optionally
substituted further by 1 or2 substituents
independently selected from halogen, NR4R5, SO R3,
CONR4R5, cyano, OR3, SO2NR4R5, NSO2R3, NR8COR9 or
C3-4carbocyclyl. Conveniently, R1and R2 together with
the nitrogen atom to which they are attached form any
one of a l,3,4,5-tetrahydro-2H-pyrido[4,3-b]indolyl,
5,7,8,9-tetrahydro-6 - pyrrolo[2,3- :4,5-c]dipyridinyl
ring, 2,3,4,5-tetrahydro-l -pyrido[4,3- ]-7azaindolyl,
2,3- dihydro-l -spiro[isoquinoline-4,4'-piperidinyl],
benzofuro[3,2-c]-l, 2,3,4- tetrahydropyridyl,
5,6,7,8-tetrahydrofuro[2,3- :4,5-c]dipyridine, wherein
any of the rings can optionally be substituted by 1, 2
or 3 substituent groups as defined hereinbefore or
hereinafter. Conveniently, R3 is hydrogen,
C3_7carbocyclyl or Ci- alkyl optionally substituted
with NR6R7. Conveniently, R4 is hydrogen or Ci- alkyl
optionally substituted with halogen, cyano, CONR5R6,
NR6R7, SO2NR6R7, NSO2R3 or SO2R3. More conveniently,
R4 is hydrogen or Ci- alkyl optionally substituted
with halogen. Conveniently, R5 is hydrogen or Ci-
alkyl. Conveniently, R6 and R7 are independently
hydrogen or Ci- alkyl. It is to be understood that
convenient compounds of the invention include each
exemplified compound, each selected independently and
pharmaceutically acceptable salts, in vivo
hydrolysable esters thereof. Each of the following
groups of compounds, and any combination of compounds
within each group, and pharmaceutically acceptable
salts, in vivo hydrolysable esters thereof, represents
an independent aspect of the invention: (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(8-fluoro-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-2-[(8-chloro-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-yl)carbonyl]-
-(lcyanocyclopropyl) cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(6-fiuoro-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-(l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-
ylcarbonyl)cyclohexanecarboxamide(li?,2i?)-2-[(8-bromo
-l,3,4,5-tetrahydro-2 -pyrido[4,3-
]indol-2-yl)carbonyl]- -(lcyanocyclopropyl)
cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(6-methyl-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-{[8-(trifluoromethyl)-l,3,4,5-
tetrahydro-2 - pyrido[4,3-
]indol-2-yl]carbonyl}cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(8-methoxy-l,3,4,5-tetrahydro
-2 -pyrido[4,3- ]indol-
2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(8-isopropyl-l,3,
4,5-tetrahydro-2 -pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(9-fluoro-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(7-fluoro-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(8-fluoro-5-methyl-l,3,4,5-te
trahydro-2 -pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-2-[(6-bromo-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-yl)carbonyl]-
-(lcyanocyclopropyl) cyclohexanecarboxamide (li?,2i?)-
-(l-Cyanocyclopropyl)-2-[l,3,4,5-tetrahydro-lH-pyrido[
4,3- b]-7-azaindol-2-
yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-({8-[(dimethylamino)methyl]-l,
3,4,5-tetrahydro-2 - pyrido[4,3-
]indol-2-yl}carbonyl)cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-{[8-(methylsulfonyl)-l,3,4,5-t
etrahydro-2 -pyrido[4,3-
]indol-2-yl]carbonyl}cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(6-methoxy-l,3,4,
5-tetrahydro-2 -pyrido[4,3- ]indol-
2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-(l
-spiro[isoquinoline-4,4'-piperidin]-2(3 )-
ylcarbonyl)cyclohexanecarboxamide
(li?,2i?)-2-[(6-chloro-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-yl)carbonyl]-
-(lcyanocyclopropyl) cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(6-cyano-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide(li?,2i?)-
-(l-cyanocyclopropyl)-2-[(9-methyl-5,7,8,9-tetrahydro-
6 -pyrrolo[2,3- :4,5- c
dipyridin-6-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-
-(l-cyanocyclopropyl)-2-{[6-(methylthio)-l,3,4,5-tetra
hydro-2 -pyrido[4,3- ]indol-2-yl]carbonyl}
cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[( benzofuro[3,2-c]-l,2,3,4-
tetrahydropyridyl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-
-(l-cyanocyclopropyl)-2-{[6-(trifluoromethoxy)-l,3,4,5
-tetrahydro-2 - pyrido[4,3- ]indol-2-yl]carbonyl}
cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(6-ethoxy-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(5-methoxycarbony
lmethyl-l,3,4,5-tetrahydro-2 - pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(5-hydroxycarbony
lmethyl-l,3,4,5-tetrahydro-2 - pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(5-cyclopropylmet
hyl-l,3,4,5-tetrahydro-2 - pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(5-methoxyethyl-l,3,4,5-tetra
hydro-2 -pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-{[6-(trifluoromethyl)-l,3,4,5-
tetrahydro-2 - pyrido[4,3- ]indol-2- yljcarbonyl}
cyclohexanecarboxamide. (li?,2i?)-
-(l-cyanocyclopropyl)-2-{[6-(methylsulfonyl)-l,3,4,5-t
etrahydro-2 -pyrido[4,3- ]indol-2-yl]carbonyl}
cyclohexanecarboxamide
(li?,2i?)-2-{[6-(benzyloxy)-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-yl]carbonyl}-
-(lcyanocyclopropyl) cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(6-hydroxy-l,3,4,
5-tetrahydro-2 -pyrido[4,3- ]indol-
2-yl)carbonyl]cyclohexanecarboxamide. (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(6-propoxy-l,3,4,5-tetrahydro
-2 -pyrido[4,3- ]indol-
2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-{[6-(cyanomethoxy)
-l,3,4,5-tetrahydro-2H-pyrido[4,3-
]indol-2-yl]carbonyl} cyclohexanecarboxamide
(li?,2i?)-
-(l-cyanocyclopropyl)-2-(6-(2-(dimethylamino)ethoxy)-2
,3,4,5-tetrahydro-l - pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide(li?,2i?)-L/-
(l-cyanocyclopropyl)-2-(6-(2-morpholinoethoxy)-2,3,4,5
-tetrahydro-l - pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-(6-(2-(pyrrolidin-l-yl)ethoxy)
-2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-(6-(2-(piperidin-l-yl)ethoxy)-
2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(5-methanesulphon
yl-l,3,4,5-tetrahydro-2 - pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-2-(7,8-Dihydro-5 -furo[2,3-
:4,5-c']dipyridine-6-carbonyl)- cyclohexanecarboxylic
acid (l-cyano-cyclopropyFj-amide (li ,2i
)-2-(7-Methanesulfonyl-l ,3,4,5-tetrahydro-pyrido[4,3-
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropy^-amide (li ,2i
)-2-(9-Methanesulfonyl-l ,3,4,5-tetrahydro-pyrido[4,3-
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropy^-amide (li?,2i?)-
-(l-cyanocyclopropyl)-2-(2,2-difluoro-7,8,9,10-tetrahy
dro-6 -[l,3]dioxolo[4,5- g]pyrido[4,3-
]indole-7-carbonyl)cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-(8-fluoro-6-methoxy-2,3,4,5-te
trahydro-l -pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide Compounds of
formula (I) can be prepared by any of the following
routes: Route A (H) (IH) (I) Route B(IV) (V) (I) These
routes are further illustrated by the following
schemes: Scheme 1 (V) (VI) (III) (I) Compounds of the
type (I) can be synthesised by combining three
building blocks as outlined above. A secondary amine
of the type represented by generic structure (V)
coupled with a single enantiomer of cyclic 1,2- diacid
of the type (VI), then an appropriately substituted
1-aminocyclopropylcarbonitrile (III) is coupled to the
remaining acid.Scheme 2 Dehydrating agent
R,R-enantiomer (Vl) (VII) (I) (III) (H) In more detail
the chiral cyclic 1,2-diacid (VI) can be dehydrated
with a suitable reagent such as acetic anhydride,
acetyl chloride, dicyclohexylcarbodiimide (DCC),
thionylchloride and the such like, preferably acetic
anhydride at a temperature between room temperature
and 100 0C, then removal of excess dehydrating agent
yields a bi-cyclicanhydride of the type (VII). The
anhydride (VII) is reactive towards secondary amines
of the type (V) in the presence or absence of a
suitable base such as triethylamine,
diethylisopropylamine,
l,8-diazabicyclo[5.4.0]undec-7-ene (DBU), and the such
like or ionic bases such as potassium carbonate, in a
suitable aprotic solvent such as dichloromethane
(DCM), tetrahydrofuran (THF), diethylether,
dimethylformamide (DMF), dimethylacetamide (DMA),
tert-butylmethylether (TBME), toluene. The subsequent
acid is combined with an appropriately substituted
1-aminocyclopropylcarbonitrile by the use of a
coupling agent such as O-(7-azabenzotriazol-l-yl)-
L,L, ' '-tetramethyluronium hexafluorophosphate
(HATU), dicyclohexylcarbodiimide (DCC) /
hydroxylbenzotriazole (HOBt),
1-benzotriazolyoxy-tris-dimethylamino-phosphonium
hexafluorophosphate (BOP),
benzotriazolyoxy-tris-pyrrolidino-phosphonium
hexafluorophosphate (PyBOP),
L,L/-dimethylaminoethylcyclohexylcarbodiimide (EDC),
4-(4,6-dimethoxy-l,3,5-triazin-2-
yl)-4-methylmorpholinium chloride (DMTMM),
trichloroacetyl chloride, by the formation of an
active ester in the presence of a suitable bases
triethylamine, diethylisopropylamine,DBU, and the such
like or ionic bases such as potassium carbonate, in
the presence or absence of an activating base such as
L,L/-dimethyl-4-amino-pyridine (DMAP) in a suitable
solvent dichloromethane (DCM), tetrahydrofuran (THF),
diethylether, dimethylformamide (DMF),
dimethylacetamide (DMA), tert-butylmethylether (TBME),
toluene at a temperature between 0 0C and 60 0C to
yield compounds of type (I). A combination of HATU or
PyBOP in either DMF or DCM at a temperature between
room temperature and 35 0C is preferred. The chiral
cyclic 1,2-diacid of the type (VI) can be produced by
methods as shown in the literature - WO2004000825,
Eur. J. Org. Chem. 2002, 2948-2952, which include
chiral resolution, chiral separation by
chromatographic methods, de-symmetrisation using
esterase enzymes, such as pig liver esterase as
generalised below. resolving enzyme (+/-) racemic
R,R-enantiomer n tion (+/-) racemic Chiral amine
R,R-enantiomer The preferred
i?,i?-cyclohexyl-l,2-dicarboxylic acid can be produced
by a resolution of commercially available racemic
diacid by a resolution process using chiral amines
bases to form diastereomeric salts and
recystallisation of the single enantiomers, as
outlined by Eur. J. Org. Chem. 2002, 2948-2952.Scheme
3 (VIl) (VIII) (III) (I) An alternative synthesis of
compounds of the type (I) can be made by the route
outlined in scheme 3 above. The previously described
chiral 1,2-diacid can be reacted with a suitable
alcohol such as benzyl alcohol, substituted benzyl
alcohol (for example 4- methoxybenzyl alcohol),
ethanol, methanol, propan-1-ol, isopropanol,
butan-1-ol, at room temperature to 50 0C in a suitable
unreactive solvent such as THF, DCM, DMF and the such
like to yield an ester-acid of the type (VIII). The
reaction with benzyl and substituted benzyl alcohols
is preferred. The ester group is now represented by
the group PG, as this is formally a protecting group
masking the acid. Descriptions of suitable protecting
groups in organic synthesis can be found in Green and
Wuts Protective groups in Organic synthesis, 1991,
John Wiley. In a similar manner to that described
above a free acid of the type (VIII) can be coupled
with an appropriately substituted
1-aminocyclopropylcarbonitrile (III) by the use of a
coupling agent such as HATU, PyBOP, EDC, DCC /HOBt,
BOP, PyBOP, EDC, DMTMM, trichloroacetyl chloride, by
the formation of an active ester in thepresence of a
suitable bases triethylamine, diethylisopropylamine,
DBU and the such like, or suitable ionic bases such as
potassium carbonate, in an appropriate solvent
dichloromethane (DCM), tetrahydrofuran (THF),
diethylether, dimethylformaide (DMF),
dimethylacetamide (DMA), tert-butylmethylether (TBME),
toluene at a temperature between 0 0C and 100 0C to
yield compounds of the type (IX) alternative method
would be 



by conversion to an acid chloride with a suitable
reagent such as oxalylchloride, thionyl chloride, and
the such like, then addition of the secondary amine
(V) in the presence of a bases as list above. A
combination of HATU or PyBOP in either DMF or DCM
between room temperature and 50 0C is preferred. The
protecting group can be removed from compounds of the
type (IX) to reveal an acid of the type (IV) by the
methods described in Green and Wuts, Protective groups
in Organic synthesis, 1991, John Wiley. In the
preferred case of benzyl group group (PG = CH2-phenyl)
this can be removed by treatment with hydrogen gas and
a suitable catalyst such as palladium on carbon (5 to
10% loading), palladium hydroxide, and the such like
or by transferred hydrogenation using such systems as
palladium (II) acetate and ammonium formate in a
suitable solvent such as methanol, ethanol,
ethylacetate and the such like, and heating between 0
0C and 100 0C. The appropriate secondary amine (V)
(HNRl R2) can then be coupled with with acids of type
(IV) by the use of a coupling agent such as HATU,
PyBOP, EDC, DCC /HOBt, BOP, PyBOP, EDC, DMTMM, by the
formation of an active ester in the presence of a
suitable bases triethylamine, diethylisopropylamine,
DBU and the such like, or suitable ionic bases such as
potassium carbonate, in an appropriate solvent
dichloromethane (DCM), tetrahydrofuran (THF),
diethylether, dimethylformaide (DMF),
dimethylacetamide (DMA), tert-butylmethylether (TBME),
toluene at a temperature between 0 0C and 100 0C to
yield compounds of the type (I). A combination of HATU
or PyBOP in either DMF or DCM between room temperature
and 50 0C is preferred. Many of the secondary amines
(HNR1R2) used in the synthesis of examples below are
from commercially available sources or from routes
described previously in the literature. In general
terms the compounds can be made by the routes
described below.Scheme 4 (X) (Xl) (XII) In general
tricyclic compounds of the type (XII) can be
synthesised by a Fischer indole or equivalent [3,3]
sigmatropic rearrangement reaction with piperidone
(XI) (scheme 4). A suitably substituted aromatic
compound (X) is condensed with piperidone to form and
intermediate hydrozone by mixing in a suitable inert
solvent such as dichloromethane, methanol, ethanol and
the such like, in the presence or absence of an acid,
such as hydrochloric acid, sulphuric or TFA. The
intermediate hydrozone can be isolated and
characterised or taken directly on to the cyclisation
step, by either heating in an appropriate high boiling
point solvent such as toluene, nBuOH, or xylene,
acetic acid, and possibly with microwave technology.
The reaction can also be driven by the presence of a
strong acid such as poly phosphoric acid, hydrochloric
acid, sulphuric acid, or by a Lewis acid such as zinc
chloride, boron trifluoride etherate and the such
like, usually in combination with heating between 50
0C and 200 0C depending on the solvent. In this manner
tricyclic compounds can be isolated directly.Scheme 5
In certain cases the piperidone nitrogen atom requires
protection for the cyclisation reaction to occur.
Appropriate protecting groups, methods of attachment,
and removal can be found in Greene and Wut Green and
Wuts Protective groups in Organic synthesis, 1991,
John Wiley. For example benzyl carbamate, tert-butyl
carbamate, trifluoroacetyl and benzyl, which are
represented above in scheme 5 as the group PG. The
synthesis would use the conditions described above for
the cyclisation to give compounds of the type (XIV)
and then subsequently removal of the protecting group
to give the require secondary amine (XII). According
to a further feature of the invention there is
provided a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, for use as a
therapeutic agent. According to a further feature of
the invention there is provided a compound of the
formula (I), or a pharmaceutically acceptable salt
thereof, for use as a therapeutic agent, where it is
desirable to have inhibition of Cathepsin K. According
to a further feature of the present invention there is
provided a method for producing inhibition of a
cysteine protease in a warm blooded animal, such as
man, inneed of such treatment, which comprises
administering to said animal an effective amount of a
compound of the present invention, or a
pharmaceutically acceptable salt thereof. The
invention also provides a compound of the formula (I),
or a pharmaceutically acceptable salt thereof, for use
as a medicament; and the use of a compound of the
formula (I) of the present invention, or a
pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for use in the inhibition
of a cysteine protease in a warm blooded animal, such
as man. In particular the compounds of the invention
are useful in the treatment of inflammation and immune
disorders such as, but not limited to, osteoporosis,
rheumatoid arthritis, osteoarthritis, metastatic bone
disease, osteolytic bone disease and bone related
neuropathic pain. In particular the invention provides
the use of a compound of the formula (I) of the
present invention, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for
use in the inhibition of Cathepsin K in a warm blooded
animal, such as man. In order to use a compound of the
formula (I) or a pharmaceutically acceptable salt
thereof for the therapeutic treatment of mammals
including humans, in particular in the inhibition of a
cysteine protease, it is normally formulated in
accordance with standard pharmaceutical practice as a
pharmaceutical composition. Therefore in another
aspect the present invention provides a pharmaceutical
composition, which comprises a compound of the formula
(I) or a pharmaceutically acceptable salt thereof and
a pharmaceutically acceptable diluent or carrier. The
pharmaceutical compositions of this invention may be
administered in standard manner for the disease
condition that it is desired to treat, for example by
oral, rectal or parenteral administration. For these
purposes the compounds of this invention may be
formulated by means known in the art into the form of,
for example, tablets, capsules, aqueous or oily
solutions or suspensions, (lipid) emulsions,
dispersible powders, suppositories, ointments, creams,
drops and sterile injectable aqueous or oily solutions
or suspensions. A suitable pharmaceutical composition
of this invention is one suitable for oral
administration in unit dosage form, for example a
tablet or capsule which contains between 1mg and 1 g
of the compound of this invention. In another aspect a
pharmaceutical composition of the invention is one
suitable for intravenous, subcutaneous, intramuscular
or intra-articular injection.Each patient may receive,
for example, an intravenous, subcutaneous or
intramuscular dose of 0.01 mgkg 1 to 100 mgkg 1 of the
compound, preferably in the range of 0.1 mgkg 1 to 20
mgkg 1 of this invention, the composition being
administered 1 to 4 times per day. The intravenous,
subcutaneous and intramuscular dose may be given by
means of a bolus injection. Alternatively the
intravenous dose may be given by continuous infusion
over a period of time. Alternatively each patient will
receive a daily oral dose which is approximately
equivalent to the daily parenteral dose, the
composition being administered 1 to 4 times per day.
The invention further relates to combination therapies
wherein a compound of the invention, or a
pharmaceutically acceptable salt thereof, or a
pharmaceutical composition or formulation comprising a
compound of the invention, is administered
concurrently or sequentially or as a combined
preparation with another therapeutic agent or agents,
for the treatment of one or more of the conditions
listed. In particular, for the treatment of (but not
restricted to) osteoporosis, rheumatoid arthritis,
osteoarthritis, metastatic bone disease, osteolytic
bone disease and bone related neuropathic pain, the
compounds of the invention may be combined with agents
listed below. Non-steroidal anti-inflammatory agents
(hereinafter NSAIDs) including non selective
cyclo-oxygenase COX-I / COX-2 inhibitors whether
applied topically or systemically (such as piroxicam,
diclofenac, propionic acids such as naproxen,
flurbiprofen, fenoprofen, ketoprofen and ibuprofen,
fenamates such as mefenamic acid, indomethacin,
sulindac, azapropazone, pyrazolones such as
phenylbutazone, salicylates such as aspirin);
selective COX-2 inhibitors (such as meloxicam,
celecoxib, rofecoxib, valdecoxib, lumarocoxib,
parecoxib and etoricoxib); cyclo-oxygenase inhibiting
nitric oxide donors (CINODs); glucocorticosteroids
(whether administered by topical, oral, intramuscular,
intravenous, or intra-articular routes); methotrexate;
leflunomide; hydroxychloroquine; d-penicillamine;
auranofin or other parenteral or oral gold
preparations; analgesics; diacerein; intra-articular
therapies such as hyaluronic acid derivatives; and
nutritional supplements such as glucosamine. The
present invention still further relates to the
combination of a compound of the invention, or a
pharmaceutically acceptable salt thereof, together
with a cytokine or agonist or antagonist of cytokine
function, (including agents which act on cytokine
signallingpathways such as modulators of the SOCS
system) including alpha-, beta-, and gammainterferons;
insulin-like growth factor type I (IGF-I);
interleukins (IL) including ILl to 17, and interleukin
antagonists or inhibitors such as anakinra; tumour
necrosis factor alpha (TNF-a) inhibitors such as
anti-TNF monoclonal antibodies (for example
infliximab; adalimumab, and CDP-870) and TNF receptor
antagonists including immunoglobulin molecules (such
as etanercept) and low-molecular-weight agents such as
pentoxyfylline. In addition the invention relates to a
combination of a compound of the invention, or a
pharmaceutically acceptable salt thereof, with a
monoclonal antibody targeting BLymphocytes (such as
CD20 (rituximab), MRA-aIL16R and T-Lymphocytes,
CTLA4-Ig, HuMax 11-15). The present invention still
further relates to the combination of a compound of
the invention, or a pharmaceutically acceptable salt
thereof, with a modulator of chemokine receptor
function such as an antagonist of CCRl, CCR2, CCR2A,
CCR2B, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCRlO
and CCRl 1 (for the C-C family); CXCRl, CXCR2, CXCR3,
CXCR4 and CXCR5 (for the C-X-C family) and CX3CRl for
the C-X3 - C family. The present invention further
relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt
thereof, with an inhibitor of matrix metalloprotease
(MMPs), i.e., the stromelysins, the collagenases, and
the gelatinases, as well as aggrecanase; especially
collagenase-1 (MMP-I), collagenase-2 (MMP-8),
collagenase-3 (MMP- 13), stromelysin-1 (MMP-3),
stromelysin-2 (MMP-IO), and stromelysin-3 (MMP-1 1)
and MMP-9 and MMP-12, including agents such as
doxycycline. The present invention still further
relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt
thereof, and a leukotriene biosynthesis inhibitor,
5-lipoxygenase (5-LO) inhibitor or 5-lipoxygenase
activating protein (FLAP) antagonist such as;
zileuton; ABT-761; fenleuton; tepoxalin; Abbott-79175;
Abbott-85761; a
N-(5-substituted)-thiophene-2-alkylsulfonamide;
2,6-di-tert-butylphenolhydrazones; a
methoxytetrahydropyrans such as Zeneca ZD-2138; the
compound SB-2 10661; a pyridinyl-substituted
2-cyanonaphthalene compound such as L-739,010; a 2-
cyanoquinoline compound such as L-746,530; or an
indole or quinoline compound such as MK-591, MK-886,
and BAY x 1005.The present invention further relates
to the combination of a compound of the invention, or
a pharmaceutically acceptable salt thereof, and a
receptor antagonist for leukotrienes (LT) B4, LTC4,
LTD4, and LTE4. selected from the group consisting of
the phenothiazin-3-ls such as L-65 1,392; amidino
compounds such as CGS-25019c; benzoxalamines such as
ontazolast; benzenecarboximidamides such as BIIL
284/260; and compounds such as zafirlukast, ablukast,
montelukast, pranlukast, verlukast (MK-679), RG-12525,
Ro-245913, iralukast (CGP 45715A), and BAY x 7195. The
present invention still further relates to the
combination of a compound of the invention, or a
pharmaceutically acceptable salt thereof, and a
phosphodiesterase (PDE) inhibitor such as a
methylxanthanine including theophylline and
aminophylline; a selective PDE isoenzyme inhibitor
including a PDE4 inhibitor an inhibitor of the isoform
PDE4D, or an inhibitor of PDE5. The present invention
further relates to the combination of a compound of
the invention, or a pharmaceutically acceptable salt
thereof, and a histamine type 1 receptor antagonist
such as cetirizine, loratadine, desloratadine,
fexofenadine, acrivastine, terfenadine, astemizole,
azelastine, levocabastine, chlorpheniramine,
promethazine, cyclizine, or mizolastine; applied
orally, topically or parenterally. The present
invention still further relates to the combination of
a compound of the invention, or a pharmaceutically
acceptable salt thereof, and a proton pump inhibitor
(such as omeprazole) or a gastroprotective histamine
type 2 receptor antagonist. The present invention
further relates to the combination of a compound of
the invention, or a pharmaceutically acceptable salt
thereof, and an antagonist of the histamine type 4
receptor. The present invention still further relates
to the combination of a compound of the invention, or
a pharmaceutically acceptable salt thereof, and an
alpha- l/alpha-2 adrenoceptor agonist vasoconstrictor
sympathomimetic agent, such as propylhexedrine,
phenylephrine, phenylpropanolamine, ephedrine,
pseudoephedrine, naphazoline hydrochloride,
oxymetazoline hydrochloride, tetrahydrozoline
hydrochloride, xylometazoline hydrochloride,
tramazoline hydrochloride or ethylnorepinephrine
hydrochloride. The present invention further relates
to the combination of a compound of the invention, or
a pharmaceutically acceptable salt thereof, and an
anticholinergic agentsincluding muscarinic receptor
(Ml, M2, and M3) antagonist such as atropine,
hyoscine, glycopyrrrolate, ipratropium bromide,
tiotropium bromide, oxitropium bromide, pirenzepine or
telenzepine. The present invention still further
relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt
thereof, and a beta-adrenoceptor agonist (including
beta receptor subtypes 1-4) such as isoprenaline,
salbutamol, formoterol, salmeterol, terbutaline,
orciprenaline, bitolterol mesylate, or pirbuterol, or
a chiral enantiomer thereof. The present invention
further relates to the combination of a compound of
the invention, or a pharmaceutically acceptable salt
thereof, and a chromone, such as sodium cromoglycate
or nedocromil sodium. The present invention still
further relates to the combination of a compound of
the invention, or a pharmaceutically acceptable salt
thereof, with a glucocorticoid, such as flunisolide,
triamcinolone acetonide, beclomethasone dipropionate,
budesonide, fluticasone propionate, ciclesonide or
mometasone furoate. The present invention further
relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt
thereof, with an agent that modulates a nuclear
hormone receptor such as PPARs. The present invention
still further relates to the combination of a compound
of the invention, or a pharmaceutically acceptable
salt thereof, together with an immunoglobulin (Ig) or
Ig preparation or an antagonist or antibody modulating
Ig function such as anti-IgE (for example omalizumab).
The present invention further relates to the
combination of a compound of the invention, or a
pharmaceutically acceptable salt thereof, and another
systemic or topicallyapplied anti-inflammatory agent,
such as thalidomide or a derivative thereof, a
retinoid, dithranol or calcipotriol. The present
invention still further relates to the combination of
a compound of the invention, or a pharmaceutically
acceptable salt thereof, and combinations of
aminosalicylates and sulfapyridine such as
sulfasalazine, mesalazine, balsalazide, and
olsalazine; and immunomodulatory agents such as the
thiopurines, and corticosteroids such as
budesonide.The present invention further relates to
the combination of a compound of the invention, or a
pharmaceutically acceptable salt thereof, together
with an antibacterial agent such as a penicillin
derivative, a tetracycline, a macrolide, a
beta-lactam, a fluoroquinolone, metronidazole, an
inhaled aminoglycoside; an antiviral agent including
acyclovir, famciclovir, valaciclovir, ganciclovir,
cidofovir, amantadine, rimantadine, ribavirin,
zanamavir and oseltamavir; a protease inhibitor such
as indinavir, nelfinavir, ritonavir, and saquinavir; a
nucleoside reverse transcriptase inhibitor such as
didanosine, lamivudine, stavudine, zalcitabine or
zidovudine; or a non-nucleoside reverse transcriptase
inhibitor such as nevirapine or efavirenz. The present
invention still further relates to the combination of
a compound of the invention, or a pharmaceutically
acceptable salt thereof, and a cardiovascular agent
such as a calcium channel blocker, a beta-adrenoceptor
blocker, an angiotensin-converting enzyme (ACE)
inhibitor, an angiotensin-2 receptor antagonist; a
lipid lowering agent such as a statin or a fibrate; a
modulator of blood cell morphology such as
pentoxyfylline; thrombolytic, or an anticoagulant such
as a platelet aggregation inhibitor. The present
invention further relates to the combination of a
compound of the invention, or a pharmaceutically
acceptable salt thereof, and a CNS agent such as an
antidepressant (such as sertraline), an
anti-Parkinsonian drug (such as deprenyl, L-dopa,
ropinirole, pramipexole, a MAOB inhibitor such as
selegine and rasagiline, a comP inhibitor such as
tasmar, an A-2 inhibitor, a dopamine reuptake
inhibitor, an NMDA antagonist, a nicotine agonist, a
dopamine agonist or an inhibitor of neuronal nitric
oxide synthase), or an anti-Alzheimer's drug such as
donepezil, rivastigmine, tacrine, a COX-2 inhibitor,
propentofylline or metrifonate. The present invention
still further relates to the combination of a compound
of the invention, or a pharmaceutically acceptable
salt thereof, and an agent for the treatment of acute
or chronic pain, such as a centrally or
peripherally-acting analgesic (for example an opioid
or derivative thereof), carbamazepine, phenytoin,
sodium valproate, amitryptiline or other
anti-depressant agent-s, paracetamol, or a
non-steroidal anti-inflammatory agent. The present
invention further relates to the combination of a
compound of the invention, or a pharmaceutically
acceptable salt thereof, together with a parenterally
or topically-applied (including inhaled) local
anaesthetic agent such as lignocaine or a derivative
thereof.A compound of the present invention, or a
pharmaceutically acceptable salt thereof, can also be
used in combination with an anti-osteoporosis agent
including a hormonal agent such as raloxifene, or a
biphosphonate such as alendronate. The present
invention still further relates to the combination of
a compound of the invention, or a pharmaceutically
acceptable salt thereof, together with a : (i)
tryptase inhibitor; (ii) platelet activating factor
(PAF) antagonist; (iii) interleukin converting enzyme
(ICE) inhibitor; (iv) IMPDH inhibitor; (v) adhesion
molecule inhibitors including VLA-4 antagonist; (vi)
cathepsin; (vii) kinase inhibitor such as an inhibitor
of tyrosine kinase (such as Btk, Itk, Jak3 or MAP, for
example Gefitinib or Imatinib mesylate), a serine /
threonine kinase (such as an inhibitor of a MAP kinase
such as p38, JNK, protein kinase A, B or C, or IKK),
or a kinase involved in cell cycle regulation (such as
a cylin dependent kinase); (viii) glucose-6 phosphate
dehydrogenase inhibitor; (ix) kinin-B.subl. - or
B.sub2. -receptor antagonist; (x) anti-gout agent, for
example colchicine; (xi) xanthine oxidase inhibitor,
for example allopurinol; (xii) uricosuric agent, for
example probenecid, sulfinpyrazone or benzbromarone;
(xiii) growth hormone secretagogue; (xiv) transforming
growth factor (TGFb); (xv) platelet-derived growth
factor (PDGF); (xvi) fibroblast growth factor for
example basic fibroblast growth factor (bFGF); (xvii)
granulocyte macrophage colony stimulating factor
(GM-CSF); (xviii) capsaicin cream; (xix) tachykinin
NK.sub 1. or NK.sub3. receptor antagonist such as
NKP-608C, SB-233412 (talnetant) or D-4418; (xx)
elastase inhibitor such as UT-77 or ZD-0892; (xxi)
TNF-alpha converting enzyme inhibitor (TACE); (xxii)
induced nitric oxide synthase (iNOS) inhibitor;
(xxiii) chemoattractant receptor-homologous molecule
expressed on TH2 cells, (such as a CRTH2 antagonist);
(xxiv) inhibitor of P38; (xxv) agent modulating the
function of Toll-like receptors (TLR), (xxvi) agent
modulating the activity of purinergic receptors such
as P2X7; or (xxvii) inhibitor of transcription factor
activation such as NFkB, API, or STATS. A compound of
the invention, or a pharmaceutically acceptable salt
thereof, can also be used in combination with an
existing therapeutic agent for the treatment of
cancer, for example suitable agents include: (i) an
antiproliferative/antineoplastic drug or a combination
thereof, as used in medical oncology, such as an
alkylating agent (for example cis-platin, carboplatin,
cyclophosphamide, nitrogen mustard, melphalan,
chlorambucil, busulphan or a nitrosourea); an
antimetabolite (for example an antifolate such as a
fluoropyrimidine like5-fluorouracil or tegafur,
raltitrexed, methotrexate, cytosine arabinoside,
hydroxyurea, gemcitabine or paclitaxel); an antitumour
antibiotic (for example an anthracycline such as
adriamycin, bleomycin, doxorubicin, daunomycin,
epirubicin, idarubicin, mitomycin-C, dactinomycin or
mithramycin); an antimitotic agent (for example a
vinca alkaloid such as vincristine, vinblastine,
vindesine or vinorelbine, or a taxoid such as taxol or
taxotere); or a topoisomerase inhibitor (for example
an epipodophyllotoxin such as etoposide, teniposide,
amsacrine, topotecan or a camptothecin); (ii) a
cytostatic agent such as an antioestrogen (for example
tamoxifen, toremifene, raloxifene, droloxifene or
iodoxyfene), an oestrogen receptor down regulator (for
example fulvestrant), an antiandrogen (for example
bicalutamide, flutamide, nilutamide or cyproterone
acetate), a LHRH antagonist or LHRH agonist (for
example goserelin, leuprorelin or buserelin), a
progestogen (for example megestrol acetate), an
aromatase inhibitor (for example as anastrozole,
letrozole, vorazole or exemestane) or an inhibitor of
5a-reductase such as finasteride; (iii) an agent which
inhibits cancer cell invasion (for example a
metalloproteinase inhibitor like marimastat or an
inhibitor of urokinase plasminogen activator receptor
function); (iv) an inhibitor of growth factor
function, for example: a growth factor antibody (for
example the anti-erbb2 antibody trastuzumab, or the
anti-erbbl antibody cetuximab [C225]), a farnesyl
transferase inhibitor, a tyrosine kinase inhibitor or
a serine/threonine kinase inhibitor, an inhibitor of
the epidermal growth factor family (for example an
EGFR family tyrosine kinase inhibitor such as
N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-
morpholinopropoxy)quinazolin-4-amine (gefitinib, AZD
1839), N-(3-ethynylphenyl)-6,7-
bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib,
OSI-774) or 6-acrylamido-N-(3-
chloro-4-fluorophenyl)-7-(3-morpholinopropoxy)quinazol
in-4-amine (CI 1033)), an inhibitor of the
platelet-derived growth factor family, or an inhibitor
of the hepatocyte growth factor family; (v) an
antiangiogenic agent such as one which inhibits the
effects of vascular endothelial growth factor (for
example the anti-vascular endothelial cell growth
factor antibody bevacizumab, a compound disclosed in
WO 97/22596, WO 97/30035, WO 97/32856 or WO 98/13354),
or a compound that works by another mechanism (for
example linomide, an inhibitor of integrin av b3
function or an angiostatin);(vi) a vascular damaging
agent such as combretastatin A4, or a compound
disclosed in WO 99/02166, WO 00/40529, WO 00/41669, WO
01/92224, WO 02/04434 or WO 02/08213; (vii) an agent
used in antisense therapy, for example one directed to
one of the targets listed above, such as ISIS 2503, an
anti-ras antisense; (viii) an agent used in a gene
therapy approach, for example approaches to replace
aberrant genes such as aberrant p53 or aberrant BRCAl
or BRCA2, GDEPT (gene-directed enzyme pro-drug
therapy) approaches such as those using cytosine
deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase
patient tolerance to chemotherapy or radiotherapy such
as multi-drug resistance gene therapy; or (ix) an
agent used in an immunotherapeutic approach, for
example ex-vivo and in-vivo approaches to increase the
immunogenicity of patient tumour cells, such as
transfection with cytokines such as interleukin 2,
interleukin 4 or granulocyte-macrophage colony
stimulating factor, approaches to decrease T-cell
anergy, approaches using transfected immune cells such
as cytokine-transfected dendritic cells, approaches
using cytokine-transfected tumour cell lines and
approaches using anti-idiotypic antibodies. The
invention will now be illustrated by the following
Examples, in which standard techniques known to the
skilled chemist and techniques analogous to those
described by these Examples were used as appropriate:
1H NMR spectra were recorded using a Bruker DPX300 FT
spectrometer or via Flow NMR process using an AVANCE
500 FT spectrometer, and using d6- dimethylsulphoxide
(d6-DMSO) or deuterated chloroform (CDCl ) with the
data expressed as chemical shifts in ppm from internal
standard TMS on the d scale and with multiplicity
(b=broad, s=singlet, d=doublets, t=triplet, q=quartet,
qn=quintet, sx=sextet, h= heptet), and integration.
Low resolution mass spectra were obtained using a
Waters liquid chromatography mass spectrometry system,
where purity was determined by UV absorption at a
wavelength of 254 nm, and the mass ion was determined
by electrospray ionisation (Micromass instrument). The
reverse phase column used was a 4.6 mm x 50 mm
Phenomenex Synergi Max-RP 8OA and the solvent system
was water containing 0.1% formic acid and acetonitrile
unless otherwise stated. A typical run was 5.5 minutes
with a 4.0 minute gradient from 0 -95%
acetonitrile.Microwave reactions were performed in a
Smith Synthesiser (300 Kwatts) on either the normal or
high setting using appropriate tubes recommended by
the manufacturer. Purification by column
chromatography was typically performed using silica
gel (Merck 7734 grade) and solvent mixtures and
gradients are recorded herein. Purification by reverse
phase high performance chromatography was typically
performed using a Perkin Elmer instrument using UV
detection at 254 nm and a Cl 8 1500 x 21.2 mm
Phenomenex column 100 A. Acidic conditions (0.1 to
0.5% formic acid) or basic conditions (ammonia to
pHIO) were used with gradiant solvent mixtures of
acetonitrile and water. Sex columns were supplied from
International Sorbent Technology and used as directed
in this specification. High purity and dry solvents
were supplied from Aldrich and used as delivered. The
following abbreviations are used herein: BOP
1-benzotriazolyoxy-tris-dimethylamino-phosphonium
hexafluorophosphate PyBOP
benzotriazolyoxy-tris-pyrrolidino-phosphonium
hexafluorophosphate EDC
N^-dimethylaminoethylcyclohexylcarbodiimide] DMTMM
4-(4,6-dimethoxy-l,3,5-t5riazin-2-yl)-4-methylmorpholi
nium chloride HATU O-(7-azabenzotriazol- 1-yl)-L,L, '
'-tetramethyluronium hexafluorophosphate NMP
1-methyl-2-pyrrolidinone DMAP
L,L/-dimethyl-4-amino-pyridine DIPEA
di-zs-propylethylamine HPLC high performance liquid
chromatography TBAF ra-butylammonium fluoride LCMS
liquid Chromatraphy / Mass Spectrometry DMF
di-methylformamide TFA trifiuoroacetic acid NaHMDS
sodium hexamethyldisilylamide DMA dimethylacetamide
DEAD diethylazodicarboxylatemCPBA met-chloroperbenzioc
acid DMSO dimethylsulphoxide DBU
l,8-diazabicyclo[5.4.0]undec-7-ene DCM dichloromethane
Reagent 10 1.0M Hydrochloric acid in methanol Example
1 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(8-fluoro-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide
(li?,2i?)-Cyclohexane-l,2-dicarboxylic acid (150 mg,
0.87 mmol) was suspended in acetic anhydride (2 mL)
and stirred at 80 0C for 1 hour. The mixture was
cooled, concentrated in vacuo, azeotroped once with
toluene and dried under vacuum to give (3ai?,7ai?)-
hexahydro-2-benzofuran-l,3-dione as a white solid. It
was taken up in DMF (5 mL), 8-
fluoro-2,3,4,5-tetrahydropyrido[4,3-B]indole (166 mg,
0.87 mmol) was added and the solution stirred at room
temperature for 3 hours.
1-Aminocyclopropanecarbonitrile hydrochloride ( 114
mg, 0.96 mmol) was added followed by triethylamine
(0.36 mL, 2.61mmol) and
benzotriazol-1-yloxytripyrrolidinophosphonium
hexafluorophosphate (PyBOP, 499 mg, 0.96 mmol) and the
mixture stirred overnight. DMF was removed in vacuo
and the residue partitioned between DCM (2 x 30 mL)
and 50% brine (10 mL). The combined organics were
treated with saturated aqueous sodium bicarbonate (10
mL) and brine (10 mL), dried (magnesium sulphate),
concentrated in vacuo and adsorbed onto silica for
purification by flash chromatography (0-80% ethyl
acetate / isohexane). To purify further, the sample
was triturated twice with anhydrous diethyl ether (2 x
5 mL), filtered and dried under vacuum. This gave
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(8-fluoro-l,3,4,5
- tetrahydro-2 -pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide as a white
solid (24.0 mg, 7%).MS (+ve ESI) : 408.9 (M+H)+ 1 NMR
(400 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75
(m, 4H),2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8 (m, 2H),
4.5-4.7 (m, 2H), 9.9 (m, IH), 7.2 (m, IH), 7.3 (s,
IH), 8.65 (s, IH), 11.0 (s, IH) Example 2 (l ,2
)-2-[(8-chloro-l,3,4,5-tetrahydro-2H-pyrido[4,3-6]indo
l-2-yl)carbonyl]- -(lcyanocyclopropyl)
cyclohexanecarboxamide Following example 1, but
starting with 8-chloro-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole (91.0 mg, 0.44 mmol) and
purification by silica gel chromatography (elution
with 0-100% ethyl acetate/isohexane) furnished the
desired compound as a white solid (62.0 mg, 17 %
yield). MS (-ve ESI) : 426 (M+H)+ 1 NMR (400 MHz,
DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75 (m, 4H),2.4
(m, IH), 2.7-3.0 (m, 3H), 3.8 (m, 2H), 4.5-4.7 (m,
2H), 7.0 (m, IH), 7.2 (m, IH), 7.5 (m, IH), 8.6 (m,
IH), 11.1 (s, IH) Example 3 (l/f,2/f)-
L-(l-cyanocyclopropyl)-2-[(6-fluoro-l,3,4,5-tetrahydro
-2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamideFollowing Example 1, but
starting with 6-fluoro-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole (166 mg, 0.87 mmol) furnished the
desired compound as a white solid ( 119 mg, 34 %
yield). MS (-ve ESI) : 410 (M+H)+ 1 NMR (400 MHz,
DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75 (m, 4H),
2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8 (m, 2H), 4.5-4.7 (m,
2H), 6.85 (m, IH), 7.3 (m, 2H), 8.5 (m, IH), 11.0 (s,
IH) Example 4 (l ,2 )-
-(l-cyanocyclopropyl)-2-(l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indol-2-
ylcarbonyl)cyclohexanecarboxamide Following Example 1,
but starting with 2,3,4, 5-tetrahydro-l -pyrido[4,3-
]indole (149 mg, 0.87 mmol) furnished the desired
compound as a white solid (109 mg, 32 % yield). MS
(-ve ESI) : 392 (M+H)+ 1 NMR (400 MHz, DMSO) d 0.8-1.1
(m, 2H), 1.3 (m, 6H), 1.75 (m, 4H), 2.4 (m, IH),
2.7-3.0 (m, 3H), 3.8 (m, 2H), 4.5-4.7 (m, 2H), 7.0 (m,
2H), 7.4 (m, 2H), 8.5 (m, IH), 11.0 (s, IH) Example 5
(l ,2
)-2-[(8-bromo-l,3,4,5-tetrahydro-2H-pyrido[4,3-6]indol
-2-yl)carbonyl]- -(lcyanocyclopropyl)
cyclohexanecarboxamideFollowing Example 1, but
starting with 8-bromo-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole (106 mg, 0.42 mmol) furnished the
desired compound as an off-white solid (23.0 mg, 12 %
yield). MS (-ve ESI) : 470 (M+H)+ 1 NMR (400 MHz,
DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75 (m, 4H),
2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8 (m, 2H), 4.5-4.7 (m,
2H), 7.1 (m, IH), 7.3 (m, IH), 7.6 (m, IH), 8.65 (s,
IH), 11.0 (s, IH) Example 6 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(6-methyl-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 1, but
starting with 6-chloro-2,3,4,5-tetrahydro-l
-pyrido[4,3- b]indole (206 mg, 1.00 mmol) furnished
the desired compound as a white foam (179 mg, 42 %
yield). MS (+ve ESI) : 425 (M+H)+ 1H NMR (400.132 MHz,
CDCl3) d 0.85 - 1.96 (HH, m), 2.62 (IH, t), 2.87 (2H,
m), 3.03 (2H, m), 3.61 - 4.40 (2H, m), 4.67 - 4.90
(2H, m), 6.63 (IH, d), 7.04 (IH, m), 7.16 (IH, t),
7.35 (IH, m), 8.16 (IH, m)Example 7 (l ,2 )-
-(l-cyanocyclopropyl)-2-{[8-(trifluoromethyl)-l,3,4,5-
tetrahydro-2 Hpyrido [4,3-6] indol-2-yl]
carbonyl}cyclohexanecarboxamide Following Example 1,
but starting with
8-(trifluoromethyl)-2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole (240 mg, 1.00 mmol) furnished the desired
compound as a yellow gum (249 mg, 54 % yield). MS (+ve
ESI) : 459 (M+H)+ 1H NMR (400.132 MHz, CDCl3) d 0.83 -
1.96 (12H, m), 2.59 - 3.10 (4H, m), 3.72 - 4.21 (2H,
m), 4.52 - 5.06 (2H, m), 6.81 (IH, d), 7.33 (IH, m),
7.39 (IH, s), 7.70 (IH, d), 8.45 (IH, d)
8-(trifluoromethyl)-l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indole was prepared in the following
manner: - Following the above example but starting
with (4-trifluoromethyl)phenylhydrazine hydrochloride
(1.36 g, 10 mmol) furnished the desired compound as an
off white solid (1.60 mg, 66 % yield). MS (+ve ESI) :
240 (M+H)+ 1H NMR (400.132 MHz, DMSO) d 2.75 (2H,
t),3.08 (2H, t),3.94 (2H, s),7.34 (IH, d),7.50 (IH,
d),7.75 (lH, s),1 1.30 (lH, s)Example 8 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(8-methoxy-l,3,4,5-tetrahydro
-2 H-pyrido[4,3- b]indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 1, but
starting with 8-methoxy-2,3,4,5-tetrahydro-l -
pyrido[4,3- ]indole (202 mg, 1 mmol) furnished the
desired compound as a yellow solid (192 mg, 46%
yield). MS (+ve ESI) : 421 (M+H)+ 1H NMR (400.132 MHz,
CDCl3) d 0.82 - 1.91 (13H, m), 2.63 (IH, m), 2.82 (IH,
m), 3.00 (IH, m), 3.61 and 4.38 (IH, m), 3.86 (3H, d),
3.86 (IH, m), 4.76 (2H, m), 6.68 (IH, d), 6.81 (IH,
m), 6.90 (IH, m), 7.19 (IH, m), 7.82 (IH, d) Examples
9 and 10 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(9-fluoro-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b]indol-2-yl)carbonyl]
cyclohexanecarboxamide (l ,2 )-
-(l-cyanocyclopropyl)-2-[(7-fluoro-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b]indol-2-yl)carbonyl]
cyclohexanecarboxamideFollowing Example 1, but
starting with a mixture of l -pyrido[4,3- ]indole-9-
fluoro-2,3 ,4,5-tetrahydro and l
-pyrido[4,3-Z>]indole-7-fluoro-2,3,4,5-tetrahydro
(30:70) (390 mg, 2.05 mmol) and heating the Pybop
reaction mixture at 60 0C for 18 of hours furnished
the desired compound as a mixture of isomers.
Purification with column chromatography (0-80% ethyl
acetate / isohexane) furnished (1R,2R)-N-(1-
cyanocyclopropyl)-2-[(9-fluoro-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide as a yellow solid
(34.0 mg, 5 % yield) and (1R,2R)-
L/-(l-cyanocyclopropyl)-2-[(7-fluoro-l,3,4,5-tetrahydr
o-2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide as a yellow solid
(66.0 mg, 8 % yield). (l ,2
)-L-(l-cyanocyclopropyl)-2-[(9-fluoro-l,3,4,5-tetrahyd
ro-2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide MS (+ve ESI) : 409 (M+H)+ 1H
NMR (400.132 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m,
6H), 1.75 (m, 4H), 2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8
(m, 2H), 4.5-4.7 (m, 2H), 6.7 (m, IH), 7.0 (m, IH),
7.1 (s, IH), 8.7 (s, IH), 11.2 (s, IH) (l ,2 )-
-(l-cyanocyclopropyl)-2-[(7-fluoro-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide MS (+ve ESI) : 409 (M+H)+ 1H
NMR (400.132 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m,
6H), 1.75 (m, 4H),2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8
(m, 2H), 4.5-4.7 (m, 2H), 6.8 (m, IH), 7.05 (m, IH),
7.4 (m, IH), 8.7 (s, IH), 11.0 (s, IH) lH-pyrido
[4,3-6] indole-9-fluoro-2,3,4,5-tetrahydro and
lH-pyrido [4,3-6] indole- 7- fluoro-2,3,4,5-tetrahydro
used as a starting material was prepared as follows:
Piperidin-4-one hydrochloride (3.37 g, 24.8 mmol) was
dissolved in ethanol (80 mL). Water (3 drops) was
added followed by 3-fluorophenylhydrazine
hydrochloride (4.04g, 24.8 mmol) and the reaction
mixture heated at reflux for 1 hour. The mixture was
allowed to cool to room temperature and hydrogen
chloride gas was bubbled through the solution for
approximately 15 minutes. Refluxing was recommenced
for 1.5 hours. The suspension was cooled to room
temperature overnight, cooled to 0 0C and the
resultant filtered and washed with ethanol (c.f. 30
mL). The residue was taken up in water (30 mL),made
basic with 2M aqueous sodium hydroxide and the
resulting precipitate filtered off and washed with
water to afforded the desired compounds as an off
white solid consisting of a mixture of isomers
(9-fluoro-2,3,4,5-tetrahydropyrido[4,3-B]indole:
7-fluoro-2,3,4,5- tetrahydropyrido[4,3-B]indole
(30:70)) (1.76 g, 37 % yield). The isomers were
inseparable by column chromatography and the mixture
was used directly in the next step. Example 11 (l ,2
)-L-(l-cyanocyclopropyl)-2-[(8-isopropyl-l,3,4,5-tetra
hydro-2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 1, but
starting with 8-isopropyl-2,3,4,5-tetrahydro-l -
pyrido[4,3- ]indole (214 mg, 1 mmol) furnished the
desired compound as a yellow solid (180 mg, 42 %
yield). MS (+ve ESI) : 433 (M+H)+ 1H NMR (400.132 MHz,
CDCl3) d 0.83 - 1.92 (19H, m), 2.58 - 3.09 (5H, m),
3.59 and 4.40 (IH, m), 3.88 (IH, m), 4.65 - 4.92 (2H,
m), 7.05 (IH, t), 7.23 (IH, t), 7.29 (IH, d), 7.85
(IH, d) 8-isopropyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole Following Examples 9 and 10 but
starting with 4-isopropylphenylhydrazine hydrochloride
(1.86 g, 10 mmol) furnished the desired compound as an
off-white solid (1.5O g, 7 1 % yield). MS (+ve ESI) :
215 (M+H)+ 1H NMR (400.132 MHz, CDCl3) d 1.29 (6H, d),
2.74 (2H, t), 2.99 (IH, m), 3.22 (2H, t), 4.07 (2H,
s), 7.02 (IH, m), 7.22 (2H, m), 7.69 (IH, s)Example 12
(l ,2 )-
-(l-cyanocyclopropyl)-2-[(8-fluoro-5-methyl-l,3,4,5-te
trahydro-2 Hpyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 1, but
starting with 8-fluoro-5-methyl-2,3,4,5-tetrahydro-l -
pyrido[4,3- ]indole (250 mg, 1.04 mmol) and heating
the Pybop reaction mixture at 60 0C overnight
furnished the desired compound as a yellow solid (76.0
mg, 17 % yield). MS (+ve ESI) : 423 (M+H)+ 1H NMR
(400.132 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H),
1.75 (m, 4H), 2.4 (m, IH), 2.7-3.0 (m, 3H), 3.65 (d,
3H), 3.9 (m, 2H), 4.5-4.75 (m, 2H), 6.9 (m, IH), 7.3
(m, 2H), 8.5 (m, IH)
8-fluoro-5-methyl-2,3,4,5-tetrahydro-l H-pyrido
[4,3-6] indole hydrochloride used as a starting
material was prepared as follows: r
-Butyl-8-fluoro-5-methyl-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indole-2-carboxylate 4 (340 mg, 1.12
mmol) was dissolved in methanol (10 mL). 4N Hydrogen
chloride in 1,4- dioxan ( 1 mL) was added and the
solution stirred at room temperature overnight. The
reaction mixture was concentrated in vacuo, azeotroped
once with toluene and dried under vacuum to furnish
the desired compound as a brown solid (260 mg, 97 %
yield). 1H NMR (400.132 MHz, DMSO) d 3.05 (t, 2H),
3.45 (t, 2H), 3.65 (s, 3H), 4.25 (s, 2H), 7.0 (t, IH),
7.3(d, IH), 7.5(m, IH), 9.7 (s, IH) 4 Ruediger, Edward
H.; Deon, Daniel H.; Kadow, John F. Preparation of
tetrahydrocarbolines for treatment of HIV infection
and AIDS. U.S. Pat. Appl. Publ.(2005), 12 pp. CODEN:
USXXCO US 2005267130 Al 20051201 CAN 144:22907 AN 2005
:1262744 CAPLUS Example 13 (l ,2
)-2-[(6-bromo-l,3,4,5-tetrahydro-2H-pyrido[4,3-6]indol
-2-yl)carbonyl]- -(lcyanocyclopropyl)
cyclohexanecarboxamide Following Example 1, but
starting with 6-bromo-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole (251 mg, 1.0 mmol) and heating
the Pybop reaction mixture at 60 C overnight furnished
the desired compound as a white foam (306 mg, 65 %
yield). MS (+ve ESI) : 469 (M+H)+ 1H NMR (400.132 MHz,
CDCl 3) d 0.83 - 1.96 (13H, m), 2.62 (IH, t), 2.87
(IH, m), 3.03 (IH, m), 3.61 - 4.39 (2H, m), 4.77 (2H,
m), 6.68 (IH, d), 6.99 (IH, m), 7.31 (IH, t), 7.38
(IH, t), 8.12 (IH, s) 6-bromo-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole used as a starting material was
prepared as follows: Following Examples 9 and 10 but
starting with (2-bromophenyl)hydrazine (2.24 g, 10
mmol) furnished the desired compound as an off-white
solid (716 mg, 29 % yield) MS (+ve ESI) : 251 (M+H)+
1H NMR (400.132 MHz, DMSO) d 2.70 (2H, t), 3.01 (2H,
t), 3.84 (2H, s), 6.88 (IH, t), 7.20 (IH, d), 7.33
(IH, d), 10.88 (IH, s)Example 14
(lR,2R)-N-(l-Cyanocyclopropyl)-2-[l,3,4,5-tetrahydro-l
H-pyrido[4,3-B]-7-azaindol-
2-yl)carbonyl]cyclohexanecarboxamide Following Example
1, but starting with 2,3,4, 5-tetrahydro-l
-pyrido[4,3- ]-7- azaindole (200 mg, 1.15 mmol) and
heating the Pybop reaction mixture at 60 0C overnight
furnished the desired compound as an off white solid
(40.0 mg, 9 % yield). MS (+ve ESI) : 392 (M+H)+ 1H NMR
(400.132 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H),
1.75 (m, 4H), 2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8 (m,
2H), 4.5-4.7 (m, 2H), 7.0 (m, IH), 7.85 (m, IH), 8.13
(m, IH), 8.65 (s, IH), 11.4 (s, IH)
2,3,4,5-tetrahydro-l H-pyrido[4,3-6]-7azaindole used
as a starting material was prepared as follows: a)
2-Hydrazinopyridine dihydrochloride (5 g, 27.5 mmol)
and l-benzylpiperidin-4-one (6.18 g, 27.5 mmol) were
suspended in ethanol (70 mL). Acetic acid (2 mL) was
added and the mixture stirred at reflux for 2 hours,
cooled to room temperature and concentrated in vacuo.
The residue was partitioned between 2N aqueous sodium
hydroxide (10 mL) and dichloromethane (2 x 30 mL) and
combined organics were dried (sodium sulphate),
concentrated in vacuo and adsorbed onto silica for
purification by chromatography eluting with 0-15%
methanol / dichloromethane. This gave
l-benzylpiperidin-4-one pyridin-2- ylhydrazone as a
pale yellow gum which was used crude in the next
reaction (7.70 g, 100 % yield).1H NMR (400.132 MHz,
DMSO) d 2.3 (t, 2H), 2.4 (t, 2H), 2.6 (m, 2H), 3.5 (m,
2H), 6.7 (m, IH), 7.05 (d, IH), 7.35 (m, 5H), 7.55 (t,
IH), 8.05 (d, IH), 9.4 (s, IH) b) Polyphosphoric acid
(60 g) was added to l-benzylpiperidin-4-one pyridin-2-
ylhydrazone (7.69 g, 27.5 mmol) and the mixture
stirred gently at 150 0C for 24 hours. The mixture was
cooled to room temperature and ice (50 g) was added to
break up the polyphosphoric acid gum. The reaction
mixture was made basic with 2M aqueous sodium
hydroxide and extracted with ethyl acetate (3 x 300
mL). The combined organic extracts were treated with
brine (90 mL), dried (sodium sulphate), concentrated
in vacuo and adsorbed onto silica for purification by
chromatography eluting with 0-10% methanol /
dichloromethane. The mustard coloured solid obtained
(3.80 g) was shown by NMR not to 



be pure and was thus triturated with a small volume of
dichloromethane, filtered and dried to furnish the
desired compound as a sand coloured solid (3.00 g, 42
% yield). 1H NMR (400.132 MHz, DMSO) d 2.8 (s, 4H),
3.6 (s, 2H), 3.75 (s, 2H), 6.95 (m, IH), 7.35 (m, 5H),
7.7 (d, IH), 8.1 (s, IH), 11.35 (s, IH) c)
2,3,4,5-Tetrahydro-l-benzyl-pyrido[4,3-B]-7-azaindole
(2.90 g, 11.0 mmol), ammonium formate (2.78 g, 44.0
mmol) and 20 % palladium hydroxide on carbon (290 mg)
were suspended in ethanol (200 mL) and stirred under
reflux. After 1 hour, more ammonium formate (695 mg, 1
equivalent) was added and refluxing continued for 1
hour. The catalyst was filtered off through celite,
washed with a small volume of dichloromethane and the
combined filtrate concentrated in vacuo and dried
under vacuum to furnish the desired compound as an off
white solid (1.90 g, 100 % yield).1H NMR (400.132 MHz,
DMSO) d 2.7 (t, 2H), 3.05 (t, 2H), 3.85 (s, 2H), 6.9
(m, IH), 7.7 (d, IH), 8.05 (m, IH), 11.2 (s, IH)
Example 15 (l/f,2 )-L
(l-cyanocyclopropyl)-2-({8-[(dimethylamino)methyl]-l,3
,4,5-tetrahydro- 2H-pyrido [4,3-6] indol-2-yl}
carbonyl)cyclohexanecarboxamide Following Example 1,
but starting with ,L/-dimethyl-l-(2,3,4,5-tetrahydro-l
- pyrido[4,3- ]indol-8-yl)methanamine (330 mg, 1.44
mmol) and heating the Pybop reaction mixture at 60 0C
overnight furnished the desired compound as an off
white solid (102 mg, 16 % yield). MS (+ve ESI) : 448
(M+H)+ 1H NMR (400.132 MHz, DMSO) d 0.8-1.1 (m, 2H),
1.3 (m, 6H), 1.75 (m, 4H),2.7 (m, 8H), 3.0 (m, 2H),
3.85 (m, 2H), 4.3 (m, 2H), 4.4-4.9 (m, 2H), 7.1 (m,
IH), 7.35 (m, IH), 7.6 (m, IH), 8.65 (m, IH), 11.1 (s,
IH) ,L dimethyl-l-(2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indol-8-yl)methanamine Following
Example 13 but starting with
dimethylaminomethylphenylhydrazine hydrochloride 5
(3.90 g, 5.36 mmol). The residue was purified by
silica gel chromatography. Eluting with 100 %
dichloromethane then increased polarity to 5 % aqueous
ammonia in 50 % ethanol / dichloromethane furnished
the desired compound as a light brown gum (450 mg, 37%
yield).1H NMR (400.132 MHz, DMSO) d 2.1 (s, 6H), 2.7
(m, 3H), 3.2 (m, 3H), 3.85 (s, 2H), 6.90 (d, IH), 7.2
(m, 2H), 10.6 (s, IH) 5J . Moron, etc, J .
Heterocyclic Chemistry, 1992, 29(6), 1573-1576 Example
16 (l ,2 )-
-(l-cyanocyclopropyl)-2-{[8-(methylsulfonyl)-l,3,4,5-t
etrahydro-2 Hpyrido [4,3-6] indol-2-yl]
carbonyl}cyclohexanecarboxamide Following Example 1,
but starting with
8-(methylsulfonyl)-2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole (200 mg, 0.80 mmol) and heating the Pybop
reaction mixture at 60 0C overnight furnished the
desired compound as an off white solid (156 mg, 42 %
yield). MS (+ve ESI) : 469 (M+H)+ 1H NMR (400.132 MHz,
DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75 (m, 4H),
2.4 (m, IH), 2.7-3.0 (m, 3H), 3.15 (m, 3H), 3.85 (m,
2H), 4.4-4.9 (m, 2H), 7.45 (m, IH), 7.55 (m, IH), 8.1
(m, IH), 8.65 (s, IH), 11.5 (s, IH)
8-(Methylsulfonyl)-l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indole was prepared in the following
manner: - 4-(Methylsulphonyl)phenylhydrazine (1.00 g,
5.37 mmol) was suspended in ethanol (30 mL). Water (3
drops) was added followed by 4-piperidone
dihydrochloride (925 mg, 5.37 mmol) and acetic acid (
1 mL) and the mixture stirred under reflux for 1 hour.
It was allowed to cool to room temperature and
concentrated in vacuo, azeotroped once with toluene
and dried under vacuum. This gave
4-methylsulfonyl-7V-(4- piperidylideneamino)aniline
hydrochloride as a yellow solid (1.57 g, 96%).MS (+ve
ESI) : 268 (M+H)+ 1 NMR (400 MHz, DMSO) d 2.7(m, 4H),
3.3(s, 3H), 3.6 (m, 4H), 7.25 (d, 2H), 7.7 (d, 2H).
4-Methylsulfonyl-7V-(4-piperidylideneamino)aniline
hydrochloride (1.56 g, 5.13 mmol) was suspended in
acetic acid (30 mL) and stirred at room temperature
under argon. Boron trifluoride diethyl etherate (1.26
mL, 10.3 mmol) was added in one portion and the yellow
suspension stirred at 90 0C for 2 hours resulting in a
deep red solution. It was cooled to room temperature
and acetic acid removed in vacuo. The residue was
partitioned between 2N aqueous sodium hydroxide (30
mL) and dichlorome thane (2 x 10OmL). Combined
organics were dried (sodium sulphate), concentrated in
vacuo and adsorbed onto silica for purification by
flash silica chromatography (100% DCM to 5% aqueous
ammoniin 50% ethanol / DCM). This gave
8-methanesulphonyl-2,3,4,5- tetrahydropyrido[4,3-
]indole as a pale yellow foam (560 mg, 44%). IH NMR
(400 MHz, DMSO) d 2.7 (m, 2H), 3.05(m, 2H), 3.15 (s,
3H), 3.9 (s, 2H), 7.5 (m, 2H), 7.95 (s, IH), 11.4 (s,
IH). Example 17 (l/f,2/f)-
L-(l-cyanocyclopropyl)-2-[(6-methoxy-l,3,4,5-tetrahydr
o-2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamideFollowing Example 1, but
starting with 6-methoxy-2,3,4,5-tetrahydro-l Hpyrido[
4,3- ]indole (202 mg, 1 mmol) furnished the desired
compound as a yellow gum (271 mg, 65 % yield). MS (+ve
ESI) : 421 (M+H)+ 1H NMR (400.132 MHz, CDCl3) d 0.82 -
1.97 (12H, m), 2.59 - 3.08 (4H, m), 3.56 (IH, m), 3.86
(IH, m), 3.94 (3H, d), 4.42 (OH, m), 4.65 - 4.90 (2H,
m), 6.64 (IH, t), 6.89 (IH, s), 7.04 (2H, m), 8.17
(IH, d) 6-methoxy-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole used as a starting material was
prepared as follows: As for Example 13 but starting
with 2-methoxyphenylhydrazine hydrochloride (1.38 g,
10 mmol) furnished the desired compound as a brown
solid (712 mg, 35 % yield) which was used directly in
the next step. 1H NMR (400.132 MHz, DMSO) d 2.65 (2H,
t), 3.01 (2H, t), 3.83 (2H, s), 3.89 (3H, s), 6.59
(IH, d), 6.84 (IH, t), 6.91 (IH, d), 10.71 (IH, s)
Example 18 (l ,2 )-L (l-cyanocyclopropyl)-2-(l
H-spiro[isoquinoline-4,4f-piperidin]-2(3H)-
ylcarbonyl)cyclohexanecarboxamide To a solution of
tert-butg l 2-[{{\R,2R)-2-{[{\-
cyanocyclopropyl)amino]carbonyl}
cyclohexyl)carbonyl]-2,3-dihydro-
IH,1'Hspiro[isoquinoline-4,4'-piperidine]-r-carboxylat
e (100 mg, 0.19 mmol) in DCM (20 mL) was added TFA (22
mg, 0.19 mmol) dropwise and the reaction mixture
stirred for 4 hours. The reaction mixture was
concentrated in-vacuo and the residue purified by
basic HPLC (the compound was diluted with
Acetonitrile/H 2O; filtered; pH adjusted to >9 with
NH3, injected onto a Waters 100mm x 19mm XBridge C18
5m column; flow 16mLs/min; Solvent A = 0.1%NH 3/Water,
Solvent B = CH3CN; l=230nm) to furnish the desired
compound as a white solid (58.0 mg, 73 % yield). MS
(+ve ESI) : 421 (M+H)+ 1 NMR (400.13 MHz, CDCl3) dl
.04 - 1.13 (IH, m), 1.15 - 1.21 (IH, m), 1.31-1.62
(6H, m), 1.86-1.92 (6H, m), 2.03 - 2.1 1 (IH, m), 2.61
(IH, m), 2.88-3.1 1 (5H, m), 3.48-4.34 (2H, m),
4.75-4.79 (2H, m), 7.06 (IH, s), 7.1 1 (IH, m), 7.19
(IH, m), 7.26 (IH, d), 7.45 (IH, m) tert-bntyl 2-[((l
,2
)-2-{[(l-cyanocyclopropyl)amino]carbonyl}cyclohexyl)ca
rbonyl]- 2,3-dihydro-l H,l' H-spiro[isoquinoline-4,4
f-piperidine]-l f-carboxylate Following Example 1, but
starting with tert-butyl 2,3-dihydro-l ,l' -
spiro[isoquinoline-4,4'-piperidine]-r-carboxylate (655
mg, 1.93 mmol) furnished the desired compound as a
colourless oil (285 mg, 30 % yield). MS (-ve ESI) :
519 (M-H)+Example 19 (l ,2
)-2-[(6-chloro-l,3,4,5-tetrahydro-2H-pyrido[4,3-6]indo
l-2-yl)carbonyl]- -(lcyanocyclopropyl)
cyclohexanecarboxamide Following Example 1 but
starting with 6-chloro-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole (206 mg, 1.9 mmol) furnished the
desired compound as a white foam (179 mg, 42 % yield).
MS (+ve ESI) : 425 (M+H)+ 1 NMR (400.13 MHz, CDCl3) d
0.85 - 1.96 (HH, m), 2.62 (IH, t), 2.87 (2H, m), 3.03
(2H, m), 3.61 - 4.40 (2H, m), 4.67 - 4.90 (2H, m),
6.63 (IH, d), 7.04 (IH, m), 7.16 (IH, t), 7.35 (IH,
m), 8.16 (IH, m) 6-chloro-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole Following Example 13 but
starting with (2-chlorophenyl)hydrazine hydrochloride
(1.79 g, 10 mmol) furnished the desired compound as an
off white solid (592 mg, 29 % yield). MS (+ve ESI) :
207 (M+H)+ 1H NMR (400.13 MHz, DMSO) d 2.70 (2H, m),
3.02 (2H, m), 3.85 (2H, m), 6.93 (IH, m), 7.07 (IH,
m), 7.23 - 7.38 (IH, m), 11.00 (IH, s)Example 20 (l ,2
)-
-(l-cyanocyclopropyl)-2-[(6-cyano-l,3,4,5-tetrahydro-2
H-pyrido[4,3- b]indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 1, but
starting with 2,3,4,5-tetrahydro-l
H-pyrido[4,3-b]indole- 6-carbonitrile [WO 2004/056324]
(198 mg, 1.00 mmol) furnished the desired compound as
a white solid (247 mg, 59 % yield). MS (+ve ESI) : 416
(M+H)+ IH NMR (400.132 MHz, DMSO) 0.69 - 1.04 (m, 2H),
1.1 1 - 1.46 (m, 6H), 1.60 - 1.88 (m, 4H), 2.40 - 2.48
(m, IH), 2.55 - 3.07 (m, 3H), 3.68 - 3.94 (m, 2H),
4.61 (q, IH), 4.78 (s, IH), 7.09 - 7.19 (m, IH), 7.53
(t, IH), 7.85 (q, IH), 8.71 (d, IH), 11.86 (s, IH)
Example 21 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(9-methyl-5,7,8,9-tetrahydro-
6H-pyrrolo[2,3- b:4,5-c dipyridin-6-yl)carbonyl]
cyclohexanecarboxamide (li?,2i?)-
-(l-Cyanocyclopropyl)-2-[l,3,4,5-tetrahydro-l
H-pyrido[4,3-B]-7-azaindol-2-
yl)carbonyl]cyclohexanecarboxamide (Example 14, 80.0
mg, 0.20 mmol) was dissolved in DMF (5 mL) and stirred
at room temperature under argon. Iodomethane (0.012
mL) was added followed by sodium hydride (9.0 mg, 0.20
mmol). After 1 hour, the reaction wasquenched with
brine (10 mL) and partitioned with ethyl acetate (3 x
30 mL). Combined organic extracts were dried (sodium
sulphate), concentrated in vacuo and adsorbed onto
silica for purification by flash chromatography (0-5%
methanol / dichloromethane). This gave (li?,2i?)-
-(l-cyanocyclopropyl)-2-[l,3,4,5-tetrahydro-lH-pyrido[
4,3-B]-7-Nmethylazaindol-
2-yl)carbonyl]cyclohexanecarboxamide as a white solid
(42.0 mg, 52%). MS (+ve ESI) : 406 (M+H)+ IH NMR (400
MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75 (m,
4H), 2.4 (m, IH), 2.65-3.2 (m, 3H), 3.65 (m, 3H), 3.9
(m, 2H), 4.5-4.75 (m, 2H), 7.0 (m, IH), 7.85 (m, IH),
8.15 (m, IH), 8.65 (s, IH). Example 22 (l ,2 )-
-(l-cyanocyclopropyl)-2-{[6-(methylthio)-l,3,4,5-tetra
hydro-2 H-pyrido[4,3- b ]indol-2-yl]
carbonyl}cyclohexanecarboxamide Following Example 1,
but starting with
6-methylsulfanyl-2,3,4,5-tetrahydro-l H-
pyrido[4,3-b]indole (510 mg, 2.00 mmol) furnished the
desired compound as a white solid (224 mg, 24 %
yield). MS (+ve ESI) : 454 (M+H)+ 1H NMR (400.132 MHz,
DMSO) d 0.70 - 1.05 (m, 2H), 1.22 - 1.54 (m, 4H), 2.31
- 2.47 (m, IH), 2.65 - 2.75 (m, IH), 2.85 (t, 2H),
2.91 - 3.07 (m, 2H), 3.20 (t, IH), 3.34 (s, 3H), 3.48
- 3.93 (m, 4H), 4.48 - 4.75 (m, 2H), 6.97 (q, IH),
7.05 (q, IH), 7.36 (q, IH), 8.69 (s, 2H), 10.94 (s,
IH)
6-methylsulfanyl-2,3,4,5-tetrahydro-lH-pyrido[4,3-b]in
dole was synthesised in the following manner:
[2-(methylthio)phenyl] hydrazineA partial solution of
the 2-methylmercapto aniline (10.0 mL, 80.0 mmol) in
cone hydrochloric acid (100 mL) and trifluoroacetic
acid (60 mL) was cooled to ca 0 0C and maintained
there during the addition of a soution of the sodium
nitrite (6.63 g, 96.0 mmol) in water (22 mL) over 30
min. The reaction was stirred at the same temp for a
further Ih when tin chloride (30.3 g, 160 mmol) in
hydrochloric acid (50 mL) was added over 15min. The
reaction was allowed to warm with stirring overnight.
The resulting solid was filtered off, washed with IPA
and dried (17.8 g) MS (+ve ESI) : 454 (M+H)+ IH NMR
(400.132 MHz, DMSO) D 2.43 (s, 3H), 7.03 (q, 2H), 7.21
- 7.28 (m, IH), 7.35 (d, IH), 7.74 (s, IH), 10.23 (s,
2H) 6-(methylthio)-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole The 2-(methylthio)phenyl
hydrazine (5.32g, 30.0 mmol) and 4-piperidone (4.07g,
30.0 mmol) were partially dissolved in the ethanol (75
mL) and heated initially to reflux for Ih. A heavy
precipitate formed from the almost clear solution. The
reaction was then treated with the cone hydrochloric
acid (2.5 mL) and diluted with further ethanol (25 mL)
to assist stirring and heating continued for a further
4h. After cooling to RT overnight the solid was
filtered washing isopropanol (25 mL). Obtained 7.7Og
MS (+ve ESI) : 454 (M+H)+ 1H NMR (400.132 MHz, DMSO) d
1.90 (t, 2H), 2.98 (s, 2H), 3.04 (t, IH), 3.39 (s,
3H), 4.27 (s, IH), 7.02 (t, IH), 7.10 (d, IH), 7.30 -
7.46 (m, IH), 9.15 (s, IH), 9.61 (s, IH), 11.17 (s,
IH).Example 23 (l ,2 )- -(l-cyanocyclopropyl)-2-[(
benzofuro[3,2-c]-l,2,3,4-
tetrahydropyridyl)carbonyl]cyclohexanecarboxamide
Following Example 1, but starting with
benzofuro[3,2-c]-l,2,3,4-tetrahydropyridine (562 mg,
3.24 mmol) furnished the desired compound as a white
solid (331 mg, 26 % yield). MS (+ve ESI) : 392 (M+H)+
1 NMR (400 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H),
1.75 (m, 4H), 2.4 (m, IH), 2.65-3.2 (m, 3H), 3.8 (m,
2H), 4.5-4.8 (m, 2H), 7.25 (m, 2H), 7.6 (m, 2H), 8.75
(m, IH). Benzofuro[3,2-c]-l,2,3,4-tetrahydropyridine
used as a starting material was prepared as follows:
O-Phenylhydroxylamine hydrochloride (2.00 g, 13.7
mmol) and 4-piperidone hydrochloride (1.87 g, 13.7
mmol) were suspended in ethanol (15 mL). Concentrated
hydrochloric acid (5 mL) was added and the mixture
stirred at reflux for 3 hours. It was allowed to cool
to room temperature then chilled in an ice bath and
the resulting precipitate filtered and washed with a
small volume of cold ethanol. It was then slurried in
water (20 mL) and extracted with DCM (3 x 30 mL). The
combined organics were washed with brine (20 mL),
dried (sodium sulphate), concentrated in vacuo and
adsorbed onto silica for purification by flash
chromatography (100% DCM to 5% methanolic ammonia in
50%ethanol / dichloromethane). This gave
benzofuro[3,2-c]-l,2,3,4-tetrahydropyridine as a white
solid (1.28 g, 54%). MS (+ve ESI) : 392 (M+H) + IH NMR
(400 MHz, DMSO) d 2.7 (t, 2H), 3.05 (t, 2H), 3.8 (s,
2H), 6.9 (m, IH), 7.2 (m, 2H), 7.5 (m, 2H). Example 24
(l ,2 )-
-(l-cyanocyclopropyl)-2-{[6-(trifluoromethoxy)-l,3,4,5
-tetrahydro-2 Hpyrido [4,3-6] indol-2-yl]
carbonyl}cyclohexanecarboxamide
6-Trifluoromethoxy-2,3,4,5-tetrahydro-l
H-pyrido[4,3-b]indole (232 mg, 0.79 mmol) and
(3aR,7aR)-hexahydro-2-benzofuran-l,3-dione (122 mg,
0.79 mmol) in DCM (15 mL) under argon was treated with
diisopropylethylamine (550 uL, 3.16 mmol) and stirred
Ih. The solvent was largely evaporated and replaced
with DMF (5 mL) before addition of
aminocyclopropanecarbonitrile hydrochloride (140 mg,
1.19 mmol), HATU (451 mg, 1.19 mmol) and further
diisopropylethylamine (550 uL, 3.16 mmol). The
reaction was stirred overnight. Reaction mixture was
split into two and diluted with aqueous acetonitrile
purifying by preparative HPLC (2 injections)(Formic
Acid Float peaks method CH CNZH2O gradient). The
product fractions were combined and evaporated to give
white powder (121 mg, 32%). MS (+ve ESI) : 475 (M+H) +
1HNMR (400.132 MHz, DMSO) D 0.68 - 1.05 (m, 2H), 1.1 1
- 1.47 (m, 6H), 1.58 - 1.87 (m, 4H), 2.64 - 3.09 (m,
4H), 3.66 - 3.94 (m, 2H), 4.60 (q, IH), 4.76 (s, IH),
6.98 - 7.09 (m, 2H), 7.41 - 7.57 (m, IH), 8.71 (s,
IH), 11.50(s, IH)
6-Trifluoromethoxy-2,3,4,5-tetrahydro-lH-pyrido[4,3-b]
indole was prepared in the following manner.
[2-(trifluoromethoxy)phenyl] hydrazine
hydrochloride2-(Trifluoromethoxy)aniline (2.00 mL,
15.0 mmol) was cooled and cone hydrochloric acid (10
mL) added. After recooling to 0 0C a soution of the
sodium nitrite (1.25 g, 18.0 mmol) in water (10 mL)
was added dropwise. The reaction was stirred at the
same temp for 30 min when tin chloride (8.53 g 45.0
mmol) in hydrochloric acid (10 mL) was added dropwise
again keeping temp ca 0 0C. The reaction was stored in
a fridge overnight and then recooled to 0 0C. The
resulting solid was filtered off, washed with
saturated NaCl (10 mL) and then ether: hexane 1:2
before drying to give a solid (2.36 g, 69%) MS (+ve
ESI) : 193 (M+H)+ IH NMR (400.132 MHz, DMSO) d 7.04
(t, IH), 7.25 (d, IH), 7.30 - 7.39 (m, 2H), 8.34 (s,
IH), 10.26 (s, 2H)
6-(trifluoromethoxy)-2,3,4,5-tetrahydro-l H-pyrido
[4,3-6] indole 2-(methylthio)phenyl hydrazine (442 mg,
2.30 mmol) and 4-piperidone (312 mg, 2.30 mmol) were
partially dissolved in the ethanol (5 mL) and heated
initially to reflux for Ih. A heavy precipitate formed
from the almost clear solution. The reaction was then
treated with cone hydrochloric acid ( 1 mL) and
diluted with further ethanol (5 mL) to assist stirring
and heating continued for a further 4h. After cooling
to room temperature overnight the solid was filtered
and washed with isopropanol (25 mL), material used
crude. MS (+ve ESI) : 219 (M+H)+Example 25 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(6-ethoxy-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 24 but
starting 6-ethoxy-2,3,4,5-tetrahydro-l -pyrido[4,3-
]indole (253 mg, 1.00 mmol) furnished the desired
compound as a white solid (261 mg, 60 % yield). MS
(+ve ESI) : 435 (M+H)+ IH NMR (400.132 MHz, DMSO) d
0.73 - 1.03 (m, 2H), 1.1 1 - 1.44 (m, 9H), 1.60 - 1.85
(m, 4H), 2.41 - 2.50 (m, IH), 2.54 - 3.06 (m, 3H),
3.63 - 3.94 (m, 2H), 4.17 (q, 2H), 4.55 (q, IH), 4.70
(s, IH), 6.62 (t, IH), 6.83 - 6.92 (m, IH), 7.02 (q,
IH), 8.69 (s, IH), 10.87 (s, IH).
6-ethoxy-2,3,4,5-tetrahydro-l H-pyrido[4,3-6]indole
was synthesised in the following manner:
(2-ethoxyphenyl)hydrazine 2-phenetidine (6.53 mL, 50.0
mmol) was cooled and cone hydrochloric acid (80 mL)
added. After recooling to 0 0C a soution of the sodium
nitrite (4.14 g, 60.0 mmol) in water (20 mL) was added
dropwise. The reaction was stirred at the same temp
for 30 min when tin chloride (33.9 g 150 mmol) in
hydrochloric acid (40 mL) was added dropwise again
keeping temp ca 0 0C. The resulting solid was filtered
off, washed with sat NaCl and then ether: hexane 1:2
before suspending in ice/water and ether and basified
with 1OM NaOH. The ether layer was separated from the
aqueous and suspended solid material. Aftercombining
with a further extract the ether was dried and
evaporated to give a yellow crystalline solid 10.
(9.71 g, 69%) MS (+ve ESI) : 177 (M+H)+ IH NMR
(400.132 MHz, DMSO) d 1.33 (t, 3H), 3.93 (s, IH), 3.98
(q, 2H), 5.85 (s, IH), 6.58 (t, IH), 6.76 - 6.83 (m,
IH), 7.00 (d, IH) 6-Ethoxy-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole (2-ethoxyphenyl)-hydrazine (1.22
g 8.00 mmol) and 4-piperidone hydrochloride (1.09 g
8.00 mmol) in ethanol (20 mL) were heated to reflux
for Ih. The 4M HCl ( 1 mL) in dioxane was added
(immediate darkening) and heating continued for 4h.
The reaction was cooled to RT. The solvent was
evaporated and the residue triturated with ether (c.f.
10 mL) to give a dark brown solid. The solid was
slurried with the minimum of water, flitered and dried
(MgSO4). This was repeated to give an off white solid
(1.19 g, 59%). Material used without further
purification. MS (+ve ESI) : 177 (M+H)+ NMR (400.132
MHz, DMSO) d 1.42 (t, 3H), 3.00 (t, IH), 3.44 (q, 2H),
4.18 (q, 2H), 4.26 (s, IH), 6.67 (d, IH), 6.91 (t,
IH), 7.03 (d, IH), 9.38 (s, IH), 11.12 (s, IH).
Example 26 (l/f,2 )-L
(l-cyanocyclopropyl)-2-[(5-methoxycarbonylmethyl-l,3,4
,5-tetrahydro- 2H-pyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamideFollowing Example 24, but
starting 5-methoxycarbonylmethyl-2,3,4,5-tetrahydrol
-pyrido[4,3- ]indole hydrochloride (305 mg, 1.09 mmol)
furnished the desired compound as a straw coloured
solid (199 mg, 40 % yield). MS (+ve ESI) : 463 (M+H)+
IH NMR (400 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H),
1.75 (m, 4H), 2.4 (m, IH), 2.65-3.1 (m, 3H), 3.7(m,
3H), 3.9 (m, 2H), 4.5-4.85 (m, 2H), 5.05 (m, 2H), 7.1
(m, 2H), 7.35-7.6 (m, 2H), 8.7 (s, IH).
5-methoxycarbonylmethyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloride was synthesised in
the following manner. tert-butyl
5-methoxycarbonylmethyl-l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indole-2- carboxylate
N-boc-2,3,4,5-tetrahydro-l -pyrido[4,3- ]indole (450
mg, 1.65 mmol) was dissolved in DMF (7 mL) and stirred
at room temperature. The vessel was flushed with argon
and sodium hydride (67.0 mg, 1.65 mmol) was added.
After 30 minutes, methyl bromoacetate (253 mg, 1.65
mmol) in DMF (2 mL) was added and the mixture stirred
overnight. The solvent was removed in vacuo and the
residue partitioned between brine (20 mL) and ethyl
acetate (2 x 40 mL). Combined organics were dried
(sodium sulphate), concentrated in vacuo and adsorbed
onto silica for purification by flash chromatography
(0-40% ethyl acetate / isohexane). This gave
tert-butyl 5-methoxycarbonylmethyl-l,3,4,5-
tetrahydro-2 -pyrido[4,3- ]indole-2-carboxylate as a
pale yellow foam (387 mg, 68%). MS (+ve ESI) : 245.2
(M+H)+IH NMR (400 MHz, DMSO) d 1.45 (s, 9H), 2.7 (m,
2H), 3.7 (s, 3H), 3.75 (t, 2H), 4.55 (s, 2H), 5.05 (s,
2H), 7.1 (m, 2H), 7.4 (m, 2H).
5-methoxycarbonylmethyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloride tert-Butyl
5-methoxycarbonylmethyl-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indole-2- carboxylate (377 mg, 1.09
mmol) was dissolved in methanol (15 mL). 4N HCI in
1,4- dioxan (1.5 mL) was added and the mixture stirred
at room temperature overnight. The solution was
concentrated in vacuo, azeotroped once with toluene
and dried under vacuum to give
5-methoxycarbonylmethyl-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole hydrochloride as an off white
solid (314 mg, 100% assuming HCI salt). MS (+ve ESI) :
245.2 (M+H)+ IH NMR (400 MHz, DMSO) d 3.0 (t, 2H), 3.5
(m, 2H), 3.7 (s, 3H), 4.3 (s, 2H), 5.15 (s, 2H), 7.05
(t, IH), 7.15 (t, IH), 7.4 (d, IH), 7.5 (d, IH), 9.5
(m, 2H). Example 27 (l/f,2 )-L
(l-cyanocyclopropyl)-2-[(5-hydroxycarbonylmethyl-l,3,4
,5-tetrahydro-2 Hpyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(5-methoxycarbony
lmethyl-l,3,4,5-tetrahydro- 2 -pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide (150 mg,
0.32 mmol) andlithium iodide (520 mg, 3.89 mmol) were
suspended in pyridine (5 mL) in a capped microwave
vessel. This was heated in a microwave at 150 0C for
one hour (absorbance : N). Pyridine was removed in
vacuo and the residue azeotroped once with toluene. It
was taken up in 50% brine (20 mL), acidified with
acetic acid and partitioned with ethyl acetate (2 x
8OmL). Combined organics were dried (magnesium
sulphate), concentrated in vacuo, azeotroped once with
toluene and adsorbed onto silica for purification by
flash chromatography (0-20% methanol / DCM). This gave
(li?,2i?)-7V-(l-cyanocyclopropyl)-2-
[(5-hydroxycarbonylmethyl- 1,3 ,4,5 -tetrahydro-2
-pyrido [4,3 -b] indol-2-
yl)carbonyl]cyclohexanecarboxamide as a pale yellow
solid (84.0 mg, 59%). MS (+ve ESI) : 449 (M+H)+ IH NMR
(400 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75
(m, 4H), 2.4 (m, IH), 2.65-3.1 (m, 3H), 3.7-4.0(m,
2H), 4.5-4.85 (m, 4H), 7.1 (m, 2H), 7.25 (m,
lH),7.4-7.55 (m, IH), 8.8 (s, IH). Example 28 (l ,2
)-L
(l-cyanocyclopropyl)-2-[(5-cyclopropylmethyl-l,3,4,5-t
etrahydro-2 Hpyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 24, but
starting 5-cyclopropylmethyl-2,3,4,5-tetrahydro-l -
pyrido[4,3- ]indole hydrochloride (365 mg, 1.39 mmol)
furnished the desired compound as a brittle white
solid (199 mg, 40 % yield). MS (+ve ESI) : 445
(M+H)+IH NMR (400 MHz, DMSO) d 0.35 (m, 2H), 0.45 (m,
2H), 0.75-1.0 (m, 2H), 1.15-1.4 (m, 7H), 1.75 (m, 4H),
2.4 (m, IH), 2.75-3.1 (m, 3H), 3.7-4.0 (m, 4H),
4.55-4.75 (m, 2H), 7.05 (m, 2H), 7.5 (m, 2H), 8.7 (s,
IH). 5-Cyclopropylmethyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloride was synthesised in
the following manner. tert-Buty\
5-cyclopropylmethyl-l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indole-2- carboxylate
N-boc-2,3,4,5-tetrahydro-l -pyrido[4,3- ]indole (450
mg, 1.65 mmol) was dissolved in DMF (7 mL) and stirred
at room temperature. The vessel was flushed with argon
and sodium hydride (67 mg, 1.65 mmol) was added. After
30 minutes, cyclopropylmethyl bormide (0.16 mL, 1.65
mmol) in DMF (2 mL) was added and the mixture stirred
overnight. The solvent was removed in vacuo and the
residue partitioned between brine (20 mL) and ethyl
acetate (2 x 40 mL). Combined organics were dried
(sodium sulphate), concentrated in vacuo and adsorbed
onto silica for purification by flash chromatography
(0-40% ethyl acetate / isohexane). This gave
tert-Butyl 5- cyclopropylmethyl-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indole-2-carboxylate as a pale yellow
gum (451 mg, 84%). MS (+ve ESI) : 327 (M+H)+ IH NMR
(400 MHz, DMSO) d 0.0 (m, 2H), 0.1 (m, 2H), 0.8 (m,
IH), 1.1 (s, 9H), 2.5 (t, 2H), 3.4 (t, 2H), 3.65 (d,
2H), 4.2 (s, 2H), 6.65 (t, IH), 6.75 (t, IH), 7.1 (m,
2H). 5-cyclopropylmethyl-2,3,4,5-tetrahydro-l H-pyrido
[4,3-6] indole hydrochloridetert-Butyl
5-cyclopropylmethyl- 1,3 ,4,5 -tetrahydro-2 -pyrido
[4,3 -b] indole -2-carboxylate (440 mg, 1.35 mmol) was
dissolved in methanol (15 mL). 4N HCl in 1,4-dioxan
(1.5 mL) was added and the mixture stirred at room
temperature overnight. The solution was concentrated
in vacuo, azeotroped once with toluene to give
5-cyclopropylmethyl-2,3,4,5- tetrahydro-l -pyrido[4,3-
]indole hydrochloride as an off white solid (374 mg,
100% assuming HCl salt). MS (+ve ESI) : 227 (M+H)+ IH
NMR (400 MHz, DMSO) d 0.15 (m, 2H), 0.25 (m, 2H), 0.9
(m, IH), 2.85 (t, 2H), 3.25 (m, 2H), 3.8 (d, 2H), 4.1
(s, 2H), 6.8 (t, IH), 6.9 (t, IH), 7.25 (m, 2H), 9.2
(m, 2H). Example 29 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(5-methoxyethyl-l,3,4,5-tetra
hydro-2 Hpyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 24, but
starting with 5-methoxyethyl-2,3,4,5-tetrahydro-l -
pyrido[4,3- ]indole hydrochloride (340 mg, 1.27 mmol)
furnished the desired compound as a brittle straw
coloured solid (148 mg, 26%). MS (+ve ESI) : 449
(M+H)+IH NMR (400 MHz, DMSO) d 0.75-1.0 (m, 2H),
1.15-1.4 (m, 6H), 1.75 (m, 4H), 2.4 (m, IH), 2.75-3.1
(m, 3H), 3.2 (m, 3H), 3.55-4.0 (m, 4H), 4.25 (m, 2H),
4.55-4.8 (m, 2H), 7.05 (m, 2H), 7.5 (m, 2H), 8.7 (s,
IH). 5-methoxyethyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloride was synthesised in
the following manner: tert-Buty\
5-cyclopropylmethyl-l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indole-2- carboxylate
N-boc-2,3,4,5-tetrahydro-l -pyrido[4,3- ]indole (450
mg, 1.65 mmol) was dissolved in DMF (7 mL) and stirred
at room temperature. The vessel was flushed with argon
and sodium hydride (67 mg, 1.65 mmol) was added. After
30 minutes, l-bromo-2- methoxyethane (230 mg, 1.65
mmol) in DMF (2 mL) was added and the mixture stirred
overnight. The solvent was removed in vacuo and the
residue partitioned between brine (20 mL) and ethyl
acetate (2 x 40 mL). Combined organics were dried
(sodium sulphate), concentrated in vacuo and adsorbed
onto silica for purification by flash chromatography
(0-40% ethyl acetate / isohexane). This gave
tert-Butyl 5-(2-methoxy)ethyl-l,3,4,5- tetrahydro-2
-pyrido[4,3- ]indole-2-carboxylate as a pale yellow
gum (443 mg, 81%). MS (+ve ESI) : 33 1 (M+H)+ IH NMR
(400 MHz, DMSO) d 1.45 (s, 9H), 2.8 (t, 2H), 3.2 (s,
3H), 3.55 (t, 2H), 3.75 (t, 2H), 4.25 (t, 2H), 4.55
(s, 2H), 7.0 (t, IH), 7.1 (t, IH), 7.4 (m, 2H).
5-methoxyethyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloridetert-Butyl
5-(2-methoxy)ethyl- 1,3 ,4,5 -tetrahydro-2 -pyrido
[4,3 -b] indole-2- carboxylate (430 mg, ) was
dissolved in methanol (15 mL). 4N HCl in 1,4-dioxan
(1.5 mL) was added and the mixture stirred at room
temperature overnight. The solution was concentrated
in vacuo, azeotroped once with toluene and dried under
vacuum. This gave 5-
(2-methoxy)ethyl-2,3,4,5-tetrahydro-l -pyrido[4,3-
]indole hydrochloride as a grey foam (350 mg, 100%
assuming HCl salt). MS (+ve ESI) : 331 (M+H)+ IH NMR
(400 MHz, DMSO) d 3.2 (t, 2H), 3.4 (s, 3H), 3.6 (m,
4H), 4.3 (m, 4H), 7.15 (m, 2H), 7.5 (d, 2H), 9.6 (m,
2H). Example 30 (l ,2 )-
-(l-cyanocyclopropyl)-2-{[6-(trifluoromethyl)-l,3,4,5-
tetrahydro-2 Hpyrido [4,3-6] indol-2- yl] carbonyl}
cyclohexanecarboxamide. Following Example 24, but
starting with 6-(trifluoromethyl)-2,3,4,5-tetrahydro-l
- pyrido[4,3- ]indole (481 mg, 2.00 mmol) furnished
the desired compound as a white solid (314 mg, 34 %).
1 NMR (400.13 MHz, CDCl3) d 0.87 - 1.89 (12H, m), 2.58
- 2.64 (IH, m), 2.83 - 3.10 (3H, m), 3.64 - 3.71
(0.5H, m), 3.87 - 3.99 (IH, m), 4.35 - 4.41 (0.5H, m),
4.74 - 4.77(1.5H, m), 4.88 (0.5H, d), 6.49 and 6.57 (2
x 0.5H, 2 x s), 7.14 - 7.21 (IH, m), 7.42 (IH, t),
7.62 (IH, t), 8.29 (IH, d)
6-(Trifluoromethyl)-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole was synthesised in the following
manner: 6-(Trifluoromethyl)-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole To 4-piperidone.HCl (1.36 g,
10.0 mmol) and 2-trifluoromethylphenylhydrazine.HCl
(2.13 g, 10.0 mmol) in acetic acid (50 mL) was added
the 1.0 M borontrifiuoride etherate (2.46 mL, 20.0
mmol) and the reaction stirred at 90 0C for 8 hours
and then allowed to cool. The mixture was concentrated
in vacuo and ethanol (ca 20 mL) added and then cooled
to 0 0C, the solid was filtered off and the mother
liquour was concentrated in vacuo and water (adjusted
to pH 14 with 2M NaOH) added to the residue. The solid
was filtered off and washed with water and dried under
high vacuum. MS (+ve ESI) : 240 (M+H)+ 1H NMR (400.132
MHz, DMSO) d 3.07 (2H, t),3.47 (2H, t),4.33 (2H,
s),7.19 (IH, t),7.45 (IH, d),7.79 (IH, d),1 1.52 (IH,
s) Example 31 (l ,2 )-
-(l-cyanocyclopropyl)-2-{[6-(methylsulfonyl)-l,3,4,5-t
etrahydro-2 Hpyrido [4,3-6] indol-2-yl]
carbonyl}cyclohexanecarboxamide Following Example 24,
but starting with
6-methanesulfonyl-2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole (155 mg, 0.61 mmol) furnished the desired
compound as a off white coloured solid (23.4 mg,
8.2%).MS (+ve ESI) : 469 (M+H)+ 1 NMR (400.132 MHz,
DMSO) d 0.70 - 1.08 (m, 2H), 1.09 - 1.49 (m, 6H), 1.52
- 1.87 (m, 4H), 2.32 - 2.47 (m, IH), 2.54 - 3.21 (m,
3H), 3.33 (s, 3H), 3.69 - 3.97 (m, 2H), 4.64 (q, IH),
4.80 (s, IH), 7.16 - 7.25 (m, IH), 7.56 (t, IH), 7.87
(q, IH), 8.71 (d, IH), 11.24 (d, IH)
6-methanesulfonyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole was synthesised in the following
manner:
-methylsulfanyl-l^^S-tetrahydro-pyrido^S-blindole-l-ca
rboxylic acid tert-bntyl ester
6-methylsulfanyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-b]indole (1.10 g 5.00 mmol) in dry THF(20
mL) was treated with di-t-butyl-dicarbonate (2.40 g,
11.0 mmol) followed by a few crystals of
4-dimethylaminopyridine. The reaction was stirred at
60 0C for 2 hours. Trituration with a little ether
gave pure product as a white solid (191 mg). Material
used crude MS (+ve ESI) : 319 (M-tBu) + 1H NMR
(400.132 MHz, DMSO) d 1.50 (s, 9H), 2.85 (t, 2H), 3.34
(s, 3H), 3.76 (t, 2H), 4.57 (s, 2H), 7.03 (t, IH),
7.12 (d, IH), 7.34 (d, IH), 10.93 (s, IH)
6-methanesulfonyl-l,3,4,5-tetrahydro-pyrido[4,3-b]indo
le-2-carboxylic acid tert-butyl ester
6-methylsulfanyl-l,3,4,5-tetrahydro-pyrido[4,3-b]indol
e-2-carboxylic acid tertbutyl ester (99.0 mg, 0.31
mmol) in DCM (10 mL) was cooled to >0 0C and the
MCPBA(148 mg, 0.62 mmol) in DCM (5 mL) added dropwise
over 30 min. The reaction was allowed to warm to RT.
The reaction was washed with sat. NaHCO solution (2 x
20 mL), dried (MgSO ) and evaporated to give a yellow
gum (109 mg, 100%) MS (+ve ESI) : 249 (M-tBu)+ 1H NMR
(400. 132 MHz, DMSO) dl .45 (s, 9H), 2.86 (t, 2H),
3.26 (s, 3H), 3.72 (t, 2H), 4.58 (s, 2H), 7.20 (t,
IH), 7.56 (d, IH), 7.80 (d, IH), 11.17 (s, IH)
6-methanesulfonyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole 6-methanesulfonyl-l
,3,4,5-tetrahydro-pyrido[4,3-b]indole-2-carboxylic
acid tertbutyl ester (214 mg, 0.61 mmol) was dissolved
in DCM ( 1 mL) and the 4M HCl in dioxane ( 1 mL)
added. Evolution of gas commenced immediately and the
reaction was stirred for 2.5h when no further
evolution was observed but a black solid had separated
from the reaction. LCMS Retention time 0.62 min MS
(+ve ESI) : 251 (M+H)+ Example 32 (l ,2
)-2-{[6-(benzyloxy)-l,3,4,5-tetrahydro-2H-pyrido[4,3-6
]indol-2-yl]carbonyl}- -
(l-cyanocyclopropyl)cyclohexanecarboxamide Following
Example 24, but starting with
6-benzyloxy-2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole.HCl (945 mg, 3.00 mmol) furnished the desired
compound as a off white coloured solid (822 mg, 55%).
MS (+ve ESI) : 497 (M+H)+NMR (400.132 MHz, DMSO) d
0.72 - 1.04 (m, 2H), 1.15 - 1.44 (m, 6H), 1.60 - 1.86
(m, 4H), 2.42 - 2.49 (m, IH), 2.64 - 3.09 (m, 3H),
3.63 - 3.96 (m, 2H), 4.56 (q, IH), 4.71 (s, IH), 5.25
(s, 2H), 6.73 (t, IH), 6.88 (quintet, IH), 7.05 (q,
IH), 7.34 (t, IH), 7.41 (t, 2H), 7.56 (d, 2H), 8.64
(s, IH), 10.94 (s, IH)
6-Benzyloxy-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole.HCl was prepared in the
following manner. (2-Benzyloxyphenyl)-hydrazine. The
2-benzyloxyaniline (4.99 g, 25.0 mmol) partially
dissolved in cone hydrochloric acid (15 mL) was cooled
to less than 0 oC and a solution of the sodium nitrite
(2.07 g, 30.0 mmol) in water (10 mL) was added
dropwise. The reaction was stirred at the same temp
for 30 min, when tin chloride (16.9 g, 75.0 mmol) in
hydrochloric acid (10 mL) was added dropwise again
keeping temp ca 0 oC. The reaction was stored
overnight in the fridge. The aqueous was decanted off
the resulting black oily gum and triturated with sat
NaCl (cf. 50 mL) and then ether: hexane 1:2 (50 mL)
before neutralising with 1OM NaOH (aq) with external
cooling and extracted into ether (2 x 100 mL). The
combined ether layers were washed with water (100 mL)
dried (MgSO4)and evaporated to give a brown oil which
crystallised on standing (4.52g, 84%). Material was
used crude without further purification. NMR (400.132
MHz, DMSO) 6 3.95 (s, 2H), 5.09 (s, 2H), 5.96 (s, IH),
6.58 (t, IH), 6.79 - 6.90 (m, 2H), 7.04 (d, IH), 7.29
- 7.36 (m, IH), 7.40 (t, 2H), 7.49 (d,
2H).6-Benzyloxy-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole.HCl The
(2-benzyloxyphenyl)-hydrazine (3.39 g, 15.8 mmol) and
4-piperidone hydrochloride (2.15 g, 15.8 mmol) in
ethanol (30 mL) were heated to reflux for 45min. The
4M HCl in dioxane ( 1.0M, 6 mL) was added and heating
continued. After 30min a heavy precipitate had formed.
The reaction was cooled in an ice bath and the solid
was filtered, washed with a little cold isopropyl
alcohol then ether (c.f. 5 mL) before drying to give
2.61g 52.5% white solid. 1 NMR (400.132 MHz, DMSO) d
3.01 (t, 2H), 3.40 - 3.49 (m, 2H), 4.27 (s, 2H), 5.27
(s, 2H), 6.78 (d, IH), 6.92 (t, IH), 7.31 - 7.38 (m,
IH), 7.42 (t, 3H), 7.56 (d, 2H), 9.34 (s, 2H), 11.22
(s, IH) (2-Benzyloxyphenyl)-hydrazine. The
2-benzyloxyaniline (4.99 g, 25.0 mmol) partially
dissolved in cone hydrochloric acid (15 mL) was cooled
to less than 0 oC and a solution of the sodium nitrite
(2.07 g, 30.0 mmol) in water (10 mL) was added
dropwise. The reaction was stirred at the same temp
for 30 min, when tin chloride (16.9 g, 75.0 mmol) in
hydrochloric acid (10 mL) was added dropwise again
keeping temp ca 0 0C. The reaction was stored
overnight in the fridge. The aqueous was decanted off
the resulting black oily gum and triturated with sat
NaCl (cf. 50 mL) and then ether: hexane 1:2 (50 mL)
before neutralising with 1OM NaOH (aq) with external
cooling and extracted into ether (2 x 100 mL). The
combined ether layers were washed with water (100 mL)
dried evaporated to give a brown oil whichcrystallised
on standing (4.52g, 84%). Material was used crude
without further purification. NMR (400.132 MHz, DMSO)
d 3.95 (s, 2H), 5.09 (s, 2H), 5.96 (s, IH), 6.58 (t,
IH), 6.79 - 6.90 (m, 2H), 7.04 (d, IH), 7.29 - 7.36
(m, IH), 7.40 (t, 2H), 7.49 (d, 2H). Example 33
(l/f,2/f)-
L-(l-cyanocyclopropyl)-2-[(6-hydroxy-l,3,4,5-tetrahydr
o-2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide. The ( l i ,2i
)-2-(6-Benzyloxy-l ,3,4,5-tetrahydro-pyrido[4,3-
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropyl)-amide in ethyl acetate (15 mL)
was hydrogenated over 5% palladium on carbon (10 mg).
After an apparent uptake of 5 mL (30 min) the reaction
was stopped and a sample taken for LCMS. The catalyst
was filtered off and a different batch of catalyst and
ethanol (5mL) were added and the hydrogenation
continued. Although there was no further uptake
apparent after 3h the reaction was stopped and LCMS
indicated that the reduction had proceded to the
required product. Purified by preparative HPLC (0.5%
HCOOH, CH3CN / H2O gradient) to give a white powder
(34.7 mg, 43%) MS (+ve ESI) : 407 (M+H)+ 1 NMR
(400.132 MHz, DMSO) d 0.73 - 1.07 (m, 2H), 1.10 - 1.48
(m, 6H), 1.61 - 1.86 (m, 4H), 2.54 - 2.58 (m, IH),
2.64 - 3.07 (m, 3H), 3.60 - 3.97 (m, 2H), 4.54 (q,
IH), 4.68 (s, IH), 6.48 (t, IH), 6.76 (quintet, IH),
6.88 (q, IH), 8.64 (s, IH), 9.35 (d, IH), 10.63 (s,
IH).Example 34 (l ,2 )-L
(l-cyanocyclopropyl)-2-[(6-propoxy-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b]indol-2-yl)carbonyl]
cyclohexanecarboxamide (li?,2i?)-2-(6-
Hydroxy-l,3,4,5-tetrahydro-pyrido[4,3-
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropyFj-amide (102 mg, 0.25 mmol), 1-
bromopropane (28.0 uL, 0.30 mmol) and potassium
carbonate (35.0 mg, 0.25 mmol) in acetone (5 mL) were
heated to reflux for 3h. Added further 1-bromopropane
(58.0 uL, 0.60 mmol) and potassium carbonate (70.0 mg,
0.50 mmol) and heated overnight. The reaction darkened
significantly and LCMS indicated 60% required product
and 40% SM. The reaction was filtered and the liquors
evaporated to dryness before redissolving in
acetonitrile and purifying by preparative HPLC (0.5%
HCOOH, CH3CN / H2O gradient) to give a brown glass
(21.3 mg, 18%) MS (+ve ESI) : 449 (M+H)+ IH NMR
(400.132 MHz, DMSO) d 0.64 - 1.00 (m, 5H), 1.01 - 1.34
(m, 6H), 1.47 - 1.76 (m, 6H), 2.42 - 2.96 (m, 4H),
3.49 - 3.84 (m, 2H), 3.94 (t, 2H), 4.43 (q, IH), 4.58
(s, IH), 6.49 (t, IH), 6.70 - 6.98 (m, 2H), 8.51 (s,
IH), 10.67 (s, IH). Example 35 (l ,2 )-L
(l-cyanocyclopropyl)-2-{[6-(cyanomethoxy)-l,3,4,5-tetr
ahydro-2 Hpyrido [4,3-6] indol-2-yl]
carbonyl}cyclohexanecarboxamideFollowing Example 34
(li?,2i?)-2-(6-hydroxy-l,3,4,5-tetrahydro-pyrido[4,3-
]indole- 2-carbonyl)-cyclohexanecarboxylic acid
(l-cyano-cyclopropy^-amide (102 mg, 0.25 mmol),
bromoacetonitrile (50 uL, 0.75 mmol) and potassium
carbonate (104 mg, 0.75 mmol) in DMF (5 mL)were heated
to 80 0C for 1 h when reaction was ca 60% complete.
Preparative HPLC (0.5% HCOOH, CH3CN / H2O gradient) to
give a yellow solid (51.9,47%). MS (+ve ESI) :
446(M+H)+ 1 NMR (400.132 MHz, DMSO) d 0.71 - 1.04 (m,
2H), 1.09 - 1.47 (m, 6H), 1.59 - 1.85 (m, 4H), 2.54 -
2.57 (m, IH), 2.59 - 3.28 (m, 3H), 3.62 - 3.98 (m,
2H), 4.57 (q, IH), 4.72 (s, IH), 5.29 (s, 2H), 6.80
(t, IH), 6.95 (quintet, IH), 7.18 (q, IH), 8.70 (s,
IH), 11.14 (s, IH). Example 36
(l/f,2/f)-N-(l-cyanocyclopropyl)-2-(6-(2-(dimethylamin
o)ethoxy)-2,3,4,5-tetrahydrolH- pyrido [4,3-6]
indole-2-carbonyl)cyclohexanecarboxamide
(3ai?,7ai?)-hexahydroisobenzofuran-l,3-dione (125 mg,
0.81 mmol) was added to N,Ndimethyl-
2-(2,3,4,5-tetrahydro-lH-pyrido[4,3-
]indol-6-yloxy)ethanamine (210 mg, 0.81 mmol) in DMF
(10 ml) at room temperature under air. The resulting
solution was stirred at room temperature for 2 hours.
7V,7V-Diisopropylethylamine(0.535 ml, 3.24 mmol), HATU
(462 mg, 1.21 mmol) and 1-amino-
l-cyclopropanecarbonitrile HCL (144 mg, 1.21 mmol)
were then added to the mixture. The resulting solution
was stirred at room temperature for 20 hours. The
crude product was purified by preparative HPLC (0.1%
NH3, CH3CN / H2O gradient) as eluents to afford as a
brown gum (89 mg, 23%). MS (+ve ESI) : 478(M+H)+ 1 NMR
(400.13 MHz, CDC13) d 0.71 - 1.52 (4H, m), 1.64 - 2.00
(8H, m), 2.56 - 2.60 (IH, m), 2.64 (3H, s), 2.65 (3H,
s), 2.91 - 3.03 (3H, m), 3.1 1 (2H, t), 3.88 - 3.90
(IH, m),4.13 and 4.40 (IH, m), 4.29 (2H, t), 4.73
-4.78 (IH, m), 4.78 -4.81 (IH, m), 6.53 - 6.61 (2H,
m), 6.93 - 7.01 (IH, m), 7.09 - 7.12 (IH, m), 8.59
(IH, s) ,
-dimethyl-2-(2,3,4,5-tetrahydro-lH-pyrido[4,3-6]indol-
6-yloxy)ethanamine was prepared in the following
manner. tert-Bntyl
6-(2-(dimethylamino)ethoxy)-3,4-dihydro-lH-pyrido[4,3-
b]indole-2(5H)- carboxylate r
-Butyl-6-iodo-3,4-dihydro-lH-pyrido[4,3-
]indole-2(5H)-carboxylate (500 mg, 1.26 mmol),
copper(I) iodide (71.7 mg, 0.38 mmol) and
tri-potassium orthophosphate (533 mg, 2.51 mmol) were
suspended in 2-dimethylaminoethanol (10 ml, 99.40
mmol) and sealed into a microwave tube. The reaction
was heated to 150 0C for 1 hour in the microwave
reactor and cooled to RT. The reaction mixture was
diluted with DCM (100 mL), and washed with 2N NaOH (3
x 50 mL). The organic layer was dried over Na SO ,
filtered and evaporated to afford crude product. The
crude product was purified by preparative HPLC (0.1%
NH3, CH3CN / H2O gradient) to afford tert-butg l 6-(2-
(dimethylamino)ethoxy)-3,4-dihydro-lH-pyrido[4,3-
]indole-2(5H)-carboxylate (304 mg, 67 %) as a yellow
gum. MS (+ve ESI) : 360 (M+H)+
N,N-dimethyl-2-(2,3,4,5-tetrahydro-lH-pyrido[4,3-b]ind
ol-6-yloxy)ethanamine tert-Butyl
6-(2-(dimethylamino)ethoxy)-3,4-dihydro-lH-pyrido[4,3-
]indole-2(5H)- carboxylate (304 mg, 0.85 mmol) was
added to methanolic HCl (20 ml, reagent 10) at 0 0C
under air. The resulting solution was stirred at room
temperature for 19 hours. Thesolvent was removed under
reduced pressure to afford
7V,7V-dimethyl-2-(2,3,4,5-tetrahydrolH- pyrido[4,3-
]indol-6-yloxy)ethanamine (205 mg, 93 %) as a yellow
solid. Example 37 (l/f,2 )-L
(l-cyanocyclopropyl)-2-(6-(2-morpholinoethoxy)-2,3,4,5
-tetrahydro-lHpyrido [4,3-6]
indole-2-carbonyl)cyclohexanecarboxamide Following on
from Example 34, 4-(2-Chloroethyl)morpholine
hydrochloride (90 mg, 



0.48 mmol) was added to (li?,2i?)-
-(l-cyanocyclopropyl)-2-(6-hydroxy-2,3,4,5-
tetrahydro-l -pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide (131 mg,
0.32 mmol) and potassium carbonate (134 mg, 0.97 mmol)
in DMF (5 ml) at 25 0C under air. The resulting
solution was stirred at room temperature for 45 hours,
to yield after purification a cream solid. (4.00 mg,
2.4 %). MS (+ve ESI) : 520(M+H)+ 1 NMR (400.13 MHz,
CDC13) d 1.05 -1.75 (8H, m), 1.83-1.90 (4H, m), 2.61
(4H, t), 2.79-2.84 (2H, m), 2.82 (2H, t), 2.97-2.98
(2H, m), 3.40 and 4.38 (IH, 2 x m), 3.61-3.92 (IH, m),
3.75 - 3.78 (4H, m), 4.24 - 4.27 (2H, m), 4.73-4.78
(2H, m), 6.42 and 6.53 (IH, 2 x s), 6.66 (IH, t), 6.96
- 7.03 (IH, m), 7.08 - 7.12 (IH, m), 9.13 (IH, m)
Example 38 (l/f,2 )-L
(l-cyanocyclopropyl)-2-(6-(2-(pyrrolidin-l-yl)ethoxy)-
2,3,4,5-tetrahydrolH- pyrido [4,3-6]
indole-2-carbonyl)cyclohexanecarboxamideFollowing on
from Example 34, l-(2-chloroethyl)pyrrolidine
hydrochloride (82.0 mg, 0.48 mmol) was added to
(li?,2i?)-N-(l-cyanocyclopropyl)-2-(6-hydroxy-2,
3,4,5- tetrahydro-lH-pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide (131 mg,
0.32 mmol) and potassium carbonate (134 mg, 0.97 mmol)
in DMF (5 mL) at 25 0C under air. The resulting
solution was stirred at room temperature for 45 hours,
to yield after purification a cream solid. (6.00 mg,
3.7 %). MS (+ve ESI) : 504 (M+H)+ 1H NMR (400.13 MHz,
CDC13) d 1.27 - 1.88 (13H, m), 1.90 - 1.92 (2H, m),
2.01 - 2.05 (IH, m), 2.38 (IH, t) 2.59 (IH, t), 2.71 -
2.82 (4H, m), 2.86 - 3.04 (4H, m), 3.85 and 4.41 (IH,
2 x m), 3.87-3.89 (IH, m), 4.26 (2H, t), 4.73 - 4.77
(2H, m), 6.51 and 6.59 (IH, 2 x s), 6.64 (IH, t), 6.94
- 7.01 (IH, m), 7.08 - 7.1 1 (IH, m), 10.03 (IH, m).
Example 39 (l ,2 )-L
(l-cyanocyclopropyl)-2-(6-(2-(piperidin-l-yl)ethoxy)-2
,3,4,5-tetrahydrolH- pyrido [4,3-6]
indole-2-carbonyl)cyclohexanecarboxamide Following on
from Example 24, but starting with
6-(2-(piperidin-l-yl)ethoxy)-2,3,4,5-
tetrahydro-lH-pyrido[4,3- ]indole (1.00 g, 3.34 mmol)
furnished the desired compound as a white solid (356
mg, 21% yield) MS (+ve ESI) : 518 (M+H)+ 1 NMR (400.13
MHz, CDC13) d 0.86 - 1.21 (2H, m), 1.27 - 1.51 (6H,
m), 1.64-1.68 (5H, m), 1.72 - 1.89 (4H, m), 2.63-2.67
(8H, m), 2.70 - 3.05 (3H, d), 3.55 and 4.45 (2 x IH,
m), 3.86 - 3.92 (IH, m), 4.24 (2H, t), 4.70-4.91 (2H,
m), 6.66 - 6.75 (2H, m), 6.95 - 7.03 (IH, m), 7.12
(IH, t), 9.90 - 9.96 (IH,
m)6-(2-(Piperidin-l-yl)ethoxy)-2,3,4,5-tetrahydro-lH-p
yrido[4,3-6]indole was prepared in the following
manner. -Butyl
6-(2-(piperidin-l-yl)ethoxy)-3,4-dihydro-lH-pyrido[4,3
-6]indole-2(5H)- carboxylate Tri-potassium
orthophosphate (1.92 g, 9.04 mmol), tert-butyl
6-iodo-3,4-dihydro-lHpyrido[ 4,3-
]indole-2(5H)-carboxylate (1.80 g, 4.52 mmol) and
copper(I) iodide (0.43Og, 2.26 mmol) were suspended in
2-(piperidin-l-yl)ethanol (15 ml, large excess) and
sealed into a microwave tube after bubbling argon
through the solution for 5 minutes. The reaction was
heated to 150 0C for 1.5 hours in the microwave
reactor and cooled to RT. This reaction was repeat
three times and the combined crude reaction mixture
worked as follows. The mixture was diluted with DCM
(50 mL) and washed with NaOH (3 x 30 mL), dried over
sodium sulfate and the solvent removed under reduced
pressure. The crude product was purified by
preparative HPLC ( 0.1% HCOOH, CH3CN, H2O). Fractions
containing the desired compound were evaporated to
dryness to afford tert-butyl 6-(2-
(piperidin-l-yl)ethoxy)-3,4-dihydro-lH-pyrido[4,3-
]indole-2(5H)-carboxylate ( 1.33 g, 25% yield) as a
yellow gum. LCMS retention time 1.60 min MS (+ve ESI)
: 400 (M+H)+
6-(2-(Piperidin-l-yl)ethoxy)-2,3,4,5-tetrahydro-lH-pyr
ido[4,3-6]indoler -Butyl 6-(2-(piperi din- l
-yl)ethoxy)-3,4-dihydro- lH-pyrido[4,3- ]indole-2(5H)-
carboxylate (1.33 g, 3.32 mmol) was added to HCl in
MeOH (reagent 10, 25 ml) at 25 0C under air. The
resulting solution was stirred at room temperature for
3 days. The solvent was removed under reduced pressure
to afford ( 1.00 g, 100 %) as a yellow gum. Material 5
was used crude. LCMS retention time 2.17 min MS (+ve
ESI) : 300 (M+H)+ Example 40 (l/?,2
)-N-(l-cyanocyclopropyl)-2-[(5-methanesulphonyl-l,3,4,
5-tetrahydro-2Hio pyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 24, but
starting with 5-methanesulphonyl-2,3,4,5-tetrahydro-l
- pyrido[4,3- ]indole hydrochloride (130 mg, 0.52
mmol) furnished the desired compound as a light brown
coloured solid (37 mg, 16%). 15 MS (+ve ESI) : 469
(M+H)+ 1 NMR (400 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3
(m, 6H), 1.75 (m, 4H), 2.4 (m, IH), 2.9-3.3 (m, 3H),
3.35(s, 3H), 3.9 (m, 2H), 4.5-4.8 (m, 2H), 7.3 (m,
2H), 7.65 (m, IH), 7.9 (d, IH), 8.7 (s, IH). 20
5-Methanesulphonyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloride was prepared in
the following manner. iV-Boc-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole
252,3,4,5-Tetrahydro-lH-pyrido[4,3- ]indole
hydrochloride (3.64 g, 17.4 mmol) was suspended in
dichloromethane (120 mL) and stirred at room
temperature under argon. Triethylamine (7.29 mL, 52.3
mmol) was added followed by di-tert-butyl dicarbonate
(3.8Ig, 17.4 mmol) in DCM (30 mL) and the resulting
solution stirred overnight with the argon source
removed. DCM was removed in vacuo and the residue
partitioned between brine (50 mL) and ethyl acetate (2
x 100 mL). Combined organics were dried (sodium
sulphate) and concentrated in vacuo to give -boc-2,
3,4,5-tetrahydro-lH-pyrido[4,3- ]indole as a pale
yellow solid (4.23 g, 89%). MS (+ve ESI) : 271(M+H)+ 1
NMR (400 MHz, DMSO) d 1.45 (s, 9H), 2.8 (t, 2H), 3.7
(t, 2H), 4.55 (s, 2H), 6.95 (t, IH), 7.05 (t, IH), 7.3
(d, IH), 7.4 (d, IH), 10.85 (s, IH).
5-Methanesulphonyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole
7V-Boc-2,3,4,5-tetrahydro-lH-pyrido[4,3- ]indole (800
mg, 2.94 mmol) was dissolved in DMF (20 mL) and
stirred at room temperature. The vessel was flushed
with argon and sodium hydride (235 mg, 5.87 mmol) was
added. After 30 minutes, the reaction was cooled to 0
0C and methanesulphonyl chloride (0.46 mL, 5.87 mmol)
was added dropwise over 5 minutes. The mixture was
stirred and allowed to warm to room temperature
overnight and the solvent removed in vacuo. TLC and
LCMS showed that the BOC group was removed during this
process. Therefore the residue was partitioned between
2M aqueous sodium hydroxide (30 mL) and
dichloromethane (2 x 100 mL) and combined organics
treated with brine (30 mL), dried (sodium sulphate),
concentrated in vacuo. Flash column chromatography
(silica, eluting with 100% dichloromethane / 5%
methanolic ammonia in 50% ethanol / dichloromethane)
gave 5-methanesulphonyl-2,3,4,5-tetrahydrol
-pyrido[4,3- ]indole as a pale yellow brittle solid
(135 mg, 18%).MS (+ve ESI) : 251 (M+H)+ 1 NMR (400
MHz, DMSO) d 2.85 (t, 2H), 3.1 (t, 2H), 3.35 (s, 3H),
3.9 (s, 2H), 7.25 (m, 2H), 7.5 (d, IH), 7.9 (d, IH).
Example 41 (l ,2
)-2-(7,8-Dihydro-5H-furo[2,3-6:4,5-c']dipyridine-6-car
bonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropylj-amide. Following Example 24, but
starting with 1,5,6,7,8, 9a-hexahydro-furo[2,3- :4,5-
c']dipyridine (209 mg, 1.20 mmol) furnished the
desired compound as a light brown coloured solid (44.0
mg, 9.3%). MS (+ve ESI) : 393 (M+H)+ 1 NMR (500.13
MHz, DMSO-d6) d 0.93 (2H, d), 1.26 - 1.43 (6H, m),
1.73 - 1.86 (4H, m), 2.52 - 2.56 (2H, m), 2.90 (IH,
obs), 3.00 - 3.07 (IH, m), 3.89 - 3.98 (2H, m), 4.66 -
4.71 (2H, m), 7.29 - 7.32 (IH, m), 8.03 (IH, d), 8.22
- 8.23 (IH, m), 8.29 (IH, s)
l,5,6,7,8,9a-Hexahydro-furo[2,3-6:4,5-c f]dipyridine
was prepared in the following manner. tert-Bntyl
4-oxo-3-(2-oxo-l,2-dihydropyridin-3-yl)piperidine-l-ca
rboxylate Potassium tert-butoxide (1.22 g, 10.8 mmol)
were added to tert-butyl A-
(hydroxyimino)piperidine-l-carboxylate (2.1 1 g, 9.85
mmol) in DMF (10 mL) at 0 0C under argon. The
resulting suspension was stirred for 20 mins.
2-Fluoropyridine (0.85 mL,9.85 mmol) was added to the
reaction mixture and the resulting solution was
stirred at 8O0C for 2 1 hours. The reaction mixture
was poured into ice water (100 mL) and extracted with
EtOAc (2 x 50 mL). The organic layers were combined
and washed with brine (2 x 50 mL). The organic layer
was dried over Na SO , filtered and evaporated to
afford crude product. Flash column chromatography
(silica, gradient 5 to 100% EtOAc in isohexane)
yielded tert-butyl
4-oxo-3-(2-oxo-l,2-dihydropyridin-3-yl)piperidine-l-ca
rboxylate (0.654 g, 23 %) as a cream solid. MS (+ve
ESI) : 293 (M+H)+ 1 NMR (400.13 MHz, CDC13) d 1.50
(9H, s), 2.64 (2H, s), 3.41 (IH, s), 3.48 (2H, t),
3.73 (IH, s), 4.26 (2H, s), 6.26 (IH, t), 7.24 - 7.27
(IH, m), 7.30 - 7.32 (IH, m)
l,5,6,7,8,9a-Hexahydro-furo[2,3-6:4,5-c']dipyridine
Concentrated Sulfuric acid (1.0 mL, 18.8 mmol) was
added to tert-butyl 4-oxo-3-(2-
oxo-l,2-dihydropyridin-3-yl)piperidine-l-carboxylate
(350 mg, 1.20 mmol). The resulting thick solution was
stirred at room temperature overnight. The reaction
was heated at 60 0C until reaction complete by LCMS.
The reaction was diluted with 90% Acetonitrile 10%
Water and solid potassium carbonate was added
cautiously to neutral pH (Effervescence), the slurry
was filtered and the filtrate evaporated, the
resulting residue was used without further
purification. MS (+ve ESI) : 175 (M+H)+Example 42 (l
,2
)-2-(7-Methanesulfonyl-l,3,4,5-tetrahydro-pyrido[4,3-6
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropylj-amide Example 43 (l ,2
)-2-(9-Methanesulfonyl-l,3,4,5-tetrahydro-pyrido[4,3-6
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropylj-amide Following on from Example
23,
9-methanesulfonyl-2,3,4,5-tetrahydro-lH-pyrido[4,3-
b]indole and
7-methanesulfonyl-2,3,4,5-tetrahydro-lH-pyrido[4,3-b]i
ndole 1:1 mixture (220mg,0.88mmol). The two products
were isolated by chiral HPLC (Solvent A =
0.1%NH3/Water, Solvent B = CH3CN)
(li?,2i?)-2-(7-Methanesulfonyl-l,3,4,5-tetrahydropyrid
o[ 4,3- ]indole-2-carbonyl)-cyclohexanecarboxylic acid
(l-cyano-cyclopropy^-amide as a white solid (65.0 mg,
14%), and
(li?,2i?)-2-(9-Methanesulfonyl-l,3,4,5-tetrahydropyrid
o[ 4,3- ]indole-2-carbonyl)-cyclohexanecarboxylic acid
(l-cyano-cyclopropyl)-amide as a white solid (56.0 mg,
12%). Example 42 LCMS retention time 1.71 min (+ve
ESI) : 469 (M+H)+ Example 43 LCMS retention time 1.70
(+ve ESI) : 469 (M+H)+The mixture of
9-methanesulfonyl-2,3,4,5-tetrahydro-lH-pyrido[4,3-b]i
ndole and 7-
methanesulfonyl-2,3,4,5-tetrahydro-lH-pyrido[4,3-b]ind
ole was prepared in the following manner.
(3-Methanesulfonyl-phenyl)-hydrazine (605 mg, 3.25
mmol) and 4-piperidone hydrochloride (443 mg, 3.25
mmol) were suspended in acetic acid (15 mL) and
stirred at room temperature under argon. Boron
trifiuoride diethyl etherate (0.80 mL, 6.51 mmol) was
added in one portion and the yellow suspension stirred
at 110 0C for 2 hours resulting in a deep red
solution. It was cooled to room temperature and acetic
acid removed in vacuo. The residue was partitioned
between 2N aqueous sodium hydroxide (30 mL) and
dichloromethane (2 x 100 mL). Combined organics were
dried (Na2SO ), concentrated in vacuo. Flash column
chromatography (silica, 100% dichloromethane gradiant
to 5% aq ammonia in 50% ethanol / dichloromethane)
gave the products as a 1:1 mixture (480 mg, 60%). LCMS
retention time 1.34 min (+ve ESI) : 251 (M+H)+ Example
44 (l ,2 )-
-(l-cyanocyclopropyl)-2-(2,2-difluoro-7,8,9,10-tetrahy
dro-6H- [1,3] dioxolo [4,5-g] pyrido [4,3-6] indole-
7-carbonyl)cyclohexanecarboxamide Following on from
Example 24, except using 2,2-difluoro-7, 8,9,1
0-tetrahydro-6H- [l,3]dioxolo[4,5-g]pyrido[4,3-
]indole (147 mg, 0.58 mmol) gave the product after
purification
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-(2,2-difluoro-7,8,
9,10-tetrahydro-6H[l,3]dioxolo[4,5-g]pyrido[4,3-
]indole-7-carbonyl)cyclohexanecarboxamide (58.0 mg, 2
1 %) as a beige solid. MS (+ve ESI) : 175 (M+H)+ IH
NMR (400.132 MHz, DMSO) d 0.70 - 1.07 (m, 2H), 1.10 -
1.56 (m, 6H), 1.55 - 1.87 (m, 4H), 2.61 - 3.15 (m,
4H), 3.66 - 3.96 (m, 2H), 4.58 (q, J = 23.0 Hz, IH),
4.74 (s, IH), 6.98 - 7.39 (m, 2H), 8.65 (s, IH), 11.52
(s, IH) 2,2-Difluor 0-7,8,9, 10-tetrahydr o-6H- [1,3]
dioxolo [4,5-g] pyrido [4,3-6] indole was prepared in
the following manner (2,2-Difluoro-
1,3-benzodioxol-4-yl) hydrazine The
2,2-Difluoro-benzo[l,3]dioxol-4-ylamine (1.99 g, 11.5
mmol) was cooled and cone hydrochloric acid (10 mL)
added. After recooling to 0 0C or less a soution of
the sodium nitrite (873 mg, 12.7 mmol) in water (10
mL) was added dropwise. The reaction was stirred at
the same temp for 30 min when tin chloride (6.55 g,
34.5 mmol) in hydrochloric acid (10 mL) was added
dropwise again keeping temp ca 0 0C.(nb initial
additions of SnCl were very exothermic and the initial
thick ppt required a large stirrer to keep things
moving). The reaction was stored in the fridge
overnight at 0 0C. The resulting solid was filtered
off, washed with sat NaCl (50 mL) and then ether:
hexane 1:2 (50 mL) before drying to give a white
solid. The solid was treated with 50% aqueous sodium
hydroxide (100 mL) and extracted with ether (3 x 50
mL). The combined extracts were dried and filtered to
give a yellow oil which crystallised to long needles
on standing (1.28 g, 60%). MS (+ve ESI) : 205 (M+H)+
NMR (400. 132 MHz, DMSO) 6 4.1 5 (s, 2H), 6.57 (d,
IH), 6.89 (d, IH), 6.99 (t, IH), 7.07 (s,
IH)2,2-Difluor o-7,8,9, 10-tetrahydr o-6H- [1,3]
dioxolo [4,5-g] pyrido [4,3-6] indole The
(2,2-difluoro-benzo[l,3]dioxol-4-yl)-hydrazine (753
mg, 4.00 mmol) and 4-piperidone hydrochloride (543 mg,
4.00 mmol) in ethanol (10 mL) were heated to reflux
for 45min. The 4M HCl in dioxane (2 mL) was added and
heating continued for 2 h. A sample was removed and
after bubbling HCl gas briefly was heated in the
microwave to 110 0C for 10 min. The rest of the
material was processed in 5 batches and the combined
black reactions filtered, washed with a little water
and then precipitation with Et2q :Hexane 1:2 (c.f. 10
mL) before drying the resulting grey solid (147 mg,
13% yield) MS (+ve ESI) : 253 (M+H)+ NMR (400.132 MHz,
DMSO) d 3.04 (s, IH), 3.26 - 3.54 (m, 5H), 4.30 (s,
IH), 7.07 - 7.40 (m, 2H). Example 45 (l ,2 )-
-(l-cyanocyclopropyl)-2-(8-fluoro-6-methoxy-2,3,4,5-te
trahydro-lHpyrido [4,3-6]
indole-2-carbonyl)cyclohexanecarboxamide Following on
from Example 24, except using
8-fluoro-6-methoxy-2,3,4,5-tetrahydrolH- pyrido[4,3-
]indole (20.0 mg, 0.09 mmol), yielded the title
compound as a white foam (31.6 mg, 79%). MS (+ve ESI)
: 439.4 (M+H)+NMR (400.13 MHz, CDCB) d 0.83 - 0.89
(0.5H, m), 0.98 - 1.50 (6H, m), 1.62 1.90 (5H, m),
2.56 - 2.62 (IH, m), 2.75 - 2.98 (3H, m), 3.62 - 3.90
(2H, m), 3.92 (3H, d), 4.29 - 4.35 (0.5H, m), 4.60 -
4.85 (2H, m), 6.37 - 6.47 (2H, m), 6.69 - 6.75 (IH,
m), 7.99 (IH, s)
8-Fluoro-6-methoxy-2,3,4,5-tetrahydro-lH-pyrido[4,3-6]
indole was prepared in the following manner
Diphenylmethanone (4-fluoro-2-methoxyphenyl)hydrazone
A mixture of 2-chloro-5-fluoroanisole (0.52 ml, 4.10
mmol), benzophenone hydrazone (0.98 g, 5.00 mmol),
sodium-tert-butoxide (561 mg, 5.80 mmol), in toluene
(8.0 ml) was charged with Pd (dba) 3 (77.0 mg, 0.08
mmol) and 2-(di-tbutylphosphino) biphenyl (50.0 mg,
0.17 mmol) and heated to 80 0C under argon. The
mixture was stirred overnight and checked with LCMS
and TLC. The mixture was allowed to cool to room
temperature and the reaction mixture was diluted with
EtOAc (20 ml) and filtered. Material was used crude in
the next step.
8-Fluoro-6-methoxy-2,3,4,5-tetrahydro-lH-pyrido[4,3-6]
indole. p-Toluenesulfonic acid (129 mg, 0.75 mmol) was
added to piperidin-4-one hydrochloride (50.8 mg, 0.37
mmol) and l-(diphenylmethylene)-2-(4-fluoro-2-
methoxyphenyl)hydrazine (80.0 mg, 0.25 mmol) in
ethanol (1.25 mL) at 25 0C over a period of 1 min
under air. The resulting suspension was stirred at 80
0C for 16 hours. The reaction mixture was diluted with
EtOH (20 mL), and EtOAC (100 mL) then
washedsequentially with saturated NaHCO (75 mL),
saturated NaHCO (75 mL), and saturated brine (75 mL).
The organic layer was dried over Na SO , filtered and
evaporated to afford crude product. The crude product
was purified by ion exchange chromatography, using an
SCX column. The desired product was eluted from the
column using 7M NH3ZMeOH and 5 pure fractions were
evaporated to dryness to afford crude product. The
crude product was purified by preparative HPLC
(containing 0.1% NH3, CH3CNZH O) as eluents. Fractions
containing the desired compound were evaporated to
dryness to afford 8-fluoro-6-
methoxy-2,3,4,5-tetrahydro-lH-pyrido[4,3- ]indole
(25.0 mg, 46 %) as an off-white solid. o MS (+ve ESI)
: 221.3 (M+H)+ 1 NMR (400.13 MHz, CDC13) d 1.63 (IH,
bs), 2.75 (2H, t), 3.21 (2H, t), 3.92 (3H, s), 3.99
(2H, t), 6.39 - 6.42 (IH, m), 6.67 - 6.70 (IH, m),
7.99 (IH, s) Assay for identification of cathepsin K
inhibitors s QFRET Technology (Quenched Fluorescent
Resonance Energy Transfer) was used to measure the
inhibition by test compounds of cathepsin K-mediated
cleavage of the synthetic peptide Z-Phe-Arg-AMC.
Compounds were screened at twelve concentrations
(3.5x10-8 - lOuM), on two separate occasions and the
mean pIC50 values reported. 0.5nM [final] rhuman
cathepsin K in phosphate buffer was added to a
384-well 0 black microtitre plate containing
investigative compounds. The enzyme and compound were
pre-incubated at room temperature for 30 minutes
before the addition of 5OmM [final] Z-Phe-Arg-AMC
synthetic substrate in phosphate buffer. The plates
were covered and incubated for Ih at room temperature,
protected from light. Following the incubation the
reaction was stopped with 7.5% [final] acetic acid.
Relative fluorescence was 5 measured using the Ultra
plate reader at a wavelength of 360nm excitation and
425nm emission. Data was corrected for background
fluorescence (minimum controls without enzyme). This
data was used to plot inhibition curves and calculate
pIC50 values by non linear regression using a variable
slope, offset=zero model in Origin 7.5 analysis
package. o Reproducibility of data was assessed using
a quality control statistical analysis package whereby
internal variability of the assayed indicated a repeat
testing (n=3) if pIC50 SD was > 0.345.The compounds of
the Examples have Cat K FRET competitive binding as
measured by the assay described above each with a
pIC50 > 6.5. The individual values are set out below.1
-CYANOCYCLOPROPYL-DERIVATIVES AS CATHEPSIN K
INHIBITORS The present invention relates to compounds
and compositions for treating diseases associated with
cysteine protease activity. The compounds are
reversible inhibitors of cysteine proteases, including
cathepsins B, K, C, F, H, L, O, S, W and X. Of
particular interest are diseases associated with
Cathepsin K. In addition this invention also discloses
processes for the preparation of such inhibitors.
Cathepsin K is a member of the papain superfamily of
cysteine proteases, which also encompasses Cathepsins
B, C, F, H, L, O, S, W and X. Cathepsin K is a
lysosomal collagenase like enzyme, highly expressed in
osteoclast cells and plays a key role in turnover and
degradation of the bone organic matrix in skeletal
growth and development, but also in diseases. In this
respect inhibitors of cathepsin K may be useful agents
in the treatment of but not limited to, osteoporosis,
osteoarthritis, asthma, rheumatoid arthritis,
metastatic bone disease, osteolytic bone cancer and
bone related neuropathic pain. The present invention
therefore provides a compound of formula (I) (I) in
which: A is a 5- to 7- membered aliphatic ring
optionally containing a double bond and optionally
comprising an oxygen atom as a ring member and
optionally being substituted by up to three
substituents each independently selected from halogen,
C^alkyl and C - 4carbocyclyl; R is hydrogen or C1-6
alkyl ; R1and R2 together with the nitrogen atom to
which they are attached form a 5- to 7- membered
monocyclic saturated or partially unsaturated
heterocyclic ring, which ringshares at least one atom
with a second monocyclic saturated, partially
unsaturated or unsaturated ring so as to form a
bicyclic ring system; which bicyclic ring system
shares at least one atom with a third saturated,
partially unsaturated or unsaturated ring so as to
form a tricyclic ring system comprising up to 19 ring
atoms, and wherein the tricyclic ring system
optionally comprise up to five heteroatoms each
independently selected from O, S or N atoms, and is
optionally substituted by up to three substituents
each independently selected from phenyl, benzyl,
naphthyl, C1-6 alkyl, C2-6alkenyl, C2-6alkynyl, cyano,
halogen, COOR3, COR3,NO2, OR3, CONR4R5,NR4R5,
Ci-2alkanesulfonyl-, monocyclic heteroaryl comprising
up to 7 ring atoms, and bicyclic heteroaryl comprising
up to 12 carbon atoms, and the tricyclic ring system
is optionally substituted on adjacent carbon atoms by
a group -O-C(R 8)2- O- , wherein each R8 is hydrogen
or a halogen atom, so as to form a 1,3-dioxolo group,
and wherein (i) phenyl, naphthyl, Ci- alkyl,
C2-6alkenyl, C2-6alkynyl and benzyl are optionally
further substituted by up to three substituents each
independently selected from halogen, NR4R5, SO2R3,
CONR4R5, cyano, OR3, SO2NR4R5, NSO2R3,NR4COR5, and
Ci-6 alkyl itself optionally substituted with up to
three substituents independently selected from
halogen, cyano, SO2R3,NR4R5, OR3, SO2NR4R5,
NSO2R3,NR4COR5 and CONR4R5, and (ii) monocyclic or
bicyclic heteroaryl are optionally further substituted
by up to three substituents each independently
selected from halogen, NR4R5, SO2NR4R5, NSO2R3,
NR4COR5, CONR4R5 , SO2R3, cyano, OR3, and phenyl
itself optionally substituted with up to three halogen
groups, SO2R3, or Ci- alkyl itself optionally
substituted with up to three substituents
independently selected from halogen, cyano, SO2R3,
SO2NR4R5, NSO2R3, NR4COR5,NR4R5, OR3, C3-7carbocyclyl
and CONR4R5; R3 is selected from hydrogen, Ci- alkyl,
C3-7carbocyclyl, phenyl, monocyclic heteroaryl, a 4-7
membered monocyclic saturated heterocyclic ring
comprising up to three heteroatoms each independently
selected from O, S or N atoms, and wherein Ci- alkyl
and phenyl and monocyclic heteroaryl can each be
optionally substituted by up to three
groupsindependently selected from halogen, cyano,
CONR4R5,NR4R5, SO2NR4R5, NSO2R3 and SO2R3; R4 and R5
are independently hydrogen, C1-6 alkyl, COR3,
monocyclic heteroaryl comprising up to 7 ring atoms or
bicyclic heteroaryl comprising up to 12 ring atoms or
together with the nitrogen to which they are attached
form a 5- to 7-membered monocyclic saturated
heterocyclic ring optionally comprising up to three
additional heteroatoms each independently selected
from O, S or N atoms and optionally substituted by
C1-6 alkyl optionally substituted by NR6R7; R6 and R7
are independently hydrogen, Ci- alkyl, or together
with the nitrogen to which they are attached form a 5-
to 7-membered monocyclic saturated heterocyclic ring
optionally comprising up to three additional
heteroatoms each independently selected from O, S or N
atoms; and pharmaceutically acceptable salts thereof.
In the context of the present specification, unless
otherwise indicated, an alkyl, alkenyl or alkynyl
group or an alkyl, alkenyl or alkynyl moiety in a
substituent group may be linear or branched. However
references to individual alkyl groups such as "propyl"
are specific for the straight chain version only and
references to individual branched-chain alkyl groups
such as -butyl are specific for the branched chain
version only. For example, "Ci -3alkyl" includes
methyl, ethyl, propyl and isopropyl and examples of
"Ci-6alkyl" include the examples of "Ci-3alkyl"and
additionally t-butyl, pentyl, 2,3-dimethylpropyl, 3-
methylbutyl and hexyl. Examples of "Ci-salkyl" include
the examples of "Ci-6alkyl" and additionally heptyl,
2,3-dimethylpentyl, 1-propylbutyl and octyl. An
analogous convention applies to other terms, for
example "C2-6alkenyl" includes vinyl, allyl,
1-propenyl , 2- butenyl, 3-butenyl,
3-methylbut-l-enyl, 1-pentenyl and 4-hexenyl and
examples of "C2-6alkynyl" includes ethynyl,
1-propynyl, 3-butynyl, 2-pentynyl and l-methylpent-2-
ynyl. "C3-4carbocyclyl" is a saturated, partially
saturated or unsaturated, monocyclic ring containing 3
to 4 carbon ring atoms wherein a -CH2- group can
optionally be replaced by a -C(O)-. Suitable examples
of "C3-4carbocyclyl" are cyclopropyl and cyclobutyl.
"C3-7carbocyclyl" is a saturated, partially saturated
or unsaturated, monocyclic ring containing 3 to 7
carbon ring atoms wherein a -CH2- group can optionally
be replaced by a-C(O)-. Suitable examples of
"C3.7carbocyclyl" are cyclopropyl, cyclopentyl,
cyclobutyl, cyclohexyl, cyclohexenyl,
4-oxocyclohex-l-yl and S-oxocyclohept-S-en-l-yl. Aryl
groups include phenyl and naphthyl. "Monocyclic
heteroaryl" groups include 5- or 6-membered rings
containing one or more heteroatoms selected from N, S,
O. Examples include pyridinyl, pyrimidinyl, pyrazinyl,
pyrrolyl, pyridazinyl, thiazolyl, oxazolyl, pyrazolyl,
imidazolyl, furanyl, thiophenyl and triazolyl.
Particular examples of monocyclic heteroaryl groups
include pyridinyl and especially pyridin-2-yl and
pyridin-6-yl. Examples of "a 5- to 7-membered
monocyclic saturated or partially saturated
heterocyclic ring" include pyrrolidinyl, piperidinyl,
homopiperidinyl, piperazinyl, morpholinyl,
homo-morpholinyl, thiomorpholinyl,
1,1-dioxothiomorpholinyl, 1,4- diazepanyl and
homopiperazinyl. Particular examples of a 5-, 6- or
7-membered monocyclic saturated heterocyclic ring
optionally containing one or more O, S or N atoms
include pyrrolidinyl, piperidinyl, piperazinyl,
homopiperazinyl, 1,4-diazepanyl and especially
pyrrolidin- 1-yl, piperidin- 1-yl, piperazin- 1-yl,
homopiperazin- 1-yl and 1,4- diazepan-1-yl. Examples
of "a 4-7 membered monocyclic saturated heterocyclic
ring" include azetidinyl pyrrolidinyl, piperidinyl,
homopiperidinyl, piperazinyl, morpholinyl,
homomorpholinyl, thiomorpholinyl,
1,1-dioxothiomorpholinyl and homopiperazinyl.
Particular examples of a 5-, 6- or 7-membered
monocyclic saturated heterocyclic ring optionally
containing one or more O, S or N atoms include
azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl,
homopiperazinyl and especially azetidin-1-yl,
pyrrolidin- 1-yl, piperidin- 1-yl, piperazin- 1-yl,
homopiperazin- 1-yl. Examples of "a tricyclic ring
system" include l,3,4,5-tetrahydro-2 -pyrido[4,3-
]indolyl, 5,7,8,9-tetrahydro-6 -pyrrolo[2,3-
:4,5-c]dipyridinyl, l,3,4,5-tetrahydro-2 -
pyrrolo[2,3-c:4,5-c]dipyridinyl, l,3,4,5-tetrahydro-2
-pyrrolo[3,2-c:4,5-c]dipyridinyl, 5,6,7,9-tetrahydro-8
-pyrido[3',4':4,5]pyrrolo[2,3- ]pyrazinyl,
5,6,7,9-tetrahydro-8 - pyrrolo[3,2-
:4,5-c]dipyridinyl, 5,7,8,9-tetrahydro-6
-pyrido[3',4':4,5]pyrrolo[2,3- c]pyridazinyl,
l,2,3,4-tetrahydro[l]benzofuro[3,2-c]pyridinyl,
6,7,8,9-tetrahydrofuro[3,2- :4,5-c]dipyridinyl,
5,6,7,8-tetrahydrofuro[2,3- :4,5-c]dipyridinyl,
5,6,7,8- tetrahydrothieno[2,3- :4,5-c]dipyridinyl,
l,2,3,4-tetrahydro[l]benzothieno[3,2- c]pyridinyl,
6,7,8,9-tetrahydrothieno[3,2- :4,5-c]dipyridinyl,
5,6,7,8-tetrahydro-4
-[l,3]thiazolo[4',5':4,5]pyrrolo[3,2-c]pyridinyl,
5,6,7,8-tetrahydro-4 -
[l,3]thiazolo[5',4':4,5]pyrrolo[3,2-c]pyridinyl,
5,6,7,8-tetrahydro-4 -
thieno[2',3':4,5]pyrrolo[3,2-c]pyridinyl,
5,6,7,8-tetrahydro-4 -thieno[3',2':4,5]pyrrolo[3,2-
c]pyridinyl, 5,6,7,8-tetrahydro-4
-furo[2',3':4,5]pyrrolo[3,2-c]pyridinyl, 5,6,7,8-
tetrahydro-4 -furo[3',2':4,5]pyrrolo[3,2-c]pyridinyl ,
5,6,7,8-tetrahydro-4 -
[l,3]oxazolo[4',5':4,5]pyrrolo[3,2-c]pyridinyl,
5,6,7,8-tetrahydro-4 -
[l,3]oxazolo[5',4':4,5]pyrrolo[3,2-c]pyridinyl,
1,4,5,6,7,8-
hexahydroimidazo[4',5':4,5]pyrrolo[3,2-c]pyridinyl,
3,4,5,6,7,8-
hexahydroimidazo[4',5':4,5]pyrrolo[3,2-c]pyridinyl,
2,3,4,5-tetrahydro-l -pyrido[4,3- ]- 7-azaindolyl,
2,3-dihydro-l -spiro[isoquinoline-4,4'-piperidinyl],
benzofuro[3,2-c]- 1,2,3,4-tetrahydropyridyl.
Particular examples of a tricyclic ring system
optionally containing one or more O, S or N atoms
include l,3,4,5-tetrahydro-2H-pyrido[4,3- b]indolyl,
5,7,8,9-tetrahydro-6 -pyrrolo[2,3- :4,5-c]dipyridinyl,
2,3,4,5-tetrahydro-l - pyrido[4,3- ]-7azaindolyl,
2,3-dihydro-l -spiro[isoquinoline-4,4'-piperidinyl],
benzofuro[3,2-c]-l,2,3,4-tetrahydropyridyl and
especially l,3,4,5-tetrahydro-2Hpyrido[
4,3-b]indol-2-yl and 5,7,8,9-tetrahydro-6
-pyrrolo[2,3- :4,5-c dipyridin-6-yl,
2,3,4,5-tetrahydro-l -pyrido[4,3- ]-7azaindol-2-yl,
2,3-dihydro-l -spiro[isoquinoline-
4,4'-piperidin-2-yl],
benzofuro[3,2-c]-l,2,3,4-tetrahydropyrid-2-yl. The
term "halo" refers to fluoro, chloro, bromo and iodo.
Where optional substituents are chosen from "up to
three" groups it is to be understood that this
definition includes all substituents being chosen from
one of the specified groups or the substituents being
chosen from two or more of the specified groups. An
analogous convention applies to substituents chosen
from " 1 or 2" groups. Certain compounds of formula
(I) are capable of existing in stereoisomeric forms.
It will be understood that the invention encompasses
all geometric and optical isomers of the compounds of
formula (I) and mixtures thereof including racemates.
It is to be understood that certain compounds of
Formula I defined above may exhibit the phenomenon of
tautomerism. In particular, tautomerism may affect any
heterocyclic groups that bear 1 or 2 oxo substituents.
It is to be understood that the present invention
includes in its definition any such tautomeric form,
or a mixture thereof, which possesses the
above-mentioned activity and is not to be limited
merely to any one tautomeric form utilised within the
formulae drawings or named in the Examples.It is also
to be understood that certain compounds of formula (1)
and salts thereof can exist in solvated as well as
unsolvated forms such as, for example, hydrated forms.
It is to be understood that the invention encompasses
all such solvated forms. A suitable
pharmaceutically-acceptable salt of a compound of the
Formula (I) is, for example, an acid-addition salt of
a compound of the Formula (I), for example an
acidaddition salt with an inorganic or organic acid
such as hydrochloric, hydrobromic, sulphuric,
trifluoroacetic, citric, para-toluenesulphonic,
methanesulphonic, tartaric or maleic acid; or, for
example, a salt of a compound of the Formula (I) which
is sufficiently acidic, for example an alkali or
alkaline earth metal salt such as a calcium or
magnesium salt, or an ammonium salt. A further
suitable pharmaceutically acceptable salt of a
compound of the Formula (I) is, for example, a salt
formed within the human or animal body after
administration of a compound of the Formula (I). The
compounds of the invention may be administered in the
form of a pro-drug that is a compound that is broken
down in the human or animal body to release a compound
of the invention. A pro-drug may be used to alter the
physical properties and/or the pharmacokinetic
properties of a compound of the invention. A pro-drug
can be formed when the compound of the invention
contains a suitable group or substituent to which a
property-modifying group can be attached. Examples of
pro-drugs include in vivo cleavable ester derivatives
that may be formed at a carboxy group or a hydroxy
group in a compound of the Formula (I) and in vivo
cleavable amide derivatives that may be formed at a
carboxy group or an amino group in a compound of the
Formula (I). Accordingly, the present invention
includes those compounds of the Formula (I) as defined
hereinbefore when made available by organic synthesis
and when made available within the human or animal
body by way of cleavage of a pro-drug thereof.
Accordingly, the present invention includes those
compounds of the Formula (I) that are produced by
organic synthetic means and also such compounds that
are produced in the human or animal body by way of
metabolism of a precursor compound, that is a compound
of the Formula (I) may be a synthetically-produced
compound or a metabolically-produced compound. A
suitable pharmaceutically-acceptable pro-drug of a
compound of the Formula (I) is one that is based on
reasonable medical judgement as being suitable for
administration tothe human or animal body without
undesirable pharmacological activities and without
undue toxicity. Various forms of pro-drug have been
described, for example in the following documents :-
a) Methods in Enzvmology , Vol. 42, p. 309-396, edited
by K. Widder, et al. (Academic Press, 1985); b) Design
of Pro-drugs, edited by H. Bundgaard, (Elsevier,
1985); c) A Textbook of Drug Design and Development,
edited by Krogsgaard-Larsen and H. Bundgaard, Chapter
5 "Design and Application of Pro-drugs", by H.
Bundgaard p. 113- 191 (1991); d) H. Bundgaard,
Advanced Drug Delivery Reviews , 8, 1-38 (1992); e) H.
Bundgaard, et al., Journal of Pharmaceutical Sciences
, 77, 285 (1988); f) N. Kakeya, et al, Chem. Pharm.
Bull . 32, 692 (1984); g) T. Higuchi and V. Stella,
"Pro-Drugs as Novel Delivery Systems", A.C.S.
Symposium Series, Volume 14; and h) E. Roche (editor),
"Bioreversible Carriers in Drug Design", Pergamon
Press, 1987. A suitable pharmaceutically-acceptable
pro-drug of a compound of the Formula (I) that
possesses a carboxy group is, for example, an in vivo
cleavable ester thereof. An in vivo cleavable ester of
a compound of the Formula (I) containing a carboxy
group is, for example, a pharmaceutically-acceptable
ester, which is cleaved in the human or animal body to
produce the parent acid. Suitable
pharmaceutically-acceptable esters for carboxy include
(l-6C)alkyl esters such as methyl, ethyl and
tert-bvXy\, (l-6C)alkoxymethyl esters such as
methoxymethyl esters, (l-6C)alkanoyloxymethyl esters
such as pivaloyloxymethyl esters, 3-phthalidyl esters,
(3-8C)cycloalkylcarbonyloxy-(l-6C)alkyl esters such as
cyclopentylcarbonyloxymethyl and
1-cyclohexylcarbonyloxyethyl esters, 2-oxo-l,3-
dioxolenylmethyl esters such as
5-methyl-2-oxo-l,3-dioxolen-4-ylmethyl esters and (1-
6C)alkoxycarbonyloxy-(l-6C)alkyl esters such as
methoxycarbonyloxymethyl and 1-
methoxycarbonyloxyethyl esters. A suitable
pharmaceutically-acceptable pro-drug of a compound of
the Formula (I) that possesses a hydroxy group is, for
example, an in vivo cleavable ester or ether thereof.
An in vivo cleavable ester or ether of a compound of
the Formula (I) containing a hydroxy group is, for
example, a pharmaceutically-acceptable ester or ether,
which is cleaved in thehuman or animal body to produce
the parent hydroxy compound. Suitable
pharmaceutically-acceptable ester forming groups for a
hydroxy group include inorganic esters such as
phosphate esters (including phosphoramidic cyclic
esters). Further suitable pharmaceutically-acceptable
ester forming groups for a hydroxy group include (1-
lOQalkanoyl groups such as acetyl, benzoyl,
phenylacetyl and substituted benzoyl and phenylacetyl
groups, (l-lOC)alkoxycarbonyl groups such as
ethoxycarbonyl, NJV-[di-(\- 4C)alkyl] carbamoyl,
2-dialkylaminoacetyl and 2-carboxyacetyl groups.
Examples of ring substituents on the phenylacetyl and
benzoyl groups include aminomethyl, -alkylaminomethyl,
7V,7V-dialkylaminomethyl, morpholinomethyl,
piperazin-1-ylmethyl and
4-(l-4C)alkylpiperazin-l-ylmethyl. Suitable
pharmaceutically-acceptable ether forming groups for a
hydroxy group include a- acyloxyalkyl groups such as
acetoxymethyl and pivaloyloxymethyl groups. A suitable
pharmaceutically-acceptable pro-drug of a compound of
the Formula (I) that possesses an amino group is, for
example, an in vivo cleavable amide derivative
thereof. Suitable pharmaceutically-acceptable amides
from an amino group include, for example an amide
formed with ( 1-lOQalkanoyl groups such as an acetyl,
benzoyl, phenylacetyl and substituted benzoyl and
phenylacetyl groups. Examples of ring substituents on
the phenylacetyl and benzoyl groups include
aminomethyl, Nalkylaminomethyl,
7V,7V-dialkylaminomethyl,morpholinomethyl,
piperazin-1-ylmethyl and
4-(l-4C)alkylpiperazin-l-ylmethyl. The in vivo effects
of a compound of the Formula (I) may be exerted in
part by one or more metabolites that are formed within
the human or animal body after administration of a
compound of the Formula (I). As stated hereinbefore,
the in vivo effects of a compound of the Formula (I)
may also be exerted by way of metabolism of a
precursor compound (a pro-drug). Particular novel
compounds of the invention include, for example,
compounds of the Formula (I), or
pharmaceutically-acceptable salts thereof, wherein,
unless otherwise stated, each of A, R, R1 and R2 has
any of the meanings defined hereinbefore or
hereinafter:- Conveniently A is a 5-7-membered
aliphatic ring optionally containing a double bond and
optionally comprising an oxygen atom as a ring member
and optionally being substituted by 1, 2 or 3
substituents independently selected from halogen and C
-4carbocyclyl. A double bond can be present in any
suitable position of the ring A. An oxygen atom can be
present in any suitable position of the ring A, in
addition to a double bond if desired. Conveniently, A
is a 5-7-membered aliphatic ring optionally being
substituted by 1, 2 or 3 substituents independently
selected from halogen and C3-4carbocyclyl. More
conveniently, A is selected from any one of
cyclopentane, norpinane, cycloheptane and cyclohexane.
More conveniently, A is cyclohexane. Conveniently, R
is hydrogen or C1-4alkyl. More conveniently, R is
hydrogen, methyl, ethyl or propyl. More conveniently,
R is hydrogen. Conveniently, R1and R2 together with
the nitrogen atom to which they are attached form a 5-
to 6-membered monocyclic saturated or partially
saturated heterocyclic ring, which ring shares two
atoms with a second saturated or unsaturated ring so
as to form a bicyclic ring system, which bicyclic ring
system shares one or two atoms with a third saturated
or unsaturated ring so as to form a tricyclic ring
system containing a total of up to 18 atoms, which
tricyclic ring system can optionally contain up to
three heteroatoms each independently selected from O,
S or N atoms and can optionally be substituted by up
to three substituents as defined hereinbefore or
hereinafter. Conveniently, the tricyclic ring system
formed by R1and R2 together with the nitrogen atom to
which they are attached contains up to 15 atoms.
Conveniently the tricyclic ring system formed by R1and
R2 together with the nitrogen atom to which they are
attached can optionally contain up to three
heteroatoms each independently selected from O or N
atoms and can optionally be substituted by up to three
substituents as defined hereinbefore or hereinafter.
More conveniently, the tricyclic ring system can
optionally be substituted by 1 or 2 substituents as
defined hereinbefore or hereinafter. Conveniently the
tricyclic ring system formed by R1and R2 together with
the nitrogen atom to which they are attached can
optionally contain up to three heteroatoms each
independently selected from O, S or N atoms and can
optionally be substituted by up to three substituents
independently selected from C1-6 alkyl, C2-6alkenyl,
C2-6alkynyl, cyano, halogen, COOR3, COR3,NO2, OR3,
SO2R3, SR3, CONR4R5,NR4R5, wherein the Ci-6 alkyl,
C2-6alkenyl and C2-6alkynyl groups can be optionally
substituted further by 1 or2 substituents
independently selected from halogen, NR4R5, SO R3,
CONR4R5, cyano, OR3, SO2NR4R5, NSO2R3, NR8COR9 or
C3-4carbocyclyl. Conveniently, R1and R2 together with
the nitrogen atom to which they are attached form any
one of a l,3,4,5-tetrahydro-2H-pyrido[4,3-b]indolyl,
5,7,8,9-tetrahydro-6 - pyrrolo[2,3- :4,5-c]dipyridinyl
ring, 2,3,4,5-tetrahydro-l -pyrido[4,3- ]-7azaindolyl,
2,3- dihydro-l -spiro[isoquinoline-4,4'-piperidinyl],
benzofuro[3,2-c]-l, 2,3,4- tetrahydropyridyl,
5,6,7,8-tetrahydrofuro[2,3- :4,5-c]dipyridine, wherein
any of the rings can optionally be substituted by 1, 2
or 3 substituent groups as defined hereinbefore or
hereinafter. Conveniently, R3 is hydrogen,
C3_7carbocyclyl or Ci- alkyl optionally substituted
with NR6R7. Conveniently, R4 is hydrogen or Ci- alkyl
optionally substituted with halogen, cyano, CONR5R6,
NR6R7, SO2NR6R7, NSO2R3 or SO2R3. More conveniently,
R4 is hydrogen or Ci- alkyl optionally substituted
with halogen. Conveniently, R5 is hydrogen or Ci-
alkyl. Conveniently, R6 and R7 are independently
hydrogen or Ci- alkyl. It is to be understood that
convenient compounds of the invention include each
exemplified compound, each selected independently and
pharmaceutically acceptable salts, in vivo
hydrolysable esters thereof. Each of the following
groups of compounds, and any combination of compounds
within each group, and pharmaceutically acceptable
salts, in vivo hydrolysable esters thereof, represents
an independent aspect of the invention: (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(8-fluoro-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-2-[(8-chloro-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-yl)carbonyl]-
-(lcyanocyclopropyl) cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(6-fiuoro-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-(l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-
ylcarbonyl)cyclohexanecarboxamide(li?,2i?)-2-[(8-bromo
-l,3,4,5-tetrahydro-2 -pyrido[4,3-
]indol-2-yl)carbonyl]- -(lcyanocyclopropyl)
cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(6-methyl-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-{[8-(trifluoromethyl)-l,3,4,5-
tetrahydro-2 - pyrido[4,3-
]indol-2-yl]carbonyl}cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(8-methoxy-l,3,4,5-tetrahydro
-2 -pyrido[4,3- ]indol-
2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(8-isopropyl-l,3,
4,5-tetrahydro-2 -pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(9-fluoro-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(7-fluoro-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(8-fluoro-5-methyl-l,3,4,5-te
trahydro-2 -pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-2-[(6-bromo-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-yl)carbonyl]-
-(lcyanocyclopropyl) cyclohexanecarboxamide (li?,2i?)-
-(l-Cyanocyclopropyl)-2-[l,3,4,5-tetrahydro-lH-pyrido[
4,3- b]-7-azaindol-2-
yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-({8-[(dimethylamino)methyl]-l,
3,4,5-tetrahydro-2 - pyrido[4,3-
]indol-2-yl}carbonyl)cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-{[8-(methylsulfonyl)-l,3,4,5-t
etrahydro-2 -pyrido[4,3-
]indol-2-yl]carbonyl}cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(6-methoxy-l,3,4,
5-tetrahydro-2 -pyrido[4,3- ]indol-
2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-(l
-spiro[isoquinoline-4,4'-piperidin]-2(3 )-
ylcarbonyl)cyclohexanecarboxamide
(li?,2i?)-2-[(6-chloro-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-yl)carbonyl]-
-(lcyanocyclopropyl) 



cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(6-cyano-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide(li?,2i?)-
-(l-cyanocyclopropyl)-2-[(9-methyl-5,7,8,9-tetrahydro-
6 -pyrrolo[2,3- :4,5- c
dipyridin-6-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-
-(l-cyanocyclopropyl)-2-{[6-(methylthio)-l,3,4,5-tetra
hydro-2 -pyrido[4,3- ]indol-2-yl]carbonyl}
cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[( benzofuro[3,2-c]-l,2,3,4-
tetrahydropyridyl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-
-(l-cyanocyclopropyl)-2-{[6-(trifluoromethoxy)-l,3,4,5
-tetrahydro-2 - pyrido[4,3- ]indol-2-yl]carbonyl}
cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(6-ethoxy-l,3,4,5-tetrahydro-
2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(5-methoxycarbony
lmethyl-l,3,4,5-tetrahydro-2 - pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(5-hydroxycarbony
lmethyl-l,3,4,5-tetrahydro-2 - pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(5-cyclopropylmet
hyl-l,3,4,5-tetrahydro-2 - pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(5-methoxyethyl-l,3,4,5-tetra
hydro-2 -pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-{[6-(trifluoromethyl)-l,3,4,5-
tetrahydro-2 - pyrido[4,3- ]indol-2- yljcarbonyl}
cyclohexanecarboxamide. (li?,2i?)-
-(l-cyanocyclopropyl)-2-{[6-(methylsulfonyl)-l,3,4,5-t
etrahydro-2 -pyrido[4,3- ]indol-2-yl]carbonyl}
cyclohexanecarboxamide
(li?,2i?)-2-{[6-(benzyloxy)-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-yl]carbonyl}-
-(lcyanocyclopropyl) cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(6-hydroxy-l,3,4,
5-tetrahydro-2 -pyrido[4,3- ]indol-
2-yl)carbonyl]cyclohexanecarboxamide. (li?,2i?)-
-(l-cyanocyclopropyl)-2-[(6-propoxy-l,3,4,5-tetrahydro
-2 -pyrido[4,3- ]indol-
2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-{[6-(cyanomethoxy)
-l,3,4,5-tetrahydro-2H-pyrido[4,3-
]indol-2-yl]carbonyl} cyclohexanecarboxamide
(li?,2i?)-
-(l-cyanocyclopropyl)-2-(6-(2-(dimethylamino)ethoxy)-2
,3,4,5-tetrahydro-l - pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide(li?,2i?)-L/-
(l-cyanocyclopropyl)-2-(6-(2-morpholinoethoxy)-2,3,4,5
-tetrahydro-l - pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-(6-(2-(pyrrolidin-l-yl)ethoxy)
-2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-(6-(2-(piperidin-l-yl)ethoxy)-
2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(5-methanesulphon
yl-l,3,4,5-tetrahydro-2 - pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide
(li?,2i?)-2-(7,8-Dihydro-5 -furo[2,3-
:4,5-c']dipyridine-6-carbonyl)- cyclohexanecarboxylic
acid (l-cyano-cyclopropyFj-amide (li ,2i
)-2-(7-Methanesulfonyl-l ,3,4,5-tetrahydro-pyrido[4,3-
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropy^-amide (li ,2i
)-2-(9-Methanesulfonyl-l ,3,4,5-tetrahydro-pyrido[4,3-
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropy^-amide (li?,2i?)-
-(l-cyanocyclopropyl)-2-(2,2-difluoro-7,8,9,10-tetrahy
dro-6 -[l,3]dioxolo[4,5- g]pyrido[4,3-
]indole-7-carbonyl)cyclohexanecarboxamide (li?,2i?)-
-(l-cyanocyclopropyl)-2-(8-fluoro-6-methoxy-2,3,4,5-te
trahydro-l -pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide Compounds of
formula (I) can be prepared by any of the following
routes: Route A (H) (IH) (I) Route B(IV) (V) (I) These
routes are further illustrated by the following
schemes: Scheme 1 (V) (VI) (III) (I) Compounds of the
type (I) can be synthesised by combining three
building blocks as outlined above. A secondary amine
of the type represented by generic structure (V)
coupled with a single enantiomer of cyclic 1,2- diacid
of the type (VI), then an appropriately substituted
1-aminocyclopropylcarbonitrile (III) is coupled to the
remaining acid.Scheme 2 Dehydrating agent
R,R-enantiomer (Vl) (VII) (I) (III) (H) In more detail
the chiral cyclic 1,2-diacid (VI) can be dehydrated
with a suitable reagent such as acetic anhydride,
acetyl chloride, dicyclohexylcarbodiimide (DCC),
thionylchloride and the such like, preferably acetic
anhydride at a temperature between room temperature
and 100 0C, then removal of excess dehydrating agent
yields a bi-cyclicanhydride of the type (VII). The
anhydride (VII) is reactive towards secondary amines
of the type (V) in the presence or absence of a
suitable base such as triethylamine,
diethylisopropylamine,
l,8-diazabicyclo[5.4.0]undec-7-ene (DBU), and the such
like or ionic bases such as potassium carbonate, in a
suitable aprotic solvent such as dichloromethane
(DCM), tetrahydrofuran (THF), diethylether,
dimethylformamide (DMF), dimethylacetamide (DMA),
tert-butylmethylether (TBME), toluene. The subsequent
acid is combined with an appropriately substituted
1-aminocyclopropylcarbonitrile by the use of a
coupling agent such as O-(7-azabenzotriazol-l-yl)-
L,L, ' '-tetramethyluronium hexafluorophosphate
(HATU), dicyclohexylcarbodiimide (DCC) /
hydroxylbenzotriazole (HOBt),
1-benzotriazolyoxy-tris-dimethylamino-phosphonium
hexafluorophosphate (BOP),
benzotriazolyoxy-tris-pyrrolidino-phosphonium
hexafluorophosphate (PyBOP),
L,L/-dimethylaminoethylcyclohexylcarbodiimide (EDC),
4-(4,6-dimethoxy-l,3,5-triazin-2-
yl)-4-methylmorpholinium chloride (DMTMM),
trichloroacetyl chloride, by the formation of an
active ester in the presence of a suitable bases
triethylamine, diethylisopropylamine,DBU, and the such
like or ionic bases such as potassium carbonate, in
the presence or absence of an activating base such as
L,L/-dimethyl-4-amino-pyridine (DMAP) in a suitable
solvent dichloromethane (DCM), tetrahydrofuran (THF),
diethylether, dimethylformamide (DMF),
dimethylacetamide (DMA), tert-butylmethylether (TBME),
toluene at a temperature between 0 0C and 60 0C to
yield compounds of type (I). A combination of HATU or
PyBOP in either DMF or DCM at a temperature between
room temperature and 35 0C is preferred. The chiral
cyclic 1,2-diacid of the type (VI) can be produced by
methods as shown in the literature - WO2004000825,
Eur. J. Org. Chem. 2002, 2948-2952, which include
chiral resolution, chiral separation by
chromatographic methods, de-symmetrisation using
esterase enzymes, such as pig liver esterase as
generalised below. resolving enzyme (+/-) racemic
R,R-enantiomer n tion (+/-) racemic Chiral amine
R,R-enantiomer The preferred
i?,i?-cyclohexyl-l,2-dicarboxylic acid can be produced
by a resolution of commercially available racemic
diacid by a resolution process using chiral amines
bases to form diastereomeric salts and
recystallisation of the single enantiomers, as
outlined by Eur. J. Org. Chem. 2002, 2948-2952.Scheme
3 (VIl) (VIII) (III) (I) An alternative synthesis of
compounds of the type (I) can be made by the route
outlined in scheme 3 above. The previously described
chiral 1,2-diacid can be reacted with a suitable
alcohol such as benzyl alcohol, substituted benzyl
alcohol (for example 4- methoxybenzyl alcohol),
ethanol, methanol, propan-1-ol, isopropanol,
butan-1-ol, at room temperature to 50 0C in a suitable
unreactive solvent such as THF, DCM, DMF and the such
like to yield an ester-acid of the type (VIII). The
reaction with benzyl and substituted benzyl alcohols
is preferred. The ester group is now represented by
the group PG, as this is formally a protecting group
masking the acid. Descriptions of suitable protecting
groups in organic synthesis can be found in Green and
Wuts Protective groups in Organic synthesis, 1991,
John Wiley. In a similar manner to that described
above a free acid of the type (VIII) can be coupled
with an appropriately substituted
1-aminocyclopropylcarbonitrile (III) by the use of a
coupling agent such as HATU, PyBOP, EDC, DCC /HOBt,
BOP, PyBOP, EDC, DMTMM, trichloroacetyl chloride, by
the formation of an active ester in thepresence of a
suitable bases triethylamine, diethylisopropylamine,
DBU and the such like, or suitable ionic bases such as
potassium carbonate, in an appropriate solvent
dichloromethane (DCM), tetrahydrofuran (THF),
diethylether, dimethylformaide (DMF),
dimethylacetamide (DMA), tert-butylmethylether (TBME),
toluene at a temperature between 0 0C and 100 0C to
yield compounds of the type (IX) alternative method
would be by conversion to an acid chloride with a
suitable reagent such as oxalylchloride, thionyl
chloride, and the such like, then addition of the
secondary amine (V) in the presence of a bases as list
above. A combination of HATU or PyBOP in either DMF or
DCM between room temperature and 50 0C is preferred.
The protecting group can be removed from compounds of
the type (IX) to reveal an acid of the type (IV) by
the methods described in Green and Wuts, Protective
groups in Organic synthesis, 1991, John Wiley. In the
preferred case of benzyl group group (PG = CH2-phenyl)
this can be removed by treatment with hydrogen gas and
a suitable catalyst such as palladium on carbon (5 to
10% loading), palladium hydroxide, and the such like
or by transferred hydrogenation using such systems as
palladium (II) acetate and ammonium formate in a
suitable solvent such as methanol, ethanol,
ethylacetate and the such like, and heating between 0
0C and 100 0C. The appropriate secondary amine (V)
(HNRl R2) can then be coupled with with acids of type
(IV) by the use of a coupling agent such as HATU,
PyBOP, EDC, DCC /HOBt, BOP, PyBOP, EDC, DMTMM, by the
formation of an active ester in the presence of a
suitable bases triethylamine, diethylisopropylamine,
DBU and the such like, or suitable ionic bases such as
potassium carbonate, in an appropriate solvent
dichloromethane (DCM), tetrahydrofuran (THF),
diethylether, dimethylformaide (DMF),
dimethylacetamide (DMA), tert-butylmethylether (TBME),
toluene at a temperature between 0 0C and 100 0C to
yield compounds of the type (I). A combination of HATU
or PyBOP in either DMF or DCM between room temperature
and 50 0C is preferred. Many of the secondary amines
(HNR1R2) used in the synthesis of examples below are
from commercially available sources or from routes
described previously in the literature. In general
terms the compounds can be made by the routes
described below.Scheme 4 (X) (Xl) (XII) In general
tricyclic compounds of the type (XII) can be
synthesised by a Fischer indole or equivalent [3,3]
sigmatropic rearrangement reaction with piperidone
(XI) (scheme 4). A suitably substituted aromatic
compound (X) is condensed with piperidone to form and
intermediate hydrozone by mixing in a suitable inert
solvent such as dichloromethane, methanol, ethanol and
the such like, in the presence or absence of an acid,
such as hydrochloric acid, sulphuric or TFA. The
intermediate hydrozone can be isolated and
characterised or taken directly on to the cyclisation
step, by either heating in an appropriate high boiling
point solvent such as toluene, nBuOH, or xylene,
acetic acid, and possibly with microwave technology.
The reaction can also be driven by the presence of a
strong acid such as poly phosphoric acid, hydrochloric
acid, sulphuric acid, or by a Lewis acid such as zinc
chloride, boron trifluoride etherate and the such
like, usually in combination with heating between 50
0C and 200 0C depending on the solvent. In this manner
tricyclic compounds can be isolated directly.Scheme 5
In certain cases the piperidone nitrogen atom requires
protection for the cyclisation reaction to occur.
Appropriate protecting groups, methods of attachment,
and removal can be found in Greene and Wut Green and
Wuts Protective groups in Organic synthesis, 1991,
John Wiley. For example benzyl carbamate, tert-butyl
carbamate, trifluoroacetyl and benzyl, which are
represented above in scheme 5 as the group PG. The
synthesis would use the conditions described above for
the cyclisation to give compounds of the type (XIV)
and then subsequently removal of the protecting group
to give the require secondary amine (XII). According
to a further feature of the invention there is
provided a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, for use as a
therapeutic agent. According to a further feature of
the invention there is provided a compound of the
formula (I), or a pharmaceutically acceptable salt
thereof, for use as a therapeutic agent, where it is
desirable to have inhibition of Cathepsin K. According
to a further feature of the present invention there is
provided a method for producing inhibition of a
cysteine protease in a warm blooded animal, such as
man, inneed of such treatment, which comprises
administering to said animal an effective amount of a
compound of the present invention, or a
pharmaceutically acceptable salt thereof. The
invention also provides a compound of the formula (I),
or a pharmaceutically acceptable salt thereof, for use
as a medicament; and the use of a compound of the
formula (I) of the present invention, or a
pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for use in the inhibition
of a cysteine protease in a warm blooded animal, such
as man. In particular the compounds of the invention
are useful in the treatment of inflammation and immune
disorders such as, but not limited to, osteoporosis,
rheumatoid arthritis, osteoarthritis, metastatic bone
disease, osteolytic bone disease and bone related
neuropathic pain. In particular the invention provides
the use of a compound of the formula (I) of the
present invention, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for
use in the inhibition of Cathepsin K in a warm blooded
animal, such as man. In order to use a compound of the
formula (I) or a pharmaceutically acceptable salt
thereof for the therapeutic treatment of mammals
including humans, in particular in the inhibition of a
cysteine protease, it is normally formulated in
accordance with standard pharmaceutical practice as a
pharmaceutical composition. Therefore in another
aspect the present invention provides a pharmaceutical
composition, which comprises a compound of the formula
(I) or a pharmaceutically acceptable salt thereof and
a pharmaceutically acceptable diluent or carrier. The
pharmaceutical compositions of this invention may be
administered in standard manner for the disease
condition that it is desired to treat, for example by
oral, rectal or parenteral administration. For these
purposes the compounds of this invention may be
formulated by means known in the art into the form of,
for example, tablets, capsules, aqueous or oily
solutions or suspensions, (lipid) emulsions,
dispersible powders, suppositories, ointments, creams,
drops and sterile injectable aqueous or oily solutions
or suspensions. A suitable pharmaceutical composition
of this invention is one suitable for oral
administration in unit dosage form, for example a
tablet or capsule which contains between 1mg and 1 g
of the compound of this invention. In another aspect a
pharmaceutical composition of the invention is one
suitable for intravenous, subcutaneous, intramuscular
or intra-articular injection.Each patient may receive,
for example, an intravenous, subcutaneous or
intramuscular dose of 0.01 mgkg 1 to 100 mgkg 1 of the
compound, preferably in the range of 0.1 mgkg 1 to 20
mgkg 1 of this invention, the composition being
administered 1 to 4 times per day. The intravenous,
subcutaneous and intramuscular dose may be given by
means of a bolus injection. Alternatively the
intravenous dose may be given by continuous infusion
over a period of time. Alternatively each patient will
receive a daily oral dose which is approximately
equivalent to the daily parenteral dose, the
composition being administered 1 to 4 times per day.
The invention further relates to combination therapies
wherein a compound of the invention, or a
pharmaceutically acceptable salt thereof, or a
pharmaceutical composition or formulation comprising a
compound of the invention, is administered
concurrently or sequentially or as a combined
preparation with another therapeutic agent or agents,
for the treatment of one or more of the conditions
listed. In particular, for the treatment of (but not
restricted to) osteoporosis, rheumatoid arthritis,
osteoarthritis, metastatic bone disease, osteolytic
bone disease and bone related neuropathic pain, the
compounds of the invention may be combined with agents
listed below. Non-steroidal anti-inflammatory agents
(hereinafter NSAIDs) including non selective
cyclo-oxygenase COX-I / COX-2 inhibitors whether
applied topically or systemically (such as piroxicam,
diclofenac, propionic acids such as naproxen,
flurbiprofen, fenoprofen, ketoprofen and ibuprofen,
fenamates such as mefenamic acid, indomethacin,
sulindac, azapropazone, pyrazolones such as
phenylbutazone, salicylates such as aspirin);
selective COX-2 inhibitors (such as meloxicam,
celecoxib, rofecoxib, valdecoxib, lumarocoxib,
parecoxib and etoricoxib); cyclo-oxygenase inhibiting
nitric oxide donors (CINODs); glucocorticosteroids
(whether administered by topical, oral, intramuscular,
intravenous, or intra-articular routes); methotrexate;
leflunomide; hydroxychloroquine; d-penicillamine;
auranofin or other parenteral or oral gold
preparations; analgesics; diacerein; intra-articular
therapies such as hyaluronic acid derivatives; and
nutritional supplements such as glucosamine. The
present invention still further relates to the
combination of a compound of the invention, or a
pharmaceutically acceptable salt thereof, together
with a cytokine or agonist or antagonist of cytokine
function, (including agents which act on cytokine
signallingpathways such as modulators of the SOCS
system) including alpha-, beta-, and gammainterferons;
insulin-like growth factor type I (IGF-I);
interleukins (IL) including ILl to 17, and interleukin
antagonists or inhibitors such as anakinra; tumour
necrosis factor alpha (TNF-a) inhibitors such as
anti-TNF monoclonal antibodies (for example
infliximab; adalimumab, and CDP-870) and TNF receptor
antagonists including immunoglobulin molecules (such
as etanercept) and low-molecular-weight agents such as
pentoxyfylline. In addition the invention relates to a
combination of a compound of the invention, or a
pharmaceutically acceptable salt thereof, with a
monoclonal antibody targeting BLymphocytes (such as
CD20 (rituximab), MRA-aIL16R and T-Lymphocytes,
CTLA4-Ig, HuMax 11-15). The present invention still
further relates to the combination of a compound of
the invention, or a pharmaceutically acceptable salt
thereof, with a modulator of chemokine receptor
function such as an antagonist of CCRl, CCR2, CCR2A,
CCR2B, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCRlO
and CCRl 1 (for the C-C family); CXCRl, CXCR2, CXCR3,
CXCR4 and CXCR5 (for the C-X-C family) and CX3CRl for
the C-X3 - C family. The present invention further
relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt
thereof, with an inhibitor of matrix metalloprotease
(MMPs), i.e., the stromelysins, the collagenases, and
the gelatinases, as well as aggrecanase; especially
collagenase-1 (MMP-I), collagenase-2 (MMP-8),
collagenase-3 (MMP- 13), stromelysin-1 (MMP-3),
stromelysin-2 (MMP-IO), and stromelysin-3 (MMP-1 1)
and MMP-9 and MMP-12, including agents such as
doxycycline. The present invention still further
relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt
thereof, and a leukotriene biosynthesis inhibitor,
5-lipoxygenase (5-LO) inhibitor or 5-lipoxygenase
activating protein (FLAP) antagonist such as;
zileuton; ABT-761; fenleuton; tepoxalin; Abbott-79175;
Abbott-85761; a
N-(5-substituted)-thiophene-2-alkylsulfonamide;
2,6-di-tert-butylphenolhydrazones; a
methoxytetrahydropyrans such as Zeneca ZD-2138; the
compound SB-2 10661; a pyridinyl-substituted
2-cyanonaphthalene compound such as L-739,010; a 2-
cyanoquinoline compound such as L-746,530; or an
indole or quinoline compound such as MK-591, MK-886,
and BAY x 1005.The present invention further relates
to the combination of a compound of the invention, or
a pharmaceutically acceptable salt thereof, and a
receptor antagonist for leukotrienes (LT) B4, LTC4,
LTD4, and LTE4. selected from the group consisting of
the phenothiazin-3-ls such as L-65 1,392; amidino
compounds such as CGS-25019c; benzoxalamines such as
ontazolast; benzenecarboximidamides such as BIIL
284/260; and compounds such as zafirlukast, ablukast,
montelukast, pranlukast, verlukast (MK-679), RG-12525,
Ro-245913, iralukast (CGP 45715A), and BAY x 7195. The
present invention still further relates to the
combination of a compound of the invention, or a
pharmaceutically acceptable salt thereof, and a
phosphodiesterase (PDE) inhibitor such as a
methylxanthanine including theophylline and
aminophylline; a selective PDE isoenzyme inhibitor
including a PDE4 inhibitor an inhibitor of the isoform
PDE4D, or an inhibitor of PDE5. The present invention
further relates to the combination of a compound of
the invention, or a pharmaceutically acceptable salt
thereof, and a histamine type 1 receptor antagonist
such as cetirizine, loratadine, desloratadine,
fexofenadine, acrivastine, terfenadine, astemizole,
azelastine, levocabastine, chlorpheniramine,
promethazine, cyclizine, or mizolastine; applied
orally, topically or parenterally. The present
invention still further relates to the combination of
a compound of the invention, or a pharmaceutically
acceptable salt thereof, and a proton pump inhibitor
(such as omeprazole) or a gastroprotective histamine
type 2 receptor antagonist. The present invention
further relates to the combination of a compound of
the invention, or a pharmaceutically acceptable salt
thereof, and an antagonist of the histamine type 4
receptor. The present invention still further relates
to the combination of a compound of the invention, or
a pharmaceutically acceptable salt thereof, and an
alpha- l/alpha-2 adrenoceptor agonist vasoconstrictor
sympathomimetic agent, such as propylhexedrine,
phenylephrine, phenylpropanolamine, ephedrine,
pseudoephedrine, naphazoline hydrochloride,
oxymetazoline hydrochloride, tetrahydrozoline
hydrochloride, xylometazoline hydrochloride,
tramazoline hydrochloride or ethylnorepinephrine
hydrochloride. The present invention further relates
to the combination of a compound of the invention, or
a pharmaceutically acceptable salt thereof, and an
anticholinergic agentsincluding muscarinic receptor
(Ml, M2, and M3) antagonist such as atropine,
hyoscine, glycopyrrrolate, ipratropium bromide,
tiotropium bromide, oxitropium bromide, pirenzepine or
telenzepine. The present invention still further
relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt
thereof, and a beta-adrenoceptor agonist (including
beta receptor subtypes 1-4) such as isoprenaline,
salbutamol, formoterol, salmeterol, terbutaline,
orciprenaline, bitolterol mesylate, or pirbuterol, or
a chiral enantiomer thereof. The present invention
further relates to the combination of a compound of
the invention, or a pharmaceutically acceptable salt
thereof, and a chromone, such as sodium cromoglycate
or nedocromil sodium. The present invention still
further relates to the combination of a compound of
the invention, or a pharmaceutically acceptable salt
thereof, with a glucocorticoid, such as flunisolide,
triamcinolone acetonide, beclomethasone dipropionate,
budesonide, fluticasone propionate, ciclesonide or
mometasone furoate. The present invention further
relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt
thereof, with an agent that modulates a nuclear
hormone receptor such as PPARs. The present invention
still further relates to the combination of a compound
of the invention, or a pharmaceutically acceptable
salt thereof, together with an immunoglobulin (Ig) or
Ig preparation or an antagonist or antibody modulating
Ig function such as anti-IgE (for example omalizumab).
The present invention further relates to the
combination of a compound of the invention, or a
pharmaceutically acceptable salt thereof, and another
systemic or topicallyapplied anti-inflammatory agent,
such as thalidomide or a derivative thereof, a
retinoid, dithranol or calcipotriol. The present
invention still further relates to the combination of
a compound of the invention, or a pharmaceutically
acceptable salt thereof, and combinations of
aminosalicylates and sulfapyridine such as
sulfasalazine, mesalazine, balsalazide, and
olsalazine; and immunomodulatory agents such as the
thiopurines, and corticosteroids such as
budesonide.The present invention further relates to
the combination of a compound of the invention, or a
pharmaceutically acceptable salt thereof, together
with an antibacterial agent such as a penicillin
derivative, a tetracycline, a macrolide, a
beta-lactam, a fluoroquinolone, metronidazole, an
inhaled aminoglycoside; an antiviral agent including
acyclovir, famciclovir, valaciclovir, ganciclovir,
cidofovir, amantadine, rimantadine, ribavirin,
zanamavir and oseltamavir; a protease inhibitor such
as indinavir, nelfinavir, ritonavir, and saquinavir; a
nucleoside reverse transcriptase inhibitor such as
didanosine, lamivudine, stavudine, zalcitabine or
zidovudine; or a non-nucleoside reverse transcriptase
inhibitor such as nevirapine or efavirenz. The present
invention still further relates to the combination of
a compound of the invention, or a pharmaceutically
acceptable salt thereof, and a cardiovascular agent
such as a calcium channel blocker, a beta-adrenoceptor
blocker, an angiotensin-converting enzyme (ACE)
inhibitor, an angiotensin-2 receptor antagonist; a
lipid lowering agent such as a statin or a fibrate; a
modulator of blood cell morphology such as
pentoxyfylline; thrombolytic, or an anticoagulant such
as a platelet aggregation inhibitor. The present
invention further relates to the combination of a
compound of the invention, or a pharmaceutically
acceptable salt thereof, and a CNS agent such as an
antidepressant (such as sertraline), an
anti-Parkinsonian drug (such as deprenyl, L-dopa,
ropinirole, pramipexole, a MAOB inhibitor such as
selegine and rasagiline, a comP inhibitor such as
tasmar, an A-2 inhibitor, a dopamine reuptake
inhibitor, an NMDA antagonist, a nicotine agonist, a
dopamine agonist or an inhibitor of neuronal nitric
oxide synthase), or an anti-Alzheimer's drug such as
donepezil, rivastigmine, tacrine, a COX-2 inhibitor,
propentofylline or metrifonate. The present invention
still further relates to the combination of a compound
of the invention, or a pharmaceutically acceptable
salt thereof, and an agent for the treatment of acute
or chronic pain, such as a centrally or
peripherally-acting analgesic (for example an opioid
or derivative thereof), carbamazepine, phenytoin,
sodium valproate, amitryptiline or other
anti-depressant agent-s, paracetamol, or a
non-steroidal anti-inflammatory agent. The present
invention further relates to the combination of a
compound of the invention, or a pharmaceutically
acceptable salt thereof, together with a parenterally
or topically-applied (including inhaled) local
anaesthetic agent such as lignocaine or a derivative
thereof.A compound of the present invention, or a
pharmaceutically acceptable salt thereof, can also be
used in combination with an anti-osteoporosis agent
including a hormonal agent such as raloxifene, or a
biphosphonate such as alendronate. The present
invention still further relates to the combination of
a compound of the invention, or a pharmaceutically
acceptable salt thereof, together with a : (i)
tryptase inhibitor; (ii) platelet activating factor
(PAF) antagonist; (iii) interleukin converting enzyme
(ICE) inhibitor; (iv) IMPDH inhibitor; (v) adhesion
molecule inhibitors including VLA-4 antagonist; (vi)
cathepsin; (vii) kinase inhibitor such as an inhibitor
of tyrosine kinase (such as Btk, Itk, Jak3 or MAP, for
example Gefitinib or Imatinib mesylate), a serine /
threonine kinase (such as an inhibitor of a MAP kinase
such as p38, JNK, protein kinase A, B or C, or IKK),
or a kinase involved in cell cycle regulation (such as
a cylin dependent kinase); (viii) glucose-6 phosphate
dehydrogenase inhibitor; (ix) kinin-B.subl. - or
B.sub2. -receptor antagonist; (x) anti-gout agent, for
example colchicine; (xi) xanthine oxidase inhibitor,
for example allopurinol; (xii) uricosuric agent, for
example probenecid, sulfinpyrazone or benzbromarone;
(xiii) growth hormone secretagogue; (xiv) transforming
growth factor (TGFb); (xv) platelet-derived growth
factor (PDGF); (xvi) fibroblast growth factor for
example basic fibroblast growth factor (bFGF); (xvii)
granulocyte macrophage colony stimulating factor
(GM-CSF); (xviii) capsaicin cream; (xix) tachykinin
NK.sub 1. or NK.sub3. receptor antagonist such as
NKP-608C, SB-233412 (talnetant) or D-4418; (xx)
elastase inhibitor such as UT-77 or ZD-0892; (xxi)
TNF-alpha converting enzyme inhibitor (TACE); (xxii)
induced nitric oxide synthase (iNOS) inhibitor;
(xxiii) chemoattractant receptor-homologous molecule
expressed on TH2 cells, (such as a CRTH2 antagonist);
(xxiv) inhibitor of P38; (xxv) agent modulating the
function of Toll-like receptors (TLR), (xxvi) agent
modulating the activity of purinergic receptors such
as P2X7; or (xxvii) inhibitor of transcription factor
activation such as NFkB, API, or STATS. A compound of
the invention, or a pharmaceutically acceptable salt
thereof, can also be used in combination with an
existing therapeutic agent for the treatment of
cancer, for example suitable agents include: (i) an
antiproliferative/antineoplastic drug or a combination
thereof, as used in medical oncology, such as an
alkylating agent (for example cis-platin, carboplatin,
cyclophosphamide, nitrogen mustard, melphalan,
chlorambucil, busulphan or a nitrosourea); an
antimetabolite (for example an antifolate such as a
fluoropyrimidine like5-fluorouracil or tegafur,
raltitrexed, methotrexate, cytosine arabinoside,
hydroxyurea, gemcitabine or paclitaxel); an antitumour
antibiotic (for example an anthracycline such as
adriamycin, bleomycin, doxorubicin, daunomycin,
epirubicin, idarubicin, mitomycin-C, dactinomycin or
mithramycin); an antimitotic agent (for example a
vinca alkaloid such as vincristine, vinblastine,
vindesine or vinorelbine, or a taxoid such as taxol or
taxotere); or a topoisomerase inhibitor (for example
an epipodophyllotoxin such as etoposide, teniposide,
amsacrine, topotecan or a camptothecin); (ii) a
cytostatic agent such as an antioestrogen (for example
tamoxifen, toremifene, raloxifene, droloxifene or
iodoxyfene), an oestrogen receptor down regulator (for
example fulvestrant), an antiandrogen (for example
bicalutamide, flutamide, nilutamide or cyproterone
acetate), a LHRH antagonist or LHRH agonist (for
example goserelin, leuprorelin or buserelin), a
progestogen (for example megestrol acetate), an
aromatase inhibitor (for example as anastrozole,
letrozole, vorazole or exemestane) or an inhibitor of
5a-reductase such as finasteride; (iii) an agent which
inhibits cancer cell invasion (for example a
metalloproteinase inhibitor like marimastat or an
inhibitor of urokinase plasminogen activator receptor
function); (iv) an inhibitor of growth factor
function, for example: a growth factor antibody (for
example the anti-erbb2 antibody trastuzumab, or the
anti-erbbl antibody cetuximab [C225]), a farnesyl
transferase inhibitor, a tyrosine kinase inhibitor or
a serine/threonine kinase inhibitor, an inhibitor of
the epidermal growth factor family (for example an
EGFR family tyrosine kinase inhibitor such as
N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-
morpholinopropoxy)quinazolin-4-amine (gefitinib, AZD
1839), N-(3-ethynylphenyl)-6,7-
bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib,
OSI-774) or 6-acrylamido-N-(3-
chloro-4-fluorophenyl)-7-(3-morpholinopropoxy)quinazol
in-4-amine (CI 1033)), an inhibitor of the
platelet-derived growth factor family, or an inhibitor
of the hepatocyte growth factor family; (v) an
antiangiogenic agent such as one which inhibits the
effects of vascular endothelial growth factor (for
example the anti-vascular endothelial cell growth
factor antibody bevacizumab, a compound disclosed in
WO 97/22596, WO 97/30035, WO 97/32856 or WO 98/13354),
or a compound that works by another mechanism (for
example linomide, an inhibitor of integrin av b3
function or an angiostatin);(vi) a vascular damaging
agent such as combretastatin A4, or a compound
disclosed in WO 99/02166, WO 00/40529, WO 00/41669, WO
01/92224, WO 02/04434 or WO 02/08213; (vii) an agent
used in antisense therapy, for example one directed to
one of the targets listed above, such as ISIS 2503, an
anti-ras antisense; (viii) an agent used in a gene
therapy approach, for example approaches to replace
aberrant genes such as aberrant p53 or aberrant BRCAl
or BRCA2, GDEPT (gene-directed enzyme pro-drug
therapy) approaches such as those using cytosine
deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase
patient tolerance to chemotherapy or radiotherapy such
as multi-drug resistance gene therapy; or (ix) an
agent used in an immunotherapeutic approach, for
example ex-vivo and in-vivo approaches to increase the
immunogenicity of patient tumour cells, such as
transfection with cytokines such as interleukin 2,
interleukin 4 or granulocyte-macrophage colony
stimulating factor, approaches to decrease T-cell
anergy, approaches using transfected immune cells such
as cytokine-transfected dendritic cells, approaches
using cytokine-transfected tumour cell lines and
approaches using anti-idiotypic antibodies. The
invention will now be illustrated by the following
Examples, in which standard techniques known to the
skilled chemist and techniques analogous to those
described by these Examples were used as appropriate:
1H NMR spectra were recorded using a Bruker DPX300 FT
spectrometer or via Flow NMR process using an AVANCE
500 FT spectrometer, and using d6- dimethylsulphoxide
(d6-DMSO) or deuterated chloroform (CDCl ) with the
data expressed as chemical shifts in ppm from internal
standard TMS on the d scale and with multiplicity
(b=broad, s=singlet, d=doublets, t=triplet, q=quartet,
qn=quintet, sx=sextet, h= heptet), and integration.
Low resolution mass spectra were obtained using a
Waters liquid chromatography mass spectrometry system,
where purity was determined by UV absorption at a
wavelength of 254 nm, and the mass ion was determined
by electrospray ionisation (Micromass instrument). The
reverse phase column used was a 4.6 mm x 50 mm
Phenomenex Synergi Max-RP 8OA and the solvent system
was water containing 0.1% formic acid and acetonitrile
unless otherwise stated. A typical run was 5.5 minutes
with a 4.0 minute gradient from 0 -95%
acetonitrile.Microwave reactions were performed in a
Smith Synthesiser (300 Kwatts) on either the normal or
high setting using appropriate tubes recommended by
the manufacturer. Purification by column
chromatography was typically performed using silica
gel (Merck 7734 grade) and solvent mixtures and
gradients are recorded herein. Purification by reverse
phase high performance chromatography was typically
performed using a Perkin Elmer instrument using UV
detection at 254 nm and a Cl 8 1500 x 21.2 mm
Phenomenex column 100 A. Acidic conditions (0.1 to
0.5% formic acid) or basic conditions (ammonia to
pHIO) were used with gradiant solvent mixtures of
acetonitrile and water. Sex columns were supplied from
International Sorbent Technology and used as directed
in this specification. High purity and dry solvents
were supplied from Aldrich and used as delivered. The
following abbreviations are used herein: BOP
1-benzotriazolyoxy-tris-dimethylamino-phosphonium
hexafluorophosphate PyBOP
benzotriazolyoxy-tris-pyrrolidino-phosphonium
hexafluorophosphate EDC
N^-dimethylaminoethylcyclohexylcarbodiimide] DMTMM
4-(4,6-dimethoxy-l,3,5-t5riazin-2-yl)-4-methylmorpholi
nium chloride HATU O-(7-azabenzotriazol- 1-yl)-L,L, '
'-tetramethyluronium hexafluorophosphate NMP
1-methyl-2-pyrrolidinone DMAP
L,L/-dimethyl-4-amino-pyridine DIPEA
di-zs-propylethylamine HPLC high performance liquid
chromatography TBAF ra-butylammonium fluoride LCMS
liquid Chromatraphy / Mass Spectrometry DMF
di-methylformamide TFA trifiuoroacetic acid NaHMDS
sodium hexamethyldisilylamide DMA dimethylacetamide
DEAD diethylazodicarboxylatemCPBA met-chloroperbenzioc
acid DMSO dimethylsulphoxide DBU
l,8-diazabicyclo[5.4.0]undec-7-ene DCM dichloromethane
Reagent 10 1.0M Hydrochloric acid in methanol Example
1 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(8-fluoro-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide
(li?,2i?)-Cyclohexane-l,2-dicarboxylic acid (150 mg,
0.87 mmol) was suspended in acetic anhydride (2 mL)
and stirred at 80 0C for 1 hour. The mixture was
cooled, concentrated in vacuo, azeotroped once with
toluene and dried under vacuum to give (3ai?,7ai?)-
hexahydro-2-benzofuran-l,3-dione as a white solid. It
was taken up in DMF (5 mL), 8-
fluoro-2,3,4,5-tetrahydropyrido[4,3-B]indole (166 mg,
0.87 mmol) was added and the solution stirred at room
temperature for 3 hours.
1-Aminocyclopropanecarbonitrile hydrochloride ( 114
mg, 0.96 mmol) was added followed by triethylamine
(0.36 mL, 2.61mmol) and
benzotriazol-1-yloxytripyrrolidinophosphonium
hexafluorophosphate (PyBOP, 499 mg, 0.96 mmol) and the
mixture stirred overnight. DMF was removed in vacuo
and the residue partitioned between DCM (2 x 30 mL)
and 50% brine (10 mL). The combined organics were
treated with saturated aqueous sodium bicarbonate (10
mL) and brine (10 mL), dried (magnesium sulphate),
concentrated in vacuo and adsorbed onto silica for
purification by flash chromatography (0-80% ethyl
acetate / isohexane). To purify further, the sample
was triturated twice with anhydrous diethyl ether (2 x
5 mL), filtered and dried under vacuum. This gave
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(8-fluoro-l,3,4,5
- tetrahydro-2 -pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide as a white
solid (24.0 mg, 7%).MS (+ve ESI) : 408.9 (M+H)+ 1 NMR
(400 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75
(m, 4H),2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8 (m, 2H),
4.5-4.7 (m, 2H), 9.9 (m, IH), 7.2 (m, IH), 7.3 (s,
IH), 8.65 (s, IH), 11.0 (s, IH) Example 2 (l ,2
)-2-[(8-chloro-l,3,4,5-tetrahydro-2H-pyrido[4,3-6]indo
l-2-yl)carbonyl]- -(lcyanocyclopropyl)
cyclohexanecarboxamide Following example 1, but
starting with 8-chloro-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole (91.0 mg, 0.44 mmol) and
purification by silica gel chromatography (elution
with 0-100% ethyl acetate/isohexane) furnished the
desired compound as a white solid (62.0 mg, 17 %
yield). MS (-ve ESI) : 426 (M+H)+ 1 NMR (400 MHz,
DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75 (m, 4H),2.4
(m, IH), 2.7-3.0 (m, 3H), 3.8 (m, 2H), 4.5-4.7 (m,
2H), 7.0 (m, IH), 7.2 (m, IH), 7.5 (m, IH), 8.6 (m,
IH), 11.1 (s, IH) Example 3 (l/f,2/f)-
L-(l-cyanocyclopropyl)-2-[(6-fluoro-l,3,4,5-tetrahydro
-2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamideFollowing Example 1, but
starting with 6-fluoro-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole (166 mg, 0.87 mmol) furnished the
desired compound as a white solid ( 119 mg, 34 %
yield). MS (-ve ESI) : 410 (M+H)+ 1 NMR (400 MHz,
DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75 (m, 4H),
2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8 (m, 2H), 4.5-4.7 (m,
2H), 6.85 (m, IH), 7.3 (m, 2H), 8.5 (m, IH), 11.0 (s,
IH) Example 4 (l ,2 )-
-(l-cyanocyclopropyl)-2-(l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indol-2-
ylcarbonyl)cyclohexanecarboxamide Following Example 1,
but starting with 2,3,4, 5-tetrahydro-l -pyrido[4,3-
]indole (149 mg, 0.87 mmol) furnished the desired
compound as a white solid (109 mg, 32 % yield). MS
(-ve ESI) : 392 (M+H)+ 1 NMR (400 MHz, DMSO) d 0.8-1.1
(m, 2H), 1.3 (m, 6H), 1.75 (m, 4H), 2.4 (m, IH),
2.7-3.0 (m, 3H), 3.8 (m, 2H), 4.5-4.7 (m, 2H), 7.0 (m,
2H), 7.4 (m, 2H), 8.5 (m, IH), 11.0 (s, IH) Example 5
(l ,2
)-2-[(8-bromo-l,3,4,5-tetrahydro-2H-pyrido[4,3-6]indol
-2-yl)carbonyl]- -(lcyanocyclopropyl)
cyclohexanecarboxamideFollowing Example 1, but
starting with 8-bromo-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole (106 mg, 0.42 mmol) furnished the
desired compound as an off-white solid (23.0 mg, 12 %
yield). MS (-ve ESI) : 470 (M+H)+ 1 NMR (400 MHz,
DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75 (m, 4H),
2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8 (m, 2H), 4.5-4.7 (m,
2H), 7.1 (m, IH), 7.3 (m, IH), 7.6 (m, IH), 8.65 (s,
IH), 11.0 (s, IH) Example 6 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(6-methyl-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 1, but
starting with 6-chloro-2,3,4,5-tetrahydro-l
-pyrido[4,3- b]indole (206 mg, 1.00 mmol) furnished
the desired compound as a white foam (179 mg, 42 %
yield). MS (+ve ESI) : 425 (M+H)+ 1H NMR (400.132 MHz,
CDCl3) d 0.85 - 1.96 (HH, m), 2.62 (IH, t), 2.87 (2H,
m), 3.03 (2H, m), 3.61 - 4.40 (2H, m), 4.67 - 4.90
(2H, m), 6.63 (IH, d), 7.04 (IH, m), 7.16 (IH, t),
7.35 (IH, m), 8.16 (IH, m)Example 7 (l ,2 )-
-(l-cyanocyclopropyl)-2-{[8-(trifluoromethyl)-l,3,4,5-
tetrahydro-2 Hpyrido [4,3-6] indol-2-yl]
carbonyl}cyclohexanecarboxamide Following Example 1,
but starting with
8-(trifluoromethyl)-2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole (240 mg, 1.00 mmol) furnished the desired
compound as a yellow gum (249 mg, 54 % yield). MS (+ve
ESI) : 459 (M+H)+ 1H NMR (400.132 MHz, CDCl3) d 0.83 -
1.96 (12H, m), 2.59 - 3.10 (4H, m), 3.72 - 4.21 (2H,
m), 4.52 - 5.06 (2H, m), 6.81 (IH, d), 7.33 (IH, m),
7.39 (IH, s), 7.70 (IH, d), 8.45 (IH, d)
8-(trifluoromethyl)-l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indole was prepared in the following
manner: - Following the above example but starting
with (4-trifluoromethyl)phenylhydrazine hydrochloride
(1.36 g, 10 mmol) furnished the desired compound as an
off white solid (1.60 mg, 66 % yield). MS (+ve ESI) :
240 (M+H)+ 1H NMR (400.132 MHz, DMSO) d 2.75 (2H,
t),3.08 (2H, t),3.94 (2H, s),7.34 (IH, d),7.50 (IH,
d),7.75 (lH, s),1 1.30 (lH, s)Example 8 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(8-methoxy-l,3,4,5-tetrahydro
-2 H-pyrido[4,3- b]indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 1, but
starting with 8-methoxy-2,3,4,5-tetrahydro-l -
pyrido[4,3- ]indole (202 mg, 1 mmol) furnished the
desired compound as a yellow solid (192 mg, 46%
yield). MS (+ve ESI) : 421 (M+H)+ 1H NMR (400.132 MHz,
CDCl3) d 0.82 - 1.91 (13H, m), 2.63 (IH, m), 2.82 (IH,
m), 3.00 



(IH, m), 3.61 and 4.38 (IH, m), 3.86 (3H, d), 3.86
(IH, m), 4.76 (2H, m), 6.68 (IH, d), 6.81 (IH, m),
6.90 (IH, m), 7.19 (IH, m), 7.82 (IH, d) Examples 9
and 10 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(9-fluoro-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b]indol-2-yl)carbonyl]
cyclohexanecarboxamide (l ,2 )-
-(l-cyanocyclopropyl)-2-[(7-fluoro-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b]indol-2-yl)carbonyl]
cyclohexanecarboxamideFollowing Example 1, but
starting with a mixture of l -pyrido[4,3- ]indole-9-
fluoro-2,3 ,4,5-tetrahydro and l
-pyrido[4,3-Z>]indole-7-fluoro-2,3,4,5-tetrahydro
(30:70) (390 mg, 2.05 mmol) and heating the Pybop
reaction mixture at 60 0C for 18 of hours furnished
the desired compound as a mixture of isomers.
Purification with column chromatography (0-80% ethyl
acetate / isohexane) furnished (1R,2R)-N-(1-
cyanocyclopropyl)-2-[(9-fluoro-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide as a yellow solid
(34.0 mg, 5 % yield) and (1R,2R)-
L/-(l-cyanocyclopropyl)-2-[(7-fluoro-l,3,4,5-tetrahydr
o-2 -pyrido[4,3- ]indol-2-
yl)carbonyl]cyclohexanecarboxamide as a yellow solid
(66.0 mg, 8 % yield). (l ,2
)-L-(l-cyanocyclopropyl)-2-[(9-fluoro-l,3,4,5-tetrahyd
ro-2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide MS (+ve ESI) : 409 (M+H)+ 1H
NMR (400.132 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m,
6H), 1.75 (m, 4H), 2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8
(m, 2H), 4.5-4.7 (m, 2H), 6.7 (m, IH), 7.0 (m, IH),
7.1 (s, IH), 8.7 (s, IH), 11.2 (s, IH) (l ,2 )-
-(l-cyanocyclopropyl)-2-[(7-fluoro-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide MS (+ve ESI) : 409 (M+H)+ 1H
NMR (400.132 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m,
6H), 1.75 (m, 4H),2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8
(m, 2H), 4.5-4.7 (m, 2H), 6.8 (m, IH), 7.05 (m, IH),
7.4 (m, IH), 8.7 (s, IH), 11.0 (s, IH) lH-pyrido
[4,3-6] indole-9-fluoro-2,3,4,5-tetrahydro and
lH-pyrido [4,3-6] indole- 7- fluoro-2,3,4,5-tetrahydro
used as a starting material was prepared as follows:
Piperidin-4-one hydrochloride (3.37 g, 24.8 mmol) was
dissolved in ethanol (80 mL). Water (3 drops) was
added followed by 3-fluorophenylhydrazine
hydrochloride (4.04g, 24.8 mmol) and the reaction
mixture heated at reflux for 1 hour. The mixture was
allowed to cool to room temperature and hydrogen
chloride gas was bubbled through the solution for
approximately 15 minutes. Refluxing was recommenced
for 1.5 hours. The suspension was cooled to room
temperature overnight, cooled to 0 0C and the
resultant filtered and washed with ethanol (c.f. 30
mL). The residue was taken up in water (30 mL),made
basic with 2M aqueous sodium hydroxide and the
resulting precipitate filtered off and washed with
water to afforded the desired compounds as an off
white solid consisting of a mixture of isomers
(9-fluoro-2,3,4,5-tetrahydropyrido[4,3-B]indole:
7-fluoro-2,3,4,5- tetrahydropyrido[4,3-B]indole
(30:70)) (1.76 g, 37 % yield). The isomers were
inseparable by column chromatography and the mixture
was used directly in the next step. Example 11 (l ,2
)-L-(l-cyanocyclopropyl)-2-[(8-isopropyl-l,3,4,5-tetra
hydro-2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 1, but
starting with 8-isopropyl-2,3,4,5-tetrahydro-l -
pyrido[4,3- ]indole (214 mg, 1 mmol) furnished the
desired compound as a yellow solid (180 mg, 42 %
yield). MS (+ve ESI) : 433 (M+H)+ 1H NMR (400.132 MHz,
CDCl3) d 0.83 - 1.92 (19H, m), 2.58 - 3.09 (5H, m),
3.59 and 4.40 (IH, m), 3.88 (IH, m), 4.65 - 4.92 (2H,
m), 7.05 (IH, t), 7.23 (IH, t), 7.29 (IH, d), 7.85
(IH, d) 8-isopropyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole Following Examples 9 and 10 but
starting with 4-isopropylphenylhydrazine hydrochloride
(1.86 g, 10 mmol) furnished the desired compound as an
off-white solid (1.5O g, 7 1 % yield). MS (+ve ESI) :
215 (M+H)+ 1H NMR (400.132 MHz, CDCl3) d 1.29 (6H, d),
2.74 (2H, t), 2.99 (IH, m), 3.22 (2H, t), 4.07 (2H,
s), 7.02 (IH, m), 7.22 (2H, m), 7.69 (IH, s)Example 12
(l ,2 )-
-(l-cyanocyclopropyl)-2-[(8-fluoro-5-methyl-l,3,4,5-te
trahydro-2 Hpyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 1, but
starting with 8-fluoro-5-methyl-2,3,4,5-tetrahydro-l -
pyrido[4,3- ]indole (250 mg, 1.04 mmol) and heating
the Pybop reaction mixture at 60 0C overnight
furnished the desired compound as a yellow solid (76.0
mg, 17 % yield). MS (+ve ESI) : 423 (M+H)+ 1H NMR
(400.132 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H),
1.75 (m, 4H), 2.4 (m, IH), 2.7-3.0 (m, 3H), 3.65 (d,
3H), 3.9 (m, 2H), 4.5-4.75 (m, 2H), 6.9 (m, IH), 7.3
(m, 2H), 8.5 (m, IH)
8-fluoro-5-methyl-2,3,4,5-tetrahydro-l H-pyrido
[4,3-6] indole hydrochloride used as a starting
material was prepared as follows: r
-Butyl-8-fluoro-5-methyl-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indole-2-carboxylate 4 (340 mg, 1.12
mmol) was dissolved in methanol (10 mL). 4N Hydrogen
chloride in 1,4- dioxan ( 1 mL) was added and the
solution stirred at room temperature overnight. The
reaction mixture was concentrated in vacuo, azeotroped
once with toluene and dried under vacuum to furnish
the desired compound as a brown solid (260 mg, 97 %
yield). 1H NMR (400.132 MHz, DMSO) d 3.05 (t, 2H),
3.45 (t, 2H), 3.65 (s, 3H), 4.25 (s, 2H), 7.0 (t, IH),
7.3(d, IH), 7.5(m, IH), 9.7 (s, IH) 4 Ruediger, Edward
H.; Deon, Daniel H.; Kadow, John F. Preparation of
tetrahydrocarbolines for treatment of HIV infection
and AIDS. U.S. Pat. Appl. Publ.(2005), 12 pp. CODEN:
USXXCO US 2005267130 Al 20051201 CAN 144:22907 AN 2005
:1262744 CAPLUS Example 13 (l ,2
)-2-[(6-bromo-l,3,4,5-tetrahydro-2H-pyrido[4,3-6]indol
-2-yl)carbonyl]- -(lcyanocyclopropyl)
cyclohexanecarboxamide Following Example 1, but
starting with 6-bromo-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole (251 mg, 1.0 mmol) and heating
the Pybop reaction mixture at 60 C overnight furnished
the desired compound as a white foam (306 mg, 65 %
yield). MS (+ve ESI) : 469 (M+H)+ 1H NMR (400.132 MHz,
CDCl 3) d 0.83 - 1.96 (13H, m), 2.62 (IH, t), 2.87
(IH, m), 3.03 (IH, m), 3.61 - 4.39 (2H, m), 4.77 (2H,
m), 6.68 (IH, d), 6.99 (IH, m), 7.31 (IH, t), 7.38
(IH, t), 8.12 (IH, s) 6-bromo-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole used as a starting material was
prepared as follows: Following Examples 9 and 10 but
starting with (2-bromophenyl)hydrazine (2.24 g, 10
mmol) furnished the desired compound as an off-white
solid (716 mg, 29 % yield) MS (+ve ESI) : 251 (M+H)+
1H NMR (400.132 MHz, DMSO) d 2.70 (2H, t), 3.01 (2H,
t), 3.84 (2H, s), 6.88 (IH, t), 7.20 (IH, d), 7.33
(IH, d), 10.88 (IH, s)Example 14
(lR,2R)-N-(l-Cyanocyclopropyl)-2-[l,3,4,5-tetrahydro-l
H-pyrido[4,3-B]-7-azaindol-
2-yl)carbonyl]cyclohexanecarboxamide Following Example
1, but starting with 2,3,4, 5-tetrahydro-l
-pyrido[4,3- ]-7- azaindole (200 mg, 1.15 mmol) and
heating the Pybop reaction mixture at 60 0C overnight
furnished the desired compound as an off white solid
(40.0 mg, 9 % yield). MS (+ve ESI) : 392 (M+H)+ 1H NMR
(400.132 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H),
1.75 (m, 4H), 2.4 (m, IH), 2.7-3.0 (m, 3H), 3.8 (m,
2H), 4.5-4.7 (m, 2H), 7.0 (m, IH), 7.85 (m, IH), 8.13
(m, IH), 8.65 (s, IH), 11.4 (s, IH)
2,3,4,5-tetrahydro-l H-pyrido[4,3-6]-7azaindole used
as a starting material was prepared as follows: a)
2-Hydrazinopyridine dihydrochloride (5 g, 27.5 mmol)
and l-benzylpiperidin-4-one (6.18 g, 27.5 mmol) were
suspended in ethanol (70 mL). Acetic acid (2 mL) was
added and the mixture stirred at reflux for 2 hours,
cooled to room temperature and concentrated in vacuo.
The residue was partitioned between 2N aqueous sodium
hydroxide (10 mL) and dichloromethane (2 x 30 mL) and
combined organics were dried (sodium sulphate),
concentrated in vacuo and adsorbed onto silica for
purification by chromatography eluting with 0-15%
methanol / dichloromethane. This gave
l-benzylpiperidin-4-one pyridin-2- ylhydrazone as a
pale yellow gum which was used crude in the next
reaction (7.70 g, 100 % yield).1H NMR (400.132 MHz,
DMSO) d 2.3 (t, 2H), 2.4 (t, 2H), 2.6 (m, 2H), 3.5 (m,
2H), 6.7 (m, IH), 7.05 (d, IH), 7.35 (m, 5H), 7.55 (t,
IH), 8.05 (d, IH), 9.4 (s, IH) b) Polyphosphoric acid
(60 g) was added to l-benzylpiperidin-4-one pyridin-2-
ylhydrazone (7.69 g, 27.5 mmol) and the mixture
stirred gently at 150 0C for 24 hours. The mixture was
cooled to room temperature and ice (50 g) was added to
break up the polyphosphoric acid gum. The reaction
mixture was made basic with 2M aqueous sodium
hydroxide and extracted with ethyl acetate (3 x 300
mL). The combined organic extracts were treated with
brine (90 mL), dried (sodium sulphate), concentrated
in vacuo and adsorbed onto silica for purification by
chromatography eluting with 0-10% methanol /
dichloromethane. The mustard coloured solid obtained
(3.80 g) was shown by NMR not to be pure and was thus
triturated with a small volume of dichloromethane,
filtered and dried to furnish the desired compound as
a sand coloured solid (3.00 g, 42 % yield). 1H NMR
(400.132 MHz, DMSO) d 2.8 (s, 4H), 3.6 (s, 2H), 3.75
(s, 2H), 6.95 (m, IH), 7.35 (m, 5H), 7.7 (d, IH), 8.1
(s, IH), 11.35 (s, IH) c)
2,3,4,5-Tetrahydro-l-benzyl-pyrido[4,3-B]-7-azaindole
(2.90 g, 11.0 mmol), ammonium formate (2.78 g, 44.0
mmol) and 20 % palladium hydroxide on carbon (290 mg)
were suspended in ethanol (200 mL) and stirred under
reflux. After 1 hour, more ammonium formate (695 mg, 1
equivalent) was added and refluxing continued for 1
hour. The catalyst was filtered off through celite,
washed with a small volume of dichloromethane and the
combined filtrate concentrated in vacuo and dried
under vacuum to furnish the desired compound as an off
white solid (1.90 g, 100 % yield).1H NMR (400.132 MHz,
DMSO) d 2.7 (t, 2H), 3.05 (t, 2H), 3.85 (s, 2H), 6.9
(m, IH), 7.7 (d, IH), 8.05 (m, IH), 11.2 (s, IH)
Example 15 (l/f,2 )-L
(l-cyanocyclopropyl)-2-({8-[(dimethylamino)methyl]-l,3
,4,5-tetrahydro- 2H-pyrido [4,3-6] indol-2-yl}
carbonyl)cyclohexanecarboxamide Following Example 1,
but starting with ,L/-dimethyl-l-(2,3,4,5-tetrahydro-l
- pyrido[4,3- ]indol-8-yl)methanamine (330 mg, 1.44
mmol) and heating the Pybop reaction mixture at 60 0C
overnight furnished the desired compound as an off
white solid (102 mg, 16 % yield). MS (+ve ESI) : 448
(M+H)+ 1H NMR (400.132 MHz, DMSO) d 0.8-1.1 (m, 2H),
1.3 (m, 6H), 1.75 (m, 4H),2.7 (m, 8H), 3.0 (m, 2H),
3.85 (m, 2H), 4.3 (m, 2H), 4.4-4.9 (m, 2H), 7.1 (m,
IH), 7.35 (m, IH), 7.6 (m, IH), 8.65 (m, IH), 11.1 (s,
IH) ,L dimethyl-l-(2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indol-8-yl)methanamine Following
Example 13 but starting with
dimethylaminomethylphenylhydrazine hydrochloride 5
(3.90 g, 5.36 mmol). The residue was purified by
silica gel chromatography. Eluting with 100 %
dichloromethane then increased polarity to 5 % aqueous
ammonia in 50 % ethanol / dichloromethane furnished
the desired compound as a light brown gum (450 mg, 37%
yield).1H NMR (400.132 MHz, DMSO) d 2.1 (s, 6H), 2.7
(m, 3H), 3.2 (m, 3H), 3.85 (s, 2H), 6.90 (d, IH), 7.2
(m, 2H), 10.6 (s, IH) 5J . Moron, etc, J .
Heterocyclic Chemistry, 1992, 29(6), 1573-1576 Example
16 (l ,2 )-
-(l-cyanocyclopropyl)-2-{[8-(methylsulfonyl)-l,3,4,5-t
etrahydro-2 Hpyrido [4,3-6] indol-2-yl]
carbonyl}cyclohexanecarboxamide Following Example 1,
but starting with
8-(methylsulfonyl)-2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole (200 mg, 0.80 mmol) and heating the Pybop
reaction mixture at 60 0C overnight furnished the
desired compound as an off white solid (156 mg, 42 %
yield). MS (+ve ESI) : 469 (M+H)+ 1H NMR (400.132 MHz,
DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75 (m, 4H),
2.4 (m, IH), 2.7-3.0 (m, 3H), 3.15 (m, 3H), 3.85 (m,
2H), 4.4-4.9 (m, 2H), 7.45 (m, IH), 7.55 (m, IH), 8.1
(m, IH), 8.65 (s, IH), 11.5 (s, IH)
8-(Methylsulfonyl)-l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indole was prepared in the following
manner: - 4-(Methylsulphonyl)phenylhydrazine (1.00 g,
5.37 mmol) was suspended in ethanol (30 mL). Water (3
drops) was added followed by 4-piperidone
dihydrochloride (925 mg, 5.37 mmol) and acetic acid (
1 mL) and the mixture stirred under reflux for 1 hour.
It was allowed to cool to room temperature and
concentrated in vacuo, azeotroped once with toluene
and dried under vacuum. This gave
4-methylsulfonyl-7V-(4- piperidylideneamino)aniline
hydrochloride as a yellow solid (1.57 g, 96%).MS (+ve
ESI) : 268 (M+H)+ 1 NMR (400 MHz, DMSO) d 2.7(m, 4H),
3.3(s, 3H), 3.6 (m, 4H), 7.25 (d, 2H), 7.7 (d, 2H).
4-Methylsulfonyl-7V-(4-piperidylideneamino)aniline
hydrochloride (1.56 g, 5.13 mmol) was suspended in
acetic acid (30 mL) and stirred at room temperature
under argon. Boron trifluoride diethyl etherate (1.26
mL, 10.3 mmol) was added in one portion and the yellow
suspension stirred at 90 0C for 2 hours resulting in a
deep red solution. It was cooled to room temperature
and acetic acid removed in vacuo. The residue was
partitioned between 2N aqueous sodium hydroxide (30
mL) and dichlorome thane (2 x 10OmL). Combined
organics were dried (sodium sulphate), concentrated in
vacuo and adsorbed onto silica for purification by
flash silica chromatography (100% DCM to 5% aqueous
ammoniin 50% ethanol / DCM). This gave
8-methanesulphonyl-2,3,4,5- tetrahydropyrido[4,3-
]indole as a pale yellow foam (560 mg, 44%). IH NMR
(400 MHz, DMSO) d 2.7 (m, 2H), 3.05(m, 2H), 3.15 (s,
3H), 3.9 (s, 2H), 7.5 (m, 2H), 7.95 (s, IH), 11.4 (s,
IH). Example 17 (l/f,2/f)-
L-(l-cyanocyclopropyl)-2-[(6-methoxy-l,3,4,5-tetrahydr
o-2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamideFollowing Example 1, but
starting with 6-methoxy-2,3,4,5-tetrahydro-l Hpyrido[
4,3- ]indole (202 mg, 1 mmol) furnished the desired
compound as a yellow gum (271 mg, 65 % yield). MS (+ve
ESI) : 421 (M+H)+ 1H NMR (400.132 MHz, CDCl3) d 0.82 -
1.97 (12H, m), 2.59 - 3.08 (4H, m), 3.56 (IH, m), 3.86
(IH, m), 3.94 (3H, d), 4.42 (OH, m), 4.65 - 4.90 (2H,
m), 6.64 (IH, t), 6.89 (IH, s), 7.04 (2H, m), 8.17
(IH, d) 6-methoxy-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole used as a starting material was
prepared as follows: As for Example 13 but starting
with 2-methoxyphenylhydrazine hydrochloride (1.38 g,
10 mmol) furnished the desired compound as a brown
solid (712 mg, 35 % yield) which was used directly in
the next step. 1H NMR (400.132 MHz, DMSO) d 2.65 (2H,
t), 3.01 (2H, t), 3.83 (2H, s), 3.89 (3H, s), 6.59
(IH, d), 6.84 (IH, t), 6.91 (IH, d), 10.71 (IH, s)
Example 18 (l ,2 )-L (l-cyanocyclopropyl)-2-(l
H-spiro[isoquinoline-4,4f-piperidin]-2(3H)-
ylcarbonyl)cyclohexanecarboxamide To a solution of
tert-butg l 2-[{{\R,2R)-2-{[{\-
cyanocyclopropyl)amino]carbonyl}
cyclohexyl)carbonyl]-2,3-dihydro-
IH,1'Hspiro[isoquinoline-4,4'-piperidine]-r-carboxylat
e (100 mg, 0.19 mmol) in DCM (20 mL) was added TFA (22
mg, 0.19 mmol) dropwise and the reaction mixture
stirred for 4 hours. The reaction mixture was
concentrated in-vacuo and the residue purified by
basic HPLC (the compound was diluted with
Acetonitrile/H 2O; filtered; pH adjusted to >9 with
NH3, injected onto a Waters 100mm x 19mm XBridge C18
5m column; flow 16mLs/min; Solvent A = 0.1%NH 3/Water,
Solvent B = CH3CN; l=230nm) to furnish the desired
compound as a white solid (58.0 mg, 73 % yield). MS
(+ve ESI) : 421 (M+H)+ 1 NMR (400.13 MHz, CDCl3) dl
.04 - 1.13 (IH, m), 1.15 - 1.21 (IH, m), 1.31-1.62
(6H, m), 1.86-1.92 (6H, m), 2.03 - 2.1 1 (IH, m), 2.61
(IH, m), 2.88-3.1 1 (5H, m), 3.48-4.34 (2H, m),
4.75-4.79 (2H, m), 7.06 (IH, s), 7.1 1 (IH, m), 7.19
(IH, m), 7.26 (IH, d), 7.45 (IH, m) tert-bntyl 2-[((l
,2
)-2-{[(l-cyanocyclopropyl)amino]carbonyl}cyclohexyl)ca
rbonyl]- 2,3-dihydro-l H,l' H-spiro[isoquinoline-4,4
f-piperidine]-l f-carboxylate Following Example 1, but
starting with tert-butyl 2,3-dihydro-l ,l' -
spiro[isoquinoline-4,4'-piperidine]-r-carboxylate (655
mg, 1.93 mmol) furnished the desired compound as a
colourless oil (285 mg, 30 % yield). MS (-ve ESI) :
519 (M-H)+Example 19 (l ,2
)-2-[(6-chloro-l,3,4,5-tetrahydro-2H-pyrido[4,3-6]indo
l-2-yl)carbonyl]- -(lcyanocyclopropyl)
cyclohexanecarboxamide Following Example 1 but
starting with 6-chloro-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole (206 mg, 1.9 mmol) furnished the
desired compound as a white foam (179 mg, 42 % yield).
MS (+ve ESI) : 425 (M+H)+ 1 NMR (400.13 MHz, CDCl3) d
0.85 - 1.96 (HH, m), 2.62 (IH, t), 2.87 (2H, m), 3.03
(2H, m), 3.61 - 4.40 (2H, m), 4.67 - 4.90 (2H, m),
6.63 (IH, d), 7.04 (IH, m), 7.16 (IH, t), 7.35 (IH,
m), 8.16 (IH, m) 6-chloro-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole Following Example 13 but
starting with (2-chlorophenyl)hydrazine hydrochloride
(1.79 g, 10 mmol) furnished the desired compound as an
off white solid (592 mg, 29 % yield). MS (+ve ESI) :
207 (M+H)+ 1H NMR (400.13 MHz, DMSO) d 2.70 (2H, m),
3.02 (2H, m), 3.85 (2H, m), 6.93 (IH, m), 7.07 (IH,
m), 7.23 - 7.38 (IH, m), 11.00 (IH, s)Example 20 (l ,2
)-
-(l-cyanocyclopropyl)-2-[(6-cyano-l,3,4,5-tetrahydro-2
H-pyrido[4,3- b]indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 1, but
starting with 2,3,4,5-tetrahydro-l
H-pyrido[4,3-b]indole- 6-carbonitrile [WO 2004/056324]
(198 mg, 1.00 mmol) furnished the desired compound as
a white solid (247 mg, 59 % yield). MS (+ve ESI) : 416
(M+H)+ IH NMR (400.132 MHz, DMSO) 0.69 - 1.04 (m, 2H),
1.1 1 - 1.46 (m, 6H), 1.60 - 1.88 (m, 4H), 2.40 - 2.48
(m, IH), 2.55 - 3.07 (m, 3H), 3.68 - 3.94 (m, 2H),
4.61 (q, IH), 4.78 (s, IH), 7.09 - 7.19 (m, IH), 7.53
(t, IH), 7.85 (q, IH), 8.71 (d, IH), 11.86 (s, IH)
Example 21 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(9-methyl-5,7,8,9-tetrahydro-
6H-pyrrolo[2,3- b:4,5-c dipyridin-6-yl)carbonyl]
cyclohexanecarboxamide (li?,2i?)-
-(l-Cyanocyclopropyl)-2-[l,3,4,5-tetrahydro-l
H-pyrido[4,3-B]-7-azaindol-2-
yl)carbonyl]cyclohexanecarboxamide (Example 14, 80.0
mg, 0.20 mmol) was dissolved in DMF (5 mL) and stirred
at room temperature under argon. Iodomethane (0.012
mL) was added followed by sodium hydride (9.0 mg, 0.20
mmol). After 1 hour, the reaction wasquenched with
brine (10 mL) and partitioned with ethyl acetate (3 x
30 mL). Combined organic extracts were dried (sodium
sulphate), concentrated in vacuo and adsorbed onto
silica for purification by flash chromatography (0-5%
methanol / dichloromethane). This gave (li?,2i?)-
-(l-cyanocyclopropyl)-2-[l,3,4,5-tetrahydro-lH-pyrido[
4,3-B]-7-Nmethylazaindol-
2-yl)carbonyl]cyclohexanecarboxamide as a white solid
(42.0 mg, 52%). MS (+ve ESI) : 406 (M+H)+ IH NMR (400
MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75 (m,
4H), 2.4 (m, IH), 2.65-3.2 (m, 3H), 3.65 (m, 3H), 3.9
(m, 2H), 4.5-4.75 (m, 2H), 7.0 (m, IH), 7.85 (m, IH),
8.15 (m, IH), 8.65 (s, IH). Example 22 (l ,2 )-
-(l-cyanocyclopropyl)-2-{[6-(methylthio)-l,3,4,5-tetra
hydro-2 H-pyrido[4,3- b ]indol-2-yl]
carbonyl}cyclohexanecarboxamide Following Example 1,
but starting with
6-methylsulfanyl-2,3,4,5-tetrahydro-l H-
pyrido[4,3-b]indole (510 mg, 2.00 mmol) furnished the
desired compound as a white solid (224 mg, 24 %
yield). MS (+ve ESI) : 454 (M+H)+ 1H NMR (400.132 MHz,
DMSO) d 0.70 - 1.05 (m, 2H), 1.22 - 1.54 (m, 4H), 2.31
- 2.47 (m, IH), 2.65 - 2.75 (m, IH), 2.85 (t, 2H),
2.91 - 3.07 (m, 2H), 3.20 (t, IH), 3.34 (s, 3H), 3.48
- 3.93 (m, 4H), 4.48 - 4.75 (m, 2H), 6.97 (q, IH),
7.05 (q, IH), 7.36 (q, IH), 8.69 (s, 2H), 10.94 (s,
IH)
6-methylsulfanyl-2,3,4,5-tetrahydro-lH-pyrido[4,3-b]in
dole was synthesised in the following manner:
[2-(methylthio)phenyl] hydrazineA partial solution of
the 2-methylmercapto aniline (10.0 mL, 80.0 mmol) in
cone hydrochloric acid (100 mL) and trifluoroacetic
acid (60 mL) was cooled to ca 0 0C and maintained
there during the addition of a soution of the sodium
nitrite (6.63 g, 96.0 mmol) in water (22 mL) over 30
min. The reaction was stirred at the same temp for a
further Ih when tin chloride (30.3 g, 160 mmol) in
hydrochloric acid (50 mL) was added over 15min. The
reaction was allowed to warm with stirring overnight.
The resulting solid was filtered off, washed with IPA
and dried (17.8 g) MS (+ve ESI) : 454 (M+H)+ IH NMR
(400.132 MHz, DMSO) D 2.43 (s, 3H), 7.03 (q, 2H), 7.21
- 7.28 (m, IH), 7.35 (d, IH), 7.74 (s, IH), 10.23 (s,
2H) 6-(methylthio)-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole The 2-(methylthio)phenyl
hydrazine (5.32g, 30.0 mmol) and 4-piperidone (4.07g,
30.0 mmol) were partially dissolved in the ethanol (75
mL) and heated initially to reflux for Ih. A heavy
precipitate formed from the almost clear solution. The
reaction was then treated with the cone hydrochloric
acid (2.5 mL) and diluted with further ethanol (25 mL)
to assist stirring and heating continued for a further
4h. After cooling to RT overnight the solid was
filtered washing isopropanol (25 mL). Obtained 7.7Og
MS (+ve ESI) : 454 (M+H)+ 1H NMR (400.132 MHz, DMSO) d
1.90 (t, 2H), 2.98 (s, 2H), 3.04 (t, IH), 3.39 (s,
3H), 4.27 (s, IH), 7.02 (t, IH), 7.10 (d, IH), 7.30 -
7.46 (m, IH), 9.15 (s, IH), 9.61 (s, IH), 11.17 (s,
IH).Example 23 (l ,2 )- -(l-cyanocyclopropyl)-2-[(
benzofuro[3,2-c]-l,2,3,4-
tetrahydropyridyl)carbonyl]cyclohexanecarboxamide
Following Example 1, but starting with
benzofuro[3,2-c]-l,2,3,4-tetrahydropyridine (562 mg,
3.24 mmol) furnished the desired compound as a white
solid (331 mg, 26 % yield). MS (+ve ESI) : 392 (M+H)+
1 NMR (400 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H),
1.75 (m, 4H), 2.4 (m, IH), 2.65-3.2 (m, 3H), 3.8 (m,
2H), 4.5-4.8 (m, 2H), 7.25 (m, 2H), 7.6 (m, 2H), 8.75
(m, IH). Benzofuro[3,2-c]-l,2,3,4-tetrahydropyridine
used as a starting material was prepared as follows:
O-Phenylhydroxylamine hydrochloride (2.00 g, 13.7
mmol) and 4-piperidone hydrochloride (1.87 g, 13.7
mmol) were suspended in ethanol (15 mL). Concentrated
hydrochloric acid (5 mL) was added and the mixture
stirred at reflux for 3 hours. It was allowed to cool
to room temperature then chilled in an ice bath and
the resulting precipitate filtered and washed with a
small volume of cold ethanol. It was then slurried in
water (20 mL) and extracted with DCM (3 x 30 mL). The
combined organics were washed with brine (20 mL),
dried (sodium sulphate), concentrated in vacuo and
adsorbed onto silica for purification by flash
chromatography (100% DCM to 5% methanolic ammonia in
50%ethanol / dichloromethane). This gave
benzofuro[3,2-c]-l,2,3,4-tetrahydropyridine as a white
solid (1.28 g, 54%). MS (+ve ESI) : 392 (M+H) + IH NMR
(400 MHz, DMSO) d 2.7 (t, 2H), 3.05 (t, 2H), 3.8 (s,
2H), 6.9 (m, IH), 7.2 (m, 2H), 7.5 (m, 2H). Example 24
(l ,2 )-
-(l-cyanocyclopropyl)-2-{[6-(trifluoromethoxy)-l,3,4,5
-tetrahydro-2 Hpyrido [4,3-6] indol-2-yl]
carbonyl}cyclohexanecarboxamide
6-Trifluoromethoxy-2,3,4,5-tetrahydro-l
H-pyrido[4,3-b]indole (232 mg, 0.79 mmol) and
(3aR,7aR)-hexahydro-2-benzofuran-l,3-dione (122 mg,
0.79 mmol) in DCM (15 mL) under argon was treated with
diisopropylethylamine (550 uL, 3.16 mmol) and stirred
Ih. The solvent was largely evaporated and replaced
with DMF (5 mL) before addition of
aminocyclopropanecarbonitrile hydrochloride (140 mg,
1.19 mmol), HATU (451 mg, 1.19 mmol) and further
diisopropylethylamine (550 uL, 3.16 mmol). The
reaction was stirred overnight. Reaction mixture was
split into two and diluted with aqueous acetonitrile
purifying by preparative HPLC (2 injections)(Formic
Acid Float peaks method CH CNZH2O gradient). The
product fractions were combined and evaporated to give
white powder (121 mg, 32%). MS (+ve ESI) : 475 (M+H) +
1HNMR (400.132 MHz, DMSO) D 0.68 - 1.05 (m, 2H), 1.1 1
- 1.47 (m, 6H), 1.58 - 1.87 (m, 4H), 2.64 - 3.09 (m,
4H), 3.66 - 3.94 (m, 2H), 4.60 (q, IH), 4.76 (s, IH),
6.98 - 7.09 (m, 2H), 7.41 - 7.57 (m, IH), 8.71 (s,
IH), 11.50(s, IH)
6-Trifluoromethoxy-2,3,4,5-tetrahydro-lH-pyrido[4,3-b]
indole was prepared in the following manner.
[2-(trifluoromethoxy)phenyl] hydrazine
hydrochloride2-(Trifluoromethoxy)aniline (2.00 mL,
15.0 mmol) was cooled and cone hydrochloric acid (10
mL) added. After recooling to 0 0C a soution of the
sodium nitrite (1.25 g, 18.0 mmol) in water (10 mL)
was added dropwise. The reaction was stirred at the
same temp for 30 min when tin chloride (8.53 g 45.0
mmol) in hydrochloric acid (10 mL) was added dropwise
again keeping temp ca 0 0C. The reaction was stored in
a fridge overnight and then recooled to 0 0C. The
resulting solid was filtered off, washed with
saturated NaCl (10 mL) and then ether: hexane 1:2
before drying to give a solid (2.36 g, 69%) MS (+ve
ESI) : 193 (M+H)+ IH NMR (400.132 MHz, DMSO) d 7.04
(t, IH), 7.25 (d, IH), 7.30 - 7.39 (m, 2H), 8.34 (s,
IH), 10.26 (s, 2H)
6-(trifluoromethoxy)-2,3,4,5-tetrahydro-l H-pyrido
[4,3-6] indole 2-(methylthio)phenyl hydrazine (442 mg,
2.30 mmol) and 4-piperidone (312 mg, 2.30 mmol) were
partially dissolved in the ethanol (5 mL) and heated
initially to reflux for Ih. A heavy precipitate formed
from the almost clear solution. The reaction was then
treated with cone hydrochloric acid ( 1 mL) and
diluted with further ethanol (5 mL) to assist stirring
and heating continued for a further 4h. After cooling
to room temperature overnight the solid was filtered
and washed with isopropanol (25 mL), material used
crude. MS (+ve ESI) : 219 (M+H)+Example 25 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(6-ethoxy-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 24 but
starting 6-ethoxy-2,3,4,5-tetrahydro-l -pyrido[4,3-
]indole (253 mg, 1.00 mmol) furnished the desired
compound as a white solid (261 mg, 60 % yield). MS
(+ve ESI) : 435 (M+H)+ IH NMR (400.132 MHz, DMSO) d
0.73 - 1.03 (m, 2H), 1.1 1 - 1.44 (m, 9H), 1.60 - 1.85
(m, 4H), 2.41 - 2.50 (m, IH), 2.54 - 3.06 (m, 3H),
3.63 - 3.94 (m, 2H), 4.17 (q, 2H), 4.55 (q, IH), 4.70
(s, IH), 6.62 (t, IH), 6.83 - 6.92 (m, IH), 7.02 (q,
IH), 8.69 (s, IH), 10.87 (s, IH).
6-ethoxy-2,3,4,5-tetrahydro-l H-pyrido[4,3-6]indole
was synthesised in the following manner:
(2-ethoxyphenyl)hydrazine 2-phenetidine (6.53 mL, 50.0
mmol) was cooled and cone hydrochloric acid (80 mL)
added. After recooling to 0 0C a soution of the sodium
nitrite (4.14 g, 60.0 mmol) in water (20 mL) was added
dropwise. The reaction was stirred at the same temp
for 30 min when tin chloride (33.9 g 150 mmol) in
hydrochloric acid (40 mL) was added dropwise again
keeping temp ca 0 0C. The resulting solid was filtered
off, washed with sat NaCl and then ether: hexane 1:2
before suspending in ice/water and ether and basified
with 1OM NaOH. The ether layer was separated from the
aqueous and suspended solid material. Aftercombining
with a further extract the ether was dried and
evaporated to give a yellow crystalline solid 10.
(9.71 g, 69%) MS (+ve ESI) : 177 (M+H)+ IH NMR
(400.132 MHz, DMSO) d 1.33 (t, 3H), 3.93 (s, IH), 3.98
(q, 2H), 5.85 (s, IH), 6.58 (t, IH), 6.76 - 6.83 (m,
IH), 7.00 (d, IH) 6-Ethoxy-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole (2-ethoxyphenyl)-hydrazine (1.22
g 8.00 mmol) and 4-piperidone hydrochloride (1.09 g
8.00 mmol) in ethanol (20 mL) were heated to reflux
for Ih. The 4M HCl ( 1 mL) in dioxane was added
(immediate darkening) and heating continued for 4h.
The reaction was cooled to RT. The solvent was
evaporated and the residue triturated with ether (c.f.
10 mL) to give a dark brown solid. The solid was
slurried with the minimum of water, flitered and dried
(MgSO4). This was repeated to give an off white solid
(1.19 g, 59%). Material used without further
purification. MS (+ve ESI) : 177 (M+H)+ NMR (400.132
MHz, DMSO) d 1.42 (t, 3H), 3.00 (t, IH), 3.44 (q, 2H),
4.18 (q, 2H), 4.26 (s, IH), 6.67 (d, IH), 6.91 (t,
IH), 7.03 (d, IH), 9.38 (s, IH), 11.12 (s, IH).
Example 26 (l/f,2 )-L
(l-cyanocyclopropyl)-2-[(5-methoxycarbonylmethyl-l,3,4
,5-tetrahydro- 2H-pyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamideFollowing Example 24, but
starting 5-methoxycarbonylmethyl-2,3,4,5-tetrahydrol
-pyrido[4,3- ]indole hydrochloride (305 mg, 1.09 mmol)
furnished the desired compound as a straw coloured
solid (199 mg, 40 % yield). MS (+ve ESI) : 463 (M+H)+
IH NMR (400 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H),
1.75 (m, 4H), 2.4 (m, IH), 2.65-3.1 (m, 3H), 3.7(m,
3H), 3.9 (m, 2H), 4.5-4.85 (m, 2H), 5.05 (m, 2H), 7.1
(m, 2H), 7.35-7.6 (m, 2H), 8.7 (s, IH).
5-methoxycarbonylmethyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloride was synthesised in
the following manner. tert-butyl
5-methoxycarbonylmethyl-l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indole-2- carboxylate
N-boc-2,3,4,5-tetrahydro-l -pyrido[4,3- ]indole (450
mg, 1.65 mmol) was dissolved in DMF (7 mL) and stirred
at room temperature. The vessel was flushed with argon
and sodium hydride (67.0 mg, 1.65 mmol) was added.
After 30 minutes, methyl bromoacetate (253 mg, 1.65
mmol) in DMF (2 mL) was added and the mixture stirred
overnight. The solvent was removed in vacuo and the
residue partitioned between brine (20 mL) and ethyl
acetate (2 x 40 mL). Combined organics were dried
(sodium sulphate), concentrated in vacuo and adsorbed
onto silica for purification by flash chromatography
(0-40% ethyl acetate / isohexane). This gave
tert-butyl 5-methoxycarbonylmethyl-l,3,4,5-
tetrahydro-2 -pyrido[4,3- ]indole-2-carboxylate as a
pale yellow foam (387 mg, 68%). MS (+ve ESI) : 245.2
(M+H)+IH NMR (400 MHz, DMSO) d 1.45 (s, 9H), 2.7 (m,
2H), 3.7 (s, 3H), 3.75 (t, 2H), 4.55 (s, 2H), 5.05 (s,
2H), 7.1 (m, 2H), 7.4 (m, 2H).
5-methoxycarbonylmethyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloride tert-Butyl
5-methoxycarbonylmethyl-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indole-2- carboxylate (377 mg, 1.09
mmol) was dissolved in methanol (15 mL). 4N HCI in
1,4- dioxan (1.5 mL) was added and the mixture stirred
at room temperature overnight. The solution was
concentrated in vacuo, azeotroped once with toluene
and dried under vacuum to give
5-methoxycarbonylmethyl-2,3,4,5-tetrahydro-l
-pyrido[4,3- ]indole hydrochloride as an off white
solid (314 mg, 100% assuming HCI salt). MS (+ve ESI) :
245.2 (M+H)+ IH NMR (400 MHz, DMSO) d 3.0 (t, 2H), 3.5
(m, 2H), 3.7 (s, 3H), 4.3 (s, 2H), 5.15 (s, 2H), 7.05
(t, IH), 7.15 (t, IH), 7.4 (d, IH), 7.5 (d, IH), 9.5
(m, 2H). Example 27 (l/f,2 )-L
(l-cyanocyclopropyl)-2-[(5-hydroxycarbonylmethyl-l,3,4
,5-tetrahydro-2 Hpyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamide
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-[(5-methoxycarbony
lmethyl-l,3,4,5-tetrahydro- 2 -pyrido[4,3-
]indol-2-yl)carbonyl]cyclohexanecarboxamide (150 mg,
0.32 mmol) andlithium iodide (520 mg, 3.89 mmol) were
suspended in pyridine (5 mL) in a capped microwave
vessel. This was heated in a microwave at 150 0C for
one hour (absorbance : N). Pyridine was removed in
vacuo and the residue azeotroped once with toluene. It
was taken up in 50% brine (20 mL), acidified with
acetic acid and partitioned with ethyl acetate (2 x
8OmL). Combined organics were dried (magnesium
sulphate), concentrated in vacuo, azeotroped once with
toluene and adsorbed onto silica for purification by
flash chromatography (0-20% methanol / DCM). This gave
(li?,2i?)-7V-(l-cyanocyclopropyl)-2-
[(5-hydroxycarbonylmethyl- 1,3 ,4,5 -tetrahydro-2
-pyrido [4,3 -b] indol-2-
yl)carbonyl]cyclohexanecarboxamide as a pale yellow
solid (84.0 mg, 59%). MS (+ve ESI) : 449 (M+H)+ IH NMR
(400 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3 (m, 6H), 1.75
(m, 4H), 2.4 (m, IH), 2.65-3.1 (m, 3H), 3.7-4.0(m,
2H), 4.5-4.85 (m, 4H), 7.1 (m, 2H), 7.25 (m,
lH),7.4-7.55 (m, IH), 8.8 (s, IH). Example 28 (l ,2
)-L
(l-cyanocyclopropyl)-2-[(5-cyclopropylmethyl-l,3,4,5-t
etrahydro-2 Hpyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 24, but
starting 5-cyclopropylmethyl-2,3,4,5-tetrahydro-l -
pyrido[4,3- ]indole hydrochloride (365 mg, 1.39 mmol)
furnished the desired compound as a brittle white
solid (199 mg, 40 % yield). MS (+ve ESI) : 445
(M+H)+IH NMR (400 MHz, DMSO) d 0.35 (m, 2H), 0.45 (m,
2H), 0.75-1.0 (m, 2H), 1.15-1.4 (m, 7H), 1.75 (m, 4H),
2.4 (m, IH), 2.75-3.1 (m, 3H), 3.7-4.0 (m, 4H),
4.55-4.75 (m, 2H), 7.05 (m, 2H), 7.5 (m, 2H), 8.7 (s,
IH). 5-Cyclopropylmethyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloride was synthesised in
the following manner. tert-Buty\
5-cyclopropylmethyl-l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indole-2- carboxylate
N-boc-2,3,4,5-tetrahydro-l -pyrido[4,3- ]indole (450
mg, 1.65 mmol) was dissolved in DMF (7 mL) and stirred
at room temperature. The vessel was flushed with argon
and sodium hydride (67 mg, 1.65 mmol) was added. After
30 minutes, cyclopropylmethyl bormide (0.16 mL, 1.65
mmol) in DMF (2 mL) was added and the mixture stirred
overnight. The solvent was removed in vacuo and the
residue partitioned between brine (20 mL) and ethyl
acetate (2 x 40 mL). Combined organics were dried
(sodium sulphate), concentrated in vacuo and adsorbed
onto silica for purification by flash chromatography
(0-40% ethyl acetate / isohexane). This gave
tert-Butyl 5- cyclopropylmethyl-l,3,4,5-tetrahydro-2
-pyrido[4,3- ]indole-2-carboxylate as a pale yellow
gum (451 mg, 84%). MS (+ve ESI) : 327 (M+H)+ IH NMR
(400 MHz, DMSO) d 0.0 (m, 2H), 0.1 (m, 2H), 0.8 (m,
IH), 1.1 (s, 9H), 2.5 (t, 2H), 3.4 (t, 2H), 3.65 (d,
2H), 4.2 (s, 2H), 6.65 (t, IH), 6.75 (t, IH), 7.1 (m,
2H). 5-cyclopropylmethyl-2,3,4,5-tetrahydro-l H-pyrido
[4,3-6] indole hydrochloridetert-Butyl
5-cyclopropylmethyl- 1,3 ,4,5 -tetrahydro-2 -pyrido
[4,3 -b] indole -2-carboxylate (440 mg, 1.35 mmol) was
dissolved in methanol (15 mL). 4N HCl in 1,4-dioxan
(1.5 mL) was added and the mixture stirred at room
temperature overnight. The solution was concentrated
in vacuo, azeotroped once with toluene to give
5-cyclopropylmethyl-2,3,4,5- tetrahydro-l -pyrido[4,3-
]indole hydrochloride as an off white solid (374 mg,
100% assuming HCl salt). MS (+ve ESI) : 227 (M+H)+ IH
NMR (400 MHz, DMSO) d 0.15 (m, 2H), 0.25 (m, 2H), 0.9
(m, IH), 2.85 (t, 2H), 3.25 (m, 2H), 3.8 (d, 2H), 4.1
(s, 2H), 6.8 (t, IH), 6.9 (t, IH), 7.25 (m, 2H), 9.2
(m, 2H). Example 29 (l ,2 )-
-(l-cyanocyclopropyl)-2-[(5-methoxyethyl-l,3,4,5-tetra
hydro-2 Hpyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 24, but
starting with 5-methoxyethyl-2,3,4,5-tetrahydro-l -
pyrido[4,3- ]indole hydrochloride (340 mg, 1.27 mmol)
furnished the desired compound as a brittle straw
coloured solid (148 mg, 26%). MS (+ve ESI) : 449
(M+H)+IH NMR (400 MHz, DMSO) d 0.75-1.0 (m, 2H),
1.15-1.4 (m, 6H), 1.75 (m, 4H), 2.4 (m, IH), 2.75-3.1
(m, 3H), 3.2 (m, 3H), 3.55-4.0 (m, 4H), 4.25 (m, 2H),
4.55-4.8 (m, 2H), 7.05 (m, 2H), 7.5 (m, 2H), 8.7 (s,
IH). 5-methoxyethyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloride was synthesised in
the following manner: tert-Buty\
5-cyclopropylmethyl-l,3,4,5-tetrahydro-2
H-pyrido[4,3-6]indole-2- carboxylate
N-boc-2,3,4,5-tetrahydro-l -pyrido[4,3- ]indole (450
mg, 1.65 mmol) was dissolved in DMF (7 mL) and stirred
at room temperature. The vessel was flushed with argon
and sodium hydride (67 mg, 1.65 mmol) was added. After
30 minutes, l-bromo-2- methoxyethane (230 mg, 1.65
mmol) in DMF (2 mL) was added and the mixture stirred
overnight. The solvent was removed in vacuo and the
residue partitioned between brine (20 mL) and ethyl
acetate (2 x 40 mL). Combined organics were dried
(sodium sulphate), concentrated in vacuo and adsorbed
onto silica for purification by flash chromatography
(0-40% ethyl acetate / isohexane). This gave
tert-Butyl 5-(2-methoxy)ethyl-l,3,4,5- tetrahydro-2
-pyrido[4,3- ]indole-2-carboxylate as a pale yellow
gum (443 mg, 81%). MS (+ve ESI) : 33 1 (M+H)+ IH NMR
(400 MHz, DMSO) d 1.45 (s, 9H), 2.8 (t, 2H), 3.2 (s,
3H), 3.55 (t, 2H), 3.75 (t, 2H), 4.25 (t, 2H), 4.55
(s, 2H), 7.0 (t, IH), 7.1 (t, IH), 7.4 (m, 2H).
5-methoxyethyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloridetert-Butyl
5-(2-methoxy)ethyl- 1,3 ,4,5 -tetrahydro-2 -pyrido
[4,3 -b] indole-2- carboxylate (430 mg, ) was
dissolved in methanol (15 mL). 4N HCl in 1,4-dioxan
(1.5 mL) was added and the mixture stirred at room
temperature overnight. The solution was concentrated
in vacuo, azeotroped once with toluene and dried under
vacuum. This gave 5-
(2-methoxy)ethyl-2,3,4,5-tetrahydro-l -pyrido[4,3-
]indole hydrochloride as a grey foam (350 mg, 100%
assuming HCl salt). MS (+ve ESI) : 331 (M+H)+ IH NMR
(400 MHz, DMSO) d 3.2 (t, 2H), 3.4 (s, 3H), 3.6 (m,
4H), 4.3 (m, 4H), 7.15 (m, 2H), 7.5 (d, 2H), 9.6 (m,
2H). Example 30 (l ,2 )-
-(l-cyanocyclopropyl)-2-{[6-(trifluoromethyl)-l,3,4,5-
tetrahydro-2 Hpyrido [4,3-6] indol-2- yl] carbonyl}
cyclohexanecarboxamide. Following Example 24, but
starting with 6-(trifluoromethyl)-2,3,4,5-tetrahydro-l
- pyrido[4,3- ]indole (481 mg, 2.00 mmol) furnished
the desired compound as a white solid (314 mg, 34 %).
1 NMR (400.13 MHz, CDCl3) d 0.87 - 1.89 (12H, m), 2.58
- 2.64 (IH, m), 2.83 - 3.10 (3H, m), 3.64 - 3.71
(0.5H, m), 3.87 - 3.99 (IH, m), 4.35 - 4.41 (0.5H, m),
4.74 - 4.77(1.5H, m), 4.88 (0.5H, d), 6.49 and 6.57 (2
x 0.5H, 2 x s), 7.14 - 7.21 (IH, m), 7.42 (IH, t),
7.62 (IH, t), 8.29 (IH, d)
6-(Trifluoromethyl)-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole was synthesised in the following
manner: 6-(Trifluoromethyl)-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole To 4-piperidone.HCl (1.36 g,
10.0 mmol) and 2-trifluoromethylphenylhydrazine.HCl
(2.13 g, 10.0 mmol) in acetic acid (50 mL) was added
the 1.0 M borontrifiuoride etherate (2.46 mL, 20.0
mmol) and the reaction stirred at 90 0C for 8 hours
and then allowed to cool. The mixture was concentrated
in vacuo and ethanol (ca 20 mL) added and then cooled
to 0 0C, the solid was filtered off and the mother
liquour was concentrated in vacuo and water (adjusted
to pH 14 with 2M NaOH) added to the residue. The solid
was filtered off and washed with water and dried under
high vacuum. MS (+ve ESI) : 240 (M+H)+ 1H NMR (400.132
MHz, DMSO) d 3.07 (2H, t),3.47 (2H, t),4.33 (2H,
s),7.19 (IH, t),7.45 (IH, d),7.79 (IH, d),1 1.52 (IH,
s) Example 31 (l ,2 )-
-(l-cyanocyclopropyl)-2-{[6-(methylsulfonyl)-l,3,4,5-t
etrahydro-2 Hpyrido [4,3-6] indol-2-yl]
carbonyl}cyclohexanecarboxamide Following Example 24,
but starting with
6-methanesulfonyl-2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole (155 mg, 0.61 mmol) furnished the desired
compound as a off white coloured solid (23.4 mg,
8.2%).MS (+ve ESI) : 469 (M+H)+ 1 NMR (400.132 MHz,
DMSO) d 0.70 - 1.08 (m, 2H), 1.09 - 1.49 (m, 6H), 1.52
- 1.87 (m, 4H), 2.32 - 2.47 (m, IH), 2.54 - 3.21 (m,
3H), 3.33 (s, 3H), 3.69 - 3.97 (m, 2H), 4.64 (q, IH),
4.80 (s, IH), 7.16 - 7.25 (m, IH), 7.56 (t, IH), 7.87
(q, IH), 8.71 (d, IH), 11.24 (d, IH)
6-methanesulfonyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole was synthesised in the following
manner:
-methylsulfanyl-l^^S-tetrahydro-pyrido^S-blindole-l-ca
rboxylic acid tert-bntyl ester
6-methylsulfanyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-b]indole (1.10 g 5.00 mmol) in dry THF(20
mL) was treated with di-t-butyl-dicarbonate (2.40 g,
11.0 mmol) followed by a few crystals of
4-dimethylaminopyridine. The reaction was stirred at
60 0C for 2 hours. Trituration with a little ether
gave pure product as a white solid (191 mg). Material
used crude MS (+ve ESI) : 319 (M-tBu) + 1H NMR
(400.132 MHz, DMSO) d 1.50 (s, 9H), 2.85 (t, 2H), 3.34
(s, 3H), 3.76 (t, 2H), 4.57 (s, 2H), 7.03 (t, IH),
7.12 (d, IH), 7.34 (d, IH), 10.93 (s, IH)
6-methanesulfonyl-l,3,4,5-tetrahydro-pyrido[4,3-b]indo
le-2-carboxylic acid tert-butyl ester
6-methylsulfanyl-l,3,4,5-tetrahydro-pyrido[4,3-b]indol
e-2-carboxylic acid tertbutyl ester (99.0 mg, 0.31
mmol) in DCM (10 mL) was cooled to >0 0C and the
MCPBA(148 mg, 0.62 mmol) in DCM (5 mL) added dropwise
over 30 min. The reaction was allowed to warm to RT.
The reaction was washed with sat. NaHCO solution (2 x
20 mL), dried (MgSO ) and evaporated to give a yellow
gum (109 mg, 100%) MS (+ve ESI) : 249 (M-tBu)+ 1H NMR
(400. 132 MHz, DMSO) dl .45 (s, 9H), 2.86 (t, 2H),
3.26 (s, 3H), 3.72 (t, 2H), 4.58 (s, 2H), 7.20 (t,
IH), 7.56 (d, IH), 7.80 (d, IH), 11.17 (s, IH)
6-methanesulfonyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole 6-methanesulfonyl-l
,3,4,5-tetrahydro-pyrido[4,3-b]indole-2-carboxylic
acid tertbutyl ester (214 mg, 0.61 mmol) was dissolved
in DCM ( 1 mL) and the 4M HCl in dioxane ( 1 mL)
added. Evolution of gas commenced immediately and the
reaction was stirred for 2.5h when no further
evolution was observed but a black solid had separated
from the reaction. LCMS Retention time 0.62 min MS
(+ve ESI) : 251 (M+H)+ Example 32 (l ,2
)-2-{[6-(benzyloxy)-l,3,4,5-tetrahydro-2H-pyrido[4,3-6
]indol-2-yl]carbonyl}- -
(l-cyanocyclopropyl)cyclohexanecarboxamide Following
Example 24, but starting with
6-benzyloxy-2,3,4,5-tetrahydro-l - pyrido[4,3-
]indole.HCl (945 mg, 3.00 mmol) furnished the desired
compound as a off white coloured solid (822 mg, 55%).
MS (+ve ESI) : 497 (M+H)+NMR (400.132 MHz, DMSO) d
0.72 - 1.04 (m, 2H), 1.15 - 1.44 (m, 6H), 1.60 - 1.86
(m, 4H), 2.42 - 2.49 (m, IH), 2.64 - 3.09 (m, 3H),
3.63 - 3.96 (m, 2H), 4.56 (q, IH), 



4.71 (s, IH), 5.25 (s, 2H), 6.73 (t, IH), 6.88
(quintet, IH), 7.05 (q, IH), 7.34 (t, IH), 7.41 (t,
2H), 7.56 (d, 2H), 8.64 (s, IH), 10.94 (s, IH)
6-Benzyloxy-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole.HCl was prepared in the
following manner. (2-Benzyloxyphenyl)-hydrazine. The
2-benzyloxyaniline (4.99 g, 25.0 mmol) partially
dissolved in cone hydrochloric acid (15 mL) was cooled
to less than 0 oC and a solution of the sodium nitrite
(2.07 g, 30.0 mmol) in water (10 mL) was added
dropwise. The reaction was stirred at the same temp
for 30 min, when tin chloride (16.9 g, 75.0 mmol) in
hydrochloric acid (10 mL) was added dropwise again
keeping temp ca 0 oC. The reaction was stored
overnight in the fridge. The aqueous was decanted off
the resulting black oily gum and triturated with sat
NaCl (cf. 50 mL) and then ether: hexane 1:2 (50 mL)
before neutralising with 1OM NaOH (aq) with external
cooling and extracted into ether (2 x 100 mL). The
combined ether layers were washed with water (100 mL)
dried (MgSO4)and evaporated to give a brown oil which
crystallised on standing (4.52g, 84%). Material was
used crude without further purification. NMR (400.132
MHz, DMSO) 6 3.95 (s, 2H), 5.09 (s, 2H), 5.96 (s, IH),
6.58 (t, IH), 6.79 - 6.90 (m, 2H), 7.04 (d, IH), 7.29
- 7.36 (m, IH), 7.40 (t, 2H), 7.49 (d,
2H).6-Benzyloxy-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole.HCl The
(2-benzyloxyphenyl)-hydrazine (3.39 g, 15.8 mmol) and
4-piperidone hydrochloride (2.15 g, 15.8 mmol) in
ethanol (30 mL) were heated to reflux for 45min. The
4M HCl in dioxane ( 1.0M, 6 mL) was added and heating
continued. After 30min a heavy precipitate had formed.
The reaction was cooled in an ice bath and the solid
was filtered, washed with a little cold isopropyl
alcohol then ether (c.f. 5 mL) before drying to give
2.61g 52.5% white solid. 1 NMR (400.132 MHz, DMSO) d
3.01 (t, 2H), 3.40 - 3.49 (m, 2H), 4.27 (s, 2H), 5.27
(s, 2H), 6.78 (d, IH), 6.92 (t, IH), 7.31 - 7.38 (m,
IH), 7.42 (t, 3H), 7.56 (d, 2H), 9.34 (s, 2H), 11.22
(s, IH) (2-Benzyloxyphenyl)-hydrazine. The
2-benzyloxyaniline (4.99 g, 25.0 mmol) partially
dissolved in cone hydrochloric acid (15 mL) was cooled
to less than 0 oC and a solution of the sodium nitrite
(2.07 g, 30.0 mmol) in water (10 mL) was added
dropwise. The reaction was stirred at the same temp
for 30 min, when tin chloride (16.9 g, 75.0 mmol) in
hydrochloric acid (10 mL) was added dropwise again
keeping temp ca 0 0C. The reaction was stored
overnight in the fridge. The aqueous was decanted off
the resulting black oily gum and triturated with sat
NaCl (cf. 50 mL) and then ether: hexane 1:2 (50 mL)
before neutralising with 1OM NaOH (aq) with external
cooling and extracted into ether (2 x 100 mL). The
combined ether layers were washed with water (100 mL)
dried evaporated to give a brown oil whichcrystallised
on standing (4.52g, 84%). Material was used crude
without further purification. NMR (400.132 MHz, DMSO)
d 3.95 (s, 2H), 5.09 (s, 2H), 5.96 (s, IH), 6.58 (t,
IH), 6.79 - 6.90 (m, 2H), 7.04 (d, IH), 7.29 - 7.36
(m, IH), 7.40 (t, 2H), 7.49 (d, 2H). Example 33
(l/f,2/f)-
L-(l-cyanocyclopropyl)-2-[(6-hydroxy-l,3,4,5-tetrahydr
o-2 H-pyrido[4,3- b ]indol-2-yl)carbonyl]
cyclohexanecarboxamide. The ( l i ,2i
)-2-(6-Benzyloxy-l ,3,4,5-tetrahydro-pyrido[4,3-
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropyl)-amide in ethyl acetate (15 mL)
was hydrogenated over 5% palladium on carbon (10 mg).
After an apparent uptake of 5 mL (30 min) the reaction
was stopped and a sample taken for LCMS. The catalyst
was filtered off and a different batch of catalyst and
ethanol (5mL) were added and the hydrogenation
continued. Although there was no further uptake
apparent after 3h the reaction was stopped and LCMS
indicated that the reduction had proceded to the
required product. Purified by preparative HPLC (0.5%
HCOOH, CH3CN / H2O gradient) to give a white powder
(34.7 mg, 43%) MS (+ve ESI) : 407 (M+H)+ 1 NMR
(400.132 MHz, DMSO) d 0.73 - 1.07 (m, 2H), 1.10 - 1.48
(m, 6H), 1.61 - 1.86 (m, 4H), 2.54 - 2.58 (m, IH),
2.64 - 3.07 (m, 3H), 3.60 - 3.97 (m, 2H), 4.54 (q,
IH), 4.68 (s, IH), 6.48 (t, IH), 6.76 (quintet, IH),
6.88 (q, IH), 8.64 (s, IH), 9.35 (d, IH), 10.63 (s,
IH).Example 34 (l ,2 )-L
(l-cyanocyclopropyl)-2-[(6-propoxy-l,3,4,5-tetrahydro-
2 H-pyrido[4,3- b]indol-2-yl)carbonyl]
cyclohexanecarboxamide (li?,2i?)-2-(6-
Hydroxy-l,3,4,5-tetrahydro-pyrido[4,3-
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropyFj-amide (102 mg, 0.25 mmol), 1-
bromopropane (28.0 uL, 0.30 mmol) and potassium
carbonate (35.0 mg, 0.25 mmol) in acetone (5 mL) were
heated to reflux for 3h. Added further 1-bromopropane
(58.0 uL, 0.60 mmol) and potassium carbonate (70.0 mg,
0.50 mmol) and heated overnight. The reaction darkened
significantly and LCMS indicated 60% required product
and 40% SM. The reaction was filtered and the liquors
evaporated to dryness before redissolving in
acetonitrile and purifying by preparative HPLC (0.5%
HCOOH, CH3CN / H2O gradient) to give a brown glass
(21.3 mg, 18%) MS (+ve ESI) : 449 (M+H)+ IH NMR
(400.132 MHz, DMSO) d 0.64 - 1.00 (m, 5H), 1.01 - 1.34
(m, 6H), 1.47 - 1.76 (m, 6H), 2.42 - 2.96 (m, 4H),
3.49 - 3.84 (m, 2H), 3.94 (t, 2H), 4.43 (q, IH), 4.58
(s, IH), 6.49 (t, IH), 6.70 - 6.98 (m, 2H), 8.51 (s,
IH), 10.67 (s, IH). Example 35 (l ,2 )-L
(l-cyanocyclopropyl)-2-{[6-(cyanomethoxy)-l,3,4,5-tetr
ahydro-2 Hpyrido [4,3-6] indol-2-yl]
carbonyl}cyclohexanecarboxamideFollowing Example 34
(li?,2i?)-2-(6-hydroxy-l,3,4,5-tetrahydro-pyrido[4,3-
]indole- 2-carbonyl)-cyclohexanecarboxylic acid
(l-cyano-cyclopropy^-amide (102 mg, 0.25 mmol),
bromoacetonitrile (50 uL, 0.75 mmol) and potassium
carbonate (104 mg, 0.75 mmol) in DMF (5 mL)were heated
to 80 0C for 1 h when reaction was ca 60% complete.
Preparative HPLC (0.5% HCOOH, CH3CN / H2O gradient) to
give a yellow solid (51.9,47%). MS (+ve ESI) :
446(M+H)+ 1 NMR (400.132 MHz, DMSO) d 0.71 - 1.04 (m,
2H), 1.09 - 1.47 (m, 6H), 1.59 - 1.85 (m, 4H), 2.54 -
2.57 (m, IH), 2.59 - 3.28 (m, 3H), 3.62 - 3.98 (m,
2H), 4.57 (q, IH), 4.72 (s, IH), 5.29 (s, 2H), 6.80
(t, IH), 6.95 (quintet, IH), 7.18 (q, IH), 8.70 (s,
IH), 11.14 (s, IH). Example 36
(l/f,2/f)-N-(l-cyanocyclopropyl)-2-(6-(2-(dimethylamin
o)ethoxy)-2,3,4,5-tetrahydrolH- pyrido [4,3-6]
indole-2-carbonyl)cyclohexanecarboxamide
(3ai?,7ai?)-hexahydroisobenzofuran-l,3-dione (125 mg,
0.81 mmol) was added to N,Ndimethyl-
2-(2,3,4,5-tetrahydro-lH-pyrido[4,3-
]indol-6-yloxy)ethanamine (210 mg, 0.81 mmol) in DMF
(10 ml) at room temperature under air. The resulting
solution was stirred at room temperature for 2 hours.
7V,7V-Diisopropylethylamine(0.535 ml, 3.24 mmol), HATU
(462 mg, 1.21 mmol) and 1-amino-
l-cyclopropanecarbonitrile HCL (144 mg, 1.21 mmol)
were then added to the mixture. The resulting solution
was stirred at room temperature for 20 hours. The
crude product was purified by preparative HPLC (0.1%
NH3, CH3CN / H2O gradient) as eluents to afford as a
brown gum (89 mg, 23%). MS (+ve ESI) : 478(M+H)+ 1 NMR
(400.13 MHz, CDC13) d 0.71 - 1.52 (4H, m), 1.64 - 2.00
(8H, m), 2.56 - 2.60 (IH, m), 2.64 (3H, s), 2.65 (3H,
s), 2.91 - 3.03 (3H, m), 3.1 1 (2H, t), 3.88 - 3.90
(IH, m),4.13 and 4.40 (IH, m), 4.29 (2H, t), 4.73
-4.78 (IH, m), 4.78 -4.81 (IH, m), 6.53 - 6.61 (2H,
m), 6.93 - 7.01 (IH, m), 7.09 - 7.12 (IH, m), 8.59
(IH, s) ,
-dimethyl-2-(2,3,4,5-tetrahydro-lH-pyrido[4,3-6]indol-
6-yloxy)ethanamine was prepared in the following
manner. tert-Bntyl
6-(2-(dimethylamino)ethoxy)-3,4-dihydro-lH-pyrido[4,3-
b]indole-2(5H)- carboxylate r
-Butyl-6-iodo-3,4-dihydro-lH-pyrido[4,3-
]indole-2(5H)-carboxylate (500 mg, 1.26 mmol),
copper(I) iodide (71.7 mg, 0.38 mmol) and
tri-potassium orthophosphate (533 mg, 2.51 mmol) were
suspended in 2-dimethylaminoethanol (10 ml, 99.40
mmol) and sealed into a microwave tube. The reaction
was heated to 150 0C for 1 hour in the microwave
reactor and cooled to RT. The reaction mixture was
diluted with DCM (100 mL), and washed with 2N NaOH (3
x 50 mL). The organic layer was dried over Na SO ,
filtered and evaporated to afford crude product. The
crude product was purified by preparative HPLC (0.1%
NH3, CH3CN / H2O gradient) to afford tert-butg l 6-(2-
(dimethylamino)ethoxy)-3,4-dihydro-lH-pyrido[4,3-
]indole-2(5H)-carboxylate (304 mg, 67 %) as a yellow
gum. MS (+ve ESI) : 360 (M+H)+
N,N-dimethyl-2-(2,3,4,5-tetrahydro-lH-pyrido[4,3-b]ind
ol-6-yloxy)ethanamine tert-Butyl
6-(2-(dimethylamino)ethoxy)-3,4-dihydro-lH-pyrido[4,3-
]indole-2(5H)- carboxylate (304 mg, 0.85 mmol) was
added to methanolic HCl (20 ml, reagent 10) at 0 0C
under air. The resulting solution was stirred at room
temperature for 19 hours. Thesolvent was removed under
reduced pressure to afford
7V,7V-dimethyl-2-(2,3,4,5-tetrahydrolH- pyrido[4,3-
]indol-6-yloxy)ethanamine (205 mg, 93 %) as a yellow
solid. Example 37 (l/f,2 )-L
(l-cyanocyclopropyl)-2-(6-(2-morpholinoethoxy)-2,3,4,5
-tetrahydro-lHpyrido [4,3-6]
indole-2-carbonyl)cyclohexanecarboxamide Following on
from Example 34, 4-(2-Chloroethyl)morpholine
hydrochloride (90 mg, 0.48 mmol) was added to
(li?,2i?)- -(l-cyanocyclopropyl)-2-(6-hydroxy-2,3,4,5-
tetrahydro-l -pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide (131 mg,
0.32 mmol) and potassium carbonate (134 mg, 0.97 mmol)
in DMF (5 ml) at 25 0C under air. The resulting
solution was stirred at room temperature for 45 hours,
to yield after purification a cream solid. (4.00 mg,
2.4 %). MS (+ve ESI) : 520(M+H)+ 1 NMR (400.13 MHz,
CDC13) d 1.05 -1.75 (8H, m), 1.83-1.90 (4H, m), 2.61
(4H, t), 2.79-2.84 (2H, m), 2.82 (2H, t), 2.97-2.98
(2H, m), 3.40 and 4.38 (IH, 2 x m), 3.61-3.92 (IH, m),
3.75 - 3.78 (4H, m), 4.24 - 4.27 (2H, m), 4.73-4.78
(2H, m), 6.42 and 6.53 (IH, 2 x s), 6.66 (IH, t), 6.96
- 7.03 (IH, m), 7.08 - 7.12 (IH, m), 9.13 (IH, m)
Example 38 (l/f,2 )-L
(l-cyanocyclopropyl)-2-(6-(2-(pyrrolidin-l-yl)ethoxy)-
2,3,4,5-tetrahydrolH- pyrido [4,3-6]
indole-2-carbonyl)cyclohexanecarboxamideFollowing on
from Example 34, l-(2-chloroethyl)pyrrolidine
hydrochloride (82.0 mg, 0.48 mmol) was added to
(li?,2i?)-N-(l-cyanocyclopropyl)-2-(6-hydroxy-2,
3,4,5- tetrahydro-lH-pyrido[4,3-
]indole-2-carbonyl)cyclohexanecarboxamide (131 mg,
0.32 mmol) and potassium carbonate (134 mg, 0.97 mmol)
in DMF (5 mL) at 25 0C under air. The resulting
solution was stirred at room temperature for 45 hours,
to yield after purification a cream solid. (6.00 mg,
3.7 %). MS (+ve ESI) : 504 (M+H)+ 1H NMR (400.13 MHz,
CDC13) d 1.27 - 1.88 (13H, m), 1.90 - 1.92 (2H, m),
2.01 - 2.05 (IH, m), 2.38 (IH, t) 2.59 (IH, t), 2.71 -
2.82 (4H, m), 2.86 - 3.04 (4H, m), 3.85 and 4.41 (IH,
2 x m), 3.87-3.89 (IH, m), 4.26 (2H, t), 4.73 - 4.77
(2H, m), 6.51 and 6.59 (IH, 2 x s), 6.64 (IH, t), 6.94
- 7.01 (IH, m), 7.08 - 7.1 1 (IH, m), 10.03 (IH, m).
Example 39 (l ,2 )-L
(l-cyanocyclopropyl)-2-(6-(2-(piperidin-l-yl)ethoxy)-2
,3,4,5-tetrahydrolH- pyrido [4,3-6]
indole-2-carbonyl)cyclohexanecarboxamide Following on
from Example 24, but starting with
6-(2-(piperidin-l-yl)ethoxy)-2,3,4,5-
tetrahydro-lH-pyrido[4,3- ]indole (1.00 g, 3.34 mmol)
furnished the desired compound as a white solid (356
mg, 21% yield) MS (+ve ESI) : 518 (M+H)+ 1 NMR (400.13
MHz, CDC13) d 0.86 - 1.21 (2H, m), 1.27 - 1.51 (6H,
m), 1.64-1.68 (5H, m), 1.72 - 1.89 (4H, m), 2.63-2.67
(8H, m), 2.70 - 3.05 (3H, d), 3.55 and 4.45 (2 x IH,
m), 3.86 - 3.92 (IH, m), 4.24 (2H, t), 4.70-4.91 (2H,
m), 6.66 - 6.75 (2H, m), 6.95 - 7.03 (IH, m), 7.12
(IH, t), 9.90 - 9.96 (IH,
m)6-(2-(Piperidin-l-yl)ethoxy)-2,3,4,5-tetrahydro-lH-p
yrido[4,3-6]indole was prepared in the following
manner. -Butyl
6-(2-(piperidin-l-yl)ethoxy)-3,4-dihydro-lH-pyrido[4,3
-6]indole-2(5H)- carboxylate Tri-potassium
orthophosphate (1.92 g, 9.04 mmol), tert-butyl
6-iodo-3,4-dihydro-lHpyrido[ 4,3-
]indole-2(5H)-carboxylate (1.80 g, 4.52 mmol) and
copper(I) iodide (0.43Og, 2.26 mmol) were suspended in
2-(piperidin-l-yl)ethanol (15 ml, large excess) and
sealed into a microwave tube after bubbling argon
through the solution for 5 minutes. The reaction was
heated to 150 0C for 1.5 hours in the microwave
reactor and cooled to RT. This reaction was repeat
three times and the combined crude reaction mixture
worked as follows. The mixture was diluted with DCM
(50 mL) and washed with NaOH (3 x 30 mL), dried over
sodium sulfate and the solvent removed under reduced
pressure. The crude product was purified by
preparative HPLC ( 0.1% HCOOH, CH3CN, H2O). Fractions
containing the desired compound were evaporated to
dryness to afford tert-butyl 6-(2-
(piperidin-l-yl)ethoxy)-3,4-dihydro-lH-pyrido[4,3-
]indole-2(5H)-carboxylate ( 1.33 g, 25% yield) as a
yellow gum. LCMS retention time 1.60 min MS (+ve ESI)
: 400 (M+H)+
6-(2-(Piperidin-l-yl)ethoxy)-2,3,4,5-tetrahydro-lH-pyr
ido[4,3-6]indoler -Butyl 6-(2-(piperi din- l
-yl)ethoxy)-3,4-dihydro- lH-pyrido[4,3- ]indole-2(5H)-
carboxylate (1.33 g, 3.32 mmol) was added to HCl in
MeOH (reagent 10, 25 ml) at 25 0C under air. The
resulting solution was stirred at room temperature for
3 days. The solvent was removed under reduced pressure
to afford ( 1.00 g, 100 %) as a yellow gum. Material 5
was used crude. LCMS retention time 2.17 min MS (+ve
ESI) : 300 (M+H)+ Example 40 (l/?,2
)-N-(l-cyanocyclopropyl)-2-[(5-methanesulphonyl-l,3,4,
5-tetrahydro-2Hio pyrido [4,3-6] indol-2-yl)carbonyl]
cyclohexanecarboxamide Following Example 24, but
starting with 5-methanesulphonyl-2,3,4,5-tetrahydro-l
- pyrido[4,3- ]indole hydrochloride (130 mg, 0.52
mmol) furnished the desired compound as a light brown
coloured solid (37 mg, 16%). 15 MS (+ve ESI) : 469
(M+H)+ 1 NMR (400 MHz, DMSO) d 0.8-1.1 (m, 2H), 1.3
(m, 6H), 1.75 (m, 4H), 2.4 (m, IH), 2.9-3.3 (m, 3H),
3.35(s, 3H), 3.9 (m, 2H), 4.5-4.8 (m, 2H), 7.3 (m,
2H), 7.65 (m, IH), 7.9 (d, IH), 8.7 (s, IH). 20
5-Methanesulphonyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole hydrochloride was prepared in
the following manner. iV-Boc-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole
252,3,4,5-Tetrahydro-lH-pyrido[4,3- ]indole
hydrochloride (3.64 g, 17.4 mmol) was suspended in
dichloromethane (120 mL) and stirred at room
temperature under argon. Triethylamine (7.29 mL, 52.3
mmol) was added followed by di-tert-butyl dicarbonate
(3.8Ig, 17.4 mmol) in DCM (30 mL) and the resulting
solution stirred overnight with the argon source
removed. DCM was removed in vacuo and the residue
partitioned between brine (50 mL) and ethyl acetate (2
x 100 mL). Combined organics were dried (sodium
sulphate) and concentrated in vacuo to give -boc-2,
3,4,5-tetrahydro-lH-pyrido[4,3- ]indole as a pale
yellow solid (4.23 g, 89%). MS (+ve ESI) : 271(M+H)+ 1
NMR (400 MHz, DMSO) d 1.45 (s, 9H), 2.8 (t, 2H), 3.7
(t, 2H), 4.55 (s, 2H), 6.95 (t, IH), 7.05 (t, IH), 7.3
(d, IH), 7.4 (d, IH), 10.85 (s, IH).
5-Methanesulphonyl-2,3,4,5-tetrahydro-l
H-pyrido[4,3-6]indole
7V-Boc-2,3,4,5-tetrahydro-lH-pyrido[4,3- ]indole (800
mg, 2.94 mmol) was dissolved in DMF (20 mL) and
stirred at room temperature. The vessel was flushed
with argon and sodium hydride (235 mg, 5.87 mmol) was
added. After 30 minutes, the reaction was cooled to 0
0C and methanesulphonyl chloride (0.46 mL, 5.87 mmol)
was added dropwise over 5 minutes. The mixture was
stirred and allowed to warm to room temperature
overnight and the solvent removed in vacuo. TLC and
LCMS showed that the BOC group was removed during this
process. Therefore the residue was partitioned between
2M aqueous sodium hydroxide (30 mL) and
dichloromethane (2 x 100 mL) and combined organics
treated with brine (30 mL), dried (sodium sulphate),
concentrated in vacuo. Flash column chromatography
(silica, eluting with 100% dichloromethane / 5%
methanolic ammonia in 50% ethanol / dichloromethane)
gave 5-methanesulphonyl-2,3,4,5-tetrahydrol
-pyrido[4,3- ]indole as a pale yellow brittle solid
(135 mg, 18%).MS (+ve ESI) : 251 (M+H)+ 1 NMR (400
MHz, DMSO) d 2.85 (t, 2H), 3.1 (t, 2H), 3.35 (s, 3H),
3.9 (s, 2H), 7.25 (m, 2H), 7.5 (d, IH), 7.9 (d, IH).
Example 41 (l ,2
)-2-(7,8-Dihydro-5H-furo[2,3-6:4,5-c']dipyridine-6-car
bonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropylj-amide. Following Example 24, but
starting with 1,5,6,7,8, 9a-hexahydro-furo[2,3- :4,5-
c']dipyridine (209 mg, 1.20 mmol) furnished the
desired compound as a light brown coloured solid (44.0
mg, 9.3%). MS (+ve ESI) : 393 (M+H)+ 1 NMR (500.13
MHz, DMSO-d6) d 0.93 (2H, d), 1.26 - 1.43 (6H, m),
1.73 - 1.86 (4H, m), 2.52 - 2.56 (2H, m), 2.90 (IH,
obs), 3.00 - 3.07 (IH, m), 3.89 - 3.98 (2H, m), 4.66 -
4.71 (2H, m), 7.29 - 7.32 (IH, m), 8.03 (IH, d), 8.22
- 8.23 (IH, m), 8.29 (IH, s)
l,5,6,7,8,9a-Hexahydro-furo[2,3-6:4,5-c f]dipyridine
was prepared in the following manner. tert-Bntyl
4-oxo-3-(2-oxo-l,2-dihydropyridin-3-yl)piperidine-l-ca
rboxylate Potassium tert-butoxide (1.22 g, 10.8 mmol)
were added to tert-butyl A-
(hydroxyimino)piperidine-l-carboxylate (2.1 1 g, 9.85
mmol) in DMF (10 mL) at 0 0C under argon. The
resulting suspension was stirred for 20 mins.
2-Fluoropyridine (0.85 mL,9.85 mmol) was added to the
reaction mixture and the resulting solution was
stirred at 8O0C for 2 1 hours. The reaction mixture
was poured into ice water (100 mL) and extracted with
EtOAc (2 x 50 mL). The organic layers were combined
and washed with brine (2 x 50 mL). The organic layer
was dried over Na SO , filtered and evaporated to
afford crude product. Flash column chromatography
(silica, gradient 5 to 100% EtOAc in isohexane)
yielded tert-butyl
4-oxo-3-(2-oxo-l,2-dihydropyridin-3-yl)piperidine-l-ca
rboxylate (0.654 g, 23 %) as a cream solid. MS (+ve
ESI) : 293 (M+H)+ 1 NMR (400.13 MHz, CDC13) d 1.50
(9H, s), 2.64 (2H, s), 3.41 (IH, s), 3.48 (2H, t),
3.73 (IH, s), 4.26 (2H, s), 6.26 (IH, t), 7.24 - 7.27
(IH, m), 7.30 - 7.32 (IH, m)
l,5,6,7,8,9a-Hexahydro-furo[2,3-6:4,5-c']dipyridine
Concentrated Sulfuric acid (1.0 mL, 18.8 mmol) was
added to tert-butyl 4-oxo-3-(2-
oxo-l,2-dihydropyridin-3-yl)piperidine-l-carboxylate
(350 mg, 1.20 mmol). The resulting thick solution was
stirred at room temperature overnight. The reaction
was heated at 60 0C until reaction complete by LCMS.
The reaction was diluted with 90% Acetonitrile 10%
Water and solid potassium carbonate was added
cautiously to neutral pH (Effervescence), the slurry
was filtered and the filtrate evaporated, the
resulting residue was used without further
purification. MS (+ve ESI) : 175 (M+H)+Example 42 (l
,2
)-2-(7-Methanesulfonyl-l,3,4,5-tetrahydro-pyrido[4,3-6
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropylj-amide Example 43 (l ,2
)-2-(9-Methanesulfonyl-l,3,4,5-tetrahydro-pyrido[4,3-6
]indole-2-carbonyl)- cyclohexanecarboxylic acid
(l-cyano-cyclopropylj-amide Following on from Example
23,
9-methanesulfonyl-2,3,4,5-tetrahydro-lH-pyrido[4,3-
b]indole and
7-methanesulfonyl-2,3,4,5-tetrahydro-lH-pyrido[4,3-b]i
ndole 1:1 mixture (220mg,0.88mmol). The two products
were isolated by chiral HPLC (Solvent A =
0.1%NH3/Water, Solvent B = CH3CN)
(li?,2i?)-2-(7-Methanesulfonyl-l,3,4,5-tetrahydropyrid
o[ 4,3- ]indole-2-carbonyl)-cyclohexanecarboxylic acid
(l-cyano-cyclopropy^-amide as a white solid (65.0 mg,
14%), and
(li?,2i?)-2-(9-Methanesulfonyl-l,3,4,5-tetrahydropyrid
o[ 4,3- ]indole-2-carbonyl)-cyclohexanecarboxylic acid
(l-cyano-cyclopropyl)-amide as a white solid (56.0 mg,
12%). Example 42 LCMS retention time 1.71 min (+ve
ESI) : 469 (M+H)+ Example 43 LCMS retention time 1.70
(+ve ESI) : 469 (M+H)+The mixture of
9-methanesulfonyl-2,3,4,5-tetrahydro-lH-pyrido[4,3-b]i
ndole and 7-
methanesulfonyl-2,3,4,5-tetrahydro-lH-pyrido[4,3-b]ind
ole was prepared in the following manner.
(3-Methanesulfonyl-phenyl)-hydrazine (605 mg, 3.25
mmol) and 4-piperidone hydrochloride (443 mg, 3.25
mmol) were suspended in acetic acid (15 mL) and
stirred at room temperature under argon. Boron
trifiuoride diethyl etherate (0.80 mL, 6.51 mmol) was
added in one portion and the yellow suspension stirred
at 110 0C for 2 hours resulting in a deep red
solution. It was cooled to room temperature and acetic
acid removed in vacuo. The residue was partitioned
between 2N aqueous sodium hydroxide (30 mL) and
dichloromethane (2 x 100 mL). Combined organics were
dried (Na2SO ), concentrated in vacuo. Flash column
chromatography (silica, 100% dichloromethane gradiant
to 5% aq ammonia in 50% ethanol / dichloromethane)
gave the products as a 1:1 mixture (480 mg, 60%). LCMS
retention time 1.34 min (+ve ESI) : 251 (M+H)+ Example
44 (l ,2 )-
-(l-cyanocyclopropyl)-2-(2,2-difluoro-7,8,9,10-tetrahy
dro-6H- [1,3] dioxolo [4,5-g] pyrido [4,3-6] indole-
7-carbonyl)cyclohexanecarboxamide Following on from
Example 24, except using 2,2-difluoro-7, 8,9,1
0-tetrahydro-6H- [l,3]dioxolo[4,5-g]pyrido[4,3-
]indole (147 mg, 0.58 mmol) gave the product after
purification
(li?,2i?)-L/-(l-cyanocyclopropyl)-2-(2,2-difluoro-7,8,
9,10-tetrahydro-6H[l,3]dioxolo[4,5-g]pyrido[4,3-
]indole-7-carbonyl)cyclohexanecarboxamide (58.0 mg, 2
1 %) as a beige solid. MS (+ve ESI) : 175 (M+H)+ IH
NMR (400.132 MHz, DMSO) d 0.70 - 1.07 (m, 2H), 1.10 -
1.56 (m, 6H), 1.55 - 1.87 (m, 4H), 2.61 - 3.15 (m,
4H), 3.66 - 3.96 (m, 2H), 4.58 (q, J = 23.0 Hz, IH),
4.74 (s, IH), 6.98 - 7.39 (m, 2H), 8.65 (s, IH), 11.52
(s, IH) 2,2-Difluor 0-7,8,9, 10-tetrahydr o-6H- [1,3]
dioxolo [4,5-g] pyrido [4,3-6] indole was prepared in
the following manner (2,2-Difluoro-
1,3-benzodioxol-4-yl) hydrazine The
2,2-Difluoro-benzo[l,3]dioxol-4-ylamine (1.99 g, 11.5
mmol) was cooled and cone hydrochloric acid (10 mL)
added. After recooling to 0 0C or less a soution of
the sodium nitrite (873 mg, 12.7 mmol) in water (10
mL) was added dropwise. The reaction was stirred at
the same temp for 30 min when tin chloride (6.55 g,
34.5 mmol) in hydrochloric acid (10 mL) was added
dropwise again keeping temp ca 0 0C.(nb initial
additions of SnCl were very exothermic and the initial
thick ppt required a large stirrer to keep things
moving). The reaction was stored in the fridge
overnight at 0 0C. The resulting solid was filtered
off, washed with sat NaCl (50 mL) and then ether:
hexane 1:2 (50 mL) before drying to give a white
solid. The solid was treated with 50% aqueous sodium
hydroxide (100 mL) and extracted with ether (3 x 50
mL). The combined extracts were dried and filtered to
give a yellow oil which crystallised to long needles
on standing (1.28 g, 60%). MS (+ve ESI) : 205 (M+H)+
NMR (400. 132 MHz, DMSO) 6 4.1 5 (s, 2H), 6.57 (d,
IH), 6.89 (d, IH), 6.99 (t, IH), 7.07 (s,
IH)2,2-Difluor o-7,8,9, 10-tetrahydr o-6H- [1,3]
dioxolo [4,5-g] pyrido [4,3-6] indole The
(2,2-difluoro-benzo[l,3]dioxol-4-yl)-hydrazine (753
mg, 4.00 mmol) and 4-piperidone hydrochloride (543 mg,
4.00 mmol) in ethanol (10 mL) were heated to reflux
for 45min. The 4M HCl in dioxane (2 mL) was added and
heating continued for 2 h. A sample was removed and
after bubbling HCl gas briefly was heated in the
microwave to 110 0C for 10 min. The rest of the
material was processed in 5 batches and the combined
black reactions filtered, washed with a little water
and then precipitation with Et2q :Hexane 1:2 (c.f. 10
mL) before drying the resulting grey solid (147 mg,
13% yield) MS (+ve ESI) : 253 (M+H)+ NMR (400.132 MHz,
DMSO) d 3.04 (s, IH), 3.26 - 3.54 (m, 5H), 4.30 (s,
IH), 7.07 - 7.40 (m, 2H). Example 45 (l ,2 )-
-(l-cyanocyclopropyl)-2-(8-fluoro-6-methoxy-2,3,4,5-te
trahydro-lHpyrido [4,3-6]
indole-2-carbonyl)cyclohexanecarboxamide Following on
from Example 24, except using
8-fluoro-6-methoxy-2,3,4,5-tetrahydrolH- pyrido[4,3-
]indole (20.0 mg, 0.09 mmol), yielded the title
compound as a white foam (31.6 mg, 79%). MS (+ve ESI)
: 439.4 (M+H)+NMR (400.13 MHz, CDCB) d 0.83 - 0.89
(0.5H, m), 0.98 - 1.50 (6H, m), 1.62 1.90 (5H, m),
2.56 - 2.62 (IH, m), 2.75 - 2.98 (3H, m), 3.62 - 3.90
(2H, m), 3.92 (3H, d), 4.29 - 4.35 (0.5H, m), 4.60 -
4.85 (2H, m), 6.37 - 6.47 (2H, m), 6.69 - 6.75 (IH,
m), 7.99 (IH, s)
8-Fluoro-6-methoxy-2,3,4,5-tetrahydro-lH-pyrido[4,3-6]
indole was prepared in the following manner
Diphenylmethanone (4-fluoro-2-methoxyphenyl)hydrazone
A mixture of 2-chloro-5-fluoroanisole (0.52 ml, 4.10
mmol), benzophenone hydrazone (0.98 g, 5.00 mmol),
sodium-tert-butoxide (561 mg, 5.80 mmol), in toluene
(8.0 ml) was charged with Pd (dba) 3 (77.0 mg, 0.08
mmol) and 2-(di-tbutylphosphino) biphenyl (50.0 mg,
0.17 mmol) and heated to 80 0C under argon. The
mixture was stirred overnight and checked with LCMS
and TLC. The mixture was allowed to cool to room
temperature and the reaction mixture was diluted with
EtOAc (20 ml) and filtered. Material was used crude in
the next step.
8-Fluoro-6-methoxy-2,3,4,5-tetrahydro-lH-pyrido[4,3-6]
indole. p-Toluenesulfonic acid (129 mg, 0.75 mmol) was
added to piperidin-4-one hydrochloride (50.8 mg, 0.37
mmol) and l-(diphenylmethylene)-2-(4-fluoro-2-
methoxyphenyl)hydrazine (80.0 mg, 0.25 mmol) in
ethanol (1.25 mL) at 25 0C over a period of 1 min
under air. The resulting suspension was stirred at 80
0C for 16 hours. The reaction mixture was diluted with
EtOH (20 mL), and EtOAC (100 mL) then
washedsequentially with saturated NaHCO (75 mL),
saturated NaHCO (75 mL), and saturated brine (75 mL).
The organic layer was dried over Na SO , filtered and
evaporated to afford crude product. The crude product
was purified by ion exchange chromatography, using an
SCX column. The desired product was eluted from the
column using 7M NH3ZMeOH and 5 pure fractions were
evaporated to dryness to afford crude product. The
crude product was purified by preparative HPLC
(containing 0.1% NH3, CH3CNZH O) as eluents. Fractions
containing the desired compound were evaporated to
dryness to afford 8-fluoro-6-
methoxy-2,3,4,5-tetrahydro-lH-pyrido[4,3- ]indole
(25.0 mg, 46 %) as an off-white solid. o MS (+ve ESI)
: 221.3 (M+H)+ 1 NMR (400.13 MHz, CDC13) d 1.63 (IH,
bs), 2.75 (2H, t), 3.21 (2H, t), 3.92 (3H, s), 3.99
(2H, t), 6.39 - 6.42 (IH, m), 6.67 - 6.70 (IH, m),
7.99 (IH, s) Assay for identification of cathepsin K
inhibitors s QFRET Technology (Quenched Fluorescent
Resonance Energy Transfer) was used to measure the
inhibition by test compounds of cathepsin K-mediated
cleavage of the synthetic peptide Z-Phe-Arg-AMC.
Compounds were screened at twelve concentrations
(3.5x10-8 - lOuM), on two separate occasions and the
mean pIC50 values reported. 0.5nM [final] rhuman
cathepsin K in phosphate buffer was added to a
384-well 0 black microtitre plate containing
investigative compounds. The enzyme and compound were
pre-incubated at room temperature for 30 minutes
before the addition of 5OmM [final] Z-Phe-Arg-AMC
synthetic substrate in phosphate buffer. The plates
were covered and incubated for Ih at room temperature,
protected from light. Following the incubation the
reaction was stopped with 7.5% [final] acetic acid.
Relative fluorescence was 5 measured using the Ultra
plate reader at a wavelength of 360nm excitation and
425nm emission. Data was corrected for background
fluorescence (minimum controls without enzyme). This
data was used to plot inhibition curves and calculate
pIC50 values by non linear regression using a variable
slope, offset=zero model in Origin 7.5 analysis
package. o Reproducibility of data was assessed using
a quality control statistical analysis package whereby
internal variability of the assayed indicated a repeat
testing (n=3) if pIC50 SD was > 0.345.The compounds of
the Examples have Cat K FRET competitive binding as
measured by the assay described above each with a
pIC50 > 6.5. The individual values are set out
below.Chemical process The subject of the present
invention is a new process for the removal of azide
ions from aqueous liquids, first of all from waste
waters. Azides, e.g. sodium azide, potassium azide are
frequently used in chemical syntheses. A synthesis of
this type is for example described in patent
US-5629331 and patent application WO-2006/023889,
where a tetrazole ring is built by applying sodium
azide in aqueous alkaline solution. The azide ions
remain in the aqueous phase of the reaction mixtures
in considerable concentration. When these aqueous
phases are treated as waste waters, it is of major
importance that the azide ion concentration is
decreased to very low level, since the azide ions in
aqueous solutions are toxic, even at a concentration
of 50 mg/1. Consequently, there is a considerable need
for processes suitable to remove the azide ions from
aqueous alkaline solutions, first of all from waste
waters. We have found that by treating the azide
ion-containing aqueous liquids at alkaline pH with one
or more metals soluble under alkaline conditions in
the presence of nickel catalyst, or with hydrogen in
the presence of nickel catalyst, then the azide ions
present in the solution are reduced by the resulting
hydrogen, giving rise to ammonia and nitrogen during
the formation of hydroxide ions. The equation is the
following: QN3 + H2 + H2O (r) NH3 + N2 + OHQ In this
way the toxic azide ions can be removed from aqueous
liquids, first of all from waste waters.In the process
according to the invention as for. alkali-soluble
metal we use e.g. aluminium or zinc, and as catalyst
we use nickel. Preferably the alloy or the mixture of
these metals is used, their ratio and the particle
distribution is deliberate. In general, metal powders
with fine particles are favorable (e.g. Raney-nickel).
If the pH of the azide-containing liquid is not
alkaline, it has to be set to alkaline with bases,
preferably with inorganic bases, e.g. sodium hydroxide
or potassium hydroxide. The process is performed at a
temperature lower than the boiling point of the liquid
to be purified, preferably between +5 0C and +40 0C. A
preferred embodiment of the process is the catalytic
reaction under hydrogen atmosphere in the presence of
nickel. The applied pressure is preferably between the
atmospheric pressure and 60 bar. The process according
to the invention can be used very efficiently for the
removal of azide-ions from alkaline or alkalinized
waste-waters, ensuring an environmentfriendly
purification process, since it results only
well-recoverable metal ions, nitrogen gas and ammonia,
which are easily treatable products. The process can
be used in large scale. The applied metals can also be
wastes or by-products of metal processing or
metallurgy (powders, chip or cast scrap). By the
process according to the invention the azide-ion
concentration can be decreased to below 5 ppm. When
implementing the process according to the invention,
the azide-ion concentration was determined by the
ion-chromatographic analytical method described here
below. By this method we were able to follow the
decrease of the azide-ion concentration in various
waste waters.Sample preparation Before the measurement
the sample to be investigated was diluted with 0.1 N
sodium hydroxide solution to 50-fold of its volume,
because of the expected high organic material
concentration and high azide level. Conditions of the
measurement Investigated component: azide content
Instrument: DIONEX 600-type ion-chromatographic system
with conductometric detector Column: IONPAC AS 10. 250
mm long, 4 mm inner diameter, ethyl-vinyl-benzene /
divinyl-benzene anion exchanger Pre-column: IONPAC AG
10 DIONEX Eluent: 0.1 N sodium hydroxide solution Flow
rate: 1.0 ml / min Neutralization of the eluent: with
self-regenerating "Anion Self Regenerating Suppressor"
Injected volume: 25 ml By this method we were able to
determine the azide ion concentration from a level of
5 ppm. Further details of the invention are
demonstrated by the examples below, without limiting
the claims to the examples.Examples Example 1 15 g of
the alloy powder containing 50 mass % of nickel and 50
mass % of aluminium (particle size less than 100
micrometer) were weighed. 600 g of 27 mass % of
aqueous sodium hydroxide solution containing
azide-ions in 9000 ppm concentration (obtained in the
reaction described in Example 1., step a.) of patent
description US 5629331) were weighed into an
Erlenmeyer flask and placed in cold water bath. To
this solution 15 g of alloy powder were added in small
portions, during 4 h, under continuous stirring, while
keeping the temperature of the mixture at 20 0C. After
the addition the mixture was stirred at 20 0C for an
additional 5 h. By the end of this reaction time the
gas evolution ceased. The azide-ion concentration of
the resulting aqueous solution was < 5 ppm, as
determined by the above ion-chromatographic method.
Example 2 10 g of aluminium powder and 0.2 g of
nickel-aluminium alloy powder (with 50 mass % of
nickel and 50 mass % of aluminium content, particle
size less than 100 micrometer) were weighed. 600 g of
27 mass % of aqueous sodium hydroxide solution
containing azide-ions in 9000 ppm concentration (US
Patent US-5629331, Example 1) were weighed into an
Erlenmeyer flask and placed in cold water bath and
stirred. To this solution under continuous stirring
mixture of the metal powders was added in small
portions during 4 h, while keeping the temperature of
the mixture at 20 0C. After the addition the mixture
was stirred at 20 0C for additional 2 hours. Then 3 g
of the 50 mass % of nickel - 50 mass % of aluminium
alloy powderwere added to the alkaline solution,
during 4 hours, and after the addition stirring was
continued for 3 hours. The azide-ion concentration of
the resulting aqueous solution was < 5 ppm, as
determined by the above ion-chromatographic method.
Example 3 Into a 250 cm3 acid-resistant steel
autoclave, equipped with magnetic stirrer, 0.5 g of
Raney-nickel catalyst and 40 g of aqueous-alkaline
solution of 7000 ppm azideion concentration (Patent
US-5629331, Example 1.) (NaOH content 20 mass %) were
placed. The container was flushed with nitrogen, then
3-times with hydrogen, filled with hydrogen to 50 bar
pressure and stirred for 5 hours. After stopping the
stirrer and release of the pressure, the reaction
mixture was sedimented and decanted. The azide-ion
concentration of the resulting aqueous solution was <
10 ppm, as determined by the above ion-chromatographic
method. Example 4 Into a 850 cm3 acid-resistant steel
autoclave, equipped with magnetic stirrer, 4 g of
Raney-nickel catalyst and 100 g of aqueous NaOH
solution of 20 mass % were placed. The container was
flushed with nitrogen, then 3-times with hydrogen. The
autoclave was closed, filled with hydrogen to 10 bar
pressure. With the help of a feeding pump a solution
containing 1500 ppm azide ion and 25 mass % of sodium
hydroxide (Patent US-5629331, Example 1.) was added
with a speed of 250 g/h.Samples were taken from the
reaction mixture hourly, and the azide ion content was
determined. After 3 hours the azide-ion concentration
of the sample was < 10 ppm, as determined by the above
ion-chromatographic method.Claims 1. A process for the
removal of azide ions from aqueous liquids,
characterized in that, the azide ion containing liquid
is treated at alkaline pH a.) with one or more
alkali-soluble metals and catalyst, or b.) with
hydrogen and catalyst. 2. A process as defined in
Claim 1, characterized in that, for alkali-soluble
metals aluminium and zinc are applied. 3. A process as
defined in Claim 1, characterized in that, nickel is
applied as alkali-soluble metal. 4. A process as
defined in Claim 1, characterized in that, the azide
ion containing liquid is alkalinized by addition of an
inorganic base. 5. A process as defined in Claim 1,
characterized in that, the applied azideion containing
liquid has alkaline pH. 6. A process as defined in
Claim 1, characterized in that, for a mixture of the
alkali-soluble metal catalysts, aluminium-nickel
mixture or aluminium-nickel alloyis applied. 7. A
process as defined in Claim 1, characterized in that,
the reaction is carried out at a temperature between
+5 0C and +40 0C.8. A process as defined in Claim 1,
characterized in that, the azide-ion containing liquid
is an aqueous solution. 9. A process as defined in
Claim 4, characterized in that, sodium hydroxide is
applied as inorganic base. 10. A process as defined in
Claim 1, characterized in that, the reaction is
carried out under hydrogen atmosphere where hydrogen
is formed during the dissolution of a metal. 11. A
process as defined in Claim 1 characterized in that,
the reaction is carried out at a pressure between
atmospheric pressure and 60 bar, under hydrogen
atmosphere. 12. A process as defined in Claim 1,
characterized in that, a liquid containing more than
90 mass % of water is treated at alkaline pH with one
or more alkalisoluble metals and catalysts.A.
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